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Application Number 14792094 

Filing Date 2015-07-06 
INFORMATION DISCLOSURE First Named Inventor I BRENNER, Sydney 
STATEMENT BY APPLICANT 

Art Unit 1636 
( Not for submission under 37 CFR 1.99) 

Examiner Name I BHAT, NARAYAN KAMESHWAR 

Attorney Docket Number CGLC-020CONS 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

□ any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /James S. Keddie, Reg. No. 48,920/ Date (YYYY-MM-DD) 2016-06-29 

Name/Print James S. Keddie Registration Number ~8920 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFSWeb2.1.17 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuantto 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFSWeb2.1.17 
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PTO/SB/06 109-111 
Approved lo, use through 1/31/2014 0MB 0651-0032 

US P,ilent and Tradematl\ Olf1ce. US DEPARTMENT OF COMMERCE 
Under the P,iperwork Reducllon Acl ol 1995 no persons ,ire requued to respond 10,i collec1,on of ,nformallon unless 11 d,spla s" v,ihd 0MB conlrol number 

PATENT APPLICATION FEE DETERMINATION RECORD I 
Substitute for Fonn PT0-875 

Application or Oocke1 Number I Filing Date I 
14/792,094 07/06/2015 0TobeMailed 

ENTITY: 0 LARGE (g SMALL 0 MICRO 

APPLICATION AS FILED- PART I 

(Column 1) (Column 2) 

ms NUMBER FILED NUMBER EXTRA RATE($) FEE 1$) 

□ BASIC FEE 
(37 CFR 1 16(a1. (bl o, (ell 

NiA NiA NiA 

□ SEARCH FEE 
137 CFR 1 16/kl. (1). or 1ml) 

NIA NIA NIA 

□ EXAMINATION FEE 
(37 CFR 1 16(oJ. (PJ o, (q)) 

NIA NIA NIA 

TOTAL CLAIMS 
minus 20 ~ 137 CFR 1 16/i\l ' s a 

INDEPENDENT CLAIMS 
minus 3 ~ 137 CFR 1 16/h\l ' s a 

It the specit1cation and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size tee due is $310 ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)j 
fraction thereof. See 35 U.S.C. 41(a)(1 )(G) and 37 
CFR 1.16/s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(i)) 

• If the dMerence in column 1 is less than zero. enter ·o· in column 2. TOTAL 

APPLICATION AS AMENDED- PART II 

(Column 1) (Column 2) (Column 31 

CLAIMS HIGHEST 

06/29/2016 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

f- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

To1al ,:PCFI! :, 
I 11$/"\ 16 Minus 20 a 0 X s40 ~ 0 

0 
Independent z ,37CFI! 1 16,h\o 3 Minus ···3 a 0 X s210 ~ 0 

w 
:, D Appl,cat,on S,ze Fee (37 CFR 1.16(s)J 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1 16(111 

TOTAL ADO'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
AFTER PREVIOUSLY 

f-
AMENDMENT PAID FOR 

z To1al ,:PCFI! Minus .. 
a ,s a w I 16/0\\ 

:, lndepenc!ent Minus ... 
a ,s a 

0 37CFR 1 16/h\\ 

z D Appl1cat1on Size Fee (37 CFR 1. 1 6(sll w 
:, 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1 161111 <( 

TOTAL ADO'L FEE 

' If the entry in column 1 is less than the entry in column 2, write ·o- in column 3. LIE 
•• If the "Highest Number Previously Paid For- IN THIS SPACE is less than 20, enter "20". /STELLA LITTLE/ 
••• If the "Highest Number Previously Paid For IN THIS SPACE is less than 3, enter ·3-. 

The "Highest Number Previously Paid For- (Total or Independent) is the highest number found in the appropriate box in column 1 

Th,s collect,on ol ,nformat,on ,s required by 37 CFR 1.16 The mlorma1,on ,s required lo obla,n or re1a,n a benel,1 by the public which ,s to Irle (and by lhe US PTO lo 
process) an appl1ca1,on Confiden11alily is governed by 35 U SC. 122 and 37 CFR 1 14 This collection ,s es11mated lo lake 12 m,nules to complele. 1nclud1ng galherrng 
preparing. and submitting 1he completed application lorm 1o 1he USPTO Time will vary depending upon the 1ndiv1dual case Any comments on the amoun1 of time you 
require 1o comple1e this lorm and.'or sugges11ons for reducing this burden. should be sent to 1he Chiel Information Officer. U S. Pa1ent and Trademark Ofl1ce U.S 
Oepar1ment ol Commerce. P.O Box 1450. Alexandria. VA 22313-1450. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing /he form, ca/11-800-PTO-9199 and select op/ion 2 
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Electronically Filed 

Attorney Docket No. CGLC-020CON5 

REQUEST TO CHANGE Confirmation No. 9697 

THE APPLICANT UNDER First Named Inventor Brenner. Svdnev 

37 C.F.R. § 1.46( c) Annlication Numher 14/792.094 
Filing Date Julv 6. 2015 

Address to: 
Group Art Unit 1634 

BHAT.NARAYAN 
Mail Stop Examiner Name 

KAMESHWAR 
Commissioner for Patents 
P.O. Box 1450 Title: "Compositions and Methods for lntramolernlar 

Alexandria. VA 22313-1450 Nucleic Acid Rearrangement'' 

Dear Sir: 

Applicants respectfully request that the above-referenced application he amended to change the 

Applicant. 

Please remove ff Population Genetics Technologies Ltd.ll and add lOX Genomks, Inc. as the 

sole Applicant. A Supplemental Application Data Sheet in compliance with 37 CFR 1.76 is submitted 

herewith along with a statement under 37 CFR 3.37(c) to show chain of title to the new applicant. 

Applicants also request that a Corrected Filing Receipt he issued for the ahove-identified 

application. 

If for any reason a fee is found to he necessary. the Commissioner is authorized to charge such 

fee to Deposit Account No. 50-0815 order number CGLC-020CON5. 

Date: July 13. 2016 

Bo;:icevic. Field & Francis LLP 
1900 University Avenue. Suite 200 
East Palo Alto. California 94303 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 

Respectfully suhmitted, 
BOZICEVIC, FIELD & FRANCIS LLP 

By: /James S. Keddie, Reg. No. 48,920/ 
James S. Keddie 
Registration No. 48.920 
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PTO/AIA:95 {08-12) 
Approved for use 1hrough 01/31/2013 0MB 0651-0031 

US Pa1ent and Trademark 011,ce: U.S. DEPARTMENT OF COMMERCE 
Under 1he Pa erwork Reduction Ac1 of 1995. no ersons are re uired 10 res ond 10 a collection of inlorma1,on unless ,1 dis la s a valid 0MB con1rol number 

STATEMENT UNDER 37 CFR 3.73(c) 
ApplicanVPatent Owner 01000X0 G=e0n0o0m0 i0c0s~ln0c0. ________________________________ _ 

Application No./Patent No. _1~4~f7~9e2~0~9e4~------- Filed/Issue Date: 0Jeuel~6=20~1~5~-------------

Titled: Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 

"1~0~X~G~•~n~o~m=ic~•~ln~c~. ___________ .a car oration 
(Name of Assignee) {Type of Assignee. e.g corporation. partnership. university. governmen1 agency. e1c l 

states that, for the patent application/patent identified above. it is (chose~ of options 1, 2. 3 or 4 below): 

C8:] The assignee of the entire right, title, and interest 

2. D An assignee of less than the entire right, title, and interest (check applicable box) 

D The extent (by percentage) of its ownership interest is ___ %. Additional Statement(s) by the owners holding the 
balance of the interest must be submitted to account for 100''/o of the ownership interest. 

D There are unspecified percentages of ownership The other parties, including inventors. who together own the entire 
right. title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3 D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made) 
The other parties, including inventors. who together own the entire right, title. and interest are 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right. title, and interest 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), or an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose .Qng of options A or B below) 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ___ . Frame ___ , or for which a copy 
thereof is attached 

B C8:] A chain of title from the inventor(s). of the patent application/patent identified above, to the current assignee as follows: 

1 From: the inventors To: Population Genetics Technologies Ltd 

The document was recorded in the United States Patent and Trademark Office at 

Reel 036049 , Frame 0472 . or for which a copy thereof is attached 

2. From: Population Genetics Technologies Ltd To: 10X Genomics Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel ___ , Frame ___ , or for which a copy thereof is attached. 

[Page 1 of 2] 
This colleciron of 1nlormation rs required by 37 CFR 3.73{b). The informa11on is required to ob1a1n or retain a benefi1 by the public which is 1o Irle (and by the USPTO to 
process) an application. Conl,dential,ty ,s governed by 35 U S C. 122 and 37 CFR 1 11 and 1.14 This collection ,s es1,mated 10 lake 12 minutes 10 complete. including 
gathering. preparing. and subm,n,ng the comple1ed application lorm to the US PTO Time w,11 vary depending upon the individual case Any comments on 1he amoun1 
of time you require 10 comple1e this lorm and/or sugges1,ons for reducing this burden. should be sen110 1he Chief lnforma1,on 011,cer. U.S. Pa1en1 and Trademark 
Office. U.S Departmen1 ol Commerce. P 0. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS $END 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313•1450 

lf"you 1/ccd assistwUT i11 co111p/cti11g the fim11, mil /-800-PT0-9/99 w1d select option 2 
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3. From: 

4. From 

5. From: 

6. From 

PTO/AIA:95 {08-12) 
Approved for use 1hrough 01/31/2013 0MB 0651-0031 

US Pa1ent and Trademark 011,ce: U.S. DEPARTMENT OF COMMERCE 
Under 1he Pa erwork Reduction Ac1 of 1995. no ersons are re uired 10 res ond 10 a collection of inlorma1,on unless ,1 dis la s a valid 0MB con1rol number 

STATEMENT UNDER 37 CFR 3.73(c) 

To ___________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel Frame ___ , or for which a copy thereof is attached. 

To: ___________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel Frame ___ , or for which a copy thereof is attached. 

To ___________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ___ , Frame __ _ or for which a copy thereof is attached 

To: ___________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ___ , Frame ___ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s) 

~ As required by 37 CFR 3.73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08) 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/James S. Keddie, Reg. No. 48,920/ July 12, 2016 
Signature Date 

James S. Keddie 48,920 
Printed or Typed Name Title or Registration Number 

[Page 2 of 2] 
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INTELLECTUAL PROPERTY ASSIGNMENT AGREEMENT 

This INTELLECTUAL PROPERTY ASSIGNMENT AGREEMENT ("IP 
Assignment"), dated as of June 7. 2016, is made by Population Genetics Technologies Ltd, a 
corporation existing under the lmvs of England and Wales with company number 05116842 and 
registered office at Salisbury ! louse, Station Road, Cambridge. CBl 2LA. United Kingdom 
('·PGT") and lOX Gcnomics. Inc., with offices at 7068 Koll Center Pkwy #401, Pleasanton, CA 
94566 ("lOX"), the purchaser of cc1iain assets of POT pursuant to the Intellectual Property 
Purchase and License Agreement between POT and !OX, dated as of October 21. 2015 (the '"IP 
Purchase Agreement"). 

WHEREAS, under the terms of the IP Purchase Agreement, POT has conveyed, 
transferred and assigned to lOX, among other assets, certain intellectual property of POT, and 
has agreed to execute and deliver this IP Assignment, for recording with governmental 
authorities including, but not limited to, the US Patent and Trademark Office: 

NOW THEREFORE. the parties agree as follows: 

1. A~$i,g_nm_em. In consideration for the receipt by PGT of the Purchase Price stipulated in 
the f P Purchase Agreement and other good and valuable consideration. the receipt and 
sufficiency are hereby ackno\vledged. POT hereby irrevocably conveys. transfers and assigns to 
1 OX, and 1 OX hereby accepts. all of PG T's right, title and interest in and to the patents and patent 
applications set forth in _S_chedule~l hereto and all issuances, divisions, continuations, 
continuations-in-part, reissues, extensions, reexaminations and renewals thereof (the "Patents'1

). 

2. Recordation and F1.!-!1he_r_,t\ctions. PGT authorizes the Commissioner ft1r Patents and any 
other governmental officials to record and register lhis IP Assignment upon request by I OX. 
PGT shall, at lOX's cost, take such steps m1d actions following the date hereof, including the 
execution of any documents, files, registrations. or other similar items, to ensure that the 
Assigned IP is properly assigned to l OX. or any assignee or successor thereto. 

3. Tenns of the W_Purchase Agrc~f1W.!11- The terms of the IP Purchase Agreement, 
including, but not limited to. the representations. warranties. covenants. agreements and 
indemnities relating to the Assigned IP arc incorporated herein by this reference. The parties 
hereto acknowledge and agree that the representations. \\-·arrantics, covenants and agreements 
contained in the IP Purchase Agreement shall not be superseded hereby but shall remain in full 
force and effect lo the full extent provided therein. In the event of any conflict or inconsistency 
between the terms of the IP Purchase Agreement and the terms hereof. the terms of the IP 
Purchase Agreement shall govern. 

4. ~ountefQart~. This JP Assignment may be executed in countcrpai1s, each of which shall 
be deemed an original, but all of \vhich together shall be deemed to be one and the same 
agreement. A signed copy of this IP Assignment delivered by facsimile. e-mail or other means 
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of electronic transmission shall be deemed to have the same legal effect as delivery of an original 
signed copy of this IP Assignment. 

5. SuccGs.~ors and Assigns. Tills [P Assignment shall be binding upon and shall inure to the 
benefit of the parties hereto and their respective successors and assigns. 

6. D-overning Law. This IP Assignment and any dispute, claim or matter arising from or in 
connection with it or its subject matter or formation (including nonHcontractual disputes or 
claims) shall be governed by and construed in accordance with the law of England and Wales. 
The parties agree that the courts of England and Wales will have non-exclusive jurisdiction to 
settle any such dispute or claim and irrevocably agree to submit to the jurisdiction of the courts 
of England and Wales for these purposes. 

[SIGNATURE PAGE FOLLOWS] 
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i.N \.VITNESS WHEREOF, PGT has duly cx~cuted and delivered this intellectual 
Property Assignment Agreement as of the date first above writt,n 

AGREED TO AND ACCEPTED: 

l'OPULATION GENETICS 
TECHNOLOGIES LTD 

Name: Md N. Kronick 
Tille: Director 

-\ddrcss for Notices: 

Population Genetics Tcchni",logi~~~ Ltd 
Salisbury I-louse 
Station Road 
Cambridge 
CHI '.!LA 
Uniicd Kingdom 

!OX GENOM!CS, INC. 

By: ------:-":,,,'.:'>,, : ,,,:;,, ': 

Name: l\-fatthew Murphy 
ri1.lc: Vice President mid General 
Counsel 

Address for N1"'.\ticcs: 

7068 Koll Center Phvy #401 
Pleasanton 
(.' ;\ 94566 
Uniltd States of/\merica 
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SCHEDULE l 

ASSIGNED PATENTS AND PATENT APPLICATIONS 

PGTName Entity App No Date Pat No Date Status 
Filed Issued 

CGLC-020PRV us 611235.595 8/2012009 Expired 

CGLC-020PRV2 us 61,288.792 12/2112009 hpired 

CGLC-020WO WlPO I B20 I 0/002243 8113/2010 Expire(! 

CGLC-020EP EP !0768061.3 8/13/20J(J 2467-1.79 Registered in DE. ES 
FR.GB 

CGLC-020EPDIV EP !5193733.l 8/13/2010 !'ending 

CGLC-020 \ IS l.l/387.343 2/15120)2 8.298 767 10/30120 12 Issued 

UCLC020CU."-l U, !31622.872 9/[9/2012 Abandoned 

CGLC-020CON1 llS 13/859,450 4/09/2013 8.563.274 10/22120!3 ls sued 

CGLC-020CON3 us 14,02L790 9/09/20/J 8-679.756 03125'2014 h~ued 

CGLC-020CON4 us 1-11172.694 2/04/2014 9.102.'180 08111/2015 Issued 

CGLC-020CON5 us 14/792.094 7106/2015 Pending 

CGLC-020CON<, l!~ !41935.255 ll/6!2015 Pending 

CGLC-020CON7 us 14/939.728 l l/l:! 12015 Pending 
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Document Description: Application Data Sheet to update/correct info 
Doc Code: ADS.CORR 

CORRECTED ADS FORM 

Application Number 
14792094 

Title of Invention 

Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 

Inventor Information 

**If no data is shown, no data has been corrected** 

Data of Record Updated Data 

Order Number 

Name 

Residence Information 

Residency 

City 

State 

Country of 
Residence 

.. 
Ma1hng Address of Inventor 

Address 1 

Address 2 

City,State/Province, 
Postal Code 

Country 

Corrected ADS 1.0 
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Document Description: Application Data Sheet to update/correct info 
Doc Code: ADS.CORR 

Application Information 

Data of Record 

Title of Invention 

Compositions and Methods for lntramolecular Nucleic 
Acid Rearrangement 

Attorney Docket 
Number CGLC-020CONS 

Entity Type 
Small 

Domestic Benefit/National Stage Information 

**If no data is shown, no data has been corrected** 

Updated Data 

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121,365(c), or 386(c) or indicate National Stage 
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by 35 U.S. 
C. 119(e) or 120, and 37 CFR 1.78(a). 

Data of Record Updated Data 

Prior Application Status 

Application Number 

Continuity Type 

Prior Application 
Number 

Filing Date 
(YYYY-MM-DD) 

Patent Number 

Issue Date 
(YYYY-MM-DD) 

Foreign Priority Information 

Corrected ADS 1.0 
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Document Description: Application Data Sheet to update/correct info 
Doc Code: ADS.CORR 

**If no data is shown, no data has been corrected** 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (PDX) the information will be used by the Office to 
automatically attempt retrieval pursuant to 37 CFR 1.SS(i)(l) and (2). Under the PDX program, applicant bears the ultimate 
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.SS(g)(l ). 
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Examiner-Initiated Interview Summary 

Application No. 

14/792,094 

Examiner 

NARAYAN BHAT 

All participants (applicant, applicant's representative, PTO personnel): 

(1) Examiner: Bhat 

(2) Representative: Mr. Keddie. 

Date of Interview: 11 July 2016. 

Type: ts! Telephonic D Video Conference 
D Personal [copy given to: D applicant 

Exhibit shown or demonstration conducted: D Yes 
If Yes, brief description:~~· 

(3) __ . 

(4) __ . 

D applicant's representative] 

[8J No. 

Issues Discussed D101 D112 [2J102 [2J103 [SlOthers 
(h,r c·ad1 of the chc·cke<l boxks) above. pka,c <le\crilw bdow the i\sue ant.I <letaik<l <le\cription of the <li\cU\sion) 

Claim(s) discussed: 21 35 and 37. 

Identification of prior art discussed Arts of the record. 

Substance of Interview 

Applicant{s) 

BRENNER ET AL 

Art Unit 

1634 

(]·or c·ad1 is\UL <li,rn,w<l. prol'i<lc a <letaik<l <lc·sniption an<l in<licalc if agrcenwnt was reachc<l Some topic, may indu<lc i<lcntificwion or clarification of a 
rderenl'L ,,r a ['<>rti,,n thnc·nL d,1i111 interprc'(a(i<>n prnpnoc·<l ,unen<l111c'nts. ,1rgu111c'nlS ,,r any applil'<l rc·krc'IKc'S c'(l' ... J 

See Continuation Sheet 

Applicant recordation instructions: 11 is not necessary for applicant lo provide a separate record of the substance of in!erview. 

Examiner recordation instructions: Examiners mus! summarize the substance of any interview of record. A complete and proper recordation of !he 
substance of an interview should include the ilems listed in MPEP 713.04 for complete and proper recorda!ion including the idenlification of !he 
general thrust of each argumen1 or issue discussed. a general indica1ion of any other perlinent matters discussed regarding patentabili1y and 1he 
general results or outcome of the interview to include an indica1ion as 10 whe1her or no1 agreement was reached on 1he issues raised. 

D Attachment 

/NARAYAN BHAT/ 
Primary Examiner. Art Uni11634 

US P~lent and Trademark Olf1ce 

PTOL·413B (Rev. 8.'11.'2010) Interview Summary Paper No. 20160716 
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Continuation Sheet (PTOL-413B) Application No. 14/792,094 

Continuation of Substance of Interview including description of the general nature of what was agreed to if an 
agreement was reached, or any other comments 

For compact prosecution the examiner contacted the representative Mr. Keddie on July 11, 2016 to discuss further 
amendments to place the pending claims in better condition for the allowance. The examiner discussed that the claim 
amendments of June 29, 2016 requiring same multiplex identifier for the sample and the plurality of segments of the 
nucleic acids still read on the teachings over Braverman and further amendments and terminal disclaimers are needed 
to place the pending claims in condition for the allowance 

It was agreed that inclusion of an additional step '(b) iii', of "wherein the multiplex identifier associated with a plurality of 
nucleic acid molecules of the sample is different from a multiplex identifier associated with a plurality of segments from 
a particular nucleic acid molecule of the sample", fixing the claim language for any minor informalities, 112 second and 
fourth paragraphs issues and filing the terminal disclaimers over claims of US 8,298,767, 8,563,274, 8,679,756 and 
9,102,980 and over claims of 14/935,255 and 14/939,728 copending applications and their acceptance by the office 
and identifying the support for the amendments in the specification would overcome the rejections on the record and 
thus allowable. 

The representative informed that the amendments require approval from the applicant. On July 13, 2016 the 
representative requested to issue an office action in view of not hearing a response from the applicant. 

The communication between the examiner and the representative is made of record 
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Application No. 
14/792,094 

Applicant(s) 
BRENNER ET AL. 

Office Action Summary Examiner 
NARA YAN BHAT 

Art Unit 
1634 I 

AIA (First Inventor to File) 
Status 

No 
•· The MAILING DATE of this communication appears on the cover sheet with the correspondence address •· 

Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION 

Extensions of 1ime may be available under the provIsIons of 37 CFR 1. 1 36(al In no event. however. may a reply be 1,mely filed 
aNer SIX (61 MONTHS from the mailing date of 1h1s communica11on 
If NO period for reply ,s specified above. lhe maximum stalulory period will apply and will expire SIX (6) MONTHS from the mailing date of I his communical,on 
Failure lo reply within the sel or extended period for reply will by statute. cause lhe applical,on to become ABANDONED (35 U.S C. § 133) 
Any reply received by 1he Office la1er 1han 1hree mon1hs alter the mailing da1e of this communica11on. even 1f 11mely hied. may reduce any 
earned patent term adIustmen1 See 37 CFR 1.704(b) 

Status 
1 )ts! Responsive to communication(s) filed on 6/29/2016 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)tsl This action is FINAL. 2b)0 This action is non-final 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213 

Disposition of Claims* 
5)tsl Claim(s) 21 24 and 26-39 is/are pending in the application 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)0 Claim(s) __ is/are allowed 

?)ts! Claim(s) 21 24 and 26-39 is/are rejected. 

8)tsl Claim(s) 28 is/are objected to. 
9)0 Claim(s) ___ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

htto ii'N'Ww.usoto.qovipatents !nit events!ophiindex.1so or send an inquiry to PPHteedb.ickt:.'iluspto.c•ov. 

Application Papers 
10)0 The specification is objected to by the Examiner. 

11 )ts! The drawing(s) filed on 716115 is/are: a)tsl accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a) 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d) 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f) 

Certified copies: 
a)□ All b)D Some .. c)D None of the: 

1.D 
2.□ 
3.□ 

Certified copies of the priority documents have been received 

Certified copies of the priority documents have been received in Application No. __ 

Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)) . 
.. See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) t8J No!ice of References Ci!ed (PTO·892) 

2) t8J Information Disclosure Sta!ement{s) {PTO/SB/08a and/or PTO/SB/08b} 
Paper No(s)-'Mail Date __ . 

US Paten! ~nd Tr~dematl\ Office 
PTOL-326 (Rev. 11-13) Office Action summary 

3) t8J ln1erview Summary (PTO·413) 

Paper No(s)-'Mail Date. 7111116. 

4) t8J O1her: /MIS. 

Part of Paper No.iMail Date 20160716 
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Application/Control Number: 14/792,094 

Art Unit: 1634 

Final Action 

1. The present application is being examined under the pre-AIA first to invent 

provisions. This office action is in response to the papers filed on June 29, 2016. 

Page2 

The petition to make the instant application "special" has been granted by the office on 

December 22, 2015 and thus has been examined on expedited basis. 

The instant application is a continuation of 14/172,694, now U.S. Patent 

9,102,980, which is a continuation of 14/021,790, now U.S. Patent 8,679,756, which is a 

continuation of 13/859,450, now U.S. Patent 8,563,274, which is a continuation of 

13/622,872, now abandoned, which is a continuation of 13/387,343, now U.S. Patent 

8,298,767, which is a national stage entry of PCT/IB2010/002243, claiming priority from 

provisional application 61288792, filed on 12/21/2009 and from provisional application 

61235595, filed on 08/20/2009. 

The amendments to independent claims 21, 35 and 37 changing the scope of the 

previously rejected said claims necessitated the new grounds of rejections as set forth 

in this office action. Accordingly this action has been made final. 

It is noted that this office action has been issued due to time constraint to move 

the instant application in allotted time and not able to receive the discussed and agreed 

amendments on time to place the pending claims in better condition for the allowance. 
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Application/Control Number: 14/792,094 

Art Unit: 1634 

Interview Summary 

Page3 

2. For compact prosecution the examiner contacted the representative Mr. Keddie 

on July 11, 2016 to discuss further amendments to place the pending claims in better 

condition for the allowance. The examiner discussed that the claim amendments of 

June 29, 2016 requiring same multiplex identifier for the sample and the plurality of 

segments of the nucleic acids still read on the teachings over Braverman and further 

amendments and terminal disclaimers are needed to place the pending claims in 

condition for the allowance. 

It was agreed that inclusion of an additional step '(b) iii', of "wherein the multiplex 

identifier associated with a plurality of nucleic acid molecules of the sample is different 

from a multiplex identifier associated with a plurality of segments from a particular 

nucleic acid molecule of the sample", fixing the claim language for any minor 

informalities, 112 second and fourth paragraphs issues and filing the terminal 

disclaimers over claims of US 8,298,767, 8,563,274, 8,679,756 and 9,102,980 and over 

claims of 14/935,255 and 14/939, 728 copending applications and their acceptance by 

the office and identifying the support for the amendments in the specification would 

overcome the rejections on the record and thus allowable. 

The representative informed that the amendments require approval from the 

applicant. On July 13, 2016 the representative requested to issue an office action in 

view of not hearing a response from the applicant. 

The communication between the examiner and the representative is made of 

record. 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00624

Application/Control Number: 14/792,094 

Art Unit: 1634 

Claim Status 

Page4 

3. In the claim listing of June 29, 2016 claims 21, 24 and 26-39 are pending in this 

application and are under prosecution. Claims 21, 24, 28, 29, 31 and 35-37 are 

amended. Claims 1-20, 22 and 23 are canceled. No new matter has been introduced by 

the claim amendments as applicant has identified the support for the amendments in 

the instant specification (Remarks, pg. 7). 

Withdrawn Objection and Rejections and Response to the Remarks 

4. The previous objection to the abstract has been withdrawn in view of amending 

the abstract in line with the claims (Remarks, pg. 7). The amendments do not introduce 

the new matter. 

The previous objection to the specification not listing the header "Brief 

Description of the Drawings" was an oversight on the part of the examiner. It is noted 

that said header is listed in page 1 of the instant specification. 

5. The previous ODP rejections of instant claims 21-39 over claims of 7,544,473, 

8,685,678, 8,722,368 and over claims of 14/273, 197 copending application in view of 

Braverman has been withdrawn in view of the claim amendments. The arguments 

regarding said ODP rejections have been fully considered (Remarks, pgs. 7 and 8). 

They are moot in view of withdrawn rejections necessitated by the claim amendments. 

6. The previous rejection of claims 21-25 and 28-39 under pre-AIA 102(b) as being 

anticipated by Brenner has been withdrawn necessitated by the claim amendments. 
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The arguments regarding said rejection have been fully considered (Remarks, pg. 8). 

They are moot in view of withdrawn rejections necessitated by the claim amendments. 

Maintained Rejections and Response to the Remarks 

7. The previous rejection of claims 21-25 and 28-39 under pre-AIA 35 USC 102(b) 

as being anticipated by Braverman has been maintained. The arguments regarding said 

rejection have been fully considered (Remarks, pg. 8). They are not persuasive 

because claims as amended only require single multiplex identifier that identifies the 

sample and the segments of nucleic acids recited in generality without distinguishing the 

segment of the nucleic acid molecule and the segments of the particular nucleic acid 

molecule. This feature is taught by Braverman. 

8. The previous rejection of claims 21, 24 and 26-39 under pre AIA 35 USC 103(a) 

as being unpatentable over Braverman in view of Bosnes has been maintained. The 

arguments regarding the said rejection have been fully considered (Remarks, pg. 9). 

They are not persuasive for the following reasons. 

The arguments are directed to Braverman is deficient because it fails to teach or 

suggest a method for tagging nucleic acid molecules in a way that results in the 

segments of a particular nucleic acid molecule being tagged with the same tag 

sequence and Bosnes, which is cited solely to provide a way to analyze mRNA, fails to 

meet Braverman's deficiency and, as such, the cited references, taken in any 

combination, fail to provide each and every element of the rejected claims (Remarks, 

pg. 9). 
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The above arguments are not persuasive because claims 21, 35 and 37 as 

amended requiring the multiplex identifier (MID) sequence associated with a segment of 

a nucleic acid molecule of (a) uniquely identifies a sample and all of the plurality of 

tagged segments of a particular nucleic acid molecule of (a) are associated with the 

same MID sequence has been interpreted as to require only one type of MID because 

the MID sequence associated with a segment of a nucleic acid molecule identifying the 

sample has been interpreted as to be present in all of the plurality of tagged segments 

because the claims as recited do not recite any distinguishing features of the nucleic 

acid molecule of step '(b)i.' and step '(b)ii.'. 

Braverman teaches the claimed steps and is not deficient as allegedly asserted 

by the applicants. Furthermore as discussed in the interview summary, said claims have 

been further amended to make the pending claims non-obvious improvements over the 

arts of record. Therefore rejection over Braverman in view of Bosnes has been 

maintained. 

Claim interpretation 

9. Instant independent claims 21, 35 and 37 as amended requiring the multiplex 

identifier (MID) sequence associated with a segment of a nucleic acid molecule of (a) 

uniquely identifies a sample and all of the plurality of tagged segments of a particular 

nucleic acid molecule of (a) are associated with the same MID sequence has been 

interpreted as to require only one type of MID because the MID sequence associated 

with a segment of a nucleic acid molecule identifying the sample has been interpreted 
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as to be present in all of the plurality of tagged segments because the claims as recited 

do not recite any distinguishing features of the nucleic acid molecule of step '(b)i.' and 

step '(b)ii.'. 

The following Objection and re1ections are necessitated by the claim 

amendments. 

Double Patenting 

10. The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory double 
patenting rejection is appropriate where the claims at issue are not identical, but at least 
one examined application claim is not patentably distinct from the reference claim(s) 
because the examined application claim is either anticipated by, or would have been 
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 
1993); In re Langi, 759 F.2d 887,225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 
686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the reference application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. See MPEP § 
717.02 for applications subject to examination under the first inventor to file provisions 
of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1) (1) - 706.02(1) (3) for 
applications not subject to examination under the first inventor to file provisions of the 
AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The USPTO Internet website contains terminal disclaimer forms which may be 
used. Please visit www.uspto.gov/forms/. The filing date of the application in which the 
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIAJ25, or 
PTO/AIAJ26) should be used. A web-based eTerminal Disclaimer may be filled out 
completely online using web-screens. An eTerminal Disclaimer that meets all 
requirements is auto-processed and approved immediately upon submission. For more 
information about eTerminal Disclaimers, refer to 
http://www. uspto. gov/patents/process/file/efs/guidance/e TD-i nfo-I .jsp. 
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11. Claims 21, 24 and 26-39 are rejected on the ground of nonstatutory double 

patenting as being unpatentable over claims 1-12 of U.S. Patent No. 8,168,385 in view 

of Braverman et al (US 2009/0105959, cited in the previous office action) and Bosnes 

(WO 03/062462, cited in the previous office action) for the following reasons. 

Regarding instant independent claims 21, 35 and 37, claim 1 of '385 patent is 

drawn to a method of sample analysis, comprising: a) separately ligating an 

oligonucleotide tag to each of a plurality of samples that comprise fragmented genomic 

DNA to produce a plurality of adaptor-ligated samples, wherein: i.) each of said samples 

is made from a different source; ii.) each of said samples is ligated to a different 

oligonucleotide tag; iii.) each oligonucleotide tag comprises at least one word 

comprising a unique nucleotide sequence that distinguishes said oligonucleotide tag 

from other oligonucleotide tags; and iv.) each adaptor-ligated sample comprises 

adaptor-ligated genomic fragments that contain an adaptor and a genomic fragment; b) 

pooling said plurality of adaptor-ligated samples to make a pooled sample; c) isolating 

from said pooled sample adaptor-ligated genomic fragments that correspond to one or 

more genomic loci, thereby producing isolated fragments; and d) sequencing an 

isolated fragment of (c) to obtain: i.) the unique nucleotide sequence of an 

oligonucleotide tag; and ii.) the nucleotide sequence of at least part of a genomic 

fragment; wherein the unique nucleotide sequence of said isolated fragment identifies 

from which of said plurality of different polynucleotide samples said isolated fragment is 

derived. 
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One having ordinary skill in the art would recognize that the oligonucleotide tag 

specific to each sample meets the limitation of the multiplex identifier (MID) sequence 

associated with a segment of a nucleic acid molecule of (a) uniquely identifies a sample 

and all of the plurality of tagged segments of a particular nucleic acid molecule of (a) are 

associated with the same MID sequence. Claims of '385 patent is not drawn to the 

nucleic acid samples are from a single isolated cell, which is taught by Braverman (Figs. 

1 and 2 and paragraphs 0077-0084) for enriching the concentration of nucleic acids 

from the single cell and to determine the error rate in the sequencing run (paragraph 

0082). 

With regard to the limitations of dependent claims 24, 26-34, 36, 38 and 39 

claims 1-12 of '385 patent in view of Braverman and Bosnes are drawn to the limitations 

of said dependent claims and therefore are not patentably significant. 

12. Claims 21, 24 and 26-39 are rejected on the ground of nonstatutory double 

patenting as being unpatentable over claims 1-13 of U.S. Patent No. 8,318,433 in view 

of Braverman et al (US 2009/0105959, cited in the previous office action) and Bosnes 

(WO 03/062462, cited in the previous office action) for the following reasons. 

Regarding instant independent claims 21, 35 and 37 claim 1 of '433 patent is 

drawn to method of sequencing comprising: sequencing a plurality of genomic 

fragments, wherein the genomic fragments are obtained from a plurality of different 

sources, and wherein: i.) each of said genomic fragments comprises an oligonucleotide 

tag that comprises a unique nucleotide sequence that indicates from which source a 
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genomic fragment is derived; and, separate from said unique nucleotide sequence, a 

binding site for a sequencing primer; ii.) said sequencing of the plurality of genomic 

fragments is done using said sequencing primer; and iii.) said genomic fragments 

correspond to one or more selected portions of a genome that have been isolated from 

a pooled genomic sample by specific hybridization; to obtain, for each of the sequenced 

fragments, the unique nucleotide sequence of an oligonucleotide tag and the nucleotide 

sequence of at least a portion of a genomic fragment. 

Claims of '433 patent is not drawn to the nucleic acid samples are from a single 

isolated cell, which is taught by Braverman (Figs. 1 and 2 and paragraphs 0077-0084) 

for enriching the concentration of nucleic acids from the single cell and to determine the 

error rate in the sequencing run (paragraph 0082). 

With regard to the limitations of dependent claims 24, 26-34, 36, 38 and 39 

claims 1-13 of '433 patent in view of Braverman and Bosnes are drawn to the limitations 

of said dependent claims and therefore are not patentably significant. 

In response to this office action and depending on the claim amendments, the 

ODP issue will be revisited at the time of the allowance. 

Claim Objections 

13. Claim 28 is objected to because of it is dependent from canceled claim 23. For 

compact prosecution, claim 28 presumed to be dependent from claim 21. If applicant 

disagree with claim 28 dependency, applicant is suggested to correct its dependency. 

Appropriate correction is required. 
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The following is a quotation of 35 U.S.C. 112 (pre-A IA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention 

15. Claims 21, 24 and 26-39 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 

(pre-AIA), second paragraph, as being indefinite for failing to particularly point out and 

distinctly claim the subject matter which the inventor or a joint inventor, or for pre-A IA 

the applicant regards as the invention. 

16. Claim 21 recites the limitation "the nucleic acid molecules" in step (b) line 1. 

There is insufficient antecedent basis for "the" nucleic acid molecules limitation in the 

claim. Applicant is suggested to provide proper antecedent basis for "the" nucleic acid 

molecules limitation in the claim. 

17. Claims 24 and 26-34 are indefinite because they are dependent from claim 21. 

18. Claim 24 recites the limitation "the product" in line 1. There is insufficient 

antecedent basis for "the" product limitation in the claim. Applicant is suggested to 

provide proper antecedent basis for "the" product limitation in the claim 

19. Claim 35 recites the limitation "the nucleic acid molecules" in line 4. There is 

insufficient antecedent basis for "the" nucleic acid molecules limitation in the claim. 

Applicant is suggested to provide proper antecedent basis for "the" nucleic acid 

molecules limitation in the claim. 

20. Claim 36 is indefinite because it is dependent from claim 35. 
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21. Claim 37 recites the limitation "the nucleic acid molecules" in line 4. There is 

insufficient antecedent basis for "the" nucleic acid molecules limitation in the claim. 

Applicant is suggested to provide proper antecedent basis for "the" nucleic acid 

molecules limitation in the claim. 

22. Claims 38 and 39 are indefinite because they are dependent from claim 37. 

For compact prosecution, applicant is suggested to carefully review the claims for 

any minor informalities and 112 second and fourth paragraph issues and further clarify 

the steps of distinguishing the multiplex identifier (MID) sequence associated with a 

segment of a nucleic acid molecule of (a) uniquely identifies a sample and all of the 

plurality of tagged segments of a particular nucleic acid molecule of (a) are associated 

with the same MID sequence because of lack of distinguishing features of "a nucleic 

acid molecule" of step '(b)i.' from "a particular nucleic acid molecule" from step '(b)ii.'. 

Claim Rejections• 35 USC§ 102 

23. The text of those sections of Title 35, U.S. Code not included in this action can 

be found in a prior Office action. 

The following rejection is based on the interpretation of claims 21, 35 and 37 

requiring only one multiplex identifier based on the interpretation of amended claim as 

discussed in section 9. 

24. Claims 21, 24 and 28-39 are rejected under pre-A IA 35 U.S.C. 102(a) and 102(e) 

as being anticipated by Braverman et al (US 2009/0105959, cited in the previous office 

action). 
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Regarding claims 21 and 25, Braverman method of analyzing nucleic acids, 

comprising providing a plurality of nucleic acids from a single cell source (paragraph 

0077) and tagging (i.e., associating) the plurality of nucleic acids from the single cell 

source with an unique identifier (UID) element also referred as multiplex identifier (MID; 

paragraph 0003) and determining a nucleotide sequence of the plurality of nucleic acids 

and attached MID sequences, wherein the MID sequences uniquely identify the single 

cell source, wherein the MID sequences uniquely identify each of a plurality of nucleic 

acid molecules from the single cell source (Fig. 2 and paragraphs 0003, 0077, 0082-

0088). As discussed in the claim interpretations section, since there are no 

distinguishing features between "a nucleic acid molecule" of 'step (b)i' and 'a particular 

nucleic acid molecule of 'step (b)ii' is encompassed by the MID identifier of the sample. 

Regarding claim 24, Braverman teaches an amplification of plurality of nucleic 

acid attached to the UID sequence before determining the nucleic acid sequence 

(paragraph 0088). 

Regarding claim 28, Braverman teaches identifying a number of the plurality of 

nucleic acids tagged with a unique MID, and determining a number of the plurality of 

nucleic acid molecules that were within a single cell source from a number of unique 

MID sequences identified (Fig. 1 and paragraphs 78-83). 

Regarding claim 29, Braverman teaches that the tagging step comprises ligating 

a sequence comprising the MID sequences to the plurality nucleic acids (paragraphs 

0097). 
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performing PCR of the plurality of nucleic acids using an adapter sequence comprising 

the MID sequence and an amplification primer (Fig. 2 and paragraphs 0088 and 0096-

0099). 

Regarding claims 31 and 32, Braverman teaches providing a plurality of nucleic 

acids from each of a plurality of single cell sources; the attaching step comprises 

attaching different MID sequences to the nucleic acids from each of the plurality of 

single cell sources; and wherein nucleic acid sequences are attributed to different 

individual cell sources based upon the MID sequences attached in the attaching step 

and a sequencing primer sequence (Fig. 2 and paragraphs 0085-0088). 

Regarding claims 33 and 34, Braverman teaches that the MID sequences are 1 O­

mer in length, which is within the range of 2 to 100 bases in length and at least 144 

different MID sequences (paragraph 0092). 

Regarding claim 35-37, Braverman teaches a method of analyzing nucleic acids, 

comprising: providing a plurality of nucleic acids from a single cell source (paragraph 

0077). Braverman also teaches tagging (i.e., associating) the plurality of nucleic acids 

from the single cell source with a unique identifier (UID) element also referred as 

multiplex identifier (MID; paragraph 0003). Braverman further teaches an amplification 

of plurality of nucleic acid attached to the UID sequence before determining the nucleic 

acid sequence (paragraph 0088) and determining a nucleotide sequence of the plurality 

of nucleic acids and attached MID sequences, wherein the MID sequences uniquely 

identify the single cell source, wherein the MID sequences uniquely identify each of a 
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plurality of nucleic acid molecules from the single cell source (Fig. 2 and paragraphs 

0003, 0077, 0082-0088). As discussed in the claim interpretations section, since there 

are no distinguishing features between "a nucleic acid molecule" of 'step (b)i' and 'a 

particular nucleic acid molecule of 'step (b)ii' is encompassed by the MID identifier of 

the sample. 

Regarding claim 38, Braverman teaches that the amplifying step comprises 

performing a polymerase chain reaction amplification (paragraph 0086). 

Regarding claim 39, Braverman teaches that the amplifying step comprises a 

linear amplification (i.e., isothermal amplification) step (paragraph 0007). 

Claim Rejections • 35 USC§ 103 

25. The text of those sections of Title 35, U.S. Code not included in this action can 

be found in a prior Office action. 

26. Claims 21, 24 and 26-39 are rejected under pre-A IA 35 U.S.C. 103(a) as being 

unpatentable over Braverman et al (US 2009/0105959, cited in the previous office 

action) in view of Bosnes (WO 03/062462, cited in the previous office action). 

Braverman and Bosnes teach a method for analyzing nucleic acid from a sample 

and therefore are analogous arts. The teachings of Bosnes are specifically applied for 

the limitations of claims 26 and 27 of nucleic acid is DNA and mRNA for correlating 

information relating to mRNA to genomic information. 

Regarding claims 21 and 25, Braverman method of analyzing nucleic acids, 

comprising providing a plurality of nucleic acids from a single cell source (paragraph 
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0077) and tagging (i.e., associating) the plurality of nucleic acids from the single cell 

source with an unique identifier (UID) element also referred as multiplex identifier (MID; 

paragraph 0003) and determining a nucleotide sequence of the plurality of nucleic acids 

and attached MID sequences, wherein the MID sequences uniquely identify the single 

cell source, wherein the MID sequences uniquely identify each of a plurality of nucleic 

acid molecules from the single cell source (Fig. 2 and paragraphs 0003, 0077, 0082-

0088). As discussed in the claim interpretations section, since there are no 

distinguishing features between "a nucleic acid molecule" of 'step (b)i' and 'a particular 

nucleic acid molecule of 'step (b)ii' is encompassed by the MID identifier of the sample. 

Regarding claim 24, Braverman teaches an amplification of plurality of nucleic 

acid attached to the UID sequence before determining the nucleic acid sequence 

(paragraph 0088). 

Regarding claims 26 and 27, Braverman teaches nucleic acids (0018). However, 

Braverman does not specifically teach that the nucleic acid is DNA and mRNA. 

Regarding claim 28, Braverman teaches identifying a number of the plurality of 

nucleic acids tagged with a unique MID, and determining a number of the plurality of 

nucleic acid molecules that were within a single cell source from a number of unique 

MID sequences identified (Fig. 1 and paragraphs 78-83). 

Regarding claim 29, Braverman teaches that the tagging step comprises ligating 

a sequence comprising the MID sequences to the plurality nucleic acids (paragraphs 

0097). 
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performing PCR of the plurality of nucleic acids using an adapter sequence comprising 

the MID sequence and an amplification primer (Fig. 2 and paragraphs 0088 and 0096-

0099). 

Regarding claims 31 and 32, Braverman teaches providing a plurality of nucleic 

acids from each of a plurality of single cell sources; the attaching step comprises 

attaching different MID sequences to the nucleic acids from each of the plurality of 

single cell sources; and wherein nucleic acid sequences are attributed to different 

individual cell sources based upon the MID sequences attached in the attaching step 

and a sequencing primer sequence (Fig. 2 and paragraphs 0085-0088). 

Regarding claims 33 and 34, Braverman teaches that the MID sequences are 1 O­

mer in length, which is within the range of 2 to 100 bases in length and at least 144 

different MID sequences (paragraph 0092). 

Regarding claim 35-37, Braverman teaches a method of analyzing nucleic acids, 

comprising: providing a plurality of nucleic acids from a single cell source (paragraph 

0077). Braverman also teaches tagging (i.e., associating) the plurality of nucleic acids 

from the single cell source with a unique identifier (UID) element also referred as 

multiplex identifier (MID; paragraph 0003). Braverman further teaches an amplification 

of plurality of nucleic acid attached to the UID sequence before determining the nucleic 

acid sequence (paragraph 0088) and determining a nucleotide sequence of the plurality 

of nucleic acids and attached MID sequences, wherein the MID sequences uniquely 

identify the single cell source, wherein the MID sequences uniquely identify each of a 
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plurality of nucleic acid molecules from the single cell source (Fig. 2 and paragraphs 

0003, 0077, 0082-0088). As discussed in the claim interpretations section, since there 

are no distinguishing features between "a nucleic acid molecule" of 'step (b)i' and 'a 

particular nucleic acid molecule of 'step (b)ii' is encompassed by the MID identifier of 

the sample. 

Regarding claim 38, Braverman teaches that the amplifying step comprises 

performing a polymerase chain reaction amplification (paragraph 0086). 

Regarding claim 39, Braverman teaches that the amplifying step comprises a 

linear amplification (i.e., isothermal amplification) step (paragraph 0007). 

As discussed above regarding claims 26 and 27, Braverman does not specifically 

teach that the nucleic acid is DNA and mRNA. However, the DNA and mRNA from the 

same sample were known in the art at the time the claimed invention was made as 

taught by Bosnes, who teaches a method for isolating DNA and mRNA from the same 

sample and further teaches having both DNA and mRNA from the same sample allows 

for correlating information relating to mRNA to genomic information (Abstract). 

It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the DNA and mRNA from the single cell 

source of Bosnes in the method of Braverman with a reasonable expectation of success 

with the expected benefit of correlating information relating to mRNA to genomic 

information thus understanding the interrelationship of genotype and phenotype as 

taught by Bosnes (Abstract). An artisan having ordinary skill in the art would have 

reasonable expectation of success because it merely involves including the mRNA from 
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the single cell source because isolation of DNA, mRNA and protein are is routinely 

practiced in the art as exemplified by Bosnes. 

It is further noted that in KSR, the Supreme Court particularly emphasized "the 

need for caution in granting a patent based on the combination of elements found in the 

prior art," (USPQ2d at 1395), and reaffirmed principles based on its precedent that "[t]he 

combination of familiar elements according to known methods is likely to be obvious 

when it does no more than yield predictable results." 

In the instant case, the steps of claims 21, 24 and 26-39 are a combination of 

known steps which are well understood, routine, conventional steps already engaged in 

by the scientific community for improving the sensitivity, specificity of the nucleic acid 

analysis and were known in the art at the time the claimed invention was made. As 

discussed above, Braverman in view of Bosnes teaches the claimed steps and 

combined as suggested above would arrive at the claimed invention. Also, one having 

ordinary skill in the art would recognize that choosing both DNA and mRNA template 

would be a mere design choice because steps of analyzing mRNA templates would not 

be different as the steps for converting mRNA to cDNA are routine, conventional and 

well established in the art. Thus the steps of pending claims when viewed as whole, add 

nothing significant beyond the sum of the steps taken from Braverman and Bosnes. 

Therefore the steps of claims 21, 24 and 26-39 do not amount to "significantly more" 

and thus obvious improvement over Braverman. 
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27. Claims 21, 24 and 26-39 are rejected under pre-A IA 35 U.S.C. 103(a) as being 

unpatentable over Brenner (US 2006/0177832 published Aug. 10, 2006) in view of 

Braverman et al (US 2009/0105959, cited in the previous office action) and further in 

view of Bosnes (WO 03/062462, cited in the previous office action). 

Brenner, Braverman and Bosnes teach a method for analyzing nucleic acid from 

a sample and therefore are analogous arts. The teachings of Braverman are specifically 

applied for the nucleic acid sample from a single cell and the teachings of Bosnes are 

specifically applied for the limitations of claims 26 and 27 of nucleic acid is DNA and 

mRNA for correlating information relating to mRNA to genomic information. 

Regarding claims 21, 24 and 26-39, Brenner teaches a method comprising 

providing fragments from a population of genomes, wherein the fragments from each 

genome has the same unique oligonucleotide tag attached. In this aspect, the invention 

includes a method of determining a frequency of a nucleotide at a predetermined locus 

in a population of genomes, such method comprising the following steps: (i) separately 

generating fragments of each genome of the population; (ii) attaching a unique 

oligonucleotide tag to each genome; (iii) selecting fragments from each genome that 

contains the predetermined locus; (iv) generating a labeled oligonucleotide tag from 

each unique oligonucleotide tag, the labeled oligonucleotide tag generating a signal 

indicative of the nucleotide at the predetermined locus; and (v) determining the 

frequency of the nucleotide at the predetermined locus by detecting the signals 

generated by the labeled oligonucleotide tags specifically hybridized with their 

respective tag complements, the respective tag complements being attached in spatially 
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discrete regions on the one or more solid phase supports (paragraph 0008). Brenner 

also teaches the amplification and sequencing of the nucleic acid fragments 

(paragraphs 0031 and 0050). As discussed in the claim interpretations section, since 

there are no distinguishing features between "a nucleic acid molecule" of 'step (b)i' and 

'a particular nucleic acid molecule of 'step (b)ii' is encompassed by the MID identifier of 

the sample. 

Brenner does not specifically teach that the nucleic acids are from a single cell, 

and comprise mRNA. Braverman teaches a method of analyzing nucleic acids, 

providing a plurality of nucleic acids from a single cell source (paragraph 0077). 

Brenner in view of Braverman does not specifically teach that the nucleic acid is 

DNA and mRNA. However, the DNA and mRNA from the same sample were known in 

the art at the time the claimed invention was made as taught by Bosnes, who teaches a 

method for isolating DNA and mRNA from the same sample and further teaches having 

both DNA and mRNA from the same sample allows for correlating information relating 

to mRNA to genomic information (Abstract). 

It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the DNA and mRNA from the single cell 

source of Bosnes in the method of Brenner in view of Braverman with a reasonable 

expectation of success with the expected benefit of correlating information relating to 

mRNA to genomic information thus understanding the interrelationship of genotype and 

phenotype as taught by Bosnes (Abstract). An artisan having ordinary skill in the art 

would have reasonable expectation of success because it merely involves including the 
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mRNA from the single cell source because isolation of DNA, mRNA and protein are is 

routinely practiced in the art as exemplified by Bosnes. 

Conclusion 

28. No claims are allowed. 

29. Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to NARAYAN BHAT whose telephone number is (571 )272-

5540. The examiner can normally be reached on 8.30 am to 7 pm. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Dave Nguyen can be reached on (571)-272-0731. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/NARAYAN BHAT/ 
Primary Examiner, Art Unit 1634 
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For compact prosecution the examiner contacted the representative Mr. Keddie on July 11, 2016 to discuss further 
amendments to place the pending claims in better condition for the allowance. The examiner discussed that the claim 
amendments of June 29, 2016 requiring same multiplex identifier for the sample and the plurality of segments of the 
nucleic acids still read on the teachings over Braverman and further amendments and terminal disclaimers are needed 
to place the pending claims in condition for the allowance 

It was agreed that inclusion of an additional step '(b) iii', of "wherein the multiplex identifier associated with a plurality of 
nucleic acid molecules of the sample is different from a multiplex identifier associated with a plurality of segments from 
a particular nucleic acid molecule of the sample", fixing the claim language for any minor informalities, 112 second and 
fourth paragraphs issues and filing the terminal disclaimers over claims of US 8,298,767, 8,563,274, 8,679,756 and 
9,102,980 and over claims of 14/935,255 and 14/939,728 copending applications and their acceptance by the office 
and identifying the support for the amendments in the specification would overcome the rejections on the record and 
thus allowable. 

The representative informed that the amendments require approval from the applicant. On July 13, 2016 the 
representative requested to issue an office action in view of not hearing a response from the applicant. 

The communication between the examiner and the representative is made of record 
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l'.As·1 Sc,m:h 111,tory 

EAST Search History 

EAST Search History (Prior Art) 

! L1 28875 brenner.in or mikawa.in. or osborne.in. US-R3PUB; 
! or slatter.in or ("FDPULATION USPAT; 

Default 
Operator 

OR 

[Plurai,.IT····i·m········· L ______________ j Stamp 

ON 2016/07/16 
18:09 

I" -,IB=-~,.~ ~ 
79 1 and ("multiplex identifier" or mid or US-R3PUB; OR ON 2016/07/16 

I- ~3i;~{~=~·: ~--~ 
'L3 51 2 and ("multiplex identifier" or mid or US-R3PUB; OR ON 2016/07/16 
! barcode or zipcode or token or identifier USPAT; 18:12 
! or tag or uniqu$3 or "bar-code" or "bar USOCR; I" _., ... _,,. ~ ~ 

18 3 and ("multiplex identifier" or mid or US-R3PUB; 
barcode or zipcode or token or identifier USPAT; 

11 

or tag or uniqu$3 or "bar-code" or "bar USOCR; 
code")same sequencing.elm. FPRS; EFD; 

JR'.); 
DERWENT; 
IBM TDB 

4 and ("nucleotide sequence") same US-R3PUB; 
1 ("multiplex identifier" or mid or barcode USPAT 
! or zipcode or token or identifier or tag us::x:fi· 

I,, ~;':~·~-°'- ~ 
128662 brenner .in. or mikawa.in or osborne.in US-R3PUB; 

li,S2·C""'(i2''3"2""""""'i==-~ 

barcode or zipcode or token or USPAT; 
identifier).clm USOCR; 

OR 

OR 

OR 

ON 

ON 

ON 

2016/07/16 
m13 

2016/07/16 
18: 14 

2016/01/05 
15:41 

......................................................................... 
OR ON 2016/01/05 

15'45 

! FPRS; ER'.); 

1183 11121S2~~d(;,,~llipl~;,d~~lifi~; ~;;,,,d~; II~~~~: IOR ION 12016/01/05 

I ;i\S l"Sc~n:h! !i,tury.1-17<J:!O'J4_i\n:c,sihlcVcr,iun.html 7/1(,12016 6:34:20 PM I 
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l'.As·1 Sc,m:h 111,tory !I barcode or zipcode or token or USPAT; 

I I [" 
j identifier) same (insert$4 or attach.$3 or USOCR; 
! coupI$3 or conjugat$3 or connect$3 or FPRS; EPO; 
j tagg$3) same (nucleic or dna).clm JPO; 

........ ...! 

DERWENT; 
IBM TDB ......................... 

S4 0 S3 and (single or one) near3 (source or U&PGPUB; OR ON 2016/01/05 
cell) same (nucleic or dna).clm USPAT; 15:53 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 

·sit' 
IBM_TDB 

""""""""""""" oR················--oN············ ............................ 
10 S3 and (source or cell) same (nucleic or U&PGPUB; 2016/01/05 

dna).clm USPAT; 15:53 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S6 65 S1 and ("multiplex identifier" or mid or U&PGPUB; OR ON 2016/01/05 
barcode or zipcode or token or USPAT; 16:00 
identifier) same (insert$4 or attach$3 or USOCR; 
coupl$3 or conjugat$3 or connect$3 or FPRS; EPO; 
tagg$3) same (nucleic or dna) JPO; 

DERWENT; 
IBM TDB 

S7 55 &3 and (single or one) same(source or U&PGPUB; OR ON 2016/01/05 
cell) same (nucleic or dna) USPAT; 16:01 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB ........................................................................................... ............................................ ........................... .......................................................................................... ... ......................................... ............................ 

Sil 8 S1 and "reflex sequence".clm. U&PGPUB; OR ON 2016/01/05 
USPAT; 16:08 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S9 174 ("multiplex identifier" or mid or barcode U&PGPUB; OR ON 2016/01/05 
or zipcode or token or identifier) same USPAT; 16: 11 
(insert$4 or attach$3 or coupI$3 or USOCR; 
conjugat$3 or connect$3 or tagg$3) FPRS; EPO; 
same (nucleic or dna).clm JPO; 

DERWENT; 
IBM TDB 

S10 5 S9 and (single or one) same (source or U&PGPUB; OR ON 2016/01/05 
cell) same (nucleic or dna).clm USPAT; 16: 11 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S11 169 1·20040224331· I ·20060008799 .. I U&PGPUB; OR ON 2016/01/05 
·20070020640 .. I ·20070238113 .. I USPAT; 16:30 
·20070259357" I ·20090155780· I USOCR; 
·20100086914" I ·20100113296· I FPRS; EPO; 
·20100120098 .. I ·20110287435 .. I JPO; 
·20120208724 .. 1 ·20120316074 .. I DERWENT; 

I ;i\S l"Sc~n:h! !i,tury.1-17<J:!O'J4_i\n:c,sihlcVcr,iun.html 7/1(,12016 6:34:20 PM I 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00649

l'.As·1 Sc,m:h 111,tory 

"20130059310" I "6723513" I IBM_TDB 
"7544473" I "7700325" I "8101346" I 

""""" 
................... "8298767")""831.8460"). PN. """"""""""""'" ... ................. . .......................... ................... OR·················· ........................... 

S12 8 S11 and ("multiplex identifier" or mid or U&PGPIJB; ON 2016/01/05 
barcode or zipcode or token or USPAT; 16:31 
identifier) near5 (insert$4 or attach$3 USOCR; 
or coupI$3 or conjugat$3 or connect$3 FPRS; EPO; 
or tagg$3) near5 (nucleic or dna or JPO; 
polynucleotide) DERWENT; 

IBM TDB 

S13 138 "7393665" U&PGPIJB; OR ON 2016/01/05 
USPAT; 16:36 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S14 2 "7393665" .pn U&PGPIJB; OR ON 2016/01/05 
USPAT; 16:36 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S15 599 ("multiplex identifier" or mid or barcode U&PGPIJB; OR ON 2016/01/05 
or zipcode or token or identifier) near5 USPAT; 16:37 
(insert$4 or attach$3 or coupI$3 or USOCR; 
conjugat$3 or connect$3 or tagg$3) FPRS; EPO; 
near5 (nucleic or dna or JPO; 
polynucleotide) DERWENT; 

IBM TDB 
,,6 147 S15 and ("multiplex identifier" or mid or U&PGPIJB; OR ON 2016/01/05 

barcode or zipcode or token or USPAT; 16:38 
identifier) near5 (determin$3 or USOCR; 
obtain$3) near5 sequence FPRS; EPO; 

JPO; 
DERWENT; 
IBM TDB 

S17 b97052 435/$.ccls. or 506/$.ccls. or 422/$.ccls. U&PGPUB; OR ON 2016/01/05 
or 536/$.ccls. or (c12q1/68 or USPAT; 16:50 
c07h21/02 or c07h21/04 or c12p19/34 USOCR; 
or c12m1/34 or g01n33/52 or FPRS; EPO; 
c40b30/04 or c40b40/04 or c40b50/04 JPO; 
or g01 n31/22) .cpc DERWENT; 

IBM TDB 

S18 1481 S17 and ("multiplex identifier" or mid or U&PGPUB; OR ON 2016/01/05 
barcode or zipcode or token or USPAT; 16:51 
identifier) near5 (insert$4 or attach$3 USOCR; 
or coupI$3 or conjugat$3 or connect$3 FPRS; EPO; 
or tagg$3) near5 (nucleic or dna or JPO; 
polynucleotide) DERWENT; 

IBM_TDB ........................................................................... ........................... 
S19 131 S18 and ("multiplex identifier" or mid or U&PGPUB; OR ON 2016/01/05 

barcode or zipcode or token or USPAT; 16:51 
identifier) near5 (determin$3 or USOCR; 
obtain$3) near5 sequence FPRS; EPO; 

JPO; 
DERWENT; 
IBM TDB 

S<U 140 S19 and (single or one) near5 (source ; U&PGPUB; r ON 2016/01/05 
or cell) near5 (nucleic or dna or j USPAT; 16:52 

I ;i\S l"Sc~n:h! !i,tury.1-17<J:!O'J4_i\n:c,sihlcVcr,iun.html 7/1(,12016 6:34:20 PM I 
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l'.As·1 Sc,m:h 111,tory 

polynucleotide) 

S1 and ("multiplex identifier" or mid or 
barcode or zipcode or token or 
identifier) same (insert$4 or attach$3 or 
coup1$3 or conjugat$3 or connect$3 or 
tagg$3) same (nucleic or dna or 
polynucleotide) .elm. 

USCCR; 
FPRS; EFO; 
JFO; 
DERWENT; 
IBM TDB 

U&PGPIJB; 
USPAT; 
USCCR; 
FPRS; EFO; 
JFO; 
DERWENT; 
IBM TDB 

OR 

S21 and (single or one or indivudual) US-R3PUB; OR 
! 1 same (source or cell) same (nucleic or USPAT; 

ON 

ON 

! ! dna or polynucleotide).clm USOCR; 

IJS "'""'""'"'""'"""""'~"' ~i ffi ~ 1 1 barcode or zipcode or token or USPAT; 
! ! identifier) same (determin$3 or USOCR; I.Jm, .,.~, -·~,~ ,. ~; 

("multiplex identifier" or mid or barcode US-R3PUB; OR 
or zipcode or token or "unique USPAT; 
identifier") .elm. USOCR; 

("multiplex identifier" or mid or barcode 
or zipcode or token or "unique 
identifier" or uid).clm. 

FPRS; EFO; 
JFO; 
DERWENT; 
IBM TDB 

U&PGPUB; 
USPAT; 
USOCR; 
FPRS; EFO; 
JFO; 
DERWENT; 
IBM TDB 

OR 

ON 

ON 

2016/01/05 
16:55 

2016/01/05 
16:56 

""""""""""""'" ........................... 
2016/01/05 
16:58 

2016/01/06 
18:01 

2016/01/06 
18:01 

......................................................................... 
S25 and (dna and rna).clm. US-R3PUB; OR ON 2016/01/06 

18:02 

I ~ 
)~o,~ 1)P7'c2~= lS2~6""a=n":dc'( d":n=a~a=n~dc"r~na'c)~n=e~ac:,5c'ce=;;11==4i:'U~&";PG§P':'U~B=;' fo;',;';R=== f-o'c.Nc==lf2"0"1c'6/'°0::'1;":occ6 I 

I-,,, ~ ,,os 
S27 and ("multiplex identifier" or mid or OR ON 2016/01/06 

1 1 barcode or zipcode or token or "unique USPAT 18:04 

II:c=~~,fi=d=en=t=it=ie=r·=· o=r=u=i=d=)n=e=a=r5=p=r=im~er~~~=ceet"f=R=;=; ~"~FD"BT=i=,~~~~:~~=ceF~~~=I 

I ;i\S l"Sc~n:h! !i,tury.1-17<J:!O'J4_i\n:c,sihlcVcr,iun.html 7/1(,12016 6:34:20 PM I 
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l'.As·1 Sc,m:h 111,tory 

S29 j 23047 extract$3 near5 (dna or nucleic) near5 US-PGPUB; OR 
cell USPAT; 

USCCR; 
FPRS; EFO; 
JFO; 
DERWENT; 
IBM_TDB 

ON 2016/01/06 
18:06 

""""""""""""""""""""""""""""""""""""""""""""" """""""""""""" """"""""""""' """""""""' """"""""""""'" ........................... 
S30 j 1272 829 and extract$3 near5 (ribonucleic or US-PGPUB; OR ON 

S31 

S32 

""""" S33 

mrna)near5 cell USPAT; 

6 S30 and ("multiplex identifier" or mid or 
barcode or zipcode or token or "unique 
identifier" or uid)near5 primer 

199 S30 and ("multiplex identifier" or mid or 
barcode or zipcode or token or "unique 
identifier" or uid) 

.............................................................................................................. 
1 S30 and ("multiplex identifier" or mid or 

barcode or zipcode or token or "unique 
identifier" or uid) near5 track$3 near5 
(sample or source) 

USCCR; 
FPRS; EFO; 
JFO; 
DERWENT; 
IBM TDB 

U&FGPIJB; 
USPAT; 
USOOR; 
FPRS; EFO; 
JFO; 
DERWENT; 
IBM TDB 

U&FGPIJB; 
USPAT; 
USOOR; 
FPRS; EFO; 
JPO; 
DERWENT; 
IBM_TDB 

OR ON 

OR ON 

........................................................................... 
U&FGPIJB; OR ON 
USPAT; 
USOOR; 
FPRS; EPO; 
JFO; 
DERWENT; 
IBM TDB 

2016/01/06 
mo? 

2016/01/06 
18:07 

2016/01/06 
mos 

... ........................ 
2016/01/06 
18:09 

1rm. 11 ffio and ("multiplex identifier" or mid or U&FGPIJB; OR ON 2016/01/06 
barcode or zipcode or token or "unique USPAT; m10 
identifier" or uid) same (track$3 or USOOR; 
origin or identif$3) same (sample or FPRS; EFO; 
source) JPO; 

DERWENT; 
IBM TDB 

S35 31772 ("multiplex identifier" or mid or barcode U&FGPUB; OR ON 2016/01/06 
or zipcode or token or "unique USPAT; 18: 11 
identifier" or uid) same (track$3 or USOOR; 
origin or identif$3) same (sample or FPRS; EPO; 
source) JFO; 

DERWENT; 
IBM TDB 

S36 505 S35 and amplif$3 same (dna or nucleic) U&FGPUB; OR ON 2016/01/06 
same ("multiplex identifier" or mid or USPAT; 18: 12 
barcode or zipcode or token or "unique USOOR; 
identifier" or uid) FPRS; EFO; 

JPO; 
DERWENT; 
IBM TDB 

"""""""""""'" """"""""'" """"""""""""" ......................... ................... ............................ 
'5.J7 81 ~6 and amplif$3 same (cdna or mrna) U&FGPUB; OR ON 2016/01/06 

same ("multiplex identifier" or mid or USPAT; 18: 12 
barcode or zipcode or token or "unique USOOR; 
identifier" or uid) FPRS; EPO; 

JFO; 

I ;i\S rsc~n:h! !i,tury.1-17<J:!O'J4_i\n:c,sihlcVcr,iun.html 7/1(,12016 6:34:20 PM I 
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l'.As·1 Sc,m:h 111,tory 

S38 ! 5559 ("multiplex identifier" or mid or barcode 
or zipcode or token or "unique 
identifier" or uid) near5 (track$3 or 
origin or identil$3) near5 (sample or 
source) 

DERWENT; 
IBM TDB 

U&PGPUB; 
USPAT; 
USCCR; 
FPRS; EFO; 
JPO; 
DERWENT; 
IBM_TDB 

OR ON 

.................................................................................................................................................................................................... 
S39 j 41 S38 and extract$3 near5 (ribonucleic or US-R3PUB; OR ON 

540 70439 

S41 1534 

S42 75 

mrna) USPAT; 

genotype and phenotype 

S40 and phenotype near5 mrna 

S41 and extract$3 near5 (ribonucleic or 
mrna) 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

U&PGPUB; 
USPAT; 
USOCR; 
FPRS; EFO; 
JPO; 
DERWENT; 
IBM TDB 

U&PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JFO; 
DERWENT; 
IBM TDB 

US-FGPUB; 
USPAT; 
USOCR; 
FPRS; EFO; 
JPO; 
DERWENT; 

OR ON 

OR ON 

OR ON 

2016/01/06 
18:22 

........................... 
2016/01/06 
m22 

2016/01/06 
18:26 

2016/01/06 
m27 

2016/01/06 
18:27 

:"''\i"""""""""'i'""""""""""""""""""""""""""""""""""""""""""""" I BM_ TDB 3 u S42 and ("multiplex identifier" or US-R3PUB; OR ON 2016/01/06 

544 2218 

S45 1788 

barcode or zipcode or token or "unique USPAT; 18:28 
identifier" ) USOCR; 

S40 and ("multiplex identifier" or 
barcode or zipcode or token or "unique 
identifier" ) 

S44 and (ribonucleic or mrna) 

FPRS; EPO; 
JFO; 
DERWENT; 
IBM TDB 

U&PGPUB; OR 
USPAT; 
USOCR; 
FPRS; EFO; 
JPO; 
DERWENT; 
IBM TDB 

U&PGPUB; OR 
USPAT; 
USOCR; 
FPRS; EPO; 
JFO; 
DERWENT; 

ON 

ON 

2016/01/06 
18:28 

2016/01/06 
m29 

IBM_TDB 
!rc:'~'11"','""""'""ic:',"""":":',"'""":""":"""'""'"'"'':"""':""'""""'""'""ii"""""""""""""":""""""""'"""":""""""""'"::,""""""""""""'" 6 03 S45 and ("multiplex identifier" or US-R3PUB; OR ON 2016/01/06 

barcode or zipcode or token or "unique USPAT; 18:29 
identifier" ) same mrna USOCR; 

I ;i\S rsc~n:h! !i,tury.1-17<J:!O'J4_i\n:c,sihlcVcr,iun.html 7/1(,/2016 6:34:20 PM I 
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FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S47 153 S40 and ("multiplex identifier" or U&PGPIJB; OR ON 2016/01/06 
barcode or zipcode or token or "unique USPAT; 18:31 
identifier") .elm. USCCR; 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S48 10 $47 and (ribonucleic or mrna).clm. U&PGPIJB; OR ON 2016/01/06 
USPAT; m31 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S49 i 60223 ("multiplex identifier" or barcode or U&PGPIJB; OR ON 2016/01/06 
zipcode or token or "unique USPAT; 18:33 
identifier") .elm. USOCR; 

S50175 S49 and (cibonucleic oc mma).clm. 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

""""""""""""" oR··················oN ............ ......................... ._ 

U&PGPIJB; 2016/01/06 

I 

USPAT; m33 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S51 2 (bhat.xa. or bhat.xp.) and (simultan$4 U&PGPUB; OR ON 2016/01/07 
nears isolat$4) USPAT; 10:54 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S52 103 (bhat.xa. or bhat.xp.) and isolat$4.clm U&PGPUB; OR ON 2016/01/07 
USPAT; m5• 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

7/ 1612016 6:34:16 PM 
C:\ Users\ nbhat1\ Documents\ EAST\ Workspaces\ 14792094~1~6~16.wsp 
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From: 
To: 
Subject: Re: 14/792,094 -status update 

Wednesday. July 13. 20161:46:44 Ffvl Date: 

Nope. Please go ahead and send an office action. Thx. James 

On Jul 14, 2016, at 1 :25 AM, Bhat, Narayan <Nrrny@ Bln<lfrl!SPTO GOV> wrote: 

Narayan i< 3hai 
Prirnary Examiner, AU 1 G34, 
Rerrn:,.Jn 3CD9. TC 1600, USPTO, DOC. Aoxandria. VJ\~22:113 

Fax: 57·1-273-5540 

From: James S. Keddie [rnadto:k,~ddif;f.CT!t)q.;;ngt.cqrn] 

Sent: Monday, July 11, 2016 4:50 PM 
To: Bhat, Narayan <Naravan.Bhat 1WUSPT0 . .._:;0'v> 

Subject: 14/792,094 

Dear Exr. Bhat, 

I forwarded the proposed amendment to the client earlier today but I haven't heard 

back. If you don't hear from me in time, please just send out an office action 

Thanks, 

James 

James Keddie Ph.D 
Senior Patent Agent 

1900 University Ave Suite 200 
East Palo Alto, Ca 94303 
Main: {650) 327-3400: Fax: (650) 327-3231 
Direct: {650) 833-7723: Email: k,addie(.a:•bs:,m,i1ccm 

Confidentiality Notice: This e-mail transmission may contain confidential or 
legally privileged information that is intended only for the individual(s) or 
entity(ies) named in the e-mail address. If you are not the intended recipient, or if 
this e-mail has been mistakenly directed to you, you are hereby notified that any 
disclosure, copying, distribution, or reliance upon the contents of this e-mail is 
strictly prohibited. If you have received this e-mail transmission in error, please 
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immediately notify the sender at !-650-327-3400, so that Bozicevic. Field and 
Francis LLP can arrange for proper delivery, and then please delete the message 
from your system. Thank you. 

Confidentiality Notice: This e-mail transmission may contain confidential or legally privileged 
infonnation that is intended only for the individual(s) or entity(ies) named in the e-mail 
address. If you are not the intended recipient, or if this e-mail has been mistakenly directed to 
you, you are hereby notified that any disclosure, copying, distribution, or reliance upon the 
contents of this e-mail is strictly prohibited. lf you have received this e-mail transmission in 
error. please immediately notify the sender at !-650-327-3400, so that Bozicevic, Field and 
Francis LLP can arrange for proper delivery. and then please delete the message from your 
system. Thank you. 
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Receipt date: 06/29/2016 
Doc code: IDS 
Doc description Information Disclosure Statement (IDS) Filed 

14792094 •• GAU: 1634 
PTO/S8/013a (OHO) 

Approved for use through 07131/2012. 0MB 0651-0031 
U.S. Patent and Trademarl<Offioe: U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of infom1ation unless ij contains a valid 0MB control number. 

Application Number 4792094 

Filing Date 015-07-06 

INFORMATION DISCLOSURE First Named Inventor I 13RENNER, Sydney 
STATEMENT BY APPLICANT 

Art Unit 1636 
( Not for submission under 37 CFR 1.99) 

Examiner Name I BHAT, NARAYAN KAMESHWAR 

Attorney Docket Number CGLC-020CON5 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Patent Number Issue Date Relevant Passages or Relevant 
Initial* No Code1 of cited Document 

Figures Appear 

1 13290808 1016-03-22 l=OOOR, Stephen P. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publlcatlon Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Cite No Relevant Passages or Relevant 
Initial* Number Code1 Date of cited Document 

Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add buttonJ Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant TS 
Initial* No Number3 Code2i Code4 Date 

Document 
Passages or Relevant 
Figures Appear 

1 NO2012148497 wo 2012-11-01 ROBINSON, et al. 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON.PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author {in CAPITAL LETTERS), title of the article {when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number{s), TS 
publisher, city and/or country where published. 

/NARAYAN K BHAT/ 07/16/2016 
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Application Number 14792094 

Filing Date 2015-07-06 

INFORMATION DISCLOSURE First Named Inventor I BRENNER, Sydney 
STATEMENT BY APPLICANT Art Unit 1636 
( Not for submission under 37 CFR 1.99) 

Examiner Name I BHAT, NARAYAN KAMESHWAR 

Attorney Docket Number CGLC-020CON5 

1 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 /NARAYAN K BHAT/ I Date Considered 11 07/16/2016 

~EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes ofUSPTO Patent Documents al www.USPTO.GOVor MPEP 901.04. ~ Enter office that issued !he document, by the tw'o-letler code (WIPO 
Standard ST.3). 3 For Japanese patent documents. the indication of the year of the reign of the Emperor must precede the serial number of the patent document 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible ~ Applicant is to place a check mark here i 
English language translation is attached 
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ATION DISCLOSURE 
NT BY APPLICANT 

Application Number 14792094 

Filing Date 2015-07-06 

First Named Inventor BRENNER, Sydney 

Art Unit 1636 
( Not for subm sion under 37 CFR 1.99) 

Examiner Name BHAT, NARAYAN KAMESHWAR 

Attorney Docket Number CGLC-020CON5 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.9 o make the appropriate selection(s): 

OR 

That each item of information con ined in the information disclosure statement was first cited in any communication 
from a foreign patent office in a co terpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See CFR 1.97(e)(1). 

That no item of information contained in the info ation disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign app!ic on, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of informatio ntained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than hree months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

See attached certification statement. 

X The fee set forth in 37 CFR 1. 17 (p) has been submitted herewith. 

X A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1. , 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /James S. Keddie, Reg. No. 48,920/ Date (YYYY-MM-DD) 

Name/Print James S. Keddie Registration Number 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtai r retain a benefit by the 
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U. 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting t completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the am nt of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief lnformatio fficer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313*1450. DON SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Ale andria, 
VA 22313-1450. 
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Receipt date: 06/29/2016 14792094 •• GAU: 1634 

Privacy Act Statement 

The Privacy t of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form r ted to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the gene I authority for the collection of this information is 35 U.S.C. 2(b)(2); {2) furnishing of the information solicited 
is voluntary; and {3 he principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examI your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. P nt and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of pr eedings or abandonment of the application or expiration of the patent. 

The information provided by in this form will be subject to the following routine uses: 

1. The information on th form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Priv Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to dete ine whether the Freedom of Information Act requires disclosure of these record s. 

2. A record from this system of r 
court, magistrate, or administrative 
negotiations. 

rds may be disclosed, as a routine use, in the course of presenting evidence to a 
unal, including disclosures to opposing counsel in the course of settlement 

3. A record in this system of records ma e disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the cord pertains, when the individual has requested assistance from the 
Member with respect to the subject matter oft record. 

4. A record in this system of records may be dis sed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recip· nts of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, ursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed un er the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bure of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routi use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to e Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine e, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as pa of that agency's responsibility to 
recommend improvements in records management practices and programs der authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations verning inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclo shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public er either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 1. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if th record was filed in 
an application which became abandoned or in which the proceedings were terminated and whic application is 
referenced by either a published application, an application open to public inspections or an issue atent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Search Notes 14792094 BRENNER ET AL 

111 11111 II 11111 111 
Examiner Art Unit 

NARAYAN BHAT 1634 

CPC-SEARCHED 

Svmbol Date Examiner 
C12Q 1/68, C12Q 1/6874, C0?H 21/02 and C40B 30/04 1 /6/16 Bhat N. 
Searched uisng key words in different CPC classes. See the search 1 /6/16 Bhat N. 
histo 0 , in EAST. 

CPC COMBINATION SETS • SEARCHED 

Svmbol I Date I Examiner 
I I 

US CLASSIFICATION SEARCHED 

Class I Subclass I Date I Examiner 
I I I 

SEARCH NOTES 

Search Notes Date Examiner 
Reviewed the copending applications for the inventors in PLAM and 1/6/16 BhatN 
cooendina claims for ootential ODP issues. 
Reviewed the prosecution histories of copending applications resulting in 1/6/16 BhatN 
the issuance of oatents. 
Reviewed the cited arts in the IDS of 10/9/15. 1/6/16 BhatN 
searched for the topics in EAST, Pubmed and Google scholar. Search 1/6/16 BhatN 
histories are enclosed 
Updated the search for the topics in EAST. Search history is enclosed 7/17/16 BhatN 

INTERFERENCE SEARCH 

US Class/ US Subclass/ CPC Group Date Examiner 
CPC Svmbol 

-'NARAYAN BHAT' 
Primary Examiner.An Uni! 1634 

US. Palent and Trademark Office Part of Paper No 20160716 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00661

14/792}}94 

93726 

I'll.I'\(; o,· 

~711,·, IJ.\IL 

07 /06/20 I 5 

(,RP -\RI 
1·-.;n 

1634 
1·11 Fl.I, Rl.<"IJ 

8(X} 

u,rn:nsT1'rl•'.~ 1H•:l'1Wnt1•:x-r r11, {·011,11•:u(·F 
United Srntte, l'nt<•nt and 'l"racltemark om,, .. 
"'I"'"<'• •.11\:IS:-il• •.',°l·h I, Ii l'.,Yll·:.STS 

"' i,., ',<o 
\I"·'"''"•'·,·.,,,.,.,;; In, 
1\1\\\ '·"'"""' 

I I I Y.IJOCKl.l .'\O JOI Cl .II~!~ l'\IH'I ,\l'.1,1S 

CGI .C-020CON5 19 3 
CONFIRMATION NO. 9697 

CORRECTED FILING RECEIPT 
EPA - Bozicevic Field & Francis LLP 
Bozicevic, Field & Francis 1111111111111 llll llll m~!l!~ll!llliWJll lllll 111111111111111111 

1900 University Ave 
Suite 200 
East Palo Alto, CA 94303 

Date Mailed: 07/27/2016 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

lnventor(s) 

Applicant(s) 

Sydney Brenner, Ely, UNITED KINGDOM; 
Gi Mikawa, Great Shelford, UNITED KINGDOM; 
Robert Osborne, Great Chesterford, UNITED KINGDOM; 
Andrew Slatter, London, UNITED KINGDOM; 

1 OX Genomics, Inc., Pleasanton, CA; 

Power of Attorney: The patent practitioners associated with Customer Number 93726 

Domestic Priority data as claimed by applicant 
This application is a CON of 14/172,694 02/04/2014 PAT 9102980 * 
which is a CON of 14/021,790 09/09/2013 PAT 8679756 
which is a CON of 13/859,450 04/09/2013 PAT 8563274 
which is a CON of 13/622,872 09/19/2012 ABN 
which is a CON of 13/387,343 02/15/2012 PAT 8298767 
which is a 371 of PCT/IB2010/002243 08/13/2010 
which claims benefit of 61/288, 792 12/21/2009 
and claims benefit of 61/235,595 08/20/2009 
(*)Data provided by applicant is not consistent with PTO records 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 
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Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: No 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 07/20/2015 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 14/792,094 
Projected Publication Date: Not Applicable 

Non-Publication Request: No 

Early Publication Request: No 
.. SMALL ENTITY •• 
Title 

Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 

Preliminary Class 

435 

Statement under 37 CFR 1.55 or 1.78 for AJA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timelrames and deadlines for filing foreign 
patent applications. The guide is available either by contacting the US PTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html 
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S Government hotline at 1-866-999-HAL T (1-866-999-4258). 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

The applicant has been granted a license under 35 U.S.C 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37CFR5.13or5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Se/ectUSA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment SelectUSA provides information assistance to the international investor 
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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Filed Electronically 

Attorney Docket CGLC-020CON5 
CHANGE OF 

Fin,t Named Inventor Brenner. Sydney 
CORRESPONDENCE 

ADDRESS Application Numher 14/792,094 

Confirmation No. 9697 

Filing Date July 6, 2015 

Group Art Unit 1634 
Addre:-.:-. to: Examiner Name BHAT, NARAYAN KAMESHWAR 
Commi:-.:-.ioner for Patent:-. 
P.O. Box 1450 Title: "Compo:-.ition:-. and Method:-. for Intramo\ccular 
Alexandria. VA 22313- I 450 Nucleic Acid Rearrangement·· 

Please change the Correspondence Address for the above-identified application to: 

I;><;] The address associated with Customer Number 43850 

Firm Name Morgan. Lewis & Bockius LLP 
Individual Name 

Address One Market. Spear Street Tower 

City. State, Zip San Francisco. California 94105 

Country U.S.A. 
Telenhone (415) 442-1000 I Facsimile I (415)442-1001 

SIGNATURE OF ATTORNEY/AGENT OF RECORD 

Name/Reg. No. James S. Keddie, 48.920 

Signature /James S. Keddie, Reg. No. 48,920/ I Date I 07-27-2016 
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Electronic Acknowledgement Receipt 

EFS ID: 26472517 

Application Number: 14792094 

International Application Number: 

Confirmation Number: 9697 

Title of Invention: Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 

First Named Inventor/Applicant Name: Sydney Brenner 

Customer Number: 93726 

Filer: James Samuel Keddie 

Filer Authorized By: 

Attorney Docket Number: CGLC-020CON5 

Receipt Date: 27-JUL-2016 

Filing Date: 06-JUL-2015 

Time Stamp: 19:27:54 

Application Type: Utility under 35 USC 11 l(a) 

Payment information: 

Submitted with Payment I 00 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.:z:ip (if appl.) 

20439 

1 Change of Address 
CGLC-020CON5-

1 
Change_Corresp.pdf 

00 
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Information: 

Total Files Size (in bytes)i 20439 

This Acknowledgement Receipt evidences receipt on the noted date by the US PTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(bHd) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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a,,,- ,-,:-1<1 ,ill ;·,,,>e:1\ ·J•;si9:1e·,,:! 2;)b: t,:, 1.:,,: ,;f"'(l\:r:;;'.:in<'::i ;,ccc:\•i:f>'j :;:, 1:,,; \;~";fY:\-:, ,:~s>gr::·.:e,c! r<xr•ido ,or c\o·;:9,:rrvc·qt,:; (.'i;,:<, '1\":i,,-; 
,-;n::tc1:1r,,·; 10th::·. fMn, :t, ;s:.-:,,;::o,::J;J.,,u, ~,,m 3? CF>'l 3J'.>;c,) 
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lr;ih:,li;8ii'-i8rtii, 

7068 Koii Center Parkw:.y, Suite AO'. 
P!oasanton. CA ~•4566 

SIGNATURE_aj Assigmrn of Rc-::ord 
TM irdiv;,~u,,1 wty',&,:, ~-=;J('t1turn ,,nc! ;_;, /is y:,r,0'=c1<:! belrN; i5 0u!:'lcr:7_,::ri ;;, i"S:.t nr, ~-:•i"i°'Ptlf nf 1::n s>t-:sir1ner,, 

Matthew Murphy 

Vice PrnskJerit Gcmeral Counsel 
,,,,,r,i~t'"" -a,.,.,.,,-~~ '-')';,:·er i, , 

</-():' 

, -~,.;..:. _.,-,. . :·,,,,.,,di,,-,,, "'-''-'~"";"9 "·" :c:,;i,,,.,. ' -.,,,_. ·""> 
•:s"•f:·:,\'<':1;s ~" !:":<· ~'"'""': c;! :,,,.,-. ~,,,, c(.'(:s· re;;"·' c-~ ,,;;;;,,•; :,,;s t:,:o'Oec:. F'" :lr! :A'> se»i ;-~ ;,-,. 1,,,,_,,,;·, ,,,r, ;:_:<; .. ,,,. 
,!,'.(, ='~'''"' ,:,id T,,:,;,,,n,1,~ '.;ii .. :" >!. S l>i·,i,,,~,,--,,t ;>! c;c;·,.r,,,,,,~·,. :' C. r,,,, N,-,~w;r,~ :·;~,~--1..\~;, ry;, :.;{)":" :-;r.:'-ii) FC[G <,,R -:()Mf,, f."::":T) 
;cc;s:,.1s T() Te<!S ,\t,;:-,>>.t ,i;, 'iHCNC TO. G◊1>1m:,>$.iNl-;,r !(>r Pate1>t$,, P.O, Sex HS◊, A;eJ<3<>dr!,~, VA nJn-H'.l-0. 
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Privacy :\ct Statement 

T!H Privacy Act of 1974 (P,L 93-579) requites that you be t11-:en r..erlm:; dor:mition in com:0cti0n \fs<:h yo1-!I" 
submission d th.c: attaai<:od form rdmed to J p::iK:nt appiic:Jtic,r. or patent. Acng(1ing!y. purn;.Hm: tn tilt 
rHtt;,tHm~n!~'. 1>! the Ac!, t)!e~s0 bo advised tr.at: ( 1 J !he 9e:10ra1 ~;w!-mnty for ttie o:,!;s;;;L,n '>! his hforrn,~ti<;n i1 ..)f_; 
U.S,C. 2(b}(2}; {2) fl.itn;shing of th<c: ;nforr:~c6:.m :.;ol!ci:e:i i.s ',1oiut;t.<1ry: m1r.: \3) the p(ndp3i purpos<;, f.:,r >:/·,ich th0 
ir:for:~:a!1c,n i,, used t'.y the U,~.>. P-::1tt:nt and Trar:kirnark. Oflki' ;,i :o ;:;rocN>s mt,~ior <''.<icmline, vour ,aubrr,is;,ion 
related tc a p<!tent applicat,011 or ;,.1at;:1nt. 1f yvu de, ,;c,t funii~,h 1<10 ,f:qu€$k:d 1nk'lr:'::,>.t1on. !IN, U.S. Pntcnt a,...,r.i 
h~"\d(lrnw"h Office :na\/ net b~ ,~b!e to pr<:-x:ess B.'<G/or e:o:,:;n,-~ ycur :sut)r-n:~;s,on ,vh:ch ::cav r,;,su!t in termination cf 
fJ!"CCdedir:Js or cJba.nd,:;,n:11en! or the a;:ipi1Gati:.1n or f;xµiralk;n of :h0 pter;t 

2. 

3 

4 

5 

6. 

7 

n10 in!orrnation on '.t:!$ forrn wili be treated confklentiaily to Hlf exru1, c.1:iowe.:1-j 1mder the Free,1c::, .-,f 
info1-ma!!,:-;r: /\er. (S U.S.C. 552) and the Pnvacy A,,~t (S U.S.C S:i:•';~). f·(':!CO!'dS {rorn thi>> sys!un of rncor(is 
may be disdosr~d tc \he [k>pari,nent -.)f -iustict: to de!ermir:e whether d!sck;sur0 of f;r:!cle r~..:cvnfa i0 
fi':QlJired by' (he Free(1o:n o! ki!onnatio:1 l\d. 

/J,, recrJrti rmn: th,s <>V<Je::~ n! ((:;c::-::rds may nsc Jisdose(1. as a wutine us<::, In thu cow so of p":isen\1n9 
evid::-r.ce t1 8 court. '!°1agis:r,=~t;:i, er a<1n1irn~!i-3t!\/e trii:,unai, iqch.;ding di3,)os:n,,;s lo vpp~Jshg <:.:OU! ,sei :n 
t!1e t;:,urse t,f fa;'>:l.lement neg,:;tiations. 

A r,;:,~Ord in th;s ,av,atern of re:-;or<1s mBy :~e (l1sc!os0d. as EJ routine ,10<::, ic a M,0,mi:,er cf Congrnr,3 
sub;:11H!ng ci r8q:1est i:wolving an ind:v;dual. to ,-vhorn t11e rn::-:nrd pertains, wt,en HK 1ndi'idua! has 
t;;,qur~st0d .c1ssistancr:, frorn E·,e Me:;;t18r with respect to th8 subjt.:ct ,nat11::,· ::/ tht, nscr:,rd 

A r8Cord iri t!1is system ol ru,orrJs may t>s cJ:sc!m,e(i :1s 8 routine l.J$fJ. w a v.m\r;;ictcr of ftl•..: Ager11~y 
having 1~eed for !!':;~ ii;fo~rnation in Ot\'ier ta perforn-, a contrncL RQCiptic!nls i;if id;:,;-msfon shJil bB r~:riutr~:d 
to comply with tne i·equi1·ements cf the P,w,ie;y Act ,j ·197 4. a~. arnende(i, pursuant to 5 U.S,C:, 552at::·:}. 

/\ mrntd m!~;tmi to r1n !nternation:::I Ap;:,lka!ion ficd unck;r ttK Pe:t1~nt Co<)P◊r8'.1on T(,'>Jty in thii; sy,:ie:!"; of 
r{:c.ords may tie J!scbsed, a::: a rouUne u,w. to the !nterr:at ;:,:~a= fa;reau 0f the World !nte!iectua! F'roperty 
Or9ani2a'.ion, pursuant to th0 Patent C[x.Jp;:,ration Tre;~ty. 

A record ,n !his svstem of records ::my bt>c ,_!isdvmd, ,~s u :ouiinici us.B to another fedHa! .1\]erKy for 
ptHfX)~:;;,s ;;f N3t!o;~3; Secwity review l35 U S.C. 18:) ~1:1d !,~, rnv ;,,~\' purswmi 1o the ;\toni:c Energy A,;t 
{47. U ~iG 218{r..l). 

A r1:,,:orl~ tmn: thrs sys.ten~ c:,f rec,:;rd::; may be disdos1:ifi i.;:-, ,=i rnutra~ use, io the Adrn,nistra!or, Genera! 
Services. or hisihe~ cl~:s,gn~,i~, Curing ,sn inspection of recorfJ;> crJnduvkid by G:'SA cis part ci thGt aqen(:y'~ 
resp,-:msitl!iity to reccrnmond imprvvenw'ltS ,n records m,or:ar,e:~;ent practice:, ar~d pro9rarns, wnd<c:r 
,mthonly of44 U.S (:. 2904 8nci 2906. $1;ch disclosure shall bE' rnak~ iri a(:Oorljani::n w:h H1~: GSt~ 
regu!ationi1 govr:irnHl{l inspection of r-::>cord,; for this purpcse. ar:d any ott",cr rei0vnnt {i.e .. GSA or 
Con1:a:erce) <:faect,,;tJ. Sw~t1 d1$dosure ;,h;.!l not be used to rr,a;,;e dder:r,in:;:i:irJns ol:ot:! i:"ldivii:ius;s. 

A r{:c0rd fro;n his svstern of records n:By be d!sdosf/t as,~ mutinr1 u.%. t0 !Iv, pub!ic aftpr eilher 
publication of Hie appiicat;mo n1rs,.,a,·it. lo 35 U.S.C. 122d~) or issua:,ce of;:, pHtent pur,'wa,,t io 3S U.S.C. 
·1 Si. FtJr!her. a record r:~ay b<; discloex). s:.:b:ed to HK i>mirnt10n$ t;f 3i' CFR 1.14, as 8 °os;tne ~1s~, :o tbe 
publ:c ,f the re-;:crd was filed h .;:n a;:,µiicat!on ',vhicf; be~ci,·:~e atian(joni~d rT in which the procee,i!ngs we;-e 
tc~r,:~,nAHd and w!,ich appiicat!':m is mforenced by either a ptib!;c:11~:d ;;v:>licat:on. an ;:tppnca,ion ("p<c-n :o 
p:.,b1!v !rispectir.Jri or ui i~•s:..n~d pa:i:<nL 

S, A :econ:! hxn tri:s Jyst;:,rr: of record$ may be clsdosed, as a rr_;ulh1z 'JSfo. tc .c1 Fder11i, StJte, or !oc:al !.1w 
enforct:r.v::-nl agf.J!~Cy, if tk~ USP10 b8U.)!T!0S HW,Hf: of ,1 ;.-!()latiO!~ ,X pctentia! vic-lB\!Oi'i vf i<ClV/ ()f 
re~~U!Jfon. 
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PTOIAIA/96 (08-12) 
Approved for use through 01131/2013. 0MB 0651 •0031 

U.S. Patenl and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduclion Act ol 1995, no , ersons are re-uired to res~ond to a collection of information unless it dis 1a,s a valid OMS control number 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant/Patent owner: _1_0_X_G_e_n_o_m_;c_s0,_l_n_c_. ___________________________ _ 

Application No./Patent No.: 14/792,094 Filed/Issue Date: _J_u~ly:__6c, 2~0c1c5:__ _______ _ 

Titled: Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 

10X Genomics, Inc. a corporation ------------------
(Name of Assignee) (Type o1 Assignee, e.g. corporalion, pannership, university, government agency, etc.) 

states that, for the patent application/patent identified above, ii is (choose one of options 1, 2, 3 or 4 below): 

0 The assignee of the entire right, title, and interest. 

2 D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s} by the owners 
holding the balance of the interest must be submitted to account for 100% ot the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are· 

Additional Statement(s) by the owner(s) holding the balance ot the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right. title, and interest are 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above {not option 4) is evidenced by either (choose Q!!l! of options A or B below)· 

A.[,] An assignment from the inventor{s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 039159 , Frame 0296 or for which a copy 
thereof is attached. 

B. D A chain of title from the inventor(s}, of the patent application/patent identified above, to the current assignee as follows: 

1. From To'-----------------
The document was recorded in the United States Patent and Trademark Office at 

Reel-----~ Frame _____ _ or for which a copy thereof is attached. 

2. From: _________________ _ To: _______________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel Frame or for which a copy thereof is attached. 

[Page 1 of 2] 
Th,s collection of informalion is required by 37 CFR 3.73(b). The information is requ;red lo obtain or re1ain a benel,t by 1he publ,c whicl1 is lo file (and by lhe USP TO to 
process) an applica1,on. Con!idenliality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes 10 complete, including 
gathering, preparing, and submilting the completed appl,cation lorm to the USPTO. Time will vary depending upon the individual case. Any comments on ll1e amount 
o1 time you require to complete ll1is form and/or suggeslions ror reducing this burden. should be sent to the Chiel lnformalion Oflicer, U.S Patent and Trademark 
O11,ce, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313·1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND 
TO; Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313•1450. 

If you need assistance in completing the form, call 1-800-PTO-9 J 99 and select option 2 
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PTO/AIN96 (08·12) 
Approved lor use through 01131/2013. 0MB 0651·0031 

U.S. Patenl and Trademark O11,ce; U.S. DEPARTMENT OF COMMERCE 
Under the Panerwork Reduclion Ac1 ol 1995, no ~ersons are re~uired to res~ond to a collection of information unless ,t d1s1 la vs a valid 0MB control number 

STATEMENT UNDER 37 CFR 3.73/c) 

3. From: __________________ _ To:----------------
The document was recorded in the United States Patent and Trademark Office at 

Reel-----~ Frame ______ or for which a copy thereof is attached. 

4. From: __________________ _ To: _______________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame-----~ or for which a copy thereof is attached 

5. From· __________________ To: ________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel-----~ Frame ______ or for which a copy thereof is attached. 

6. From: __________________ _ To: _______________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel _____ ~ Frame ______ , or for which a copy thereof is attached 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

RJ As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submilled for recordation pursuant to 37 CFR 3.11. 

(NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08) 

The un
1

der,signed (whosp111e Is supplied below) Is authorized to act on behalf of the assignee 

,2-ja~:: 10.1uLv4. -c-+A=u"<-n~I i"-+-. 20~1'-"''2~-
s,g'na~ -........ Date C] 1 

Gargi T u er 61,368 ------------
Printed or Typed Name TI tie or Registration Number 

[Page 2 of 2} 
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Electronic Acknowledgement Receipt 

EFS ID: 26680070 

Application Number: 14792094 

International Application Number: 

Confirmation Number: 9697 

Title of Invention: Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 

First Named Inventor/Applicant Name: Sydney Brenner 

Customer Number: 43850 

Filer: Gargi Talukder/Sheila Gloss 

Filer Authorized By: Gargi Talukder 

Attorney Docket Number: 104371-5016-US0S 

Receipt Date: 18-AUG-2016 

Filing Date: 06-JUL-2015 

Time Stamp: 14:29:20 

Application Type: Utility under 35 USC 11 l(a) 

Payment information: 

Submitted with Payment I 00 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.:z:ip (if appl.) 

635597 

1 Power of Attorney POA.pdf 00 2 
, ., n,sm «,so,, rnsi w,,,,ro -"""""" 

rw,.; 

Warnings: 
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Information: 

120223 

2 
Assignee showing of ownership per 37 

Stmt.pdf 00 2 
(FR 3.73 

<,·S 77 lld 7 ,£~, l 0.,12010 2'~ S,~ d>«· l'd,· 7 ,,,,,., 

Warnings: 

Information: 

Total Files Size (in bytes) 755820 

This Acknowledgement Receipt evidences receipt on the noted date by the US PTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New AQ~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(bHd) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International AQ~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~Qlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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,11'1'1.l("AJ'IO'-: '.',:l'.\11-!]]{ 

!4/792,094 07/0()/2015 

43850 
MORGAN, LEWIS & BOCKIUS LLP (SF) 
One Market, Spear Street Tower, Suite 2800 
San Francisco, CA 94105 

u,rn:nsT1'rl•'.~ 1H•:l'1Wnt1•:x-r r11, {·011,11•:u(·F 
United Srntte, l'nt<•nt and 'l"racltemark om,, .. 
"'I"'"<'• •.11\:IS:-il• •.',°l·h I, Ii l'.,Yll·:.STS 

"' i,., ',<o 
\h,.,,.,1,,,,. ,·.,,,.,., ;;,1,-1 M, 

1\1\\\ '·"'"""' 

-11 I Y. llOCKLI -.:om ILL 

Sydn<:y Br<:nn<:r 104.nl-50!6-!JS0.:'i 

CONFIRMATION NO. 9697 
POWER OF ATTORNEY NOTICE 

111111111111111111111111~~~1~m1~1~iil~111111111111111111111111111 

Date Mailed: 08/30/2016 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 08/18/2016 

• The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence 
will be mailed to the new address of record(37 CFR 1.33). 

/khoang/ 

Qu<:~lions ahoul llK con!<:nls of lhis noli<:<: and !h<: 
r<:quir<:llKlll~ it ~<:ls forth should h<: dir<:<:l<:d lo lh<: Ollie<: 

of !)ala Manag<:nKnl, Applirnlion A~~i~lan<:<: llnil. al 
(571) 272-4()00 or (571) 272-4200 or 1-888-786-010 I 

po.ge 1 ol 1 
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,11'1'1.l("AJ'IO'-: '.',:l'.\11-!]]{ 

!4/792,094 07/0()/2015 

43850 
MORGAN, LEWIS & BOCKIUS LLP (SF) 
One Market, Spear Street Tower, Suite 2800 
San Francisco, CA 94105 

u,rn:nsT1'rl•'.~ 1H•:l'1Wnt1•:x-r r11, {·011,11•:u(·F 
United Srntte, l'nt<•nt and 'l"racltemark om,, .. 
"'I"'"<'• •.11\:IS:-il• •.',°l·h I, Ii l'.,Yll·:.STS 

"' i,., ',<o 
\h,.,,.,1,,,,. ,·.,,,.,., ;;,1,-1 M, 

1\1\\\ '·"'"""' 

-11 I Y. llOCKLI -.:om ILL 

Sydn,.;y Br,.;nn,.;r 104.nl-50!6-!JS0.:'i 

CONFIRMATION NO. 9697 
POA ACCEPTANCE LETTER 

111111111111111111111111~~~1~m1~1~iil~i1J1111111111111111111111 

Date Mailed: 08/30/2016 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 08/18/2016 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/khoang./ 

()u,.;s(1on;. ahout the cont,.;n(;. of !hi;. notice and the 
reyuir,.;ments it sd;. forth ;.hould he dir,.;ded to th,.; Office 

of Data Manag.,.;ment, Appht:a!1on Assistant:\.! ! hut, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

po.ge 1 ol 1 
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PATENT 
Attorney Docket No. 104371-5016-USOS 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

Sidney Brenner et al. 

Application No.: 14/792,094 

Filed: July 6, 2015 

For: COMPOSITIONS AND METHODS 
FOR INTRAMOLECULAR NUCLEIC 
ACID ARRANGEMENT 

Mail Stop: Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

Confirmation No.: 9697 

Examiner: Narayan Kameshwar Bhat 

Art Unit: 1634 

TERMINAL DJSCLAIMER TO OBVIATE A 
DOUBLE PA TENTING REJECTION OVER A 
"PRIOR'. PATENT 

The applicant, I OX Geno mies, fnc., owner of I 00 percent interest in the instant 

application, hereby disclaims, except as provided below, the terminal part of the statutory term of 

any patent granted on the instant application which would extend beyond the expiration date of 

the full statutory term of prior U.S. Patent No. 8,168,385, as the term of said prior patent is 

presently shortened by any terminal disclaimer. The applicant hereby agrees that any patent so 

granted on the instant application shall be enforceable only for and during such period that it and 

the prior patent are commonly owned. This agreement runs with any patent granted on the instant 

application and is binding upon the grantee, its successors or assigns. 

In making the above disclaimer, the applicant does not disclaim the terminal part of any 

patent granted on the instant application that would extend to the expiration date of the full 

statutory term of the prior patent, '"'as the term of said prior patent is presently shortened by any 

terminal disclaimer," in the event that said prior patent later: expires for failure to pay a 

maintenance fee; is held unenforceable; is found invalid by a court of competent jurisdiction; is 

D62/ 30936205.1 
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US Patent Application No. 14/792,094 
Attorney Docket No. 104371 ~5016~US05 

Page 2 of2 

statutorily disclaimed in whole or te1minally disclaimed under 37 CFR 1.321; has all claims 

canceled by a reexamination certificate; is reissued; or is in any manner terminated prior to the 

expiration of its full statutory term as shortened by any terminal disclaimer. 

Additionally, in the event that the patent tenn of any patent granted on the instant 

application is extended based on patent term adjustment under 35 U.S.C. § 154, applicant does 

not disclaim the extension of the patent term based on the patent tern1 adjustment, as the term of 

any patent granted on the instant application has not been disclaimed beyond a specific date. 

Included herewith is the terminal disclaimer fee required under 37 C.F.R. § 120(d). 

The undersigned is an attorney or agent of record. 

Dated: December 22. 2016 
Customer No.: 43850 
Morgan, Lewis & Beckius LLP 
One Market, Spear Street Tower 
San Francisco, CA 94105 
Telephone: (415) 442-1000 
Facsimile: (415) 442-1001 

D82/ 30936205.1 

Respectfully submitted, 

MORGAN, LEWIS & BOCKJUS LLP 
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Under the Pa erwork Reduction Act of 1995 00 rsons are re u1red to res ond to a collection of information unless 11 con tams a valid 0MB control number. 

Request 1
141792,094 ' Application Number 

for July 6, 2015 

Continued Examination (RCE) Filing Date 

Transmittal First Named Inventor 
idney Brenner 

Address to Art Unit 
1634 

Mail Stop RCE 
Commissioner for Patents Examiner Name 

Narayan, Kameshwar Bhat 

P.O. Box 1450 
\... Alexandria, VA 22313-1450 Attorney Docket Number 1104371-5016-usos , 
This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 1995, to any 
rntemat1onal application that does not campy with the requirements of 35 U S.C 371, or to any design appl1caUon. See Instruction Sheet for RC Es (not to be 
submitted to the USPTO on page 2.) 

1. I Submission renuired under 37 CFR 1.1141 Note: If the RCE is proper, any previously filed unentered amendments and 
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If 
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such 
amendment(s). 

,. □ Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be 
considered as a submission even if this box is not checked 

i □ Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

i, □ Other 

b. [Z] Enclosed 

i [Z] Amendment/Reply ill. □ Information Disclosure Statement (!DS) 

ii. □ Affklavit(s)/ Declaration(s) '" □ Other 

2. ( Miscellaneous ) 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1 103(c) for a 

' period of months. (Period of suspension shall not exceed 3 months, Fee under 37 CFR 117(1) required) 

b. □ Other 

3. [ Feesl The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed 

IZl 
The Director Is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments. to ,. Deposit Account No. 50-0310 

' IZl RCE fee required under 37 CFR 1.17(e) 

" IZl Extension of time fee {37 CFR 1.136 and 1.17) 

iii □ Other 

b. □ Check in the amount of$ enclosed 

,. □ Payment by credit card (Fonn PT0-2038 enclosed} 

WARNING: Information on this form may become pubUc. Credit card information should not be included on this form. Provide credit 
card information and authorization on PT0-2038. 

~ "''""-NATURE OF APPLICANT, ATTORNEY, OR AGENT RE.QUIR. ED 
Signature ...L J • - .- , -·'·•I. I Date !December 22. 2016 

Name (Print/Typ,{) lr"'Jrgi "f<>lll,derJPh.D. ..._. I Reg1strat1on No 161,368 

CERTIFICATE OF MAfLJNG OR TRANSMISSION 

I hereby certify that this correspondence is being deposited with the United States Postal Serv,ce with sufficient postage as first class mail in an envelope 
addressed to: Mail Stop RCE. Commissioner for Patents, P. 0. Box 1450, Alexandria. VA 22313-1450 or facsimile transmitted to the U S. Patent and Trademark 
Office on the date shown below 
Signature Vleonor Rivera-Huerta/ 

Name (Print/Type) ILeonor Rivera-Huerta I Date· becember 22, 2016 
This collect,on of 1nformat,on Is required by 37 CFR 1.114. The informat,on Is requ,red to obtain or retain a benefit by the public whcch ,s to file (and by the US PTO 
to process} an appl1caUon. Confrdent1alily is governed by 35 U.S.C. 122 and 37 CFR 1 11 and 1 14. This collection Is estimated to take 12 minutes to complete, 
Includ1ng gathering. preparing. and submit1ing the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of 1ime you require to complete this fonn and/or suggestions for reducing this burden, should be sent to the Chief lnfonnat,on Officer. U.S. Patent and 
Trademark Office, US. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SENO FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Mall Stop RCE, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistam;e in completing the form, ca/I1-800-PT0-9199 and select option 2 
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U S Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 
Under the Pape,work Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number 

Instruction Sheet for RCEs 
(not to be submitted to the USPTO) 

NOTES: 

An RCE is not a new application, and filing an RCE will not result in an application being accorded a new filing 
date 

Filing Qualifications: 
l he application must be a utility or plant application filed on or after June 8, 1995. The application cannot be a provisional 

application, a utility or plant application filed before June 8, 1995, an international application that does not comply with the 
requirements of 35 U.S.C. 371, a design application, or a patent under reexamination. See 37 CFR 1.114(e). An international 
application does not comply with the requirements of 35 U.S.C. 371 until the requirements under 35 U.S.C 371(c), including 
the requirement for the inventor's oath or declaration under 35 U.S.C. 371 (c)(4), have been complied with. 

Filing Requirements: 
Prosecution in the application must be closed. Prosecution is closed if the application is under appeal, or the last Office 
action is a final action, a notice of allowance, or an action that otheiwise closes prosecution in the application (e.g., an Office 
action under Ex parte Quayle). See 37 CFR 1.114(b) 

A submission and a fee are required at the time the RCE is filed. !f reply to an Office action under 35 U.S.C. 132 is 
outstanding (e.g., the application is under final rejection), the submission must meet the reply requirements of 37 CFR 1.111 If 
there is no outstanding Office action, the submission can be an information disclosure statement, an amendment, new 
arguments, or new evidence. See 37 CFR 1.114(c) The submission may be a previously filed amendment ( e.g., an 
amendment after final rejection). 

WARNINGS: 

Request for Suspension of Action: 
A!I RCE filing requirements must be met before suspension of actlon is granted. A request for a suspension of 
action under 37 C FR 1 103(c) does not satisfy the submission requirement and does not permit the filing of the 
required submission to be suspended. 

Improper RCE will NOT toll Any Time Period: 

Before Appeal M !f the RCE is improper (e.g., prosecution in the application is not closed or the submission or 
fee has not been filed) and the application is not under appeal, the time period set forth in the last Office action 
will continue to run and the application wil! be abandoned after the statutory time period has expired if a reply to 
the Office action is not timely filed, No additional time will be given to correct the improper RCE. 

Under Appeal M If the RCE is improper (e.g., the submission or the fee has not been filed) and the application is 
under appeal, the improper RCE is effective to withdraw the appeal. Withdrawal of the appeal results in the 
allowance or abandonment of the application depending on the status of the claims. !f there are no allowed 
claims, the application is abandoned. If there ls at least one allowed claim, the application will be passed to issue 
on the allowed claim(s). See MPEP 1215.01. 

See MPEP 706.07(h) for further information on the RCE practice. 

