Application Number 14792094

Filing Date 2015-07-08

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Nlot for submission under 37 CFR 1.99)

First Named Inventor ‘ BRENNER, Sydney

Art Unit | 1636

Examiner Name ‘ BHAT, NARAYAN KAMESHWAR
Attorney Docket Number ICGLC-OZOCONS

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).

CR

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 reasconable inquiry, no item of infermation contained in the information disclosure statement was known to

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

See attached certification statement.
 The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X Acertification 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 fJames S. Keddie, Reg. No. 48,920/ Date (YYYY-MM-DD) 2016-06-29

Name/Print James 8. Keddie Registration Number )48920

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 Chisef Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.QO. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17
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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 infarmation is 35 U.5.C. 2(b}{2); {2) fumishing of the information solicited
is valuntary; 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
infarmation, the U.S. Patent and Trademark Office may not be able to process andfor examine your submission, which may
result in termination of praceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the fellowing reutine uses:

1. The information an 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 record s.

2. A record from this system of records may be disclosed, as a reutine 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 invalving an individual, to whom the record pertains, when the individuat 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 1874, as amended, pursuant to 5 U.5.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.5.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.S5.C. 2904 and
2806. Such disclosure shall be made in accerdance 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.§.C. 151. Further, a recerd
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
enfarcement agency, if the USPTO becomes aware of a violation or potential viclation of law or regulation.

EFS Web 2.1.17
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PTO:5B:06 (09-11)
Approved lor vse through 1:31/2014 OMB 0851-0032

U3 Palent and Trademark Qifice: US DEPARTMENT OF COMMERCE
Under the Paperwork Reduchon Acl ol 1995 no persons are requued to respond 10 a collection of infarmatan unless il displays & vahd OMB control number
—

PATENT APPLICATION FEE DETERMINATION RECORD
Substitute for Form PTO-875

Application or Dockel Number

14/792,004

07/06/2015

Filing Dale

D To be Mailed

ENTITY:

APPLICATION AS FILED - PART [

O aree B smalt [ micro

{Column 1) {Column &)
FOR NUMBER FILED NUMBER EXTRA RATE {$) FEE ($)
[ sasic FEE NA NA NAA
(37 CFR 1.16{ak. {bh. or ic)) '
[] sEARcH FEE A A A
(37 CFR 1 16(k). i1}, or (mj}
[ EXaMINATION FEE
(37 CFR 1. 1&{c). {ph. o7 (q)k A NA WA
TOTAL CLAIMS .
n minus 20= | * X8 =
137 CFR 1.16(i)) -
INDEPENDENT CLAIMS .\
137 CFR 1.16¢h)) minus 3 = X 5 =
It the specification and drawings exceed 100 sheets
. of paper, the application size tee due is $310 {$155
éipéégﬁ:'ﬁo{z'ns'z'i FEE for small entity) for each additional 50 sheets or
- fraction theraof. See 35 LL.S.C. 41{a)1)G) and 37
CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 GFR 1.16G)}
* If the difference in column 1 is less than zere, enter “(” in coluran 2, TOTAL
APPLICATICN AS AMENDED - PART 1
(Columnn 1) (Column 2} (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
| 0872872016 | ,orcq PREVIOUSLY PRESENT EXTRA RATE i$) ADDITIONAL FEE (5)
E AMENOMENT PAID FOR
z [ |16 mins [ - 20 -0 x 540 - 0
z ey, 13 minus | 3 -0 x 210 0
g D Application Size Fee (37 GFR 1.16(3))
[ FiRsT PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFF 1 1641
TOTAL ADC'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE {$) ADDITIONAL FEE {$)
— AMENDWMENT FAID FOR
E -Irlus‘?‘ (37 CFR T Minus had = X8 =
Ind cient B i e
g ([3‘7?:;“1 15"(h;) Minus = %8 =
5 D Application Size Fee (37 CFR 1.16(s))
=
< | [ FIRsT PRESENTATION OF MULTIPLE GEPENDENT CLAIM (37 GFR 1 1643)

*If the entry in columa 18 less than the enlry n column 2, witie “07 in column 3.

** i the "Highesi Number Previously Paid For™ IN THIS SPACE is less than 20, enker 207,
*** if the "Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter "3,
The "Highesi Number Previcusly Paid For™ {Total or Independent} is the highest number found in the appropriake box in column 1.

TOTAL ADD'L FEE

LIE
/STELLA LITTLE/

This collection of information is required by 37 GFR 1.16. The informalion is required 1o oblain or relain a beneiil by the public which is to file (and by Ihe USPTO 1o
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 GFR 1.14. This collection is eslimated 1o lake 12 minules to complele. including galhering
preparing. and submitting the completed application lerm 1o the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require 1o complete this lorm andior suggestions for reducing this burden, should be sent to the Chigl Information Officer, LS. Patent and Trademark Qflice, 0.3,

Deparment ol 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.
i you need assistance iy compleling the form, call 1-800-PTO-8189 and sefect oplion 2
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Electronically Filed

REQUEST TO CHANGE
THE APPLICANT UNDER
37 C.FR. § 1.46(c)

Address to:

Mail Stop

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Atlorney Dockel No. CGLC-020CONS

Conlirmation No. 9697

First Named Tnventor Brenner. Sydney

Application Number 14/792,094

Filing Date July 6. 2015

Group Art Unit 1634

Examiner Name BHAT, NARAYAN

KAMESHWAR

Title:  "Compaositions and Methaods for Intramolecular

Nucleic Acid Rearrangement”

Dear Sir:

Applicants respectlully request that the above-relerenced application be amended Lo change the

Applicant.

Please remove [[Population Genetics Technologies Ltd.]] and add 10X Genomices, Ine. as the

sole Applicant. A Supplemental Application Data Sheel in compliance with 37 CFR 1.76 ts submitted

herewiih along with a statement under 37 CFR 3.37(¢) to show chain of title 1o the new applicant.

Applicants alse request that a Corrected Filing Receipt be issued for the above-identilied

application.

Il for any reason a fee is found to be necessary, the Commissioner is authorized (o charge such

[ee 10 Deposit Account No. 50-0815 order number CGLC-020CONS.

Date:  July 13,2016

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

Respectlully submitied.
BOZICEVIC, FIELD & FRANCIS LLP

By: _ ames 8. Keddie, Reg. No. 48,920/

James §. Keddic
Registration No. 48,920
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PTO/AIA/GE {08-12)

Approved for use thraugh 01/31/2013. OMB 0651-0031

U5, Paient and Trademark Oliice: U8, DEPARTMENT OF COMMERGE

Under the Paperwork Reduction Act of 1995, no persons are required respend io 2 collection of information unless it displays a valid OB coniral number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicany/Patent Qwner: 10X Genomics, Inc.
Application No./Patent No.. 14/792,094 Filec¥Issue Date: July 6, 2015
Titled: Compositions and Methods for Intramolecular Nuclei¢ Acid Rearrangement

10X Genomics, Inc. a corporation
{Name of Assignee) {Type of Assignee. e.g.. corporation, partnership. university, government agency, eic.)

states that, for the patent application/patent identilied above, it is (chose one of opiions 1, 2. 3 or 4 below}h:
1. A Tne assignee of the entire right, title, and interest.

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

I:] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners hokiing the
balance of the interest must be submitted to account for 100% of the ownership interest.

E] 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 (o account for the entire
right, title, and interest.

3 l:l 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. B The recipient, via a court proceeding or the like (e.g., bankruptey, 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 one of options A or B below):
A, |:I 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 @ A chain of title from the invenior(s}). of the patent application/patent identified above, to the current assignee as follows:

1. From: the inventers To: Population Genetics Technologies Ltd
The decument 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 Geneligs Technologies Lid To: 10X Genomies, Ing.

The document was recorded in the United States Patent and Trademark Oifice at
Resl . Frame . or for which a copy thereof is attachied.

[Page 1 of 2]
Thig collection of inlormatian is required by 37 CFR 3.73{b). The informalion is required to oblain or retain a benefit by the public which is 1o lile {and by the USPTO to
process) an application. Conlidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.17 and 1.14. This collection is estimated 10 1ake 12 minutes o complete, including
gathering, preparing. and submiiling the completed application iorm to the USPTQ. Time will vary depending upon the individual case. Any comments on the amoung
of time you require 1o compleie this iorm andiar suggesiions for reducing this burden. should be seni 1o the Chief Information Oilicer, U.S. Patent and Trademark
Offiee, U.S. Departmert of Commerce, P.O. Bax 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 vou need assistanee in completing the form, cafl 1-800-PTO-9199 and select option 2.
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PTO/AIA/GE {08-12)

Approved for use thraugh 01/31/2013. OMB 0651-0031

U5, Paient and Trademark Oliice: U8, DEPARTMENT OF COMMERGE

Under the Paperwork Reduction Act of 1995, no persons are required respend io 2 collection of information unless it displays a valid OB coniral 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 ___  orfor which a copy thereof is attached.

5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame . of 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.

[j Additional documents in the chain of title are listed on a supplemental sheetl(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, submitied 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 USPTC. Sse MPER 302.08]

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

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

Signature Date

James S. Keddie 48,820

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 Pepulation Genetics Technologies Lid, a
corporation cxisting under the laws of England and Wales with company number 05116842 and
registered office at Salisbury touse, Station Road, Cambridge, CB1 2LA. United Kingdom
(“PGT”) and 10X Genomics, [nc., with olfices at 7068 Koll Center Pkwy #401, Pleasanton, CA
94566 (“10X™). the purchaser of cerlain assets of PGT pursuant to the Intellectual Property
Purchase and License Agreement belween PGT and 10X, dated as of October 21. 2015 (the “1P
Purchase Agreement™).

WHEREAS, under the terms of the IP Purchase Agreement, PGT has conveyed,
transferred and assigned to 10X, among other asscts, certain intellectual property of PGT, and
has agreed to execute and deliver this IP Agsignment, [or recording with governmental
authorities including, but not limited to, the US Patent and Trademark Office;

NOW THEREFORE., the parties agree as [ollows:

1. Agsignment. In consideration for the reccipt by PGT of the Purchase Price stipulated in
the P Purchase Agreement and other good and valuable consideration. the receipt and
sufficiency are hereby acknowledged. PGT hereby irrevocably conveys. transfers and assigns to
10X, and 10X hereby accepts. ali of PGT's right, title and interest in and to the patents and patent
applications set forth in Schedule 1 hereto and all issuances, divisions, continuations,
continuations-in-part, reissues, extensions, reexaminations and renewals thercof (the "Patents™).

2 Recordation and Further Actions. PGT authorizes the Comumissioner [or Patents and any
other governmental officials to record and register this IP Assignment upon request by 10X
PGT shall, at 10X's cost, take such steps and actions following the date hereof, including Lhe
execution of any documents, files, registrations. or other similar items, lo ensure that the
Assigned IP is properly assigned to 10X, or any assignee or successor thereto.

3. Terms of the IP Purchase Agreement. The terms of the IP Purchase Agreement,
including, but not limited to. the representiations. warranties, covenants, agreements and
indemnities relating to the Assigned IP are incorporated herein by this reference. The pariies
hereto acknowledge and agree that the represcniations. warranties, covenants and agreements
contained in the IP Purchase Agreement shall not be superseded hereby but shall remain in full
force and effect to the [ull extent provided therein. In the event of any conflict or inconsistency
between the terms of the IP Purchase Agrecrienl and the terms hereof. the terms of the IP
Purchase Agreement shall govern.

4, Counterparts. This TP Assignment may be execuied in counterparis, cach of which shall
be deemed an original, but all of which together shall be deemcd to be onc and the same
agrecement. A signed copy of this IP Assignment delivered by facsimile. e-mail or other means
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of clectronic transmission shall be deemed (o have the same legal effect as delivery of an griginal
signed copy of this [P Assignment.

5. Successars and Assigns. This TP Assignment shall be binding ujpon and shall inure to the
benefit of the parties hereto and their respective successors and assigns.,

. Governing L.aw. This IP Assignment and any dispute, claim or matter arising from or in
connecetion with it or its subject matter or formation (including non-contractual disputes or
claims) shall be poverned by end construed in accordance with the law ol England and Wales,
The parties agree that the courts of England and Wales will have non-exclusive jurisdiction to
setile any such dispute or claim and frrevocably agree (o submit to the jurisdiction of the courts
of England and Wales Jor these purposes.

{SIGNATURE PAGE FOLLOWS]
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IN WITNESS WHEREOF, PGY has duly execaled and delivered tis intellectual
Property Assignment Agreement as of the date first shove writlen.

POPULATION GENETICS
TECHNGLOGIES LTD /

4
oy Aleed 1 Wit N

Name: Mei N, Eronick
Title: Director

Addyess for Notices:

Poputation Genetics Technologies Lad
Salisbury House

Siation Road

Cambridge

CHI2LA

United Kingdom

AGREED TO AND ACCEPTED:
HOX GENOMECS, INC.

By: il _
Namer Maithew Murphy ‘
Fitle: Vice President and General
Counsel

Address for Notices:

T068 Koll Center Phwy #401
Pleasanion

CA Q43648

United States of America
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SCHEDULE 1

ASSIGNED PATENTS AND PATENT APPLICATIONS

PGT Name Entity App No Date Pat No Date Status
Filed Issued
CGLC-020PRY us 611235593 8/20/2000 Expired
CGLC-020PRV2 | US 1288792 1242172009 Expired
CGLC-020W0 WIP( 1R2010/062243 $/1312010 Expived
CGLC-020EP EP 1768061.3 8/13/2010 2467479 Registered in DE. ES.
FR, GB
CGLC-G20EPDIV | EP 15193733.1 %1342010 Pending
CGLC-020 5 13/387.343 2152012 | 8.298767 10502012 | Issued
GCLEO0CON U 13/622.572 WL92012 Abandoned
CGLC-02000N2 | 118 13/839.450 4092013 | 8563274 10222013 | Issued
CGLC-02000N3 [ US 14:021.790) 9092043 | 8.679.736 037252004 | tasued
CGLC-020CGN4 | US 14172.694 2042014 | 9.102.980 08112015 | Issued
CGLC-020CON5 | US 14/762.094 706/2013 Pending
CGLC-020C0NG | LY 14935253 11/6/2015 Pending
CULC-020CONT | US 14/939.728 Ti7/1272013 Pending
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Document Description: Application Data Sheet to update/correct info

Doc Code: ADS.CCRR

CORRECTED ADS FORM

Application Number

14752094

Title of Invention

Compositions and Methods for Intramelecular Nucleic Acid Rearrangement

Inventor Information

**|f no data is shown, no data has been corrected**

Data of Record Updated Data

Order Mumber

Name

Residence Information

Residency

City

State

Country of
Residence

Mailing Address of Inventor

Address 1

Address 2

City,State/Province,
Postal Code

Country

Corrected ADS1.0
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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Application Information

Data of Record Updated Data

Title of Invention

Compositicns and Methods for Intramolecular Nucleic
Acid Rearrangement

Attorney Docket
Number CGLC-020CCNS

Entity Type
Small

Domestic Benefit/National Stage Information

**|f no data is shown, no data has been corrected**

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. 118e) 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
(rYY-Mm-DO)

Patent Number

Issue Date
YYYY-MM-DD)

Foreign Priority Information

Corrected ADS1.0
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Document Description: Application Data Sheet to update/correct info

Doc Code: ADS.CCRR

**|f 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
censtitutes 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 1.55(i)(1) 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 1.55(g)(1).

Data of Record

Updated Data

Application Number

Country

Filing Date

Access Code

Applicant Information

**If no data is shown, no data has been corrected**
Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office,

Data of Record

Updated Data

Applicant Type

ASG

If applicant is the legal
representative, indicate the
authority to file the patent
application, the inventoris

Name of the Deceased or
Legally Incapacitated
Inventor

Applicant is an
Organization

Yes

MName

Organization Name

10X Genomncs, Inc.

Address 1

7068

Koll Center Pkwy

Address 2

#401

Corrected ADS1.0

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00613



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

City,State/Province, Postal
Code Cambridge Pleasanton CA 94566

C t
ountry B s

Phone Mumber

Fax Number

Email Address

Assignee Information including Non-Applicant Assignee Information

**If no data is shown, no data has been corrected**
Providing this information in the applicaticn data sheet does not substitute for compliance with any requirement of part 3 of Title 37 of
the CFR to have an assignment recorded in the Office

Data of Record Updated Data

Order

Applicant is an
Organization

Name

Organization Name

Mailing Address

Address 1

Address 2

City,State/Province,Postal
Code

Country

Phone Number

Fax Number

Email Address

Corrected ADS1.0
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Document Description: Application Data Sheet to update/correct info
Doc Code: ADS.CORR

Signature

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33{b}.

This Application Cata Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic entity (e.g., corporation
or association). If the applicant is two or more joint inventors, this form must be signed by a patent practitioner, all joint inventors who are
the applicant, or one or more joint inventor-applicants who have been given power of attorney (e.g., see USPTO Form PTO/AIA/81) on
behalf of all joint inventer-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature

/James 5. Keddie, Reg. No. 48,920/

Registration Number

48920

First Name

James 5.
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Application No. Applicant{s}
) . . 14/792,084 BRENNER ET AL.
Examiner-initiated Interview Summary _ i
Examiner Art Unit
NARAYAN BHAT 1634

All participants (applicant, applicant’s representative, PTC personnel):
{1) Examiner: Bha (3)

(2) Representative: Mr. Keddie. (4)

Date of Interview: 11 July 2016.

Type: X Telephonic [ Video Conierence
[ Personal [copy given to:[ ] applicant [ applicanit's representative]

Exhibit shiown or demonstration conducted: [ Yes X No.
If Yes, brief description:

Issues Discussed [J101 [J112 102 K103 [KOthers

(For cach of the checked box(esabove. please deseribe below the issue and detailed deseription of the discussion}

Claim({s) discussed: 27,35 and 37,

Ideniification of prior art discussed: Arts of the record.
Substance of Interview
For cach isste discussed. provide a detailed deseription and indicate il agreement was reached. Some topics may include; identilication o clailication of a

reference o a potkion itheceol, claim inerpredation, proposed amendmenis, argoments of any applied cleoonees eic..)

See Continuation Sheel.

Applicant recordation instructions: |1 is not necessary tor applicant 1o provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the ilems listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed. a general indication of any other periinent matters discussed regarding patentability and the
general resylts or cutcome of the interview, to include an indication as to whether or nol agreement was reached on the issues raised,

[ Attachment

INARAYAN BHAT/
Primary Examiner, Art Unii 1634

U3 Palent and Trademark Qifice
FTOL-213B (Rev. 8/11/2010) Interview Summary Paper No. 20160716
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Conlinuation Sheet (PTOL-4138} Application No. 14/782,094

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 betier condition for the allowance. The examiner discussed that the ¢laim
amendments of June 28, 2016 requiring same muliiplex identifier for the sample and the plurality of segments ¢f the
nucleic acids still read on the teachings over Braverman and further amendments and terminal disclaimers are needed
te 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
nueleic acid molecules of the sample is different from a mulliplex identifier associated with a plurality of segments from
a particular nucleic acid molecule of the sample”, fixing the claim language for any minar 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 amendmenis in the specification would overcome the rejections on the record and
thus allowable.

The representative informed that the amendmernits require approval from the applicarit. On July 13, 20156 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 Ne., Applicant(s)
14/792,084 BRENNER ET AL.

Oftfice Action Summary Examiner ArtUnit ATA (FIrst inventor o File}
NARAYAN BHAT 1634 z’;’“s

« The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
Pericd for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TC EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.
- Extensions oftime may be available under the provisions of 37 CFR 1.138(a). In no event, however, may a reply be timely filed
afler SIX (&) MONTHS from the mailing date of 1his communication.
- If NO peried for reply is specified above. Ihe maximum stalulory period will apply and will expire SIX (6) MONTHS from the mailing date of Ihis communicalion
- Failure lo reply within the sel or extended period for reply will. by statute. cause lhe applicalion to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three monihs after the mailing dale of this communicalion, even iffimely filed. may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
13X Responsive 1o communication(s) filed on 6292016
[ A declaration{s)/affidavitis} under 37 CFR 1.130(b) was/were filedon .
2a)[X] This astion is FINAL. 2b)[] This action is non-final.

3] An election was made by the applicant in rasponse 10 a restriction requiramerit set forth during the interview on
s therestriction requirement and election have been incorporated into this action.

4} ] Since this application is in condition for allowance except for formal maiters, prosecution as 1o the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213,

Disposition of Claims*

5\ Claim(s) 21, 24 and 26-39 isfare pending in the application.

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

6] Clam(s) ____ is/are allowed.

7\ Claim(s) 21,24 and 26-39 is/are rejected.

B Claim(s) 28 is/are objected to.

9] Claim(s) are subject fo 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
hitodhwww USOI0 Govipate

{_events/oohvingsx jsn or send an inquiry to PPHieadbacki®usptio gov.

Application Papers
10)[] Tha specification is objected to by the Examiner,
1) The drawing(s) filed on Z/8/15 isfare: a)l{ accepted or b} objected to by the Examiner.
Applicant may not request that any objection o the drawing{s} be held in abeyance. See 37 CFR 1.85{a).
Replacement drawing sheeat{s) including the correction is required if the drawing(s) is cbhjected to. See 37 CFR 1.121(d).

Priority under 35 U.5.C. § 119
12)[] Acknowlgdgment is made of a claim for foraign priority under 35 U.S.C. § 118(a)-(d) or ().
Certified copies:
al[] Al B[] Some* ¢)[] None of the:
1.[] Certified copies of the priority documerits have been recaived.
2[] Certilied copias of the priority docurments have been recaived in Application No.
3] Copies of the certified copies of the priority docurments have been raceived in this National Stage
application from the International Bureau {PCT Rule 17.2(a)).
** See the attached detailed Gifice action for a list of the certified copies not received.

Attachment(s)
" E Notice of References Cited {(PTO-892) 3) @ Interview Summary {PTO-413}
. . Paper Ne{s)/Mail Date. 7/11/16
2) & Information Disclosure Statement(s) (PTO/SE08a and/or PTO/SBASE) a E Other: IMIS
Paper No(sy/Mail Date . i her: IMIS,
U$ Patenl and Trademark Office
PTOL-328 (Rev. 11-13) Office Action Summary Part of Paper No./ail Date 20180718
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Application/Control Number: 14/792,094 Page 2
Art Unit: 1634

Final Action
1. The present application is being examined under the pre-AlA first to invent
provisions, This office action is in response to the papers filed on June 29, 2016.
The petition to make the instant application "special” has been granted by the office on
December 22, 2015 and thus has been examined cn expedited basis.

The instant application is a continuation of 14/172,694, new .S, Patent
9,102,980, which is a continuation of 14/021,790, now U.S. Patent 8,679,756, whichis a
cantinuation of 13/859,450, now LS. 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
provisicnal 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 Page 3
Art Unit: 1634

Interview Summary
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
candition 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 ‘() iii’, of "wherein the multiplex
identifier associated with g 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 9,102,98C and over
claims of 14/935,255 and 14/839,728 copending applications and their acceptance by
the office and identifying the support for the amendments in the specification would
overcome the rejecticns 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 cffice 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/Control Number: 14/792,094 Page 4
Art Unit: 1634

Claim Status
3. In the claim listing of June 29, 2016 claims 21, 24 and 26-32 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 infroduced by
the claim amendments as applicant has identified the support for the amendments in

the insiant 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 ling with the claims (Remarks, pg. 7). The amendments do not introduce
the new matter.

The previcus objection to the specification not listing the header “Brief
Description of the Drawings” was an oversight on the part of the examiner. [t 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 OCP 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-AlA 102(b) as being

anticipated by Brenner has been withdrawn necessitated by the claim amendments,
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Application/Control Number: 14/792,094 Page 5
Art Unit: 1634

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-AlA 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 segmenis 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 far the fcllowing reasons.

The arguments are directed tc Braverman is deficient because it fails 1o teach or
suggest a methed 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 sclely to provide a way (0 analyze mRBNA, fails to
meet Braverman's deficiency and, as such, the cited references, taken in any

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

pg. 9).
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Application/Control Number: 14/792,094 Page 6
Art Unit: 1634

The above arguments are not persuasive because claims 21, 35 and 37 as
amended requiring the multiplex identifier (MID) sequence associated with & segment of
a nucleic acid molecule of {(a) uniguely identifies a sample and all of the plurality of
tagged segments of a particular nucleic acid molecule of (g) are associated with the
same MID sequence has been interpreted as to require only cne type of MID because
the MID sequence associated with a segment of a nucleic acid molecule identifying the
sample has been interpreted as t¢ 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. Furthermcre as discussed in the interview summary, said claims have
been further amended to make the pending ¢laims non-cbvious 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 & segment of a nucleic acid molecule identifying the sample has been interpreted
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Application/Control Number: 14/792,094 Page 7
Art Unit: 1634

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)i."

The fofiowing Objection and refections are necessitated by the claim

amendments.

Double Patenting

10.  The nenstatutory double patenting rejection is hased on a judicially created
doctrine grounded in pukblic pclicy (a palicy reflected in the statute} so as o prevent the
unjustified or improper timewise extension of the "right to exclude” granted by a patent
and o prevent possible harassment by mulliple assignees. A nonslatulory 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 Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1885); In re Van Omum,
686 F.2d 937, 214 USPQ 761 {CCPA 1982); In re Vogel, 422 F.2d 438, 184 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 tc overcome an actual or provisicnal rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown tc
be commenly owned with this application, or ¢laims an invention made as a result of
activities undertaken within the scope of a jeint research agreement. See MPEP §
717.02 for applications subject to examinaticn under the first inventor to file provisions
of the AlA as explained in MPEP § 2159. See MPEP &§ 708.02(1} (1) - 706.02() {3} for
applications net subject 1o examination under the first inventor to file provisions of the
AlA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTQC Internet website contains terminal disclaimer forms which may be
used. Please visit www.uspto.gov/forms/. The filing date of the applicaticn in which the
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/ZS, or
PTC/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.uspte.gov/patents/process/iile/efs/guidance/e TD-info-1.jsp.
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Application/Control Number: 14/792,094 Page 8
Art Unit: 1634

11.  Claims 21, 24 and 26-39 are rejected on the ground of nonstatutory double
patenting as being unpatentable over ¢laims 1-12 of U.S. Patent No. 8,168,385 in view
of Braverman et al (US 2009/0105959, cited in the previcus office action) and Bosnes
(WC 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
cligonucleotide tag to each of a plurality of samples that comprise fragmented gencmic
DNA ta 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 cligonucleotide tags; and iv.) each adaptor-ligated sample comprises
adaptor-ligated genomic fragments that contain an adaptor and a gencmic fragment; b)
pooling said plurality of adaptor-ligated samples to make a pooled sample; ¢} isolating
from said pooled sample adaptor-ligated genemic fragments that cerrespond 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
oligonuclectide tag; and ii.) the nucleotide sequence of at least part of a genomic
fragment; wherein the unique nuclectide sequence of said isolated fragment identifies
from which of said plurality of different palynucleotide samples said isolated fragment is

derived.
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Application/Control Number: 14/792,094 Page 9
Art Unit: 1634

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) uniguely identifies a sample
and all of the plurality of tagged segments of g particular nucleic acid melecule of (a) are
associated with the same MID sequence. Claims of ‘385 patent is not drawn tc the
nucleic acid samples are frem 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 ¢laims 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 gencmic fragments are obtained from a plurality of different
sources, and wherein: i.} each of said genomic fragments comprises an cligonucleotide

tag that comprises a unique nucleotide sequence that indicates from which source a
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Application/Control Number: 14/792,094 Page 10
Art Unit: 1634

genomic fragment is derived; and, separate from said unigue nuclectide sequence, a
hinding site for a sequencing primer; ii.) said sequencing of the plurality of genomic
fragments is dene using said sequencing primer; and iii.) said gencmic fragments
carrespond to one or more selected porticns 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 nuclectide sequence of an cligonucleotide tag and the nucleotide
sequence of at least a portion of a genomic fragment,

Claims of "433 patent is not drawn t¢ 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 o determing the
error rate in the sequencing run {paragraph 0082).

With regard to the limitations of dependent ¢laims 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 wilf be revisited at the time of the allowance.

Claim Objections
13.  Claim 28 is objected tc because of it is dependent from canceled claim 23. For
campact prosecution, claim 28 presumed o be dependent from claim 21. If applicant
disagree with claim 28 dependency, applicant is suggested 1o correct its dependency.

Appropriate correction is required.
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Application/Control Number: 14/792,094 Page 11
Art Unit: 1634

Claim Rejections -35USC§ 112

14.  The following is a quetation of 35 U.S.C. 112(h):
(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.

The following is a quotation of 35 U.S.C. 112 (pre-AlA}, second paragraph:
The specification shall conclude with one or more claims particularly peointing 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-AlA}, second paragraph, as being indefinite for failing to particularly point cut and
distinclly ¢laim the subject matter which the inventor or a joint inventor, or for pre-AlA
the applicant regards as the invention.

16.  Claim 21 recites the limitation “the nucleic acid molecules” in step (b) ling 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 ¢laim. Applicant is suggested t¢
provide proper antecedent basis for “the” product limitation in the claim

19.  Claim 35 recites the limitation “the nucleic acid melecules” 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 38 is indefinite because it is dependent from claim 35.

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00631



Application/Control Number: 14/792,094 Page 12
Art Unit: 1634

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 ¢laim.
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 o carefully review the claims for
any minor infermalities and 112 second and fourth paragraph issues and further clarify
the steps of distinguishing the multiplex identifier (MID) sequence assccialed with a
segment of a nucleic acid mclecule 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 & prior Office action.

The foliowing rejection is based on the interpretation of claims 21, 35 and 37
requiring only cne multiplex identifier based on the interpretation of amended claim as
discussed in section 8.

24.  Claims 21, 24 and 28-39 are rejected under pre-AlA 35 U.8.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,
camprising providing a plurality of nucleic acids from a single cell source {paragraph
0077) and tagging {i.e., asscciating) 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 aftached 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 scurce {Fig. 2 and paragraphs 0003, 0077, 0082-
0088). As discussed in the claim interpretations section, since there are n¢
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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Regarding claim 30, Braverman teaches that the tagging step comprises
performing PCR of the plurality of nucleic acids using an adapler sequence comprising
the MID seguence 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 atiributed to different
individual cell scurces based upon the MID sequences attached in the attaching step
and a sequencing primer sequence {Fig. 2 and paragraphs C085-0088).

Regarding claims 33 and 34, 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 ¢092).

Regarding claim 35-37, Braverman teaches a method of analyzing nucleic acids,
comprising: previding a plurality of nucleic acids from a single cell source {paragraph
0077). Braverman also teaches tagging (i.e., asscciating) the plurality of nucleic acids
from the single cell source with a unigue identifier (UID) element also referred as
multiplex identifier (MID; paragraph C003). 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 nuclectide 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 g
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plurality of nucleic acid meolecules 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 0088).

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

linear amplification (i.e., isothermal amplification) step (paragragh CC07).

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-AlA 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 frem 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,

camprising 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 scurce {Fig. 2 and paragraphs 0003, 0077, 0082-
0088). As discussed in the claim interpretations section, since there are nc
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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Regarding claim 30, Braverman teaches that the tagging step comprises
performing PCR of the plurality of nucleic acids using an adapler sequence comprising
the MID seguence 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 siep comprises
attaching different MID sequences to the nucleic acids from each of the plurality of
single cell sources; and wherein nucleic acid sequences are atiributed to different
individual cell scurces based upon the MID sequences attached in the attaching step
and a sequencing primer sequence {Fig. 2 and paragraphs C085-0088).

Regarding claims 33 and 34, 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 claim 35-37, Braverman teaches a method of analyzing nucleic acids,
comprising: previding 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 unigue identifier (UID) element also referred as
multiplex identifier (MID; paragraph C003). Braverman further teaches an amplification
of plurality of nucleic acid attached te the UID sequence before determining the nucleic
acid sequence (paragraph 0088) and determining a nuclectide 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 g
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plurality of nucleic acid meolecules 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}’ 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 0088).

Regarding claim 39, Braverman teaches that the amplifying step comprises a
linear amplification (i.e., isothermal amplification) step (paragragh CC07).

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 mRBNA 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 mRBNA to genomic infarmation (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 frem 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 mBNA 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 isclation of DNA, mBNA 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 1o known methods is likely to be obvious
when it does ne 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 understoed, 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 weuld arrive at the claimed invention. Alsg, one having
ordinary skill in the art would recognize that choosing both CNA and mRNA template
would be a mere design choice because steps of analyzing mRNA templates would not
be different as the steps for converting mBNA 1o ¢cDNA are routing, 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 cbvious improvement over Braverman.
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27.  Claims 21, 24 and 26-39 are rejected under pre-AlA 35 U.5.C. 103(a) as being
unpatentable over Brenner (US 2006/0177832 published Aug. 10, 20086) 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 fer the limitations of claims 26 and 27 of nucleic acid is DNA and
mRBNA for correlating information relating to mBNA to genomic information.

Regarding claims 21, 24 and 26-33, Brenner teaches a method comprising
previding fragments from a population of genomes, wherein the fragments from each
genome has the same unigue 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 cf each genome of the population; (i) attaching a unique
oligonuclectide tag to each gencme; {iii) selecting fragments from each genome that
contains the predetermined locus; (iv) generating a labeled cligonucleotide tag from
each unigue 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 cligenucleotide 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 sclid phase supparts (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 mBNA. Braverman teaches a method of analyzing nucleic acids,
previding 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 mBNA from the same sample allows for correlating infermation 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 frem 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 infermation thus understanding the interrelationship of genotype and
phenotype as taught by Bosnes {Abstract). An artisan having ordinary skill in the art

would have reasenable expectation of success because it merely involves including the
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mRNA from the single cell scurce because isclation 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 necessitaled the new ground(s) of rejection presented in
this Office actien. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension ¢f time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final getion is set to expire THREE
MONTHS from the mailing date of this acticn. 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
shortered statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.138(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 fram the
examiner should be directed to NARAYAN BHAT whose telephone number is (571}272-

5540. The examiner can normally be reached on 8.30 amto 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.

Infermation regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be ¢btained 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 hitp:/pair-direct.usplo.gov. Should
you have questicns cn access tc 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 informaticn

system, call 800-786-9199 (IN USA OR CANADA) or §71-272-1000.

/INARAYAN BHAT/
Primary Examiner, Art Unit 1634
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Conlinuation Sheet (PTOL-4138} Application No. 14/782,094

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 betier condition for the allowance. The examiner discussed that the ¢laim
amendments of June 28, 2016 requiring same muliiplex identifier for the sample and the plurality of segments ¢f the
nucleic acids still read on the teachings over Braverman and further amendments and terminal disclaimers are needed
te 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
nueleic acid molecules of the sample is different from a mulliplex identifier associated with a plurality of segments from
a particular nucleic acid molecule of the sample”, fixing the claim language for any minar 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 amendmenis in the specification would overcome the rejections on the record and
thus allowable.

The representative informed that the amendmernits require approval from the applicarit. On July 13, 20156 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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tss §[12 IS2 and {"multiplex identifier” or mid or i S PGFUB; iom ;iON 512016101105;
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jbarcoede or zipcode or token or LUSPAT; : 15:47
didentifier) same (insert$4 or attach$3 or {{USCCR; :
{ooupl$d or conjugai$d or connectd3 or HFPRS, EFO; :
itagg$3) same {nucleic or dnaj.clm. JPOY; :
: DERWENT; :
; 18M_TDB ; ;
S4 {0 453 and (single ¢or one) near3 (source or {US-PGPUB; HOR JON 2016/01/05:
Heelly same {nucleic or dna).clm. UUSPAT, : 15:53 :
: USCCR;
FPRS; EFO;
JPO;
DERWENT,
] : 1BM TOB : :
85 10 153 and (source or cell} same {nucleic or JUS-PGRUB; OR JON 2016/01/05:
qdna}.clm. USPAT; : 15:53 :
: USOCR,
FPRS; EFC;
JPO;
DERWENT
......................................................................................................................... BMTOB |l
56§65 451 and ("multiplex identifier” or mid or  {US-FGPUB; {OR GON 2016/01/05:
dbarcode or zipcode or token or USPAT; ; 18:00 :
didentifier) same {insert$4 or attach$3 or {USOCR;
Jooupl$3 or conjugat$a or connect$3 or {FPRS; EFO
{tagg$3) same {nucleic or dna) JPO;
; DERWENT,;
1BM TOB
$7 45B 496 and {single or cne) same{source or HUSPGPUB; HOR G0N 2016/01/05:
deelly same (nucleic o7 dna) USPAT, : 18:01 :
: USOCR,
FPRS; EFO
JPG;
DERWENT,;
: (BM_TOB : :
38 48 451 and “reflex sequence”.clm. US-PGPUEB; {CR JON 2016/01/05:
: USPAT, : 16:08 :
USOCR,
FPRS; EFG;
JPO;
DERWENT;
o I BM—TDB :
S0 74 4("multiplex identifier” or mid or barcode {US-PGFUB; (OR GON 2016/01/05:
Jor zipcode or token or identifier) same  HUSPAT, : 18:11 :
d(insert$4 or atach$3 or coupl$s or USOCR;
Jeonjugat$3 or connect$3 or 1aga$d) FPRS; EPO;
isame (nucleic or dna).clm. JPG;
: DERWENT,;
[BM _TDB :
S10 25 459 and {single or one} same (source or {US-PGPUB; ICR JON 2016/01/05;
Jeall) same {nucleic or dna).clm. USPAT, : 18:11 :
: USOCR,
FPRS; EFO
JPO;
DERWENT;
; 1BM_TDB ; ;
S11 69 1(720040224331" | 20060008799 | US-FGPUB; {CR JON 2016/01/05!
4"200700206407 | "20070238113" | LISPAT; : 16:30 :
4"200702593577 | "20090155780" | USOCR;
1"20100086814" | “20100113298" | FPRS, EFO;
201001200887 | "20110287435" | JPG;
1"20120208724" | “20120316074" | DERWENT;
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1"20130059310" | "6723513" | 1BM_TDB :
"7544473" | "7700325" | “8101346" | :
{"8208767" | "8318480") PN, : :
S12 48 4511 and {"multiplex identifier” or mid or §US-PGPUB; OR JON 2016/01/05:
ibarcode or zipcode or token or USPAT; : 16:31 :
didentifier) nearb (insert$4 or attach$3  {UUSOCR;
Jor coupl$3 or conjugat$3 or connect$3 HFPRS; EFG;
Jor tagg$3) near5 (nucleic or dna or JPO;
ipolynuclectide) DERWENT;
: 1BM TOB : :
S13 {138 i"7393665" US-FGPUB; {OR iON 2016/01/05!
: USPAT,; : 18:36 :
USOCR;
FPRS, EPO
JPO;
DERWENT,
s b e DB
S14 2 1"7303665".on. US-PGRUB; 2016/01/05:
: USPAT, 18:36 :
USOCR,
FPRS, EFQ,
JPO;
DERWENT;
. 1BM TOB : :
S15 {599 H("multiplex identifier” or mid or barcode HUS-PGPUB; HCR HON 2016/01/05:
Jor zipcode or token or identifier) nears  {USPAT, : 18:37 :
Jinseri$4 or attach$3 or coupl$3 or USOCR;
Jeonjugat $3 or connect$3 or taggdl) FPRS, EFO
qnearb {nucleic or dna or JPG;
ipolynucleotide) DERWENT,
i NEMUTDB.
S$16 {147 4515 and ("multiplex identifier” or mid or US-PGPUB; {OR JON 2016/01/05:
ibarcode or zipcode or token or USPAT; : 18:38 :
didentifier) near5 (determin$3 or USOCR;
jobtain$3} nearb sequence FPRS; EFO;
: JPO;
DERWENT;
e iiBMTDB
S17 697052 4435/%.ccls. or 500/%.cols. or 422/%.cols. {HUS-PGPUB; (OR JON 2016/01/05:
Jor 536/%.ccls. or (c12g1/88 or USPAT, : 18:50 :
ic07h21/02 or cOTh21/04 or c12p19/34  HUSOCR;
Jor ¢12m1/34 or g01n33/52 or FPRS; EFO;
cd0b30/04 or c40b40/04 or c40050/04  {IPG,
dor g01n31/22) cpe. DERWENT,
: I1BM_TDB : :
$18 {481 4817 and ("multiplex identifier or mid or {US-PGPUB; 1CR JON 2016/01/05:
dbarcode or zipcode or token or USPAT; : 1651 :
jidentifier) near5 (insert$4 or attach$3  {USOCR,
Jor coupl$3 or conjugat$3 or connect$3 {FPRS; EPO;
Jor tagg$3) nears {nucleic or dna or JPO;
ipolynucleotide) DERWENT;
: |BM_TDB : :
$19 131 i518 and {"multiplex identifier” or mid or jUS-FGPUB; iOR HON 2018/01/05,
Jbarcode or zipcode or token or USPAT, : 16:51
fidentifier) near5 (determin$3 or USOCR,
Jobtain$3) nears sequence FPRS, EFO;
: JPG;
DERWENT;
: I1BM TDB : :
S20 45 4519 and (single or one) nears (source {US-PGPUB; HCR JON 2016/01/05:
dor cell} neard (nucleic or dna or USPAT; : 16:52 :
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{polynucieotice)

151 and (" multiplex identifier” or mid or
Jbarcode or zipcode or token or
fidentifier) same (insert$4 or attach$3 or
Jooupl$3 or conjugat$3 or connect$3 or
itagg$3) same (nudleic or dna or
Joolynuclectide).clm.

US-PGPUB;
USPAT;
USCCR;
FPRS; EFC;
JPO;
DERWENT;
IBM_TDB

2016/01/
18:65

S22

4521 and (single or one or indivudual)
dsame (source or cell) same {nucleic or
Jdna or polynuclesotide}.cim.

US-FGPUB;
USPAT,;
USOCR,
FPRS, EFPO;
JPG;
DERWENT,
18M TOB

OR

o

2016/01/05:
16:56 :

823

4521 and {"multiplex identifier” or mid or
{barcode or zipcode or token or
didentifier) same (determin$3 or
Hobtain$3} same sequence. clm.

US-PGPUB;
LISPAT;
USOCR,
FPRS; EFO;
JPO;
DERWENT,
(BM_TDB

CR

4ON

2016/01/05:
16:68 :

101206

("multiplex identifier" or mid or barcode

Hor zipcode or token or "unique
Jidentifier™).cm.

US-PGPUB;
USPAT,

IBM TCB

525

101649 :

("multiplex identitier” or mid or barcode

{jor zipcode or token or "unique
didentifier” or vid).clm.

US-PGPUB;
USPAT;
USOCR,
FPRS; EFO;
JPG;
DERWENT,
|BM_TDB

CR

40N

2016/01/08:
18:01 ‘

526

196

1525 and {dna and rna).cim.

US-FGPUE;
USPAT,
USOCR,
FPRS, EFO;

DERWENT:
IEM TDB

OR

1ON

2016/01/06
18:02 :

S27

72

1526 and (dna and rna) near5 cell

US-PGPUB;
USPAT;
USOCR,
FPRS, EFO;
JPG;
DERWENT;
(BM_TDB

CR

{oN

2016/01/08!
18:03 :

4927 ang {"multiplex identifies™ or mid or
ibarcode or zipcode or token or "unigque
didentifier” or uidinears primer

US-FGPUE;
USPAT,
USOCR,
FPRS, EFC;

DERWENT;
IBM TDB

OR

Jon

2016/01/06:
18:04 :

LAS TSearchl isiory 14792094 AccessibleVersion him| 71672016 6:34:20 PM|
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$29 123047 extraci®3 near5 (dna or nucleic) near5 {US-PGPUB; jOR JON 2016/01/08!
eell LISPAT, : 18:06 :
: USCCR; :
FPRS, EFO;
JPCO;
DERWENT,
1B8M TOB

336 {1272 4329 and extract®3 nearb {ribonucleic or {US-PGPUB; HOR JON 2016/01/08:
imrnayneard cell USPAT; : 18:.07 :
; USOCR; 3
FPRS; EPC;
PG,
DERWENT,
| B\_TOB

3148 4530 and {"multiplex identifier” or mid or {US-PFGPUB, HON 2016/01/06:
j{barcode or zipcode or token or "unigue {{USPAT; : 18:07 :
didentitier” or vidynear5 primer USCCR; :
: FPRS, EFO;
JPO;
DERWENT;
1BM_TDB

s32 1199 4930 and ("multiplex identifier” or mid or {US-PGPUB; {CR JON 2016/01/06:
dbarcode or zipcode or token or "unique HUSPAT; : 18:08 :
Hidentifier” or vid) USOCR, 5
: FPRS, EFO;
JPG;
DERWENT,
(BM_TOB

533 41 4330 and {("multiplex identifier” or mid or HUS-PGPUB; 1OR HON 2016/01/08
ibarcode or zipcode or token or “unique USPAT,; : 18:09
Jidentifier” or uid) neard track$3 nears  HUSOCR; :
(sample or source) FPRS; ERO;
: JRO;
DERWENT,;
: IBM TDB : :
534 {11 1530 and {"multiplex identifier” or mid or JUS-PGRUB; OR JON 2016/01/08!
idbarcode or zipcode or token or "unique HUSPAT, : 18:10
didentifier” or uid) same {track$3 or USOCR; :
Horigin or identif$3) same {sample or FPRS, EFO;

dsource) JPO;

‘ DERWENT
1BM TDB .

("multiplex identifier” or mid or barcode {{US-FGPUB;

jor zipcode or token or "unigue USPAT;

didentifier” or vid) same {track$3 or USOCR,

Jorigin or identif$3) same (sample or FPRS; EPC;

dsource) JPO;

; DERWENT;
IEM_TOB

36 505 4535 and amplit$3 same {(dna or nudeic) {USPGPUB; H{OR 40N 2016/01/08:

dsame ("multiplex identifier” or mid or USPAT, ; 18:12
dbarcoede or zipcode or token or "unigue § :
Hidentifier” or uid)

337 {91 1336 and amplif$3 same {cdng or mina)
dsame ("multiplex identifier” or mid or
ibarcode or zipcode or token or "unigue
didentifier” or uid)

JON 2016/01/08;
: 18:12 :

LAS TSearchl isiory 14792094 AccessibleVersion him| 71672016 6:34:20 PM|
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CERWENT,;
1BM_TCB

538

5669

AU multiplex identifier” or mid or barcode
HJor zipcode or token or "unique
didentifier” or uid) nearb (track$3 or
dorigin or identif$3) nearb {sample or
Jsource)

Us-PGRUB;
USPAT,;
USCCR;
FPRS; EFO;
JPO;
DERWENT,
IBM_TDB

CR

2016/01/06:
18:22

539

41

1538 and extract$3 near5 (ribonucleic or
Amrna)

USPAT;
USOCR,
FPRS; EPO;
JPO;
DERWENT;
|BM_TDB

COR

1ON

2016/01/08;
18:22 :

540

70439

jgenatype and phenotype

US-FGPUE;
USPAT,;
USCCR;
FPRS; EFO;
JPG;
DERWENT,
(BM_TDB

OR

IoN

2016/01!06;
18:26 :

1840 and phenotype neard mrna

US-FGPUB;
USPAT;
USOCR,
FPRS; EPO;
JPO;
DERWENT;
|BM_TDB

2016/01/06!
18:27 :

542

75

4341 and extract$3 near5 (ribonucleic or
imma)

US-PGPUE;
USPAT,
USOCR;
FPRS; EFO;
JPG;
DERWENT,
[BM_TDB

OR

jonN

2016/ 01/08
18:27 :

543

1542 and ("multiplex identifier” or
ibarcode or zipcode or token or "unique
Jidentifier” )

US-PGPUB;
USPAT;
USOCR,;

CR

HON

2016/01/08;
18:28 :

1540 and {"multiplex identitier” or
Jbarcode or zipcode or token or "unique
fidentifier” )

US-PGPUB;
USPAT,
USOCR;
FPRS; EFO;
JPG;
DERWENT;
1BM TOB

2016/01/08
18:28 :

545

1788

{544 and (ribonucleic or mrna)

US-PGPUB;
USPAT;
USOCR;
FPRS, EFC;

DERWENT:
(BM_TDB

CR

ON

2016/01/06:
18:29 :

546

63

4545 and {"multiplex identifier™ or
ibarcode or zipcode or token or "unigue
didentifier” } same mrna

LAS TSearchl isiory 14792094 AccessibleVersion him| 71672016 6:34:20 PM|

US-PGPUEB;
USPAT;
USOCR;

OR

HON

2016/01/06:
18:29 :
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FPRS; EFC;
JPO;
DERWENT;
18w TDB

547

153

4540 and ("multiplex identifier” or
ibarcode or zipcode or token or “unigue
Jidentitier™}.clm.

US-PGPUE;
UUSPAT,;
USCCR;
FPRS; EFO;
JPO;
DERWENT,
IBM_TOB

OR

2016/01/08
18:31 =

4547 and {ribonucleic or mrna).clm,

US-FGRUB;
USPAT;
USOCR,
FPRS; EFC;

DEFWENT:
(BM_TDB

CR

40N

2016/01/08:
18:31 :

549

80223

4("muliiplex identifier" or barcode or
Jzipcode or token or "unigue
jidentitier").clm.

US-FGPUE;
USPAT,;
USOCR;
FPRS; EFO;
JPO;
DERWENT,
1BM TOB

OR

1oN

2016/01/06
18:33 ;

S50

75

$49 and {ribonucleic or mmay).clim,

US-FGPUB;
USPAT;
USOCR,
FPRS; EFC;
JPO;
DERWENT,
IBM_TDB

CR

1oN

2016/01/08!
18:33 :

d(bhat.xa. or bhat.xp.) and (simulian$4
qnears isolat$4)

US-PGPUB;
USPAT,;
USOCR;
FPRS; EFO;
JPG;
DERWENT;
1BM TOB

2016/01/07:
10:54 :

852

103

i(bhat.xa. or bhat.xp.) and isolai$4.clm.

US-PGRUB;
LISPAT;
USOCR;
FPRS; EPC;
JPG;
DERWENT,

(BM_TDB

CR

oN

2016/01/07:
10:54 :

7/16/ 2016 6:34:16 PM

C:\ Users\ nbhat1\ Documents\ EAST\ Workspaces\ 14782094-1-6-16.wsp
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From:

To: Bhat, Naava

Subject: Be: 14/792,084 -status update
Date: Wednesday. July 13. 2016 1:46:44 PM

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

On Jul 14, 2016, at [:25 AM, Bhat, Narayan <[Nagay:

From: James $. Keddie [madio:keddied@ vormat.com]

Sent: Monday, July 11, 2016 4:50 PM
To: Bhat, Narayan <Nargvan Bhat@sSPio GOV
Subject: 14/792 094

Dear Exr. Bhat,

| forwarded the proposed amendment 1o the client earlier today but | 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
rn BV B FRATH I L
1900 University Ave Suite 200

East Palo Alto, Ca 24303

Main: (650 327-3400: Fax: (850} 327-3221
Direct: (650) 833-7722; Email: }

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 notity the sender at 1-650-327-3400, so that Bozicevic. Field and
Francis LLP can arrange for proper delivery, and then please delete the message
from your system. Thank you.

Confidentizlity 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 immediately netify the sender at 1-630-327-3400, 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:

14722084 ~ GAU: 1634

PTO/SB/08a (01-10)

Do¢ code: 1DS
R ) . ' Approved for use through 07/31/2012. GMB £651-0031
Doc description: Information Disclosure Statement {IDS) Filed 1.5, Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, ne persons are required o respond to a collection of irformation unfess it conlains 2 valid OMB confrol number.

N6/29/2016

Application Number 4792094

Filing Date D015-07-06
INFORMATION DISCLOSURE First Named Inventor ‘PRENNER, Sydney
STATEMENT BY APPLICANT =
{ Not for submission under 37 CFR 1.99)

Examiner Name ‘ BHAT, NARAYAN KAMESHWAR

Attorney Docket Number |CGLC-OZOCON5

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages Columns, Lines where
o Patent Number lssue Date . Relevant Passages or Relevant
Initial No Code? of cited Document .
Figures Appear
1 280808 [2016-03-22 FODOR, Slephen P.
Add

If you wish to add additional 1J.S. Patent citation information please ¢lick the Add button.

Remove

U.S.PATENT APPLICATION PUBLICATIONS

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

Kind
Code!

Publication
Date

Publication
Number

Examiner|
Initial*

Name of Patentee or Applicant

Cite No of cited Document

If you wish to add additional UU.§. Published Application citation information please click the Add button] Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or Pages,Columns Lines
Examinegr| Cite | Fareign Document | Country Kind | Publication Aplicant of cited where Relevant s
Initial* No | Numbers Code2i Code| Date Dpp Passages or Relevant
ocument '
Figures Appear
1 WO2012148497 WO 2012-11-01 ROBINSON, et al.
If you wish to add additional Foreign Patent Document citation infermation please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item

Examiner| Cite o . h )

P (book, magazine, journal, serial, sympesium, catalog, etc), date, pages(s), velume-issue number(s), T®
Initials® | No . : ‘

publisher, city and/or country where published.
/NARAYAN ¥ BHAT/ 07/16/2018

EFS Web 2.1.17

ALL REFERENCES CONSIDERED EXCERT

WHERE LINED

THROUGE .

/LR8BS
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=

ceiptdater 06/29/2036 — TAFS2 004 GH—3634
Application Number 14782084
Filing Date 2015-07-08

INFORMATION DISCLOSURE First Named Irnventor ‘ BRENNER, Sydney

STATEMENT BY APPLICANT  ——— T

{ Not for submission under 37 CFR 1.98)
Examingr Name ‘ BHAT, NARAYAN KAMESHWAR

Attorney Docket Number | CGLC-020CONS

If you wish to add additional non-patent literature document citation infarmaticn please click the Add button| Add

EXAMINER SIGNATURE

Examiner Sighature |I /MARAYAN K BHAT/ ]Date Considered |[ G67/16/2016

*EXAMINER: Initial if reference considered, whether or not citaticn 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.

? See Kind Codes of USPTO Patent Decuments al www USPTO.GOV or MPEP 801.04. 7 Enter office that issued the document, by the two-lelier code (WIPO
Stangard 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 palent document.
1 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 if
English language transiation is atlached.

EFS Web 2.1.17
ALL REFERENCES CONSIDERED EXCEPY WHERE LINED PTHROUGH. /N.X.8B/
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Application Number 14782084

Filing Date 2015-07-08
INFORMATION DISCLOSURE First Named Irnventor ‘BRENNER, Sydney
STATEMENT BY APPLICANT  ——— T
{ Not for submigsion under 37 CFR 1.98)

Examingr Name ‘BHAJ.NARAYANKAMESHWAR

Attorney Docket Number |CGLC-02(JCON5

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98}o make the appropriate selection{s}):

That each item of information conbeined in the information disciosure statement was first cited in any communication
from a foreign patent office in a courterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 3R,CFR 1.97(e)(1).

OR

That no item of information contained in the infownation disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign applica¥pn, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of informaticrikgontained in the information disclosure statement was known to
[ any individual designated in 37 CFR 1.56(¢) more tharsihres months prior to the filing of the information disclosure
statement, See 37 CFR 1.97(e)2). )

See attached certification statement.
¥ The fee set forth in 37 CFR 1.17 {p) has been submitted herewith.

» A certification statement is not submitted herawith.

SIGNATURE \
A signature of the applicant or representative is required in accordange with CFR 1.
form of the signature.

%3, 10.18. Please see CFR 1.4(d) for the

Signature Hames S, Keddie, Reg. No. 48,820/ Date {YYYY-MM-DI) \3016-06-29
Name/Print James S. Keddie Registration Number Pﬂgﬂ)

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtairhor retain a benefit by the
public which is to file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.SyC. 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 amdynt of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Informatio
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO N
FEES OR COMPLETED FCRMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,

VA 22313-1450.
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ALL REFERENCES CONSIDERED EXCEPY WHERE LINED PTHROUGH. /N.X.8B/

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00658



Receipt date: 06/29/2016 14722094 ~ GAU: 1634

\ Privacy Act Statement

The Privacy Agt of 1974 (P.L. $3-578) requires that you be given certain information in connection with your submission of the

attached form réjated to a patent application or patent. Accordingly, pursuant to the requirements cf the Act, please he advised

that: {1) the genexal authority for the collection of this information is 35 U.S.C. 2(b}2); {2) fumishing 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

procass andicr examikg your submissicn related to a patent application or patent. If you do not furnish the requested

infermation, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may

result in termination of prdgeedings or abandonment of the application or expiration of the patent.

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

1. The information on thig form will be treated confidentially to the extent allowed under the Freedom of Information Act
{5 U.5.C. 552} and the Privagy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice o detetpine whether the Freedem of Informatien Act requires disclosure of these record s.

2. A record from this system of régords may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tRpunal, including disclosures o opposing counsel in the course of seftlement
negotations. Y

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

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

5. A record related to an International Application filed unter the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Burehy 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 routihg use, 1o ancther federal agency for purposes of
National Security review {35 U.5.C. 181} and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine tige, to the Administrator, General Services, or
histher designee, during an inspection of records conducted by GSA as pal of that agency’s responsibility to
recommend improvements in recerds management practices and programs, ¥nder authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations §pverning inspection of records for this
purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclosyre 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 sither publication of
the application pursuant to 35 U.5.C. 122({b} or issuance of a patent pursuant to 35 U.S.C. 181. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if thig record was filed in
an application which became abandoned or in which the proceedings were terminated and whickapplication is
referenced by either a published application, an application open to public inspections or an issuedpatent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or lccal fa
enforcement agency, if the USPTO becomes aware of a viclation or potential viclation of law or regulation.
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Applicant{s)/Patent Under
Reexamination

BRENNER ET AL.
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Primary Examiner.An Unit 1634

U5, Palent and Trademark Office

Fart of Paper No. -

10x Genomics, Inc. Exhibit 2004
Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

20160716



UntreD Stares Parent anp TRapeEMaRK OrrIGE

APPLICATION NGor TRD ART
NIMHIR I 3 hies BATS I VNI I 11905 RECT I ATTY.DOCKILNO Il()l ('I..-\I.\I*IINIJ('I.;\IMS
147792004 07106/2015 1634 ROG CGLO-020C0ONS 19 3
CONFIRMATION NQ. 8697
93726 CORRECTED FILING RECEIPT

EPA - Bozicevic Field & Frangis LLP
Bozioeit, Field & Francis T T

1900 University Ave
Suite 200
East Pale 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 cotrections

Inventor{s)
Sydney Brenner, Ely, UNITED KINGDOM,;
Gi Mikawa, Great Shelford, UNITED KINGDOM;
Robert Csborne, Great Chesterford, UNITED KINGDOM:;
Andrew Slatter, London, UNITED KINGDOM;
Applicant(s)
10X 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 8102980 ~
which is a CON of 14/021,780 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 08/19/2012 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 61/288,782 12/21/2009
and claims benefit of 61/235,595 08/20/2008
(mData 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 USPTC. Please see http/Awww. uspto gov for mere information.} - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a ciaim to
foreign priority. See 37 CFR 1.55 and 1.786.
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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 countty code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/792,084

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY ™

Title

Compositions and Methods for Intramolecular Nucleic Acid Rearrangement
Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (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 inventer who wishes patent protection in another country must apply for a patent
in a specitic 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 g 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 USPTO must
issue a license before applicants can apply for a patent in & 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 o consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents”) for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9198, or it
can be viewed on the USPTO website at hitp//www uspto gov/web/offices/pac/doc/general/index. himl.
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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, hitp://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectua! property in specific
countries such as China, Korea and Mexico. For guestions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT {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 cenditions 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
37 CFR 513 0r5.14.

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 centract 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 fo 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 Cemmerce (15 CFR parts 730-774); the Cffice of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.5.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.5.C. 181, the licensee may foreign file the application pursuant to 37 GFR 5.15(b).

SelectUSA

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 cmbudsman for existing and potential investors; advocates on behalf of LS. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations oninvestment
attraction best practices. To learn more about why the United States is the best country in the world to develap
technology, manutacture products, deliver services, and grow your business, visit hitp.//www SelectlUSA.gov or ¢all
+1-202-482-6800.
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Filed Electronically

CHANGE OF
CORRESPONDENCE
ADDRESS

Address to:

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Attormey Docket

CGLC-020CONS

First Named [nventor

Brommer, Sydney

Application Number 14/792.094
Confirmation No. 9697
Filing Date July 6, 2015
Group Art Unit 1634

Examincr Name

BHAT, NARAYAN KAMESHWAR

Title:

“Compositions and Methods for Intramolecular
Nucleic Acid Rearrangement ™

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

The address associated with Customer Number 43850

Firm Namc Morgan. Lewis & Bockius LLP

Individual Namc

Address Onc Market. Spear Street Tower

City. Statc, Zip San Francisco. California 941035

Country USA.

Telephone (415) 442-1000 | Facsimile | (415) 442-1001

SIGNATURE OF ATTORNEY/AGENT OF RECORD

Name/Reg. No.

James S. Keddic, 48,920

Signature

/James S. Keddie. Reg. No. 48,920/

| Date | 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 Intramolecular Nucleic Acid Rearrangement
First Named Inventor/Applicant Name: Sydney Brenner
Customer Number: 93726
Filer: James Samuel Keddie

Filer Authorized By:

Attorney Docket Number: CGLC-020CONS
Receipt Date: 27-JUL-2016
Filing Date: 06-JUL-2015
Time Stamp: 19:27:54
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document e . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/zip| (ifappl)

20439

CGLC-020CONS-
1
1 Change of Address Change_Corresp pdf no

APTBEHSCAA2AN e 2T 0TI 202051 0
£

Warnings:

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00666



Information:

Total Files Size (in bytes}{ 20439

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO 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.5.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{b}-{d} 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.5.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.5.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application asa
national stage submission under 35 U.5.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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PTOMIAGE (06-12)

Approved lor use through 01/31/2013. OMB 0651-0031

1.8, Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCGE

Under the Paperwork Reggduclion Act of 1995, no persons are required to respond to a collection of infarmation unless it displays 2 valid OMB control number

STATEMENT UNDER 37 CFR 3.73(c}
ApplicantPatent Owner; 10X Genomics, Inc.

Application No./Patent No.; _14/792,094 Fileg/lssue Date: YUy 8, 2015
Titleg: Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

10X Genamics, Inc. L a corporation

(Name of Assignee) {Type of Assignee, a.q., corparalion, parinesship, university, government agency, ete.}
states that, for the patent application/patent identified abeve, it is (choose gne of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

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

|| The extent (by percentage} of its ownership interest is %. Additional Statement(s} by the owners
holding the balance of the interest must be submitied o account for 100% 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 submilted o account for the entire
right, title, and interest.

3. |:| 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 proceeaing or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The cerified document(s) showing the transfer is atlached.

The interest identified in option 1, 2 or 3 above {not aption 4} is evidenced by either (choose gng 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 039158 , Frame 0298 , or for which a copy
thereof is attached.

B. |:| 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 . of for which a copy thereof is attached.

[Page 1 of 2}
This collection of infermalion is required by 37 CFR 3.73(b). The inlarmation is raguired Lo obtain or retain a benelit by the public which is 10 file (and by Ihe USPTO 1o
process) an applicalion. Confidenliality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This colleclion is estimated ta take 12 minules 1o complele, ingluding
gathering, preparing, and submiiting the completed applicaticn lemm 10 the USPTC, Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this ferm andior suggeslions lof reducing this burden, should be sent to the Chisf Informalion Oflicer, U.5. Patent and Trademark
Ollice, U.S. Deparlment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TQ; Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, cafl 1-800-P10-9199 and select option 2.
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PTO/AIAGE (08-12)

Approved lor use thrpugh 01/31/2013. OMB 0651-0031

U.S. Paten| and Trademark Oliice; U.S. DEPARTMENT OF COMMERCE

Under t_bg Paperwork Reduclion Acl ol 1995, nd parsons are reqguired 10 respond to a collection of information unless it displays a valig OMB conlrol number.

STATEMENT UNDER 37 CFR 3.73(c}

3. From: To:
The document was recorded in the United States Patent and Tradermark Office al
Reel . Frame , ar for which a copy thereof is atlached.
4. From: To:
The document was recorded in the United States Patent and Tragdemark Office at
Reel , Frame or for which a copy thereof is attached.
5. From: To:
The document was recorded in the Urited States Patent and Trademark Office at
Resi , Frame , or for which a copy thereof is altacheg.
6. From: To:

The document was recorded in the United States Patent and Trademark Cffice at
Reel , Frame . or for which a copy thereof is attached.

|:| Additicnal documeants in the chain of title are listed on a supplemental sheel(s).

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

[NOTE: A separate copy (i.¢., 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 i the records of the USPTO. See MPEP 302.08)

The undergignad (whosyitle is supplied below) is authorized {o act on behalf of the assignee.
P

Havor totuwbiide Aua f@}. 201

Sigp?ty/e T Date (]

Gargi Tafukder 61,368

Printed or Typed Name Title 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 Intramolecular 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-U505
Receipt Date: 18-AUG-2016
Filing Date: 06-JUL-2015
Time Stamp: 14:29:20

Application Type:

Litility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
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Information:

120223
3 Assigniee showing of ownership per 37 Stmt.pdf no 5
CFR3.73
AeS T 7RI 10120024 S 2o Mde 7
[LEAEY

Warnings:

Information:

Total Files Size (in bytes}{ 755820

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO 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 & new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53({b}-{d} 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.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.5.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application asa
national stage submission under 35 U.5.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 2 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/R0O/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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[ APPLICATION NTMBER |

FILING QR 37180 AT

FIRSTNAMUED AFFLICANT | ALV DOCKEINOATLE |
147792094 07/06/2015 Sydney Brenner 14371-5016-1805
CONFIRMATION NO. 9697
43850 POWER OF ATTORNEY NOTICE
MORGAN, LEWIS & BOCKIUS LLP (SF)

(S);tr? }r:v:g:]kciogp(e:zx S;:eoe; Tower, Suite 2800 ||||\|\|| |"| Iﬂlll\l\ IIMMMMMMMﬂ[!uuwﬂ I\H\ |||||||||] ”" “”

Date Mailed: 08/30/2016

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in respense 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).

Questions aboul the contents of this police and the
requirements it sets forth should be dirceted w0 the Office
of Data Management, Application Assistanee Unil, at
(571) 272-4000 or (5713 2724200 or 1-888-786-0101.
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147792094 07/06/2015 Sydney Brenner 14371-5016-1805
CONFIRMATION NO. 9697
43850 POA ACCEPTANCE LETTER

MORGAN, LEWIS & BOCKIUS LLP (SF)
One Market, Spear Street Tower, Suite 2800 ||||\|\||||||||]|||\|\||\|| ||” H” H”H ‘l ‘“ |” HI‘HH""““I”M”
San Francisco, CA 94105 LLMMO!L!LMLLUM[

Date Mailed: 08/30/2016

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

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

The Power of Attarney in this application is accepted. Correspondence in this application will be mailed o the
above address as provided by 37 CFR 1.33.

Questions ahoai Uie contents ol this notice and the
requirements 1t sets forth should be direeted o the Office
of Data Management, Application Assistance Ui, at
(371) 272-4000 or (371) 272-4200 or 1-888-786-0101.
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PATENT
Attorney Docket No. 104371-3016-US05

IN THE UNITED STATES 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 Urnit: 1634

Filed: July 68,2015

For: COMPOSITIONS AND METHODS | TERMINAL DISCLAIMER TO OBVIATE A
FOR INTRAMOLECULAR NUCLEIC DOUBLE PATENTING REJECTION QOVER A
ACID ARRANGEMENT “PRIOR” PATENT

Mail Stop: Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

The applicant, 10X Genomics, Ine., 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 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 patert are commonly owned. This agreement runs with any patent granted on the instant

application and is binding upon the grantee, i(s successors or assigns.

En making the above disclaimer, the applicant does not disclaim the terminal part of any
patent granted on the imstant 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
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US Patent Application No. 14/792,094
Attorney Docket No. 10437 1-5016-US05
Page 2 of 2

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 terminai 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.

Respectfully submitted,
MORGAN, LEWIS & BOCKIUS LLP

Dated: December 22, 2016 By: /jﬁifj\ﬁlujt__

Customer No.: 43850 ."Gar/%j/Tal er, Reg. No. 61,368
Morgan, Lewis & Bockius LLP \._,. w

One Market, Spear Street Tower

San Francisco, CA 94105

Telephone: (415} 442-1000
Facsimile: (415) 442-1001

DB2/ 30936205.1

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00677



PTO/SB/30 (07-18)
Approved for use through 07/31/2016 OMB 0851-0031
U.5. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Papenvark Reduction Act of 1695 1o persons are reguired to cespond o a collection of informatign unless it containg a valid CMB conteol number.
/ Request Application Number _[14/792.094 \

for
i inati Filing Date Luly 8, 2015
Continued Examination (RCE) g ,
Transmittal First Named Inventor  [iéney Brenner
Address to: ] A,
Mail Stop RCE Art Unit
Commissioner for Patents Examiner Name Narayan, Kameshwar Bhat

P.0. Box 1450
Qexandria, VA 22313-1450 Attorney Docket Number [104371-6016-US05 /

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the ahove-identified application.
Request for Continued Examination (RCE} practice under 37 CFR 1.114 does not apply to any utility o plant application fited prior to June 8, 1995, to any
intermational application that dees not compy with e requirements of 35 U §.C 371, or to any design application. See Instruction Sheet for RCES (not to be

submitted to the USPTO on page 2.)

1. |Submission required under 37 CFR 1.114] Note: If the RGE is proper, any previously filed unentered amendments and
amendments enclosed with the RCE will be enterad in the order in which they were filed unless applicant insiructs ctherwise. If
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such
amendment(s).

a [:I Previously submitied. If a final Office action is ouistanding, any amendments filed after the final Office action may ba

. considered as a submission even if this box is not checked,

t D Consider the arguments in the Appeal Brief or Reply Brief previously filed on

i, D Other
b. Enclosed
i Amendment/Reply ili. E:] Information Disclosure Statement (IDS)

ii. D Affidavits)/ Declaration(s) v, |:| Other

2. Miscelianeous

Suspension of action on the above-identified application is reguested under 37 CFR 1.103({c) for a
D period of months. {Pericd of suspension shall not exceed 3 months; Fes under 37 GFR 1 17{) raquired)

Other

3. Fees| The RCE fee under 37 CFR 1.17(e}is required by 37 CFR 1.114 when the RCE is fiied.
The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments. to

a. Deposit Account No. 50-0310
! RCE fee required under 37 CFR 1.17(e)
ii. Extension of time fee {37 CFR 1.136 and 1.17)

i D Other

b. I:l Check in the amount of 5 enclosed

c. D Payment by credit card (Form PTO-2038 enclosed)
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 PTQ-2038.

{ 2 4 STPNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED A
Signature NI Date Dacember 22, 2016
Name (Print/Typ rgi T der} Ph.D. ~ Registration No. (54 368

CERTIFICATE OF MAILING QR TRANSMISSION
I hereby certify that this correspendence is being deposited with the Linited States Postal Service with sufficient postage as first class mail in an envelope
addressed o Mail Stop RCE, Commissioner for Patents, P. 0. Box 1450, Alexandria. VA 22313-1450 or facsimile ransmitted to the U §. Patent and Trademark
Office on the date shown below,
Signature Leonor Rivera-Huerta/
Narme (PriaType) [1 eonor Rivera-Hueria | Daie pecember 22, 2016
This collection of information is required by 37 CFR 1,114, The information is required to obtain or reiain a benefit by the public which s to file (and by the USPTC
to process) an application, Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.1 and 1.14. This collection is estimated to lake 12 minutes to complete,
including gathenng, preparing, and submiting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of fime you require to complete this form andfor suggestions for reducing this burden, should be sent to the Chief Information Qfficer, U.S, Patent and
Trademark Office, U.S. Department of Commercs, P.O. Box 1450, Alexandriz, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TQ THIS
ADDRESS. SEND TO: Mail Stop RCE, Commissicner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

f you need assistance fn completing the form, call 1-800-PT(0-9188 and select oplion 2
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PTO/SBI30 (07-14)
Approved for use through 67/31/2016. OMB 0651-0031
U.§. Patent and Trademark Office; 1.8, DEPARTMENT GF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond 10 a collection of information unless it contains a valid OMB 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,

Fiting Qualifications:
The apphcation must be a utility or plant application filed on or after June 8, 1995. The application cannot be & provisional

application, a utility or plant appfication filed before June 8, 1895, an international application that does not comply with the
requirements of 35 U.5.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.8.C. 371 untii 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 otherwise 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. i reply to an Office action under 35 US.C. 132is
outstanding (e.g., the application is under final rgjection}, 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:
AllRCE filing requirements must be met before suspension of action is granted. A request for a suspension of

action undsr 37 C FR 1.103(c} does not satisfy the submission requirement and does not permit the filing of the
required su:bmission to be suspended.

Improper RCE will NOT toll Any Time Period:

Before Appeal -ifthe RCE is improper (e.g., prosecution in the application is not closed or the submission or
fez has not been filed) and the application is not under appeal, the time period set forth in the last Office action
will continue to rurt and the application will 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 - 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 resuits in the
allowance or abandonment of the application depending on the status of the claims. If there are no allowed
clzims, the application is abandoned. If there is at ieast one allowed claim, the application will be passed 1o issue
on the ailowed claim(s}. See MPEP 1215.01.

See MPEP 796.07(h) for further information on the RCE practice.
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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, piease 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 Qffice may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the zpplication or expiration of the patent.

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

1.

The information on this form will be treated confidentiatly to the extent ailowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act {5 LL.S.C 552a). Records from
this system of records may e disclosed te the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

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 {o
opposing counsel in the course of settlement negotiations.

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

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 1o 5 U.8.C. 552a{m).

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

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.5.C. 218(c)).

A record from this system of records may ke disclosed, as a routine use, to the Administrator,
General Services, or hisfher designee, during an inspection of records conducted by GSA as
par of that agency’s responsibility to recommend improvements in records management
practices and programs, under autherity of 44 U.5.C. 2904 and 2906. Such disclosure shail
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 gdisclosure shall not
be used to make determinations abou! individuals.

Arecord from this system of records may be disclosed, as a routine use, 1o the pubtic after
either publication of the application pursuant to 35 U.S.C. 122{b) or issuance of a patent
pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject {o the limitations of 37
CFR .14, as a routine use, to the public if the record was filed in an apglication 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.

A record from this systermn of reccrds may be disclosed, as a routine use, to 2 Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violaticn or potential
violation of law or reguiation.
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PTO/AIAZZ (03-13)

Approved for use through 7/31/2016. OMB 0851.0031

U.S. Patent and Trademark Office; U.3. DEPARTMENT OF COMMERCE

Lnder the Papenwork Reduciion Act of 1985, ng persons are required o respond fo a collection of information uniess it displays a valid OMB control number.

Docket Number {Optional)

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | 104371-5016-US05

Application Number Filed

14/792,094 July 6, 2015

N Compositions and Methods for Inframolecular Nucleic Acid Rearrangement

Art Unit Examiner

1634 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 foliows {check time period desired and enter the appropriate fee below):

Fee Smali Entity Fee Micro Entity Fee
[] One month (37 GFR 1.17(a)(1}) $200 $100 $50 $
Two monihs (37 CFR 1.17(a)(2)) $500 $300 $150 300
[ Three months (37 CFR 1.17(2)(3)) $1,400 $700 $350 $
[] Four months (37 CFR 1.17(a)(4)) $2,200 $1.100 $550 5
] Five months (37 GFR 1.17(a)(5)) $3,000 $1.500 $750 8

Applicant asserts small entity status. See 37 CGFR 1.27.

(<]

Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTCG/SB/15A or B or equivalent musi sither he enclosed or have been submitied previously

A check in the amount of the fee is enclosed

Payment by credit card, Form PTO-2038 is attached.

The Directer has already been autherized to charge fees in this application to a Deposit Account,
The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Nurnber 50-0310

Paymant made via EFS-Web.

OO0 OO

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 PTO-2038.

fam the

i:] applicant.

./ attorney or agent of record. Registration number 61,368

5%:] ailorney oﬁent acting under 37 CFR 1.34. Registration number
Wt

___ December 22, 2016

g{ S:gnature Date
Garg/TaIuk er, Ph.D. 415-442-1000
Typed or printed name Telephong Number

HOTE: This forr must be signed in accordance with 37 CFR 133, See 37 CFR 1 4 for signature requirements and ceriifications. Submit
multiple forms if more than ane signature is required, see helow®.

* Total of ! forms are submitted.

This coliection of information is required by 37 CFR 1.136(a). The information is required to oblain or retain a benefit by the public, which is 1o file {and by the
USPTO to precess) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 ang 1.14. This collection is eslimated to take 6 minutes to
complete, including gathering, preparing, and submitting the completed application form fo the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of fime you require to complete this form and/or suggestieons for reducing this burden should be sent to the Chief Information Officer,
U.5. Patent and Trademark Office, U.S. Department of Commerce. P.C. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commisstoner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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PATENT
Attorney Docket No. 104371-5016-US05

iN THE UNITED STATES 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 FINAL OFFICE ACTION
FOR INTRAMOLECULAR NUCLEIC
ACID ARRANGEMENT

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Comnmissioner:
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 which begins on page 2 of this

paper.

Remarks/Arguments begin on page 5 of this paper.
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Application No. 14/792,094
Attorney Docket No.: 104371-5016-US05
Response to Final Office Action dated: July 25,2016

Amendments fo the Claims:
This listing of claims will replace all prior versions, and listings of claims ir the application:
Listing of Claims: .

1-39 (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 scquence 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 (1) 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.

4i. (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 molecuies are selected from
DNA and RNA.

43. (New) The method of claim 42, wherein the nucleic acid molecudes comprise mRNA,

DB/ 30528463.2
Page 2 of 7
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44.

43.

46.

47.

48.

49,

50.

51.

52.

Application No. 14/792,094
Attorney Docket No.: 104371-5016-US05
Response to Final Office Action dated: july 25, 2016

(New) The method of claim 40, wherein the MID sequences are appended to the

segments through ligation.

{(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

primer.

(New) The method of claim 40, wherein the sequences of the segments are attributed

to different isolated cells based on the associated MID sequence.

(New) The method of claim 40, wherein the MID sequences further comprise a

sequencing primer sequence.

(New) The method of claim 44}, wherein the MID sequences are from 2 to 100 bases
in length.

{New) The method of claim 40, wherein the segments of (a) and (b} are in the range
of 100 to 5,600 bp in length.

(New) The method of claim 40, wherein the segments of (a) and (b) are 400 bp or less
in fength.

{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 MiD sequence and the second
MID sequence.

{New) The method of claim 40, wherein the contiguous region is greater than 2 kb in

length.
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33. (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 (MI[3) 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; 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 & first single isolated cell and the second contiguous nucleic acid sequence is

from a second single isolated cell.

35. (New) The method of claim 53, wherein sequences of the fragments are attributed to

different single isolated cells based on the associated MID sequence,
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Remarks/Arguments

Applicants have not dedicated or abandoned any unclaimed subject matter and have not
acquiesced to any rejections made by the Patert 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 2009/0105959 (hereinafter “Braverman”) and under § 103 as allegedly
being obvious over Braverman in view of Bosnes, W0 03/062462 (hercinafter *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
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second MID. as is recited in independent claim 40. In addition, Braverman 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 commeon
MID sequence that is different from an MID sequence of fragments of a second contiguous
nucleic acid sequence, as is recited in mdependent 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 presentiy claimed invention ebvious.

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 unpatentablie over claims 1-12 of U.S. Patent No. 8,168,385 in view of Braverman et al.,

and Bosnes.

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 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.

DB2/ 30528463.2
Page 6 of 7

10x Genomics, Inc. Exhibit 2004
Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00687



Application No. 14/792,054
Attorney Docket No.: 104371-5016-US05
Response to Final Office Action dated: luly 2%, 2616

CONCLUSION

All the stated grounds of objection and rejection have been properly traversed,
accommodated, or rendered moot. Applicants therefore respectlulty request that the Examiner

reconsider all presently outstanding obtections 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 of time fees, or credit any overpayment to Deposit Account 30-
0310 (Order No.: 104371-5016-1JS05).

Prompt and favorable consideration of this Amendment and Response is respectfully

requested.

Respectfully submitted,
MORGAN, LEWIS & BOCKIUS LLP

Dated: _Decernber 22, 2016 By % Jater ol e
Customer Ne.: 43850 [ Gargi Vatukddr, Reg. No. 61,368
Morgan, Lewis & Bockius LLP J ’@-j

One Market, Spear Street Tower

San Francisco, CA 94105

Telephone: {415} 442-1000

Facsimile: (415) 442-1001
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PATENT
Attorney Docket No. 104371-3016-US03

IN THE UNITED STATES 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 | TERMINAL DISCLAIMER TO OBVIATE A
FOR INTRAMOLECULAR NUCLEIC DOUBLE PATENTING REJECTION OVER A
ACID ARRANGEMENT “PRIOR™ PATENT

Mail Stop: Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

The applicant, 10X 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 term 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 commonty 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 termirnal 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 2

maintenance fee; is held unenforceable; is found invalid by a court of competent jurisdiction; is
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US Patent Application No. 14/792.094
Attorney Pocket No, 104371-5016-1S05
Page 2 of 2

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 terminal 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.

Respectfully submitted,
MORGAN, LEWIS & BOCKIUS LLP

f
Dated: December 22, 2016 B :/7(%{111 - F
G

Y
Customer No.: 43850 {;/}%gi ToMikde}, Reg. No. 61,368
Morgan, Lewis & Bockius LLP
Cne Market, Spear Street Tower
San Francisco, CA 94105
Telephone: (415) 442-1000
Facsimile: (415) 442-1001
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Compositicns and Methods for Intramelecular Nucleic Acid Rearrangement
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Sydney Brenner

Filer:
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Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Extension - 2 months with $0 paid 2252 1 300 300
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STATUTORY QR TERMINAL DISCLAIMER 2814 2 160 320
Total in USD {5) 3290

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

IPR2023-00955
Page 00692



Electronic Acknowledgement Receipt

EFS ID: 27885111
Application Number: 14792094
International Application Number:
Confirmation Number: 9697
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO 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.5.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({b}-{d} 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.5.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

1.5.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application asa
national stage submission under 35 U.5.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 2 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
PTOMAIAM24 (04-12)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102{e) (Page 1 of 1)

:.::setnr::?ed Sldney Brenner E:Q\z:;fisional Application Number {if 14/792,094
o Compositions and Methods for Intramolecular Nucleic Acid Rearrangement

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 1.17(c} have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. lunderstand 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 | request to be dismissed.

3. The applicable box is checked below:
1. Original Application {(Track One} - Prioritized Examination under § 1.102{e}{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.
{b) The applcation is an criginal nonprovisional 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, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f{3}i} is
filed with the applicaticn.

n 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.

it. If the application is a utility application, this certification and request is being filed via EFS-Web.

iti. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), oris
a national stage entry under 35 U.8.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).

o

Il A

¥ 77
Slgnatq;e"\f’/%f 0 ,’m _ Date December 22, 2016
e GargiTalukder, Ph.D, o 61,368

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4{c) for signalure requirerments and certifications.
Submit multiple forms i more than one signature is required.”

forms are submitted.

*Totai of 1
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PATENT APPLICATION FEE DETERMINATION RECORD
Substitute for Form PTO-875
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14/792,004
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ENTITY:
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- fraction theraof. See 35 LL.S.C. 41{a)1)G) and 37
CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 GFR 1.16G)}
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The "Highesi Number Previcusly Paid For™ {Total or Independent} is the highest number found in the appropriake box in column 1.

TOTAL ADD'L FEE
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William Phillios

This collection of information is required by 37 GFR 1.16. The informalion is required 1o oblain or relain a beneiil by the public which is to file (and by Ihe USPTO 1o
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 GFR 1.14. This collection is eslimated 1o lake 12 minules to complele. including galhering
preparing. and submitting the completed application lerm 1o the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require 1o complete this lorm andior suggestions for reducing this burden, should be sent to the Chigl Information Officer, LS. Patent and Trademark Qflice, 0.3,

Deparment ol 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.
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UNITED STATES PATENT AND TRANDEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office

P.0. Box 1450
M A n L E @ Alexandria, VAﬁS::;;AEO
v MORGAN, LEWIS & BOCKIUS LLP (SF)

One Market, Spear Street Tower, Suite 2800 JAN 10 2017
, . San Francisco CA 94105

QFFICE OF PETITIONS
066 Code: TRACK1.GRANT

Decision Granting Request for
Prioritized Examination Application No.: 14/792,094
{Track | or After RCE)

1. THE REQUEST FILED Pecember 22, 2016 1S GRANTED.

The above-identified application has met the requirements for prioritized examination
A 7] for an original nonprovisional application (Track 1),
B. B for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded spacial status throughout its entire caurse of prosecution until one of the following ocours:
A filing a petition for extension of time to extend the time period for filing a reply,
B. filing an gmendment to amend the application to contain more than four independent

claims, more than thirty total claims, or a multipte dependent claim;
filing a request for continued examination;

filing a notice of appeal,

filing a request for suspension of action,

mailing of & notice of allowance;

mailing of a final Office action;
completion of examination as defined in 37 CFR 41 102; or

T X mmg 0

abandonment of the application.

Telephone inquiries with regard to this decision should be directad to Brian W, Brown at §71-272-6338.

1Brian W, Brown/ Petitions Examiner, Office of Petitions
[Signature) (Tither}

LS. Patent ang Trademark Office
PT0-2208 {Rev. 02-2012)
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Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER X APPROVED [0 DISAPPROVED

Date Filed: 12/22/2016

This patent is subject
to a Terminal
Disclaimer

Approved/Disapproved by:
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Art Unit OCRU
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UnNITED Statis PATENT AND TRADEMARK O1HI1C)1E

UNITEI STATES BEPARTMENT OF COMMERCE

United Patent! and Tredemark Olice

Address: COMMI R FOR PATENTS
14) B,
Al 223131450
WLl

APPLICATION NG ] VILING DAL ] FIRST NAMED INVENTOR l,\'l TORNEY BOCKIL NG l CONFIRMATION NO. I
1HT92,094 076/2015 Sydney Breaner 14371-5016- U805 9657
43854y Fau0 OIANI 2T e q
. Ttk ! - IEXAMINER
MORGAN, [LEWIS & BOCKIIS LI (51 I I
One Market, Spear Street Tower, Suite 2800 HIAT NARAYAN KAMERITWAR
San ranciseo, CA 94105
I ART UNTT I PAPER NUMBER I
1634
I NOTIHICATION BATIE I DELIVIRY MGDI I
B2 2007 ELECTRONIKS

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):

slipdocketinmg @morganlewis.com
domald. mixon @ maorganlewlis.com

FLO] A90A (Rev. 02437

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00700



Application No. Applicani(s}
14/792,084 BRENNER ET AL.

Office Action Summary Exarminer Art Unit AIA (First Inventor to Fiig}
NARAYAN BHAT 1634 z‘g‘“

« The MAILING DATE of this communication appears on the cover sheet with the correspondence address «
Period for Reply

A SHORTENED STATUTORY PERIOD FCR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.
- Extensions ol time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely liled
aller 31X {8} MOMTHS from the mailing date ol 1his communication.
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Continued Examination under 37 CFR 1.114
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
applicagtion 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 acticn
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

[December 22, 2016 has been entered.

Track? 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 cn a
priority basis. To maintain its status applicant is required to follow the requirements

listed in the Tracki grant document.

3. The present application is being examined under the pre-AlA first to invent
provisions. The instant application is a continuation of 14/172,634, 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
cantinuation of 13/859,450, now 1).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 siage entry of PCT/IB2010/002243, claiming priority from
provisicnal application 61288792, filed on 12/21/2009 and from provisional application
61235595, filed on 08/20/2009.

This office action is in response to the papers filed on December 22, 2016.
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Claim Status
3. In the claim listing of December 22, 2016 claims 40-55 are pending in this
applicaticn and are under prosecution. Claims 40-55 are new, Claims 1-39 are
canceled. Claims have been reviewed and entered. As discussed below, the limitation

of claim 53 of “a first contiguous nucleic acid sequence share g common MID sequence

that is different from an MID sequence of fragments of secend contiguous nucleic agid

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-AlA 35 USC 102(b) as being anticipated by
Braverman and rejection under pre-AlA 35USC 103{a) as being unpatentable cver
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 cffice acticn have been fully considered (Remarks, pgs. 5 and 8).
They are not persuasive for the following reasons.

The arguments are directed tc Braverman fails 1o disclose a methed in which
each of a first plurality of segments from a first isolated cell is appended to a first
multiplex identifier (MI[3) and each of a second plurality of segments from a second

isolated cell are appended to g second MID, as is recited in independent claim 40. In
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addition, Braverman fails to provide a methad 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 commen MID sequence that is different
from an MID sequence of fragments of a second contiguous nucleic acid sequence, as
is recited in independent ¢laim 53. Furthermere, 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 tc disclose or suggest all elements of the claimed
invention and thus cannot suppert 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 cf previous claims and addition of new ¢laims.

With regard to claimed invention being obvious over Braverman in view of
Drmanac {new art, see below} are nct 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 contiguaus regicn of the gencme)
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
unigue identifier (UID) or referred also as multiplex identifier {MID), pooling them and
sequencing them and sequence data for segments from single cells de-conveluted to
identify the sequence of the MID sequence and their association with each of the two

cells. Claim 53 has additional "commgn sequence” in MI[.
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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 mulliplex 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, therehy
meeting the limitations of two isolated single cells.

The unique identifier element {also referred as multiplex identifier) tagged to each
nucleic template cemprising 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
limitaticn of sharing common sequence asscciated 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 ¢laims 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 obvicus 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 1/22/17.

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 errer. It is suggesied to use the phrase "a MID sequence” instead for

consistency. Appropriate correction is required.

Claim Rejections - 35 USC § 112-first 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 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 foith 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-AlA 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 contemnplated 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-AlA),
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 o reasenably convey {0 one skilled in the relevant art that the inventor or a joint
inventor, or for pre-AlA 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.5.C. 112, first paragraph
written description requirement {In re Rasmussen, 650 F.2d 1212, 211 USPQ 323
(CCPA 1881)."

In the instant case, the recitations of “a genome from a first single isclated cell”

and "a genome from a secend 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 secend contiguous nucleic acid sequence” in claim 53
represents a new matter {(New matter is underlined by the Examiner). Applicant has
cited suppert 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

|u

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 viclate the written deseription requirement. See, e.g., In re Lukach,
442 F.2d 967, 169 USPQ 795 {CCPA 1971) (subgenus range was not supported by
generic disclesure 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 upen which it reads)." {(MPEP §
2163).

Since Applicant has not identified specific ¢itations 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 identity the new matter in the
specificaticn as originally filed.

11.  Claims 41-52 and 54-55 are rejected under 35 USC first paragraph because they

are dependent from ¢laims 1 and 53.