Page 2 of2 
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent Accordingly, 
pursuant to the requirements of the Act, please be advised that (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be ab!e to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4 A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record ln this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)) 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
Genera! Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals 

8 A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151 Further, a record may be disclosed, subject to the !imitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as i routine use, to a Federal, State, 
or local !aw enforcement agency, if the US PTO becomes aware of a violation or potential 
violation of law or regulation. 
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PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 104371-5016-USOS 

Appllcaboo Nombe, 14/792 094 
' 

j Flied July 6, 2015 

Fo, Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 
ArtUoll 

1634 I E,amloe, BHAT, NARAYAN KAMESHWAR 

This is a request under the provisions of 37 CFR 1.136{a) to extend the period for filing a reply in the above-identified application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below)· 

Fee Small Entity Fee Micro Enti!Y Fee 

□ One month (37 CFR 1.17(a)(1)) $200 $100 $50 ' 0 Two months (37 CFR 1.17(a)(2)) $600 $300 $150 , 300 

□ Three months (37 CFR 1. 17(a)(3)} $1,400 $700 $350 ' □ Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 ' 
□ Five months (37 CFR 1.17{a)(5)) $3,000 $1,500 $750 ' 

0 Applicant asserts small entity status. See 37 CFR 1 27. 

□ Applicant certifies micro entity status. See 37 CFR 1.29. 
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously 

□ A check in the amount of the fee is enclosed 

□ Payment by credit card. Form PT0-2038 is attached. 

□ The Director has already been authorized to charge fees in this application to a Deposit Account 

0 The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 

Deposit Account Number 50-0310 

0 Payment made via EFS-Web 

WARNING: Information on this form may become public. Credit card Information should not be included on this form. Provide 
credit card information and authorization on PT0-2038. 

!am the 

□ applicant 

0 attorney or agent of record Registration number 61,368 

~J/2 attorney ot,1ent acting under 37 CFR 1.34. Registration number 

~ .,..- I /,. December 22, 2016 
i : ( r-._J Signature Date 

Gar-g{ralukcer, Ph.D. 415-442-1000 
Typed or printed name Telephone Number 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications Submit 
multi le forms if more than one sionature is reouired, see below•. 

[] •Tolalof1 forms are submitted. 

This collection of mforrna\lon ,s required by 37 CFR t .136(a). The information 1s required to obtain or retain a benefit by the public, which is to file (and by the 
USPTO to process) an application Confidentiality is governed by 35 U.S C. 122 and 37 CFR 1 11 and t 14. This collection is estimated to take 6 minutes to 
complete, including ga1hering. preparing, and submrtting the completed appl1cat1on form lo the US PTO Time will vary depending upon the ind,vidual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer, 
U.S Patent and Trademark Office, US. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS 
TO THIS ADDRESS SEND TO Mail Stop PCT, Commissconer for Patents, P 0. Box 1450, Alexandria, VA 22313·1450. 
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PATENT 
Attorney Docket No. 104371-5016-US05 

IN THE UNITED ST ATES PATENT AN!) TRAl)EMARK OFFICE 

In re application of: Confirmation No.: 9697 

Sidney Brenner et al. Examiner: Narayan Kameshwar Bhat 

Application No.: 14/792,094 Art Unit: 1634 

Filed: July 6, 2015 

For: COMPOSITIONS AND METHODS RESPONSE TO FINAL OFFICE ACTION 
FOR INTRAMOLECULAR NUCLEIC 
ACID ARRANGEMENT 

Mail Stop AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA22313-1450 

Commissioner: 

In response to the Final Office Action mailed July 25, 2016, please enter the following 

amendments and remarks: 

Amendments to the Claims are reflected in the listing of claims \Vhich begins on page 2 of this 

paper. 

Remarks/Arguments begin on page 5 of this paper. 

D82/ 30528463.2 
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Amendments to the Claims: 

Application No. !4/792,094 
Attorney Docket No.: l 04371-5016-US05 

Response to Fina! Office Action dated: July 25, 2016 

This listing of claims will replace all prior versions, and listings of claims in the application: 

Listing of Claims: 

l-39 (Cancelled) 

40. (New) A method of analyzing nucleic acids, the method comprising: 

(a) providing a first plurality of segments of nucleic acid molecules from a 

contiguous region of a genome from a first single isolated cell, wherein each of 

the first plurality of segments is appended to a first multiplex identifier (MID) 

sequence to form first appended segments; 

(b) providing a second plurality of segments of nucleic acid molecules from a 

contiguous region of a genome from a second single isolated cell, wherein each 

of the second plurality of segments is appended to a second MID sequence to 

produce second appended segments, and the first MID sequence and the second 

MID sequence are different from each other; 

(c) sequencing the first appended segments and the second appended segments to 

provide a plurality of sequences, 

wherein each sequence comprises (i) nucleotide sequence of at least a portion of a segment 

and (ii) an associated MID sequence, and wherein the MID sequences uniquely 

identify the segments with a single isolated cell. 

41. (New) The method of claim 40, wherein the method further comprises amplifying the 

first appended segments and the second appended segments before the sequencing 

step (c). 

42. (New) The method of claim 40, wherein the nucleic acid molecules are selected from 

DNA and RNA. 

43. (New) The method of claim 42, wherein the nucleic acid molecules comprise mRNA 

DB2/ 30528463.2 
Page 2 of7 
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Application No. 14/792,094 
Attorney Docket No.: I 04371-5016-US0S 

Response to Final Office Action dated: July 25, 2016 

44. (New) The method of claim 40, wherein the MID sequences are appended to the 

segments through ligation. 

45. (New) The method of claim 40, wherein the MID sequences are appended to the 

segments by performing PCR or linear amplification of the plurality of nucleic acids 

using an adapter sequence comprising the MID sequence and an amplification 

pnmer. 

46. (New) The method of claim 40, wherein the sequences of the segments are attributed 

to different isolated cells based on the associated MID sequence. 

47. (New) The method of claim 40, wherein the MID sequences further comprise a 

sequencing primer sequence. 

48. (New) The method of claim 40, wherein the MID sequences are from 2 to 100 bases 

in length. 

49. (New) The method of claim 40, wherein the segments of (a) and (b) are in the range 

of !00 to 5,000 bp in length. 

50. (New) The method of claim 40, wherein the segments of (a) and (b) are 400 bp or less 

in length. 

51. (New) The method of claim 40, wherein the method further comprises providing a 

third plurality of segments of nucleic acid molecules from a contiguous region of a 

genome from a third single isolated cell, wherein each of the third plurality of 

segments is appended to a third MID sequence to produce third appended segments, 

and the third MID sequence is different from the first MlD sequence and the second 

MID sequence. 

52. (New) The method of claim 40, wherein the contiguous region is greater than 2 kb in 

length. 

0B2/ 30528463.2 
Page 3 of7 
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Application No. !4/792,094 
Attorney Docket No.: I 04371-5016-USOS 

Response to Final Office Action dated: Ju!y 25, 20 !6 

53. (New) A method of analyzing a plurality of contiguous genomic sequences, 

comprising: 

(a) providing a sample comprising the plurality of contiguous genomic sequences, 

wherein the plurality of contiguous genomic sequences are from a plurality of 

single isolated cells; 

(b) tagging a plurality of fragments of the contiguous genomic sequences with a 

multiplex identifier (MID) sequence such that fragments of a first contiguous 

nucleic acid sequence share a common MfD sequence that is different from an 

MID sequence of fragments of a second contiguous nucleic acid sequence; and 

(c) sequencing the plurality of fragments and MID sequences to identify fragments of 

the contiguous sequence. 

54. (New) The method of claim 53, wherein the first contiguous nucleic acid sequence is 

from a first single isolated cell and the second contiguous nucleic acid sequence is 

from a second single isolated cell. 

55. (New) The method of claim 53, wherein sequences of the fragments are att1ibuted to 

different single isolated cells based on the associated MID sequence. 

D82/ 30528463-2 
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Application No. !4/792,094 
Attorney Docket No .. 104371-5016-US0S 

Response to Final Office Action dated: July 25, 20 !6 

Remarks/ Arguments 

Applicants have not dedicated or abandoned any unclaimed subject matter and have not 

acquiesced to any rejections made by the Patent Office. Applicants reserve the right to pursue 

prosecution of any presently excluded claim embodiments in future continuation and/or 

divisional applications. 

Status of the Claims 

Claims 40-55 are newly added and under consideration in this application. The newly 

added claims are supported throughout the specification as filed, for example, see page 7 and 

pages 16-20 of the application as filed. 

Applicants respectfully request entry of the claims into the record. 

Response to Office Action 

Claim Objections 

Claim 28 is objected to because it is dependent from canceled claim 23. Claim 28 is 

canceled in the currently pending claims, thus rendering this objection moot. 

Claim Rejections-35 USC§ 102 and§ 103 

The previous rejections of the claims under§ 102 as being allegedly anticipated by 

Braverman et al. (US 2009/0 I 05959 (hereinafter "Braverman") and under § I 03 as allegedly 

being obvious over Braverman in view of Bosnes, WO 03/062462 (hereinafter '·Bosnes") have 

been maintained. Applicants respectfully traverse these rejections. 

In order to clarify the claimed invention, Applicants have prepared a new set of claims. 

Applicants submit that Braverman fails to disclose all elements of the claimed invention as 

clarified in this set of claims. In particular, Braverman fails to disclose a method in which each 

of a first plurality of segments from a first isolated cell is appended to a first multiplex identifier 

(MID) and each of a second plurality of segments from a second isolated cell are appended to a 

082/ 30528463.2 
Page 5 of7 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00687

Application No. !4/792,094 
Attorney Docket No.: 10437 !-5016-US0S 

Response to Final Office Action dated: Ju!y 25, 2016 

second MID, as is recited in independent claim 40. In addition, Bravcnnan fails to provide a 

method in which a plurality of fragments of contiguous genomic sequences are tagged with a 

MID sequence such that fragments of a first contiguous nucleic acid sequence share a common 

MID sequence that is different from an MID sequence of fragments of a second contiguous 

nucleic acid sequence, as is recited in independent claim 53. Furthermore, Braverman fails to 

disclose methods in which segments appended to or tagged with MIDs can be attributed to their 

single cell of origin. As such, Braverman fails to disclose or suggest all elements of the claimed 

invention and thus cannot support a rejection for anticipation. 

Bosnes is cited solely for its description of methods of analyzing mRNA and thus fails to 

rectify the above-discussed deficiencies in Braverman. As such, the combined teachings of 

Braverman and Bosnes fail to render the presently claimed invention obvious. 

For at least the foregoing reasons, Applicants respectfully request that all rejections under 

§ 102 and § 103 be withdrawn. 

Claim Rejections - Double Patenting 

Claims 21, 24, and 26·39 are rejected on the ground of nonstatutory double patenting as 

being unpatentabte over claims 1-12 of U.S. Patent No. 8,168,385 in view of Bravennan et al., 

and Bosnes. 

Claims 21, 24, and 26·39 are rejected on the ground ofnonstatutory double patenting as 

being unpatentable over claims 1-13 of U.S. Patent No. 8,318,433 in view of Braverman and 

Bosnes. 

Without conceding to the propriety of these rejections and solely to move this application 

toward allowance, Applicants herewith file terminal disclaimers over the above-referenced 

patents. 

0B2/ 30528463.2 
Page 6 of? 
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Attorney Docket No.: 104371~50!6•US05 

Response to Final Office Action dated: July 25, 2016 

CONCLUSION 

All the stated grounds of objection and rejection have been properly traversed, 

accommodated, or rendered moot. Applicants therefore respectfully request that the Examiner 

reconsider a!! presently outstanding objections and rejections and that they be withdrawn. 

Applicants believe that a full and complete reply has been made to the outstanding Office 

Action, and as such, the present application is in condition for allowance. If the Examiner 

believes, for any reason, that personal communication will expedite prosecution of this 

application, the Examiner is invited to telephone the undersigned at the number provided below. 

Except for issue fees payable under 37 C.F.R. § 1.18, the Commissioner is hereby 

authorized by this paper to charge any necessary fees during the entire pendency of this 

application including fees due under 37 C .F.R. §§ l.16 and 1.17, which may be required, 

including any required extension oftime fees, or credit any overpayment to Deposit Account 50~ 

0310 (Order No.: 104371-5016-US05). 

Prompt and favorable consideration of this Amendment and Response is respectfully 

requested. 

Dated: December 22, 2016 
Customer No.; 43850 
Morgan, Lewis & Bockius LLP 
One Market, Spear Street Tower 
San Francisco, CA 94105 
Telephone: (415) 442-1000 
Facsimile: ( 415) 442-1001 

D82/ 30528463.2 

Respectfully submitted, 

MORGAN, LEWIS & BOCKlUS LLP 
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PATENT 
Attorney Docket No. 104371-50!6-US0S 

IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In re application of: 

Sidney Brenner et al. 

Application No. 14/792,094 

Filed: July 6, 2015 

For: COMPOSITIONS AND METHODS 
FOR INTRAMOLECULAR NUCLEIC 
ACID ARRANGEMENT 

Mail Stop: Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria. VA 22313-1450 

Commissioner: 

Confinnation No.: 9697 

Examiner: Narayan Kameshwar Bhat 

Art Unit: 1634 

TERMINAL DISCLAIMER TO OBVIATE A 
DOUBLE PATENTING REJECTION OVER A 
'·PRIOR" PA TENT 

The applicant, lOX Genomics, Inc., owner of 100 percent interest in the instant 

application, hereby disclaims, except as provided below, the terminal part of the statutory term of 

any patent granted on the instant application which would extend beyond the expiration date of 

the full statutory tenn of prior U.S. Patent No. 8,318,433, as the term of said prior patent is 

presently shortened by any terminal disclaimer. The applicant hereby agrees that any patent so 

granted on the instant application shall be enforceable only for and during such period that it and 

the prior patent are commonly owned. This agreement runs with any patent granted on the instant 

application and is binding upon the grantee, its successors or assigns. 

ln making the above disclaimer, the applicant does not disclaim the terminal part of any 

patent granted on the instant application that would extend to the expiration date of the full 

statutory term of the prior patent, "as the term of said prior patent is presently shortened by any 

terminal disclaimer," in the event that said prior patent later: expires for failure to pay a 

maintenance fee; is held unenforceable; is found invalid by a court of competent jurisdiction; is 

D82/ 30936273.1 
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statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; has all claims 

canceled by a reexamination certificate; is reissued; or is in any manner terminated prior to the 

expiration of its full statutory term as shortened by any tenninal disclaimer. 

Additionally, in the event that the patent term of any patent granted on the instant 

application is extended based on patent term adjustment under 35 U.S.C. § 154, applicant does 

not disclaim the extension of the patent term based on the patent term adjustment, as the term of 

any patent granted on the instant application has not been disclaimed beyond a specific date. 

Included herewith is the terminal disclaimer fee required under 37 C.F.R. § 120(d). 

The undersigned is an attorney or agent of record. 

Dated: December 22, 2016 
Customer No.: 43850 
Morgan, Lewis & Bockius LLP 
One Market, Spear Street Tower 
San Francisco, CA 94105 
Telephone: (415) 442-1000 
Facsimile: (415) 442-1001 

D82/ 30936273.1 

Respectfully submitted, 

MORGAN, LEWIS & BOCKIUS LLP 
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Electronic Patent Application Fee Transmittal 

Application Number: 14792094 

Filing Date: 06-Jul-2015 

Title of Invention: Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 

First Named Inventor/Applicant Name: Sydney Brenner 

Filer: Gargi Talukder/Leonor Rivera-Huerta 

Attorney Docket Number: 104371-5016-US0S 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($} 

Basic Filing: 

REQUEST FOR PRIORITIZED EXAMINATION 2817 1 2000 2000 

Pages: 

Claims: 

Miscellaneous-Filing: 

PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0 

PROCESSING FEE, EXCEPT PROV. APPLS 2830 1 70 70 

Petition: 

Patent-Appeals-and-Interference: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($} 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Extension - 2 months with $0 paid 2252 1 300 300 

Miscellaneous: 

RCE- lst Request 2801 1 600 600 

STATUTORY OR TERMINAL DISCLAIMER 2814 2 160 320 

Total in USD ($) 3290 
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Electronic Acknowledgement Receipt 

EFS ID: 27885111 

Application Number: 14792094 

International Application Number: 

Confirmation Number: 9697 

Title of Invention: Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 

First Named Inventor/Applicant Name: Sydney Brenner 

Customer Number: 43850 

Filer: Gargi Talukder/Leonor Rivera-Huerta 

Filer Authorized By: Gargi Talukder 

Attorney Docket Number: 104371-5016-USOS 

Receipt Date: 22-DEC-2016 

Filing Date: 06-JUL-2015 

Time Stamp: 19:07:50 

Application Type: Utility under 35 USC 11 l(a) 

Payment information: 

Submitted with Payment ye; 

Payment Type DA 

Payment was successfully received in RAM $3290 

RAM confirmation Number 1223161NTEFSW00006963500310 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

335899 

1 T rackOne Request 
104371 - 5016US0S_Track _l_RE 

00 1 
quest.pdf 

,. ""' s m ,., m I,· 7 '•"'"' ,as,,o,., 1' '"'°"' , .,,,,.. 

Warnings: 

Information: 

839149 

2 
Request for Continued Examination 

104371 _5016US0S_RCE.pdf 00 3 
(RCE) ',.,.,/1(1 ,1,1,,,;l)M101r,1,,~1, .. ,l,c>1" 

""I 

Warnings: 

This is not a USPTO supplied RCE S830 form 

Information: 

288822 

3 Extension of Time 104371 _5016USOS_EOT.pdf 00 1 
Sl11)1)11'1)•"'l90MS,'1l<h·0'"9< ·•"><, ,,,,,,,,. 

Warnings: 

Information: 

842216 

4 
104371 -5016US05 _Response_ 

7 
o_Final_Office_Action.pdf 

yes 
SSJ,1HSSSS>J.,l,·,1l,<d6,~< ""'' la,·a" , 

W,9•, 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment Submitted/Entered with Filing ofCPA/RCE 1 1 

Claims 2 4 

Applicant Arguments/Remarks Made in an Amendment 5 7 

Warnings: 

Information: 
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270993 

5 Terminal Disclaimer Filed 
l 04371_5016US0S_TD _over_U 

00 2 
S8168385.pdf 

/V,O,ki \l1'1 l'1-•9',H\',l'"'•W09ll01" 
0<aso 

Warnings: 

Information: 

262359 

6 Terminal Disclaimer Filed 
l 04371_5016US0S_TD _over_U 

00 2 
S8318433.pdf ,.,,,, ,.,. •• ,,,, 1/l)f\tw,19<,·""''''' 

'°'"' 

Warnings: 

Information: 

41171 

7 Fee Worksheet (S806) fee-info.pdf 00 2 
,·<,1<1«.,<rS7(<1<1"·'<«1.,Ml\«••-0W,•,, 

ooeo 

Warnings: 

Information: 

Total Files Size (in bytes) 2880609 

This Acknowledgement Receipt evidences receipt on the noted date by the US PTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(bHd) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc Code: TRACK1.REQ 
Document Description: TrackOne Request 

PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named 
Sidney Brenner I Nonprov. isional Application Number (if I 141792,094 Inventor known) 

Tille of Compositions and Methods for lntramolecular Nucleic Acid Rearrangement Invention 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.1 ?(c) have been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.1 B(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. n Original At;!~lication {Track One} # Prioritized Examination under§ 1.102{el{1} 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisiona! plant application filed under 35 U.S.C. 111(a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 
inventor, .Q! the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

II. [2] Reguest for Continued Examination ~ Prioritized Examination under§ 1.102{e}(2} 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
V. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

• , 
u I_,, 

,, I A Date December 22, 2016 Sianatu-...-.. ;'-,;;,.,, I - i-• 

Name '"---/Gal~ 
/Print/T""edl 

fi-:falukder, Ph.D:- PcaciitiOoe, 61 368 
Rea1stration Number ' 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature reqwrements and certifications 
Submit mu/tiole forms if more than one sianature is reauired. • 

0 •Total of 1 
forms are submitted 
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PTO/SB/06 109-111 
Approved lo, use through 1/31/2014 0MB 0651-0032 

US P,ilent and Tradematl\ Olf1ce. US DEPARTMENT OF COMMERCE 
Under the P,iperwork Reducllon Acl ol 1995 no persons ,ire requued to respond 10,i collec1,on of ,nformallon unless 11 d,spla s" v,ihd 0MB conlrol number 

PATENT APPLICATION FEE DETERMINATION RECORD I 
Substitute for Fonn PT0-875 

Application or Oocke1 Number I Filing Date I 
14/792,094 07/06/2015 0TobeMailed 

ENTITY: 0 LARGE (g SMALL 0 MICRO 

APPLICATION AS FILED- PART I 

(Column 1) (Column 2) 

ms NUMBER FILED NUMBER EXTRA RATE($) FEE 1$) 

□ BASIC FEE 
(37 CFR 1 16(a1. (bl o, (ell 

NiA NiA NiA 

□ SEARCH FEE 
137 CFR 1 16/kl. (1). or 1ml) 

NIA NIA NIA 

□ EXAMINATION FEE 
(37 CFR 1 16(oJ. (PJ o, (q)) 

NIA NIA NIA 

TOTAL CLAIMS 
minus 20 ~ 137 CFR 1 16/i\l ' s a 

INDEPENDENT CLAIMS 
minus 3 ~ 137 CFR 1 16/h\l ' s a 

It the specit1cation and drawings exceed 100 sheets 

□APPLICATION SIZE FEE 
of paper, the application size tee due is $310 ($155 
for small entity) for each additional 50 sheets or 

(37 CFR 1.16(s)j 
fraction thereof. See 35 U.S.C. 41(a)(1 )(G) and 37 
CFR 1.16/s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(i)) 

• If the dMerence in column 1 is less than zero. enter ·o· in column 2. TOTAL 

APPLICATION AS AMENDED- PART II 

(Column 1) (Column 2) (Column 31 

CLAIMS HIGHEST 

12/22/2016 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

f- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR 
w 

To1al ,:PCFI! :, 
I 11$/"\ 16 Minus 20 a 0 X s40 ~ 0 

0 
Independent z ,37CFI! 1 16,h\o 2 Minus ···3 a 0 X s210 ~ 0 

w 
:, D Appl,cat,on S,ze Fee (37 CFR 1.16(s)J 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1 16(111 

TOTAL ADO'L FEE 0 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
AFTER PREVIOUSLY 

f-
AMENDMENT PAID FOR 

z To1al ,:PCFI! Minus .. 
a ,s a w I 16/0\\ 

:, lndepenc!ent Minus ... 
a ,s a 

0 37CFR 1 16/h\\ 

z D Appl1cat1on Size Fee (37 CFR 1. 1 6(sll w 
:, 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1 161111 <( 

TOTAL ADO'L FEE 

' If the entry in column 1 is less than the entry in column 2, write ·o- in column 3. LIE 
•• If the "Highest Number Previously Paid For- IN THIS SPACE is less than 20, enter "20". 

William Phillips 
••• If the "Highest Number Previously Paid For IN THIS SPACE is less than 3, enter ·3-. 

The "Highest Number Previously Paid For- (Total or Independent) is the highest number found in the appropriate box in column 1 

Th,s collect,on ol ,nformat,on ,s required by 37 CFR 1.16 The mlorma1,on ,s required lo obla,n or re1a,n a benel,1 by the public which ,s to Irle (and by lhe US PTO lo 
process) an appl1ca1,on Confiden11alily is governed by 35 U SC. 122 and 37 CFR 1 14 This collection ,s es11mated lo lake 12 m,nules to complele. 1nclud1ng galherrng 
preparing. and submitting 1he completed application lorm 1o 1he USPTO Time will vary depending upon the 1ndiv1dual case Any comments on the amoun1 of time you 
require 1o comple1e this lorm and.'or sugges11ons for reducing this burden. should be sent to 1he Chiel Information Officer. U S. Pa1ent and Trademark Ofl1ce U.S 
Oepar1ment ol Commerce. P.O Box 1450. Alexandria. VA 22313-1450. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing /he form, ca/11-800-PTO-9199 and select op/ion 2 
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1. 

2. 

UNITED STATES PATENT ANO TRADEMARK OFFICE 

MORGAN, LEWIS & BOCKIUS LLP (SF) 
One Market, Spear Street Tower, Suite 2800 
San Francisco CA 94105 

Decision Granting Request for 

Commissioner for Patents 
United States P.ilent .ind Trademark Office 

--~-~-cc--,:=--:::,-, PO Box 1450 
~~ [i/, n IL fE Ii\\ Almcd,ia, VA 22313•1'50 
~~~ fru U Lb ~ WWW uspta.~u• 

JAN 1 0 2011 

OFFICE OF PETITIONS 
o-c·Code: TRACK1 .GRANT 

Prioritized Examination Application No.: 14/792,094 
(Track I or After RCEJ 

THE REQUEST FILED D!;lcember 22 2016 IS GRANTED. 

The above-identified application has met the requirements for prioritized examination 
A D for an original nonprovisional application (Track I). 
B [2J for an application undergoing continued examination (RCE). 

The above-identified application will undergo prioritized examination. The application will be 
accorded special status throughout its entire course of prosecution until one of the following occurs . 

A filing a petition for extension of time to extend the time period for filing a reply; 

B. filing an amendment to amend the a'1:i;i;lication to contain more than four indegendent 

claims, more than thirty total claims, or a multiple dependent claim: 

C. filing a reguest for continued examination; 

D. filing a notice of appeal; 

E. filing a request for suspension of action; 

F. mailing of a notice of allowance: 

G. mailing of a final Office action; 

H. completion of examination as defined in 37 CFR 41 102: or 

I. abandonment of the application. 

Telephone inquiries with regard to this decision should be directed to Brian W. Brown at 571~272~5338 

/Brian W. Brown/ Petitions Examiner, Office of Petitions 
[Signature] (Tille) 

U.S Patent and Trademark Office 
PTQ.2298 (Rev. 02-2012) 
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Application/Control No. Applicant(s)/Patent Under 
Application Number Reexamination 

Ill 1111 11 II 11 1111 

14792094 BRENNER ET AL. 

Document Code - DISQ I internal Document - DO NOT MAIL 

TERMINAL [2J APPROVED □ DISAPPROVED DISCLAIMER 

This patent is subject 

Date Filed: 12/22/2016 to a Terminal 

Disclaimer 

Approved/Disapproved by: 
2 TD's /T.J./ 

Art Unit OCRU 

U.S. Patent and Trademark Ottice 
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UNITED STATl:S PATENT AND TRADEMARK Oi·'l'ICI: 

l--11792.(~)➔ 07/06/lOJ ~ 

-nK'ilJ li'.'IIJll'.'1!17 

MORG/\N, I .EWIS & BOC'Kll JS I ,I ,P (SF) 
Onc Mark<:!, Sr,:ar Sln:cl Towcr, Suilc 2800 
San 1:rancisco, ('A 94105 

Syt.lney Bn:nncr 

1·:-;rTJ-:J) STATES l)l·:l'ART\ll-::-;T ()l' 1·1>\nn-:11.1·1-: 
l "nikd Slalcs l'atml and Trademark Ollkc 
A<l<l,c"' (U\1\11SSIO'-:Lk 1-'0k !'Arie'\ IC> 

Po 11"' 1,.so 
Ak\.ui,I,,., \';,t;,.,. CC11l-1-!'\() 
~~~·",r'"t'" 

I O--D7 l-SOI (1-l ·so~ 9(,<)7 

HIIJ\l :-.-AR.\Y.\:-; K.\\Jl;SIJW,\R 

J\Rl 1·:,;11 

16.'-I 

Dlcl.IVIJ<Y \1ODlc 

02101/2017 l:JHTRO\!(' 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 
;.fipdockd ing {til morgankwis.com 
donald .mixon {til morgankwi;.. com 
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Application No. 
14/792,094 

Applicant(s) 
BRENNER ET AL. 

Office Action Summary Examiner 
NARA YAN BHAT 

Art Unit 
1634 I 

AIA (First Inventor to File) 
Status 

No 

•· The MAILING DATE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1MONTHS FROM THE MAILING DATE OF 
THIS COMMUNICATION 

Extensions ol 11me may be available under the provisions of 37 CFR 1. 136(a). In no event. however. may a reply be 1,mely Ir led 
al1er SIX (6) MONTHS from the marling date ol 1h1s communica11on 
If NO period lor reply ,s specified above. lhe maximum statutory period will apply and will expire SIX (6) MONTHS lrom the mailing date ol lh1s commun,cation 
Failure lo reply within the sel or extended period for reply will by statute. cause lhe appl1ca1,on to become ABANDONED (35 U SC.§ 133) 
Any reply received by 1he Office later 1han 1hree months alter the marling da1e of this communica11on. even ii 1,mely Ir led. may reduce any 
earned pa1ent term ad1ustmen1 See 37 CFR 1 704(b) 

Status 
1 )[8] Responsive to communication(s) filed on 12122/16 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

2a)0 This action is FINAL. 2b)[8] This action is non-final 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)[8] Claim(s) 40-55 is/are pending in the application 

5a) Of the above claim(s) __ is/are withdrawn from consideration 
6)0 Claim(s) __ is/are allowed 
7)[8] Claim(s) 40-55 is/are rejected. 
8)[8] Claim(s) 53 is/are objected to. 
9)0 Claim(s) ___ are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

htto /,\","Ww.usoto.qovipatents !mt eventsmphiin<iex.j.so or send an inquiry to Pr~Hteedbackt:.'iluspto.c•ov 

Application Papers 
10)0 The specification is objected to by the Examiner 
11 )[8] The drawing(s) filed on 716/15 is/are: a)[8] accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to See 37 CFR 1. 121 (d) 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C 
Certified copies: 

a)□ All b)D Some .. c)D None of the: 
Certified copies of the priority documents have been received 

§ 119(a)·(d) or (f). 

1D 
2D 
30 

Certified copies of the priority documents have been received in Application No. __ 
Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)) 
.. See the attached detailed Office action for a list of the certified copies not received 

Attachment(s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 lnfonnation Disclosure Statement(s} (PTOISBI0Sa and-'or PTOISBI0Sb) 
Paper No(s)/Mail Date __ . 

US Paten! ~nd Tr~dem~r~ Oll1ce 
PTOL-326 (Rev. 11-13) Office Action Summary 

3) 0 Interview Summary (PTO-413) 

Paper No(s}IMail Date. __ . 

4) 0 Other: __ . 

Pa,i of Paper No./Mail Date 20170124 
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Application/Control Number: 14/792,094 

Art Unit: 1634 

Continued Examination under 37 CFR 1,114 

Page 2 

1. A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 

December 22, 2016 has been entered. 

Track1 Request-Granted 

2. Track1 request filed by the applicant on December 22, 2016 has been granted by 

the office on January 10, 2017. Therefore instant application has been examined on a 

priority basis. To maintain its status applicant is required to follow the requirements 

listed in the Track1 grant document. 

3. The present application is being examined under the pre-A IA first to invent 

provisions. The instant application is a continuation of 141172,694, now U.S. Patent 

9,102,980, which is a continuation of 14/021,790, now U.S. Patent 8,679,756, which is a 

continuation of 131859,450, now U.S. Patent 8,563,274, which is a continuation of 

13/622,872, now abandoned, which is a continuation of 13/387,343, now U.S. Patent 

8,298,767, which is a national stage entry of PCT/IB2010/002243, claiming priority from 

provisional application 61288792, filed on 12/21/2009 and from provisional application 

61235595, filed on 08120/2009. 

This office action is in response to the papers filed on December 22, 2016. 
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Application/Control Number: 14/792,094 

Art Unit: 1634 

Claim Status 

3. In the claim listing of December 22, 2016 claims 40-55 are pending in this 

application and are under prosecution. Claims 40-55 are new. Claims 1-39 are 

Page 3 

canceled. Claims have been reviewed and entered. As discussed below, the limitation 

of claim 53 of "a first contiguous nucleic acid sequence share a common MID sequence 

that is different from an MID sequence of fragments of second contiguous nucleic acid 

sequence" introduces a new matter (new matter is underlined by the examiner). 

Withdrawn Objection, Rejections and Response to the Remarks 

4. The previous objection of claim 28 has been withdrawn in view of cancellation of 

said claim. (Remarks, pg. 5). 

5. The previous rejection under pre-A IA 35 USC 102(b) as being anticipated by 

Braverman and rejection under pre-AIA 35USC 103(a) as being unpatentable over 

Braverman in view of Bosnes have been withdrawn in view of cancellation of said 

claims. 

The arguments regarding the teachings of Braverman as they pertain to the 

rejection made in this office action have been fully considered (Remarks, pgs. 5 and 6). 

They are not persuasive for the following reasons. 

The arguments are directed to Braverman fails to disclose a method in which 

each of a first plurality of segments from a first isolated cell is appended to a first 

multiplex identifier (MID) and each of a second plurality of segments from a second 

isolated cell are appended to a second MID, as is recited in independent claim 40. In 
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contiguous genomic sequences are tagged with a MID sequence such that fragments of 

a first contiguous nucleic acid sequence share a common MID sequence that is different 

from an MID sequence of fragments of a second contiguous nucleic acid sequence, as 

is recited in independent claim 53. Furthermore, Braverman fails to disclose methods in 

which segments appended to or tagged with MIDs can be attributed to their single cell 

of origin. As such, Braverman fails to disclose or suggest all elements of the claimed 

invention and thus cannot support a rejection for anticipation (Remarks, pg. 6). 

The arguments regarding the subject matter of claims 40 and 53 as being 

anticipated by Braverman are moot because of withdrawn rejection necessitated by 

cancellation of previous claims and addition of new claims. 

With regard to claimed invention being obvious over Braverman in view of 

Drmanac (new art, see below) are not persuasive because new claim 40 as recited 

require providing two single isolated cells, which could be the same but processed 

independently, wherein nucleic acid template (i.e., a contiguous region of the genome) 

subjected to an amplification thereby producing a plurality of segments of nucleic acids, 

wherein said segments from each single cells are appended with a single cell specific 

unique identifier (UID) or referred also as multiplex identifier (MID), pooling them and 

sequencing them and sequence data for segments from single cells de-convoluted to 

identify the sequence of the MID sequence and their association with each of the two 

cells. Claim 53 has additional "common sequence" in MID. 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00705

Application/Control Number: 14/792,094 

Art Unit: 1634 

Page 5 

Braverman teaches the steps of claims 40 and 53 including the analyzing nucleic 

acid from a single cell and also teaches analyzing nucleic acid template from multiple 

samples and sequencing the segments of the nucleic acid template (i.e., contiguous 

region of the genome) from each sample and identifying the segments from each 

sample associated with specific multiplex identifier from each sample that includes a 

cell. Braverman does not specifically teach that the nucleic acid segments from at least 

two isolated single cells. The teachings of Drmanac are specifically applied for the 

teachings of analyzing nucleic acids using the tagging (i.e., using multiplex identifier) 

method similar to the Braverman, wherein the nucleic acids are derived from two 

aliquots (i.e., samples) wherein each aliquot comprises a single isolated cell, thereby 

meeting the limitations of two isolated single cells. 

The unique identifier element (also referred as multiplex identifier) tagged to each 

nucleic template comprising plurality of PCR amplified segments from each sample and 

identifying each sample origin associated with the unique multiplex identifier sequence 

of Braverman meets the limitations of the multiplex identifier. Furthermore, Braverman 

teaches key element 207 associated with each multiplex identifier, which meets the 

limitation of sharing common sequence associated with different multiplex identifiers 

(limitation of claim 53). 

The routine, well established and conventional method of identifying the 

polynucleotides in each sample from the pooled samples using unique tags for each 

sample nucleic acids as applied for the rejection of claims 40 and 53 are further 

evidenced by Gillevet (WO 2008/061193; Fig. 1 and pg. 17, paragraph 3). 
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Therefore it maintained that the limitations of claims 40-55 are obvious over 

Braverman in view of Drmanac as further evidenced by Gillevet. 

7. The previous ODP rejection of claims 21, 24 and 26-39 over claims 1-12 of '385 

patent or over claims of '433 patent has been withdrawn in view of filing the terminal 

disclaimer on 12/22/16 and its acceptance by the office on 1122/17. 

Claim Objections 

8. Claim 53 is objected to because of the following informalities. The recitation of 

"an MID sequence" in step 'b' lines 3 and 4 has been objected because of minor 

typographical error. It is suggested to use the phrase "a MID sequence" instead for 

consistency. Appropriate correction is required. 

Claim Rejections• 35 USC§ 112-tirst paragraph 

8. The following is a quotation of the first paragraph of 35 U.S.C. 112(a): 

(a) IN GENERAL-The specification shall contain a written description of the 
invention, and of the manner and process of making and using it, in such lull, clear, concise, 
and exact terms as to enable any person skilled in the art to which it pertains, or with which it 
is most nearly connected, to make and use the same, and shall set forth the best mode 
contemplated by the inventor or joint inventor of carrying out the invention 

9. The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and use the same, and shall set forth the best mode contemplated by the 
inventor of carrying out his invention 
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10. Claims 40-55 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), 

first paragraph, as failing to comply with the written description requirement. The 

claim(s) contains subject matter which was not described in the specification in such a 

way as to reasonably convey to one skilled in the relevant art that the inventor or a joint 

inventor, or for pre-AIA the inventor(s), at the time the application was filed, had 

possession of the claimed invention. eMPEP 2163.06 notes, "If new matter is added to 

the claims, the examiner should reject the claims under 35 U.S.C. 112, first paragraph 

written description requirement (In re Rasmussen, 650 F.2d 1212, 211 USPO 323 

(CCPA 1981)." 

In the instant case, the recitations of "a genome from a first single isolated cell" 

and "a genome from a second single isolated cell" in claim 40 and "a first contiguous 

nucleic acid sequence share a common MID sequence that is different from an MID 

sequence of fragments of a second contiguous nucleic acid sequence" in claim 53 

represents a new matter (New matter is underlined by the Examiner). Applicant has 

cited support for the new claims in the specification pages 7 and 16-20 (Remarks, pg. 5, 

paragraph 2). However, review of the cited pages in the instant specification does not 

support the "isolated single cell" and "common MID sequence". Also, review of the 

instant figure 12 shows the presence of a separate "common" sequence among three 

different nucleic acid segment and thus appears to be the "same" common sequence 

rather than different "common sequence". Pending further clarification, the "common 

MID sequence" introduces the new matter. 
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Also, "the written description requirement prevents an applicant from claiming 

subject matter that was not adequately described in the specification as filed. New or 

amended claims which introduce elements or limitations which are not supported by the 

as-filed disclosure violate the written description requirement. See, e.g., In re Lukach, 

442 F.2d 967, 169 USPQ 795 (CCPA 1971) (subgenus range was not supported by 

generic disclosure and specific example within the subgenus range); In re Smith, 458 

F.2d 1389, 1395, 173 USPQ 679,683 (CCPA 1972) (a subgenus is not necessarily 

described by a genus encompassing it and a species upon which it reads)." (MPEP § 

2163). 

Since Applicant has not identified specific citations of support in the instant 

specification or in claims as originally filed for the new matter, Applicant is required to 

cancel the new matter in the reply to this Office Action or identify the new matter in the 

specification as originally filed. 

11. Claims 41-52 and 54-55 are rejected under 35 USC first paragraph because they 

are dependent from claims 1 and 53. 

Claim Rejections• 35 USC§ 112-second paragraph 

12. The following is a quotation of 35 U.S.C. 112(b): 
{b} CONCLUSION.-The specification shall conclude with one or more claims particularly 
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor 
regards as the invention. 

13. The following is a quotation of 35 U.S.C. 112 (pre-A IA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention 
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14. Claims 53-55 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), 

second paragraph, as being indefinite for failing to particularly point out and distinctly 

claim the subject matter which the inventor or a joint inventor, or for pre-AIA the 

applicant regards as the invention. 

15. Claim 53 is indefinite over the recitation of "a first contiguous nucleic acid 

sequence share a common MID sequence that is different from a MID sequence of 

fragments of second contiguous nucleic acid sequence" in step 'b' it is unclear how 

sharing sequences is different. Further amendment or clarification is required. 

16. Claims 54 and 55 are indefinite because they are dependent from claim 53. 

Claim Rejections - 35 USC § 103 

17. The text of those sections of Title 35, U.S. Code not included in this action can 

be found in a prior Office action. 

18. Claims 40-55 are rejected under pre-AIA 35 U.S.C. 102(a) and 102(e) as being 

anticipated by Braverman et al (US 2009/0105959, cited in the previous office action) in 

view of Drmanac (US 2007 /0072208 published Mar. 29, 2007). The routine, well 

established and conventional method of identifying the polynucleotides in each sample 

from the pooled samples using unique tags for each sample nucleic acids as applied for 

the rejection of claims 40 and 53 are further evidenced by Gillevet (WO 2008/061193 

published May 22, 2008). 

Claim interpretation: The steps of claim 40 has been interpreted as providing 

multiple samples that includes a first single isolated cell and a second single isolated 
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appended with a sample specific unique identifier (UID) as also referred as multiplex 

identifier (MID), pooling the appended segments and sequencing them and sequence 

data for each template nucleic acid (i.e., plurality of segments) is de-convoluted to 

identify the sequence composition of coupled UID or MID sequences and its association 

with the sample of origin. 

The steps of claims 53-55 has been interpreted to encompass the steps of claim 

40 except for sharing a common sequence. 

It is noted that the recitation of the first single isolated cell and the second single 

isolated cell does not exclude the first and the second being the same cell but are 

appended with different multiplex identifier. 

Braverman and Drmanac teach a method for analyzing nucleic acid from a 

sample and therefore are analogous arts. Braverman teaches the steps of claims 40 

and 53 including the analyzing nucleic acid from a single cell and also teaches 

analyzing nucleic acid template from multiple samples and sequencing the segments of 

the nucleic acid template (i.e., contiguous region of the genome) from each sample and 

identifying the segments from each sample associated with specific multiplex identifier 

from each sample that includes a cell. Braverman does not specifically teach that the 

nucleic acid segments from at least two isolated single cells. The teachings of Drmanac 

are specifically applied for the teachings of analyzing nucleic acids using the tagging 

method similar to the Braverman, wherein the nucleic acids are derived from two 
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aliquots (i.e., samples) wherein each aliquot comprises a single isolated cell, which are 

useful for more accurate pathogen diagnostic for health and biodefense applications. 

Regarding claims 40 and 53-55, Braverman method of analyzing nucleic acids, 

comprising providing a plurality of nucleic acid segments from a nucleic acid template 

(i.e., contiguous region of the genome) from a single cell source (paragraph 0077) and 

tagging (i.e., associating) the plurality of segments from the single cell source with an 

unique identifier (UID) element also referred as multiplex identifier (MID; paragraph 

0003) and determining a nucleotide sequence of the segments and attached MID 

sequences, wherein the MID sequences uniquely identify the single cell source (Fig. 2 

and paragraphs 0003, 0077, 0082-0088). Braverman also teaches that the nucleic acid 

templates (i.e., the contiguous region of the genome) is amplified by PCR amplification 

from each sample, thereby generating plurality of segments of nucleic acids and 

appended with a sample specific unique identifier (i.e., UID or MID), pooling the 

appended segments and sequencing them and the sequence data for each template 

nucleic acid is de-convoluted to identify the sequence composition of coupled UID 

element and its association with sample of origin (paragraphs 0046, 0047 and 0077). 

As discussed above, though Braverman teaches that the DNA is from single cell 

but does not specifically teach that the nucleic acid segments are derived from two 

isolated single cells. However, providing the nucleic acid segments from genomic DNA 

from two isolated single cells were known in the art at the time the claimed invention 

was made as taught by Drmanac, who teaches a method for analyzing mixtures of 

bacterial cells genomes, wherein each aliquot comprises a single cell analyzing plurality 
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of single cells using the tagging method (Fig. 1 and paragraphs 0009 and 0043) similar 

to Braverman and further teaches the step for tracking the nucleic acid using 

oligonucleotide tag (i.e., identifier) for each polynucleotide (paragraph 0105). Drmanac 

also teaches analyzing plurality of single cell nucleic acid DNA separately allows for 

more accurate pathogen diagnostic for health or biodefense applications including the 

changes associated with the single cell (paragraph 0043), thus providing motivation to 

one of ordinary skill in the art to include the step of analyzing nucleic acid from a 

plurality of individual single cells of Drmanac in the method of Braverman. The routine, 

well established and conventional method of identifying the polynucleotides in each 

sample from the pooled samples using unique tags for each sample nucleic acids as 

applied for the rejection of claims 40 and 53 are further evidenced by Gillevet (Fig. 1 

and pg. 17, paragraph 3). 

One having ordinary skill in the art would also recognize that while combining the 

steps of Braverman with the step of Drmanac some routine optimization is necessary 

which is within the skills of one having ordinary skill in the art and motivation to include 

the missing step comes from Drmanac and not gleaned from the instant specification. 

It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the step of analyzing nucleic acid from 

a plurality of individual single cells of Drmanac in the method of Braverman with a 

reasonable expectation of success with the expected benefit of more accurate pathogen 

diagnosis and changes associated with each single cell. An artisan having ordinary skill 

in the art would have reasonable expectation of success because it merely involves 
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including the two individual single cells for analysis which is routinely practiced in the art 

and therefore not novel. 

The teachings of Braverman in view of Drmanac regarding dependent claims 41-

52 are discussed below. 

Regarding claim 41, Braverman teaches an amplification of plurality of nucleic 

acid attached to the MID sequence before determining the nucleic acid sequence 

(paragraph 0088). 

Regarding claims 42 and 43 Braverman teaches that the nucleic acids are DNA 

or mRNA (paragraph 0026). 

Regarding claim 44, Braverman teaches that the tagging step comprises ligating 

a sequence comprising the MID sequences to the plurality nucleic acids (paragraphs 

0097). 

Regarding claims 45 and 47, Braverman teaches that the tagging step comprises 

performing PCR of the plurality of nucleic acids using an adapter sequence comprising 

the MID sequence and an amplification primer (Fig. 2 and paragraphs 0088 and 0096-

0099). 

Regarding claim 46, Braverman in view of Drmanac teaches providing a plurality 

of nucleic acids from each of a plurality of single cell sources; the attaching step 

comprises attaching different MID sequences to the nucleic acids from each of the 

plurality of single cell sources; and wherein nucleic acid sequences are attributed to 

different individual cell sources based upon the MID sequences attached in the 
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attaching step and a sequencing primer sequence (Braverman, Fig. 2 and paragraphs 

0085-0088). 

Regarding claim 48, Braverman teaches that the MID sequences are 10-mer in 

length, which is within the range of 2 to 100 bases in length and at least 144 different 

MID sequences (paragraph 0092). 

Regarding claims 49 and 50, Braverman teaches that the nucleic acid segments 

are about 200 to 300 bp in length (paragraph 0047), which is in the claimed range of 

100 to 5000 bp. 

Regarding claim 51, the step of providing third isolated single cell and the nucleic 

acid appended with third MID sequence is mere duplication and therefore not novel 

especially when Braverman teaches multiplexed sample comprise about 384 samples 

(paragraph 0077), wherein each sample is identified by an unique identifier (paragraph 

0077). 

Regarding claim 52, Drmanac teaches that nucleic acid template is in the range 

of 10-30 kb (paragraph 0023), which is greater than 2 kb in length. 

It is further noted that in KSR, the Supreme Court particularly emphasized "the 

need for caution in granting a patent based on the combination of elements found in the 

prior art," (USPQ2d at 1395), and reaffirmed principles based on its precedent that "[t]he 

combination of familiar elements according to known methods is likely to be obvious 

when it does no more than yield predictable results." 

In the instant case, the steps of claims 40-55 are a combination of known steps 

which are well understood, routine, conventional steps already engaged in by the 
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scientific community for improving the sensitivity, specificity of the nucleic acid analysis 

and were known in the art at the time the claimed invention was made. As discussed 

above, Braverman in view of Drmanac teaches the claimed steps and combined as 

suggested above would arrive at the claimed invention. Thus the steps of pending 

claims when viewed as whole, add nothing significant beyond the sum of the steps 

taken from Braverman and Drmanac. Therefore the steps of claims 40-55 do not 

amount to "significantly more" and thus obvious improvement over Braverman. 

Double Patenting 

19. The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory double 
patenting rejection is appropriate where the claims at issue are not identical, but at least 
one examined application claim is not patentably distinct from the reference claim(s) 
because the examined application claim is either anticipated by, or would have been 
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPO2d 
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 
1993); In re Langi, 759 F.2d 887,225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 
686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPO 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the reference application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. See MPEP § 
717.02 for applications subject to examination under the first inventor to file provisions 
of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1) (1) - 706.02(1) (3) for 
applications not subject to examination under the first inventor to file provisions of the 
AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The US PTO Internet website contains terminal disclaimer forms which may be 
used. Please visit www.uspto.gov/forms/. The filing date of the application in which the 
form is filed determines what form (e.g., PTO/SB/25, PTOISB/26, PTO/AIA/25, or 
PTOIAIA/26) should be used. A web-based eTerminal Disclaimer may be filled out 
completely online using web-screens. An eTerminal Disclaimer that meets all 
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requirements is auto*processed and approved immediately upon submission. For more 
information about eTerminal Disclaimers, refer to 
http://www.uspto.gov/patents/processlfilelefslguidance/eTD-info-l.jsp. 

20. Claims 40-55 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-12 of U.S. Patent No. 8,679,756 in view of Drmanac 

(US 2007 10072208 published Mar. 29, 2007) for the following reasons. The routine, 

well established and conventional method of identifying the polynucleotides in each 

sample from the pooled samples using unique tags for each sample nucleic acids as 

applied for the rejection of claims 40 and 53 are further evidenced by Gillevet (WO 

2008/061193 published May 22, 2008). 

Regarding instant independent claims 40 and 53, claims 1, 2 and 11 of '756 

patent discloses a method comprising: a) obtaining a composition comprising a mixture 

of: i. a first plurality of different segments of a first nucleic acid molecule of a contiguous 

region in genomic DNA, wherein said contiguous region in genomic DNA is represented 

by a plurality of nucleic acid molecules, and wherein each of said first plurality of 

segments is appended to a first multiplex identifier (MID) sequence; and ii. a second 

plurality of different segments of a second nucleic acid molecule of said contiguous 

region, wherein each of said second plurality of segments is appended to a second MID 

sequence and said first MID sequence and said second MID sequence are different, 

wherein, in said composition, all of the segments of each of the nucleic acid molecules 

of the contiguous region comprises a unique MID sequence that uniquely identifies each 

of the nucleic acid molecules; and bl sequencing said first plurality of segments and 

said a second plurality of segments to provide a plurality of sequences; wherein each 
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sequence comprises: (i) the nucleotide sequence of at least a portion of a segment and 

(ii) an associated MID sequence, wherein said genomic DNA is genomic DNA from a 

virus or a bacterium, wherein defining a linkage relationship between said sequences 

using the MID sequence that is associated with each of the sequences. wherein 

sequences that comprise the first MID sequence are linked and sequences that 

comprise the second MID sequence are linked (common steps between instant claims 

40 and 53 are underlined by the examiner). One having ordinary skill in the art would 

recognize that genomic DNA from a bacterium amounts of a genome from a single 

isolated cell. One having ordinary skill in the art would also recognize that providing a 

genome from a second isolated cell would be a duplication of the steps of '756 patent 

because instant claims as recited merely require analysis of the first and second 

appended segments and not linking the sequence to the first and the second isolated 

single cell. 

However, claims of '756 patent do not disclose nucleic acid segments are from 

first and second cell. However, providing the genomic DNA from two bacteria was 

known in the art at the time the claimed invention was made as taught by Drmanac. who 

teaches a method for analyzing mixtures of bacterial genomes. aliquots may be made 

so that each aliquot contains one cell type. or a maximum of one cell (paragraph 0043) 

and further teaches method for tracking the nucleic acid using oligonucleotide tag (i.e., 

identifier) for tracking each polynucleotide (paragraph 0105). Drmanac also teaches 

analyzing single cell nucleic acid DNA allows for more accurate pathogen diagnostic for 

health or biodefense applications (paragraph 0043). thus providing motivation to one of 
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ordinary skill in the art to include the step of analyzing nucleic acid from a plurality of 

individual single cell of Drmanac in the method of '756 patent. The routine, well 

established and conventional method of identifying the polynucleotides in each sample 

from the pooled samples using unique tags for each sample nucleic acids as applied for 

the rejection of claims 40 and 53 are further evidenced by Gillevet (Fig. 1 and pg. 17 

and paragraph 3). 

One having ordinary skill in the art would also recognize that while combining the 

steps of '756 patent with the step of Drmanac some routine optimization is necessary 

which is within the skills of one having ordinary skill in the art and motivation to include 

the missing step comes from Drmanac. 

It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the step of analyzing nucleic acid from 

a plurality of individual single cell of Drmanac in the method of '756 patent with a 

reasonable expectation of success with the expected benefit of more accurate pathogen 

diagnosis. An artisan having ordinary skill in the art would have reasonable expectation 

of success because it merely involves including the two single cell analysis which is 

routinely done in the art and therefore the steps of instant claims 40 and 53 are not 

patentably distinct from claims of '756 patent in view of Drmanac. 

With regard to instant dependent claims 41-52, 54 and 55, claims of '756 patent 

in view of Drmanac disclose the steps and therefore are not patentably distinct. 
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21. Claims 40-55 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-11 of U.S. Patent No. 8,563,274 in view of Drmanac 

(US 2007 /0072208 published Mar. 29, 2007) for the following reasons. The routine, 

well established and conventional method of identifying the polynucleotides in each 

sample from the pooled samples using unique tags for each sample nucleic acids as 

applied for the rejection of claims 40 and 53 are further evidenced by Gillevet (as cited 

above). 

Regarding instant claims 40 and 53, claims 1 and 10 of '274 patent is drawn to a 

composition comprising a mixture of: a) a first plurality of different segments of a first 

nucleic acid molecule of a contiguous region in genomic DNA, wherein said contiguous 

region in genomic DNA is represented by a plurality of nucleic acid molecules, and 

wherein each of said first plurality of segments is appended to a first multiplex identifier 

(MID) sequence; and b) a second plurality of different segments of a second nucleic 

acid molecule of said contiguous region, wherein each of said second plurality of 

segments is appended to a second MID sequence and said first MID sequence and said 

second MID sequence are different, wherein, in said composition, all of the segments of 

each of the nucleic acid molecules of the contiguous region comprise a unique MID 

sequence that uniquely identifies each of the nucleic acid molecules, wherein said 

genomic DNA is genomic DNA from a virus or a bacterium. 

One having ordinary skill in the art would recognize that genomic DNA from a 

bacterium amounts of a genome from a single isolated cell. One having ordinary skill in 
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the art would also recognize that providing a genome from a second isolated cell would 

be a duplication of the steps of '274 patent because instant claims as recited merely 

require analysis of the first and second appended segments and not linking the 

sequence to the first and the second isolated single cell. 

However, claims of '274 patent do not disclose nucleic acid segments are from 

first and second cell and not using the composition for performing the method. However, 

providing genomic DNA from two different bacteria was known in the art at the time the 

claimed invention was made as taught by Drmanac, who teaches a method for 

analyzing mixtures of bacterial genomes, aliquots may be made so that each aliquot 

contains one cell type, or a maximum of one cell (paragraph 0043) and further teaches 

method for tracking the nucleic acid using oligonucleotide tag (i.e., identifier) for tracking 

each polynucleotide (paragraph 0105). Drmanac also teaches analyzing single cell 

nucleic acid DNA allows for more accurate pathogen diagnostic for health or biodefense 

applications (paragraph 0043), thus providing motivation to one of ordinary skill in the 

art to include the step of analyzing nucleic acid from a plurality of individual single cell of 

Drmanac in the method of '274 patent. One having ordinary skill in the art would 

recognize that the composition of claims 1-11 of '27 4 patent used to carry out the 

method because claimed method merely requires providing the plurality of segments of 

nucleic acid molecules, which is also taught by Drmanac. 

The routine, well established and conventional method of identifying the 

polynucleotides in each sample from the pooled samples using unique tags for each 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00721

Application/Control Number: 14/792,094 

Art Unit: 1634 

sample nucleic acids as applied for the rejection of claims 40 and 53 are further 

evidenced by Gillevet (Fig. 1 and pg. 17 and paragraph 3). 

Page 21 

One having ordinary skill in the art would also recognize that while combining the 

composition of '274 patent with the step of Drmanac some routine optimization is 

necessary which is within the skills of one having ordinary skill in the art and motivation 

to include the missing step comes from Drmanac. 

It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the step of analyzing nucleic acid from 

a plurality of individual single cell of Drmanac in the method of '274 patent with a 

reasonable expectation of success with the expected benefit of more accurate pathogen 

diagnosis. An artisan having ordinary skill in the art would have reasonable expectation 

of success because it merely involves including the two single cell analysis which is 

routinely done in the art and therefore the steps of instant claims 40 and 53 are not 

patentably distinct from claims of '274 patent in view of Drmanac. 

With regard to instant dependent claims 41-52, 54 and 55, claims of '274 patent 

in view of Drmanac disclose the steps and therefore are not patentably distinct. 

22. Claims 40-55 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-13 of U.S. Patent No. 9,410,149 in view of Drmanac 

(US 2007 10072208 published Mar. 29, 2007) for the following reasons. 
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The subject matter of claims 1-13 of '149 patent is similar to claims 1-11 of '756 

patent. Therefore it is maintained that steps of instant claims 40-55 are not significantly 

different from claims 1-13 of '149 patent in view of Drmanac. 

23. Claims 40-55 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-19 of U.S. Patent No. 9,410,150 in view of Drmanac 

(US 2007 10072208 published Mar. 29, 2007) for the following reasons. 

The subject matter of claims 1-19 of '150 patent is similar to claims 1-11 of '27 4 

patent. Therefore it is maintained that steps of instant claims 40-55 are not significantly 

different from claims 1-19 of '150 patent in view of Drmanac. 

Conclusion 

24. No claims are allowed. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to NARAYAN BHAT whose telephone number is (571 )272-

5540. The examiner can normally be reached on 8.30 am to 7 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Dave Nguyen can be reached on (571 )-272-0731. The fax phone number 

for the organization where this application or proceeding is assigned is 571 -273-8300. 
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Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/NARAYAN BHAT/ 
Primary Examiner, Art Unit 1634 
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BMC Bioinformatics. 2006 Jan 17;7:22. 

Cornpu1a1iona! and corr1oamtiv(:; an;)ivses of i50 ful!-ienqth cDNA sequences from the oornyu;1e oi<.mi 
52 pathoqen. Phvtophlh,;cc; _,n!est,ans. 

Win J, Kanneganti TD, Torto-Alalibo T, Kamoun S 
Fungal Genet Biol. 2006 Jan;43(1 ):20-33 

Mitocf:ondriai. DNA. sequences fror:1. dried.snake. venom .a .DNA.barcodinq approach. to .the 
53 idenlifica1ir::n (_)f venorn s;)rnples. 

Pook CE, McEwing R 
Toxicon. 2005 Dec 1 ;46(7):711-5. 

An inteoratwJ annroach to fast and infonnatiV('; rnorphokx.Jic;)i voucher!nq of nernatod,:;s for 

54 applications y1 .rno!ecuiar. barcodif'1q. 

De Ley P, De Ley IT, Morris K, Abebe E, Mundo-Ocampo M, Yoder M, Heras J, Waumann D, Rocha­
Olivares A, Jay Burr AH, Baldwin JG, Thomas WK. 
Philos Trans R Soc Land B Biol Sci. 2005 Oct 29;360(1462):1945-58 

Microcodin,g: the .second.steo. in. DNA. barcodinq. 

55. Summerbell RC, Levesque CA, Seifert KA, Savers M, Fell JW, Diaz MR, Boekhout T, de Hoag GS, 
Stalpers J, Crous PW 
Philos Trans R Soc Lond B Biol Sci. 2005 Oct 29;360(1462):1897-903. Review 

DN,t,, bc::rcoding Austraii;:-1·s fish soecies 

56. Ward RD, Zemlak TS, Innes BH, Last PR, Hebert PD. 
Philos Trans R Soc Land B Biol Sci. 2005 Oct 29;360(1462):1847-57 

57 Savolainen V, Cowan RS, Vogler AP, Roderick GK, Lane R 
Philos Trans R Soc Land B Biol Sci. 2005 Oct 29;360(1462):1805-11 Review 

!s a l<'HQfr•Scale DNA--based inventory (_)f ancH:mt life nossibi,:;? 

58 Lambert OM, Baker A, Huynen L, Haddrath 0, Hebert PD, Millar CD. 
J Hered. 2005 May-Jun;96(3):279-84. 

011..r)eotide.de .novo.sequencinq .<1.new .app108ci1,_ 

59. Bruni R, Gianfranceschi G, Koch G. 
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J Pepi Sci. 2005 Apr;11(4):225-34 

A. slructu1.ef.i. interf::K·e. to. the or;jed-orient:ad. qentm-iics. unified. scr1erna i'or .Xi\4l..-for rnatieci. data. 

60. Clark T, Jurek J, Kettler G, Preuss D 
Appl Bioinformatics 2005;4(1 ):13-24 

!dentificat:on of .B,rcis. tr1rouqf1. DNA .Barcodes. 

61 Hebert PD, Stoeckle MY, Zemlak TS, Francis CM. 
PLoS Biol. 2004 Oct;2(10):e312 

TheJ)fOi:HSe. of a. DNA. taxo11or:iy. 

62 Blaxter ML. 
Philos Trans R Soc Lond 8 Biol Sci. 2004 Apr 29;359(1444):669-79 

Autommf,d de, novo sequencing of nuc!eic acid.s bv liquid chrometog:-aphy·t:::ndcrn mass 
63. spectrornetrv. 

Oberacher H, Mayr BM, Huber CG 
J Am Soc Mass Spectrom. 2004 Jan;15(1 ):32-42. 

·' ,5-sequt')ncing .l81qeted.ch:~18ct:ari1<:1tior .uf .lr1e.N- am.i. C-terrniw of .um.iiq:asieci.Prdeins.,t;y .mass 
64. spectrornetry. 

Suckau D, Resemann A. 
Anal Chem. 2003 Nov 1;75(21 ):5817-24. 

Tho NiTE X.M! Toolkit· fioxib!e annot:::tion fo( mu!timoda! languc::gc, data. 

65. Carletta J, Evert S, Heid U, Kilgour J, Robertson J, Voormann H. 
Behav Res Methods Instrum Comput. 2003 Aug:35(3):353-63 

Pmt\'K::rnic studv of the Arabid(_)psis tha!iana chiorop!astic envf.dope m,:;rntm.me uti!i2ing aliernati'J(';s to 

66 tr8dition<:1I. iwo-d,rnensio118! .eledro.Phoresis. 

Froehlich JE, Wilkerson CG, Ray WK, McAndrew RS, Osteryoung KW, Gage DA, Phinney BS. 
J Proteome Res. 2003 Jul-Aug;2(4):413-25. 

E:va!uation .or .sho\qu:1. sequencing for proteornic a:1a!ys:s.ot hurnan .PJasr:1a. usif'i.G. HPLC. coup!ef.i. 'Nith 
67 oithor ion treo o:- Fourier t:-ansforn-: GK1ss snect(ometrv. 

Wu SL, Choudhary G, RamstrOm M, Bergquist J, Hancock WS 
J Proteome Res. 2003 Jul-Aug;2(4):383-93. 
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68 i.solat:on end ch2:ractf,riz;:-1Hon of modified snf,cif,s of a mutatod (Cvsi25 ..J\l;:-1) (ocon-,bin2:nt hurn2:n 

interleuKin-2. 

Moya G, Gonzalez LJ, Huerta V, Garcia Y, Morera V, Perez D, Brena F, Arana M. 
J Chromatogr A. 2002 Sep 20;971(1-2):129-42 

Optical. b.:m:odinq_ d coi!o1da . susoens,011s ... 8Ppiiu;tit;ns H\ qenornics .. proteonHcs .:~nd _f.i1.w.<. d,scov:arv .. 

69 Battersby BJ, Lawrie GA, Johnston AP, Trau M. 
Chem Commun (Camb). 2002 Jul 21;(14):1435-41. Review. 

LoarJer. Lite·. a .new .software. tool. for the /',B!.?RISM. 3700 .. DNA .seq_ue::eer. 

70 Scott GB, Steffen DL, Edgar D, Warren JT, Kovar CL, Scherer SE, Havlak PH, Gibbs RA 
Biotechniques. 2002 Jun;32(6):1366, 1368, 1370-1 Erratum in: Biotechniques. 2002 Sep;33(3):514 

Moii;,culm barcodo.s fo( soi! nematod~; ick;ntific:c::tion. 

71. Floyd R, Abebe E, Papert A, Blaxter M 
Mol Ecol. 2002 Apr;11(4):839-50. 

DNA sc,qw,ncf, qua!ity trir-nrrnnq end vector (omov;:-1!. 

72 Chou HH, Holmes MH 
Bioinformatics. 2001 Dec;17(12):1093-104. 

Mubtional scrnening of the C!'.\RT oene in obese chikhm. !deriiifvinq <'J rnutation {Leu34Phe) 
73 ass0Gi<:1lef.i. with Jef.iucef.i. reshnq enerny :axpendilure .<:'nd. cos:aqr:aq.:;tinq wiH1. obesilypr1enotv0e _in "' 

large family. 

de! Giudice EM, Santoro N, Cirillo G, D'Urso L, Di Toro R, Perrone L. 
Diabetes. 2001 Sep:50(9):2157-60. 

Functional and stfU(.:1ur;)i oenornics usino PED!'.\NT 

74 Frishman D, Albermann K, Hani J, Heumann K, Metanomski A, Zollner A, Mewes HW. 
Bioinformatics. 2001 Jan;17(1):44-57. 

Muilmlex sequencing bv hybridization. 

75 Hubbell E 
J Comput Biol. 2001;8(2):141-9 

F8ctor JX. qene.sequencinq b:i- .<:15,rnple.<md.sensii,ve :15-hour J)rocef.iure. for haernoph,li<:1 .B .diaqnos,s. 
76. identification. of two _novei__rnutations. 

Vidal F, Farssac E, Altisent C, Puig L, Gallardo D 
Br J Haematol. 2000 Nov;111(2):549-51. 
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Gt'momic or9an12;)l!(_)n of 1ht'; JEM· 1 t8LZF1 \ nene c,n hu:-nan chrc,rn(.)SGrr:e 1q24 rnoit';cular doninq 

77 arH.1 . .:ma!ysis _of _its _pron1oter .1.enion. 

Tong JH, Fant X, Benoit G, Chen SJ, Chen Z, Lanotte M 
Genomics. 2000 Nov 1;69(3):380-90 

Hiqh_ throuphput anc1_,global .. aoproacf1es. to . .oene. expnCJss:on .. 

78 Ghosh D. 
Comb Chem High Throughput Screen 2000 Oct;3(5):411-20. Review. 

Automation for qenomic.s. pa(t one. preparation for sequencing. 

79. Meldrum D. 
Genome Res. 2000 Aug;10(8):1081-92 Review 

Automated ink,rnretation of !ow-energv r:o!iision inducc,d dissociat:on sper:tr::: bv SeqMS. a softwere 

80 a,f.i. for- de.novo .sequencin9.by tanden1..rnass.spedrornet1y. 

Fernandez-de-Cossio J, Gonzalez J, Satomi Y, Shima T, Okumura N, Besada V, Betancourt L, Padron 
G, Shimonishi Y, Takao T. 
Electrophoresis. 2000 May;21(9):1694-9. 

An.JiV/,?!IlAit.) ... !;j':/.§J?ff\ .i.'Qf .. il~.r.:Drn.~ .. A!JB!.Y~l~.Jq __ §_\i.P.PDf.t.r.D.i.r;n,?.9.i.f~.!.Y/t:9\f~:Jf!Jqf.nf?. .. §.lJi,?.l:J.i,]f! .. §:f.l:~iM.fil.n.,;;.\1:1.9., 
81 Sakiyama T, Takami H, Ogasawara N, Kuhara S, Kozuki T, Doga K, Ohyama A, Horikoshi K 

Biosci Biotechnol Biochem. 2000 Mar:64(3):670-3 

De .. novo. DNA. rneHw!atio:1. at no:1ra:1eioin. iou:Kier. sites. 5'. irorn .a11. unrnethvia\eci. n1inlr:1a .onpin _oi. DNA 
82 rep!:cetion in latent Ep.stc,in--82:rr virus qononv~s. 

Salamon D, Takacs M, My6hanen S, Marcsek Z, Berencsi G, Minarovits J 
Biol Chem. 2000 Feb;381(2):95-105 

Cptmrnl stn,cttm:; for automatic processing of ONA sequences. 

83 Davies SW, Eizenman M, Pasupathy S. 
IEEE Trans Biomed Eng. 1999 Sep;46(9):1044-56. 

V'J:abBLAST. 2. 0 . .:m _inteq:-:~led. soiutit;n. for .or q;~nizir:q_ and .8n:~iy2ino 5eque11ce. data,_ 

84. Ferlanti ES, Ryan JF, Makalowska I, Baxevanis AD. 
Bioinformatics. 1999 May;15(5):422-3 

Hiqh-th101.H.<hput. DNA. sequencinq. a.q:anornic data .. rn<:1nufadurinq.nrt1cess. 
85 
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Huang GM 
DNA Seq. 1999;10(3):149-53. Review 

C!o11ino y;nd .. sequencinct o . H1e. qene. th:~i. codes. for the .Klebs,e!i.:; ,imeun,oni.:;e. (3rd:":L-like .01 otein 
86. associaied.w!th.anky!osing spondylit!s. 

Cancino-Diaz M, Curiel-Quesada E, Garcia-Latorre E, Jimenez-Zamudio L 
Microb Pathog. 1998 Jul;25(1 ):23-32. 

tvliPS: e dc::tabaso for nrotein soquences ;:-1nd cornolek, oc,nornes. 

87. Mewes HW, Hani J, Pfeiffer F, Frishman D. 
Nucleic Acids Res.1998 Jan 1;26(1):33-7 

Auk.)nVJt\:;d interoretdion of hioh \'mernv co!lision.•induced dissociation soect:-;) of s!no!y protonded 

88 peptides);y 'Seo MS'"· il. soltwe, e. ""-'· fo,. de .n,wo _sequencing bv. ,,,ndem. rnass. speclrornetry. 

Fernandez-de-Cossio J, Gonzalez J, Betancourt L, Besada V, Padron G, Shimonishi Y, Takao T. 
Rapid Commun Mass Spectrom 1998;12(23):1867-78. Erratum in: Rapid Commun Mass Spectrom 1999;13(2):138 

S:nqje .ar:w10 acki. subst,tutions .:n..Puuma!a. v:rus. envelooe._q\ycoprote1ns. G 1. and. G2.. eiirninate 
89 irnpc>1iam neutrcl!zat,on cmitcmcos 

HOr!ing J, Lundkvist A 
Virus Res. 1997 Apr:48(1):89-100. 

Pamsib oenorne anaivsis A o!obal nrnp of th,:; Leishrnanl<'J rna:(x o,:mom(:; pr;:;lude 10 qen(_)m!c 
90 sequencing. 

Ivens AC, Smith OF 
Trans R Soc Trop Med Hyg 1997 Mar-Apr;91(2):111-5. Review. 

f.':\.HD· '.l. :·x-.:;.;:-

MeU1ods. for prnclse .s,z.,110, auto1r:ated .b1nninq.ot alleles. and .ref.iudio:1. of error .rates .:11. !arqe-scaie 
91 qenotvn:nq usinc: f!uornscontiv iabek;d d:nucleotide mc::rke(s. FUS!ON (Fin!and·U.S. invo.stigetion of 

Ni DDfv1..(3endics 1. Studx .. C3:-oup. 

Ghosh S, Karanjawala ZE, Hauser ER, Ally D, Knapp JI, Rayman JB, Musick A, Tannenbaum J, Te C, 
Shapiro S, Eldridge W, Musick T, Martin C, Smith JR, Carpten JD, Brownstein MJ, Powell JI, Whiten R, 
Chines P, Nylund SJ, Magnuson VL, Boehnke M, Collins FS 
Genome Res. 1997 Feb;7(2):165-78. 

If~.t.19.fS:1.~!D .. f?.~qq~n.rin.91. 
92 Kawasaki K, Shimizu N. 

Tanpakushitsu Kakusan Koso. 1996 Nov;41(15 Suppl):2458-63. Review. Japanese. No abstract available 
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93 Anc::lysis of 2: Tho(motogc:: m;:-1ritlma DN!\ frngment c,nr:odinc: two sirnHer tiv~rrnosteb!e ceiluiases. Cell\ 

arH.1. Cel8 .. and. char:~deriz;;titm .of. Hie. r:acornf;inant. enzyrnes. 

Liebl W, Ruile P, Bronnenmeier K, Riedel K, Lottspeich F, Greif I 
Microbiology. 1996 Sep;142 ( Pt 9):2533-42. 

Autom:cttic. n1atrix .f.ielerrnin;;tit;r )n -four .f.ive. f!tJtJr:asce11ce-f;asec1. DNA. sequencinq. 

94 Yin Z, Severin J, Giddings MC, Huang WA, Westphal! MS, Smith LM 
Electrophoresis 1996 Jun;17(6):1143-50 

Sequencing. and. analysis .or .bacteriaU1e:101r:es. 

95 Koonin EV, Mushegian AR, Rudd KE 
Curr Biol. 1996 Apr 1;6(4):404-16. Review 

identif:cetion of 4370 exoressf,d sequc,nr:e t;:-1gs from ;:-1 3 •end·soecific cDNA libr2:ry of human skeletal 

96. rnusde by DNA sequencing and filler hvbrkk.ation. 

Lanfranchi G, Muraro T, Caldara F, Pacchioni B, Pallavicini A, Pandolfo D, Toppa S, Trevisan S, Scarso 

S, Valle G. 
Genome Res. 1996 Jan;6(1 ):35-42 

QNA __ $_t')_qvf_!1r;;i_ng _M?_tt_1Qtl$ __ ;~_rJ,i__f,'.QLD.P_t;_t_r;,r__,:,i_rn:1iY.$_i$ __ Q_i_'__;,:;_r;,_q_~J_il_r_:_q:, __ q_?.t.?_, __ p;~r_t i: 

9?. Cotrutz C, Ionescu CR, Cotrutz CE, Kocsis MM 
Rev Med Chir Soc Med Nat Iasi. 1995 Jul-Dec;99(3-4):17-21. Review. No abstract available 

Molecular (k~c1nosis. of .rnuc;,..;po!ys<:1cch:~1 izfosis)vpe i 1. {Hunte1 .. sv1Kif ome) bv. aulon13led. St')quencinq 
98 and comnutcn·•c::s.sistc,d intorp(~;tation: toward n-:utat:on rnappinc: of the iduronato--2--suifata.s~; gen~;. 

Jonsson JJ, Aronovich EL, Braun SE, Whitley CB. 
Am J Hum Genet. 1995 Mar:56(3):597-607. 

innovations in n(.)fl•is(_)looic DN/.\ sequencing usinq <'Jn el(:;ctro1ransfr;r unit k_) bk)t sequencing neis 
99 arn.1. iln .,,utornated .rnernbccane p1 ocess,;r .fc;r .<.ielectinu .DNA. se1.1uences . 

Patel A, Nash B. 
Biotechniques. 1995 Feb:18(2):328-33. 

Prndictin,g mute:11. functio11: .a. versat:!e .tool. for. the. Apple. Mac:n\osh. 
100 Fuchs R 

Com put Appl Biosci 1994 Apr;10(2):171-8. 

f:: nzyr:1e~i1nked fluorescent. detedio:1. foi auton1ated. r:1ul\:p!ex..f)NA .sequencin.9.. 

101. Cherry JL, Young H, Di Sera LJ, Ferguson FM, Kimball AW, Dunn OM, Gesteland RF, Weiss RB. 
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Genomics. 1994 Mar 1;20(1):68-74 

Anaiysis. of one-ciimens,011:~ .e!:adropr1oreqrarns .. 

102. Trubuil A 
Com put Appl Biosci 1993 Aug;9(4):451-8. 

Au \ornated ..f) NA. s ep uenc i n.9. . a 1:. irnaqe. processi n.9._ approach. 

103 Wu Y, Mislan D. 
Appl Theor Electrophor. 1993;3{5):223-8 

Protei:1. c!assif:catio:1. art1i,c,a! _:H:;ural .. svstern. 

104 Wu C, Whitson G, Mclarty J, Ermongkonchai A, Chang TC 
Protein Sci. 1992 May;1(5):667-77 

lrkmtifir:c::tion of hum2:n :-c,rnains bv amp ificat:on ;:-1nd autornmc,d sequencing of rnitochondric::! DN/\ 

105. Sullivan KM, Hopgood R, Gill P. 
Int J Legal Med. 1992;105(2):83-6 

Dek;rn-:inetion of the covc::k,nt structure, of an N-- c::nd C-.tcn-minc::!iv blocked c:!ycrmrotein fron-: 
106 :andocutid:a .of .Locust.:; Jrncu i:'itoria ... Cornbined .. use .oi'.nlasm:~. desorption rnass 5oecl:-ornetry and 

f::dn:an. dr::qrarJatioi:. to studv post-trans!ationa!iy. nKx.iif:ed proteins. 

Talbo G, H0jrup P, Rahbek-Nielsen H, Andersen SO, Roepstorff P 
Eur J Biochem 1991 Jan 30;195(2):495-504. 

Sc,quf,nce charactcn"ization of ti:~; membren~; p:-otoin qene of parar1iyxovirus sirnian viru.s 5. 

107. Sheshberadaran H, Lamb RA. 
Virology. 1990 May;176(1 ):234-43. 

~vbl(:;cuiar ckx1ino (_)f cONA for nroif.rnsom,:;s frc,rn rd liver. or!rnarv s1n,ct:m:; (A component C3 V1•!th ;) 

108 oossif;le ly1os1ne ;;i1osoi101.y!ation.site .. 

Tanaka K, Fujiwara T, Kumatori A, Shin S, Yoshimura T, lchihara A, Tokunaga F, Aruga R, Iwanaga S, 
Kakizuka A, et al 
Biochemistry. 1990 Apr 17;29(15):3777-85. 

Au\ornated..f)NA .sepuencin.o.. and. tr1e. analysis .or. tr1e. human .oenor:1e._ 

109 Smith LM. 
Genome. 1989;31(2):929-37 Review 
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110. Measuremont of tho :-adiosf,ns:tivitv of e radir1Hon··inducf,1_·1 aden:ne ddc,ct in a sinq!e stranded DN,t,, 
ch;;in. 

Duplaa AM, Guy A, Teoule R 
Radial Environ Biophys 1989;28(3):169-76 

i\fo!ecui31 .. siructur e. and. sequ:anc,a )K1moioc1v. of a q:ane J e!<:1ted)o .alph<:1. i-a11litrvps1n ,11. the ,11urnan 
111 genome. 

Bao JJ, Reed-Fourquet L, Sifers RN, Kidd VJ, Woo SL 
Genomics. 1988 Feb:2(2):165-73 

112 
An effod!ve <'JQproach to \he identificdion of subckx1es of a ON/.\ of knovm nudt';otide sequence. 

Golovanov Eul, Nedospasov SA. 
ComputAppl Biosci 1986 Dec:2(4):297-9. 

Apoiicalion of th\:; CYTC~v1!C 12 flow cytornetric compact anaiyzt';r for automatic kinetic 
113 _measure1r:ents .. 

Kachel V, Schneider H, Bauer J, Malin-Berdel J 
Cytometry. 1983 Jan:3(4):244-50 
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kmd of regw1w{ prole<"iwn aw1.dable): ARIPO (BW, GB, 
GM. KE. LS, MW. MZ, NA, SD. S-L -SZ, TZ, UG. ZM, 
ZW). Eurasian (AM, AZ, BY. KG. KZ, ivfD. RU. TJ, TM), 
European (AT, BE, BG, Cl i, CY, CZ, DE. DK. EE, ES, H, 
l·KGB, GR. IiU, II!, JS, ff, IT, T,U. I.V, M(:, MT, NI.,.,PI,, 
PT, RO, Sli, SI, SK, TR), OAP! (HI-~ BJ, Cl·\CG, CL CM, 
GA, GN, GQ, Ci-W, ML MR, NE., SN. TD. Hi\. 

()edaruU01u; under Rule 4.17: 
tH 1,; app!h 11111·~ enlil!rmenl to apply for and We gmnte-d a 
pi.lturl (Rule4.17(ii.)) 
a.; to the appiiamt:.,- enlitieme>,l to cluim the prim ily of the 
earlier appli,:aJi,m ( Rule 4.17( iii )j 

Puhlishcd: 
without inlernmiotmf se.an:h re.port and lli be repuhlfrheJ 
upon re<"<"ipt of that report 

~ l54) 1itlc: MULTTT'AG SEQUENCING AND ECOGFNOMICS ANALYSIS 
........ 
0C) 
Q (57) Abstract: EmhodimcnL-; of the invention l1erein described relate to multiplex p,olynuclco!Jdc ,cquenec:m,ilysis wit.bout the use 
Q of si,.e separa:iun mcthmk or h;oiting. In n::rtain particuhir.,; the invcnt':on rda:.es lo rnulliplc>.. ~eyu_1.:nei:::ig using massivdy parallel 
M \c:.;ucndng mct.hmb,;, such <i"i pyroscqucndng :11cth;;x_;-; ;md scquc.;cing hy synthc\i~. The invention provides increased ll--,mughput 
0 and Lhc ahilit_y lo analy✓.c greater nuc'.lhc--:- or ~mplcs sirnultancou~ly or s;..;rially en prc,;cntl_y available .,ystcms, as well a~ nthcr<s yet 
:,. to be developed. In cc1tain ofi~s cmbodimc::it,; Lhc invc::iticn rel.ales t;_, the unalysis er complex mkrobial communities, pm1it·ulmiy 
~ to in-depth analysis thereof in '.arge nu.r.:ber.,; of samples_ 
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MUL TIT AG SEQUENCING AND ECOGENOMICS ANALYSIS 

Related Applications 

This application is a continuation in part and claims. full benefit of priority of US 

5 provisional application number 60/858,948, filed on 15 November 2006 by Patrick Gillcvct 

for Multitag Seq_ucnclng and Ecogcnomics Analysis. which is incorpomtcd herein by 

rckrcnce in its entirety. 

10 

Field of the Invention 

The Invention relates to the determination ofpo!ynuclcotidc sequences. It also relates 

to determining sequences in multiple samples, in some particulars in multiple environmental 

samples and in multiple clinical samplc.s. 

Statement of Government Rights 

15 Work described herein was done partly with Government support under Grant :\io .. 

l R43DK074275-01A2 awarded by the U.S. National Institute of Diabctc.-, and Digestive and 

Kidney Diseases, and the US Government therefore may have certain rights in the invention. 

Background 

20 Sequence determination technologies for proteins, RNAs and DNAs, have been pivotal 

in the development of modern molecular biology. During the past fifteen years, DNA 

sequencing in particular has been the core technology in an on-going revolution in the scope 

and the depth of understanding of genomic organization and function. The on-going 

development of sequencing technology is, perhaps, best symbolized by rhc determination of 

25 the complete sequence of a human genome. 

The human genome sequencing project served a number ofpurpo.-,es. It served as a 

platform for programmatic dcvclopmcm of improved sequencing technologies and of genome 

sequencing efforts. Tt also served to provide a framework for the production and distribution 

of sequencing information from increasingly large sc<1lc sequencing projects. Thc.se projects 

30 provided complete genome sequences for a succession of model organisms of increasingly 

large genetic complements .. These accomplishments, culminating in the completion of a 

human genome sequence. highlight the very considerable power and throughput of 

contemporary sequencing technology. 
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At the same time, however. they highlight the limitations of current technology and the 

need for considerable improvements in speed, accuracy, and cost before sequencing can be 

fully exploited in research and medicine. Among the areas that can be seen most readily to 

require advances in sequencing technology arc clinical sequencing applications that require 

5 whole genome information, environmental applications involving multiple organisms in 

mixtures, and applications that require processing of many samples. These are, of course, just 

a few among a great many areas that either require or will benefit greatly from more capable 

and less expen.'iive sequencing methods. 

To date, virtually all sequencing has been done by Sanger chain elongation methods. 

10 All Sanger methods require separating the elongation products with single base resolution. 

Currently, while PAGE still is used for this purpose in some commercial sequencers, capillary 

electrophoresis is the method of choice for high throughput DNA sequencers. Both gcl-ba-;cd 

and capillary-based separation methods arc time con,-;uming, costly. and limit throughput. 

Chip based methods., such as Affymetrix GeneChips and HySeq's sequencing by hybridization 

15 methods, require chips that can be produced only by capital intensive and complex 

manufacturing processes. These limitations pose obstacles to the utilization of sequencing for 

many purposes, such as those described above. Partly to overcome the limitations imposed by 

the necessity for powerful separation techniques in chain termination sequencing methods and 

the manufacturing requirements of chip-based methods, a number of tcdmologies arc 

20 currently being developed that do not require the separation of elongation products with 

integer resolution and do not require chips. 

A lead technology of thi~ type is a bead, emulsion amplification, and pyroscqucncing­

based method developed by 454 Life Sciences. (Sec Marb:ruillc.s, ct al. (2005) Nature 437: 

376, which is incorporated herein by reference in its entirety, particularly as to the aforc-

25 mentioned methods. The method utilizes a series of steps to deposit single, amplified DNA 

molecules in individual wells of a plate containing ~cvcrn.l million picolitcr \:vel1s. The steps 

ensure that each well of the plate e[thcr contains no DNA or the amplified DNA from a single 

original molecule. Pyroscqucncing is carried out in the wells by elongation of a primer 

template in much the same way as Sanger sequencing. Pyrosequencing does not involve chain 

30 termination and docs not require separation of elongation products. Instead .sequencing 

proceeds stcp\visc by single ba.\.c addition cycles. In each cycle one of the four ba.\.es - A, T, 

G, or C- is included in the elongation reaction. The other three bases are omitted. A base is 

added to the growing chain if it is compkmcntary to the next position on the template. Light 

2 
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is produced whenever a base is incorpornted into the growing complimentary sequence. By 

interrogating with each of A, C, G, or Tin succession, the identity of the ba.,e at each position 

can be determined. Sequencing reactions are carried out in many wells simultaneously. 

Signals arc collected from all the wells at once using an imaging detector. Thus, a multitude 

5 of sequences can be determined at the same time 

In principle, each well containing a DNA will emit a signal for only one of the four 

bases for each position. In practice, runs of the .same base at two or more positions in 

succession lead to the emission of proportionally stronger signals for the first position in the 

run. Consequently, reading out the sequence from a given well is a bit more complicated then 

10 simply noting, for each position. which of the four bases is added. Nevertheless, because 

signals are proportional to the number of incorporations., sequences can be accurately 

reconstructed from the signal strength for most runs. 

The technology has been shown to read accurately an avcrngc of about 250 or so bases 

per well with acceptable accuracy. A device offered by 454 Life Sciences currently uses a 6.4 

15 cm2 picoliter \.veil ·'plate" containing 1.600,000 picoliter sized wells for sequencing about 

400.000 different templates. The throughput for a single run using this plate currently is about 

100 million bases in four hours. Even though this is a first generation device, its throughput i.~ 

nearly l 00 times better than .standard Sanger sequencing devices. 

Nurncrow, other methods arc being developed for ultra high throughput sequencing by 

20 other institutions and companies. Sequencing by synthesis mcthod.s that rely on target 

amplification arc being developed andior commercialized by George Church at Harvard 

University, by Solcxa, and by others. Ligation sequencing methods have been developed 

andior arc being commercialized by Applied Biosystems and Solexa, among others. Array 

and hybridization sequencing methods arc commercially available and/or arc being developed 

25 by Affymctrix, Hyscq_, Biotrovc, Nimblcgen, Illumina, and others. Methods of sequencing 

single molecules arc being pursued by Hclicos based on sequencing by synthesis and U.S. 

Gcnomics (among others) ba'icd on poration. 

These methods represent a considcrnble improvement in throughput over past 

methods, in some regards. And they promise considerable improvement in economy as well. 

30 However, currently they arc expensive to implement and usc, they arc limited to relatively 

short reads and, although mass-ivcly parallel, they have limitations that must be overcome to 

realize their full potential. 

3 
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One particular disadvantage of th-::se methods, for example, is that samples must be 

processed serially, reducing throughput and increasing cost. This is a particularly great 

disadvantage when large numbers of samples are being processed, such as may be the case in 

clinical studies and environmental sampling, to name just two applications. 

5 The incorporation of indexing sequences by ligation to random shotgun libraries has 

10 

15 

been disclosed in US patent numbers: 7264929, 7244559, and 7211390, but the direct ligation 

method~ therein disclosed distort the distribution of the components within the samples { a~ 

illustrated in Figure 4 herein) and therefore are inappropriate for enumerating components 

within each sample. 

Accordingly, there is a need to improve sample throughput, to lower the cost'i of 

sequencing polynucleotides from many samples at a time, and to accurately enumerate the 

components of samples analyzed by high throughput, parallelized and multiplex techniques, 

Summarv 

It is therefore an object of the present invention to provide sequencing methods with 

improved sampk throughput. The following paragraphs describe a few illustrative 

embodiments of the invention that exemplify some of its aspects and features. They are not 

exhaustive in illustrating its many aspects and embodiments, and thus arc not in any way 

limitativc of the invention. f\.1any other aspects, foatures, and embodiment:-; of the invention 

20 arc described herein. Many other aspects and embodiments will be readily apparent to those 

25 

skilled in the art upon reading the application and giving tr due consideration in the full light 

of the prior ait and knowledge in the fidd. 

Embodiments provide multiplex methods for the quantitative determination of 

polynuclcotidcs in two or more samples, comprising: 

hybridizing a first primer to polynudcotidcs in a fir.st sample, said first primer 

comprising a first tag sequence and a first probe sequence specific for a first target sequence, 

wherein said first target sequence is 3' to a variable genetic region~ 

elongating primer templates formed thereby to form a first population of tagged 

polynucleotides comprising: said first primer including said first tag sequence; and sequences 

30 of said variable genetic region~ 

hybridizing a second primer to polynuclcotides in a second sample, said second primer 

comprising a second tag sequence and a second probe sequence specific for a second target 

sequence, wherein said second target sequence is 3' to the same variable genetic region as said 

4 
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first target sequence, wherein further said second probe sequence may be the same a.s or 

different from said fir.st probe sequence; 

elongating primer templates formed thereby to form a second population of tagged 

polynuclcotidc~ comprising: said second primer including said second tag .sequence; and 

5 sequences of said variable genetic region; 

mixing said first and second populations together; 

determining sequences ofpolynuclcotidcs comprising tag ,.._equcnce.s and the sequcncc.s 

of the variable genetic element in said mixture; 

from the tag sequences comprised in the polynuclcotidc sequences thus dctcnnincd 

10 idcntit)ring the sample in which polynuclcotide sequences occurred; 

15 

from the sequences of the variable genetic region comprised in the polynucleotide 

sequences thus determined identifying particular variants of said variable genetic clement; 

from this information determining the number of time one or more given variants 

occur in each sample, and 

from the number for each variant in the polynuclcotidcs thus determined, quantifying 

said polynuclcotidcs in said Mmplcs; 

wherein said .,equences are determined without Southern blot transfer and/or without 

size-separating primer extension producl.;; and/or without electrophoresis. 

Embodiments provide multiplex methods for the quantitative determination of 

20 polynucleotides in two or more samples, comprising: 

hybridizing a first primer pair to polynuclcotides in a fir.st sample, the first primer of 

said first primer pair comprising a first tag sequence and a first probe ,.._equcnccs specific for a 

first target sequence and the second primer of said first primer pair comprising a second tag 

sequence and a second probe sequence specific for a second target sequence, wherein the first 

25 and the second probe sequences flank and hybridize to opposite strands of a variable genetic 

region: 

elongating primer templates formed thereby to from a first population of tagged 

polynuclcotidcs, each of said polynucleotidc., comprising: (a) the sequence of said first primer 

of said first primer pair, a .,equence of said variable genetic region, and a sequence 

30 complementary to the sequence of said second primer of said first primer pair or (b) a 

sequence complementary to the .sequence of said first primer of said first primer pair, a 

sequence of said variable generic region and the .~equence of said .~econd primer of said fir.~t 

primer pair; 

5 
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hybridizing a second primer pair to polynuclcotidcs in a second sample, the first 

primer of said second primer pair comprising a third tag sequence and said first probe 

sequences sped fie for said first target sequence and the second primer of said second primer 

pair comprising a fourth tag .:.equcnce and said second probe sequence specific for said second 

5 target sequence; 

elongating primer templates fonned thereby to from a second population of tagged 

polynuclcotide~, each of said polynuclcotides comprising: (a) rhc sequence of said first primer 

of said second primer pair, a sequence of said variable genetic region_, and a sequence 

complementary to the sequence of said second primer of said second primer pair or (b) a 

10 sequence complementary to the sequence of said first primer of said second primer pair, a 

sequence of said variable genetic region and the sequence of said second primer of said second 

primer pair; 

mixing said first and second populations together; 

determining sequences ofpolynucleotides in said mixture, comprising the tag 

15 sequences and the variable genetic clement; 

from the tag ~cqucnccs comprised in the polynucleotidc sequences thus determined 

identifying the sample in which polynuclootlde sequences occurred; 

from the sequences of the variable generic region comprised in the polynuclcotide 

sequences thus determined identifying particular variants of said variable generic clement 

20 from this information determining the number of times given variants occur in each 

sample, and 

from the number for each variant in the polynucleotidcs thus dctennincd, quantifying 

said polynuclcotidcs in said samples. 

wherein said sequences arc determined without Southern blot trnnsfcr and/or without 

25 size-separating primer extension products and/or without electrophoresis. 

Embodiments provide methods in accordance with any of the foregoing or the 

following wherein given polynuclcotide sequences in a .sample is quantified by a method 

comprising normalizing the number occurrences determined for the given sequence. Jn 

embodiments the number of occurrences is nonnalized by dividing the number of occurrences 

30 determined for the given polynuclcotide sequence by the total number of occurrences of 

polynucleotide sequences in the sample. Jn embodiments the given polynuclcotidc sequences 

is that of a given variant of a variable genetic region and, in embodiments, the quantity of the 

given variant in the sample is normalized by dividing the number of occurrences of that 

6 
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variant by the total number of occurrences of all variants of the variable genetic region in the 

sample. 

Embodiments provide a multiplex method for determining polynucleotide sequences in 

two or more samples, comprising: attaching a first tag sequence to one or more 

5 polynucleotides of a first sample; attaching a second tag sequence different from said first tag 

sequence to one or more polynucleotldes of a second sample; mixing the tagged 

polynuclcotidc.s of said fin,t and second samples together; determining sequences of said 

polynucleotides comprising said first and said second tags; and identifying said first and 

second tags in said sequences; thereby identifying sequences of said polynuclcotidcs of said 

10 first sample and second samples, wherein said sequences arc determined without Southern blot 

transfer and/or without size-separating primer extension products and,lor without 

electrophoresis. 

Embodiments provide a multiplex method for determining polynucleotidc sequences in 

1\vo or more samples comprising: 

15 attaching a first tag sequence, t 1 , to P 1 1 through P 1_n 1 po1ynuclcotidcs in a first sample, 

thereby to provide a first plurality ofpolynucleotides tagged with ~aid fir~t tag, t 1P1_1 through 

ttPl-nl; 

attaching a second tag sequence, t2 , to P2_: through P2_n 2 polynucleotidcs in a second 

sample, thereby to provide a second plurality of polynuclcotides tagged with said second tag, 

20 t2P2.1 through t2P2.,-2~ 

mixing together said polynuclcotides tagged with said first and said second tags~ 

determining sequences ofpolynuclcoridcs comprising ~aid tags in said mixture; 

identifying said first and second tags in said sequences and: 

by said first tag identifying polynuclcotidc sequences of said first sample and by said 

25 second tag identifying rolynuclcotidc sequences of said second sample; 

wherein said sequences arc determined without Southern blot trnnsfcr and/or without 

size-separating primer extension products and/or without electrophoresis. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein the number of said polynucleotides in said first sample, n 1, is any of 2. 5, I 0, 25, 50, 

30 100,150,200,250,500, 1,000, 1,500, 2,000, 2,500, 5,000, 7,500, 10,000, 12,500, 15,000, 

17,500, 20,000, 25,000, 30,000, 35,000, 40,000, 50,000, 75,000, 100,000,150,000,200,000, 

250,000, 500,000, 1,000,000 or more, and the number of .said polynucleotides in said second 

sample, n2, is any of 2, 5, 10, 25, 50, 100, 150,200,250, 500, 1,000, 1,500, 2,000, 2,500, 

7 
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5,000, 7,500, I 0,000, 12,500, 15,000, 17,500, 20,000, 25,000, 30,000, 35,000, 40,000, 50,000, 

75,000, 100,000, 150,000, 200,000, 250,000, 500,000, 1,000,000 or more. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein the number of said samples and of said different tag..-; therefor is 5, I 0, 15, 20, 25, 50, 

5 75,100,150,200,250,500, 1,000, 2,500, 5,000, 10,000 or more. 

10 

Embodiments provide a method according to any of the foregoing or the follmving, 

wherein the tags arc nucleotide .:,cqucnccs that arc 2, 3, 4, 5, 6, 7, 8, 9, 10, l L 12, 13, 14, 15, 

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35. 36 nucleotides long 

or any combination thereof 

Embodiments provide a method according to any of the foregoing or the following, 

wherein the tags are incorporated into said polynudeotides by a step of ligation, provided that 

the step ofligation docs not result in bias:ing. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein the tags are incorporated into said polynucleotides by a .step of ligation and/or by a 

15 step of amplification. 

Embodiments provide a method according to any of the tOrcgoing or the following, 

wherein ~aid tags are comprised in primers for amplification and are incorporated into said 

polynuclcotidcs by amplification using said primers. 

Embodiments provide a method acc-0rding to any of the foregoing or the following, 

20 wherein said tags arc incorporated into said polynuclcotidcs by a process comprising a step of 

cloning into a vector. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein the tags arc comprised in adapters for amplification and said adapters arc ligated to 

polynuclcotidcs in said samples. Embodiments provide a method in this regard, wherein 

25 further, said polynuclcotidcs ligated thereby to said tags arc amplified via .said adapters. 

Embodiments provide a method in this regard, wherein further. said adapters comprise a 

moiety for immobilization. In embodiments said moiety is a ligand; in embodiments it is 

biotin. Embodiments provide a method in this regard, wherein further, said tags arc compri."ed 

on adapters for bead emulsion amplification. In embodiments the adapters are suitable for use 

30 in a sequencing system of 454 Life Sciences or other sequencing system in which bead 

emulsion amplification is carried out. 

8 
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Embodiments provide a method according to any of the foregoing or the following, 

wherein the primer for amplification comprises a sequence for PCR amplification, linear 

amplification, transcriptional amplification, rolling circle replication, or QB replication. 

Embodiment::. provide a method according to any of the foregoing or the following, 

5 wherein the primer for amplification comprises a sequence for PCR amplification. 

Embodiments provide a method according to any of the foregoing or the follmving, 

wherein each of said polynuclcotides is disposed individually on a bead iwlatcd from other 

polynucleotides. 

Embodiments provide a method according to any of the foregoing or the following, 

10 wherein each of said polynuclcotides is disposed individually on a bead isolated from other 

said polynucleotides. is amplified while disposed therein, and the amplification product" 

thereof also arc disposed on said bead. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein each of said polynucleotides is disposed individually on a bead isolated from other 

15 said polynuc1cotides, is amplified while disposed therein, the amplification products thereof 

abo arc disposed on said bead, and each said bead is disposed individually in a well isolated 

from other said beads. 

20 

Embodiments provide a method according to any of the foregoing or the following, 

wherein the sequences arc dctcnnined by pyroscquencing. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein said samples arc biological samples, each comprising one or more species. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein at least one sequence of said polynuclcotides is specific to a particular organism. 

Embodiments provide a method according to any of the foregoing or the following, 

25 wherein said sequences comprise a variable I 6S rR.i."JA sequence. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein said sequences comprise a variable 18S rRNA sequence, a variable rRNA ITS 

sequence, a mitochondriaJ sequence. a microsatcllitc sequence, a metabolic enzyme sequence, 

and/or a genetic disease sequence. 

30 Embodiments provide a method according to any of the foregoing or the follmving, 

wherein the samples arc microbial community samples. 

Embodiments provide a method according to any of the foregoing or the follmving, 

where-in the samples arc microbial community samples for clinical analysis of a patient 

9 
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Embodiments provide a method according to any of the foregoing or the following, 

wherein the samples are microbial community environmental samples. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein the samples arc microbial community soil samples. 

Embodiments provide a method according to any of the tOregoing or the following, 

wherein the samples are microbial community water samples. 

Embodiments provide a method according to any of the foregoing or the following, 

wherein the samples are samples for SNP analysis. 

Embodiments provide a method according to any of the foregoing or the following, 

10 wherein the samples arc samples for gcnotyping. 

Embodiments provide a multiplex method according to any of the foregoing or the 

following for determining polynuclcotidc sequences of two or more samples. comprising, 

amplifying polynudeotides of a fir.st sample to produce first amplified polynucleotidcs 

comprising a first tag sequence; 

15 separately amplifying polynuclcotides of a second s.amplc to produce second amplified 

polynuclcotidc~ comprising a second rag sequence different from .said first tag sequence; 

wherein the amplification product~ arising from different individual polynucleotides 

arc spatially separated from one another~ 

mixing together amplicons of said first and second samples; 

20 distributing the amplicons in the mixture into spatially distinct locations~ scqucncmg 

25 

the amplicons thus distributed using one or more primers that hybridize 5' to said tag 

sequences; 

identifying said tag sequences in the sequences of polynucleotidcs thus determined; 

and 

identifying by said tags polynuclcotides of said first sample and polynuc1cotidcs of 

said second sample. 

Embodiments provide a method according to any of the foregoing or the following, 

compns1ng. 

(a} fur each sample separately: isolating polynucleotides to be sequenced, ligating 

30 said polynuclcotidcs to a common adaptor comprising a tag sequence, and capturing 

individual ligated polynuclcotidcs onto individual beads under conditions that provide 

predominately for the immobilization ofO or l molecule per bead; 

(b) thereafter mixing together said beads comprising said polynuclcotidcs. 

10 
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Embodiments provide a method according to any of the foregoing or the following, 

further comprising, amplifying bead-immobilized polynucleotides in droplets of an emulsion 

thereby to clonally amplify said individual _polynucleotides on said beads, wherein 

amplification comprises amplification of said tag sequence. 

Embodiments provide a method according to any of the tOregoing or the following, 

further comprising, distributing individual droplets containing said amplified polynucleorides 

into wells under condition~ that provide predominantly for O or 1 droplet per well, determining 

in individual wells the sequences of polynucleorides comprising said tag sequences, and by 

said tag sequences idcnti fying polynucleotidcs of said first and said second samples. 

In embodiments the invention provides methods in accordance with any of the 

foregoing or the following, for any one or more of detecting, monitoring, profiling, 

prognosticating, and/or diagnosing a disorder, disease, or the like. 

ln embodiments the invention provides methods in accordance with any of the 

foregoing or the following, for analyzing the composition, diversity, stability, dynamics, 

15 and/or changes in agricultural, food, biosecurity, veterinary, clinical, ecological, zoological, 

oceanological, and/01· any other sample comprising one or more po1ynucleotides. 

Embodiments provide kits comprising a plurality of two or more primers, each primer 

in said plurality comprising a tag sequence and a probe sequence specific to a target sequence, 

wherein: 

20 (A) in each of said primers the probe sequence is 3' to the tag sequence, but not 

necessarily adjacent thereto; 

(B) in each of said primers: the tag sequence is different from the tag sequence of 

the other in the plurnllty; the tag sequence is not the complementary sequence to any other tag 

sequence in the plurality; the tag sequence docs not contain any homodinuclcotide sequences; 

25 the junction sequences between the tag sequence and the adjacent parts of the primer, if any, is 

not a homodinudcotidc sequence; 

(C) in each of said primers the probe sequence is complementary to the target 

sequence and the target .~equence is located 3' to a variable genetic region, and 

(D) each of said primers is disposed separately from the others in containers in said 

30 kit. 

Embodiments provide kits in accordance with any of the foregoing or the following, 

wherein each of said primers further comprises a priming sequence 5' to the tag .sequence but 

not necessarily adjacent thereto, and the priming sequence is the same in all of said primers, 
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said kit further comprising a primer complimentary to and effective for polymerization from 

said priming sequence. 

Embodiments provides kit.~ comprising a plurality of two or more primers pairs, each 

primer in said plumlity comprising a tag sequence and a probe sequence specific to a target 

5 sequence, wherein: 

(A) in each of said primer the probe sequence is 3' to the tag sequence, but not 

necessarily adjacent thereto; 

(B) in each of said primers: the tag sequence is different from the tag sequence of 

the other in the plurnlity; the tag sequence is not the complementary sequence to any other tag 

10 sequence in the plurality: the tag sequence docs not contain any homodinuclcotide sequences; 

the junction sequences between the tag sequence and the adjacent rarts of the primer, if any, i.'i 

not a homodinuclcotidc sequence; 

15 

(C) in each of said µrimers the probe sequence is complementary to the target 

sequence, 

(D) in each primer pair the probe sequences arc specific to target sequences that 

flank a variable genetic region; 

(E) each of said primers is disposed separately from the others in said kit. 

Embodiments provides kits in accordance with any of the foregoing or the following, 

wherein, the primers further comprise a priming sequence 5' to the tag sequence but not 

20 necessarily adjacent thereto, the priming sequence either is the same in all the primers, or one 

member of each pair has the same first priming sequence and the second member of each pair 

has the same second priming sequence, said kit further comprising disposed separately from 

one another in one or more containers one or more primers complementary to and effective for 

elongation from said priming 

25 Embodiments provide a kit useful in methods according to any of the foregoing or the 

following, comprising a set of primers and/or adapters, '\vhcrcin each primer and/or adapter in 

said set comprises a tag sequence and a primer sequence. In embodiments the primers and/or 

adapters further comprise a moiety for immobilization. In embodiments the primers and/or 

adapters comprise biotin. Jn embodiments the primers and/or adapters in the set comprise all 

30 tag sequences defined by 2. 3. 4, 5, 6. 7, or 8 base polynuclcotide sequences, whcr~ln each of 

said primers and/or adapters arc disposed in containers separate from one another. ln 

embodiments there are 1-5, 3-10, 5-15, l0-25, 20-50, 25-75, 50-100, 50-150, I 00-200, 150-

500._ 250-750. 100-1000, or more different tag sequences disposed separately from one 
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another, so as to be useful for uniquely tagging said number of different samples. Jn 

embodiments the primers and/or adapters are suitable for use a~ 454 Life Sciences 

amplification adapters andior primers. In embodiments the primers and/or adapters further 

comprise any one or more of a primer sequence for any one or more of a 16S rRNA sequence, 

5 an I 8S rRNA sequence, an ITS .-~equence, a mitochondrial sequence, a microsatellite 

sequence, a metabolic enzyme sequence, a genetic disease sequence_, and/or any other 

sequence for amplification or analysis. 

ln embodiments the invention provides a kit, in accordance with any of the foregoing 

or the following, comprising a set of primers and/or adapters for use in a method according to 

10 any of the foregoing or the following, wherein each primer and/or adapter in said set 

comprises a tag sequence. the tag sequence of each of said primers and/or adapters is different 

from that of the other primers and/or adapters in said set, the primers and/or adapters further 

comprise a priming sequence that is the same in all of the primers andfor adapters in said set, 

the tag sequences are located 5' to the priming sequence and the different primers and/or 

15 adapters comprising each different tag sequence arc disposed separately from one another. In 

embodiments the tags arc any number of bases long. In embodiments the tags arc 2, 3, 4, 5, 6. 

8., IO, 12 bases long. In embodiments the tags are 4 ba.-,es long. (n embodiments the priming 

sequence is specific to any target polynuclcotidc of interest. In embodiments the priming 

sequence is specific to a sequence in 16S rRNA. In cmbodimcntti the tags differ from each 

20 other by at least 2 base~. In embodiments the tags do not contain polynuclcotidc tracts within 

the tag. Jn embodiments the tags do not contain homo-polynuclcmide tracts within or at the 

junction of the tag and PCR primer. In embodiments the tags do not contain polynuclcoride 

tract.-.; within or at the junction of the tag and emulsion PCR adapter. In embodiment-;., the tags 

arc not reverse compliments of each other. 

25 

Brief Description of the Figures 

Figure 1 is a schematic diagram showing a general embodiment of the invention. A 

plurality of samples (S 1, S2. through S_1) is shown topmost in the Figure. Each sample is 

comprised of a plurality ofpolynucleotides (P 1_; to P 1.n 1 in S 1; P2_1 toP2."2 in S2; through Pj-: to 

30 Pj-nj). The polynuclcotides in each sample arc labeled separately with a tag polynuclcotidc 

sequence, all the po1ynuclcotides in a given sample being tagged (in this illustration) with a 

single tag sequence, designated in the figure a.s T; for Si, T 2 for S2. through Tj for Sf The 

individual tagged polynuclcotides arc denoted accordingly. The tagged polynuclcotides in 
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each sample arc designated collectively, for each sample, T 1S1, T .2S2. through TjSi. The tagged 

polynucleotides from the samples are mixed together to form a mixture, designated t-.t. The 

mixture ls sequenced, typically by a massively parallel sequencing method. The tag sequences 

arc identified in the data thw, obtained. The sequences arc grouped by tag. The ~equences 

5 from the individual samples are thereby identified. 

Figure 2A is a diagram depicting step I in the multitag sequencing of microbial 

community samples U-".>ing a tagged 16S fonvard and reverse primer-linker pairs for PCR 

amplification. (a) represents the Forward 16S rRNA primer with Tag I and Emulsion PCR 

Linker, (b) represents the l6S rRNA sequence, (c) represents the Reverse l6S rRNA primer 

10 with Tagj and Emulsion PCR Linker, (d) represents the Amplified 16S rRNA sequence with 

Forward and Reverse Tag..._ ij, (e) represent... the Emulsion PCR Bead, (f) represent-; the 

pyrosequencing read, (g) represents the well in picoliter plate. {h) represents a Unique tag, (i) 

represents Amplified Community 1. (j) represents Amplified Cormnunity 2, and (k) represents 

Amplified Community n. Step 1 involves the amplification of the microbial community from 

15 each sample using uniquely tagged universal primers-linkers. [n step 1, different samples arc 

amplified separately, using 16S rRNA specific adapter-tag-primers with a different tag for 

each sample. 

Figure 2B is a diagram depicting the Emulsion PC'R reaction beads randomly an-aycd 

into picoliter plate. Jn step 2 in the process, the PCR products from all the samples arc mixed, 

20 immobilized on beads, distributed into wells of the picolitcr plate, and emulsion PCR 

amplified. 

25 

Figure 2C is a diagram depicting the pyrosequcn.;ing process from each outside 

adapter in each well of the pico liter plate. Each reaction reads sequence from the adapter, 

through the unique tags and the associated sequence of the tagged sample 

Figure 2D is a diagram depicting the algorithmic sorting of the Pyroscqucncing reads 

using the individual tag sequence and a portion of the primer sequence. (1) represents the 

sequence reads from sample I, (m) represents the sequence reads from sample 2, and (n) 

represents the sequence reads from sample n. 

Figure 2E is a diagram depicting the identification of microbial tax.a by comparing the 

30 sequence reads for each sample against the l 6S rRNA sequence databa..-.c and then normalize 

abundance in each taxa '-Vith respect to the total reads in that particular sample. (o) represents 

the normalized species histogram derived the pyroseque-ncing re-ads obtained from sample l, 

(p) represents the normalized species histogram derived the pyroscqucncing reads obtained 
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from sample 2, (q) represents the normalized species histogram derived the pyrm;equencing 

reads obtained from sample n, 

Figure 3 is the species distribution in (A) Controls. (B) Crohn~. and (C) Ulcerative 

colitis samples determined by thc-454 Life Science pyroscquencing process. Each bar in the 

5 histobi-ram is the average normalized abundance of that taxa in each disease state. Each sample 

was run in a separate well on the picoliter plate using the 454 16 well mask. 

Figure 4 is an example of the distortion of the components of a complex mixture 

caused by ligating the Emulsion PCR adapters onto PCR ampiicons. Figure 4A shows the size 

distribution of PCR amplicons in sample 309 before ligation and Figure 4B shows the size 

10 distribution of sample 309 after ligation. 

15 

20 

Figure 5 is an example of the nom1alized tax.a abundances in duplicate samples 

dctc-nnincd by I'v1ulritag pyro&..----qucnclng after direct ligation of the emulsion PCR adaprcrs. 