Claim Rejections - 35 USC § 112-second paragraph

12.  The following is a quotation of 35 U.S.C. 112(b):
{by CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distincily claiming the subject matter which the inventor or a joint inventor
regards as the invention,

13.  The following is a quotation of 35 U.8.C. 112 (pre-AlA}, second paragraph:
The specitication shall conclude with ong or more claims particularly pointing out and distinctly
claiming the subjgct matter which the applicant regards as his inventicn.
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14.  Claims 53-55 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 {pre-AlA),
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-AlA the
applicant regards as the invention.

15.  Claim 53 is indefinite over the recitation of “a first contiguous nucleic acid
sequence share a commen 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-AlA 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 polynuclectides in each sample
from the pooled samples using unigue 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 isclated cell and a second single isolated
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cell, wherein nucleic acid template (i.e., a contiguous nucleic acid from genome)
produced by PCR amplification from each sample (i.e., plurality of segments} is
appended with a sample specific unique identifier (UID) as also referred as multiplex
identifier (MID}, pocling 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., contigucus 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

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00710



Application/Control Number: 14/792,094 Page 11
Art Unit: 1634

aliquots (i.e., samples) wherein each aliquot comprises a single isolated cell, which are
usetful for more accurate pathogen diagnostic for health and bicdefense applications.
Regarding claims 40 and 53-55, Braverman metheod of analyzing nucleic acids,
comprising providing a plurality of nucleic acid segments from a nucleic acid template
(i.e., contiguous regicn of the gencme) 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 nuclestide sequence of the segments and attached MID
sequences, wherein the MID sequences uniquely identify the single cell source (Fig. 2
and paragraphs 0003, 0077, C082-0088). Braverman also teaches that the nucleic acid
templates {i.e., the contiguous regicn 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 00486, 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, whe 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 tfracking the nucleic acid using
oligonucleotide tag {i.e., identifier) for each polynuclectide (paragraph 0105). Drmanac
also teaches analyzing plurality of single cell nucleic acid DNA separately allows for
more accurate pathogen diagnaostic for health or bicdefense 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 nu¢leic 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 cemes from Drmanac and not gleaned from the instant specification.

It would have been prima facie cbvious to ene 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 mere 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 aftached 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 0028).

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 48, 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 upcn 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 MI[} 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 tc 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 isclated single cell and the nugleic
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 unigue identifier (paragraph
0077).

Regarding claim 52, Drmanac teaches that nucleic acid template is in the range
of 10-30 kb (paragraph C023), 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
combinaticn of familiar elements according to known methods is likely to be obvious
when it does ne more than yield predictable results.”

In the instant case, the steps of claims 40-55 are a combination of known steps

which are well understooed, 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 o “significantly more” and thus obvious improvement over Braverman,

Double Patenting

19.  The nenstatutory double patenting rejection is based on a judicially created
doctrine grounded in pukblic pclicy {a palicy reflected in the statute} so as tc 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
ane 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 Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ormum,
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{¢) or 1.321(d)
may be used tc overcome an actual or provisicnal rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown to
be commenly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a jeint research agreement. See MPEP §
717.02 for applications subject to examination under the first inventor to file provisions
of the AlA as explained in MPEP § 2159. See MPEP §§ 706.02(l) (1) - 706.02(]) (3} for
applications net subject to examination under the first inventor to file provisions of the
AlA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321{b).

The USPTQC Internet website contains terminal disclaimer forms which may be
used. Please visit www.usptc.goviforms/. 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/ZS, or
PTC/AIA26) 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 submissicn, For more
information about eTerminal Disclaimers, refer to
http//www.uspte.gov/patents/processffile/efs/guidance/eTD-info-1.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 /072208 published Mar. 29, 2007) for the following reasens. 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 & method comprising: &) obtaining & composition comprising & mixture
of: 1. a first plurality of different segments of a first nucleic acid molecule of a contigucus

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 compoestition, all of the segments of each of the nucleic acid molecules
of the contiguous region comprises a unigue MID sequence that uniguely identifies each

of the nucleic acid molecules; and b) 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 pertion of a segment and

(i) 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 cemprise the first MID seguence are linked and seguences that

caomprise the secend MID sequence are linked {commen 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 ¢ell would be a duplication of the steps of 756 patent
because instant claims as recited merely require analysis of the first and secend
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 methed for analyzing mixtures of bacterial genomes, aliquots may be made
so that each aliquot contains one cell type, or a maximum of cne cell {paragraph 0043)
and further teaches method for tracking the nucleic acid using oligonucleotide tag (i.e.,
identifier) for tracking each polynuclectide (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 1o one of
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ardinary 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 polynuclectides 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 ‘766 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 1o include
the missing step comes from Drmanac.

It would have been prima facie cbvious to cne 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
reascnable expectation of success with the expected benefit of meore 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 tc instant dependent claims 41-52, 54 and 55, claims of ‘756 patent

in view of Drmanac disclose the steps and therefcre 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 routing,
well established and conventional method of identitying the polynuclestides in each
sample from the pooled samples using unigue 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 tc a
composition comprising a mixture of: a) a first plurality of different segments of a first
nucleic acid molecule of a contigucus 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 & second nucleic
acid molecule of said contigucus 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 unigue 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 gencme from a single isolated cell. One having ordinary skill in
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the art would alsc recognize that providing a genome from a second isclated 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 net linking the
sequence 1o 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 compesition for performing the method. However,
providing gencmic DNA frem two different bacteria was known in the art at the time the
claimed invention was made as taught by Drmanag, who teaches a method for
analyzing mixtures of bacterial gencmes, aliqguots may be made so that each aliquct
cantaing one cell type, or a maximum of ene cell (paragraph 0043) and further teaches
method for tracking the nucleic acid using oligonucleotide tag (i.e., identifier} for tragking
each polynucleotide (paragraph 0105}, Drmanac also teaches analyzing single cell
nucleic acid DNA allows for more accurate pathogen diagnostic for health or hicdefense
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 ‘274 patent used io 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 methed of identifying the

polynucleotides in each sample from the pooled samples using unique tags for each
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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
composition of ‘274 patent with the siep of Drmanac some routine optimization is
necessary which is within the skills of one having crdinary skill in the art and motivation
to include the missing step comes from Drmanae.

It would have been prima facie cbvious to cne 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 distinet.

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 /0072208 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 *148 patent in view of Drmanac.

23.  Claims 40-55 are rejected on the ground of nonstatutory double patenting as
being unpateniable over claims 1-19 of U.S. Patent No. 9,410,150 in view of Drmanac
(US 2007 /0072208 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 ‘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 Drmanac.

Conclusion
24.  No claims are allowed.

Any inquiry cencerning this communication or earlier communicatiens from the
examiner should be directed to NARAYAN BHAT whose telephone number is {571)272-
5540. The examiner can normally be reached on 8.3C am to 7 pm.

If attempts to reach the examiner by telephoneg are unsuccessiul, 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.usptc.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 CR CANADA) or 571-272-1000.

/NARAYAN BHAT/
Primary Examiner, Art Unit 1634
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Shapire S, Eldridge W, Musick T, Martin C, Smith JR, Carpten JD, Brownstein MJ, Powell JI, Whiten R,
Chines P, Nylund $J, Magnuson VL, Boehnke M, Collins FS.

Genome Res. 1997 Feb, 7(2) 165-78.
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MULTITAG SEQUENCING AND ECOGENOMICS ANALYSIS

Related Applications

This application is a continuation in part and claims full benefit of priority of US
provisional application number 63/858.948, filed on 15 November 2006 by Patrick Gillevet
for Multitag Scquencing and Ecogenomics Analysis, which is incorporated herein by

reference in is cnkircty.

Field of the Invention
The invention relates to the deicrmimation of polyvnuclcotide sequences. It also relates
to determining scquences in multiple samples, in somge particulars in multiple environmental

samples and in multiple clinical samples.

Statement of Government Rights

Work described hercin was done partly with Government suppert undcer Grant No.
1RA3IDKO74275-01 A2 awarded by the U.S. Nanonal Institutc of Dhiabetes and Digestive and

Kidncy Discascs, and the US Government therefore may have certain rights in the invention,

Backeground

Sequence determination technologies for proteins, RNAs and DNAs, have been pivotal
in the development of modern molccular biology. During the past fifteen years, DNA
scquencing in particoiar has been the core technology in an on-going revolution in the scope
and the depth of understanding of genomic crganization and function. The on-going
development of sequencing technology is, perhaps, best symbolized by the determination of
the complete sequence of a human genome.

The human genome sequencing project served a number of purposes. ltserved asa
platform for programmatic development of tmproved sequencing technelogics and of genome
sequencing cfforts. Tt alse served to provide a framework for the production and distribution
of scquencing information from increasingly large scale sequencing projects, Thesce projects
provided complete genome sequences for a succession of model organisms of increasingly
large genetic complements. These accomplishments, culminating in the completion of a
hurman genome scquence. highlight the very considerable power and throughput of

contemporary scquencing technology.
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At the same time, however, thoy highlight the limutations of current technelogy 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 scen most readily te
require advances 1n sequencing technology are clinical sequencing applications that require
whole genome information, environmental applications involving multiple organisms in
mixtures, and applications that require processing of many samples, These are, of course, Just
a fow among a great many arcas that cither require or will bencfit greaily from more capable
and less expensive sequencing methods.

To date, virtually all scquencing has been done by Sanger chain clengation methods.
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
clectrophaoresis is the method of choice for high throughput DNA scquencers. Both gel-based
and capillary-based scparation methods are time consuming, costly, and limit throughput.
Chip based methods, such as Affymetrix GeneChips and HySeqg's sequencing by hybridization
methods, require chips that can be produced only by capital intensive and compiex
manufaciuring processes. These limitations pose obstacles to the utilization of scquencing for
many purposes, such as those described above. Partly to overcome the limitations nnposed by
the necessity for powertul separation techniques in chain termination sequencing methods and
the manufacturing requirements of chip-based methods, 2 number of technologies are
currently being doveloped that do not require the scparation of clongation products with
intcger resolution and do not require chips.

A lead technology of this type is ¢ beed, emulsion ampilification, and pyrescquencing-
buscd method developed by 454 Life Sciences. {Sce Marguilles, et al. (2003) Nature 437:
376, which Is incorporated herein by refercnce in its enrtircty, particularly as 1o the afore-
mentioned meihods. The mcthod utilizes a series of stops to deposit single, amplificd DNA
molccules in individual wells of a plate containing scveral miilion piceliter weils, The steps
cnsure that cach well of the plate cither contains no DNA or the amplificd DNA from a singlc

onginal molecole. Pyroscquencing is carricd out in the wells by clengation of a primer

template in much the same way as Sanger sequencing. Pyrosequencing does not invoelve chain

termination and does not roquire separation of clongation preducts. Insicad scquencing
proceeds stepwise by single base addition cyeles. In cach cycle onc of the four bases — A, T,
G, or C — s included in the elongation reaction. The other three bases are omitted. A base is

added to the growing chain if it is complementary to the next position on the template, Light
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1s produccd whenever a base 1s incorporated into the growing complimentary scquence. By
interrogating with each of A, C, G, or T in succession, the identity of the base at each position
can be determined. Seguencing reactions are carried out in many wells simultancously.
Signals arc collected from all the wells at once using an imaging detector. Thus, a multitude
of sequences can be determined at the same time

In principle, each well containing a DNA will emit a sigaal for only one of the four
bascs for cach position, In practice, runs of the samce base at two or more positions in
succession lead to the emussion of proportionally stronger signals for the first position in the
run. Conscquently, rcading out the scquence from a given well is a bit more comphicated then
simply noting, for cach 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 average of about 250 or 5o bases
per well with acceptable accuracy. A device offered by 454 Life Sciences currently uses a 6.4
cm” picoliter well “plate” containing 1.600,000 picoliter sized wells for sequencing about
440,000 different templates. The throughput for a single run using this platc currently is about
103G million bases in four hours. Ewven though this is a first generation device, its throughput is
ncarly 100 times better than standard Sanger scquencing dovices.,

Numgerous other methads are being developed for ulira high throughput scquencing by
other institutions and companies, Scquencing by synthesis mothods that rely on target
amplification arc being developed and/or commoercialized by George Church at Harvard
University, by Selexa, and by ethers. Ligation sequencing metheds have been developed
and/or arc being commercialized by Applicd Biosystems and Solexa, among others. Array
and hybridization scquencing methods arc commercially availablc and/er arc being developed
by Affvimctrix, Hyscq, Biotrove, Nimblegen, Hlumina, and others. Metheds of sequencmg
single molecules arc being pursucd by Helicos based on scquencing by synthesis and ULS,
Gonomics (among others) bascd on poration.

Thesc methods represent a considerable improvement in throughput ever past
methods, in some regards. And they promise considerable improvement in economy as well.
Howcover, currcatly they arc expensive to implement and usc, they arc limited to relatively
short reads and, although massively parallel, they have limitations that must be overcome to

realize their full potential.
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Onc particoiar disadvantage of these methods, for example, is that sumples 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, o name just two applications.

The incorporation of indexing sequences by ligation to random shotzun hibraries has
been disclosed in US patent numbers: 7264929, 7244559, and 7211390, but the direct ligation
megthods therein disclosed distort the distribution of the componcents within the samples (as
illustrated in Figure 4 herein} and therefore are inappropriate for enumerating components
within cach samplc.

Accordingly, there is a need to improve samplc throughput, to lower the costs of
sequencing polynucleotides from many samples at a time, and to accurately enumerate the

components of samples analyzed by high throughput, paraliclized and multiplex techniques. .

Summary

It is therefore an object of the present invention to provide scquencing methods with
improved sample throughput. The fellowing paragraphs describe a fow illustrative
emboediments of the invention that exemplify some of its aspects and features. They are not
exhaustive in illustrating its many aspects and embodiments, and thus are not in any way
limitative of the invention. Many other aspects, features, and embodiments of the invention
arc deseribed hercin, Many other aspects and crmboediments will be readily apparent to thosc
skilled in the art upon reading the application and giving it duc consideration in the full light
of the prior art and knowledge in the ficld.

Embadiments provide multiplex methods for the quantitative determination of
polynucicotides in two or morc samples, comprising:

hybridizing a first primer to polynuclcotides in a first sample, said Hrst primer
comprising a first tag scquence and a first probe scquence specific for a first target sequence,
whercin said first target scquence 18 37 to a variable genctic region;

clongating primer templates formed thereby o form a first population of tagged
polynucicotides comprising: said first primer including said first tag sequence; and sequences
of said variable genctic region:

hybridizing a second primer io polynucleotides in & secend sample, said second primer
comprising a second tag sequence and a second probe sequence specific for a second target

sequenee, whercin said sceond target sequence is 37 to the same variable genctic region as said

4
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first target scquence, wherein further said sceond probe scquence may be the same 45 o
different from said first probe sequence;

clongating primer templates formed thereby to form a second population of tagged
pelynucicotides comprising: said sccond primer including said second tag sequence; and
sequences of said variable genetic region:

mixing said first and second populations together;

determining scquences of polynucleotides comprising tag scquences and the sequences
of the variable genetic element in satd mixture;

from thc tag sequences comprised (n the polvruclcotide sequences thus detcrmined
wdenmifving the sampic in which polynuclootide scquences occurred;

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 onc or more given vanants
geeur in each sample, and

from the number for cach variant in the polynucicotides thus defermined, quantifying
said polynucleotides in said samples;

wherein said sequences are determined without Southern blot transfer and/or without
sizg-separating primer extension products andior witheut clectrophoresis,

Embodiments provide multiplex methods for the quantitative determination of
pelynucicotides in two or more samples, comprising:

hybridizing a first primer pair to polynucleotides in a first sample, the first primer of
said first primer pair comprising a first tag scquence and a first prabe sequences specific for a
first target scquence and the sccond primer of said first primer pair comprising a second tag
scguence and a sccond probe scequencc spectfic for 4 scocond target scquenee, wherein the first
and the sccond probe scquences flank and hybridize to oppesite strands of a variable genetic
region.

clonguting primer templates formed thereby to from a first population of tagged
polynucicetides, cach of said polynuclcotides comprising: {a) the scquence of said first primer
of said first primer pair, a sequence of said variable genetic region, and a sequence
complementary to the sequence of said sccond 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

primer pair;
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hybridizing a sccond primcr pair o polynucleotides in a second sample, the first
primer of said second primer pair comprising a third tag sequence and said first prabe
sequences specific for said first target sequence and the second primer of said second primer
patr comprising a fourth tag sequence and said sccond probe sequence specific for said sccond
target sequence;

clongating primer templates formed thereby 1o from a second population of tagged
pelynucicotides, cach of said polynucicotides comprising: {a} the scquence of said first primer
of said second primer pair, a sequence of said variable genetic region, and a sequence
complementary to the scquence of said sccond primer of said sccond primer patror (b) a
scquence 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 of polynucleotides in said mixture, comprising the tag
sequences and the variable gencetic clement;

from the tag scquences comprised in the polvrucleotide sequences thus determined
idenufving the sample 11 which polynucleotide sequences cccurred;

from the scquencees of the variable genctic region comprised in the polynucleotide
sequences thus determined ideatifying particular variants of said variable genetic clement;

from this information determining the number of times given variants occur in cach
sample, and

from the number for cach variant in the polynucicotides thus determined, quantifying
satd polynucleotides in said samples.

whercin said scquences are determined without Southern blot transfer and/or without
size-separating primer extension products and/or without clectrophoresis.

Embodiments provide methods in sccordance with any of the forcgoing or the
following wherein given polynucleotide scquences in & sample 1s quantificd by a method
comprising normalizing the number occurrences determined for the given sequence. In
ermbodiments the number of occurrences (s normalized by dividing the number of occcurrences
deotermincd for the given polynucleotide sequence by the total number of occurrences of
polynucicotide sequences in the sampie. In embodiments the given polynucleotide scquences
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 sccurrences of that
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variant by the total numbor of occurrences of all variants of the variable gonetic region in the
sample.

Embeodiments previde a multiplex method for determining polynucleotide sequences in
two or more samples, comprising: attaching a first fag sequence o enc or more
pelynucieotides of a first sample; attaching a second tag sequence different from said first tag
seguence to one or more polynucleotides of a second sample; mixiag the tagged
pelynucicotides of said first and second samples together; determining scquences of said
polynucieotides comprising said first and said second tags; and identifymng said first and
sceond tags m said sequences; thereby idennfving scquences of satd polynucleotides of said
first sampic and scecond samples, wherein said secquences are determined without Southemn biot
transfer and/or without size-separating primer extension products and/or without
clectrophorgsis.

Embodiments provide a multiplex method for determining polynucleotide seguences in
two or more samples comprising:

attaching a first tag scquence, ty, to Py through P, polynucicotides in a first sample,
thereby to provide a first plurality of polynucicotides tagged with said first tag, ;P ; through
UPran

attaching a sccond tag scquence, b, to Py through P ,: polynucleotides in a second
sample, thereby to provide a sccond plurality of polynucicotides tagged with said sccond tag,
;P2 through ;P 0;

mixing together said pelynucicotides tagped with said fivst and said second tags;

determining scquences of polynuclecotides comprising said tags in said mixture;

identifying said first and sccond tags in said sequences and:

by said first tag dentifving polynuclcotide scquences of suid first sumpic and by said
sccond tag identifying polynucleottde scquences of said second samplc;

wherein said scquences are determined without Southern blot transfor and/er without
size-scparating primer cxtension products and/er witheout clectrophoresis.

Embodiments provide a method according to any of the foregomng or the following,
wherein the number of said pelynucleotides in said first sample, ny, (s any of 2, 5, 106, 25, 50,
100, 150, 200, 230, 500, 1,000, 1.500, 2,000, 2,500, 3.000, 7,500, 10,000, 12,506, 15.000,
17,500, 20,000, 25,000, 30,0600, 35,000, 40,000, 50,000, 75,000, 100,000, 150,000, 200,000,
256,000, 500,660, 1,000,000 or more, and the number of said pelynucleotides 1n said second
sample, m, is any of 2. 5, 10, 25, 50, 160, 150, 200, 230, 500, 1,000, 1,500, 2,000, 2,500,
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5.000, 7,500, 16,000, 12,500, 15,0600, 17,500, 20,000, 25,600, 30,000, 35,000, 46,000, 50,000,
75,000, 100,000, 150,000, 200,000, 250,000, 500,000, 1,000,000 or more.

Embeodiments provide a method according to any of the foregoing or the following,
wherein the number of said samples and of said different tags therefor is 3, 10, 13, 24, 25, 50,
73, 100, 150, 200, 250, 500, 1,000, 2,500, 5,000, 10,600 or more.

Embodiments provide a method accerding to any of the foregoing or the following,
wherein the fags are nucleotide scquencees that arc 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,13, 14, 15,
16, 17, 18, 19,20, 21, 22, 23, 24,25, 26, 27, 2%, 29, 30, 31, 32, 33, 34, 35, 36 nucleotides long
or any combination thereof.

Embodiments provide a method according to any of the foregomng or the following,
wherein the tags are incorporated into said polynueleotides by a step of ligation, provided that
the step of ligation does not result in biasing.

Embodiments provide a method according to any of the forcgoing or the following,
wherein the fags are incorporated into said polynucleotides by a step of ligation and/or by a
step of amplification.

Embodiments provide a method according to any of the foregoing or the following,
wherein said tags are comprised in primers for amplification and are incorporated info said
pelynueleotides by amplification using said primers,

Embodiments provide a method according to any of the forcgoing or the following,
whercin said tags arc incorporated into said polynucicotides by a process comprising a step of
cloning into a vector.

Embodiments provide 4 method accerding to any of the forcgeing or the following,
whercin the tags arc comnprised in adapiers for amplification and said adapters arc ligated 1o
pelynucicotides in said samples. Embodiments provide a method in this regard, whercin
further, said pelynucleotides Ligated thereby to said tags arc amplified via said adapicrs.
Embodiments provide a metheod in this regard, wherem further, said adapters comprisc a
moicty for immobtlization. In cmbodiments said meicty 18 s ligand; in embodiments 1t is
biotin. Embodiments provide a method in this regard, whercin further, said tags are compriscd
on adapters for bead emulsion amplification. In embediments the adapters are suitable for use
in & scquencing system of 434 Life Scicnces or other scquencing system in which bead

emaulsion amplification is carried out.
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Embeodiments provide a method according to any of the foregomg or the following,
wherein the primer for ampiification comprises a sequence for PCR amplification, linear
amplification, transcriptional amplification, rolling circle replication, or QB replication.

Embeodiments previde a method according to any of the forcgoing or the fellowing,
wherein the primer for amplification comprises a sequence for PCR amplification.

Embodiments provide a method accerding to any of the foregoing or the following,
wherein cach of said polynucicotides is disposed individually on a bead isolated from other
pelynuclieotides.

Embodiments provide a method accerding to any of the forcgoing or the following,
whercin cach of said polynucicotides is disposced individually on 4 bead isolated from other
said polvnucleatides, iy amplified while disposed therein, and the amplification producis
thercof also are disposed on said bead.

Embodiments provide s method according to any of the forcgoing or the following,
wherein each of said polynucicotides is disposed individually on a bead solated from other
said polynuclcotides, is amplificd while disposcd therein, the amplification products thercof
also are disposed on said bead, and cach said bead is disposed individually 1n a well 1solated
from other said beads.

Embodiments provide a method accerding to any of the foregoing or the following,
wherein the sequences arce determined by pyroseguencing.

Embeodiments provide a mcthod according to any of the foregeing or the following,
wherein said samples arc biological samples, cach comprising onc or morc specics.

Embeodiments provide 4 method accerding to any of the forcgeing or the following,
wherein at lcast onc sequence of said polynuckcotides is spocific to a particular organism,

Embediments provide a method accoerding to any of the forcgoing or the following,
wherein sard scquences comprise a variable 168 rRNA scquence.

Embodiments provide a method accerding to any of the forcgeing or the following,

whercin sald scqucnces comprisc a vanable 185 rRNA scquence, @ variable tRNA TS

scquence, a mitochondrial sequence, a microsatcilite sequence, a metabolic cnzyme scquence,

and/or a genetic disease sequenee.

Embodiments provide a method according to any of the forcgoing or the following,
wherein the samples are microbial community samples.

Embeodiments provide a method according to any of the foregoing or the following,

whercin the sumples are microbial community samples for clinieal analysis of a patient,
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Embeodiments provide a method according to any of the foregomg or the following,
wherein the samples are microbial community environmental samples.

Embeodiments provide a method according to any of the foregoing or the following,
wherein the samples are micrebial community soil samplcs.

Embodiments provide a method according to any of the foregoing or the following,
wherein the samples are microbial community water samples.,

Embeodiments provide a method according to any of the forcgoing or the following,
wherein the samples are samples for SNP analysis.

Embodiments provide a method accerding to any of the forcgoing or the following,
wherein the samples are samples for genotyping.

Embodiments provide a multiplex method according to any of the foregoing or the
following for determining polynuclcotide scquences of two or more samples, comprising,

amplifying polyvnucleotides of a first sample to produce first amplificd polynucieotides
comprising a first tag sequence;

scparately amplifying pelynuclcotides of a second sample to produce sceond amplific
polynucicotides comprising a sccond tag sequence different from said first tag sequence;

wherein the amplification products arising from different individual polvnucleotides
arc spatially scparated from one another;

mixing together amplicons of said fivst and sccond samples;

distributing the amplicons in the mixture into spatiafly distinct locations;  scquencing
the amplicons thus distributed using onc or more primers that hybridize 3' to said tag
SCQUCNECS;

identifying said tag scquences in the sequences of polynucleotides thus determined,
and

wdentifying by said tags polvaucleotides of said first sampice and polynucleotides of
satd sccond samplc.

Embodiments provide a mothod according to any of the forcgong or the following,
comprising,

{a) for each sample separately: isclating polyhucleotides to be sequenced, ligating
said polvnucleotides to a common adaptor comprising & tag scquence, and capturing
individoal hgated polynuclestides onto individual beads under conditions that provide
predorminately for the immobilization of § or | molecule per bead;

{b) thercafier mixing togcther said beads compriving said polynuclentides.

10
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Embeodiments provide a method according to any of the foregomg 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
araplification compriscs amplification of said tag sequence.

Embodiments provide a method according to any of the foregoing or the following,
further comprising, distributing individual droplets contaiming sard ampiified polynuclectides
inte welis under congditions that provide predominantly for § or 1 droplet per well, determining
in individual wells the sequences of polynucleonides comprising said tag sequences, and by
said tag scquences identifying polynucicotides of said first and said sccond samples.

In cmbodiments the invention provides methods in accordance with any of the
foregoing or the following, for any one or moere of detecting, monitoring, profiling,
prognesticating, and/or diagnosing a disorder, discase, or the like.

In embodiments the invention provides methods in accordance with any of the
foregoing or the following, for analyzing the composition, diversity, stability, dynamics,
and/or changes i agricultural, food, broscourity, veterinary, ¢linical, ccological, zoological,
occanological, and/or any other sample comprising onc or more polynucleotides.

Embodiments provide kits comprising a plurality of two or more primers. sach primer
in said plurality comprising a tag sequence and a probe scquence speeific to a target sequence,
wherein:

{A)  in cach of said primers the probe sequence is 37 to the tay sequence, but not
nccessarily adjacent thercto;

(B}  incach of said primers: the tag scquence is different from the tag scquence of
the other in the plurality: the tag sequence 1s not the complementary scquence to any othor tag
sequence in the plurality; the tag secquenee docs not contain any homodinucleotide sequences;
the junction sequences between the tag sequence and the adjacent parts of the primer, 1 any, 15
not a homodinuclcotide sequence:

{C) m cach of said primers the probe sequence is complementary to the target
scquence and the target sequence is located 3° 10 4 variable genetic region, and

{Dy  cach of said primers is disposed separately from the others in containers in said
kit.

Embodiments provide kits in accordance with any of the foregeing or the following,
wherein each of said primers further comprises a priming sequence 5° fo the tag sequence but

not necessarily adjacent thereto, and the priming sequence is the same in all of said primers,

Tt
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said kit further comprising a primer complimentary o and cffective for polymerization from
said priming sequence.

Embeodiments prevides kits comprising a plurality of two or more primers pairs, cach
primer in said plurality comprising a tag sequence and a probe scquence specific to a target
sequence, wherein:

(A}  in cach of said primer the probe sequence is 37 o the tag sequence, but not
necessarity adjacent thercto;

(B) it each of said primers: the tag sequence is different from the tag sequence of
the other in the plurality; the tag scquence 15 not the complementary scquence to any other tag
sequencc in the plurality; the tag scquence docs not contain any homodinucleotide sequences;
the junction sequences between the tag sequence and the adjacent parts of the primer, if any, 15
not a homodinucleotide scquence;

(C) i cach of said primers the probe sequence is complementary to the target
sequence,

(D) in cach primer pair the probe scquences are specific to target sequences that
flank a variable genctic region;

(E} each of said primers is disposed separately from the others in said kit

Embeodiments provides Xits in accordance with any of the foregoing or the following,
wherein, the primers further comprise a priming sequence 57 to the tag sequence but net
nceessarity adjacent thereto, the priming sequenec cither is the samc in all the primess, or onc
member of cach pair has the same first priming sequence and the second momber of cach pair
has the same second priming sequence, said kit further comprising disposcd scparately from
onc another in one or more containers onc or more primers complomentary to and cffective for
clongation from said priming

Embodiments provide a kit useful in methods according to any of the foregoing or the
following, comprising a sct of primers and/or adapters, wherein cach primer and/or adapter in
said sct comprises a tag scquence and 2 primer scqucnce. In embodiments the primers and/or
adapters further comprise a moicty for immobilization. In ecmbodiments the primers and/or
adapters comprise biotin. In embodiments the primers and/or adapters in the set comprise all
tag sequences defined by 2, 3, 4, 5. 6, 7, or 8 basc polynucleotide scquences, whoercin cach of
said primers and/or adaptors are disposed in containers scparate from once another. Ia
embadiments there are 1-5, 3-10, 3-15, 10-25, 20-50, 25-75, 50-100, 50-150, 166-200, 150-
500, 250-730, 100-1000, or more differeat tag sequences dispesed separaicly from one
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anothcr, so as to be useful for uniquely tagging said number of different samples. In
embodiments the primers and/er adapters are suitable for use as 454 Lite Sciences
amplification adapters and’or primers. In embodiments the primers and/or adapters further
comprisc any onc or more of a primer scquence for any onc or more of a 168 rRNA sequence,
an 188 rRNA sequence, an 1TS sequence, a mitochondrial sequence, a microsateilite
sequence, a metabolic enzyme sequence, a genctic disease sequence, and/or any other
sequenes for amplification or analysis,

In embodiments the invention provides a kit, in accordance with any of the foregoing
or the following, comprising a sct of primers and/or adapters for usc 1n 2 methed according to
any of the foregoing or the following, whercin cach primer and/or adaptor 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 adapiers in said sci, the primers and/or adapters further
comprisc a pnming scquence that is the same in all of the primers and/or adapters in said sct,
the tag sequences are located 37 to the priming sequence and the different primers and/or
adaplers comprising cach different fag scquence are disposced separately from onc another. In
cmbodiments the tags are any number of bases long. In embodiments the tags are 2, 3,4, 5, 6,
¥, 10, 12 bases long. In embodiments the tags are 4 bases long. In embodiments the priming
sequenee is specific to any target polynucleotide of interest, In embodimaonts the priming
scquence is specific fo a sequence in 165 rRNA. In embodiments the tags differ from cach
other by at least 2 bases. In embodiments the tags do not contain polynuclcotide tracts within
the tag. In emboadiments the tags do not contain homo-polynucicotide tracts within or at the
junction of the tag and PCR primer. In embodiments the tags do not contain polynucleotide
tracts within or at the junction of the tayg and emulsion PCR adapter. In cinbodiments, the tags

arc not reverse compliments of cach other.

Brief Deseription of the Figures
Figure 1 is a schematic diagram showing a general cmbodiment of the invention. A
plurality of samples {5y, Sz through S;) ts shown topmost in the Figure. Each sample is
comprised of a plurality of polynucleotides (P, to Py, in S¢; Poy toPr,; in 82; through P, fo
Pin). The polynucleotides in cach sample arc labeled scparately with a tag polynucleotide
sequence, all the polynucleotides in a given sample being tageed (in this illustration)} with a
single tag sequence, designated in the figure as T, for 8., T for S, through Ty for 5. The

individual tagged polynucleotides are denoied accordingly, The tagged polynucleotides in
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cach sample arc designated collectively. for cach sample, TS84, T2Ss. through T;S;. The tagged
pelynucieotides from the samples are mixed together to form & mixture, designated M. The
mixture is sequenced, typically by a massively parallel sequencing method. The tag sequences
arc identified in the data thus obtained. The scquences are grouped by tag. The sequenecs
from the individual samples are thereby identified.

Figure 2A is a diagram depicting step | in the multitag sequencing of microbial
comimuntity samples using a tagged 1685 forward and reverse primer-linker pairs for PCR
ampiification. {a) represents the Forward 168 rRNA primer with Tag { and Emulsion PCR
Linker, (b} represcnts the 165 rRNA scquencee, () represcnts the Roverse 168 rRNA primer
with Tag j and Emulsion PCR Linker, (d} ropresents the Amplificd 1635 rRNA scquence with
Forward and Reverse Tags §, () represents the Emulsion PCR Bead, {f} represents the
pyrasequencing read, (g) represents the well in picoliter plate, (h) represents a Unique tag, (i}
represents Amplificd Community 1, {j) represents Amplified Community 2, and (k} represcents
Amplified Community #. Step | involves the amplification of the microbial community from
cach sample using uniquely tagged universal primers-linkers. In step 1, different samples arc
amplificd scparately, using 165 rRNA specific adapter-tag-primers with a differont tag for
each sample.

Figure 2B is a diagram depicting the Emulsion PCR reaction beads randomly arrayed
into picoliter plate. In step 2 in the process, the PCR products from all the samples are mixed,
immobilizcd on beads, distributed inte wells of the picoliter plate, and cmulsion PCR
amplificd.

Figure 2C is a diagram depicting the pyrosequencing precess from cach outside
adapter in cach well of the picoliter plate.  Each reaction reads sequence from the adapter,
through the unique tags and the associated scquence of the tagged sample

Figure 2D is a diagram depicting the algonthmic sorting of the Pyroscquencing reads
using the individual tag scquence and a portion of the primer sequence. {1) represents the
scquence reads from sample 1, {m) represents the scquence reads from samplc 2, and (i)
represents the sequence reads from sampic n.

Figure 2E is a diagram depicting the identification of microbial taxa by comparing the
scquence reads for cach sample against the 168 rRNA scquence database and then normalize
gbundance in cach taxa with respect to the total reads in that particular sample. (o) reprosents
the normalized species histogram derived the pyrosequencing reads obtained from sample 1,

{p) represents the normalized specios histogram derived the pyrosequencing reads obtained
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from sample 2, () represents the normalized species hustogram derived the pyroscouencing
reads obtained from sample n,

Figure 3 is the species distribution in (A) Controls. {B} Crehns. and (C) Ulcerative
colitis samples determined by the 434 Life Scicnce pyroscquencing process. Each bar in the
histogram is the average normalized abundance of that taxa in each disease state. Each sample
was run 1a a separate well on the piooliter plate using the 454 16 well mask.

Figure 4 is an ¢xample of the distortion of the components of a complex mixture
caused by ligating the Emulsion PCR adapters onto PCR amplicons. Figure 4A shows the size
distribution of PCR amplicons in sample 309 before higation and Figure 4B shows the size
distribution of sample 309 afier ligation.

Figure 5 is an example of the normalized taxa abundances in duplicate samples
determined by Muldtag pyroscquencing afier direet ligation of the emulsion PCR adapters.

Figure 6 shows all possible hexameric polynucicotide tags within which 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 are no dinucleetide repeats
in the tags, no dinuclcotide repeats at the junction of the tags and the tags arc not reverse
complements of one another. In sach case 5 bases of the primer also can be used to identify

samples. 7A and 7B show the forward primers. 7C and 713 show the reverse primers,

Glassary

The meanings ascribed to various terms and phrascs as used herein arc illustratively
cxplained below,

“A™ or “an” means onc or moro: at least onc.

“About™ as uscd herein meuns roughly, approximatcly. Should a precise numcrical
definition be required, “about” means +/- 25%.

“Adapter” means a polynucicotide sequence used to cither attach single
pelynucicotide fragments to beads and/or to prime the emulsion PCR reaction and/or as a
template t0 Prime pyroscquencing reactions.

“ALH” 15 used herein to mean amplicon length heterogeneity.

“Amplicon” is uscd herein to refer to the preducts of an amplification reaction.

“Clonally amplificd”™ 1s used herein generally fo mean amplification of a single starting
molecule. Typically 1t also refers to the clustering together of the amplification products,

isolatcd from other amplification templates or products.,
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“dsDINAY means double sranded DNA.

Dysbiosis means a shift in a the species and abundanee of species in a microbial
community.

“Flanking™ generally is uscd to mean on cach side, such as on the 57 and the 3 side of
a region of a polynucleotide — with reference to the 5” and the 3° ends of one or the other stand
of a double stranded poiynucleonide. Forward and reverse primers for amplifving a region of a
polynucicotide by PCR, for instance, flank the region to be amplificd,

“Microbial community sample” is used herein to refer to a sample, generally of a
biological naturc, containing two or more diffcrent micrebes. Microbial community samplcs
include, for instance, environmental samples, as well as biological samples, such as samples
for clinical analysiz. The term applies as well to preparations, such as DNA preparations,
derived from such samples.

“Multiplex scquencing”™ herein refers to sequencing two or more types or samples of
pelynucieotides in a single reaction or in a single reaction vessel.

“PCF™ means principal coordinaies analysis,

“PCA™ means principal component analysis.

“Picotiter plate” means a plate having a large number of wells that hold a relatively
small volume, typically more wells than a 96-well microtiter plate, and smaller volumes than
those of a typical 96-well microtiter plate well.

“Primer” means a polynucleotide scquence that is usced to araplify PCR products
and/or W prime scquencing reactions,
“s3DNA™ means single stranded DNA.

“Tag,” “Tag scquence,” otc. means typically a heferologous scquence, such es a
poelynucicotide sequence that identifics another sequence with which it is associated as being
of a given type or belonging to a given group.

“Variable genetic region” as used herein means a genctic region that varics, such as
between individuals of 4 species and between species. The phrase does not denote a specific
length, but, rather is uscd to denote a rogion comprising a variation the exact length of which
may vary and may differ in different contexis.  As to a double stranded polynuclestide. the
term includes one or the othor and both stands of the region, and may be used to refor {o one,
the other, or to both strands, and 1t will generally be clear from the context which is meant. A
specific example of 4 genetic region that varics between individuals, provided for itlustration

only, is a genetic region that contains an SNP {single nucicotide polymorphism) site. By
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variable genctic region in this regard 1s meant a region containing the SNP sitc. Different
sequences of the SNP in this regard constitute the variants of the variable genetic region. A
specific cxample of a variable genetic region that differs between species is the genes for 165
RNA which vary characteristically between microbes and can be used to identify microbes in

mixed commumity samples as described in greater detail in some of the examples herein.

Description of the lnvention

In certain aspects and embodiments the invention relates to mualtipiex sequencing
analysis using tags. In varicus aspects znd ecmbodiments of the invvention in this regard the
invention provides methods for sequencing two or more samples simultancously ia a nuxture
with ane another, wherein 2ach sample is first linked to a sample-specific sequence tag, the
tagged samples arc mixed and scquenced, and the sequences from cach sample then are
identified by their respective sumple-specific sequence tags.

Figure | provides a general depiction of various aspects and embodiments of the
invention in this regard, and the figure is discussed by way of illustration below with refereace
to sequencing DNA from different samples. A plurality of samples (8,, 8;, through §)) is
shown topmost in the Figure. Each sample is comprised of a plurality of pelynucleotides (P,
to Py in Sp; Poy toPan; in S2; through Py 1o Piyy. The polyaucicotides in cach sample are
labeled separatcty with a tag polynucleotide sequence, all the polynucleotides in a given
sample being tagged (in this iltustration) with a single tag scquence, designated in the figurc as
T, for S, T; for S; through T;for S;. The individual tagged polymicicotides are denoted
accordingly. The tagged polynucleotides in cach sample arc designated collectively, for cach
sample, TiSy, T28; through T;8;. The tagged polynucicotides from the samples arc mixed
together to form g mixture, designated M. The mixture is scquenced typically by 4 parallel
scquencing method. The tag scquences arc tdenfified in the data thus obtained. The
scguences arc grouped by tag, The sequences from the individual samples are therehy
identificd.

In cmbodiments tags are 3 to 30. 4 to 235, 4 to 20 base long sequences. In
embodiments thetagsare 2,3, 4, 5,6, 7,8, 6, 10, 11, 12, 13, 14, 15, 16, 17, 1K, 19,20, 21, 22,
23,24, 25,26, 27, 28,29, 30, 31, 32, 33, 34, 33, 36 nucicotides long or any combination
thercof.

In embodiments thereare | — 6,6 — 12, [0 - 15, 1020, 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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1.000, 5300 — 5,600, 100 — 16,000, 1,000 — 25,000, 500 — 50.000, 100 — 100,006, 1 — 1,000,000
or more samples, tagped, respectively, with 1 -6, 6-12, 10 - 15, 16 - 20, 15 - 25, 26 - 40,
25— 50,25 - 75, 50— 100, 30 - 150, 100 — 200, 100 — 250, 50 — 250, 100 — 500, 500 — 1,000,
166G — 1,000, 504 - 5,000, 160 - 10,000, 1,000 — 25,000, 500 — 56,000, 100 - 160,000, { —
1,900,000 or more different tags.

In ¢embodiments the sequences are deternrined without the use of gel elecophoresis,
In cmbodiments the sequences are determined without the use of transfer of sequences froma
gel onto a membrane or a filter for hybridization. In embodiments, sequences are deterrmned
by a parallcl sequencing method. In cmbodiments the sequences arc determtined by
pyroscguencing, sequencing by synthesis, hybrnidization sequencing, subtractive scquencing,
pore sequencing or direct read sequencing.

In embaodiments the tags are incorporated into polynuclcotides in samples for
scquencing by a step of ligation and/or by a step of amplification.

In embodiments the tags are comprised in primers for amplification.

In ¢cmbodiments the tags are compriscd in primoers for PCR amplification, transcription
ampiification, rolling circle amplification, or amplification by QB replicasc.

In embodiments the tags are comprised 10 emulsion FCR adapters and primers for
amplification.

In embodiments the tags are incorporated by a step of cloning into a vector.

In embodiments the samples arc microbial community samples. In ecmbodiments the
samples are clinical samples. In cmbodiments the samples are environmental samples. In
cmbadiments the samples are samples for SNP analysis. In embodiments the samples are
samples for gonotyping. In cmbodiments the scquences are deicrmined in ong or more
picotiter plates,

In embodiments the samples arc fragmented genomic DNAs. In embodiments the
samples arc fragmoented Bacterial genomic DNA, Archac genomic DNA Fungal genomic
DNA, Eukaryotic genomic DNA, chloroplast DNA, and/or mitochondrial DNA. In
embodiments the samples are cDNAs. In embodiments the samples are Eukaryotic cDNA,
Bactcrial cDNA, Archac cBNA, and/or Fungal ¢DNA. In cmbodiments the tags arc
incorparated by a step of ligation and/or by a step of amplification.

In embodiments the samples are for any onc or more of detecting, monitoring,

profiling, prognosticating, and/or diagnosing a disorder, disease, or the like.
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In cmbodiments the samples are for analyzing the composition, diversity, stability,
dynamics, andfor changes in agricultural, food, biosecurity, veterinary, clinical, ecological,
zoological, cceanological, andfor any other sample comprising one or more polynucieatides.

In embodiments the scquences are determined in wells of a titer plate. Tn embodiments
the sequences are determined in one or more picotiter plates having a mask. In embodiments
the sequences are determined in ong more picotiter plates having a mask, wherein the mask
defings 2, 4, 8, 16, 32, 64 or more compartments,

By way of illustration 1o a 454 picotiter plate, in embodiments there are about 120,000
templates/plate and the read length sverages about 258 bases per template. In cmbodiments
refating thoereto there arc 10 tags of 4 bases per 1/16 plate, 160 tags total, an average of about
750 templates per tag {and per sample}, and about 187,500 bases sequenced per tag {and per
sample).

In embodiments there are about 260,000 templates/plate and the read length averages
ghout 230 bases per template. In embodiments relating thereto, there are 12 tags of 4 bases
per 178 plate, 96 samples total, an average of about 2,708 templates per tag (and per sample)
and about 677,083 bascs of scquence per tag (and per sample).

In embodiments there are about 400,000 templates/piate and the read length averages
about 250 bascs per template, In embodiments relating thercto, thore are 96 tags of 6 bascs for
96 samples per plate, about 4,166 templates per tag (and per sample) and about 1,041,666
bascs of scquence per tag (and per sample),

In embodiments the tags arc 10 basc long scquences, there are 192 different tags, and
the samples are analyzed in microtiter plate format.

In embodiments the invention provides algorithms for deconvolving. from a mixture of
sequences from two or morc samples, the sequences of the samples in the mixture by
identitving sample-specific tags in the scquences, grouping the scquences by the tags thus
identificd, thereby grouping together the sequence from cach of said samples, apart from one
ancther.

In cmbodiments 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

identifying sample-specific tags in scquenccs, as follows:

i Rcad all scguence reads into an array;
2. Search the beginning of each sequence read and identify the tag;
3. Build an asseciative array linking tag with sequence read;
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4, Sort the keys for the associaic array;

Associate cach key with the corresponding sample;

6. Pool all sequence reads for each sample;
7. Analyze cach sample scparatcly.
£. Normalize the abundance of each component within each samples with respect

t the total reads within that sample.

I embodiments the algorithm can be implemented in any programming language. In
embodiments the algorithm is implemented m C, C++, JAVA, Fortran, or Basic. In
cmbodiments the algorithm is implemented as a PERL script.

In cmbodiments the invention provides kits for multiplex scquencing as described
herein, comprising & set of primers and/or adapters, wherein each primer and/or adapter in said
sCt cOmpriscs a tag scquence, & primer scquence and/or an emulsion PCR adapter. In
emboediments the primers and/or adapters further comprisce a moicty for immobilization. In
embodiments the primers and/or adapters comprise biotin. In embediments the primers and/or
adapicrs in the sct comprise all tag scquences defined by 2, 3, 4, 5, 6, 7, or ¥ base
polynucicotide sequences, wherein said primers and/or adapters comprising different tag
sequences are disposed in containers separate from one another. In embodiments there are 1-
5.3-10, 5-15, 10-25, 20-530, 25-73, 50-100, 50-150, 100-200, 150-500, 250-750, {00-1000, or
maore different tag seguences disposed separately from one another, so as to be uscful for
uniquely tagging said number of different samples. In embodiments the primers andfor
adapters are suitable for use as 454 Lifc Sciences amplification adapters andsor primers. In
cmbadiments the primers and/er adapters further comprise any onc or more of a primer
sequence for any onc or more of a 165 rRNA scquence, an 188 rRNA sequence. an ITS
scquence. a mitechondrial sequonce, a microsatcllite scquence, a metabolic cnzyme scquence.,
a genetic discasc sequence, and/or any other sequence for amplification or analysis.

Exampies
The present uyvention is additienally described by way of the following itHustrative,

non-limiting examples.

EXAMPLE 1: Scquencing Using the 454 Pyroscguencing Systom

454 Lifc Scicnces, a subsidiary of Roche Diagnostics, provides a device for
pyrosequencing approximately 100,000,000 bases of about 400,000 different templates in a

single run on a single picotiter plate. The company also provides masks that allows for the
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processiag 2, 4, 8, or 16 different samples on one plaic. Af maximum capacity using the
rnasked plate, the system provides about | million bases of sequence data on about 4,600
templates for cach of 16 samples.

The general process of sequencing using the 454 system is generally as follows:
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 conditions that result in a preponderance of beads that have cither no DNA moelccule
beund to them or & singie molecule of DNA bound to them; capture the beads m individual
droplets of an emulsion of a PCR reaction mix in otl; carry out a PCR reaction on the
cmuision-encapsulated bead-DNAs {(whereby amplification products are captured on the
beads); distribute the amplification products into picoliter wells so that there is either no bead

in a well or ong bead; and carry out pyroscquencing on all the beads in all the wells in parallel.

EXAMPLE 2: Multiplex Pvrosequencing using 96 tagged adanter-PCR primers.

454 Lifc Scicnees, a subsidiary of Roche Diagnostics, provides a device for
pyroscquencing approximately 100,000,000 bascs of scquence for about 400,000 different
templates in a single run on a single picotiter plate. Af maximum capacity using the plate, the
system provides about 10 million bascs of sequence data for cach of about 4,000 templatcs for
cach of 96 multitagged samples. In this example the 96 tags are 6 bases in fength and are used
along with 6 bascs of the forward or reverse primer 1o identify the reads that belong with cach

of the 36 individual samples (scc Figure 2).

EXAMPLE 3. Multiag Pyroscguence Analysis of Microbial Community Sampics

Yarious aspects and embodiments of the invention herein described are ilustrated by
way of the following gencral cxample relating to “ccogenomic™ analysis of microbial diversity
in biclogical samples.

The ability to quantify the number and kinds of microorganisras within a community is
fundamental to the understanding of the structure and function of an ccosystom, as discussed
in, for instance, Pacce 1997 and Theron and Clocic 2000, Tradifionally, the analysis of
microbial communities has been conducted using microbiological techniques, but these
techniques arc Hmited. For instance they arc not usctul for the many organisms that cannot be

cultivated (Ritchic, Schutter et al. 2000; Spring, Schulze ¢t al. 2000). Even for those

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00760



W

10

13

20

r3
LA

30

WO 2008/061193 PCT/US2007/084810

organisms that can be cuiturcd, these techniques provide little information with which t©
identify individual microbes or characterize their physiological traits. (Morris, Bardin et al.
2002

Recent advances in molecular techniques have overcome some of these disadvantages,
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 functicns in specics in microbial communitics, {(Pace 1997, Suzuki 1998,
Amann 2000; Frischer, Danforth et al. 2000; Ritchie, Schutter et al. 2000; Spring, Schulze et
al. 20003 Among these molecular techniques are Denaturing Gradient Gel Electraphoresis
{DGGE}), Temperature Gradient Gel Electrophoresis (TGGE), Temporal Temperature
Gradient Ge! Electrophoresis (TTGE), Terminal-Restriction Fragment Length Polymorphism
{T-RFLP). Single Sirand Conformation Polymorphism {SSCP}, and Length Heterogencity
PCR {LH-PCR} (Frischer, Danforth ct al. 2000; Theron and Cloete 2000; Miils, Fitzgerald ot
al. 2003; Seviour, Mino et al. 2003; Klaper and Thomas 2004).

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. Ttis
useful as a routine survey tool that can be used to monitor the dvnamics of natural soil
microbial communities, and to quickly identify samples of interest by PCO analysis. LH-PCR
has been used 1o extensively assess natural variation in bacterial communitics by profiling the
araplificd variable regions of 165 rRNA genes in mixed microbial population samples, using
PAGE. {Scc Mills 2000; Litchficld and Gillevet 2002; Lydell, Dowell ot al. 2004 The LH-
PCR products of the individual speeics in the population give risc to distiner bands in the gels.
The “peak arca”™ of cach band is proportional to the abundance of the specics in the
community. LH-PCR of 168 tRNA variable regions has boen usced quite successfully to
estimraic specics diversity in bacterioplankton communitics, in particular. (Sce Suzuki, Rappe
¢t al. 1998, Ritchig, Schutter cr al, 2008),

Cammunity functionality cannot be determincd directly from 163 rRNA clonc data,
however, 1t must be inferred from the dats by phylogenetic analysis. Furthermore, LH-PCR
and other fingerprinting technologies, while powerful tools for monitoring population
dynamics, cannot ideniify individual specics 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. 2008; Theron
and Clocte 2000; Litchficld and Gillevet 2002; Bowman and McCuaig 2003; Kang and Mills
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2604 Eckburg, Bik ct al. 20035). Identifiring spocics 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
analyses. For instance, PCO analysis of LH-PCR data can be used to greap samples with
simifar profiies for batch cloning and sequencing. Combining the samples this way reduces
the time, expense, and work involved in analyzing the samples, Scequencing of at least 300
random clones 1s required to wdentify the bacterial components of the pooled sample down o
1% of the total bacterial popuiations in typical samples. This level of resolution 1s similar to
that of ALH fingerprinting. Originally a novel appreach, pooling similar samples prior to
cloning and sequencing has proven to be robust and effective.

In classic community studics in the literature (Eckburp, Bik ¢t al. 2005}, cnvironmental
samples arc assayed independently. Then the clonce sequence dats from specific
classes/groups are statistically analyzed usually using some sort of averaging metric.
Analyses of this type can be extremely costly, especially if the clone libraries are exhaustively
analyzed, something that typically invelves sequencing thousands of clones. Moreover, for
the “averaging™ process to be valid, as required for comparing the mixed populations, the
samples must be pooled in cqual proportions, While simple in principle, in reality, it is
difficult to accomplish and, cven if accomplished, impossible to verify. A new techniguc,
bascd on pyroscquencing, offers advantages that overcomce a varicty of these drawbacks of the
fingerprinting technologics mentioned above. The method is tmplemented on an instrument
sold by 454 Lifc Scicnees, Inc., 2 subsidiary of Curagen Scicnces, Inc., using reagents
provided by the samc company. In addiden, 434 Lifc Scicnces provides a custom scrvice for
pyroscguencing.

In this technology, individual DNA melceules arc amplificd on beads by PCR 1
individual droplcts in an oil-in-water cmulsion. Beads then arce deposited individually in wells
of a picotiter plate. The scquences of all the DNAS in the wells are determined in parallel by
pyroscguencing. {Scc Venter, Levy ot al. 2003; Margulies, Egholm ot al. 2003, Poinar,
Schwarz et al. 2006). In a typical run, there are about 200,000 templates per plate, an average
rcad length of about 100 bases from cuch fcmplate, and a single-plate run generates about 20
miltlion bases of sequence in a single four hour run.

Although the technology greatly increases throughput over previous methods, it is

cxpensive, In particular, the cost per plate is too high for it to be cecomomically practical wo
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carry ot many snalyscs. To decrcasc cost, masks can be used that divide 4 plate into 16
independent sample zones, so that one plate can be used to process 16 different samples, either
at the same time or independently. Each 1/16 zone provides about 1,000,000 bases of
sequence data from about 10,900 different templates. While this reduces the cost per sample,
the expenses associated with using this technology remam undesirably high.

Various aspects and embodiments of the present invention ¢an be used to further
reducce the cost per sample of this technology (as well as other techmiques, as described
clsewhere herein). Fhe use of multitagging techniques (referred ¢o as, among other things,
“Multitag Process”) 1o the genomic analysis of bacterial populations in according with certain
aspects and embodiments of the invention, notably high coverage scquencing of bacterial
communities, s referred to herein as “Multitag Ecogenomics™ and also as “Multitag
Ecogenomic Analysis.”

{Scveral publications use the term “Maltiplex Pyrosequencing” (Pourmand, Elahi et al.
26062) to refer to generating a composite sighal from multple targets that is read as a signature
for a specific sample. The term is not used to refer to tug-basced multiplexing in which
sequences from different samples in a mixture are determined and then deconvelved from the
mixed sequencing data using sample-specific tags incorporated during amplification
roactions, )

As described below the Multitag Process in a relatively simple serics of steps
accomplishes cverything that otherwise would require not only community fingerprinting
analysis, but also all of the cloning and scquencing processes previousky required for high
coverage Ecogenomic Analysis using conventional techniques.

By way of illustration, the following cxample describes the usce of Multitag
Ecogenomic Analysis of variabic regions of common gences using taggced universal primers for
high coverage analysts of several microbial comumunity samples all at the same time. The
analysis is carricd out much as deseribed in gencral above, and further claborated on in detail
below.

Bricfly, short tags arc added to the 5" ends of the forward and reverse PCR primers
normally used for community analysis. These tags can be placed between the Emulsion PCR
adapters and the PCT primers (sce Figure 2). A diffcrent tay is attached fo the primers for
cach of the samples to be combined. Fer instance primers that span a varnable region of 165
tRINA genes may be used for analysis of bacterial and archael communities. 165 rfRNA-

specific primers with 4 base tags arc sct out in the Table 1 below. Likewise primers that span
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a variable region of an LTS gene may be used for analysis of fungal communitics. e will be
appreciated that the choice of these specific primers is not exclusive, and that a wide variety of
other primers suitable fo other target regions for amplification may be employed in much the
same manner as descried herein for the 168 and ITS genes. Thus, any gene of inferest can be
used that provides conserved primer sifes across a community, and sufficient variation in the
region between the primers for the desired resolution of individual species, Thus, for
cxample. gones specific to functional pathways such as anacrobic methane exidation, or
sulphur reduction can serve as targets for the amplification reaction, as well as 165 rRNA

SCUCRCCSs.

Table 1

Name; Tag ¢ Forward Sharvcd Sequence
A GOTAGACTTIGATCHMTGGUTCAG
L27FAL AGCTAGCTAGAGTTTGATCMTGGOTCAG

L27FB 1 AGTCAGTCAGAGTITGATCMTGGUTCAG
IL27FC: GATCGATCAGAGTITGATCMTGGUTCAG

LZ7FDE GAC TEGAC TAGAGTTTGATCMTGGUTCAG
L27FE ) CTGC SCTGC AGAGTTTGATCMTGGCTCAG
LZ7FF § CTAGCTAGAGAGTTTGATCMTGGCTCAG
IL27FG: AT i(‘EAT{iC.A( JAGTTTGATCMTGGCTCAG
L27FHE ATAC iéAT AGAGAGTTTGATCMTGGETCAG
IL27FM ATCT;ATCTAGA( STTTGATCMTGGCTCAG
L27F0) ATATEA'TA’? AGAUGTTTGATCMTGUGCTCAG

Name§ Tap ! Reverse Shared Sequenee
E;E GCTGCTGOCTCCLGTAGUAGT
355RAT AGOTAGUTGCTGCUCTOCCGTAGGAGT

355REB T AGTCAGTCGUTGCOCTCCOGTAGGAGT

355RCT GATCUATCGUTGUUTCCUGTAGGAGT

355RD GACTGACTGCTGOCTCCCUGTAGGAGT
355RET CT( ?CECT(iCGCTGCCTCCC‘(iTA(i{}A(ET
355RF | CTATCTATGCTGUUTOCOGTAGUGAGT
355RG ATGCéATGCGCT(ECCTCCCGTAGGAGT
355RH ATA'I‘;ATA’?GCT(%CCTCCCGTAGGAGT
355RM ATCTEATCTGCTGCCTCCCGTAGGAGT
355R0 ATAC%ATACGCT(%CC’]’CCCGTAGG‘AGT
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Table I shows a 168 rRNA-specific primer with a variety of 4 base tag sequences
attached. As described herein such primers are usefut for amplifying 165 rRNAs in several
samples that can then be sequenced together. The 168 rRNA in cach sample is amplified
using a different tag, but the same 168 primer sequence. The amplified rRNA sequences from
the samples are combined and sequenced together. The rfRNA sequences from the different
samples then are identificd and sorted out by their 4 base tag sequence plus the first 4 bases of
cach primer. 13 to be appreciated that the sequences downstrearm of the shared 168 primer
scquence will differ among the samples, as well as the tag scquencce.

In cach case, the samples arc individually amplified. The resulting amplicons
comprise the primer sequenees including the tags. Since unique tags are used for each sample,
the tags in the amplicons from each sample will be different. The amplificd DNAS are then
poaled and scquenced by pyroscquencing as described above. The sequence data from a run
is analyzed, in part, by grouping together all the sequences having the same tag. In this way,
the sequences from cach sampic are demuitipiexed from the sequencing data obtained from
the mixture.

The working of the invention in this regard is illustrated by the following simulation,
carricd out using conventionally obtained population data from cold seep samples. The
algorithm for sequence analysis uses a PERL script to cxiract the first 100 bases of sequence.
It then analyzes all the 100 bascs scquences using a custom RDP PERL script. The script
works as follows:

| Read all sequence reads inte an assaeiate array (Hash 13,

2 Extract 109 basc subscquences from the beginning of cach scquence read;
3. Create an assogiate array (Hash 2) of the sequencees;

4. Perform a Blast search of the RDP databasce with Hash §;

5. Pcrform a Blast scarch of the RDP database with Hash 2;

6. Comparc the identifications for the original scquence {Hash 17 and the

subscquence {Hash 2},

7. Compile a list of similar identifications for Hash | and Hash 2,
% Compile a list of diffcrent identifications for Hash 1 and Hash 2;
9. Calculate the percentage of similar identificutions.
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As shown Delow, there is virtually no difference at the class level in the microbial

diversity generated by the sequencing simulation and that derived directly from the 165 rRNA

sequences in the data base.

Table 2
RDP Class First 100mcr {168 rRNA]
ALPHA SUBDIVISION 3.6% 3.6%
ANAEROBIC_HALOPHILES 3.6% 3.6%
BACILLUS-LACTOBACILLUS-STREPTOCOCCUS_SUBDRIVISEON 3.6%% 3.6%
BACTERCGIDES_AND CYTOPHAGA AR T 1%
[CHUOROFLEXUS SUBDIVISION 3.6% 3.6%
CY. AURANTIACA_GROUP T F.1%
CYANCGBACTERIA T T 1%
DELTA SUBMHVISION 14.3% 143%
ENVIRONMENTAL_CLONE_WCHBL-41_SUBGROUP? T Fl%
FLX LITORALIS GROUP 3.6% 3.6%
GAMMA SUBDIVISION 10.7% 10.7%
HIGH G+ BACTLCRIA 7% 7%
LEPTOSPIRILLUM GRGUP 3.6% 3.6%
MY{COPLASMA AND RCELATIVES 3.6% 3.6%
PIRCLLULA GROUP 3.6% 3.6%
SPHINGOBACTERIUM_GROUP 3.6% 3.6%
SPIROCHAETA-TREPONEMA-BORRELIA_SUBDIVISION 3.6% 3.6%
[THERMOANALEROBACTER_AND RELATIVES 3.6% 3.6%

EXAMPLE 3. Multitap Pyroscquence Analysis of Dysbiosis in IBD

Inflammatory Bowcl Discascs (IBD or IBDx), namcly ulcerative colitis (UC) and

Crohn’s discase (CD), arc chronic, lifelong, relapsing ilinesses, affecting close to 1 million

Americans und costing approximately $2 billion per year to the US healthcare system. 1BDs

are of unknown causc, have no cure, and are increasing in incideace. The natural course of

these diseases is characterized by periods of guicscence {inactive discase) interspersed with

flarc-ups {active discase). 1t is now widely accopted that flarc-ups of IBD arc duc to a

dysregulated inflammatery reaction to abnormal intcstinal microflora dysbiosisy, however.

Specific changes in the muicroflora of 1BD patients that might cause these discases

remain unknown. Narrow searches for a single pathogen that causes IBD have been
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unsuccessful. (Sce Guamner and Malagelada 2003). Studics of small bactcrial groups have
yielded ambiguous results. (See Schultz and Sartor 2060). Only recently have studies of arge
sets of bacterial flora been attempted. (See Eckburg, Bik, et al. 2005),. Improving our
knowledge about GI tract microflora has the potential to revolutionize IBD treatment.
Development of real-time methods to study microfloral changes may lead to diagnostic tools
to predict flare-ups, and to targeted, safe treatments for IBD.

The key requirement to understanding dysbiosis in polymicrobial discases is for a
method to interrogate widely the microflora in numerous control and disease samples to
identify dynamic trends inn specics composition associated with hcalth and discase progression.
In classic community studics (Eckburg, Bik, ct al. 2005) cnvironmental samples arc assaved
independently and then the clone sequence data from specific classes/groups are statistically
analyzed usually using some sort of averaging metric. This can be extremely costly.
especially if the clonc libraries are exhaustively analyzed {i.c., 10,000 clones por sampie).

To improve throughput and reduce cost, Amplicon Length Heterogeneity PCR (ALH-
PCR} has boen used to study the gut micreflora, [t offers a rapid way of screening complex
microbial communitics, allowing for casy fingerprinting of microfloral changes. The LH-PCR
fingerprinting is inexpensive and fast, with the ability to screen several hundred samplesa
day, It can be used as a routing survey tool te monitor the dynamics of natural seil microbial
communitics or to quickly identify samples of interest using PCO analysis. PCO analysis has
been uscd to group samples with simitar profiles, allowing them to be pooled for cloning and
sequencing. This greatly reduces the cost of analyzing multiple samples, particularly when the
analysis requires sequencing at icast 300 random clones to identify bacterial components af
the samplc down to 1% represcntation in the total population (which s the resolution limit for
ALH fingerprinting). Pooling similar samples before cloning and scquencing has proved o be
quite robust. However, cqual amounts of the PCR product from cach sample must be pooled
or the results will be skewed.

Muititag Pyroscquencing is a novel pyroscquencing 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
mcthods for analyzing microbial communitics, as described hercin above. Multitag
sequencing is more cfficient, faster, and loss costly than other methods.

By way of illustration, Multitag Pyrosequencing can be carried out using a set of

specific tags on the ond of standard universal small ribosomal sub-unit (“SSU”yRNA
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primets {Sec Table 13 A different sct of the tageed primers 1s 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
madccule are captured on their respective beads. Following amplification, the beads are
distributed into the wells of a picoliter plate {Figure 2-Step 2). The sequences, including the
tagged sequences, of the amplicons on cach bead are determined by pyrosequencing (Figure 2-
Step 3). A PERL script or other suitable program is used to sort the sequence information
using the tags and primer sequence as s key. Sequences with the same tags are dentified
thereby with their respective semple. The bacterta specices in cach sample then are identificd
by matching the SSU rRNA scquences to entries in the databasc of the Ribosoernal Database
Project (either RDP ¥.1 or RDP 9.0}. The normalized frequency with which a bacteria is thus
identified in a given sample is indicative of its relative represcatation in the microbial
community. Histograms basced on these frequency determinations can be usced for the non-
parametric analysis of dysbiotic shifts mvolved in disease states.

For example, Figure 3 depicts the results of such an experiment in which six Control,
ten Crohns, and cight Ulcerative colitis rucosal samples were analyzed by Multitag
Pyrosequencing. E ach of the segments in the stacked histogram bars represents the
normalized abundance of that specific taxa in a specific sample, In this experiment,
identification of the taxa was performed using BLAST analysis of the RDP 8.1 database. It
can be scen that some taxa {i.¢. Bacillus fragilis subgreap and Rumanococcus gnavus
subgroup) arc present in the same abundance in both contrel and discasc states. Other taxa,
such as Claseridium leptam are more dominant in Ulccrative colitis, while aothers (i.c. the
Glocotheee glococapsa subgroup) arc indicators of dysbiosis in the discasc state.

However, the standard 454 Life Scicnce process using a ligation step to link the
cermulston PCR adapters to the PCR amplicons and preduccs numerous artitacts in the
quantitation of the abundances of cach taxa m the samples. In the results displayed in Figure
3. woe algorithmically remowved chimeras, reverse reads and truncated products and filtcred the
data to remowve all taxa that were represcented by less than 5% abundance. Only then were we

able to see a correlation with disease state and specific microbial taxa.

EXAMPLE 4: Distortion of ¢he distribution of components of a microbial community by

directly ligating Emulsion PCR adapters onte PCR amnlicons.
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In onc experiment we uscd tagged PCR primers to amplify the componcents in
duplicate microbial community samples, ligated the Emulsion PCR adapters to these samples,
and then subjected these samples to separate pyrosequencing runs. The amplicons are
routinely run on an Agilent Bicanalyzer system before and after ligation to quantitate the
mixture before emulsion PCR. Figure 4 depicis a sample run on the Bioanalyzer before and
after direct ligation and clearly shows that the ligation step has drastically altered the
distribution of the amplicons,

Addutionally, we compared the normalized abundances of the component taxa
identificd by the multitag process after direet ligation of the Emulsion PCR adapters. In this
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 taxa arc diffcrent within a sample and between duplicate samples. In several cases, we
arc missing eatire familics in the comparison between duplicates. Table 3 summarizes the
differences between the forward primers and the reverse primers of the duplicate samples and
it is clearly stochastic with no predictable patterm. We hypothesize that this differential
ligation efficicncy could be due to a number of factors such as internal structure in the

amplicons or biases in the terminal nucleotide of either the adapter or amplicon.

Table 3 Daplicate Sample Analysis

hDP 9.0 FAMILY FORWARD PRIMERS RATIOS&EVERSE PRIMER RATIOS!
Acidamingcoccaceas 544.6% 125.0%
Actinomyceiales 144.0% 116.5%
Bactercidaceae 119.9% 124.5%
Cipstridiaceae 97.5% 99.4%
Comamonadaceae 198.0%
Corlobacteriales 181.5% 141.5%
Enterchacteriacese 4.2%
Eubacterigeese B8.0% 87.5%
Flavobacteriaceas 24.9%)]
Incertae sedis § 106.4% 143.0%,
Lachnospiraceae 176.8% 113.1%
Peptocpocaceas $1.0%
Peptostreptococcacead] 94.7% 115.4%
Porphyromenadaceae 99.0% 97.3%
Pravoteliaceasa 264.0% 88.1%
Rikeneliaceae 212.29% 106.1%
Streptococcaceas 74.3% 60.7%
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What is claimed is:

i A multiplex method for the quantitative determination of pelynucleotides in
two or more samples, comprising:

hybridizing a first primer to polynucleotides in a first 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 37 1o a vartable genctic region;

clangating primer templates formed thereby o form a first population of tagged
pelynucleotides comprising: said first primer inclading said first tag sequence; and sequences
of said variablc genctic region:

hybridizing a sccond primer to polynuclcotides in a sccond samplc, said sccond primer
comprising a second tag sequence and a second probe sequence specific for a second target
sequence, wherein said sceond target sequence s 37 o the same variable genetic region as said
first target sequence, wherein further satd second probe sequence may be the same as or
different from said first probe sequence;

clongating primer templates formed thereby 1o form a sceond population of tagged
polynucicotides comprising: said sccond primer including said second tag scquence; and
sequences of said variable genetic region;

mixing said first and second populations together;

determining sequences of polynuclcotides comprising rag sequences and the sequences
of the variable genctic cloment in said mixture;

from the tag scquences comprised in the polvnuclcotide scquences thus determined
identifying the sample in which polynucleotide scquences occurred;

from the sequences of the variable gonetic region comprised in the polynucicotide
scguences thus determined ideniifying particular variants of said varisble genctic clement;

from this information determumung the numbcer of time onc or more given variants
eccur in cach samplc, and

fram thc numbcer for cach variant in the polynucicetides thus detcrmined, quantifying
said polynucleotides in said samples;

wherein said sequences are determined without Southern blot transfer and/or without
size-scparating primer extetsion products and/or without clectrophoresis.

2. A multiplex method for the quantitative determination of polynucicotides in

two or more samples, comprising:
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hybridizing a first primer pair fo polynucicotides 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 sccond probe sequence specific for a sccond target scquence, whercin the first
and the second probe seguences flank and hybridize fo oppesite strands of a variable genetic
region;

clongating primer templates formed thereby to from a first population of tagged
pelynucieotides, each of said polynucieotides comprising: {a} the sequence of said first primer
of said first primer patr, a scquence of said variable genctic region, and a sequence
complementary to the scquence of said sccond 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 genctic region and the sequencc of said sccond primer of said first
primer pair;

hybridizing a second pnmer pair to polynucleotides in a second sample, the first
primer of said second primer pair comprising a third tag scquence and said first probe
sequences specific for said first target scquence and the sccond primer of said second primer
pair comprising a fourth tag sequence and said second probe sequence specific for said second
targct sequende;

clongating primer templates formed thereby fo from a sccond population of tagged
pelynueicotides, cach of said polynuclcotides comprising: {a} the scquence of said first primer
of said sccond primer pair, a sequence of said variable genctic region, and a sequence
complementary to the scquence of said sccond primer of said sccond primer pairor (b} 2
sequence complementary to the scquence of said first primer of said sccond primer pair, a
scguence of said variable genctic region and the scquencce of said sccond primer of said sceond
primer pair;

mixing said first and sccond populations together;

dctermining scquences of polynucleotides in said mixture, camprising the tug
scquences and the variable genctic eloment;

from the tag sequences comprised in the polynucleotide sequences thus determined
identifying the sample in which pelymiclcotide scquencces accurred;

from the scquences of the variable genetic region comprised in the polynucleotide

sequences thus determined ideantifying particalar variants of said variable genetic element;

i
Lh
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from this information determining the number of times given variants occur in cach
sample, and

from the number for each variant in the polynucliestides thus determined, quantifying
said polyvnucleotides in said samplcs.

wherein said sequences are determined without Soathern blot transfer and/or without
size-separating primer extension preducts andior without electrophoresis.

3, A micthod according fo claim 2, wherein the number of said polynuclcotides in
said first sample is any of 5, 18, 25, 50, 100, 150, 200, 250, 504, 1,000, 1,500, 2,000, 2,500,
3,000, 7,500, 10,000, 12,500, 15,0600, 17.500, 20,000, 25,000, 30,000, 35,000, 40,000, 50,000,
75,000, 100,006, 150,000, 200,000, 250.000, 500,000, 1,000.000 or more, and the number of
said polvnucleatides inn said second sample is any of 5, 10, 25, 50, 1060, 150, 204, 250, 506,
1,000, 1,500, 2,800, 2,500, 5,000, 7,500, 10,000, 12,560, 15,600, 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,
1.004,000 or more.

4, A mcthod according to claim 2, wherem the number of said samples and of
said different tags thercfor is 5, 10, 15, 20, 25, 30, 75, 100, 150, 200, 250, 504, 1.000, 2,500,
3,000, 10,000 or more.

5. A mcthod according to claim 2, wherein the tags are nuclootide sequences that
arc 4, 5,6, 7. 8.9, 10,11, 12, 13, 14, 15,16, 17, I8, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36 nucleotides long or any combination thercof,

6. A mcthod according to claim 2, wherein said tags arc comprised in primcers for
ampiification and arc incorporated into said pelynucicotides by amplification using said
primers.

7. A mcthod according to claim &, wherein the primer for amplification compriscs
a sequence tor PCR amplification, lincar amplification, transcriptional amplification, rolling
circle replication, or QB replication.

5. A mcthod according to claim 7. whercin the primer for ampitfication compriscs
a scquence for PCR amplification.

9. A method according fo claim 2, wherein each of said polynucleotides is
disposcd individually on a bead isolated from other polynucicotides.

18, A mcthod according to claim 2, wherein each of said polynucleotides is
disposed individualiy on a bead isolated from other said polynucleotides, is amplified while

disposed therein, and the amplification products thereof also are disposed on said bead.
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il A mcthod according to claim 2, wherein cach of said polynuclcotides is
disposed individually on a bead isolated from other said polynucleotides, is amplified while
disposed therein, the amplification products thercof also are dispoesed on said bead, and each

said bead ts disposed individually in a well isolated from other said beads.

iz, A method according to claim 2, wherein the sequences are determined by
pyrosequenging,
13, A micthod according to claim 2, wheorein said samples arc biological samples,

cach comprising one or more species.

14, A mcthod according to claim 2, wherein variants of the vanable genctic region
arc specific to particular erganisms.

15, A method according to claim 2, wherein said variable genetic region comprises
a variahle 168 rRNA sequence, a variable 188 rRNA scquence, a variable fRNA ITS
scquence, a mitochondrial sequence, a microsatellite sequence, a metabelic enzyme scquence,
andfor a genetic disease sequence.

6. A method according to claim 2, wherem the samples are microbial community
samples.

7. A method according to claim 2, wherein the samples are microbial community
samples for clinical analysis of a patient.

i8. A mcthod according to claim 2, wherein the samplces are microbial community
covironmental samples,

i9. A mcthod according to claim 2, wherein the samples are microbial community
soil samples.

20. A mcthod according to claim 2, wherein the samples arc microbial community

watcr samples.

2l A method according to claim 2, whercn the samples are samples for SNP
analysis.

22, A mcthod according to claim 2. wherein the samplces arc samples for
genotyping.

23 A kit comprising a plurality of twe or more primers, each primer in said

plurality comprising a tag scquence and a8 prebe scquence specific to a target scquence,
wherein:
{A)y  in each of said primers the probe sequence is 37 1o the tag sequence, but not

necessarily adjacent thergto;

)
he|
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(B) i cach of said primers: the tag sequence is diffcrent from the tag sequence of
the other in the plurality: the tag sequence s not the complementary sequence to any other tag
sequence in the plurality; the tag sequence does not contain any homedinucleotide sequences;
the junction sequences between the tag sequence and the adjacent parts of the primer, ifany, is
net @ homodinucleotide sequence;

() in each of said primers the probe sequence is complementary to the target
sequenee and the target sequence is located 37 to a variable gonctic region, and

(D)  cach of said primers is disposed separately from the others 1 containers m said
kit.

24. A kit according to claim 23, wherein cach of said primers further comprises 2
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 further comprising a primer complimentary
to and offcctive for polymerization from said priming scquence.

25. A kit comprising a plurality of twe or more primers pairs, each primer in said
plurality comprising a tag sequence and a probe sequence specific fo a target scquence,
wherein:

{A)Y  in each of said primer the prebe sequence is 3 to the tag sequence, but not
ngeessarity adjacent thereto;

(B) in cach of said primers: the tag sequence is different from the tag sequence of
the other in the plurality: the tag scquence is not the complementary sequence to any other tag
sequence in the plurality; the tag sequence docs not contain any homodinucleotide sequences;
the junction sequences between the tag scquence and the adjacent parts of the primer, if any, is
not & homodinuclcotide sequence:

{C) i cach of said primcrs the probe scgucnce is complementary to the target
scquenee,

(D) in cach primer pair the probe scquences are specific to target scquences that
flank & variablc genctic region;

(E} cach of said primers is disposcd scparately from the others in said kit

26. A kit according to claim 25, wherein the primers further comprise a priming
scquence 3 1o the tag scquence but not ncccssarily adjacent thercto, the priming scquence
cither is the same in all the primers, or one member of cach pair has the same first priming
sequence and the second member of each pair has the same second priming sequence, said kit

further comprising disposcd separately from onc another in one or more containers one or

&

tad
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more primers complementary to and cffective for clongation from said priming sequencc or

SEqUERCEs.
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FAMILY Forward PrimerReverse Primer RATIO  Forward Primed Reverse Primet RATID |

ADINOFD | ALDIOSRO {Forwars/Reverse| ALDJOOFP | ALDIOORP [Forward/Reversel

Acidaminnancracese 0.8% 0.9% 88.5% (,2% 0.5% 31.7%
Actmamycetslas 2.4% 1.40% 120.7% L% L7% 97.6%
Barternidacess 59.4% b2.8% 93.1% 48 7% 50.5% 06.6%
BruceRacsan 7.5% 3% 238.1%
Burkholderiscese 0.4% f.2% 184.9%
Clestridiacese 14,5% 9.6% 150.7% 14.5% 0.7% 153,7%
Lomamunaddiege 0.3% 0.2% 0,3% 55,5%
Coriohactorieles 0.8% 0.9% 94.8% 0.5% 0.6% 13.9%
Enterobactenapese 0.2% 3.6% 9% 124,1%
Elibactariaceas 1.8% 1.0% 1159% 21% 1.8% 118.2%
Flavobaciariasage (5% 1.3% 2% 62.9%
incertae sadia 9 3. %% 4,1% 78.8% 31% 7.49% 105,6%
Lachrospivacoas 5.7% 9. 7% 65.,6% 3.2% 7.7% 42,0%
Lagtohacitacess 1.3% 0.5% 269.4%
Pertonccacese 0.3% 0.2% 0.3% #3,2%
Fartustrato: 3.3% 1.3% 102.1% 3% 2,56 1234.4%
Phylloharteriaceas 1.6% 6,2% W%
Porphyremonadacose 21% 0% 10889 2% 20% 107.1%
Pravotallaceag 3.0% 2.0% 155,7% 1.2% 3.i% E2.0%
Hikenellaceas 1.1% 0.9% 129.3% 0.5% 0,3% 64.7%
Strertoonucacess 0.5% 0.3% 181.1% 0.6% 0.4% 147.8%
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1 25 49 73 97 121 145 169 193
AGACAG  |AGTGAG  |ATGCAG  |CATACA  |CGCTAG  |GCGCAG  |GTCACA  |TACTAG  TCAGAG
AGACGT  |AGIGCA  JATGCGT  |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 _ |ATATEA  |CACGCA  (CGACGT  |COTGCA  |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  TCICAG
AGTAGT  |ATCTCA  |CAGCGT  (CGCAGT  |GCATCA  |GTAGCA  |TACAGT  |TATGGA  |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
AGICTC  |ATGATC  [CAGTGT  |CGCGTC  |GCGATC  |GTATGT  |TACGTC  (TCACTC  |TCTGTC

2% 48 72 96 120 144 168 192 216
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FORWARD TAGGED ADAPTER PRIMER

Primer Pair ADAPTER & TAG Forward L6S rRNA Primer
i GCTTCCOTOECGCCATCAS AGACGT AGAGTTIGATCMIGGLITCAG
2z GCCTCCCTCREUGLTATCAG AZACTC AGAGTTIGATCMIGGCTCAG
3 GUCTCCOTCGLGCCATCAG ASAGTC AGAGTTTCATCMIGGECTCAS
4 CCCTCCOTOBUCGCIATCAS AGATET AGAGTITGATOMTIGHGITCAG
5 GCCTCCCTOGCGOCATCAG AGCAGT AGAGTTIGATCMTIGGLTCAS
5 SCCTCCCTCGECGCCATCAG AGCATC AGAGTTIGATCMIGGEITCAG
7 GUCTCCLTCGCOOCATCAS AGCSTC AGAGTTIGATCMTGGCTCAG
a8 CCCTCCCTCGCGECATCAG ARCTGRT AGAGTIIGATCMTGGLTCAG
9 GCOTCOCTOCSOGOTATCAS AGTAGST aGAGTTIGATCMTGRLTCAG

e GCCTCCLTCGCGLTATCAS AGTATC AGARGTTTIGATCMIGGCTCAG
13 GCCTCCOTOGCGLECATCAS AGTCGT AGAGTTIGATCMIGGEITCAG
12 GUCTCCCTCECGCCATCAS  ACTCTC AGAGTTIGATCMIGSGITCAG
13 GCCTCCCTCGCOTTATCAG GTGTC AGAGTITCATCMTGGTTCAG
14 GCCTCLCTCEUGCTATCAG ATACGT AGAGTITGATCMIGELITCAG

=) GUCTCCCTCGCGCCATCAG ATACTC AGAGTTIGATCMIGGITCAG
ie GCCTCCCTCECGLTATCAG ATAGTC AGAGTTIIGATCMIGGLTCAG
17 GCCTCCLTCECGLIATCAS ATATET AGAGSTITSATCMTIGSITCAG
ie GCCTCCCTCGCGLCATCAG ATCAGT AGAGTIICATCMIGGLITCAS
i@ GCCTLCCTCGCGLCATCAG ATCATE AGAGTTIGATIMIGGLTCAG
20 SCCTCCCTCGCGLCATCAS ATCGTE AGAGTTIGATCMICGCTCAG
21 GCCTCCCTCECGCCATCAG ATCTET AGAGTTIGATCMIGGTTLAG
22 GCCTCCOTCEOGLCATOAG ATGAET AGAGTTIGATCMTGGOTIAG
23 GCCTCCCTCGCGCCATCAS ATGATC AGAGTIIGATCMIGGITCAG
24 GCCTCCCTCGCGCTATCAG ATGCGT AGAGTIIGATCMTGGLTCAG
25 GUCTCCCTCGCGECATCAG ATGETC AGAGTTIGATCMTGGETCAS
26 GCCTCCLTCECGCCATCAG ATGSTET AGAGTTIGATOMIGGELITCAS
27 GECTCCCTCGUGECATCAS CACAGT AGAGTITGATCMIGGCTCAG
28 GCCTCCCTCGCGCCATCALS CACATC AGAGTTIGATCMIGGCTCAS
A=l GCOTCCCTCECGOCATCAS CACGTC AGAGTITIGATCMIGGITCASG
30 RCCTCOCTCGOGTOATCAG  CACTGT AGAGTYTGATCMTGGCTCAG
21 GCCTCCLTCECGCCATCAG CAGAGT AGAGTTIGATCMIGGLTCAG
32 GUCTCCCTCECGLCATCAS CAGATC AGAGTTIGATCMIGGTITCASG
33 GCOTCCCTCECGCCATCAG CAGCGT AGAGTTTGATCMIGGCTCAS
34 GUCTCCCTCGUGCCATCAG CAGCTC AGAGTITGATCMIGGEITCAS
35 GCCTCCOTCGCGCCATCAS  CAGTGT AGAGTITGATOMIGELTOAG
35 GCCTCCCTCGCGLLATCAG CATAGT AGAGTTIGATCMIGGEITCAG
37 GCCTCCCTCECGCCATCAG CATATC AGAGTTIGATCMTIGGEITCAG
3= GCCTCOLTCGOGOCATCAS CATCET AGAGTTISATCMIGEITCAS
eas) GCCTCCCTCGCOTCATCAG  CATCTC AGAGTTIGATCMTGGLTCAS
40 GCCTCCCTCECGLCATCAS CATGTC aGAGTTIGATCMIGGLTCAG
43 GCCTCCCTOGCGICATCAG CEACGT AGAGTTIGATCMIGGITCAG
G2 GCCTCCCTCEOGTTATCAS CEACTC AGAGTTIGATCMIGGITCAG
43 GUCTCCCTCECGLCATCAS CCAGTC AGAGTTIGATCMTGGCTCAG
44 GCCTCCOTCGCOCCATCAG CGATGT AGAGTITGATCMIGGLTCAG
45 GUCTCCCTOECGCCATCAS COCAGT AGASTTTGATCMTGECTLAG
45 GUCTCCCTCECGCCATCAG CGCATC AGAGTTIGATOMIGGUTCAS
47 GCCTCCOTCECGECCATCAS CHCGTC AGAGTTIGATOMIGGEITCAG
48 GCCTCOCTCGCGCCATCAS CGCTGT AGAGTTIGATCMIGGOTCAG
&9 SCCTCCCTCRUGUCATCAG CETAGT AGAGTIIGATCMIGGITCAS
5C GCCTCCCTCGCGLCATCAG CGTATC AGAGTTIGATCMIGGLTCAS
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FORWARD TAGGED ADAPTER PRIMER

Primer Pair ADAPTER A TAG  Forward 165 rRNA Primer
51 GCLTCCCTCGECOUCATCAG CGETCGET AGAGTTTGATOMTGGLTCAG
52 GULCTCCCTCECGUTATCAS  CGTCTC AGAGTITGATCMTGGCTCAG
53 GOCTCCCTOECGOCATCAG  IGTGLA AGACTITGATCMTGGCTCAG
54 GUITOCTTLEUGUCATCAG LOTGTC AGAGTTITGATCMTGGLTCAG
58 GCCTCCCTOGCGCCATCAS TACAGT AGAGTITGATCMTGGLTCAG
56 GCCTCCCTCGCGLCATCAS  TACATC AGAGTITGATCMTGGLTCAS
57 GCCTCCCTCECEICATCAS TATGTIC AGACTITGATCMTIGGUTCAG
58 GCCTCCCTOGCROCATCASG  TACTTGT AGAGTIIGATCMTGGCTCAS
=9 GCCICCOTCGCGCCATCAG TAGAGT AGAGTFHIGATCMIGGCTCAG
G GUCTCCCTLGCGTLATCAG TAGATC AGAGTIIGATCMIGECTCAG
61 GCCTCLCTCGCGTCATCAE  TAGCGT AGAGTTTGATOMTGGITCAG
62 GLCTCCCTOGCGCCATCAG AGCTC AGAGTTTGATCMTGGCTCAG
63 GUCTCCCTCECOLCATLAG TAGTGT AGACTITGATCMTGGLTCAG
64 GLCTCCCTCROGUCATCAS  TATAGT AGAGTITGATCMTGGCTCAG
&5 GCCTCCCTCECGCCATCAS  TATATC AGACTTITGATUMTGGECTCAG
64 GUCTCCCTCECGUCATCAGS  TATCGT AGAGTITGATCMTGGBCTCAG
&7 GCCTCCCTCLCGOCATCAG  TATCTC AGAGTITGATOMTGGCTCAG
&8 GCCTCCCTCGCSTCATCAS  TATGTC AGAGTITGATCMTGGLTCAS
&3 GCCTCCCTCGECGCCATCAG  TCACGT AGAGTITGATCMTGGITCAG
70 GUCTCCCTCGCGLCATCAG  TCACTC AGAGTTTGATCMTGGCTCASG
71 GCCTCCCTCECGICATCAG  TCAGTC AGAGTITGATCMTGGC TCAG
72 GUCTCCTTCECGUCATCAG TCATGET AGAGTITGATCMIGGCTCAG
73 GCCTCCCTCECGCCATCAG  TCGAGT AGAGTITGATCMTGGCTCAG
74 GCCTCCCTCECGTCATCAG  TCCATT AGACGTTIGATCMTGGCTCAG
75 GLCTCCCTIGCGOCATCAG  TOGCGT AGAGTITGATCMTGGLTCAG
Fisl GLOTCCCTCEUGLCATCAG TLGOTC AGACTITGATOMTGGLTCAG
77 GUCTCCCTCECGLCATCAG TCGTGT AGACGTITGATCMTGGITCAS
78 GCCTCCTTCECGLCATCAG TCTAGT AGAGT ITGATCMTGGLCTCAG
Vit GUCTCCCTOCCGCCATCALG TCTATC AGACTTITGATCMTGGCTCAG
2Q GCTICCOTCGOCGOCATCAG TCTCGT AGAGTTITGATCMTIGGCTCAG
81 GCCTCCCTCGCGCCATCAG  TCTCTL AGAGT ITGATCMTGGLTCAG
32 GUCTCCCTCGCGICATCAD TCTGTC AGAGTTTGATCMTGGCTCAS
83 GCCTCCOTOGCGLCATCAG  AGACAG AGAGTTITGATCMTGGCTCAG
g4 GCCTCCOTCGECOCCATCAG AGBGAG AGACGTH GATCMTIGGCTCAG
35 GCCTCCCTCECGICATCAG AGATAG AGACSTITGATCMTGGTTCAG
ity GCCTCCCTCGOGCCATCAS AGCGAL AGACGTTTGATOMTGGCTCAG
a7 GLCTCCCTIGCGITCATCAS AGTTAG AGAGTTTGATOMTGSGCTCAG
83 GUCTCCCTLGUGTCATCADS AGTCAG AGAGTTITGATCMTGGCTCAG
89 GUCTCCCTCGCGICATCAS AGTGAG AGAGTH GATUMTGGITCLAG
s GCCTCCCTCECECCATCAL ATACAG AGAGTITGATCMIGGCTCAG
o1 GCCTCCCTICCGUCATCAG LTAGAGC AGACTITGATCMTGGLITCAG
9z GCCTCCCTOCCGOCATCAS  ATATAG AGAGTITGATCMTIGGCTCAG
I3 GUCTCCCTCGCGUCATCAG ATCGAG AGAGTTTIGATCMTGSECTCAG
54 GULCTCCOTCGCGUCATCAS ATCTAG AGAGTTTGATCMTGECTCAG
Qs GUUTCCCTCGCGCCATCAG ATGCAG AGAGTITGATCMTGGCTCAG
Ei] GLCTCCCTCECGICATCAG ATGTAZ AGAZTITGATCMTGGELTCAG
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REVERSE TAGGED ADAPTER PRIMER