Figure 6 shows all possible hcxamcric polynucbotide tags within \Vhich there arc no 

dinucleotide repeats and no tag is the reverse complement of any other tag. 

Figure 7 shows 96 tagged adaptor primers in which there arc no dinuclcotide repeats 

in the tag,s,, no dinuclcotide repcab at the junction of the tags and the tags arc not reverse 

complements of one another. In each case 5 bases of the primer also can be used to identify 

samples. 7 A and 7B show the fonvard primers. 7C and 7D show the reverse primers. 

Glossary 

The meanings ascribed to various terms und phrases as used herein arc illustratively 

explained bclmv. 

"A" or '"an" means one or more; at least one. 

"About" as used herein means roughly, approximately. Should a precise numerical 

25 definition be required, "about" means+!- 25?/i~. 

30 

"Adapter" means a polynuclcotidc sequence used to either attach single 

polynuclcotldc fragments to beads and/or to prime the emulsion PCR reaction and/or as a 

template to prime pyroscquencing reactions. 

"ALH" is used herein to mean amplieon length heterogeneity. 

'· Amplicon '' is used herein to refer ro the products of an amplification reaction. 

"Clonally amrlificd" is used herein generally to mean c:implification of a single starting 

molecule. Typically it also refers to the clustering together of the amplification products, 

isolated from other amplification templates or products. 

15 
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"dsDNA" means double stranded DNA. 

Dysbiosis means a shift in a the species and abundance of species in a microbial 

community. 

'·Flanking" generally i::-. used to mean on each side, such as on the 5' and the 3' side of 

5 a region of a polynucleotide - with reference to the 5' and the 3' ends of one or the other stand 

of a double stranded polynuclcotide. Forward and reverse primers for amplifying a region of a 

polynucleotidc by PCR, for in~tance. flank the region to be amplified. 

''Microbial community sample" is used herein to refer to a sample, generally of a 

biological nature, containing hvo or more different microbes. Microbial community samples 

10 include, for instance, environmental samples, as well as biological samples, such as samples 

for clinical analy.~is. The term applies as well to preparations, such a.~ DNA preparations, 

derived from such samples. 

15 

'·Multiplex sequencing" herein refers to sequencing two or more types or samples of 

polynucleotides in a single reaction or in a single reaction vessel. 

'·PCO" means principal coordinates analysis. 

"PCA" means principal component analysis. 

"Picotlter plate" means a plate having a large number of wells that hold a relatively 

small volume, typically more wells than a 96-wcll microtitcr plate, and smaller volumes than 

those of a typical 96-wcll microtiter plate well. 

20 "Primer" means a polynucleotide sequence that is used to amplify PCR products 
and/or to prime sequencing reactions. 

"ssDNA" means single stranded D"NA. 

"Tag," ''Tag sequence,'' etc. means typically a hctcrologous s~qucncc, such as a 

polynuclcotidc sequence that identifies another sequence \vith which iris associated as being 

25 of a given type or belonging to a given group. 

"Variable genetic region" as used herein means a genetic region that varies, such as 

between individuals of a species and bct\vccn species. The phrase docs not denote a specific 

length, but, rather is used to denote a region comprising a variation the exact length of which 

may vary and may differ in different contexts_ As to a double strnnded polynudcotidc. the 

30 term includes one or the other and both stands of the region, and may be used to refer to one, 

the other, or to both strands, and it will generally be clear from the context which is meant. A 

specific example of a genetic region that varies between individuals, provided for illustration 

only, is a genetic region that contains an SNP (single nucleotide polymorphism) site. By 
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variable genetic region in this regard is meant a region containing the SNP site. Different 

sequences of the SNP in this regard constitute the variant.,;; of the variable genetic region. A 

specific example of a variable genetic region that differs between species is the genes for 16S 

RNA which vary characteristically between microbes and can be used to identify microbe:-. in 

5 mixed community samples as described in greater detail in some of the examples herein. 

Description of the Invention 

ln certain aspects and embodiments the invention relates to multiplex sequencing 

analysis using tags. In various aspects and embodiments of the invention in this regard the 

10 invention provides methods for sequencing two or more samples simultaneously in a mixture 

with one another, wherein each sample is first linked to a sample-specific sequence tag, the 

tagged samples arc mixed and sequenced, and the sequences from each sample thc-n arc 

identified by their respective samplc-.-~pccific sequence tags. 

Figure l provides a general depiction of various aspects and embodiments of the 

15 invention in this regard, and the figure is discussed by way of i1lustration below with reference 

to sequencing DNA from different samples. A plurality of samples (S1, S2. through Si) is 

shown topmost in the Figure. Each sample is comprised of a plurality of polynucleotides. (P1_1 

to P:.n 1 in S 1~ P2_1 toP2_,.,2 in S2; through Pj. 1 to P_j-nj} The polynuclcotldes in each sample arc 

labeled separately with a tag polynuclcotidc sequence, all the polynuclcotidcs in a given 

20 sample being tagged (in this illustration) with a single rag sequence, designated in the figure us 

T 1 for Si. T 1 for S2. through Tjfor Sr The individual tagged polynuclcotidcs arc denoted 

accordingly. The tagged polynuclcotidcs in each sample arc designated collectively, for each 

sample. T 1S 1, T 2S2 through TjSj. The tagged polynucleotides from the samples arc mixed 

together to form a mixture, designated M1. The mixture ls sequenced typically by a paraHcl 

25 sequencing method. The tag sequences arc identified in the data thus obtained. The 

sequences arc grouped by tag. The sequences from the individual samples. arc thereby 

identified. 

In embodiments tags arc 3 to 30. 4 to 25, 4 to 20 base long sequences. In 

embodiments. the tags are 2, 3 , 4, 5. 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

30 23, 24, 25, 26, 27, 28. 29, 30, 3 l, 32, 33, 34, 35, 36 nuckotidcs long or any combination 

thereof. 

In embodiments there are l - 6, 6 - I 2, l 0 - 15, lO - 20, 15 - 25, 20 - 40, 25 - 50, 25 

- 75, 50- 100, 50- 150, 100 -200, 100 -250, 50- 250, 100-500, 500- 1,000, 100-
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LOOO, 500 - 5,000, JOO - J0,000, 1,000 - 25,000, 500 - 50,000, JOO - 100,000, I - 1,000,000 

or more samples, tagged, respectively, with I -6, 6- 12, 10 - 15, 10 -20, 15 -25, 20-40, 

25 - 50, 25 - 75, 50 - I 00, 50 - 150, I 00 - 200, 100 - 250, 50 - 250, I 00 - 500, 500 - 1,000, 

I 00 - 1,000, 500 - 5.000, 100 - I 0,000, 1,000 - 25,000, 500 - 50,000, 100 - I 00,000, I 

5 1,000,000 or more different tags. 

In embodiments the sequences arc determined without the use of gel electtuphorcsis. 

Tn embodiments the sequences arc determined without the use of tram.fer of sequences from a 

gel onto a membrane or a filter for hybridization. Jn embodiments, sequences are determined 

by a parallel sequencing method. In embodiments the sequences arc determined by 

10 pyroscqucncing, sequencing by synthesis, hybridization sequencing, .~ubtractivc sequencing, 

pore sequencing or direct read sequencing. 

15 

In embodiments the tags arc incorporated into polynuclcotidcs in samples for 

sequencing by a step of ligation and/or by a step of amplification. 

ln embodiments the tags are comprised in primefo for amplification. 

In embodiments the tags arc comprised in primers for PCR amplification, transcription 

amplification, rolling circle amplification, or amplification by QJ3 rcplica.~c. 

In embodiments the tags are comprised in emulsion PCR adapters and primers for 

amplification. 

In embodiments the tags arc incorporated by a t..tcp of cloning into a vector. 

20 In embodiments the samples arc microbial community samples. ln embodiments rhc 

samples arc clinical samples. ln embodiments the samples arc environmental samples. In 

embodiments the samples arc sampk-s for SNP analysis. In embodiments the samples arc 

samples for gcnotyping. ln embodiments the sequences arc dctennincd in one or more 

picotitcr plates. 

25 In embodiments the samples arc fragmented genomic DNAs. In embodiments the 

samples arc fragmented Bacterial genomic DNA, Archac genomic DNA, Fungal genomic 

DNA, Eukaryotic genomic DNA. chloroplast DNA, and/or mitochondrial DNA. Jn 

embodiments the samples arc cDN As. In embodiments the samples arc Eukaryotic cDNA, 

Bacterial cDNA, Archac cDNA. and/or Fungal eDNA. In embodiments the rags arc 

30 incorporated by a step of ligation and/or by a step of amplification. 

ln embodiments the samples arc for any one or more of detecting, monitoring, 

profiling, prognosticating, and/or diagnosing a disorder, disease, or the like. 
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In embodiments the samples arc for analyzing the composition. diversity, stability, 

dynamics, and/or changes in agriculturaL food, biosecurity, veterinary, clinical, ecological, 

zoological, oceanological, and/or any other sample comprising one or more polynucleotides. 

ln embodiments the sequences arc determined in wells of a titer plate. ln embodiments 

5 the sequences are determined in one or more picotiter plates having a ma.,;k_ Jn embodiments 

the sequences arc determined in one more picotitcr plates having a mask, wherein the mask 

defines 2, 4, 8, 16, 32, 64 or more compartments. 

By way of illustration to a 454 picotiter plate, in embodiments there are about 120,000 

templates/plate and the read length averages about 250 bases per template. ln embodiments 

10 relating thereto there arc IO tag.-; of 4 bases per I /16 plate, I 60 tags total, an average of about 

750 templates per tag (and per sample), and about l 87,500 bases sequenced per tag (and per 

sample). 

In embodiments there arc about 260,000 templates/plate and the read length averages 

about 250 bases per template. In embodiments relating thereto, there are 12 tags of 4 ba.,;es 

15 per l/8 plate. 96 samples total, an average of about 2,708 templates per tag (and per sample) 

and about 677,083 bases of sequence per tag ( and per ~ample). 

In embodiments there are about 400,000 templates/plate and the read length averages 

about 250 bases per template. In embodiments relating thereto, there arc 96 tags of6 bases for 

96 samples per plate, about 4, 166 templates per tag ( and per sample) and about 1,041,666 

20 ba'i.es of sequence per tag (and per sample). 

In embodiments the tags arc 10 base long sequences, there arc 192 different tags, and 

the <:.amrlcs arc analyzed in microtitcr plate format. 

In embodiments the invention provides algorithms for deconvolving. from a mixture of 

sequences from hvo or more samples, the sequences of the samples in the mixture by 

25 identifying sample-specific tags in the sequences, grouping the sequences by the tags thus 

identified, thereby grouping together the sequence from each of said samples, apart from one 

another. 

In embodiments the invention provides algorithms for deconvolving, from a mixture of 

sequences from two or more samples, the sequences of the samples in the mixture by 

30 identifying sample-specific tags: in sequences, as follows: 

I. Read all sequence reads into an array; 

2. Search the beginning of each sequence read and identify the tag; 

3. Build an associative array linking tag with sequence read_; 
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4. Sort the keys for the associate array; 

5. Associate each key \vith the corresponding sample; 

6. Pool all sequence reads for each sample; 

7. Analyze each sample separately. 

8. Normalize the abundance of each component within each samples with respect 

to the total reads within that sample. 

In embodiments the algorithm can be implemented in any programming language. In 

embodiments the algorithm is implemented in C, C+-+-, JAVA, Fortran, or Basic. In 

embodiments the algorithm is impk-mcntcd as a PERL script. 

In embodiments the invention provides kits for multiplex sequencing as described 

herein, comprising a set of primers. and/or adapters, wherein each primer and/or adapter in said 

set comprises a tag sequence, a primer sequence and/or an emulsion PCR adapter. [n 

embodiments the primers and/or adapters further comprise a moiety for immobilization. Jn 

embodiments the primers and/or adapters comprise biotin. In embodiments the primers and/or 

15 adapters in the set comprise a11 tag sequences defined by 2, 3, 4, 5, 6, 7, or 8 base 

polynuclcotide sequences, '\vherein said primers and/or adapters comprising diftCrent tag 

sequences are disposed in containers separate from one another. Jn embodiment-, there are 1-

5. 3-10, 5-15, I 0-25, 20-50, 25-75, 50-100, 50-150, I 00-200. 150-500, 250-750, I 00-1000, or 

more different tag ::-.cqucnccs disposed separately from one another. so as to be useful for 

20 uniquely tagging said number of different samples. In embodiments the primers and/or 

adapters arc suitable fur use as 454 Life Sciences amplification adapters and/or primers. tn 

embodiments the primcfo and/or adapters further comprise any one or more of a primer 

sequence for any one or more of a 16S rRNA sequence. an 18S rRNA sequence, an ITS 

sequence, a mitochondrial sequence, a microsatcllitc sequence, a metabolic enzyme sequence, 

25 a genetic disease sequence, and/or any other sequence for amplification or analysis. 

30 

Examples 

The present invention is additionally describ:::d by \Vay of the following illustrative, 

non-limiting examples. 

EXAMPLE 1: Sequencing Using- the 454 Pyroscquencing System 

454 Life Sciences, a subsidiary of Roche Diagnostics. provides a device for 

pyrosequencing approximately I00,000,000 bases of about 400,000 different templates in a 

single run on a single picotitcr plate. The company also provides masks that allows for the 
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processing 2, 4, 8, or 16 different samples on one plate. At maximum capacity using the 

masked plate, the system provide.~ about l million bases of sequence data on about 4,000 

templates for each of 16 samples. 

The general process of sequencing using the 454 system is generally as follows: 

5 isolate DNA; optionally fragment the DNA; optionally render the DNA double stranded; 

ligate the DNA to adaptors; separate the strands of the dsDNA, bind the ssDNA to beads 

under condirions that result in a preponderance of beads that have either no DNA molecule 

bound to them or a single molecule of DNA bound to them; capture the beads in individual 

droplets of an emulsion of a PCR reaction mix in olt carry out a PCR reaction on the 

10 emulsion-encapsulated bead-ON As (v.--hereby amplification products arc captured on the 

beads); distribute the amplification products into picoliter wells so that there is either no bead 

in a well or one bead: and cany out pyrosequencing on all the beads in all the wells in parallcL 

EXAMPLE 2: 1v1ultip1ex Pvrosequencing using 96 tau-ged adapter-PCR primers. 

15 454 Life Sciences, a subsidiary of Roche Diagnostics, provides a device for 

pyrosequcncing approximately 100,000,000 batics of sequence for about 400,000 different 

templates in a single run on a single picotiter plate. At maximum capacity using the plate, the 

system provides about 10 million bases of sequence data for each of about 4,000 remplatcs for 

each of96 multi tagged samples. ln this example the 96 tags arc 6 bases in length and arc used 

20 along with 6 bases of the forward or reverse primer to identify the reads that belong with each 

of the 96 individual samples (sec Figure 2). 

EXAMPLE 3: Multtag Pyroscqucnce Analysis of Microbial Community Samples 

25 Various aspects and embodiments of the invention herein described arc illustrated by 

way of the following general example relating to '"ecogenomic" analysis of microbial diversity 

in biological samples. 

The ability to quantify the number and kinds ofrnicroorgani.sms within a community is 

fundamental to the understanding of the structure and function of an ecosystem, as discussed 

30 in, for instance_, Pace l 997 and Theron and Cloctc 2000. Traditionally, the analysis of 

microbial communities has been conducted using microbiological techniques, but these 

techniques arc limited. For instance they arc not u.,eful for the many organisms that cannot be 

cultivated (Ritchie, Schutter ct al. 2000~ Spring, Schulze ct al. 2000). Even for those 
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organisms that can be cultured, these techniques provide little information with which to 

identify individual microbes or characterize their physiologlcal traits. (Morri . ..;, Bardin et al. 

2002). 

Recent advances in molecular techniques have overcome some of these disadvantages, 

5 and have enabled the identification of many more taxa in microbial communities than 

traditional microbial techniques. These advances have provided considerable insight into the 

expression of key functions in species in microbial communities. (Pace 1997: Suzuki 1998; 

Amann 2000; Frischer, Danforth et al. 2000; Ritchie, Schutter et al. 2000; Spring, Schulze et 

al. 2000). Among these molecular techniques arc Denaturing Qradicnt Gel ~kctrophorcsis 

10 (OGGE), Icmpcraturc Grndient Gel ,E_lcctrophorcsis (TGGE), Icmporal Icmpcraturc 

Gradient Gel glectrophoresis (TTGE), Ierminal-Restriction Erngment 1,ength E,olymorphism 

(T-RFLP), ~inglc ~trand ,!;;'.onfo1marion folymorphism (SSC'P), and Length Heterogeneity 

PCR (LH-PCR, (Frischcr, Danforth ct al. 2000; Theron and Cloctc 2000; "vlills, Fitzgerald ct 

al. 2003; Seviour, Mino et al. 2003; Klaper and Thomas 2004). 

15 Among these, LH-PCR is probably the best technique for fingerprinting. It is 

inexpensive, fast, and can be used routinely to screen several hundred samples a day. 1t is 

useful as a routine . ..;urvey tool that can be u . ..;ed to monitor the dynamics of natural soil 

microbial communities, and to quickly identify samples of interest by PCO analysis. LH-PCR 

has been used to cxten~ivcly a~sess narura.1 variation in bacterial communities by profiling the 

20 amplified variable regions of 16S rRNA genes in mixed microbial population samples. using 

PAGE. (Sec Mills 2000; Litchfield and Gillcvct 2002; Lydcll, Dowell ct al. 2004). The LH­

PCR products of the individual species in the population give rise to distinct bands in the gels. 

The '"peak area" of each band is proportional to the abundance of the species in the 

community. LH-PCR of l6S rR:\!A variable regions has been used quite succcs..'i.fully to 

25 estimate species diversity in bactcrioplankton communities, in particular. (Sec Suzuki_, Rappe 

ct al. l 99~; Ritchie, Schutter ct al. 2000). 

Community functionality cannot be determined directly from l 6S rRNA done data. 

however, it must be inferred from the data by phylogenetic analysis. Furthermore, LH-PCR 

and other fingerprinting technologies, while powerful tools for monitoring population 

30 dynamics, cannot identify individual species in a community. For this, fingerprinting 

investigations must be followed up by library construction, cloning, sequencing, and 

phylogenetic analysis. (Fitzgerald 1999; McCraig 1999; Spring, Schulze et al. 2000; Theron 

and Cloetc 2000; Litchfield and Gillcvct 2002; Bowman and McC'uaig 2003; Kang and Mills 
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2004~ Eckburg, Bik ct al. 2005). ldcntif)ring species of a fingerprinting study, thus, is a 

considerable undertaking that is inconvenient, time-consuming, expensive and subject to 

technical limitations. 

Grouping samples can. to some extent, reduce the cost, time, and expense of such 

5 analyses. For instance, PCO analysis of LH-PCR data can be used to group samples with 

similar profiles for batch cloning and sequencing. Combining the samples this way reduces 

the rime, expense, and work involved in analyzing the samples. Sequencing of at least 300 

random clones is required to identify the bacterial components of the pooled sample down to 

I% of the total bacterial populations in typical samples. This level of resolution is similar to 

10 that of ALH fingerprinting. Originally a novd approach, pooling similar samples prior to 

cloning and sequencing ha.,; proven to be robust and effective. 

In clas:..ic community studies in the literature (Eckburg, Bik ct al. 2005), environmental 

samples arc assayed independently. Then the clone sequence data from specific 

classes/groups are statistically analyzed usually using some sort of averaging metric. 

15 Analyses of this type can be extremely costly, especially if the clone libraries arc exhaustively 

analyzed, something that typically involves sequencing thousands of clones. \.-1orcovcr, for 

the "averaging" process to be valid., as required for comparing the mixed populations, the 

samples must be pooled in equal proportions. Vv'hilc simple in principle, in reality, it is 

difficult to accomplish and, even if accomplished, impossible to verify. A new technique, 

20 ba'i.ed on pyroscquencing, offers advantages that overcome a variety of these drawbacks of the 

fingerprinting technologies mentioned above. The method is implemented on an instrument 

sold by 454 Lifo Sciences, lnc .. a suhsidiary ofCurngcn Sciences, Inc .. using reagents 

provided by the same company. In addition. 454 Life Sciences provides a custom service for 

pyroscqucncmg. 

25 ln this technology, individual DNA molecules arc amplified on beads by PCR in 

individual droplets in an oil-in-water emulsion. Beads then arc deposited individually in '\Velis 

of a picotitcr plate. The sequences of all the DNAs in the wells arc determined in paralld by 

pyroscqucncing. (Sec Venter, Levy ct al. 2003; Margulies, Egholm ct al. 2005; Poinar, 

Schwarz et al. 2006}. ln a typical run, there are about 200,000 templates per plate, an average 

30 read length of about 100 bases from each tcmrlate, and a single-plate run generates about 20 

mi1lion bases of sequence in a single four hour run. 

Although the technology greatly increases throughput over previous methods, it is 

expensive. ln particular, the cost per plate is too high for it to be economically practical to 
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carry out many analyses. To decrca-;c cost, masks can be used that divide a plate into 16 

independent .-.ample zones, so that one plate can be used to process 16 different samples. either 

at the same time or independently. Each l /16 zone provides about 1,000,000 bases of 

sequence data from about l 0,000 different templates. While this reduces the cost per sample. 

5 the expenses associated with using this technology remain undesirably high. 

Various aspects and embodiments of the _present invention can be used to further 

reduce the cost per sample of this technology (as well a_-; other techniques, as described 

else\-vhere herein). The use of multitagging techniques (referred to as, among other things, 

"Multi tag Process") to the genomic analysis of bacterial populations in according with certain 

10 aspects and embodiments of the invention, notably high coverage sequencing of bacterial 

communities, is referred to herein as "'"Multitag Ecogenomics" and also as "Multitag 

Ecogenomic Analysis." 

(Several publications use the term "Multiplex Pyrosequcnc[ng" (Pourmand. Elahi ct aL 

2002) to refer to generating a composite signal from multiple targets that is read as a signature 

15 for a specific sample. The term is not used to refer to tag-based multiplexing in which 

sequences from different samples in a mixture arc detcnnined and then deconvolved from the 

mixed sequencing data using sample-specific tags incorporated during amplification 

reactions.) 

A~ described bclmv the Multi tag Process. in a rclarivcly simple series of steps 

20 accomplishes everything that orhcrwisc would require not only community fingerprinting 

analysis, but also all of the cloning and sequencing processes previously required for high 

coverage Ecogenomic Analysis using conventional techniques. 

By way of illustration, the following example describes the use of Multi tag 

Ecogenomic Analysis of variable regions of common genes using tagged universal primers for 

25 high coverage analysis of several microbial community samples all at the same time. The 

analysis is carried out much as described in general above, and further clabornted on in detail 

below. 

Briefly, short tags arc added to the 5' end.-. of the forv,/ard and reverse PCR primers 

normally used for community analysis. These tags can be placed between the Emulsion PCR 

30 adapters and the PCT primers (sec Figure 2). A different tag is attached to the primers for 

each of the sample.-~ to be combined. For instance prime-rs that sran a variable region of 16S 

rRNA genes may be used for analysis of bacterial and archael communities. 16S rRNA­

specific primers with 4 base tags arc set out in th-: Table 1 below. Likc\-vise primers that span 
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a variable region of an ITS gene may be used for analysis of fungal communities. lt will be 

appreciated that the choice of these specific primers is not exclusive, and that a wide variety of 

other primers suitable to other target regions for amplification may be employed in much the 

same manner a.-.. descried herein for the l 6S and ITS genes. Thus, any gene of interest can be 

5 used that provides conserved primer sites aero:--..~ a community, and sufficient variation in the 

region between the primers for the desired resolution of individual species. Thus, for 

example, genes specific to functional parhvvays such a." anaerobic methane oxidation, or 

sulphur reduction can serve as targets for the amplification reaction, as well as 16S rRNA 

sequences. 

10 

Table I 

:"fame Tag Forward Shared Sequence 

A GCTA &~A GTTTCJATC.HTUUCTCAG 

iI,27FA AGCT:AGCTAGA(iTITGATCMTGGCTCAG 

L27FB AGTC'.AGTCAGAGTTTGATCMTGCiCTCAG 

IL27FC GATC'.GATC AGA(iTTTGATCMTGGCTCAG 

L27FD (i-ACT'.GACTAGAGTTTGATCMTGGCTCAG 

L27FE CTGC;CTCiCAGAGTTTGATCMTGGCTCAG 

L27FF CTAG;CTA(jA{iAGTTTGATCMTGtiCTCA(J 

IL27Ri ATGC'.ATGCAGA(iTTTtiATCMTGGCTCAti 

L27FH A TA(J'.AT A(iA(i-A(iTTTCi-ATCMT(:i-C..iCTC-AG 

iI,27FM ATCT:_A TCTAGA(iTTTGATCMTGGCTCA(i 

L27FO AT A T;AT AT AGA(iTTT(iATCMHi<iCTCA(j 

~amc Ta~ ReYcrsc Shared Sequence 

~4 GCTCX "TCJCCTCCL 'CT A GCJA GT 

355RA AC iCT:A< fCT( iCT{iCCTCCCGT A( i( i-AGT 

355RB A{ i-TC'.A{ iTC( iCT{iCCTCCCGT A( i-( i-AGT 

355RC GATC;(iATC(K'T(iCCTCCC(i-TA(i-(i-AGT 

355RD C TACT:( iACTC iCT{ iCCTCCCG-T A(i<.iA( iT 

355RE CHIC:CTGCCTCTGCCTC( 'C(iT A{ jGAGT 

355RF CT AT'.CT ATGCHiCCTCCCGT AGGA(iT 

355RG ATGC;ATGCGCTGCCTCCCGTAGGAGT 

355RH AT A T,AT ATGCTGCCTCCCGTAGGAGT 

355RM ATCT:A TCTGCTGCCTCCCGT AGGAGT 

355RO ATAC;ATACGCT(iCCTCCCGTACiGAGT 
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Table I shows a 16S rR!'-iA-specific primer with a variety of 4 ba~e tag sequences 

attached. As described herein such primers are useful for amplifying 16S rRNAs in several 

samples that can then be sequenced together. The I 6S rRNA in each sample is amplified 

5 using a different tag, but the same 16S primer sequence. The amplified rRNA sequences from 

the samples are combined and sequenced together. The rRNA sequences from the different 

samples then arc- identified and .:,orted out by their 4 base tag sequence plus the first 4 bases of 

each primer. It is to be appreciated that the sequences downstream of the shared 16S primer 

sequence will differ among the samples, as well as the tag sequence. 

10 In each case, the samples arc individually amplified. The resulting amplicons 

comprise the primer sequences including the tags. Since unique tag.~ are used for each sample, 

the tags in the amplicons from each sample will be different. The amplified DNAs arc then 

pooled and sequenced by pyrosequencing as described above. The sequence data from a run 

is analyzed, in part, by grouping together a11 the sequences having the same tag. In this way, 

15 the sequences from each sample arc dcmultipicxcd from the sequencing data obtained from 

the mixture. 

The working of the invention in this regard is illustrated by the following simulation, 

carried out using conventionally obtained population data from cold seep samples. The 

algorithm for sequence analysis uses a PERL script to extract the first 100 babes of sequence. 

20 It then analyzes all the I 00 bases sequences using a custom RDP PERL scripL The script 

25 

30 

works as follows: 

I. 
0 
"· 

3. 

4. 

5. 

Read al I sequence reads into an associate array (Hash 1 ); 

Extract I 00 base subsequences from the beginning of each sequence read~ 

Create an associate array (Ha-;h 2) of the sequences; 

Perform a Blast search of the RDP database with Hash l; 

Perform a Bla..'i.t search of the R DP databa'ic with Hash 2: 

6. Compare the identifications for the original sequence (Hash I) and the 

subsequence (Hash 2); 

7. Compile a list of similar identifications for Hash l and Hash 2; 

Compile a list of different identifications for Hash l and Hash 2; 

9. Calculate- the- percentage of similar identifications. 
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As shown below, there is virtually no difference at the class level in the microbial 

diversity generated by the sequencing simulation and that derived directly from the ] 6S rRNA 

sequences in the data base. 

Table 2 

RDP Class First 1 00mcr 16S rRNA 

ALPHA SUBDIV!S1O1',; 3.6:l/n 3.6% -

ANAEROBlC HALOPHILES 3.frl/n 3.6% -

ilACILLUS-LACTOISACILUJS·STREPTOCOCCUS_ SUBOIVISION 3.6J/" 3.6% 

BACTEROIDLS - AND_CYTOPHAGA 7.t% 7. ls,:) 

CHU>ROFLEXUS SUBDIVISION 3.6% 3.6% -

CY.AURANTJACA_(iR<lUP 7.l'% 7.1'% 

CY ANOBACTERIA 7.i''.-1, 7.1'½, 

DELTA SUBDIVISION 14.3% 14.3'}';, -

El''\,'IRONMENT AL_ CLONE_ WCHill-4 L - sunGROUP 7.1% 7.1%, 

FLX.LITORAL[S_ GROUP 3.6% 3.6%, 

GAMMA SUllDIVlSION 10.7};, I0.7'% -

HJGH _G+C_ BAL'lTRIA 7. i '!/r, 7.]'% 

LEPTOSPJRILLL.:M _ GROUP 3.6% 3.6'% 

MYCOPLASMA AND RI:LATJVES 3.6% 3.6% - -

PIRLLLCLA_GROUP 3.6% 3.6% 

SPHir,,.,:(iOBACTERIUM (TROUP 3.6'){, 3.6'h, -

SPIROCHAETA-TREPONEMA-BORRELIA SUBDIVISION 3.6'.½, 3.6'h, -

THERMOANAEROBACIER AND RELATJVES 3.6% 3.6% 

EXAMPLE 3: Multitag Pyroscgucncc Analysis ofDvsbiosis in IBD 
Inflammatory Bowel Diseases (1BO or IBDs), namely ulcerative colitis (UC) and 

Crohn's disease (CD), arc chronic, lifelong, relapsing illnesses, affecting close to 1 million 

IO Americans and c-0sting approximately $2 billion per year to the US healthcare system. IBDs 

arc- of unknown cause, have no cure, and arc increasing in incidence. The natural course of 

these diseases is characterized by periods of quiescence (inacti vc disca..<;.e) interspersed with 

flare-ups (actiYe disease). It is now widely accepted that flare-ups of IBD arc due to a 

dysrcgulatcd inflammatory reaction to abnormal intestinal microflora dysbiosis), however. 

15 Specific changes in the microflora of IBD patients that might cause these diseases 

remain unknown. Nan-ow searches for a single pathogen that causes JBD have been 
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un,succcssful. (Sec Guarner and Malagdada 2003). Studies of small bacterial groups have 

yielded ambiguous result-;_ (See Schultz and Sartor 2000). Only recently have studies oflarge 

sets of bacterial flora been attempted. (See Eck burg, Bik, et al. 2005),. Improving our 

knowledge about GI tract microflora has the porential to revolutionize IBD treatment 

5 Development of real-time methods to study microfloral changes may lead to diagnostic tools 

to predict flare-ups, and to targeted, safe treatments for lBD. 

The key requirement ro understanding dy~biosis in polymicrobial disea~es is for a 

method to interrogate widely the microflora in numerous control and disease samples to 

identify dynamic trends in species composition associated with health and disease progression. 

10 In classic community studies (Eckburg, Bik, ct al. 2005} environmental samples arc as.-;aycd 

independently and then the clone sequence data from specific classesigroups are statistically 

analyzed usually using some sort of averaging metric. This can be extremely costly, 

especially if the clone libraries arc exhaustively analyzed (i.e., l 0,000 clones per sample). 

To improve throughput and reduce cost, Amphcon Len1,rth Heterogeneity PCR (ALH-

15 PCR) ha..;; been used to study the gut microflora. [t offers a rapid way of screening complex 

microbial communities, allowing for easy fingerprinting of microfloral changes. The LH-PCR 

fingerprinting is inexpensive and fast, with the ability to screen several hundred samples a 

day, Ir can be used as a routine survey tool to monitor the dynamics of natural soil microbial 

communities or to quickly identify samples of interest using PCO analysis. PCO analysis has 

20 been used to group samples with similar profiles. allowing them to be pooled for cloning and 

sequencing. This greatly reduces the cost of analyzing multiple samples, particularly when the 

ana]y~is requires sequencing at least 300 random clones to identify bacterial components of 

the sample down to 1 % representation in the total population (which i~ the resolution limit for 

ALH fingerprinting). Pooling similar samples before cloning and sequencing has proved to be 

25 quite robust. However, equal amounts of the PCR product from each sample must be pooled 

or the results '\viii be skewed. 

Multi tag Pyroscqucncing is a novel pyrosequcncing technology that allows many 

community samples to be sequenced together at high coverage without the necessity for 

fingerprinting, cloning, or the purification and separation techniques required by conventional 

30 methods for analyzing microbial communities, as described herein above. Multi tag 

sequencing is more efficient, faster, and Jes.-; costly than other methods. 

By way of illustration, Multitag Pyrosequencing can be carried out using a set of 

specific tags on the end of standard universal small ribosomal sub-unit ('"-SSU") rRNA 
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primers (Sec Table I). A different set of the tagged primers is used to amplify the SSU rRNA 

in each different environmental sample (Figure 2-Step 1 ). The PCR amplicons from all the 

samples are pooled. Emulsion PCR is performed and the amplicons arising from each 

molecule arc captured on their respective bead~. Following amplification, the beads arc 

5 distributed into the welL-; of a picoliter plate (Figure 2-Step 2). The sequences, including the 

tagged sequences, of the amplicons on each bead are determined by pyrosequencing (Figure 2-

Stcp 3 ). A PERL script or other suitable program is used to sort the sequence information 

using the tags and primer sequence as a key. Sequences with the same tags are identified 

thereby with their respective sample. The bacteria species in each sample then arc identified 

10 by matching the SSL rRNA sequences to entries in the database of the Ribosomal Database 

Project (either RDP 8.1 or RDP 9.0). The normalized frequency with which a bacteria is thus 

identified in a given sample is indicative of Its relative- representation in the microbial 

community. Histograms based on these frequency determinations can be used for the non­

parnmetric analy.-~is of dysbiotic shifts involved in disease states. 

15 For example, Figure 3 depicts the results of such an experiment in which six Control, 

ten Crohns. and eight Ulcerative colitis mucosal samples were analyzed by Multitag 

Pyrosequencing. Each of the segments in the stacked histogram bars represent'i the 

normalized abundance ofthar specific taxa in a specific sample. In this experiment, 

identification of the tax a was performed using BLAST analysis of the RDP 8.1 database. It 

20 can be seen that some taxa (i.e. Bacillus fragilis subgroup and Rumanococcus gnavus 

subgroup) arc present in the same abundance in both control and disease states. Other taxa, 

such as Clostridium leptum arc more dominant in Ulcerative colitis, while others (i.e. the 

Glocothece giococapsa subgroup) arc indicators of dysbiosis in the disease state. 

However, the standard 454 Life Science process using a ligation step to link the 

25 emulsion PCR adapters to the PCR amplicons and produces numerous artifacts in the 

quantitation of the abundances of each taxa in the samples. In the results displayed in Figure 

3, ,vc algorithmically removed chimeras, reverse reads and truncated products and filtered th~ 

data to remove all taxa that were represented by less than 5%) abundance. Only then were we 

able to see a correlation \.Vith disease state and specific microbial taxa. 

30 

EXAlvIPLE 4: Distortion of the distribution of componc-nb of a microbial community by 

directly ligating Emulsion PCR adapters onto PCR amplicons. 
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In one experiment we used tagged PCR primers to amplify the components in 

duplicate microbial community samples, ligated the Emubion PCR adapters to these samples, 

and then subjected these samples to separate pyrosequencing runs. The amplicons are 

routinely run on an Agilent Bioanalyzcr system before and after ligation to quantitatc the 

5 mixture before emulsion PCR. Figure 4 depicts a sample run on the Bioanalyzer before and 

after direct ligation and clearly shows that the ligation step has drastica1ly altered the 

distribution of the amplicons. 

Additiona1ly. we compared the n01ma1ized abundances of the component taxa 

identified by the multitag process after direct ligation of the Emulsion PCR adapters. In this 

10 experiment. identification of the taxa was performed using a Bayesian analysis of the RDP 9.0 

database. 'We can se in Figure 5 that abundances of the forward and reverse primers for 

various tax.a arc different within a sample and betwcc-n duplicate samples. In several cases, we 

arc missing entire families in the comparison between duplicates. Table 3 summarizes the 

differences between the fonvard primers and the reverse primers of the duplicate samples and 

15 it is clearly stochastic \-vith no predictable pattern. Vle hypothesize that this differential 

ligation efficiency could be due to a number of factors such as internal structure in the 

arnplicons or biases in the terminal nucleotide of either the adapter or amplicon. 

Table 3 Duplicate Sample Analysis 

RDP 9.0 FAMILY FORWARD PRIMERS RATIOS IREVERSE PRIMER RATIO:!: 

Acidariinococcaceae 544.6% 195.0% 

Actinornvce-::ales 144.0°/o 116.50/o 

Bacteroidaceae 119.9% 124.5% 

Ciostridiaceae 97.5% 99.4% 

ColT'amonadaceae 198.0% 

Cor:obacteriales 181.5% 141.50/o 

En tero bacteria ceae 4.2% 

Eu bacteriaceae 88.0% 87.5% 

Flavobacteriaceae 34.9% 

Incertae sedis 9 106.4% 143.0% 

Lach:1osoi~·aceae 176.8% 113.1% 

Peptococcaceae 91.0% 

Peotostreotococccceae 94.7% 115.4°/o 

Porphyromonadaceae 99.0% 97.3% 

Prevote11aceae 264.0% 88.1% 

Rikenellaceae 212.2% 106.1% 

Streptococcaceae 74.3% 60.7% 

20 
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\Vhat is claimed is: 

1. A multiplex method for the quantitative determination ofpolynucleotides in 

two or more samples, comprising: 

hybridizing a fir:st primer to polynuclcotide.s in a first sample, said first primer 

5 comprising a first tag sequence and a first probe sequence specific for a first target sequence. 

wherein said first target sequence is 3 • to a vaiiable genetic region; 

10 

elongating primer templates formed thereby to fo1m a first population of tagged 

polynucleotides comprising: said first plimer including said fir.st tag sequence; and sequences 

of said variable genetic region: 

hybridizing a second primer to polynuclcotides in a second sample, said second primer 

comprising a second tag sequence and a second probe sequence specific for a second target 

sequence, wherein said second target sequence is Y to the same variable genetic region as said 

first target sequence, wherein further said second probe sequence may be the same a.,; or 

different from said fir:-;.t probe sequence~ 

15 elongating primer templates formed thereby to form a second population of tagged 

polynuclcotidcs comprising: said second p1imcr including said second tag sequence~ and 

sequences of said variable genetic region; 

mixing .said first and second population.s together: 

determining sequences ofpolynuclcotidcs comprising tag sequences and the sequences 

20 of the variable genetic clement in said mixture; 

25 

from the tag sequences comprised in the polynucleotide sequences thus determined 

identifying the sample in which polynuclcotide sequences occurred; 

from the sequences of the variable genetic region comprised in the polynuclcotidc 

sequences thus determined identifying particular variants of said variable genetic clement~ 

from this information determining the number of time one or more given variants 

occur in each sample. and 

from the number for each variant in the polynucleotides thus determined, quantifying 

said polynuclcotides in said samples~ 

wherein said sequences are determined without Southern blot transfer and/or without 

30 size-separating primer extension products and/or without electrophoresis. 

2. A multiplex method for the quantitative determination ofpolynuclcotides in 

1\vo or more .samples, comprising: 
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hybridizing a first primer pair to polynuclcotidcs in a first sample, the first primer of 

said first primer pair comprising a first tag sequence and a first probe sequences specific for a 

first target sequence and the second primer of said first primer pair comprising a second tag 

sequence and a second probe sequence specific for a second target sequence, wherein the first 

5 and the second probe sequences flank and hybridize to opposite strands of a variable genetic 

region; 

elongating primer templates formed thereby to from a first population of tagged 

polynucleotides, each of said polynucleotides comprising: ( a) the sequence of said first primer 

of said first primer pair, a sequence of said variable genetic region, and a sequence 

10 complementary to the sequence of said second primer of said first primer pair or (b) a 

sequence complementary to the sequence of said first primer of said first primer pair, a 

sequence of said variable genetic region and the sequence of said second primer of said first 

pnmcr pair; 

hybridizing a second primer pair to polynudeotides in a second sample, the first 

15 primer of said second primer pair comprising a third tag sequence and said first probe 

sequences specific for said first target sequence and the second pYimer of said second primer 

pair comprising a fourth rag sequence and said second probe sequence specific for said second 

target sequence~ 

elongating primer templates formed thereby to from a second population of tagged 

20 polynuclcotidcs, each of said polynuclcotide.s comprising: (a) the .sequence of said first primer 

of said second primer pair, a sequence of said variable genetic region_. and a sequence 

complementary to the sequence of said second primer of said ':'.'..econd primer pair or (b) a 

sequence complementary to the sequence of said first primer of said second primer pair. a 

sequence of said variable genetic region and the sequence of said second primer of said second 

25 pnmer patr; 

mixing said first and second populations together; 

determining sequences of polynudeotidcs in said mixture, comprising the tag 

sequences and the variable genetic clement; 

from the tag sequences comprised in the polynucleotide sequences thus detennined 

30 identifying the sample in which polynuclcotldc sequences occurred; 

from the sequences of the variable genetic region comprised in the polynuclcotidc 

sequences thus determined identifying particular variants of said variable genetic element~ 
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from this information determining the number of times given variants occur in each 

sample, and 

from the number for each variant in the polynucleotidcs thus determined, quantifying 

said polynuc1cotidcs in said samples. 

wherein said .,;equences are determined without Southern blot transfer and/or without 

size-separating primer extension products and/or without electrophoresis. 

3. A method according to claim 2, wherein the number of said polynuclcotides in 

said first sample is any of 5, 10, 25, 50, [00, 150, 200, 250, 500, 1,000, 1,500, 2,000, 2,500, 

5,000, 7,500, I 0,000, 12,500, I 5,000, 17,500, 20,000, 25,000, 30,000, 35,000, 40,000, 50,000, 

10 75,000, 100,000,150,000,200,000,250,000,500,000, 1,000,000 or more, and the numbcrof 

said polynucleotides in said .,;econd sample is any of 5. 10, 25, 50, 100,150,200,250,500, 

LOOO, 1,500, 2,000, 2,500, 5,000, 7,500, 10,000, 12,500, 15,000, I 7.500, 20,000, 25,000, 

30,000, 35,000, 40,000, 50,000, 75,000, 100,000, 150,000,200,000,250,000, 500,000, 

1,000,000 or more. 

15 4. A method according to claim 2, \.vhcrcin the number of said samples and of 

said different tag,, therefor is 5, 10. 15, 20, 25, 50, 75, I 00, 150, 200. 250, 500, 1,000. 2,500, 

5,000, 10,000 or more. 

5. A method according to claim 2, wherein the tags arc nucleotide sequences that 

arc 4, 5, 6, 7, 8, 9, 10, 11, 12, 13. 14, 15, 16, 17, 18, 19, 20, 21, 22. 23, 24, 25, 26, 27, 28, 29, 

20 30. 31, 32. 33, 34. 35, 36 nucleotides long or any combination thereof. 

6. A method according to claim 2, wherein said tags arc comprised in primers for 

amplification and arc incorporated into said polynuckotidcs by amplification using said 

pnmcrs. 

7. A method according to claim 6, wherein the primer for amplification comprises 

25 a sequence for PCR amplification, linear amplification, transcriptional amplification, rolling 

circle replication, or QB replication. 

8. A method according to claim 7, wherein the primer for amplification comprises 

a sequence for PCR amplification. 

9. A method according to claim 2, wherein each of said polynucleotides is 

30 disposed individually on a bead isolated from other polynuclcotidcs. 

10. A method according to claim 2, wherein each of said po1ynucleotidcs is 

disposed individually on a bead isolated from other said polynucleotides. is amplified while 

disposed therein, and the amplification products thereof also arc disposed on said bead. 
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11. A method according to claim 2, wherein each of said polynuclcotidcs is 

disposed individually on a bead isolated from other said polynucleotides, is amplified while 

disposed therein, the amplification products thereof also are disposed on said bead, and each 

said bead is disposed individually in a well isolated from other said beads. 

12. A method according to claim 2, wherein the sequences are determined by 

pyrosequencing. 

13. A method according to claim 2, wherein said samples arc biological samples, 

each comprising one or more species. 

14. A method according to claim 2, wherein variants of the variable genetic region 

10 arc specific to particular organisms. 

15 

15. A method according to claim 2, wherein said variable genetic region comprise.s 

a variable I 6S rRNA sequence, a variable 18S rRNA sequence, a variable rRNA ITS 

sequence, a mitochondrial sequence, a microsatellite sequence, a metabolic enzyme sequence, 

andior a genetic disea.,e sequence. 

16. A method according to claim 2, \.vhcrein the samples arc microbial community 

samples. 

17. A method according to claim 2, wherein the samples are microbial community 

samples for clinical analysis of a patient. 

18. A method according to claim 2, wherein the samples arc microbial community 

20 environmental samples. 

19. A method according to claim 2, wherein the samples arc microbial community 

soil samples. 

20. A method according to claim 2, wherein the samples arc microbial community 

water samples. 

25 21. A method according to claim 2, wherein the samples arc .samples for SNP 

analysis. 

22. A method according to claim 2, wherein the samples arc samples for 

gcnotyping. 

23. A kit comprising a plurality of two or more primers, each primer in said 

30 plurality comprising a tag sequence and a probe sequence specific to a target sequence, 

wherein: 

(A) in each of said primers the probe sequence is 3' to the tag sequence, but not 

necessarily adjacent thereto~ 
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(B) in each of said primers: the tag sequence is different from the tag sequence of 

the other in the plurality; the tag sequence is nor the complementary sequence to any other tag 

sequence in the plurality; the tag sequence does not contain any homodinucleotide sequences; 

the junction sequences between the tag sequence and the adjacent parts of the primer, if any. i~ 

5 not a homodinudeotide sequence; 

10 

(C) in each of said primers the probe sequence is complementary to the target 

sequence and the target .sequence is located 3' to a variable genetic region, and 

(D) each of said primers is disposed separately from the others in containers in said 

kit. 

24. A kit according to claim 23, wherein each of said primers further comprises a 

priming sequence 5' to the tag sequence but not necessarily adjacent thereto, and the priming 

sequence is the same in all of said primers. said kit futiher comprising a primer complimentary 

to and effective for polymerization from said priming sequence. 

25. A kit comprising a plurality of two or more primers pairs, each primer in .,;aid 

15 plurality comprising a tag sequence and a probe sequence specific to a target sequence, 

wherein: 

(A) in each of said primer the probe sequence is 3' to the tag sequence, bur not 

necessarily adjacent thereto; 

(B) in each of said primers: the tag sequence is different from rhc tag sequence of 

20 the other in the plurality; the tag sequence is not the complementary sequence to any other tag 

sequence in the plurality; the tag sequence docs nor contain any hornodinuclcotide sequences; 

the junction sequences between the tag sequence and the adjacent parts of the primer, if any. i.s 

not a homodinuclcotide sequence; 

(C) in each of said primers the probe sequence is complementary to the target 

25 sequence, 

(D) in each primer pair the probe sequences arc specific to target sequences that 

flank a variable genetic region; 

(E) each of said primers is disposed separately from the others in said kit. 

26. A kit according to claim 25, wherein the primers further comprise a priming 

30 sequence 5' to the tag sequence but not necessarily adjacent thereto, the priming sequence 

either is the same in all the primers, or one member of each pair has the same first priming 

sequence and the second member of each pair has the same second priming sequence, said kit 

further comprising disposed separately from one another in one or more containers one or 
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more µrimcrs complementary to and effective for elongation from said priming sequence or 

sequences. 
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FAMILY orward Prime~ Reverse Primer RATIO orward Prime Reverse Primer RATIO 
ALD309f0 AL0309RO forward/ Reverse AlD309FP AlD309RP forward/Reverse 

Acidilminomcrnc~;ie 0.8% 0.9% 88.5% 0.2% 0.5% 31.7% 
/\ctinonwcetales 2.4% 2.0% 120.7% 1.7% 1.7% 97.6% 
Bactemidaceae 58.4% 62.8% 93.1% 48 7% S0.5% 96,6% 
B1·urnlia0.iai~ 7.5% 3.1% 239.1% 
B1.wkholden~ceae 0.4% 0.2% 164,9% 
Clcst1idi;iceae 14.5%! 9.6% 150.7% 14.9% 9.7% 153.7% 
Cornarn0nwj(1r;eae 03%1 0.2% 0.3% 55,5% 
Con~ibact~rial~s 0.8%! 0.9% 94.8% 0.5% 0.6% 13.9% 
Enter◊bactenac~ae 0.2% 3.6% 2.9% 124.1% 
Eubacteriaceae 1.8% 1.6% 115.9% 2.1% 1.8% 115.2% 
Flavobactename 0.5% 1.3% 2.1% 62,9% 
lncerttie sedis 9 3.3% 4,2% 78.6% 3.1% 2.9% 105.6% 
!.~c.hM:,Dirac.,~tle 5.7% 8.7% 65.1,% 3.2% 7.7% 42.0% 
lactobae:llaceae I 1.3% 0.5% 269.4% 
Peptococcaceae I 0.3% 0.2% 0.3% 83,2% 

.. f..\\tltoi,t1·,)otoco1x;a<.me .l3%i 13% 102.1% 3.5% 2,8% 124,4% 
Plwllobanel'iaceae I 1.6% 6,2% 26,2% 
Pomhvron1M~dace~e 2.1%i to% 109.11% 2.2.% 2.0% 107.1% 
Prevotellrn::eae 3.0%! 2.0% 155.7% 1.2% 2.2% S2.0% 
R1Keneilaceae tl%i 0.9% 129,3% 05% 0,8% 64,7% 
Strnt1tococcacea11 0.5%! OJ% 181.1% 0.6% 0.4% 147.9% 

fIGURf S 
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1 25 49 73 97 121 145 169 193 
AGACAG AGTGAG ATGCAG CATACA CGCTAG GCGCAG GTCACA TACTAG TCAGAG 
AGACGT AGTGCA ATGCGT CATAGT CGCTCA GCGCGT GTCAGT TACTCA TCAGCA 
AGACTC AGTGTC ATGCTC CATATC CGCTGT GCGCTC GTCATC TACTGT TCAGTC 
AGAGAG ATACAG ATGTAG CATCAG CGTACA GCGTAG GTCGAG TAGACA TCATAG 
AGAGCA ATACGT ATGTCA CATCGT CGTAGT GCGTCA GTCGCA TAGAGT TCATCA 
AGAGTC ATACTC ATGTGT CATCTC CGTATC GCGTGT GTCGTC TAGATC TCATGT 
AGATAG ATAGAG CACACA CATGAG CGTCAG GCTACA GTCTAG TAGCAG TCGACA 
AGATCA ATAGCA CACAGT CATGCA CGTCGT GCTAGT GTCTCA TAGCGT TCGAGT 
AGATGT ATAGTC CACATC CATGTC CGTCTC GCTATC GTCTGT TAGCTC TCGATC 
AGCACA ATATAG CACGAG CGACAG CGTGAG GCTCAG GTGACA TAGTAG TCGCAG 
AGCAGT ATATCA CACGCA CGACGT CGTGCA GCTCGT GTGAGT TAGTCA TCGCGT 
AGCATC ATATGT CACGTC CGACTC CGTGTC GCTCTC GTGATC TAGTGT TCGCTC 
AGCGAG ATCACA CACTAG CGAGAG GCACAG GCTGAG GTGCAG TATACA TCGTAG 
AGCGCA ATCAGT CACTCA CGAGCA GCACGT GCTGCA GTGCGT TATAGT TCGTCA 
AGCGTC ATCATC CACTGT CGAGTC GCACTC GCTGTC GTGCTC TATATC TCGTGT 
AGCTAG ATCGAG CAGACA CGATAG GCAGAG GTACAG GTGTAG TATCAG TCTACA 
AGCTCA ATCGCA CAGAGT CGATCA GCAGCA GTACGT GTGTCA TATCGT TCTAGT 
AGCTGT ATCGTC CAGATC CGATGT GCAGTC GTACTC GTGTGT TATCTC TCTATC 
AGTACA ATCTAG CAGCAG CGCACA GCATAG GTAGAG TACACA TATGAG TCTCAG 
AGTAGT ATCTCA CAGCGT CGCAGT GCATCA GTAGCA TACAGT TATGCA TCTCGT 
AGTATC ATCTGT CAGCTC CGCATC GCATGT GTAGTC TACATC TATGTC TCTCTC 
AGTCAG ATGACA CAGTAG CGCGAG GCGACA GTATAG TACGAG TCACAG TCTGAG 
AGTCGT ATGAGT CAGTCA CGCGCA GCGAGT GTATCA TACGCA TCACGT TCTGCA 
AGTCTC ATGATC CAGTGT CGCGTC GCGATC GTATGT TACGTC TCACTC TCTGTC 

24 48 72 96 120 144 168 192 216 

FIGURE 6 
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FIGURE 7A 

FORWARD TAGGED ADAPTER PRIMER 
Primer Pair ADAPTER A TAG Forward 165 rRNA Primer 

l GC\.., CCCTCGCGCCATCl>-.G AGACGT AGAGlTTGATCMTGGCTCAG 

2 GCCTCCCTCGCGCCATC/:>.G ASACTC AGAGTTTGATCMTGGCTCAG 
3 GCCTCCCTCGCGCCATC~G ASAGTC .i;,GAGlTTGATCMTGGCTCAG 
4 GCCTCCCTCGCGCCATCA.G AGATG"T .AGAGTTTGATCMTGGCTCA.G 
5 GCCTCCCTCGCGCCATC.A.G AGCAGT AGAGTTTGATCMTGGCTCA.G 
6 GCCTCCCTCGCGCCATCAG AGCATC .AGAGTTTGATCMTGGCTCAG 
7 GCCTCCCTCGCGCCATCAG AGCGTC AGAGTTTGATCMTGGCTCAG 
8 GCCTCCCTCGCGCCATCAG AGCTGT AGAGTTTGATCMTGGCTCAG 
9 GCCTCCCTCGCGCCATCAG AGTAGT AGAGTTTGATCMTGGCTCAG 
1C GCCTCCCTCGCGCCATCAG AGTATC AGAGTTTGATCMTGGCTCAG 
11 GCCTCCCTCGCGCCATC/i.G AGTCGT AGAGTTTGATCMTGGCTCAG 
12 GCCTCCCTCGCGCCATCAG ASTCTC AGAGTTTGATCMTGGCTCAG 
13 GCCTCCCTCGCGCCATC/lo.G AGTGTC ,-t;,G.'.i,GTTTGATCMTGGCTC,!l,.G 

14 GCCTCCCTCGCGCCATCP..G ATACGT /;,GAGTTTGATCMTGGCTCA.G 
15 GCCTCCCTCGCGCCATCAG ATACTC AGAGTTTGATCM"TGGCTCAG 
16 GCCTCCCTCGCGCCATCAG ATAGTC .AG/'.1.GTTTGATCMTGGCTCAG 
17 GCCTCCCTCGCGCCATCAG ATATGT AGAGTTTGATCMTGGCTCAG 
18 GCCTCCCTCGCGCCATCAG A"TCAGT .<i,GAGTTTGATCM"TGGCTCAG 
19 GCCTCCCTCGCGCCATCAG ATCATC .AGAGTTTGATCMTGGCTCAG 
20 GCCTCCCTCGCGCCATCAG ATCGTC AGAGTTTGATCMTGGCTCA.G 
21 GCCTCCCTCGCGCCATCft.G ATCTGT AGAGTTTGATCMTGGCTCAG 
22 GCCTCCCTCGCGCCATC~G ATGAGT .AGAGTTTGATCMTGGCTCAG 
23 GCCTCCCTCGCGCCATC~G A"TGATC . .<l..GAGTTTGATCM"TGGCTCAG 
24 GCCTCCCTCGCGCCATCAG ATGCGT .A.GAGTTTGATCMTGGCTC...l;_G 
cc GCCTCCCTCGCGCCATCA.G ATGCTC .AGAGTI!GATCMTGGCTCA.G 
26 GCCTCCCTCGCGCCATCAG ATGTGT .AGAGTTTGATCMTGGCTCAG 
27 GCCTCCCTCGCGCCATCAG C-8,CAGT 4.GAGTI!GATCMTGGCTCAG 

28 GCCTCCCTCGCGCCATCAG CACATC 1:i,GAGTTTGATCMTGGCTCAG 
29 GCCTCCCTCGCGCCATCAG CACGTC .AGAGTTTGATCMTGGCTCAG 
3C GCCTCCCTCGCGCCATCl>-.G CACTGT AGAGTTTGATCMTGGCTCAG 
31 GCCTCCCTCGCGCCATC.t>.G CAGAGT AGAGTTTGATCMTGGCTCAG 
32 GCCTCCCTCGCGCCATCAG CAGATC AGAGTTTGATCMTGGCTCAG 
33 GCCTCCCTCGCGCCATCAG CAGCGT AGAGTTTGATCMTGGCTCAG 
34 GCCTCCCTCGCGCCATC~G CAGCTC .AG4GTTTGATCM"TGGCTCAG 
35 GCCTCCCTCGCGCCATCA.G CAGTGT .AG..'.!..GTI!GATCMTGGCTCJ'..G 
36 GCCTCCCTCGCGCCATCAG CA""TAGT .ti,G,.:.,,GTTTGATCM"TGGCTCAG 

37 GCCTCCCTCGCGCCATCAG CA'T"ATC ,AGAGTTTGATCMTGGCTCAG 
3S GCCTCCCTCGCGCCATCAG C.~iCGT AGAGTTTGATCMTGGCTCAG 
39 GCCTCCCTCGCGCCATCAG Ci;J,";CTC .4GAGTTTGATCMTGGC..ICAG 
40 GCCTCCCTCGCGCCATC..AG C.l'.""TGTC .AGAGTTTGATCMTGGCTCAG 
41 GCCTCCCTCGCGCCATC/>-.G CC-.ACGT AGAGTTTGATCMTGGCTCAG 
42 GCCTCCCTCGCGCCATCAG CGACTC AGAG1TTGATCMTGGCTCAG 
43 GCCTCCCTCGCGCCATCAG CGAGTC AGAGTTTGATCMTGGCTCAG 
44 GCCTCCCTCGCGCCATC/lo.G CGATGT AGAGTTTGATCMTGGCTC,!l,.G 
45 GCCTCCCTCGCGCC.LffCA.G CGCAGT .Z..GAG1TTGATCMTGGCTC.A.G 
46 GCCTCCCTCGCGCCATCAG CGCATC AGAGTTTGATCMTGGCTCAG 
47 GCCTCCCTCGCGCCATCAG CGCGTC .AGAGTTTGATCMTGGCTCAG 
48 GCCTCCCTCGCGCCATCAG CG.CTGT AGAGTTTGATCMTGGCTCAG 

49 GCCTCCCTCGCGCCATCAG CGTAGT ,4.GAGTTTGATCM"TGGCTCAG 
50 GCCTCCCTCGCGCCATCAG CSTATC AGAGTTTGATCMTGGCTCAG 
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FIGURE 7B 

FORWARD TAGGED ADAPTER PRIMER 
Primer Pair ADAPTER A TAG Forward 16S rRNA Primer 

51 GCCTCCCICGCGCCATCAG CGTCGT A.GAGTTTGATC'.VITGGCTCAG 
52 GCCTCCCTCGCGCCATCAG CGTCTC A.GAGTTTGATCMTGGCTCAG 
53 GCCTCCCTCGCGCCATCAG CGTGCA AGAGTTTGATCMTGGCTCAG 
54 GCCTCCCTCGCGCCATCAG CGTGTC AGAGTITGATCMTGGCTCAG 
55 GCCTCCCICGCGCCATCAG TACAGT AGAGTTTGATCMTGGCTCAG 
56 GCCTCCCTCGCGCCATCAG TACA.TC AGAGTTTGATCMTGGCTCAG 
57 GCCTCCCTCGCGCCATCA.G TACGTC AGAGTfTGATCMTGGCTCAG 
58 GCCTCCCTCGCGCCATCA.G TAC"TGT AGAGTTTGATC,\'lTGGCTCAG 
59 GCCTCCCTCGCGCCATC_A_G TAGAGT AGAGTITGATCi\ffGGCTCAG 
60 GCCTCCCTCGCGCCATCAG TAG.C.TC AGAGTTTGATC,\ffGGCTCAG 
6, GCCTCCCTCGCGCCATCft.G TAGCGT AG.~.GTfTGATCMTGGCTCAG 
62 GCCTCCCTCGCGCCATCti..G TAGCTC AG.~.GTfTGATC'1TGGCTCAG 
63 GCCTCCCTCGCGCCATCAG TASTGT AG.A.GTITGATO-'lTGGCTCAG 
64 GCCTCCCTCGCGCCATCAG TATA.GT AGAGTfTGATCMTGGCTCAG 
65 GCCTCCCTCGCGCCATCAG TATA.TC AGAGTTTGATCMTGGCTCAG 
66 GCCTCCCTCGCGCO:HCAG TA.TCGT AGAGTTTGATCMTGGCTCAG 
67 GCCTCCCTCGCGCCATCAG TATCTC AGAGTTTGATCMTGGCTCAG 
68 GCCTCCCTCGCGCCATCA.G TATGTC AGAGTTTGATCMTGGCTCAG 
69 GCCTCCCTCGCGCCATCAG TCACGT AGAGTfTGATCMTGGCTCAG 
70 GCCTCCCTCGCGCCATCAG TCACTC AGAGTTTGATCMTGGCTCAG 
71 GCCTCCCTCGCGCCATCAG TCAGTC AGAGTTTGATCMTGGCTCAG 
72 GCCTCCCTCGCGCCATCAG TCA'GT AG.AGTTTG.8.TC'.'4TGGCTCAG 
73 GCCTCCCTCGCGCCATCAG TCGAGT AG.A.GTITGATC:v!TGGCTCAG 
74 GCCTCCCTCGCGCCATCAG TCGATC AG.A.GTTTG.i\TC:v!TGGCTCAG 
75 GCCTCCCTCGCGCCATCAG TCGCGT .AGAGTITGP,TC'.1-'lTGGCTCAG 
76 GCCTCCCTCGCGCCATCAG TCGCTC AG.A.GTITGATC'.1-'!TGGCTCAG 
77 GCCTCCCTCGCGCCATCAG TCGTGT A.GAGTTTGATCMTGGCTCAG 
713 GCCTCCCTCGCGCCA.TCAG TCTA.GT A.GAGTfTGATCMTGGCTCAG 
79 GCCTCCCTCGCGCCATCAG TCTA.TC A.GAGTTTGATCMTGGCTCAG 
80 GCCTCCCTCGCGCCATC.A,G TCTCG7 AGAGTTTGATC:'"1TGGCTCAG 
30 GCCTCCCTCGCGCCATCAG TCTCTC AGAGTTTGATC'1TGGCTCAG 
32 GCCTCCCTCGCGCCATCAG TCTGTC A.GAGTTTGATCMTGGCTCAG 
83 GCCTCCCTCGCGCCATCfo.G P..GACAG AGAGTTTGATCMTGGCTCAG 
34 GCCTCCCTCGCGCCATCA_G AGAGAG AGAGTTTGATQ,ffGGCTCAG 
35 GCCTCCCTCGCGCCATCJ.l..G P..GATAC? AGAGTTTGATCMTGGCTCAG 
86 GCCTCCCTCGCGCCATCAG AGCGAG AGAGTTTGATC"lTGGCTCAG 
87 GCCTCCCTCGCGCCATCAG ,AGCTAG AGAGTTTGATCl"ITGGCTCAG 
88 GCCTCCCTCGCGCCATCA.G AGTCAG AGAGTTTGATC"lTGGCTCAG 
89 GCCTCCCTCGCGCCATCAG AGTGAG AGl>.GTfTGAT0,1TGGCTCAG 
90 GCCTCCCTCGCGCCATCAG ATACAG AGl>.GTfTGATC!vlTGGCTCAG 
o, GCCTCCCTCGCGCCATCAG ATAGAG AGl>.GTTTGAT0-1TGGCTCAG 
92 GCCTCCCTCGCGCCATCAG ATATAG AGAGTTTGATC;\-JTGGCTCAG 
93 GCCTCCCTCGCGCCATCA.G ATCGAG l-l.GAGTTTGATG--1TGGCTCAG 
94 GCCTCCCTCGCGCCATCA.G ATCTAG AGAGTTTGATCMTGGCTCAG 
95 GCCTCCCTCGCGCCATCAG ATGCAG .4G.~GTTTG . .8.TCMTGGCTCAG 
96 GCCTCCCTCGCGCCATCAG ATGTAS .t;GAGTITGi\TCMTGGCTCAG 
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FIGURE 7C 

REVERSE TAGGED ADAPTER PRIMER 
Primer Pair ADAPTER B TAG Reverse 16S rRNAPrimer 

1 GCCTTGCCAGCCCGC:-CAG AGACGT GCTGCCTCCCGTAGGAG7 
2 GCCTTGCC.t.GCCCGGCAG AGACTC GCTGCCTCCCGT/i.GGAG;"" 
3 GCCTTGCCAGCCCGCCAG AGAGTC GCTGCCTCCCGTA.GGAG' 
4 GCCTTGCCAGCCCGC:CAG AGATGT GCTGCCTCCCGTP.GGAGT 

5 GCCTTGCCAGCCCGC'"CAG AGCAGT GCTGCCTCCCGTAGGAG7 

6 GCCTTGCCAGCCCGC:-CAG AGCATC GCTGCCTCCCGTAGGAG7 
7 GCC:TTGCC.4GCCCGC-:-CPa.G AGCGTC GCTGCCTCCCGTAGC...AG..,.. 
8 GCCTTGCCAGCCCGCCAG AGCTGT GCTGCCTCCCGTAGGAG' 
9 GCCTTGCCAGCCCGC:CAG AGTAGT GCTGCCTCCCGTPGGAGT 
10 GCCTTGCCAGCCCGC:-CAG AGTATC GCTGCCTCCCGTAGGAG7 

11 GCCTTGCCAGCCCGC'7 CAG AGTCGT GCTGCCTCCCGTAGGAG7 
12 GCC:TTGCC.AGCCCGGCA.G AGTCTC GCTGCCTCCCGTAGG.b,,G' 
13 GCCTTGCCAGCCCGC:-CA.G AGTG7'C GCTGCCTCCCGTAGGAG-:-
14 GCCTTGCCAGCCCGC'CAG ~.TACGT GCTGCCTCCCGTi4GG..':.G7 
15 GCCTTGCCAGCCCGC'CAG ATACTC GCTGCCTCCCGTAGGAG7 
>6 GCCTTGCC.11,GCCCGc-:-cAG ATAGTC GCTGCCTCCCGT~.GGAG;" 
i7 GCC:TTGCC..AGCCCGGCA.G ATA..,..GT GCTGCCTCCCGTAGGAG..,.. 
18 GCC:TTGCCAGCCCGC-:-CA.G ATCAGT GCTGCCTCCC·'.:TA.GGAG-:-
19 GCCTTGCCAGCCCGC:CA.G ATCATC GCTGCCTCCCGTPGGAG7 

20 GCCTTGCCAGCCCGC'CA.G ATCGTC GCTGCCTCCCGTAGGAG7 
n GCCTTGCCAGCCCGc-:-cAG ATCTGf GCTGCCTCCCGTAGGAG;" 
22 GCCTTGCC..A.GCCCGc--:-cA.G ATGAGT GCTGCCTCCCGTAGGAG' 
23 GCCTTGCCAGCCCGC-:-CAG !'l,TGATC GCTGCCTCCCGTAGGAG-:-
24 GCCTTGCCAGCCCGC"'"'CA.G ATGCGT GCTGCCTCCCGTAGGAG7 

25 GCCTTGCCAGCCCGC'CA.G ATGCTC GCTGCCTCCCGTAGGAG7 
26 GCC:TTGCCAGCCCGC7'CAG ATGTGT GCTGCCTCCCGTAGGAG' 
27 GC::TTGCCAGCCCGC7C."'-aG CACAGT GCTGCCTCCCGTAGGAG' 
28 GCCTTGCCAGCCCGCCAG CACATC GCTGCCTCCCC=TAGGAG7 

29 GC:::TTGCCAGCCCGC:CA.G CACG";"""C GCTGCCTCCCGTAGGAG--;-
30 GCCTTGCCAGCCCGCTCAG CACTGT GCTGCCTCCCGTAGGAG7 

31 GCCTTGCC4GCCCGCTCAG CAGAGT GCTGCCTCCCGTAGGAG; 
32 GCCTTGCCAGCCCGC7CAG CAGATC GCTGCCTCCCGTAGGAG' 
33 GCCTTGCCAGCCCGC;"CA.G CAGCGT GCTGCCTCCCGTAGGAG-:-

34 GCCTTGCCAGCCCGC:CAG CAGGC GCTGCCTCCCGTAGGAG---;-
35 GCCTTGCCAGCCCGC'CA.G CAGTGT GCTGCCTCCCGT.A.GGAG--:-
36 GCCTTGCCAGCCCGc-:-cAG CATAGT GCTGCCTCCCGTAGGAG;" 
37 GCCTTGCC.AGCCCGc-:-c.e..G CATATC GCTGCCTCCCGT,:>.GGAG..,.. 
38 GCCTTGCCAGCCCGC:-CA.G CATCGT GCTGCCTCCCGTA.GGAG7 

39 GCCTTGCCAGCCCGC:CAG CATCTC GCTGCCTCCCGTP.GG.C.G--;-

40 GCCTTGCCAGCCCGC'CA.G CATGTC GCTGCCTCCCGTAGGAG7 
41. GCCTTGCCAGCCCGc-:-cAG CGACGT GCTGCCTCCCGTJi.GGAG;" 
42 GCCTTGCCAGCCCGC7CA.G CGAC'C GCTGCCTCCCGTAGGAG..,.-

43 GCC:TTGCCAGCCCGC:-CA.G CGAGTC GCTGCCTCCCGTA.GGAG' 
44 GCC:TTGCCAGCCCGC:CJl..G CGATGT GCTGCCTCCCGTP.GG,1'..GT 
45 GCCTTGCCAGCCCGC:-CAG CGCAGT GCTGCCTCCCGTAGGAG7 

46 GCCTTGCCAGCCCGc-:-cAG CGCA;"C GCTGCCTCCCGTAGGAG;" 
47 GCCTTGCC..A.GCCCGc--:-cAG CGCGTC GCTGCCTCCCGTAGGAG' 
48 GCCTTGCCAGCCCGC~CAG CGCTGT GCTGCCTCCCGT.il.GG.4.G-:-

49 GCCTTGCCAGCCCGC:CAG CGTAGT GCTGCCTCCCGTP.GGAGT 
50 GCCTTGCCAGCCCGCTCAG CGTATC GCTGCCTCCCGTP.GGAG7 
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FIGURE 7D 

REVERSE TAGGED ADAPTER PRIMER 
Primer Pair ADAPTER B TAG Reverse 16S rRNAPrimer 

51 GCCTTGCCAGCCCGCTCAG CGTCG':- GCTGCCTC..'CCGTAGGAGT 
52 GCCTTGCCAGCCCGCTCAG CGTCTC GCTGCCTCCCGTAGG.A.GT 
53 GCCTTGCCAGCCCGCTCAG CGTGCA GCTGCCTCCCGTA.GGA.GT 
54 GCCTTGCCAGCCCGCTCAG CGTGTC GCTGCCTCCCGT.e..GG.<\GT 
55 GCCTTGCCAGCCCGCTCAG TACAGT GCTGCCTCCCGTAGGAGT 
56 GCCTTGCCAGCCCGCTCAG TACATC GCTGCCTCCCGTAGGA.GT 
57 GCCTTGCCAGCCCGCTCAG TACGTC GCTGCCTCCCGTAGGAGT 
58 GCCTTGCCAGCCCGCTCAG TACTGT GCTGCCTCCCGTAGG~GT 
59 GCCTTGCCAGCCCGCTCAG TA.GAG": GCTGCCTCCCGTA.GG.~.GT 
60 GCCTTGCCAGCCCGCTCAG Tft.GATC GCTGCCTCCCGTA.GGAGT 
61 GCCTTGCCAGCCCGCTCAG TP,GCG;" GCTGCCTCCCGfA.GGAGT 
62 GCCTTGCCAGCCCGCTCAG TAGCTC GCTGCCTCCCGTAGGAGT 
63 GCCTTGCCAGCCCGCTCAG TAGTGT GCTGCCTCCCGTAGGAGT 
64 GCCTTGCCAGCCCGCTCAG TATAGT GCTGCCTCCCGTAGGA.GT 
65 GCCTTGCCAGCCCGCTCAG TATATC GCTGCCTCCCGTAGGAGT 
66 GCCTTGCCAGCCCGCTCAG TJ'l..TCGT GCTGCCTCCCGTAGGAGT 
67 GCCTTGCCAGCCCGCTCAG TATCTC GCTGCCTCCCGTA.GG.A.GT 
6S GCCTTGCCAGCCCGCTCAG TATGTC GCTGCCTCCCGTAGGAGT 
69 GCCTTGCCAGCCCGCTCAG TCACGT GCTGCCTCCCGTAGGAGT 
70 GCCTI-GCCAGCCCGCTCAG TCACTC GCTGCCTCCCGTAGGA.GT 
71 GCCTTGCCAGCCCGCTCAG TCAGTC GCTGCCTCCCGTAGGA.GT 
72 GCCTTGCCAGCCCGCTCAG TCATGT GCTGCCTCCCGTAGGAGT 
73 GCCTTGCCAGCCCGCTCAG TCGAG7 GCTGCCTCCCGTA.GG.4GT 
74 GCCTTGCCAGCCCGCTCAG TCGATC GCTGCCTCCCGT~GGAGT 
75 GCCTTGCCAGCCCGCTCAG TCGCG""; GCTGCCTCCCGTAGGAGT 
76 GCCTTGCCAGCCCGCTCAG TCGCTC GCTGCCTCCCGTAGGAGT 
77 GCCTTGCCAGCCCGCTCAG TCGTGT GCTGCCTCCCGTAGG,t~GT 
78 GCCTTGCCAGCCCGCTCAG TCTAGT GCTGCCTCCCGTAGGAGT 
79 GCCTTGCCAGCCCGCTCAG TCTATC GCTGCCTCCCGTA.GG.A.GT 
80 GCCTTGCCAGCCCGCTCAG TCTCGT GCTGCCTCCCGT~GGAGT 
81 GCCTTGCCAGCCCGCTCAG TCTCTC •2CTGCCTCCCGTAGGAGT 
82 GCCTTGCCAGCCCGCTCAG TCTGTC GCTGCCTCCCGTAGG.A_GT 
83 GCCTTGCCAGCCCGCTCAG AGAGCA GCTGCCTCCCGTAGGA.GT 
84 GCCTTGCCAGCCCGCTCAG AGA'CA GCTGCCTCCCGTAGG4.GT 
85 GCCTTGCCAGCCCGCTCAG AGCA.CA GCTGCCTCCCGTAGG.A.GT 
86 GCCTTGCCAGCCCGCTCAG AGCSCA GCTGCCTCCCGTA.GGA.GT 
87 GCCTTGCCAGCCCGCTCAG AGCTCA GCTGCCTCCCGTAGGAGT 
88 GCCTTGCCAGCCCGCTCAG AGTACA GCTGCCTCCCGTAGGAGT 
89 GCCTTGCCAGCCCGCTCAG AGTGCA GCTGCCTCCCGTAGG,ll1GT 
90 GCCTTGCCAGCCCGCTCAG ATAGCA GCTGCCTCCCGTAGGAGT 
91 GCCTTGCCAGCCCGCTCAG ATATCA GCTGCCTCCCGTAGG4GT 
92 GCCTTGCCAGCCCGCTCAG ATCACA GCTGCCTCCCGTA.GG.AGT 
93 GCCTTGCCAGCCCGCTCAG ATCGCA GCTGCCTCCCGT6.GGAGT 
94 GCCTTGCCAGCCCGCTCAG ATCTCA GCTGCCTCCCGTAGGAGT 
95 GCCTTGCCA~CCCGCTCAG ATGACA GCTGCCTCCCGTAGG.A.GT 
96 GCCTTGCCAGCCCGCTCAG ATGTCA GCTGCCTCCCGTAGGAGT 
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Transcriptome sequencing with the Genome Sequencer FLX system 
l ,k:'/(c, ••• :-idrl ir::; .. Nd;:urn f}e c,,),J> ~,1 !' ;,;,t":e.(.()cn 

... Information on how to prepare small RNAs for 454 Sequencing analysis is available (Jarvie, T 
& Harkins ... The Genome Sequencer FLX supports a number of formats, allowing users to customize 
the number of ... Multiplexing of samples is also supported by Multiplex Identifier tags .... 
Cited b,' 25 F~e!ated articles Aii 5 versions C:te Save 

De novo 454 sequencing of barcoded BAC pools for comprehensive gene 
survey and genome analysis in the complex genome of barley 

... Due to the lack of a reference genome this BAG pool sequencing approach is ... short sequence 
tags that can be introduced either before the 454 sequencing library preparation (27] or by ligation 
of individual adaptors ("MID"= Multiplex Identifier", Roche Diagnostics ... 
Ciled by 69 Heiaied ari:cles Ai! 14 versions Cite Save More 

Digital PCR provides sensitive and absolute calibraUon for high throughpul 
sequencing 

... These results indicate that better than one-fold coverage of the -4.7 Mbp K12 genome can be 
obtained from less than 1 ng input DNA. Detailed information about these sequencing results 
is presented in Table 3. Table 3 454 FLX trace library sequence results. Sample ID .... 
Cit;~d t)y 149 Reiated art1des i>.ii 39 v<:,rsions Cit;~ Save M,)r~, 

High-resolution, high-throughput HLA genotyping by next-generation 
sequencing 

... which allows the 454-genome sequencer software to differentiate HLA amplicon derived 
sequences from internal control sequences. We added 4-base multiplex identifier (MID) sequences 
(18) immediately following the lil11ary key tay tu allow fur multiµlexeU sequencing of HLA ... 
Cited by 136 Re!ated articies Aii "1.2 versions Cite Save 

Phylotyping and functional analysis of two ancient human mlcrobiornes 

... Our matches represent sequences that are random areas of the genome; they are unlikely to 
be as robust as matches derived from ... False matches during shotgun sequencing are a concern 
[26). ... Library formation employed Multiplex Identifier Kits (Roche Applied Science) .... 
Cited ta:,, 4 "1 Related articles A;; 20 versions Cite Save More 

Rapid high-throughput human leukocyte antigen typing by massively parallel 
pyrosequenclng for high-resolution allele identification 

... the readout data per flow, which was then used by a Genome Sequencer-specific ... 2.0) of the 
GS-FLX amplicon variant analyzer (AVA) software supporting multiplex identifier sequence tags. 
In general, the AVA software maps the amplicon sequencing reads against a reference ... 
Ciled by 68 Heiaied ari:cles Ai! 6 versions Ciie Save 

System and method for identification of individual samples from a multiplex 
mixture 

... a unique identifier (UID) element, which is sometimes also referred to as a multiplex identifier 
(MID), with ... refer to a nucleic acid molecule that is the subject of a sequencing reaction from ... refers 
to a collection of molecules derived from and/or representing an entire genome (ie all ... 
Cit;~d t)y 50 R<:,!ated ~;rticl<:,s .1-\ii 2 v;~ri>:ons C:te Save 
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Supplemental Information 

... 22 Page 2. Page2 of69 Selected DNA fragments were ligated to a Rapid Library Multiplex 
Identifier (MID) 23 adaptor designed for GS FLX Titanium chemistry .... genome from duplicate 
sequencing runs; however, some regions had approximately100X 62 .. . 
Related articles All 25 v.m,;ons c;te 5£,ve More 

Improving Alfalfa as a B,ofuel Feedstock 

... Using Next-Generation Sequencing in Amaranth Plant Genome 260-270 Although mostly 
underutilized ... from several individuals, and does not require a priori genome sequence information. 
with each sample labeled inde- pendently using a unique multiplex identifier barcode .... 
Cite Save 

A NEW STRATEGY TO IDENTIFY THE DISEASE CAUSING MUTATION FOR 
NEURONAL CEROID UPOFUSCINOSIS IN SOUTH HAMSPHIRE SHEEP 

... The resulting products will be individually multiplex identifier (MID) tagged and 454 sequenced 
CONCLUSION Whole genome sequencing has not been completed for the sheep and the 
publically available sequence information for our region of interest had large gaps .... 
r~elated artic!es All t3 veffions Cite Sa,;e More 

SNP discovery via genomic reduclion, barcoding, and 454-pyrosequencing in 
amaranth 

... based on restriction site conservation (GR-RSC) with each sample labeled independently using 
a unique multiplex identifier (MID) barcode ... bead separation and size selection via gel 
electrophoresis, followed by >10-fold sequencing coverage of the remaining genome via 454 ... 
Cite,~ by 67 Heiaw,~ an,c:les /~!! 6 versions Cit<:, Sav;~ 

Major histocompatibility complex genotyping 1Nitt1 massively parallel 
pyrosequencing 

... Chinese-origin rhesus macaques in a single pilot run on a Genome Sequencer FLX ... products 
from 12 macaques that were distinguished by 10-bp multiplex identifier (MID) tags ... detected five 
sequences not previously observed by cloning and Sanger sequencing (transcript levels ... 
Cited by 92 Related aticles Aii 15 versions Cite Save 

St1ifting the genomic gold standard for the prokaryotic species definition 

... For this, each genome was tagged with a different multiplex identifier for 454 libraries (Roche 
Applied ... almost duplicated until the bias is solved by the company producing the sequencing kits ... 
strain K12 that accounted for "'3,158 reads covering ""0.7 Mb (""15% of the genome) .... 
Cited by 869 Related articies A!! 13 versions Cite Save 

CO dehydrogenase genes found ,n metagenomic fosmid c•ones froni the deep 
Mediterranean Sea 

... approximately 7.2 Mb of DNA sequence (ie, roughly two prokaryotic genome equivalents ... For 
the sequencing process, the concentration of each DNA fosmid was measured using ... GATC, 
Constance, Germany), tagging each one individually using a multiplex identifier adaptor that ... 
Cited b,' 23 F~e!ated articles Aii 12 versions Cile Save 
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Identification of novel MHC class l sequences in pig-tailed macaques by 
amplicon pyrosequencing and -full-length cDNA cloning and sequencing 

... 3'), which binds a conserved region of exon 3. Forward and reverse PCR primer pairs contained 
one of 12 multiplex identifier (MID) tags ... steps were performed following the manufacturer's GS 
FLX protocols at the University of Illinois-Urbana Champaign Sequencing Center .... 
Cite,~ by 28 Heiat~;;~ an,c:les /~!! ·13 v,;,rsions C,te S1:we 

Cost-effective sequence--based nonhuman primate MHC class ! genotyping frorn 
RNA 
! ,\ f·· ,,.,., F'.Y \!\':< 'lf!~<;r: OH ~)\\,cco;"f \ \ :··,.-,,· ·_ ., A''' [-;;,,_". ,,,., 

... based genotyping that amplifies full-length NHP class I cDNAs that are molecularly barcoded 
with multiplex identifier (MID) tags .... Finally, this method can also be adapted for use on 
next-generation sequencing platforms such as the Roche/454 Genome Sequencer FLX ... 
Cited by 10 Related aticles Aii 9 versions Cite Save 

System and method for improved processing of nucleic acids for production of 
sequencable libraries 

... data for each amplified member that comprises a sequence composition for the multiplex identifier 
element; and ... from and/or representing an entire genome (ie all regions of a genome) of an ... term 
"keypass" or "keypass well" as used herein generally refers to the sequencing of a ... 
Cited t>y 2 Related artide5 All 2 versions Cite .Sa,,e 

System and method for detection of HlV integrase variants 

... from and/or representing an entire genome (ie all regions of a genome) of an ... functions including, 
but not limited to, primer sequences for amplification and/or sequencing methods, quality control 
elements, unique identifiers (also referred to as a multiplex identifier or "MID ... 
r~elated artic!es All 2 veffions Cite Sa,;e 

Mycobacteriophages BPs, Ange! and Halo: comparaHve genomics reveals a 
novel class of ultra-small rnobiie genetic elements 

... and annealed to primer-coated beads; the 'A' adaptor contained a 10 bp Multiplex Identifier (MID) 
tag ... per read, providing a total of 1 636 726 bases of raw sequencing information .... one large contig 
with consensus quality values of 60 or greater and average genome coverage of ... 
Cite,~ by 47 Heiaw,~ an,c:les /~!! ·13 v;~rsions C,te S1:we 

Best Abstracts 

... Gene sequencing showed the presence of a new type of mutation in the TAP1 gene ... Page 3 
06 Analysis of the KIR in the CEPH human genome diversity panel reveals evidence of different 
evolutionary histories for the centromeric and telomeric portions of the gene cluster Jill A ... 
Cite SBve 
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"bar-code" addressable or FPRS; ERJ; 
identilier)near3 sequence.elm. JR); 

DERWENT; 
IBM TDB 

ON 2017/01/23 
10:58 

(single or individual or one) near3 cell US-R3PUB; OR 2017/01/23 
! same (dna or nucleic or USPAT- 11 :01 

139392 ON 

l,;'5';7"",r.";"'4;;9::;2'"""'1::"

0

:",::::'::;"~;:"'c,''

1

:d'::.,:;',3:"'o'",'':'11':n:"k'e'"',;"1' =n'e="'a':,c'5' ';'( m='1'dc;"\rt .•• f ;;,"~,;;;;r,,;,..:,:;".;' '""10R'''''''''''''''''' ON"""""'" 20·;·776'1'723' 
! or "multiplex identifier" or barcode or USPAT; 11 :02 
j tag or zipcode or token or "bar code" USOCR; 
! or "bar-code" addressable or FPRS; ERJ; 

1 .............................. lidentllier) ~:~~T; 

ll&q Ir"Is~7~a~n~d~s~eq~···~~·~~ .. ~~·~~·i·~~ .. g~ .. ~~·~~·~~ .. ~~···~(·:n~· .. i~·d·~·;~·i~~sl;l~u~s-~FG~P~u~B~;~,l"o~R~~~,I0N 12017/01/23 

I ;i\S l"Sc~n:h! !i,tury.1-17<J20<J4_i\n:c,sihlcVcr,iun.html I /23/2017 4:.58:-18 PM I 
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l'.As·1 Sc,m:h 111,tory 

)I "multiplex identifier" or barcode or tag USPAT; 

I I [" 
! or zipcode or token or "bar code" or USOCR; 
j "bar-code" addressable or FPRS; EPO; 
! identifier)near3 sequence JPO; 

........ ...! 

DERWENT; 
IBM TDB 

S9 88 S8 and (single or individual or one) U&FGPUB; OR ON 2017/01/23 
near3 cell near5 first USPAT; 11 :03 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

""""""""'" """"""""""""" ""'""' ................... oR················--oN············ . ........................... 
S10 84 IS3 and (single or individual or one) U&FGPUB; 2017/01/23 

near3 cell near5 second USPAT; 11'03 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S11 66 S10 and first near5 (mid or "multiplex U&FGPUB; OR ON 2017/01/23 
identifier" or barcode or tag or zipcode USPAT; 11 :05 
or token or "bar code" or "bar-code" USOCR; 
addressable or identifier) FPRS; EPO; 

JPO; 
DERWENT; 
IBM TDB 

S12 47 S11 and second near5 ( mid or U&FGPUB; OR ON 2017/01/23 
"multiplex identifier" or barcode or tag USPAT; 11'05 
or zipcode or token or "bar code" or USOCR; 
"bar-code" addressable or identifier) FPRS; EPO; 

PO; 
ERWENT; 

BM TDB ............................................ ........................... ......................... ................... ............................ 
S13 43263 "first cell" and "second cell" U&FGPUB; OR ON 2017/01/23 

USPAT; 11 • 15 
USOCR; 
FPRS; EPO; 
PO· 

DERWENT; 
BM TDB 

S14 1761 S13 and (dna or nucleic or U&FGPUB; OR ON 2017/01/23 
IPolynucleotide) same "first cell" USPAT; 11.16 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S15 1549 S14 and (dna or nucleic or U&FGPUB; OR ON 2017/01/23 
polynucleotide) same "second cell" USPAT; 11 • 17 

USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

S16 143 S15 and (adapt$3 or linker) same (mid U&FGPUB; OR ON 2017/01/23 
or "multiplex identifier" or barcode or USPAT; 11.18 
tag or zipcode or token or "bar code" USOCR; 
or "bar-code" addressable or FPRS; EPO; 
identifier) JPO; 

DERWENT; 

I ;i\S l"Sc~n:h! !i,tury.1-17<J20<J4_i\n:c,sihlcVcr,iun.html I /23/2017 4:.58:-18 PM I 
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l'.As·1 Sc,m:h 111,tory 

S17 27 

S18 35 

S16 and second nears ( mid or 
"multiplex identifier" or barcode or tag 
or zipcode or token or "bar code" or 
"bar-code" addressable or identifier) 
nears first 

S16 and sequencing same (mid or 
"multiplex identifier" or barcode or tag 
or zipcode or token or "bar code" or 
"bar-code" addressable or 
identifier)near3 sequence 

IIRM TDB 

U&FGPIJB; 
USPAT; 
USOCR; 
FPRS; ER'.); 
JR'.); 
DERWENT; 
IBM TDB 

OR 

U&FGPIJB; OR 
USPAT; 
USOCR; 
FPRS; ER'.); 
JR'.); 
DERWENT; 

ON 

ON 

2017/01/23 
11·19 

2017/01/23 
11 :20 

IBM_TDB 
""""" ••••••••••••••••••• :"'"'""""""'""""""'""""""'""""""'""""""'""""""""':'""""""""""""""'" """""""""""'" .................... """"""""""""'" 
S19 870 (single or individual or one) near3 cell US-R3PUB; OR ON 2017/01/23 

near5 isolat$4 nears first USPAT; 11 :29 
USOCR; 

S20 315 

S21 j 120 

I,="" 

I~., 
l~,s• 

S19 and (single or individual or one) 
near3 cell nears isolat$4 nears 
second 

S20 and (dna or nucleic or 
polynucleotide) near5 cell 

S21 and (adaptor or adapter or linker) 
same (mid or "multiplex identifier" or 
barcode or tag or zipcode or token or 
"bar code" or "bar-code" addressable 
or identifier) 

S21 and sequencing same (mid or 
"multiplex identifier" or barcode or tag 
or zipcode or token or "bar code" or 
"bar-code" addressable or 
identifier)near3 sequence 

sequencing same (mid or "multiplex 
identifier" or barcode or tag or zipcode 
or token or "bar code" or "bar-code" 
addressable or identifier)near3 
sequence same cell near5 (type or 
individual$3 or single) 

'l"'r81 S24 and (mid or "multiplex identifier" 
! ! or barcode or tag or zipcode or token 
! ! or "bar code" or "bar-code" 
j j addressable or identifier)near3 

I ;i\S l"Sc~n:h! !i,tury.1-17<J20<J4_i\n:c,sihlcVcr,iun.html I /23/2017 4:.58:-18 PM I 

FPRS; ER'.); 
JR'.); 
DERWENT; 
IBM TDB 

U&FGPUB; OR ON 2017/01/23 
11 :30 USPAT; 

USOCR; 
FPRS; ER'.); 
JR'.); 
DERWENT; 
IBM TDB 

U&FGPUB; 
USPAT; 
USOCR; 
FPRS; ER'.); 
JR'.); 
DERWENT; 
IBM TDB 

U&FGPUB; 
USPAT; 
USOCR; 
FPRS; ER'.); 
JR'.); 
DERWENT; 
BM TDB 

U&FGPUB; 
USPAT; 
USOCR; 
FPRS; ER'.); 
JR'.); 
DERWENT; 
IBM TDB 

U&FGPUB; 
USPAT; 
USOCR; 
FPRS; ER'.); 
JR'.); 
DERWENT; 
IBM TDB 

U&FGPUB; 
USPAT; 
USOCR; 
FPRS; ER'.); 

OR ON 

OR ON 

2017/01/23 
11 :31 

2017/01/23 
11 :31 

'"""""""""""'" """"""""'" """"""""""""'" ........................................................................ 
OR ON 2017/01/23 

11 :34 

OR ON 2017/01/23 
11 :36 

rnN 2017/01/23 

I 11'37 
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l'.As·1 Sc,m:h 111,tory 

sequence same (identif$4 or detect$3 ! JPO; 
or dtermin$3) same cell near5 (type or) DERWENT; 
individua1$3 or single) 11 BM_ TDB 

525·; 57············· S25 and (mid or "multiplex identifier" 1 US-ffiPUB; OR .................. ON""""""· 201}/01;'2':t 
or barcode or tag or zipcode or token ! USPAT; 11 :38 

S27 2799 

S28 1549 

or "bar code" or "bar-code" ! USOCR; 
addressable or identifier)near3 j FPRS; ERJ; 
sequence near5 (identi/$4 or detect$3 j JPO; 
or dtermin$3) same cell adj (type or j DERWENT; 
individual$3_ or _single)... ) I BM TDB 

"first cell" same (nucleic or dna or 
polynucleotide) 

S27 and "second cell" same (nucleic or 
dna or polynucleotide) 

U&FGPIJB; 
USPAT; 
USOCR; 
FPRS; EFO; 
JFO; 
DERWENT; 
IBM TDB 

U&FGPUB; 
USPAT; 
USOCR; 
FPRS; EFO; 
JFO; 
DERWENT; 
IBM TDB 

S29 ! 1 S28 and (mid or "multiplex identifier" US-ffiPUB; 
1 or barcode or tag or zipcode or token USPAT; 
! or "bar code" or "bar-code" USOCR· 
! addressable or identifier)near3 FPRS· Em· 

OR 

OR 

OR 

ON 

ON 

ON 

2017/01/23 
11 :47 

2017/01/23 
11 :48 

2017/01/23 
11 :49 

! sequence nears (identif$4 or detect$3 JR)·' ' 

mo l"s---,:,,',.,:,.:-•:-:,..~,..~-,n~-,d

3

-~-,

0

-,~-:-':.,.1 ,,..::"'"

1

1~-':.,~.,d-~n-" 1"11'"",e"',·'"· "'"~""B:,.:,,:,,T EN=~u"B :=-:- 'o"R=---· io=N,---, "2"0""1"7 1"0"1"'1 2"3" 1 

SSb 321 

ffi7 146 

or barcode or tag or zipcode or token USPAT; 11 :51 
or "bar code" or "bar-code" USOCR; 
addressable or identifier)near3 FPRS; ERJ; 
sequence same (identil$4 or detect$3 JR); 
or determin$3) nears "first cell" DERWENT; 

IBM TDB 

(mid or "multiplex identifier" or US-ffiPUB; 
barcode or tag or zipcode or token or USPAT; 
"bar code" or "bar-code" addressable USOCR; 
or identifier)near5 sequence near5 FPRS; ERJ; 
(identif$4 or detect$3 or determin$3 JR); 
or distinguish$3) near5 (cell or DERWENT; 
sample) I BM TDB 

S36 and (append$3 or ligat$3) near5 US-ffiPUB; 
(adpator or adapter or linker) near5 USPAT; 
(mid or "multiplex identifier" or USOCR; 
barcode or tag or zipcode or token or FPRS; ERJ; 
"bar code" or "bar-code" addressable JR); 
or identifier) same (dna or nucleic or DERWENT; 

OR 

OR 

ON 

ON 

2017/01/23 
11 :59 

2017/01/23 
12;02 

nolvnucleotide) near5 (cell or sample) BM TDB i!aaaa•aaaa.!.baaaa•aaaaaaaaaa.!c;.;c,;.;;;.;.;;.;;;L,;.;;.;;.;;"!,;;;;.";;".;;;.;;.,;.;,;..,!,\;,;;.;;cc.;.;.;""""""""""""""""""•"""•""""""•/.!,aaaaaaaaaaaaaaaaaaaaaaaa•aa 

1/23/2017 4:58:45 PM 
C:\ Users\ nbhat1\ Documents\ EAST\ Workspaces\ 14792094~ 1 ~23~ 17 .wsp 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Search Notes 14792094 BRENNER ET AL 

111 11111 II 11111 111 
Examiner Art Unit 

NARAYAN BHAT 1634 

CPC-SEARCHED 

Svrnbol Date 
C12Q 1/68, C120 1/6874, C07H 21/02 and C40B 30/04 1 /6/16 
Searched uisng key words in different CPC classes. See the search 1 /6/16 
histo 0 • in EAST. 

CPC COMBINATION SETS • SEARCHED 

Svrnbol I 
I 

US CLASSIFICATION SEARCHED 

Class I Subclass 
I 

SEARCH NOTES 

Search Notes 
Reviewed the copending applications for the inventors in PLAM and 
cooendina claims for ootential ODP issues 
Reviewed the prosecution histories of copending applications resulting in 
the issuance of oatents 
Reviewed the cited arts in the IDS of 10/9/15 
searched for the topics in EAST, Pubmed and Google scholar Search 
histories are enclosed. 
Updated the search for the topics in EAST. Search history is enclosed. 
C12Q 1168, C12Q 116874, C0?H 21102 and C40B 30104 
Updated the search for the topics in EAST, Pubmed and Google scholar. 
Search histories are enclosed. 

US Class/ I 
CPC Symbol 

INTERFERENCE SEARCH 

US Subclass/ CPC Group 

'NARAYAN BHAT' 

I 
I 

I 

Date 

Date 

Date 
116116 

116116 

116116 
116116 

7/17/16 
116116 

Date 

Primary Examiner.Art Unit 1634 

U.S. Patenl and Trademark Office 

Examiner 
Bhat N. 
Bhat N. 

I Examiner 
I 

I Examiner 
I 

Examiner 
Bhat N 

Bhat N 

Bhat N 
Bhat N 

Bhat N 
Bhat N 

I 
Examiner 

PartofPaperNo 20170124 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

USPTO Automated Interview Request (AIR) 

Feb 27 2'.Jl7 

Tt:is pdper requesting to schedule and/or conduct an interview is appropric.te because: 

This s1..,bmissicn is requested to be accep:.ed as an author:izatlon for this 
intervie-,,.- to corcr1un:_cate via the internet. Recognizing that Internet 
com-:-r:unications are not secure, I Gereby aut21ori=e the OSP-:::-0 to communicate with 

the under:=:igned co::-1ceri:"'ilnq scheduling of the 1-ntervie\,; via video conference, 
instant mes.saging, c:::- elec:tr:-or.:;..c ma_:_l, and to conduct the interview in accordance 
with office practice including video conferenci:-ig. 

Naneis): 

Gargi Talukder 

S-signature: 
/Ga::gi Ta::.ukder/ 

Registr:at2-on ?1c.mber: 

613E8 

U.S .. :;.ppl :;_cat ion Number: 
l47S2094 

C:onf_:_i::mat_:_on :Jumber: 
9697 

E-nail Adci.ress: 
garg~.talukder@morganlewis.com 

P:l.one Number: 
4154421266 

Pro'r=)osed Ti:'.le of Interview; 
3-16-2017 3:00 P~ EI 

Pretersd :;:nterview Type: 
'IelephOLlC 

I am the ap!_:;lica.nt or applic2nt's i::epresentat_:_ye for this application. 