Primer Pair ADAPTER B TAG Reverse 165 rRNAPrimer
i GCLTTGCLAGLLCOGITLAS AGACTET GLTGCCTCCOGTAGSAGT
2 GCCTIGCCAGCCCGOTCAS AGHMCTC GUTGCCTCCOGTAGGAGT
3 GCCTIGCCAGCCCECTCAG AGAGTC GUTGCLTCCCGETAGGSGT
-4 GUCTTGCCAGCCCGCTCAS AGATET GUTGCCTCCOGTAGGAST
5 GCLTTGCCAGCCCGOTCAG AGCAST GTUTGCCTCCCGTARGRGT
[} GCOTTGCCAGLCCGITLAG ACGCATC GCTGCLTCCCGTAGGAGT
7 GCCTTGCLAGCLCGCTCAG AGCGTC SCTGCLTCCOGTAGGAGT
a8 GCCTTGCCAGCCCGEITCAG AGUTGEY GUTGCCTCCOGTAGGAGT
3 GCCTTGTCAGCCEGCTLAG ACTAGT GUTGCCTCCOGETAGGAGT

10 GCCTTGCCAGCCCECTLAS AGTATC GUTGCCTCCCGTAGGAGT
11 GCCTTGECTLAGRCOGEITCAS AGTOGT GCTGCLTCCCGTAGGAGT
iZ GCLTTGCLCAGLLCGLUTCAG AGTCTC GCTOCCTCCCETAGGAGT
12 GCCTTGCTAGCCCEITCAG ACTETC SCTGCCTCCCCTAGGASGT
14 GCITTGUCAGCCCGCTCAG ATACGET GUTGUCTCCOGTAGEAGT
i3 GCCTTGCCAGCCCGCTCAG ATAZTZ GOTGUCTCCCGTAGGAGT
18 GECTTGLCAGLCCGOTLAG ATAGTC GUTGCCTCCCGTAGEAGT
iz GCCTTGCTAGCCOGECTCAG ATATGT GCTGCLTCCCCTAGGAGT
i3 BCCTTGCCAGCLCHEITCAG ATCAGT GCTGLLTCCCTTAGGAGT
iz GCCTTGCCAGCCCECTCAG ATCATC GCTGCCTCCOGTAGEAGT
20 GCCTTGLCAGTCCCGLTCAG ATCGTC GLTGUCTCCLGTAGGAGT
Z1i GCCTIGCCAGCCCGCTCAS ATCTGT GUIGCCTCCCGTAGEEGT
2z GCCTTGCCAGCCCGCTCAG ATGAGT GUTGCCTCCCGTAGGAGT
23 GCOTTGCIAGCCCGITCAG ATGATC GCTGCCTCCOGTAGGAGT
24 GCCTTIGCCAGCCCEITCAG ATGCET SCTGCCTCCCETAGGAGT
25 GCCTTGCLAGCCCGLTLAG ATGCTC SUTGCCTCCOGTAGGAGT
25 GCCTTGCCAGLCCGLTCAS ATGTCT GCTGLCTCCCCTAGCAGT
27 GCCTIGCLAGCCOGLTIAS CACAST GCTGCCTCCCCTAGTAGT
=z GCOTTGCCAGTCCETTCAG CACATC GCTGUCTCCCETACZGAGT
22 GCCTTIGCCAGTCCECTCAG CACGTC GCTGCCTCCOGTAGGAGT
3 GUCTTGCCAGCCCEITCAG CACTGT GCTGUUTCCCGTAGGEAGT
31 SCCTTOCLAGCLCGLTCAG CAGEGT GCTGCCTCCOGTAGTAGT
3z GCCTTGCCAGLCCELTLAS TAGATC GCTGCLTCCOCTAGEAGT
33 GCCTTGCCAGCLCCCLTCAG CAGCOT GCTGCOTCCCCTAGTALST
34 GUCTTIGCCAGCCUGEITCAG CAGTTC GCTGCCTCCCCTAGGAGT
35 GCCTTGCCAGCCCGLTCAG CAGTGT GUTGCCTCCCGTAGGAGT
I GCCTTGRCCAGCCCELTCAD CATAGT GUTGCCTCCCGTAGCGAGT
37 GCCTTGCLAGCLCGITCAG CATATC GLIGCLTCCCCTAGGAGT
a8 GCTTTGLTAGCCCGEITCAG CATCGT GCIGCCTCCLCTAGGAGT
32 GCCTIGLCAGCCCECTCAG TATCTC GCTGLCTCCOGTAGGAGT
4 GCCTTGCLCAGUCCGLTCAR CTAHTCTC GCTGLCTCCCGTAGGASG T
41 LCCTTGCLAGCCCGUTCAG CEATGET GUIGCCTOCCGTAGRAGT
42 GCCTTGCCAGCCOGCTCAG CEACTC GCTGCOTOCCETAGRAGT
432 GCITTGLCAGCCCGITCAS CCAGTC GCTGCLTCCCCTAGGAGT
B4 GCITIGCCAGCCCECTCAS CEATGET GCTGCCTCCCETAGEAGT
45 GUCTTGCCAGCCCGOTCAG CECAGT GUTGCCTCCCGTAGGAGT
45 GUICTTGCLAGCLCRETLAG CGCATC GOTGCLTUCCGTAGTGAGT
47 GCITTGLCAGCLCGEUTCAG CECGTC GUTGCLTCCCETAGGAGT
48 GCITTGCOAGCCCEOTCAG CCECTET GOTGCUTCCCGTAaGEAGT
42 GUITIGCCAGCCCGECTCAL CETAGT GUTGCCTOCCGTAGGAGT
50 GCCTTGCCAGCCOGOTTAG CETATC GCTGCCTCCOGTAGGAGT
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REYERSE TAGGED ADAFPTER PRIMER

Primer Pair ADAPTER B TAG Reverse L6S rRNAPrimer
5t GCCTTGCCAGTCCGCTCAG CGTCGET GCTELCCTCCCGTAGGAGT
52 GLCTTGCCAGCTCGLTCAG CETLTC GCTGLCTCCCGTAGGAGT
53 GCCTTGCCAGCCCGCTCAG CGTSECA GCTGLCTCCCGTAGGAST
54 GCCTTGCCAGTCCGCTCAG CGTGTC CCTGCCTCCCGTAGGAGT
55 GCOTTGCCAGOCCGOTCAG TACAGT CCTGCCTCCCGTAGGAGT
56 GUCTTGCCAGTECGETCAG TACATC GCTGCOTCCCGIAGGAGT
57 GCCTTGCCAGCCCGLTIAG TACGTC GCTGCCTCCCGTAGGAGT
58 GCCTTGCCAGTCCGCTCAG TACTGT GCTGCCTCCCGTAGGAGT
59 GUCTTGCTAGCCCGCTICAG TAGAGT GCTGCCTCCCGTAGGAGT
S]] GCCTTGCCAGCCCGCTCAG TAGATC GCTLLCCTCCCGTAGGAGT
=31 GCCTTGCCAGCCCGCTCAG TAGCGT CCTGCCTLLCGIAGGAGT
62 GCCTTGCCAGCCCGCTTAG TAGCTC GCTGCCTCCCGTAGGAGT
63 GUCTTGCCAGICCGCTCAG TAGTGT GCTGCCTCCCGTAGGAGT
64 GCCTTGCCAGICCGOTTAG TATAGT CCTGCOTCCCGTAGGAGT
(<) GCCTTGCCAGCCCGCTCAG TATATC GCTGCCTCCCGTAGGAGT
65 GCCTTGCCAGCCCGITCAG TATCGT GCTGCCTCCCGTAGGAGT
57 GCCTTGCLAGCCCGLTCAC TATCTC GCTGCOTCCCGTAGGAGT
&8 GCCTTGCCAGCCCGOTCAC TATGTC CGCTGCCTCCCGTAGGAGT
5] GCCTTGCCAGUCCGCTTAG TCALGT CGCTGCCTCCCGTAGGAGT
70 GCOTTGECCAGICCGOTIAG TCACTC CGCTRCCTCCCGETAGGEAGT
7t GLCTTGCCAGCCCGCTCAT TCAGTC GOTGLCTCCCGTAGEAGT
72 GLCTTGCCAGCTCGCTCAC TCATGT GCTGECTCCCGTAGGAGT
73 GCCTTGCCAGCCCGCTCAG TCGAGT GCTGCCTCCCGTAGGAGT
74 GCCTTGCCAGCCCGCTCAG TCGATC CCTGCCTCCCGTAGGAGT
75 GCCTTGCCAGCCCGLTCAG TCGCGT COTLCCTCCCGTAGGAGT
76 GCCTTGCCAGCCCGOTCAG TCGCTC GCTGCCTOCCGTAGGAGT
77 GCCTTGCCAGCCCGCTCAG TCGTGY GCTGCCTCCCGTAGGAGT
78 SCCTTGCCAGCCCGITCAL TCTAGT GCTGCCTCCCCTAGLGAGT
75 GCCTTGCCAGCCCGCTCAG TCTATC GCTGCCTCCCGTAGGAGT
80 GCCTTGECCAGCCCGCTCAG TCICGT GCTGCCTCCCGTAGGAGT
B8i GCCTTGCCAGTCLCGLTCAG TCICTC GCTGCCTCCCGTAGGAGT
Bz GCCTTGCCAGCCCGCTCAG TCTGTC GCTGCCICCCGTAGGAGT
83 GCCTTGCCAGCLCGETOAG AGAGCA GCTGCCTOCCGTAGGAGT
54 GLCTTGCCAGCCCGCTCAG AGATLCA GUTGLCTCCCGTAGGAGT
85 GCCTTGCCAGCCCGCTCAG AGCACA GCTGCCTCCCGTAGGAGT
86 GCCTTGCCAGCCCGLCTTAG AGTGCA GCTGLITCCOGTAGCGAGT
87 GLCTTGCCAGCLCGITIAG AGCTCA GCTGCCTCCCGTAGGAGT
58 GCCTTGCCAGCCCGCTCAG AGTACA GCTGUCTCCCGTAGGAGT
38 GCCTTGCCAGCCCGCTCAG AGTGCA CCTGCCTCCCGTAGGAGT
20 GCCTTGCCAGCCCGITCAG ATAGCA GCTGCCTCCCGTAGGAGT
91 GLCTTGCZAGTOCGITCAG ATATCA GCTGCCTCCCETAGGAGT
22 GCCTTGCCAGCCCGCTCAG ATCACA GCTGCCTCCCGTAGGAGT

3 GCCTTGCCAGCCCGTTCAG ATCGCA GCTGCCTCCCGETAGGAGT
94 GCCTTGCCAGCCCGLTCAG ATCTCA CCTGCCTCCCGTAGGAGT
335 GLCTTGCCAGCCLGCTCAG ATGACA CGCTGCCTCCCGTAGGAGT
56 SCCTTGCCAGCCCGOTTAG ATGTCA CCTGCCTCCCGTAGGAGT
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............................................................................................ BMTDB o i
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Jaddressable or identifierynear3 FPRS;, EFPO;

{sequence same cell near5 (type or JPO;

dindividual$3 or single) DERWENT,;
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Application/Control No.

Applicant{s)yPatent Under
Reexamination

Search Notes 14792004 BRENNER ET AL,
H“m”l” ‘ ‘H ‘ ‘l”IHIH H H’ ‘Mm - .
NARAYAN BHAT 1634
CPC- SEARCHED
Symbol Date Examiner
C12Q 1/68, C12Q 1/6874, CO7H 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.
history in EAST.
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
Reviewed the copending applications for the inventors in PLAM and 1/6/16 Bhat N.
copending claims for potential ODP issues.
Reviewed the prosecution histeries of copending applications resuliing in 1/6/16 Bhat N.
the issuance of patenis.
Reviewad the cited arts in the 1DS of 10/9/15. 1/6/16 Bhat N.
searched for the iopics in EAST, Pubmed and Google scholar. Search 1/6/16 Bhat N.
hisiories are enclosed.
Updated the search for the topics in EAST. Search history is enclosed. 7117/16 Bhat N.
G120 1/68, G120 1/6874, CO7H 21/02 and C40B 30/04 1/6/16 Bhat N.
Undated the search for the topics in EAST, Pubmed and Google scholar.
Search histories are enclosed.
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
NARAYAN BHAT!

Primary Examirer. Art Unit 1634

U.S. Patenl and Trademark Office

Part of Paper No. - 20170124
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UNITED STATES PATENT AND TRADEMARK OFFICE

USPTO Automated Interview Request (AIR)

Fab 27 2217

This paper reguesting to schedule and/or conduct an interview is appropriate because:

Thig submissicn iz requested Lo be accepted as an authorization for this
intervisw to communicate via the intarpst. Recognizing that Internet
communications are nct sscure, I hereby authorize the USETO to communicate with
the undesrcignsd concerning scheduling of the interview vwia wideo conference,
inatant messaging, o©or elsectronic marl, and te condact the interview 1in accordance
with ocffice practice including video conferencing.

lame {5)
Garg: Talukder

EZ-signature:
/Gargl Talukder /s

Registration HNumber:
51368

U.S. Aapplication MNumber:
14752094

Confirmation bhamkor:
9697

E-mail Address:
gargi.talukdermerganlewis.com

Phone MNumber:
4154421264

Proposad Time of Interview:
3-16-2017 3:00 PM ET

Preferzd Interview Tyvpe:
Telephonic

T am the applicant or applicant’s repregentative for this application.

’ UNITED STATES
PATENT AND TRADEMARK CFFICE

PATM-SILVER
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UnNITED Statis PATENT AND TRADEMARK O1HI1C)1E

UNITEI STATES BEPARTMENT OF COMMERCE

United Patent! and Tredemark Olice

Address: COMMI R FOR PATENTS
14) B,
Al 223131450
WLl

APPLICATION NG ] VILING DAL ] FIRST NAMED INVENTOR l,\'l TORNEY BOCKIL NG l CONFIRMATION NO. I
1HT92,094 076/2015 Sydney Breaner 14371-5016- U805 9657
43854y Fau0 O30T e q
. Ttk ; - IEXAMINER
MORGAN, [LEWIS & BOCKIIS LI (51 I I
One Market, Spear Street Tower, Suite 2800 HIAT NARAYAN KAMERITWAR
San ranciseo, CA 94105
I ART UNTT I PAPER NUMBER I
1634
I NOTIHICATION BATIE I DELIVIRY MGDI I
032172007 ELECTRONIKS

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):

slipdocketinmg @morganlewis.com
domald. mixon @ maorganlewlis.com

FLO] A90A (Rev. 02437
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Application No. Applicant{s)

) . , 14/792.094 BRENNEF ET AL.
Applicant-Initiated Interview Summary
Examiner Art Unit
NARAYAN BHAT 1634

All participants (applicant, applicant’'s representative, PTC personnel):

{1} Examiner: Bhat. (3)

{2} Representative: Ms. Talukder. {4) .

Date of Interview: 18 March 2017

Type: X Telephonic [] Video Conterence
] Personal [copy given to: [] applicant  [] applicant's representative]

Exhibit shown or demonstration conducted:  [] Yes X No.
If Yes, brief description:

Issues Discussed [1101 112 Kio2 K103 [Others

(For cach of the checked bosiesy above, please deseeibe below the issee and detailed deseription of the discussion)
Claim{s) discussed: 40.
Identification of prior art discussed: Braverman.

Substance of Interview
(For cach issue discussed. provide a deiailed deseription and indicaie i agreonent was ceached, Somwe opics may inclode: identificaiion ot Cadbication of a
relerence or a portion thereol. claim interpretation. proposed amendments. acguments ol any applicd wlorences e )

in view of Automated Interview Request filed on 2/27/17, the interview was scheduled on 3/16/2617. The
representative discussed that claim 40 languages are similar to the alfowed claims of US 8,678,756 and 8,563,274 and
further specifies the nucleic acid is from first and second isolated single cells and thus would be non-obvicus over
Braverman. The examiner informed that the alfowed claims require "different segimentis of a first nucleic acid molecule
of a contiguous region in genornic DNA, wherein said contiguous region in genomic DNA is represented by a plurality of
nucleic acid molecules” which is different from what s claimed in claim 40 and there are no support for the phrase
‘isofated single cell” in the instant specification and the recitation of "first and second isolated celi” could be the same.
The representative asked if the support for said phrase is identified in the instant specification, will the pending claims
be aliowable. The exaniiner informed that instant clain 40 would be obvicus gver the arts of the record. No specific
claim languages were agreed upon during the infervigw .

Applicant recordation instructions: The formal written reply to the lasi Office action must include he subsiance of the interview. {See MPEP
section 713.04). It a reply 1o the last Cffice action has already been filed. applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date. or the mailing date of this interview summary form. whichever is later. 1o file a staternent of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713,04 for compleie and proper recordation including ihe identification of the
general thrust of each argument or issue discussed. a general indication of any other periinent matters discussed regarding patentability and the
general results or cutcome of the interview, to include an indication as to whether or net agreement was reached en the issuss raised,

X Attachment

NARAYAN BHAT/
Primary Examiner, Art Unit 1634

U3 Palent and Trademark Qif ge
PTOL-213 (Rev, 8/11/2010) Interview Summary Paper No, 20170316
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Sommary of Record of [nlerview Requirements

Manttal of Patent Examining Procedure (MPER), Section 712.04, Substance of Interview Must be Made of Record
A complate wrilen statement as 1o the substance of any face-to-face. video conference. or telephong interview with regard 1o an application must be made of record in the
application whelher or not an agreement wilh the examiner was reached at Ihe interview

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragragh (b}

In every inslance where reconsideration is requested in view of an inlerview wilh an examiner. a complete written slatemenl of Ine reasons presented al Ihe inlerview as
warranling lavorable action musl be filed by the applicant. An interview does not remove the necesaily for reply lo Oilice action a3 apecilied in $§ 1.111.1.135. (35 U.S.C. 132

37 CFR §1.2 Business lo be transacted in wriling
All business wilh the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or Iheir attorneys or agenls at the Patenl and
Trademark Office is unnecessary. The aclion of the Palent and Trademark Office will be based exclusively on the writien record in the Office. No altention will be paid 1o
any alleged oral promige. stipulation, or understanding in relation 10 which there is disagreement or doubl.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
ingomplate through the failure ic record the substance of interviews,

Itis the responsibility of the applicant or the allorney or agent to make the substance of an interview of record in the application file. unless
the examiner indicates he or she will do so. [t is the examiner’s responsibility to see that such a record is made and o correct material inaccuracies
which bear direcily on the question of patentability.

Examiners must complete an Inferview Summary Form for each interview held where a matier of substance has been discussed during the
inferview by checking the apprepriate boxes and filling in the blanks. Discussicns regarding enly procedural matters. diraciad selely to restriction
requirements for which inlerview recordation is otherwise provided for in Section 812.01 of the Manual of Palent Examining Procedure. or pointing
out typographical errors or unreadable script in Office actions or the like. are excluded from the interview recordation procedures below. Where the
substance of an inlerview is completely recorded in an Examiners Amendment. no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file. and listed on the
“Contents™ section of the file wrapper, In a persenal interview, a duplicate of the Ferm is given o the apglicant (or atterney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’'s correspondence address
either with o prier o the next official communication. If additional correspondence from the examiner is not likely belfore an allowance or if other
circumstances dictate. the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

- Application Number {Series Code and Serial Number)

—Name of applicant

—-Name of examiner

- Date of interview

- Type of interview {lelephonic. video-conference. or perscnal}

—Name of participant(s) {(applicant. attorney or agent. examiner. other PTO personinel. etc.}

- An indication whether or not an exhibit was shown or a demonsiration conducied

= An identification of the specilic prier ar discussed

— Anindication whether an agreement was reached and if so. a description of the general nature of the agreement (may be by
atlachment of & copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
ne resirict furiher action by the examiner {o the confrary,

= The signaiure of the examiner whe conducted the interview (if Form is not an atlachmeni o a signed Otiice action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted. however. that the Interview Summary Form will notl normally be considered a complete and proper recordation of the interview
unless itincludes, or is supplemented by the applicant or the examiner {o include, all of the applicable items required below congerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducied
) an identification of the claims discussed.

1 an identification of the specific prior an discussed

) an identification of the principal proposed amendments of a substaniive nalure discussed, unless ihese are already described on the
Interview Summary Ferm compleied by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

{The identification of argumenis need not be lenglhy or elaborate. A verbalim or highly delailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understoad in the context of the 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 to the examiner.)

8) a genaral indication of any other pertinent matters discussed. and

7) if appropriate. the general resulls or cutcome of the interview unless already described in the Inferview Summary Form compleled by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. [f the record is not complete and
aecurale. the examiner will give the applicant an extendable one month time periad to correct the record.

2
3
4

Examiner 1o Check tor Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the exarminer'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 the substance of the interview along with the date and the examiner's initials.
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Conlinuation Sheet (PTOL-413} Application No. 14792094

Attachment: IMIS (2)
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From: 20 Autommated intenvaw Baoumat

To: Bhat, Naravan

Ce: T Automatad | i o1l

Subject: USPTO Automated Interview Reguest (AIR): Action Beguired - Received interview for US Application Number
14792094

Date: Monday, February 27, 2017 2:37:33 PM

Importance: High

NARAYAN BHAT.

This is an Automated Interview Reguest {AIR} made by Gargi Talukder for applicaticn
number [4792094 for 3-16-2017 3:00 PM ET. The preferred interview type is: Telephonic.
Please respond to this interview request within 1 business day.

Please contact Gargi Talukder by calling 4134421266 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, |
hereby authorize the USPTQ 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,

from your TC or see

If you need assistance please contact your SPE. an
Quick Beforence Guide. Thank you.

Please donot reply to this message: it was sent [rom an virnonitored e-mail address.
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From: Jarai

To: Bhat, Naravan

Subject: RE: In preparation for Interview on March 16, 2017 for USSN 14/792,094 {MLB Ref: 104371-5016-U3D5) 3.30
EST

Date: Wednesday, March 15, 2017 4:46:63 PM

Txaminer Bhat

aoallat 320 m STROTTRW,

Gargi Talukder, J.D., Ph.D.

Morgan, Lewis & Bookius 1P

One Market, Spear Street Tower | San Francisco, CA 94105

Direct: +1.415,442,1266 | Main: +1,415.442,1000 | Fax: +1.415,442.1001

Assistant: Ronn R Uchihara | +1.415.442.1715 | gnn.uchihara@morganlewis com

From: Bhat, Narayan [mailio:Narayan.Bhat@USFTO.GOV)

Sent: Wednesday, March 15, 2017 1:36 PM

To: Talukder, Gargi

Subject: RE: In preparation for Interview on March 16, 2017 for USSN 14/792,094 {MLB Ref. 104371
5016-US05) 3.30 EST

ey T e
ST W

Lomorrow &

THIDET A

firmary Examiner,
meen 3008, TC 1800, USPTQ, DCC, Alexandria, VA-Z2313
T 8741.270.85

Fax: 87127

v

From: Talukder, Gargi [fnailtocargiialukderf@morganicwis.com)
Sent: Wednesday, March 15, 2017 4:29 PM
To: Bhat, Narayan <darayan Bhal@UsPTC G0V>

Subject: FW: In preparation for Interview on March 16, 2017 for USSN 14/792,094 (MLB Ref:
104371-5016-U505)
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Gargi Talukder, J.D., Ph.D.

Morgar, Lowis & Hooking LLF

One Market, Spear Street Tower | San Francisco, CA 94105

Direct: +1.415.442.1266 | Main: +1.415.442.1000 | Fax: +1.415.442.1001
gargitalukder@morganiewis. com | www . morganlewis, com

Assistant: Ronn R Uchihara | +1.415.442.1715 | ronnuchihara@morganlewis.com

From Talukder Garg| e e e e e et e e e e e e oo
Sent Monday, February 27 2017 5:46 PM
t—.

Oc Gioss Shella R
Subject: In preparation for Inierview on March 18, 2017 for USSN 14/792,094 (MLB Rei: 104371-5016-
U05)

Dear Examiner Bhat,

Thank you for taking the time to speak with me today, and | look forward to our further discussionin
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 en which we modeled the claims for the
current case.

Best regards,
Gargi Talukder

Gargi Talukder, J.D., Ph.D.

Morgan, Lewis & Bookius LLP

One Market, Spear Street Tower | San Francisco, CA 94105

Direct: +1.4165,442,1266 | Main® +1,415.442,1000 | Fax: +1.415.442 1001
gargitalukder@meorganiewis.com | www.morganlewis.com

Agsistant: Fonn R Uchihara | +1.415.442.1715 | ronn,uchihara@meorganlewis.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 werk product,
If you are not an intended recipient. you may not review,

copy or distribute this message. If you have received this

communication in error, please notify us immediately by

e-imail and delete the original message.
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PATENT
Attorney Docket No. 104371-5016-US05

IN THE UNITED STATES 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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Application No. 14/792,094
Attorney Dacket No.: 104371-5016-US05
Response fo Office Action dated: February 1, 2017

Amendments to the Claims:
This listing of claims will replace all prior versions, and listings of claims in the application:
Listing of Claims:

1-39 (Cancelled)

40, (Currently amended) A method of analyzing nucleic acids, the method comprising:

(a) providing a first phurality of segments of nucleic acid molecules from a
contiguous region of a genome [rom a first single isolated cell, wherein each of
the first plurality of segments is appended to a first multiplex identifier (MID)
sequence prior to ot during an amplification reaction to form first appended

segments;

{b} providing a second plurality of segments of nucleic acid molecules from 2
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 (1) 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).

B2/ 31133281.2
Page 2 of 12
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42.

43.

44.

45.

46.

47.

48.

49,

50.

51

Application No. 14/792,094
Attorney Docket No.: 104371-5016-US05
Response to Office Action dated: February 1, 2017

{Previously presented) The method of claim 40, wherein the nucleic acid molecutes

are selected from DNA and RNA.

{Previously presented) The method of claim 42, wherein the nucleic acid molecules

comprise mRNA,

{Previously presented) The methad of claim 40, wherein the MID sequences are

appended to the segments through ligation.

{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.

(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.

(Previously presented) The method of claim 40, wherein the MID sequences further

comprise a sequencing primer sequence.

(Previously presented) The method of ¢laim 40, wherein the MID sequences are from

2 to 100 bases in length.

(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.

(Previously presented) The method of claim 40, wherein the segments of (a) and (b)

are 400 bp or less in length.

{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 & third MID sequence to produce third

DB2/31133281.2

Page 3 of 12
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Application No. 14/792,094
Attorney Docket No.: 104371-5016-U805
Response io Office Action dated: February 1,2017

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 configuous 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 eontmon
MID sequence that is different from an a 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 centiguous nucleic

acid sequence is from a second single isolated cell.

55. (Previously presented) The method of ¢laim 53, wherein sequences of the fragments

are attributed to different single isolated cells based on the associated MID sequence.

DB2/ 31133281.2
Page 4 of 12
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Application No. 14/792,094
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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 40-53 are pending and under consideration in s application. Claims 40 and 53

have beer 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 ditferent 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
10 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
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Fxaminer indicated he may need to conduct further searches depending on any new amendments

to the claims.

Response to Office Action

Claim Objections

Claim 353 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.8.C. § 112 (pre-AlA), 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 commen 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, “Ifa
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., Fas-Cath, 935 F.2d at
1563, 19 USPQ2d at 1116; 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
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from different sources, including “different tissues or cells.” See page 8, line 5 of the presemt
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, first full paragraph of the specification 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 suificient, 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 identifving

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 tenin “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 {ragments of & 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 53-53 are rejected under 35 U.S.C. § 112(b} or 35 U.8.C. § 112 (pre-AlA),
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-AlA the applicant

regards as the invention. Applicants respectfully disagree.
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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 thaf the claim recites that
fragments of a first contiguous nucleic acid sequence share a MID sequence that is different from

a MID sequence of fragments of a 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.5.C. § 103 as being allegedly anticipated by
Braverman et al., US 2009/0105939 (“Braverman™) in view of Drmanac, 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 fo 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 certain
known elements, discovery of a successful means of combining them is more likely to be
nonobvious.” KSR Ini'l Co. v. Teleflex, Inc., 550 U.S. 398 (2007) citing United States v. Adams,
383 U.S. 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), ceri. 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
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J0028] Toward its purpose of producing rucleic 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 methoed 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 information. For example, Drmanac
states that “When the fragments in the final tier are sequenced, overlapping sequence regions of
fragments in different aliguots 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 Drmanac is that different aliquots at most
contain one molecule of a particular sequence of interest: “A cormmon feature in all applications
of this invention {genome sequencing, SNP or other marker mapping or cDNA analysis) is
aliquoting nuecleic 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 [0017]. The skilled artisan would have no reason to use the teachings of
Drmanag in combination with those of Braverman to practice the claimed invention, because the
purpose of Drmanac 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 celi 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
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sequencing overlapping segments from the original isolated cell. As such, the skilled artisan
would have no expectation of success in practicing the claimed invention based on the combined
teachings of Drmanac 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 & 4ssoc., Inc.
v. Garlock, Inc., 721 F.2d 1540, 220 USPQ 303 (Fed. Cir. 1983), cerr. denied, 469 U.8. 851
(1984). MPEP § 2141.02. When taken as a whole, Drmanac does not support a rejection for

obviousness.

Applicants further submit that the combined teachings of Braverman and Drmanac fail to
disclose or suggest elements of the claims, including 2 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 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 Drmanac 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.
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Claim Rejections — Double Patenting

Claims 40-55 ave 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 {UUS
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 of Drmanac.

Applicants respectfully request that this rejection be withdrawn.
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CONCEUSION

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 [.17, which may be required,
in¢luding any required extension of time 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.

Respectfully submitted,
MORGAN, LEWIS & BOCKIUSLLP

’

S
Dated: Mgy ) 2017 By~ ey saducte
Customer No.:{ #3830 - Gérei 3?11; ‘der, Reg. No, 61,368
Morgan, Lewis & Bockius LLP
One Market, Spear Street Tower
San Francisco, CA 94105
Telephone: {415) 442-1000
Faesimile: (415) 442-1G01
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Application/Control Number: 14/792,094 Page 2
Art Unit: 1634

Final action
1. The present application is being examined under the pre-AlA first to invent
provisions. This office action is in response to the papers filed on 5/1/2017. The
amendments {0 independent ¢laims 40 and 53 changing the scope of previously
rejected said claims necessitated the new grounds of rejections as set forth in this office

action. Accordingly this office action has been made final.

Track1 Request
2. Track1 request filed by the applicant on December 22, 2016 has been granied by
the office on January 10, 2017. Therefore instant application has been examined on a
priority basis. To mainiain its status applicant is required tc follow the requirements
listed in the Track? grant document.
3. The present application is being examined under the pre-AlA first to invent
provisions. The instant application is a continuation of 14/172,634, now U.S. Patent
9,102,980, which is a continuation of 14/0621,790, 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 abandcned, 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
provisicnal application 61288792, filed on 12/21/2009 and from provisional application

61235595, filed on 08/20/2009.
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Claim Status
4. In the ¢laim listing of 5/1/2G17 ¢laims 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 ¢laim 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, Refections 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-AlA first
paragraph has been withdrawn in view of ¢laim 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-AlA 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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not teach the step of appending MID sequences prior to or during an ampilification
reaction and sclely {0 expedite the prosecution (Remarks, pgs. 8-10}.
10.  The previous ODP rejections on the record have been withdrawn necessitated by
the claim amendments. The arguments regarcing ODP rejection of instant ¢laims 40-585
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-AlA 35 U.S.C. 103{a} as being unpatentable
over Gillevet (WG 2008/061193, cited in the previous office action) in view Wangh et al
(US 2003/0022231 published Jan 30, 2003).

Gillevet and Wangh teach a method for analyzing nucleic acid frem plurality of
samples and therefore are anzlogous arts. Gillevet 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 10

10x Genomics, Inc. Exhibit 2004
Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00829



Application/Control Number: 14/792,094 Page 5
Art Unit: 1634

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 isclated 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 twe isclated single
cells.

Regarding claim 40, Gillevet teaches a multiplex methed for the quantitative
determination of polynucleotides in two or more samples, comprising: hybridizing a first
primer to polynuclectides in a first sample, said first primer comprising & first tag
sequence {i.e., a first multiplex identifier (MID)) and & 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 pelynucleotides in a second

sample, said second primer comprising a second tag sequence {i.e., & second MID) and

a second probe sequence specific for a second target sequence, wherein said second
target sequence is 3' 1o 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 secend primer including said

second tag sequence {encompasses the step of appending second MID); and
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sequences of said variable genetic regicn; 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 polynuclectide 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 pelynucleotides thus determined, quantifying said polynuclectides in said
samples (Fig. T 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 t¢ 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 methed, wherein nucleic acid molecules are isolated from single cell from a
sample (Wangh claims 25 and 45) and further teaches that the nucleic acid centent
from the single cell are useful for a variety of uses, including research, forensic science
and diagnostic applications {paragraphs 0187-0202), thus providing metivation to
include to use of isclated 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 seme routine optimization is necessary which is
within the skills of one having ordinary skill in the art and maetivation to include the
missing step of use of isolated single cell comes from Wangh and not gleaned from the
instant inventicn, 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 cbvicus 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 invelves 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 tc the MI[Y sequence before determining the nucleic acid sequence (pg. 18,

lines 14-18).
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Regarding claims 42 and 43, Gillevet teaches that the nucleic acids are DNA (pg.
18, Iine 25) and RNA (pg. 9, lines 24 and 25). Wangh teaches nucleic acid molecule is
mBNA (paragraph 0048).

Regarding claim 44, Gillevet 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,
Gillevet 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 48, as discussed above while rejecting claim 40, Gillevet 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 tc the
nucleic acids from each of the plurality of single cell sources; and wherein nucleic acid
sequences are attributed to different individual cell scurces based upon the MID
sequences attached in the attaching step and a sequencing primer sequence (Gillevet
Fig. 1 and its legend in pgs. 13 and 14 and Gillevet claim 1 and Wangh claims 25 and
453,

Regarding claim 48, Gillevet 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, Gillevet tegches 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 t¢
10,000 samples, wherein each sample comprises a specific sequence tag (pg. 8, lines
3-9). One having crdinary 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 isclated single cell from each sample of
Gillevet.

Regarding claim 52, Gillevet teaches samples are fragmented genomic DNAs
(pg. 18, ling 25) and further teaches amplified fragment is about 17C0 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 obvicus over Gillevet in view of Wangh.

Regarding claims 53-55, it is noted that claims 54 and 55 further specifies
plurality of single isclated cells comprise first and second single isclated 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 isclated cell and second contiguous nucleic acid sequence from second
single isolated cell using MII> sequence for each single isolated cell is cbvious over
Gillevet in view of Wangh for the reasons discussed above. Therefore the subject
matter of ¢laims 53-55 are obvious improvements over Gillevet in view of Wangh and

therefore not novel.
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Double Patenting

13.  The nenstatutory double patenting rejection is hased on a judicially created
doctrine grounded in public pclicy (a palicy reflected in the statute) so as 1o 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 ¢laim 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., Inre 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 Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985}; In re Van Ornum,
686 F.2d 937, 214 USPQ 761 {CCPA 1982); Inre 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 tc overcome an actual or previsicnal rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown tc
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 AlA as explained in MPEP § 2159. See MPEP §§ 708.02(l) (1) - 706.02() {3} for
applications net subject 1o examination under the first inventor to file provisions of the
AlA. 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 applicaticn in which the
form is filed determines what form (e.g., PTC/SBE/25, PTO/SB/28, PTO/AIA/SS, or
PTC/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 {o
http://www.uspto.gov/patents/process/ile/efs/guidance/e TD-info-1.jsp.

14.  Claims 40-55 are rejected on the ground of nonstatutory double patenting as
being unpateniable over claims 1-12 of U.S. Patent No. 8,673,756 in view of Gillevet
(WCO 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 ‘758

patent discloses a method comprising: a) obtaining a composition comprising a mixture
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of: 1. a first plurality of different segments of a first nucleic acid molecule of a contigucus

region in genomic DNA, wherein gaid contiguous region in genomic DNA is represented

by & 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 nugcleic 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 compostition, all of the segments of each of the nucleic acid molecules
of the contigucus region comprises a unigue MID sequence that uniquely identifies each

of the nucleic acid molecules; and b) sequencing said first plurality of segments and

said a second plurality of segments o provide a plurality of seguences; wherein each

sequence comprises: (i} the nucleotide sequence of at least a portion of 8 segment and

(i) 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 sequencges, 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 underiined 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 ‘758 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 ¢laimed invention was made as
taught by Gillevet, who teaches multiplex method for the guantitative 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 polynuclectides including the tag sequences and identifying the variable genetic
element in each sample based con tag sequence that identifies the sample type {Gillevet,
claims 2 and 6), which are useful for detecting, monitoring, profiling, prognosticating,
and/or diagneosing 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, whe teaches method, wherein nucleic acid molecules are isolated from single
cell (Wangh claim 2) and further teaches that the nucleic acid content frem the single
cell are useful for a variety of uses, including research, forensic science and diagnostic
applications (paragraphs 0187-0202).0One 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 ene 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 tc 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 cbvious 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 isclated cells having a variety of uses,
including research, forensic science and diagnostic applications as taught by Gillevet
and Wangh. An artisan having crdinary skill in the art would have reasonable
expeciation of success because it merely involves including the two single cell analysis
which is routinely dene in the art and therefare the steps of instant ¢laims 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

distinet.

15.  Claims 40-55 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-11 of U.&, Patent No. 8,563,274 in view of Gillevet
(WC 2008/061193, cited in the previous office action) and Wangh et al (US
2003/0022231 published Jan 30, 2003} for the following reascons.

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 melecules, and
wherein each of said first plurality of segments is appended to a first mulliplex identifier
(MID) sequence; and b) a second plurality of different segments of a secend nucleic
acid maolecule of said contigucus 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 compositicn, all of the segments of
each of the nucleic acid molecules of the contiguous region comprise a unigue 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 recagnize that genomic DNA from a
bacterium amounts of a gencme 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 ‘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 isclated 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 polynuclectides 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 274 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, wheo 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).0ne 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. Cne 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 gencme.

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 ‘274

patent with a reasonable expectation of success with the expected benefit of analyzing
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the nucleic acid sequences from individual isclated 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 reascnable
expectation of success because it merely involves including the two single cell analysis
which is routinely dene in the art and therefore the steps of instant claims 4C 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
(WC 2008/061193, cited in the previous office action) and Wangh et al (US
2003/0022231 published Jan 30, 2003} for the following reascns.

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 nonstatutary double patenting as
being unpatentable over claims 1-13 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 10 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 adviscry action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire cn the date the adviscry acticn is mailed, and any
extension fee pursuant 1o 37 CFR 1.1386(a) will be calculated from the mailing date of
the advisory action. |n 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 fram the
examiner should be directed to NARAYAN BHAT whose telephone number is (571}272-

5540. The examiner can normally be reached on 8.30 amto 7 pm,
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Examiner interviews are available via telephone, in-person, and video
caonferencing using & USPTOC supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged o use the USPTO Automated Interview Reguest
(AIR} at http:/Awww. Luspto.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.

Infermation regarding the status of an application may be obiained 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. Sheuld
you have questions cn access tc the Private PAIR system, contact the Electronic
Business Center {EBC) at 866-217-9137 {toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated informaticn

system, call 800-786-9199 (IN USA OR CANADA) or 5§71-272-1000.

/NARAYAN BHAT/
Primary Examiner, Art Unit 1634
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LEAST Seurch i istory

EAST Search History
EAST Search History (Prior Art)

Ref {Hits  {Search Query iDBs Default  :Plurals {Time

(A N S N—— Operator | ... Stamp

L1 {4 J(brenner.in. or mikawa.in. o asborne.in. jUSPGPUB; 1OR G0N 2017/05/25:
dor slatter.in. or "10X GENOMICS".as. or {{LISPAT, : 00:47 :
1"COMPASS GENETICS  .as. or JUSOCR; 3

{"oopulation genetics” as.) and isolat$s  {FPRS; ERC;
jnear5 (single or individual or one) near5 {JPO,

Jeell.clm. {DERWENT,;

; liem TOB . :
Lz §e0 dibrenner.in_ or mikawa.in. or osborne.in. JUS-FGPUB; OR HON 2017/ 0%/ 25

jor slatfer.in. or "10X GENOMICS™.as. or {jUSPAT, : 09:58

1"OOMPASS GENETICS™ as. or {USOCR; :

{"'population genetics”.as.) and isolat$3s  {FPRS; EFO;
jsame (single er individual or one) same {JPO;
Jeell.cm. || DERWENT,
; HBM_TDB

L3 0 2 and genomic same {dna or nugleic or  {US-PGPUB; {OR JON 2017/056/25
Jpolynuclectide) same cell.clm. HUSPAT, : 10:02 :
: HUSOCR; :
IFPRS; EPC;
PO,
{{DERWENT;
. {IBM_TDR . .
L4 N 42 and genom$3 same (dna or nudieic or {US-FGPUB; {OR JON 2017/05/ 25
dpolynucleciide).clm. : : 10:03 :

L5 {2389 genomic same {dna or nucleic or
Joolynuclectide) same cell.clm,

2017/05/25;
10:04 ;

: 1IBM_TDB : :
L& {107 45 and (“multiplex identifier” or barcode {{US-PGPUB; HCR JON 2017/05/25:

dor "unigue tag” of "unique identitier”  {USPAT; : 10:08
4"bar code” or tag or addressable) same  {USOCR; :
j{dna or nucleic or palynuclectide).clm. {jFPRS; EPO,

PO,
JDERWENT,
: HIBM_TDB . :
L7 i28 16 and ("multiplex identifier” or barcode {US-PGPUB; JOR HON 2017/05/25:
Jor "unique tag” or "unique identifier”  HUSPAT; ; 10:08 :

i"bar code” or tag or addressable) same  {USOCR;
J(different or distinct or distiguish$4) HFPRS; ERG;
same (origin or cell or sample or : ,
library}.clm.