•!@•IGJ UNITED STATES 
PATENT AND TRADEMARK OFFICE 

PALM-SILVER 
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UNITED STATl:S PATENT AND TRADEMARK Oi·'l'ICI: 

l--11792.(~)➔ 07/06/lOJ ~ 

-nK'ilJ IN'.'ll'.'1!17 

MORG/\N, I .EWIS & BOC'Kll JS I ,I ,P (SF) 
Onc Mark<:!, Sr,:ar Sln:cl Towcr, Suilc 2800 
San 1:rancisco, ('A 94105 

Syt.lney Bn:nncr 

1·:-;rTJ-:J) STATES l)l·:l'ART\ll-::-;T ()l' 1·1>\nn-:11.1·1-: 
l "nikd Slalcs l'atml and Trademark Ollkc 
A<l<l,c"' (U\1\11SSIO'-:Lk 1-'0k !'Arie'\ IC> 

Po 11"' 1,.so 
Ak\.ui,I,,., \';,t;,.,. CC11l-1-!'\() 
~~~·",r'"t'" 

I O--D7 l-SOI (1-l ·so~ 9(,<)7 

HIIJ\l :-.-AR.\Y.\:-; K.\\Jl;SIJW,\R 

J\Rl 1·:,;11 

16.'-I 

Dlcl.IVIJ<Y \1ODlc 

O."l/21/2017 l:JHTRO\!(' 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 
;.fipdo.:kd ing {til morgankwis . .:om 
donald.mixon{tilmorgankwi;. . .:om 
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Application No. Applicant(s) 

Applicant-Initiated Interview Summary 
14/792,094 BRENNER ET AL 

Examiner Art Unit 

NARAYAN BHAT 1634 

All participants {applicant, applicant's representative, PTO personnel) 

{1) Examiner: Bhat. (31~~ 

{2) Representative: Ms. Talukder. (41~~ 

Date of Interview: 16 March 2017. 

Type t2] Telephonic □ Video Conference 
D Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted □ Yes t2] No 
If Yes, brief description: __ 

Issues Discussed 0101 t2]112 t2]102 t2]103 □Others 
(For c';Kh or (he d1c·c-kc·d hn~ks) ;,(-..we pk,N' dc·,nihc' bdow (he' b,w ,rnd dc•(;,ikd dc·,nip(i<>n of the disc·u"i<>n) 

Claim{s) discussed: 40. 

Identification of prior art discussed: Braverman. 

Substance of Interview 
(]',,r c';Kh i"ue disc·u,"'d. pr<" ide" dc•(;,ikd dc'SCTipti<>n ,md indk,1(e ii' ;,grec'mc'n( w,1, rc·,1d1ed. S,,me tnpk, m")' indude idc·mific",Hinn ,,r c-l;,ril'k,1(i,,n ,,r" 
n:kn:ncc or a portion thereof. daim interpretation. pn>powd anwndn-tc·nt\. m·gumcn!s of any applied n:krcncTs etc ... ) 

In view of Automated Interview Reguest filed on 2127117 the interview was scheduled on 311612017. The 
reQresentative discussed that claim 40 languages are similar to the allowed claims of US 8 679 756 and 8 563 274 and 
further sQecifies the nucleic acid is from first and second isolated single cells and thus would be non-obvious over 
Braverman. The examiner informed that the allowed claims reguire "different segments of a first nucleic acid molecule 
of a contiguous region in genomic DNA wherein said contiguous region in genomic DNA is reQresented bk'. a Qluralitk'. of 
nucleic acid molecules" which is different from what is claimed in claim 40 and there are no suQQOrt for the Qhrase 
"isolated single cell" in the instant sQecification and the recitation of "first and second isolated cell" could be the same. 
The reQresentative asked if the suQQOrt for said Qhrase is identified in the instant sQecification will the Qending claims 
be allowable. The examiner informed that instant claim 40 would be obvious over the arts of the record. No sQecific 
claim languages were agreed upon during the interview . 

Applicant recordation instructions: The formal writ1en reply to 1he lo.s1 Office o.c1ion mus1 include 1he subs1o.nce of the interview. (See MPEP 
section 713.04). If o. reply lo !he lo.s1 Office o.c!ion ho.s already been filed applicant is given a non·ex!endable period of !he longer of one mon!h or 
thirty do.ys from !his interview dale. or !he mailing do.te of this in!erview summary form. whichever is later lo file o. statement of the substance of the 
interview 

Examiner recordation instructions: Examiners mus! summarize the substance of any interview of record. A complete and proper recordation of !he 
substance of o.n interview should include 1he items lis1ed in MPEP 713.04 for comple1e o.nd proper recorda1ion including 1he iden1ifico.tion of the 
general thrust of each o.rgumen1 or issue discussed. o. general indica1ion of any other pertinent mo.tiers discussed regarding po.tento.bili1y o.nd 1he 
general results or outcome of the interview. to include o.n indication as 10 whe1her or not agreement was reached on 1he issues raised. 

1ZJ Attachment 

/NARAYAN BHAT.' 
Primary Examiner. Art Uni11634 

US P~lent and Trademark Olf1ce 

PTOL-413 (Rev. 8111.12010) Interview Summary Paper No. 20170316 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete wri11en s1a1ement as 1o 1he subs1ance of any face-to-face, video conference, or 1elephone interview with regard 1o an application must be made of record 1n the 
appl1cat1on whelher or not an agreement w1lh the examiner was reached at lhe interview 

Tille 37 Code o1 Federal Regulations (CFR) § 1. 133 Interviews 
Paragraph (bl 

In every ins lance where reconsideration is requested in view of an 1nlerview wilh an examiner a complete written slatemenl of lhe reasons presented al lhe inlerv1ew as 
warranl1ng favorable action musl be filed by the applicant An interview does not remove the necess1ly for reply lo Oflice action as spec1lied 1n §§ 1 111 1 135. (35 U S.C. 132) 

37 CFR §1.2 Business lo be transacted 1n wril1ng 
All business w1lh the Patent or Trademark Office should be transacted 1n writing The personal attendance of applicants or I heir attorneys or agenls at the Paten I and 
Trademark Ofhce 1s unnecessary The ac11on of 1he Pa1en1 and Trademark Ofhce will be based exclusively on 1he wri11en record in 1he Ofhce No a11ention will be paid 1o 
any alleged oral promise. s11pula11on, or unders1anding 1n relation 1o which there 1s disagreement or doub1 

The action of the Pa1en1 and Trademark Office cannot be based exclusively on 1he written record in 1he Office if 1ha1 record is itself 
incomplete 1hrough the failure 10 record the substance of interviews, 

It is the responsibility of the applicant or !he a11orney or agen1 to make the substance of an in!erview of record in the applicalion file unless 
!he examiner indicates he or she will do so. It is !he examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear direc!ly on the question of pa1en1ability. 

Examiners must complete an ln1erview Summary Form for each interview held where a ma11er of substance has been discussed during the 
in1erview by checking 1he appropria1e boxes and filling in the blanks, Discussions regarding only procedural ma11ers, direc1ed solely to restriction 
requiremen!s for which in!erview recorda!ion is o!herwise provided for in Section 812.01 of !he Manual of Palen! Examining Procedure or pointing 
out typographical errors or unreadable scrip! in Office actions or !he like. are excluded from the interview recordation procedures below. Where the 
subs!ance of an in!erview is comple!ely recorded in an Examiners Amendmen1 no separa!e Interview Summary Record is required. 

The ln1erview Summary Form shall be given an appropriate Paper No .. placed in the right hand portion of the file, and lis1ed on the 
"Contents·· section of the file wrapper, In a personal in1erview. a duplica1e of 1he Form is given 10 the applicant (or attorney or agen1} a11he 
conclusion of 1he interview, In the case of a 1elephone or video•conference interview, the copy is mailed to the applicant's correspondence address 
ei!her wi!h or prior lo the nex1 otticial communication. If additional correspondence from !he examiner is not likely before an allowance or if o!her 
circumstances dictate. the Form should be mailed promptly after the interview rather 1han with !he next official communication. 

The Form provides for recorda1ion of 1he following information: 
-Application Number (Series Code and Serial Number} 
- Name of applicant 
- Name of examiner 
- Da1e of in1erview 
- Type of in!erview (!elephonic video·conference. or personal} 
-Name of participant{s) {applican1 attorney or agen1 examiner o!her PTO personnel. etc.} 
-An indication whether or not an exhibit was shown or a demons1ration conduc1ed 
-An iden1ification of the specific prior arl discussed 

An indicalion whe!her an agreement was reached and if so. a description of the general na!ure of !he agreement {may be by 
atlachmen1 of a copy of amendments or claims agreed as being allowable). Note: Agreement as lo allowability is tentative and does 
no1 res1rict furlher ac1ion by the examiner 10 the con1rary. 

- The signa1ure of 1he examiner who conducted the in1erview (if Form is no1 an attachmen11o a signed Office ac1ion) 

It is desirable 1ha11he examiner orally remind !he applican1 of his or her obliga!ion to record !he subs!ance of the in!erview of each case. 11 
should be noted however Iha! the ln!erview Summary Form will no! normally be considered a complete and proper recorda!ion of the interview 
unless it includes. or is supplemented by the applicant or 1he examiner 10 include, all of the applicable i1ems required below concerning the 
subs1ance ol 1he in1erview, 

A complete and proper recordation of the substance of any interview should include at least the following applicable i1ems: 
1) A brief descriplion of !he nature of any exhibit shown or any demonstra!ion conduc!ed 
2) an identification of the claims discussed 
3) an identification of the specific prior art discussed 
4) an identification of the principal proposed amendments of a substan1ive na1ure discussed unless 1hese are already described on 1he 

Interview Summary Form comple1ed by 1he Examiner 
5) a brief iden1ification of the general thrust ol 1he principal argumen1s presented to 1he examiner, 

{The idenlification of argumen!s need no! be leng!hy or elabora!e. A verba!im or highly de!ailed descriplion of !he arguments is not 
required. The identifica!ion of !he arguments is sutticien1 if !he general nature or 1hrust of !he principal argumen!s made to !he 
examiner can be understood in the con1ex1 of !he application file. Of course the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive 10 the examiner,} 

6) a general indication of any o1her pertinent matters discussed, and 
7) ii appropriate, 1he general resul1s or outcome of 1he interview unless already described in the ln1erview Summary Form comple1ed by 

the examiner, 
Examiners are expected to carefully review the applicant's record of the substance of an in!erview. If the record is no! complete and 

accura!e. !he examiner will give !he applicant an extendable one mon!h time period to correct the record. 

Examiner to Check !or Accuracy 

If the claims are allowable for other reasons of record. the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her, If the record is complete and accurate, the examiner should place the indication, "Interview Record OK •• on the 
paper recording !he substance of !he interview along with the date and the examiner's initials. 
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From: 
To: 
ec, 
Subject: 

Date: 
Importance: 

USPTO Automated Interview Request (AIR): Action Required - Received interview lor US Application Number 
14792094 
tvlonday, February 27. 2017 2:37:33 PM 
High 

NARAYAN BHAT. 

This is an Automated Interview Request (AIR) made by Gargi Talukder for application 
number !4792094 for 3-16-20!7 3:00 PM ET. The prefeJTed interview type is: Telephonic. 
Please respond to this interview request within I business day. 

Please contact Gargi Talukder by calling 4154421266 or emailing 
gargi.talukder@morganlewis.com to set up an interview or deny if appropriate. 

By receiving this AIR submission, the applicant has certified that: 
This submission is requested to be accepted as an authorization for this interview to 
communicate via the internet. Recognizing that Internet communications are not secure, I 
hereby authorize the USPTO to communicate with the undersigned concerning scheduling of 
the interview via video conference, instant messaging, or electronic mail, and to conduct the 
interview in accordance with office practice including video conferencing. 

If you're going to deny the interview. please contact your SPE to clear the tracking off of your 
dashboard. 

If you need assistance please contact your SPE. an Jn,eryif·w $p?ciJli::,1 from your TC or see 
Q.ui,;;k..Rdei:mst. . .Gi!iJs. Thank you. 

Pkas\.! Jo not r0ply lo this message: it was s0nl from an unmonitore<l e-mail a<l<lress 
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From: 
To: 
Subject: 

Date: 

Ti,,1nh, 

(J,lfW 

RE: In preparation lor Interview on March 16, 2017 lor USSN 14/792,094 (MLB Rel: 104371-5016-US:,5) 3.30 
ESf 
Wednesday. March 15, 2017 4:48:03 FM 

Gargi Talukder, J.D., Ph.D. 
Morgan, Lewis & Bock\u$. Lt.P 
One Market, Spear Street Tower I San Francisco, CA 94105 
Direct: +1.415.442.12661 Main: +1.415.442.1000 I Fax: +1.415.442.1001 
9ar,9i,talukdf!r@nqrganfewis.com I www.mor.9an1ewis.com 
Assistant: Ponn R Uchihara I + 1.415.442.1715 I roan ucbihara@noraanlewis com 

From: Bhat,Narayan[mailto:Narayan.Bhat@USPTO.GOV] 
Sent: Wednesday, March 15, 2017 1:36 Rv1 
To: Talukder, Gargi 
Subject: RE: In preparation for Interview on March 16, 2017 lor USS\J 14/792,094 (MLB Ref. 104371-
5016-US05) 3.30 EST 

Nnxayan K Bhat 
P;imary Examiner. AJ 1634 
Fernsen 3C09 TC 1600. USPTO. DCC. A!exardria. VA-·22313 
T: 57'.••272•55,40 
Fnx: 571--?73--SEi,:1-() 

From: Talukder, Gargi [r,,,aWo·<:<argi ta•1•kd"·'<2Jrnornro!ewic; ,,·;m] 

Sent: Wednesday, March 15, 2017 4:29 PM 

To: Bhat, Narayan <!\Jc:ira,,qn P.h;,u&,t ;<;PTO.CO\/> 

Subject: FW: In preparation for Interview on March 16, 2017 for USSN 14/792,094 (MLB Ref· 

104371-5016-USOS) 
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Gargi Talukder, J.D., Ph.D. 
Mmfi;;m, Lewis & Boci<,os U.P 
One Market, ;?pear Street Tower I San Francisco, CA 94105 
Direct: +1.415.442.12661 Main: +1.415.442.1000 I Fax: +1.415.442.1001 
gargi talukder@noraanlewis com I www morganlewis oom 
Assistant: Ponn R Uchihara I + 1.415.442.1715 I f.Q.G!l,!.!.~b.ltliiCii@:nQ.C&t?.!.lle11:V.ls,g;im 

From: Talukder, Gergi 
Sent: Monday, February 27, 2017 5:46 Av1 
To: naraym, bh3t(al11wto 90v 
Cc: Gioss, Sleila R 
Subject: In preparation for Interview on March 16, 2017 for USSN 14/792,094 (MLB Rel: 104371-5016-
USJS) 

Dear Examiner Bhat, 

Thank you for taking the time to speak with me today, and I look forward to our further discussion in 

a couple of weeks 

Per our discussion today, please refer to US Patent No 8,679,756 (USSN 14/021,790} and US Patent 

No. 8,563,274 (USSN 13/859,450). These are the patents on which we modeled the claims for the 

current case 

Best regards, 

Gargi Talukder 

Gargi Talukder, J.D., Ph.D. 
Morgan, Lewis & Bock\u$. U...P 
One Market, ;?pear Street Tower I San Francisco, CA 94105 
Direct: +1.415.442.12661 Main: +1.415.442.1000 I Fax: +1.415.442.1001 
g_ij[.QL.iiilY!iQ~[.@:!lnQf.9.~l!ll~lN.l$.,.Q21!.l I WW.W.,f.OQ[.QiiOl~wis ... m.m 
Assistant: Ponn R. Uchihara I + 1.415.442.1715 I roan \/Cbibara@norganlewis com 

DISCLAIMER 
This e-mail message is intended only for the personal use 
of the recipient(s) named above. This message may be an 
attorney-client communication and as such privileged and 
confidential and/or it may include attorney work product. 
lf you are not an intended recipient. you may not review, 
copy or distribute this message. lf you have received this 
communication in error, please notify us immediately by 
e-mail and delete the original message. 
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PATENT 
Attorney Docket No. !04371-5016-US05 

IN THE UNITED ST ATES PATENT AND TRADEMARK OFFICE 

In re application of: Confirmation No.: 9697 

Sidney Brenner et al. Examiner: Narayan Kameshwar Bhat 

Application No.: 14/792,094 Art Unit: 1634 

Filed: July 6, 2015 

For: COMPOSITIONS AND METHODS RESPONSE TO OFFICE ACTION 
FOR INTRAMOLECULAR NUCLEIC 
ACID ARRANGEMENT 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner: 

In response to the Office Action mailed February 1, 2017, please enter the following 

amendments and remarks: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this 

paper. 

Remarks/Arguments begin on page 5 of this paper. 

D82/ 31133281.2 
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Amendments to the Claims: 

Application No. 14/792,094 
Attorney Docket No.: l 04371-5016-USOS 

Response to Office Action dated: February I, 2017 

This listing of claims will replace all prior versions, and listings of claims in the application: 

Listing of Claims: 

1-39 (Cancelled) 

40. (Currently amended) A method of analyzing nucleic acids, the method comprising: 

(a) providing a first plurality of segments of nucleic acid molecules from a 

contiguous region of a genome from a first single isolated cell, wherein each of 

the first plurality of segments is appended to a first multiplex identifier (MID) 

sequence prior to or during an amplification reaction to form first appended 

segments; 

(b) providing a second plurality of segments of nucleic acid molecules from a 

contiguous region of a genome from a second single isolated cell, wherein each 

of the second plurality of segments is appended to a second MID sequence prior 

to or during an amplification reaction to produce second appended segments, 

wherein the first single isolated cell is a different cell than the second single 

isolated cell, and wherein the first MID sequence and the second MID sequence 

are different from each other; 

(c) sequencing the first appended segments and the second appended segments to 

provide a plurality of sequences, 

wherein each sequence comprises (i) nucleotide sequence of at least a portion of a segment 

and (ii) an associated MID sequence, and wherein the MID sequences uniquely 

identify the segments with a single isolated cell. 

41. (Previously presented) The method of claim 40, wherein the method further 

comprises amplifying the first appended segments and the second appended 

segments before the sequencing step ( c ). 

D82/ 31133281.2 
Page 2 of 12 
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Application No. 14/792,094 
Attorney Docket No.: 104371-5016-USOS 

Response to Office Action dated: February I, 2017 

42. (Previously presented) The method of claim 40, wherein the nucleic acid molecules 

are selected from DNA and RNA. 

43. (Previously presented) The method of claim 42, wherein the nucleic acid molecules 

comprise mRNA. 

44. (Previously presented) The method of claim 40, wherein the MID sequences are 

appended to the segments through ligation. 

45. (Previously presented) The method of claim 40, wherein the MID sequences are 

appended to the segments by performing PCR or linear amplification of the plurality 

of nucleic acids using an adapter sequence comprising the MID sequence and an 

amplification primer. 

46. (Previously presented) The method of claim 40, wherein the sequences of the 

segments are attributed to different isolated cells based on the associated MID 

sequence. 

47. (Previously presented) The method of claim 40, wherein the MID sequences further 

comprise a sequencing primer sequence. 

48. (Previously presented) The method of claim 40, wherein the MID sequences are from 

2 to 100 bases in length. 

49. (Previously presented) The method of claim 40, wherein the segments of (a) and (b) 

are in the range of 100 to 5,000 bp in length. 

50. (Previously presented) The method of claim 40, wherein the segments of (a) and (b) 

are 400 bp or less in length. 

51. (Previously presented) The method of claim 40, wherein the method further 

comprises providing a third plurality of segments of nucleic acid molecules from a 

contiguous region of a genome from a third single isolated cell, wherein each of the 

third plurality of segments is appended to a third MID sequence to produce third 

082/ 31133281.2 
Page 3 of 12 
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Application No. 14/792,094 
Attorney Docket No.: l0437 l-50l6-US05 

Response to Office Action dated: February I, 2017 

appended segments, and the third MID sequence is different from the first MID 

sequence and the second MID sequence. 

52. (Previously presented) The method of claim 40, wherein the contiguous region is 

greater than 2 kb in length. 

53. (Currently amended) A method of analyzing a plurality of contiguous genomic 

sequences, comprising: 

(a) providing a sample comprising the plurality of contiguous genomic sequences, 

wherein the plurality of contiguous genomic sequences are from a plurality of 

single isolated cells; 

(b) tagging a plurality of fragments of the contiguous genomic sequences with a 

multiplex identifier (MID) sequence prior to or during an amplification reaction 

such that fragments of a first contiguous nucleic acid sequence share a eommoa 

MID sequence that is different from at1 §. MID sequence of fragments of a 

second contiguous nucleic acid sequence; and 

(c) sequencing the plurality of fragments and MID sequences to identify fragments of 

the contiguous sequence. 

54. (Previously presented) The method of claim 53, wherein the first contiguous nucleic 

acid sequence is from a first single isolated cell and the second contiguous nucleic 

acid sequence is from a second single isolated cell. 

55. (Previously presented) The method of claim 53, wherein sequences of the fragments 

are attributed to different single isolated cells based on the associated MID sequence. 

D82/ 31133281.2 
Page 4 of 12 
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Application No. 14/792,094 
Attorney Docket No.: 104371·5016-USOS 

Response to Office Action dated: February 1,2017 

Remarks/ Arguments 

Applicants have not dedicated or abandoned any unclaimed subject matter and have not 

acquiesced to any rejections made by the Patent Office. Applicants reserve the right to pursue 

prosecution of any presently excluded claim embodiments in future continuation and/or 

divisional applications. 

Status of the Claims 

Claims 40-55 are pending and under consideration in this application. Claims 40 and 53 

have been amended, and these amendments are fully supported in the specification as filed. 

For example, the amendment that the first and second MID sequences are appended 

"prior to or during an amplification reaction" is supported on pages 4-5 and 24-25 of the 

specification as filed. 

The amendment clarifying that the first and second cells are different cells is supported 

for example on page 8, which states that "a nucleic acid sample may be a pool of polynucleotides 

derived from different sources, ( e.g., polynucleotides derived from different individuals, 

different tissues or cells, or polynucleotides isolated at different times points) .. " (emphasis 

added). 

Applicants respectfully request entry of the claims as amended into the record. 

Interview summary 

Examiner Bhat and Applicants' representative, Gargi Talukder, (herein together referred 

to as "the Parties") participated in a telephonic interview on March 16, 2017. Applicants thank 

Examiner Bhat for his attention and time to this matter. 

The Parties discussed the pending claims and the outstanding rejections in the present 

office action. No agreement was reached on the claims, and the Examiner suggested that a 

response to office action be filed with further amendments and arguments for consideration. The 

D82/ 31133281.2 
Page 5 of12 
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Response to Office Action dated: February I, 2017 

Examiner indicated he may need to conduct further searches depending on any new amendments 

to the claims. 

Response to Offlce Action 

Claim Objections 

Claim 53 is objected to because of a typographical error to the recitation of "an MID 

sequence" in step 'b' lines 3 and 4. Claim 53 has been amended as suggested by the Examiner, 

thus overcoming this objection. Applicants respectfully request that this rejection be withdrawn. 

Claim Rejections - 35 USC§ 112-first paragraph - written description 

Claims 40-55 are rejected under 35 U.S.C. § 112(a) or 35 U.S.C. § 112 (pre-AJA), first 

paragraph, as allegedly failing to comply with the written description requirement. Applicants 

respectfully disagree. 

The Office asserts on page 7 of the current Office Action that the claim elements "first 

single isolated cell," "second single isolated cell," and "a common MID sequence" constitute 

new matter. 

Applicants respectfully remind the Office that word-for-word support for every element 

of a claim is not the standard for fulfillment of the written description requirement. Rather, "If a 

skilled artisan would have understood the inventor to be in possession of the claimed invention at 

the time of filing, even if every nuance of the claims is not explicitly described in the 

specification, then the adequate description requirement is met. See, e.g., Vas-Cath, 935 F.2d at 

1563, 19 USPQ2d at I 1 I 6; Martin v. Johnson, 454 F.2d 746, 751, 172 USPQ 391, 395 (CCPA 

1972) (stating "the description need not be in ipsis verbis [i.e., "in the same words"] to be 

sufficient")." MPEP 2163. Applicants submit that the specification as filed provides an adequate 

description of all of the elements of the present claims, including the elements identified in the 

present Office Action. 

Taking the "first single isolated cell" and "second single isolated cell" elements first, 

Applicants note that the specification explicitly states that samples can include polynucleotides 

DB2/ 31133281.2 
Page 6 of 12 
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from different sources, including "different tissues or cells." See page 8, line 5 of the present 

specification. In addition, the specification further provides that the nucleic acid sample can be 

from a single source, such as a cell, or from of a plurality of cells where by plurality is meant 

"two or more." See page 19,firstfull paragraph of the Jpeciflcation as filed. As such, the skilled 

artisan would readily understand that the specification as filed supports methods in which the 

polynucleotides to be analyzed can be sourced from two different cells, because the specification 

states that two or more cells could be the source of the nucleic acid sample. As will be 

appreciated, an adequate written description of the invention "may be shown by any description 

of sufficient, relevant, identifying characteristics so long as a person skilled in the art would 

recognize that the inventor had possession of the claimed invention." MPEP §2163. Applicants 

submit that the above excerpts from the present specification provides sufficient identifying 

characteristics of the claimed invention to fulfill the written description requirement. 

For the element of a "common MID sequence" Applicants have, solely to further 

prosecution of this application and without conceding to the propriety of this rejection, amended 

claim 53 to remove the tenn "common," thus clarifying that the claimed invention involves 

polynucleotides where fragments of a first contiguous nucleic acid sequence share an MID 

sequence that is different from an MID sequence of fragments of a second contiguous nucleic 

acid sequence. As such, the written description rejection as it pertains to this element of the 

claims is rendered moot. 

For at least the foregoing reasons, Applicants respectfully request that all rejections 

under § 112 for lack of written description be withdrawn. 

Claim Rejections - 35 USC§ 112-second paragraph 

Claims 53-55 are rejected under 35 U.S.C. § l 12(b) or 35 U.S.C. § 112 (pre-AJA), 

second paragraph, as being indefinite for allegedly failing to particularly point out and distinctly 

claim the subject matter which the inventor or a joint inventor, or for pre-AIA the applicant 

regards as the invention. Applicants respectfully disagree. 

DB2/ 31133281.2 
Page 7 of 12 
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Response to Office Action dated: February I, 2017 

The Office Action states on page 9 that claim 53 is indefinite because "in step 'b' it is 

unclear "how sharing sequences is different." Applicants note that the claim recites that 

fragments of a first contiguous nucleic acid sequence share a MID sequence that is different from 

a MID sequence o((ragments ofa second contiguous nucleic acid sequence. In other words, the 

fragments from the first contiguous nucleic acid sequence are tagged with the same MID 

sequence, and that MID sequence is different than the MID sequence that tags the fragments of 

the second nucleic acid sequence. Applicants respectfully submit that the claim is clear as 

currently pending and request that this rejection be withdrawn. 

Claim Rejections -35 USC§ 103 

Claims 40-55 are rejected under 35 U.S.C. § 103 as being allegedly anticipated by 

Braverman et al., US 2009/0105959 ("Braverman") in view ofDrmanac, US 2007/0072208 

("Drmanac"). Applicants respectfully traverse these rejections. 

Applicants submit that the skilled artisan would not have found it obvious to combine the 

teachings of Braverman and Drmanac to practice the claimed invention because (i) Braverman 

teaches away from elements of the claimed invention, (ii) the skilled artisan would have no 

reasonable expectation of success in practicing the claimed invention by combining the teachings 

of Braverman and Drmanac, and (iii) the combined teachings of Braverman and Drmanac fail to 

disclose all elements of the claimed invention. 

As discussed in KSR v. Teleflex, "when the prior art teaches away from combining ce1iain 

known elements, discovery of a successful means of combining them is more likely to be 

nonobvious." KSR Int 'l Co. v. Telefl.ex, Inc., 550 US. 398 (2007) citing United States v. Adams, 

383 US 39, 51-52 (1966). In addition, as described in MPEP § 2141.02, a prior art reference 

must be considered "in its entirety, i.e., as a whole, including portions that would lead away from 

the claimed invention." W:L. Gore & Assoc., Inc. v. Garlock, Inc., 721 F.2d 1540, 220 USPQ 

303 (Fed. Cir. 1983), cerl denied, 469 U.S. 851 (1984). 

When considered as a whole, Braverman is directed to associating nucleic acids with a 

"UID element" that is "resistant to introduced error in sequence data." Braverman, paragraph 

D82/ 31133281.2 
Page 8 of 12 
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[0028]. Toward its purpose of producing nucleic acids tagged with UID's that are resistant to 

introduced error, Braverman teaches that methods of attaching the UID molecules after 

amplification provide distinct advantages: "By coupling the UID elements to the adapted 

template molecules post-amplification, errors introduced by the amplification method are 

avoided." Braverman, paragraph [0084]. The present claims are directed to methods in which an 

MID are appended prior to or during an amplification reaction. According to Braverman, any 

such tags would be prone to errors, and as such, Braverman teaches away from the claimed 

invention. The skilled artisan would not find it obvious to combine these teachings in 

Braverman with those in Drmanac to practice the claimed invention. 

Furthermore, the skilled artisan would have no reasonable expectation of success in 

practicing the claimed invention by combining the teachings of Braverman with those of 

Drmanac. Drmanac describes a method that relies upon a dilution process that results in forming 

aliquots containing mixtures of non-overlapping fragments. In fact, the title of Drmanac is 

"Nucleic acid analysis by random mixtures of non-overlapping fragments." The methods in 

Drmanac rely on the dilution process to order sequence infonnation. For example, Drmanac 

states that "When the fragments in the final tier are sequenced, overlapping sequence regions of 

fragments in different aliquots are used to register the different fragments so that non­

overlapping regions are ordered." Drmanac, paragraph [0015}. As further explained in 

Drmanac, an overriding feature of the process in Drrnanac is that different aliquots at most 

contain one molecule of a particular sequence of interest: "A common feature in all applications 

of this invention (genome sequencing, SNP or other marker mapping or cDNA analysis) is 

aliquoting nucleic acid sample such that sequences of predetermined type of relatedness 

(overlapped fragment, fragments with high similarity, homologous chromosomes, messengers 

transcribed from the same gene) occur mostly once e.g. as a single molecule per aliquot." 

Drmanac, paragraph [0017J. The skilled artisan would have no reason to use the teachings of 

Dnnanac in combination with those of Braverman to practice the claimed invention, because the 

purpose ofDnnanac is to divide out the nucleic acids from a source to sub~haploid levels, 

whereas the presently claimed invention would result in nucleic acids from a first cell to be 

tagged with an MID that is different from the MID of nucleic acids form a second cell. In other 

words, the sequencing step of the presently claimed methods would necessarily involve 
D82/ 31133281.2 
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sequencing overlapping segments from the original isolated cell. As such, the skilled mtisan 

would have no expectation of success in practicing the claimed invention based on the combined 

teachings ofDrmanac and Braverman, because Drmanac is directed to a method that is not in 

keeping with the presently claimed invention. 

Applicants note that the Office has cited to Drmanac to provide the teaching that the 

samples can be from two isolated cells. However, as discussed above, in supporting a rejection 

for obviousness, a prior art reference must be considered "in its entirety, i.e., as a whole, 

including portions that would lead away from the claimed invention." W.L. Gore & Assoc., Inc. 

v. Garlock, Inc., 721 F.2d 1540, 220 USPQ 303 (Fed. Cir. 1983), cert. denied, 469 U.S. 851 

(1984). MPEP § 2141. 02. When taken as a whole, Drmanac does not supp01t a rejection for 

obviousness. 

Applicants further submit that the combined teachings of Braverman and Drrnanac fail to 

disclose or suggest elements of the claims, including a method in which each ofa first plurality 

of segments from a first isolated cell is appended to a first multiplex identifier (MID) and each of 

a second plurality of segments from a second isolated cell are appended to a second MID, as is 

recited in independent claim 40. In addition, the combined teachings of Braverman and 

Drmanac fail to provide a method in which a plurality of fragments of contiguous genomic 

sequences are tagged with a MID sequence such that fragments of a first contiguous nucleic acid 

sequence share a common MID sequence that is different from an MID sequence of fragments of 

a second contiguous nucleic acid sequence, as is recited in independent claim 53. Furthermore, 

the combined teachings of Braverman and Dnnanac fails to disclose methods in which segments 

appended to or tagged with MIDs can be attributed to their single cell of origin. 

For at least the foregoing reasons, Applicants respectfully request that all rejections under 

§ 103 be withdrawn. 

D82/ 31133281.2 
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Claims 40-55 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-12 of U.S. Patent No. 8,679,756 in view ofDrmanac (US 

2007 /0072208). 

For the reasons recited above, Applicants respectfully submit the presently claimed 

invention does not support a rejection on the ground of nonstatutory double patenting, as the 

present claims are not obvious in light of U.S. Patent No. 8,679,756 in view ofDrmanac. 

Applicants respectfully request that this rejection be withdrawn. 

D82/ 31133281.2 
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CONCLUSION 

All the stated grounds of objection and rejection have been properly traversed, 

accommodated, or rendered moot. Applicants therefore respectfully request that the Examiner 

reconsider all presently outstanding objections and rejections and that they be withdrawn. 

Applicants believe that a full and complete reply has been made to the outstanding Office 

Action, and as such, the present application is in condition for allowance. If the Examiner 

believes, for any reason, that personal communication will expedite prosecution of this 

application, the Examiner is invited to telephone the undersigned at the number provided below. 

Except for issue fees payable under 37 C.F.R. § 1.18, the Commissioner is hereby 

authorized by this paper to charge any necessary fees during the entire pendency of this 

application including fees due under 37 C.F.R. §§ 1.16 and 1.17, which may be required, 

including any required extension ohime fees, or credit any overpayment to Deposit Account 50-

0310 (Order No.: 104371-5016-US05). 

Prompt and favorable consideration of this Amendment and Response is respectfully 

requested. 

Dated: Ho~ \ Z O 1-=l­
Customer No. Ji3ss'o 
Morgan, Lewis & Bockius LLP 
One Market, Spear Street Tower 
San Francisco, CA 94105 
Telephone: (415) 442-1000 
Facsimile: (415) 442-1001 

D82/ 31133281.2 

Respectfully submitted, 

MORGAN, LEWIS & BOCKIUS LLP 

Page 12 of 12 
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Final action 

1. The present application is being examined under the pre-AIA first to invent 

provisions. This office action is in response to the papers filed on 5/1/2017. The 

amendments to independent claims 40 and 53 changing the scope of previously 

Page2 

rejected said claims necessitated the new grounds of rejections as set forth in this office 

action. Accordingly this office action has been made final. 

Track 1 Request 

2. Track1 request filed by the applicant on December 22, 2016 has been granted by 

the office on January 10, 2017. Therefore instant application has been examined on a 

priority basis. To maintain its status applicant is required to follow the requirements 

listed in the Track1 grant document. 

3. The present application is being examined under the pre-AIA first to invent 

provisions. The instant application is a continuation of 14/172,694, now U.S. Patent 

9,102,980, which is a continuation of 14/021,790, now U.S. Patent 8,679,756, which is a 

continuation of 13/859,450, now U.S. Patent 8,563,274, which is a continuation of 

13/622,872, now abandoned, which is a continuation of 13/387,343, now U.S. Patent 

8,298,767, which is a national stage entry of PCT/IB2010/002243, claiming priority from 

provisional application 61288792, filed on 12/21/2009 and from provisional application 

61235595, filed on 08/20/2009. 
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4. In the claim listing of 5/1/2017 claims 40-55 are pending in this application and 

are under prosecution. Claims 40 and 53 are amended. Claims 1-39 are canceled. 

Claims have been reviewed and entered. The claim amendments have been reviewed 

and entered. No new matter has been introduced by the claim amendments as 

applicant has identified the support in the instant specification (Remarks, pg. 5). 

5. The interview summary filed by the applicant has been acknowledged by the 

examiner (Remarks, pg. 5) 

Withdrawn Objection, Rejections and Response to the Remarks 

6. The previous objection of claim 53 has been withdrawn in view of fixing the minor 

informality in said claim (Remarks, pg. 6). 

7. The previous new matter rejection of claims 40-55 under 35 USC pre-AIA first 

paragraph has been withdrawn in view of claim amendments and clarifying on the 

record that the instant specification at the time of filing has the support for the first and 

the second isolated single cell (Remarks, pgs. 6 and 7). 

8. The previous rejection of claims 53-55 under 35 USC pre-AIA second paragraph 

has been withdrawn in view of claim amendments (Remarks, pgs. 7 and 8). 

9. The previous rejection of claims 40-55 under 35 USC 103(a) as being 

unpatentable over Braverman in view of Drmanac has been withdrawn in view of the 

claim amendments, persuasive arguments made by the applicant that Braverman does 
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reaction and solely to expedite the prosecution (Remarks, pgs. 8-10). 

Page4 

10. The previous ODP rejections on the record have been withdrawn necessitated by 

the claim amendments. The arguments regarding ODP rejection of instant claims 40-55 

over claims 1-12 of '756 patent in view of Drmanac have been fully considered 

(Remarks, pg. 11 ). They are moot in view of withdrawn ODP rejections necessitated by 

the claim amendments. 

However, upon further consideration new grounds of rejections are set forth in 

this office action necessitated by the claim amendments. 

Claim Rejections - 35 USC§ 103 

11. The text of those sections of Title 35, U.S. Code not included in this action can 

be found in a prior Office action. 

12. Claims 40-55 are rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable 

over Gillevet (WO 2008/061193, cited in the previous office action) in view Wangh et al 

(US 2003/0022231 published Jan 30, 2003). 

Gi!levet and Wangh teach a method for analyzing nucleic acid from plurality of 

samples and therefore are analogous arts. Gi!levet teaches the steps of claims 40 and 

53 including analyzing the nucleic acid from a plurality of nucleic acid template from 

multiple samples and sequencing the segments of the nucleic acid template (i.e., 

contiguous region of the genome) from each sample and identifying the nucleic acid 

segments from each sample by a tag sequence (i.e., a multiplex identifier) specific to 
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each of sample. Gillevet does not specifically teach that the nucleic acid segments from 

single isolated cell from each sample. However, the concept of using the nucleic acid 

from single isolated cell from each sample was known in the art at the time the claimed 

invention was made as taught by Wangh, which is very useful for a variety of uses, 

including research, forensic science and diagnostic applications least two isolated single 

cells. 

Regarding claim 40, Gillevet teaches a multiplex method for the quantitative 

determination of polynucleotides in two or more samples, comprising: hybridizing a first 

primer to polynucleotides in a first sample, said first primer comprising a first tag 

sequence (i.e., a first multiplex identifier (MID)) and a first probe sequence specific for a 

first target sequence, wherein said first target sequence is 3' to a variable genetic 

region; elongating primer templates formed thereby to form a first population of tagged 

polynucleotides comprising: said first primer including said first tag sequence (i.e., first 

MID sequence); and sequences of said variable genetic region (encompasses the step 

of appending first MID); hybridizing a second primer to polynucleotides in a second 

sample, said second primer comprising a second tag sequence (i.e., a second MID) and 

a second probe sequence specific for a second target sequence, wherein said second 

target sequence is 3' to the same variable genetic region as said first target sequence, 

wherein further said second probe sequence may be the same as or different from said 

first probe sequence; elongating primer templates formed thereby to form a second 

population of tagged polynucleotides comprising: said second primer including said 

second tag sequence (encompasses the step of appending second MID); and 
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sequences of said variable genetic region; mixing said first and second populations 

together; determining sequences of polynucleotides comprising tag sequences and the 

sequences of the variable genetic element in said mixture; from the tag sequences 

comprised in the polynucleotide sequences thus determined identifying the sample in 

which polynucleotide sequences occurred; from the sequences of the variable genetic 

region comprised in the polynucleotide sequences thus determined identifying particular 

variants of said variable genetic element; from this information determining the number 

of time one or more given variants occur in each sample, and from the number for each 

variant in the polynucleotides thus determined, quantifying said polynucleotides in said 

samples (Fig. 1 and its legend in pgs. 13 and 14 and Gillevet claim 1 ). Gillevet also 

teaches that the tags are comprised in primers for PCR amplification (pg. 18, lines 14 

and 15), which meets the limitation of first and second MID sequences are appended 

during an amplification reaction to form the first and second appended segments. 

Gillevet does not specifically teach the nucleic acid genome is from single 

isolated cells. However, nucleic acid genome isolated from single isolated cell was 

known in the art at the time the claimed invention was made as taught by Wangh, who 

teaches a method, wherein nucleic acid molecules are isolated from single cell from a 

sample (Wangh claims 25 and 45) and further teaches that the nucleic acid content 

from the single cell are useful for a variety of uses, including research, forensic science 

and diagnostic applications (paragraphs 0187-0202), thus providing motivation to 

include to use of isolated single cell from the sample(s) of Wangh in the method of 

Gillevet. 
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One having ordinary skill in the art would also recognize that while combining the 

step of Wangh in the method of Gillevet some routine optimization is necessary which is 

within the skills of one having ordinary skill in the art and motivation to include the 

missing step of use of isolated single cell comes from Wangh and not gleaned from the 

instant invention. One having ordinary skill in the art would be motivated to analyze the 

nucleic acid sequences from two different single cells rather than from two different 

samples because that would allow the monitor nucleic acid differences from individual 

genome of the cell. 

It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the step of analyzing nucleic acid 

molecules from individual single cell of Wangh in the method of Gillevet with a 

reasonable expectation of success with the expected benefit of analyzing the nucleic 

acid sequences from individual isolated cells having a variety of uses, including 

research, forensic science and diagnostic applications as taught by Wangh. An artisan 

having ordinary skill in the art would have reasonable expectation of success because it 

merely involves including the two single cell analysis which is routinely done in the art 

as exemplified by Wangh. 

The teachings of Gillevet in view of Wangh regarding dependent claims 41-55 

are discussed below. 

Regarding claim 41, Gillevet teaches an amplification of plurality of nucleic acid 

attached to the MID sequence before determining the nucleic acid sequence (pg. 18, 

lines 14-18). 
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Regarding claims 42 and 43, Gi!levet teaches that the nucleic acids are DNA (pg. 

18, line 25) and RNA (pg. 9, lines 24 and 25). Wangh teaches nucleic acid molecule is 

mRNA (paragraph 0046). 

Regarding claim 44, Gi!levet teaches that the tagging step comprises ligation with 

nucleic acid (pg.8, lines 10-12). 

Regarding claims 45 and 47, as discussed above while rejecting claim 40, 

Gi!levet teaches that the tagging step comprises performing PCR of the plurality of 

nucleic acids and the MID sequence is in the primer (pg. 18, lines 12-18). 

Regarding claim 46, as discussed above while rejecting claim 40, Gi!levet in view 

of Wangh teaches providing a plurality of nucleic acids from each of a plurality of single 

cell sources; the attaching step comprises attaching different MID sequences to the 

nucleic acids from each of the plurality of single cell sources; and wherein nucleic acid 

sequences are attributed to different individual cell sources based upon the MID 

sequences attached in the attaching step and a sequencing primer sequence (Gi!levet 

Fig. 1 and its legend in pgs. 13 and 14 and Gillevet claim 1 and Wangh claims 25 and 

45). 

Regarding claim 48, Gi!levet teaches that the MID sequences (i.e., the tag 

sequences) are 2, 3, 4, 5, 6, 8, 10, 12 bases long, which is within the range of 2 to 100 

bases in length (pg. 13, lines 16-18). 

Regarding claims 49 and 50, Gi!levet teaches that the nucleic acid segments are 

in the range of about 300 to 1700 bp (Fig. 4), which is in the claimed range of 100 to 

5000 bp. 
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Regarding claim 51, Gillevet teaches a plurality of samples in the range of 5 to 

10,000 samples, wherein each sample comprises a specific sequence tag (pg. 8, lines 

3-9). One having ordinary skill in the art would recognize that the steps of claim 51 are 

obvious over Gillevet in view of Wangh because as discussed above while rejecting 

claim 40, Wangh provide motivation to include isolated single cell from each sample of 

Gillevet. 

Regarding claim 52, Gillevet teaches samples are fragmented genomic DNAs 

(pg. 18, line 25) and further teaches amplified fragment is about 1700 bp (Fig. 4). Also 

the genomic fragment size in the range of 10-30 kb is routine, well established and 

conventional in the art as further evidenced by Drmanac (cited in the previous office 

action, paragraph 0023) and therefore obvious over Gillevet in view of Wangh. 

Regarding claims 53-55, it is noted that claims 54 and 55 further specifies 

plurality of single isolated cells comprise first and second single isolated cells, wherein 

each cell type comprise specific MID sequence. As discussed above while rejecting 

claim 40, the subject matter of analyzing the first contiguous nucleic acid sequence from 

first single isolated cell and second contiguous nucleic acid sequence from second 

single isolated cell using MID sequence for each single isolated cell is obvious over 

Gillevet in view of Wangh for the reasons discussed above. Therefore the subject 

matter of claims 53-55 are obvious improvements over Gillevet in view of Wangh and 

therefore not novel. 
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13. The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory double 
patenting rejection is appropriate where the claims at issue are not identical, but at least 
one examined application claim is not patentably distinct from the reference claim(s) 
because the examined application claim is either anticipated by, or would have been 
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 
1993); In re Langi, 759 F.2d 887,225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 
686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the reference application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. See MPEP § 
717.02 for applications subject to examination under the first inventor to file provisions 
of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1) (1) - 706.02(1) (3) for 
applications not subject to examination under the first inventor to file provisions of the 
AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321 (b). 

The USPTO Internet website contains terminal disclaimer forms which may be 
used. Please visit www.uspto.gov/forms/. The filing date of the application in which the 
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or 
PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out 
completely online using web-screens. An eTerminal Disclaimer that meets all 
requirements is auto-processed and approved immediately upon submission. For more 
information about eTerminal Disclaimers, refer to 
http://www. uspto. gov/patents/process/file/efs/guidance/e TD-i nfo-I .jsp. 

14. Claims 40-55 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-12 of U.S. Patent No. 8,679,756 in view of Gillevet 

(WO 2008/061193, cited in the previous office action) and Wangh et al (US 

2003/0022231 published Jan 30, 2003) for the following reasons. 

Regarding instant independent claims 40 and 53, claims 1, 2 and 11 of '756 

patent discloses a method comprising: a) obtaining a composition comprising a mixture 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00836

Application/Control Number: 14/792,094 

Art Unit: 1634 

Page 11 

of: i. a first plurality of different segments of a first nucleic acid molecule of a contiguous 

region in genomic DNA, wherein said contiguous region in genomic DNA is represented 

by a plurality of nucleic acid molecules, and wherein each of said first plurality of 

segments is appended to a first multiplex identifier (MID) sequence; and ii. a second 

plurality of different segments of a second nucleic acid molecule of said contiguous 

region, wherein each of said second plurality of segments is appended to a second MID 

sequence and said first MID sequence and said second MID sequence are different, 

wherein, in said composition, all of the segments of each of the nucleic acid molecules 

of the contiguous region comprises a unique MID sequence that uniquely identifies each 

of the nucleic acid molecules; and bl sequencing said first plurality of segments and 

said a second plurality of segments to provide a plurality of sequences; wherein each 

sequence comprises: (i} the nucleotide sequence of at least a portion of a segment and 

(ii) an associated MID sequence, wherein said genomic DNA is genomic DNA from a 

virus or a bacterium, wherein defining a linkage relationship between said sequences 

using the MID sequence that is associated with each of the sequences, wherein 

sequences that comprise the first MID sequence are linked and sequences that 

comprise the second MID sequence are linked (common steps between instant claims 

40 and 53 are underlined by the examiner). One having ordinary skill in the art would 

recognize that genomic DNA from a bacterium amounts of a genome from a single 

isolated cell. 

However, claims of '756 patent do not disclose nucleic acid segments are from 

first and second isolated single cell. However, providing the genomic DNA from two 
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different cell types was known in the art at the time the claimed invention was made as 

taught by Gillevet, who teaches multiplex method for the quantitative determination of 

polynucleotides in two or more samples, wherein plurality of nucleic acids from first and 

second sample are appended with tag sequence during amplification, wherein the first 

tag sequence is different from the second tag sequence and determining the sequences 

of the polynucleotides including the tag sequences and identifying the variable genetic 

element in each sample based on tag sequence that identifies the sample type (Gillevet, 

claims 2 and 6), which are useful for detecting, monitoring, profiling, prognosticating, 

and/or diagnosing a disorder, disease, or the like (pg. 18, lines 31 and 32). 

Claims of '756 patent in view of Gillevet does not specifically teach that the 

nucleic acids are from a genome from the single isolated cell, which is taught by 

Wangh, who teaches method, wherein nucleic acid molecules are isolated from single 

cell (Wangh claim 2) and further teaches that the nucleic acid content from the single 

cell are useful for a variety of uses, including research, forensic science and diagnostic 

applications (paragraphs 0187-0202).One having ordinary skill in the art would also 

recognize that while combining the steps of '756 patent with the step of Gillevet and 

Wangh some routine optimization is necessary which is within the skills of one having 

ordinary skill in the art and motivation to include the missing step comes from Gillevet 

and Wangh. One having ordinary skill in the art would be motivated to analyze the 

nucleic acid sequences from two different single cells rather than from plurality of 

different samples because that would allow the monitor nucleic acid differences from 

individual genome. 
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It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the step of analyzing nucleic acid 

molecules from a plurality of samples using tag sequence specific to each sample type 

of Gillevet and nucleic acid from individual single cell of Wangh in the method of '756 

patent with a reasonable expectation of success with the expected benefit of analyzing 

the nucleic acid sequences from individual isolated cells having a variety of uses, 

including research, forensic science and diagnostic applications as taught by Gillevet 

and Wangh. An artisan having ordinary skill in the art would have reasonable 

expectation of success because it merely involves including the two single cell analysis 

which is routinely done in the art and therefore the steps of instant claims 40 and 53 are 

not patentably distinct from claims of '756 patent in view of Gillevet and Wangh. 

With regard to instant dependent claims 41-52, 54 and 55, claims of '756 patent 

in view of Gillevet and Wangh disclose the steps and therefore are not patentably 

distinct. 

15. Claims 40-55 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-11 of U.S. Patent No. 8,563,274 in view of Gillevet 

(WO 2008/061193, cited in the previous office action) and Wangh et al (US 

2003/0022231 published Jan 30, 2003) for the following reasons. 

Regarding instant claims 40 and 53, claims 1 and 10 of '274 patent is drawn to a 

composition comprising a mixture of: a) a first plurality of different segments of a first 

nucleic acid molecule of a contiguous region in genomic DNA, wherein said contiguous 
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region in genomic DNA is represented by a plurality of nucleic acid molecules, and 

wherein each of said first plurality of segments is appended to a first multiplex identifier 

(MID) sequence; and b) a second plurality of different segments of a second nucleic 

acid molecule of said contiguous region, wherein each of said second plurality of 

segments is appended to a second MID sequence and said first MID sequence and said 

second MID sequence are different, wherein, in said composition, all of the segments of 

each of the nucleic acid molecules of the contiguous region comprise a unique MID 

sequence that uniquely identifies each of the nucleic acid molecules, wherein said 

genomic DNA is genomic DNA from a virus or a bacterium. 

One having ordinary skill in the art would recognize that genomic DNA from a 

bacterium amounts of a genome from a single isolated cell. One having ordinary skill in 

the art would also recognize that providing a genome from a second isolated cell would 

be a duplication of the steps of '27 4 patent because instant claims as recited merely 

require analysis of the first and second appended segments and not linking the 

sequence to the first and the second isolated single cell. 

However, claims of '274 patent do not disclose nucleic acid segments are from 

first and second isolated single cell. However, providing the genomic DNA from two 

different cell types was known in the art at the time the claimed invention was made as 

taught by Gillevet, who teaches multiplex method for the quantitative determination of 

polynucleotides in two or more samples, wherein plurality of nucleic acids from first and 

second sample are appended with tag sequence during amplification, wherein the first 

tag sequence is different from the second tag sequence and determining the sequences 
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of the polynucleotides including the tag sequences and identifying the variable genetic 

element in each sample based on tag sequence that identifies the sample type (Gillevet, 

claims 2 and 6), which are useful for detecting, monitoring, profiling, prognosticating, 

and/or diagnosing a disorder, disease, or the like (pg. 18, lines 31 and 32). 

Claims of '27 4 patent in view of Gillevet does not specifically teach that the 

nucleic acids are from a genome from the single isolated cell, which is taught by 

Wangh, who teaches method, wherein nucleic acid molecules are isolated from single 

cell (Wangh claim 2) and further teaches the nucleic acid content from the single cell 

are useful for a variety of uses, including research, forensic science and diagnostic 

applications (paragraphs 0187-0202).One having ordinary skill in the art would also 

recognize that while combining the steps of '756 patent with the step of Gillevet and 

Wangh some routine optimization is necessary which is within the skills of one having 

ordinary skill in the art and motivation to include the missing step comes from Gillevet 

and Wangh. One having ordinary skill in the art would be motivated to analyze the 

nucleic acid sequences from two different single cells rather than from plurality of 

different samples because that would allow the monitor nucleic acid differences from 

individual genome. 

It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the step of analyzing nucleic acid 

molecules from a plurality of samples using tag sequence specific to each sample type 

of Gillevet and nucleic acid from individual single cell of Wangh in the method of '27 4 

patent with a reasonable expectation of success with the expected benefit of analyzing 
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the nucleic acid sequences from individual isolated cells having a variety of uses, 

including research, forensic science and diagnostic applications as taught by Gillevet 

and Wangh. An artisan having ordinary skill in the art would have reasonable 

expectation of success because it merely involves including the two single cell analysis 

which is routinely done in the art and therefore the steps of instant claims 40 and 53 are 

not patentably distinct from claims of '274 patent in view of Gillevet and Wangh. 

With regard to instant dependent claims 41-52, 54 and 55, claims of '274 patent 

in view of Gillevet and Wangh disclose the steps and therefore are not patentably 

distinct. 

16. Claims 40-55 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-13 of U.S. Patent No. 9,410,149 in view of Gillevet 

(WO 2008/061193, cited in the previous office action) and Wangh et al (US 

2003/0022231 published Jan 30, 2003) for the following reasons. 

The subject matter of claims 1-13 of '149 patent is similar to claims 1-11 of '756 

patent. Therefore it is maintained that steps of instant claims 40-55 are not significantly 

different from claims 1-13 of '149 patent in view of Gillevet and Wangh. 

17. Claims 40-55 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-19 of U.S. Patent No. 9,410,150 in view of in view of 

Gillevet (WO 2008/061193, cited in the previous office action) and Wangh et al (US 

2003/0022231 published Jan 30, 2003) for the following reasons. 
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The subject matter of claims 1-19 of '150 patent is similar to claims 1-11 of '274 

patent. Therefore it is maintained that steps of instant claims 40-55 are not significantly 

different from claims 1-19 of '150 patent in view of Gillevet and Wangh. 

Conclusion 

18. No claims are allowed. 

19. Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to NARAYAN BHAT whose telephone number is (571 )272-

5540. The examiner can normally be reached on 8.30 am to 7 pm. 
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Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the US PTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Dave Nguyen can be reached on (571)-272-0731. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/NARAYAN BHAT/ 
Primary Examiner, Art Unit 1634 
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................... ... ................. . .......................... ................... OR················-- ........................... 

S13 43263 l"tirst cell" and "second cell" US-FGPUB; ON 2017/01/23 
USPAT; 11.15 
USOOR; 
FPRS; EFI); 
JF\); 
DERWENT; 
IBM TDB 

S14 1761 S13 and (dna or nucleic or US-FGPUB; OR ON 2017/01/23 
polynucleotide) same "first cell" USPAT; 11·16 

USOOR; 
FPRS; EFI); 
JF\); 
DERWENT; 
IBM TDB 

S15 1549 S14 and (dna or nucleic or US-FGPUB; OR ON 2017/01/23 
polynucleotide) same "second cell" USPAT; 11.17 

USOOR; 
FPRS; EFI); 
JF\); 
DERWENT; 
IBM TDB 

S16 143 S15 and (adapt$3 or linker) same (mid US-FGPUB; OR ON 2017/01/23 
or "multiplex identifier" or barcode or USPAT; 11·18 
tag or zipcode or token or "bar code" or USOOR; 
"bar-code" addressable or identifier) FPRS; EFI); 

JF\); 
DERWENT; 
IBM_ TDB 

,,7 27 S16 and second near5 (mid or "multiplex US-FGPUB; OR ON 2017/01/23 
identifier" or barcode or tag or zipcode USPAT; 11.19 
or token or "bar code" or "bar-code" USOOR; 
addressable or identifier) near5 first FPRS; EFI); 

JF\); 
DERWENT; 
IBM TDB 

S18 35 S16 and sequencing same (mid or US-FGPUB; OR ON 2017/01/23 
"multiplex identifier" or barcode or tag USPAT; 11 :20 
or zipcode or token or "bar code" or USOOR; 
"bar-code" addressable or FPRS; EFI); 
identifier)near3 sequence JF\); 

DERWENT; 
IBM TDB 

S19 870 (single or individual or one) near3 cell US-FGPUB; OR ON 2017/01/23 
near5 isolat$4 near5 first USPAT; 11 :29 

USOOR; 
FPRS; EFI); 
JF\); 
DERWENT; 
IBM_ TDB ......................................................................... ........................... 

S20 015 S19 and (single or individual or one) US-FGPUB; OR ON 2017/01/23 
near3 cell near5 isolat$4 near5 second USPAT; 11 :30 

USOOR; 
FPRS; EFI); 
JF\); 
DERWENT; 
IBM TDB 

S<l ll<U S20 and (dna or nucleic or US-FGPUB; r ON 2017/01/23 
polynucleotide) near5 cell USPAT; 11 :31 
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l'.As·1 Sc,m:h 111,tory 

S21 and (adaptor or adapter or linker) 
same (mid or "multiplex identifier" or 
barcode or tag or zipcode or token or 
"bar code" or "bar-code" addressable or 
identifier) 

USJCR; 
FPRS; EFD; 
JFD; 
DERWENT; 
IBM TDB 

US-FGPUB; 
USPAT; 
USJCR; 
FPRS; EFD; 
JFD; 
DERWENT; 
IBM TDB 

OR 

S21 and sequencing same (mid or US-R3PUB; OR 
! 1 "multiplex identifier" or barcode or tag USPAT; 

ON 

ON 

! ! or zipcode or token or "bar code" or Uscx:R; 

IJ~ ~~~~.,".,. ~ ffi ~ 
1 ! identifier" or barcode or tag or zipcode USPAT; 
! ! or token or "bar code" or "bar-code" Uscx:R; 
! ! addressable or identifier)near3 sequence FFRS; ER); 

I~) 381 :::::I~:~:,:, (::~,:l~:~:~::,~,
1

:: :: ~~::: OR 

1 barcode or tag or zipcode or token or USPAT; 
! "bar code" or "bar-code" addressable or Uscx:R; 
! identifier)near3 sequence same FFRS; ERJ; 

I'',,, S2B 

167 

(identif$4 or detect$3 or dtermin$3) JR); j same cell near5 (type or individua1$3 or DERWENT; 
single) I BM TDB 

S25 and (mid or "multiplex identifier" or US-R3PUB; OR 
barcode or tag or zipcode or token or USPAT; 
"bar code" or "bar-code" addressable or Uscx:R; 
identifier)near3 sequence near5 FFRS; ER); 
(identif$4 or detect$3 or dtermin$3) JR); 
same cell adj (type or individual$3 or DERWENT; 

ON 

ON 

2017/01/23 
11 :31 

2017/01/23 
11 :34 

""""""""""""'" ........................... 
2017/01/23 
11'36 

2017/01/23 
11 :37 

2017/01/23 
11'38 

single) 1 .. ~.~,,,Ti?..~ .............................................................................. . 
"first cell" same (nucleic or dna or 
polynucleotide) 

US-FGPUB; 
USPAT; 
USJCR; 
FPRS; EFD; 
JFD; 
DERWENT; 
IBM TDB 

US-FGPUB; 
USPAT; 
USJCR; 
FPRS; EFD; 
JFD; 
DERWENT; 
IBM TDB 

OR 

OR 

ON 2017/01/23 
11 :47 

US-FGPUB; OR S28 and (mid or "multiplex identifier" or ON 2017/01/23 
1 1 barcode or tag or zipcode or token or 11 :49 USPAT; 

USJCR; 
FPRS; EFD; 
JFD; 
DERWENT; 
IBM TDB 

1 ! "bar code" or "bar-code" addressable or 

I l:c=~~,f~=f~=e==;5=~fi=~~=~i=::=~c=a~=~=/=e~=t=$3=en=oce=r =dn=e~=:=;~~in=$=3=) ~,,='==='""'~,~~~~:~~""'F~~~=I 
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l'.As·1 Sc,m:h 111,tory 

S30 !8 827 and (mid or "multiplex identifier" or US-R3PUB; OR ON 2017/01/23 

I ;~,,~,,I,,1,,~,,!,,f ,s':"i':":'i''f ''!"~"f ,,',t,,;,,~,,;'e':''~'~";";'~'l''':':""':'~'''o'"r"'i~ _ - ~ 
S36.)2321 ......... (mid or "multiplex identifier" or barcode U&'ffiPUB:--·oR ................... ON ............ 20·1·77(i1'723. 

S37 46 

S38 21 

S39 8 

or tag or zipcode or token or "bar code" USPAT; 11 :59 
or "bar-code" addressable or Uscx::R; 
identifier)near5 sequence near5 FFRS; ER); 
(identif$4 or detect$3 or determin$3 or JR); 
distinguish$3) near5 (cell or sample) DERWENT; 

S36 and (append$3 or ligat$3) near5 
(adpator or adapter or linker) near5 
(mid or "multiplex identifier" or barcode 
or tag or zipcode or token or "bar code" 
or "bar-code" addressable or identifier) 
same (dna or nucleic or polynucleotide) 
near5 (cell or sample) 

(brenner.in. or mikawa.in. or osborne.in 
or slatter.in. or "10X GENOivilCS".as. or 
"COMPASS GENETICS" .as. or 
"population genetics".as.) and (nucleic 
or dna or polynucleotide)same (adaptor 
or adapter or linker) same (mid or 
"multiplex identifier" or barcode or tag 
or zipcode or token or "bar code" or 
"bar-code" addressable or 
identifier).clm 

S38 and sequencing.elm. 

IBM TDB 

US-f\'.3PUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US-f\'.3PUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US- f\'.3PUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 

ON 

ON 

ON 

2017/01/23 
12:02 

2017/01/23 
ff32 

2017/01/23 
17:32 

Hcc'c',r:'''""''""'1;';s'c':"''c"o':'"::::"':"'":'c''"'"c'":':''::'::':i'"''''cl'~'~sJE~,,, .,,,,,,,,,,,,, .,,,,,,,,,. ,,,,,,,,,,,,,, 
S40 1 ::0;:1 and (single or individual or one) US-R3PUB; OR ON 2017/01/23 

:i41 134 

S42 3 

If 29 

near3 cell.elm USPAT; 17:34 
USOOR; 

(brenner.in. or mikawa.in. or osborne.in. 
or slatter.in. or "10X GENOivilCS".as. or 
"COMPASS GENETICS" .as. or 
"population genetics".as.) and (single or 
individual or one) near3 cell.elm. 

S41 and (mid or "multiplex identifier" or 
barcode or tag or zipcode or token or 
"bar code" or "bar-code" addressable or 
identifier)same sequence same 
(identif$4 or detect$3 or determin$3 or 
distinguish$3) same cell.elm 

·9410150· 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US- f\'.3PUB; 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US-f\'.3PUB; 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

OR 

OR 

US- f\'.3PUB; OR 
USPAT; 

ON 

ON 

ON 

2017/01/23 
17:35 

2017/01/23 
ff36 

2017/01/23 
18:04 
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I_.. ~. 
ON 2017/01/24 

14:33 

("multiplex identifier" or barcode or US-R3PUB; OR ON 2017/01/24 
1 1 "unique tag" or "unique identifier")same USPAT· 14:49 

I IF~~ec(a~d~ap~to~c~o~, ~lin~k~e~, o~,~•~d~ap~•~e~,)~~~~·ecr'=~=L=T"';"'~~T·~·; F~~~:~~~F~~~I 
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S52 ! 233 

I 

S51 and ("single cell" or "Individual 
cell") near5 (dna or nucleic) 

US-f\'.3PUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

ON 2017/01/24 
14:50 

S53 ·1226 ........... tti<:: and ("multiplex or 
""""""""""""'" """""""""""'" """"""""'" """"""""""""'" ................................................................................................... 
US-f\'.3PUB; OR ON 2017/01/24 

14:50 

S54 166 

S55 11 

barcode or "unique tag" or "unique 
identifier")same (dna or nucleic) 

S53 and ("multiplex identifier" or 
barcode or "unique tag" or "unique 
identifier")near5 sequence 
same(identif$4 or detect$3 or 
determin$3 or distinguish$3) 

554 and ("multiplex identifier" or 
barcode or "unique tag" or "unique 
identifier")near5 contiguous 

USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US- f\'.3PUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US-f\'.3PUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 

ON 

ON 

2017/01/24 
14:52 

2017/01/24 
14:53 

·ss;t 56 .............. :'"ss"'"1" 'a"n""d'""(" .. 'm""u"'u" ";p"'1"e"x" '";d""e'n""t" it'";e""r" '" "o"r'"""'"""'"""~~~%~si·· oR·················· ON............. 20·;·776'1)24· 

3 

S58 13 

S59 2 

barcode or "unique tag" or "unique USPAT; 14:53 
identifier")near5 contiguous Uscx:R; 

and ("multiplex identifier" or 
code or "unique tag" or "unique 

identifier")same contiguous near5 
genomic near5 sequence 

("multiplex identifier" or barcode or 
"unique tag" or "unique identifier")same 
contiguous near5 genomic near5 
sequence 

("multiplex identifier" or barcode or 
"unique tag" or "unique identifier")near5 
contiguous near5 genomic 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US-f\'.3PUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US- f\'.3PUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

US-f\'.3PUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 

ON 

ON 

ON 

2017/01/24 
14:57 

2017/01/24 
14:58 

2017/01/24 
14:59 

JPO; 
DERWENT; 
IBM_TDB 

lrmo;']i:1" 7'"9"'"""""1"c'·" m""u""i't" ip"'1''e""x" '";d"e'"n""n"'1" ie'"r""" ""o'"r "b'"a""r"c'"o"d'"e""o"'r" '""""""1'us. R3PUB; OR ON 201 7/01 / 24 

"unique tag" or "unique identifier")near5 USPAT; 15:00 
genomic near5 (dna or nucleic) Uscx:R; 
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j S61 ! 91 S60 and ("multiplex identifier" or 
barcode or "unique tag" or "unique 
identifier")near5 sequence 
same(identil$4 or detect$3 or 
determin$3 or distinguish$3) 

512512017 11 :02:58 AM 

DERWENT; 
IBM TDB 

US-FGPUB; OR 
USPAT; 
USOOR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

ON 

C:\ Users\ nbhat1\ Documents\ EAST\ Workspaces\ 14792094~ 1 ~23~ 17 .wsp 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Search Notes 14792094 BRENNER ET AL 

111 11111 II 11111 111 
Examiner Art Unit 

NARAYAN BHAT 1634 

CPC-SEARCHED 

Svmbol Date Examiner 
C12Q 1/68, C12Q 1/6874, C0?H 21/02 and C40B 30/04 1 /6/16 Bhat N. 
Searched uisng key words in different CPC classes. See the search 1 /6/16 Bhat N. 
histo 0 , in EAST. 

CPC COMBINATION SETS • SEARCHED 

Svmbol I Date I Examiner 
I I 

US CLASSIFICATION SEARCHED 

Class I Subclass I Date I Examiner 
I I I 

SEARCH NOTES 

Search Notes Date Examiner 
Reviewed the copending applications for the inventors in PLAM and 1/6/16 BhatN 
cooendina claims for ootential ODP issues. 
Reviewed the prosecution histories of copending applications resulting in 1/6/16 BhatN 
the issuance of oatents. 
Reviewed the cited arts in the IDS of 10/9/15. 1/6/16 BhatN 
searched for the topics in EAST, Pubmed and Google scholar. Search 1/6/16 BhatN 
histories are enclosed 
Updated the search for the topics in EAST. Search history is enclosed 7/17/16 BhatN 
C12Q 1/68, C12Q 1/6874, C07H 21/02 and C40B 30/04 1/6/16 BhatN 
Updated the search for the topics in EAST, Pubmed and Google scholar 
Search histories are enclosed. 
Updated the search for the topics in EAST. Search history is enclosed 5/25/17 BhatN 

INTERFERENCE SEARCH 

-'NARAYAN BHAT' 
Primary Examiner.An Uni! 1634 

US. Palent and Trademark Office Part of Paper No 20170525 
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US. Palent and Trademark Office Part of Paper No 20170525 
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Doc codff RCEX PTOiSB/30EFS (07-14) 

Doc description: Request for Continued Examination (RCE} Appmved tor use t"1rough 07/3112016_ 0MB 055"-0031 
U_S_ Paten'.: and Trademark Of!ice. U.S. DEPARTMENT OF COMMERCE 

Unaer the Papet"Wcrk Reduction Act of 1005, no persons are required to respond to a collection of info"T1ation unless itconlains a valid 0MB control number 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 
(Submitted Only via EFS-Web) 

Application 
t41792.094 I Filing I ~015--07-06 

Docket Number 
~04371-5016-llSOS 

Art 
111634 Number Date {if applicable) Unit 

First Named 
Sydney Brenner 

Examiner 
Earayan Kameshwar Bhat 

Inventor Name 

This is a Request for Continued Examination tRCEj under 37 CFR 1.114 of the above-identified application. 

I 
Request for Continued Examination (RCE} practice under 37 CFR i. 114 does noi apply 1o any utility or plant application filed prior to June 8, 
1995, to any international application that does not comply with the reqrnrements of 35 u_s_c 371, or to any design application_ The 
Instruction Sheet for this form is located at \/iWW USPTO_GOV 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE 'Ml! be entered m the order 
in which they were filed unless applicant instructs other.vise. If applicant does not wish to have any previously flied unentered amendment(s) 
entered, applican1 must request non-entry of such amendment{s). 

□ 
Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even 1t this box is not checked 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

0 Other 

181 Endosed 

r8l Amendment>'Reply 

r8l Information Disclosure Statement (IDS} 

□ Affidavit{s)! Declaration{s) 

□ Other 

MISCELLANEOUS 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1.103{c) tor a period of months 
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1 _ 17(i) required} 

□ Other 

FEES 

The RCE fee under 37 CFR 1.17{e) is required by 37 CFR 1.114 when the RCE is filed. 

181 The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 
Deposit Account No p00310 I 

SIGNATURE OF APPLICANT. ATTORNEY. OR AGENT REQUIRED 

X Patent Practitioner Signature 

Applicant Signature 

EFS Web2_1_15 
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Doc codff RCEX PTOiSB/30EFS (07-14) 

Doc description: Request for Continued Examination (RCE} Appmved tor use t"1rough 07/3112016_ 0MB 055"-0031 
U_S_ Paten'.: and Trademark Of!ice. U.S. DEPARTMENT OF COMMERCE 

Unaer the Papet"Wcrk Reduction Act of 1005. no persons are required to respond to a collection of info"T1ation unless itconlains a valid 0MB control number 

Signature of Registered U.S. Patent Practitioner 

Signature i Gargi T alukder/ Date {YYYY-MM-DD) E017-08-30 

Name Pargi Talukder Registration Number ►1368 
I 

This collection of information is required by 37 CFR 1 114. The information is required to obtain or retain a benefit by the public which is to 
file (and by the USPTO to process) an applicatton_ Confidentiality is governed by 35 u_s_c_ 122 and 37 CFR 1.11 and 1 _ 14_ This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed app1ication form to 1he USPTO. Time 
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for 
reducing this burden, should be sent to the Chief Information Officer, u_s_ Patent and Trademark Office, u_s_ Department of Commerce. 
P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in comp!ettng the form, call 1-800-PTO-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579} requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be 
advised that: (1) the general authority for the coUection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information 
solicited is voluntary; and (3} the principal purpose for which the information is used by the U.S. Patent and Trademark Office 
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allo-..ved under the Freedom of Information 
Act {5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to v'ihom the record pertains, when the individual has requested assistance from the 
Member \vith respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need 
for the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, 
pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of ~rds for this 
purpose, and any other relevant (i.e., GSA or Commerce} directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122{b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may 
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an 
application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local la--.v 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFS - Web2.1.15 
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PATENT 
Attorney Docket No 104371-5016-US0S 

ftlN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

Sidney Brenner et al 

Application No 14/792,094 

Filed July 6, 20 I 5 

Confirmation No 9697 

Examiner: Narayan Kameshwar Bhat 

Art Unit 1634 
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Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Commissioner 

In response to the Final Office Action mailed May 31, 2017, please enter the following 

amendments and remarks: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this 

paper. 

Remarks/Arguments begin on page 4 of this paper. 
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Response to Final Office Action dated· May 31.2017 

Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings of claims in the application: 

Listing of Claims: 

1-55 (Cancelled) 

56 (New) A method of analyzing nucleic acids, the method comprising 

(a) providing a plurality of nucleic acid samples, each made from single isolated 

cells; 

(b) tagging a plurality of segments of the nucleic acid molecules in the samples of (a) 

with first and second multiplex identifier (MID) sequences, wherein 

(i) the first MID sequences associated with a segment of a nucleic acid 

molecule of (a) uniquely identifies the single isolated cell from which 

the nucleic acid molecule is provided; and 

(ii) the second MID sequences are all different from each other; 

( c) sequencing the tagged segments of (b) to obtain the nucleotide sequences of the 

plurality of nucleic acids and the attached first and second MID sequences 

57_ (New) The method of claim 56, wherein the nucleic acids are mRNA 

58_ (New) The method of claim 56, wherein the method further comprises amplifying the 

segments and the appended MID sequences before the sequencing step (c) 

59. (New) The method of claim 56, wherein the MID sequences are appended to the 

segments through ligation. 

60. (New) The method of claim 56, wherein the MID sequences are appended to the 

segments by performing PCR or linear amplification of the plurality of nucleic acids 

using an adapter sequence comprising the MID sequence and an amplification 

primer 

D82/ 31537516.3 
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61. (New) The method of claim 56, wherein the MID sequences further comprise a 

sequencing primer sequence 

62 (New) The method of claim 56, wherein the MID sequences are from 2 to 100 bases 

in lent:,rth 

63 (New) The method of claim 56, wherein the segments of (a) and (b) are in the range 

of I 00 to 5,000 bp in length 

64. (New) The method of claim 40, wherein the segments are 400 bp or less in lent:,rth. 

D82/ 31537516.3 
Page 3 of6 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00862

Apphcation No l-¼/792.09-¼ 
Attorney Docket No I0-¼371-5016-US0S 

Response to Final Office Action dated· May 31.2017 

Remarks/Arguments 

Applicants have not dedicated or abandoned any unclaimed subject matter and have not 

acquiesced to any rejections made by the Patent Office. Applicants reserve the right to pursue 

prosecution of any presently excluded claim embodiments in future continuation and/or 

divisional applications 

Status of the Claims 

Claims 56-64 are newly added and are fully supported by the specification and claims as 

originally filed 

Applicants respectfully request entry of the claims as amended into the record 

Response to Office Action 

L1aim Rejections -35 USC§ lfJ3 

Claims 40-55 are rejected under 35 U.S C § 103 as being allegedly anticipated by 

Gillevet, WO 2008/061193 ("Gillevet'') in view of Wangh et al, US 2003/0022231 ("Wangh") 

Applicants respectfully traverse these rejections 

Applicants submit that the combined teachings ofGillevet and Wangh fail to teach all 

elements of the claimed invention. In particular, the combined teachings of these references fail 

to teach methods of analyzing nucleic acids from single isolated cells, where segments of the 

nucleic acids are appended to two MID sequences and where the first MID sequence identifies 

the source of the nucleic acid segments and the second MID sequence is unique from the other 

second MID sequences and can be used for further deep analysis of the sample sequences, 

including quantification Neither Gillevet or Wangh alone or in combination teaches this 

element of the claimed invention 

Applicants further note that Gillevet teaches a method for sample indexing - such a 

method would have no need for a second MID sequence as recited in the present claims. In 

D82/ 31537516.3 
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addition, Wangh is unrelated to a sequencing method - the methods taught in Wangh are real­

time PCR assay methods that answer a "yes or no" question, i.e, whether a particular sequence is 

present in a sample. There is no analysis of segments appended to two MID sequences as recited 

in the present claims. As such, the skilled artisan would have no reasonable expectation of 

success in practicing the claimed invention based on the combined teachings of Gillevet and 

Wangh, because not only do both references lack elements of the claimed invention, but also the 

teachings in the two references are incompatible with each other 

For at least the foregoing reasons, Applicants respectfully submit that an obviousness 

rejection cannot be maintained based on the teachings of Gillevet and Wangh and request that all 

rejections under§ 103 be withdrawn. 

Claim R~iections - Double Patenting 

Claims 40-55 are rejected on the ground ofnonstatutory double patenting as being 

unpatentable over claims 1-12 of U.S. Patent No. 8,679,756 in view of Gillevet, WO 

2008/061193 ("'Gillevef') and Wangh et al., US 2003/0022231 Claims 40-55 are rejected on the 

ground of non statutory double patenting as being unpatentable over claims 1-11 of U S Patent 

No 8,563,274 in view of Gillevet, WO 2008/061193 ("Gillevet") and Wangh et al., US 

2003/002223 l Claims 40-55 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-19 of U.S Patent No 9,410, I 50 in view of Gillevet, WO 

2008/061193 ("'Gillevef') and Wangh et al., US 2003/0022231 

For the reasons recited above, Applicants respectfully submit the presently claimed 

invention does not support a rejection on the ground ofnonstatutory double patenting over any of 

the cited patents, as the present claims are not obvious in light of U.S. Patent No. 8,679,756 in 

view of Gillevet and Wangh Applicants respectfully request that all double patenting rejections 

be withdrawn 

D82/ 31537516.3 
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CONCLUSION 

All the stated grounds of objection and rejection have been properly traversed, 

accommodated, or rendered moot. Applicants therefore respectfully request that the Examiner 

reconsider all presently outstanding objections and rejections and that they be withdrawn. 

Applicants believe that a full and complete reply has been made to the outstanding Office 

Action, and as such, the present application is in condition for allowance. If the Examiner 

believes, for any reason, that personal communication will expedite prosecution of this 

application, the Examiner is invited to telephone the undersigned at the number provided below 

Except for issue fees payable under 37 C.F.R. § I 18, the Commissioner is hereby 

authorized by this paper to charge any necessary fees during the entire pendency of this 

application including fees due under 37 CF R §§ I 16 and l 17, which may be required, 

including any required extension of time fees, or credit any overpayment to Deposit Account 50-

0310 (Order No: 104371-5016-US0S). 

Prompt and favorable consideration of this Amendment and Response is respectfully 

requested 

Dated August 30, 2017 
Customer No 43850 
Morgan, Lewis & Beckius LLP 
One Market, Spear Street Tower 
San Francisco, CA 94105 
Telephone (415) 442-1000 
Facsimile ( 4 I 5) 442- I 00 I 

D82/ 31537516.3 

Respectfully submitted, 

MORGAN, LEWIS & BOCK I US LLP 

By: /Gargi Talukder/ 
Gargi Talukder, Reg No. 61,368 
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RARE CELL ANALYSIS USING SAMPLE SPLITTING AND DNA TAGS 

CROSS-REFERENCE 

[00011 This application claims the benefit of U.S. Provisrnnal Application No. 60/804,819, filed June 

14, 2006, which application is incorporated herein by reference. 

5 BACKGROUND OF THE INVENTION 

[00021 Analysis of specific cells can give insight into a ·variety of diseases. These analyses can provide non­

invasive tests for detection, diagnosis and prognosis of diseases such as cancer or fetal disorders, thereby eliminating 

the risk of invasive diagnosis. Regarding fetal disorders, current prenatal diagnosis, such as amniocentesis and 

chorionic villus sampling (CVS_), are potentially harmful to the mother and to the fetus. The rnte of miscarriage for 

10 pregnant women undergoing anmiocentesis is increased by 0.5- l %, and rhat figure Is slightly higher for CVS. 

Because of the inherent risks posed by ammocentesis and CVS, these procedures are offered primarily to older 

women, e.g., those over 35 years of age, who have a statistically greater probability of bearing chilrlren with 

congenital defects. ~-'\.s a result, a pregnant woman at the age of35 has to balance an average risk of0.5-1 % to 

induce an abortion by amniocentesis against an age related probability for trisomy 21 of less than 0.3%. 

15 [0003] Regarding prenatal diagnostics, some non-invasive methods have already been developed to screen for 

fetuses at higher risk of having specific congenital defects. Fm example, maternal serum alpha-fetoprotein, and 

levels ofunconjugated estriol and human chorion le gonadotropin can be used to identify a proportion of fetuses with 

Down's syndrome. However, these tests suffer from many false positive. Similarly, ultrasonography is used to 

determine congen:ital defects involving neural tube defects and limb abnormalities, but such methods are limited to 

20 time periods after fifteen weeks of gestation and are present unreliable results. 

[0004] The presence of fetal cells within the blood of pregnant women offers the opportunity to develop a prenatal 

diagnostic that replaces amniocentesis and thereby eliminates the risk of today's invasive diagnosis. However, fetal 

cells represent a small number of cells against the background of a large number of maternal cells in the blood 

which make the analysis time consuming and prone to error. 

25 [0005) \\7ith respect to cancer diagnosis, early detection :is of paramount importance. Cancer is a disease marked 

by the uncontrolled proliferation of abnormal cells. In normal tissue, cells divide and organize within the tissue in 

response to signals from surrounding cells. Cancer cells do not respond in the sa!ne way to these signals, causing 

them to proliferate and, in many organs, form a tumor. As the growth of a tumor continues, genetic alterations may 

accumulate, manifesting as a more aggressive grov.1h phenotype of the cancer cells. lf1eft untreated, metastasis, the 

30 spread of cancer cells to distam areas of the body by way of the lymph system or bloodstream. may ensue. 

Metastasis results in the fonnation of secondary tumors at multiple sites, damaging healthy tissue. Most cancer 

death is caused by such secondary tumors. Despite decades of advances in cancer diagnosis and therapy, many 

cancers continue to go undetected. until late in their development. As one example, most early-stage lung cancers 

are asymptomatic and are not detected in titne for curative treatment, resulting in an overall five-year st:rvival rate 

35 for patients with lung cancer of less than 15%. However, in those instances in which lung cancer ls detected and 

treated at an early stage, the prognosis is much more favorable. 

40 

[00061 The methods of the present invention allow for the detection of fetal cells and fetal abnonnalities when 

fetal cells are mixed with a population of maternal cells, even when the maternal cells dominate the mixture. 1n 

addition, the methods of the present invention can also be utilized to detecr or diagnose cancer. 
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SUJ\,lMARY OF THE INVENTION 

[00071 The present invention relates to methods for the detection of fetal cells. or cancer cells in a mixed sample. 

In one embodiment, the present invention provides methods for determining fetal abnormalities in a sample 

comprising fetal cells that are mixed with a population of maternal cells. Jn some embodiments, detennining the 

5 presence of feta! ceUs and fetal abnormalities comprises labeling one or more regions of genomic DNA in each cell 

frorr~ a mixed sample comprising at least one fetal cell with different labels. wherein each label is specific to each 

cell. In some embodiments, the genomic DNA to be labeled comprises one or more polymorphisms, particularly 

STRsorSNPs 

roo081 In some embodiments, the methods of the invention allow for simultaneously detecting the presence of 

10 fetal cells and fetal abnormalities when fetaf cells are mixed with a population of maternal cells, even when the 

maternal cells dominate the mixture. In some embodiments, the sample is ennched to contain at least one fetal and 

one non fetal cell, and in other embodiments, the cells of the enriched population can be divided between two or 

more discrete locat10ns that can be used as addressable locations. Examples of addressable locations include wells, 

bins, sieves, pores, geometric sires, slides, matrixes, membranes, electric traps. gaps, obstacles or in-situ within a 

15 cell or nuclear membrane. 

[00091 In some embodiments, the methods comprise labeling one or more regions of genomic DNA in each cell in 

the enriched sample with different labels, wherein each label is specific to each cell, and quantifying the labeled 

DNA regions. The labeling methods can comprise adding a unique tag sequence for each cell in the mixed sample. 

In some embodiments, the unique tag sequence identifies the presence or absence ofa DNA polymorphism in each 

20 cell from the mixed sample. Labets are added to the cells/DNA using an amplification reaction, which can be 

performed by PCR methods. For example, amplification can be achieved by multiplex PCR. [n some embodiments, 

a further PCR amplification is performed using nested primers for the genomic DNA region(s). 

{0010] In some embodiments, the DNA regions can be amplified prior to being quantified. The labeled DNA can 

be quantified using sequencing methods, which, in some embodiments, can precede amplifying the DNA regions. 

25 The amplified DNA region(s) can be analyzed by sequencing methods. For example, ultra deep sequencing can be 

used to provide an accurate and quantitative measurement of the allele abundances for each STR or SNP. In other 

embodiments, quantitative genotyping can be used to declare the pres.ence of fetal cells and to determine the copy 

numbeJ"S of the fetal chromosomes. Preferably, quantitative genotyping is performed using molecular inversion 

-probes. 

30 (0011 J The invention also relates to methods of identify:jng cells from a mixed sample with non-maternal genomic 

DNA and identifying said cells with non-maternal genomic DNA as fetal cells. ln some embodiments, the ratio of 

maternal to paternal alleles is compared on the identified fetal cells in the mixed sample. 

10012] .In one embo<liment, the invention provides for a rr..ethod for detemrining a fetal abnormality in a maternal 

sample that comprises ar least one fetal and one non fetal cell. The sample can be enric.hed to cor..tain at least one 

35 fetal cell, and the enriched maternal sample can be arrayed into a plurality of discrete sites. In some embodiments, 

each discrete si:te comprises no moTe than one cell. 

[0013) In some embodiments, the invention comprises labeling one or more regions of genomic DNA from the 

arrayed samples using primers that are specific to ea.ch DNA region or location, amplifying the DNA region(s), and 

quantifying the labeled DNA region. The labeling of the DNA region(s) can comprise labeling each region with a 

40 unique tag sequence, which can be used to identify the presence or absence of a DNA polymorphism on arrayed 

cells and the distinct location of the cells. 

2 
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[00141 The step of determining can comprise i.dentifylng non-maternal alleles at the distinct locations_, which can 

result from comparing the ratio of maternal to paternal allelei at the kx::ation. In some embodiments, the method of 

identifying a fetal abnormality in an arrayed sample can further comprise amplifying the genomic DNA regions. 

The genomic DNA regions can comprise one m more polymorphisms e.g. STR.s. and SNPs, which can be amplified 

5 using PCR methods -including multiplex PCR. An additional amplification step can be performed using nested 

primers. 

(0015] The amplified DNA region(s) can be analyzed by sequencing methods. For example, ultra deep sequencing 

can be used to provide an accurate and quantitative measurement of the allele abundances for each STR or SNP. In 

other embodiments, quantitative genotyping can be sued to declare the presence of fetal ce.Us and to determine the 

10 copy numbers of the fetal chromosomes. Preferably, quantitative genotyping is performed using molecular 

inversion probes. 

(0016] In one embodiment_, the invention provides methods for diagnosing a cancer and giving a prognosis by 

obtaining a."ld enriching a blood sample from a patient for epithelial cells, splitting the enriched sample into discrete 

locations, and performing one or more molecular and/or moiphological analyses on the enriched and split sample. 

15 The molecular analyses can include detecting the level of expression or a mutation of gene disclosed in Figure I 0. 

Preferably, the method comprises performing molecular analyses on EGFR, EpCAM, GA 733-2. MUC-1, HER-2, or 

Claudin-7 in each arrayed cell. The moi:phological analyses can include identifying, quantifying and /or 

characterizing mitochondrial DNA, telomerase, or nuclear matrix proteins. 

(0017) In some embodiments, the sample can be enriched for epithelial cells by at least 10,000 fold, and the 

20 diagnosis and prognosis can be provided prior to treating the patient for the cancer. Prefernbly, the blood samples 

are obtained from a patient at regular intervals such as daily, or every 2, 3 or 4 days, weekly, bimonthly, monthly, 

bi-yearly or yearly. 

[0018) In some embodiments, the step of enriching a patient's blood sample for epithelial cells involves flowing 

the sample through a first array of obs.tacJes that selectively directs cells that are larger than a predetermined size to 

25 a first outlet and cells that are sma11er than a predetermined size to a second outlet. Optionally, the sample can be 

subjected to further enrichment by flowing the sample tlrrough a second array of obstacles, wfach can be coated with 

antibodies that selectively bind to white blood cells or epithelial ceUs. For example_, the obstacleS of the second 

array can be coated with anti-EpCAM: antibodies. 

[0019) Splitting the sample of cells of the enriched population can comprises splitting the enriched sample to 

30 locate individual cells at discrete sites that can be addressable sites. Examples of addressable locations include 

wells, bins, sieves, pores, geometric sites~ slides, matrixes, Inembranes, electric traps, gaps~ obstacles or in-situ 

within a cell or nuclear membrane. 

(00201 ln some embodiments there are provided kits comprising devices for enriching the sample and the devices 

and reagents needed to perform the genetic analysis. The kits may contain the arrays for size-based separntlon, 

35 reagents for uniquely labeling the cells, devices for splitting the cells into individual addressable locations and 

reagents for the genetic analysis. 

SUMMARY OF THE DRAWINGS 

[0021) Figures lA-1D :illustrate various embodiments of a size-based separation module. 

roo221 Figures 2A-2C illustrate one embodiment ofan affinity separation module. 

40 [0023) Figure 3 illustrate one embodiment ofa magnetic separation module. 

100241 Figure 4 iHustrates an overview for diagnosing, prognosing, or monitoring a prenatal condition lll a fetus. 

3 
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[00251 Figure 5 illustrates an overview for diagnosing, prognosing., or monitoring a prenatal condition in a fetus. 

[0026) ·Figure 6 illustrates an overview for -diagnosing, prognosing or monitonng cancer in a patient. 

100271 Figures 7 A-7B illustrate an assay using mo[ecular inversion probes. Figure 7 C illustrates an overview of 

the use of nucleic acid tags. 

5 {00281 Figures 8A-8C illustrate one example of a sample splitting appararus. 

10 

[0029) Figure 9 illustrates the probability of having 2 or more CTC's loaded into a single sample well. 

(00301 Figure HI illustrates genes whose expression or mutations can be associated with cancer or another 

condition diagnosed herein. 

{00311 Figure 11 illustrates primers useful in the methods herein. 

(00321 

(00331 

(00341 

(00351 

(00361 

Figure 12A-B illustrate celJ smears of the product and waste fractions. 

Figure 13A-F illustrate isolated .fetal cells confirmed by the :reliable presence of ma!e cells. 

Figure 14 illustrates cells with abnormal trisomy 21 pathology. 

Figure 15 illustrates performance of a size-based separation module. 

Figure 16 illustrates histograms of these ceU fractions resulting from a size-based separation module. 

15 10037] Figure 17 illustrates a first output and a second output ofa size-based separation module. 

(0038] Figure 18 illustrates epithelial cells bound to a capture mo-dule of an array of obstacles coated with anti­

EpCAM. 

(0039] Figures 19A-C illustrate one embodiment of a flow-through size-based separation module adapted to 

separate epitheli:al cells from blood and alternative paumeters that can be used with such device. 

20 i0040J Figure ZOA-D illustrate various targeted subpopulations of cells that can be isolated using size--based 

separation and various cut-off sizes that can be used to separate such targered subpopu1ations. 

[00411 Figure 21 illustrates a device of the invention with counting means to detennine the number of cells in the 

enriched sample. 

[0042) Figure 22 illustrates an overview of one aspect of the invention for diagnosing, prngnosing, or monitoring 

25 cancer in a patient. 

[0043) Figure 23 illustrates the use ofEGFR mRNA for generating sequencing templates. 

j0044) Figure 24 illustrates performing real-time quantitative allele-specific PCR reactions to confirm the 

sequence of mutations. in EGFR mRNA. 

(00451 Figure 25 illustrates confirmation of the presence of a mutation is when the signal from a murant allele 

30 probe rises above the background level of fluorescence. 

(00461 Figure 26A-B illustrate the presen:;;e ofEGFR mRNA in epithelial cells but not leukocytes. 

(0047] Figure 27 illustrate results of the first and second EGFR PCR reactions. 

[0048] Figure 2SA-B results ofthe first and second EGFR PCR reactions. 

[00491 Figure 29 Hlustrates that EGFR wild type and mutant amplified fragments are readi]y detected, despite the 

35 high leukocyte background. 

f0050J Figure 30 illustrates the detection of single copies of a fetal ceU genome by qPCR. 

(00511 Figure 31 iUustrates detection of single fetal cells in binned samples by SNP analysis. 

(0052 J Figure 32 illustrates a method of trisomy testing. The trisomy 21 screen is based on scoring of target cells 

obtained from maternal blood. Blood is processed using a cell sepa:-ation module for hemoglobin enrichment 

40 (CSM-HE). Enriched cells are transferred to slides that are first stained and subsequently probed by FISH_ Images 

are acquired, such as from bright field or fluorescent microscopy, and scored. The prnpor'..ion oftrisomic cells of 

certain classes serves as a classifier for risk of"fetal trisomy 21. Fetal genome identification can performed using 
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assays such as: (1) STR markers; (2) qPCR using primers and probes. directed to loci, such as the multi-repeat DYZ 

locus on rhe Y-chromosome; (3} SNP detection; and (4) CGH (comparative genome hybridization) array detection. 

(0053) Figure 33 illustrates assays that can produce information on the. prnsence of aneuploidy and other genetic 

disorders in ta.Iget cells. Information on aneuploldy and other genetic dis.orders in target cells may be acquired using 

5 technologies such as: {I) a CGH array established for chromosome counting,, which can be used for aneuploidy 

determination and/or detection of-intra-chromosomal deletions; (2) SNP/taqman assays, which can be used for 

detection of single nucleotide polymorphisms; and (3) ultra-deep sequencing, which can be used to produce partial 

or complete genome sequences for analysis. 

(0054) Figure 34 illustrates methods of fetal diagnostic assays. Fetal cells are isolated by CSM-HE enrichment of 

10 target cells from blood. The designation of the fetal cells may be confirmed using techniques comprising FISH 

staining (using slides or membranes and optionally an automated detector), FACS, and/or binning. Binning may 

comprise distribution of enriched ceils across wells in a plate (such as a 96 or 384 •.veU piatet microencapsulation of 

cells in droplets that are separated in an emulsion, or by introduction of cells into microarrays ofnanofluidic bins. 

Fetal cells are 1hen identified using methods that may comprise the use ofbiomru-kers (such as fetal (gamma) 

1 S hemoglobin), allele-specific SNP panels that could detect fetal genome DNA, detection of differentially expressed 

maternal and £eta1 transcripts ( such as AH)nretrix chips}, or primers and probes directed to fetal specific loci (such 

as the multi-repeat DYZ locus on the Y-chromosome). Binning sites that contain fetal cells. are then be analyzed for 

aneuploidy and/or other genetic defects using a technique such as CGH array detection, ultra deep sequencing (such 

as Solexa, 454, or mass spectrometry), STR analysis, or SNP detection. 

20 Figure 35 illustrates methods of fetal diagnostic assays, further comprising the step of whole genome amplification 

prior to analysis of aneuploidy and/or other genetic defects. 

INCORPORATION BY REFERENCE 

(0055] All publications and parent applications mentioned in this specification are herein incorporated by reference 

to the same extent as if each individual publication or patent application was specifically and individually indicated 

25 to be incorporated by reference. 

DETAILED DESCRIPTION OF THE INVENTION 

(0056) The present invention provides systerr.s, apparatus, and methods to detect the presence of or abnormalities 

ofrare analytes or cel!s, such as hemarapoeitic bone marrow progenitor cells, endothelial cells, fetal cells, epithelial 

celis, or circulating tumor cells in a sample of a mixed analyte or cell population ( e.g., maternal peripheral blood. 

30 samples). 

I. Sample Collection/Preparation 

10057) Samples containing rare cells can be obtained from any animal in need of a diagnosis or prognosis: or from 

an animal p,egnant with a fetus in need ofa diagnosis or prognosis. In one example, a sample can be obtained from 

animal suspected of being pregnant, pregnant, or that has been pregnant to detect the presence of a fetus or fetal 

35 abnormality. In another ex.ample, a sample is obtained from an animal suspected of having, having, or an animal 

that had a disease or condition (e.g. cancer). Such condition can be diagnosed, prognosed, monito:red and therapy 

can be determined based on the methods and systems herein. Animal ofthe present invention can be a human or a 

domesti.cated animals such as a cow, chicken, pig, horse, rabbit, dogs, cat, or goat. Samples derived from an animal 

or human can include, e.g., whole blood, sweat, tears, ear flow, sputum., lyrnph, bone rrI.arrow suspension, lymph, 

40 urine, saliva, semen, vaginal flow, cerebrospinal fluid, brain flu1d, ascites, milk, secretions of the respiratory, 

lntesti.nal or genitourinary tracts fluid. 
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(00581 To obtain a blood sarr:ple, any technique known in the art may be used, e.g. a S)Tinge or other vacuum 

suction device. A blood sample can be optionally pre-treated OT processed prior to enrichment. Examples of pre­

treatment steps include the addition of a reagent such as a stabilizer, a preservative, a fixant, a l ysing reagent, a 

diluent, an anti-apoptotic reagent, an anti-coagulation reagent, an arcti-thrombotic reagent, magnetic property 

5 regulating reagent, a buffering reagent, an osmolality regulating reagent, a pH regulating reagent, and/or a cross­

linking reagent. 

(0059] When a blood sample is obtained, a preservative such an anti-coagulation agent and/or a stabilizer is often 

added to the sample prior to emichment. This allows for extended time for analysis/detection. Thus, a sample, such 

as a blood sample, can be enriched and/or analyzed under any of the methods and systems herein within 1 week, 6 

10 days, 5 days, 4 days, 3 days, 2 days, I day, 12 hrs, 6 hrs, 3 hrs, 2 lus, or 1 hr from the time the sample is obtained. 

(0060} ln some embodiments, a blood sample can be combined with an agent that selectively lyses one or more 

ceUs or components in a blood sample. For example, fetal cells can be selectively lysed releasing their nuclei when a 

blood sample including fetal cells is combined with deionized water. Such selective lysis allows for 1he subsequent 

enrichment of fetal nuclei using, e.g., size or affinity based separation. In anQrher example platelets and/or 

15 enudeated red blood cells are selectively lysed to generate a s.amp]e emiched in nucleated cells, such as. fetal 

nucleated red blood ceUs (fnRBC's), maternal nucleated blood cells {mnBC), epithelial cells and circulating tumor 

ceUs. fnRBC's can be subsequently separated from mnBC's using, e.g., anrigen-i affinity or differences in 

hemoglobin 

(0061] When obtaining a sample from an animal (e.g., blood sample). the amount can vary depending upon animal 

20 size, its gestation period, and the condition being screened. In some embodiments, up to 50, 40, 30, 20, 10, 9, S, 7, 

6, 5, 4, 3, 2, or 1 ml.. of a sample is obtained. In some embodiments, 1-50, 2-40, 3-30, or 4-20 mL of sample is 

obtained. ln some embodiments, more than 5, JO, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70. 75, 80, 85, 90, 95 or 

100 mL ofa sample is obtained. 

(0062) To detect fetal abnormality, a blood sample can be obtained from a pregnant animal or human within 36, 

25 24, 22, 20, 18, 16, 14, 12, IO, 8, 6 or 4 v.-eeks of gestation. 

11. Enrichment 

(0063] A sample (e.g. blood sample) can be ennched for rare analytes or rare cells (e.g. fetal cells, epithelial cells 

or circulating tumor cells) using one or more any methods known in the art (e.g. Guetta, EM et at Stem Cells Dev, 

13( 1):93-9 (2004)) or described herein. The enrichment increases the concentration of rare cells or ratio of rare cells 

30 to non-rare cells ln the sample. For example, enrichment can increase concentration of an analyte of interest such as 

a fetal cell or epithelial cell or CTC by a factor of at leasr 2, 4, 6, 8, IO. 20, 50, l 00, 200, 500, 1,000, 2,000, 5,000, 

10,000, 20,000, 50,000, 100,000,200,000,500,000, L,000,000, 2,000,000, 5,000,000, 10,000,000, 20,000,000, 

50,000,000, 100,000,000, 200,000,00-0. 500,000,000, 1,000,000,000, 2,000,000,000~ or 5,000,000,000 fuld over its 

concentration in the original sample. In particular, when enriching fetal cells from a maternal peripheral venous 

35 blood sample, the initial concentration of the fetal cells may be about l :50,000,000 and it may be increased to at 

least 1:5,000 or 1:500. Enrichment can also increase concentration of rare cells in volume of rare cells/total 

volume of sample (removal of fluid). A fluid sample (e.g., a blood sample) of greater than 10, 15, 20~ 50, or 100 mL 

total volume comprising rare components of interest, and it can be concentrated such that the rare component of 

interest into a concentrated solution of less than 0.5, l, 2, 3, 5, or 10 mL total volume. 

40 {00641 Enrichment can occur using one or more types of separahon modules. Several different modules are 

described he.rein, all of which can be fluidly coupled with one another ln the series for enhanced performance. 

100651 In some embodiments, enrichment occurs by selective lysis as described above. 
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[00661 In one embodiment, enrichm.ent of rare cells occurs using one or more size-based separation modules. 

Examples of size-based separation modules include filtration modules, sieves, marri.xes, etc. Examples oisize-based 

separation modules contemplated by the present invention include those disclosed in International Pubhcation No. 

WO 2004/l 13877. Oilier size based separation modules are disclosed in Intemati.onal Publication No. WO 

5 2004/014465 L 

[00671 In some embodiments, a size-based separation module comprises one or more arrays o:f obstacles forming a 

network of gaps. The obstacles are configured to direct particles as they flow through the array/network of gaps into 

different directions or outlets based on the panicle's hydrodynamic size. For example_, as a blood sample flmvs 

through an array of obstades, nucleated cells or cells having a hydrodynamic size larger than a predetenninedcertain 

IO size such as a cutloff or predetermined size, e.g., 8 microns, are directed to a first outlet located on the opposite side 

of the array of obstacles from the fluid flow inlet, while the enucleated cells or cells having a hydrodynamic size 

smaller than a predetennined si.ze, e.g., 8 microns., are directed to a second outlet also located on the opposite side of 

the array of obstacles from the fluid flow inlet. 

{00681 An array can be configured to separate cells smaller or larger than a predetennined size by adjusting the 

15 size of the gaps, obstacles, and offset in the period benveen each successive row of obstacles. For example, in some 

embodiments,. obstacles or gaps between obstacles can be up to 10, 20, 50, 70, 100, 120_, 150_, 170, or 200 microns in 

length or about 2, 4, 6, 8 or 10 microns in length. In some embodiments., an array for size-based separation includes 

more than 100~ 500, 1,000, 5,000, 10,000, 50,000 or 100,000 obstacles that are arranged into more than 10, 20, 50, 

100,200,500, or 1000 rows. Preferably, obstacles in a first row of obstacles are offset from a previous (upstream) 

20 row of obstacles by up to 50% the period of the previous row of obstacles. In some embodiments, obstacles in a first 

row of obstacles are offset from a previous row of obstacles by up to 45, 40, 35, 30, 25, 20, 15 or 10% the period of 

the previous row of obstacles. Funhennore, the distance between a first row of obstacles and a second row of 

obstacles can be up to 10, 20, 50, 70, 100, 120, 150, 170 or 200 microns . .A.particular offset can be continuous 

(repeating for multiple rows) or non-continuous. In some embodiments, a separation module includes multiple 

25 discrete arrays of obstacles fluidly coupled such 1hat they are in series with one another. Each array of obstacles has 

a continuous offset. But each subsequent (downstream) array of obs~acles. has an offset that is different from the 

previous (upstream) offset. Preferably, each subsequent array of obstacles has a smaller offset that the previous 

array of obstacles, This allows for a refinement in the separation process as cells migrate tlrrough the array of 

obstacles. Thus, a plurality of arrays can be fluidly CO"apled in series or in parallel, (e.g., more than 2, 4, 6, 8, 10, 20, 

30 30, 40, 50). Fluidly coupling separation modules (e.g., arrays) in parallel allows for high-throughput analysis of the 

sample, such that at least 1, 2, 5, 10, 20, 50, 100, 200, or 500 mL per hour flows through the emichment inodules or 

at least 1, 5, IO, or 50 million-cells per hour are sorted or flm.\' through the device. 

ro069) Figure IA illustrates an example of a size-based separation module. Obstacles (which may be of any 

shape) are coupled to a flat substrate to form an array of gaps. A transparent cover or [id may be used to cover the 

35 array. The obstacles form a two-dimensional array with each success1ve row sh1fted horizontally with respect to the 

previous row of -obstacles, where the array of obstacles directs component having a hydrodynamic size smaller than 

a predetennined size in a first direction and component having a hydrodynamic size larger that a predetennine<l size 

in a second direction. For enriching epithelial or circulating tumor cells from enucleated, the predetermined size of 

an array of obstacles can be get at 6-12 µm or 6-8 µ.m. For enriching fetal cells from a mixed sample (e.g, maternal 

40 blood sample) the predetermined size ofan array of obstacles can be between4-10 µ.m or 6-8 µnL The flow of 

sample into the array of obstacles can be aJi.gned at a smaH angle (flow angk) with respect to a line-of-sight of the 

array. Optionally, the array is coupled to an infusion pump to perfuse the sample through the obstacles. The flow 
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conditions of the size-based separation moduJe described herein are such that cells are sorted by the array with 

minimal damage. This allows for downstream analysis of intact cells and intact nuclei to be more efficient and 

reliable. 

10070} In some embodiments, a size-based separation module comprises an array of obstacles configured to direct 

5 cells larger than a predetennined size to migrate along a line-of-sight within lhe array (e.g. towards a first outlet or 

bypass channel leading to a first outlet), while directing cells and analytes smaller than a predetermined size to 

migrate through the array of obstaeles in a different direction than the larger cells (e.g. towards a second outlet). 

Such embodiments are illustrated in part in Figures lB-1D. 

10071) A variety of enrichment protocols may be utilized although gentle handling of the cells is needed to reduce 

10 any mechanical damage to the cells or their DNA. This gentle handling also preserves the small number of fetal or 

rare cells in the sample. Integrity of the nucleic acid being evaluated is an important feature to pennit the distinction 

between the genomic material from the fetal or rare cells and other cells in the sample. In particular, the enrichment 

and sep-aration of the fetal or rare cells using the arrays of obstacles produces gentle treatment which minimizes 

cellular damage and maximizes nucleic acid integrity permitting exceptional levels of separation and the ability to 

15 subsequently utilize various fonnats to very accurately analyze the genome of the cells which are present in the 

sample in extremely low numbers. 

[00721 In some embodiments, enrichment of rare cells (e.g. fetal cells, epithelial cells or circulating tumor cells 

(CTCs)) occurs using one or more capture modules that selectively inhibit the mobility of one or more cells of 

interest. Preferable a capture module is fluidly coupled downstream to a size-based separation module. Capture 

20 modules can include a substrate having multiple obstacles that restrict the movement of cells or analytes greater than 

a predetennined s:ize. Examples of capture modules that inhibit the migration of ceHs based on size are disclosed in 

U.S. Patent No. 5,837,115 and 6,692,952. 

[00731 fu some embodiments, a capture module includes a tw'o dimensional array of obstacles that selectively 

filters or captures ceUs or analyres having a hydrodynamic size greater than a particular gap size (predetermined 

25 size), International Publication No. WO 2004/l 13877. 

[00741 Jn some cases a capture module captures analytes (e.g., cells of interest or not of interest) based on their 

affinity. For example, an affinity-based separation module that can capture cells or analytes can include an array of 

obstacles adapted for pennitting sample flow through, but for the fact that the obstacles are covered with binding 

moieties that selectively bind one or more analytes (e.g., cell populations) of:interest (e.g., re<l blood cells, fetal 

30 cells, epithelial cells or nucleated cells) or analytes not-of-interest (e.g., white blood cells). Arrays of obstacles 

adapted for separation by capture can include obstacles having one or mo:re shapes and can be arranged -in a t.mifonn 

or non-llllifonn order. In some embodinlents, a two-dimensional array of obstacles is staggered such that each 

subsequent row of obstacles is offset from the previous row of obstacles to increase the number of interactions 

between the ana1ytes being sorted (separated) and the obstacles. 

35 J0075J Binding moieties coupled to the obstacles can include e.g., proteins (e.g., ligands/receptors), nucleic acids 

having complementary counterparts in retained anal}'1es, antibodies, etc. In some embodiments, an affinity-based 

separation module comprises a two-dimensional array of obstacles covered with one or more antibodies selected 

from the group consisting of: anti-CD7.l, anti-CD235a, anti-CD36, anti-carbohydrates, anti-selectin, anti-CD45, 

anti-GPA, anti-antigen-:i, anh-EpCAM, anti-E-cadherin, and anti-Muc-1. 

40 100761 Figure 2A illustrates a path of a first analyte through an anay of posts wherein an analyte that does not 

specifically bind to a post continues to migrate through the array, while an analyte that does bmd a post is captured 

by the array. Figure 2B is a picture of antibody coated posts. Figure 2C illustrates coupling of antibodies to a 

8 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00874

WO 2007/1-17079 PCT/US2007/071256 

substrate (e.g., obstacles, side walls, etc_) as contemplated by the present invention. Examples of such affinity-based 

separation modules are described in International Publication No. WO 2004/02922]. 

{00771 In some embodiments., a capture module utilizes a magnetic field to separate and/or enrich one or more 

analytes (eel.ls) based on a mag:ietic property or magnetic potential .in such analyte of interest or an analyie not of 

5 interest. For example, red blood cells whi:ch are slightly diamagnetic (repelled by magnetic fie]d) jn physiological 

conditions can be made paramagnetic (attributed by magnetic field) by deoxygenation of the hemoglobin into 

methemoglobin. This magnetic property can be achieved through ph.ysical or chemical treatment of the red blood 

cells. Thus, a sample containing one or more red blood cells and one or more white blood cells can be enriched for 

the red bl.ood cells by first inducing a magnetic property :in the red blood cells and then separating the red blood cells 

IO from the white blood cells by flowing the sample through a magnetic field (uniform or non-uniform). 

(00781 For example, a maternal blood sample can flow first tlrrough a size-based separation module to remove 

enucleated cells and cellular components (e.g., analytes having a hydrodynamic size less than 6 inns) based on size. 

Subsequently, the emiched nucleated cells (e_g., analytes having a hydrodynamic size greater than 6 µms) white 

blood cells and nucleated red blood cells are treated with a reagent, such as CO2, N 2 , or NaN 0 2, that changes the 

15 magnetic property of the red blood cells, hemoglobin. The treated sample then flows through a magnetic field (e.g., 

a column coupled to an external magnet), such that the paramagnetic analytes (e.g., red blood cells) wiH be captured 

by the magnetic field while the white blood cells and any other non-red blood cells will flow through the device to 

result :in a sample enriched in nudeated red blood cells (including fetal nucleated red blood cells or fuRBC's). 

Additional examples of magnetic separation modules are described in US App!.ication Serial No. 11/323,971, filed 

20 December 29, 2005 entitled "Devices and Methods for Magnetic Enrichment of Cells and Other Partides" and US 

Application Serial No. 11/227,904, fiJed September 15, 2005, entitled "Devices and Methods for Emichment and 

Alteration of Cells and Other Particles". 

{0079) Subsequent emichment steps can be used to separate the rare cells ( e.g. fnRBC's) from the non-rare cells 

maternal nucleated red blood cells. In some embodiments, a sample emiched by size-based separation followed by 

25 affinity/magnetic separation is further enriched for- rare cells using fluorescence activated cell sorting (F ACS) or 

selective lysis of a subset of the cells. 

f0080J ln some embodiments, enrichment involves detection and/or isolation of rare cells or rare DNA {e.g. fetal 

cells or fetal DNA) by selectively initiating apoptosis in the rare cells. This can be accomplished, for example, by 

subjecting a sample that includes rare cells (e.g. a mixed sample) to hyperbaric pressure (i.ncr-eased levels of CO2; 

30 e.g. 4% CO~)- This will selectively initiate apoptosis -in the rare or fragile cells in the sample (e.g. fetal cells). Once 

the rare cells ( e.g. fetal cells) begin apoptosis, their nuc1ei will condense and optionally be ejected from the Tare 

cells. At that point, t11e rare cells or nuclei can be detected using any technique kno""n in the art to detect condensed 

nuclei, including DNA gel electrophoresis, in situ labeling of DNA nick using tenninal deoxynucleot.idyl transferase 

(TdT)-mediated dUTP in situ nick labeling (TUNEL) (Gavrieli, Y., et al. J. CeH Biol. 119:493-501 (1992)), and 

35 ligation of DNA strand breaks having one or two-base 3 • overhangs (Taq polymerase-based in snu Hgation). 

(Didenko V ., et al. J. Cell Biol. 135:1369-76 (1996)}. 

[00811 In some embodiments ejected nuclei can further be detected using a size based separation module adapted 

to selectively enrich nuclei and other analytes smaller than a pTedetennined size (e.g. 6 microns) and isolate them 

from ceHs and analytes having a hydrodynamic diametn larger than 6 microns. Thus, in one embodiment, the 

40 present invention contemplated detecting fetal cells/fetal DNA and optionally using such fetal DNA to diagnose or 

prognose a condition in a fetus. Such detection and diagnosis can occur by obtaining a blood sample from the 

female pregnant with the fetus, enriching the sample for cells and analytes larger than 8 microns using, for example, 
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an array of obstacles adapted for sire-base separation where the predetermined size of the separation is 8 microns 

(e.g. the gap between obstacles is up to 8 microns). Then., the enriched product is further enriched fo:r red blood 

cells (RBC's) by oxidizing the sample to make the hemoglobin puramagneti-c and flowing the sample through one or 

more magnetic regions. This selectively captures the RBC's and removes other cells (e.g. white blood cells) from 

5 the sample. Subsequently, the fnRBC's can be enriched from mnRBC's in the second enriched product by 

subjecting the second emiched product to hyperbaric pressure or other stimulus that selectively causes the fetal -cells 

to begin apoptosis and condense/ eject their nuclei. Such condensed nuclei are then identified/isolated using e.g. 

laser capture microdissection or a size based separation module that separates components smaller than 3, 4, 5 or 6 

microns from a sample. Such fetal nuclei can then by analyzed using .any method known in the art or described 

10 herein. 

[0082] In some embodiments, when theanalyte desired to be separated (e.g., red blood cells or white blood cells) 

is not ferromagnetic or does not have a potential magnetic property, a magnetic particle (e.g., a bead) or compound 

(e.g., Fe3-) can be coupled to the analyte to give it a magnetic property. In some embodiments, a bead coupled to an 

antibody that selectively binds to an analyte of interest can be de<::orated with an antibody elected from the group of 

15 anti CD71 or CD75. In some embodiments a magnetic compound, such as Fe3
\ can be couple to an antibody such 

as those described above. The magnetic particles or magnetic antibodies herein may be coupled to any one or more 

of the devices herein prior to conta-ct with a sample or may be mixed with the sample prior to delivery of the sample 

to the devke(s). Magnetic particles can also be used to decorate one or mo.re analytes {cells of interest or not of 

interest) to increase the size prior to perfonning size-based separation. 

20 10083) Magnetic field used to separate analytes/cells in any of the embodiments herein can uniform or non­

uniform as well as external or internal to the device(s) herein. An extema] magnetic field is one whose source is 

outside a device herein (e.g., container, channel, obstacles). An internal magnetic field is one whose source is 

\Vithin a device contemplated herein. An example of an internal magnetic field is one where magneti-c particles may 

be attached to obstacles present in the device (or manipulated to create obstacles) to increase surface area for 

25 analytes to interact with to increase the likelihood of binding. Analy1es captured by a magneric fie Id can be released 

by demagnetizing the magnetic regions retaining the magnetic particles. For selective release of analytes from 

regions, the demagnetization can be limited to selected obstacles or regions. For example, the magnetic field can be 

designed to be electromagnetic, enabling turn-on and turn-off off the magnetic fields for each individual region or 

obstacle at will 

30 (0084) Figure 3 mustrates an embodiment of a device configured for capture and iso]ation of cells expressing the 

transferrin receptor from a complex mixture. Monoclonal antibodies to CD71 receptor are readily available off-the­

shelf and can be covalently coupled to magnetic materials comprising any conventional ferropartides, such as, but 

not limited to ferrous doped polystyrene and ferroparticles or ferro-colloids (e.g., fromMiltenyi and Dynal). The 

anti CD7l bound to magnetic particles is flowed into the device. The antibody coated particles are drawn to the 

35 obstacles (e"g., posts), floor, and walls and are retained by the strength of the rnagnetfc field interaction beh-veen the 

particles and the magnetic field. The particles between the obstacles and those loosely retained with the sphere of 

influence of the local magnetic fields away from the obstacles are removed by a rinse. 

(0085] One or more of the enrichment modules herein (e.g., size-based separation module(s) and capture 

module(s)) may be fluidly coup)ed in series or in pzraliel with one another. For example a first outlet from a 

40 separation module can be flu:idly coupled to a capture module. fn some embodiments, the separation module and 

capture module are integrated such that a plurality of obstacles acts both to deflect certain analytes according to size 

to 
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and C.irecl them ln a path different than the direction of analyte(s) of interest. and also as a capture module to 

capture, retain_, or bind certain analytes based on size, affinity, magnetism or other physical property. 

{0086) In any of the embodiments herein, the enrichment steps performed have a specificity and/or sensltwity 

greater than SO, 60, 70, 80, 90, 95, 96, 97, 98, 99, 99.l, 99.2, 99.3, 99.4, 99.5, 99.6, 99.7, 99.8, 99.9 or 99.95% The 

5 retention rate of the enrichment module(s) herein is such that 250, 60, 70, 80, 90. 91, 92, 93, 94. 95, 96, 97, 98, 99, 

or 99.9 % of the analytes or cells of interest (e.g., nucleated cells OT nucleated red blood cells or nucleated from red 

blood cells) are retained. Simultaneously, the enrichment modules are configured to remov-e ~50, 60, 70, 80, 85, 

90, 91, 92, 93, 94, 95, 96. 97, 98, 99, or 99.9 % of all unwanted analytes. (e.g., red blood-p1atetet enriched cells) 

from a sample. 

10 10087) Any of the enrichment methods herein may be further supplemented by splitting the enriched sample into 

aliquots or sub-samples. In some embodiments, an enriched sample is split into at least 2, 5, 10, 20, 50, 100, 200, 

500, or 1000 sub-samples. Thus when an enriched sample comprises about 500 cells and is split :into 500 or 1000 

different sub-samples., each sub-sample will have l or O cells. 

(0088) In some cases a sample is split or arranged such that each sub-sample is in a unique or distinct location (e.g. 

15 well). Such location may be addressable. Each site can further comprise a capture mechanism to capture cell(s) to 

the site of interest and/or release mechanism for selectively releasing cells from the cite of interest. In some cases, 

the well is configured to hold a single cell. 

III. Sample Analysis 

10089] In some embodiments, the methods herein are used for detecting the presence or conditions of rare cells 

20 that are in a mixed sample (optionally even after enrichment) at a concentration ofup to 90%,, 80%, 70%, 60%, 50 

%, 40%, 30%, 20%, 10%, 5% or 1 % of all cells in the mixed sample, or at a concentration of less than 1:2, 1:4, 1:10, 

1:50, 1:100, 1:200, 1:500, 1:1000, 1:2000, 1:5000, 1:10,000, 1:20,000, 1:50,000, 1:100,000, 1:200,000, 1:1,000,000, 

1:2,000,000, 1 :5,000,000, 1: 10,000,000, l:20,000,000, l :50,000,000 or I: 100,000,000 of all cells in the sample, or 

at a concentration of less than 1 x 10-3
, l x I04

, 1 x I 0·5
, l x 10---6, or 1 x 10· 7 cells/µL of a fluid sample. In some 

25 embodiments, the mixed sample has a total ofup to 2, 3, 4. 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50, or 100 rare cells (e.g. 

fetal cells or epithelial cells). 

[00901 Enriched target cells (e.g., fnRBC) may be "binned" prior to furtheJ" analysis of the enriched cells (Figures 

34 &35). Binning is any process which results in the reduction of complexity an<llor total cell number of the 

emiched cell output. Binnmg may be performed by any method known in the art or described herein. One method 

30 of binning is by serial dilution. Such dilution may be carried out using any appropriate platform (e.g., PCR wells:, 

microtiter plates) and appropriate buffers. Other methods include nanofluidic systems which can separate samples 

into droplets (e.g .• BJoTrove, Raindance, Fluidigm). Such nanofluidic systems may result in the presence of a single 

cell present in a nanodroplet. 

[0091] Bmning may be preceded by posHlve sele-ction for target cells including, but not limited to, affinity binding 

35 (e.g. using anti-CD71 antibodies). Alternately, negative selection of non-target cells may precede binning. Fm 

example, output from a size-based separation module may be passed through a magnetic he!lloglobin emichment 

module {MHEM) whieh selectively removes WBCs from the enriched sample by attracting magnetized hemoglobin­

containing cells. 

[0092) For example, the possible cellular content oI output from enriched maternal blood which has been passed 

40 through a size-based separation module (with or without further emichment by passing the emiched sample through 

a MHE!'vt) may consist of: ]) approximately 20 fnRBC; 2) 1,500 mnRBC; 3) 4,000-40,000 WBC; 4) 15x:10,; RBC, 

If this samp!e is separated into 100 bins (PCR wells or other accept3ble binning platform), each bin would be 
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expected to contain: 1) 80 negative bins and 20 bins positive for one fnRBC; 2) I 50 mnRBC; 3} 400-4,000 WBC; 

4) l5xl04 RBC. If separated into I0,000 bins, each bin would be expected to contain: 1) 9,980negative bins and 20 

bins positive for one fnRBC; 2) 8,500 negative bins and 1,500 b:ins positive for one mnRBC; 3) <1-4 \VBC; 4) 

15xl02 REC. One of skill In the an will recognize that the number of bins may be increased or decreased depending 

5 on experimental design and/or the platform used for binning. Reduced complexity of the binned cell populations 

may faci1itate further genetic and.for cellular analysis of the target cells by reducing the number of non-target cells in 

an individual bin. 

(0093] Analysis may be performed on individual bins to confirm the presence of target ce1ls (e.g. fnR.BC) in the 

individual bin. Such analysis may consist of any method kno~'tl in the art including, but not limited to, FISH, PCR, 

IO STR detection, SNP analysis, biomarker detection, and sequence analysis (Figures 34 &35). 

100941 For example, a peripheral maternal venous blood sample enriched by the methods herein can be analyzed to 

detennine pregnancy or a condition of a fetus (e.g., sex of fetus or aneuploidy). The analysis step for fetal cells may 

further involves comparing the ratio of maternal to paternal genomic DNA on the identified fetal cells. 

JV. Fetal Biomarke:rs 

15 10095] ln some embodiments f"etal biomarkers may be used to det~"'t and/or isolate feta.1 ceUs, after emichment or 

after detection offotal abnormality or 1ack thereof. For example, this may be performed by distinguishing between 

fetal and maternal nRBCs base-don relative expression ofa gene (e.g., DYSl, DYZ, CD-71, e - and S -globin) that 

is differentially expressed during fetal development. In preferred embodiments, biomarker genes are differentially 

expressed in the first and/or second trimester. "Differentially expressed," as. applied to nucleotide sequences or 

20 polypeptide sequences in a ce11 or cell nuclei, refers to differences in over/under-expression of that sequence when 

compared to the level of expression of the same sequence in another sample, a control or a referen.:::e sainple. In 

some embodiments, expression differences can be temporal and/or ceU-speci:fic. For example, for cell-specific 

expression of biomarkers, differential expression of one or more biomarkers in the cell{s) of interest can be higher or 

lower relative to background cell populations. Detection of such difference in expression of the biomarker may 

25 indicate the presence of a rare cell (e.g., fnRBC) versus other ceHs in a mixed sample (e.g., background cell 

populations). in other embodiments, a ratio of two or more such biomarkers that are differentially expressed can be 

measured and used to detect rare cells. 

(0096) In one embodiment, fetal biomarkers comprise differentially expressed hemoglobins. Erythroblasts 

(nRBCs) are very abundant in the early fetal circulation, virtually absent in normal adult blood and by having a short 

30 finite lifespan, there :is no risk of obtaining fuRBC which may persis1 .from a previous pregnancy. Furthermore, 

unlike trophoblast cells, fetal erythroblasts are not prone to mosaic characteristics. 

100971 Yolk sac ery1hrob1asts synthesize t -, S -;y--- and o -globins, these combine to form the embryonic 

hemoglobins. Between six and eight weeks, the primary site of erythropo-iesis shifts from the yolk sac to the liver, 

the three embryonic hemoglobins are replaced by fetal heITIDglob:in (HbF) as the predominant oxygen transport 

35 system, and t - and S -globin production gives way to -y-, a - and .B -globin prnduct:ion -.v:ithin definitive 

erythrocytes (Peschle et al., 1985). HbF remains the principal hemoglobin until birth, when the second globin 

switch occurs and fl -globin production accelerates. 

[00981 Hemoglobin (Hb) is a heterodimer composed of two identical o:_globin chains and tv.v copies ofa second 

g1obin. Due to differential gene expression during fetal development, the composition of the second chain changes 

40 from f globin during early embryonic development ( l to 4 weeks of gestation) to 'Y globin during fetal development 

(6 to & weeks of gestation) to fJ gJobin in neonates and adults as illustrated :in (Table 1). 
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[0099] Tab-le 1. Relatwe expression of£, -yand f1 in maternal and fetal RBCs. 

£ 'I B 

; st trimester cetal ++ ++ -

IAaternal - +I- ++ 

nd trimester ~etal - ++ +/-

viatemal - +/- ++ 

[00100] ]n the late-first trimester, the earliest time that fetal cells may be sampled by CVS, fuRBCs contain, in 

5 addition to a globin, primarily E and -y glob in. In the early to mid second trimester, when amniocentesis is typically 

perfonned, fnRBCs conta:in prin>.ari1y 'Y g1obin Wlth some adult f3 globin. Maternal cells contain almost exclusively 

ex.and {J glob in, with traces of 'Y detectable in some samples. Therefore, by measuring the relative express:ion of the 

£, -yand/3 genes in RBCs purified from maternal blood samples, the presence of fetal cells in the sample can be 

determined. Furthermore, positive controls can be utilized to assess failure of the FISH analysis itself. 

10 [00101] ]n various embodiment&, fetal cells are distinguished from maternal cel1s based on the differenti.al 

expression of hemoglobins fl, 'Y or f. Expression levels or RNA levels can be determined in the cytoplasm or in the 

nudeus of ceUs. Thus in some embodiments, the methods herein involve deternrining levels of messenger RNA 

(mRNA), ribosomal RNA (rRNA), or nuclear RNA (nRNA). 

[00102] Jn some embodiments, identification of fnRBCs can be achieved by measuring the levels. of at least two 

15 hemoglobins in the cytoplasm or nucleus of a cell. In various embodiments, identification and assay is from 1, 2, 3, 

4, 5. 6, 7, 8, 9, 10, 15 or 20 fetal nuclei. Furthennore, total nuclei arrayed on one or more slides. can number from 

about 100,200,300,400, 500,700,800, 5000, 10,000, 100,000, 1,000,000, 2,000,000 to about 3,000,000_ In some 

embodiments, a ratio for -y/{3 or t!/3 is used to detennine the presence of fetal cells, where a number less than one 

indicates that a fnRBC(s) is not present. In some embodiments, the relative expression of-y/{3 or rJ/3 provides a 

20 fnRBC index("FNI"), as measured by/or€ celative to {3. In some embodiments, a FNI for j!{3 greater than 5, 10, 

15, 20, 25, 30, 35, 40, 45, 90, 180,360, 720, 975, 1020, 1024, 1250 to about 1250, 'indicate that a fnRBC(s) is 

present. In yet other embodiments, a FNI for -y/ fl ofless than about I indicates that a fnRBC( s) is not present. 

Preferably, the above FNI is determined from a sample obtained during a first trimester. However, simiiar ratios can 

be used during second trimester and third trimester. 

25 [00103) In some embodiments, the expression levels are determined by measuring nuclear RNA transcripts 

including, nascent or unprocessed transcripts. In another embodiment, expression levels are detennined by 

measuring mRNA, including ribosomal RNA. There are many methods known in the art for imaging {e.g., 

measuring) nucleic acids or RNA including, but not limited to, using expression arrays from Affymetrix, Inc. or 

111umina, Inc. 

30 100104] RT-PCR primers can be designed by targeting the globin variable regions, selecting the amplicon size, and 

adjusting the primers annealing temperature to achieve equal PCR amplification efficiency. Thus TaqMan probes 

can be designed for each of the amplicons with well-separated fluorescent dyes, Alexa fluor®-355 for E, Alexa 

Fluor®-488 fory, and A]cxa Fluor-555 for j3. The specificity of these primers can be first verified using 1;;, y, and l3 
cDNA as templates. The primer sets that give the best specificity can be selected for further assay development. As 

35 an alternative, the primers can be selected from two exons spanning an intron sequence to amplify only the mRNA 

to eliminate the genomic DNA contamination. 
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{001051 The primers selected C3:n be tested first in a duplex format to verify their specificity, limit of detection, and 

amplification efficiency using target cDNA templates. The best combinations of primers can be further tested in a 

triplex format for its amplification efficiency, detection dynamic range, and limit of detection. 

{001061 Various commercially available reagents are available for RT-PCR, such as One-step RT-PCR reagents, 

5 including Qiagen One-Step RT-PCR Kit and Applied Biosytems Taq.Man One-Step RT-PCR Master Mix Reagents 

kit. Such reagents can be used to establish the expression ratio of e, y, and Pusing purified RNA from enriched 

samples. Forward primers can be labeled for each of the targets, using Alexa fluor-355 for&, Alexa fluor-488 forr, 

and Alexa fluor-555 for !3. Enriched cells can be deposited by cytospinning onto _glass slides. AdditionaBy, 

cytospinning the enriched cells can be performed after in situ RT-PCR. Thereafter, the presence of the fluorescent-

10 labeled amplicons can be visualized by fluorescence microscopy. The reverse transcription tune and PCR cycles 

can be optimized to maximize the amplicon signaI:background ratio to have maxiITUl1 separation of fetal over 

maternal signature. Preferably, signal:background ratio is greater than 5, 10, :50 or 100 and the overall cen loss 

during the process is less than 50, 10 or 5%. 

V. Fetal Cell Analysis 

15 (001071 Figure 4 illustrates an overview of some embodiments of the present invention. 

{00108) Aneuploldy means the condition of having Jess than or more than the normal diploid number of 

chromosomes. In other words, -it is any deviation from euploidy. Aneuploidy includes conditions such as monosomy 

(the presence of only one chromosome of a pair in a cell's nucleus), trisomy (having three chromosomes of a 

particular type in a cell's nucleus), tetrasomy (having four chromosomes of a particular type in a cell's nucleus), 

20 pentasomy (having five chromosomes of a particular type in a cell's nucleus), triploidy (having three of every 

chromosome in a ce1l's nucleus), and tetraploidy (having four of every chromosome in a cell's nucleus). Birth of a 

live triploi-d is extraordinari1y rare and such individuals are quite abnormal, however triploidy occurs in about 2-3% 

of all human pregnancies and appears to be a factor in about 15% of al1 miscarriages. Tetraploidy occurs in 

approximately 8% of all miscarriages_ (http:/Jwww.emedicine_com/medJtopic3241.htm). 

25 {00109] In step 400, a sample is obtained from an animal, such as a hwnan. In some embodiments, animal or 

human is pregnant, suspected ofbeing pregnant, o-r may have been pregnant, and, the systems and methods herein 

are used to diagnose pregnancy and/or conditions of the fetus (e.g. trisomy). In some embodiments, the animal or 

human is suspected of having a condition, has a condition, or had a condition (e.g_, cancer) and, the systems and 

methods herein are used to diagnose the condition, determine appropriate therapy_, and/or nmnitor for recurrence. 

30 [00110) In both scenarios a sample obtained from the animal can be a blood sample e.g., ofup to 50, 40, 30, 20, or 

15 mL In some cases multiple samples are obtained from the same animal at different points in time (e.g. before 

therapy, during therapy, and after therapy, or during 1 ~t trimester, 2 nd trimester, and 3~d trimester of pregnancy). 

(001ll) In optional step 402, rare ce1ls (e.g., fetal cells or epithelial cells) or DNA ofs.uch rare cells are enriched 

using one or more methods known in 1he art or described herein, For example, to enrich fetal cells from a maternal 

35 blood s2.mple, the sample can be applied to a size-base separation module ( e.g., two-dimensional array of obstacles) 

configured to direct cells or particles in the sample greater than 8. microns to a fir.st outlet and ceHs or particles in the 

sample smaller than 8 microns to a second outlet. The fetal cells can subsequently be further enriched from maternal 

white blood ceils (which are also greater than 8 microns) based on their potential magnetic property. For example, 

N 2 or anti-CD71 coated magnetic beads is added to the first enriched product to make the hemoglobin in the red 

40 blood cells (maternal and fetal) paramagnetic. The enriched sample is then flowed through a co1umn coupied to an 

external magnet, This captures both the fuRBC's and m."'lRBC's creating a second enriched product. The sample 

can then be subjected to hyperbaric pressure or other stimulus to initiate apoptosis in the fetal cells. Fetal 

H 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00880

WO 2007/1-17079 PCT/US2007/071256 

cells/nuclei can then be enriched using micmdissection, for example. It should be noted that even an enriched 

product can be dominated (>50%) by cells not of interest (e.g. maternal red blood cells). In some cases an enricfled 

sample has the rare cells (or rare genomes) consisting ofup to 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, I, 2, 5, 10, 20, or 50% 

of all cells {or genomes) in the emiched sample. For example, using the systems herein., a maternal blood sample of 

5 20 mL from a pregnant human can be enriched for fetal cells such that the emiched sample has a total of about 5GO 

cells, 2% of which are fetal and the rest are maternal. 

(00112) [n step 404, th.e enriched product is split between two or more discrete locations. In some embodiments, a 

sample is split into at lea.st 2, 10, 20, SO, 100, 200,300,400, 500, 600, 700, 800, 900, 1000, 2000., 3,000, 4,000, 

5000, or 10,000 total different d"iscrete sites or about 100. 200, 500, 1000, 1200, 1500 sites. In some embodiments, 

10 output from an enrichment module is serially divided into weils of a 1536 mi:crowe11 plate (Figure 8). This can 

result in one cell or genome per location or O or 1 cell or genome per location. 1n some embodiments, cell splitting 

results in more than 1, 2, 3. 4, 5, 6, 7, 8, 9, 10, 20, 50, 100,200, 500, 1000, 2000, soon, 10,000, 20,000, 50,000, 

100,000.,. 200,000, or 500,000 cells or genomes per locatioIL When splitting a sample emiched for epithelial cells, 

endothelial cells, or CTC's, the load at each discrete location (e.g., well) can include several leukocytes, while one 

15 only some of the loads includes one or more CTC's. When splitting a sample ennched for fetal cells preferably each 

site includes O or 1 fetal cells. 

J00113l Examples of discrete locations which could be used as addressable locations include~ but are not limited to, 

we1Is, bins, sieves, pores, geometric sites, slides, matrixes, membranes, electric traps, gaps, obstacles, or in-si.tu 

within a cell or nuclear membrane. In some embodiments, the discrete cells are addressable such that one can 

20 correlate a cell or cell sample v.ith a particular location. 

1001141 Examples of methods for splitting a sample into discrete addressable locat1ons include, but are not limited 

to, fluorescent activated cell sorting (FACS) (Sherlock, JV et aL Ann. Hum. Genet. 62 (Pt. 1 ): 9-23 (1998)), 

micromanipulation (Samura, 0., Ct al Hum. Genet 107(1):28-32 (2000)) and.dilution strategies (Findlay, Let al. 

MoL Cell. Endocrinol. 183 Suppl l: SS-12 (2001}). Other methods for sample splitting cell sorting and splitting 

25 methods known in the art may also be used. For example, samples can be split by affinity sorting techniques using 

affinity agents (e.g. antibodies) bound to any immobilized or mobilized substrate (Samura 0., er al., Hum. Genet. 

107(1):28-32 (2000)). Such affinity agents can be specific to a cell type e.g. RBC's fetal cells epithelial cells 

including those specifically binding EpC.Ai\1, antigen-i, or CD-71. 

100115) In some embodiments, a sample or emiched sample is transferred to a cell sorting device that includes an 

30 array of discrete locations for captunng cells trave!:ing along a fluid flow. The discrete locations can be arranged in 

a defined pattern across a surface such that the discrete sites are also addressable. In some embodiments, the sorting 

device is coupled to any of the enrichment devices known in the art or disclosed herein. Examples of cell sorting 

devices included are described :in International Publication No. WO 01/35071. Examples of surfaces that may be 

used for creating arrays of cells in discrete addressable sites include, but are not limited to, cellulose, cellulose 

35 acetate, nitrocellulose, glass, quartz or other crystalline substrates such as gallium arsenide, silicones, metals, 

semiconductors, various plastics and plastic copolymers, cyclo-olefin polymers. various membranes and gels, 

mlcrospheres, beads and paramagnetic or supramagnetic nticroparticles. 

[001161 In some embodiments, a sorting device comprises an array of wells or discrete locations wherein each well 

or discrete location is configured to hold up to 1 cell. Each \·veH or discrete addressable location may have a capture 

40 mechanism adapted for retention of such cell ( e.g. gravity, suction, etc.) and optionally a release mechanism for 

selectively releasing a ceU of interest from a specific well or site (e.g. bubble actuation). Figure B iEustrates such an 

embodiment. 
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1001171 In step 406, nucleic acids of interest from each cell or nuclei arrayed are tagged by amplification. 

Preterably, the amphfied!tagged nucleic acids include at least I, 2, 3, 4, 5, 6, 7, 8, 9, to, 20, 30, 40, 50. 60, 70, 90, 

90 or iOO polymorphic genomic DNA regions such as short tandem repeats (STRs) or variable number of tandem 

repeats ("\tNTR"). When the amplified DNA regions include one or more STR/s/, the STR/s/ are selected for high 

5 heterozygosity (variety of alleles) such that the paternal allele of any fetal ceU ts more likely to be distinct in length 

from the maternal allele. Th.is resulis in improved power to detect the presence of fetal cells in a mixed sample and 

any potential of ietal abnormalities In such cells. In some embodiment, STR(s) amplified are se[ected for their 

association with a particular condition. For example, to detennine fetal abnormality an STR sequence comprising a 

mutation associated wlth fetal abnormality or condition is amplified. Examples of STRs that can be 

10 amplified/analyzed by the methods herein include, but are not limited to D21S1414, D21Sl41 l, D21S1412, D21Sl I 

MBP, Dl3S634, D 13S631, D1 SS535, AmgXY and XHPRT. Additional STRs that can be ampJifiedianalyzed by 

the methods herein include, but are not limited to, those at locus F13B (1 :q31-q32); TPOX (2:p23-2pter); FlBRA 

(FGA) (4,q28); CSFIPO (5,q33.3-q34); FBA (6'p24-p25); THOI (I l;pl5-l5.5); VWA (12cpl2-pter); CDU (12p12-

pter); D1431434 (14:q32.13); CY AR04 (p450) (15:q21. l) D21S11 (21:q ll-q21) and D22SI045 (22:ql2.3). In 

15 some cases,, STR loci are chosen on a chromosome suspected oftrisomy and on a control chromosome. Examples 

of chromosomes that are often trisomic include chromosomes 21, 18, 13, and X. In some cases, I or more than 1, 2, 

3, 4, 5, 6, 7, 8, 9, 10, l S, or 20 STRs are amplified per chromosome tested {Samurn, O. et al., Clin. Chem. 

47(9):1622-6 (2001)). For example amplification can be used to generate amplicons ofup to 20, up to 30, up to 40, 

up to 50, up to 60, up to 70, up to 80, up to 90, up to 100, up to 150, up to 200, up to 300, up to 400, up to 500 or up 

20 to ? 000 nucleotides in length. Di-, tri-, tetra-, or penta-nucleotide repeat STR loci can be used in the methods 

described herein. 

[001181 To amp1ify and tag genomic DNA region(s) of interest, PCR primers can include: (i) a primer element, (ii) 

a sequencing element, and (iii) a locator element. 

(00119) The primer element is configured to amplify the genomic DNA region of interest (e.g. STR}. The primer 

25 element includes, when necessary, the upstream and downstream primers for the amplification reactions. Primer 

elements can be chosen which are nrultip]exible v.ith other primer pairs from other tags in the same amplification 

reaction (e.g. fairly uniform melting temperature, absence of cross-priming on the human genome, and absence of" 

pri:mer-primer interaction based on sequence analysis}. The pr.itner element can have at least 4. 5, 6, 7, 8, 9, 10, 15, 

20, 25, 30, 40 or 50 nucleotide bases, which are designed to specificaHy hybridize with and amplify the genomic 

30 DNA region of interest. 

(001201 The sequencing element can be located on the 5' end of each primer element or nucleic acid tag. The 

sequencing element is adapted to doning and/or sequencing ofthe amplicons. (Marguiles, M, Nature 437 (7057): 

376-80) The sequencing element can be about 4, 6, 8, 10, 18, 20, 28-, 36, 46or 50 nucleotide bases in length. 

100121] The locator element (also known as a unique tag sequence), which is often incorporated into the middle 

35 part of the upstream primer, can include a short DNA or nucleic acid sequence between 4-20 bpin length (e.g., 

about 4, 6, 8, 10, o-r 20 nucleotide bases). The locator element makes it possible to pool the amplicons from all 

discrete addressable locations :foUm .. -ing the amplification step and analyze the amplicons in parallel. Jn some 

embodiments each locator element is specific for a single addressable location. 

(001221 Tags are added to the cells/DNA at each discre1e location using an amplification reactioIL Amplification 

40 can be performed using PCR or by a variety of methods including, but not limited to, singieplex PCR, quantitative 

PCR, quantitative fluorescent PCR (QF-PCR), multiplex fluorescent PCR {MF-PCR). real time PCR (RT-PCR), 

single cell PCR, restrictmn fragment length polymorphism PCR (PCR-RFLP), PCR-RFLP/RT-PCR-RFLP, hot start 
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PCR, nested PCR, in situ polonony PCR, in situ rolling cfrcle amplification (RCA), bridge PCR, picotiter PCR, 

multiple strand displacement amplification (MDA), and emulsion PCR. O1her suitable ampiification methods 

include the ligase chain reaction (LCR), transcnption amplification., self-sustained sequence replication, select!ve 

amplification of target polynucleotide sequences, consensus. sequence primed polymerase chain reaction (CP-PCR}, 

5 arbitrarily primed polymerase chain reaction (AP-PCR). degenerate oligonucleotide-primed PCR (DOP-PCR) and 

nucleic acid based sequence amplification (NABSA). Additional examples of amplification techniques using PCR 

primers are described in, U.S. Pat. Nos. 5,242,794, 5,494,810, 4,988,617 and 6,582,938. 

[00123) In some embodlffients, a further PCR amplification is performed using nested primers for the one or more 

genomic DNA regions of interest to ensure optimal perfonnance of the multiplex amplification. The nested PCR 

10 amplification generates sufficient genomic DNA starting material for further analysis such as in the parallel 

sequencing procedures below. 

1001241 In step 408, genomic DNA regions tagged/amplified are pooled and purified prior to further processing. 

Methods for pooling and purifying genomic DNA are known in the art. 

100125] In step 410, pooled genomic DNA/amplicons are analyzed to measure, e.g. allele abundance of genomic 

15 DNA regions (e.g. STRs amplified). In some embodiments such analysis involves the use of capillary gel 

electrophoresis (CGE). In other embodiments, such analys.is involves sequencing or ultra deep sequencing. 

(00126) Sequencing can be performed using the classic Sanger sequencing method or any other method known in 

the art. 

100127] For example, sequencing can occur by sequencing-by-synthesis, which involves inferring the sequence of 

20 the template by synthesizing a strand complementary to the target nucleic acid sequen:::e. Sequence-hy-synthesis 

can be initiated using sequencing primers complementary ro the sequencing element on the nucleic acid tags. The 

method involves detecting the identity of each nucleotide immediately after (substantially real-time} or upon (real­

t-ime) the incorporation of a labeled nucleotide or nucleotide analog into a growing strand of a complementary 

nucleic add sequence in a polyinerase reaction. After the successful incorporation of a label nucleotide, a signal is 

25 measured and then nulled by methods knmvn in the art. Examples of sequence-by-synthesis methods are described 

in U.S. Application Publication Nos. 2003/0044781, 2006j002471 I, 2006/0024678 and 200510100932. Examples of 

labels that can be used to label nucleotide or nucleotide analogs for sequencing-by-synthesis lllclude, but are not 

limited to, chromophores, fluorescent moieties, enzymes, antigens, heavy metal, magnetic probes, dyes, 

phosphorescent groups, radioactive materials. chemiluminescent moeities, scattering or fluorescent nanopartic1es, 

30 Raman signal generating moieties, and electrochemical detection moieties. Sequencing-by-synthesis can generate at 

least 1,000, at least 5,000, at least 10,000, at least 20,000, 30,000, at least 40,000, at least 50,000, at least 100,000 or 

at least 500,000 reads per hour. Such reads can have at least 50, at least 60, at least 70, at least 80, at least 90, at 

least I 00, at least 120 or at least 150 bases per read. 

f00l 28) Another sequencing method involves hybridizing the amplified genomic region of interest to a primer 

35 complementary to it. This hybridization complex is incubated with a polymerase, ATP sulfurylase, lucifernse, 

apyTase, and the substrates luciferin and adenosine 5' phosphosulfate. Next, deoxynucleotide triphosphates 

corresponding to the bases A, C, G, and T (U) are added sequentially. Each base incorporation is accompanied by 

release of pyrophosphate, converted to ATP by sulfurylase, which drives synthesis of oxyluciferin and the release of 

visible light. Since pyrophosphate release is equimolar with the number- of incorporated bases, the light given off is 

40 proportional to the number of nu;.-:leotides adding in any one step. The process is repeated until the entire sequence is 

determined. 
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(001291 Yet another sequencing method involves a fem-color sequencing by ligation scheme (degenerate ligation). 

which involves hybridizing an anchor primer to one of four positions. Then an enzymatic !igation reaction of the 

anchor primer to a popularion of degenerate nonamers that are labeled with fluorescent dyes is performed. At any 

given cyde, the population of nonarners that is used is strecture such that the identity of one of its positions is 

5 correlated with the identity of the fluorophore attached to that nonameL To the extent that the ligase discriminates 

for complementarily at that queried position, the fluorescent signal allows the inference of the identity of the base. 

After performing the ligation and fom-color imaging, the anchor primer:nonamer complexes. are stripped and a new 

cycle begins. Methods to image sequence information after perfonning ligation are known in the art. 

(00130] Preferably, analysis involves the use of ultra-deep sequencing, such as described in Marguites et al., Nature 

10 437 {7057}: 376-80 (2005). Briefly, the amplicons are d-ilured and mixed with beads such that each bead caprures a 

single molecule of the amplified material. The DNA molecule on each bead is then amplified to generate millions 

of copies of the sequence which all remain bound to the bead. Such amplification can occur by PCR. Each bead 

can be placed in a separate -..ven, which can be a (optionally addressable) picolltre-sized well. In some 

embodiments, each bead is caprnred within a droplet of a PCR-reaction-mixture-in-oi1-emulsion and PCR 

15 amplification occurs within each droplet. The amplification on the bead results in each bead carrying at least one 

million, at least 5 million., or at least 10 million copies of the original amplicon coupled to it. Finally. the beads are 

placed into a highly parallel sequencing by synthesis machine which generates over 400,000 reads ( ~ 100bp per read) 

in a single 4 hour nm. 

(00131) Other methods for ultra-deep sequencing that can be used are descnbed in Hong,. S. et al. Nat. Biorechnol. 

20 22(4):435-9 (2004); Bennett, B. et al. Phannacogenomics 6(4):373-82 (2005); Shendure, P. et al. Science 309 

(5741):1728-32 (2005). 

(00132) The role of the ultra•deep sequencing is to provide an accurate and quantitative way to measure the allele 

abundances for each of the STRs. The total required number of reads for each of the aliquot wells is determined by 

the number of STRs, the error rates of the multiplex PCR, and the Poisson samp1ing statistics associated with the 

25 sequencing procedures. 

100133) In one example, the enrichment output from step 402 results in approximately 500 ce11s of which 98'Ya are 

maternal cells and 2% are fetal cells. Such enriched cells are subsequently split into 500 discrete locations (e.g., 

wells) in a microtiter plate such that each wen contains 1 cell. PCR is used to amplify STR's {-3-10 STR loci) on 

each chromosome of interest. Based on the above example, as the fetaVm.aterna1 ratio goes do\._n, the aneuploidy 

30 signal becomes diluted and more loci are needed to average out measurement errors associated with variable DNA 

amplification efficiencies from locus to locus. The sample division into wells containing -1 cell proposed in the 

methods described herein achieves pure or highly enriched fetal/maternal ratios in some wells, alleviatmg the 

requirements for averaging of PCR errors over many loci. 

(00134) In one example, let 'f be the fetal/maternal DNA copy ratio In a particular PCR reaction. Tdsomy 

35 increases the ratio of maternal to paternal aHeles by a factor 1 +£'2. PCR efficiencies vary from a11ele to a11ele within 

a locus by a mean squa:re error in the logarithm given by cr,n~te\ and vary ftom locus to locus by cr1~,us 2, \.Vhe:re this 

second variance is apt to be larger due to differences i.n primer efficiency. N,. is the ioci per suspected aneuploid 

chromosome and Ne :is the control loci. lfthe mean of the two maternal allele strengths at any locus is 'm' and the 

paternal allele strength is 'p,' then the squared error expected is the mean of the ln(ratio(m/p)), where this mean is 

40 taken over N loci is given by 2(aa11e1/)IN. When taking the difference of this mean ofln(rn.tio(m!p)) between a 

suspected aneupJoidy region and a control region, the error in the difference is given by 

(I) 
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[001351 For a robust detection of aneup!Oidy we require 

3CfdiF. < f/2. 

[001361 For simplicity, assuming Na= Ne= N in Equation 1, this gives the requirement 

6cr,.1re1,/N:.:2 < f/2, (3) 

5 or a minimum N of 

10 

N = 144( GaJkljf}2 (4) 

{00137) Jn the context of trisomy detection, the suspected aneuploldy region is usually the entire chromosome and 

N denotes the number of loci per chromosome. For reference, Equation 3 is. evaluated for Nin the following Table 

2 for various values of O"a1Jde and f. 

f 
0'"11leie 0.1 0.3 LO 
0.1 144 16 1 
0.3 1296 144 13 
1.0 14400 1600 l44 

Table 2. Required number of loci per chromosome as a function of a ... 11.,1., and f. 

Since sample splitting decreases the nrnnber of starting genome copies whtch increases cr;i11ci., at the same time that it 

increases the value off in some -wells, the methods herein are based on the assumption that the overaH effect of 

15 splitting is favorable; i.e., that the PCR errors do not increase too fast with decreasing starting number of genome 

copies. to offset the benefit of having some wells with large :f. The required number of loci can be somewhat larger 

because for many loci the paternal allele is not distinct from the maternal alleles, and this incidence depends on the 

heterozygosity of the loci. In the case of highly polymorphic STRs, this amounts to an approximate doubling ofN. 

[00138] The role of the sequencing is. to measure the allele abundances output from the amplification step. ft is 

20 desirable to do this without adding significantly more error due to the Poisson statistics of selecting oniy a finite 

number of amplicons for sequencing. The nns error in the ln{abundance) due to Poisson statistics is approximately 

(Nr,,.._d.)"
112

. It is desirable to keep this value less than or equal to the PCR error cr_. 11 e.1,,. Thus, a typical paternal allele 

needs to be allocated at least (cr~tkk:r2 reads. The maternal alleles, being more abundant, do not add appreciably to 

this error when forming the ratio estiinate for mlp. The mixture input to sequen~ing contams amp?icons from N;ori 

25 loci of which roughly an abundance fraction £12 are paternal alleles. Thus, the total required number of reads for 

each of the aliquot wells is given approximately by 2N1cd(fcr.,_uci/). Combining this result v,.ith EquatJ.on4, it is 

found a total number of reads over all the wells given approximately by 

(5) 

root39I When performing sample splitting, a mugh approximation is to stipulate that the sample splitting causes f 

30 to approach unity in at least a few wells. If the sample splitting is to have advantages, then it must be these wells 

which dominate the information content in the final result. Therefore, Equation (5) with f=l is adopted, which 

suggests a minimum of about 300 reads per well. For 500 wells, this gives a minimum requirement for ~150,000 

sequence reads. Allowing for the limited heterozygosity of the loci tends to increase the requirements (by a factor of 

~2 in the case ofSTRs), while the effect ofretnforcement of data from multiple wells tends to relax the requirements 

35 with respect to this result (in the baseline case examined above it is assumed that~ 10 •.veils have a pure fetal ceH). 

Thus the required total number of reads per patient is expected to be in the range 100,000 - 300,000. 

[00140] In step 412, wells w1th rare cells/alle:!es (e.g., feta! alleles) are identified. The locator elements of each tag 

can be used to sort the reads {~200,000 sequence reads) into 'bins' which correspond to the individual wells of the 
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micrntiter plates (-500 bins). The sequence reads from each of the bins (-400 reads per bin) are then separated into 

the different genomic DNA region groups, (e.g. STR loc-i,) using standard sequence alignment algorithms. The 

aligned sequences .from each of the bins are used to identify rare (e.g., non-maternal) alleles. It is estimated that on 

average a i 5 ml blood sample from a pregnant human will result in -10 bins having a single fetal cell eac!J.. 

5 100141] The fo11o~'lng are two examples by which rare alleles can be identified. In a first approach, an independent 

blood sample fraction known to contain only maternal cells can be analyzed as described above in order to obtain 

maternal alleles. This sample can be a white blood cell fraction or simply a dilution of the original sample before 

enrichment. In a second approach, the sequences or genotypes for all the welts can be simifarity-dustered to 

identify the dominant pattern associated with maternal ceUs. In either approach, the detection of non-maternal 

IO alleles determines which discrete location (e.g. well) conta:ined fetal cells. Determining the number of bins with 

non-maternal alleles relative to the total number of bins provides an estimate of the number of fetal cells that were 

present in the original cell population or enriched sample. Bins containing fetal cells are identified with high levels 

of confidence because the non-maternal alleles are detected by multiple independent poiymorphic DNA regions, e.g. 

STR loci. 

15 }00142] In step 414, condition ofrare cells or DNA is determined. This can be accomplished by determining 

abundance of selected alleles (polymorphic genomic DNA regions) in bin(s) with rare cellslDNA. In some 

embodiments, allele abundance is used to detennine aneuploidy, e.g. chromosomes 13, 18 and 21. Abundance of 

alleles can be derennined by comparing ratio of maternal to paternal aHeles for each genomic region amptified (e.g_, 

-12 STR's). For example, if 12 STRs are analyzed, for each bin there are 33 sequence reads fot each of the STRs. 

20 ill a normal fetus, a given STR will have 1:1 ratio of the maternal to paternal alleles with approximately 16 sequence 

reads corresponding to each allele (normal diallelic). In a trisomic fetus, three doses of an STR marker will be 

detected either as three alleles with a 1: 1: 1 ratio (trisomic triaHelic) or two alleles with a ratio of 2: 1 (trisomic 

dialleHc). (Adinolfi, P. et al., Prenat. Diagn, 17(13):1299-311 (1997)). In rare instances all three alleles may 

coincide and the locus will not be informative for that individual patient. In some embodiments, the infonnation 

25 from the different DNA regions on each chromosome are combined to increase the confidence of a given aneuploidy 

call. In some embodiments, the information from the independent bins containing fetal cells can also be combined 

to further increase the confidence ofthe call. 

100143] In some embodiments allele abundance is used to determine segmental anuepolidy. Normal diploid ceUs 

have two copies of each chromosrune and thus two alleles of each gene o:r loci. Changes in the allele abundance for 

30 a particular chromosomal region may be indicative of a chromosomal rearrangement, such as a deletion, duplication 

or translocation event. In some embodiments, the information from the different DNA regions on each chromosome 

are combined to increase the confidence of a given segmental aneuploidy call. In some embodiments, the 

infonnat1on from the :independent bins containing fetal cells can also be combined to further increase the confidence 

of the call. 

35 (001441 The determination of fetal trisomycan be used to diagnose conditions such as abnormal fetal genotypes_, 

including, trisomy 13, trisomy 18, trisomy 21 (DO'.\.'D syndrome) and KlinefeherSyndrome (XXY). Other examples 

of abnormal fetal genotypes include, but are not limited to, aneuploidy such as, monosorny of one o:r more 

chromosomes (X chromosome monos.omy, also known as Turner's syndrome), trisomy of one or tn0re chromosomes 

(13, 18, 21, and X), tetrasomy and pentasomy of one or more chromosOllles (which in humans is most commonly 

40 ob;,erved in the sex chromosomes, e.g. XXXX, XXYY, XXXY, XYYY, XXXXX, XXXXY, XXXYY, XYYYY 

and XX\'YY), triploidy(three of every chromosome, e.g. 69 chromosomes in humans), telraplo:idy {four of every 

ch:rornosome, e.g. 92 chromosomes in humans) and multiploidy. ]n some embodimen!s, an abnomul fetal genotype 
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is a segmental aneuploidy. Examples of segmental aneuploidy include, but are not limited to, lp36 duplication., 

dup( l 7)(p l 1.2pl 1.2) syndrome, Dov.n syndrome, Pelizaeus-Meczbacher disease, dup(22)(ql l .2ql 1.2) syndrome, 

and cat-eye syndrome_ In some cases. an abnormal fetal genotype is due to one or more deletion;; of sex or 

autosomal chromosomes, which may result in a condition such as Cri-du-chat syndrome, Wolf-Hirschhorn, 

5 Williams-Beuren syndrome, Charcot-Marie-Tooth disease, Hereditary neuropathy with liability to pressure palsies, 

Smith-Magenis syndrome, Nem:ofibromatos1s, Alagille syndrome, Velocardiofucia1 syndrnme, DiGeorge syndrome, 

Steroid sulfatase deficiency, Kallmann syndrome, Microphthalmia with linear skin defects., Adrenal hypoplasia, 

Glycerol kinase deficiency, Peli2aeus-Merzbacher disease, Testis-deterntining factor on Y, Azospennia (factor a), 

Azosp-ennia (factorb), Azos.pennia (factor c.). or lp36 deletion. In some embodiments, a decrease in chromosomal 

10 number results in an XO syndrome. 

[001451 In one embodiment, the merho<ls of the invention allow for the determination of maternal or paternal 

trisomy. In some embodiments... the methods of the invention a How for the detennination of trisomy or other 

conditions in fetal cells in a mixed maternal sample arising from more thun one fetus. 

1001461 In another aspect of the invention, standard quantitative genotyping technology is used to declare the 

15 presence of fetal cells and to determine the copy numbers (ploidie.s) of the fetal chromosomes. Several groups have 

demonstrated that quantitative genotyping approaches can be used to detect copy number changes (Wang, Moorhead 

et al. 2005). However, these approaches do not perform well on mixtures of cells and typically require a relatively 

large number of input cells ( ~ 10,000). The current invention addresses the complexity issue by perfonning the 

quantitative genotyping reactions on individual cells. In addition, multiplex PCR and DNA tags are used to perfonn 

20 the thousands of genotyping reaction on single ceHs in highly paraHel fashion. 

100147] An overview of this embodiment is illustrated in Figure 5. 

}00148] In step 500. a sample (e.g., a mixed sample of rare and non-rare cells) is obtained from an anima[ or a 

human. See, e.g., step 400 of Figure 4_ Prefernbiy, the sample is a peripheral maternal blood sample. 

100149] In step 502, the sample is enriched for rare cells (e.g., fetal cells) by any method known in the art or 

25 described herein. See, e.g., step 402 of Figure 4. 

tOOlSO] In step 504, the enriched product is split into multiple distinct sites {e.g., wells). See~ e.g., step 404 of 

Figure 4. 

100151] Instep 506, PCR primer pairs for amplifying multiple (e.g., 2 - 100) highly polymorphic genomic DNA 

regions (e.g .• SNPs) are added to each discrete site or well in the array or microtiter plate. For example, PCR primer 

30 pairs for amplifying SNPs along chromosome 13, 18, 21 and/or X can be designed to detect the most frequent 

aneuoploidies_ Other PCR primer pairs can be designed to amplify SNPs along control regions of the genome where 

aneuploidy is not expected. The genomic loci (e.g., SNPs) in the aneuploidy region or aneuploidy suspect region are 

selected for high polymo.rplusm such that the paternal alleles of the fetal cells are more likely to be distinct from the 

maternal alleles. This ircproves the power lo detect the presence of fetal cells in a mixed sample as well as fetal 

35 conditions or abnonnalities. S1'.'Ps can also be selected for their association with a particular condition to be 

detected in a fetus. 1n some cases, one or more than one, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90. or 

100 SNPs are analyzed per target chromosome (e.g., 13, 18, 21,, and/or X). TI-_e increase number of SNPs 

interrogated per chromo5ome ensures accurate results. PCR primers are chosen to be muitipiexible with other pairs 

(fairly uniform melting temperature, absence of cross-priming on the human genome, and absence of primer-primer 

40 interaction based on sequence analysis). The primers are designed to generate amplicons 10-200, 20-180, 40- l60, 

60-140 or 70-100 hp in size to increase the pe:rformance ofthe multiplex PCR. 
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(00152 I A second of round of PCR using nested primers may be performed to ensure optimal performance of the 

multiplex amplification. The multiplex amplification of single cells is helpful to generate sufficient starting mater:ial 

for the parallel genotyping procedure. Multiplex PCT can be performed on single cells with minimal levels of allele 

dropout and preferential amplification. See Sherlock, J., et al. Ann. Hum. Genet. 61 (Pt 1 ): 9-23 (I 998); ar.::d 

5 Findlay, ]., et al. Mol. Cell. Endocrinol. 183 Suppl. I: S5-12 (2001 ). 

100153] In step 508, amplified polymorphic DNA region(s) of interest (e.g., SNPs} are tagged e.g., v.'ith nucleic acid 

tags. PreferabJy, the nucleic acid tags serve two roles: to determine the identity of the different SNPs and 

to determine the identity of the bin from which the genotype was derived. Nucleic acid tags can comprise primers 

that allow for allele-specific amplification and/or detection. The nucleic acid tags can be of a variety of sizes 

10 including up to 10 base pairs, 10-40, 15-30, 18-25 or ~22 base pair long. 

100154) In some embodiments, a nucleic acid tag comprises a molecular inversion probe (MIP). Examples ofMIPs 

and their uses are described in Hardenbol, P., et al .• Nat. Biotechnol. 21{6):673-8 (2003-); Hardenbol, P., et al., 

Genome Res. 15(2):269-75 (2005); and Wang, Y., et al., Nucleic Acids Res. 33(21):el83 {2005). Figure 7A 

illustrates one example of a 1vfIP assay used herein. The MIP tag can include a locator elerrtent to determine the 

15 identity of the bin from which the genotype was derived. For example, when output from an em:ichnrent procedure 

results in about 500 cells, the enriched product / cells can be split into a microliter plate containing 500 wells such 

that each cell is in a different distinct wen. Figure 7B inustrates a mkrotiter plate with 500 wells each of which 

contains a single cell Each cell is interrogated. at 10 different SNPs per chromosome, on 4 chromosomes (e.g., 

chromosomes 13, 18, 21 and X). This analysis requires 40 MIPs per cell/ well for a total of20,000 tags per 

20 500 wells (i.e., 4 chromosomes x 10 SNPs x 500 wells). The tagging step can also include amplification of the MIPs 

after their rearrangement or enzymatic "gap fill". 

{00155J In one embodiment, a nucleic acid tag comp1"ises a unique property, such as a difference in mass or 

chemical properties from other tags. In another embodiments a nucleic acid tag comprises a photoactivatable label, 

so that it crosslinks where it binds. In another embodiment a nudei.c acid tag can be used as a linker for ultra deep 

25 sequencing. In another embodiment a nucleic acid tag can be used as a linker for arrays. In another embodiment a 

nucleic acid tag comprises a unique fluorescent label, (Such as FAM, JOE, ROX. NED, HEX, SYBR, PET, 

TAMR._Jc\., VIC, CY-3, CY-5, dR6G, DS-33, LIZ, DS-02, dRl 10, and Texas Red) which can be used to differentiate 

individual DNA fragments. In another embodiment a nucleic acid tag can serve as primer or hybridization site for a 

probe, to facilitate signal amplification or detection from a single cell by using a tractable marker. In some 

30 embodiments the labeled nucleic acid tag can be analyzed using a system coupled to a light source, such as an A.BI 

377,310, 3700 or any other system which can detect fluorescently labeled DNA. 

f00156l In step 510, the tagged arnplic-ons are pooled 1ogether for further analysis. 

(00157] In step 512, the genotype at each polymorphic site is determined and/or quantified using any technique 

lmown in the art. In one embodiment, genotyping occurs by hybridization of the MIP tags to a microarray 

35 contalning probes complementary to the sequences of each MIP tag. See US Patent Nos. 6,858,412. 

100158] Using the example described above "'ith the MIP probes, the 20,000 tags are hybridized to a single tag 

array containing complementary sequences to each of the tagged MIP probes. Microarrays (e.g. tag arrays) can 

include a plurality of nucleic a:;id probes immobilized to discrete spots (e.g., defined locations or assigned positions) 

on a substrate surface. For example, a microarray can have at least 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,500, 

40 1,000, 5,000, 10,000, 15,000, 20,000, 30,000, 40,000, 50,000, 60,000, 70,000, 80,000, 90,000, or 100,000 different 

probes complementary to MIP tagged probes. 1v1ethods to prepare microarrays capable to monitor several genes 

according to the methods of the invention are well kno\.VTl m the art. Examples ofmicroarrays that can be used in 
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nuc!eic acid analysis t.'lat may be used are described in US Pat 6,300,063, US Pat 5,837,832, US Pat 6,969, 589, US 

Pat 6,040,138, US Pat 6,858,412, US Publication No. 2005/0100893, US Publication No. 2004/0018491, US 

Publication No. 2003/0215821 and US Publication No. 2003/0207295. 

(001591 In step 516, bins with rare alleles (e.g., fetal alleles) are identified. Usmg the example described above, 

5 rare allele identification can be accomplished by first using the 22bp tags to sort the 20,000 genotypes into 500 bins 

which correspond to the individual wells of the original microtiter plates. Then, one can identify bins containing 

non-maternal alleles which correspond to wells that contained fetal ce11s. Detennining the number bins with non­

maternal alleles relative to the total number of its provides an accurate estimate of the number offuRBCs that were 

present in the original enriched cell population. When a fetal cell is identified ma given bin, the non-maternal 

10 alleles can be detec1ed by 40 independent SNPS s which provide an extremely high level of confidence :in the result. 

(00160) In step 518, a condition such as trisomy is determined based on the rare cell polymorphism. For example, 

after identify:ing the ~10 bins that contain fetal cells, one can determine the ploidy of chromosomes 13, 18, 21 and X 

of such ce11s by comparing the ratio of maternal to paternal alleles for each of ~10 SNPs on each chromosome (X, 

B, 18, 21). The ratios foi: the multipie SNPs on each chromosome can be combined (averaged) to increase the 

15 confidence of the aneuploidy call for that chromosome. In addition, the information from the ~10 independent bins 

containing fetal cells can also be combined to further increase the confidence of the caH. 

(001611 As described above, an enriched maternal samp!.e with 500 cells can be split into 500 discrete locations 

such that each location conta-ins one cell. If ten SNPs are analyzed in each of four different chromosomes, forty 

tagged MIP probes are added per discrete location to analyze forty different SNPs per cel1. The forty SNPs are then 

20 amplified in each location using the primer element in the MIP probe as described above. All the amplicons from 

all the discrete locations are then pooled and analyzed using quantitative genotyping as describe above. ln this 

examp]e a total of20,000 probes in a microarray are requiied to genotype the same 40 SNPs in each of the 500 

discrete locations (4 chromosomes x 10 SNPs x 500 discrete locations). 

1001621 The above embodiment can also be modified to provide for genotyping by hybridizing the nucleic acid tags 

25 to bead arrays as are commercially available by Illumina, Inc. and as described in US Parent Nos. 7,040,959; 

7,035,740; 7033,754; 7,025,935, 6,998,274; 6,942,968; 6,913,884; 6,890,764; 6.890,741; 6,858,394; 6.846,460; 

6,812,005; 6,770,441~ 6,663,832; 6,620,584; 6,544,732; 6,429,027; 6,396,995; 6,355,431 and US Publication 

Application Nos. 20060019258; 20050266432; 20050244870; 20050216207; 20050181394; 20050164246; 

20040224353; 20040185482; 20030198573; 20030175773; 20030003490; 20020187515; and 2002017714 l; as well 

30 as Shen, R., et al. Mutation Research 573 70-82 (2005). 

fOOJ 63) An overview of the use of nucleic acid tags is described in Figure 7C. After enrichment and amplification 

as described above, target genomic DNA regions are activated in step 702 such that they may bind paramagnetic 

particles. In step 703 as.say oligonudeotides, hybridization buffer, and paramagnetic particles are combined with 

the activated DNA and allowed to hybridize {hybridization step). In some cases, three oligonucleotides are added 

35 for each SNP to be detected. Two of the three o1igos are s-pecific for eacil of the two alleles at a SNP position and 

are referred to as Allele-Specific Ohgos (ASOs). A third oligo hybridizes several bases dm.vnstream from the SNP 

site and is referred to as the Locus-Specific Oligo (LSO). All three oligos contain regions of genomic 

complementarity (Cl, C2, and C3) and universal PCR pI!mer sites (Pl, P2 and P3). The LSO also contains a unique 

address sequence (Address) that targets a -particular bead type. In some cases, up to 1,536 SNPs may be interrogated 

40 in this manner. During the primer hybridization process, the assay ohgonucleotides hybridize to the genomic DNA 

sample bound to paramagnetic particles" Because hybi:idization occurs prior to any amplification steps, no 

amplification bias is introduced inro the assay. The above primers can further be modified to serve the Nm roles 
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ofdetennining the identity of the different SNPs and to determining the identity of the bin from which the genotype 

was derived. In step 704~ follo"'ing the hybridization step, several -wash steps are performed reducing noise by 

removing excess and mis-hybridized oligonuc]eotides. Extension of the appropriate ASO and ligation of the 

extended product to the LSO joins information about the genotype present at the Sl'JT site to the address sequence 

5 on the LSO. In step 705, the joined, full-:ength products provide a template for performing PCR reactions m.ing 

universal PCR primers P 1, P2, and P3. Universal primers Pl and P2 are labeled with two difforent labefs ( e.g .. Cy3 

and Cy5). Other Jabe]s that can be used include, chromophores, fluorescent moieties, enzymes, antigens. heavy 

metal, magnetic pmbes, dyes, phosphorescent groups, radioactive materials, chemiluminescent moieties, scattering 

or fluorescent nanoparticles, Raman signal generating moieties, or electrochemical detection moieties. In step 706, 

IO the single-stranded, labeled DNAs are eluted and prepared for hybridization. In step 707, the single-stranded, 

labeled DNAs are hybridized to their complement bead type through their unique address sequence. Hybridization 

of the GoldenGate Assay products onto the Array Matrix of Beadchip allows for separation of the assay products In 

solution, onto a solid surface for individual SNP genotype readout. In step 708, the array is washed and dTied. In 

step 709, a reader such as the Bead.Array Reader is used to analyze signals from the label. For example, when the 

15 labels are dye labels such as Cy3 and Cy5, the reader can analyze the fluorescence signal on the Sentrtx Array 

l\1atri.x or BeadChip. In step 71 0~ a computer readable medium having a computer executable logic recorded on it 

can be used in a computer to perform receive data from one or more quantified DNA genomic regions to automate 

genotyping dusrers and callings. Express.ion detection and analysis. using microarrnys is described in part in Valk, 

P. J. et al. New England Journal ofMedic:ine 350(16}, 1617-28, 2004; Modlich, 0. et al. Clinical Cancer 

20 Research 10(10), 3410-21, 2004; Onken,. Michael D. etaJ. Cance-r Res. 64(20), 7205-7209, 2004; Gardian, et al. J. 

Biol. Chem. 280(1), 556-563, 2005; Becker, M. et a!. Mol. Cancer Ther. 4(1), 151-170, 2005; and Flechner, SM et 

al. Am J Transplant 4(9), 1475-89, 2004~ as well as. in US Patent Nos. 5,445,934; 5,700,637; 5,744,305; 5,945,334; 

6,054,270; 6,140,044; 6,261,776; 6,291.183; 6,346,413; 6,399,365; 6,42-0,169; 6,551,817; 6,610,482; 6,733,977; and 

EP 619 32]; 323 203. 

25 {00164] In any of the embodiments herein, preferably, more than 1000, 5,000, 10,000, 50,000, 100,000,500,000, or 

1,000,000 SNPs are interrogated in parallel. 

[00165) In another aspect of the invention, illustrated in part by Figure 6, the systems and methods herein can be 

used to diagnose, prognose, and monitor neoplastic conditions such as cancer in a patient. Examples of neoplastic 

conditions contemplated herein include acute lymphobiastic leukemia., acute or chronic ly:mphocyctic or 

30 granulocytic tumor, acute myeloid leukemia, acute promye1ocytic leukemia, adenocar.-::inoma, adenoma, adrenal 

cancer, basal cell carcinoma, bone cancer, brain cancer, breast cancer, bronchi cancer, cervical dysplasia, chronic 

mye1ogenous leukemia, colon cancer, epidermoid carcinoma, Ev.,ng's sarcoma, gallbladder cancer, gallstone tumor, 

giant cell tumor, gli.oblastoma multiforma, hairy-cell tumor, head cancer, hyperplasia, hyperplasti.c corneal nerve 

tumor, in situ carcinoma, intestinal ganghoneuroma, islet cell tumor, Kaposi's sarcoma, kidney cancer, larynx 

35 cancer, leiomyomater tumor, liver cancer, lung cancer. lymphomas, malignant carc:inoid, malignant hypercaJcemia, 

malignant melanomas, marfanold hab-itus tumor. medultary carcinoma, metastatic skin carcinoma, mucosal 

neuromas, mycosis fungoide, myelodysplastic syndrome, myeloma, neck cancer, neural tissue cancer, 

neuroblastorna, osteogenic sarcoma, osteosarcoma, ovarian tumor, pancreas cancer, parathyroid cancer, 

pheochromocytoma, polycythemia vera, primary brain tumor, prostate cancer, rectum cancer, renal cell tumor, 

40 re:tinob1astorrm., rhabdomyosarcmna, seminoma, skin cancer, small-celI lung tumor, soft tissue sarcoma, squamous 

celi carcinoma, stomach cancer, thyroid cancer, topical skin lesion, veticulum cell sarcoma, and Wilm's tumor. 
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(00166) Cancers such as breast, colon, liver, ovary, prostate, and lung as well as other tumors exfoliate epithelial 

cells into the bloodstream. The presence of an increased number epithel:ial cells is associated '\vith an active tumor 

or other neoplastic condition, tumor progression and spread, poor response to therapy, relapse of disease, and/or 

decreased suTVival over a period of several years. Therefore, enumerating and/or analyzing epithelial ceUs and 

5 CTC's in the bloodstream can be used to diagnose, prognose, and/or monitor neoplastic conditions. 

(00167] In step 600~ a sample is obtained from an animal such as a human. The human can be suspected of having 

cancer or cancer recurrence or may have cancer and is in need of therapy selection. The sample obtained is a mixed 

sample comprising normal ceHs as well as one or more CTCs, epithelial cells, endothelial cells, stem cells, or other 

cells indicative of cancer. In some cases, the sample -is a blood sample. In some cases multiple samples are 

10 obtained from the animal at different points in time (e.g., regular interval-. such as daily, or every 2, 3 or 4 days, 

weekly, bimonthly, monthly, bi-yearly or yearly. 

(001681 In step 602, the mixed sample is then enriched for epithelial celJs or CTC's or other cell indicat:ive of 

cancer. Epithelial cells that are exfoliated from solid tumors have been found in very low concentrations in the 

circulation of patients with advanced cancers of the breast, colon, liver, ovary, prostate, and lung. and the presence 

J 5 or relative number of these cells in blood has been correlated with overall prognosis and response to therapy. These 

epithelial cells which are in fact CTCs can be used as an early indicator of tumor expansion or metastasis before the 

appearance of clinical symptoms. 

100169) CTCs are generally larger than most blood cells. Therefore, one useful approach for obtaining CTCs in 

blood is to enrich them based on size, resulting in a cell population enriched in CTCs. Another way to enrich CTCs 

20 is by affinity separation, using antibodies specific for particular cell surface markers may be used. Useful 

endothelial cell surface markers include CD105, CDl06~ CD144, and CD146; useful tumor endothelial cell surface 

markers include TEM1, TEM5, and TEV18 (see, e.g., Carson-Walter et al., Cancer Res. 61:6649-6655 (2001)); and 

useful mesenchymal cell surface markers include CD133. Antibodies to these or other markers may be obtained 

from, e.g., Chemicon, Abeam, and R&D Systems. 

25 (00170) In one example, a size-based separation module that enriches CTC's from a fluid sample (e.g., blood) 

comprises an array of obstacles that selectively deflect particles having a hydrodynamic size larger than 10 µm into 

a first outlet and particles having a hydrodynamic size smaller than 10 µm into a second outlet is used to enrich 

epithelial cells and CTC's from the sample. 

[00171 J Jn step 603, the enriched product is split into a plurality of discrete sites, such as mirowells. Examplary 

30 m:icrnwells that can be used in the present invention include microplates having 1536 wells as well as those oflesser 

density {e.g., 96 and 384 wells). Microwell plate design contemplated herein include those have 14 outputs that can 

be automatically dispensed at the same time, as well as those with 16, 24, or 32 outputs such that e.g., 32 outputs. can 

be dispenses simultaneously. Figure 9 illustrates one embodiments ofa microwe11 plate contemplated herein. 

(001721 Dispensing of the cells into the various discrete sites is preferably automated. In some cases, about 1, 5, 

35 10, or 15 µL of enriched sample is dispensed into each well. Preferably, the size of the well and volume dispensed 

into each well is :mch that only l ceH is dispensed per well and only 1-5 or less than 3 cells can fit i.n each well. 

(001731 An exemplary array for sample splitting is illustrated in Figure 8A. Figure 8B illustrates an isometric view 

and Figure 8B illusrrates a top view and cross sectional view of such an array. A square array of wells is arranged 

such that each subsequent row or column olweUs is identical to the previous row or column of wells, respectively. 

40 In some embodiments, an array of wells is configured in a substrate or plate that about 2.0 cm·\ 2.5 cm2, 3 cm2 or 

larger. The wells can be of any shape, e.g., round, square, ot oval The height or width of each well can be between 

5-50 µm, 10-40 µm, or about 25 µm. The depth of each well can be up to 100, 80, 60, or40 µm; and the radius 
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between the centers of two wells in one column is between 10-60 µm., 20-50 µm, or about 35 µm. Using these 

configurations, an array of we Us of area 2.5 cm2 can have a at least O. l x 106 wells, 0.2 x 106 wells., 0.3 x l 06 wells, 

0.4 x 106 wells, or 0.5 x 106 wells. 

{00174] In some embodiments, such as those illustrated in Figure 8C each -,.vell may have an opening at the bottom 

5 The bottom opening is preferably smaller in size than the cells of interest. In this case, :if the average radius of a 

CTC is about 10 µm, the bottom opening of each welt can have a radius ofup to 8, 7, 6, 5, 4, 3, 2 m 1 µm. The 

bottom opening allows for cells non-of interest and other components smaller than the cell of interest to be removed 

from the well using flow pressure, leaving the cells of interest behind in the well for further p-rocessing. Methods 

and systems for achl.at:ing removal of cells from discrete predeterrrrined sites are disclosed in US Patent No. 

10 6,692,952 and US Apphcation Serial No. 111146,581. 

100175] In some cases, the array of wells can be a m.icro-electro-mechanlcal system (:t-.IBMS) such that it integrates 

nrecbanica] elements, sensors, actuators, and electronics on a COITIIIlon silicon substrate through rnicrofabri::ation 

technology. Any electronics :in the system can be fabricated using integrated circuit (IC) process sequences (e.g., 

CMOS, Bipolar, or BICMOS processes), while the micromechanical components are fabricated using compatible 

15 mlcrnmachining processes that selectively etch away parts of the silicon wafer or add new structural layers to forrn 

the mechanical and electromechanical devices. One example ofa MEMS array of wells includes a MEMS isolation 

element within each we!l. The MEMS isolation element can create a flow using pressure and/or vacuum to increase 

presswe on ceHs and particles not of interest to escape the well through the well opening. In any of the embodiments 

herein, the array of wens can be coupled to a microscope slide or other substrate that allows for conven:ient and 

20 rapid optical scanning of all chambers (i.e. discrete sites) under a microscope. In some embodiments, a 1536-well 

mi.crotiter plate is used for enhanced convenience of reagent addition and other manipulations. 

100176] In some cases, the enriched product can be split into wells such that each well ls loaded with a plurality of 

leukocytes (e.g., more than 100,200,500, 1000, 2000, or 5000). In some cases, about 2500 leukocytes are 

dispensed per -well, while random wells will have a single epithelial CTC or up to 2, 3, 4, or 5 epithelial cells or 

25 CTC's. Preferably, the probability of getting a single epi.thdial cell or CTC into a well is calculated such that no 

more than 1 CTC is loaded per '-Vell. The probability of dispensing CTC's from a sample into wells can be 

calculated using Poisson statistics. \Vhen dispensmg a 15 mL sample into 1536 wellplate at 10 uL per well, i:t is not 

until the number ofCTC's :in the sample is> 100 that there is more than negligible probability of two or more 

CT C's be:ing loaded into rhe sample well. Figure 9 illustrates the probability density function of loading two CTC's 

30 into the same plate. 

[00177] In step 604, rare cells ( e.g. epithelial cells or CTC's) or rare DNA is detected and/or analyzed in each well. 

{00178] In some embodiments, detection and analysis includes enumerating epithelial cells- and/or CTC's. CTCs 

typically have a short half-life of approximately one day, and their presence generally indicates a recent influx from 

a proliferating tumor. Therefore, CTCs represent a dynamic process that may reflect the current clinical stahls of 

35 patient disease and therapeutic response. Thus, in some embodiments, step 604 involves enumerating CTC and1or 

epithelial cells in a sample {array of wells) and determining based on their number If a patient has cancer, severity of 

condition, therapy to be used, or effectiveness of therapy administered. 

1001791 Ia some cases., the method herein involve making a series of measurements, op,::ionally made at regular 

intervals such as one day. two days, three days, one week, two weeks, one mom~ two months, three IllOnths, six 

40 months, or one year, one may track the level of epithelial ceUs present in a patient's bloodstream as a function of 

time. In the case of existing cancer patients, this provi.des a useful indication of the progress10n of the disease and 

assists medical practitioners in making appropriate therapeutic choices bas.ed on the increase, decrease, or Jack of 
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change in epithelial cells, e.g., CTCs, in the patient's bloodstream. For those at risk of cancer, a sudden increase in 

the number of cells detected may provide an early wamlng that the patient has developed a tumor. This early 

diagnosis, coupled with subsequent "therapeutic intervention, is likely to result in an improved patient outcome in 

comparison to an absence of diagnostic information. 

5 [001801 £n some cases, more than one type of cell (e.g., epithelial, endothelial, etc.) can be enumerated and a 

determination of a ratio of numbers of cells or profile of vanous cells can be obtained to generate the diagnosis or 

prognosis. 

[001811 Alternatively, detection of rare cells or rare DNA (e.g. epithelial cells or CTC's) can be made by detecting 

one or more cancer biomarkers, e.g., any of those listed in Figure 10 in one or more cells in the array. Detection of 

] 0 cancer biomarkers can be accomplished using, e.g., an antibody specific to the marker or by detecting a nucleic acid 

encoding a cancerbiomarker, e.g., listed in Figure 9. 

1001821 In some cases single ce11 analysis techniques are used to analyze individual cells in each well. For 

example, single cell PCR may be performed on a single cell in a discrete location to detect one or more mutant 

alleles in the cell (Thornhill AR, J. Mol. Diag; (4) 11-29 (2002)) or a mutation in a gene listed in Figure 9. ln-cell 

15 PCR, gene expression analysis can be performed even when the number of cells per well is very low(e.g. l cell per 

well) using techniques known in the art. (G:imdano et al., Am. J. Pathol. 159: 1231-1238 (2001), and Buckhau1ts et 

aL, Cane.er Res. 63:4144-4149 (2003). Jn some cases, single cell expression analysis can be performed to detection 

expression of one or more genes of interest (Liss B., Nucleic Acids Res., 30 (2002)) induding those listed in Figure 

9. Furthermore, ultra-deep sequencing can be performed on single cells using methods such as those described in 

20 Marguiks M., et al. Nature, "Genome sequencing in microfabricated high-densitypicolitre reactors." DOI 10.J 038, 

in which whole genomes are fragmented, fragments are captured using common adapters on their own beads and 

within droplets o.f an emulsion, don.ally amphfied. Such ultra-deep sequending can also be used to detect mutations. 

in genes associated with cancer, such as those listed in Figure 9. In addition, fluorescence in-situ hybridization can 

be used, e.g., to detemrine the tissue or tissues of origin of the cells being analyzed. 

25 (00183) In some cases, morphological analyses are performed on the cells in each wen. Morphological analyses 

include identification, quantification and characterization of mitochondrial DNA, telomerase, or nuclear matrix 

proteins. ParreUa et al., Cancer Res. 61:7623-7626 (2001); Jones et al., Cancer Res. 61: 1299-1304(2001); Fliss et 

aL, Science 287:2017-2019 (2000)~ and Soria et al., Clin. Cancer Res. 5:971-975 ( 1999). In particular, in some 

cases, the molecular analyses involves determining whether any mitochrondial abnormalities or whether perinuclear 

30 compartments are present. Carew et al., Mol. Cancer] :9 (2002); and WaUace, Science 283:1482-1488 (1999}. 

100184) A variety of cellular characteristics may be measured using any technique known in the art, including: 

protein phosphorylation, protein glycosylation, DNA methyJation (Das et aL, J. C1in. OncoL 22:4632-4642 (2004)), 

microRNA levels (He et aL, Nature 435:828-833 {2005}, Lu et al, Nature 435:834-838 (2005), O'Donnell et al .• 

Nature 435:839-843 {2005), and Calin et al.,~. Engl. J. Med. 353:1793-1801 (2005)), cell morphology or other 

35 structural characteristics, e.g .. pleomorphisms, adhesion, migration, binding, division, level of gene expression, and 

presence of a somatic mutation. This analysis may be performed on any number of cells, including a single cell of 

interest. e.g., a cancer cell. 

f00185J In one embodiment, the cell(s) (such as fetal, :rnatemal, epithelial or CTCs) in each well are lysedand RNA 

:is extracted using any means kno'Wll in fue art. For example, The Quiagen RNeasy™ 96 bioRobot™ 8000 system 

40 can be used to automate high-throughput isolation of total RNA from each discrete site. Once the RNA is extracted 

reverse tr.anscripta.se reactions can be performed to generate cDNA sequences, which can then be used tbr 

perfonning T!lliltipkx PCR reactions on target genes. For example, I or more than I, 2, 3, 4, 5, 6, 7, 8, 9, IO, 15, or 
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20 target genes can be amplified in the same reaction. When more than one target genes are used in the same 

amplification reaction. primers are chosen to be multiplexable {fairly uniform melting temperature, abs.ence of cross­

priml.ng on the human genome, and absence of primer -primer interaction based on sequence analysis) with other 

pairs of primers. Multiple dyes and nmlti-coior fluorescence readout may be used to increase the multip?exing 

5 capacity. Examples. of dyes that can be used to 1abei primers for amplification Include, but are not limited to, 

chromophore~ fluorescent moieties, enzymes, antigens,. heavy meta), magnetic probes, dyes, phosphorescent 

groups, radioactive materials, chemiluminescent moeities, scattering or fluorescent nanoparticles, Raman signal 

generating moieties, and electrochemical detection moieties. 

(001861 In another embodiment, fetal. or maternal cells or nuclei are enriched using one or more methods disclosed 

10 herein, Preferably, fetal cells are enriched by flowing the sample through an array of obstacles that selecttvely 

directs particles or cells of different hydrodynamic sizes into different outlets such that fetal cells and ce[ls larger 

than fetal cells are directed into a first outlet and one or more cells or particles smaller than the rare cells are directed 

into a second outlet. 

(001871 Total RNA or poly-A mRNA is then obtained from enric.hed cell{s) (fetal or maternal ce11s) using 

15 purification techniques known in the art. Generally, about l µg - 2 µg of total RNA is sufficient. Next~ a first­

strand complementary DNA (cDNA) is synthesized using reverse transcriptase and a single 17-oligo{dT) primer. 

Next, a second-strand <:DNA is synthesized using DNA ligase, DNA polymerase, and RNase enzyme. Next~ the 

double stranded cDNA (ds-cDNA) is purified. 

(00188] In another embodiment, total R.i"A is extracted from enriched cells (fetal ceUs or maternal cells). Next a, 

20 two one-quarter scale Message Amp II reactions (Ambion, Austin, Texas) are performed for each RNA extraction 

using 200 ng of total R.""1A. MessageAmp is a procedure based on antisense RNA (aRi'lA) amplification, and 

involves a series of enzymatic reactions resulting in linear amplification of exceedingly small amounts of RNA for 

use :in array analysis. UnJike exponential RNA amplification methods, such as NASBA and RT-PCR, aRNA 

amplification maintains representation of the starting mRNA population. The procedure begins with total or poly(A) 

25 RNA that is reverse transcribed using a primer containing both oligo(dT) and a ·17 RNA polymerase promoter 

sequence. Aft.et first-strand synthesis, the reaction is treated with RNase H to cleave the mR.'J"A into small 

fragments. These small RNA fragments serve as primers during a second-strand synthesis reaction that produces a 

double-stranded cD~A template. 

[00189) In some embodiments, cDNAs, which are reverse transcribed from mRNAs obtained from fetal or maternal 

30 cells, are tagged and sequenced. The type and abundance of the cDNAs can be used to determine whether a cell is a 

fetal cell (such as by the presence of Y chromosome specific transcripts) or whether the fetal cell has a genetic 

abnonnality (such as aneuploidy, abundance or type of alternative transcripts or problems w:ith DNA methylation or 

imprinting). 

f00190l ln one embodiment, PCR amplification can be performed on genes tmt are expressed in epithelial cells and 

35 not in normal cells, e.g., white blood cells or other cells remaining in an emiched product. Exemplary genes that 

can be analyzed according to the methods herein include EGFR, EpCAM, GA733-2, MOC-1, HER-2, Claudin-7 and 

any other gene identified in Figure 10. 

[00191) For example, analysis of the exprnssion level or patte:n of s:i.ch a polypeptide or nucleic acid, e.g., cell 

surface markers, genomic DNA, mRNA, or microRNA, may result in a diagnosis or prognosis of cancer. 

40 (00192) In some embodiments, cDNAs, which are reverse transcribe.d from mRNAs obtained from fetal m maternal 

cells, are tagged and sequenced. The type and abundance of the cDNAs can be used to detei-mine whether a -ceH is a 
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fetal ceH (such as by the presence ofY chromsome specific transcripts) or w!-lether the fetal cell has a generic 

abnormality (such as anueploidy, or problems with DNA methylation or imprinting). 

(00193) In some embodiments, analysis step 604 involves identifying cells from a mixed sample that express genes 

which are not expressed in the non-rare cells (e.g. EGFR or EpCAM). For example, an important indicator for 

5 circulating tumor cells is the presence/expression of EGFR or EGF at high levels wherein non-cancerous epithelial 

cells will express EGFR or EGF at smaller amounts if at all. 

(00194) In addition, for lung cancer and other cancers, the presence or absence of certain mutations in EGFR can be 

associated with diagnosis and/or prognosis of the cancer as well and can also be used to select a more effective 

treatment (see, e.g., International Publication WO 2005/094357). For example, many non-small cell lung tumors 

10 with EGFR mutations respond to small molecule EGFR inhibitors, such as gefitirub (Iressa; AstraZeneca), but often 

eventually acquire secondary mutations that make them drug resistant. [n some embodiments~ one can determine a 

therapy treatment for a patient by enriching epithelial cells and/or CTC's using the methods herein, splitting sample 

of cells (preferably so no more than 1 CTC is in a discrete location), and detecting one or more mutations in the 

EGFR gene of such cells. Exemplary mutations that can be analyzed include those clustered around the ATP-

15 binding pocket oflhe EGFR TK domain. which are knov;rn to make cells susceptible to gefitinib inhibition. Thus, 

presence of such rrmtations supports a diagnosis of cancer that is likely to respond to treahnent using gefit:inib. 

(001951 Many patients who respond to gefitinib eventually develop a second mutation, often a methionine-to­

threonine substitution at position 790 in exon 20 of the TK domain. This type of mutation renders snch patients 

resistant to gefitinib. Therefore, the present invention contemplates testing for this mutation as well to provide 

20 further diagnostic information. 

(001961 Since many EGFR nmtations, including all EGFR mutations in NSC lung cancer reported to date that are 

known to confer sensitivity or resistance to gefitinih, lie withm the coding regions of exons 18 to 21, this region of 

the EGFR gene may be emphasized in the development of assays for the presence of mutations. Examples of 

primers that can be used to detect mutations in EGFR indude those listed in Figure 11. 

25 (00197) In step 605. a detemlination is made as to the condition ofa patient based on analysis made above. In some 

cases the patient can be diagnosed with cancer or lack thereof. In some cases, the patient can be prognosed with a 

particular type of cancer. In cases where the patient has cancer, therapy may be detennined based on the types of 

mutations detected. 

(00198) In another embodiment, cancer cells may he detected in a mixed sample (e.g. circulating tumor c-ells and 

30 circulating normal cells) using one or more of the sequencing methods described herein. Briefly, RNA is extracted 

from ceHs in each location and converted to cDNA as described above. Target genes. are then amplified and high 

throughput ultra deep sequencing is performed to detect a mutation expression level associated with cancer 

VL Comouter Executable Logic 

{00199] Any of the steps herein can be performed using computer program product that comprises a computer 

35 executable logic recorded on a .computer readable medium. For example, the computer program can use data from 

target genomic DNA regions to determine the presence or absence of fetal cells in a sample and to detenn:ine fetal 

abnonr-.alit(:ies) in cells detected. In some embodiments, computer executable logic uses data input on STR or SNP 

intensities to determine the presence of fetal ceHs in a test sample and determine fetal abnonnalit:ies and/or 

conditions in said cells. 

40 [00200) The computer prograx may be speciaUy designed and configured to support and execute some or all of the 

functions for deternuning the presence of raTe cells such as fetal cells or epitheliaVCTC's in a mixed sample and 

abnormalities and/or conditions associated with such rare cells or their DNA including the .acts of{i) controlling the 
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splitting or sorting of ceHs or DI"-iA into discrete locations (ii) amplifying one or more regions of genomic DNA e.g. 

tr.isomic region(s) and non-trisomic region(s) (particularly DNA polymoiphisms such as STR and SNP) in cells 

from a mixed sample and optlonally control sample. (iii) receiving data from the one or more genomic DNA regions 

analyzed (e.g. sequencing or genotyping data); (iv) identifying bins with rare (e.g. non-maternal) alleles, 

5 (v) identifying bins with rare (e.g. non-maternal) alleles as bi.ns containing fetal cells or epithelial cells, 

(vi) detennining number of rare cells (e.g. fetai cells or epithelial cells) in the mixe-d sample, (vii) detecting the 

levels of maternal and non-maternal alleles in id~tifi.ed fetal cells, (viii) detecting a fetal abnormality or condition 

in said fetal cells and/or (ix) detecting a neoplastic condition and information concerning such condition such as its 

prevalence, origin, susceptibility to drug treatment(s), etc. In particular. the program can fit data of the quantity of 

10 a1lele abundance for each polymorphism into one or more data models. One example of a data mo<lel prnvides for a 

detemrination of the presence or absence of aneuplo:idy using data of amplified polymorphb.ms present at loci in 

DNA from samples that are higbly enriched for fetal cells. The deternrination of presence of fetal cells in the mixed 

sample and fetal abnormalities and/or conditions in said cells can be made by the computer program or by a user. 

1002011 ln one example, let 'f be the fetal/maternal DNA copy ratio in a particular PCR reaction. Trisomy 

15 increases the ratio of maternal to paternal alleles by a factor 1 +fJ2. PCR efficiencies vary from allele to allele within 

a locus by a mean square error in the logarithm given by crauei/, and vary from locus to locus by cr1ocu/, where this 

second variance is apt to be larger due to differences in primer efficiency. N,.. is the loci per suspected aneuploid 

chromosome and N., is the control loci. If the mean of the two maternal allele strengths at any locus is 'm' and the 

paternal allele strength is 'p.' then the squared error expected is the mean of the ln(rario( mip) ), v;,chere this mean is 

20 takenoverN loci is given by 2(cr,,11e1/)/~. When taking the difference of this mean ofln(ratio(m/p)) between a 

suspected aneuploidy region and a control region, the error in the dift"erence is given by 

100202] Fm a robust detection of aneup1oidy we require 

3u,mr < fr2. 

25 100203] For simplicity, assuming N,,_ = N,, =Nin Equation 1, this gives the requirement 

6Ga!kJ.,(N
112 < f/2, 

or a minimum N of 

N = 144( Oat!ek/f}2 

(1) 

(3) 

(4) 

100204) In the context oftrisomy detection. the suspected aneuploidy region is usually the entire chromosome and 

30 N denotes the number of loci per chromosome. For reference, Equation 3 is evaluated for N in TabJe 2 for various 

values of cra11e1e and f_ 

{00205] The role of the sequencing is to measure the allele abundances output from the amplification step. It is 

desirable to do this without adding s:ignificantly more error due to the Po:isson statistics of selecting only a finite 

number of amplicons for sequencing. The nns error in the ln(abundance) due to Poisson statistics is approximately 

35 {Nread£)'112
. It :is desirable to keep this value less than or equal to the PCR error cr311e1e• Thus, a typical paternal allele 

needs to be allocated at least (oaiLe1er
2 reads. The maternal alleles, being more abundant, do not add appreciably to 

this error when forming the ratio estimate for :m/p. The mixture input to sequencing contains ampiicons from N 1,,c; 

loci of which roughly an abundance fraction f72 are paternal alleles. Thus, the total required number of reads for 

each of the a!iquot wells is given approximately by 2Nmj(f cr,.11i,1:/J. Combining this result with Equation 4, it is 

40 found a total number of reads over all the wells given approximately by 
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N~ca.rl, = 288 Nwells -f3
• Thus, the program. can determine the total number of reads that need to be octained for 

determining the presence or absence of aneup1oidy in a patient sample. 

100206} The computer program can work in any computer that may be any of a variety of types of general-purpose 

computers such as a personal computer, nern,ork serveT, workstation, or other computer platform now or later 

5 developed. In some embodiments, a computer program product is described comprising a computer usable medium 

having the computer executable logic (computer software program, Including program code) stored therein. The 

computer executable logic can be executed by a processor, causing the processor to perform functions described 

herein. In other embodiments, some functions are implemented primarily in hardware using, for example, a 

hardware state machine. Implementation of the hardware state machme so as to perform the functions described 

10 herein "viH be apparent to those skilled in the- relevant arts. 

(00207) In one embodiment, the computer executing the computer logic of the invention may also include a digital 

input device such as a scanner. The digital :input device can provide an image of the target genomic DNA regions 

(e.g. DNA polymorphi.sm., preferably STRs or SNPs) according to method of the invention. For instance, the 

scanner can provide an i.mage by detecting fluorescent, :radioactive, or other emissions; by detecting transnritted, 

15 reflected, or scattered radiation; by detecting electromagnetic properties or characteristi::s; or by other techniques. 

Various detection schemes are employed depending on the t:ype of emissions and other factors. The data typicaily 

are sto:red in a memory device, such as the system memory described above, in the form of a data file. 

(00208] Jn one embodiment. the scanner may identify one or more labeled targets. Fm instance, in the genotyping 

analysis described herein a first DNA polymorphism may be labeled with a first dye that fluoresces at a particular 

20 characteristic frequency, or narrow band of frequencies, in response to an excitation source ofa particular frequency. 

A second DNA polymorphisms may be labeled with a second dye that fluoresces at a different characteristic 

frequency. The excitation sources for the second dye may, but need not, have a different ex-citation frequency than 

the source that excites the first dye, e.g., the excitation sources could be the same, or different, lasers. 

[002091 In one embodiment, a human being may inspect a printed or displayed image constructed from the data in 

25 an image file and may identify the data (e.g. fluorescence from microarray) that are suitable for analysis according 

to the method of the invention. In another embodiment, the information is provided in an automated, quantifiable, 

and repeatable way that is compatible with various image processing andior analysis techniques. 

(00210) Another aspect of the invention is kits which permit the enrichment and analysis of the rare cells present in 

small qualities in the samples. Such kits may :include any materials or combination of materials described for the 

30 individual steps or the combination of steps ranging from the enrichment through the genetic analysis oft be 

genomic material Thus, the kits may include the arrays used for size-based separation or enrichment, labels for 

uniquely labelln_g each cell, the devices utilized for splitting the cells into individual addressable locations and the 

reagents for the genetic analysis. For example, a kit might contain the arrays for size-based separation, unique 

labels for the cells and reagents for detecting polymorphisms including STRs or SNPs, such as reagents for 

35 performing PCR. 

100211) While preferred embodiments of the present invention ha'\-'e been shown and descnbed herein, it will be 

obvious to those skilled in the art that such embodiments are provided by way of example only. Numerous 

vanations, changes, and substitutions will now occur to those skilled in the art w.ithou1 departing from the inventioIL 

ft should be understood that various alternatives to the embodiments of the invention described herein may be 

40 ernploycd in practicing the invention. It :is intended that the following claims define the scope of the invention and 

that methods and structures within the scope of these clairn.s and their equivalents be covered thereby. 
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EXAwlPLES 

Example 1. Separation of .Fetal Cord BJood 

PCT/US2007/071256 

(00212] Figure IE shows a schematic of the device used to separate nucleated cells from fetal cord blood. 

(00213] Dimensions: 100 mm x 28 mm x Imm 

5 (00214] Array design: 3 stages, gap size= 18, 12 and 8 µm for the first, second and third stage, respectively. 

(00215] Device fabricati.on: The arrays and channels were fabricated in sJlicon using standard photo lithography and 

deep silicon reactive etching techniques. The etch depth is 140 µm. Through holes for fluid access are made using 

KOH wet etching. The silicon substrate v,:as sealed on the etched face to form enclosed fluidic channels using a 

blood compattble pressure sensitive adhesive (9795, 3M, St Paul, .L'vfN). 

10 (00216] Device packaging: The device was mechanically mated to a plastic manifold with external fluidi:c 

reservoirs to deliver blood and buffer to the device and extract the generated fractions. 

(00217] Device operation: An external pressme source was used to apply a pressure of2.0 PS[ to the buffer and 

blood reservoirs to modulate fluidlc delivery and extraction fiom the packaged device_ 

100218] E.:perimental conditions: Human fetal cord blood was drawn into phosphate buffered saline containing 

15 Acid Citrate Dextrose anticoagulants. lmL of blood was processed at 3 mLlbr using the device described above at 

room temperature and within 48 hrs of draw. Nucleated cells from the blood were separated from enucleared cells 

(red blood cells and platelets), and plasma delivered into a buffer stream of calcium and magnesium-free Dulbecco's 

Phosphate Buffered Saline (l4190-l44, Inv:itrogen, Carlsbad, CA) containing 1% Bovine Serum Albumin (BSA) 

(A8412-100ML, Sigma-Aldrich, St Loui~ MO) and 2 mM EDTA (15575-020, Jnvitrogen, Carlsbad, CA). 

20 (00219] Measurement techniques: Cell smears of the product and waste fractions (Figure l 2A-12B) were prepared 

and stained with modified "\\'right-Giemsa (WG 16, Sigma Aldrich, St. Louis, MO). 

(00220] Performance: Fetal nucleated red blood cells were observed in the product fraction (Figure 12A) and absent 

from the waste fraction (Figure 12B). 

Example 2. Isolation of Fetal Cells from 1\.iaternal blood 

25 (00221] The device and process described i.n detail in Example l were used in combination with immunomagnetic 

affinity enrichment techniques to demonstrate the feasibility of isolating fetal cens from maternal blood. 

(00222] Experimental conditions: blood ftom consenting maternal donors carrying male fetuses was collected into 

K 2EDTA vacutainers (366643, Becton Dickinson, Franklin Lakes, NJ) immedfa.tely following elective termination 

of pregnancy. The undiluted blood was processed using the device described in Example 1 at room temperature and 

30 wnhm 9 hrs of draw. Nucleated cells from the blood were separated from em:cleated cells (red blood cells and 

platelets), and plasma delivered into a buffer: stream ofcalc:iumand magnesium-free Dulbecco's Phosphate Buffered 

Saline (14190-144, lnvitrogen, Carlsbad, CA) containing 1'}~ Bovine Serum Albumin (BSA) (A84l2-100ML, 

Sigma-Aldrich, St Louis, MO). Subsequently, the nucleated cell fraction was labeled wirh anti-CD71 microbeads 

{130-046-201, Miltenyi Biotech Inc., Auburn, CA) and enriched using the MiniMACS™ MS colu1nn. (130-042-201, 

35 Miltenyi Biotech lnc., Auburn, CA) according to the manufacturer's specifications. Finally, the CD7l-pos1tive 

fraction was spotted onto glass slides. 

(00223) Measurement technU]ues: Spotted slides were stained using fluorescence in situ hybridization (FISH) 

techniques a:.::cording to the manufacturer's specifications using Vysis probes (Abbott Laboratories, Downer's 

Grove, IL). Samples were stained from the presence of X and Y chro-mo.soIJies_ In one case, a .sample prepared 

40 from a known Trisomy 2 l pregnancy was also stained for chromosome 2 J. 
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(00224] Performance: Isolation of fetal ceHs was confirmed by the reliable presence of male cells in the CD71-

pmitive population prepared from the nudeared cell fractions (Figures 13A-13F). In the single abnormal case 

tested, the tnsomy 21 pathology was also identified (Figure 14). 

Example 3. Confirmation of the Presence of Male Fetal Cells in Enriched Samples. 

5 1002251 Confirmation of the presence of a male fetal cell in an eP.riched sample Is performed using qPCR with 

primers specific for DYZ, a marker repeated In high copy number on the Y chromosome_ After enrichment of 

fuRBC by any of the methods described herein, the resulting enriched foRBC are binned by dividing the sample into 

100 PCR wells. Prior to binning, enriched samples may be screened by FISH to determine the presence of any 

fnRBC containing an aneupJoidy ofinterest. Because of the low number offnRBC ln maternal blood, only a portion 

10 of the wells wiU contain a single fnRBC (the other wells are expected to be negative for fuRBC)_ The cells are fixed 

in 2% Paraformaldehyde and stored at 4"C. Cells in each bin are pelleted and resuspended ln 5 µl PBS plus 1 µJ 20 

mg/ml Proteinase K (Sigma #P-2308). CeHs are lysed by incubation at 65°C for 60 minutes followed by inactivation 

of the Proteinase K by incubation for 1:5 minutes at 95°C. For each reaction. primer sets (DYZ forward primer 

TCGAGTGCA TTCCATTCCG; DYZ reverse primer ATGGAATGGCATCAAACGGAA~ and DYZ Taqman Probe 

15 6FAM-TGGCTGTCCATTCCA-MGBNFQ}, TaqMan Universal PCR master mix, No AmpErase and water are 

added. The samples are run and analysis is performed on an ABI 7300: 2 minutes at 5o<'C, 10 minutes 95°C 

followed by 40 cycles of95°C (15 seconds) and 60"C (1 minute). Following confirmation of the presence of male 

fe~al cells, further analysis ofbins containing fnRBC is performed. Positive bins may be pooled prior to further 

analysis. 

20 (00226) Figure 30 shows the results expected from such an experiment. The data in Figure 30 was collected by the 

following protocol. Nucleated red blood cells were enriched from cord cell blood of a male fetus by sucrose 

gradient two Heme Extractions (HE). The cells were fixed in 2% parafonnaldehyde and stored at 4"C. 

Approximately 10 x 1000 cells were pelleted and resuspended each in 5 µl PBS plus 1 µl 20 mg/ml Proteinase K 

(Sigma #P-2308). Cells were Jysed by incubation at 65°C for 60 minutes followed by a inactivation of the 

25 Protei.nase K by 15 minute at 95°C. Cells were combined and serially diluted 10-fold in PBS for 100, 10 and l cell 

per 6 µI final concentration were obtained. Six µl of each dilution was assayed in quadruplicate in 96 vveB format. 

For each reaction, primer sets (0.9uM DYZ forward primer TCGAGTGCATTCCA ITCCG; 0.9uM DYZ reverse 

primer ATGGAATGGCATCAAACGGAA; and 0.SuM DYZ TaqMan Probe 6FAM-TGGCTGTCCATTCCA­

MGBNFQ), TaqMan Universal PCR master mix, No AmpErase and wate£ were added to a final volume of25 µJ per 

30 reaction. Plates were run and analyzed on an AB! 7300: 2 minutes at 50"C, 10 minutes 95"C fo11owed by 40 cycles 

of95"C (15 seconds} and 60°C (1 minute). These re.suits show that detection ofa single fnRBC in a bin is possible 

using this method. 

Example 4. Confirmation of (he presence of fetal ceJls in enriched samples by STR analysis. 

(00227) Maternal blood is processed through a size-based separation module, with or v.ithout subsequent MHEM 

35 enhancement of fnRBCs. The enhanced sample is then subjected to FISH analysis using probes specific to the 

aneuploidy of interest (e<g., trisomy 13, trisomy l S, and XYY). Individual positive cells are isolated by "plucking" 

individual positive cells from the enhanced sample using standard micromanipulation techniques. Using a nested 

PCRprotocol, STR marker sets are ampl:ified and analyzed to confirm that the FISH-positive aneuploid cell(s) are of 

fetal origin. For this analysis, compaI"ison to the maternal genotype is typical. An example of a potential £esulting 

40 data set is shovm in Table 3. ?',.on-maternal alleles may be proven to be paternal alleles by paternal genotyping m 

genotyping of known fetal tissue samples. As can be seen, the presence of paternal alleles tn the resulting ccUs, 
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demonstrates that the cell is of fetal origin (cells# 1, 2, 9, and 10). Positive cells may be pooled for further analysi.s 

to diagnose aneuploidy of the fetus. OT maybe further analyzed individually. 

Table 3. STR locus alleles in maternal and fetal cells 

DNA Source STR locus STR locus i STRlocus STRlocu.s STRlocus 

D14S D16S I D8S F13B vWA 

Maternal alleles 14, 17 11, 12 i 12, 14 9,9 16, 17 

Cell# 1 alleles 8 ! 19 

Cell #2 alleles 17 i 15 

Cell #3 alleles l 14 

Cell #4 alleles l 
Cell #5 alleles 17 12 9 

Cell #6 aHeles 

Cell #7 alleles 19 

Cell #8 alleles 
i 

Cell #9 alleles 17 ; 14 7, 9 17, 19 

Cell #10 alleles ' i 15 

Example 5. Confirmation of the presence of fetal cells in enriched samples by SNP analysis. 

f00228J Maternal btoOO is processed through a slze-based separation module, v,.'1.th or without subsequent I\tHE1.'1 

enhancement offnRBCs. The enhanced sample :is then subjected to FISH analysis using probes specific to the 

aneuploidy of interest (e.g., triploidy 13, triploidy 18, and XYY). Samples testing positive v.rith FISH analysis are 

then binned into 96 microtiter wells, each well containing 15 µ1 of the enhanced sample. Of the 96 wells, 5-10 are 

10 expected to contain a single fnRBC and each well should contain approximately 1000 nucleated maternal cells (both 

WBC and mnRBC). Cells are pelleted and resuspended in 5µ1 PBS plus lµl 20 mgimlProteinase K (Sigma #P-

2308). Cells are lysed by incubation at 65°C for 60 minutes followed by a inactivation of the Proteinase K by 15 

minute at 95"C. 

100229? In this example, the maternal genotype {BB} and fetal genotype (AB) for a particular set ofSNPs is known. 

15 The genotypes A and B encompass all three SNPs and differ from each other at an three SNPs. The following 

sequence from chromosome 7 contains these three SNPs (rs7795605, rs7795611 and rs7795233 indicated in 

brackets, respectively): 

(ATGCAGCAAGGCACAGACTAA[G/A]CAAGGAGA[GIC]GCAAAATTTTC[A/GJTAGGGGAGAGAAATGG 

GTCATTJ. 

20 J00230} In the first round ofPCR, genomic DNA from binned enriched cells is amplified using primers specific to 

the outer portion of the fetal-specific allele A and '-Vh-ich flank the interior SNP (forward primer 

ATGCAGCAAGGCACAGACT ACG; reverse primer AGAGGGGAGAGAAATGGGTCATT). 1n the second 

round of PCR, amplification using reat time SYBR Green PCR is performed with primers specific to the inner 

portion of alJe le A and which encompass the interior SNP ( forvvard primer 

25 CAAGGCACAGACTAAGCAAGGAGAG; reverse primer 

GGCAAAA TTTTCAT AGGGGAGAGAAATGGGTCATT}. 

100231] Expected :results are shown in Figure 31. He:re, six of the 96 wells test positive for allele A, confirming the 

presence of ceil.s of fetal o:rig:in, because the maternal genotype (BB) is known and cannot be positive for allele A. 

DNA from positive wells may be pooled for further ana-1"'-;is or analyzed individuaUy. 
34 

! 

i 
! 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00900

WO 2007/1-17079 PCT/US2007/071256 

Example 6. Quantitative Genotyping Using Molecular Inversion Probes for Trisomy Diagnosis on 

Fetal CeHs 

[0-0232) Fetal cells or nuclei can be isolated as described in the enrichment section or as described in example 1. 

Quantitative genotyping can then be used to detect chromosome copy number changes. Figure 5 depicts a flow 

5 chart depicting the major steps involved in detecting chromosome copy number changes using the methods 

described herein. For example, the enrichment process described in example l may generate a final mixture 

containing approximately 500 maternal white blood ceHs (WBCs), approximately 100 maternal nuclear red blood 

cells (mnBCs), and a minimum of approximately 10 fetal nucleated red blood cells (fnRBCs) starting from an initial 

20 ml blood sample taken late in the first trimester. The output of the enrichment procedure would be divided into 

10 separate wells ofa microtiter plate Vvith the number of wells chosen so no more than one cell or genome copy is 

located per well, and where some wells may have no ce11 or genome copy at all. 

[002331 Peiform multiplex PCR and nested PCR: PCR primer pairs for multiple (40- WO) highly pol_ymorphic 

S1'<Ps can then be added to each well in the microtiter plate. For example, SNPs primers can be designed along 

chromosomes 13, 18, 21 and X to detect the most frequent aneuploid-ies, and along control regions of the genome 

15 where aneuploidy is not expected. Multiple (-10) SNPs would be designed for each chromosome of interest to 

allow for non-informative genotypes and to ensure accurate results. The SNPs listed in the Table below can be used 

to performed analysis and associated PCR primers can be designed as described below. 

20 

25 

30 

.'f. 
refSNP rs.9510053 refSNP rs584853 refSNP i-s469000 refSNP rs6608727 

ref'SNP rs7339372 refSNP rs234558& re:fSNP i:s7278903 refSNP -rs2015487 

refSNP rs95 80269 i-efSNP rs9973072 refSNP i:s 1004044 refSNP rs5953330 

refSNP rs 724946 refSNP rs7 504 787 refSNP i:sll910419 refSNP rs5953330 

refSNP rs 11842845 refSNP rs4303617 refSNP rs2832890 refSNP rs1984695 

refSNP rs7490040 refSNP rs9947441 refSNP rs17&5477 refSNP rs590677.5 

refSNP rs12430585 refSNP rs2912334 refSJ\."P rs2250226 refSNP rs5951325 

refSNP rs713280 refSNP rsl 1659665 refSNP rs2243594 refSNP rsl 1798710 

refSNP rs202090 refSNP rs8098249 I refSNP rs10483087 refSNP rs4898352 

refSh'P rs5000966 refSNP rs12968582 : refSNP rs855262 refSNP rs5987079 

J00234J PCR primers would be chosen to be multiplexible with other pairs (fairly uniform melting temperature, 

absence of cross-priming on the human genome, and absence ofpriiner-primer -interaction based on sequence 

analysjs). The primers would be designed to generate amplicons 70 - 100 bp in size to increase the performance of 

35 the multiplex PCR. The primers would contain a 22 bp tag on the 5' which is used m the genotyping analysis. 

Multiplex PCR protocols can be performed as described in Findlay et aL Molecular Ce11 Endocrinology 183 (2001) 

S5-S12. Prjmer concentrations can vary from 0.7 pmoles to 60 pmoles pet :reaction. Briefly, PCRs are performed in 

a total volume of 25 µl per well, Tag polymerase buffer (Perkin-Elmer), 200 µM dNTPs, primer, 1.5 ml\,! MgC12 

a!ld 0.6 units AmpiiTaq (Perkin-Elmer). After denaturntion at 95 °C for 5 min, 41 cycles at 94, 60 and 72 °C for 45 

40 s are performed in a MJ DNA engine thennal cyder. The amplification can be nm with an aml<;:aling temperature 

differenr that 60 °C depending on the primer pair being amplified. Final extension can be for IO min. 
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{00235} A second nfround of PCR using nested primers may be performed to ensure optimal performance of the 

multiplex amplification. Two ul aliquot of each PCR reaction is diluted 40 fold (to 80 ul total) with nuclease free 

water from the PCR kit. A no template or negative conrrol is generated to test for contarrination. The amplification 

with the nested PCR primers is nm with an annealing tempernture of 60° C - 68° C deperuiing on the primer pair 

5 being amplified. 

10 3.0 
0.5 

X 1.5 
4.0 72 1.5 
5.0 cvcle to ste 2, 44 times 
6.0 72 lO 

15 

20 

[0023~ 1ology 

MIP assay, each SNP v.uuld be assigned a 22bp DNA tag which allows the SNP to be uniquely 1dentified during the 

25 highly parallel genotyping assay. In this example, the DNA tags serve two roles: (1) detennine the identity-of the 

different S}..'Ps and {2) detennine the identity ofthe well from which the genotype- was derived. For example, a total 

of20,000 tags would be required to genotype the same 40 SNPs in 500 wells different wells (4 chromosomes x IO 

81',;Ps x 500 weUs) 

[00237) The tagged MIP probes would be combined with the amplicons from the in:it1al multiplex single-cell PCR 

30 (or nested PCR) and the genotyping reactions would be perfonned. The probe/template mix would be divided into 4 

tubes each containing a different nucleotide (e.g_ G, A, Tor C). Following an extension and ligation step, the 

mixture would be treated with exonuclease to remove all linear molecules and the tags of the surviving circular 

molecules would be amplified usmg PCR. The amplified tags form all of the bins would then be pooled and 

hybridized to a s:ingle DNA microanay containing the complementary sequences to each of the 20,000 tags. 

3:5 f00238l identify bins with non-maternal alleles (e.g.fCtal cells): The first step in the data analysis procedure would 

be to use the 22bp tags to sort the 20,000 genotypes into bins wh1ch correspond to the individual wells of the 

original micro titer plates. The second step would be to identify bins contain non-maternal alleles which correspond 

to v.~lls that contained fetal cells. Determining the number bins with non-maternal alle]es relative to the total 

number of bins. would provide an accurate estimate of the number of foRBCs that were present in the original 

40 enriched -cell population. When a fetal ,cell i:i identified in a given bin, the non-maternal alleles woufd be detected 

by 40 llldependent SNPs which provide an extremely high level of confidence in the result. 
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(00239) Detect ploidy for chromosomes 13, j 8, and 21: After identifying approximately 10 bins '!hat contain fetal 

ce~ls, the next .step would be to determine the -ploidy of chromosomes 13, 18, 21 and X by comparing ratio of 

matew..al to paternal alleles for each of the IO SNPs on each chromosome. The ratios. for the multiple SNPs on each 

chromosome can be cornbined(averaged) to increase the confidence of the aneuploldy call for that chromosome. In 

5 addition, the information from the approximate 10 independent bins containing fetal cells can also be combined to 

further increase the confidence of the call. 

Example 7. Ultra-deep Sequencing for Trisomv Diagnosis on Feta) Cells 

100240) Fetal cells or nuclei can be isolated as described in the enrichment section or as descl'ibed in example 1. 

The enrichment process described in example 1 may generate a final mixture con1aining approximately 500 

10 maternal white blood cells (\VBCs). approximately 100 maternal nuclear red blood ce11s (mnBCs), and a minimum 

of approximately 10 fetal nucleated red blood cells {fnRBCs) staning from an initial 20 ml blood samp-Je taken tate 

in the fo·st trimester. The out-put of the enrichment procedure would be d:ivided into separate v.rells of a micrntiter 

plate vrith the number of wells chosen so no more than one cell or genome copy is located per weU, and where some 

wells may have no cell or genome copy at all. 

15 100241] Perform multiplex PCR and Ultra-Deep Sequencing with bin specific tags: PCR pr:irner palls for highly 

polymorphic STR loci (multiple loci per chromosome of interest) are then added to each well in the microtiter p]ate. 

The polymorphic STRs listed in the Table below can be used to performed analysis and associated PCR primers can 

be designed. 

20 

25 

30 

·i#'t!t}rtltit1!i -' --- --- .-.. ·;-r~~'~i~~, 

'1.;~~c: ... ~~\), 
D21S1414 
MBP 
D13S634 
Dl3S631 
0185535 
D21S1412 
D21S1411 
D21S11 
Dl8S386 
D13S258 
D13S303 
018S1002 

(00242] The primers for each STR will have t-.vo important features. First, each of the primers v,r:ill contain a 

corrrrnon ~ 18bp sequence on the 5 • end which is used for the subsequent DNA cloning and sequencing procedures. 

Second, each well in the nticrotiter plate is assigned a unique ~6bp DNA tag sequence which is incorporated into the 

middle part of the upstream primer for each of the different STRs. The DNA tags make it possible to pool all of the 

35 STR amplicons following the mu]tiplex PCR which makes it possible to analyze the amplicons in parallel more cost 

effectively during the ultra-deep sequencing procedure. DNA tags of length~ 6 bp provide a compromise between 

information content (4096 potential bins) and the cost of synthesizing primers. 

[00243] Muhiplex PCR protocols can be performed as described in Findlay et al. Molecular Cell Endocnnology 

183 (2001) S5-S 12. Primer concentrations can vary from 0.7 pmole-s to 60 pmoles per reaction. Briefly, PCRs are 

40 performed in a totaJ volume of 25 µl per well, Taq polymerase buft"er (Perk.in-Elmer), 200 µM dNTPs, primer, 1.5 

mivf MgCl2 and 0.6 units AmpliTaq (Perkin-Elmer). After denaturation at 95 °C for 5 min, 41 cycles at 94, 60 and 
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72 °C for 45 s are performed in a MJ DNA engine thermal cycler. The amplification can be run with an annealing 

temperature different that 60 °C depending on the primer pair being amplified. Final extens1on can be for 10 min. 

1002441 Follm.ving PCR, the amplicons from each of the wells in the microtiter plate are pooled, purified and 

analyzed using a single-molecule sequencmg strategy as described in Margulies et al. Nature 437(2005) 376-380. 

5 Briefly, the amplicons are diluted and mixed with beads such that each bead captures a single molecule of the 

amplified material. The DNA-carrying beads are -isolated in separate 100 um.aqueous droplets made through the 

creation of a PCR-reation-mixture-in-oil emulsion. The DNA molecule on each bead is then amplified to generate 

millions of copies of the sequence., which all remain bound to the bead. Finally, the beads. are placed into a highly 

parallel sequencing-by-synthesis machine which can generate over 400,000 sequence reads (~100bp per read) in a 

10 single 4 hour run. 

f00245J Ultra-deep sequencing provides an accurate and quantitative way to measure the allele abundances for each 

of the STRs. The total required number of reads for each of the aliquot we11s is determined by the number of STRs 

and the error rates of the multiplex PCR and the Poisson sampling statistics associated with the sequenc:ing 

procedures. Statistical models. which may account for variables in amphfication can be used to detect ploidy 

15 changes with high levels of confidence. Using this statistical model it can be predicted that -100,000 to 300,000 

sequence reads will be required to analyze each patient, with ~3 to IO STR loci per chromosome. Specifically, ~33 

reads for each of 12 STRs in each of the individual wells of the microtiter plate will be read (33 reads x 12 STRs per 

well x 500 wells = 200,000 reads). 

100246] Identify bins with non~maternal alleles (e.g.fetal cells): The first step in the data analysis procedure would 

20 be to use the 6bp DNA tags to sort the 200,000 sequence reads into bins which correspond to the individual wells of 

the micro titer plates. The -400 sequence reads from each of the bins would then be separated into the different STR 

groups using standard sequence alignment algorithms. The aligned sequences from each of1he bins would then be 

analyzed to identify non-maternal alleles. These can be identified in one of two ways. First, an independent blood 

sample fraction known to contain only maternal cells can be analyzed as described above. This sample can be a 

25 white blood cell fraction (which will contain only negligible numbers of fetal cells), o::: simply a dilution of the 

original sample before enrichment. Alternatively, the genotype profiles for all the wells can be similarity-clustered 

to identify the dowinant pattern associated with maternal cells. [neither approach, the detection of non-maternal 

alleles then detennines which wells in the initial micrntiter plate contained fetal cells. Determining the number bins 

with non-maternal alleles relative to the total number of bins provides an estimate of the number of fetat cells that 

30 were present in the ori.g.inal enriched cell population. Bins containing feta] cells would be identified with high levels 

of confidence because the non-maternal alleles are detected by multiple independent STRs. 

[002471 Detect ploidy for chromosomes 13, 18, and 21: After identifying the bins that contained fetal cells., the next 

step would be to detemrine theploidy of chromosomes 13, 18 and 21 by comparing the ratio of maternal to paternal 

alleles for each of the STRs. Again, for each bin there will be - 33 sequence reads for each of the 12 STRs. In a 

35 normal fetus, a given STR will have 1: l ratio of the maternal to paternal aUeles with approximately 16 sequence 

reads corresponding to each allele (normal diallelic). In a trisomic fetus, three doses of an STR marker can be 

detected either as three alleles with a 1: l: I ratio (trisomic triallelic) or two alleles with a ratio of 2: 1 (trisomic 

diallel.ic). In rare instances all three alleles may coincide and the 1ocus will not be informative for that individual 

patient. The information from the different STRs on each chromosome can be combined to -increase the confidence 

40 of a given aneuploidy can. In addltion, the information from rhe independent bins contalning fetal cells can also be 

combined to further increase the confidence o.fthe call. 
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Example 8. Sequencing for Trisomy Diagnosis on Fetal Cells 

{00248) Fetal cells or nuclei can be isolated as described in the emichment section or as desci-ibed in example l and 

2. Sequencing methods can then be used to detect cluomosome copy number changes. Figure 4 dep:icts a flow 

chart depicting the major steps involved in detecting chromosome copy number changes using the methods 

5 described herein. For example, the enrichment process described m example 1 may generate a final mixrure 

containing approximately 500 maternal white blood cells (\VBCs}. approximately 100 maternal nuclear red blood 

cells (mnBCs), and a minimum of appr-oximately 10 fetal nucleated red blood cells (fnRBCs) starting from an initial 

20 ml blood sample taken late in the first trimester. The output of the enrichment procedure -..vould be divided lnto 

separate wells of a microtiter plate with the number of weJls chosen so no more than one cell or genome copy is 

10 located per well, and where some wells may have no cell or genome copy at all. 

(00249] Peiform multiplex PCR and Sequencing with bin spec~fi.c tags: 

(002501 PCR primer pairs for highly polymorphic STR loci (multiple loci per chromosome of interest) can be added 

to each well in the microtiter plate. For example, STRs could be designed along chromosomes 13, 18, 21 and X to 

detect the most frequent aneuploidies, and along control regions of the genome where aneuploidy is not expected. 

15 Typically, four or more STRs should be analyzed per chromosome of interest to ensure accurate detection of 

aneup'loidy. 

(00251] The primers for each STR can be designed with two important features. First, each primer can contain a 

common ~18bp sequence on the 5' end which can be used for the subsequent DNA cloning and sequencing 

procedures. Second, each well in the nricrotiter plate can be assigned a unique ~6bp DNA tag sequence which can 

20 be incorporated into the middle part of the upstream primer for each of the different STRs. The DNA tags make it 

possible to pool all of the STR amplicons following the multiplex PCR, which makes possible to analyze the 

amplicons in parallel during the ultra-deep sequencing procedure. Furthermore, nested PCR strategies for the STR 

amplification can achieve higher reliability of amplification from sing1e cells. 

100252] Sequencing can be performed using the classic Sanger sequencing method or any other method known in 

25 the art. 

(00253) For example, sequencing can occur by sequencing-by-synthesis, which involves inferring the sequence of 

the template by synthesizing a strand complementary to the target nucleic acid sequence. Sequence-by-synthesis 

can be initiated using sequencing primers complementary to the sequencing element on the nucleic acid tags. The 

method involves detecting the identity of each nucleotide immediately after (substantially real-time) or upon (real-

30 time) the incorporation of a labeled nucleotide or nucleotide analog into a growing strand of a complementary 

nucleic ac:id sequence in a polymerase reaction. After the successful incorporation of a label nucleotide. a signal is 

measured and then nuHed by methods known in the art. Examples of sequence-by-synthesis methods are described 

m U.S. Application Publication Nos. 2003/0044781, 2006/002471 l, 2006/0024678 .and 2005/0100932. Examples of 

labels that can be used to label nucleotide or nucleotide analogs for sequem:ing-by-synthesis include, but are not 

35 hmited to, chromophotes, fluorescent moieties, enzymes, antigens. heavy metal, magnetic probes, dyes, 

phosphorescent groups, radioactive materials, chemiluminescent moeities, scattering or fluorescent nanoparticles, 

Raman signal generating moieties, and electrochemical detection moieties. Sequencing-by-synthesis can generate at 

least 1,000, at least 5,000, at least 10,000, at !east 20,000, 30,000, at least 40,000, at least 50,000, at least 100,000 or 

at least 500,000 reads per hour. Such reads can have at least 50, at least 60, at least 70, at least 80, at least 90,, at 

40 least 100, at least 120 or at least 150 bases per read. 

[00254) Anolile, sequencing method involves hybridizing the amphfied genomic region of interest to a primer 

complementary to it. This hybri<l-izahon complex is incubated Wlth a polymerase, ATP sulfurylase, luciferase, 
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apyrase, and the substrates luciferin and adenosine 5' phosphosulfate. Next, deoxynuc1eotide triphosphates. 

corresponding to the bases A, C, G, and T (U) are added sequentially. Each base incorporat10n is accompanied by 

release of pyrophosphate, converted to ATP by sulfurylase, which drives synthesis of oxylucifer:in and the re-lease of 

visible light. Since p)rophosphate release is equimolar with the number of incorporated bases, the light given off is 

5 proportional to the number of nucleotides adding in any one step. The process is repeated until the entire sequence 

is detennined. 

(00255) Yet another sequencing method involves a four-color sequencing by ligation scheme {degenerate ligation), 

which involves hybridizing an anchor primer to one of four positions. Then an enzymatic tigation reaction of the 

anchor primer to a population of degenerate nonamers that are labeled with fluorescent dyes is performed. At any 

10 given cycle, the population ofnonamers that is used is stmcture such that the identity of one of its positions is 

correlated with the identity of the fluorophore attached to that nonamer. To the extent that the ligase discriminates 

for complementarily at that queried position, the fluorescent signal allows. fue inference of the identity of the base. 

After performing the ligation and four-color imaging, the anchor primer:nonamer complexes are stripped and a new 

cycle begins. 

15 (00256) Identify bins with non-maternal alleles (e.g.fetal cells): The first step in the data analysis procedure would 

be to use the 6bp DNA tags to sort the 200,000 sequence reads into bins which correspond to the individual wells of 

the microtiter plates. The -400 sequence reads from each of the bins would then be separated into the different STR 

grnups using standard sequence alignment algorithms. The aligned sequences from each of the bins would then be 

analyzed to identify non-maternal alleles. Th~e can be identified in one oftwo ways. First, an independent blood 

20 sample fraction known to contain only maternal cells can be analyzed as described above. This sample can be a 

white blood cell fraction (which will contain only negligible numbers of fetal cells)_, or simply a dilution of the 

original sample before enrichment. Alternatively, the genotype profiles for all the we11s can be similarity-clustered 

to identify the dominant pattern associated with maternal cells. In either approach, the detection of non-maternal 

alleles then determines which wells in the initial microtiter plate contained fetal cells. Detennining the number bins 

25 with non-maternal alleles relative to tJre total number of bins provides an estimate of the number of fetal cells that 

were present in the original enriched cell population. Bins containing fetal ceHs would be identified v.ith high levels 

of confidence because the non-maternal a11eles are detected by multiple independent STRs. 

(002571 Detect p!oitfy for chromosomes 13, 18, and 21: After identifying the bins that contained fetal ceUs, the next 

step would be to determine the ploidy of chromosomes 13, 18 and 21 by comparing the ratio of maternal to paternal 

30 alleles for each of the STRs. Again, for each bin there will be ~33 sequence reads for each of the 12 STRs. In a 

normal fetus, a given STR wiil have 1:1 ratio of the maternal to paternal alleles with approximately 16 sequence 

reads corresponding to each allele (normal diallelic). In a trisomic fetus, three doses ofan STR marker can be 

detected either as three alleles with a 1: I: 1 ratio (trisomic triallelic) or two alleles with a ratio of 2: 1 (trisomic 

diallelic). In rare instances all three alleles may coincide and the focus will not be informative for that individual 

35 patient. The information from the different STRs on each chromosome can be combined to increase the confidence 

of a given aneuploidy can. In addition, the information from the independent bins containing fetal cells can also be 

combined to fm1her increase the confidence of the call. 

Example 9. Device Embodiment 

100258) Microfluidic devices oftbe invention were des.igned by computer-aided design {CAD) and micrnfabricated 

40 by photolithograp-hy. A two-step process was developed in which a blood sample is first debulked to remove the 

large population of small ceHs, and then the rare target epithelial cells target cells are recovered by :immunoaffinity 

capture. The devices weI"e defined by photolithography and etched into .a silicon substrate based on rhe CAD-
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generated design. The cell enrichment module, which is approximately the size of a standard microscope slide, 