ELB §[298 {("multiplex identifier" or barcode or

12017/05/25;

LEASTSearchl isiory 14792004 AccessibleVersion him| 5/25/2017 11:03:03 AM|
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J'unique tag” or "unique identitier” "bar  {USPAT; 10:11

Jcode” or tag or addressable) JUSOCR;

dnearbidifferent or distingt or HFPRS, ERO;

{distiguish$4) near5 {origin or cell or PO,

{sample or library) clm. | DERWENT:

: {IBNV_TDB : :
Lg {103 18 and ("multiplex identifier” or barcode {US-PGPUB; IOR HON 2017/05/25:

Jor “unigue tag" or “unigue identifier” HUISPAT, : 10:12 :

i"bar code” or tag or addressable) nears {USOCR;

d(dna or nucleic or polynuclectide).cm.  {|FFRS; ERC,

: HJIPO;

HDERWENT,

: jieM TDB : :
L10 7298  i{{dna or nucleic) near5 (single or JUS-PGPLIB; 1OR JON 2017/05/25:

Jindividual or one) near5 cell.clm. JUSPAT; : 10:22 :

f Jusoch;

110 and {"multiplex identifier” or barcode |

LEASTSearchl isiory 14792004 AccessibleVersion him| 5/25/2017 11:03:03 AM|

| DERWENT,

Li1 {36 US-PGPUB; 2017/05/25
dor “unique tag” or “unique identifier”  {UUSPAT, 10:23 :
i"bar code” or addressable) neard (dna  {USOCR;
dor nucleic or polynuclectide) clm, {FPRS; EPC,

: HJPO,
| DERWENT;
{IBM_TDB

L12 4911 J(isolat$3 or extract$3 or purif$b)nears US-PGPUB; HOR HON 2017/05/25:
J(dna or nucleic) nears ("single cell” or  {USPAT; : 10:58 :
{"individual cell” or “one cell*) JUSOCR;

: 4FPRS; EPC,
SR,
{|DERWENT,
: H1EM_TDB : :

L13 {66 412 and{isolai$3 or extraci$3 or {US-PGPUB; {{OR JON 2017/05/25:
dpurii$sineard (dna or nucleic) nears JUSPAT, : 10:58 :
q("single cell” or “individual cell” or "one  {USOCR;

Heell™ . clm. HFPRS; EFC;
: PO,
| DERWENT;
{1BM_TDB

S1 {29794 Horenner.in, or mikawa.in. or osborne.in. {US-PGPUB; OR G0N 2017/01/23:
dor slatier.in. or 10X GENOMICS".as. or {{USPAT; : 10:50 :
1"COMPASS GENETICS as. or JUSOCR,

{"population genetics”.as. 4FPRS; EPC,

: HJPO,
{DERWENT;
1BV _TDB

2 {134 {51 and (single or individual or one} HUS-PGPUB, 2017/01/23
dnear3 ceall.clm. JLUISPAT, 10:51 :
: HUSOCR;

{FPRS; EPO;
SJPO,
{DERWENT,;
5 JIBM_TDB : :

33 536 451 and (dna or nuclaic or JUS-PGPUB; {OR qonN 2017/01/23:
dpolynucleotide) same {pcr or amplii$7) {LUISPAT, : 10:54 :
: JUSOCR,

JFPRS; ERG,
PO,

10x Genomics, Inc. Exhibit 2004
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433 and (adapt$3 or linker) near5 (mid or {jUS-PGPUB;

JoNT or7ionzs

d"multiplex identifier” or barcode or tag
Hor zipcode or token or "bar code” or
"par-code” addressable or identifier)

|USPAT,

4 {18 OR
P"'multiplex identifier” or barcode or tag  {|{USPAT, 10:56
Hor zipcode or token or "bar code” or HUSOCR,;
{"bar-code” addressable or JFPRS; ERO;
didentifier).clm. 1JPO;
i | DERWENT;
HIBM_TDB
% 4 494 and sequencing same (mid or HUS-PGPLUB; HOR HON 2017/01/23:
T"multiplex identifier” or barcode or tag  {{USPAT; : 10:68 :
dor zipcode or token or "bar code” or HUSOCR;
4"bar-code” addressable or HFPRS; EPOC,
Jidentifier)near3 sequence.clm. HJIPO;
: | DERWENT;
: JiBM_TDB . :
S6 139392 d(single or individual or one) neard cell  {US-PGPUB; OR JON 2017/01/23;
isame (dna or nucleic or polynuclectide) {jUSPAT; : 1101 :
: HUSOCR;
IFPRS; EFC;
HJPO,
| DERWENT;
: 41BM_TDB : :
S7 13482 iS5 and (adapt$3 or linker) near5 (mid ori|US-PGPUB; CR HON 2017/01/23,

11:02

S PGPUB;

LEASTSearchl isiory 14792004 AccessibleVersion him| 5/25/2017 11:03:03 AM|

S8 yg72 457 and sequencing same {mid or OR GON 2017/01/23:
P"multiplex ideniifier” or barcode or tag  {JUSPAT; : 11:02 :
‘Jor zipcode or token or "bar code” or HUSOCR:
I"bar-code” addressable or {FPRS; EPC
Jidentifier)near3 sequence HIPO;
: DERWENT;
: {IBM_TDB : :
S5 |88 138 and (single or individual or one) JUS-PGPUB; {IOR JON 2017/01/23
qnear3 cell nears first HUSPAT, Z 11:03 Z
: JUSOCR,

JFPRS; ERG,

HJPO,

HDERWENT,

: {IBM_TDB : :

310 84 458 and (single or individual or one) HUS-PGPLIB; {OR JON 2017/01/23
inear3 cell neard second HUSPAT: : 11:.03 :
‘ HUSOCR;

{FPRS; EPC;

PO,

{DERWENT
............................................................................................... BMTOB 4 i
511 166 4310 and first nearb (mid or "multiplex  jUS-FGRPUB; {OR JON 2017/01/23:

jidentifier” or barcode or tag or zipcode  {jUSPAT, : 11:05 :
Jor token or "bar code" or "bar-code” HUSOCR;

addressable or identifier) {FPRS; EFC,

f HJPO;

{DERWENT,

: HIBM_TDB : :
Si2 47 4811 and second nearb {mid or “multiplex|US-PGPUB; iCR HON 2017/01/23

didentifier” or barcode or tag or zipcode  {{USPAT; : 11:05

jor token or "bar code” or "bar-code”  {USOCR;

Jaddressable or identifier} {FPRS;, ERC,

10x Genomics, Inc. Exhibit 2004
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PO,
{DERWENT,
{IBM_TDB

13

43263

"irst cell* and "second cell®

Us-PGPUB;
{USPAT;
HUSOCR;
IFPRS; ERC;
HJPO,
{DERWENT;
lieM_TOB

OR {oN 2017/01/23;
: 11:15 :

514

1761

4313 and {dna or nucleic or
Jpolynuclestide) same "first cell”

[US-PGRUB:
|LISPAT,

OR N 2017/01/23.
: 11-18 :

1514 and {dna or nucleic or
Joolynuclectide) same “second cell”

2017/01/23:
11:17 :

516

143

4315 and {adapt$3 or linker} same {mid
jor "multiplex identifier” or barcode or
dtag or zipcode or token or "bar code” or
J"bar-code” addressable or identifier)

{Us-PGPUB;
{IISPAT,
USOCR;
{FPRS: EFC;
PO,

| DERWENT;
1IEM_TDB

OR HON 2017/01/23
: 11:18 :

27

45158 and second neard {mid or "multiplex;
fideniifier” or barcode or tag or zipcode
Jor token or "bar code” or "bar-code”
{addressable or identifier) near5 first

LS PGRLE:

USPAT;
HUSOCR;
JFPRS; ERC;
PO,
JDERWENT,

: 11:18 :

4516 and sequencing same (mid or
{"multiplex identifier” or barcode or tag
dor zipcode or token or "bar code” or
{"bar-code” addressable or
jidentifier)near3 sequence

{Us-PGPUB;
|USPAT,

1iBM TOB

OR GON 2017/31/23:
: 11:20 :

519

870

d(single or individual or one) near3 cell
qnear5 isclai$4 nearb first

HUS-PGPUR;
JUSPAT;
JUSOCR;
HFPRS; ERO,
HJPO;

| DERWENT,
{IBM_TCB

OR JON 2017/01/23:
: 11:28 :

520

315

1519 and (single or individual or one)
dnear3 cell nears isolai$4 nears second

JUS-PGPUB;
JUSPAT;
HUSOCR;
{FPRS; EPC,
PO,
HDERWENT,
JIBM TDB

OR oM 2017/01/23;
: 11:30 :

120

4520 and {dna or nucleic or
dpolynuclectide) near5 cell

LEASTSearchl isiory 14792004 AccessibleVersion him| 5/25/2017 11:03:03 AM|

JUS-PGPUB;
JUSPAT;

COR JON 2017/01/23:

11:31
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HUSOCR;
4FPRS; ERG,
HJPO;
{DERWENT,
1IBM_TDB

S22 j|2b 1821 and {adaptor or adapter or linker) {US-PGPUB,; |OR HON 2017/01/23;
same (mid or "multiplex identifier” or  USPAT; - 11:31 -
dbarcode or tag or zipcode or token or  HUSOCR;
i"bar code” or "bar-code” addressable or {{FPRS; EPC;

Jidentifier) RO,
: {DERWENT;
: HIBM_TDB : :

323 §12 1521 and sequencing same (mid or {US-PGPUB; {{OR GON 2017/01/23
{"'multiplex identifier” or barcode or tag  {|USPAT, : 11:34 :
Jor zipcode or token or "bar code” or HUSOCR;

{'bar-code” addressable or FPRS; EPC,
dideniifier)neard sequence HJPO;
: | DERWENT,

liew_Toe

S24 {540 Jsequencing same {mid or “multiplex HUS-PGPUB, {CR G0N 2017/01/23:
didentifier” or barcode or tag or zipcode  {USPAT, : 11:36 :
dor token or “bar code” or "bar-code”  {USOCR;

Jaddressable or identifierynear3 sequencei{FPRS; EPC;
dsame cell near5 (type or individual$3 or {JPO,
dsingle)

325 {381 1524 and (mid or "muliiplex identifier” or |US-FGPUB; IOR JON 2017/01/23
joarcode of tag or ziposde o token or  jUSPAT, : 11:37 :
4"bar code” or "bar-code” addressable or JUSOCR,
didentifier)near3 sequence same {FPRS; EPO:

{lideniif$4 or deieci$3 or dierming3) PO,
{same cell near5 (iype or individual$3 or DERWENT,
dsingle) {IBM_TDB

526 {67 4825 and {mid or "multiplex identifier” or {US-PGPUB,; {OR HON 2017/01/23:
ibarcode or iag or zipcode or token or  {{USPAT; : 11:38 :
{"bar code” or "bar-code” addressable or {USOCR;
didentifier)near3 sequence nearb HFPRS, EPO;
j{identif$4 or detect33 or dtermin$3) HJPO;
jsame cell adj (type or individual$3 or | DERWENT;
lsingle) 1IBM_TDB : :

527 42799 ifirst cell” same {nucleic or dna or JUS-FGPUB; IOR JON 2017/01/23
dpolynucleotide) HUSPAT, : 11:47 :
: HUSOCR;

{FPRS; EPC,
HIPO;
HDERWENT,
5 JIBM TDB : ;

S28 1549 {827 and “second call” same {nucleic or  {US-PGPUB; {OR JON 2017/01/23:
J{dna or polynucleotide) JUSPAT; : 11:48 :
; HUSOCR;

{FPRS; EPC;
1JPO;
HDERWENT,
: {1BM_TDB : :

529 i1 4928 and {mid or "mulfiplex identifier” or {US-PGPUB; jOR JON 2017/01/23:
ibarcode or tag or Zipcode or token or  {{LISPAT, : 11:49 :
"bar code” or "bar-code” addressable or {jUSOCR;
didentifier)near3 sequence nearb JFPRS; EPC,
i(identif$4 or detect33 or determind3)  {JPO,
dnearb “first cell” {DERWENT;

: 4IBM_TDB

LEASTSearchl isiory 14792004 AccessibleVersion him| 5/25/2017 11:03:03 AM|
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$30 48 4527 and (mid or "muliiplex ideniifier” or JUS-PGPUB; {OR GON 2017/01/23
ibarcode or tag or zipcode or token or  {USPAT, : 11:51 :
"bar code” or "bar-code” addressable or {USOCR, :
jidentifier)near3 sequence same JFPRS; ERG, :
Hlidentif3d or detect$3 or determing3) PO, !
dnearh “first cell” JDERWENT, ;
: {IBM _TDB : ‘
§36 {2321 i(mid or “multiplex identifier” or barcode {US-PGPUB; {OR GON 2017/01/23:
dor tag or zipcode or token or "bar code” | : 11:59 :
dor "bar-code” addressable or !
Jidentitier)nearb sequence nearb i
jlidentii$4 or deieci$3 or determing3 or |
Jdistinguish$3) near5 (cell or sample) i
537 48 4536 and (append$3 or ligat$3) near :
‘(adpator or adapter or linker) nearb : :
4(mid or "multiplex identifier” or barcode | :
Jor tag or zipcode or token or “bar code” | :
jor “bar-code” addressable or identifier) | :
jsame (dna or nucleic or polynuclectide) | i
Anears {cell or sample} JIBM_TDB : :
338 21 d(brenner in. or mikawa.in, or osborne.in. {|US-PGPUB; 1OR 10N 2017/01/23
dor slatter.in. or "10X CENOMICS™ .as. or {{USPAT; : 17:32 :
1"OOMPASS GENETICS  as. or JUSOCR; :
{"population genetics”.as.) and {nucleic  {|FPRS; EPC ;
Jor dna or polynucleotide}same {(adaptor {JFO; :
dor adapter or linker) same (mid or {DERWENT, :
"multiplex identifier” or barcode or tag  {IBM_TDB :
dor zipcode or token or "bar code” or : :
{"bar-code” addressable or :
jidentifier).clm. : :
339 48 1338 and sequencing.cim. JUS-PGPUB; IOR JON 2017/01/23;
: {JUSPAT, : 17:32 :
JUSOCR; §
JFPRS; EPC, !
HIPOy :
DERWENT, :
: {IBM_TCB ; :
$40 11 1939 and (single or individual or one) US-PGPUB; 1OR qoN 2017/01/23
dnear3 cell.cm. HUSPAT; : 17:34 :
: HUSOCR;
{FPRS; EPC;
PO,
HDERWENT,
.................................................................................................................... BMTDB 1ol
5411134 dlbrennerin. of mikawa.in. or osberne.in. jUS-PGPUB; 1OR qON 2017/01/23
dor slatter.in. or "10X GENOMICS".as, or {|UISPAT, : 17:35 :
1"COMPASS GENETICS .as. or HUSOCR, :
T"population genetics”.as.) and (single or {{FPRS; EPC; :
dindividual or one) near3 cell.cim. HIPO: :
3 {|DERWENT, !
: {IBM_TDB : :
$42 413 4841 and (mid or "multiplex identifier” or {jUS-PGPUB; 4CR G0N 2017/01/23:
ibarcede or fag or zipcode or token or  {USPAT; : 17:38 :
{"bar code” or "bar-code” addressable or {{USOCR; :
Jidentifier)same sequence same HFPRS, EPO; :
j{identif$4 or detect$3 or determind3 or PO, :
Jdistinguish$3) same cell.cIm. {DERWENT; :
; {1BM TDB : :
S43 429 4"8410150" HUS-PGRUB; IOR 1ON 2017/01/23:
: {USPAT; : 18:04 :
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HUSOCR;
|FPRS; ERO;
PO,
{|DERWENT;
JIBM_TDB

S44 48 1°6410149" pn. JUS-PGPUB; : 2017/01/
: JUSPAT, : 18:05
{USOCR; :

{IBM_TDB

545 {3 8563274 pn. [Us-PGPUB; [OR ON 2017/01/23
; {LISPAT, ; 18:06

JUSOCR; -

{\FPRS; EFO,

PO

| DERWENT;

JIBM_TDB

546 2 1"8679756" pn. [us-PGeUB; [oR JoN H017/01/23.
= {USPAT; ; 1808

847 4239 I"'multiplex identifier” HUS-PGPUB;
: JUSPAT,

1IBM TOB

548 116 4847 and {"single call” or “Individual HUS-PGPUB; HOR HON 2017/01/24:
deell”y near5 (dna or nucleic) HUSPAT; : 14:34 :
f JUSOCR; :
HFPRS, EPO;
HJPO;
{DERWENT;
jiev_TDB

549 §12 "'multiplex identifier” nears (adaptor or  {US-PGPUB; IOR JON 2017/ 01/24
dlinker or adapter) HUSPAT, : 14:35 :
: HUSOGR; :
|FPRS, EFO;
PO,

| DERWENT;
|IBM TDB

S50 {156 {"multiplex identifier” same (adaptor or  {{US-PGPUB; CR JON 2017/01/24:
Jlinker or adapter) JUSPAT; : 14:40 :
: HUSOCR; :
{FPRS; EPO;
1JPO;
HDERWENT,
; J1BM_TDB : ;
S51 45080  {("multiplex identifier” or barcode or HUS-PGPUB; OR GON 2017/01/24:
1"unique tag" or "unigue identifier*)same |LISPAT, § 14:48 :
J(adaptor or linker or adapter) JUSOCR; :
: HFPRS, ERO;

| DERWENT:
1IBM TOB

LEASTSearchl isiory 14792004 AccessibleVersion him| 5/25/2017 11:03:03 AM|
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PO,

$52 233 §S61 and ("single cell” or "Individual {US-PGPUB; [{OR GON 2017/01/24!
dcell”) near5 {dna or nucleic) HUSPAT, : 14:50 :
: HUSOCR, :

JFPRS; ERG, :
HJPO; :
| DERWENT; :
: H{IBM_TDB : :

353 226 4562 and ("multiplex identifier” or HUS-PGPUB; {{CR G0N 2017/01/24:
ibarcode or "unique tag” or "unique HUSPAT: : 14:50 :
didentifier)same {dna or nucleic) HUSOCR;

: {FPRS; EPO;
PO,
{DERWENT;
iBm_TDB :

S54 {166 4953 and ("multiplex identifier” or US-FGPUB; HOR 4ON 2017/01/24:
jbarcode or "unigue tag” or “unigue {JUSPAT, : 14:52 :
dideniifier”inearb sequence JUSOGR; :
dsame(identii$4 or detect$3 or {FPRS; EFC, :

{jdeterming3 or distinguish$3) HJPO; :
: | DERWENT; ;
: 4I1BM_TDB : :

855 {1 4554 and ("multiplex identifier” or JUS-PGPUB; 1OR JON 2017/01/24:
Jbarcode or “unique tag” or "unique HUSPAT; : 1453
identifier")neard contiguous HUSOCR; ‘

: J|FPRS; EPC, ;
DEHWENT ‘
: . TDB : :

356 {56 4351 and {"multiplex identifier” or HON 2017/01/24:
dbarcode or “unigue tag” or “unique ; 14:53 3
gideniifier”)nearb configuous :

: {IBM TDB i :

S57 13 1551 and {"multiplex identifier” or JUS-PGPLB; 1OR JON 2017/01/24:
dbarcode or "unigue tag” or “unigue HUSPAT, : 14:57
jidentitier”)same contiguous nears HUSOCR;

Joenomic nears sequence JFPRS; EPO,
3 HJPO;,

{DERWENT;
................................................................................... LBM TDB
( multiplex |dent|f|er o barcode or |US-PGPUB;
T'unique tag" or "unique identifier”)same {|LUSPAT,
Jcontiguous neard genomic naard HUSOCR;
isequence {FPRS, BRO;
: HJPO,

| DERWENT;

4IBM TDB

59 {2 :( rultiplex identifier” or barcode or HUS-PGPLUB; HOR HON 2017/01/24:
J"unique tag" or "unigue identifier” )near5 USPAT, : 14:58 :
Jeontiguous near5 genomic JUSOCR; ;

: 4FPRS; EPO, :
(PO, f
|| DERWENT, :

S60 4179 Q( multiplex identifier” or barcode or : HON 2017/ 01/24,
J"unique tag" or "unique identitier” )near5 USPAT; : 15:00 :
dgenomic nearb (dna or nucleic) HUSOCR;

: {FPRS; ERC;
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{DERWENT,

: {IBM_TDB : :
S61 {91 1580 and ("'mulfiplex identifier” or JUS-PGPUB, {CR JON 2017/01/24:

Jbarcode or “unigue tag” or "unigue HUSPAT, : 15:00
Jidentifier”ynearb sequence HUSOCR,
Jsame{identit$4 or detact$3 or JFPRS: EPC,
Jdetermin$3 or distinguish$3} 4P,
: {DERWENT,

UBM TDB

5/25/2017 11:02:58 AM

C: Users\ nbhat 1\ Documents\ EAST\ Workspaces\ 14792094-1-23-17.wsp
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PATENT
Attorney Docket No. 104371-5016-US05

ftIN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of®

Sidney Brenner et al
Application No -~ 14/792,094
Filed: July 6, 2G15

For: COMPOSITIONS AND METHODS
FOR INTRAMOLECULAR NUCLEIC
ACID ARRANGEMENT

Confirmation No.. 9697
Examiner: Narayan Kameshwar Bhat
Art Unit: 1634

RESPONSE TO FINAL OFFICE ACTION

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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Application No. 14/792.094
Atlorney Docket No o 1{H4371-3016-US03
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:

(1) the first MID sequences associated with a segment of a nucleic acid
molecule of (2) 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 nuclectide 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 36, 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.

DB2/ 315375163
Page 2 of 6
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Application No. 14/792.094
Atlorney Docket No o 1{H4371-3016-US03
Response to Final Office Action dated: May 31,2017

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 length.

63. (New) The method of ¢laim 56, wherein the segments of (a) and (b) are in the range
of 100 to 5,000 bp in length.

64. (New) The method of claim 40, wherein the segments are 400 bp or less in length.

DB2/ 315375163
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Application No. 14/792.094
Atlorney Docket No o 1{H4371-3016-US03
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 ¢laims as

originally filed.
Applicants respectfully request entry of the claims as amended into the record.

Response to Office Action

Claim Rejections — 35 USC § 103

Claims 40-55 are rejected under 35 U.S.C. § 103 as being allegedly anticipated by
Gillevet, WO 2008/061 193 (“Gillevet™} in view of Wangh et al., US 2003/0022231 (“Wangh™)

Applicants respectfully traverse these rejections.

Applicants submit that the combined teachings of Gillevet 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 2 method for sample indexing — such a

method would have no need for a second MID sequence as recited in the present claims. In

DB2/ 31537516.3
Page 4 of 6
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Application No. 14/792.094
Atlorney Docket No o 1{H4371-3016-US03
Response to Final Office Action dated: May 31,2017

addition, Wangh 1s unrelated to a sequencing method — the methods taught in Wangh are real-
time PCR assay methods that answer & “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 Rejections — Double Patenting

Claims 40-55 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-12 of U.S. Patent No. 8,679,736 in view of Gillevet, WO
2008/061193 (“Gillevet”) and Wangh et al., US 2003/0022231. Claims 40-55 are rejected on the
ground of nonstatutory double patenting as being unpatentable over ¢laims 1-11 of U §. Patent
No 8,563,274 in view of Gillevet, WO 2008/061193 (“Gillevet™) and Wangh et al , US
2003/0022231. Claims 40-55 are rejected on the ground of nonstatutory double patenting as
being unpatentable over ¢laims 1.19 of U S Patent No. 9.410,150 in view of Gillevet, WO
2008/061193 (“Gillevet™) 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 of nonstatutory 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
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Application No. 14/792.094
Atlorney Docket No o 1{H4371-3016-US03
Response to Final Office Action dated: May 31,2017

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 of time 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.
Respectfully submitted,
MORGAN, LEWIS & BOCKIUS LLP
Dated: August 30, 2017 By: /Gargi Talukder/
Customer No : 43850 Gargi Talukder, Reg No. 61,368

Morgan, Lewis & Bockius LLP
One Market, Spear Street Tower
San Francisco, CA 94105
Telephone: (415) 442-1000
Facsimile: (415) 442.1001
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WO 2007/ 147079 PCT/US2007/071256
RARE CELL ANALYSIS USING SAMPLE SPLITTENG AND DNA TAGS

CROSS-REFERENCE
{0011 This application claims the benefit of U.S. Provisional Application No. 60/£04.819, filed June

14, 2006, which application is incorporated herein by reference.

BACKGROUND OF THE INVENTION
{0G02] 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 dissases such as cancer or fetal disorders, thereby eliminating
the risk of invasive diagnesis. Regarding fetal disorders, current prenatal diagnosis, such as amniacentesis and
chorionic villus sampling {CVS8), are potentially hazmful to the mother and 1o the fetus. The rate of miscarriage for
pregnant women undergoing anmiocentssis is increased by 0.5-1%, and that figure is slightly higher for CV'S.
Because of the inherent risks posed by amniocentesis and CVS, these procedures are offered primarily to older
women, .2, those over 15 years of age, who have 2 statistically greater probability of bearing children with
congenifal defects. As a result, a pregnant woman at the age of 35 has to balance an average risk of 0.5-1% o
induce an abortion by amniocentesis against an age related probability for trisomy 21 of less than (¢.3%.
{0003] Regarding prenatal diagnostics, some non-invasive methods have already been developed t6 screen for
fetuses at higher risk of having specific congenital defects. For example, maternal serum alpha-fetopeotem, and
ievels of uncenjugated estriod and human chorionic gonadotropin can be used to identify a proportion of fetuses with
Down’s syndrome. However, these tests suffer from many false positive. Similarly, ulirasonogzaphy is used o
deternyine congenital defects involving neural tube defects and 1imb abnormalities, but such methods are Hmited to
time periods after fiflecn weeks of gestation and are present anreliable resulis.
{0404] The presence of fetal cells within the blood of pregnant woemen offers the opportunity to develep a prenatal
diagmostic that replaces amniccentesis and thereby eliminates the risk of today’s invasive diagnosis. However, fetal
cells represent a smail number of cells against the backyround of a large number of maternal celis in the blood
which make the analysis time consunming and prone to error.
{68G5]) With respect to cancer diagnosis, sarly detection is of pararsount importance. Cancer is a disease marked
by the uncomtrolled proliferation of abnormal cells. In normal fissue, cells divide and organize within the tissue in
response to signals fom snrrounding cells. Cancer cells do not respond in the same way to these signals, causing
them to proliferate and, in many ergans, form a tumor. As the growth of a rumor continues, genetic alterations may
accummlate, manifesting as a more aggressive growth phenotype of the cancer cells. If left untreated, metastasis, the
spread of cancer cells to distant areas of the bady by way of the tymph system or bloodstrean, may ensue.
Metastasis results in the formation of secondary tumors at maltzple sites, damaging healthy tissue. Maost cancer
death is caused by such secondary tumors. Despite decades of advances in cancer diagnosis and therapy, many
cancers conlinue to go undetected until late in their development. As one example, most early-stage lung cancers
are asymptomatic and are not detected in thme for curative treatment, resulting in an overall five-year survival mate
for patients with lung cancer of less than 15%. However, in those instances in which lung cancer is detected and
treated at an early stage, the prognosis is much more favorable.
[0006] The methods of the present inveniion allow for the deteciion of fetal cells and fetal abnormalities when
fetal cells are mixed with a population of maternal cells, even when the maternal cells dominate the mixiure. In

addition, the methods of the present invention can also be utilized to detect or diagnose cancer.
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WO 2007147079 PCT/US2007/07125%6
SUMMARY OF THE INVENTION

[8007] The present invention relates to methods for the detection of fetal cells or cancer cells in a mixed sampic.
In one embodiment, the present imvention provides methods for determining fetal abnormalities in a sample
comprising fatal cells that are mixed with a population of maternal cells. In some embodiments, determining the
presence of fetal cells and fetal abnormalities comprises labeling one or more regions of genomic DNA in each cell
from 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 o be labeled comprises one or more polymoerphisms, particulariy
STRs or SNPs
[6008] Insome embodiments, the methods of the invention allow for simultansousiy detecting the presence of
fotal celis and fetal abnormalities when fetal cells are mixed with a population of maternal cells, even when the
maternal cells dominate the mixture. In some embodiments, the sample is ennched o contain at least one fetal and
one non fetat ceil, and in other embodiments, the cells of the enriched population can be divided between two or
more discrete locations that can be used as addressable locations. Exampies of addressable lacations include wells,
bins, sieves, pores, geomeiric sites, slides, mairixes, membranes, electric raps, gaps, obstacles or in-situ withiin a
cell ar nuclear membrane,
{8009 In some embodiments, the methods comprise Iabeling 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 guantifying the labsled
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 of 2 DNA polymorphism in each
cell from the mixed sample. Labels are added to the cells/DNA using an amplification reaction, which can be
performed by PCR methods. For exanyple, amplification can be achieved by multiplex PCR. In some embodiments,
a further PCR amplification is performed using nested primers for the geromic DNA regiond{s).
{8010 Insame embodiments, the DNA regions can be amplified prior to being guantified. The labeled DNA can
be quantified using sequencing methods, whick, in some ernbodiments, can precede amplifving the DNA regions.
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 measuremnent of the allele abundances for each STR or SNP. In other
embodimentis, guantitative genotyping can be used to declare the presence of feral cells and w determine the copy
aumbers of the fetal chromoscmes. Preferably, quantiiative genotyping is performed using melecular inversion
probes.
{0811] The mvention also relates fo methods of identifying cells from a mixed sample with non-matemal genomic
DNA and identifying said cells with non-marernal genomic DNA as fetal cells. In some embodiments, the ratio of
maternal to paternal alleles is compared on the identified fetal cells in the mixed sample.
10012] .In one embodiment, the invention provides for a method for determining a fetal abnormality in a maternal
sample that comprises ar least one fetal and one non fetal cell, The sample can be eariched to contain at least one
fetal cell, and the enriched maternal sample can be arvayed into a plurality of discrete sites. In some embodiments,
each discrete site comprises no more than one cell.
B813] Insome embodiments, the invention comprises labeling one or more regions of geromic DNA frem the
arrayed samples using primers that are specific to sach BDNA region or lecation, amplifying the DNA regionds), and
quantifying the labeled DNA region. The Iabeling of the DNA region{s) can comprise labeling each region with a
unique tag sequence, which can be used to identify the presence or absence of a DNA polymerphism on arrayed

cells and the distinct location of the cells.
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{0014] The step of determining can comprise identifying non-maternal alleles at the distinct logations, which can

result from comparing the ratio of matemal to paternal alteles at the location. In some embodiments, the method of
identifying a fetal abnormality in an arrayed sample can finther comprise amplifying the genomic DINA regions.
The genomic DNA regions can comprise one or more polymorphisms ¢.g. STRs and SNPs, which can be amplified
using PCR methods mcluding multiplex PCR. An additional amplification step can be performed using nested
rrimers.

[0615] The amplified DNA regton(s) can be analyzed by sequencing methods. For exarnple, 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 dectare the presence of fetal cells and to determine the
copy numbers of the fetal chromosomes. Preferably, quantitative genotypimg is performed using molecular
inversion probes.

[0016] In one embodiment, the invention provides methads for diagnosing a cancer and giviag a prognosis by
obtaining and entiching a blood sample from a patient for epithelial cells, spliiting the enriched sample into discrete
locations, and performing one or more molecular and/or morphological analvses on the enriched and split sample.
The molecular analyses can include detecting the level of expression or a mutation of gene disclosed in Figure 10.
Preferably, the method comprises performing molecular analyses on EGFR, EpCAM, GA733-2, MUC-1, HER-2, or
Clandin-7 in each arrayed cell. The morphological analvses can include idemtifying, gquantifying and /or
characterizing mitochondrial DNA | telomerase, or muclear matrix proteins.

[0817] Insome embodiments, the sample can be enriched for epithelial cells by at least 10,000 fold, and the
diagnosis and progncsis can be provided prior to freating the patient for the cancer. Preferably, the bicod samples
are obtained from a patient at regular intervals such as daily, or every 2, 3 or 4 days, weekly, bimonthly, monthly,
bi-yeariy or vearly.

{0018} In some embodiments, the step of enriching a patient’s bloed sampie for epithelial cells involves flowing
the sample through a first array of obstacles that selectively directs cells that are larger than a predetermined size to
a first cutlet and cells that are smaller than a predetermined size to a second cutlet. Optionally, the sample can be
subjected to further enrichment by flowing the sample dwough a second array of obstaclies, which can be coated with
antibodies that selectively bind to white tlood cells or epithelial cells, For example, the obstaclies of the second
array can be coated with anti-EpCAM antibodies.

{6619] Splitting the sample of cells of the enriched population can comprises splitting the enriched sample to
focate mdividual cells at discrete sites that can be addressable sites. Examples of addressabie locations include
wells, bins, sieves, pores, geometzic sites, slides, matrixes, membranes, electric traps, gaps, obstacles or in-sit:
within a cell o1 noclear membrane.

f0628] En some embodiments there are provided kits comprising devices for enriching the sample and the devices
and reagents needed te perform the genetic analysis. The kits may contain the arrays for size-based separation,
reapents for uniquely fabeling the cells, devices for splitting the cells into individual addressable locations and

reagents for the genetic analysis.

SUMMARY OF THE DRAWINGS
{0021] Fipures 1A-1D illustrate vanious embodiments of a size-based separation meodule.
[6022] Figures 2A-2C illustrate one embodiment of an affinity separation madule.
[0023] Figure 3 illusmate one embodiment of 3 agnetic separation module.

{0024} Figure 4 iliustrates an overview for diagnosing, prognosing, or monitoring 2 prenatal condition in a fetus.
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[B025] Figure S illustrates en overview for diagnosing, progrosing, or monitoring a prenatal condition it a fetus,

[8026] Figure 6 illustrates an overview for diagnosing, prognosing or monitormg cancer in a patient,

16027} Figures 7A-7B illustrate an assay using molecular inversion probes. Figure 7 C illustrates an overview of
the use of nucleic acid tags.

{8028] Figures 8A-8C illustrate one example of a sample splitting apparatus.

{8029] Figure 9 illustraies the probability of having 2 or more CTC’s loaded into a single sample well.

[8030] Figures 19 illustiates genes whose expression or mutations can be associated with cancer or another
condition diagnosed herein

{8031] Figure 1} ilhistrates primers useful in the methods hereut.

[86032] Figure 12A-B itlustrate cell smears of the product and waste frachions.

[8033] Figure 13A-F illustrate isolared fetal cells confirmed by the reliable presence of male cells.

{0034] Figure 14 illustrates cells with abnormmal risomy 21§ patholopy.

{8835] Figure 15 illustiates perfonmance of a size-based separation module.

[8036] Figure 16 illusirates histograms of these cel fractions resulimg from a size-based separation module.
10037}  Figure 17 illustrates a first outpuf and 2 second output of a size-based separation meadale.

{6038] Figure 18 illustrates epithelia} cells bound to 2 capture mouile of an array of obstacles coated with anti-
EpCAM.

10839] Figures 19A-C illustrate one embodiment of a flow-through size-based separation module adaptzd to
separate epithelial cells from blood and alternative parameters that can be nsed with such device.

{0040] Figure 20A-12 illustrate various targeted subpopulations of cells that can be isolated ansing size-based
separation and various cut-off sizes that can be used to separate such targeted subpopulations.

f0841] Figure 21 illustrates a device of the invention with counting means to determine the number of cells in the
enriched sample.

{0842] Figure 22 illustrates an overview of ons aspect of the invention for diagnosmg, prognosing, or monitering
cancer in a patient.

[6843] Figure 23 illusirates the use of EGFR mRNA for generating sequencing templates.

{8844] Figure 24 illustrates performing real-timme guamntitative allele-specific PCR reactions o confinm the
sequence of mutations in EGFR mRNA.

{6043} Figure 25 illustrates confirmation of the presence of a mutation is when the signal from a mutant allele
probe rises above the background level of fluorescence.

f0046] Figure 26 A-B illustrate the presence of EGFR mRNA in epithelial cells but not leukocytes.

{0047] Figure 27 illustrate 1esults of the first and second EGFR PCR reactions.

[00438] Figare 28A-B resules of the first and second EGFR PCR reactions.

[0049] TFigure 29 illasirates that EGFR wild type and mutant amplified fragments are readily detected, despite the
high feukocyte background.

00501 Figure 30 illostrates the detection of single copies of a fetal cell genome by gPCR.

{0031} Figure 31 illustrates detection of single fefal cells in binned samples by SNP analysis.

[0052] Figure 32 illustrates a method of frisomy testing. The trisomy 21 screen is based on sconng of farget cells
obtained from maternat blood. Bleed is processed using a cell separation module for hemoglobin enrichment
{CSM-HE}. Enriched cells ate transferred to slides that are fizst stained and subsequentiy probed by FISH. Tmages
ate acguired, such as from bright field or fluorescent micrascopy, and scored. The proportion of trisomic cells of
certain ¢lasses 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 the Y-chromosome; (3} SNP detection; and {4} CGH {comparative genome hybridization) array detection.
[0853] TFigure 33 :llustrates assays that can produce information on the presence of ancuploidy and other genetic
disorders in target cells. Information on ancuploidy and other genetic disorders in target cells may be acquired using
technologies such as: {1) a CGH array established for chromosome counting, which can be used for aneuplioidy
determination and/or detection of intra-chromosomal deletions; (2) SNP/tagman assays, which can be used for
detecticn of single nucleotide polymorphisms; and (3) ultra-deep sequencing, which can be used to produce partial
of complete gename sequences for analysis.
[06i54] TFigure 34 :llustrates methods of fetal diagnostic assays. Fetal cells are isolated by CSM-HE enrichment of
target cells from blood. The designation of the fetal cells may be confinmed using techniques comprising FISH
staining {using slides or membranes and optionaily an automated detector), FACS, and/or binning. Binning may
comprise distribution of enriched cells across wells iz a plate (such as a 96 or 384 well plate}, microencapsulation of
cells in droplets that are separated in 20 emulsion. or by introduction of cells into microarmrays of nancfluidic bins,
Fetal celis are then identified using methods that may comprise the use of biomarkers {such as fetal (gamma}
bemoglobin}, allele-specific SNP pancls that could detect fetal genome DN A, detection of differentialiy expressed
maternal and fetal transcripts {such as Affymeirix chips}, or primers and probes directed to fetal specific loci (such
as the multi-repeat DYZ locus on the Y-chromoscme). Biming sites that contain fetal cells are then be analyzed for
aneupleidy 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,
Figure 35 illustrates methods of fetal diagnostic assays, further comprising the siep of whole genome amplification

prior to analysis of ansuploidy and/or other genetic defects.

INCORPORATION BY REFERENCE
H0055] Al publications and patent 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

to be incovporated by reference.

DETAILED DESCRIPTION OF THE INYENTION
[I056] The presen: inveation provides systerns, apparatus, and methods to detect the presence of or asbnommalitics
of rare analytes or cells, such as hematapoeitic bone marrow progenitor celis, endothelial cells, fetal cells, epithelial
cells, or cireulating fumeor c2lls in a sample of a paixed analyic or cell population {e.g., maternal peripheral blood
sanples).
I Sample Collection/Preparation

857} Samples containing rare cells can be obfained from any animal in need of 2 diagnosis or prognesis or from
an amimnal pregnant widh a fetus in need of o diagnosis or prognosis. In one example, a sample can be ebtained from
animal suspecied of being pregnant, pregnant, or that has been pregnant to detect the presence of 2 fetus or fetal
abnormality. In another example, 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 diagnesed, progrosed, monitored and therapy
can be determined based on the methods and systems herein. Animal of the present invention can be a human or a
domesticated animals such as a cow, chicken, pig, horse, rabbit, dogs, cat, or geat. Samples derived from an animal
or hurmnan <zn inchids, e.g., whole blood, sweat, tears, ear flow, sputum, lymph, bone marrow suspension, lymph,
urine, saliva, semen, vaginal flow, cerebrospinal fluid, brain fluid, ascites, milk, secretions of the respiratory,

intestinal or geritourmary tracis fluid.
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{0058} To obtain a blood sample, any technigue known in the art Tnay be used, e.g. a syringe or other vacuum
suction device. A blood sample can be optionally pre-treated or processed prior to enrichment. Examples of pre-
reatment steps include the addition of a reagent such as a stabilizer, a preservative, a fixant, a lysing reasent, a
diluent, an anti-spoptotic reagent, an anti-coagulation reagent, an anti-thrombotic reagent, magnetic praperty
regulating reagent, a buffering reagent, an osmolality regulating reagent, a pH regulating reagent, and/or a cross-
linking reagent.
[0059] When a blocd sample is obtained, a preservative such an anti-coagulation apgent andfor 2 stabilizer is oflen
added to the sample prior to enrichument. This aliows for extended time for analysis/detection. Thus, a sample, such
as a blood sanple, can be enriched and/or analyzed under any of the methods and systems herein within 1 week, 6
days, 5 days, 4 days, 3 days, 2 days, 1 day, 12 hrs, 6 hrs, 3 hrs, 2 hrs, or 1 hr from the time the sample is obtained.
[6060} In some embodiments, a blood sample can be combined with an agent that selectively lyses one or more
cells or compenents 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 the subsequent
enrichment of fatal nuclei using, e.g., size or affinity based separation. In another example platelets and/or
emticieated red blood cells are selectively lysed to penerate a sarmple enriched m nucleated cells, such as fetal
nucleated red blood cells (feRBC’s), maternal nucleated blood cells (mnBC), epithelial cells and cireulating umor
cells. MRBC’s can be subsequently separated from mnBC’s using, e.g., antigen-i affinity or differences in
hemeglobin
[6G61] When cbtaiming a sample from an animal (2.g., blood sample), the amount can vary depending upon animal
size, its gestation pericd, and the condition being screened. In some embodiments, up to 56, 40, 30, 20, 10,9, 8, 7,
6.5.4, 3,2 or 1l mL of a sampie is obtained. In some embodiments, 1-50, 2-40, 3-20, or 4-20 mL of sample is
obiained. Insome embodiments, more than 5, 16, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85. 90, 9% ar
100 ml of a sample is ocbtained.
[0862] To detect fetal abnormality, a blood sample can be obtained from a pregnant animal or luman within 36,
Z24,22,20, 18, 16, 14, 12, 10, B, 6 or 4 wecks of gestation.

1L Enrichment

[0063] A sample {¢.g. blood sample; can be enriched for rare analytes or rare cells (e.g. fetal cells, epithelial cells
or circulating tumeor celis} using one or more any methods known in the art (e.g. Guetta, EM ¢t al, Stem Cells Dev,
13(13:93-9 (2604)) or described herein. The enrichment increases the concentration of rare cells or ratio of rare celis
to non-rare cells in the sample. For example, enrichment can increass concentration of an anaiyte of interest such as
2 fetal cell or epithelial cell or CTC by a factor of at lease 2, 4, 6, 8, 10, 20, 50, 100, 200, 500, 1,000, 2,000, 5,000,
10,000, 20,000, 59,000, 100,600, 206,099, 560,000, 1,000,000, 2,008,000, 5,000,000, 10,060,066, 20,000,000,
50,000,000, 100,000,000, 200,600,000, 500,000,000, 1,000,000,000, 2,090,000,000, or 5,000,000,000 fold over its
conceniration in the original sample. In particular, when enriching fetal cells ffom a maternal peripheral venocus
blood sample, the initial concentration of the fztal celis may be about 1:50,000,000 and it may be increased to at
least 1:5,000 or 1:500. Enriclunent can also increase concentration of rare zells in volume of rare cells / total
vohime of sample {removal of fluid). A fluid sampls {e.g., 2 blood sample} of greater than 10, 15, 20, 59, or 100 mL
total volame comprising rare components of interest, and it can be concentrated such that the rare component of
interest into a concenirated solution of less than 0.5, 1, 2, 3, 5, or 10 mL total volume.
[0064] Enrichment can occur using one or more types of separation modules. Several different modules are
described herein, all of which can be fluidly coupled with one another in the series for enhanced performance.
[#065] In some embodiments, enrichment occurs by sclective ivsis as described above.
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[6066] In one embodiment, entichment of rare cells occurs using one or more size-based separation modules.
Exampies of size-based separation modules include filtration moduies, sieves, matrixes, etc. Examples of size-based
separation modnles contemplated by the present invention include those disclosed in International Publication Ne.
WO 20047113877, Gther size based separation modules are disclosed in Intemational Publication Mo, WG
2004/0144651.
[8067] Insome embodiments, a size-based separation module comprises one or more arays of 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 particle’s kydredynamic size. For example, as a blood sample flows
through an array of obstacles, nucleated cells or cells having a hydrodynamic size larger than a predeterminedcertain
size such as a cuitoff or predeterrmined size, e.g., 8 microns, are directed o a first outlet located on the opposite side
of the array of cbstacles from the fluid flow inlet, while the enucleated celis or cells having a hydrodynamic size
snaller than 2 predetermined size, e.g., 8 microns, are directed 1o a second outlet zlso located on the opposite side of
the array of obstacles from the fluid flow inlet.
[a068] An array can be configured to separate cells smaliler or larger than a predetermined size by adjusting the
size of the gaps, obstacles, and offset in the periad between each successive row of obstacles. For example, in some
embodiments, obstacles or gaps between obstacles can be up 10 16, 28, 50, 70, 100, 120, 150, 170, or 200 microns in
length or about 2, 4, 6, 8 or 19 microns in length. In some embodiments, an amray for size-based separation includes
more than 100, 560, 1,000, 5,000, 16,000, 50,000 or 100,000 obsiacles that are arranged into moere than 10, 20, 50,
100, 200, 500, or 1000 rows. Preferably, obstacles i a farst row of obstacles are offset from a previous {upsiteam}
row of obstacles by up to 50% the period of the previous row of obstacles. In some embodiments, obstacles in 2 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. Furthermore, the distance between a first row of obstacles and a second row of
obstacles can be up to 10, 26, 50, 70. 100, 120, 150, 170 or 200 microns. A particular offset can be continuons
{repeating for multiple rows) or non-contmuous. In some embodiments, a separation meditle includes multiple
discrete arrays of obstacles fluidly coupled such that they are in series with one another. Each array of obstacles has
a contingous offset. But sach subsequent {downstream) array of obsiacles has an offset that is different from the
previous {(upstreamn) offset. Preferably, each subsequent array of obstacles has a smaller offset that the pravious
array of obstacles. This allows for a refinement in the separation process as cells migrate through the array of
obstacles. Thus, a plurality of arrays can be finidly coupled in series or in paralle], {e.g., more than 2, 4, 6, B, 10, 20,
30, 40, 30). Fluidly coupling scparation moedules {e.g., arrays) in paralle! allows for high-throughput analysis of the
sample, such that at least 1, 2, 5, 10, 20, 58, 100, 200, or 560 mL per hour flows through the enrichment modules or
at least 1, 5, 18, or 530 million cells per hour are sorted or flow through the device.
[0068} Figure 1A illustrates an example of a size-based separation module. Gbstacles (which may be of any
shape) are coupled fo a flat substrate to form an array of gaps. A transparent cover or [id may be used to cover the
artay. The cbstacies form a two-dimensional armay with each successive row shifted horizomally with respect to the
previous row of obstacles, where the array of obstacies directs component having a hydrodynamic size smaller than
a predetermmined size in a first direction and component having = hydrodynamic size lazger that a predetermined size
in a second direction. For enriching epithelial or circulating twmor cells from enucleated, the predetermined size of
an array of obstacles can be get at 6-12 am or 6-8 prm. For enriching fetal cells from a mixed sample (e.g. maternal
blood sample) the predetermzined size of an array of obstacles can be between 4- 10 pm or 6-8 pm. The flow of
sample into the array of obstacies can be aligned at a small angle (flow angle) with respect to a line-of-sight of the
array. Optionally, the array is coupled to an infusion pump 10 perfuse the sample through the obstacles. The flow
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conditions of the size-based separation medule described herein are such that cells are sarted by the array with

minimal damage. This allows for downsiream analysis of intact cells and intact nuclei to be more efficient and
reliable.

[0078] In some embodiments, a size-based separaiion modnle comprises an array of obstacles confizured to direct
cells larger than a predetermined size to migrate aloag a line-of-sight within the array (e.g. towards a first outlet or
bypass channel leading to a first outlet), while directing cells and analvtes smaller than a predetermined size to
migrate through the array of obstacles in a different direction than the larger cells {e.g. towards a second outlet).
Such embediments are illustrated in pan in Figures 1B-1D.