contains 14 parallel sampie processing sections and associated sample handling channels that connect to common 

sample and buffer :inlets and product and waste outlets. Each section contains ar.. array of micro-fabricated obstacles 

that is optmlized to enrich the target cell type by hydrodynamic size via displacement of the larger ceHs into the 

5 product stream. In this example, the microchip was designed to separate red blood cells (RBCs) and platelets from 

the )arger leukocytes and CTCs. Enriched populations of target cells were recovered from whole blood passed 

through the device. Perfonnance of the cell enrichment microchip was evaluated by separating RBCs and platelets 

from white blood cells (WBCs) in normal whole blood (Figure 15). In cancer patients~ CTCs are found in the larger 

WBC fraction. Blood was minimally diluted (30%), and a 6 m1 samp1e was processed at a flow rate of up to 6 

10 mJJhr. The product and y,,.iste stream were evaluated in a Coulter Model "Ac_ T diff' clinical blood analyzer, which 

automatically distinguishes, sizes, and counts different blood cell populations. The enric.hment chip achieved 

separation ofRBCs from WBCs, in which the WBC fraction had >99% retention of nucleated cells, >99% depletion 

ofRBCs, and >97% depletion of platelets. Representative histograms of these ce1l fractions are shown in Figure16. 

Routine cytology confirmed the high degree of emichment of the WBC and RBC fractions (Figure 17). 

15 (002591 Next. epithelial cells were recovered by affinity capture in a microfluidic module that is functionalized with 

immobilized antibody. A capture module with a single chamber containing a regu1ar array of antibody-coated 

microfabricated obstacles was designed. These obstacles are disposed to maximize cell capture by increasing the 

capture area approximately four-fold, and by slowing the flow of cells under laminar flow adjacent to the obstacles 

to increase the contact time between the cells and the immobilized antibody. The capture modules may be operated 

20 under conditions ofrelatively high flow rate but low shear to protect ceUs against damage. The surface of the 

capture module was functionalized by sequential treatment with 10% silane, 0.5% gluteraldehyde, and avidin, 

followed by biotinylated anti-EpCAM. Active sites were blocked with 3% bovine serum albumin in PBS, quenched 

with dilute Tris HCI, and stabilized with dilute L-histidine. Modules were washed in PBS after each stage and 

:finally dried and stored at room temperature. Capture performance was measured with the human advanced lung 

25 cancer cell line NCI-Hl650 (ATCC Number CRL-5883). This cell line has a heterozygous 15 bp in-frame deletion 

in exon 19 ofEGFR that renders it susceptible to gefitin:ib. Cells from confluent cultures were harvested with 

trypsin, stained with the vital dye Cell Tracker Orange (CMRA reagent, Molecular Probes, Eugene, OR), 

resuspended in fresh whole blood, and fractionated in the microfluid1c chip at various flow rates.. In these initial 

feas.ibility experiments, cell suspensions were processed directly in the capture modules v.rithout prior fractionation 

30 in the cell enrichment module to debulk the red blood cells; hence, the s.ample stream contained nounal blood red 

cells and leukocytes as wen as tumor cells. After the ceHs were processed :in the caprure module, the device was 

washed with buffer at a higher flow rate (3ml/hr) to remove the nonspecifically bound cells. The adhesive top was 

removed and the adherent cells were fixed on the chip with paraformaldehyde and observed by fluorescence 

microscopy. Cell recovery was calculated from hemacytometer counts; representative capture results are shown in 

35 Table 4. Initial yields in reconstitution studies with unfracrionated blood were greater than 60% with less than 5% 

of non-specific binding. 

41 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00907

WO 2007/1-17079 PCT/US2007/071256 

Table 4 

Run Avg. flow Length of No. celb No. ce-lls Y~ld 
number rnte run nriH:H-!sed ca..turecf 

1 3.0 "" 150.,C-OO 35,012 25% 
2 1.5 2lv 150 C-00- 30000:'ml 6()% 

3 HiS 2lv 1C8.000 ~.661 ~% 

• 121 , .. 121 000 75491 ., .. 
[00260] Next, NCI-H1650 cells that were spiked into whole blood and recovered by size fractionation and affinity 

capture as described above w--ere successfully analyzed in situ. In a trial run to distinguish epithelial celts from 

5 leukocytes, 0.5 ml of a stock solution of fluorescein-tabeled CD45 pan-leukocyte monoclonal antibody were passed 

into the capture module and incubated at room temperature for 30 minutes. The module was washed \.Vlth buffer to 

remove unbound antibody, and the cells were fixed on the chip wi.th 1 % para formaldehyde and observed by 

fluorescence microscopy. As sho'!Ml in Figure 18, the epithelial cells were bound to the obstacles and floor of the 

capture module. Background staining of the flow passzges with CD45 pan-leukocyte antibody is visible, as are 

10 several stained. leukocyteSo, apparently because of a low level ofnon-specifi::: capture. 

15 

Example 10: Device embodiments 

(00261] A design for preferred device embodiments of the inventlon :is shown in Figure 19A, and parameters 

corresponding to three preferred device embodiments associated \Vl.th this design are shown in Figures 19B and 

19C. These embodiments are particutady use fill for enrich epithelial cells from blood. 

Example 11: Determining counts for large cell types 

(002621 Using the methods of the invention, a diagnosis of the absence, presence, or progression of cancer may be 

based on the number of cells in a cellular sample that are larger than a particular cutoff size. For example, ce11s with 

a hydrodynamic size of 14 microns OT larger may be selected. This cutoff size would eliminate most leukocytes. 

The nature of these cells may then be determined by do"1-nstream molecular or cytological analysis. 

20 (00263) CeU types other than epithelial cells that would be useful to analyze include endothelial cells, endothelial 

progenitor cells, endornetrial cells, or trophoblasts indicative of a disease state. Furthermore, detennining separate 

counts for epithelial cells. e.g., cancer cells, and other cell types, e.g., endothelial cells, followed by a determination 

of the ratios between the number of epithelial cells and the number of other cell types, may provide useful diagnostic 

infonnation. 

2S (00264) A device of the invention may be configured to isolate targeted subpopulations of cells such as those 

described above, as shown in Figures 20A-D. A size cutoff may be selected such that most native blood cells, 

including red blood ce11s, white blood cells. and platelets, flow to waste, while non-native cells, which could include 

endothelial cells, endothelial progenitoi- cells, endometrial cells, or trnphoblasts, are collected in an enriched sample. 

This enriched sample may be further analyzed 

30 f00265) Using a device of the invention, therefore, it is possible to isofate a subpopulation of cells from blood or 

other bodily fluids based on size, which conveniently allows for the elimination of a large proportion of native blood 

cells when 1arge cell types are targeted. As shown schematically in Figure 21, a device of the invention may 

include counting means to determine the number of cells in the enriched sample, or the number of cells of a 

particular type, e.g., cancer cells, within the enriched sample, and further analysis of the ceas in the enriched sample 

35 may provide additional information that is useful for diagnostic or other purposes. 

Example 12: Method for detection ofEGFR mutations 

(00266) A blood sample from a cancer patient is processed and analyzed using the devices and methods of the 

im·ention, resulting in an enriched sample of epithelial cells containing CTCs. This sample ls then analyzed to 
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identify potential EGFR mutations. The method permits both i.dentificati.on ofknovm, clinically relevant EGFR 

mutations as well as discovery of novel mutations. An overview of this process is shown in Figure 22. 

100267) Below is an outline of the strategy for detection and confirmation ofEGFR mutations: 

1) Sequence CTC EGFR mRNA 

5 a) Purify CTCs from blood sampk· 

b) Purify total RNA from CTCs; 

c) Convert RNA to cDNA using reverse transcriptase; 

d) Use resultant cDNA to perform first and second PCR reactions /Or generating 

sequencing templates: and 

10 e) Purify the nested PCR amp/icon and use as a sequencing template 10 sequence EGFR 

15 

exons 18-21. 

2) Confirm RNA sequence using CTC genomic DNA 

a) Purify CTCs from blood sample; 

b) Purify genomic DNA (gDNAJ from CTCs; 

c) 

d) 

Amplijy exons 18, 19, 20, and/or 21 via PCR reactions; and 

Use the resulting PCR amplicon(s) in real-time quantitative allele-specific PCR reactions 

in order to confirm the sequence of mutations discovered via RNA sequencing. 

(00268) Further det.ails for each step outlined above are as follo'""'S-

1) Sequence CTC EGFR mRNA 

20 a) Purify CTCs from blood sample. CTCs are isolated using any of the size-based 

enrichment and!or affinity purification devices of the invention. 

bJ Pur~fj., total RNA from CTCs. Total R.!."IA is then purified from isolated CTCpopulations 

using, e.g., the Qiagen Micro RNeasy kit, or a similar total R.t"l"A purification protocol from another manufacturer; 

alternatively, standard RNA purification protocols such as guanidium isothiocyanate homogenization followed by 

25 phenoVch1oroform extraction and ethanol precipitation may be used. One such method is described in '".Molecular 

CJoning - A Laboratory Manual, Second Edition" (1989) by J. Sambrook, E.F. Fritch and T, Maniatis, p. 7.24. 

c) Convert RNA to cDNA using reverse transcriptase. cDNA reactions are carried out 

based on the protocols of the supplier of reverse transcrlptase. Typically, the amount ofinput RNA into the cDNA 

reactions is in the range of 10 picograms (pg) to 2 micrograms (µg) total R_;'JA. First-strand DJ',;A synthesis is 

30 carried out by hybridizing random 7mer DNA primers, or ohgo-dT primers, or gene-specific pruners, to RNA 

templates at 65°C fo1lmved by snap-chilling on ice. cDNA synthesis is initiated by the addition ofiScript Reverse 

Trnnscriptase (BioRad) or Superscript Reverse Trans.criptase (lnvitrogen) or a reverse transcriptase from another 

connner-cial vendor along with the appropriate enzyme reaction buffer. For iScript, reverse transcriptase reactions 

are carried out at 42°C for 30-45 minutes, followed by enzyme inactivation for 5 minutes at 85°C. cDNA is stored at 

35 -2D°C until use or used immediately in PCR reactions. Typically, cDNA reactions are carried out in a final volume 

of20 µ1, and 10% (2 µ1) oftbe resultant cDNA is used in subsequent PCR reactions. 

d) Use resultant cDNA to peiformfirst and second PCR reactions for generating 

sequencing templates. cDNA from the reverse transcriptase reactions is mixed with DNA primers specific for the 

region of interest (Figure 23). See Tab]e 5 for sets of primers that may be used for amplification of exons l&-21. 

40 In Table 5, primer set Ml3{+)/M12(-) is internal to primer set M1 l(+)iM14(-). Thus primers M13(+) and Ml2(-) 

may be used in the nested round of amplification, if primers M 11 (+) and M 14{ ~) were used -in the first round of 

expansion. Simifarly, primer set Ml l{+)/!vf.14(-) is Internal to primer set Ml5(+}/]>..1i 6(-), and primer set 
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M23(+)/M24(-) is internal to primer set M2 l(+ )/M22(-). Hot Start PCR reactions are performed using Qiagen Hot­

Star Taq Polymerase kit, or Applied Bio,;_ystems HotStart TaqMan pol;nnerase, or other Hot Start thennostabie 

polymerase, or without a hot start us:ing Promega GoTaq Green Taq Polymerase master mix, TaqMan DNA 

polymerase, or other thermostable DNA polymerase. Typically, reaction volumes are 50 µt, nucleotide 

5 triphosphates are present at a final concentration of 200 µM for each nucleotide, MgCl2 is present at a final 

concentration of 1-4 mM, and oligo primers are at a final concentration of0.5 µ:vt. Hot start protocols begin with a 

10-15 minute incubation at 95"C, followed by 40cyc1es of94°C for one minute (denaturation), 52"'C for one minute 

(annealing), and 71:'C for one minute (extension). A 10 minute terminal extension at 72"C is performed before 

samples are stored at 4""C until they are either used as template -in the second (nested) rnund of PCRs, or purified 

10 using QiaQu!ck Spin Columns (Qiagen) prior to sequencing. If a hot-start protocol is not used, the initial incubation 

at 9S"'C is omitted. Ifa PCR product is to be used in a second round of PCRs, 2 µl (4%) of the initial PCR product ls 

used as template in the second round reactions, and the identical reagent concentrations and cycling parameters are 

used. 

15 

Table 5. Primer Sets for expanding EGFR mRNA around Exons 18-21 

! SEQ 
cDNA I ID Amplieon 

Name i NO Seouence (5' to 3'\ Coordinates Size 
NXK-Mll(+) I 1 TIGCTGCTGGTGGTGGC (+) 1%6-1982 

813 
NXK-M14(-) I 2 CAGGGATICCGTCATATGGC (-) 2778-2759 
NXK-M13(+) I 3 !GATCGGCCTCITCATGCG (+) 1989-2006 

747 
NXKM12(-) I 4 IGATCCAAAGGTCATCAACTCCC (-) 2735-2714 
NXK-M15(+) I 5 iGCTGTCCAACGAATGGGC (+) 1904-1921 

894 
NXK-M16(-) I 6 jGGCGTTCTCCTITCTCCAGG (-) 2797-2778 
NXK-M21(+) i 7 ATGCACTGGGCCAGGTCIT (+J 1881-1899 

944 
NXK-M22(-) i 8 CGATGGTACATATGGGTGGCT (-) 2824-2804 
NXK-M23(+) I 9 AGGCTGTCCAACGAATGGG (+) 1902-1920 

904 
NXK-M24(-) i IQ CTGAGGGAGGCGTICTCCT (-) 2805-2787 

e) Pur~fj., the nested PCR amp/icon and use as a sequencing template to sequence EGFR 

exons 18-21. Sequencing is performed by ABI automated fluorescent sequencing machines and fluorescence­

labeled DNA sequencing ladders generated via Sanger-style sequencing :reactions using fluorescent 

dideoxynucleatide mixtures. PCR products are purified using Qiagen QuickSpin columns, the Agencom1 AMPure 

20 PCR Purification System, or PCR product purification kits obtained from other vendors. After PCR prnducts are 

purified, the nuc1eotlde concentration and purity is deteIT.llned v.ith a Nanodrop 7000 spectrophotometer, and the 

PCR product concentration is brought to a concentration of25 ngiµl. As a quality control measure, only PCR 

products that have a UV-Jight absorbance ratio (A:w/A:i:sd greater than 1.8 are used for sequencing. Sequencing 

primers are brought to a concentration of 3.2 pmol/µ1. 

25 2) Confirm R,'-iA sequence using CTC genomic DNA 

a) Purify CTCsfrom blood snmple_ As above, CTCs are isolated using any of the size-

based enrichment anrlfor affinity purification devices of the invention. 

b) Purify genomic DNA (gD.lllA) from CTCs. Genomic DNA is purified using the Qiagen 

DNeasy J\,fini kit, the Invitrogen ChargeSwitch gDNA kit, or another commercial kit, or via the following protocol: 

30 Cell pellets are either lysed fresh or stored at -SO"C and are thawed immediately 

before lysis. 

2. Add 500 µl 50m.\t! Tris pH 7.9/lOOntlvl EDTA/05%SDS (TES buffer). 
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3. Add 12.5 µ1 Proteinase K (1Bl5406, 20mglml), generating a final [PrntK] = 05 

mg/ml. 

4. Incubate at 5SC'C overnig..lit in rotating incubator. 

5. Add 20 µl ofRNase cocktail (500 U/ml RNase A+ 20,000 U/ml RNase T1, 

5 Ambion #2288) and incubate four hours at 37°C. 

6. Extract with Phenol (Kodak, Tris pH 8 equilibrated), shake to mix, spin 5 irjn. 

in tabletop centrifuge. 

7. Transfer aqueous phase to fresh tube. 

8. Extract with Phenol/Chlorofonn/Isoamyl alcohol (EMD, 25:24: 1 ratio, Tris pH 

10 8 equilibrated), shake to mix, spin five minutes in tabletop centrifuge. 

9. Add 50 µl 3M NaOAc pH= 6. 

10. Add 500 µl EtOH. 

11. Shake to mix. Strings of precipitated DNA may be visible. If anticipated DNA 

concentration is very low, add carrier nucleotide (usually yeast tRNA). 

15 12. Spi.n one minu{e at max speed jn tabletop centrifuge. 

20 

13. Remove supernatant. 

14. Add 500 µ170% EtOH, Room Temperatlrre (RT) 

15. Shake to mix. 

16. 

17. 

Spin one rrrinute at max speed in tabletop centrifuge. 

Air dry 10-20 minutes before adding TE. 

18, Resuspend in 400 µ1 TE. Incubate at 65°C for 10 m:inutes, then leave at RT 

overnight before quantitation on Nanodrop. 

c) Amplify exons 18, 19, 20, and/or 21 via PCR reactions. Hot start nested PCR 

amplification is carried out as described above in step Id, except that there is no nested round of amplification. The 

25 initial PCR step may be stopped during the log phase in order to minimize possible loss of allele-specific 

infonnation during amplification. The primer sets used for expansion of EGFR exons 18-21 are listed in Table 6 

(see also Paez et al., Science 304:1497-1500 (Supplementary Material) (2004)). 
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Name 
NXK-ex18.l{+) 
NXK-exl8.2(-) 
NXK-ex18.3{+) 
NXK-exl8.4(-) 
NXK-ex19.1(+) 
NXK-ex19.2{-) 
NXK-ex19.3(+) 
NXK-ex19.-4t_) 
NXK-ex20.1(+) 
NXK-ex20.2(-) 
NXK-ex20.3(+) 
NXK-ex20.M-) 
NXK-ex21. l(+) 
NXK-ex21.2(-) 
NXK-ex21.3(+) 
NXK-ex21.4(-) 

PCT/US2007/071256 

Table 6. Primer sets for expanding EGFR genomic DNA 

SEQ 
ID Amplicon 
NO Seouence (5' to 3') E-xon Size 
11 TCAGAGCCTGTGTTrcrACCAA 18 

534 
12 TGGTCTCACAGGACCACTGAIT 18 
!3 TCCAAATGAGCTGGCAAGTG !8 

397 
14 TC£CAAACACTCAGTGAAACAAA 18 
15 AAATAATCAGTGTGA TICGTGGAG 19 

495 16 GAGGCCAGTGCTGTCTCTAAGG 19 
17 GTGCATCGCTGGTAACATCC 19 298 
!8 TGTGGAGATGAGCAGGGTCT 19 
19 ACTTCACAGCCCTGCGTAAAC 20 

555 20 ATGGGACAGGCACTGATITGT 20 ' 
21 ATCGCATTCATGCGTCTTCA 20 

379 
22 ATCCCCATGGCAAACTCTTG 20 
23 GCAGCGGGTTACATCITCTITC 21 

526 
24 CAGCTCTGGCTCACACTACCAG 21 
25 GCAGCGGGTTACATCTTCTTTC 21 

349 
26 CATCCTCCCCTGCATGTGT 21 

d) Use the resulting PCR amplicon(s) in real-time quantitative -allele-specific PCR reactions 

in order to confirm the sequence of mutations discovered via RNA sequencing. An aliquot of the PCR amplicons is 

5 used as template in a multiplexed allele-specific quantitative PCR reaction us:ing Taql\fan PCR 5' Nuclease assays 

with an Applied Biosystems model 7500 Real Time PCR machine (Figure 24). This round of PCR amplifies 

subregions of the initial PCR product specific to each mutation of interest. Given the very high sensitivity of Real 

Time PCR • .it is possible to obtain complete information on the mutation status of the EGFR gene even if as few as 

10 CTCs are isolated. Real Time PCR provides quantificati.on of allelic sequences over -8 fogs of input DNA 

IO concentrations; thus, even heterozygous mutations in impure populations are easily detected using this method. 

f00269J Probe and primer sets are designed for all known mutations that affect gefitmib re-;ponsiveness in NSCLC 

patients, including over 40 such somatic mutations, including point mutations, deletions, and insertions, that have 

been reported in the medical literature. For ilh.J.strative purposes, examples of primer and probe sets for five of the 

point mutations are 1isted in Table 7. In general, ohgonucleotides may be designed using the primer optimization 

15 software program Primer Express (Applied Biosystems), with hybridization conditions optimized to distinguish the 

wild type EGFR DNA sequence from mutant alleles. EGFR genomic DNA amplified from lung cancer cell lines. 

that are known to carry EGFR mutations, such as H3.58 (wild t-ype). H 1650 (15-bp deletion, ..0.2235-2249), and 

Hl975 (two point mutations, 2369 C-T, 2573 T-a- G), is used to optimize the allele-specific Real Time PCR 

reactions. Using the TaqMan 5' nuclease assay, allele-specific labeled probes specific for wild type sequence or for 

20 kno-..vn EGFR mutations are developed. The oligonucleotides are designed to have melting temperatures that easily 

distinguish a match from a mismatch, and the Real T:ime PCR conditions are oprimized to distinguish wild type and 

mutant alleles. AH Real Time PCR reactions are carried out in triplicate. 

(00270] Initially, labeled probes containing wild type sequence are multiplexed in the same reaction with a single 

mutant probe. Expressing the results as a ratio of one rrrutant allele sequence versus wild type sequence may 

25 identify samples conta~ning or lacking a given mutation. After conditions are optimized for a given probe set, it is 

then possible to multiplex probes for all of the mutant alteles within a given exon \.Vlthin the same Real Time PCR 

assay, increasing the ease of use of this analytical tool in dinical settings. 

(00271 l A unique probe is designed for each wi1d type allele and mutant al!ele sequence. Wild-tn1e sequences are 

marked with the fluorescent dye VIC at the 5' e!1d, and mutant sequer..ces with the fluorophore FAM. A 
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fluorescence quencher and Minor Groove Binding moiety are attached to the 3' ends of the probes. ROX 1s used as 

a passive reference dye for normalization purposes. A standard curve is generated for wild type sequences and :is 

used for relative quantitation. Precise quantitation of mutant signal is not required, as the input cell population is of 

unknown, and varying, purity. The assay is set up as described by ABI product literature, and the presence of a 

5 mutation is confirmed when the signal from a mutant allele probe rises above the background level of fluorescence 

(Figure 25), and this threshold cycle gives the relative frequency of the mutant allele in the input sample. 

Table 7. Probes and Primers for Allele-Specific qPCR 

El\'IBL 
SEQ Chromosome 7 
ID Sequence (5' to 3• ~ mutated position Genomk 

Name NO in bold) Coordinates Descriotion Mut 
NXK-M0I 27 CCGCAGCATGTCAAGATCAC (+)55,033,694- (+) primer 

55,033,713 
NXK-M02 28 TCCTTCTGCATGGTATICTITCTCT (-)5>,033,769- (-) primer 

55,033,745 
L85E Pv,,.t-L858R 29 VIC-TTTGGGCTGGCCAA-MGB ( + )55,033,699- WT a11ele probe 

55,033,,712 
Pmut-L858R 30 F AM-TITTGGGCGGGCCA-MGB (+)55,033,698- Mutant allele 

55,033,711 probe 
NXK-M03 31 ATGGCCAGCGTGGACAA (+)55,023,207- (+) primer 

55,023,224 
NXK-M04 32 AGCAGGTACTGGGAGCCAATATI (-)55,023,355- (-) primer 

55,023,333 
T79C 

Pwt-T790M 33 VIC-ATGAGCfGCGTGA TGA-MGB (-)55,023,290- WT aHele probe 
55,023,275 

Pmut-T790M 34 F AM-ATGAGCTGCATGATGA-MGB (-)55,023,290- Mutant allele 
55,023,275 nrobe 

NXK.-M05 35 GCCfCTTACACCCAGTGGAGAA (+)55,015,831- (+) primer 
55,015,852 

NXK.-exl8.5 36 GCCTGTGCCAGGGACCIT (-)55,015,965- (-) primer 
55,015,948 

Pm-G719SC 37 VIC-ACCGGAGCCCAGCA-MGB (-)55,015,924- WT allele probe 
G71 

55,015,911 
Pmut-G719S 38 FAM-ACCGGAGCTCAGCA-MGB (-)55,015,924- Mutant al1ele 

55,015,911 ornbe 
mut-G719C 39 FAM-ACCGGAGCACAGCA-MGB (-)55,015,924- Mutant allele 

55,015,911 probe 
NXK-ex21.5 40 ACAGCAGGGTCTTCTCTGTITCAG {+}55,033.,597- (+) primer 

55,0:B,620 
NXK-MIO 41 ATCTTGACATGCTGCGGTGTT (-)55,033,710 (-) primer 

55,033,690 
H8 

PM-H835L 42 VJC-TTGGTGCA.CCGCGA-MGB {+)55,033,803- WT aHe1e probe 
55,033,816 

Pmut-H835L 43 F AM-TGGTGCTCCGCGAC-MGB (+)55,033,803- Mutant allele 
55,033,816 probe 

NXK-M07 IOI TGGATCCCAGAAGGTGAGAAA (+)55,016,630- (+) primer 
55,016,650 

NXK-exl9.5 l02 AGCAGAAACTCACATCGAGGATIT (-)55,016,735- (-)primer 
55,016,712 

Pwt-delE746- I03 AAGGAATTAAGAGAAGCAA (+)55,016,681- VlT allele probe delE 
A750 55,016,699 A'. 
Pmut-delE7 46- I 104 CTATCAAAACATCTCC (+)55,016,676- Mutant aUele 
A750var1 I 55,016,691 orobe, variant 1 
Pmut-delE746- i 105 CT ATCAAGACATCTCC ( ·'--)55 ,016,676- Mutant allele 
A750var1 i 55,016,691 probe, variant 2 
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Example 13: Ahsence of EGFR expression in leukocytes 

(00272) To test whether EGFR mRNA 1s present in leu.koq-1es, several PCR experime:1.ts were performed. Four 

sets of primers, shown in Table 8, were designed to amplify four corresponding genes: 

1) BCKDK (branched-chain a-ketoacid dehydrogenase complex kinase) - a "housekeeping" 

5 gene expressed in all types of cells, a positive control for both leukocyres and tumor cells; 

10 

2) CD45 - spe-cifically expressed in leukocytes, a positive control for leukocytes and a 

negative control for tumor cells; 

3) EpC.aM - spe-cifically expressed in epithelial cells, a negative control for leukocytes and 

a positive control for tumor cells; and 

4) EGFR - the target mRNA to be examined. 

Table 8 

SEQ ID Amplicon 
Name NO Seouence {5' to 3') Descriotion Size 

BCKD 1 44 AGTCAGGACCCATGCACGG BCKDK {+I nrimer 273 BCKD 2 45 A=CAAGATGCAGCAGTGTG BCKDK (-) orimer 
CD45 l 46 GATGTCCT=ITGITCTACTC CD45 (+) nrimer 

263 
CD45 2 47 TACAGGGAATAATCGAGCATGC CD45 (--• nrimer 
EnCAM 1 48 GAAGGGAAATAGCAAATGGACA En CAM ( +) nrimer 

222 EnCAM 2 49 CGATGGAGT=AAGTTCTGG EnCAM ( -1 nrimer 
EGFR 1 50 AGCACTTACAGCTCTGGCCA EGFR (+) nrimer I 371 
EGFR 2 51 GACTGAACATAACTGTAGGCTG EGFR ( -) primer i 

(002731 Total RNAs ofapproximateJy 9xl06 leukocytes isolated using a cell enrichment device of the invention 

(cutoff size 4 µm) and Sx 106 Hl650 cells were isolated by using RNeasy mini krt (Qiagen). Two micrograms of 

15 total RNAs from leukocytes. and H1650 cells were reverse transcribed to obtain first strand cDNAs using 100 pmol 

random hexamer (Roche) and 200 U Superscript I[ (lnvitrogen) in a 20 µl reaction. The subsequent PCR was 

carried out using 0.5 µ1 of the first strand cDNA reaction and 10 pmol of fonvard and reverse primers in total 2:5 ~tl 

of mixture. The PCR was run for40 cycles of95"C for 20 seconds, 56°C for 20 seconds, and 70°C for 30 seconds. 

The amplified products were separated on a 1 % agarnse gel. As shov.rn in Figure 26A, BCKDK was found to be 

20 expressed in both leukocytes and H1650 cells; CD45 was expressed only in leukocytes~ and both EpCAM and 

EGFR were expressed only in Hl650 cells. These results, which are fully consistent with the profile ofEGFR 

expression shown in Figure 26B, confirnred that EGFR is a particularly useful target for assaying mixtures of cells. 

that include both leukocy1es and cancer cells, because only the cancer cells will be expected to produce a signal. 

Example 14: EGFR assay with low quantities of-target RNA or hi<>h quantities of background RNA 

25 (00274) In order to detennine the sensitivity of the assay described :in Example 12, various quantities of input 

NSCLC cell line total RNA were tested, ranging from 100 pg to 50 ng. The results of the first and second EGFR 

PCR reactions (step 1d, Example 12) are shown in Figure 27. The first PCRreaction was shown to be sufficiently 

sensitive to detect 1 ng of input RNA, while the second round increased the sensitivity to 100 pg or less of input 

RNA. TI.is corresponds to 7-10 cells, demonstrating that even extremely dilute samples may generate detectable 

30 signals using this assay. 

[002751 Next, samples containing 1 ng ofNCI-Hl975 RNA were mixed with varying quantities of peripheral blood 

mononuclear cell (PBMC) RNA ranging from 1 ng to I µg and used in PCR reactrnns as before. As shown in 

Figure 28A, tfle first set of PCR reactions demonstrated that, while amplification occurred in all cases, .spurious 

bands appeared at the highest contamination level. However, as sho'\\'n in Figure 28B, after the second, nested set 
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o-f PCR reactions, the desired specific amplicon was pro<luced without spurious bands even at the highest 

conta!Tllnation level. Therefore, this example demonstrates that the EGFR PCR assays described herein are effective 

even when the target .R..."1\l"A occupies a tiny fraction of the total R:'TA in the sample being tested. 

[00276) Table 8 lists the RNA yield ma variety of cells and shows that the yield per -cell is widely variable, 

5 depending on the cell type. This information is useful in order to estimate the amount of target and background 

RNA in a.sampl:e based on ceU counts. For example, 1 ng ofNCL-Hl975 RNA corr~---ponds to approximately lOO 

cells, while 1 µg of PBMC RNA corresponds to approximately 106 cells. Thus, the highest contamination level in 

the above-described experiment, 1,000:l of PBMC RNA to NCL-H1975 RNA, actually couesponds to a 10,000:1 

ratio ofPBMCs to NCL-Hl975 cells. Thus, these data indicate that EGFR may be sequenced from as few as 100 

10 CTCs contaminated by as many as 106 leukocytes. 

Table 8. RNA Yield versus Cell Type 

Cells Count RNA Yield IR'1AI/Cell 
NCI-H1975 2xl06 26.9 _._ 13.5 pg 
NCI-Hl650 2x106 261 µo 13.0pg 

H358 2xl06 26.0 ,,_ 13.0pg 
HT29 2x106 21.4 ...... 10.7 pg 
MCF7 2x106 25.4 ,, .... 12.7 pg 

PBMC#l 19x106 10.2 µe 0.5pg 
PBMC#2 16.5x106 18.4 ""' I l.l pg 

{00277) Next, whole blood spiked wlth 1,000 cells/ml of Cell Tracker (Invltrogen)-labeled H1650 ce11s was run 

through the capture module chip of Figure 19C. To avoid inefficiency in RNA extraction from fixed samples, the 

15 captured Hl650 cells were immediately counted after running and subsequently lysed for R.c"'\l"A extraction withom 

formaldehyde fixation. Approximately &00 captured Hl650 cells and >10,000 contaminated leukocytes: were Jysed 

on the chip with 0.5 m1 of 4M guan:idine thiocyanate solution. The lysate was extracted with 0.5 ml of 

phenol/chloroform and precipitated with 1ml of ethanol in the presence of 10 µg of yeast tRNA as carrier. The 

precipitated RN As were DNase I-treated for 30 minutes and then extracted with phenol/chloroform and precipitated 

20 with ethanol prior to first strand cDNA synthesis and subsequent PCR amplification. These steps were repeated 

with a second blood sample and a second chip. The cDNA synthesized from chipl and c.hip2 RNAs along with 

HI650 and leukocyte cDNAs were PCR amplified using two sets of primers, CD45_1 and CD45_2 (Table 7) as 

well as EGFR_5 (forv,ard primer, 5'-GTTCGGCACGGTGTATAAGG-3') (SEQ ID NO:__) and EGFR_6 

(reverse primer, 5'-CTGGCCATCACGTAGGCTTC-3') (SEQ ID NO:_). EGFR_S and EGFR_6 produce a 138 

25 bp wild type amplified fragment and a 123 bp mutant amplified fragment inHl650 cells. The PCR products. were 

separated on a 2.5% agarnse gel. As shovm in Figure 29, EGFR wild type and mutant amplified fragments were 

readily detected, despite the high leukocyte background, demonstrating that the EGFR assay is robust and does not 

require a h:ighly purified sample. 

49 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00915

5 

WO 2007/1-17079 

\VHAT IS CLAilvtED IS: 

1. A method for fetal diagnosis comprising: 

PCT/US2007/071256 

labeling one or more genorrnc DXA regions in fetal and non- fetal cells, enriched from a maternal 

blood sample, using labels adapted to distinguish between individual cells, and 

determining the presence or absence ofa fetal abnonnality by anaiyzing said labeled genomic 

DNA regions. 

2. A method for fetal diagnosis comprising: 

labeling one or more cDNA sequences generated from fetal and non-fetal cells, wherein said fetal 

and non-fetal ceJ1s are enriched from a maternal blood sample, using labels adapted to distinguish between 

10 individual cells, and 

15 

20 

detennining the presence or absence of a fetal abnormality by analyzing said labeled cDNA 

regions. 

3. The method of claim 1, further comprising splitting said fetal and non-fetal cells such that individual 

ceHs are in addressable locations. 

4. The method of claim 2,further comprising splitting said fetal and non-fetal cells such that individual 

cells are in addressable locations. 

5. The method of claim 3, further comprising amplifying said one or more genomic DNA regions from 

each ceH to generate a plurality of amplicons. 

6. 

7. 

8. 

9. 

10. 

11. 

_ The method of claim 5, further comprising pooling said amplicons. 

The method of claim 5 wherein said regions of genomic DNA comprise one or more polymorphisms. 

The method of claim 7. wherein said polyn10rphisms are STRs or SNPs. 

The method of claim 5 wherein said amplification is performed by multiplex PCR. 

The method of claim 9 wherein said amplification also comprises nested PCR. 

The method of claim 3, where.in said labels each comprise a unique tag sequence specific for each 

25 addressable location. 

30 

12. The method of claim I or 2 wherein said label comprises a nucleic acid sequence between 4-20 bp 

long rhat is unique to each cell 

l3. The method of claim 1, wherein at leas-t two genomic DNA regions on a chromosome oflllterest are 

labeled. 

14. The method of claim 1, wherein said genomic DNA regions are located on two or more chromosomes 

of inte£est. 

15. The method of claim 1 or 2, wherein said analyzing comprises perfonr,jng ultra deep sequencing or 

quantitative genotyping. 

16. The method of claim 1 or 2, wherein said fetal abnormality comprises an aneuploidyselected from the 

35 group consisting of: trisomy 13, trisomy 18, trisomy 21 (Dov.n Syndrome), Klinefelter Syndrome {XXY), 
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monosomy, triploidy, tetraploidy, or other :irregular number of sex or autosomal chromosomes, and a combination 

thereof. 

17. The method of claim J or 2, wherein said fetal abnormality comprises an aneuploidy that is maternally 

or paternally derived_ 

18. The method of claim l or 2, wherein the fetal abnonnahty is a segmental aneuploidy. 

19. The method of claim 15, wherein said quantitative genotyping is performed by using molecular 

inversion probe technology. 

20. A method for fetal diagnosis comprising: 

amplifying a plurality of genomic DNA regions from one or more fetal cells enriched from 

l 0 maternal blooC; wherein the resulting arnplicoru; comprise a cell specific label, and 

15 

determining the presence or absence of a fetal abnormality by analyzing said arnplicons. 

21. A method for fetal diagnosis comprising: 

amplifying a phrrat-ity of cDNA sequence generated from one or more fetal cells enriched from 

maternal blood; wherein the resulting arnplicons comprise a cell specific label, and 

determining the presence or a"t>sence of a fetal abnormality by analyzing said amp I icons. 

22. The method of claim 20 or 21, further comprising splitting said one or more fetal cells such that each 

individual cell is in an addressable location. 

23. The method of claim 20 or 21, further comprising pooling said ampHcons. 

24. The method of claim 20 or 21, wherein said regions of genomic DNA comprise one or more 

20 polymorphisms. 

25. The method of claim 24, wherein said polymorphisms are STRs or SNPs. 

26. The method of claim 20 or 21, wherein said amplification js performed by multiplex PCR, singlepiex 

PCR, quantitative PCR, quantitative flum:escent PCR (QF-PCR), multiplex fluorescent PCR (MF-PCR), real time 

PCR (RT-PCR), single cell PCR, restriction fragment length polymorphism PCR (PCR-RFLP), PCR-RFLP/RT-

25 PCR-RFLP, hot start PCR, in situ poJonony PCR, in sjtu rolling circle amplification (RCA), bridge PCR, picotiter 

PCR, enrulsion PCR, ligase chain reaction (LCR), transcription amplification, self-sustained sequence replication, 

selective amplification of target polynucleotide sequences, consensus sequence primed polymerase chain reaction 

(CP-PCR), arbitrarily primed polymerase chain reaction (AP-PCR), degenerate oligonucleotide-primed PCR (DOP­

PCR), MDA and nucleic acid based sequence amplification (NABSA). 

30 

35 

27. The method of claim 26 wherein said amplification also comprises nested PCR. 

28. The method of claim 20 or 21, wherein said labels eacl-, comprise a unique tag sequence specific for 

each addressable location. 

29. The method of claim 20 or 21, wherein said label comprises a nucleic acid sequence between4-20 bp 

long that is umquc to each cell 

30. The method of claim 20 wherein at least two genomic DNA regions on a chromosome of imerest are 

labeled. 

3 J. The method of claim 20 wherein said genomic DNA regions are located on two or more chromosomes 

of interest. 
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32. The method of claim 20 or 21, wherein said analyzing comprises performing ultra deep sequencing o.r 

quantitative genotypmg. 

33. The method of claim 20 or 21, wherein said feral abnormality comprises an aneuploidy is selected 

from the group consisting of: trisomy 13, trisomy 18, trisomy 2l (Dov,'n Syndrome), Klinefelter Syndrome (XXY), 

5 other irregular number of sex or autosomal chromosomes., and a combination thereot~ 

34. The method of cla:tn 20 or 21, wherein said fetal abnormality comprises an aneuploidy that is 

maternally or paternally derived. 

35. The method of da}m 20 or- 21, wherein the fetal abnonnality is a segmental aneuploidy. 

36. The method of da)m 32, wherein said quantitative genotyping is performed by using molecular 

10 inversion probe technology. 

37. A computer readable medium comprising logic for analyzing a plurality of amplicons, from one or 

more genonric DNA regions on one or more chromosomes from at least one fetal cell and at least one maternal cell, 

enriched from maternal blood. 

38. A computer readable medium comprising logic for analyzing a plurality of amplicons, from one or 

15 more cDNA sequences generated from at least one fetal cell and at )east one maternal cell, enriched from maternal 

blood. 

20 

39. The computer readable medium of claim 37 or 39, wherein sa:id logic analyzes the ratio of maternal to 

fetal chromosome copy number. 

40. The method of claim 37 or 39, wherein said amplicons COinprise a unique tag sequence 

41. The method of cla:im 37 or 39, wherein said amplicons comprise one or more polymorphisms. 

42. The method ofcla:im41, wherein said polymorphisms are STRs or SNPs. 

43. The method of claim 37, wherein said plurality of amplicons are from at least two genomic DNA 

regions on a chromosome of interns1. 

44. The method of clalm 37, wherein said plurality of ampllcons are from genomic DNA regions located 

25 on two or more chromosonies of interest. 

30 

35 

45. The method of claim 37 or 39, wherein said plurality of amplicons comprise:5 at least 6,000 amplicons. 

46. The method of claim l, 2, 20 or 2 1, further comprising binning at least a portion of said enriched cells 

47. The method of claim 46, wherein said binning is performed using a platform selected from the group 

consisting of: microtiter plates, PCR wells, a nanofludic system, microencapsulation and a combination thereof. 

48. The method of clalm 46, wherein said binning is performed using serial dilution. 

49. The method of claim 46, further comprising to negative selection of non-target cells or positive 

selection oftarget cells, prioT to said binning, 

50. The method ofc1a1m46 wherein said binning is performed using a number of bins less than too. 

51. The method ofc.laim46 wherein said binning is performed using a number of bins gre:uer than 100. 

52. The methods of claim 50 wherein said bim, are analyzed for the presence of at least one fetal cell. 

53. The methods of claim 51 wherein said bins are analyzed for the presence of at least one fetal cell. 

52 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00918

\\fO 2007/1-17079 PCT/US2007/071256 

54. The method of claim 52 wherein sai:d analysis is performed using an analytical method selected from 

the group consisting of: FISH, fetal biomarker labels, SNP detection, PCR, and STR detection. 
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Current design has 14 
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32 outputs. 
Dispense into 32 wells 
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32 x48 wells 

Figure 8A 
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A DIS~TEGRJN 

AC'TIV A TOR OF THYROID AND RETI'.'!OlC 

AC!D RECEPTOR (ACTR) 

ADAM 1; 

ADIT'OGENES!S 1'.'lHIBITORY FACTOR 

(ADfF) 

ALPHA 6 1:t,,'TEGR1N S-1.JBUNIT 

ALPHA V NThGRIN SUBUNIT 

ALPJJ:\-C,\TENIN 

AMPLIFIED IN BREAST CA-:-.CER t (AIB l) 

AMPLIFIED IN BREAST CA-:-.CER 3 (AIB3) 

A.11.tPLIFIED TN BaEASTCA'-CER 4 (Am.4} 

AMYLOID PRECURSOR PROTEIN 

SECRET AS" (A.PPS) 

AP-2GAMMA 

APPS 

ATP-h!NDl!'\{jCASSl-<Trf•: !HAN'.SPt>RTf-'R 

(i\BCT) 

PLJ\.CSNTA-SPECJF:C (ABCP) 

A TP-BJNDfi,;G {' J\SSEITE Sl;BFAMIL Y C 

MEMBER (AP.CC!) 

BAG--! 

E-ASCGJN (BSG) 

BCEI 

B-CELL DIFFERENTIATION FAClDR 

(UCDF) 

B-CE.LL LEt..:KEMIA 2 tBCL-2} 

B-CELL STLl\1ULATORY FACTOR-2 {BSF-2) 

BCL-l 

BCL-2-ASSOC[ATED X PROTEJN (IlAX) 

BCRP 

BETA 1 lNTtGRIN SUBUNlT 

BETA 3 INTEGRIN SUBUNIT 

BETA :i l'.'!T.EGRl'.'i/ SUBUMT 

Hl:,l'A.-2 !NJERFERON 

BET.A--CATENIN 

BETA-CATENJN 
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Figure 10 

BONE SlAi.0:?ROTEIN (BSP) 

BREAST CAN"CER ESTROCoEN-INDCCIB:..E 

SEQUENCE (BCEI) 

BREAST CANCER RESISTANCE PROTEDi 

(BCRP) 

BREAST CANCER TYPE: {BRCAi.} 

BREAST CANCER TYPE 2 {BRCA2} 

BREAST CARCINO:;-..fA AMPI.IFIED 

SEQUENCE 2. {BCAS2) 

CAHHl-<RlN 

EF!~EL;ALCADHERfN-J l 

CADHERIN-ASSOCIATID PROTEIN 

CALCITONlN RECEPTOR lCTR) 

CALCIUM PL<\CENTAL PROTEIN (CAPL) 

CALCYCl.r.'J 

CALLA 

CAM:i 

CAPL 

CARCINOEMBRYON[C A1'-TIGEN (CEA) 

CATENIN 

ALPHA I 

CATJIEPS[NB 

CATHR?SfNO 

CATHEPSIN K 

CATHEPSEN l.2 

CATHEPSENO 

C'A11fEPSEN 01 

CATHE?SlN V 

CDlO 

CUJ46 

CDl47 

<"D24 

CD29 

CD44 

CD51 

CD.54 

C-o(,;_ 

CJ)66e 

CD82 

CD!i7 

CD9 

CEA 
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CELLULAR RETINOL-BINL)ING PROTE1N 

l (CRBP!) 

c-ERBB-2 

CK"J 

CK8 

CKl8 

CK19 

CK.20 

CLAUD!N-7 

c-MET 

COLLAGENASE 

FIBROBLr\S:" 

COLLAGENASE 

INTERSTfTlAJ, 

COLLAGENAS.E-3 

COMY!ON ACUTELY:-..1?!-lOCYTIC 

l.ECKEMlA ANT:GDf (CALLA} 

CON!'.~XIN 26 (Cx16) 

CONr-,;EXIN 43 (Cx43J 

COR:'ACTIN 

COX-2 

CTLA-3 

CTR 

CTSD 

CYCUl','.DI 

CYCLOOXYGENASE-2 

CYTOKCRA flN \8 

CYTOKERATIN 19 

CYTOKFRATIN g 

CYTOTOXIC T•LYMPIIOCYT:S-

ASSGCIA TED SER NE ESTF.R./\Sl:i 8 (CTLA­

&) 
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D!FFEREN·;·1ATION -IJ\'I l lfi!TI NG 

ACTIVITY (DIA) 

DNA AMPLIFIED IN MAMMARY 

CARCINOMA I (DAM!) 

DNA TO?OlS{)MER:ASE II ALPHA 

DR-NM23 

E-.CADHERIN 

EMM?RIN 

E~1SI 

E:,.!DOTHELIALCEU.. GROWTH FACTOR 

{ECGRJ 

PLATELET-DERIVFD (PD-bCGJ<) 

E:-SKEPHALINASE 

EPIDERMAL GROWTH FACTOR 

RECEPTOR (EGFR} 

E?JSI.AL:N 

Ei'lTl!ELlAL MEMBRANE ANTIGEN 

(EMA) 

E;'t-Al_f'HA 

E~B2 

ERBB-4 

ER-BF.TA 

E:U'- l 

E~YTHRQH).POTEN1 !ATlNG ACHVITY 

(F_FA} 

ESR! 

ESTROGCN RECEPTOR-ALPHA 

ESTROGEN R£CEPTOR-Bl.oTA 

ETS-1 

EXIRACELLULAR YA TRIX 

Ml:::TAliOPROTEINASE !NDL:CER 

(EMMPRIN) 

FIBRONECTN RECEPTOR 

BETA POL YPEPTiDE (FNRfl) 

FIBRONECTN RECEPTOR BETA SUBUNIT 

(FNRB) 

FLK-l 

GAl'.i.3 

GA7:B.2 

G.-\LECTIN-J. 
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GAMMA-CATENf}.. 

GAP H..."NCTJON PROTEIN (2~ kDa) 

UAP JCNCTJO:\I Pf<OT!ilN {43 kDa) 

GAP JCNCTJON PROTEIN ALPHA· I {GJAl) 

GAP JCNCTJON PROTEIN EF.TA•2 (GJBZ) 

GCPI 

(.;ELATINASE A 

GELATJNASE B 

GELA TJNASE (72 kDa) 

GELA TJNASE {92 kDa) 

GUos·,AnN 

GLU:::OCOKTJCOJD REC.CPTOR 

I!'lTERACTING PROTEfN 1 (GRJPI) 

GLVTA TH JONE S-TRA'!',ISFERASE p 

GM-CSF 

GRAKULOC't'TE Cl!EMOTACTIC PROTErt,; 

1 (GCP'.) 

GR AKI JLOC;Y""'.'E-M ACROPHACiF...('Ol .ONY 

STil\!l.ULATINGfACTOR 

GROWTH FACTOR RECEPTOR BOU>JD-7 

(GRB- 7) 

GSTp 

HAP 

HEAT-SHOCK COG NA TE PROTEIN >O 

(!!SC70) 

HEAT-ST ABLE ANTIGEN 

HrJ>ATULYTl-, GROWTH l'ACl'OR (HG!-} 

HEPATOCYT.E GROWTH FACTOR 

RECEPTOR (HGFR) 

HEPATOCYTE-.STIMULATrNG FACTOR I]; 

tHSF lll) 

HER-2 

HERliNEU 

HER\ifES ANTIGEN 

HEr 

HH:,..J 

I llJ'.½ORA.L HYPERCALCE:.HA OF 

~ALI(it,;ANCY {IJHM) 

JCERE-1 

l:-JT-1 
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fN1ERCELLIJLAR ADHESION 

MOI.ECliLE•l (lCAM-l) 

INTERFERON-G/','.',,fMA-INDUCJNG 

l'/,CTOR (!GIT) 

lNTERLEUKJN-1 ALPHA (IL-LA) 

INThRLEUKJN-1 BETA (fL-lB) 

INTERLEUKfN-11 (EA l) 

INTERLEUKIN-17 (I~-17) 

INTERLFUKrN-18 (IL-18) 

I'ITFRI.F.UKIN-6 (JL-6) 

I"ITERLFUKrN-8 j)L-8) 

l~VLRSEL Y CORRELATED WITH 

ESTROGEN RECEPTOR EXPRESSION-! 

(ICFRE-l) 

KA!l 

KDR 

KERATTNE 

KER.-\ TIN 18 

KERATIN 19 

KISS-I 

LEUKEMIA IKHIBITORY ['AClDR (?.[F) 

LlF 

LOS7 lN !~Ft.AMVf A TORY BRLo\ST 

CANCER (U<lC) 

!,OT Cl.OST ON TRANSFORMATIO:"l") 

f,YMJ-'HOCYTE HOMrr-.:G RECEPTOR 

MA[;ROPHA{yl--UJI.ONY :,OTIMULATING 

FAC70R 

MAGE-3 

MAMMAG1-0BIN 

MAS-PIN 

MC56-

:-..f-CSF 

:,.me 

~!DNCF 

'.\.-tDR 

MELANOMA CELL ADHESION 

MOLECULE (MCA,'½} 

MEMBRANE MFrALLOE'.'<DOPEPTIDASE 

(MMC') 
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MEMIJRANE-ASSOCI,\ TED NEUTRAL 

ENDOPF:PTIDASE (Nl:.P) 

CYSTErNE-RICH PROTEIN 1,:MOCi 

MET,\STASlN (MTS-I) 

MU\64 

MMPJ 

MMP2 

MMP3 

MMP7 

MMP9 

MMPH 

MMPl3 

MMPl4 

MMPl5 

MMPIO 

MMPl7 

MOE-SP.J 

MONOCYTF ARG[NlNE-SERPIN 

MONOCYTF.-DERlVED NE:JTROPfUL 

CHEM0TACT1C FACTOR 

MONOCYTE-DERIVED PLASMlNOGF.,N 

ACTl'-'.'\TOR NHJB[TOR 

MTS-1 

MCC-1 

MlTl8 

MCCJN LIKE CANCER ASSOC::lA TED 

A'S'TIGEN {MCA) 

MCCJN 

MLC-l 

MLLTJDRUG RESIST,\..'ICE PROTEIN I 

(MDR, '.l.1DR I) 

MLLTIDRUG RESISTANCE RELATED 

PROTFN-1 (MRP, MRP-l) 

N--CADHERIN 

NEU 

NflJTRAL F.t-:DOPE:>TiDASE 

N:C,UTROPlEL-AC'TTVA TI!'s'G PEPTl[Hi l 

{!',. APJ) 

N"123-HI 

NM23-H2 

NMEl 

NME2 
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NUCLEAR RECLPTOR COACTIV ATOR-I 

(NCoA-l) 

KUCLEAR RECEPTOR COACTIVATOR-2 

(NCoA-2) 

NUCLEAR RECEPTOR COACTlVATOR.-.3 

(NCoA-3) 

NUCLEOSIDI: DJPHOSPHATE KINASE A 

(NDPKA) 

NUCLEOSIDE D!I'HOSPHA TE KINASE B 

(NDP.KB) 

ONCOSTA11:--/ M (OSM) 

ORN!TH:NE DECARBDXYLASE (ODC) 

OSfE()(_""'.LAST DlFFERENTlA.T;ON 

FACTOR (ODF) 

OSTEOCLt\ST DIFFER.ENTIA TION 

fACTOR RECEPTOR {ODF"R) 

OSTEONECTiN (OSK ON) 

OSTEOPO'.',;TiN (OPN) 

OXYTOCJ~ RECEPTOR (OXTR} 

p27,'kipl 

p3001C8P COIKTEGRA TOR ASSOCJAIE 

PROTEIN (p:Cl?) 

p53 

p9Ka 

PAI-I 

PAl-2 

PARATHYROIDADENOMATOSIS 1 

(PR.AUi) 

PARATHYROID HORMONE-UK!., 

HOR.\.10NE (PTI!LH) 

FARA THYROID HORMONE-RELATED 

PEPTIDE (PTHrP) 

P-CAOHERlN 

PD-ECG!' 

PDGF-!l 

PFANUT-RFACTIVE URINARY Ml.lC!N 

(Pl:MJ 

P-GI.YC'OPROTHN (P-GP) 

PCT/US2007/071256 

PGP-1 

PEIGS-2 

PHS-2 

PIP 

PLAKOGLOBJN 

PLASMlNOGEN ACTIVATOR INflIRlTDR 

(TYPE l) 

f>[j\SM!J',OGJ-'N ACTIVATOR INHIBITOR 

(TYPE 2) 

PLASMfNOGEN AC'OVATOR(HSSUE­

fYP£) 

PLASM!J\'OGt.;N ACTIVATOR 

(URCKINASF.-TYPE) 

PLATFLETGLYCOPROTEJN !Uu (GP3A) 

PlAU 

PLEOMORPHJC ADl:'NOMA C-ENE-L'!KE l 

(PLAGI l) 

POLYMORPH;C EPITHELlAL MUC!:-. 

(PEM) 

E'R.'\Dl 

PROGESTERONE.RECEPTOR (PgR) 

PROGESTERONE RESISTANCE 

PROSTAGLANDIN ENDO?EROX!DE 

SYNTHASC-2 

PROSTAGLAt...DIN G,'H SYN·nJASE-2 

PRO~:,"J AGLAJ',;DlN II S YKTHASE-2 

pS2 

PS6K 

PSOR!ASIN 

PTI-lLH 

Plllr? 

RAD5l 

RAD52 

RADS4 

RA.P46 

REC£PTOR-ASSOClATl.:D COACTIV A TOK 

3 (RAC3} 

RCPRtSSOR or E.',"TROGEN RECEPTOR 

ACTIVITY \REA) 

S100-M 
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SJW,".6 

Sl00,".7 

S6K 

SART-L 

SCAHOLDArr,\CaMENTFACTOR 13 

(SAF-B) 

SCATTER FACTOR (SF) 

SECRETED PHOSPHOPROTEfN-l (SPP-1} 

SEC-RET:'::D f'RDTETN 

ACIDIC AND RICH fN CYSTEINE (SP ARC) 

STANN!CALClN 

STES:.OIDRECEPTOR COACT[VATOR-l 

t,SRC-1} 

STEROID RECE?TOR COAC~JVA TOR-2 

!_S-RC-2) 

STE~OIDRECEPTOR COACi"fVATOR-3 

(SRC-3) 

STEROID RECEPTOR RNA ACTIVATOR 

(SRA) 

STROMfLYSIN-l 

STROMELYSrN-J 

T!:0:--IASCIN-C (TN-C) 

Tc'.STES-SPECIPIC FROTEASE SO 

THROMBUSPONDlN I 

T'1ROMBOSFONDfN 11 

TiiYMIDfNE PHOSPHOR YLASE (TP) 
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THYROID HORMONE RECEPTOR 

ACTtVATORMOLECULE l {TRAM-!) 

TlGHT JUJ\'.GION PROTEIN l (TJP I} 

TIMP: 

TlMP2 

T1MP3 

T!MP4 

TI5SCE-TYPE PU\SM.INOGEN 

ACTIVATOR 

TN.C 

TP53 

<PA 

TRA?'ISCRIPTIONAL fNTE&"IEDIARY 

FACTOR 2 (TIF2} 

TREFOIL FACTOR 1 (TFFl) 

TSG10: 

TSP-I 

TSP~ 

TSP-2 

TSP2 

TSPSO 

TUMOR CELL COLLAGEN ASE 

STIMULATING F,\CTOR (TCSF} 

TUMOR-ASSOC!ATED EPrfHELJ/\L 

MUCJ"\i 

cPA 

uPAR 

PCT/US2007/071256 

UROKNASE 

UROKNASE,TYPE PLi\SMo-;OGEN 

ACTiVATOR 

UROKNA .. ">E-TYPE PLASMU,,OGEN 

ACT:VATOR RECEPTOR (uPAR) 

UVOMORULIN 

VASCULAR ENDOTHELIAL GROWTH 

FACTOR 

VASCULAR ENDOTHELIAL GROWTH 

FACTOR RECEPTOR<! tVEGFR2) 

VASCTJLAR EI\'DOTHEUAI. GROW"Jll 

FACTOR-A 

VASCULAR PERMEABJUTY FACTOR 

\'EGFR2 

VERY LATE 1-CELL ANTIGEN 3.CTA 

(VLJI..-BETA) 

V!MENUN 

VITRONECHN RECEPTOR ALPHA 

POLYPEPT!l)l-, {VNRA) 

VITRONECTIN RECEVl'OR 

VON WILLE3RAND FACTOR 

VPF 

VWF 

ZAC 

Z0-1 

ZONUU\ OCCLiJ!J.loNS-l 
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---- ------ --- --- ----
SEQ 

'!',:ame ID Sequence (5' to 3 ') Exon 
Amplicon 

Size 
NO 

NXK-exl8.I(+) ii TCAGAGCCTGTGTTTCTACCAA 18 
534 

NXK-exl8.2(-) 12 TGGfCTCACAGGACCACTGATT 18 

NXK-exl8.3(+) 13 TCCAAATGAGCTGGCAAGTG 18 
397 

NXK-exl8.4(-) 14 TCCCAAACACTCAGTGAAACAAA ' 18 
' 

NXK-ex19.l(-t-) 15 AAATAATCAGTGTGATTCGTGGAG ! 19 
495 

NXK-exl9.2(-) 16 GAGGCCAGTGCTGTCTCTAAGG 19 

: NXK-exl9.3(+) 17 GTGCATCGCTGGTAACATCC i 19 
298 

NXK-exl9.4(-) 18 TGTGGAGATGAGCAGGGTCT I 19 
' 

NXK-ex20.I(+) 19 ACITCACAGCCCTGCGTAAAC i 20 
555 

NXK-ex20.2(-) 20 ATGGGACAGGCACTGATTTGT 20 

NXK-ex20.3(+) 21 ATCGCATTCATGCGTCT'.CA 20 
379 

NXK-ex20.4(-) 22 ATCCCCATGGCAAACfCTTG 20 

NXK-ex21.I(+) 23 GCAGCGGGTTACATCITCTTIC 21 
526 

NXK-ex21.2{-) 24 CAGCTCTGGCTCACACTACCAG 21 

NXK-ex2 I .3( i) 25 GCAGCGGGTTACATCTICTTIC 21 
349 

NXK-ex2l.4(-) 26 CATCCTCCCCTGCATGTGT 21 

Figure 11 
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Figure 12 B 
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FigUTe 13D Figure l 3E 

Figure 13A-F' (Blue= nucleus~ Red= X chromosome, Green= Y 

chromosome} 

PCT/US2007/07l256 

Fi_gure I 3F 
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• Chromosome 21 Probe 

X Probe 

• Y Probe 

J,'igure 14 

PCT/US2007/07l256 
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Figure 16 
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<> , .. 
Produot SUeam Waste Stream 

Figure 17 
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Figure 18 
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Waste outlet channel 

Product outlet chanrMI 

PCT/US2007/07l256 

Section 
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V@ISIOII 1 ve,sklu 2 Va-sion3 

rutet<-hannel width {blood) 50 50 100 100 

Int-et ~flannel width •buffet") 55 55 110 110 

Ouitet channel wtclth (1woduct) 49 49 98 98 

ouuet channel width fw.ist"e) 50 50 100 100 

Gap size < Deflect ceR size 

P<>s1 section 1 1-8/9 36.i18 -<4!22 50125 

P<rs1: section 2 12;17 24112 :JOi15 36i18 

Post section 3 8!4 16_-'8 20.510 2-1/12 

Ntauber of t>af allel s-ecttons 14 14 14 14 

Etch deptt1 150 150 '50 150 

Pr.:>'duct cell size tcul -010 4 8 10 12 

Estimated Flow r<31<&. IOMMI 5 10 20 30 

Figure 19B 
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.,.. -~, r 
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/1 i • ..__,, t_ 

Figure 19C 

( 

PCT/US2007/07l256 

Chip dimensions: 66.0 x 24.9 mm 

Post Field dimensions: 5L3 x 18.9- mm 

Post diameter: 1 04 iuu 

P01t dimensions 

Frnnt side 2.83 x2.83 IlllH 

Back side 1.66 x 1.66 mm 

Substrate: Silicon 
Etch depth: 1 C-0 J.-HU 
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GENE EXPRESSION ANALYSIS IN SINGLE CELLS 

Thi: app!ic.:Jtion claim-; the benefit nf priurit) to l 1nih:d S~ales Provi~ional appli~ation serial '\;'o. 

61.' 16-L 75-9. filed '.Vhlrch 30. 2{)09. the cntirl! cont-ents nf ..,vhich is incorporated hs:rcin by 

retcren..::c. 

FIEU) OF THE INVENTION 

The present inv,:ntion rclaks tn the analysis of gene expre;;si1.m in -:.inglc celb. In particular. 

the invention relates to a method fr.1r preparing a cD;',;A library from a plur3lity of single cells. 

and tu a d)"'.\1,\ libr.Jr)' produced by this melhc•d. The cD:\JA libraries prepared hy the me-tho<l 

of the imention are s;uitablc fOr analysis of gene e.xpn::-sion by scqui.:ncing. 

BACKGROlJ1'1) OF THE INVE1'TIO"I 

The determination of the mRNA content of a cell or tis'.Suc (i.e. "'gene exprc<.:sion profiling .. ) 

provides a method fi.)r the lllnctior.a! analysis of normal and Jiseased tissues and organs. For 

example. gene expressit)!1 profiling can he used in the- st~idy of embryogenesis; fiJr the 

charnctcri:tation of primary tumor s.amp!es; for the analysis ofhiopsies from diseased and 

1 S nonnat ti:>sue in, for examph:. psoriasis: for the comparnt:ve analysis of cell types from 

ditkrcnt spci:ies tc deltncatc the evolutlon of development; as an as.say system for diagnostics; 

as a quality control S)Stem in eel! replacement lherapy (i.e. to ensure that a cllturc of cells is 

sufficiently pure. and tht: cd!s are c-orrc--:t!y dif1erentiated}: and as an in vim, tool to mc:1surc 

the effect ofa transfocted gene or ~!R?-.;A on downstream targets in spite uficss than !00% 

20 transfoction efficiency. 

Gene expression profiling i::; usually performed by isolating mRNA from lissuc samples and 

subjecting this mRNA to microarray hyhri<liz;:nion. However. ~uch methods only allov'"· 

previously known gene; to be analyzed. and cannot be used lo analyze alternative ~pliC!ng. 

promoter~ and pniyadcnylation signals. 

25 1"hcn.:fr•rc. din.-..:i: ~qu,;;:ndng o!the all. m p;;r!~. ofth~ mR',;/\ contcl11 ufa tissue is being 

Trn..:n.,·asingl) used (Ch,t>tian ct al .. "\;at \-ktl199s 5(7):6] }-9 (2il{)8} ). f hl\\n\..'r. i.:urn::nt 

mctlioJs ,1f;:.i;rnlyl"ini; thi.: mR\.:\ content ,,fccl!s b.} Jirect c-equc-1King rel) on analy?ing f\ufk 

mJf\iA obtained from ib:-,ue sarnplcs iypi...·.ally -containing milli-.,ns nf cells. Thi~ means that 

mu,,;h 1..1f the f;._1ncl'.Pnai infr,rrna1inn prc:-cnt in single cclb f'.".i lost or hlt<rrcd '.\ hen gene 

30 ..-:,pr-cs,ion is anal_y:rcJ i!1 bulk mR"\;:\. in addition. dynamic proccsse::;. such a-; th~ i.:cll ,:;)ch.:, 
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cannut b..: obs1.:ncd in population averages. Similarly. distlnd cell types in a complex tissue 

( e.g. Lhc hrain) can only be studi-,:<l if cells ar-: analyzed indi vidual!y. 

Gene exprc')sion in -;inglc ccHs has pn:,·i0usly been analyzed using a variety of methods (see. 

for example. Brail et aL b:_fu::.at Re_s_ 406(1-4):-1)-54 (1999): Levsky el al.. Science 

~ 297(5.582):836--tO (20{l2}: Bcngtsson et al. Genome Re~ 15( IU): I .l88-91 (2005}: Esumi et aL. 

NiJt Genet 37{2}: J 7:,-6 (2005). In pankular. .single cell gene expression in ne:.1rnl cells hus 

b-.:cn sLUdicd by rnicroarray ar;<!.l.v,;;is (.se,: Esuml ct al. I\,;eurosci Res 60t4):4:19-5 I 0008)). 

I fo\-V"l'VCT, these ;nc-thods require that ca,:h single :.:ell is anal.;~ed indl\·iduaHy and treated 

scparatd)' during the cntin: pn.>cedurc, \\hich is time-cons:;uming and expensive. ln addition. 

!U the prcparathm and amplification of samples from single cells in<lependcntl: pokntiall;­

intnxluces cell-to-cell variaiion. Furthcnnorc. as the ,:DNA of each cdi mi;st be amplified to 

an amount !bat can be rcasonabl~ handled for the subscque:;t analysis. there is potenti.al 

am;:,!ificatinn hias. For example, a single cell contains about 0.3 pg ofmR~i\. and at least a 

300 ng i:s commonly needed for subsequent analysis by sequencing. Therefore. an 

i5 amplification ofat least a million-fl.ild is required. 

Additk•nal!y, microarrays have two major shrn1comings: they arc linked to knmvn genes. and 

they have limited s.c-nsitivit:,- and d)-narnic range. R:\'A sequencing (RNA-Seq) overcomes 

these pwblcms b;-- sequencing RNA dircctly(OLsolak et al.. Nature 46 i :814-818 (2009)) or 

after re,,erse-tran:')cription to c D:\!A (Cloonan c: aL, 0at. Methods 5 :6 i J-619 (2008): 

20 \fortazavi ct aL Nat,....0::1.d.b.9.9~ 5 :621-628 (2008); Wang et al.. N<!mr~ -456:470-4 76 (2008)). 

Scqt:ence reads arc mapped in the genome to r~vcal sites t1ftranscription, an<l quantitation is 

basi:d simply on hit counts,\\ !th great sen:'>itivity and nearly unlimited dynamic range. 

Tissues are rarely homogeneous., how~ver, and therefore any c:-..pression profile based on ::1 

tissue sample. biopsy or cell culture wiJl confiYund the true e:~::1re:-.'-.inn profiles of its constituent 

25 ce-Hs. One way ,.)f getting around lhis prohler:1 ,...-ould h~ to analy1-c single C('l!s instead of cell 

r,)ru!mio:l:-,, and indeed '.'-.ing!e-ce!I methods have hccn de\-elopell for hoth microarrays {Esumi 

cl n!.. t';emo:.ci. R('._:_,;__, 60:439--451 C008) and Kurimoto et al.. :\t1ck-i_:;:_:::_\cit!s_R,,;~s. :>~:41 

(2006)}. lht>sc mcthnJs arc suitable kw the am.ii ye-is of -;mall numb1.:rs of single c-:;1-., and ln 

particular mG: be uscJ :u study ..:ells that arc diffi\:ull ll) ,·,htain in large- numbers, such a,;;. 

30 ou-.::,-tes and the cells of the cari:-,. embr::,n. CcHs m<1) be isnlakd fr1-r e:-.:arnplc b) la.',cr c~pHln: 

mkn--.di~~edion. orb,:· micms:apilbr,:. and marker gcnl..":-> ma:, b.: used to 1~,catc ceHs ~-,f interest. 

Hmvevcr. singk-,;.·c!l tran.scriptornics nrns1 cci:front l\\Ll gn.:at cha!kngcs. Firs!, markers 

"-t:iw.bk for th;.' prospci.:ti vc isolation of Jdlncd ..:ell pnpulalivns .an: rn:>t a\ ailab'.c fnr ~\. er;- :.:dl 
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type. rclk<.:ting the fucr that fo\\ cell types arc clearly defined in moJccular terms. Second. 

trnn~cripi. abundances vary grcatl: from cell to cdL !""or example. (~-Adin {Adb} mRNA 

contem varies more than three order:-. of magnitude bct\-vc-cn pancrcatk islets cdls ((lengts:-on 

ct al.. .G~JJnicJ(;;:J~es. L'i: l 388-1392 (:2005)). Similar n:sult~ haH hc\.'n repPrtcd, using a \a-ariety 

5 ,.-1ftlctcctinn methods. for R:\'A polymerase [I {Raj et aL PL;2~ Biol 4 309 (2006)), GAPDI-I 

(Lagunavicius cl aL. W\1\ l S: 765-771 {2009) and Warren et aL, Proc. ~atL Acad. Sci. U.S . .CL 

103.17807-178! 2 (:2006,). Pl.. I (\Varn::n -ct aL supra}. and TBP. B2\,t SDE L\ an<l EE I F(.i 

mR~_'\:-. {Taniguchi et al.. Nat_J\J~thod-s 6:503-506 (2009)). and at pre-sent seems to be a 

common feature ofth-..· tram,criptorne-, 

lO \!ln::-t or lht' variation ma) b-c inlrinsic. caused by b-urst•likc ~tochastic activation of 

transcriptinn. "\Vhere hricfcpisodes ofmRNA synthesis 1as!lng a few minutes are separated by 

periods of transcrlptim,al :-ilcncc l.•f simi!ur duratinn (Chubb ct aL Curr Biol 16: l O l &-1025 

(1006)). Each bur:.t would giyc rise to a dense population of mR;\i/\ in the nucleus.\\ hich is 

then -:xpor1cd to the cytoplasm and rapidly Jccays. As a con~cquern.:c. a random sample of 

15 celli;; would shov, grcal variati,)n in tfo.:ir content of particular mRN:\s. ranging from those cclb 

that have just undcrgcine a burst. to thl.l:-;c that have nearly compktdy degraded their mR\iA; 

tbis has been di redly observed for RNA polymerase ll transcription in si1u using a fluorescent 

probe rnrgcting the 52-copy repeat in that gen;.; (Raj et al., PLoS_.B_iQ] 4:3(}9 (2006)). 

in summary. there arc ollen no suilable ceU-surfacc markers to use in isolating single cells for 

20 study, and even \\·hen there arc, a small number of single cell'..; i,; not sufficient to capture the 

range of natural variation in gene expression. fhc present invention aims tn O\en.:omc, or 

n:duec, these problems hy pmviding a metlH)d cf preparing cDNA libraries \-Yhich can he used 

to ar.nlyzc gl'nc expr.!s::don in a plurality of single cells.. 

SUMMARY OF HIE l'.'<\'ENT!ON 

2:5 The invention provides methnd for preparing a cDNA lihrary from a pfurnlit;, ~)fs.ing.ic cells. 

fn ,._,nc aspc..:t. the mclhod includes the ,m:p!> orr ... ·ka~ing mRNA from each single cdl lo 

pn•\ i.Je a plural ii) or inJi, idual mR1'A ::arnpiec;. s~-mhc~izing a first '>trami nf d):\"_-\ frnm the 

mR:-..:A in each irnJi..,idual mR".:.-\ samph: and inc1,rp.___)ra!ing .:1 ~ag lnt11 th~ cD'\A tu pr1widc ;-1 

plural!!) nftaggcd cD~.-\ :-ampks. pncling the 1.:1ggc<l cD~,\ ~amples and amplifying the 

30 pooled,:[)~:\ samples to gcnerntc a .:D:'\'i\ librar~ hm ing d0ubk-"-!ranUed cD:\A. The 

i1n:enrion ;;.lso pn-1\-idc<-, ;:i cl.}'\;,\ iibrnry prod~i-.:c<l by the rnt'thods dc:-.crihcd hen:in. 'I he 
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invention further provides methods for anal)7ing gene exprcs:>ion in a plurality of cells by 

pn.-:r,aring a cDNA lihrary a<; dcsi..:ribed herein and sequenClng the library, 

HRIEF 1)£SCRIPTIO'\ OF THE DRAWINGS 

The figure'.> arc intended to ilfu.stratc broad conccpl.S of the- invention by refcr.:ncc to 

5 reprc"c1~tatJ'\,e e-xampk,;; for -.~a~ ofdiscu~sion. T'.lc} arc not inkmlcd tu limit the scope of the 

invention by shO\ving one out of ~veral alternate embodiment:, or by ~hmYing nr omilling 

nptinnal fi:aturcs 0fthc invention. 

Figure 1. panc'.s 1\-F. shO\\ an ovcrYicw ofa mclhud of analyzing. gene cxprcsston in a 

piurality of single cdk (A) the rissuc of interest is. Jbs..-i.:ted: \8} a plurality of single cells an: 

10 '.>elected: (C) sing:k cc-I ls are ptuccd in separate \Velis, of a 96-,,,.,-eli plate and lysed: tagged 

reverse transcription is rcrfi.wmcd on each s.1.mpk tn produce cD--:--rA; i.D) cDNA samples ar,: 

pooled and amplified: (I:; sequencing is performed to obtain 100 million reads: and (F} 

idcnti fkmion of expressed genes and idcnli fication {)f cells from which lhcy {_)fig inated. 

Figure 2 ~hows the synthc'>is nf cn~·<A by template s,vitching. 

15 Figur<.' 3 shows an e,'l.amplc o!' a template swi:.ching ol igonuclcotidc comprising a Y 

amplification primer sequence (APS), a cell tag and a .r sequence for template s-wit;::hing, 

Figure 4 sho\\S an example of a cDNA syr~thesis primer {CDS) comprising a 5' amplification 

primer scqucn-::L". (APS), a cell tag and a 3· R~,-\ complcm,:ntary sequence {RCS). 

Figure 5 shows the visualization ofcDNA sampks LOOI and L002 following foil-length 

20 cDNt\ amplification by PCR. Lane!: 100 bp mar!,;;.:r ladder: lanes 2-3: 25 cyi.:ks: lanes 4-5: 

30 ..:ycles; lar:e:; 6-7: 3-5 cyck:-;. Even !c:mcs contain sampk l,001 .and odd I.mes contain sample 

L002. 

Fi~ure 6 shows a dilution series from .:.t test PCR u:-,;ing sampi,.;, LOO I (lanes 3-l ()). Lan.;::s 2 and 

11 contain a I 00 hp ladder as a size marker. 

25 ·Figure 7. panel.:; A and B. shnv, the gel i:kctropih>rc5i::-- separmiPn and is0l;:iti,,;•n ofcD~A 

Ehr:u-ic::-, Pane' A. '.>IH'\\:. a cD'\A library fo!Jm,·!ng tina! a,11plificati..:•n by PCR ( 16 c:-,des) 

(!an~s 5 anJ 6i. Panel B sh\l\YS. the 1:25-.200 hp region has been t."-::..::isctL Lane:. .3 ::md 8 conuin 
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.Figure 8 shO\\S an example nfa sequenced cDNA molecule from a tagged d)NA library. The 

primer sequences for SOLD scquern.:ing (Pl ar:d P2) are underlined. The cd!-spcl'ific tag is 

bo:,.;cd. l"!1..:- =:-5 Us frnm the tcmpla!L'-swill.'-hing mechanism are shaded by a grc-) box. 

Sequence fn.1m the TOPO clcning \·ector is shown in italics_ fhe insert in this -1.':H~c is whulin 

5 beta 2c. 

Figun· 9 shows a graphical rcprcs,.;;nt.ation of results from a qu.J.ntitati\e rea!-time PCR 

L·omparlng bulk cD'.\A (hPri.1ont3J a_-..;is) n:rsus 96-cdl tagged cDNA (vertical axis). Fach 

cln:le represents a PCR primer pair directed again~t the indkated g~nes. The units are arbitrary 

and are derived fr0m the ..:y..-: lcs-to-lhreshlild value, Cr-

IO Figure IO. pands A-L !-how an overview of the singk-cdl t~igged reverse trnns..:riptinn 

(STRT) method and exemplar) results. !A) OvcrYic\-\ of the mcthtxl. illustrating ho\\. single 

ccll'i- were lra\..'.ked. \Vdl-specific (anti hence cdl-~pecific) b.arcodes \\·ere incorporated during 

,;,:DNA synlhe~is. resulting in a library where- each molecule carried a barcodc i<lcntit)-"ing the 

cell ofo-rigin. {B) E:-,-,.amplc nfreads mapped to both strands of the 5 kh f\1u5fl locus. shown 

; 5 as a eovcrngc plot. Reads were ::;trand-specific and mapped mostly to cxons. Non-mR~A 

backgmund was minimal as judged hy hits to intmns on lhc forward strand {top lane) or to the 

reverse strnnd (boaom lane). {C) Comparison\\. ith. standard R~A-Scq (Cloo~an ct al. :'lat. 

Mcthc,ds 5:613-619 (2008)) for the 6 kb \.anog locus. Since cD>-'.A synthesis ;,vas prim(.~ from 

the poly(A) tail. reads \vcn: t:,.picaHy clustered at tbe .rend {top lane). rhc extended. 3. UTR 

20 ofNanog (light blue_) ,vas clear!:,- ,ktc(:teJ by hoth methods. SQRL reads extended 10 5' exon-:;. 

bul showed mnrc intronic background. (D) The mitochondrial genome. As cxpcckd. 

transcription \vas nearly exchi5lvcly detected on the I! strand (t0p). with only a f;:w tnmcatcJ 

tran!'.cripts {arrow) originating, 0n the L strand. Protein-coding genes arc indicated on the 

boHorn. (_[) Gene e:-..:pression nn chromosome 19. Coverage on the fon-..ard (top !anc) and 

25 n:ve-rse (middle) !'.trands \\35 highly corrdatctl \'-·ith lo..:al gene density (botwrn). Gcm:s arc 

shown as hori.r,mtaJ stacked hars. For -darit}, the Yertic.al scales in (8-EJ are truncated at hair 

mn:\ imal Ya!uc-,,. 

Figure l L pands A-F. .... hm\· graphical n.·;1rcsL'ntulion ufstcps opti(mally u5cd in the STRT 

method. Pane! A shm\ ..,_ a re, er:,e tran:-'-·riptio11 st,:p. ,\ tailed fl!ig'-1-JT primt-r directs '.>} nthe~i~ 

.?-0 ef a ,.;O"'.'<A strand. \\'h,._•n the end of the kmplatc R'<.\ i:- reached. rCYi..'Pit' tnmseripL.l.sc add-. 3-

..j. Cc, <1: 3 • pf cDl\:"\ :-.trnnJ !du,: to ih h:rrninal mmskras~ acti\ it);. Pand fl sho" s a template 

~witching :,tcp. BJ.rch.kd helper nligc• ~nncnls transiently. and cD>-'A :::,.)nlhc:-.i:, pmcc~·Js U'>ing 

the. nligo ao, tcmpbtc. A'.-. ~1 i:on~c:qucn..-:e. th..:- .r L·ml i1fthl..'. c.D"'\;.\ \\ill ..:3rr;- barcndc 1,XXXXJ. 
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BtsCl rccogni:ic,n (Bts) and primer annealing (Pr) sequences. Pam:I C sho\\S a single primer 

PCH step, The ends of the cD~A have identical sc<.1uenccs and arc amplified using a single 

PCR primer. \\-hich hdp<:- :>upprcss short amplicons. Panel D sho\\.S a fragmentation step. The 

amplified lihrary is fragmemed to 200 - 300 bp using cnntr,Jllcd D'N"asc digestil,n. P:.-md E 

5 shows an immnhilintion and end-repair step. Both 5' (\\]th ban:ode {Br) and B1sCI :site (Bts)) 

and 3 • fhlgn,cnts arc bound to beads, \\ hik inl.crnal fragments are washed an-a}. Panel f 

show~ fr.1grnent release and adapter lig~1tinn. -S- fragments arc r.:k•;:1s<.·d by BtsCf digestion_ 

leaving just the barcoJc {Be) and insert (white area,). 3· fragmenls remain stuck on the h.:ads. 

Genome Au1.l!y.,.er paired-end eornpatihlc adapters (P ! and P2) are ligated. The library is 

10 sequenced from the Pl primer (and C('uid optionally be scqucm:ed also from P2), Pl reads 

begin with a 5 bp barcode. fril!nwcd b) 3-4 u..,, followed by the cDN/\ in--:ert< P2 read~ would 

yidd tml)· cDNA scquem:e. 

Fi~urc 12. panels t\-D. shmv .a graphical representation of an absence of motifs surrounding 

the tcmplalc-switd1ing site. Al I reads were exam in,~d in ._,amp!c I 006 fr}r the pre~en-C'e of ,m;-

; 5 motif around the template-sv,:itching site (that is, around 1he 5 • er,d ,._,f each read). Sequence 

!ogo~ arc shm\n for the 20 b&.cs of genomic sequence upstream and do\1.nstrcam of the first 

nuckottdc (arrow) of each mapped read. As exemplified in A and B, in typical cases (92 nf 

96). no strong motif v,,a:-.: dctci.:t,xL indicating an absence of significant mispriming events. 

which w-ould have generated nn upstream ;notifcomr,lemcmary to the primer. fn fi.mr cases (C 

20 and DJ. there \,,as a general pr-cfrrcnce for T-rich s.cqucnccs particularly in the first 20 bases of 

the read. This occurred in wd!s \\ilh \-Try small numbers of read'>, indicating a faiicd reaction. 

I-lo'A-ever. in a singk case the T-rich motif was observed despite a large number of reads. 

Figure 13. panels A 2.nd B. show a graphical n•rrcsentation of hotspots t()r template S\\ itching. 

{A) The Acth lo..:us is e:-.presscd from rhc iov,cr {rc\'crse} strand, right to 1~11 in the figure. The 

25 top 1\\o tracks shrm aggregate hits en the forw:.1rd and reverse strands, rc<..pe-cti,-e!y, 

d.cmonstratmg :-trand spccifici~:r and !ack of background in intrnm.. The middle (hluc} track 

shov1 s the cxzm, intron strw..:tun: ;:_if the gene. The hl\\cr track show::; indi\"ldual hits from ~ingk 

cclb. Each pix,cl fO\\ rcpn.:scnb lhe hits fnnn a .. inglc cc-II as hl.:1d doh. TherL· an: 96 pixd 

rows aiti_igctb.:-r. {BI The same analysi" \\·as done for Snx2. a singk·~c:xo:n gen~ tran:;cril1':d cm 

30 the ltxn ard ( upper) -;tran ... t .:;ho\,\ ing the tblUI 3 • bias. In both i A) and ( H). hut:,pnts \\ ue 

clcarl::. visible, and \\Cr.: s.hared nmong cdls. suggesting the: represent structural sit<:~ on 

rnRNA Lhat fav-or tenninaiion of d):\:/\ synthcsb. RI\;\ hydn-1l)sis and/or template ,;v.-·iti:hing. 
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Figure 14. panels A and 8. show a graphical representation of the new discovery rate. (A} 

shm\·s the rate of discovery of distinct mapping reads as a fonction of the total mimbt'r of 

rca1.b, )\;fmc ofthc sample-: \\Cr<: sequcm:cd to saturalion. ~nd most libraries \\ould likdy 

cnntaln at least 3 million distinct mok.x-ulcs. indicating that on average at least 30.000 di-.tinct 

5 mo!ecu!c~ pc-r cell were success.fully converted ro arnpiiliabk ..:D~A. The ..:urves are wiggl) 

<lue to inhomogeneities in the thtla. prc'.-un:ably caused h) impcrfi.x:tions in :he duster PCR 

proce'.\s that cm generate t,1cal Cuplicates. and thu-; k-s'.-> than rand0m sampling. ln {B) the rate 

of discovery of distinct annNatcd ti.:-aturc:-. is shown as a function of the nurnher or mapped 

reads (for sample 1.006). Saturation \'Vas rcache.J quickly. shu\\•ing that most leatun.:~ present 

IO in the .xlmp!e umld be discuvered Jt nwdcsi sampling depth. 

Figure 15 ,;hn,.,s a graphical represen:ation frx distinguishing expression of overlapping genes. 

Because of the strand-specificity of the templatt>:-wi1ching mechanism, .strnndcdne,;s could be 

maintained lhrnughoul the protoc-oL This ,His especially lmp,.,,11ant for genes with tnerlapping 

e:xons. Represented in the figure is an e:...amplc of such a pair nf genes .. n~thcp.sin •\ (Ct-,~) ;mrl 

l.; Phosphnlipid trnn.sfor protein {P!Jp), whose last cxons overlap. \Virhout strand information, the 

reads in the last four exon-s of P!tp could not be distinguished from the reads originating in the 

last cxon of Ctsa. There arc about 3.000 genes with simjfar overlapping 3' cxons. 

Figure 16 shows a graphical representation of length hias for trar:scripts. ln order to detect 

an) hias again,:.t short or long transcript'.,., the average expression level \Yas calculated as a 

20 function ofmRNA iength (in 200 bp bins) for sr:;mple I.019. Each bar shows lhe expression 

Ic'\cl of genes \vith transcripts .sh::-irtcr 1han the indicated length (thus the first har contains 

tnm~cripts O - :::oo bp long). Over a ,_.idc range ofmRNA length, there was no a;-,parent 

diffrn.:ncc In mcasurt:U e:x.prcs.si;in levels.. The sh,xtcst transcripts (<200 bp) \\.ere ;:,r~sumnbl) 

supprc.s~ed hy the gel purification <;tep where inserts> l 00 hp ,vere selected. The apparent 

25 ovcre.,prcssi(,n nf gene~ in the --WO - XOO bp range can possibl} ht' explained by a more 

effici(:nt tempiatc sv,:!tching in thi:. range, \\her,: cDNA synthesis ',\ould often r.;a_;h the 5· cap 

of mR'.\:A. i\ltcnuni,·dy. it can simply be due to the presence <'fa fr:\\ ,ery highly expressed. 

gt."ncs in 1his range. including Dppa5 and Rp-. !4. 

Figure 17, pan..:!s; ,\-F. >s.h(m· a graphical n:pn:,;cntation of the quantirntJ,..,: accurac)- nfth,: 

.1-{J -STRT mdhnd. (A) Distribution of f<:enc expn::-si(•n Inds. in transcripts per milli{1n (_t p.m 

::,.hu\.ved prc,J,Jminani I:, l,n, expression. ir: the l O - 1 ()0 t.p.rn_ range. (Bl Comparis;m nf t\\'O 

eel le, sequence w a Jep1h pf ,1ppruxinwtcl) 500 OflO rcads:"cdl. In this ca:--e. g_l'!H.'S h..-:lrn\ l 00 

1 p.m. ceulJ be ac...:ura1el)- quantificJ. \C) Cumr;:irisnn uft,\c t.:eib -.;,._-qncm:1:<l to 
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8 
approximately 100 000 reads/celL ~n this ca.-:e. sensitivity tlrnpped ro ahout 100{) Lp.rn. (D) 

Proh-ahiiity of detection as a lllrn.:lion ofc:-:pres!>ion kn!. Fach dot shO\\S a gene-. with a given 

avcr~tgc expr-.::'>'iion level (across all cellsl and fraction of cells having non-zero e:,;pres-sion of 

this gene. rhe distribution approai..·h the theor.::tical limit of random :>ampting givt:n: the actual 

5 d-..·plh r,f -;equ.::ncing u~cd here- ( Jas:hcd ltn,:). (E) Compmison \\ Ith quantitali\·c real-time PCR 

fi1r the fuur ES cell.s ~hown in (B) and (C), using select m2rkcr;,; (1fpluripotency and 

diftC-rentimion, in gen~raL the quantitative accuraq was good. with a :,inglc putative false 

p,1siti\-e (Lome':-- in ES Cell #4). llnwevcr this ,,as a rare event. an<l wa~ not ob5crvcd for this 

g~ne in any tifthe other 160 ES ,;:ells examinetl. ()-PCR kvc!s. wcr(: convcrtc:d to t.p.m. by 

i O normalization uf the Acth!J 08 I primer pair\\ ith ES cells ti I and #2. Act in •xa:<. then 

independently measured using a different primer pair {Acrb/1832) to confirm the a,;curacy of 

the normahzatinn. 

Figure 18 shmvs a graphical comparison between STRT Q-PCR and mlCroarray anal)ses. 

( r-cnc~ cxp1.x:tc<l lo he expressed (Acth. Pou)tl. 71p42, Snx:?, K lf..t, N;,_nng, PH.; I 7.ld) nr not 

15 c:,;.prcssed (Gata4. Brachyury, Fornes. Otx I, Cdx2. Gata5, CalbL {ifap, Dppa3 and :\ieuroDl) 

in undiffcrentint~d ES cell:s were analyzed by STRT, quantitative real-time PCR (Q-PCR) and 

lllumina n:icroarray. There \HIS good c,irrdation between STRT and ()-PCR, and to .a lesser 

extent with microarray data. Jn particular, Sox2 v,,as undcrcallcd un the microarray, while 

()tx l and Dppa3 \Vere appnrcr:t Cabe positive:-;. The microarrny data is the mean oft.wo 

20 hybridi:1.ation reactions. Q-PCR was performed in dupfo..'atc and repeated once for 

confirmation, and the STRT data is !he- mean of 160 single ES cells. 

Figure 19. paacb A and B. ~how a graphical representation of gene expression distrihutlon 

aero'>'> cells. (A) show'.-; the distribution of A-:tb e'.\.prcssion levels a.:ros.s all cells using STRT. 

(Bi show5 1\ctb cxprc~sion in pancreatic isli:-t cells from Bcngtsson ct al. Genome Res 

25 i 5{ l 0}: 1388-9:2 {2005) for comparison. 

Figure 20 sh<)\\'~ a principal ..::omponeni analysis. In order to discover and du:-.kr cdl types 

hased on exrrc"->-;inn Jam. the fh:e independently prepared Q6-cdl '.-;<.!mplc-s. ~\ere subjcdcd to 

principal c,m,po11.::ll ;:maly:.J,.,_ The three iypes of .:elb IFS. '\Jcuro-2A. and \,1 FI- J ckarl:, 

ch,,tcrcJ scparn.td)-. although \lL!"s JiJ not fi.,rm a \.ery di:stinct ..::!us.i:er, >.,fore-c:\er. ES ceils 

:S.O rrs:parc-d indcrcndcnlly t'lu~h:n .. ·d wgether. shO\Ylng thal the PCA Jid not .;imply pick up 

sample pn:pmatlm1 UiO~r~nces. This demnnstrntcs !hat smg!e-ccl! cxpressi("!l data .:-an h~ used 
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Figure 21. p.anels A-C. show a grarh-bascd vbuaiization r·cell mar'") of the expression 

pattern. (A} Celis. rcprescntt!d by graph nolks {circles) ,vcrc laid out randomly, and edges 

,,ere- drJ.\'.-n from each cdi tn the- fi, e other cdb it \\as mo~t high!y correbted with. (Bl h1Tce­

dircdl:.'<l layc•lH \\as thcd to la) out the graph on a plane. In tbis layout. cells repelled each 

5 oth~r uniformly, hut were held together by cJgcs a,.;tin~ as elasth.· ~prings. The resulting \ isual 

map was CO!l'.'>i.\h..'1H with knm"'n ct'!! identities (ES ceJs vs '.\!curo-2.-'\ cells). \\·ith some k'>s 

dc~ply sc.'"quen,.;eJ cd1s she\\ ing poor sep-uralion. {() Adding m,_)rc [-S (ells as \\·dl as 

fihrnblasb (:\tHTs) expanded the map and demonstrated that indcpcndcntl;,- prepared ES cdb 

gmupcd tugeth1;:r :u:curatel)-. 

! 0 Figure 22 shO\YS the \'i:-.ualizing of gene cxprcssior: on a cell map of Figure 2 J. Each map 

retains ib layout from Figure 21C, but cells are shaded according to e;'>'.pn:ssi'.'-.n of the 

indicated gen~. A logarithmic scak \Yas. used (upper right}. \1itochondria! ribosomal RNA 2 

(mt_Rnr2) \1,.as the highest-expressed gene ofa!!. ilou.s.ckccping genes such as Actin (Acth) 

and rihnsoma! protein 1.--l fRpl4) were d-ctcckd in all i:cll t~·pes. hut not in every single c,.:11 

! .:.; The po\-vcr of shotgun s.inglt.· ct..·il expression profiling \vas revealed for low-expre!.sed genes 

like K-ras (Kras). \-\ hlch \Vas. dc-tcctcJ only in <.ipproxirnately half of all cells. hut still clearly 

expressed in all cell types. Calbindin (Calbl) was absent, as c;,,.pcctcd and con finned by()­

PCR. A set of wcll-knmvn ES cell markers (Dppa5, Sox2. Sall4, Pou5 fl. Nanog, Zfp42. Zid 

and f-:srrb) ,vere clearly expressed specifically in the ES cell cluster, \\'hereas Kif 4, "\1yc and 

20 KH2 were more widely distributed. Dppa3 ·was not detected, .:is confirmed by Q-PCR (Fi~ure 

18) 

DETAILED DFSCRIPTIO:'\ OF THE J:'\VE",1ION 

The present invention provides method;;., and compositions for :he analysis ofgenc cxpn.:ssi0n 

in singk cdb or in a plurality of s.ingk cells. 1n particular, the invention provides methods for 

~5 preparing a dJNA library from a plurality of ~ingie cells. The methods arc based on 

determining gene c,prc:,.sion Inds from a population of individual cells. wtich can be u,;;cd t(' 

idcntif) 11atural \.J.riarions in gene c-xrr~ssi,,n tm a .:ell by eel! level. The methods ..:an alst> he 

ust:>d to identify and chara(.tcrizc th..: cellular 1..·ornpo,;ition ora pnpular!on nf.:eHs m the 

<1bscn--:c nf '>Uitublc ccll-~unilcc markers. "I he rm:1hod" ,k~cribt·d hereln ubo pro\'i<le the 

30 ~h..hantage ofgenera!ing .l cD~A library ;,:pn:'-.i,;ntati\.T lifR:\'1\ co:nent in a cell pnpu!atinn b) 

usi.'.1~ single cd Is. ,\ here.is. cD~ A I i~raries pr,:parcd hy c!os.si,.-al mi:thods l) pica!l) require totai 

R'\A i"olaicd from c. large pnpubtion ('>CC l.::...Jmpk l). Thu:,. a cDNA llbrary prm.ldced using 
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population of cells by utilizing a smaikr subpopu!atlon o-f inJivldual cells along with 

additional adv~ntages as. described he-rein. 

Emhodinwnh of the invention also provide samrEng of a large nuncbcr of single cells. Using 

similarity nfe:-..prcs~ion panerns. a map nfcei!s eJn be built ~ho½ing how the cells rdatc. This. 

map can be used !(, distinguish ..:ell types in sdic1>. hJ detecting cluster.; nf dosely related cells 

{see Ex.ample U). B:: :>am piing net ju:-;t a Jew. but !arb,(' numbers of' ~ingle 1..:c!ls. similarity of 

expression patterns can he used 10 build a map of cells and ho'-,., lhey arc related. This rm.::thod 

per;nits access lO undiluted expression data from en:r) di-stin.;t type of cell prcc-,cnt in a 

population. '"' ithout th.: nc.:d ltir prior purification of rlwsc cell types. ln addition. whcr;:'. 

l O kmmn ll'tarkers are .avaibble. these c;1n he used in '}i/ico to dclin..:atc cells; of interest. Th1; 

validity of this approach is shu,, n in Lxarnple U, vd1ich analyzes .i c0llccthm of cells :-::amp led 

from three di-;tinct i.::c-11 types (mouse cmbr;,onic s~,:m cells. embryonic fibroblasts and 

neurohlastoma cells) of distincl embrynnlC origln5 (pluripotcnt stem cells vs, mcsodcnnal and 

ectodermal gem1 layers) and disease state (normal vs. transform~d). 

! 5 Emhodiments nf the invention proYide a method of preparing a ..:DK/\ !ihrary from a plurality 

of single cdls by rcle,asing mRNA from each single ceH to provide a plurality of indivldual 

samples, wherein the mRNA in each individual mR:--.:A sample is from a single celL 

synthesizing a first strnnJ of cDN,'\ from the mRN/\ in each individual mRN,.'\ sample and 

incorporating .a tag into the cDNA to provide a plurality oftagg;.,,'"d cDNA samples, wherein the 

20 cD>;'A in each tagged cDNA sample- i.s complementary to mR::--.JA from a single cell pooling the 

tagged cDN;\ s.:i:nples and amplit)'lng the pcoled cDNA ::.amplcs to gcncralc a cD?\A library 

comprising douhle-strnndcd d)"A. By utilizing th:.". above mclhod. it is foasibie to p-rcparc 

samples for sequencing fmrn several hundred singk cells in a short time and ,vith a minimal 

amount of work, Traditional metho<ls fix preparing a fragment library from RN.A for 

25 scqw..::m:ing include gel excision stc-p;, Lhnt arc laborious. In the absence of spc:.:ial cquipmc11L 

it i:. not con1.-cnicnt :o prepare more than a handful of samples in p;:;.ra!lcl. In some aspects pf 

the mcthnds dcscrihcd herein. 3. ,;et .pf96 cdls; is prepared as a single sarnpk (after cDNA 

~ynthc:.isi. ,,..hkh mah.es it fea;,,ible to prt"pare several hundred cells f'Or sequencing. 

:\JJiti-onal!:,. h:' .. :hnica! \ariati,,n i::,, :c1inimizd bcrnusc l;'.3,:h s.d of96- ;:dis i:-, pr,eparcd ft1gethcr 

.,0 (in a single ll1hcL 

ln some aspect::-; of:hc imemir•n, each cDNi\ sa1!1ple obtained frorn a singk ..::en is tagged. 

\\ hich alkn-.,. s gene c_xpn:>:-,::.iun 1(1 b,.,· analyzed at ih,:; level er a s.ingk cdl. ·1 his a!km s dynamic 
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I I 
the brain) tr, be <ma!),'ed. In snt!!c aspe..:b of the invention. the cD'l\A sampks can be pooled 

prior to analysis. Pooling the sampk:-. simplifies handling of the samples from each single cell 

and n:Juccs trle time required to analyt.c gene expression in the single cells. v..-liich allov,:s for 

high throughput analysis cf gen,: expre<;sic-n. Pooling oft he cf)'A sampk~ prior to 

5 amplification .a!<;O provides the advantage that te..:hni..:.d -variation hcn,.:ccn samples i::o. virtually 

diminah:d. In addiiion. as tho: c0'.\1\ sample-; arc pook--d hcforo,,; amplification. !cs:-, 

amp:ificaticn is ri:qul:r-ed tn generate sufficient :1rnounts of cDNf\ for subsequent anJ.!y~ls 

compared to amplifying and treating d)NA samph.·s from t:ach -,;ingli.: cdl Sacparatdy. This 

reducl;'.s ampEfic.;-ifo_,n hias. and also mcan5 tluH an) bias will be similar acro~s all lhe cells used 

IO to pwvide pouled cD"IA samples. R"IA purification. stnrage and handling are also nc>t 

rcquirc<l, wh'.ch hdps to eliminate problems caused by tho.: umtab!e nature of RNA. 

As the cDNA libraries prodm:ed by the- method ofth..:: invenlion are suitable for the aaalysis. the 

gene c:-.pressJon profiks c_•fsfo:gle ceHs b) direct ~equcncing. it is possible to use thcs-c libraries 

~o study the c.xpresskm of genes which were not previous!:-, known. and also to analyze 

15 alternative s;>licing, promoters and poi)-udenylation signals. Preparing the cDNA libraries as 

described herein, provides for a scnsitiv,.: method for detc..:ting 3 single or !ow copy RNA 

transcript. The s.cnsitivit::, of the method is shown in Figure 17D and described in Example lL 

For e:xampk genes exr,ressed m 100 transcripts per million (t.p.m.) are detected ab-out 50% of 

rhc time. However. as shm\-n !n Figure 14A, the samples ,,ere not saturated, so there is 

20 additional sensiti-vity that is achievable with deeper sequencing of the samples. Accordingly, 

the method for preparing the cDNA libraries as described herein detect a single or Im,._. copy 

RNA transcript at least 30% of1hc time, or ahernativcly at leas: 40% of the- ~imc. mat !east 

50~,o ofth..: tline. m altt'rncnively at least 601% of the time. or ahernative!y at least 70 % of the 

time, or altematiH:ly at least 80~'0 nfthe time or alternatively at '.cast 90'%, o!'th~ time, or 

25 alternatively at kJ.sl 95~-Q of the ti>ne. 

LmboJimenl:s of the invention also provide a method fi.,r id•.:ntifying a 5-\ngle cell type- out ofa 

sample amhw determining 1he tramcriptor:ie of a ~ing!c- cell b) preparing a cD".\A l!hniry .JS 

ck'>cribt:d h...-rcin. cktermining the e.xpre::.sion levels of indh·idual eel Is in D popu I al inn, a!ld 

m::i.pping of the indi\'iJual c,:tb bas-c-J t>n ~imibriry nf ("xprl.."ssic,n p::ltlcrns. 1\.fapping ()f 

30 inJi\-itJu,a! -:ells can b...-: done in vifo:o b:,.- one t 1fskill in the art and in particular utili:ting the 

mdhod~ d-e:---~rlbcd herein. :>lh."-h :is shown in f·::-...ample ll. The number ofcdls m:1.:<led lo 

d<.:terminc- the frequency ofa gi\.cn c-cll iype in th.: piurality of cells \\·ii! fi.-..llow a hin-omia1 

Ji'->tributi,,n. F,.'I" (':'sample. a pr...-:dc!crm lm:d numhcr of !ndi-vidua: .-:c-11:-. can be sampled --.:p tha~ 
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.at least ten of the dc:sircd type are c"\.p.:-cted tn be detected. Accordingly. iflhe frequency of the 

cell type in the sample is HJ0
,;_.,_ a cDNA library from approximately 100 cells will nt~d to he 

prepared and anal1zcd as (k-.S.;.'ribcd herein, 

Thi,;" term ··-:DNA !ihrar2-" refers tc-, a collection of cloned compk'llH.!ntary DNA (d)NA) 

5 fragments. \\h i;.;h together ::nnstitute some portion \,r Ihe transcriptom..:: of a ~ingk c;.:!l -or a 

plurnlity of sin~k ce!b . ...:D~A is pnidnc-x! from folly trnnscrihcd mRNA found in a eel! and 

th,;:rd(1rc contains oni) th.: expressed genes of a single cell nr nhen pw1kU together the 

C"-prcsscd genes from a plurality of:,;inglc (;d!s. 

As used hereir,. a "'plurality" refers to a pupulation of cdls am.l ,;.:an include an: numhcr of cells. 

!O de~ire<l to '.X' anJ.lyzcd. In sonK' aspc..:ts of'the inv1=ntion, a plural it) ofcdls includes at least I 0 

cdls, or alternatiYel_y al least 25 celb. or ,1lternat!vc!y at least 50 ,.;cHs, or allernativdy at least 

l 00 cells. or alternatively at ka~t 200 cci!s. or a!~crnativcly c1t !east 500 cells. vr alternatively at 

least 1000 cef\s. nr ahernativdy .5,000 cells or alternatively l 0,000 cells. In another aspect of 

the invemion. a piura!ity of ceUs includes from JO to 100 cells. or altcrnativdy from 50 to 2HO 

15 celb. alternative!~ from f{lO to 500 cells, or alternatively from 100 to 1000, or altcmativdy 

fn .. Jrn LOOO to 5J)OO cells. 

The expression .. amplification"' or ··amp!ify'.ng" ret"e.rs to a process by which c;...tra or multiple 

.;opics nra panicuiar polynucleotide are formed. Amplification includes methtxb such as 

PCR, ligation amplification (or ligase chain reaction, LCR) and amplificalicin methods. These 

20 methods are kn1),vn and \.\;ideiy practiced in the art. Sec. e.g .. U.S. Patent ~os. 4,683.195 and 

4,681202 and Innis et a!., "·PCR protocols: a guide to method and applications .. Academic 

Press, !ncorporaled (1990) (for PCR): ant.I \\/u ct al. (1989) Genomics 4:560-569 (for i.CR). In 

general, the PCR pw..:edurc describes a mdhod cf gene amplification which is comprised of {i} 

sequcnce-spccifi...: h:,.bridi,»tion of primers to ~pcci!ic genes within a D~t\ sample (nr library,L 

15 (ii} sub-sequent an:pEficalion inY\)!ving mulliple ruund-, ;:;f:mnealing. clongali(ln. Jnd 

Jenatura1i1J-n u":-ing a D"'.\:\ p,_-i-lymernS<. and (iii} screening the PCR prndu..:b fr•r a banJ \1fth.:: 

cr,r:c-ct :-i...-:c. The primers u~cd arc Pligonm:leotldc-,. of-,.ufficknt length :md .1ppropr!atc 

:ocqu ... ·ncc LO pr<.!\ iJc initiati'-m ol"pn!yrneri..-ati,..n. i.e. each primcr :s specifically design("J to he 

compkmcnt.1ry lo cad; c.,trnnJ ,.,!'the genomic Jocu-., to he amplified. 

~(1 Rcagt.:nh ::;nd hard\\arc for cnn<lucting mnrlltkatim: react inn ~1rc cummcn.:iall:,- av:.i.ilabk. 

Priml:.'1--. usdU! to ampli(\ s~quences from;, particular gene region arc prcfC'rabi::, 

..:om;:-il-cmentar:-, in. a:1d hybridi1.L"" -.pc::illcal:y to ~equcn-.:es in the larget region or in its flanh.ing: 
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regions and can be prepared using the polynuckotiJc sequences provided herein. :--;udcic acid 

sequences generated by amplification can be s..:qucnccJ directly. 

When hybridir.atinn \,ccurs in an amiparallcl configuration het\',:een it-1,·u single-stranded 

pnlynudcu1ides, th.: rea,:tion i:-; called ··annealing" and tho~e pulynm:leotid.:s are described as 

5 "nm1pkmcntary". i\ double-slramh:d poly nm:lcollde can be ;.:;omplementary or homologous to 

a1wlh...-r pol}nud.:otidc. ifhyhri<llzation can o..::<:ur be.i\\-ecn on1.: or the strands nfthc lirst 

poly nu..::lcot!dc and the sc-..:.-onJ. Crnnpkmcntarity or homology {the degree that ,•ne 

pnlynudcotidc is complementary wjth an0thcr) i::; i.i11antifiable in terms of the proportion of 

hases in oppo,;ing strands that me ,:_~_xp;:cted to form hydrogen bonding" ith each nthcr, 

l O according to gc-neral!;, accepicd base-pairing rules. 

As uscU herein. a .. ~inglc cdl" refers to one c.elf. Single cells usefui in the mi.;thods dcscribc-d 

herein can be obtained frnrn a tissue of interest, or from a biopsy. blood sample. or cell culture. 

Additionally. cells from specifi..:: cirgans, tissues, tumnrs. neoplasms. or the like can be obtained 

and used in the methods described herein. Furthennore, in gc-ncraL cells from any popukition 

i 5 can be used in the mctho<ls, such as a p,,pulation of prokaryotic or eukaryotk single cdlcd 

0rganisms including bacteria or yeast. In some aspects of the im-'cntion, the method of 

preparing the cDNt\ library can includt.· the step of obtaining single cells. /\ :-.ingle cell 

suspenskm can be ohtained using standard mcthotls known in the art including. for example, 

enzymatically using tr)'psin or papain to digc~l proteins connecting cells in tissue samples or 

.20 releasing adherent ccHs in culture. or mcchar.ically separating cells in a sample. Single ceUs 

can be placed in any suitable reaction H~ssd in which single cells can be treatetl individually. 

For c:-;.amplc a Q6-wdl plate. such that each ~inglc cd! is placed in a single well. 

\-kthnds for manipulating s;ingic cells are knov,-n in the m1 anJ indudc f1uon.:scence activated 

eel! sorting (F.-\.CS), micrnmanipulat!on :rnd the use of::-cmi-mnomatcd cc!I pickers (e.g. the 

~ 5 Quixelrr:--1 cell transfer s;, ~lem from Stodting Co.). r ndividual cClls can, for example. be 

md'.vidually sch."t:tcd hascd on features detectable by micro"'copic ohserY;:Hil;n_ such as 

location, morphology. or reporter gene cxprc,:--.ton. 

ln Sl'r.Je ~;..pecb f1fthe invemion. mRl\.-\ cnn be released fr:.-:irn the cells b;- ly~ing the ... ·db. 

Ly~i" <..'an ht' a..:hievc,i b;,-. fi.w cxampie. hcc1ting th,: c,db, nr h) !ht: l<'-C L1f detergents tW olh.:r 

the ;_irl ::an he u-c.eJ :\ mi!d (~sis procedure ::an a{hantagcou~!:_. be used to prevent the release 

uf nu;:.·kc1r clm,mwtin. 11:.cn.:b:- ti\ o'.dii:g gen,,_1m i.:: c,~ntaminatitm ,_1f the d);\.A !ihrary. and tc• 
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minimise degradation ofmR'N'/\. For example. heating the cells ~It 72"C for 1 minutes in the 

presence nfTv,·cen-20 is ~utlicknt to lysc the cells while resulting in no detectable genomic 

con1,unin:1ti<•n from mh::lcar chromatin. Altcrnativdy. cells can he heated to 65°C for l 0 

minute.,;, in water (Esumi ct aL '.'."curn:j_Ci Res 60{4):439-51 (2008}); or 70'-'C fo:- 91) sc,,;onds in 

5 PCR buffer ll {Applied 11iosystcms,i suppkmt.'nted with 0.5'J:?n NP-40 {Kurimn:.1 ct al.. Nudeic 

l\cids Res 3-4(5}:l..':42 \2006)); o:- !:sis ca;1 be achicvr..·d \1.:ith a prot-:asc such as Pmlc-inasc Kor 

hy the u~e of chao:ropiL' salts such as guanidinc isothiocya:-iatc {l .S. Publication No. 

2007/0281 j 13). 

Synthesis of cDNA from mRNA in the methods described herein can be performed directly on 

l O cdl lysmt:s, st11..:h that a n:aclion mi:-.: for reverse transcription ls ndded direl'tly tu cdl ly<;atcs. 

AlternatiYely. rnRXA can be purified after its release from celk This can heir to reduce 

rr:itodmndrial and ribi1s\m1a! contamination. mR~A purification can be aL:hieved by an)' 

method known in the art, for example. by hinding the mRNA to a solid phase. Commonly 

used purification method" include paramagnetic heads (e.g. Dynabeads). Alternatively, 

l 5 spe.:ific contaminants, such as ribosomal R}.;A can be se!ectiveiy removed using affinity 

purification. 

cDNA is typically synthesized from mR~<A by reverse trnnscription. Methods for synthesizing 

cDNA from s.maH amounts ofmRNA. induding from singk cells, have previously been 

des-cribed (Kurimoto et al., "\luclcic Acids Rc:s 34(5):c42 (2006): Kurlmoto ct al., Nat Protoc 

::w 2(3):739-52 (2007): and Lsurni et al., Neurnsci Res 60(4):439-51 {2008)). In order to genernte 

an amp!ifiable cDNA, these methods introdu..:c a primer annealing sequence at both ends of 

each cDNA molecule in wch a \Yay that the cDNA libra:y can be amplified using a single 

primer. The Kurimoto method uses a polymerase to add a 3 • poly-A tail to the d)NA strand. 

which can then 11,.: arnpiificd using a univcr:-;al oligo-T primer, ln contrast. the Esumi method 

25 u:.cs a template sv,·itchlng method to introduce an arbitrary sc-quence at the 3· end of the 

cD~/\. \\ hicb i~ dc.'iigne.J lO h;,,~ rt:\ s:rS\: comple,m.:nrn1·y to the 3' tal t of the cD'\:A s:, nthe~is 

primer. Again. the cD:\".'\. l1brary can be amplified by a ~ingk PCR primer. Single-primer 

PCR ,:xp!oits the PCR .c.un,rcssi,Jn effect to rc<luc:.: th,: .amplifo.:ation or shun cuntmninating 

amplicnns and primer-dimers !Dai ;;t aL J Ric-kc:hno! 128{3)'.-+.15-4J t_20(J7)l. ,\~ the :,vo cnJ<; 

30 ot each .:u:np!ictm are cnmpleml.'nt.:ir)- .. --.h~,n amplkc•ns. will fi:1nn stabk hairpin:,. \¾'hid: an: 

p(•(•r kmp!mcs fix PCR. l hi.:- reduces the amount cftnmcatcd ..::·IY\1\ and improves the yidil 

,1f hmgcr \.'.D:\ :\ n1,1k,cuie~. 
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ln sum..:! a.:;pccts nf1hc invention. tht> ~ynthcsis of the first strand of the cDNt\ cnn be directed 

h}" n cn\·A synthesis primer (CD'i) that includt::s an RNA c.nmplemenlary sequence (RCS). In 

some aspects of the im·cnttnn. the RCS is a1 least partially Cl)mpkm~niary to one or more 

mRN 1\ in an individual mR:\A sampk. This allows the primer. whi.:h is typically an 

5 oligonuc.kotidc. tn hyhridiz,_. to at least some mRI\:\ in an individt;al mRNA .sa1Y1pk :o <lireo 

cDNA s;,nth::si'> using. th...- mR".\A as a tempi.ate. The RCS can 1.:mnprisc l•llgo (dT), or be gen.:: 

fomil)•-sp::cifi~, such as a sequence {)fnuckic adds present in all ma majority relm..:d genes, 

er can he compo-,ed of a random :--cquence. such as random hex:m1ers. To a,·oid the CDS 

pri1'!ling on itself and thus. gcrn:rating mH.lcsircd side prn<lucts, a non-self-compkmentarJ scmi-

l O random s.s:qucncl.'.' can he used. h)r example. one 1eth.·r of the gcni:ti,; code can be exduded. or 

a nwn: cumplcx design can b1.: used \\.hile restricting the CDS to he non-self-complementary. 

The tenns ··o!igonuclcntide .. and ··polynuck:otidc" are used intcn..:hangc,:ibly and refe to a 

pnlymcrit.: form of nuck()li<lcs or any length. either deoxyribonucleolides or ribonucle0tides or 

anal{)_gs thereof. Polynudeoiides ca!l have an~' three-dimensional structure and can ;:,crfotm 

15 any li.m.ction, knm.vn or unknmvn. The folkw.-ing are non-limiting examples of 

polynudeoti<lc:-:.: a gene or gene fragment (for cxampk. a probe, primer. FST or SAGE tag} .. 

exons. introns, messenger RNA (mRNA), transfer RNA, ribosomal RNA, ribozymcs, cDNA •. 

recombinant p;,_1l:..irnckotidcs. branched potynrn.:leotides., plasm!ds., vectors. isolated DNA llf 

any sc(1ucn:.:-;:. !sl1!atcd R:--:A ;,_t[ m1y sequence. nucleic acid prvbcs and primers. A 

10 p,..11:nuckoti<le can comprise modified nucleotide~. wch as methylated nuclc-ntides and 

nucleotide analogs. The term aiso refers to both Joublr..-- and sb.gk-stranded molecule~. 

t.:nkss othcn.visc specified or r.:quired. any embodiment of this inventio-n that -:omprlses a 

polynudcolidc cnc0n1p.1.sses both the double-stranded fl1rm and each of two compJemcntar) 

singlc--str~mded frmus :..:nown er predicted to make up the double-s:rande<l fonn. 

25 /\_ pol~ nuclc,}t\dc is cGrr1poscJ of a spcc:ifo.: sequence of fr1ur nucleotide hasc .. ;;: .adenine {A}: 

cytosine (C): guanine (G): thymine (T); and uracil {l :; for th)minc \',-hen 1he po!ynucleotidc is 

RNA. Thus, the term polynudcotidc sequence is the alphabetical n.:prc..;,cnt3tion of a 

pol_\.lms:ko1:1<le n11..1kc,llc n~is alphabetical repr~scntafam can he input int~, ,Jataba~e:-. in a 

-.:umrutcr having a c,:ntra! pr;,_)i.:L'S'>ing unit and used fr,r bic,Jn1!-.nn;:itll:s 3ppli,.:ati(1n-., such as 

10 ti.n;ctic,nal g<.!thm1i-c'.--- and hnnv>log; sear~hing. 

,\ ··rrimtf. i'.-- a short p ... -.lynu,:kotitk-. gcnera:ly \\ ith a free 3 -Ol l gruup tlrnt hinds to a target 

or '...:mplar.: pokntiaH;- pn.::~cn~ in :1 sc1mpk or inten.:st by h;, hridi/lng with th..: target. and 

ther,..•atkr prom;Hin~ poly1T1-cri/ali,_-,n 1:iL.1 p1:Jyn:idcutide •.:ompk-me-ntar: ru the targel. Primer~ 
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of the !n,-tant inv,:ntinn arc compris<.'d of nudeotidcs ranging from 17 to 30 m1c.lcotid-:s. In one 

a~pcct. the prin:c;· i;;; at least 17 nw.:kPtid<:s. or a!t,.;rnati\cly. at least 18 nuch:otides, or 

altcmativdy . .ii ka~t 19 nud~otk!.cs. or altcrnativdy. at !casI 20 nucleotide~. (1r ah:crnatively, at 

!eusl 2 l m:dcotidcs, or alternativc-l_y, at lca.,t 22 nuc lcnlides. e-r alternatively. at kas.t 23 

5 m11..:k...-.nid-.:s. ;)r alh:rrrntively, at least 2.::. nuclc::1ti<les. or alternatively, at !-c-ast 25 nudc-otides. or 

.:1lt~rna1ivdy. at least 26 nuclcl)li,.ks. ,1r altcrnatiH:I:, at least 27 nucleotides. o-r alternative!;. at 

lca-;t 2~ nudcutides. or alternati\'el), al least 29 nuckotidi:s. or altcr:iativdy. at ka:st 30 

nudcoti<lcs. or alternatively at least 50 nuckntides.. or alternatively at least 75 nucleotides or 

ahernaliYcly at least l UO mKkoiides 

JO The RCS can also be- at least partially complementary to a portion of the fast :-,trnnd ofcDN/\.. 

sLu.:h that it j5 ahle tn direct the synthcsb of a sc.;ond 5trand of cD'.\lA using the first strand of 

the d)¾.iA as a template. Thus, follov,,ing first strand S)nthcsi:.. an RNasc enzyme (e.g, an 

cnLyrnc having RNasdl activity) can be added after synthesis of the first strand ofd)NA to 

degrade the RN;\ strand an<l to permit the CDS to anneal aJ,!ain un the first strand to direct the 

l 5 synthesis. of a second strand of cONA. For cxan,pie, the RCS could comprise random 

hcxamers, or a non-sci[ compkmcntary semi-random sequence {which minimizes se!f­

annealing of the CDS). 

A tcmplat ... ·-swit;:·hing oligorwdcotidc {TSO) that includes a portion \:vhich is al least partiaH:y 

complementary to a portion of the 3· end of the first strand of cDNA can be added to each 

20 individual mRN.-\ -.ample in the methods described herein. Such a template switching meth1..><l 

is described in (Fsumi et al.. "Jel!rnsci Res 60(4):•D9-S t (2008)) and allows full length cDNA 

comprising the complete 5· end of the rnRN/\ to be synthesized. As the tcnninal transferase 

activity of reverse lranscript.1sc typically causes 2-5 cytosines lo he in;;orporated at the 3' c-nd 

of the fir:-.t strand i)f c-D~A :,ynthcsi:tcd from n1R~A. the first strand of cDNA can include a 

25 plurality c-f.c:,:tn'->incs, or c;r1osine analogues that hasc pair\\ itb guanosinc. at its 3· end tscc CS 

5.9fr2.272}. 1n tlll<..'" a:-.p..:ct oflhc Jm·cnti0n. the tir~l stran<l ofcDNA can include a 3' portion 

cemprising :.1t least 2. at kast 3, at kas\ 4. at lea.st 5 or 2. 3. 4. l)f 5 \.'.yto:-ines or cyiosine 

a:nloguc:,, that ba:::e pair \\i~h guanosine i\ non-timiting i,::;,..;:,mpk• ofa ..:;-1L1sini: ana!ogu-i: tb.ll 

haw pair~ \.\•ith guano<.,lne is 5-aminoall: !-2 • -dco~) c:, tidin:.:. 

~n in one a"r-ed pf tho: inven1i,.1n. the TSO can include a 3' portion crnnpri"'tng: a p!uralit: of 

gu:.u1;:,sines ur gu~:uwsint· anaioguc-:. i:hal b;is:.: pair,, ith cyto",;inc. "'.\:(11,-limitlng ..::xampks <•f 

guar:n'>irn:s {lf gc:am~-;ini.: anah1gt:i:s usi:ful in the :ncthuds. d;,;:::.; . .Tibcd her<.."in ln..::luJ-:. hu1 are n;:_;t 

limitc'd to. dt't\x:rihng_llall(1,;;in.:. rihogua11(1-;IJx·. lo.ckcJ nud-cic aciJ-guam>sii:1...·. and peptide-
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nuckic acid-guanosine. The guanosim:s can be ribonui.::kosidcs or locked nw .. .:lc-i.:: acid 

monomer~. 

A locked nucleic acid (LNA) is a modified RN;\ ml'cleotide. The ribose moiety (_)fan L~A 

nucleotide is modificd \\•ith an e'.'slra bridge cnnn-:..:ting the 2' oxygen and .f carbon. The hridgc 

"locb" th1,,_· ribosc in the 3'-cr.do ('.'-.'onh} conformation. ':iome ,_,frhe adva~1tage<, of using l.~;\s 

in the methods of the invention include increasing the thermal s.tabi lit) or duplexe-.. ini.:rcascd 

target specificity and n.-~istam:-,._. frnrn cxu- and endonudea'.-Cs. 

A pcptid,;;, nuckic acid (PNA) !-. an anit1ciaHy s:mhesiJ'ed pol:rner similar to ONA ('r RNA. 

wherein the backbone is composed of repeating N-{2-aminoethyl)-gl;-dne units !inked hy 

1D peptide bonds. The hack bone of a PNA is substantially non-ic•nic under neutral conditions, in 

cn-ntrnst to the highly clrnrgcd pho.s-phodicskr backbone ofnaturaHy c•c..:rnTing nucleic acids.. 

This provides. two n0n-!imiting advantages. First. the PNA backb()IH:: exhibits improved 

hyhridlr.ation kinetlcs. Secondly. P'.'\As have largcr changes in the melting temperature (Tm) 

for mismatched versus perfectly matched basepairs. DNA and RNA typically exhibit a 2-4° C 

l 5 drop in Tm for an internal mismatch. Wi1h the non-ionic PNA backbone, the drop is doser to 

7-9° C. This can provide for better sequence discrimination. Similar!)-, due to their non-ionic 

nature. hyhridi?ation of the bases attached 10 these backbones is relatively insensitive tu sail 

concentration . 

.I\ nuck-ic acid m~efi.1l in the- invention can contain a nvn-natllral sugar moldy in the backbone. 

20 Exemplar: sugar modifications include but arc not Emited to 2' modification~ such as addition 

of halogen. alkyl, substituted alkyl. SH. SCH:. OCN, Cl. Br. CN. CF3• OCh, SO:CU,. OSO::. 

SO,. Ci 11, ONO::, NO:-,\;_,. NH 2, su'..1stitutcd silyl. and the like. Similar modifications can also 

bc. made at other po~itions on the sugar, particularly the 3' position of the sugar en the 3' 

tennina! nu..:lcotide or in 2'-5' linked o!igonudcc-tidcs and the .5' positi1m of 5' terminal 

25 nudt:otid1,;. 7-,;ucleic a-.:ids. nu1..·kt•i:;idc analogs or nudet)1ide analogs having sugar 

mndificatitms c;:in be further modified tn int.:!ude c1 rc.-crsibk· hlocking group. peptid1..· linked 

lahcl Pr hoth. fn thli<:e cmhodimL'llts wh1..·rL· tht.: al"io,·c-dcscribc<l 2. modifications an: pres..:nL 

thr: b.:b1...' can hav,.: a pcpti,!c linkeJ label. 

.A nucleic a;;id ti:-:;,.•d in :.hs: i:n,.-ntion can alsu indu<lc native or 1wn-n:1tiv,: ha:-cs. in thi<, r<..'g:arJ 

_1.n a natiH: dcoxyrihlHHH.:kic a.:.id can h3\.C (1m· ,w mnr._· base:- :-,dcdcd fwm th._: group cmhisting 

,.,fadcninc. lt::,rninc. C}tc-sinc Pr guanine and a rihonu;..:kk a,:id can h:1vc one or mo~e- tlascs 

sckctct.! fr,,rn tlk' gn,up LPW,i:.rtng of uracil. aJ-.:ninc. cytnsinL z)r guanine. F:xcmpl.try non-
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native bases that can be included in a nudcic ai.:id, whether having a native hackbum: or analog 

structure, inc lu<le, without limi1a:ion. inosinc .. ,athanine, b:, poxathanine. isocytosine. 

isoguanint:, 5-mcth_ylcytosinc. 5-by<ln.:,xymc!hy1 c: tosinc, 2-aminoade-nine. 6-rrn:thyl adenine. 

6-meth:I gu:mine. 2-pmp:, l guanine. 2-pn,pyl adenine. 2-thioLiracil, 2-thiotllyminc-. 2-

5 thiuc:tn:-;.ine. i.5 --hal~m:·acil. l5-hakxytn,.,inc, 5-propynyl uracil. 5-pmpynyl S:)losinc. 6-.:uu 

ura,:iL 6-a;,o cyt-t•~ine. 6-wo thy:nine. 5-urnl..'il. ..J.-thiouraci!. 8-halo adenine or guanine. 8-

amino ad'.:ninc or guanin.:, 8-rhiol adenine or guanine. 8-thioa!ky! adenine or guanine. 8-

hydrn:-:)-1 adcnim: \)r guanine, 5-halo substituted uracil or cytosine. 7-methylguanlnc, 7-

mcthyladenine. 8-azaguanine, 8.-azaadenlne. 7-deuzaguanine. 7-deazaadenine. 3-dearnguanine. 

IO 3-Jeazaadcninc or thc like. A particular embodiment can '.Jtilize isecytosine and isnguaninc !n 

a nuclei:: acid in order :o reduce non-specific hybridization. a:-. generally described in U,S. PaL 

No. :5-68 l. 702, 

A non-nati\C has-c us-:d in a nucleic acid ofihc invention ca1: have universal ha~c pairing 

activity. wherein it is capable ofhnsc pairing 1xi1h an)- other natun:illy occurring ha:-c. 

1 a;; F;...:emplary bases having universe>! base pairing activity ir:dudc 3~nitropyrrolc and 5· 

nitroindok. Other basc-s that can be used include those that have base pairing activiiy \\'Ith a 

subset of the narurally o...:curring br:scs such as inoslnc. which bas:cpairs \\ ith cyto~im\ adenine 

or uracil. 

In one a~pcct of the invention. the TSO rnn int:ludc a 3 • portion including at least 2. at !east 3. 

20 at least 4. at kast 5, or 2. 3. 4, or 5. or 2-5 guanosines. or guanosine analogues that base pair 

with c_y!nsinc. The presence uf a plurality of guano<.ines (or guanosine analogues that hase pair 

·with cytosine) allmvs the TSO to anneal transient!; to the exposed cyto.sitK'-S at lhc 3" end cf 

the first s1rand of"cf)'.\t\. This causes the reverse transcripla~c to switch tcmplmc and cimtinuc 

rn synthesis a stranC complementary to the TSO. ln one aspect of the invention. th~ 3' end of 

25 the TSO can be blocked. for ~xampk by a 3 • phosphat-.~ group. to pn::vcnl the TSO from 

funcliPning as a rriml!"r during cDNA synthcsb. 

In om.· a~pt:d oflhe inn:ntl0n, lht: 11,R~_ .. \ ls n.:ka:-;ed frcm the -.::d1s b) ,..·ell I) ,;js_ If the lysi,;:; i" 

achicY~d par~ial!y by hc<ltil'._g. th<.;"n the CDC.. and.:or the J'S.O ,;:an be addL·d to each indi, !dual 

rnR'.'i!\ ~ample during c.:11 lysi-.;. a~ thi~ \\ill aid h) hriJizalitm of the t>lig(111udeotide'.:,. [n s~•n:.t: 

30 aspects_ re, crsc '"'""riptasc can be addcJ after cell lysis ,., a,,,id dcnaturation <>flhe cn,;mc 

In Y~me i.P,r~e.:ts nfthc- inven!i,m. a tag can be incnrpnrateC inw th,:- cD\.'A .Jming l:s s:,,nthesi". 

h,r ;,:-..:ampk. ih<..: CDS anti ·or the TSO can include a tag . .such as a p;mi..::ul::;r nudeutid,..· 
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sequern:c, ,,:hid1 can be at least ,tat least 5, at least 6. al least 7. at !cast 8. at least CJ. at least 

l 0, at least 15 or ..11 least 20 nucleotides in length. 1-\ir example. "."he tag can he a nudcotitlc 

scquent·r of 4-20 nucleotides. in kngth. e.g. •t 5. 6. 7. K 9. 10. 15 or :20 nucko~idcs in length. 

As :he tag is present in ihc CDS andfor the 1 SO it \\, ill he inc-orpnrati.:d into the cD:\A during. 

5 its synthesis and ean therefore ad as a ·•harcode" to identil~ the cDNA. Both the- CDS and the 

TSO C3n induJ.__~ a tag. The CDS and the TSO can each indude a Lli1lCn.:m tag. such that the 

rnggcd d):\A sample cornrrisc:- a crnnbinatiun of rags. Each t'.DNA sampk generated hy the 

ahovc method ;,:;:1:1 have a Jistinct tag, or a distinct combinati<•n of tags. ~uch that oc1.:c the 

Wggs:d d)~A -.ampl-cs hm-e been pookd. 1hc tag car~ bs;" used to identif) which single cell from 

IO each d)NA sample originated. rhus, each cDNA :--ample can bt.' lin~cd to a single eel!. even 

altt'r the tagg.ed c DNA sampks have bt.:'.cn p,x;lcd in the methods dcscr!bcd 1wrein. 

Before the tagged cDNA samples arc ponkd, synthesis orcDNA can be stopped. for examplc­

h:Y removing or inactintting the reverse transcriptasc. This prevents cD!'\A synthesis b} 

reverse transcription from continuin?- in the pooled samples, The tagged cDNA samples -.:an 

i 5 optionally he purified before amplifi-cati(•n. ether before or a1h·r they arc pooled. 

The pooled d):\A samples-can be amplified hy polymerase chain rca..:tion (PCR} including 

emulsion PCR and single primer PCR in the methods dcscribcJ herein, for example, the 

cD'.'<A samples can be amplified by sing!e primer PCR, The CDS can comprise a 5' 

amplification pr;mer sequence (APS). which subscquemiy allO\\S the first s:-rand ofcDNA to 

20 he amplified by PCR using a primer that is con1p!emcntary lo the- 5' APS. The-TSO .:an also 

comprise a 5' APS, \vhld1 can be at !cast 7or;c'c) identical, at least 80~zc, ldcnl:icaL at least 90% 

identical. at !c-a.:,,.l 95';·0 identical. c,r 70%,. l:W0 --'i.;. 90~,g or 100°,-Q identical to !ht' 5· APS in the 

CDS. This means that the pooled d)NA samples can he amplified by PCR using a single 

primer (i.e. hy ::,inglc primer PCR), \\ hich exploits the PCR suppression cffrct to rcdrn:i; th-c 

25 amplifo:a1im1 of short contaminating amplicon~ and primer-dimer:-, {Dai d aL, J___!>iokdmol 

128{3):435•43 (2007)). /\s the t"o enJs ol'ead1 .ampliC'l)O arc complcn::-cntary. short amplicon~ 

will fr,rm stable hairpin'->. \\hich are pnor templates for PCR. This redw.:,::-, the ammmt of 

t:-un-:atcd dJ"\/A .J.nd lrnpr1_~ve:-, ihe yidd of longer cD?-..'.A molecules. [he 5' APS can be 

dc-.igm:d tP facilitate ;,.L\\ nstrcarn pn-.ccssin~, 1Jf th-c d)'.\ . .\ libr::ir:,-. F,•r C:\.3mpk. if the d):\: ,\ 

30 iihr.:i.•·: b tu be analy,,-,:d hy a parti.:uiar -.cquencing :11-cthoJ. c,g, Applied Bi(1-sy<;tcms" SOLiD 

scquenc.: ing kdm,)log;·, L•r lllumina • ~ Ci-cPomc An::.i I_:, ,:..::r. the 5 • A PS can t,,;: '.}.::-,igncJ tc• he 

idemiull tP t!1e rrirr.:..::r:- used ir: these sequencing mc~ho<ls. l or example. the 5-· Al}S l..'.an h,: 
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identical to the SOLiD Pl primer. and/or a SOJ ,iD P:l sequence inserted ln the CDS. su that tbc 

Pl and P-2 sequences required for SOf ,lD sequer:cing arc inti.·gral to the amplilicd library. 

Another exemplary method fr>r amplifying p0okd cDN:\ includ-:s PCR. PCR is a reaction in 

whid1- rcp!icak copies an.: made of a target polynuclcotidc using a pair of primers or a set of 

5 primers consi~ting nf an upstream and a <.hm nstrcam primer. an,j a catal;-st of polymcri,ration. 

such as a O:\f:\ polymerase. and typically a the-nna!!:,-stoble polymerase ..:n?::,mc. ~1cthods for 

PCR arc well known in the art. and taught. fr}r t·:-::ampk in ~fa..:Phcrson et al. {1991) PCR • A 

Practical Approach (IRL Pres~ at O;-,.E.1rd Lnivcrsity Press). t\11 prvce~ses 1..•fprndu.::ing 

n:plicatc -:opie'> of a pc1lynu-.:kutidc, such as PCR or gene cloning. arc co!lccti,-dy referr-.:d to 

IO hcrein a, replication. ,\ primer can also be usc<l as a pmbe in hybridizntion rea..::tions. sw.:h as 

Southern nr Northern hlot ana'.:,- :,.~s. 

Fo-r cnmlslon PCR, an ,.:mulsion PCR rcacliun i~ created by \-igorous!y :,.haking or stirring a 

'"v,:atcr in oi1·· mix to generate millions of micron-sized aqueous compai1mcnts. The DNA 

librar) is mixed in a limiting dilution eith,:r \\·Ith the beads prior to emubifi.cation or dire;.-tly 

15 into the cm uh.ion mix. The combination of compartment size and limiting diluli::m of beads 

and target molecules i,;; used ':o generate compartments. containing. on average, just one DNA 

mohxulc and bead (al the op!imal -dilution many compartments \ViH have beads. without an) 

target) To facilitate amplificathm enicicnc), both an ups;tream Omv concentration, matches 

pri1ncr s..:-qucnce on bead} and downstream PCR primers {high i..:Onccntration} are included in 

:?:O the reaction mi:x. Depending on the sin of the aqueou<; cmnpartmcnts generated during the 

emulsification step, up to- 3x 10,;, im.!ividual PCR reactions pc-r µl -can be condu(ted 

s!rnuilaneously in the :same tube. L'>'.'>Cnliatly each little compartment in the emulsion fonns a 

mi,.;m PCR rcw;tor. The average size ofa .:vmpartmcnt in an emul-;ion ranges from sub­

micren in Jiamctcr to 11-..:er .-i l on microns. dcp..:-nding on the cmu!sification conditions. 

25 •·JJen!ity;· "h.:1m<dog) •• or '"similarity" are u:-.cd interchangeably an-d refer to chc sequence 

similarit: h~t>n,·c11 l\'-O nu..:le;c acld nrnlec:.des. Jdentit) can he determined b;- comparing a 

po~ition in each scqucn<.-c whkh can be alignl'.U n,w purpu~cs of CL•mpari<;tin. \Vhen a pusiti,:m 

in the compared sc-yuct"!ce is oL'.cuµicd b;, the ::.~m1.c- base or an:ino a;:i<l. thi:n lhc- mc1lc..:ule'.> an: 

hr>molc)g:i_.us at 1hat pPstti,_--.n. A. degree or !Jcnti!y be1we<:"11 sequences is a furn.:tion oflhe 

_'.:.() nm:ibcr of matd1ing m identical po:>il ion:-. shared by the ..;c-quen ... 'l'~ An unrelated o: nf,n­

hc•mo!og,,u:-. scqu..:ncc ,h,m.:s le:,:, than -H/''}() identity. or .:;hcrn~HiH:-ly li;c-,-; t.h;:n 25u.o identity. 

\\i7h one ot !h<...' :,equ('.nc..:-s oflhc prcs<...'nt invention. 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00985

06 7214-0240 
WO 2010/117620 PCT/US2010/028361 

21 
;\ polynuch:ottde has a certain ;->crccntagc (fi.-:tr c.xamplc. 60'}0. 65'1/t), 70%,. 75%, 80%1, 85'};, 

90~<). 95°,{,. 98'% or 99°-'o} o-f·•scqucncc identity·· to anotl~er sequence means thai, when aligned. 

that perct:i:tagc of bases arc the saml.'.' in comparing i:he l\\'0 sequence,;. This alignment and !he 

percent s-..·qucn;;;.; identity M homolog)- ,·:.m be determined using software prngrams knowr1 in 

5 'ih.: arl, for example those dc:.crihed in i\usubcl e! aL Current Protoc,,ls in \-fokcular BiLJlog;. 

John Wile~- & Sons. New York.. l\.Y .. (199:\). Pn.:fc-rahl_y. dcfouil param-ctcrs are u;;ed for 

a!ignmenL One atignment program is BLAST. using default parameters. In particular. 

programs arc BLASTX anti BLASTP. using the l(:!lmving default parameters: Genetic code 

,t,mdanL Jilter""'""' none; s.trand '---' both: cuwl"f-'---- 60: e'.\pcct -~ l 0: Matri'.\ = BLOSU'.\-162: 

IO Dc~cripti,,ns = 50 scqucnc.cs: sr1n by-' HKi:l--l SC ORF: Databases..,. non-redundant. GenBank 

.:- Uv1BL ~ DDB.I f PDB ~ Gen Bank CDS trnnslatll)ns -~ S\\ issPro1cin ' SPupdate !- PIR. 

Details of these pwgrams can be found at the ~atJonaJ Center for Biotechnology fnfonnation. 

The method vf preparing ~'I cD~A liOrary dc~crihed herein can further comprise processing the 

..:DN/\ librar: h) nhtain a libn1ry suitable for sequencing. A:'i usc<l herein. a library is suirn.ble 

l 5 for sequencing when the complexity, size. purity or the like of a cDNA library is suitable for 

the desired :cccrccning mcthoC, fn particular. the cDNA Ebrary can be processed to make the 

sample suitable fix an:_.- high-throughout scr~ning methods. su..::h as Applied Bio.S)Sh:ms· 

SOLiD sequencing technology. or lllumina·-s Genome Am1l:;zcr. As ;;uch, the cDNA lihrary 

can he processed by fragmenting the cDNA library (_e.g. with DNas-e) to obtain a <;hort-

20 fragment s·-::-nd library. Adaplers can Pe added ro the cDNA. e.g. at one or both ends to 

facilitate sequencing or the library. The cDNA librar;- can be further amplified. e.g, by PCR, 

to obtain a sufficient quantity ofcDNA for sequcn;.:ing. 

Embodiments of the invcntinn provide a cDNA librar~ produced by any of the methods 

described herein. Thi, cD:-.;A !ihrary can he St.,,qucncct.l to pro-.,i<le an an.:ilysis of gt'ne 

25 expression in single cells or in a p!urality 0tsing!c cells. 

Emr'l(1Jimcnts nfthc invention abc, prm·ide a mc1hod for J:1:1.l;zing gene expn.·:,siun in :.:i 

pluralit: ofstngk cdb, the- meth,._,d -.·pmpfr,ing: the steps pf preparing;:, d);',IA librar) i1sing the 

method Jes..:rib~d rlcn:in and 4,,:-qucm.:ing the d);\;\ librar:,. A --g:..:nc'' rd'crs to a 

polynu,:!cotidc -.·,-_mtaining at k:-1.."1 on.: url!n reading frame {ORF) that b ..:apuhk of ..:n;.\,ding a 

30 pnrticul:ir polypeptide- or rrotein alkr being tra;1s\2"rihcd and tr:m~iatc-1.L An)- of the 

p1,_1]:,-nw .. ·!ePt;Je ;,.:1..1ucnc,:s Jc-s-:ribcd he~ein can bL" u~ed t.._, iJi:ntil'> larger frag_rnenh nr full­

!eng1h ending sequence:-- of the gene \\ i1h which ftie;,- an: 2.:-.:c.c•ciated. :-.-1cthoJs 1..--;f i:-.ola1ing 

brg_(T fragment s.:qw:nce:- J.n: kmm n l(1 th(,sc of .:.ki l! in the an. 
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As us~-<l herein, -·e\:prcssion" refer.s to the prnce.ss by whid1 polynuclcotides are trJ.nscribcd 

into mRNA and/or the proce~s by which th~ transcribed mRNA is subsequently being 

tran:.btcd into pcpiidcs. polypcptiJc:-., or protein;,. If the pol)'nudcc•tidc is deri\·ed from 

gc:wmie DN'/\. c;,;pn;s:c.iun can include splicing of the mRNA in an cukarydti-c cdL 

5 Th('. cDN,\ lihrary can hi;' sequenced by any suiiablc scr..:cning_ mdhod. In par!i.:ular. the 

cDNA lihrar:,. can be St'lJUenccd using a high-thn>ughoui scret.:ning method. sud; as Applied 

Bio:,;:-stcms· SOLiD sequencing h:':'chno!ogy. or l!iumina-~ Cenomc /\naly7cr. In nne aspect or 

the invention. the .:DNA library can be shotgun sequen;.:-cd, Th.; number of rea1..b can be at 

least 10.000. at ka"t I milliun. a1 !east lO million. at least 100 million, or at least !000 million. 

lO !n anothLcr aspect. the nmnb1..~r orrc;1d..:;. can be from i0.000 to 100,000, or alternatiYely from 

I 00,000 to I million. or alternatively from 1 m\lliun to !O million. ur alternatively from JG 

million to I 00 rni!lion. or ahernatively from 100 million to !000 million. A "read" is a length 

of continuous nucleic acid sequence obtained by a sequencing reaction. 

·-Shotgun scq1.,cncing .. refers w a method u-scd to sequence very large amount of DNA (such as 

! ~ the entire genome). [n this method. the DNA lo be sequenced is first shredded into smaller 

fragments. whieh can be sequenced individually. The sequence:-. of these fragments arc then 

rcasas\.'.mb!ed into their original order hased on their overlap;>ing sequences, thu,s yielding a 

..:omplctc scqucn.::e. "'Shredding·· of the D-:--.:-A can he done using a nun~bcr ofdiffc~ence 

tc..:hniqucs including restriction enzyme digestion or mechank:a! shearing. Overlapping 

20 sequences. arc typical!) aligned by a computer suitably programmed. J'vkthods and programs 

for shotgun sequencing a cD"!\:A library are well h:mm in the art. 

:\n embodiment of the method of the invention is summarized in Figure l. Cells arc obtained 

from 3 tissue of inlcrc-:.t and a slngk-c:dl suspension is obtai1v:d. A single cell is placed in one 

wet! nfa 96-\'\Cll plall' in Cell Capture !v1ix. The cells arc l~sed ar;.d reverse trnnscrlption 

25 real'tion mix. is mkkd directly tc- the I) ~ates without additional purilic::ition. Tbs n.:suHs in the 

~)nlhcsis ofcOl'\,\ fn1m cdlular mR,A and in:.:orporation ofn Lag into the ..:D"NA. The tagged 

cO-:\ ,\ s.ampl~.:-. arc pot)kd and amplified and then s1;qucnn:d to pnxlm:-: 100 million !"C'ads. 

This all,y.,-~ id-.:nt,fa:ation (\f gen.::. 1h~1 are L'::>i.pn.:ssed in each ::.ingk· cdl. 

30 1..·mbudiments of"thb invcnti0n arc also pre, ided within the definili(m {1fthe in\l.:ntion pnY•.:idcd 

llcrcm. Acc,,rdingly. 1i1c- ti,lk,,\·ing e:\amplcs an.' intcn ... kd w ii!u::.trntc but nt>t limit the pr.:'icnt 

lnYcrnton. 
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EXAMPLE! 

Sin:glc-ccH tagged rcYcrsc transcription (STRT) 

PCT/US2010/028361 

An crnhodime-m t)fthc meih-od of the invention may bi..: ca!kd ··singlc~cc!l tagged ren:r~e 

transcrip1ion" ( S rRT} and is describC"d in detail bclo\Y. 

Ceil Col!ccllon am!_Lyr.;is 

,\ 96-wt"ll p!~.tc conta!ning Cell Captu;"C Mix ·was made by riliquoting. 5 ~tl 1\,.ell from the Cell 

Capture l\ta~ter Plate (sec T:1bk: 1 bdov,) into an !\hGcnc Th...-rmo-L1:Ct plate. 

l~e~g:cnt 
STRT-T10-lll0 

; ( i 00 µ'.1) 
;· R.;·a(~cn·t-

For one weir-·,· F\;r one_ p_!a_,_tccc _____ ' _F~~,n;11-c~·1nc-;;n1ration 
0.25 .u!. 27.5 µL 400 n\·1 

For one n·cU For one plat~ _ --"-."f~~al concentration 
STJ:tT buHC!_(5xJ _______ 12_0_~5_,1.c•lc.. __ 4i~l3"-7'-'o'--c =L~---+-l'-'x'-c------

~s_·1_·R_-_l_-l_'l_v_·-_11~(_5~1_1r,.,_,1L)--+-5~,_L _____ l~5~µl-:.'~~~l_!} : -t-oo nM 
Water 44.75 4.9 mL 
Total 62.5 uL 

Table l Making a STRT Cell Capture :\-faster Plate. 

27.5 J.d. SfRT-T30- B(O (] 00 ~•M) was :nix.::d 'Aith 1375 µL STRT 5x buffer and 4.9 mL 

IO Rnase/Dnase-free \'\ater. 57.5 ~tL of this ;,olution was aliquotcJ to each well ofa 96-v,•'ell plate 

and 5 µL/wdl ofSTRT-F\V-n (from 5 µ!,..1 stock plate} \\·as added. i.e. a difte"rent oligo in each 

well. 

The sequence of-STR J"-T3-0-BIO (which is a CDS) is: 

5 '-B H )-AA( JC A< i-TCi(i"I "ATCi\ACGCAG.·\GT ,,_iVJ\:-3', 

15 a;1d the sequence of STRT-F\V-n (\\ahlch is a TSO) is: 

5' -AAGCAGl "GCiT:\TC ;\_;i,CGC AGAGTGG,\TGCTXXXXXrGrf.irG-3 '( X""·-ccl I tag; 

fhs(:1->2:'() 

n is l-L_l(; and -1::.;:ch olig,.1:1w..-:h.·t1lid:.: ha-s ;1 di<;J}nct cdl tag_. such that a different o!i_g('nuckotid-c 

is :idded 1,, each \\L"ll r.:u:1tainlr.g a single cc.-11. 

through ci:H straim:r anJ n."·,U'>f1l'nJed in ! :-.. PBS. Cdb \\ ::re :hen pi, .. J.cJ b:,- I .:\CS :1m_1 the 
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Capture Plate, '\.\·ith a single cell being placed in each wdL The Capture Plate \Vas transforred 

to a PCR 1hcrmec;·der and incubated <1! 7~'"C fix 2 minutes, and then cooled to 4"C for 5 

minutes to allo-.v annealing to occur. The '-kt1..~rgent in STRT bu:fti.::r helps reduc..: adsorption of 

mR:\.A and cD~A tc, the \-\alls of the reactilm tube during s.ubsc-qucnt steps. and abo lmpn.n·es 

S 1,:-~is 0fth..: celb. fhc healing step causes the cell to lysc compktdy and reka~l' its R~<A. 

\Vhcn the temperature is re,Juc-:-d. the oligo(dT) primer anneab. 

10 

R~vcrsc transcription 

5 ~tLwdl of RT mix (sec Tabk 2 belim) \.\a.-.; added an<l the plate was in..:uhatcd at 0l2"C for 45 

minutes.\\ !thout heated lid. 

Reagent For 96 For one Final 
: reactions reaction cone~ 

Ta hie 2 Composition of RT mi, 

\,\-'hen the RT mix is added" thi: reverse transcriptase cnzJ me (Supcrscrip1 !! RT) synthesizes a 

ftri>t strand and the tagged tempiatc--sv,.-itching oiigo introduces an upstream primer sequcm.:c. 

Figure 2 shH\\S 1hc s:nthcsis ofcD~!\ b) template switching. The 5· end of the cDNA 

(which corresponds lo the .3-' cnd of the mR:\A) can be controllc,J by adding a rni! (which is 

15 o!igo-dT in this cas-c) to the l.'.D~..\ synthesis primer (CDS). The 3' end of the cDNA can be 

controlled thing the tcmplatc-swih.:r".ing oligo (l'.i;()). When rc\Tr~c tram,c:riptase reaches th~ 

5' cn<l nfthe mR:"-,;:-\ template, !t prcfrrcmially odds 2-5 i.:ytosin,:s. The lcmplate-s\,·itching 

kmplal'-' and :-;ynthc-si7c'.- !he compk-mcmar; strand. B) thi~ m..:...:hanism. b01li ;__•rn.b 1.·ftht.· 

~C cD"'.\:A ,::m be arbitrarll; cfmtrolkJ 

Th..: .,tru;:ttm.· or at::, pi("a! TSO i:e- :-.huwn ir; Figure 3. ln this pani;.:uiar TSO. the .1 • tcmpbk 

:-witching scquen("c in..:-ludes thnx· rib0guanincs trG_I, The ...:ell-tag is shf•\\11 as "XXXxx·· an<l 
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-:an in general have any kng:th or nucleotide composition. Arbitrary sequence can be inscrtcd 

al thi: 5· ,:n<l .:1fthc TSO. afkr lhc 5· APS. or afk·.r the i:cll-tag, hut not at the 3' end. 

The structure of a typical CDS is shown in Figure .t_ Tl1<.: RCS is oligo-dT with an and1or 

nucleotide {V --= .-\.C.G dcgcncr:ne}. Thi.' ct:ll tag "XXXXX"' can have any length or nucleotide 

5 comp(1sition. AJUitiona! arbitrary SC'(JlK"nces car. be inserted at the 5 • end. after the 5' APt;, er 

atkr the cdl-tag. 

Purification nfcDNA 

50 ~ll PBJ {(}in.quick PCR Purification Kit) \\·as added to each wdl to inactivate: reverse 

transi.:riptase. The PB[ inactivates reverse transcriptase and d)1'A from all the \\l.':Bs \\as then 

!O puo!cJ. Adding PHI before pooling prevents cDNA syntht:-sis fmm p:-ncceding one<..: the cl)~,\ 

smnplcs have been p\x)ied. The pooled cDN;\ \,;as loaded on a singlL' Qi.aquick column and 

15 

the purified cDNA wa:, eluted in 3{) pi EB buffer into a Bcdnrnn Po!yallomer tube. The 

puritication step r.:movcs primes ( <40 bp) a:, "veil as proteins and other dchris. 

Full Jene.th cDNA amplification 

'lbc cDN/\ was amplified h) PCR hy adding lhe reagem:s shown in rable 3. 

_l!_c-_agcnt __________________________ , _F_o_r_o_n_c_t_u_b_c_: __ 
7

j_F_in_a_l_c_o_n_c_. ______ ~ 
Rn.a..;;;e/Dnase-free \'-ater 54 ftL 1 

__ Alh..':.mta_ge2 PCR buffer f!Ox) 10 L l 1:x -

dNTe (IO mM} ?_y!_: "----~--·-- __ . _ _j 200.1:_1\\.~1 ______ _ 
__ STRT-PCR_(lO ~tM) 2 L I 100 µivf 

_::~.~!~~~~~c2 DNA Po"!)'m~~~~-~j_:_-,; _______ : 2 µ_~- ________ l_x_· __________ 
0 

___ (2~~x) Tota~,-,-o-l_u_m_c ___________ ~l-O_O_L-----~· 

Table 3. Reagcnrs u5cd for foll-length , . .-DN,\ amplification. 

The sequence of STRT-PCR b: 

5· -Bic)-.-\AGCAGTGGTATCAAC GC.-\G.-\GT-3, 

PCR \\as performed using a lh:ated lid a~ follows: ! min-:{/ 95'C. 25 cyck:-, l)f[5 s '"~( 9SC'C, 5 

:::(1 ... '"{~_- 6s~c. 6 1rin ·il 68"'C 1- .,re ll1rcvcr. 

30 ul of the reac.ti,11! \.\as lr;.111_,;,krrcd t(1 a new PCR tube. labeled ··Optirnizatie>n ... Thl· 

n:maining 70 µL \\J:,. '.)t(lred at •-1-'"C until 1ater. 10 pL from 1hc OprimiTmion tubi; \\::JS r1:m,1\·,.~J 
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fnJm 15. 18 anJ 31 c:,dcs. A <liagnuslic 2% agaro.<:,.c gel was used to determine the optimal 

,.::ydc nurnhc-r (\¾hich is the cydcjust before scaturation oft he PCR}. as well as to visualirc the 

siLc range of the product (sec "Figure 5}. Typicall). the optimal nurnhcr of C}des was. around 

2&. '[he remaining 70 µL ofrc-acfoin \\as run 1-0 reach the optimal number ofc)cics (in 

5 addition hl the 2.5 cych.·s already run). 

The PCR prcduct \\a~ purilicd using, a Qbquick column (PCR purith:-ation kit, and dutcd !n 5H 

µL EB into a Bcck,mm pol)allomcr h1bc. The cxp,.xted concentration at this stage wa'i ab,·ut 

20-40 ng/µ L ( ! -2 ~lg total ) idd_). 

1):-,.;asc treatment 

iO ·r he sample ,vas treated with DNascI in the presence of ~-1ri"2 • to generate doublc-strnnd breah 

and rcducl' the size. First the follmving components were m ixcd in the o-:--de:· shm\'n in Table 

4. 

l 5 

20 

·-------------------------=-~ 

1_ !{e~gc_nJ_ 'Volume Final concentration 
~ d?K'}' __ t_e!_n_pl_atc -~i) ~d 8 - l 6 ng!µ~, 
, \Vate

0
r ______ ~: 42.8

0
u_l ______________ _ 

10 x DNas..: I huffrr -ri}~6·µ1 
;_ 100 mM MnCl, (*) ~L6 µl 

1
-"i"l1 m\1 

=-----~~~-----~-----.,-
Total volume l16 µl 

(*) It is crncia: to add r-..-lnCl.:! last to the readi-on. as the BSA present in the huffrr will 
precipitate othenvise. 

Table 4. Compositiun of reaction mix for DNasc treatment. 

Diluted DNa.sd (0.(}I units..'}tl) was prepared just betl.1re use as foUows: 40 1-d. W:\ DNa;;c I 

buffer, l l 8. µI water, 40 µ l JOO m\,11\-foCI::, and 2 µL D~asc-1 (2 U/1-tL). 

-I µl -i.>fthis Ji luted D~asc I \\a~ add1..·J to the rcaciiun mi-...: 1.kscrihcJ in Table ,,Land was 

incubah:'J at RT fo-!' cxa..::I) 10 minuh:::">. ThL" :e.acti,"'ln was rhen s.tcpped hy adding 600 ~LI. Pl31. 

The sample was puritkJ on a Qiaquich column and eluted in 30 ul FB. 

B_caJ_ca111m..: ::md end r~::.ir-'nick tramlation 

The frag1m.::11h n (;TC JH:~1 h(,tmd ln hc:~d,;, :(, C.ljEurc- :-:;· and 3' ends, and lhen neateJ \\ '.th 

Ta~E:-.prc:::.s ll' n:pair fra_:,.:r1 ends and nick-;, 30 pt D:n:Jh,;:aJs MyOne CI Strcpta,·idin \\ere.­

washed t;,\ ice in 2x B& \\· (D;-nall, then :JddeJ t(> the Dnase-tn:otcd ~~1r!1p!c. incubated for t0 
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The heads \\.CfC washed nnce in Ix TaqE:-.prcs.'> hutfor and resuspended in the reac~ion mix 

shown in Tahlc 5: 

~Jlc~g~~~··- ___ __ _ --T~'~(~~.~. :· f!~i!~~-~--~;"!~~t_fi~ '. 
l Ox Tagl·:~press -~u_ff~:E_fblu~_'.__:~_!_~!~-~1gCl2_}_ '. °! ~0..:. ___ , _)~-------- ___ _ 

1 dNTP (10_m,\-1_) '. 0.8 µL 20_0 tt!V1 
,-\\·atcr -- -- ---- -- 1 3:; pl - - - --

Ta<.JE~prc::.s__ts U-'µL) -- ' 2 ~d- :··o.:25 U/~1C 
. Total , oJume ~ r {~:fl1 

Table 5. Cum position of the reaction mix u-:,cJ for cr1d rcpair:'ni.:k translation. 

The re3ction v, c1s incubn!cd at 3 T"C for 30 minutes, and then \"-'ashed three limes in l x NFB4 

5 buffer. 

Fr~t!ment release and RDV/FDV ndanter ligation 

f he fragments \'-'ere rcle.ase<l by BtsCl digestion, and simultaneously ligated to the FD\/ and 

RDV adapters. The beads ,vcrc then rcsus.pcndc<l in the reactior mix shown in Tah!e 6. 

_ R_ca_gfl)t______ Volume i 

_!_Ox r-.:EB4 b.i:iccrr."e-'-r_____ 4 ~tL 
~;\TP(I0mM)_ __ 4µL lmM 

-~dapterS!RJ"-RDV-A(I0;1M) i4;1L ,~lip~M~----~ 
, A~yc-r :') T~ T-F,D __ \_' ~(-'-H_)Lp~V~l~) ___ -1-! _4~µ~1~----+~I. ~•_\-1 

\\'ater : 26- ,f'-=L~-1----------' 
. }4 ~NA Ligase (5 l:/µL: ln_~~~~'.~l:!~).i._~_µl. 0.25 U'µL ___ -----~ 

lltsCl (W U!µL) ____ _ ___ _.:-'·'-· cµ.:cl --'--'l-'l""J/1'n ·eel"-.-----> 
, Total volume _____ :_~_(!__p~ 

Table 6. Rcac~iPn mix for resuspension of the bca{b. 

l 0 Th~ sequence o-f s·nn--FnV. made by annealing STR"I'-ADPI lJ and STRT-Af)Pl I .. was: 

5 ------ c·c·,;c T,\CGCCTCCGC' fTICl-TCTCTAHiCiGCAGTCGGTGATCT-3' 

3'-PHO-GGTGATGCGGAGGCG.:\AACi(J_.\Ci.-\(1.Yl :\CCCGTC:\Ci-CCACT:\-PH0-5" 

The ~cqueni:1.· of STR'! -R DV-.-\. matk by anni:al ing STRT-:\DP2l.'.-T and s·r RT-:\DP2L \\ as: 

5 ·----- /\ ,'\C rc;cCCTGUG!TCCTC.\TTCTCTr-Y 

! 5 3 "-PHO-r!{i:\C(iG(l(.JCCC\e\GG.,\O L\_,\GAGA-P!-{O-5" 

I h.:- h,.·ads \\-::re incub:.1:ed for 3(l min at >TC. !"he rcaz~tinn \\<IS shipped by adding .200 pl 

PBl. \\hilc tile b-c;1ds were hdd on the map1eL "fhe supern;:iiarn w,i,, ln.:1<li.:J :.m?. Qiaquick 
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28 
column. purified and eluted in 30 p! EB in a B1..·ckman polyaHorncr Lube, The concentration or 

the dJNA was ab\Wt i - 2 n:g/~l.. 

Lihrarv PCR ampiificatiGn 

Lig.htn:a..:tlon~wcn:s.dupusing4,2, 1. l/2. L4, !:!:-:. l/i6and li32~tl aliqnot~oftheudaptcd 

:'> [ibrary. cad1 in -l 11L Each !ibr3.r) ,,a ... amplified using the PCR reaction mix sh,_J\\Tl in Table 

7. 

~~~_ag_<:!:_t_!_ _ _ _ _ _______ f_~r one tuhc: 
cD:-.iA library (dilution series) 4 µL 
Taq Fxprc_s:> __ ~_!_u~_ ~l_t_ff ~~J-~Q~)_ 

_j\J_P { 10 mN) 
SOLID-Pl I IH µM) 
SOLlD-P2 ( l<lJ,~I). 

-~J-lL 
l ~tL 
2 ~LL 
2 11!. 

Final cone.'. 
{_10 pgr~LL_) 

_Jle.t__g£_!1_!_ For one tuhe: i Final cone. i 
' Rnasi:/Ona-;.c-frec wah.."r __________ )~]'_lL_~--- j __ Q)5_9~tr!-.- ... ~ 
. __ ._f~q_~~p_rc~s_p:.~;ymcr~-~~-(25 U/µL) _ -~.3 µL_ ' 0.15 lVttL 

Total yoJume 5-0 ul ~=~==~--------~~"~---~-- ----

Table 7. PCR reacrinn mix fi:)r cDNA library amplific-a!jon. 

The sequcm:~ {lfSOUD-Pt was: 

5 • -CC ACL\CCi( '{ :TCCG(.TITCCTCTCTA'J·c;-3 -

IO Tht! sequcnc:: ofSOI.ID-P:2 was: 

5·.cTGCCCCG(;(,TTccrcA·1TCl·cr-3· 

PCR \Va'> rur: ·with hcmcd lid: 5 min ,--q, 94·~c. 18 c) clcs off 15 s ·_[_i.c 94°C, 15 s '?l~ 68°C J, -5 mir. 

(i 7\,F'C. 

All eight reactions were loaded on n :::c% l·_-gel. ! 0 pL to i1L \\ater tn dctcrn1inc which 

l 5 reaction was just shy of saturated (set' Fi~urc 6_). 

pur:ikd b: Qlagcn Gel E;,;:rnction Kil •sec Figure 7;. The puriflCd cD-:'\-\ wa-. dt,tcll in 50 ~1L 

20 FB_ 
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29 
The cD~A library \\~t::< nmv prepared for SOI.ii) sequcn.;:ing. nnd could go directly into 

emulsion PCR. 

To \t::rit) 1,.:f)?',L'\ library quality. an aliquot ,.,·as dune<l w,ing lnvitrogen TOPO TA cloning: kiL 

and scqucm:cd by Sanger -,.equencing. Figur-e 8 shims a typkal r.:sult demonstr:tting the 

5 prcst.:1.cc of primer sequences for SOLiD (Pl and P:2; underlincJ). the ccll-.-;pccific tag (b.}xed). 

and thi.:: 2-5 G-; ls.hadcd in a gray box) from the templalc-::-wik:hing mechanism. From 22 

S3nger s,:quenccs, 7 \\ere nm mr1ppabk- tu anything in Gl':nilank. All c.,ccpt one or these ,.,.:re 

misl igations of th....- SOl .iD adapters. ,, hicb can he re-designed h.1 stop this happening. In 

separate experiments, we found no rnisligatcd adapters after bk'Cking their blunt ends with 3· 

1 0 ph~)~phate. :\llcmativi.::iy. the non-ligating J' ends could be blocked W'.>ing didcnxy nuckotiJcs 

or by dc.,igning 2 prot:'.'u<ling strand in..:(;mpatihlc ~,vith lhe ligating ends ofthe adapters. 

Of the remaining 15 sequences. one ,1..-as a rilx>somal R~A (45S). v\'i1ich is not polyadenylated. 

!t probably ,._x;curred du~ to inlcmal mispriming during tirst-strnnd synthesis. The remaining 

14 reads were ail from polyat.lcnylatc<l mRNA. in the- corred orientation and with correct cell 

15 tags. 

To summariLe this dataset. i 5 of 22 reads v.-ere r.iappable and 14 of these 15 were correct 

transcript tags. All the tram.cripts seen in the Sung:er ~cqucn...-e dataset arc listed helo\',·: 

Gene 

Ribosomal protein L35 
B:2~Mm2 
ruhulin beta 2c 
H2 _ _!'v1r.-i l 
KlKE\i I l l{J00S.Ll6 gene 
Sod2 
('.hd1d2 
mt- Cox2 
Hnrnpab 
RibosL1mal protein t.24 
Ribosomal protein sis 
R!KE"'\ 270006llFU2 
B2 \1ml 
Rihc-s,-::,m3'. prokin S28 

Length (ofmR~A} 

452 
~200 
l 561 
-195 

3 l27 
661 
910 
947 

2 545 
558 
524 
94\ 

,_ l 95 
356 

..\s e;,T•-:,,,_.tc-d. th.: lisi v, as dominakd hy highl;,- e;-;prc:--~c-d gen\.':'> li!-..t.: ribu:>oma! proteins. 

S.:\cra! klf16 uan~cripb ,, :.:n: present in this sample. indi!,.'.ating tha1 then.> \.,·a::; no strong bias { :f 

2.0 any) !::ward" -:.hnrt mR\.':\:-.. 
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lnk're.-;ting!y. three c0pic" nf B:Z repeats (of st1bfami!i,::-. Mm I -i.nd Mm2} ,vere observed. 

Thcs..: arc S!".\IF.-family repeal~ expressed from a poi Ill promotl'r (not poi ll as m0st mRNAs._). 

hlll with strnn& polyadcnylation sigm1b. They have been shown to be ,:xprcsscd at extremely 

high levels in [S cdis. together c~,mprising 1~1orc than I 0%, or all mRNA. F\·en more 

5 j,~terestingl)'. they peak just before S-phasc in dividing: cells, and are :hus an early indication 

that it will he possibk-10 charncterize the cell cycle in ur.S)-m:hroni.1i:d fHimar;- c1..~l[s using this 

meth0d. 

Qg~lit):_i.;_nntf0l bY ,wantitative real-time PCR 

To verif: that tbc libraries \-\Cre represent::atiY<: of the mRNA s.:ontent ofth .. - original ES cdl 

IO population. q~iantil3tivc n..:a!-timc PCR v,:as pcrfi:mned against a set of markers for 

pluripo1cn9, as well ,a'.j markers for differentiated tissues. A d)NA library prepared according 

tu classical mc-th,xls from 1 µg total Ri\A (-i00.000 ceHs) ,,as compared with the library 

prepared from 96 single cells using the STRT protncnl. 

Well-knO\-\fl marker-; ofpluripotency, su~h <1:- S<,,2. Od4 and Nanog \Vere detected at similar 

15 levels ln both samples. vd1creas markers of genn layer diifrr,;ntiation such a~ Brac!lyury. 

Ciata4 and Eomes were detected on!y at very low levels in both .samples (see Figure 9). The 

quantitative correlation wa~ good {Pearson correlation coefficient 0.84)0 \\'ith the exception of 

Plkl. which ,vas not dc!cctcd in single c-e:lls in this expcflrnem. 

Rcao-cnb used 

-------. - ------------
Real!eat Source . 2x B&V,: 10 m:\.1 Tri, I !Cl pf! 7.5. I mM EDTA. 2 rvt NaCl 
JOO,-(! Tween-20 sh-.ck \.lake 10<>,,;; Tv .. ·ccn-20, filter at 0.45 µm 
DynabeaJ_-, \-tyOm: Slrepta\-i<lin Jnvitrogcn 

' Cl 
. 5x STRT buffor JOO m\1 Tris-HCl pH 8. J75 m'\-1 KCi. 30 m~-1 

:V!gCI:. 0 l S-O Tv.:ccn-20 
D:-lase.'RNa~c-fn.·c \\-a1cr Amhion 
20 m\-1 DTT 
10 m\1 anJ I m\-1 d"'.\:TP 1\"EB i In Virrn ~-
SupeT~cript f ! RT _ln~!trogen 

-------- -------

f
_l_:):-. Advantag_-.2 PCR buffer Clontech 

; ."iOx i\d,-:mta-ue2 polyrnern:;e mix C!om..::ch --· 
~ l Ox D:l\asl' _I 'rtuffcr 0.5 ,! l'ri~ pl-I 7.5. (!.~~~- ml BSA ·-·----~~-~-, 
; I 00 m:\1 '.\1nC1.: Sigmo I \>1 stock 

Th::rml1-Fa-;t 96-\\C!l plate ,-\bGcnc 

Thcrmo-~trip tube :-.irlp~ ,'\b(;i:nl." 

1.5 mL ...,nl:,,a!lo-mcr n:be-~ Beckman-Couher 
2r:--;, F-gcl \\-ith ~ YOR ~aft.' ln\-itn•s!.:n 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00995

067234-0240 
WO 2010/117620 PCT/US2010/028361 

31 

Reagent Source 
: Qiaquick PCH Purifii.:<Hion Kit Qiagcn 

()iaquick Gd Extrac-li()ll kit Qhlgcn 
B-t~(' I n:strictinn endonu.._,1eas,: NEB 

l ln\'itrrn2.en 
IO m\1 ATP 
tox NEH4 buffer NEB 

1 (h TaqExpres_s huffcr (hluc) __ 

Table 8. List of reagents used in the mdh1.)d th:scribcd abon:. 

EXAMPLE II 

Charncteri;:ation of sin~le-ccll transcriptional landscape by highly multiplex H..:'\/A-Seq 

5 Under:.lamJing ,if the development and maintenance cf tissues has been great!~: aided bv large­

scale gene expression analysis. However. tiss:.ic-s are lnvarinb!y complex. consisting of 

multiple r.:dI types in a diversity of mclc,.·uiar states. As a result. expressi{,n analysis of a 

tissue confrm71ds the true expression patterns of its constituenl ceil types. Described herein i:-. a 

novel strategy, rcrmcd shotgur. single-cell expression profiling. was used to ac..:css such 

iO complex samples. It is a simple and highly multiplexed method used to generate humlrcds of 

single-cell RNA-Seq expression profiles. Cells are then clm,1ered based on their c,prcssion 

profiles. forming a t\vo-dimensional cc-ll map onto which c'.'..pression data can be projected. 

The resuhing cdl mar integrates three Inds of organization: the \.,hole population of cdls. 

the functionally distinct suhpopulations it s:ontains. and the single ,;.:dls themsch-cs-al! 

15 \1,-Jthuut need for known markers ti.) classify .:ell types. The lcasibilit; of the strategy is 

d-<:nwnstratcd by anal.:,,:ting the comph::t.: lrnnsc:riplomc!J, of 43-6 single cells of three distinct 

t:, pc~. Thi 5 ~tn:Heg: enables th~ unbiased dbr,;c.,, ,.:ry and anal) sis of naniral!y occurring ;;ell 

t) pc~ <luring dcvdnpmcnr. 41dult physiology and di\cnsc. 

MlTflODS 

LS H l cc!b. wen.' cuhur(.'d as previously dc~cribcd (\-folincr c1 al.. 5.!ft!L~).:ll'.i Dev, 17:233-243 

(2008)), \.H:fs and ".\.:urn-.2A cclb \\-t;-r;;: grnw1, in IY\1C\.1 \\ ith lff-'·u FBS. l x 
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renkil!in/st.rcptomycin. lx Gfutarnax and 0.05 rnTvl 2-mcrcaptol'thanol. .All cultun..' r.._.agcnts 

\\·ere from Gibco-. 

R:--:A \\.\"', i~nlated using rri:tol (lnvilrogen) and I µg total R~i\ was n..-,crse- transc-rihed with 

5 Superscript IJl (lnvi!r,)g-:n) and nligu-(JTJ primer. SYBR Green Master Mix (Applled 

Billsystcm"->) and a cDNi\ amount corresponding to 5 ng RSA was mixt"d with 4 prnol primi:rs 

\ l--:urc,tins \1\\.'Ci Operotts German) J in :i t,1tai nilumc of IO µL and analyrcd 1..Jn a 7900H·r 

real-time thcnn;)C)Clcr (Applied Biosystems). A dilution ~eries of the template wa~ used to 

de:crmlnc primer {.·ffld..::ncy. 

Single-cc/! tagged reverse transcription (SIRT) 

Cd!s were dissociated en7Jmatjcall} using Tr)"pLE Express. (lnvitrog.en), v-.'ashcd and 

rx:suspcnlh:d in phusphate-buffCred s.c'lline {PBS). A single cell was collected into each well of 

a 96-wcll capture plait' (AbGene Thermo-Fast 96-cat. No. 0600) by fluorescence-activatt::d cef! 

sorting (FACS), and the plate- ~'as immediately frozen on dry ice. The FACS ,,as used only to 

15 collect single cells and to rej~ ... ~t dead cells. and debris based 0n light scattering~ no fluorescent 

rcporlcr was i.:sec.l. and hence the .:-o!lcctcd cclis wou!<l rcprcscnl a random sample of the 

population. 

The cell-capture plate contained a single cc!! per ,veil in 5 )tL ofSTRTbuffcr (20 mM Tris-1-iC! 

p!l 8.0. 75 m\,1 h.CL 6 m'.\1 MgCJ2, 0.02'% T\vccn-20} with 400 nM STRT-T30-BIO (5' -biotin-

20 t\AGCAUTG(iTATCAACClCAGAGT_,,;VN-3'; this and all other oligos \Vere from Euwfins 

M\VG Operen) and -WO n\.-1 STRT-F\V-n 

(5--:\/\.GCAGTG<JTA n·A i\CUCA.CiAGTGGA·1·ucTXXXXXrGrGrG--1'. ,,_-here ··rG'' 

Jcnotcs a ribonude\.•tld,:- guaninl.' and ··XXXXX'' \'.aS a barcodej. Each well of the capture 

plat..:: contained a dilforcnt temr,btc-switching helper o!igu {STRT~F\\-' -n) ,., ith a distinct 

25 Darcmlc. rl-irexarnplc, ,,dl AO! rcccivcJ STRT-F\\'-l \.vithscquent.'.l. 

5 '-..-\A(IC .-\( iTGClTATC A:'\CGCAGAGTGGATGCTC·\G:\ArGrGrG-3. ha,, lng barcode 

.-.equence CAGAA. :\:! 96 barcvdc:;. and hdpcr oligo s,c4uem.:c~ arc giH'n in T;.ible 9. 

J!~J.-~-~~•~ __ -~!!ig~> na!~-~-----~~~q~~':.'!~-~-i~~iG)_ = ~~~_nnuclcoti<lc~--- _______ _ 
C.\G,\A 
CAT-1\C 

S l"RT-F\\--l 
---·-··- ----·-

STR I'-FW 
C·\.-\r\(; s·r RT-f· \\-- -3 ----- - _____ ,, ___ _ 
{'_\('_-\T s·rR.T-F\V--4 

' .-\ACi(_'A(i.l ( i(/TATCA_-\C(YCAG..-\GTG( iA.! GCI_CAGA-\{_(J(~G,) 

,'\ ·\C(_C :\GTGq 1· ,yrc3\ :\CGC-'\~~:\GTCiG~\T9~T-~':\ T,~\Cf_GGC~} ___ _ 
AA.CiCACtfGUI-ATCAACG('A.CiA(jTC(JATGCTCAAAG{<:G(i) 

• :\A(i-c '\GTGG (.\ TCA.-\CGC-XGAt/rc~GA-'rGC'-f·c /\-CA nG(Jc"fi 
----- -···--··· 
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'.-~~;~~~~ ~;~~;,~~a;-~ i ~~~~:~~:~}I~~g~\~~~,~~nc~~l~:_1~~~TCJGATG(':rCAG(j~\G(J(h. _] 
C'ACC(J ' s rRT-FW-7 ---:-A~'\(jCAGTGGTA"W~~A~AC'cici\(1~\-G~r\ic~~\-T{ii.:~i-c ACCG((fGG) 

'CAACT : STRT-FW-8 f AA(rCA(i·}-cJGTi .. TC',l\.ACGCACL\(ifG(li\~fQ(--.-f('A/\cT{(JGG) , 
CAAGA · STRT-F\V-9 [ /u\GC/\(i-rG(_JTATCAAL'O{A-{iAG-'J-iiCii;rGCfCAAG/\{GG-GJ 

• -1 CACGC : STRr -FW-l O )\;i,.-Cj_(:_K(j·fricd;X-1\:,.\/\(_~-GC :\G~\(/i\_iCi~\ lfi_:~i\')~(("f(·-{(j(ih- 1 

(A :-l~T-- ~\TR~f-1-'-W-J J ,:\AGCAGTCiGT.~:rc; A/~(_"(J_<;_~~!~~-{_i'_l~!)~J,:~:l~(_i_Cr(~ArlX_!"{G_{ i_Ci)_ 
J:Ac\j. STRT-FW-12 AA<,CAG IG(,TATCAACGCAGAG.TGGATGCTCACTA(GGG) 
CAATC STRT-FW-1 J AAGCAGTGGTATCAACCi~-i,GAGl:C,GATGCT('A1\TC(G(iG_L_ 

• CATTG : STRT-F\"/-! 4 _:_\t~~i~ . .':\<}_-~{_!_qT_.'.\·T~~-~,'.~'.~~:~~~::·~~-~!_A<J:!:~_ig~!JGCTCATTG(GCJG) _ 
CACih SIRJ -FW-1, AAGCAGl GGIA ICAACT,CAGAOTGGATGCTCAG_1=f_(CiGG) 
CCT,\A STR r-FW-16 AAGCAGTGGL\ TCAACGCAGAC;T(iGATGCTCCTAA(GGG) 

--cc(X,\C' ; STRT-F\V-1 7 i ,'\~\(1-c~-AcitGCi-·f·~yy-c~\.A-(i;{A"{f\(~'f(;-{i::\rI c5C:r{~t;(f,i\(;{{R;(:;J • 
'._l~("/~:_::~Y- ·s:i 1~T--f7\\i_ l 8- ! A_A(:;(:-;\(;·fQ(~TA:i~(\t\A-L(}(_;-;\c;,.\G rGCiATGCTCCAAT{GGG) 
CCGC:\ STRT-FW-19 I A,\GCAGTGGIATCAACGCAGAGTGGATGCTCCGCA(GGG) 

; <-TT( -c STR T -F\V-20 rAfi(;C-:A.GfiJ(/f' A f(:j\~\(·"ciCAf'.iA <~-T{;(f~-fci<:~t~=:ru~f((~~:;_c_ 
;- {('_!\-((; ___ STRT=f.--w-=:fJ- /\AG('AGfGG fATCAAC(JC/\GAGTGGATCiCTCCACG(Ci(iG) 

: CCAGC STRT-FW-2::'. l\A\~t;--~~ffGGTATCAJ\CG~·i\_0~~-qT_qG'.A_:fG~TCCAG<;(GQ:9) _ 
CCTGG STR l+W-23 _AAGCAGTGGTA·, CAACGCAGAGTGGATGCTCCTGG(GGG) I 

• ccoGT STRr-F\V-24 A,\GCAGI.G{iTA-:rAACGCAGAGTCiGATGCTCCGG_T(GGGY 
CCA TA ' STRT-f\\'-25 i AAGCAGTG9J::l~ :f-~_<':\,:\~9CAG1\GTGG,\ TGCTCCATA(GGq1_---4 

iC((fi:-(i S l"R 1-FW-26 i AAGCAOTGGTATCAACGCAGAGTGGA l'GCTCCGTG(GGG) ' 
' CCii:::r__ STRT-FW-27 ! .AAGCAGTGGTATCAACGCAGAGTGGATGCTCCTTT(GGG) 
CGAAA STRT-F\l'-28 'i\AGCAGTGGTATCAACGCAG,\GTGGATGCTCG,\AA(GGG) 

: CG~}~t -~_JgI_-::_!:_W ~29 , AAGCA~~fiEJ~~~J_(A::f(:CCAGACiTG(1ATUCTCUCAC(GGG} 
CGGAG ' STRT-FW-30 . AAGCAGTGGTATCA,\CGCAGAGTGGATGCTCGGAG(GGG) 

1 
(_;(ir.t\;l~ -j ST Rf~ ,:\\~xi--•-:~ A{i(: A (·;·-r(-;"c~i::A.-~h.~· AAC(;"c\,((;-_~(~1~(;(~.ki {K~Tc(lTA;r( (i( ,e}y 

'._C_GCCc,\7-sYR T-FW -3 2 :-.;;.;;,;c;(;i:c;j'c;cir A TC'A~\i::GC.\GAGTGGA TGCTCGCCA( GGG) ---1 
'.~GACC l _~:~·~_-i:_i~Vv'-33 AAGCAGTGC:iTATCAACCiCAGAGT(JGATGCTCGACC(GGG} 
: CGTCG i STRT-F\V-34 AACiCAGTGGTA'fCAACGCAGA(iTGGATGCTCGTCG(GGG) 
'CGGCT ' STRT-FW-35 :_,'\,\_GC,2c;,:rc;GTA TC\ACGCAGAGTGGATGCTCCiGCT(GqG}__ i 
:-c-G{r{iA--l s-:-,-;r{·Y~f\\,,_'36· AAGCAGTGGTA-l CAACGC AGAGTGGATGCTCGGGA(GGG) i 
'CGTGC l STRT-F\V-37 :\AGCAGTCG'I-A I"CAACGCAGACi'l{_J(IATGCrCGTGC(GGG} 

CGA(,G i~~'RT-FW-38 _A,\GCACiTG_GTATC,\ACGCAGAGTGCiAJ'CiCICGAGG_(GGG)_ 
;___£~j-~(i I' '. s·nrr-F\V-39 A/\GCAGHi(iTATCAACCiCAGAC!TG(JATGCTCGCGl'((iGG) 
: CG'n·A i STRT-F\V-40 AAGCAGTGGTATCAACGCAGAGTGGATGCTCGTTA(GGG) 
. CGciTC -, S rRT-F\v:a I . ,A.,\GC/\GTGGTAT(A,ACGCAGAGTGGATGCTCGGTC(GG_GL_, 
; ('GCTG : STRT-FW-42 AAGCAGTG(lTATCA,.c\C'GCACiA(JTG(IATG('TCCiCT(i((lGG) 

CGAT"I s·rRl'-FW-43 _: /~;\~JC'.\q-!{_J(j'f:~T\->~--~:q~~-:\G,1\~i}:~!.~f:•\~SJ_~_-r~:~r~\!JJ~~-'-~~)__ 
• Cl CA/\ : STRT-F\V-4-l AAGCAGTG(i_TATC A.-\(_'\fCJ\GACTGGAT(;_CTCTC_A_,:\(GCf(J_) ·---. 
CL\AC : STRT-r W _J5 _1\AC~CAG"_I"(,q·_~_(\J:~·At\~~~j_(~·-,:~9.!\-_G~\~q:'~-·[~t<::'_I~:} __ ,:\!\~(_~j9_~i_)_ _, 
CI TAC S. !"RI -f-"W-46 AACC/\(d'(i(iTATC.-\ACGC:\G:'\GT(.J(i:\TGC f CTfAG!CGGJ 

_ ~~_I __ iL~·1 - r :-n RT-FW-4 7 ~\AGC /~GI G(_i_i)\°J-Ci\.~\(ii-(:~\GAGTGGA T GC;TC--:f\~~-\-Y(GGCi) 
(. rACA - STR f"-FW-:.8 r\i\GCAGTGC_i-'f :\TCA:\CGCA(.i:\GTGGATGCTCTACA_(GGG) 
Cl GCG ;· s·i R l"-t\V~49 - ~\?f~~~-~-il~}~i_l 0::i:~---:~~~(i:1-(AG;\{_J-·b:_-,(\-,~r~jc:::~,TTGC(i(G(l(i) ----I 
(-Tl"( 'T s·l-RT-FW-50 _[ _:\,~~J-~_:~Sr_t<;!_\~}-!\}_·\·_.,~_-:~~-(~CAG,-\CiTG<;i.~ T(~CTS-"ITCT((i(jG} 
CTrG .. \ ·, S-f R.l -FW-5 l -"'.-·~\_Q_t;:~,~.QrQ.~FI _'..\_!~(~,:\_,::\CGCA(l,\GT<:_fQ:::\ l~()CTCT f(J,-\(GGG.l 
( TGGC STRT-F\V-52 :\AGC·\GTGCJT.ATCAACGCAGAGTGGA TGCTCI GGC(GG<-Jl 
C ! C(i(J _ STRT-FW-53 ___ 0!\_~!C:-'\~iT~-~-~-IL:\r<j\,~CGC\(i.-\C!TG(~'.~TGCTC rCGCi_\GCiG~ 

__ C_l~-::~iXI STRT-FW-5~f _;_A:',~0~'.~~!.1,:0~}-L\Y~~,-~.\~:G( A(i,,\G 1 ~-~<!.:A1:c!~' rCL\Gl'(GC.f(i) 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 00998

067234-0240 
WO 2010/117620 PCT/US2010/028361 

34 
----~----~,----- ---~------··-· - ·- --·-····----- --~ ----- •••• -----· ------------7 

· Harcode __ OJigo name ; Se uence (GGG = ribonuc1eotides 
i-('iGI i\- STRT-FW-55 1 AAGCAGTGGT ATCAACGCAGAGTGGATGCTCTGTA(GGG) 
cT1-rc ·s:fR··r-f~;\V-T6- -+--A-~\(~(A(r·1·Gc;-r;\·Tc~\~\c_~-Gc.t\Cr,\G·1·GGA·l.-(:;l:·1i_~TTi--C·({1-(fr~)---­

: c-1 ATG • 1 ·s:i1i ·1·-F\v -s7 -,\ A< 1r'."'·uf'Ci/(i~-t-c:·/,-~\-C<.~t • ~\(-;A.<:/f G<r At!·~:i~~~:~x-~:!~~!-~~q-~1 ~ 
; CT en~ STRT-F\V-58. , AA.(iCAGl"GGTA.·t·cAACGCAGAGI GG,'\TGCTCTCTI"(GGG) 
: (f.\(,:\.-A ·1 s·i-RT-E:W-59 -~-A~\(iCAGTGGl A 1 C;\;\CGC i\GAGTGG.!\ TGC~r(J:.\C-.-:\A(-G(]G) 

G.-'\.AAC t;; (1{·1;-F\~'-60-- ;· AAGl ';\G_i:GCiTATCAACO'c:i\nAG r·G(i,\·i·GcTG.\".XC'({1(_-r(1J 
UAT,\Ci i STRf =-F\V-6 ( ii\~~\-G()\C:-if(ic;·{,-\TC/\/\CG(';\(Jc·\GI ~(=i~-~\-·Y-(i(TGATAG(GG(.i) 

---(J_-<\(J}\1-:--TSTRI-VV.-' -62 I /\ 1\GCAGTGCT ATC:\;\CGCAGAGTGGATGCTG/\GAHGGG) - -
-- ---- --- - 1------- -- --- - --~ - ------------ ----- ------- -- -- - -- --------- ------ --- - -----------------

• GAACA i S rRT-F\V-63 i AAGCAG iTiGTATCAACGCA(IACTG(:t>'\·1 GCTG-AACA((iGG) • 
-------------.!----- - -- . t- -- - ------------ -------- -- - --------------------- ------ ., - -------- ---- . 

GAGCG i STR !'-FW-64 i AAGCJ\GTGG·I-ATCAAC"GCAGA(iTGGA'l"GL"l"GAlJCG{GUG-) ; 
-i:_;;.;:W·-YT STRT-F\1--65 i A,\GC\GTGGTAfCAACGC,\G!\.GTGGATGCTG!\.TCT(GGG) ; 
-------------)------------- ---- ----~- -- -- -------------------------------------------- --- . -- _____________________ ___, 
GA·1-GA i STRT-FW-66 i AAGCAGTGGTATCA:\CGCAGAGTCiGATGCTGATGA((IGG) 

·-c_~AGGC t S-;l"ii-f=Y\\· -h 7-rA ;\li(·-i \-(f((;<jf;\Tl;~A)~(~(j(_:AG,,\ (~·-ye;{; A-JYjC:;7YiAo(-;(j(3f;{_i)­
- c;-A(<rG t~TRT-F\\'-68 ! AAGCAGTGGTATCAACGCAGAGTGGATGCTGACGG((JGG) 
: -,;~\)~(;·-1;-j· STRr-1: \\'-69 :AJ\{3(:A(il~G{·j;I A--rc ,\-Afi:"i(~\(~A(fi\-j(JATGC!{_iAAGT(GG(}) 
~. ~G-A~c~,~T~A--!_ l-s~---r~1~,~T--i-:\_v __ 7-(ii-:t..-;\(-j(:A-(l~f(J(ff,.\-1\::· A ~\C (~i--A(j ~~Cfi~G( 1 A~r-c~,c~,1~-~c;-· A-,-;~T-A~(-G~G~' G~-j • 

GATTC .! STRT-FW-71 , AAGCAGTGGTATCAACGCAGAGTGGATGCTGA17-C(GGG) 
- G/\ATG 1 STRr-F\\;_ ii_ i_ ,i.-A(-fr.~,_\('i·r(i{j-·f 1\i;(~!f;i(~~(:A(·;A(Yf(~(;A;f(J(~T(JA,-\TG((iG(it 
, GACTT I STRI-FW-73 i AJ\GCAGTGGTATCA.ACGCAGAGTGGATGCTGACTf{GGG) 1 

·c("f.j,A·-:·s--;-fRT~f·\f--7-: ! AAGCAGTGCT,-\TCAACGCAG,-\GTGG.-\TGCTGCAA~\(_GGG)--, 
: GCCAC ! S fRT-r\v~::;5·-· tAAG(" ~\(j'JiH:i:f~f(~ .4A(G{A(;A(~Tij{i~\-fG(.;.I;(-iccA{i(1(i(j)-
, GCGAG tsTRT-FW-76 i AAGCAGTGGlATCAACGCAGAGTGGATGCTGCGAG(GGG) 
--- ----------'!----------- ----- -- - ,--------------------------~-~-· 

• (;CTAT i srnr-FW-77 I AAGCAGTGGT!\.TCAACGCAGAGTGGATGCTGCTAT(GGG) 
l :g~_,\c-;--cr ~)'R):.~r.~~2i_; AA(lCA("i'j•(,<;~r ATCAACGCAG/\Gl'G(__;,~t(i:;--rGC,hiXx:({i}G) i 
• CCTCG I STRT-FW-79 •. AAGCAGTGGTATCAi,CGCAGAGTGGATGCTGCTCG(GGG_)___J 
:·-Gcc;(·t J-Si"i{~J'-FW-80- AAGCA(JTGGTATCAACGCAGAUTGGATGCTGCGCT{GCiG) ! 
' c-,'cici;\. h,TRT-Fw-s I AAGCAGTGGf}.irc,1,\cac;\GAcfrik1A TGCTGCGGA(GGGJ l 
j GCTGC -1--s-1 ·td;~i; w -82 ,~\".\~~~ .0 9:r~J.~T!~~rc ~ -~CG~/\ GAGTGG/~.TQ(:J::Q~~:~QS;tq<;3_<;_JL_i 
; UC/\GG l sti{'l'=V\V-~83 t\AGCAGl"GGTATCAA('UCAGA(iTGGATGCrGCA(JG(GGG) 
'GCCGT i STRT-FW-84 AAGCAGTGGTATCAACGCAGAGTGGATGCTGCCGT(GGG) 
i GCTTA t ~-i-;RT-F\V;g5 AA\~~-~~XT~~0-_r_-~~-f~-'~_,-:\Cc~·Ag_.~u·1~q_(j_~!-~(j~~E0~E!~~.($)_0q} 
• GCGTC , STRT-f\V-86 AAGCAGTCiGTATCAACGCAGAGHiGA.TGCTGCGTC(GCiG) 
c. -·----------i---

- CiCCl G ! STRT-FW-87 • A.\GC\GTGGTATCAACGCAGAGTGGATGCTGCCTG(GGGJ 
GCATT ! s-1 Ki'~~-\\.:_iR •• -~\;\(.ii:".-:.\{ft\~(_'ffA-TCAACGCA( IAGTCGATG(_,-·f{";i~'\-Yi'((i(iG)-­
CiCiTAA -;-STRT-FW-89 A,\_GCAGTGGTATCAACGCAGAGTGGA TGC_:_fGGTAA(GGG) 
(f(iCAG I STRT-FW-9O ,:'-_~~~~~·~(J_-_r~-~QYATCAt\CGCAG:\GTGGt\ TGCTGGC!\G(GGG) 
GGAAT , STRT-I-W-91 AAGCA<iTGGTATC,\ACGC\tiAGTGGt\TGCT<;(,A.AT(GUG) 

_Si~T~~(- !""S"h{·f.=-f\\'~(if- AAGC_t~q_!_0~~t\JC.-\AC0CAGAG~GGAT~J~"f<:!~}~--t·c;_·(G(7_G) __ _ 
GGAC(; :·s;(RT-F\'",l-93 AAGCA(l l{.i(JTA re AACG!=AGAUTGGATGCl_-~_!}A~~~~-Q9_~_!)_ J 
GGCCT STRT-F\\-"~94 A.-\GCA.GTG<i"I-,\'I CA.-\CGC:'\GAGTG(;ATGCT(iG('C'J.(GCiG) ; 

~-~~.~~~.i:-\__=.~IIfJi-=: (\\--::.9 5 ·_:.-._-A-f~<, A< n-(i"c:rT :,, T <:_.\Ac CiCAG; \CiTGc.:\ i" c'i~Tc(1<-iJ_.,-( GGG >7 
GGAGC S'l R"~::-_i_--~--=-l~~--- _-\-.\G(.-A{_iT(i J"l ,.\ re r\AC(}CAC3:,\o l G(J;\'J"G{'·r(_j(_;;\(;('(GGCi .l : 

lr!T. ~ m:'vi J'.\TP, 5 l \d_ Super..,cript II in '->JRThl,f'.'er_l \ht", ;,Jded to cad, \\di and the p!u.k 
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\-Vas incubatt:d ( l O"C for t O minutes, --l2°C for ,:15 minuh:s) tn complete n.:vcrsc trans,;.,'ription 

and kmplatc S\\itching. 

T,) puril~ tht· cDNA and remove unre::ictcd pri1:1ers. 50 pL PIJ: (Qiaquid.. PCR Puri1irntion Kit. 

Qiagi.:n) \\'a.s :1dJed to t.:ad1 v,dL AH 96 rcadions ,vcrc ptiolcd an~i purified over a single 

'.' ()iaquick t:olurnn. rhc cDN.-\ \\as dutcJ in 30 µ L EB in .a 1.5 ml pulyallomer tube 

(Beckman}. 

!"he .,_,hole 96-cell cDN,\ ::.Jmple was amplified in a single tube in !00 ~tl. of:200 ~1M J:'-iTP. 

:'.DO µ\:1 STRT-PCR primer (5'-bintin-AAGC,\GTGGTATCAACGCAGAGT-3': Eurofins 

'\l\\'G Opernn). lx AJv.antage.2 DNA Polymerase Mix fClontcch) in lx Advantag.c2 PCR 

i O buffi:r (Clontc'-·h) \'>·ith t min at 94°C fol!O\\Cd b) 25 cycles of l 5 sat 95"C. 30 sat 65'"'C. 3 

min at 68""C. with heated lid. An ..ili-.:juot was visualizcJ on a 1.2~-'o agarose E-gel (lnvicrogen) 

and 1hc sample was amplified an additional l-5 C)dc::. if necessary. The product was purified 

(Qiaquick PCR Puri!"icatic1n Kit. Qiagcn) and quantified hy tluorimetry (Qubit. Irr\'itrogen). 

T) pi.:'.al yields \.\ere H.5 t µg total. Aliquots \\C.re taken al this stage fr,r mic-roarray analysis 

15 and Q-PCR. 

5-)ampie pn,1wrationj(n- hi;z_h-rhmu1-;hput sequencing 

Amplified cD'.°'A \\as fragmented by D"Jasc I in the pre5cnce ofMn2
~, which causes a 

preference for double-strand :)reaks. 50 µL cDNA was fragmented in D'.'-iase I buffer 

supplemented with 10 miv1 l\.foCL1 and DNase .! diluted io !Ul003 lJ/~lL in a tulal volame of 

20 J 20 µL for e:xactly six minutes ronm ternpera!ure. The: reaction was stopped hy the addition of 

600 ~d PB (Qiaquick PCR Purification Kit, QiagcnJ, purified and eluted in 30 µL FB into a 

polyallnmc-r 1uh;: (Bechman). 

3· and 5' frngmcms ,vcrc im1nol-,'.li?Cd on 30 pJ. -;trcptavidin-co~tcd paramagnetic beads 

(D; nahe-ads \·1:-0nc Cl. [w,.citrngi:.·n_L then resuspended in 30 pL Taql :xprcss buffer (Gcncti:,;. 

25 L'K,). Ends \H'rc repaired and single A on.·rhang-. generated hy inc1.,bating the be.a.Jc; in 40 ~d 

Gi':100 p\1 d".\:TP. (L:?'5 lL"µl Taqf:xpr-:-:-.:s{Genctix, UK) in TaqLxprcs'.'. huJkrat 3T'C fi_;r 30 

minutes. fn!km,;:d h; lhn..--.. • washes in "EBuffer 4 (Xew England Biolabs). 

5· fra~ments containing harcodes and dJ>l.\ inserrs \\:ere n:leased from the bt'ad:- bJ BtsCl 

Jigt":-tion. and aJ:..ipte-b \\<:l"l.' simu\tan<.:'i.Ktsl~r ligatcJ t1:i gc1~~rat<: a :,;ampk ~uitahtc for 

_,o scqucn~ing on the l!lumina G,:w,mc Analyt:cr. 'Ihc heads were r:.:,uspemled in 40 11.L of l m\:f 

.-\ f'P. l µ!\-1 SOLL\;\-A.DP! adapter 
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(5' -AA -!.CiA'[.A(~GGCG.ACC:ACCGAGA TCT ACACTCTTTCCCTACAC(JACGC.fC("rCCG 

ATCT-J' and 3·_ 

PttO-TTACTATGCCGCf'GGTGCiCf'( __ "l'AGATGTGAGAAAGGGATGTGCT0CGAGAAG 

GCTA-PHO-:'i'i. l ~1\1 SOLEXA-ADP2 adapter 

5 (5'-C-'\/\GC;\G;\:\(iACUGC.ATACGAGC'TCTTCCGATCT-3. and 

3'-Pl10-GTTCGTCTTCTGCCGTATGCTCGt\G.'\AGGCTAG-PH0-5'). 0.25 U!~tl. T4 DNA 

!iga~e {invilh}gcrn. l lj/µL BlsCI (\'i:,1.' England Bi.:ilalv..;} in lX. )..'EBufkr 4. and incubated 30 

mim:tcs at 37~'C. The bL'ad~ vvcr-e rcnmvetl and the supernatant \\·as purified using AmPurc 

(_Agcncourt) and dUl.cd in ..J.O ~tL EB {Qiagen). 

l O The ~ample wa" loaded on a 2% SizeSdect F-gel and the range :20(} - JOH hp was collected. A 

4 µ!, aliquot wa-; amplified in 5() µL total volume cunt~ining 200 J.t'.\1 t!NTP. 400 n~-1 each 

primer (5 ._ AATGATACGGCGACC ACCGA-3' anll 5'-

CAAnCAGA/\GACGGCA TACGAG-3') and 0. ! 5 U/µl. Phusion poljmen1se in Phusion HF 

buffor (Nev,· England Bini abs) with 30 s nt 9-8"C. 14-l8 c:vdes of! lO sat 98°-C. 30 sat 65'T, 

15 30 sat 72'-'C] follm.ved by 5 min at 7U'T. Test amplifications ,vere used to determine the 

mini:nal number of cycles n.;eded. The amplified sample was purified by ()iaquick PCR 

Purification follo\.ved by a 2% SizeSelect E-gel, again collecting the region 200 - 300 hp. The 

concentration \vas measured b)- Qc1bit (lnvitr-ngen~ and v.-as t)pically 5 ng/j.tL Aliquob were 

cloned (TOPO. lmitrogen) and -s.cquenced hy Sanger sequencing to verify sample quality and 

20 det."!rminc the average fragment length, Based on this infomrntion. the molar concentration 

could be accurately determined and was generally above IO nM, Cluster formation and 

St'qucncing.-hy-synthesis \Vas performed on a Genome Anal)L.Cr !Ix according 10 the 

manufacturer'<:, prntocois (lllumina. Inc .. S.1n Diego. USA} at a commercial sen-ice pro,,-ider 

(Fa.steris SA. (ienern. S\\"ilzerland). 

25 ;\lapping, quant;jicatwn and risualf::_a1ion 

Ra\\ reads Vd . .'re s.ortcd hy bare.ode (fir:o,t five ha~s) and trimmed to remove up to five 5' G~ 

intrnduccd by tcrnplatc-s\vitchir.g. and 3 • :\:-, 1hat sQm;.:timcs occurred v,·hen a read extended 

im,) the JH'ly( .. \_) r:,il. Or:I:,. exact harcodcs ,..,ere alk1\YCd, and rhc b;1rcodcs \\Crc designed S<) 

that n,1 _c..ingk ,:rror wvulJ conn::rt one valid ~aru.x.le int,, aJ1othcr. -1 he reads: ,.,ere then 

~O rnapi,<.:d to the 1mius..: gcnn1:1t" using Bun-tie (!.anpnead ct al.. t!.f.!!..\.'.DJ;;~HlQl 10:R:2~ 120tl-9f1 

with !he default '.-ctlings. lh1mappcd r..-:;:;ds \\en•. disc;.m.kJ. Then. fix each ann-,tatt:d feJ.lurc in 

the '.\'C Bf :11. I ;1s,embl;-, all 111appi:1g reads "ere ..:olml1.:d to g..:nc-r:.tc a r,n;, co,mt. ·1 hat is. aH 

r..:ad-; that nrn1?pcd to an:, ufthc c;,,.,_1n:<. (>fa gene ,,,_-en: as-.igned to that gene: isPIPrn1s ',\ere- not 
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37 
di,tingui-;hed. FinaHy. the rnw reads for each cell were nonna!ized to tran'icripts per million 

(t.p.m.). \Velis with kwn 1h.tn iOOO mapped r,:ads \\ere Drnitted from further analysis; 

rrcsumab!} th('--C inc!uJcd case-s: where the FACS Instrument had failed to hit the reagent 

drnplet v..-J,ik· cc-!ls \',-ere picked. 

5 To visu(lli7..:: cells in a t"wo-d'.:nensinnal bndscap;:_ ail pnirwi~e similMltics \.Vere firs: computed. 

J'he Bray-Curtis dist.:mce was used a!-- a similarity metric bc-:ausc it tended 10 hand!,.: the noise 

in lO\\-·-c-xpres,;cd genes well. Standard correlation yiddcd ~imilar rc...;u!ts. but with a tC\',: mm-.: 

misr,la;,:cd cells (d:lta nut slw;,\n). A similarity graph \\as then built by letting nndcs represent 

cells, and .:onnecling each cdl to its five must similar ceib, (for clarity, cells\\ Ith fewer than 

tO 10.000 reads -..vere omitted. a~ they ,vere liable to g~ne-ratc spurious edges). Thus every node 

(cc-ll) had live outgoing edge:,, and varying number~ of incoming t!dgcs. Force-directed layout 

was then used to project the graph tn t\\•o dimensions. revealing the internal structure based on 

ccH-cdl similarities. The Cir.:iphPlot function of the \fathcrnatica program (\Volfram Research 

lm..: __ CSA) was used with the "Spring:ElectricalErnbcdding'· optkm. 

l5 RESULTS 

Data from 436 single cells collected from three different mouse cell types: embryonic stem 

cells (ES RI. \\'oud ct al.. Nature 365: 87-89 ( 1993)), a ncurnbiastoma tumor cell line (Ncum-

2A. Olmsted ct ;il., Proc. 'Natl. Aca-d. Sci U.S.A. 65: 129-136 ( 1970)) and emhryonic fibrobla!>ts 

{MEl') arc reported. In hr¼ef, ead1 sample ;,\as prepared by picking single cells by 

20 fluorescence-activated ce!I :-,mtlng iFACS) into the wells nfa 96-·well PCR plate preloaded 

\,vith ly.sis butlCr: heating_ the plate to complete !ysis, then adding reverse trnn-scription reagents 

w generate a first strand cDNA, To incorporate a we Ii-specific (and hence cell-specific) 

barcndc. the reverse transcripta::.c tempi.ire-switching mechanism! Schmidt ct aL 1\uclei,;.• 

,:__\.:j_d:, _Res. 27:d I (! 999)} wu.s used whereby a helper olig,, dirt.·cts. the incorporation nf a 

25 specific s.cque-ncc at the 3· cml of the cD\;A mok;:ule (Figure lOA). ;\ diftcrcn1 helper olign 

\\HS u:-..:d in ca:.:h \\c-!!, \\·1th dl.s.!inct fr1.-e-ba...s.:: barcodcs unJ univcrs-..al primer sequence. After 

i:.-D~A ~;-nthc:,i-.,_ the 96 reactions \-\t:re pook~d. ))Urified and amplified by single-primer PCR in 

a :,.!ngk tub~. Cd!-tn-cc-li ::imp-!ificati1..m bias wa:- ~hus red need, and the number nf PC-R a;.'.y,..:lc:­

c,Hlld ~)c kcp low ~in..::e ampli1ico.ti~m staned frum 96-fol<l nwrc mate-rial. rhc. .mnp!ific-d 

30 ~arnpk'-- \,er,: ihcn a<lapt1..·d f,x .s.::.qu,:n-:ing thing standard mcth,:-•ds. The- prncct.!ure v,'aS i:;;.1111.;d 

·STRT' {:_iingle-cell !aggt.'"J _i_:c,-er.sc !ranscriptin:-1;. for detail:-. sc,: the '.'-Aetbnds sc....:l.ion and 

Fi-gurclt. 
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38 
S - 12 millhm raw reads per sequencing lane \verc typically obtained on an lllumina Genome 

Analyzer il.x. and c.:icli s.:impk \\.-as anal:zcd on up to eight lanes (but typically one ur [\VO). 

Reads bcki•ig a proper harcudc. mostly caus~d by errors in sample pr.:pannion su..:h as 

mi~ligat~<l adap!ors. "ere removed. Of th.: r~main!ng 79+ l I 11/o (mean i.-s.d.} read:,. ahoul 

5 threc-quaners (75-.:: 12~-'o) could be placed on the n1i.1u~c gcnorne allm\.ing for up tu two 

sequencing ern.ir--;, resulting in hits to l 4. 7 l 8"!'.:3,006 di::.t inct feature~ (including rnH.NA, 

mihK'lwndriaI R~A and l.'.'Xprcs:-:cd rcpcalsj. These n.:sults .ire ~ummJ.rizcd in Table l0 
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Lihrnry i Speckv Ce/1.wurce lanes lenuth Raw read~- Barcoded 
_(hp) __ ., ______ ., _____________ , __ 

11111/, i \10USl' l.'S RI 8 1.,36 16_ 130_189 38,28161) (83%) 
7x511 

Mapped 

21,356.()66 (56%) 

--- ---

Feature.,· Cum. 
features ... ------- --·--··-. '"" .. ··-··· __ ,, ___ . 

•• 13,168 13,1(,~ 

LIi 13 \1ousc l·S JU I Ji, 6.482,712 5.328.081 (82%) 3.199.0S0 (60%) 19.328 21.285 
UJ19A :'vlous~ r,:s RI J 36 4.302,649 2,588,536 (60%) L144J94 (()l;1i0) 17,.229 
JO I 'lll Mou,e f.S RI (') I 36 5.134.171 3,323,243 (65%) 2.562.559 (77%) 14. 794 (") 23.152 
I 023 Mouse Neur.,2A I 511 10,1162.08/i 8,588.048 (86%) 5.963.143 (69%) I 1.464 23,715 
111:A\ : M,11,se \11'I· I 16 4.:>78.888 3,729.229 (87%) 2,802,951 (77%) 12.'124 
L02oll : ~louse MF!'(') I 3(, 3,912,144 3,398,519 (87%) 2.599,074 (76%) 13.832 ("I 24.288 
( * l th l's-: sampks \\ crc indcpcrH.lcnt!:y :.implilkd from com:¾pomling ',\' libraries. but were nnt quality~controllrd by Sanger scqui:nr.:lng at 
pri..:p,1r;.1t i,111 

C*) cumulativ-: \~Ith tht prtviDus s,1mpk {Li.::. A and B togl'thcr) 

T:1blc 10. !,ibrar;, c;ummruie:-.. p,,_.rccntagcc; rcti.:r to percent of the preceding column unlc:;s otht'.f\\-iSt' noted. "Features" includi::::::, mRNA, 
mitn.:hondria! RNA and c:--.prcsscd rctrotran:-;poson families. "Cumulative features" trncks the cumulative number of !C"atures acro:-.s all lib 
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I lit5 <;panned some transcripts {Figure IOH). but wt:re more communl:, loca~ed inn :-cg.ion 

approxim~te!y 200- 1500 bp from thc-3· end of each gene-. as illustr:Hcd in Figure lOC. Thi.s 

,uis i..::xp;;cted b(.:cau:s.e an ollgv( dT) primer ,,,.·as used to grnl'ratc d)NA from the 3' end and the 

mR~,'\ \\as likely partially degraded during cell .l:-,sis by high-temperature hydn)!ysis in the 

5 prcs\.·nce of '.'-,.-1g>. Th..:: background from ;.:.g. genomic D:\A com:miination, judged b) hits lo 

unannotmL•d sequcncc, wa" minimal (<10-J rcaJ:s per mi!lion per kik)basel. as clearly seen in 

figure IOB anC Figure IOC. ";\:ote the paucity ot'hit~ to the n.~vcrsc- ~tnmJ amt to introns for 

both Pou5fl ~rnd !\anog: other lo..:i were similar. 

:'-.crminizing the mapped data, no evidence ofmispriming mother tmdcs.ircd side-reactions w:1s 

! () f; .. )unJ. Control exp..;rimcnts sht~\H!d that both RNA. rcvcr'.:ic transcriptase and template 

~\.\·it,..;hing oligo \\.ere individually required to yidd product (d<1ta not shown). The va-;t 

maj•Jrity of mapped reads had a properly oriented barcode .. indicating that they were primc'd 

from the oligo-dT primer and correctly 1cmplatc-switched. No evidenct~ ofa molif 

complementary to an:, of the primers near read mapping site,;; or indeed of any other mntif'\vas 

15 found. c:xccpt f,\)f a \\Cak general T-bi2s in rare ca-;es (Figure 12). On the other hand. there 

were freque-nt hotspots 0ftcmplat-c s,.vitching {Figure 13), indicating structural constrnints in 

RNA affecting cDNA s.ynthcs.is and/or template-s\vitching at particular sites. Hotspots ,vcrc 

consistent between cells. and should therefore not affCct quantitative comparisons. 

To characterize sample complexity. and to determine the depth of sequencing required to 

:w .'.ample most of the available comptexity. the 'new discovery· rate as function ofre~d depth 

,,,a-;. studied. In other wurds, the numh:r of new .. distinct molecules thal were discovered as 

more sequences \\ere addcd \'.a-s :.k:tennined. It should be noted that. m most. one amplifiable 

clone wa:-. gencrnkd from each polyadenylatcd !<.NA mokcuk and this done ,.,as th~n 

amplified wd sequenced from its 5' end. Therefore reads mapping to distinct locations must 

.25 havL' been generated from distim:I. mR:\'A molecules. On the other hand. reads mapping t,J the 

same location may have been coincil..h.:ntall: gen~ratcd fwm h\.'n mR\:-A m1...1lccu!cs. or ma: 

n:pn:sen! copies nfthc sampk initial done. The number of distinctly mapping reads wa:-. 

therefore ,.-1 lowcr bl~tmd on the trn.: sample ,._,-'--impk-?\.it~\. As :-,hrn,n in Figure I~.\. none of"thc 

~mY"tpk'.,. rcp,_~rted hen: \\er,.: ..,,:4ui:nced ln .--.:1tur:11iun. e.-cn u;: 21 mi!lic,n mapped re-ads. hut tl1c 

3fJ ) icld 11f nl?w nh•kcuk-;. 1,t.·mkd k• s!O\\ d,.i ... vn aftc.r about 5-10 milliz,n re-ads. l'rnjccting the 

cune:-. w intinile read depih. most -;.unpks would seem to cont..c'lifl al lea-.t thre.: ml:!ion dJqin1.~! 

1rn,kcule.s. or ab ... )ut ]!i,000 per cdl. :\:-,suming l(l5. - 1 o'· mR:\:A molecules rier ..:cli. :his v.-riuld 

suggt.''.>l the 1~1e1hc1d su..:<.'essfull:, -:PnYcrtz:d 3-~0':·o ('rtht'" mR'<:\ t,, ;-:1Gppahk reads. ac,. n {\>:r~) 
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cvn'>crvativc lO\\Cr hound. Th~ !rue prnportiun was likely significantly high.:r. as many 

coincident reads (discarded in this ana!ysis) ,,ould he generated from tcmplale s,,-itching hot 

spot!:.. as mentioned above. 

In comrns1, the nHc of discover) of distind fr·aturcs rapidly diminished, and 86'}~, of all distinct 

:5 teature ,verL" detected in th.: first 14".'fu reads (Figure 148). Thi:s suggests that thc mcl:ho<l 

w-.:ccssfull;, reco;,cred most express..:d feature~ present in !he smnpks. evc:-i at relativel_: low 

read depth. 

Stra1:d infr1rmati-on is often requirt:d to properly as-:,.ign reads to tran'>criptional un!!s, sin.:e 

gem:'- frequently overlap on opposite strands. For exam pk. more than 3000 human gencc,. 

IO o\-crlap in this manner (Yelin ct al., ';at. BiotechnoL 2 I :379-386 (2003)). 8ecau~ the 

tcmplatc-s\,·itching mechanism used to introdut:c a barcodc occurs direclionally, strandedness 

could he preserved throughoul the protocol Tn confim1 this. the mitochondrial genome \\as 

C-'"-amined. \\·hich is expressed as a single long transcript from one strand (the H strand). and is 

.:.ubscqucntly deaved to excise tRNA transcripts lt•cated between prott:in-coding genes. Only 

15 the prntci1~~coding genes are then pnlyadenylated. ;\ single protein-coding lranscript. ND6. b 

generated from lhe L strand. hut it is very weakly expressed and irregularly polyadt:nylatcJ 

(Slomovk ct aL YJ-9.L_('_<;Jl-__ ijiql_. 25:6427--6435 (2005)). i\s shmvn in Figure 10D, very strong 

strand-specificity (>99% of n:ads on the I I strand) ,..,as observed and no sign! ficant expression 

of tRNA gt'nes \vas detected, whi.:h confirms that the method was poly(A)-specifi::. The small 

20 number of hits on the I. strand occurred mainly near the L strand promoter, which may be 

explained by the polyadeny!ation of aborted L-strand tra:1scripts (S!omnvic e\ aL supra). 

Similarly. th..: apparen<: expression ofND6 on the \\,rong ~trand is likely explained hy the 

natural po!yadenylation of :-.;n5 dmvnstrcmr. of its open reading frame {Slomovic cl al.. .wpm). 

The strand spei.:ifici1y 11lhmcd us to unarnbigu,)u::ily assign reads to cxprc::,.scd transcripts. even 

On !he brger scale nfthe nuclear d1romoso1m.:s. hib \\al' apprnxirna!dy equally 1..fo,!ribul~d on 

the forward and n.'vcn,c strand~. RcaJ Jcnsily cnrrdotcd strongly 1-vith g:e-ne density as shO\Yn 

fur chromosome 19 in Figure lOE. again imfa.·ating that most reads orig:inau.·d :-;pccificail;-

from t..'\.}irt:sscd transcript, and \\·ere accurate:y rnappcd to the g..:nome. 

30 In (lnJt'r In g"l'.ncrati..' a quantiiali\.e measure nr go:nc cx;)rcs,ion. the number of hits to each 

annotated feature, nor1n!i1,ed to transcripts. per millh):J (r.p.m.) \\er-..: cnunKtL A.,suming l(J~ 

tn Hf trcm-;uipt<:; po:r ,:dL l h:i IO t.p.m. cnrre-.;p._)r.:Js ~o ,l :--:inglc mR!\:. \ m(1!c...::ule pn ce!L 
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Tmnsc-ript lt"ngth (as in the RPKM mcasun:(l\1ortazavi et aL ~at. M~thods 5:621-628 (2008))) 

Ha~ not us-.:<l to 1mnr.a!i1.~ he,.:ausc a single amplifiable 3 • -end molecule wa-; generated for each 

input mRNA mnkculc. irrcsrecfrvc ofib length. ,\n advantage of this approach was the lack 

ufbias ag.ainsl ~hnrt transcripts \\.\hich must be sampled more deeply l-o generate- n detectahlc-

5 RPK~v1 value_) or lcng transcripls {\\ hich might n(h~n\ ise be .suppr-e..-;sed during PCR ). lndcC"d. 

and in ctinlra!'>t lo standarJ RNA-Seq (O:,hlack et al., Uifil.J_?jrect 4: 14 (2009)). no 

kngth-dep1:ndent bbs fi."1r transcripts longer th.an &00 nudcotides was observ,:J (Figure 16). 

Transcripts shorter than about 200 m1ck:otith:s \\ere underc.alled, likely bemuse only samples 

abc-rvc l 00 bp \."ere gcl-sclccti.:d. Additionally. tran'.->cripts around 600 nucleotides were slightly 

IO oven cprcse,~ted. possibl: because of the higher efficiency of tcmplatc-.'m-it-ching at the 5 • -c<1p 

of mRN,\ {Schmidt ct aL. Nudc-ic Acid'S Re:,.: 27:t.·31 ( 1999)) or due to the presence of a fci\ 

\'Cf) highly nprcssed genes in this mngc (.:,.g. Dppa5 and Rps! ➔_). 

Fxprcssiun kveb spanned fo;.ir orders of magnitude in single cells (approximately 1 - I U.00{) 

t.p.m.). wlth rnost genes expressed at lmv :evels (_<JOO Lp.m.: Figure 17A_i, (!iv,:n the 

l 5 relatively shallow depth or sequencing used here, genes expressed below JO t.p.m. ·.vcrc 

generally undetectable solely due to the sampling limit. Since single-cell cDNA ,vas poolc-d 

before amplification, the yidds of <liftCrcnt cells could not be subsequently- normalized. i\s a 

-consequence, cells ,vere uncquaily sampled and the limit of detection varied. For example. 

compare two cells samplt.>d at 500.000 reads (Figure 178) and 100,000 read~ (Figure l7C). Jn 

20 the former case. the apparent detection limit wa,; around IO tp.m .. whereas in the latter case 

genes bdov,,' WO Lp.rn. \\.ere gc1Krnlly nol tlctccted. I frnvever. in both cases. genes above the 

detection limit ,.vere reproducibly quantified in single cells {the coefficient ofvariaticm \\-as 

4fr~/O at 500.000 reads; and 72?,'o at I 00.000 reads). Extending this analysts tL; all cells and 

genes showed that sensitivity approached the theoretical limit imposed by sampling depth 

1:-i (Figure 17T>): the diffc;er,ce can be explained by losses in rev..:rsc trans,.:ription. template 

switching and sample lum<lling. \kas'Jred expn:ssion levels w<:rc generally accurate. as 

determined by comparison \\ ith Q-PCR ( Figure t 71-~). an<l mlcroarra;-- h) bridization {Figure 

18). Jn agreement \\i!h publi~hcd reports based 0n Q-PCR (Bcngtsson et aL, \~fnomc Rec,. 

15; 1388-l .192 (2005:11, :\ctb mR:\iA ahund..incc ,;hrmed an appro:,..irnalcly l-og-nurma! 

:rn <li::;1rihu1io~ acro"--s i:db (Figure 19). R-...:A polymcra-.c ll (brgc -;ubunit) ,,,is cxpr~sscd at 

25±l23 t.p.m. in LS ,:{.·lb. cc,mparabk w the 27 RPKl\-1 found t1! R:\A-Seq tClntmar. t.·t ul.. 

>at._\li;_t_h()g_'? 5:613-61911008}) and to !he 33:7:"79 i.p.m. found in CI 10 cc!J-; h:- dirccr 

dcte~tiPn in ,,iru { a:--:>uming 300. 000 ttar1->cript5 pt:r cc ll) {R.:~i ct :.1.!.. 1-.:L:?::i Bin: ➔ : 3-09 1)006) ). 
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The c-dl-cdl relationships nn a two-dimensional map were visualiLcd. such thal nH!re doseJy 

n:latc-<l ccll-s would he located near each other_ In [his v,..-ay. cell types based solely on 

.:xprc-ssion data \.\en: ahk to b,: detected and distinguished. v.ithom rdying on pre-existing 

markers. A conv<.·ntionai principal compnncrn an;1!ysis (PCA) revealed three Jistinct grours llf 

5 cdh., as '~·xpectcd (Figure 20J. l-!oweH~r. a more complete :c,cparntion into distinct cdl-lype 

clusters \\·as achit·-..-ed using::, grnph-h.a-;cd method (see Methods:). Briefly. a graph with nodes 

n:prcsen1ing cells. and edges represen1ing cell-cell similarity of t..'.xprcssion pattern \Vas 

constru..:k<l ( Hgurc 21 A}. f>orcc-din.'<..'ted bymlt to project the graph to two dimcns.i11n_-, \\as 

w,ed. ln 1hi~ te~l case us-ing nnl} two cell types (ES and Ncuro2.'\ cells}, a n,;-:ar-pcrfect 

! 0 separation v1:as achieved (Figure 21B). A larger map incorporuting MEFs and additional ES 

cells sfo __ n.vcd go,_;d scraratinn (Figure 21C): dcmon,;;traling that the ;;ingk-cell cxpn:ssion 

profiles contai:1cd enough information to distinguish eel! types de ;w;·o. Both P-CA and graph­

based anal:vsis ckarly distinguished the .:dl types tested here. but the graph-based method 

generated more homogenous __ wdi-separatcd du'>tcrs. Both methods accurately grouped 

I.;; in<lcpcnctcntl:- prepared L'.', cell~ together as distinct frnm the othe:- cell tyres, showing that 

dusters did not represent sample preparation artifocls_ 

Gene expres:--inn data was projci.::tcd onto the map. which provided an easy v..-ay to quick!) 

grasp gene expression patterns in both single cd!s and in the clusters representing eel! types 

(Figure 22). A set ofwell-kno\Hl ES cell r.1arkers (Dppa5, Snx2. Sal14. Pou5fl. :\anog, 

20 Zfp..J2. Zic 3. [:-,:rrb) ,vere dearly specifically expressed fn ES c-.·lls, although their expression 

lcH·b varied v.idely frnm cell tn cell (note the logarithmic color si::ak-). A few genes important 

fi:Jr pluripntcncy (Kl Ft. \1yc and Kll2) ,vcre more broadly cxprcs~d. The power oflargc-sca'.e 

single-cell analysis W{'.s cvidem in the fact that while not cvc-ry ccll .:xprcs:-ed every marker. 

patterns of gene actl\-ity \-\1..Te high!y conc-istent at the du5-ter lcveL For example. even a highl:,.-

25 expres:sed c:,-1oskelcLa! gene Eke- Actb \vas not always detected. but its e:--..pre:-.:;;ion in each nfthe 

thr.:e major du'-tcrs \\~::i obvi,ms. C~1m:spondi:1gly. h)\\Cf exprc::;scd trans..:ription fo..::tnrs 

charai..:teristi..: of ES cc-lis m:nt undetected in some individual ES cells. but th..: on:rall paucrn 

nfcxpn:ssinn in rhe ES ..:.:!I \.·luster \\as unambiguou~ and ct1ansistent \'l·ith their idcm:ity as ES 

.:ells. In genera!. as the <ffcrn.gc ;:-:,,.pr-:'.:--.:.i11n !,.~, e-ls di..:cn:ascJ from 45 000 t.p.m. (mt_Rnr2) to 

J-ccrca"'cd. n.:flccli:ng thl;'. stochastic nature of gene c,pr<..'S:,.ion as wdl a~ the '.-icnsith it) limits uf 

the meth(>J. 
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The cell ma;, reprc-'>cntation demonstrated that (l} individual c, . .-IJs shm\·cd highly vari,-iblc 

expression patterns, yet their overall pattern •.)f expression ¼as 5uffo;icnt to group cells of one 

t)pc Wgr.;:ther as a dush:r: (2) once a clt1:s1cr of ceHs was fermed. representing a di'>tinct cell 

type. patterns -of gene cxprc~~!;_in (at the duster k·vel) \\,Cfc unambiguous. Thus, shotgun 

5 ~ingk-ccU cxprcssi,,n profiling is an efficient strategy to access single-eel! c:-..pn:ssion dat~ in 

hcti:·wgcncous populatiuns of cdls. 

DISCTSSION 

Dcscrib,_.d herein is a n:liabk· and accurate method to obtain RNA-Seq transcription profiles 

from hundreds of single .:dis. and shmvn that singk-cdl expression profile-.; can he used to 

10 form cdl type-specific dusters. This allows anal)si-s of cell typc-specifo .. • patterns of gene 

expression both at the single-ceH level and the population level, without the need for kmmn 

markers or even a prior kntn\el-.>dg-e that a certain cell type exists. This general strategy can be 

extended to ::,.1uJy all kinds ofmi.\.cd samples. For example. it could be applied to monitor the 

emergence uf specitk cdi types during organogcnesis. \\'ilhout the need to purify those cell 

15 types u:-ing c-ell surface marki:-rs. Similarly. it could he used to study small populations of stem 

cells embedded in adult tissues, such as the stem c-cl!s that maintain intestinal crypts. The 

method could also be applied to disease, including the characterization of heterogeneous tumor 

cell samples or the rare circulating cancer cells that c;_m contributc to metastasis. 