[0071] A variety of enrichment protocols may be utilized although gentle handling of the cells is needed to reduce
any mechanical damage to the cells or their DNA. This gentle handling alse preserves the smgli number of fetal or
rare celis in the sample. Imtegrity of the nucleic acid being evaluated is an importam feature to permit the distinction
between the genomic material from the fetal or rare cells and other cells m the sample. In particular, the enrichment
and separation of the fetal or rare cells using the arrays of obstacles produces gentle treatment which minimizes
cellular damage and maximizes nacleic acid integrity permitting exceptional levels of separation and the ahility to
subsequently utilize various formats to very accurately analyze the genome of the cells which are present in the
samaple in extrernely low numbers.

[0972] Insome embodiments, enrichment of rare cells (e.g. fetal cells, epithelial cells or circulating tumor cells
{CTCs)) pecurs using one o more capture modules that selectively inhibil the mobility of one or more celis of
interest. Preferabie a capture module is fluidly coupled downstream to a size-based separation module. Capture
modules can inchide a substrate having muitiple obstacles that restrict the movement of cells or analytes greater than
a predetermuned size. Examples of capture modules that inhibit the migration of celis based on size are disclosed in
1.5, Patent Na., 5,837,115 and 6,692,952,

[6073] In some embodiments, a capture module includes a two dimensional array of obstacles that selectively
filters or captures cells or analyies baving a hydrodynamic size greater than a particular gap size (predetermined
size}, International Publication Ne. WO 2004/113877.

[00T4} Iasome cases a capture module caphures analytes {e.g., cells of interest or not of interest) based on their
affinity. For exampie, an affinity-based separation module that can capture cells or analytes can include an array of
obstacles adapted for permitting sample flow through, hut for the fact that the obstacles are covered with binding
moieties that selectively bind one or more analytes (2.¢., cell populations) of interest (e.g., red bloed cells, fetal
cells, epithelial cells or nucleated cells) or analytes not-of-interest {e_g., white blood cells). Asrays of obstacles
adapted for separation by capiure can include obstacles having one or more shapes and can be arranged in a uniform
or non-untform order. In some embodiments, 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 analytes being sorted {separated) and the obstacles.

[0675] Binding mcicties coupled to the obstacles can inclode e.g., proteins (e.g., ligands/receptors), nucleic acids
having complementary counterparts in retained analytes, anttbodies, etc. In some embodiments, an affinity-based
separation medule comprises & two-dimensional array of obstacles covered with one or more antibodies selected
from the group consisting of: anti- CD7}, anti-CD235a, anti-CD 36, anti-carbohydrates, anti-selectin, anti-CD45,
anti-GPA, anti-antigen-i, anti-EpCAM, anti-E-cadherin, and anti-Mue-1.

{007¢] Figure 2A illustrates a path of a first analyte through an arzay of posts wherein an analyie that does not
specifically bind to a post continues to migrate threugh the array, while an analyte that does bind a pest is caprured
by the array. Figure 2B is a picture of antibody coated posts. Figure 2C illustrates coupling of antibodies to a
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substrate {e.g., obstacles, side walls, etc.} as contemplated by the present invention. Examples of such affinity-bhased
separation modules are descrtbed in Iiternational Publication Na. WO 2004/029221,

[B077] 1o some embodiments, a capture module ufilizes a magnetic field to separate and/or enrich ene or more
analytes {cells) based on a magnetic properiy or magnetic potential in such analyte of interest or an analyte not of
inferest. For example, red blood cells which are siightly diamagnetic (repefled by magnetic field) in physiological
conditions can be made paramagnetic (atitibuted by magnetic field} by deaxygenation of the hemoglobin into
methemoglobin. This magnetic property can be achieved through physical or chemical treatment of the red hlood
cells. Thus, a sample containing one or more red blood cells and one or more white blood cells can be enriched for
the red blood cells by first inducing a magnetic property in the ed biood cells and then separating the red blood cells
fzom the white blood celis by flowing the sample through a magnetic field {uniform or non-uniform}.

[G078] For example, a maternal blood sampie can flow first throngh a size-based separation module to remove
erucleated cells and cellular compoenents (e.g., analytes having a hvdrodynamic size l2ss than 6 gms) based on size.
Subsequently, the enriched nucleated cells (e_g., analytes having a hydrodynamic size greater than 6 jams) white
blood cells and nucleated red blood cells are treated with a reagent, such as CO; N3 or NaNQ,, that changes the
mmagnetic property of the red blood cells” hemoglobin. The treated sample then flows through a magretic field {¢.g.,
2 columm coupled to an external magnet), such that the pararnagnetic analytes {e.g., red blood celis} will be captured
by the magnetic field while the white blood cells and any other non-red bloed cells will flow through the device ta
result in a sample enriched in nacleated red blood cells {(inchuding fetal nucleated red blood cells or MRBC™s).
Additional examples of magnetic separation modules are described in US Application Serdal No. 11/323,971, fited
December 29, 2003 entitled "Devices and Methods for Magnetic Enrichment of Cells and Other Particles” and US
Application Serial No. 11/227,904, filed September 15, 2005, entitled “Devices and Methods for Enrichment and
Alteration of CeHs and Other Particles™.

[6079} Subsequent enziclunent steps can be used 1o separate the rare cells (e.g. imRBC’s) from the non-rare cells
maternal nucleated red blood ceils. In some embodiments, a sample enriched by size-based separation followed by
affinity/magnetic separation is further enriched for rare cells using flucrescence activated cell sorting {FACS} or
selective lysis of a subset of the cells.

[0080] In some embeodiments, enrichment involves detection and/or is0lation of rare cells or rare DNA {e.g. fetal
celis or fetal DNA) by selectively initiating apoptosis in the rare cells. This can be accomplished, for example, by
subjecting a sample that inciudes rare cells {e.g. a mixed sample) to hyperbaric pressurs (increased levels of CO4;
e.g. 4% CG,). This will selectively initiate apoptosis in the rare or fragile cells in the sample {e.g. fetal cells). Once
the rare cells {c.g. fetal cells) begin apoptosis, their muclei will condense and optionally be ejected from the rare
cells. At that point, the rave cells ot muclei can be detected using any technique known in the art to detect condensed
muaciei, including DNA gel electrophoresis, in situ labeling of DNA nick using terminal deoxynucleotidyl transferase
{TaT -mediated dUTP n situ nick labeling (TUNEL) (Gavriell, Y., et al. I. Cell Biol, 119:493-5G1 {1992)), and
ligation of DNA strand breaks having one of two-base 37 overhangs {Taq polymerase-based in sit ligation).
{Didenko V_, et al. I. Cell Biol, 135:1362-76 (19963},

[0881] In some embodiments sjected nuclei can further be detected using a size based separation module adapted
to selectively sorich nuclei and other analytes smaller than a predetermined size (e.g. 6 microns) and isolats them
from cells and analytes having a hydrodynamic diameter larger than & microns. Thus, in one embodiment, the
present invention contemnplated detecting fetal cells/fetal DN A and optiorally using such fefal DNA to diagnose or
prognose a condition in a fetus. Such detection and diagnosis can occur by obtaining a blood sanple from the
female pregnent with the fotus, enriching the sample for cells and analvies larger than 8 mictous using, for example,
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an attay of obstacles adapted for size-base separation where the predetermined size of the separation is 8 microns
{c.g. the gap between obstacles is up ta 8 microns). Then, the eariched product is further enricked for red blood
cells (RBC's) by exidizing the sample to make the hemoglobin puramagnetic and flowing the sample through one or
more magnetic regions. This selectively captures the RBC’s and remwoves other ceils (a.g. white blood cells) from
the sample. Subsequently, the faRB(’s can be enriched from maRBC’s in the second enriched product by
subjecting the second enriched product to hyperbaric pressure or other stimulus that selectively causes the fetal calls
to begin apoptosis and condense / eject their nucler. Such condensed nuclei are then identified/isolated using e.g.
laser capture microdissection or a size based separation module that separaies compenents smaller than 3, 4, Sor §
microns from a sanmle. Such fetal nuclei can then by analyzed using any method known n the art or described
herein.

{0082] In some embodiments, when the analyte desired 10 be separated {e.g., red blood cells or white blood cells}
is not ferromagnetic or does not have a potential magnetic property, 2 magnetic particle {(e.g., 2 bead) or compound
eg., Fes’) can be coupled to the analyte to give it a magnetic property. In seme endbodiments, a bead coupled to an
antibody that selectively binds to an analvte of interest can be decorated with an antibody elected from the group of
anti CD71 or CD75. In some embodiments 2 magnetic compound, such as Fe™', can be couple to an antibody such
as those described above. The mmpgnetic particles or magnetic antibodies herein may be coupled to any one or more
of the devices herein prior to contact with a sample or may be mixed with the sample prior to delivery of the sample
to the device{s). Magnetic particles can also be used to decorate one or more analytes {cells of interest or not of
irderest) to increase the size prior to performing size-based separation.

[0083] Magnetic ficid used to separate analytes/cells in any of the embodiments herein can uriform or non-
uniform as well as external or internal to the device(s) herein. An external magnetic field is one whose source is
outside a device herein {e.g., container, channel, cbstacles), An internal magnetic field is one whose source is
within a device contemplated herein.  An example of an internal magnetic field is one where magnetic particles may
be attached to obstacles present in the device {or manipulated {c create obstacles) to increase surface area for
analytes to interact with to increase the likelihood of binding. Analytes captured by a magneric ficld can be released
by demagnsiizing the magnetic regions retaining the magnetic particles. For selective release of analytes fiom
regions, the demagnetization can be limited to selected obstacles or regions. For example, the magnetic field can be
designed te be electromagnetic, enabling turn-on and tursn-off off the magnetie fields for each individual regicn or
obstacle at will.

[64684] Figure 3 illustrates an embodiment of a device configured for capure and isclation of cells expressing the
transferrin receptor from a complex mixrure. Monoclonal antibodies to CD71 teceptor are readily available offthe-
shelf and can be covalently coupled to magnetic materials comprising any conventional ferroparticles, such as, but
not himited to ferrous doped polysiyrene and ferroparticles or ferro-colloids fe.g., from Miltenyi and Dynal). The
anti CD71 bound to magnetic particles is flowed into the device. The antibody coated particles are drawn to the
ebstacles {¢.g., posis), floor, and walls and are retained by the strength of the magnetic field interaction between the
particles and the magnetic fizld. The particles between the obstacles and those fcosely retained with the sphere of
influence of the jocal magnetic fields away from the cbstacles are removed by a rinse.

0GB3]  One or mere of the enrichment modules herein {(e.g., stze-based separation module(s) and captuze
module(s})) may be flnidly coupled in series or 1z paraliel with one another. For example a first outlet from a
separation module can be fluidly coupled 10 a capture meoduie, in some embodiments, the separation moduie and

capture module are integrated such that a piurality of obstacles acts both to defiect certain analytes according fo size
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and divect them in 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, magnetismn or other physiczl property.
{086] In any of the embodiments herein, the enrichment steps performed have a specificity and/or sensitivity
greater than 50, 60, 70, 80, 90, 85, 96,97, 98,99, 9.1, 99.2, 99.3, 99.4_ 99.5, 99.6, 99.7, 99.8, 69.9 or $%.95% The
reiention rate of the enrichment module(s} herein is such that =590, 60, 70, 80, 90, 81, 92, 93, 84, 55, 96, &7, 98, 59,
o1 99.9 % of the analytes or cells of interest {¢.g., nucleated cells or nucleated red blood cells or nucleated from red
btlood cells) are redained. Simultaneously, the enrichment modules are configured to rentove =50, 60, 76, 80, B3,
90, 01, 92, 93, 94, 95, 96, 97, 98, 99, or 99.9 % of all unwanted analytes {e.g., red blood-platelet enriched cells)
from a sampla.
[0B871 Any of the enrichment methods herein may be fusrther supplemented by splitting the enriched sample into
aliguots or sub-samplss. In some embediments, an enriched sample #s split into at least 2, 5, 19, 20, 50, 100, 200,
500, or 1000 sub-samples. Thus when an enviched sample comprises about 500 celis and is aplit into 500 or 1000
different sub-samples, each sub-sample will have | or 0 cells.
[OBRE] In some cases a sample iz split or arranged such that each sub-sample is in a unique or distinct location (e.g.
well). Such location may be addreasable. Each site can further comprise a capture mechamsm to capture ceil{s) to
the site of interest and/or releass mechanism for selectively releasing cells fom the cite of interest. In some cases,
the well is confipured to hold a single csll.
Ii. Sarple Analysis
{0089 In some embodiments, the methods herein are used for detecting the presence or corlitions of zare cells
that are in a mixed sample {optionally even after enwichiment) at a concentration of up o 90%, 30%, 70%, 60%, 50
Yo, 40%, 30%, 20%, 10%, 5% or 1% of ai! 2¢lls in the mixed sample, or at a concentration of less than 112, 1:4, 1:18,
1:50, 1100, 1:2060, 1:5300, 1-1000. 1:2000, 1:5000, 1:10,000, 1:20,000, 1:50,000, 1:100,000, 1:260,000, 1:1,000,000,
1:2,000,000, 1:5,0060,000, 1:16,000,000, £:20,600,6060, §:50,000,000 or 1:100,000,000 of ail celis in the sample, or
at a concentration of less than 1 x 107, 1 x 18, 1 x 107, 1 x 16°, or 1 = 107 cells’uL of z fluid sample. In some
embodiments, the mixed sample has z total of up 0 2, 3, 4, 5, 6. 7, 8,9, 10, 15, 20, 36, 40, 50, or 100 rare cells {e.g.
fetal cells or epithelial celis).
[0090] Enriched target celis {e.g., iRBC} may be “binned” prior o further analysis of the enriched cells (Figures
34 &35). Binning is any process which results in the reduction of complexity and/or fotal cell number of the
enriched ccll cutput. Binning may be performed by any methed known in the art or described herein. One method
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 methoeds include manofluidic systems which can separate samples
into droplets {e.g., BioTrove, Raindance, Fluidigm}, Such nanofluidic systerms may result in the presence of a single
cell present in a nanodroplet.
[60%1] Bimning may be preceded by positive selection for target celis including, but not limited to, affinity binding
{2.g. using anii-CD71 antibodies). Allernately. negative selection of non-target cells may precede binming. For
cxample, output from a size-based separation module may be passed through a magnetic hemoglobin enrvichment
module (MHEM) which selectively removes WBCs from the erwiched sample by aliracting magnetized hemoglobin-
containing cells.
[0892} For example, the possible cellular content of output from enriched maternal bleed which has been passed
through a size-based separation module {(with or without further enrichment by passing the enriched sample through
a MHEM) may consist of: 13 approximately 2¢ faRBC; 2) 1,500 mnRBC; 3) 4,000-40,000 WRBC; 4) 15x10% RBC.
If this sample 13 separated into 106 bins (PCR wells or other acceptable binning platform), cach bin would be
it
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expected o contain: 1} B0 negative bins and 20 bins positive for one InRBC; 2) {50 maRBC; 3} 400-4,000 WBC(C;

43 15x10* RBC. If separated into 10,000 bins, each bin would be expected to contain: 1) 9,980 negative bins and 20
bins positive for one tRBC; 2} 3,500 negative bins and 1,500 bins positive for one maRBC; 3) <i-4 WBC; 4}
15%10° RBC. One of skill in the art will recognize that the number of bins may be increased or decreased depending
on experimental design and/or the platform used for binning. Reduced complexity of the binned cell pepulations
may facilitate further genetic and/or cellular analysis of the target cells by reducing the number of non-target cells in
an individual bin.
[6693] Analysis may be performed on individual bins to confinm the presence of target cells (e.g. faRBC) in the
individual bin. Such anelysis may consist of any method known in the art including, but not limited to, FISH, PCR,
STR detection, SNP analysis, biomarker detection, and sequence analysis (Fignres 34 &35).
[0354] For example, a peripheral maternal venous blood sample enriched by the merhods herein can be analyzed o
determine pregnancy or a condition of a fetus {e.g.. sex of fetus or aneupleidy). The analysis step for fetal cells may
further involves comparing the ratio of matemal fo paternal genomic DNA o the identified fetal cells.

V. Feta! Riomarkers
[0655]  In some embodiments fetal biomarkers may be used to detect and/or isolate fetal cells, after enrichanent or
after detection of fetal abnormality or lack thereof. For example, this may be performed by distingnishing between
fetal and maternal nRBCs based on relative expression of a gene {e.g., DYSi, DYZ, CD-71, & -and % -globin) that
is diffezentially expressed during fetal development. In preferred embodiments, biomarker genes are differentially
expressed in the first and/or second frimester. “Differentially expressed,” as applied o nucleotide sequences or
polypeptide sequences in a cell or cell nuclei, refers to differences m over/under-expression of that seguence when
compared to the leve! of expression of the same sequence in another sample, a control of a reference sample. In
seme embodiments, expression differences can be teroporal and/or cell-specific. 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 backgronnd cell populations. Detection of such difference in expression of the biomarker may
indicate the presence of a rare ceil {e.g., mRBC) versus other cells in a mixed sample (e.g., background cell
populations}. In cther 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 embeodiment, fetal biomarkers comprise differentially expressed hemeglobins. Erythroblasts
(nRBCs} are very abundant in the early fetal circulation, virtually absent in normal adult blood and by having a short
finite Hifespan, there is no risk of obtaining MRBC which may persisi from a previgus pregnancy. Furthermore,
unlike trophoblast cells, fetal eryithroblasts are not prone to mosaic characteristics.
[00971 Yolk sac erythroblaste synthesize = -, £ -y and o -globins, these combine to form the embryonic
hemoglobins. Between six and eight wecks, the primary site of erythropoiesis shifts from the valk sac to the liver,
the three embryonic hemoglobins are replaced by fetal hemoglobin (HbF) as the predominant cxygen transport
system, and ¢ - and & -globin production gives way to y-, a - and P -globin production within definitive
srythrocytes (Peschle ef al., 1985}, FIbF remuins the principal hemoglobin until birth, when the second gichin
swilch occurs and 8 -globin production accelerates.
[4098} Hemoglobin (Hb) is a heterodimer compesed of two identical & globin chains and two copies of a second
globin. Due to differential gene expression during fetal development, the composition of the second cham changes
from ¢ globin during early embryonic development (1 to 4 weeks of gestation) 1o vy globin during feial development

{6 to 8 weeks of gestation) 10 § globin in necnates and adults as illustrated in {Tablc 1).
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[0D99} Table 1. Relative expression of £, yand 2 in maternal and fetal RBCs.
£ ¥ B
st frimester Fetal ++ Rl -
Maternal - +- O
7rd trimestar Fetal - -+ +-
Maternal - +- ++

[G0100} In the Iate-Dirst trimester, the carliest time that fetal celis may be sampled by CVS, fiRBCs contain, in
addition to & glebin, primarily € and 7y globin. In the early to mid second trimester, when anmiccentesis is typisally
performed, fnRBCs contain primarily ¥ globin with some adult 3 globin. Maternal cells contain almost exclusively
oand 3 globin, with traces of y detectable in some samples.  Therefore, by measuring the relative expression of the
€, yand 8 genes in RBCs purified from maternal blood samples, the presence of fetal cells in the sample can be
determined. Furthermore, positive continls can be utilized to assess failure of the FISH analysis itseif.

[80101} In various embodiments, fetal cells are distinguished from matemnal cells based on the differential
expression of hemoglobins £, ¥ or €. Expression levels or RNA levels can be determined in the cytoplasm or in the
nucleus of cells. Thus in some smbodiments, the methods herein invelve determining levels of messenger RNA
{mBINA), ribosomal RNA (TRNA}, or nuclear RNA (nRNA).

[86102} In some embodiments, identification of fnRBCs can be achieved by measuring the levels of at least two
hemoglobins in the cyfoplasm or nucleus of a cell. In vanous embodiments, identification and assay is from 1, 2, 3,
4,5.6,7,8,.9, 10, 15 or 20 fetal nuclei. Purthermore, total nuclei mrayed on one or more slides can number from
about 100, 200, 300, 400, 500, 700, 800, 5000, 10,005, 190,000, 1,000,000, 2,000,000 to zbout 3,000,600, In some
embodiments, a ratic for ¥ or €/8 is used to determine the presence of fetal cells, where a number less than one
indicates that a faRBC{s} is not present. In some embeodiments, the relative expression of W8 er e/ provides a
InRBC index {“FNI"}, as measured by -y or £ relative t0 8. 1a some embodiments, a FNI for /9 greater than 3, 10,
15, 20, 25,30, 35, 40, 45, 20, 180, 3580, 720, 975, 1020, 1624, 1250 to about 1250, indicate that a fnRBCYs) is
present. In yet other embodiments, a FNI for /@ of less than about | indicates that a fnBBC(s) is nol present.
Preferably, the above FNI is determined from 2 sample obtained during = first trimester. However, similar ratios can
be used during second irimester and third frimester.

[06183] In some embodiments, the expression levels are determined by measuring miclear RNA transcripts
including, nascent or unprocessed transcripis. In another embediment, expression levels are determined by
measuring mRNA, including ribosomal RNA. There are many methods knowit in the art for imaging (e.g.,
rmeasuring} aucleic acids or RNA including, but not limited to, using expression arrays from Affymetrix, Inc. or
Hhyming, Inc,

[00164] RT-PCR primers can be designed by targeting the globin variable regions, selecting the amplicoa size, and
adjusting the primers annezling temperature to achisve equal PCR amplification efficiency. Thus TagMan probes
can be desigaed for each of the amplicons with well-separated fluorescent dyes, Alexa fuor®-355 for g, Alexa
Fluor®-488 fory, and Alexa Fluor-555 for . The specificity of these primers can be first verified using 2, v, and B
<DMNA as templates. The primer sets that give the best specificity can be selected for further assay development. As
an alternative, the primers can be selected from two exons spanning an intron sequence to amplify only the mRNA

to eliminate the geromic DNA contamination.
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[GB165} The primers selected can be tested first in a duplex format {o verify their specificity, limit of detection, and

amplification efficiency using target cDNA templates. The best combinations of prizuers can be further tested ina
triplex format for its amplification efficiency, detection dynamic range, and Himit of detection.
[B80106F Varicus comunercially available reagents are available for RT-PCK, such as One-step RT-PCR reagenis,
including Qiagen One-Step RT-PCR Kit and Applied Biosyterns TagMan One-Step RT-PCR Master Mix Reagents
kit. Such reagents can be used to establish the expression ratic of £, ¥ and Jusing purified RNA from ensiched
samples. Forward primers can be Jabeled for each of the targets, using Alexa fiuer-355 for £, Alexa {luor-488 fory,
and Alexa fluor-555 for B. Enriched cells can be deposited by cytospinning onto glhass slides. Additionaily,
cytospinning the enriched celis can be performed afier ia situ RT-PCR. Thereafler, the presence of the fluorescent-
labeled amplicons can be visnalized by fluorescence microscopy. The reverse transeription time and PCR cycles
can be optimized to maximize the amplicon signal:background ratio to have maximal separation of fetal over
maternal signature. Preferably, signal:background ratio is greater than 5, 10, 530 or 100 and the overall ce’l loss
during the process is less than 58, 106 or 5%.

V. Fetal Cell Analysis
(801071 Figure 4 illustrates an overview of seme embaodiments of the present invention.
{30198} Anewploidy means the condition of having less than or mozre than the normal dipleid rnumber of
chromosames. In other werds, i is any deviation fTom euploidy. Aneuploidy includes conditions such as monesomy
{the presence of only one chromosome of a pair in a ceif’s nucleus), trisomy (having three chromosomes of a
particular type in a cell’s pucieus), fetrasomy (having four chromosomes of a particular type in a cell’s nucleus),
pentasomy (having five chromosomes of a particular type in a cell’s nuclens), triploidy (having three of every
chromosome in a cell’s mucleus}, and tetraploidy (having four of every chromosome in z cell’s nucleus). Birth ofa
live triploid is extraordinarily 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 all miscarriages. Tetraploidy occurs in
approxirpately 896 of all miscammages. (hitpr/ www.cmedicine.comvymeditopic324 1 htm).
[80109] In step 409, a sample is obtained from an animal, such as 2 human. In some embodiments, animat or
human is pregnant, suspected of being pregnant, nr may have been pregnant, and, the systems and methods herein
are used to diagnose pregnancy and/or condiiions of the fetus {e.g. irisomy). In some embodiments, the znimal 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 monitor for recurrence.
[06110] In both scenarios a sample oblained from the animal can be a bleod sample e.g., of up to 50, 40, 36, 20, or
15 mi. 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 17 trimester, 2™ trimester, and 3™ trimester of pregnancy).
[0H111] In optional step 402, rare cells (2.g., Tetal cells or epithelial cells) or DA of such rare cells are enriched
uging one or more methods known in the art or described herein. For example, to enrich fetal cellis from 2 maternal
blood sample, the sampie can be applied 10 a size-base separation modute {e.g., two-dimensional array of obstacles}
configured to direct cells or particles in the sample greater than 8 microns to a first outlet and cells or particies in the
sample smaller than 8 microns 0 a second cuilet. The fetal cells can subsequently be further enriched from maternal
white blood cells (which are also greater than 8 microns) based on their polential magaetic property. For example,
N, or anti-CD71 coated magnetic beads is added to the fivst enriched product 1o make the hemoglobin in the red
blood cells {iraternal and fetal) paramagnetic. The enriched sample is then flowed through a column coupied to an
external magnet. This captures both the frtRBC’s and mnRBC s creating a second enriched product. The sample
can then be subjected to hyperbaric pressurs or other stimulug to initiate spoptosis in the fetal cells. Fetal
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celis/mucle: can then be enriched using nricrodissection, for example. It should be noted that even an enricked
product can be dominated £>50%) by cells not of interest (e.g. maiernal red bleed celis). In some cases an eariched
sample has the rare cells {or rare penomes) consisting of up to G.61, 0.02, 0.065, 0.1, 0.2, (.5, |, 2, 5, 1§, 20, or 50%
of alt celis {or genomes} in the enriched sample. For example, using the systems herein, a rmaternal bleod sample of
20 mi. from a pregnant human can be enriched for fetal celis such that the enriched sample has a total of about 500
cells, 2% of which are fetal and the rest are mmternal.

[B0112} In: step 404, the enriched product is split bebween two or more discrete locations. In some embodiments, &
sample is split into atleast 2, 10, 20, 50, 100, 200, 300, 400, 500, 6008, 700, 800, 90C, 1000, 2000, 3,004, 4,000,
5000, or 16,000 total different diserete sites or about 100, 200, 500, 1000, 1200, 1500 sites. In some embodiments,
output from an enrichment module is serially divided into wells of a 1536 microwell plate (Figure 8). This can
result in one cell or genome per location or 0 or 1 cell or genome per location. In some embodiments, cell splitting
results inmore than 1, 2,3, 4,5, 6,7, 8,9, 10, 24, 50, 100, 200, 500, 1900, 2000, 5090, 10,000, 20,000, 56,000,
130,000, 208,000, or 300,000 cells or genomes per location. When splitfing a sample enriched for epithelial celis,
endothelial cells, er CTC’s, the load at each discrete location {e.g., well) can include several leukocytes, while one
only some of the loads includes one or more CTC s, When splitting a sample enviched for fetal calls preferably each
site includes 0 or 1 fetal cells.

00113} Examples of discrete locations which could be used as addressable locations mclude, but are not limited to,
wells, bins, sieves, pores, geometric sites, siides, matrixes, menbranes, electric traps, gaps, obstacles, or in-situ
within a cell or nuclear membrane. In some embodiments, the discrete cells are addressable such that one can
correlate a cell or ceil sample with a particular location.

{04114} Examples of methods for splitting a sample into discrete addressable lecations inchude, bui are not limited
to, fluorescent activated cell sorting (FACS) (Sherlock, IV et al. Ann. Hum. Genet. 62 (Pt 1): 9223 (1998)),
micromanipulation (Samura, O, Ctal Hum. Genet. 107¢1}:28-32 {2000}} and dilution strategies {Findlay, 1. ef al.
Mol. Cell. Endocrinol. 183 Supgl 1: 85-12 (2001)). Gther methods for sample sphiting cell sorting and splitting
methods known in the art tnay elso be used. For example, samples can be split by affinity sorting technigues using
affimity agents (e.g. antibodies) bound to any mmumobilized or mobilized substrate (Samrwa O, et al., Ham Genet.
137{13:28-32 (200G}). Such affinity agents can be specific t0 a cell type e.g. RBC's fetal cells epithelial cells
including those specifically binding EpCAM, antigen-i, or CD-71.

[00115] In scme embodiments, a sample or enriched sample is transferred to a cell sorting device that includes an
array of discrete locations far capturing celis traveling slong a fiuid 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 Pubiication No. WO 01/35071. Examples of surfaces that may be
used for creating amrays of ceils in discrete addressable sites include, but are not Himited to, cellulose, ceilulose
acetate, nitrocelinlose, glass, quartz or other orystalline substrates such as gailinm arsenide, silicones, metals,
semiconductors, vartous plastics and plastic copolymers, cyclo-olefin pohymers, varicus membraaes and gels,
microspheres, beads and paramagnetic or sapramagnetic micropariicles.

[00116] In some embodiments, = 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 well or discrete addressable Iocation may have a caprure
mechanism adapted for retention of such cell {e.g. gravity, suction, g1¢.) and aptionaily 2 release mechanism for
selectively releasing 2 cell of inferest from a specific well or sife {e.z. bubble actuation}. Figure B jllustrates such an

embodiment.
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00117 In step 486, nucleic acids of interest from each cell or nuclei arrayed are tagged by amplification.

Preferably, the amplifiedtagged necleic acids include at least 1,2, 3, 4, 5,6, 7, 8,9, LG, 28, 30, 40, 30, 60, 70, 60,
50 or 100 polymorphic genomic DNA regions such as short tandem repeats (STRs) or variable number of tandem.
repeats (“VNTR”}. When the amplified DNA regions include one or more STR/S/, the STR/s/ are selected for high
heterozygosity {variety of alleles) such that the paternzl allele of any fetal cell is more likely to be distinct in length
from the maternal allele. This resulis i improved power to defect the presence of fetal celis in a mixed sample and
any potential of fetal abnormalities in such cells. In some embodiment, STR(s) amplified are selscted for their
association wifh a particular conditionn. For example, to determine fetal abnormality an STR sequence comprising a
Ehitation associated with fetal abnormality or condition is amplified. Examples of STRs that can be
amplified/analyzed by the methods herein include, but are not limited 1o D2151414, P218t411, D2181412, 2181}
MBP, Di35624, D1368621, DISS535, AmpXY and XHPRT. Addiienal STRs that can be amplified/analyzed by
the methods herein include, but are not limited to, those at locus F13B (1:931-q32); TPOX (2:p23-2pter}; FIBRA
(FGA) {4:q28); CSFIPO (5:933.3-g34); FI3A {6:p24-p25);, THOIL (I L:p15-15.5), VWA (12:p12-pter); CDU {12pl2-
pter); 21451434 (14:932.13); CYAROS (p450) {135:q21.13 D21811 21:q11-g21yand D2281045 (22:912.3}. In
some cases, STR lect are chosen on a chromosonms suspected of trisomy and on a control chromoscome. Examples
of chromosomes that are often trisomic inciude chromwosomes 21, 18, 13, and 3. Insome cases, ] ormorethan 1, 2,
3,45, 6,7,8,9 10, 15, or 20 STRs are amplified per chromosome tested {Samura, O. et al., Clin. Chem.
47(951622-6 (2001)). For exampie amplification can be used 1o generate amplicans of up to 20, up to 30, up 1o 40,
up o 50, up to 60, up to 70, up to 86, up o 90, up to 103, up 1o 150, up to 200, up to 300, up 1o 400, up to 500 or up
to 1000 nucleotides 1n length. Di-, fri-, tetra- , oF penfa-nucleotide repeat STR loci can be used in the methads
described hersin.

H00118] To amplify and fag genomic DNA region(s) of interest. PCR prirners can ixclade: (i 2 prituer element, (ii}
& sequencing element, and (iii} a locator <lement.

{30119 The primer element is configured to amplify the genomic DNA region of interest {e.g. STR). The primer
clement includes, when necessary, the upstream and downstream primers for the amplification reactions, Primer
elements can be chasen which are multiplexible with other primer pairs from other tags in the same amplification
reaction (c.g. fairly uniform melting temperature, absence of cross-priming on the human genome, and absence of
primer-primer ieraction based on sequence analysis). The primer element can have at least 4, 5, 6, 7, 8, 9, 16, 15,
20, 23, 30, 40 or 50 nucleotide bases, which are designed 1o specifically hybridize with and amplify the genomic
DINA region of interest.

00120} The sequencing element can be located on the 57 end of ¢ach primer element or mucleic acid tag. The
sequencing element 1s adapted to cloning and/or sequencing ¢f the amplicons. (Marguiles, M, Nature 437 (7057):
376-8(n The sequencing element can be about 4, 6, 8, 10, 18, 29, 28. 36, 46 or 50 sucleotide bases in length.
[00121] The locator slement (also known as 2 unigue tag sequence), which is offen incorperated into the middle
part of the upstream primer, can include a short DN A or nucleic acid sequence between 4-20 bp in length {e.g.,
about 4, 6, 2, 16, or 20 nucleotide basas). The locator element makes it possible to pool the amplicons from all
discrete addressable locations following the amplification step and analyze the amplicons in paratlel. In some
embodiments each locator element is specific for a single addressable location.

{00122} Tags are added to the cells/DINA at each discrete location using an amplification reaction. Amplification
can be performed using PCR or by a variety of methods including, but not limited to, singleplex PCR, quantitative
PCER, quantitative fluerescent PCR (QF-PCR), mulkipiex fluorescent PCR {(ME-PCR), real time PCR (RT-PCR),
single cell PCR, reswiction fragment leogth polvmerphism PCR (PCR-RFLP), PCR-RFLPF/RT-PCR-RFLP, hot start
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PCR, nested PCR, in situ polonony PCR, in situ rofling circle amplification {(RCA), bridge PCR, picotiter PCR,
multiple strand displacentent amplification (MDA), and emulsion PCR. Other suitable amplification methods
include the ligase chain react:on (LR}, transeription amplification, self-sustained sequence replication, selective
amplification of farpet polynucleotide sequences, consensus sequence primed polymerase chain reaction {CP-PCR),
arbitrarily primed polymerase chain reaction {AP-PCR), degenerate oligonucleotide-primed PCR {DOP-PCR) and
nucleie acid based sequence amplification (NABSA). Additional examples of amplification techniques using PCR
primers are described in, US. Pat. Nos. 5,242,794, 5494 810, 4,988,617 and 6,582,938,
[60123] In some embodiments, a further PCR amplification is performed using nested primers for the one or more
genomic DNA regions of interest to ersure oplimal performance of the muliiplex amplification. The nested PCR
amplification geaerates sofficient genormic DNA stacting material for further analysis such as in the paralle!
saquencing procedares below.
{00124} In step 408, genomic DNA regions tagged/amplified are pocled and porified prior to further processing.
Methods for pooling and purifyving genomuc DNA are kaown in the art.
MM 25] Instep 410, pooled penomic DNA/amplicons are analyzed to meazure, e.g. allele abundance of genomic
DNA regions {e.g. STRs amplified). In some embodiments such analysis invalives the use of capillary gel
electrophoresis {CGE). In other embodiments, such analysis involves sequencing or ulira deep sequencing.
126} Sequencing can be performed using the classic Sanger sequencing method or any other method known in
the art.
0127} For example, sequencing can occur by sequencing-by-synthesis, which invelves 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 prinlers complermemary to the sequencing element on the nucleic acid tags. The
method involves detecting the identity of each nuclestide immediately after (substantially real-time) or upon (real-
time} the incorporation of a labeled nucleotide or nucleotide analop into a growing strand of a complementary
nucleic acid sequence in a polymerase reaction. After the successful incorpoeration of z label nucleotide, a signal is
measured and then nulled by metheds known in the art. Examples of sequence-by-synthesis methods are described
in U8, Application Publication Nos. 2003/G044781, 2006/0024711, 2006/G6246738 and 2005/3100932, Examples of
iabels that can be used to Iabel nucleotide or nuciectide analogs for sequencing-by-synthesis include, but are not
Emited te, chromophores, fluorsscent moieties, enzymes, aniigens, heavy meial, magnetic probes, dyes,
phosphorescent groups, radioactive materials, chemiluminescent moeities, scattering or flucrescent nanoparticles,
Raman signal generating moieties, and electrochemical detection moietics. Sequencing-by-synthesis can generate at
lease 1,064, at least 3,600, at teast 10,000, at least 20,000, 36,000, 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 Ieast 60, at least 79, at least 80, at keast 90, at
least 104, at least 120 or at least 150 bases per read.
[00128] Another sequencing method involves hybridizing the amplified genomic region of interest to a primer
complementary to 1. This hybridization complex is incubated with a polymerase, ATP sulfurylase, luciferase,
apyrase, and the subsirates luciferin and adenosine 5 phosphosulfate. Next, deoxynucieotide triphosphates
corresposkding to the bases A, C, G, and T (1) are added sequentially. Each base incerporation is accompanied by
release of pyrophosphate, converted to ATP by sulfurylase, which drives synthesis of oxyluciferin and the release of
visible hight. Since pyrophosphate release is equimolar with the number of incorporated bases, the light given off is
preporticnal to the number of nucleotides adding m any one step. The process i1s repeated until the entire sequence is

determined.
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[0G129] Yetanother sequencing method involves s four-color sequencing by ligation scheme {degenerate ligation),

which mvolves hybridizing an anchor pomer 10 one of four positions. Then an enzymatic ligation reaction of the
anchor primer to a population of degenerate nonamers that are labeled with fluorescent dyes is performed. At any
given cycle, the population of nonamers that is used is structure auch that the 1dentity of one of #s 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 flaorescent signal allows the inference of the identity of the base.
Adfter performing the ligation and four-color inmmaging, the anchor primer:nonamer complexes are stripped and a new
cycle begins. Methods to image sequence information after performing ligation are known in the art.
[801307 Preferably, analysis involves the use of nitra-deep sequencing, such as deseribed in Marguiles £t ai_, Nature
437 (7057} 376-80 {2005). Briefly, the amplicons are diluted and mixed with beads such that each bead captures a
single molecule of the amplified material. The DNA meolecule on each bead is then amplified 10 generate millions
of copies of the sequence which all rermain bound 1o the bead. Such amplification ean occur by PCR. Each bead
can be placed in 4 separate well, which can be a {optionally addressable) picoliire-sized well. In some
embodiments, each bead is ceprured within a droplet of 3 PCR-reaction-mixture-in-oji-emulsion and PCR
amplification occurs within each dreplet. The amplification on the bead results in each bead carrying at least one
nrllion, at least 3 million, or at least 10 million copies of the original amplicon coupled to it. Finally, the beads are
placed into a highly paraliel sequencing by synthesis machine which generates over 400,000 reads {~100bp per read)
it a single 4 hour run.
[00131] Other methods for uitra-deep sequencing that can be used are described in Hong, S. et al. Nat. Biotechnol.
22{4%435-9 (20043, Bennett, B. et al. Pharmacogenomics 8(43:373-82 (2005); Shendure, P. o1 al. Science 3909
(5741 n1728-32 (2005},
0132} The role of the nifra-deep sequencing is to provide an accurate and quantitative way teo measure the allele
abundances for each of the STRs. The fotal required number of reads for each of the aliguot wells is determined by
the number of STRs, the error raies of the muitiplex PCR, and the Poisson sampling statistics associated with the
sequencing procedures.
(00133} In one example, the enrichment output from step 402 resulls in approximaiely 500 cells of which 98% are
maternal celis and 296 are fetal cells. Such enriched celis are subsequently split into 500 discrete locations (e.g.,
wells) in 2 microtiter plate such that each well contains 1 cell. PCR is used to amplify STR’s (~2-10 STR loci) on
each chromesame of interest. Based on the above example, as the fetal’maternal ratio goes down, the ansuploidy
signal becomes diluted and more Joci 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 seme wells, alievianng the
requirements for averaging of PCR errors over imnany loci.
[00134] In onc example, let'f be the fefaVmaternal DNA copy ratio in a particular PCR reaction. Trisomy
increases the ratio of maternal to paternal aileles by a factor 1+£2. PCR efficiencies vary from allele io allele within
a fecus by a mean square error in the logarithan givea by Tanere 04 vary from locus to locus by Grocus . Where this
second variance is apt to be larger due to differences in primer efficiency. N, is the loci per suspected ansuploid
chromosome and N, is the centrol loci. If the mean of the two maternal allele sirengths at any locus is 'm' and the
paternai atiele strength is 'p," then the squared error expected is the mean of the In{ratio{m/p)), where this mean is
taken over N loci is given by M, )N, When taking the difference of this mean of ln{ratio{ny'p)} between a
suspected aneuploidy region and a control region, the crror in the difference is given by

Tt = 2(Canete” VN, + 2 G ¥N, 18
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[80135} For a robust detection of aneuploidy we require

3oy < £2.
[¢0136] For simplicity, assuming N, = N; =N in Equation 1, this gives the requirement
6N < 72, (3}
or a minimum N of
N = 144 (oo /1) 4
[@8137} In the context of irisomy detection, the suspected aneuploidy region is usually the enfire chromosome and
M denotes the number of loci per chromosome. For reference, Equation 3 is evaluated for N in the following Table

2 for various values of Gy snd 1

T

Caere 6.1 8.3 1.0
0.1 144 16 1
¢.3 1296 144 13
Lo 14400 1600 143

Fable 2. Required number of loci per chromosome as a function of oy, and £

Since sample splitting decreases the number of starting genome copies which increases oy, at the same time that it
increases the value of £in some wells, the methods hersin are based on the assumption that the overall effect of
splitting is favorable; i.e., that the PCR errors do not increase too fast with decreasing starting number of genome
copies to offset the bensfit of having some wells with large £. The required number of loci can be somewhat larger
because for many loci the paternal allele is not distinet from the maternal alieles, and this incidence depends on the
heterozygosity of the loci. In the case of highly polvmorphic STRs, this arnounis 1o an approximate doubling of N.
[30138] The role of the sequencing is to measure the allele abundances output from the amplification step. It is
desirable to do this without adding significantly more error due to the Peoisson statistics of selecting only a finite
number of amplicons for sequencing. The tms error in the In(abundance} due (¢ Poissen statistics is appreximatsiy
{Neaaey V2. 1t is desirable to keep this value less than or equal to the PCR erzor Gaya.. Thus, a typical paternal alicle
needs to be allocated at l2ast {G...)” reads. The maternal alleles, bheing more abundant, do not add appreciabliy to
this emror when forming the ratio estimate for m/p. The mixture input to seguencing contains amplicons from N
loci of which roughly an abundance fraction 2 are paternal alleles. Thas, the total reguired mzmber of reads for
cach of the aliquot wells is given approximately by 2Nii/(f O’ ). Combining this result with Equation 4, it is
found a total numbser of reads over all the wells givea approximately by

Nesods = 288 Ny, £ (5}
[0€¢139] When performing sample splitting, a rough approximation is o stipulate that the sample splitting causes
to approach unity in af least a few wells. If the sample splitting is (0 have advantages, then it must be these wells
which dominate the information content in the final result. Therefore, Equation {5) with =1 is adopted, which
suggests a minimum of about 300 reads per well. For 500 wells, this gives a minimum requiremment for ~150,000
sequence reads. Allowing for the limited heterozygoesity of the loci tends 1o increase the requirements (by a factor of
~2 in the case of STRs}. while the effect of reinforcement of data from multiple wells tends 1o relax the requirements
with respect to this result (in the baseline case examumed above it is assumed that ~10 wells have a pure feial celb),
Thus the required total number of reads per patient s expected to be in the range 100,000 — 300,000,
[DO140] In step 412, wells with rare cellsfallcles {e.g.. fetal alleles} are identified. The locater elements of each: tag
can be used to sort the reads (~200,000 sequence reads) into ‘bins” which comespond to the individual wells of the
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microtiter plates (~500 bins). The sequence reads from each of the bing (400 reads per bin} are then separaied into

the different genomic DNA region groups, {e.g. STR loct,) using standard sequence aligament algorithms. The
aligned sequences from each of the bins are used to idemtify rare {e.g., non-maternal} alleles. 1t is estimated that on
average a 15 ml blood sample from a pregunant human will result in ~19 bins having a single fatal cell each.

[08141] The foilowing ars two examples by which rare alieles 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 alieles. This sample can be a white bioed cell fraction or simply a dilution of the original sample before
enrichment. In a second approach, the sequences or genotypses for all the wells can be simifarity clustered to
identify the dominant pattern associated with maternal cells, In either approach, the detection of non-maternal
alieles determines which discrete location (e.g. well) contamned fetal cells. Determining the mumber 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 contaiming fetal cells are identified with high levels
of confidence because the non-maternal alleltes are dstected by multiple independent polvmorphic DNA regions, e.g.
STR loci.

108142] In step 414, condition of rare cells or DNA is determined. This can be accamplished by determining
abundance of selected alleles {polymorphic genomic DINA regions) in bin{s) with rare cells/DNA. In some
embodiments, allele abundanee is used to determine ancuploidy, £.g. chremosomes 13, 1§ and 21. Abundance of
alieles can be determined by comparing ratic of maternal to paternal alieles for each genomic region amplified {e.g.,
~12 STR’s}. For example, if 12 STRs are analyzed, for each bin there are 33 sequence reads for each of the STRs.
In a normal fetus, a given STR will have 1.1 ratio of the maternal to paternal alleles with approximately 16 sequence
teads corresponding to each allele (normai diallelic). In a trisomic fetus, three doses of an STR marker wiil be
detected cither as three alleles with a 1:1:1 ratio (tisomic triallelic) or two alleles with a ratic of 2:1 {trisomic
diatlelicy. (Adinelfi, P. et al, Prenat. Diagn, 17{130:1299-311 {1997)). In rare instances all three alleles may
coincide and the locus will not be informative for that individual patient. In some embodiments, the information
from the different DNA regions on each chromoseme are combined to increase the confidence of a given aneuploidy
call. In some embodiments, the information from the independent bins containing fetal cells can alse be combined
to further increase the confidence of the call.