\\/hat unites all these <lisparatc scicnlific lines of inquiry is the need t,.} unmix heterogeneous 

20 populations of cells. Currcnt'.y. unmi.\ing is primarily achieved either hy physically isnlating 

cells based on knov,'1~ cell surface marker~. -or by genetically labeling the desired cells so that 

they can he isolated hased on c,g. GFP expression. However. the use of previously kncw,:n 

markers prt:'clude:-. the-disco.,,cry of new eel! t~~s. and al\\ays risks resulting in mixed data if 

the markers ,vcre not truly specific. ln contrast. the methods described herein have sho\\"n ihat 

25 cells of distinct types can he unmixed purely in silica. pn-.vidcd !hat larg:1.~ numbers or singk­

\.'.dl c:-;prc:ssinn p:·nfi:ks arc gcncra:cd. 

lmpo11,:m1ly. !hen. a ,·t~r} high-lhrnu~hput. scalable method fr_1r single-cell ;;.'Xprcs:-.ion proliling 

i,~ required. Then:fixe. a me1lwd wa~ J-l'Vcluped t(, prepare a barcmkd singk-ccll cDNA 

:-,mnp!c from 9(1 cell-; in a ;,!n~k· incubat.k,n step. :\~ a cc,nscqucncc .. Q6 ,;..·d!:-, could be p1..1okd 

30 and 1r.::a1cJ as a single 5:11nplc 1hrot1f,hout the prn•.::c<lurc. \\hich grL'atly incn .. 'tiScd 1hrnughput 

and rc<luc...-<l c0'1. rt cm al:-D n .. 'duce ampliticati,_1n hi3s, -;Ince all 96 cells were amrlificd in a 

~in~k ck,;,cd tubt:. Th,;;- ~ntirc procedure w.1,.cs l\\n Jays t;) rcrfrirm. from Go living n·lb tu 
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finished samples loaded on the (fcnome Anal)7er_ The cos!, inducting all reagents and 

co-ns1.mrnhks lo generate l 0-15 million 36 bp reads u~ing commercial services. was 

n.rrroxima1cly $3.500 (that is, about $35/cdl). 

The date gt'nerated herein was 1..111 a large number of singk cells, each anaiy/ed at a rclativcl)-

..;; shallm\ depih \,fco\'ernge. Thb allowed the generation nfdata on for mo:c single cells than 

have ncr bcc-n 1\:portcJ in a ~ingle study (nc_, -singk-ccll transcriptomc experiments with more 

than a do?en ~dls have been published), and to produce a ceil map\\ ith high n:s-olution. In 

fact, provided that each ceil is sampled deeply enough to cluster corr~ctl,:., it \Vuukl Plkn make 

more scn:,c to analyze a larger numb~r of..:clb than to analyze each ,:ell rr::orc deeply. Thc 

i O more cd[s arc added. tht.· more accurate will he the aggregate data obtained from each distinct 

cc!! type (cluster). and the helter the resolution in ·"cell type space'". For example. many of the 

LS cells here -,\ere samplt:d at le~s than 100,(HlO reads/cell, but altogether 160 ES cells v.erc 

identified in the cell map, comprising over l 5 million reads. Sampling a large number of cells 

will he especially imponant v,:hcn 1he arproach i~ ~1pplied lo cornph~'\ ti<.sucs. \.vrtere snmc 

15 types of celis can be present only in a smal I minority. in addition. as sequencing cosls 

continue lo decrease, th-c tradcoff between number of cells and number of reads \.\"iii become 

lc-ss pre~sing. 

Ille usl.:" of very Jarge-sL:ak single-eel! transcripti0nal profiling t-o build a detailed n,apof 

naturally occurring cell types is cnvisioi:.ed, which would give unprecedented access to the 

10 genetic machinery active in ca..:h type of cell at each stage of d.eH:lopmen!. The same strateg) 

can be used lo dissect the mutational heterogeneity ofncc,plasms at the single-cell level. 

Throughout lhis appfo:.alion Yarious public;:itions have heen referenced. The disclosures of 

these publications in their entireties are ht.·rcb) incmporc1tl'd by reference in this application in 

order lo rn0re fully descrihe the state of the art to \\hich this invention pertains. Although tJ1c 

25 invention ha:-: he;.;n described. with reference lo the examples prm·ided alxwe. it should be 

understood 1hal various rr:odr ri..:ations can h~ made \\ ithout d'Zpurling from 1he spirit of the 

inYc-nt'.on. 
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l. A mcthud or pn:paring a d)NA library from a plur::dity of single ceils. the mcttH.1(l 

comprising the steps of: 

( i) reka;;;;ing mRNA fiom each single cdl w pro\'ide a piurniity cf individual mRNA 

smnples. \\ hi.."rcin the mRNA in each individual mRI\A sampk is from a single ce.!L 

(ii) s;nthcsizing a firs,t strand ofcDNr\ frnm the mRNA in each inJi\·idual m.RNA sample 

and in1..'.nrporaling a tag into the cD>.A to provide a plurality of tagged d)KA samples, wherein 

the- d)\;A ln each tagged cD~A sample b con1pkmcntary to mR:'-i/\ from a single cell; 

(iii") pooling the tagged .::DNA samples; and 

(iv) amplifying the pooled cD"SA samples to generate a cDNA lihrary cornprising double­

stranded cD~A. 

L The method according to claim I. v,hcr:;in in step (ii) the 1:1_g ls incorporated into the 

cD:\:A during its synthesis.. 

3. The method accurdlng to claim I or 2. \\·herein synthesis of the first strand of ..:DNA in 

step {ii) is directed by a cO:\fA .synthc::.is primer (CDS) that includes an Rl\:A c01nplementary 

sequence (RCS) that is ar kast partially comp1crncntary to one nr more mRNA in an individual 

mRNA sample. 

4. The method according to clain:1 3, \\ herein the RCS is at least partially complementary 

20 to a portion of the firs: sl.ran<l or cD:'\A. such that it is a hie !o direct the synthesis ofa second 

strnnd ,,f cD?\A using the fir~t strand of cDJ\"A as a template. 

25 

5. The mdhod according to claim 3. whcr..:in a t..:mplak-~'-' itd1ing uligonucieotid1.• (TSO) 

is. addi..-d to ca.::h indl\·idual mR:\A sample, \\herein :=,.aid TSO comprises;_; portiun \\hkh is at 

least partially ,:omrlemcntar:;. to a pnrtiun at the .3' end of1hc first stranJ ofd)'\;:-\. 

7, n1:.: mdhod aci.:ording to claim 6, \\·herein the TSO include:-- a 3 • pt'rti,.111 Cl'!'lprising a 

plurality nf guanosines or gwmt•-:ine ,.m:..ilngu~s th::ll base pair \\-ith c-~t.isine. 
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8. The method ac..:or<llng to claim 7. \¥herein the guano~incs are rihom:deosidcs m locked 

nw.:.lcic acid m<m{,mers. 

9. !'he mcthnJ. a..:con.ling io ch1im 5. \-\·'herein the CDS or rhc TSO indudcs a tag. 

JO. rhc melhod .JC-.'.\>rding tc, cL1im 5. \,,herein both th-: CDS and the TSO include a tag. 

11. The method acl'.ording 1.0 claim 1 U. \vhcrcin the CDS and the TSO ea..:h include a 

Jiffcr~nt tag. such that the tnggi:d d)'.\:,:\ sample comprises a combination of tags. 

12. The method according to claim 9. \\herein the tag is a nucleotide set1ucn;,;c of-4~20 

nudcotides in length. 

l 3. The method according tu claim l. wherein each d)KA sample has a dbtinct tag or 

IO co:nb!nati-.:1n of tags. 

i 4. The method according to claim 3. \Vherein the CDS comprises a 5· amplification primer 

scq~1cncc (/\PS) and a 3· RCS_ 

15. l"he method accurding to daim !4, \\-herein the 3· RCS comprises oiigo(dT). a gene 

fo,mily-spc~ific s ... ~ucncc. a random sequence or a non-self-complementary semi-random 

i 5 scqucncc. 

l(), Th-.· method according to claim l-:J.. ,,.herein the TSO includes a 5' APS. 

l 7. The method according 10 claim 16. wherein the Cl)S and the 5' APS of the TSO is at 

!cast 800/o identical to the 5· APS of the CDS. 

18. The mc:hoJ according to cbim 16, ,\herein the CDS and !he 5· APS of the TSO is 

20 I 00~'<• identical to the 5· APS nfthc CDS. 

!9. Th,: mc1!10<l accon1ing to claim L \Vherein the c-clls arc !)'~cd to release mR:--.:A. 

~O. I he met!wd a..:curding to c!aim !. ,,herein 1hc mRNA is purified fril!mving step {it. 

21. Th<: mclhl)d ac-::,,rding t,.-. -:-laim l, \\·hcr1:in th\.'. '>yntht.''->i.., of c.t)N,.-\ fr0-m mR!\A is 

... toppe<l bct()r..: the ~ag:gcd cD:'\A sampks arc pnoled 

25 22. !'he 1111.:thnd ac-..·l..ffdlng 1(., cbim t_ \Yhcrcin the tagged d)1' \ ~amplcs arc purified 
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23. The method according :0 claim L wherein in step (iv) the pooled cDNJ\ samples art' 

amplified by PCR, 

24. The m::thod according to claim 23, v,·hcrdn lhc pooled ..:.DNA sample~ a.re amplifo;:d b) 

emul-s:ion PCR. 

25. Th,._• method according IO claim 23 or 24, \\herein the ponied cD?'-."A samples arc 

ampliflcJ by singli: primer PCR. 

26. The method according to claim L \Vhc-rcin 1hc mdhnd furth~r c<..m1prisi:s pn .. ~c5.sing the 

cD;';A Jibn-ir} to- l1blain a library suitah!c for sequencing. 

27. ·1 he method according to claim 26. whcr<.:·in the processing comprises fragmenting the 

10 cDNA library. 

]5 

20 

28. The method according to claim 26 or 27. 1,vhcrcin the processing i!'lcludcs th.: step of 

adding an adapter lo the cDNA. 

29. rhe method according to claim 26, whcn·in ti1e cDNA lihrnr) is amplified. 

30. A cDNA library prnd'.H.'ed by the method of claim l or 26. 

31. A method for analysing gene cxprcs~ion in u plurality of single cel!s. the method 

compri~ing the steps of: 

(i) preparing a cD:-S:A library acconlmg to the method of claim I or 26: and 

(ii) sequencing the cDNA library . 

.32. Th.: method according to claim J ! , \\·"hi:rein :.equ-..:ncing is by shotgun sequencing. 

The mcthuJ according to claim 32, \\herein the -eD~A library!'.-. sequenced w nbtain at 

k:ast 10.000. at lca:'):t I millilm. at lcac:-t 10 millk1n_ al h:ast lfJO rnil!ion. or a! kast l t"\illion 

n::ad;;, '-\·herein a rt.':ad i:s a length -0f-con1:inu1)us nucleic aciJ obtained h;- a sequencing rl'a<:tion. 
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First Named Inventor 
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Commissioner of Patents 
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Conf No 

Art Unit 

Examiner 
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Docket No.: 104371-5016-US0S 
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.\1'.1·1<'111 1/ !-S-J/ ,,h1 lo //1<' I SI' IO m1. I11p1.,1 .-W. ]f!/7. 

/ Sheila R. Gloss/ 
Slre1/,,//. !,/fl,,., 

SUPPLEMENTAL INFORMATION DISO,0SURE STATEMENT 

Commissioner: 

This Information Disclosure Statement is hereby submitted in accordance with 37 C F.R 

l 98 and pursuant to Applicant's continuing duty under 37 C.F R l 56 to bring any information 

which may be material to patentability of this application to the Examiner's attention 

Applicant makes no representation that a search has been conducted by the Applicant, or 

that there is not possibly more relevant art. 37 C.F.R. § 1.97(g). Applicant also makes no 

representation that the information submitted herewith is in fact material to patentability. The 

filing of this Information Disclosure Statement shall not be construed as an admission against 

interest in any manner. 37 CF R § l 97(h) 

The Examiner's attention is directed to the reference(s) cited on the accompanying 

substitute for forms 1449A/PTO and PTO/SB/08 Except for US Patents and U.S. Patent 

Application Publications, see 37 C.F.R. § 1.98(a)(2)(i), copies of the cited references are 

enclosed, unless otherwise noted below. 
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Nat Methods. 2009 Sep;6(9):667-72. doi: 10.1038/nrneth.1366. Epub 2009 Aug 16. 

PMID: 19684595 Free PMC Article 
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IEEE Trans Pattern Anal Mach In tell. 2009 Aug;31 (8):1386-403. doi: 10.1109/TPAMl.2008.162. 
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0 Chemogenomic approaches to elucidation of gene function and genetic pathways. 

7. Pierce SE, Davis RW, Nislow C, Giaever G. 
Methods Mol Biol. 2009;548:115-43. doi: 10.1007/978-1-59745-540-4_7. 

PMID: 19521822 

0 Feature extraction from spike trains with Bayesian binning: 'latency is where the signal starts'. 
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PMID: 19449095 
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D Species identification through DNA "barcodes". 

9. Ferri G, AIU M, Corradini B, Licata M, Beduschi G. 
GenetTest Mal Biomarkers. 2009 Jun;13(3):421-6. doi: 10.1089/gtmb.2008.0144. 

PMID: 19405876 

0 Issuing of blood components dispensed in syringes and bar code-based pretransfusion check at the bedside for 
1 o. pediatric patients. 

0hsaka A, Abe K, Nakamura Y, 0hsawa T, Sugita S. 
Transfusion. 2009 Jul;49(7):1423-30. doi: 10.1111/j.1537-29952009.02164.x. Epub 2009 Apr 3. 

PMID: 19374727 

D MetaboliteDetector: comprehensive analysis tool for targeted and nontargeted GC/MS based metabolome 
11. analysis. 

Hiller K, Hangebrauk J, Jiiger C, Spura J, Schreiber K, Schomburg D. 
Anal Chem. 2009 May 1 ;81(9):3429-39. doi: 10.1021/ac802689c. 

PMID: 19358599 

D De novo sulfur SAD phasing of the lysosomal 66.3 kDa protein from mouse. 
12. Lakomek K, Dickmanns A, Mueller U, Kollmann K, Deuschl F, Berndt A, LUbke T, Ficner R. 

Acta Crystallogr D Biol Crystallogr. 2009 Mar;65(Pt 3):220-8. doi: 10.1107 /S0907 444908041814. Epub 2009 Feb 20. 

PMID: 19237744 

D A hybrid total internal reflection fluorescence and optical tweezers microscope to study cell adhesion and 
13. membrane protein dynamics of single living cells. 

Snijder-Van As ML Rieger B, Joosten B, Subramaniam V, Figdor CG, Kanger JS. 
J Microsc. 2009 Jan;233(1 ):84-92. doi: 10.1111~.1365-2818.2008.03099.x. 
PMID: 19196415 Free Article 

D Comparison of spike-sorting algorithms for future hardware implementation 
14. Gibson S, Judy JW, Markovic D. 

Conf Proc IEEE Eng Med Biol Soc. 2008;2008:5015-20. doi: 10.1109/IEMBS.2008.4650340. 

PMID: 19163843 

D Quantitatively Interpreting fMRI signal. 
15. Zhang N, Zhu XH, Liu Z, He B, Chen W. 

Conf Proc IEEE Eng Med Biol Soc. 2008;2008:4415-8. doi: 10.1109/IEMBS.2008.4650190. 

PMID: 19163693 

D Multi-class alignment of LC-MS data using probabilistic-based mixture regression models 

16. Befekadu GK, Tadesse MG, Hathout Y, Ressom HW. 
Conf Proc IEEE Eng Med Biol Soc. 2008;2008:4094-7. doi: 10.1109/IEMBS.2008.4650109. 

PMID: 19163612 Free PMC Article 

D Non-invasive label-free cell counting and quantitative analysis of adherent cells using digital holography. 
17. MOider A, Sebesta M, Gustafsson M, Gisselson L, Wingren AG, Alm K. 

J Microsc. 2008 Nov;232(2):240-7. doi: 10.1111/j.1365-2818.2008.02095.x. 

PMID: 19017223 Free Article 

U A novel assay based on fluorescence microscopy and image processing for determining phenotypic 
18. distributions of rod-shaped bacteria. 

Spetsieris K, Zygourakis K, Mantzaris NV. 
Biotechnol Bioeng. 2009 Feb 1;102(2):598-615. doi: 10.1002/bit.22063. 

https:l/www.ncbi.nlm.nih.gov/pubmed V18 
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PMID: 18853409 

D Automated correction of fast motion artifacts for two-photon imaging of awake animals. 
19. Greenberg OS, Kerr JN. 

J Neurosci Methods. 2009 Jan 15;176(1):1-15. doi: 10.1016!j.jneumeth.2008.08.020. Epub 2008 Aug 26. 

PMID: 18789968 

D Causes of failure of a barcode-based pretransfusion check at the bedside: experience in a university hospital 
20. Ohsaka A, Kobayashi M, Abe K. 

Transfus Med. 2008 Aug;18(4):216-22. doi: 10.1111/j.1365-3148.2008.00868.x. 
PMID: 18783580 

D Multiple multilocus DNA barcodes from the plastid genome discriminate plant species equally well. 

21. Fazekas AJ, Burgess KS, Kesanakurti PR, Graham SW, Newmaster SG, Husband BC, Percy OM, Hajibabaei M, 
Barrett SC. 
PLoS One. 2008 Jul 30;3(7):e2802. doi: 10.1371!journal.pone.0002802. 

PMID: 18665273 Free PMC Article 

0 Generation of flow cytometry data files with a potentially infinite number of dimensions. 

22. Pedreira CE, Costa ES, Barrena S, Lecrevisse Q, Almeida J, van Dongen JJ, Orfao A; EuroFlow Consortium. 
Cytometry A. 2008 Sep;73(9):834-46. doi: 10.1002/cyto.a.20608. 

PMID: 18629843 Free Arlicle 

D Challenging the problem of clostridial identification with matrix-assisted laser desorption and ionization-time-of-
23. flight mass spectrometry (MALDI-TOF MS}. 

Grosse-Herrenthey A, Maier T, Gessler F, Schaumann R, BOhnel H, Kostrzewa M, KrUger M. 
Anaerobe. 2008 Oct;14(4):242-9. doi: 10.1016/j.anaerobe.2008.06.002. Epub 2008 Jun 24. 

PMID: 18621134 

D An image score inference system for RNAi genome-wide screening based on fuzzy mixture regression 
24. modeling 

Wang J, Zhou X, Li F, Bradley PL, Chang SF, Perrimon N, Wong ST. 
J Biomed Inform. 2009 Feb;42(1 ):32-40. doi: 10.1016!j.jbi.2008.04.007. Epub 2008 Apr 29. 

PMID: 18547870 Free PMC Article 

D A computer-assisted transfusion management system and changed transfusion practices contribute to 
25. appropriate management of blood components. 

Ohsaka A, Abe K, Ohsawa T, Miyake N, Sugita S, Tajima I. 
Transfusion. 2008 Aug;48(8):1730-8. doi: 10.1111!j.1537-2995.2008.01744.x. Epub 2008 May 14. 

PMID: 18482189 

D Microarray-based genetic screen defines SAW1 a gene required for Rad1/Rad10-dependent processing of 
26. recombination intermediates. 

Li F, Dong J, Pan X, Oum JH, Boeke JD, Lee SE. 
Mal Cell. 2008 May 9;30(3):325~35. doi: 10.1016!j.molcel.2008.02.028. 

PMID: 18471978 Free PMC Article 

D Nanotechnology solutions for Alzheimer's disease: advances in research tools diagnostic methods and 
27. therapeutic agents. 

Nazem A, Mansoori GA. 
J Alzheimers Dis. 2008 Mar;13(2):199~223. Review. 

PMID: 18376062 

https:l/www.ncbi.nlm.nih.gov/pubmed Y18 
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D An integrated strategy in two-dimensional electrophoresis analysis able to identify discriminants between 
28. different clinical conditions. 

Pattini L, Mazzara S, Conti A, Iannaccone S, Cerutti S, Alessio M. 
Exp Biol Med (Maywood). 2008 Apr;233(4):483-91. doi: 10.3181/0707-RM-187. 

PMID: 18367638 

D A high-throughput system for segmenting nuclei using multiscale techniques. 

29. Gudla PR, Nandy K, Collins J, Meaburn KJ, Misteli T, Lockett SJ. 
Cytometry A. 2008 May;73(5):451-66. doi: 10.1002/cyto.a.20550. 

PMID: 18338778 Free Article 

D Fluorescence in situ Hybridization (FISH}. 

30. Bayani J, Squire JA. 
CLirr Protoc Cell Biol. 2004 Sep;Chapter 22:Unit22.4. doi: 10.1002/0471143030.cb2204s23. Review. 

PMID: 18228455 

O Assessing expression of apoptotic markers using large cohort tissue microarrays. 
31. Pick E, McCarthy MM, Kluger HM. 

Methods Mal Biol. 2008;414:83-93. Review. 

PMID: 18175814 

0 The corpus callosum in schizophrenia-volume and connectivity changes affect specific regions. 

32. Rotarska-Jagiela A, Sch6nmeyer R, Oertel V, Haenschel C, Vogeley K, Linden DE. 
Neuroimage. 2008 Feb 15:39(4):1522-32. Epub 2007 Nov 21. 
PMID: 18096406 

D Genome-wide analysis of barcoded Saccharomyces cerevisiae gene-deletion mutants in pooled cultures. 

33. Pierce SE, Davis RW, Nislow C, Giaever G. 
Nat Protoc. 2007:2(11 ):2958-74. 

PMID: 18007632 

0 A gene expression bar code for microarray data. 

34. Zilliox MJ, Irizarry RA. 

Nat Methods. 2007 Nov;4(11 ):911-3. Epub 2007 Sep 30. 

PMID: 17906632 Free PMC Article 

D DetectiV: visualization normalization and significance testing for pathogen-detection microarray data. 

35. Watson M, Dukes J, Abu-Median AB, King DP, Britton P. 
Genome Biol. 2007;8(9):R190. 

PMID: 17868443 Free PMC Article 

D Assessing the significance of conserved genomic aberrations using high resolution genomic microarrays. 
36. Guttman M, Mies C, Dudycz-Sulicz K, Diskin SJ, Baldwin DA, Stoeckert CJ Jr, Grant GR. 

PLoS Genet. 2007 Aug;3(8):e143. 

PMID: 17722985 Free PMC Article 

U Validation of a standardized normalization template for statistical parametric mapping analysis of 123I-FP-CIT 
37. images. 

Kas A, Payoux P, Habert MO, Malek Z, Cointepas Y, El Fakhri G, Chaumet-Riffaud P, ltti E, Remy P. 
J Nucl Med. 2007 Sep;48(9):1459-67. Epub 2007 Aug 17. 

PMID: 17704252 Free Article 
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D Towards fully automatic acquisition of multimodal cytopathological microscopy images with autofocus and 
38. scene managing. 

Bell A, Aach T, Ropers SO, B0cking A, Meyer-Ebrecht D, WOlflinger T. 
Methods Inf Med. 2007;46(3):314-23. 

PMID: 17492118 

D Cell proliferation measurement in cecum and colon of rats using scanned images and fully automated image 
39. analysjs: validation of method. 

Persohn E, Seewald W, Bauer J, Schreiber J. 
Exp Toxicol Pathol. 2007 Aug;58(6):411-8. Epub 2007 Apr 30. 

PMID: 17467963 

D Determination of haplotypes from single DNA molecules: a method for single-molecule barcoding. 

40. Xiao M, Gordon MP, Phong A, Ha C, Chan TF, Cai D, Selvin PR, Kwok PY. 
Hum Mutat. 2007 Sep;28(9):913-21. 

PMID: 17443670 

D Image-based multivariate profiling of drug responses from single cells. 
41. Loo LH, Wu LF, Altschuler SJ. 

Nat Methods. 2007 May;4(5):445-53. Epub 2007 Apr 1. 

PMID: 17401369 

D Automated analysis of the architecture of receptors imaged by atomic force microscopy 
42. Barrera NP, Ge H, Henderson RM, Fitzgerald WJ, Edwardson JM. 

Micron. 2008;39(2):101-10. Epub 2007 Jan 13. 
PMID: 17296302 

0 Evaluating information transfer between auditory cortical neurons. 
43. GourBvitch B, Eggermont JJ. 

J Neurophysiol. 2007 Mar;97(3):2533-43. Epub 2007 Jan 3. 

PMID: 17202243 Free Arlicle 

D Relaxing haplotype block models for association testing. 

44. Castellana N, Dhamdhere K, Sridhar S, Schwartz R. 
Pac Symp Biocomput. 2006:454-66. 

PMID: 17094260 Free Article 

0 SNPSplicer: systematic analysis of SNP-dependent splicing in genotyped cDNAs. 

45. EISharawy A, Manaster C, Teuber M, Rosenstiel P, Kwiatkowski R, Huse K, Platzer M, Becker A, NUrnberg P, 
Schreiber S, Hampe J. 
Hum Mutat. 2006 Nov;27(11 ):1129-34. 

PMID: 16937379 

0 Noise reduction based on ICA decomposition and wavelet transform for the extraction of motor unit action 
46. potentials. 

Ren X, Yan Z, Wang Z, Hu X. 
J Neurosci Methods. 2006 Dec 15;158(2):313-22. Epub 2006 Jul 10. 

PMID: 16831466 

D Temporal decoding by phase-locked loops: unique features of circuit-level implementations and their 
47. significance for vibrissal information processing. 

Zacksenhouse M, Ahissar E. 
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LJ Single particle tracking across sequences of microscopical images: application to platelet adhesion under flow. 

48. Machin M, Santomaso A, Mazzucato M, Cozzi MR, Battiston M, De Marco L, Canu P. 
Ann Biomed Eng. 2006 May;34(5):833-46. Epub 2006 Apr 26. 

PMID: 16708268 

0 Qdot oaoobaccodes for multiplexed gene expression analysis. 
49. Eastman PS, Ruan W, Doctolero M, Nuttall R, de Feo G, Park JS, Chu JS, Cooke P, Gray JW, Li S, Chen FF. 

Nano Lett. 2006 May:6{5):1059-64. 

PMID: 16683851 

0 Characterization of a single molecular QCA cell by O:control enhanced amplitude modulation atomic force 
50. microscopy. 

Lee I, Sarveswaran V, Lieberman M, Greenbaum E. 
Ultramicroscopy. 2006 Jun-Jul:106(8-9):735-41. Epub 2006 Apr 18. 

PMID: 16678348 

O Automatic identification of biological microorganisms using three-dimensional complex morphology. 

51. Yearn S, Javidi B. 
J Biomed Opt 2006 Mar-Apr:11(2):024017. 

PMID: 16674207 

0 Comparing automatic and manual image processing in FLARE assay analysis for colon carcinogenesis. 

52. Leyk M, Nguyen DV, Attoor SN, Dougherty ER, Turner ND, Bancroft LK, Chapkin RS, Lupton JR, Carroll RJ. 
Stat Appl Genet Mol Biol. 2005;4:ArlicleS. Epub 2005 Mar 14. 

PMID: 16646858 

D Fluorescent cell barcoding in flow cytometry allows high-throughput drug screening and signallng profiling. 

53. Krutzik PO, Nolan GP. 
Nat Methods. 2006 May;3{5):361-8. 

PMID: 16628206 

0 Automated cell lineage tracing in Caenorhabditis elegans. 

54. Bao Z, Murray JI, Boyle T, 0oi SL, Sandel MJ, Waterston RH. 
Proc Natl Acad Sci US A. 2006 Feb 21;103(8):2707-12. Epub 2006 Feb 13. 

PMID: 16477039 Free PMC Article 

0 Magnetic resonance brain perfusion imaging with voxel-specific arterial input functions 

55. Groner R, Bj121rnar8 BT, Moen G, Taxt T. 
J Magn Reson Imaging. 2006 Mar;23(3):273-84. 

PMID: 16463301 

0 Particle picking by segmentation: a comparative study with SPIDER-based manual particle picking. 
56. Adiga U, Baxter WT, Hall RJ, Rockel B, Rath BK, Frank J, Glaeser R. 

J Struct Biol. 2005 Dec;152(3):211-20. Epub 2005 Nov 16. 

PMID: 16330229 

D Statistical properties of information processing in neuronal networks. 

57. Bonifazi P, Ruaro ME, Torre V. 
Eur J Neurosci. 2005 Dec;22{11 ):2953-64. 
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PMID: 16324130 

D From single cell gene-based diagnostics to diagnostic genomics: current applications and future perspectives. 
58. Zhao R. 

Clin Lab Sci. 2005 Fall;18(4):254-62. 

PMID: 16315744 

D Dynamics of information and emergent computation in generic neural microcircuit models 
59. NatschlB.ger T, Maass W. 

Neural Netw. 2005 Dec;18(10):1301-8. Epub 2005 Sep 8. 
PMID: 16150570 

D High resolution as a key feature to perform accurate ELISP0T measurements using Zeiss KS ELISP0T 

60. readers 
Malkusch W. 
Methods Mol Biol. 2005;302:133-50. 

PMID: 15937349 

0 Peripheral gustatory processing of sweet stimuli by golden hamsters. 

61. Frank ME, Formaker BK, Hettinger TP. 
Brain Res Bull. 2005 Jul 15;66(1 ):70-84. Epub 2005 Apr 25. 

PMID: 15925146 

D The possible role of spike patterns in cortical information processing 
62. Tiesinga PH, Toups JV. 

J Comput Neurosci. 2005 Jun:18(3):275-86. 

PMID: 15830164 

D Calcium sparks in muscle cells: interactive procedures for automatic detection and measurements on line-scan 
63. confocal images series 

Sebille S, Cantereau A, Vandebrouck C, Balghi H, Constantin B, Raymond G, Cognard C. 
Comput Methods Programs Biomed. 2005 Jan:77(1 ):57-70. 

PMID: 15639710 

D 4-D single particle tracking of synthetic and proteinaceous microspheres reveals preferential movement of 
64. nuclear particles along chromatin - poor tracks. 

Bacher CP, Reichenzeller M, Athale C, Herrmann H, Eils R. 
BMC Cell Biol. 2004 Nov 23;5:45. 

PMID: 15560848 Free PMC Article 

D Long-range interphase chromosome organization in Drosophila: a study using color barcoded fluorescence in 
65. situ hybridization and structural clustering analysis. 

Lowenstein MG, Goddard TD, Sedat JW. 
Mal Biol Cell. 2004 Dec:15(12):5678-92. Epub 2004 Sep 15. 

PMID: 15371546 Free PMC Article 

0 Inorganic phosphate affects the pCa-force relationship more than the pCa-ATPase by increasing the rate of 
66. dissociation of force generating cross-bridges in skinned fibers from both EDL and soleus muscles of the rat 

Kerrick WG, Xu Y. 
J Muscle Res Cell Motil. 2004;25(2):107-17. 

PMID: 15360126 
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D The closing behavior of mechanical aortic heart valve prostheses. 

67. Lu PC, Liu JS, Huang RH, Lo CW, Lai HC, Hwang NH. 
ASAIO J. 2004 Jul-Aug;50(4):294-300. 

PMID: 15307536 

0 Moderated histogram equalization an automatic means of enhancing the contrast in digital light micrographs 
68. reversibly. 

Entwistle A. 
J Microsc. 2004 Jun;214(Pt 3):272-86. 

PMID: 15157195 Free Article 

D A binary segmentation approach for boxing ribosome particles in cryo EM micrographs. 

69. Acliga PS, Malladi R, Baxter W, Glaeser RM. 
J Sin.Jct Biol. 2004 Jan-Feb;145(1-2):142-51. 

PMID: 15065681 

O Fast automatic particle picking from cryo-electron micrographs using a locally normalized cross-correlation 
70. function: a case study. 

Rath BK, Frank J. 
J Sin.Jct Biol. 2004 Jan-Feb;145(1-2):84-90. 

PMID: 15065676 

D TYSON: robust searching sorting and selecting of single particles in electron micrographs 
71. Plaisier JR, Koning RI, Koerten HK, van Heel M, Abrahams JP. 

J Struct Biol. 2004 Jan-Feb:145(1-2):76-83. 
PMID: 15065675 

0 Historical background: Why is it important to improve automated particle selection methods? 

72. Glaeser RM. 
J Sin.Jct Biol. 2004 Jan-Feb:145(1-2):15-8. 

PMID: 15065669 

D Automatic particle selection: results of a comparative study. 

73. Zhu Y, Carragher B, Glaeser RM, Fellmann D, Bajaj C, Bern M, Mouche F, de Haas F, Hall RJ, Kriegman DJ, 
Ludtke SJ, Mallick SP, Penczek PA, Roseman AM, Sigworth FJ, Volkmann N, Potter CS. 
J Sin.Jct Biol. 2004 Jan-Feb:145(1-2):3-14. 

PMID: 15065668 

0 The computational self 
74. Sejnowski T. 

Ann NY Acad Sci. 2003 Oct;1001 :262-71. 

PMID: 14625366 

D Visual responses of crayfish ocular motoneurons: an information theoretical analysis. 
75. Miller CS, Johnson DH, Schroeter JP, Myint L, Glantz RM. 

J Comput Neurosci. 2003 Sep-Oct:15(2):247-69. 

PMID: 14512750 

U Kinetic properties of the alpha2 homo-oligomeric glycine receptor impairs a proper synaptic functioning. 

76. Mangin JM, Baloul M, Prado De Carvalho L, Register B, Rigo JM, Legendre P. 
J Physiol. 2003 Dec 1;553(P12):369-86. Epub 2003 Sep 12. 
PMID: 12972628 Free PMC Article 
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D Automatic fluorescent tag localization II: Improvement in super-resolution by relative tracking. 

77. Thomann D, Dorn J, Sorger PK, Danuser G. 
J Microsc. 2003 Sep;211 (Pt 3):230-48. 

PMID: 12950472 Free Article 

0 Natural occurrence of myofiber cytoplasmic enlargement accompanied by decrease in myonuclear number. 
78. Wada Kl, Katsuta S, Soya H. 

Jpn J Physiol. 2003 Apr;53(2):145-50. 

PMID: 12877770 

D BARCOPE-Al I • accelerated and cost-effective genetic risk stratification in acute leukemia 1Jsina spectrally 
79. addressable liquid bead microarrays. 

Wallace J, Zhou Y, Usmani GN, Reardon M, Newburger P, Wada B, Pihan G. 
Leukemia. 2003 Jul;17(7):1404-10. 

PMID: 12835731 

O A new approach to spike sorting for multi-neuronal activities recorded with a tetrode--how ICA can be practical. 
80. Takahashi S, Anzai Y, Sakurai Y. 

Neurosci Res. 2003 Jul;46{3):265-72. Review. 

PMID: 12804787 

0 Optical quantal analysis reveals a presynaptic component of LTP at hippocampal Schaffer-associational 
81. synapses 

Emptage NJ, Reid CA, Fine A, Bliss TV. 
Neuron. 2003 Jun 5;38(5):797-804. 
PMID: 12797963 Free Article 

0 Optical recordings of Ca2+ signaling activities from identified inner ear cells in cochlear slices and 
82. hemicochleae 

Lin X, Webster P, Li Q, Chen S, 0uyang Y. 
Brain Res Brain Res Protoc. 2003 May:11(2):92-100. 

PMID: 12738004 

D Automatic sorting for multi-neuronal activity recorded with tetrodes in the presence of overlapping spikes. 
83. Takahashi S, Anzai Y, Sakurai Y. 

J Neurophysiol. 2003 Apr;89{4):2245-58. Epub 2002 Dec 18. 

PMID: 12612049 Free Article 

O A cell-based bar code reader for high-throughput screening of ion channel-ligand interactions 
84. Sinclair J, Pihl J, 0lofsson J, Karlsson M, Jardemark K, Chiu DT, 0rwar 0. 

Anal Chem. 2002 Dec 15;74(24):6133-8. 

PMID: 12510730 

D Matching PET and CT scans of the head and neck area: development of method and validation. 
85. Klabbers BM, de Munck JC, Slotman BJ, Langendijk HA, de Bree R, Hoekstra OS, Boellaard R, Lammertsma 

AA. 
Med Phys. 2002 Oct;29(10):2230-8. 

PMID: 12408296 

D Intrinsic optical signals in the dorsal horn of rat spinal cord slices elicited by brief repetitive stimulation. 
86. Asai T, Kusudo K, Ikeda H, Murase K. 

Eur J Neurosci. 2002 Jun;15(11 ):1737-46. 
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PMID: 12081653 

D Automated in vitro screening of teratogens. 
87. Walmod PS, Berezin A, Gallagher HC, Gravemann U, Lepekhin EA, Belman V, Bacon CL, Nau H, Regan CM, 

Berezin V, Bock E. 
Toxicol Appl Pharmacol. 2002 May 15;181(1 ):1-15. 

PMID: 12030837 

D Effect of halothane on neuronal excitation in the superficial dorsal horn of rat spinal cord slices: evidence for a 

88. oresvnaotic action 
Asai T, Kusudo K, Ikeda H, Takenoshita M, Murase K. 
Eur J Neurosci. 2002 Apr;15(8):1278-90. 
PMID: 11994122 

D Molecular barcodes for soil nematode identification 
89. Floyd R, Abebe E, Papert A, Blaxter M. 

Mel Ecol. 2002 Apr;11 (4):839-50. 

PMID: 11972769 

O I ocalization of odor-induced oscillations in the bumblebee antenna! lobe 
90. Okada K, Kanzaki R. 

Neurosci Lett. 2001 Dec 28;316(3):133-6. 

PMID: 11744220 

0 Dendritic spatial flicker of local membrane potential due to channel noise and probabilistic firing of hippocampal 

91. neurons in cult1Jre 
Savtchenko LP, Gogan P, Tye-Dumont S. 
Neurosci Res. 2001 Oct;41 (2):161-83. 

PMID: 11591444 

D Imaging postsynaptic activities of teleost thalamic neurons at single cell resolution using a voltage-sensitive 
92. dye. 

Tsutsui H, Wolf AM, Kn6pfel T, Oka Y. 
Neurosci Lett. 2001 Oct 12;312(1):17-20. 

PMID: 11578835 

D The use of optical flow to characterize muscle contraction. 
93. Zoccolan D, Giachetti A, Torre V. 

J Neurosci Methods. 2001 Sep 30;110(1-2):65-80. 

PMID: 11564526 

D Automated image acquisition for single-particle reconstruction using p97 as the biological sample. 

94. Rouiller I, Pulokas J, Butel VM, Milligan RA, Wilson-Kubalek EM, Potter CS, Carragher BO. 
J Struct Biol. 2001 Feb-Mar;133{2-3):102-7. 

PMID: 11472082 

0 Review: automatic particle detection in electron microscopy. 

95. Nicholson WV, Glaeser RM. 
J Struct Biol. 2001 Feb-Mar:133(2-3):90-101. Review. 

PMID: 11472081 

D Design and characterization of a DNA-encoded voltage-sensitive fluorescent protein. 
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96. Sakai R, Repunte-Canonigo V, Raj CD, KnOpfel T. 
Eur J Neurosci. 2001 Jun;13(12):2314-8. 

PMID: 11454036 

0 Effect of neonatal capsaicin treatment on neural activity in the medullary dorsal horn of neonatal rats evoked by 
97. electrical stimulation to the trigeminal afferents: an optical electrophysiological and quantitative study. 

Takuma S. 
Brain Res. 2001 Jul 6;906(1-2):1-12. 

PMID: 11430856 

D [A multiple-channel system for synchronous acquisition and analysis of neural electrophysiological signals]. 
98. Peng LH, Wu HX, Zhuang J, Ying SJ, Han D, Liu WZ, Tang JQ_ 

Sheng Li Xue Bao. 2001 Feb;53(1 ):79-82. Chinese. 

PMID: 11354805 

LJ Correlation of hematopoietic progenitor cell count determined by the SE-automated hematology analyzer with 
99. CD34(+) cell count by flow cytometry in leukapheresis products. 

Park KU, Kim SH, Suh C, Kim S, Lee SJ, Park JS, Cho HJ, Kim KW, Lee K, Kim HJ, Park J, Joo Min Y, Kim JG, 
Kim T, Lee JH, Kim SB, Kim SW, Lee KH, Lee JS, Kim WK, Park CJ, Chi HS. 
Am J Hematol. 2001 May;67(1 ):42-7. 
PMID: 11279656 Free Article 

0 A method for standardizing jaw displacements in the horizontal plane while recording single motor unit activity 
100. in the human lateral pteryqoid muscle. 

Phanachet I, Wanigaratne K, Whittle T, Uchida S, Peeceeyen S, Murray GM. 
J Neurosci Methods. 2001 Feb 15:105(2):201-10. 
PMID: 11275277 

U In vivo spectrometric calcium flux recordings of intrinsic Caudate-Putamen cells and transplanted IMR-32 
101. neuroblastoma cells using miniature fiber optrodes in anesthetized and awake rats and monkeys. 

Duff Davis M, Schmidt JJ_ 
J Neurosci Methods. 2000 Jun 30;99(1-2):9-23. 

PMID: 10936638 

D Accuracy of tetrode spike separation as determined by simultaneous intracellular and extracellular 
102. measurements. 

Harris KD, Henze DA, Csicsvari J, Hirase H, Buzs8.ki G. 
J Neurophysiol. 2000 Jul:84(1):401-14. 

PMID: 10899214 Free Arlicle 

D Mass spectrometric detection for capillary isoelectric focusing separations of complex protein mixtures. 

103. Jensen PK, Pasa-ToliC L, Peden KK, MartinoviC S, Lipton MS, Anderson GA, ToliC N, Wong KK, Smith RD. 
Electrophoresis. 2000 Apr;21 (7):1372-80. 

PMID: 10826683 

0 Discharge rate of the auditory nerve during noise revealed by electrocochlear stimulation. 

104. Charlet de Sauvage R, Erre JP, Aran JM. 
Hear Res. 2000 Apr; 142(1-2):141-58. 
PMID: 10748336 

D Automated data acquisition by confocal laser scanning microscopy and image analysis of triple stained 
105. immunofluorescent leukocytes in tissue. 
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Steiner GE, Ecker RC, Kramer G, Stockenhuber F, Marberger MJ. 
J lmmunol Methods. 2000 Apr 3;237(1-2):39-50. 
PMID: 10725450 

D Three distinct auditory areas of cortex (Al All and MF) defined by optical imaging of intrinsic signals. 

106. Harel N, Mori N, Sawada S, Mount RJ, Harrison RV. 
Neuroimage. 2000 Apr; 11 (4 ):302-12. 
PMID: 10725186 

0 Sources of variation in the morphological characteristics of sperm subpopulations assessed objectively by a 
107. novel automated sperm morphology analysis system. 

Thurston LM, Watson PF, Holt WV. 
J Reprod Fertil. 1999 Nov:117(2):271-80. 
PMID: 10690194 Free Article 

LJ Maturation of epididymal spermatozoa in the nondomesticated guinea pigs Gavia aperea and Galea 
1 OB. musteloides. 

Cooper TG, Weydert S, Yeung CH, KUnzl C, Sachser N. 
J Androl. 2000 Jan-Feb;21(1 ):154-63. 
PMID: 10670529 Free Article 

LJ Neural dynamics of perceptual order and context effects for variable-rate speech syllables. 

109. Boardman I, Grossberg S, Myers C, Cohen M. 
Percept Psychophys. 1999 Nov;61(8):1477-500. 
PMID: 10598464 

D Automated comet assay analysis. 

110. Bocker W. Rolf W, Bauch T, MUiier WU, Streffer C. 
Cytometry. 1999 Feb 1 ;35(2):134-44. 
PMID: 10554169 

0 [The shaping of radiation doses and of dose-effect curves for patients undergoing x-ray studies]. 

111. StavitskiT RV, Lebedev LA, Zhanina TV, Seliverstov M, Lebedenko IM, Mikheichev AS. 
Med Tekh. 1999 Sep-Oct;(S):17-20. Russian. 
PMID: 10560090 

D Automatic quantification of left ventricular ejection fraction from gated blood pool SPECT. 

112. Van Kriekinge SD, Berman OS, Germano G. 
J Nucl Cardiel. 1999 Sep-Oct;6(5):498-506. 
PMID: 10548145 

o Infectious mononucleosis in an outpatient population· diagnostic utility of 2 automated hematology analyzers 
113. and the sensitivity and specificity of Hoagland's criteria in heterophile-positive patients 

Brigden ML, Au S, Thompson S, Brigden S, Doyle P, Tsaparas Y. 
Arch Pathol Lab Med. 1999 Oct:123(10):875-81. 
PMID: 10506437 

D The "psychic" neuron of the cerebral cortex 
114. Goldman-Rakic PS. 

Ann NY Acad Sci. 1999 Apr30;868:13-26. 
PMID: 10414278 
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D Automatic segmentation of dynamic neuroreceptor single-photon emission tomography images using fuzzy 
115. clustering-

Acton PD, Pilowsky LS, Kung HF, Ell PJ. 
Eur J Nucl Med. 1999 Jun;26(6):581-90. 

PMID: 10369943 

D DNA fiber fluorescence in situ hybridization analysis of immunoglobulin class switching in B-cell neoplasia: 
116. aberrant CH gene rearrangements in follicle center-cell lymphoma. 

Vaandrager JW, Schuuring E, Kluin-Nelemans HC, Dyer MJ, Raap AK, Kluin PM. 
Blood.1998 Oct 15;92(8):2871-8. 

PMID: 9763572 Free Article 

D A dominant B-cell epitope on the 22 kDa tegumental membrane-associated antigen of Schistosoma japonicum 
111. maps to an EF-hand calcium binding domain­

Waine GJ, Mazzer DR, Brandt ER, McManus DP. 
Parasite lmmunol.1997 Aug;19{8):337-45. 

PMID: 9292892 Free Article 

D Single amino acid substitutions in Pllumala virus envelope glycoproteins G1 and G2 eliminate important 
118. neutralization epitopes 

H6rling J, Lundkvist A. 
Virus Res. 1997 Apr;48{1 ):89-100. 

PMID: 9140197 

D Syoaotic growth in the rod terminals of mice after oartial ohotoreceotor cell loss· a three-dimensional 
119. ultrastructural study 

Jansen HG, Hawkins RK, Sanyal S. 
Microsc Res Tech. 1997 Jan 15;36(2):96-105. 
PMID: 9015256 

D Flow cytometcv and cell sorting of heterogeneous microbial 0001Jlations· the imoortance of single-cell 
120. analyses 

Davey HM, Kell DB. 
Microbial Rev. 1996 Dec;60(4):641-96. Review. 

PMID: 8987359 Free PMC Article 

D Direct visualization of dispersed 11q13 chromosomal translocations in mantle cell lymphoma by multicolor ONA 

121. fiber fluorescence in situ hybridization 
Vaandrager JW, Schuuring E, Zwikstra E, de Boer CJ, Kleiverda KK, van Krieken JH, Kluin-Nelemans HC, van 
Ommen GJ, Raap AK, Kluin PM. 
Blood. 1996 Aug 15;88(4):1177-82. 

PMID: 8695834 Free Article 

D Tetrodes markedly improve the reliability and yield of multiple single-unit isolation from multi-unit recordings in 
122. cat striate cortex. 

Gray CM, Maldonado PE, Wilson M, McNaughton B. 
J Neurosci Methods.1995 Dec;63(1-2):43-54. 

PMID: 8788047 

D Simultaneous dual-frequency phase-sensitive flow cytometric measurements for rapid identification of 
123. heterogeneous fluorescence decays in fluorochrome-labeled cells and particles 

Deka C, Cram LS, Habbersett R, Martin JC, Sklar LA, Steinkamp JA. 

https:l/www.ncbi.nlm.nih.gov/pubmed 13/18 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 01059

9/13/2017 single cell AND barcode- PubMed- NCBI 

Cytometry. 1995 Dec 1 ;21 (4):318-28. 

PMID: 8608729 Free Article 

LJ Estimating the number of motor units in a muscle. 

124. Daube JR. 
J Clin Neurophysiol. 1995 Nov;12(6):585-94. 

PMID: 8600173 

D Motor-unit estimation: the begiooiog. 
125. Mccomas AJ. 

J Clin Neurophysiol.1995 Nov;12(6):560-4. 

PMID: 8600171 

0 Automatic particle picking from electron micrographs. 

126. Lata KR, Penczek P, Frank J. 
Ultramicroscopy. 1995 Jun;58(3-4):381-91. 
PMID:7571118 

D Analysis of single and multiple neuronal discharges as point processes: a computer program set. 

127. Eblen-ZaUur A. 
Acta CientVenez. 1995;46(1 ):34-40. 

PMID: 9279021 

D Reproducibility of computer-aided semen analysis: comparison of five different systems used in a practical 
128. workshop. 

Holt W, Watson P, Curry M, Holt C. 
Fertil Steril.1994 Dec;62(6):1277-82. 

PMID: 7958000 

D Fast multisite optical recording of mono- and polysynaptic activity in the hamster suprachlasmatic nucleus 
129. evoked by retinohypothalamic tract stimulation. 

Senseman DM, Rea MA. 
Neuroima9e. 1994 Nov;1(4):247-63. 

PMID: 9343575 

0 Age-related changes in the secretion of LH in vivo and in vitro in infantile and prepubertal Holstein bull calves. 

130. McAndrews JM, Peters JL, Deaver DR. 
J Reprod Fertil. 1994 Jul;101 (2):453-8. 

PMID: 7932381 Free Article 

D Tamm Horsfall protein binds to a single class of carbohydrate specific receptors on human neutrophils. 
131. Thomas DB, Davies M, Peters JR, Williams JD. 

Kidney Int. 1993 Aug;44(2):423-9. 
PMID: 8397318 Free Article 

0 Podocytic cvtoskeletal disaggregation and basement-membrane detachment in puromycin aminonucleoside 
132. nephrosis. 

Whiteside Cl, Cameron R, Munk S, Levy J. 
Am J Pathol.1993 May:142(5):1641-53. 

PMID: 8494056 Free PMC Article 

D Oxygen tension damp around single neurons in vitro: a computerized method for studies on 02 deprivation 
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J Neurosci Methods.1993 Mar;46{3):183-9. 

PMID: 8483311 
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D A single 1.5-V digital chip for a 10(6) synapse neural network. 

134. Watanabe T, Kimura K, Aoki M, Sakata T, Ito K. 
IEEE Trans Neural Netw. 1993;4(3):387-93. 

PMID: 18267740 

0 Automated microscopy for electron tomography. 
135. Koster A.J, Chen H, Sedat JW, Agard DA. 

Ultramicroscopy. 1992 Oct;46(1-4 ):207-27. 

PMID: 1481272 

D Computer system foe the acquisition and analysis of vascular contractjljty. Application to a bioassay of 
136. endothelial cell function. 

Winn MJ, Panus PC, Norton P, Dai J. 
J Pharmacol Toxicol Methods. 1992 Aug;28(1 ):49-55. 

PMID: 1392059 

D Development of the Abbott MATRIX Aero assay for the measurement of specific lgE. 

137. Lindberg RE, Anawis MA, Bailey M, Mangat D, Frank PM, Hrusovsky IG, Hooyman L, Putterman C, Defreese 
JD, 
J Immunoassay. 1991 ;12(4):465-85. 

PMID: 1806584 

D Sequence characterization of the membrane protein gene of paramyxovirus simian virus 5. 

138. Sheshberadaran H, Lamb RA. 
Virology. 1990 May;176(1 ):234-43. 

PMID: 2330672 

D Interrelations between coronary artery pressure myocardial metabolism and coronary blood flow. 

139. Feigl EO, Neat GW, Huang AH. 
J Mal Cell Cardiol.1990 Apr;22(4):375-90. 

PMID: 2388275 

D Computer analysis of mutations that affect antibody specificity. 

140. Novotny J, Bruccoleri RE, Haber E. 
Proteins. 1990;7(1 ):93-8. 

PMID: 2330371 

o A low-cost single-board solution for real-time unsupervised waveform classification of multineuron recordings 
141. Kreiter AK, Aertsen AM, Gerstein GL. 

J Neurosci Methods. 1989 Oct30(1 ):59-69. 

PMID: 2811434 

D Enhancing high-speed digitization of single-unit neuronal activity on a microcomputer using a hybrid software-

142. hardware techniaue 
Aldridge JW, Walden JL, Gilman S. 
J Neurosci Methods. 1989 Jun;28(3):205-8. 

PMID: 2502692 Free Article 
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D A simple electronic volume cell sorter for clonogenicity assays. 

143. Freyer JP, Wilder ME, Schor PL, Coulter J, Raju MR. 
Cytometry.1989 May;10(3):273-81. 

PMID: 2714111 Free Article 

0 Microinterferometry of the movement of dry matter in fibroblasts. 
144. Brown AF, Dunn GA. 

J Cell Sci. 1989 Mar;92 ( Pt3):379-89. 

PMID: 2592444 Free Article 

o Acetvlcholine □mduces stimuhis-soecific receptive field alterations in cat auditory cortex 
145. Metherate R, Weinberger NM. 

Brain Res. 1989 Feb 20;480(1-2):372-7. 

PMID: 2713663 

D Regulation of granule cell number by a predetermined number of Purkinje cells in development. 
146. Chen S, Hillman DE. 

Brain Res Dev Brain Res. 1989 Jan 1 ;45(1 ):137-47. 

PMID: 2917407 

D System analysis of Phycomyces light-grO\-vth response in single and double night-blind mutants. 

147. Palit A, Lipson ED. 
Biol Cybem. 1989;60(5):385-93. 

PMID: 2706288 

D Quantitative morphology of the zinc-iodide-osmium {ZIC) stained synaptic vesicles. 
148. Bertoni-Freddari C, Fattoretti P, Casali T, Masera F, Meier-Ruge W, Ulrich J. 

Scanning Microsc Suppl. 1989;3:101-6; discussion 107. 

PMID: 2482524 

LJ Single-channel recordings from the apical membrane of the toad urinary bladder epithelial cell. 
149. Frings S, Purves RD, Macknight AD. 

J Membr Biol. 1988 Dec;106(2):157-72. 

PMID: 2465413 

D Postnatal development of lamina Ill/IV nonpyramidal neurons in rabbit auditory cortex: quantitative and spatial 
150. analyses of Golgi-impregnated material. 

McMullen NT, Goldberger B, Glaser EM. 
J Comp Neural. 1988 Dec 1 ;278(1):139-55. 

PMID: 2463295 

D Discriminating between damaged and intact cells in fixed flow cytometric samples. 

151. Terstappen LW, Shah VO, Conrad MP, Recktenwald D, Loken MR. 
Cytometry.1988 Sep;9(5):477-84. 

PMID: 2460298 Free Article 

U Patch clamp analysis of chemically activated and modulated ionic channels in isolated mammalian 
152. cardiomyocytes. 

Vogel SM. 
Mal Cell Biochem.1988 Mar-Apr;80(1-2):37-47. 

PMID: 2459600 
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D Resolution of complex fluorescence spectra recorded on single unpigmented living cells using a computerised 
153. method. 

Salmon JM, Vigo J, Viallet P. 
Cytometry. 1988 Jan;9(1 ):25-32. 

PMID: 3409783 Free Article 

D Cell surface markers and cellular immune response associated with rheumatic heart disease: complex 
154. segregation analysis. 

Rich SS, Gray ED, Talbot R, Martin D, Cairns L, Zabriskie JB, Braun D, Regelmann WE. 
Genet Epidemiol. 1988;5(6):463-70. 

PMID: 3209057 

D Correlation and spectral analysis of relations between single unit discharge and muscle activities. 

155. Houk JC, Dessem DA, Miller LE, Sybirska EH. 
J NeLirosci Methods. 1987 Oct21 (2-4):201-24. 

PMID: 3682876 

D Spatial firing patterns of hippocampal complex-spike cells in a fixed environment. 
156. Muller RU, Kubie JL, Ranck JB Jr. 

J NeLirosci. 1987 Jul;7(7):1935-50. 

PMID: 3612225 Free Article 

D Cat hindlimb motoneurons during locomotion II Normal activity patterns 
157. Hoffer JA, Sugano N, Loeb GE, Marks WB, 0'Donovan MJ, Pratt CA. 

J NeLirophysiol. 1987 Feb:57(2):530-53. 
PMID: 3559691 

0 Investigation of automated DNA diagnosis and grading of prostatic cancer. 

158. Seppelt U, Sprenger E, Hedderich J. 
Anal QLiant Cytol Histol. 1986 Jun;8(2):152-7. 

PMID: 2425825 

D Stabilized binary hierarchic classifier in cytopathologic diagnosis. 

159. Bartels HG, Bartels PH, Bibbo M, Wied GL. 
Anal OLiant Cytol. 1984 Dec;6(4):247-61. 

PMID: 6397084 

0 [Computer analysis of the EMG and clinical results}. 

160. Kopec J, Hausmanowa-Petrusewicz I. 
EEG EMG Z Elektroenzephalogr ElektromyogrVerwandte Geb. 1983 Mar:14(1):28-35. German. 

PMID: 6305628 

0 Laser microirradiation of cerebellar neurons in culture. Electrophysiological and morphological effects. 
161. Olson JE, Schimmerling W, Gundy GC, Tobias CA. 

Cell Biophys. 1981 Dec;3(4):349-71. 

PMID: 6175420 

0 A twelve-channel automatic device for continuous recording of cell aggregation by measurement of small-
162. angle light-scattering. 

Thomas WA, Steinberg MS. 
J Cell Sci. 1980 Feb;41 :1-18. 
PMID: 6988444 Free Article 
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D [Groupamatic 360 C1 and automated blood donor processing in a transfusion center). 

163. Guimbretiere J, Toscer M, Harousseau H. 
Rev Fr Transfus lmmunohematol. 1978 Mar;21 (2):673-9. French. 

PMID: 675017 

0 [A new image-processing system designed for densitometry and pattern analysis of microscopic specimen. 
164. Application to the automated recognition and counting of cells in the various phases of the mitotic cycle 

(author's transl)). 
Brugal G, Chassery JM. 
Histochemistry.1977 Jun 8;52(3):241-58. French. 

PMID: 885737 

D Partition of gross peripheral nerve activity into single unit responses by correlation techniques. 
165. Heetderks WJ, Williams WJ. 

Science. 1975 Apr 25;188(4186):373-5. 

PMID: 1118732 

D [Quantitative evaluation of autoradiograms of single cells by means of DENSITRON II and further possibilities 
166. for the use of the applianrn) 

Hess J, Ermisch A. 
Acta Histochem Suppl. 1975;15:417-20. German. No abstract available. 

PMID: 829953 

D Image holograms of single red blood cell discocyte-spheroechinocyte transformations. 
167. Evans EA, Leblond PF. 

Nouv Rev Fr Hematol. 1972 Nov-Dec;12{6):851-60. No abstract available. 
PMID: 4268794 

D Spectral and polarization sensitivity of the dipteran visual system 
168. McCann GD, Arnett DW. 

J Gen Physiol. 1972 May;59(5):534-58. 

PMID: 5027759 Free PMC Article 

D A null-balance vidicon spectrophotometer. 
169. Lightner GE. 

Appl Opt. 1966 Mar 1 ;5(3):439-55. doi: 10.1364/A0.5.000439. 

PMID: 20048872 

D PATTERN ANALYSIS OF SINGLE-UNIT RESPONSES FROM THE GOLDFISH RETINA 
170. SIAS FR Jr, MACNICHOL EF Jr. 

Biomed Sci lnstrum. 1963;1 :341-6. No abstract available. 

PMID: 14174501 
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Genomics, gene expression and DNA arrays 
DJ Lockhart, EA Winzeler - Nature, 2000 - search.proquest.com 
... Now that nucleic acid arrays have been constructed for many differentorganisms14,2629 and ... 
strain corresponds to a specific location on an array that contains oligonucleotide probes that ... 
first is a PCR-based approach that has been used to make single-cell cDNA libraries7678 ... 
Cited by 2399 Related articles All 24 versions Cite Save 

Gold nanoparticle probes for the detection of nucleic acid targets 
CS Thaxton, DG Georganopoulou, CA Mirkin - Clinica Chimica Acta, 2006 - Elsevier 
... 4. The bio-barcode assay: homogeneous meets heterogeneous. The polymerase chain reaction 
(PCR), when set up properly, is powerful enough to amplify a target nucleic acid sequence from 
even a single cell, such that large quantities are available for downstream ... 
Cited by 328 Related articles All? versions Cite Save 

Single-cell gene expression profiling 
JM Levsky, SM Shenoy, RC Pezo, RH Singer - Science, 2002 - science.sciencemag.org 
... Transcriptional regulation has been studied almost exclusively on nucleic acids extracted from 
cultured cells or ... 1 B). The color combination, or spectral barcode, defined transcript identity (Fig .... 
a direct comparison of data based on extracted RNA with single-cell expression levels ... 
Cited by 448 Related articles All 41 versions Cite Save More 

A bio-bar-code assay based upon dithiothreitol-induced oligonucleotide release 
CS Thaxton, HD Hill, DG Georganopoulou ... -Analytical ... , 2005 -ACS Publications 
... nucleic acid targets has been shown to be extraordinarily sensitive, exhibiting low attomolar 
sensitivity for protein targets and high zeptomolar sensitivity for nucleic acid targets. In the case 
of DNA detection, the original assay relies on three distinct oligonucleotide strands on a ... 
Cited by 175 Related articles All 6 versions Cite Save 

lmmuno-PCR: high sensitivity detection of proteins by nucleic acid amplification 
CM Niemeyer, M Adler, R Wacker - TRENDS in Biotechnology, 2005 - Elsevier 
... In immuno-rolling circle amplification (RCA) technology, an oligonucleotide primer, covalently 
attached to the ... been intensively investigated for their material properties and applications in nucleic 
acid analysis ... from the gold nanoparticle. and the released DNA barcode is used to ... 
Cited by 295 Related articles All 8 versions Cite Save 

Molecular encoding of nucleic acid templates for PCR and other forms of sequence 
analysis 
M McCloskey, C Laird, R Hansen, R Stager ... - US Patent App. 111 ... , 2005 - Google Patents 
... under suitable conditions to anneal the bar-coded oligonucleotide to the target nucleic acid 
molecule, wherein the bar-coded oligonucleotide comprises a first sequence complementary 
to the target nucleic acid molecule, a second sequence providing a random barcode, and a ... 
Cited by 50 Related articles All 2 versions Cite Save 

Nanoparticles and their biological and environmental applications 
\NT Liu - Journal of Bioscience and bioengineering, 2006 - Elsevier 
... Usually, they are derivatized with different functional groups such as nucleic acid-targeted ... specific 
DNA duplex were released into solution and the amount ofoligonucleotide released was ... can 
be further developed to achieve rapid bacterial detection at the single-cell level (35). 
Cited by 306 Related articles All 16 versions Cite Save 

Encoding PCR products with batch-stamps and barcodes 
ML McCloskey, R St0ger, RS Hansen, CD Laird - Biochemical genetics, 2007 - Springer 
... by which molecular codes are added to single-stranded DNA or cDNA templates, thus ... be used 
when amplifying irreplaceable DNAs and cDNAs for forensic, clinical, single cell, and ancient ... 
Nucleic Acids Res 32(17):e135PubMedCrossRefGoogle Scholar. Stager R, Kajimura TM ... 
Cited by 22 Related articles All 13 versions Cite Save 

Cancer nanotechnology: opportunities and challenges 
M Ferrari - Nature reviews. Cancer, 2005 - search.proquest.com 
... as a result of affinity binding and as a result of nucleic-acid hybridization ... precise map of the 
distribution of many molecular markers in a single cell, cell population or ... developed by Chad 
Mirkin and colleagues1 0.Dubbed bio-barcode, it involves oligonucleotide-modified gold ... 
Cited by3580 Related articles All 11 versions Cite Save 
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Miniaturised nucleic acid analysis 
PA Auroux, Y Koc, A Manz, PJR Day- Lab on a Chip, 2004 - pubs.rsc.org 
... comparing poly{A) tails and random hexamers forcDNA synthesis were ... applied dielectrophoresis 
and electrical impedance spectroscopy for single cell manipulation within microfluidic ... DNAzyme, 
a catalytically active oligonucleotide capable of cleaving nucleic acid substrates ... 
Cited by 251 Related articles All 3 versions Cite Save 

Efficient microRNA capture and bar-coding via enzymatic oligonucleotide adenylation 
F Vigneau I~ AM Sismour, GM Church - Nature methods, 2008 - nature.com 
... RNA or DNA-RNA chimera), and observed that the RNA and chimera adaptor successfully ligated 
to the 5' end of the synthetic mi RNA whereas the DNA ollgonucleotlde did not ... Nucleic Acids Res .... 
Systematic and single cell analysis ofXenopus Piwi-interacting RNAs and Xiwi .. . 
Cited by 51 Related articles All 10 versions Cite Save 

The current status of cDNA cloning 
M Harbers- Genomics, 2008 - Elsevier 
... cDNA synthesis from whole RNA is primed by an oligonucleotide containing a TT RNA ... procedure 
have been published to enable full-length cDNA cloning after cDNA tailing by ... An alternative 
approach to single-cell cDNA library preparation makes use of oligo(dT) primers linked ... 
Cited by 37 Related articles All 7 versions Cite Save 

Technology for microarray analysis of gene expression 
A Watson, A Mazumder, M Stewart ... - Current opinion in ... , 1998 - Elsevier 
... K, Hubert R, Navidi W, Arnheim N: Whole genome amplification from a single cell: [mpllcations 
for __ Wetmur JG: DNA probes: applications of the principles of nucleic acid hybridization. __ expression 
in the murine thymus assayed by quantitative hybridization of arrayed cDNA clones ... 
Cited by 186 Related articles All 6 versions Cite Save 

Mammalian RNAi: a practical guide 
P Sandy, A Ventura, T Jacks- Biotechniques, 2005 - researchgate.net 
... red label for control cells) and the products are hybridized to the barcode oligonucleotide array 
(4 __ The cDNA ofa target gene flanked by recombination (att) sites is cloned downstream of ... cassettes 
can be directly injected into the perivi-telline space of single-cell mouse embryos ... 
Cited by 188 Related articles All 13 versions Cite Save More 

From single cell gene-based diagnostics to diagnostic genomics: current applications and 
future perspectives 
R Zhao - Clinical Laboratory Science, 2005 - search.proquest.com 
... of genomic and proteomic approaches especially in pure cell types or even in the single-cell 
level, which ... Nucleic acid sequence based amplification {NASBA) .... reverse transcription from an 
RNA template by AMV reverse transcriptase and RNA amplification from cDNA by gene ... 
Cited by 11 Related articles All 6 versions Cite Save 

Methods, flow cells and systems for single cell analysis 
R Joseph, JJ DiMeo, M Jarosz ... - US PatentApp.12/ ... , 2009- Google Patents 
... Methods for preparing a nucleic acid sample from a single cell and capturing nucleic acids ... function 
as both surface capture and sequencing primers, especially when an oligonucleotide containing 
a ... Optionally, the sample nucleic acid fragments can be attached to a surface via ... 
Cited by 15 Related articles All 4 versions Cite Save 

Homogeneous methods for nucleic acid amplification and detection 
RG Higuchi - US Patent 5,994,056, 1999 - Google Patents 
... a sample is provided which contains, or is suspected of containing, a particular oligonucleotide 
sequence of ... For example, in a PCR method where the target nucleic acid is single-stranded DNA, 
such as mRNA, the target may be first reverse-transcribed into cDNA, prior to ... 
Cited by 266 Related articles All 2 versions Cite Save 

Multiplexed and microparticle-based analyses: Quantitative tools for the large-scale 
analysis of biological systems 
JP Nolan, F Mandy- Cytomeby Part A, 2006 - Wiley Online Library 
... hybridization to any other oligonucleotide in the set(54, 55), Microspheres bearing such 
oligonucleotide tags offer ... The examples described eartierfor immunoassays and nucleic acid 
analyses represent the best-developed uses of ... Quantitative single cell analysis and sorting .... 
Cited by 122 Related articles All 8 versions Cite Save 
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Microfluidic device for analyzing nucleic acids and/or proteins, methods of preparation 
and uses thereof 
F Chatelain, FW Frueh - US Patent App. 10/139,100, 2002 - Google Patents 
... a 3-ethoxy-aminopropyl-silanol group, from which will be extended the ollgonucleotlde chain 
terminating ... (0093]. The present invention thus relates to a method for analyzing nucleic acids 
and ... in very small amounts, such as when working with extracts obtained from a single cell .... 
Cited by 28 Related articles All 2 versions Cite Save 

Single-cell fluorescence imaging using metal plasmon-coupled probe 2: single-molecule 
counting on lifetime image 
JZhang, Y Fu, D Liang, K Nowaczyk, RY Zhao ... - Nano ... , 2008-ACS Publications 
... Single-Cell Fluorescence Imaging Using Metal Plasmon-Coupled Probe 
2: Single-Molecule Counting on lifetime Image .... 
Cited by 56 Related articles All 11 versions Cite Save 
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EAST Search History (Prior Art) 

1:ef IIHits IISearch Query IIDBs : Operator 
I Default E:':]ITime 

Stamp I 
LI 14828 (baroode or "bar code" or "multiplex US-PGPUB; OR ON 2017/09/13 

identifier" or zipcode or tag or token USPAT; USOCR; 08:57 
or addressable or uniqu$3) nears FPRS; EPO; 
(distinct or dlfferent).clm. JPO; 

DERWENT; 
IBM TDB 

L2 6654 (cdna or nucleic or dna or US-PGPUB; OR ON 2017/09/13 
polynucleotide)same (barcode or USPAT; USOCR; 08:58 
"bar code" or "multiplex identifier" or FPRS; EPO; 
zipcode or tag or token or JPO; 
addressable or uniqu$3).clm. DERWENT; 

IBM TDB 

L3 0 2 and (baroode or "bar code" or US-PGPUB; OR ON 2017/09/13 
"multiplex identifier" or zipcode or USPAT; USOCR; 08:59 
tag or token or addressable or FPRS; EPO; 
uniqu$3)same (different or distinct) JPO; 
same each.elm. DERWENT; 

IBM TDB 

nr 
2 and (barcode or "bar code" or US-PGPUB; 

nr 
2017/09/13 

"multiplex identifier" or zipcode or USPAT; USOCR; 09:00 
tag or token or addressable or FPRS; EPO; 
uniqu$3)same (different or JPO; 
distinct).clm. DERWENT; 

IBM TDB 

LS 52 4 and "single cell".clm. US-PGPUB; OR ON 2017/09/13 
USPAT; USOCR; 09:00 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

LG 96 2 and "single cell".clm. US-PGPUB; OR ON 2017/09/13 
USPAT; USOCR; 09:04 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

L7 13 6 and pool$3 nears (nucleic or dna US-PGPUB; OR ON 2017/09/13 
or polynucleotide or cdna).clm. USPAT; USOCR; 09:05 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

SI 1445 illumina.as. or linnarsson.in. US-PGPUB; OR ON 2017/09/12 
USPAT; USOCR; 18:25 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

Fln 51 and "single cell" same (mrna or US-PGPUB; rlrl 2017/09/12 
nucleic or dna or polynucleotide or USPAT; USOCR; 18:27 
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LJLJ 
ribonucleic).clm. FPRS; EPO; 

LJLJLJ JPO; 
DERWENT; 
IBM TDB 

S3 306S1 "lOX GENOMICS".as. or brenner.in. US-PGPUB; OR ON 2017/09/12 
or mikawa.in. or osborne.in. or USPAT; USOCR; 21:39 
slatter.in. or "population genetics FPRS; EPO; 
technologies".as. JPO; 

DERWENT; 
IBM TDB 

S4 3 53 and "single cell" same (mrna or US-PGPUB; OR ON 2017/09/12 
nucleic or dna or polynucleotide or USPAT; USOCR; 21:40 
ribonucleic).clm. FPRS; EPO; 

JPO; 
DERWENT; 
IBM TDB 

S5 343 "single cell" same (mrna or nucleic or US-PGPUB; OR ON 2017/09/12 
dna or polynucleotide or USPAT; USOCR; 21:41 
ribonucleic).clm. FPRS; EPO; 

JPO; 
DERWENT; 
IBM TDB 

S6 6 55 and (mid or "multiplex US-PGPUB; OR ON 2017/09/12 
identifier").clm. USPAT; USOCR; 21:42 

FPRS; EPO; 
JPO; 
DERWENT; 
IBM TDB 

□[ 
"single cell" nears (mrna or nucleic US-PGPUB; 

□[ 
2017/09/12 

or dna or polynucleotide or USPAT; USOCR; 21:44 
ribonucleic) FPRS; EPO; 

JPO; 
DERWENT; 
IBM TDB 

S8 219 57 and (barcode or "bar code" or US-PGPUB; OR ON 2017/09/12 
"multiplex identifier" or zipcode or USPAT; USOCR; 21:46 
tag or token or addressable or FPRS; EPO; 
uniqu$3) nears "single cell" JPO; 

DERWENT; 
IBM TDB 

S9 166 58 and (barcode or "bar code" or US-PGPUB; OR ON 2017/09/12 
"multiplex identifier" or zipcode or USPAT; USOCR; 21:48 
tag or token or addressable or FPRS; EPO; 
uniqu$3) nears (mrna or nucleic or JPO; 
dna or polynucleotide or ribonucleic) DERWENT; 

IBM TDB 

S10 118 59 and (barcode or "bar code" or US-PGPUB; OR ON 2017/09/12 
"multiplex identifier" or zipcode or USPAT; USOCR; 21:48 
tag or token or addressable or FPRS; EPO; 
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1. A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 

8/30/2017 has been entered. 

2. The present application is being examined under the pre-AIA first to invent 

provisions. The instant application is a continuation of 14/172,694 now U.S. Patent 

9,102,980, which is a continuation of 14/021,790, now U.S. Patent 8,679,756, which is a 

continuation of 13/859,450 now U.S. Patent 8,563,274, which is a continuation of 

13/622,872 now abandoned, which is a continuation of 13/387,343, now U.S. Patent 

8,298,767, which is a national stage entry of PCT/IB2010/002243, filed on 08/13/2010, 

claiming priorities from provisional applications 61288792 filed on 12/21/2009, 

61235595 filed on 08/20/2009. 

It is noted that none of the provisional applications provide support for the 

limitation of "second multiplex identifier sequences are all different from each othel'. 

Therefore the priority for the instant application is 08/13/2010. 

3. This office action is in response to the papers filed on 8/30/2017. 

Track1 request 

4. Track1 request filed by the applicant on December 22, 2016 has been granted 

by the office on January 10, 2017. Therefore instant application has been examined on 
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a priority basis. To maintain its status applicant is required to follow the 

requirements listed in the Track 1 grant document. 

Interview summary 

5. In view of instant application being part of family of patents, for compact 

Page 3 

prosecution, the examiner contacted the applicant's representative Ms. Talukder 

telephonically on 9/8/2017 to inform that further amendments are needed to overcome 

the potential rejections under 35 USC 112 first and second paragraphs and to fix the 

minor informalities. 

The examiner suggested to further clarifications in claim 56 are needed to specify 

that the plurality of nucleic acid segments are made from each of the single isolated cell, 

wherein the plurality of nucleic acid segments from each single cell have cell specific 

multiplex identifier and different sizes of the nucleic acids from each cell have different 

multiplex identifier consistent with results schematically presented in figures 11 and 12 

(top panel). The examiner also informed that claim 56 as recited is not clear how 

plurality of nucleic acid samples from plurality of single isolated cell being tagged with 

first and second multiplex identifiers capable identifying origin of nucleic acid sample 

each of the single isolated cell. 

The amendments to include the step of isolating nucleic acids from each of the 

isolated single cell separately and appending nucleic acid sample with cell specific 

identifier were discussed. But no specific amendments to clarify how second MID 

(multiplex identifier) are different from each other were discussed in view of 35 USC 112 

rejections are not being on the record. In view of time constraint to move the instant 
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application on an expedited basis on the part of the examiner and to get specific claim 

language approval from the applicant, the examiner informed that the office action will 

be issued to decide further course of action. No specific claim languages were agreed 

to during the interview. 

Claim status 

6. In the claim listing of 8/30/2017 claims 56-64 are pending in this application and 

are under prosecution. Claims 56-64 are new. Claims 1-55 are canceled. The claim 

amendments have been reviewed and entered. 

Withdrawn Rejections and Response to the Remarks 

6. The previous rejection of claims 40-55 under pre-AIA 35 USC 103(a) as being 

unpatentable over Gillevet in view of Wangh has been withdrawn in view of cancelation 

of said claims. The arguments regarding the teachings of Gillevet and Wangh have 

been fully considered (Remarks, pgs. 4 and 5). They are moot in view of withdrawn 

rejection necessitated by the cancelation of said claims. 

7. All pending ODP rejections on the record have been withdrawn in view of 

cancellation of instant claims 11-44. 

However, upon further consideration, new grounds of rejections are set forth in 

this office action as discussed below. 
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Claim Objections 

8. Claims 63 and 64 are objected to because of the following informalities. 

Page 5 

Claim 63 is objected over the recitation of "the segments of (a)" in line 1 and 

appears to be minor typographical error because step 'a' of claim 56 is drawn to nucleic 

acid samples not to segments. 

Claim 64 is dependent from canceled claim 40 and appears to be a minor 

typographical error. For compact prosecution, claim 64 has been presumed to be 

dependent from claim 56. In response to this office action, applicant is suggested to 

identify the proper dependency of claim 64. 

Appropriate corrections are required. 

Claim Rejections - 35 USC§ 112 first paragraph 

Scope of Enablement Rejection 

9. The following is a quotation of the first paragraph of 35 U.S.C. 112(a): 

(a) IN GENERAL-The specification shall contain a written description of the 
invention, and of the manner and process of making and using it, in such full, clear, concise, 
and exact terms as to enable any person skilled in the art to which it pertains, or with which it 
is most nearly connected, to make and use the same, and shall set forth the best mode 
contemplated by the inventor or joint inventor of carrying out the invention 

10. The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it pertains, or with which it is most nearly 
connected, to make and use the same, and shall set forth the best mode contemplated by the 
inventor of carrying out his invention. 

11. Claims 56-64 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), 

first paragraph, because the specification, while being enabled for nucleic acid sample 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 01077

Application/Control Number: 14/792,094 
Art Unit: 1634 

Page 6 

made from each of the single isolated cell, wherein the nucleic acid sample from each 

single isolated cell tagged with unique/distinct first multiplex identifier (first MID) 

sequence to track the origin of nucleic acid samples, wherein the different sized nucleic 

acid segments from plurality of nucleic acid samples from plurality of isolated single 

cells are tagged with different second MID sequences, to distinguish different sized 

nucleic acid segments (as shown in figures 11 and 13). However, the specification is not 

enabled for (a) providing a plurality of nucleic acid samples, each made from single 

isolated cells; (b) tagging a plurality of segments of the nucleic acid molecules in the 

samples of (a) with first and second multiplex identifier (MID) sequences, wherein the 

second MID sequences are all different from each other. 

The instant specification discloses "In certain embodiments, the nucleic acid 

sample being analyzed is derived from a single source (e.g., a single organism, virus, 

tissue, cell, subject, etc.), whereas in other embodiments, the nucleic acid sample is a 

pool of nucleic acids extracted from a plurality of sources (e.g., a pool of nucleic acids 

from a plurality of organisms, tissues, cells, subjects, etc.), where by "plurality" is meant 

two or more" (pg. 19, paragraph 2) and "In certain embodiments, nucleic acid fragments 

that are to be pooled with nucleic acid fragments derived from a plurality of sources 

(e.g., a plurality of organisms, tissues, cells, subjects, etc.), where by "plurality" is meant 

two or more. In such embodiments, the nucleic acids derived from each source includes 

a multiplex identifier (MID) such that the source from which the each tagged nucleic acid 

fragment was derived can be determined (pg. 19 paragraph 3) and "In certain 

embodiments, each individual polynucleotide (e.g .. double-stranded or single-stranded. 

as appropriate to the methodological details employed) in a sample to be analyzed is 
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tagged with a unique MID so that the fate of each polynucleotide can be tracked in 

subsequent processes (where, as noted above, unique MID is meant to indicate that 

each different MID employed can be differentiated from every other MID employed by 

virtue of at least one characteristic, e.g., the nucleic acid sequence of the MID). For 

example (and as described below), having each nucleic acid tagged with a unique MID 

allows analysis of the sequence of each individual nucleic acid using the reflex 

sequence methods described herein. This allows the linkage of sequence information 

for large nucleic acid fragments that cannot be sequenced in a single sequencing run" 

(pg. 20, paragraph 1, emphasis under lined by the examiner). In other words to enable 

the method of claim 56, reflex sequence method is essential for tagging different sized 

nucleic acid segments with different second MID sequences. 

Therefore the instant specification does not enable any person skilled in the art 

to which it pertains, or with which it is most nearly connected, the invention requiring the 

steps of (a) providing a plurality of nucleic acid samples, each made from single isolated 

cells; (b) tagging a plurality of segments of the nucleic acid molecules in the samples of 

(a) with first and second multiplex identifier (MID) sequences, wherein the second MID 

sequences are all different from each other (recited in generality). Therefore instant 

specification is not enabled for carry out the method of claim 56 as discussed in detail 

below. 

Per eMPEP 2164.01(a) there are many factors to be considered when 

determining whether there is sufficient evidence to support a determination that a 

disclosure does not satisfy the enablement requirement and whether any necessary 

experimentation is "undue." These factors include, but are not limited to: 
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(B) The nature of the invention; 

(C) The state of the prior art; 

(D) The level of one of ordinary skill; 

(E) The level of predictability in the art; 

(F) The amount of direction provided by the inventor; 

(G) The existence of working examples; and 

Page 8 

(H) The quantity of experimentation needed to make or use the invention based on the 

content of the disclosure. 

Breadth of Claims: In the instant case, claim 56 as recited encompass large 

number of single isolated cells, which will have very large number of nucleic acid 

samples and appending first MID and second MID sequences to large number of 

nucleic acid segments and sequencing appended segments which generate large 

number of sequences reads and not able to even analyze which first MID sequence of 

nucleic acid sample is from single isolated cell number 1 versus cell number "n" 

because of presence of large number of nucleic acid samples appended with first MID 

sequence. Also, instant claim 56 as recited encompasses a large genus of single 

isolated cells, plurality of nucleic acid samples and large number of nucleic acid 

segments tagged with first MID sequence and different second MID sequences. 

Nature of the invention and state of the prior art: The instantly claimed invention 

is directed to analyze nucleic acids from single isolated cell and matching the nucleic 

acid sequences originating from each of the nucleic acid using reflex method to 

introduce a plurality of multiplex identifiers in plurality of nucleic acid segments. 
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Tagging nucleic acid samples with sample specific MID sequence or isolating 

single cells, tagging nucleic acid sample from each isolated single cell with specific first 

MID sequence to track the origin of nucleic acid sample from each of isolated single cell 

and pooling the nucleic acids and identifying the nucleic acid from each sample based 

on the sample or cell specific first MID sequence were known in the art at the time the 

claimed invention was made (Gillevet et al, arts of the record; Fig. 1 and Linnarsson, 

cited below, claims 1-5). 

However, the step of tagging a plurality of segments of the nucleic acid 

molecules in the samples from plurality of single isolated cells with first and second 

multiplex identifier (MID) sequences, wherein: (i) the first MID sequences associated 

with a segment of a nucleic acid molecule of (a) uniquely identifies the single isolated 

cell from which the nucleic acid molecule is provided; and (ii) the second MID 

sequences are all different from each other was not established in the art prior to the 

claimed invention. Generation of large number of MID sequences were also known at 

the time of the claimed invention (454 multiplex identifier sequence, Roche bulletin, 

cited in the IDS of 8/30/17). 

The level of one of ordinary skiff: The level of skills required is very high as the 

claimed method requires isolating single cell, nucleic acids from the cell, tagging, and 

sequencing of the tagged nucleic acids and analysis of the sequence data to trace back 

the origin of nucleic acid from each cell. 

The amount of direction provided by the inventor and the existence of working 

examples: The instant specification set forth steps to append tags to nucleic acid 

sample from each sample or a cell and isolating nucleic acids and appending the 
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nucleic acids with different multiplex identifier sequences using Reflex method (Fig. 1) 

and generating nucleic acid segments using primers/adaptors and specifically 

appending different multiplex identifiers to different sizes of fragments (Figs. 11 and 13 

and their descriptions in the text). 

The instant specification does not provide guidance regarding step 'b' of instant 

claim 56, especially tagging plurality of segments of the plurality of nucleic acid samples 

with first and different second MID sequences and identifying the origin of nucleic acid 

segments with specific isolated single cell. 

The level of predictability in the att and the quantity of experimentation needed: 

One having ordinary skill in the art would recognize that it is not possible to 

identify the source of nucleic acid from each sample when all of the plurality of the 

samples have the same first MID sequences. Therefore quantities of experimentations 

to be done are very large especially when the instant specification does not provide any 

guidance for addressing issues as discussed especially step 'b' of claim 56 in the 

previous sections. 

Conclusion: 

Courts have ruled that to be enabling, the specification of a patent must teach 

those skilled in the art how to make and use the full scope of the claimed invention 

without undue experimentation (In re Wright990 F.2d 1557, 1561; In re Fisher, 427 F.2d 

833, 839, 166 USPQ 18, 24 (CCPA 1970)). It was also determined that the scope of the 

claims must bear a reasonable correlation to the scope of enablement provided by the 

specification to persons of ordinary skill in the art. The amount of guidance needed to 

enable the invention is related to the amount of knowledge in the art as well as the 
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predictability in the art. Furthermore, the Court in Genentech Inc. v Novo Nordisk 42 

USPQ2d 1001 held that it is the specification, not the knowledge of one skilled in the art 

that must supply the novel aspects of the invention in order to constitute adequate 

enablement. 

Considering all the factors discussed above and lack of working example for the 

steps of claim 56 it is clear that the specification does not disclose a representative 

number of working examples. Thus, one skilled in the art would be lead to conclude that 

the applicant was not in possession of the claimed step 'b' encompassing large number 

of genus. 

Therefore the claimed method is enabled for nucleic acid sample made from 

each of the single isolated cell, wherein the nucleic acid sample from each single 

isolated cell tagged with unique/distinct first multiplex iden@er (first MID) sequence to 

track the origin of nucleic acid samples, wherein the different sized nucleic acid 

segments from plurality of nucleic acid samples from plurality of isolated single cells are 

tagged with different second MID sequences consistent with the reflex method of 

tagging MID sequences. 

12. Claims 57-64 are rejected under pre-AIA 35 USC 112 first paragraph because 

they include all the limitations of claim 56. 

For compact prosecution, applicant is suggested to identify support for the 

amendments in the instant specification. 

Claim Rejections - 35 USC§ 112-second paragraph 

13. The following is a quotation of 35 U.S.C. 112(b): 
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14. The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention 

15. Claims 56-64 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), 

second paragraph, as being indefinite for failing to particularly point out and distinctly 

claim the subject matter which the inventor or a joint inventor, or for pre-AIA the 

applicant regards as the invention. 

16. Claim 56 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second 

paragraph, as being incomplete for omitting essential steps, such omission amounting 

to a gap between the steps (See MPEP § 2172.01 ). The omitted steps are: (i) the 

details of the steps of tagging first and second MID sequences to the plurality of 

segments of the nucleic acid molecules from the plurality of nucleic acid samples from 

plurality of single isolated cells, (ii) not specifying the step of tagging nucleic acid 

molecules from, for example, single isolated cell 1 with first MID sequences type 1 

separately from the step of tagging nucleic acid molecules from single isolated cell 2 

with first MID sequences type 2 and (iii) not specifying the step of how plurality of 

tagged segments of nucleic acid molecules with first MID sequences from plurality of 

nucleic acid samples uniquely identifies the nucleic acid molecules from single isolated 

cell because claim 56 does not specify if first MID sequences from isolated single cell 1 

is different from first MID sequences from isolated single cell 2. Similarly the steps of 

tagging different second MID sequences to the type of nucleic acid molecules from 

plurality of nucleic acid samples are omitted. 
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If the intent is to identify the nucleic acid molecules from each of the single 

isolated cells with unique first MID sequence, it is suggested to include the additional 

steps, of tagging nucleic acid sample from each of single isolated cell separately with 

first MID sequence, wherein the first MID sequence is unique to each of the single 

isolated cell (i.e., first MID sequence from single isolated cell 1 is different from single 

isolated cell 2). 

For claiming the step of second MID sequences are all different from each other, 

applicant is suggested to recite the steps associated with instant figures 11 and 13, 

wherein different sized nucleic acid segments from plurality of nucleic acid samples are 

tagged with different MID sequences, which is consistent with the novelty of the reflex 

method of the instant invention. 

17. Claims 57-64 are also incomplete because they include all the limitations of claim 

56, which is considered to be incomplete for the reasons discussed above. 

18. Claims 58-62 are indefinite because it is not clear if "the MID sequences" include 

the first or the second or both MID sequences. Appropriate clarification is required. 

Claim Rejections - 35 USC§ 102 

19. In the event the determination of the status of the application as subject to AIA 35 

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any 

correction of the statutory basis for the rejection will not be considered a new ground of 

rejection if the prior art relied upon, and the rationale supporting the rejection, would be 

the same under either status. 
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20. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 

102 that form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was descrlbed in a patent granted on an application for patent by another 
filed in the United States before the invention thereof by the applicant for patent, or on an 
international application by another who has fulfilled the requirements of paragraphs (1 ), (2), 
and (4) of section 371 (c) of this title before the invention thereof by the applicant for patent 

21. The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act 

of 1999 (AIPA) and the Intellectual Property and High Technology Technical 

Amendments Act of 2002 do not apply when the reference is a U.S. patent resulting 

directly or indirectly from an international application filed before November 29, 2000. 

Therefore, the prior art date of the reference is determined under 35 U.S.C. 102(e) prior 

to the amendment by the AIPA (pre-Al PA 35 U.S.C. 102(e)). 

22. Claims 56-64 are rejected under pre-AIA 35 U.S.C. 102(e) as being anticipated 

by Linnarsson 0/110 2010/117620 published Oct. 14, 2010, priority date Mar. 30, 2009, 

cited in the IDS of 8/30/17). 

Regarding claims 56-58 and 60-61, Linnarsson teaches a method of preparing a 

nucleic acid libraries (i.e., cDNA libraries) from a plurality of single cells, the method 

comprising the steps of: releasing mRNA from each single cell to provide a plurality of 

individual mRNA samples, wherein the mRNA in each individual mRNA (i.e., nucleic 

acid) sample is from a single cell; synthesizing a first strand of cDNA from the mRNA in 

each individual mRNA sample and incorporating a tag into the cDNA to provide a 

plurality of tagged cDNA samples wherein the cDNA in each tagged cDNA sample is 

complementary to mRNA from a single cell; pooling the tagged cDNA samples; and 

amplifying the pooled cDNA samples to generate a cDNA library comprising double-
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stranded cDNA, wherein the method further comprises processing the cDNA library to 

obtain a library suitable for sequencing and sequencing the cDNA library to identify 

genes originated from the cell source (Figs. 1-4 and their legend, Linnarsson, claims 1-5 

and 9-11, the instant steps of claims 56-58 and 60-62 taught by Linnarsson are 

underlined by the examiner). 

The cell specific tag (e.g., see figure 3) in the nucleic acid sample from each of 

the single cell is the first Multiplex Identifier (first MID) sequences associated with a 

segment of a nucleic acid molecule of (a) uniquely identifies the single isolated cell from 

which the nucleic acid molecule is provided. 

Linnarsson also teaches that the synthesis of the first strand of cDNA is directed 

by a cDNA synthesis primer (CDS) that includes an RNA complementary sequence 

(RCS) that is at least partially complementary to one or more mRNA in an individual 

mRNA sample (Linnarsson claim 3), wherein a template-switching oligonucleotide 

(TSO) is added to each individual mRNA sample, wherein said TSO comprises a 

portion which is at least partially complementary to a portion at the 3' end of the first 

strand of cDNA (Linnarsson claim 5), wherein the CDS and the TSO each include a 

different tag (Linnarsson claims 10 and 11 ). Different tags associated with cDNA 

segment of Linnarsson meets the limitation of second MID sequences are different from 

each other. 

Regarding claim 59 requiring the MID sequences are appended with ligation, 

Linnarsson teaches ligating the adaptor to the nucleic acid segments that comprise MID 

sequences CDS and TSO (Fig. 8 and pg. 29, lines 3-11 ). 
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Regarding claim 62 requiring MID sequences are from 2 to 100 bases in length, 

Linnarsson teaches that the tag sequences (i.e., MID sequences) are from 4-20 

nucleotides in length (Linnarsson claim 12), which is within the claimed range. 

Regarding claims 63 and 64, Linnarsson teaches that the length is from 200 bp 

to 5 kb (Fig. 16), which is within the claimed range. 

Double Patenting 

23. The nonstatutory double patenting rejection is based on a judicially created 
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the 
unjustified or improper timewise extension of the "right to exclude" granted by a patent 
and to prevent possible harassment by multiple assignees. A nonstatutory double 
patenting rejection is appropriate where the claims at issue are not identical, but at least 
one examined application claim is not patentably distinct from the reference claim(s) 
because the examined application claim is either anticipated by, or would have been 
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 
1226 (Fed Cir 1998); In re Goodman, 11 F3d 1046, 29 USPQ2d 2010 (Fed Cir 
1993); In re Langi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Omum, 
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321 (c) or 1.321 (d) 
may be used to overcome an actual or provisional rejection based on a nonstatutory 
double patenting ground provided the reference application or patent either is shown to 
be commonly owned with this application, or claims an invention made as a result of 
activities undertaken within the scope of a joint research agreement. See MPEP § 
717 .02 for applications subject to examination under the first inventor to file provisions 
of the AIA as explained in MPEP § 2159. See MPEP §§ 706.02(1) (1) - 706.02(1) (3) for 
applications not subject to examination under the first inventor to file provisions of the 
AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b). 

The US PTO Internet website contains terminal disclaimer forms which may be 
used. Please visit www.uspto.gov/forms/. The filing date of the application in which the 
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or 
PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out 
completely on line using web-screens. An e Terminal Disclaimer that meets all 
requirements is auto-processed and approved immediately upon submission. For more 
information about e Terminal Disclaimers, refer to 
http://www.uspto.gov/patents/process/file/efs/guidance/e TD-info-I.jsp. 
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24. Claims 56-64 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-13 of U.S. Patent No. 9,410,149 in view of Linnarsson 

(WO 2010/117620 published Oct. 14, 2010, priority date Mar. 30, 2009, cited in the IDS 

of 8/30/17) for the following reasons. 

Regarding instant claim 56, claims 1 and 10 of '149 patent disclose a method of 

analyzing genomic DNA, comprising: a) generating a first plurality of different segments 

of a first nucleic acid molecule of a contiguous region in the genomic DNA, wherein said 

contiguous region in the genomic DNA is represented by a plurality of nucleic acid 

molecules, and wherein each of said first plurality of different segments is appended to 

a first multiplex identifier (MID) sequence; b) generating a second plurality of different 

segments of a second nucleic acid molecule of said contiguous region, wherein each of 

said second plurality of different segments is appended to a second MID sequence and 

said first MID sequence and said second MID sequence are different; and c) 

sequencing the first and second plurality of different segments and the appended first 

and second MID sequences, respectively, to analyze the genomic DNA, wherein the 

genomic DNA is genomic DNA from a virus or a bacterium (the steps that are common 

between instant claim 56 and claims 1 and 10 of '149 patent are underlined by the 

examiner). One having ordinary skill in the art would recognize that genomic DNA from 

a bacterium meets the limitation of an isolated single cell. 

Claims of '149 patent do not disclose step of providing a plurality of nucleic acid 

samples each made from single isolated cells and the identifier sequence that uniquely 

identifies the single isolated cell, which is taught by Linnarsson, who teaches a method 

of preparing a nucleic acid libraries (i.e., cDNA libraries) from a plurality of single cells, 
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the method comprising the steps of: releasing mRNA from each single cell to provide a 

plurality of individual mRNA samples, wherein the mRNA in each individual mRNA 

sample is from a single cell; synthesizing a first strand of cDNA from the mRNA in each 

individual mRNA sample and incorporating a tag into the cDNA to provide a plurality of 

tagged cDNA samples, wherein the cDNA in each tagged cDNA sample is 

complementary to mRNA from a single cell; pooling the tagged cDNA samples; and 

amplifying the pooled cDNA samples to generate a cDNA library comprising double­

stranded cDNA, wherein the method further comprises processing the cDNA library to 

obtain a library suitable for sequencing and sequencing the cDNA library to identify 

genes originated from the cell source (Fig. 1 and its legend, Linnarsson, claims 1-5 and 

9-11 ). Linnarsson also teaches pooling the samples simplifies handling of the samples 

from each single cell and reduces the time required to analyze gene expression in the 

single cells, which allows high throughput analysis of gene expression. Pooling the 

samples prior to amplification also provides the advantage that technical variation 

between samples is virtually eliminated (pg. 11, paragraph 1 ), thus providing motivation 

to include the step of including the tagging the nucleic acid sample for each of the 

isolated single cell and pooling the plurality of isolated single cell nucleic acids in the 

claims of '149 patent. 

It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the step of including the tagging the 

nucleic acid sample for each of the isolated single cell and pooling the plurality of 

isolated single cell nucleic acids in the claims of '149 patent with a reasonable 

expectation of success with the expected benefit of allowing high throughput analysis of 
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gene expression and eliminating the technical variation between samples as taught by 

Linnarsson (pg. 11, paragraph 1 ). An artisan having ordinary skill in the art would have 

reasonable expectation of success because it merely involves including additional step 

of tagging nucleic acid sample with identifier sequence which is routinely practiced in 

the art as exemplified Linnarsson. 

Regarding instant dependent claims 57-64, claims 1-13 of '149 patent in view of 

Linnarsson disclose the steps of said dependent claims and thus are not patentably 

distinct. 

25. Claims 56-64 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-19 of U.S. Patent No. 9,410, 150 in view of Linnarsson 

('NO 2010/117620 as cited above) for the following reasons. 

Regarding instant claim 56, claims 1, 10, 12, 13 and 19 of '150 patent disclose 

the steps of providing a first plurality of different segments of DNA from a first sample, 

wherein the sample is a single cell, wherein the first plurality of different segments of 

DNA are derived from a first nucleic acid molecule of a locus in genomic DNA and 

wherein each of said first plurality of different segments is appended to a first sequence 

!§9.; and b) a second plurality of different segments of DNA from the first sample, 

wherein the second plurality of different segments of DNA are derived from a second 

nucleic acid molecule of the locus and wherein each of said second plurality of different 

segments is appended to a second sequence tag and said first sequence tag and said 

second sequence tag are different, wherein the first plurality of different segments the 

second plurality of different segments further comprise a multiplex identifier (MID) 
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sequence that identifies the source of the segments of DNA wherein the MID sequence 

identifies an individual person, a tissue, a cell. Claim 10 of '150 patent discloses the 

step of wherein the first plurality of different segments and the second plurality of 

different segments comprise one or more of an amplification primer sequence and a 

sequencing primer sequence appended thereto (the steps that are common between 

instant claim 56 and claims 1, 12, 13 and 19 of '150 patent are underlined by the 

examiner). One having ordinary skill in the art would recognize that the sequencing of 

the nucleic acid segments using primer amounts to sequencing the tagged segments of 

to obtain the nucleotide sequences of the plurality of nucleic acids and the attached first 

and second MID sequences because the first and second sequence tag amount to two 

different second MID sequences. 

Claims of '150 patent do not disclose step of providing a plurality of nucleic acid 

samples each made from single isolated cells and analyzing the nucleic acid samples, 

which is taught by Linnarsson, who teaches a method of preparing a nucleic acid 

libraries (i.e., cDNA libraries) from a plurality of single cells and sequencing the cDNA 

library to identify genes originated from the cell source (Fig. 1 and its legend, 

Linnarsson, claims 1-5 and 9-11 ). Linnarsson also teaches pooling the samples 

simplifies handling of the samples from each single cell and reduces the time required 

to analyze gene expression in the single cells, which allows high throughput analysis of 

gene expression. Pooling the samples prior to amplification also provides the advantage 

that technical variation between samples is virtually eliminated (pg. 11, paragraph 1 ), 

thus providing motivation to include the step of providing a plurality of nucleic acid 



10x Genomics, Inc. Exhibit 2004 
Parse Biosciences, Inc. v. 10x Genomics, Inc. 

IPR2023-00958 
Page 01092

Application/Control Number: 14/792,094 
Art Unit: 1634 

Page 21 

samples each made from single isolated cells and analyzing the nucleic acid samples in 

the claims of '150 patent. 

It would have been prima facie obvious to one of ordinary skill in the art at the 

time the claimed invention was made to include the step of providing a plurality of 

nucleic acid samples each made from single isolated cells and analyzing the nucleic 

acid samples of Linnarsson in the claims of '150 patent with a reasonable expectation of 

success with the expected benefit of allowing high throughput analysis of gene 

expression and eliminating the technical variation between samples as taught by 

Linnarsson (pg. 11, paragraph 1 ). An artisan having ordinary skill in the art would have 

reasonable expectation of success because it merely involves including additional step 

of tagging nucleic acid sample with identifier sequence which is routinely practiced in 

the art as exemplified Linnarsson. 

Regarding instant dependent claims 57-64 claims 1-19 of '150 patent in view of 

Linnarsson discloses the steps of said dependent claims and thus are not patentably 

distinct. 

26. Claims 56-64 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-12 of U.S. Patent No. 8,679,756 in view of Linnarsson 

(WO 2010/117620 as cited above) for the following reasons. 

It is noted that the subject matter of claims 1-12 of '756 patent is similar to claims 

1-13 of '149 patent. Therefore analysis is very similar. Thus it is maintained that steps of 

instant claims 56-64 are not significantly different from claims 1-12 of '756 patent in view 

of Linnarsson. 
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27. Claims 56-64 are rejected on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-11 of U.S. Patent No. 8,563,274 in view of Linnarsson 

(WO 2010/117620 as cited above) for the following reasons. 

It is noted that the subject matter of claims 1-11 of '27 4 patent is similar to claims 

1-13 of '149 patent. Therefore analysis is very similar. Thus it is maintained that steps of 

instant claims 56-64 are not significantly different from claims 1-11 of '27 4 patent in view 

of Linnarsson. 

Conclusion 

28. No claims are allowed. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to NARAYAN BHAT whose telephone number is (571 )272-

5540. The examiner can normally be reached on MON-THURS 8.00 am -6.30pm. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a US PTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the US PTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Dave Nguyen can be reached on 5712720731. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 
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Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

US PTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/NARAYAN BHAT/ 
Primary Examiner, Art Unit 1634 

NARAYAN BHAT 
Primary Examiner 
Art Unit 1634 
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paragraphs and to fix the minor informalities. 
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Application No. Applicant(s) 

Notice of Abandonment 
14/792,094 Brenner et al. 
Examiner Art Unit 

NARAYAN BHAT 1634 

•· The MAILING DATE of this communication appears on the cover sheet with the correspondence address--

This application is abandoned in view of 

1. 0 Applicant's failure to timely file a proper reply to the Office letter mailed on 20 September 2017. 
(a) D A reply was received on ___ (with a Certificate of Mailing or Transmission dated ___ ), which is after the expiration of the 

period for reply (including a total extension of time of ___ month(s)) which expired on __ . 

(b) D A proposed reply was received on __ , but it does not constitute a proper reply under 37 CFR 1.113 to the final rejection. 
(A proper reply under 37 CFR 1.113 to a final rejection consists only of:(1) a timely filed amendment which places the 
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) if this is utility or plant 
application, a timely filed Request for Continued Examination (RCE) in compliance with 37 CFR 1 114. Note that RCEs are not 
permitted in design applications.) 

(c) D A reply was received on ___ but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non-final 
rejection. See 37 CFR 1.85(a) and 1. 111. (See explanation in box 7 below). 

(d) 0 No reply has been received 

2. 0 Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months 
from the mailing date of the Notice of Allowance (PTOL-85). 

(a) D The issue fee and publication fee, if applicable, was received on ___ (with a Certificate of Mailing or Transmission dated 
__ ), which is after the expiration of the statutory period for payment of the issue fee (and publication fee) set in the Notice of 
Allowance (PTOL-85) 

(b) D The submitted fee of$ __ is insufficient. A balance of$ __ is due. 

The issue fee required by 37CFR 1.18 is $ __ The publication fee, if required by 37 CFR 1.18(d), is$ __ 

(c) D The issue fee and publication fee, if applicable, has not been received 

3 D Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in. the Notice of 
Allowability (PTO-37) 

(a) D Proposed corrected drawings were received on ___ (with a Certificate of Mailing or Transmission dated __ ), which is 
after the expiration of the period for reply. 

(b) D No corrected drawings have been received 

4 0 The letter of express abandonment which is signed by the attorney or agent of record or other party authorized under 37 CFR 1.33 
(b). See 37 CFR 1.138(b). 

5 0 The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR 
1.34) upon the filing of a continuing application. 

6. 0 The decision by the Board of Patent Appeals and Interference rendered on ___ and because the period for seeking court review 
of the decision has expired and there are no allowed claims 

7 0 The reason(s) below: 

As discussed in the interview summarz'., aeplicant's representative Ms Talukder did not respond to the message left on her voice 
mail on 4/18/18 bz'. 4/21/18 and therefore the notice of abandonment has been issued 

/NARAYAN K BHAT/ 
Primary Examiner, Art Unit 1634 

Petitions to revive under 37 CFA 1.137. or requests 10 wi1hdraw 1he holding of abandonment under 37 CFR 1.181 should be promptly filed 10 minimize 
anv nenative effec1s on natent 1erm. 
U.S. P.;tant .;nd Tr~dcm~rk Ofl,ca 

PTOL-1432 {Rev. 07-14) Notice ol Abandonment Par1 of Paper No. 20180519 
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Application No. Applicant(s) 

Examiner-Initiated Interview Summary 
14/792,094 Brenner et al. 

Examiner Art Unit AIA Status 

NARAYAN BHAT 1634 No 

All participants (applicant, applicant's representative, PTO personnel): 

(1) Examiner: Bhat. (3) __ 

(2) Representative: Ms. Talukder (4) __ 

Date of Interview: 18 April 2018. 

Type: 0 Telephonic D Video Conference 
D Personal [copy given to: D applicant D applicant's representative] 

Exhibit shown or demonstration conducted· □ Yes 0 No 
If Yes, brief description:~~· 

Issues Discussed D 101 D 112 D 102 D 103 0 Others 
\l·or ''"'°'' oi' 1hc dwd,•d l-.l\(,,,1 ;,I""''· pk;N' ,lc-,c·11hc l"'I"" 1h,, '"''-' ;,11<1 ,kw1lc,l <k"Tiplw11 pf lhc d1-...·u"ip,ol 

Claim(s) discussed: 56 

Identification of prior art discussed: Arts of the record 

Substance of Interview 
(l'or rnd1 ,s,u~ J,"-·u,se<l. prov,J~ a <letmk<l J~,n,pt,on an<l ,n<l,rnte ,I agre~nwnt wa, rem:h~J Some lop,c·, may mdu<le: ,Jenl!I ,c·auon or danr,rntmn ol a rderrnc-e 

,,r a p,,rt1<m th~r~,,r. c·la,,n ,nterpr~1a1,,m. pr<,p,"~J a,nrn<l,nrnt,. argum~nt, ,11 any appl,e<l r~l~renc·~, ~tc· ... I 

Foe compact prosecution the examiner contacted the applicant's representative, Ms. Talukder and a left a message on 
her voice mail on 4/18/18 to inguire if any response has been filed to the Non-final rejection mailed on 9/20/2017 and 
informed that if examiner did not get a reply by 4/21/18, the examiner will send a notice of abandonment No response 
has been filed till 5/19/2018 

Applicant recordalion instructions: 11 is not necessary tor applicant to provide a separa1e record ot 1he subs1ance ot interview. 

Examiner recordalion instructions: Examiners must summarize the substance of any interview ot record. A complete and proper recordation of the 
substance of an interview should include the i1ems listed in MPEP 713.04 for comple1e and proper recorda1ion including the iden1ifica1ion of 1he general 
thrust of each argument or issue discussed. a general indication of any 01her pertinent ma1ters discussed regarding pa1en1abili1y and 1he general resul1s or 
ou1come of 1he in1erview 10 include an indication as 10 whe1her or not agreement was reached on 1he issues raised. 

D Attachment 

/NARAYAN K BHAT/ 
Primary Examiner, Art Unit 1634 

U.S. Palcnt and Trademark OHocc 

PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20180519 
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PTOISB/122 (04-15) 
Approved for use through 01/31/2018. 0MB 0651-0035 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no persons are required lo respond lo a collection of information unless ii displays a valid 0MB control number. 

/ 14/792,094 ~ 

CHANGE OF Application Number 

CORRESPONDENCE ADDRESS Filina Date July 6, 2015 

Application First Named Inventor SYDNEY BRENNER 

Art Unit 1634 
Address to: 
Commissioner far Patents 

Examiner Name Narayan Kameshwar Bhat 
P.O. Box 1450 

'-. 
Alexandria, VA 22313-1450 

Attorney Docket Number 104371-5016-US05,, 

Please change the Correspondence Address for the above-identified patent application to: 

~ 
The address associated with 
Customer Number: 

I 
156830 

I 

OR 

□ Firm or 
Individual Name 

Address 

City I State 1 z;p 

Country 

Telephone I Email 

This form cannot be used to change the data associated with a Customer Number. Ta change the 
data associated with an existing Customer Number use "Request for Customer Number Data Change" {PTO/SB/124). 

I am the: 

□ Applicant/Inventor 

□ Assignee of record of the entire interest. 
Statement under 37 CFR 3.73(b) is enclosed. {Form PTO/SB/96) 

[Z] Attorney or agent of record. Registration Number 61,368 

□ Registered practitioner named in the application transmittal letter in an application without an 
executed oath or declaration. See 37 CFR 1.33(a)(1 ). Registration Number 

Signature 
/Gargi Talukder/ 

Typed or Printed G . T I kd 
Name arg! a U er 
Date August 10, 2018 I Telephone 415.442.1000 
NOTE: Signatures of all the inventors or assignees of record of \he entire interest or their representative(s) are required. Submit multiple 
forms if more than one signature is required. see below•. 

ID·rotalof forms are subm~ted. 

This collection of information is required by 37 CFR 1.33. The information is required lo obtain or retain a benefit by \he public which is to hie (and by \he USP TO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated lo take 3 minutes to complete, 
including gathering. prel)<lring, and submitting the completed application form to the USPTO. Time wtll vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information Qff,cer. U.S. Patent and 
Trademark Office. U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO; Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 

ff you need assistance m completing the form. call 1-800-PTO-9199 and select option 2 
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Electronic Acknowledgement Receipt 

EFS ID: 33437777 

Application Number: 14792094 

International Application Number: 

Confirmation Number: 9697 

Title of Invention: Compositions and Methods for lntramolecular Nucleic Acid Rearrangement 

First Named Inventor/Applicant Name: Sydney Brenner 

Customer Number: 43850 

Filer: Gargi Talukder/Sheila Gloss 

Filer Authorized By: Gargi Talukder 

Attorney Docket Number: 104371-5016-US0S 

Receipt Date: 10-AUG-2018 

Filing Date: 06-JUL-2015 

Time Stamp: 17:21 :37 

Application Type: Utility under 35 USC 11 l(a) 

Payment information: 

Submitted with Payment I 00 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.:z:ip (if appl.) 

65141 

1 Change of Address 104371-5016-USOS_Corr.pdf 00 1 
Old l< 7,"7,'"JS7d< l "''" fkk< S,~ l.n·c.,7S 

"·"' 

Warnings: 
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Information: 

Total Files Size (in bytes)i 65141 

This Acknowledgement Receipt evidences receipt on the noted date by the US PTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(bHd) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 