{80143] In seme embodiments allele abundance is used to determine segmental anuepolidy. Normal diplsid ceils
have two copies of each ciivomosome and thus twe alleles of each gene or loci. Changes in the aliele abundance for
a particular chromosomal region may be indicative of a2 chromosemal reartangement, such as a deletion, daplication
or transkocation event. In sonk emboediments, the information from the different DNA regions on each chromosome
are combined to increase the confidence of a given segmental ansupleidy call. In some embodiments, the
information from the independent bins containing fetal cells can also be combined to further increase the confidence
of the call.

{80144] The deterrmination of fetal trisomy can be used to diagnose conditions such as abnormal fetal genotypes,
including, isomy 13, frisomy 18, trisomy 21 {Pows syndrome} and Klinefelter Syndrome {XXY). Other examples
of abnermal fetal genotypes inchide, but are not timited to, ansupioidy sich as, monosomy of one or more
chromesomes (X ehromasoms monosomy, also known as Tumer’s syndrome), trisomy of one or more chromosomes
€13, 1K, 21, and X), tetrasomy and pentasemy of one or more chromosomes (which in humans is most commonly
abserved m the sex chromosomes, e.g. XXEX, XXYY, XXXY, XYYY, XXXXX, XXXXY, XXXYY,XYYYY
and XXYYY}, triploidy (three of every chromoesome, .g. 6% chromosomes in humans), welraploidy {four of every

chromosome, e.g. 92 chromosontes in humans) and multiploidy. In some embodimen!s, an abnormal fetal genotype
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is a segmental aneuploidy. Examples of segmental aneuploidy include, but are not limited to, 1p26 duplicatien,
dup{173(p11.2p1 1.2} syndrome, Down syndrome, Pelizaeus-Merzbacher disease, dup(223(gi1.2q11.2) syndrome,
ang cat-eve syndrome. In some cases, an abnorinal fetal genotype is due to one or wore deletions of sex o1
autosomal chromosomes, which may result in a condition such as Cri-du-chat syndrome, Wolf-Hirschhorn,
Williams-Beuren syndrome, Charcot-Marie-Tocth disease, Hereditary neuropathy with Hability to pressure palsies,
Smith-Magenis syndrome, Neuzrofibromatosis, Alagille syndrome, Velocardiofacial syndrome, DiGeorge syndrome,
Steroid sulfatase deficiency, Kaltmann syndrome, Microphthalmia with linear skin defects, Adrenal hypoplasia,
Giycercl kinase deficiency, Pelizacus-Merzbacher disease, Testis-determining factor on Y, Azospermia (factor a),
Azospermia (factor b, Azospormia (factor ©), or 1p36 deletion. In soms erabodiments, a deczease in chromosomal
number results in an X0 syndrome.
[08145} In one embediment, the methods of the invention atlow for the determination of maternal or paternal
trisomy. In some embodiments, the methods of the fnvention aliow for the determination of frisomy or other
conditions in feial cells in 2 mixed maternal sampie arising from more than one fetus.
|00146] In another aspect of the invention, standard quantitative genoctyping technology is used to declare the
presence of fetal cells and to determine the copy nurnbers {ploidies) of the fetal chramosomes. Several groups have
demonsirated that quantitative genotyping approaches can be used to detect copy number changes { Wang, Moorhead
¢t al. 2005). However, these approaches do not perform well on mixtures of cells and typically reguire a relatively
large number of input cells (~10,000). The current invention addresses the complexity issue by performing the
quantitative genotyping reactions on individoai cells. In addition, multiplex PCR and DNA tags are used to perform
the thousards of genotyping reaction on single cols in highly parallel fashion.
[00147] An overview of this embadiment is illustrated in Figure 5.
108148] In step 500, a sample {e.g., a mixed sample of rare and non-rare c2lls) is obtained from an animalcra
human. See, e.g., step 400 of Figure 4. Preferably, the sample is a peripheral maiernal blocd sample.
[00149] In step 502, the sample is enriched for rare c¢lls (e_g., fetal ceils) by any methed known in the 2rt or
described herein. See, e.g.. step 402 of Figure 4.
{00150] In step 504, the enriched product is split into multiple distinet sites {e.g., wells). See, e.g., step 404 of
Figure 4.
{00151] In step 506, PCR primer pairs for amplifying multipte (¢.g., 2 — 100} highly polymeorphic genomic DNA
regions {e.g., SNPs) are added to ezch discrete site or well in the array or microtiter plate. For example, PCR primer
pairs for amplifying 8NPs along chromoseme 13, 18, 21 and/or X can be designed 1o detect the most frequent
ancuoploidies. Other PCR primer pairs can be designed to amplify SNPs along control regions of the genome where
ancuploidy is not expecied. The genomic loci {2.g., SNPs} in the aneuploidy region or aneuploidy suspect region are
sclected for high polymerphism such that the paternal alleles of the fetal cells are more likely to be distinet from the
maternal alieles. This improves the power to detect the presence of fetal cells in a mixed sampie as well as fetal
conditions or abnenmalities. SNPs can also be selected for their association with a particular condition te be
detected in a fetus. In seme cases, one or more than one, 2, 3,4, 5, 6,7, 8, 9, 19, 20, 30, 40, 50, 66, 70, 89, 90. or
100G SNPs are analyzed per target chromosome {(¢.g., 13, 18, 21, and/or X). The increase number of SNPs
interrogated per chromosome ensures aceurate results. PCR primers are chosen to be multiplexibie with ather pairs
{fairly sniform meltimg temperature, absence of cross-priming on the human genome, and absence of primer-primer
interaction based on sequence analysis). The primers are designed te generate amplicons 10-200, 20-129, 40-160,

60-140 or 70-10G bp in size {0 increase the performance of the multiplex PCR.
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00152} A second of round of PCR using nested primers may be performed to ensure optimal performance of the
mmzliiplex amplification. The multiplex amplification of singie cells is helpful to generate sufficient starting material
for the paraliel genotyping procedure. Multiplex PCT can be performed on single cells with minimal levels of allele
dropout and preferential amplification. See Sherlack, I, et al, Ann. Humn. Genet. 61 (Pt 13 9-23 {1998); and
Findlay, 1., et al. Mol. Cell. Endocrinol. 183 Suppl. 1: $5-12 (2001).
{00133} In step 508, amplified pelymorphic DNA region(s) of interest {e.g., SNPs) are tapged e.2., with nucleic acid
tags. Preferably, the nucleic acid tags serve two roles: to determine the identity of the different SNPs and
to determiine 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
including up to 1 base pairs, 10-40, 15-30, 18-25 or ~22 base pair long.
{00154} In some embodiments, a nucleic acid tag comprises a molecular inversion probe (MIP). Examples of MIPs
and their uses are described in Hardenbol, P, et al., Nai. Biotechnol. 21{61:673-8 ¢2003); Hardenbel, P, st al.,
Genonme Res. 15{23:269-75 €2095); and Wang. Y., ¢t al, Nucleic Acids Res. 33(21 32183 (2003). Figure 7A
illustrates one example of a MIP assay used herein. The MIP tag can include 2 locator element to determine the
idemity of the bin from which the genotype was derived. For example, when ouiput from an emichment procedure
resulis in about 500 ceils, the enriched preduct / cells can be split into a microliter plate containing 500 welis such
that each cellis in a different distinct well. Figure 7B iflustrates a microtiter plate with S00 wells sach of which
contains a smgle cell. Each cell is interrogated at 1{ different SNPs per chromosome, on 4 chromosomes {e.g.,
chromosemes 13, 18, 21 and X}. This analysis requires 40 MIPs per celt / well for a total of 20,000 tags per
300 wells (.., 4 chromosomes x 10 SNPs x 500 wells). The tagging step can also include amplification of the MIPs
after their rearrangement or enzymatic “gap fll”.
[808155} In cne cmbodiment, a nucleic acid tag comprises 2 unique property, such as a difference in mass or
chemieal properties from other tags. In another embodiments a nucleic acid tag comprises a photoactivatable label,
so that it crosslinks where it binds. I another embodiment a nuclete acid tag can be used as a linker for uitra deep
sequencing. In angther embodiment a nucleic acid tag can be used as a linker for arrays. In another embodiment a
nzcleic acad tag comprises a unique fluorescent label, (Such as FAM, JOE, ROX. NED, HEX, SYBR, PET,
TAMRA, VIC, CY-3, €£Y-5, dR6G, DS-33, LIZ, DS.02, dR114, and Texas Red)} which can be used to Jdifferentiate
individual DNA fragmenis. In another embodiment a micleie acid tag can serve as primer or hybridization site fora
probe, to facilitate signal amplification or detection fram a single cell by using & tractable marker. In some
enmbodiments the labeled nucleic acid tag can be analyzed using a systern coupled to 2 light scurce, such as an ABI
377, 219, 3700 or any other system which can detect fluorescently labeled DNA.
[0G156] In step 510, the tagged amplicons ave poeled together for further analysis.
[08157] In step 512, the genotype at each polymorphic site is determined and/or quaniified using any technigue
known in the art. 1n onc embodiment, genotyping occurs by hybridization of the MIP tags to a microarray
conlaining probes complementary to the sequences of each MIP tag. See US Paten: Nos. 6,858,412,
{0158] Using the example described above with the MIP probes, the 23,000 tags are hybridized to a single fag
array containing complementary sequences to each of the fagged MIP probes. Microarrays {e.g. tag amrays) can
include a plurality of nucleic acid probes immobilized to discrete spots (e.g., defined locations or assigned positions)
on a substrate surface. For example, a microarray can have at leage 5, 10, 20, 30, 40, 30, 60, 79, 80, 90, 100, 500,
1,008, 5,000, 10,000, 15,000, 20,0600, 30,000, 40,000, 50,600, 60,000, 70,000, 80,000, 90,000, or 100,000 different
probes complementary to MIP tagged probes, Methods to prepare microarrays capable to menitor several genes

according to the methods of the invention are well kacwn in the art. Examyples of microarrays that can be used in
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nucleic acid analysis that may be used are described in US Pat 6,300,063, US Pat 5,837,832, US Pat 6,969, 589, US
Pat 5,040,138, US Pat {,858, 412, LIS Publication No. 2005/0100893, US Publication No. 20040018491, US
Pubiication No. 2003/0213821 and US Publicatien No. 2003/02G7265.
[B0159] In step 516, bins with rare alleles (o.g., fetal allcles) are idemtified. Using the example described above,
rare zliele identification can be accomplished by first using the 22bp tags to sort the 23,000 genotypes into 500 bins
which correspond to the individual wells of the original microtiter plates. Then, one can idemtify bins containing
nor-maternal atleles which correspond to wells that contained fetal cells, Determining the number bins with non-
maternal alleles relative to the total number of its provides an accurate estimate of the number of MRBCs that were
present in the original enriched cell population. When a fetal cell is identified in a given bin, the non-maternal
alieles can be detected by 40 independent SNPS s which pravide 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 identifying the ~10 bhins that contain fetal cells, one can determine the ploidy of chromesemes 13, 18, 21 and X
of such celis by comyparing the ratio of matemal to patermal alleles for each of ~14 SNPs on each chromosome (X,
13,18, 21). The ratios for the multiple SNPs on each chromosome can be combined {averaged) to ncrease the
confidence of the ancuploidy call for that chromesome. In addition, the information from the ~19 independent bins
containing fetal cells can aisc be combined to further increase the confidence of the cail.
HIDE61] As described above, an enriched maternal sample with 500 cells can he spilit into 500 discrete locations
such that each location contains one cell. If ten SNPs are analyzed in each of four different chromosomes, forty
tagged MIP probes are added per discrete locatien to analyze forty different SNPs per cell. The forty SNPs are then
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 quantizative genoctyping as describe above. In this
example a total of 20,000 probes in a microarray are required fo genotype the same 40 SNPs in each of the 500
discrete locations (4 chrommsomes x 14 SNPs x 50 discrete locations).
[0B162] The above embodiment can also be madified to provide for genotyping by hvbridizing the nucleic acid tags
to bead arrays as are commercially available by humina, 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; 6,013,884, 6,890,764; 6.850,741; 6,858,394: 5,846 460,
6.812,005; 6,770,441, 6,663,832, 5,620,584, 6,544 732: 6,429 027, 6,396,995; 6,355,431 and US Publication
Application Nos. 20060019258; 20050266432, 26050244870, 20050216207, 200501813594, 20050164246;
200402243353, 20040185482, 20030198573, 20030175773; 20030003490; 20020187515; and 2002017714 1; as well
as Shen, K., et al. Muizrion Research 573 70-82 (2005).
[ 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 activared in step 792 such that they may bind paramagnetic
particles. In step 703 assay oligonucieotides, hybridization buifer, and paramagnetic parficles ars combined with
the activated DINA and allowed to hybridize (hybridization step). In some cases, thgee oligonacicotides are added
for each SNP to be detected. Two of the three oligos are specific for each of the two alleles at a SN position and
are referred o as Allele-Specific Oligos (AS0s). A third oligo hybridizes several bases downsiream from the SNF
site and s referred to as the Locus-Specific Oligo {LS0O}. All three oligos contain regions of genomac
complementarity {C1, C2, and C3) and ymiversal PCR primer sites (P1, 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
in this manner. Dwring the primer hybridization process, the assay oligonucleotides hybridize to the genomic DNA
sample beund fo paramagnetic particles. Because hybridization occurs prior to any amplification steps, no
amplification bias is introduced info the assay. The above primers can further be modified to serve the two roles
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of determining the identity of the different SNPs and to determining the identity of the bin from which the genoivpe

was derived. In step 704, following the hybridization step, several wash steps are performed reducing noise by
removing excess and mis-hybridized oligonuclectides. Extension of the appropriate ASC and ligation of the
extended product to the LSO joins information about the genotype present at the SN site to the address sequence
on the L8O, In step 705, the joined, full-length products provide a template for performing PCR reactions using
universal PCR piimers P1, P2, and P3. Universal primers 1 and P2 are labeled with two different labels (e.g., Cy3
and Cy5}. Other labels that can be used incihude, chromoephores, fluorescent moieties, enzymes, antigens, heavy
metal, magnetic probes, dyes, phosphorescent groups, radioactive materials, chemiluminescent moisties, scattering
or flucrescent nancparticles, Raman signal generating moieties, or electrochemical detection moieties. In step 706,
the single-stranded, labeled DMNAs are eluted and prepared for hybnidizaticn, In step 707, the single-strandad,
labeled DNAs are bybridized to their complement bead tvpe through their unique address sequence. Hybridization
of the GoldenGate Assay producis onto the Array Matrix of Beadchip allows for separation of the assay preducts in
solution, onto a sclid surface for individual SNP genotype readout. In step 708, the array is washed and dried. In
step 709, a reader such as the BeadArray Reader is used to analyze signals from the label. For exampie, when the
labels are dve labels such as Cy3 and Cy5, the reader can analyze the fluorescence signal on the Sentrix Amay
Matrix or BeadChip. Instep 710, a compater readable medium having a computer execntable logic recorded on it
can be used in a computer to perform receive data ffom one or more guantified DNA genomic regions to automate
genotyping chusters and callings. Expression detection and analysis using microarrays is described in part in Valk,
B. 1. et al. New England Journal of Medicine 350(16), 1617-28, 2004; Modlich, <. et al. Clinical Cancer

Research 10410), 3410-21, 2004; Onken, Michael D et al. Cancer Res. 64{209), 7205-7209, 2004; Gardian, etal. |
Biol. Chem. 280(1}, 556-563, 2005; Becker, M. et al. Mol. Cancer Ther. 4(1), 151-170, 2005; and Flechner, SM et
al. Am J Transplant 4(9), 1475.89, 2004; as weil as in US Patent MNos. 5,445,934; 5,700,637; 5,744,305; 5,545,334
6,054,270: 6,140,044: 6,261,776, 6,291,183, 6,346,413; 6,399,365; 6,420,169, 6,551,817; 6,610,482; 6,733,977, and
EP 619 321,323 203,

[86164} In any of the embodiments herein, preferably, more than 1400, 5,000, 10,000, 50,000, 100,009, 500,660, or
1,000,000 SKNPs are interrogated in paraliel

[BU165] In another aspect of the invention, illustrated in part by Figare @, the systems and methods herein can be
used to diagnose, prognose, and monitor neoplastic conditions such as cancer in a patient. Examples of neoplastic
conditicas contemplated herein include acute lymphoblastic leukemia, acute or chreonic Iymphocyctic or
granulocytic fumor, acute myeleid leukemia, acute promyelocytic lenkemia, adenocarcinoma, adenoma, adrenal
cancer, basal ¢eli carcinoma, bone cancer, brain cancer, breast cancer, bronchi cancer, cervical dysplasia, chronic
myelogenous leukemia, colon cancer, epidermoid carcmoma, Ewing's sarcoma, gallbladder cancer, gallstone tumor,
giant cell tumor, glicblastorna multiforma, hairy-cell tumor, head cancer, hyperplasia, hyperplastic comeal nerve
tumor, in situ carcinema, intestinal ganglioneuroma, islet cell tumor, Kaposi's sarcoma, kidney cancer, larynx
cancer, letomyemater Bunor, Liver cancer, lung caacer, lyinphomas, malignant carcinoid, malignant hypercaloemia,
malignant melanomas, marfano:d habitus tumor, medullary carcinoma, metastatic skin carcinoma, mucosal
neurcinas, mycosis fungoide, myelodysplastic syndrome, myeloma, neck cancer, neural tissue cancer,
neurohlasmoma, osteogenic sarcomma, osteosarcoma, ovarian temer, pancreas cancer, parathyroid cancer,
pheochromeocytoma, polycythemia vera, primary brain tumor, prosfate cancer, rectum cancer, renal cell umor,
retingblastorma, rhabdomyoesarcoma, seminema, skin cancer, small-cell lung tumor, soft tissue sarcoma, squamous

celi carcinoma, stomach cancer, thyroid cancer, topical skin Iesion, veticulum cell sarcoma, and Wilm's tumor.
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[80166] Cancers such as breast, colon, liver, ovary, prosiate, and lung as well as other tumors exfoliate epithelial
cells inte the bloodsizeanm. The presence of an increased number epithelial cells is associated with an active tumor
or other neoplastic condition, turnt progression and spread, poor response to therapy, relapse of disease, and/or
decreased survival over a period of several years. Therefore, enumerating and/or analyzing epithelial ceils and
CTC’s im the bloedstream can be used te diagnose, proegnose, and/or meonitor neoplastic conditions.
[00167] In step 600, a sample is obtained from ap animal such as 2 human. The human can be saspected of having
cancez or <ancer reciarence or may have cancer and is in need of therapy selection. The sample obtained is a mixed
sample comprising normal cells as well as one or more CTCs, epithelial cells, endothelial cells, stem cells, or other
celis indicative of cancer. In some cases, the sample 1s a blood sample. In some cases multiple samples are
oblained from the animal at different points in time {e.g., regular intervals such as daily, or every 2, 3 or 4 days,
weskly, bimonthly, monthly, bi-vearly er vearly.
[00L68] In step 402, the mixed sample is then enriched for epithelial cells or CTC’s or other cell indicative of
cancer, Epithelial ceils that are exfeliated from solid tumors bave 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
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 C¥Cs can be used as an early indicator of tumor expansion or metastasis before the
appearance of clinical symploms.
{60169] CTCs are generally farger 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
is by affinity separation, using antibodies specific for particular cell surface markers may be used. Useful
endothelial cell surface markers inchide CI 03, CDLGS, CD144, and QI 46; useful tumor endothelial cell surface
matkers include TEM1i, TEMS, and TEMS (see, e.g., Carson-Walter et al., Cancer Res. 61:6649-6655 {2601)}; and
useful mesenchymal cell surface maskers include CD133. Antibodies to these or other markers may be obtained
from, e.g., Chemicon, Abcam, and R&D Systems.
[60170] 1 one exarmple, a size-based separation module that enriches CTC's from a {luid sample (e.z., blood)
comprises an array of obstacles that selectively deflect particles having a hydrodynamic size larger than 10 um into
a first putlet and pariicles having a hydrodynamic size smaller than 10 pm into a second ontlar is vsed to enrich
epithelial cells and CTC s from the samgple.
[66171] In step 693, the enriched product is split inte a plurality of discrete sites, such as mirowelis. Examplary
microwells that can be used in the present invention incfude microplates having 1536 wells as well as those of lesser
density {e.g., 96 and 384 wells). Microwell plate design contemplated herein include those have 14 outputs that can
be automatically dispsnsed at the same time, as well as those with 16, 24, or 32 gutputs such that e.g., 32 cutputs can
be dispenses simultanecusly. Figure 9 illusirates one embodiments of a microwell plate contemnplated heegin,
[06172] Dispensing of the cells into the various discrete sites is preferably amtomated. In some cases, about 1, 5,
10, or 15 pl of enriched sampie 15 dispensed into each well. Preferably, the size of the well and volume dispensed
into each well is such that only 1 cell is dispensed per wel and only 1-5 or ess than 3 cells can fit in each well.
0173} An exenplary array for sample splitting is ilhustrated 1n Figure 8A. Figure 8B illustraies an isometric view
and Figure 8B illustrates a fop view and cross sectional view of such an array. A square array of wells is arranged
such that each subsequent row or column of wells is identical to the previous row or colume of wells, respectively.
In some embodiments, an artay of wells is configured in a substzate or plate that about 2. ¢ cm”, 2.5 cm’, 3 em” or
larger. The wells can be of any shape, e.g., round, square, or oval, The height or width of each well can be berween

5-50 um, 180-40 um, or about 25 pm. The depth of each well can be up to 100, 80, 60, or 40 pmy; and the radius
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between the centers of {wo wells in one column is between 10-60 umy 20-30 pum, or about 35 um. Using these
configurations, an array of welis of area 2.5 em” can have a at least 0.1 x 10° wells, 0.2 x 18° wells, 6.3 x 16° wells,
0.4 % 10% wells, or 0.5 x 10% wells.

{900174] In some embodiments, such as those itlustrated in Figure 8C each well may have an opening at the bottom.
The bottom opening is preferably smalier in size than the cells of interest. In this case, if the average radius of a
CTC is abowt 10 pin, the bottom opening of each well can have aradims of up 0 8, 7,6, 5,4, 3,2 or 1 pm. The
bottom opening allows far cells non-of interest and other components smaller than the cell of interest to be remmoved
from the well using flow pressure, leaving the cells of interest behind in the well for further processing. Metheds
and systems for ackuating removal of cells fiom discrete predeternmned sites are disclosed in TS Patent No.
6,652,952 and US Application Serial No. 11/146 581,
{00175) In some cases, the array of wells can be a micro-electro-mechanical system {MEMS) such that it inteprates
mechanical elements, sensors, acators, and electronics on a comnmon silicon substrate through microfabrication
technology. Any electronics in the systern can be fabricated using integrated circuit (IC) process sequences (2.g.,
CMOS, Bipolar, or BICMOS processes), while the micromechanical componants are fabricated using compatible
micremachining processes that selectively etch away parts of the siHcon wafer or add new structural layers to form
the mechanical and slectromechanical devices. One example of a MEMS amray of wells includes a MEMR isclation
element within each well. The MEMS isolation element can create a flow nsing pressure and/or vacuum to increase
pressure on cetls and particles not of interest to escape the weil through the well opening. In any of the embodiments
herein, the array of wells can be coupled to a mitroscope shide or other substrate that allows for convement and
rapid optical scanning of all chambers {i.e discrete sites} under a microscope. In some embodiments, a 1536-well
microtiter plate is used for enhanced convenience of reagent addition and other manipulations.
{00176] In some cases, the enriched product can be split inte wells such that each well is loaded with a plurality of
leukocytes fe.g., more than 100, 200, 506, 1000, 2000, or S000). In some cases, about 2500 lenkocytes are
dispensed per well, while random wells will have a single epithelial CTC or up to 2, 3, 4, or 5 epithelial cells or
CTC’s. Preferably, the probability of getting a single epithelial cell or CTC into a well 18 caleufated such that no
mwore than I CTL is boaded per well. The probability of dispensing CTC's from a sample ioto wells can be
calenlated using Poisson statistics. When dispeasing a [5 mlb sample inte 1536 wellplate at 18 ul per well, it is not
until the number of CTC's in the sample is > 100 that there is more than negligible probability of two or more
CTC’s being loaded into the sample well. Figure 9 illustrates the probability density function of leading two CTC's
inta the same plate.
[80177] 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 seme embodiments, detection and analysis includes enumerating epithelial cells and/or CTC’s. OTCs
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 status of
patient disease and therapeutic response. Thus, in some embodiments, step 604 involves enumerating CTC and/or
epithelial cells in a sample {array of wells) and determining based on their number if a patient has cancer, severity of
condition, therapy 0 be used, or effectiveness of therapy administered.
[3917%] In some cases, the method herein involve making a series of measurements, optionally made at regular
intervals such as one day. iwe days, three days, one week, two weeks, one month, two months, three months, six
months, or ane year, one may track the level of epithelial cells present in a patient’s bloodstream as a function of
time. I the case of existing cancer patients, this provides a usefisl indication of the progression of the disease and
assists medical practitioners in making appropriate therapeutic choices based on the increase, decrease, or fack of
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change in epitheliai cells, e.g., CTCs, in the patient’s bloodstream. For those at risk of cancer, a sudden increase in

the nurnber of cells detecied may provide an early warning that the patient has developed a tumor. This early
diagnosis, conpled with subsequent therapeutic intervention, is likely to result in an improved patient outcome in
comparison to an absence of diagnostic information.

[00186] In some cases, more than one type of cell {e.g.. epithelial, endathelial, etc.) can be ecoumerated and a
determination of a ratio of numbers of cells or profile of various cells can be obiained to generate the diagnosis or
Prognosis.

[00181} Alternatively, detection of rare cells or rare DNA {e.g. epithelial cells or CT'Cs) can be made by detecting
one or more cancer biomarkers, e.g., anv of those listed in Figure 10 in one or mote ¢ells in the array. Detection of
cancer biomarkers can be accomplished using, e.g., an antibody specific {0 the marksr or by detscting a nucleic acid
encoding a cancer bicmarker, e.g., listed in Figure 9.

[0D182} In some cases single cell analysis technigues 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. In-cell
PCR, gene expression analysis can be performed even when the nomber of cells per well is very low {e.z. 1 cell per
well) using techniques known in the art. (Giordanc et al., Am. L Pathol. 159:12321-1238 {2001}, and Buckhavlts et
al., Cancer Res. 62:4144-4149 (2003). Tn some cases, single cell expression analysis can be performed to detection
expression of one or more genes of interest (Liss B, Nacleic Acids Res., 3¢ {20062)) including those listed in Figure
9. Furthermere, ultra-deep sequencing can be performed on single cells using methods such as those described in
Margniles M, et al. Nature, “Genome seqaensing in microfabricated high-density picolitre reactors.” DG 101038,
m which whale genomes are fragmented, fragments are captured using commeon adaprers on their own beads and
within droplets of an emulsion, clonally amplified. Such nitra-deep sequending can aiso be used to detect mutations
tn genes associated with cancer, such as those listed in Figure 9. In addition, fluorescencs in-situ hybridization can
be used, ¢.g., to detenmine the tissue or tissues of origin of the cells being analyzed.

[00183] In some cases, morphological analyses are performed on the cells in each well. Morphological analyses
inclade identification, gquantification and characterizarion of mitcchondrial DNA, telomerase, or nuclear matyix
proteins. Fairella et al., Cancer Res. 61:7623.7626 (2001 ); Jones et al., Cancer Res. 61:1299-1304 {2001); Fliss ot
al,, Science 287:2017-2019 (2000}, and Soria et ai., Clin. Cancer Res. 5:871-975 (1999}, In particular, in some
cases, the molecular amalyses involves determining whether any mitochrondial abnormalities or whether perinuclear
compartmests are present. Carew et al, Mol Cancer 1:9 (2002} and Wallace, Science 282:1482-1488 (1999).
[00184] A vanety of cellular characteristics may be measured using any iechnique known in the art, inclading:
protein phosphorylation, protein giycosylation, DNA methylation (Das et al., J. Chin. Oncol. 22:4632-46432 (2004)),
microRNA levels (He et al., Nature 435:828-833 (2065}, Lu et al., Nature 435:834-838 {2005}, O’Donneil et al.,
Nawwe 435:839-843 (2005}, and Calin et al.,, N. Engl. J. Med. 353:1793-1801 (2003}), cell morphology or other
structural characteristics, e.¢.. picomorphisms, adhesion, migration, binding, division, level of gene expression, and
presence of a somatic mutation. This analysis may be performed cn any number of cells, including a single cell of
interest, e.g., a cancer cell.

[F0185] In one embodiment, the celi(s) (such as fetal, maternal, epithelial or CTCs) in cach well are lysed and RNA
is extracted using any means known in the art. For example, The Quiagen RiNeasy™ 96 bioRobot™ 8000 system
can be used fo awrtomnate high-throughput isolation of total RINA from each diserete site. Once the BENA is extracted
reverse transcriptase reactions can be performed fo generate ¢DNA sequences, which can then be used for
performing multiplex PCR reactions on target genes. For example, L ormorethan |, 2,2, 4,5, 6,7, 8, 9, 10, 15, or
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20 target genes can be amplified in the same reaction. When more than one target genes are used i the same

amplification reacticn. primers are chosen 10 be multiplexable (fatrly uniform melting fernperature, absence of cross-
priming on the human genome, and absence of primer-primer interaction based on sequence analysis}) with other
pairs of primers. Muitiple dyes and multi-color fluorescence readout may be used to increase the multiplexing
capactly. Examples of dyes that can be nsed to label prirners for amplification include, but are not limited to,
chramophoeres, flucrescent mcicties, enzymes, antigens, heavy metal, magnetic probes, dyes, phosphorescent
groups, radioactive materials, chemiluminescent mosities, scattering or fluorescent nanoparticles, Raman signal
generating meieties, and electrochemical detection moieties.

{0186} In another embodiment, fetal or matemal cells or nuclei are enriched using one or more methods disclosed
herein. Preferably, fetal cells are enriched by flowing the sampie through an array of obstacles that selectively
directs particles or cells of different hydrodynamic sizes into different outlets such that fetal cells and cells iarger
than fetal cells are directed into a first cutlet and one or more celis or particles smaller than the rare cells are directed
inte a second outler.

HO187] Total RNA or poly-A mRINA is then obtained from enriched cell{s) {fewal or maternal celis) using
purification techniques known in the ant. Generally, sbout 1 pg — 2 pg of 1otal RNA is sufficient. Next, a first-
strand complementary DNA {¢DNA} is synthesized using reverse transcriptase and a singte T7-oligo(dT) primer.
Wext, a second-strand ¢DNA is synthesized using DNA ligase, DNA polymerase, and RNase enzyme. Next, the
double stranded ¢cDNA {ds-cDNA) is purified.

[00188] Inanother embodiment , tofal RNA is extracted from enriched cells {feial c=ils or maternal cells). Next a,
two one-quarter scale Message Amp I reactions {(Ambrion, Austin, Texas) are performed for each RNA extraction
using 200 ng of total RINA. MessageAmp is a procedure based on antisense RINA (aBRNA} amplification, and
invelves a series of enzymatic reactions resuliing in linear amplification of exceedingly smail amounts of RNA for
use In array analysis. Unlike exponential RNA amplification methods, such as NASBA and RT-PCR, aRNA
amplification maintams representation of the starting mRNA population. The procedure begins with total or poly(A)
RX¥A that is reverse transcribed using a primer contzining both oligo{d T} and 2 T7 RNA polymerase promoter
sequence. After first-sirand syntheszis, the reaction is treated with RNase H to cleave the mENA into small
fragments. These small RNA fragments serve as primers during a second-strand synthesis reaction that produces a
deuble-stranded cDNA template.

[0189] In some embodiments, cDMNAs, which are reverse transcribed from mRINAS obtained frem fetal or maternal
cells, are tagged and sequenced. The type and abundance of the ¢DNAs can be used to determine whether a cell is 2
fetal cell (such as by the presence of Y chromosome specific transcripts) or whether the fetal cell has a genetic
abnormality (such as ancuploidy, abundance or type of alternative transcripts or problerns with DNA methydation or
imprinting}.

[80190} In onc embodiment, PCR amplification can be performed on genes that are expressed in epithelial cells and
not in normal cells, e.g., white blood cells or other cells remaining in an enriched product. Exemplary genes that
camn he anzlyzed according to the methods herein include BEGFR, EpCAM, GA733-2, MUC-1, HER-2, Claudin-7 and
any other gene dentified in Figure 10,

[304191] For example, anzlys:s of the expression level or patiern af such a pelypeptide or nucleic acid, e g, cell
surface markers, genomic DNA, mRNA, or microRNA, may result In a diagnosts or progaosis of cancer.

[66192] In some embodiments, cDNAs, which are reverse transcribed from mRNAs ebtained from feral or maternal

cells, are tagged and sequenced. The type and abundance of the cDINAs can be used to determine whetheracellisa
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fetal cell {such as by the presence of Y chromsome specific transcripts) or whether the fetal cell has a geaetic

abnormality (such as ameploidy, or problems with DNA methylation or imprinting).

10193} In some embodiments, analysis step 604 involves ideniifying cells from a mixed sample that express genes
which are not expressed in the non-rare cells (e.g. EGFR or EpCAMY}. For example, an imporfant indicator for
circulating tamor cells is the presence/expression of EGFR or EGF at high Jevels whersin non-cancerous epitheliai
cells will express EGEFR or EGF at smaller amounts it at all.

001941 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 moie effective
treatment (see, e.g., International Publication WO 2005/094357). For example, many non-smali cell lung tumors
with EGFR muiations respord to sinall moiecule EGFR inhibitors, such as gefitinth (fressa; AstraZeneca), but often
eventually acquire secondary mutations that make them drug resistant. In some embodiments, one can deterprine a
therapy freatment for a patient by engiching 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 deteciing ene or more mutatiens in the
EGFR gene of such cells. Exemplary mutations that ¢an be analyzed include those clustered arcund the ATP-
binding pocket of the EGFR TK domain, which are known to make cells susceptible to gefitinib inhibition. Thus,
presence of such mtations sapports a diagnosis of cancer that is likely o respond to treafment using gefitinib.
01951 Many patients who respond fo gefitinib eventually develep a second mutation, cfien a methionine-to-
threcnine substitution at position 7940 in exon 20 of the TK domain. This type of mutation renders such patients
resistant to gefitinib. Therefore, the present invention conteraplates testing for this mutation as well fo provide
further diagnostic information.

[60156} Since many EGFR nmtations, including all EGFR mutations in NSC hung cancer reported 1o date that are
known to confer sensitivity or resistance fo gefitinib, lie within the coding regions of exons 1§ te 21, this ragion 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 include those listed in Figure 11,

[0ES7] In step 605, a determination is made as to the condition of a patient based on analysis made zbove. In some
cases the patient can be diagnosed with cancer or lack thereof 1n some cases, the patient can be prognosed with a
partcular type of cancer. In cases where the patient has cancer, therapy may be detenmined based on the types of
trmfations detected.

[00198] Inanotker embodiment, cancer cells may be detected in 2 mixed sample (¢.g. circulating fumor cells and
cireulating nornal cells) using one or more of the sequencing methods described herein. Briefly, RNA is extracted
from celis in each locaiion and converted to ¢cDNA as described above. Target penes are then amplified and high
throughput ultra deep sequencing is performed to detect a mutation expression level associated with cancer.

Vi, Computer Exccutable Logic

[019%] Any of the steps herein can be perfarmed using computer program product that comprises a computer
executable logic recorded on a computer readable medium, For example, the compuier program can use dasa from
target genomic DNA regions to detennine the presence or absence of fetal cells in a2 sample and to determine fetal
abnormalit{ies} in celis detected. In some embodiments, compiter executable logic uses data input on STR or SNP
intensitics fo determine the presence of fetal cells in a test sampie and determine fetal abnormalities and/er
conditions in said cells.

[00Z00] The compater program may be specially designed and configured to support and execute some or 2l of the
functions for determuning the presence of rare ceils such as fetal cells or epithelial/ CTC’s in a mixed sample and
abnormaiities and/or conditions associated with such rare cells or their DNA including the zcts of {i) controlling the

19

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00894



10

20

25

33

40

WO 2007/147079 PCT/US2007/071256

splitiing or sorting of cells or DNA into discrete locations (ii) amplifying one or more regions of genomic BDNA e g.
trisomic region(s) and pon-frisomic repiornds} {particularly DNA polymorphisios such as STR and SNP) in cells
from a mixed sample and optionally control sampie, (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,
{v) idemifying bins with rare {e.g. non-matemal} alleles as bins containing fetal cells or epithelial cells,
{vi} determining number of rare cells {e.g. fefal cells or epithelial cells) ins the mixed sample, (vii} detecting the
levels of maternal and non-rnaternal alleles in identified fetal cells, (viii} detecting & fetal abrormality or conditon
in said fetal cells and/or (ix) detscting a recplastic condition and information conceming such condition such as its
prevalence, origin, susceptibitity to drug ireatment(s), etc. In particulaz, the program can fit daia of the gquantity of
allele abundance for each polymorphism into one or more data models. One example of a data model provides fora
deterrnination of the presence or absence of ansuploidy using data of amplified polymorphisms present at keci in
DNA from samples that are highly enriched for fetal celis. The determination of presence of fetal cells in the mixed
sample and fetal abnormatities aod/or conditions in said cells can be made by the computer program or by a user.
[09201] In one example, let 'f be the fetal/maternal DNA copy ratio in a particular PCR reaction. Trisomy
increases the ratio of maternal {0 paternal alleles by a factor 1+f72. PCR efficiencies vary from allele to allele within
a locus by & mean squars error in the logarithm given by Gunae’, and vary from locus to locus by S, where this
second variance is api to be larger due to differences in primer efficiency. Nj is the loct per suspected aneuploid
chromeseme and N, is the control loci. If the mean of the two maternal 2liele strengihs at any locus is 'm’ and the
paternal alleie suength is 'p,’ then the squared error expected is the mean of the In{ratio{m/p)}, where this mean is
taken over N loci is given by 2(Tue ¥ N. When taking the differcace of this mean of In{ratic{m/p}) between a
suspected aneuploidy region and a contrel region, the error in the difference is given by

car’ = 2{oame ¥ Na + 2{Ouu ¥N, (1}
{00202] For a robust detection of ansuploidy we require

Soar < T2,

{00203] For simplicity, assuming N, = N, = N in Equatiton 1, this gives the requirement

G/ NY < 172, 3
or a mintmum N of
N = 1400 f) {4}

{30204] In the context of frisomy detection, the suspected ansuploidy region is nsaally the satize chromosome and
N denotes the number of loci per chromosome. For reference, Equation 3 ig evaluated for N in Table 2 for varicus
values of o, and £

{80205] The role of the sequencing is te measure the allele abundances output from the amplification step. Ttis
desirable to do this without adding significantly more emvor due to the Porsson statistics of selecting only a finite
number of amplicons for sequencing. The rims error in the In(abundance} due to Poisson stetistics is approximately
MNeaa) "2 Tt is desirable to keep this value less than or equal 1o the PCR error Ouume. Thus. a typical paternal allcle
needs to be allocated at least (Ggmk)’z 1cads. The matemal alleles, being mwore abundant, do not add appreciably to
this error when forming the ratio estimate for m/p. The mixture input to sequencing contains amplicons from Ny
loci of which reughly an abundance fraction 72 are paternal aileles. Thus, the total required number of reads for
cach of the aliquat wells is given approximately by 2N, Gupee ). Combining this result with Equation 4, 1t is

found a total number of rcads aver all the wells given approximately by
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Nycaze = 288 Noeps F°. Thaus, the program can deterrmnine the total number of reads that need 1o be obtained for

determnining the presence or absence of ancuploidy in a patient sampie.

[00266] 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, network server, workstation, or other computer platform now or later
developed. In some embodiments, a computer program product is described comprising a camputer usable medium
kaving the computer executable logic (compnter software program, including program code) stored therein, The
computer executable logic can be executed by a processor, causing the precessor to perform functions described
kerein. In other embodiments, some functions are implemented primarily in hardware using, for example, a
kardware statz machine. Implementation of the hardware state machine 56 as to perform the functions described
herein will be apparent to those skilled in the relevant arts.

[06287] 1n one embodiment, the computer execufing the computer logic of the invention may also include a digital
trput device such as a scanner. The digital input device can provide an image of the farget genomic DNA regions
{c.g. DNA polymorphism, preferably STRs or SNPs) according te method of the invention. For inslance, the
scanner can provide an image by detecting fluorescent, radieactive, or other emissions: by detecting transmitted,
reflected, or scattered radiation; by detecting electromagnetic properties or characteristics; or by other techniques.
Varioas detection schemes are employed depending or the type of emissions and other factors. The data typicaily
are stored in a memory device, such as the system memory described ahove, in the form of g data file.

[16288] In: one embodiment, the scanner may identify one or more labeled targets. For instance, in the genotyping
analysis described herein a first DNA polymorphism may be labeled with a first dye that fluoresces at 2 particular
characteristic frequency, or narrow band of frequencies, in response 10 an excitation soutce of a particular frequency.
A second DNA poivmorphisms may be labeled with a second dye that fluoresces ai a different characieristic
frequency. The excilation sources for the second dye may, but need nat, have a different excitation frequency than
the source that excites the first dye, e.g., the excitation sources could be the same, or different, lasers.

0269 In one embodiment. a human being may inspect a printed or displayed image constructed from the data in
an image file and may idemify the data {e.g. fluorescence fTom microarray) that are snitable for analysis according
to the method of the mventien. In another embuodiment, the information is provided it an automated, quantifiable,
and repeatable way that is compatible with various himage processing and/or analysis techniques.

[00210} Another aspect of the invention is kits which permit the entichment 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
individual steps or the combination of steps ranging from the entichment through the genetic analysis of the
genomic material. Tlhus, the kits may inchede the arrays used for size-based separation or enrichment, labels for
uniguely labeling cach 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 inchading STRs or SNPs, such as reagents for
performing PCR.

D213] While preferted embodiments of the present invention have been shown and described herein, it will be
obvious to those skiiled in the art that suck embodiments are provided by way of example only. Numerous
variations, changes, and substitutions will now otcur to those skilled in the art without departing from the invention.
It should be understood that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the foillowing claims define the scope of the invention and

that methods and strmctres within the scepe of these claims aod their equivalents be covered thereby.
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EXAMPLES

Example 1. Separation of Fetal Cord Biocod

j00212] Fipure 1E shows a schermatic of the device used to separate nucleated cells from fetal cord blood.
100213] Dimensions: 100 mm » 28 mune > lhun
[00214] drray design: 3 stages, gap size = 18, 12 and 8 um for the {irst, second and third stage, respectively.
[00215] Device fabrication: The arrays and channels were fabricated in silicon using standard phoselithography and
deep stlicon reactive etching techmiques. The etch depth is 140 pm. Through holes for fluid aceess are made using
KOH wet etching. The silicon substrate was seated on the etched face to form enclesed fluidic channels using a
hlood compatible pressure sensitive adhesive (9795, 3M, St Paul, MN).
100218] Device packeging: The device was mechanically mated to a plastic manifold with external fluidic
reservoirs (0 deliver blood and buffer to the device and extract the generated fractions.
{00217] Device operation: An extermal pressure source was used to apply a pressure of 2.0 PSI t¢ the buffer and
biood reserveoirs o modulate fluidic delivery and exiraction from the packaped device.
{00218] Experimenial conditiors: Hunan fetal cord blood was drawn into phosphate buffered saline containing
Acid Citrate Dextrose anticoagulants. 1ml of blood was processed at 3 mi/hr using the device described above at
room temperature and within 48 hrs of draw. Nucileated cells from the blood were separated ffom enucleated cells
{zed blood cells and platelets), and plasina delivered into a buffer stream: of calcium and magneshun-free Dulbeccs’s
Phosphate Buffered Saline {14199-144, Invitrogen, Carlsbad, TA} contairing 19 Boviae Serum Albumin (BSA)
{A8412-1G60ML, Sigma-Aldrich, 8t Louis, MO} and 2 mM EDTA {13575-020, Invitrogen, Carksbad, CA).
{00219] Measurement technigues: Cell smears of the product and waste fractions (Figure 12A-128} were prepared
and stained with modified Wright-Giemsa (WG 16, Sigma Aldrich, St. Louis, MO).
{08229 Performance: Fetal nucleated red blood cells were observed in the product fraction (Figure 12A) and absent
fiom the waste fraction (Figure 12B).

Example 2. ¥solation of Fetal Cells from Maternal blood
i00221] The device and process described in detail in Example § were used in combination with innmunomagnetic
affinity enrichment techniques to demonsizate the feasibility of isolating fetal cells from matemal blood.
[00222] Experimental conditions: blood from consenting maternal donors camrying male fetuses was collected ito
KLEDTA vacutainers {366643, Becton Drickinson, Franklin Lakes, NJ} immediately following elective termination
of pregnancy. The undiluted bood was processed using the device described in Example [ at room temmperatuge and
within § hes of draw. Nucleated cells from the blood were separated from enucleated cells (red bloed cells and
platelets), and plasma delivered into a buffer siream of calcium and magnesium-free Dulbecco’s Phosphate Buffered
Saline {14199-144, Iavigoegen, Carlsbad, CA) containing 1% Bovine Serum Albumin {BSA) (A8412-100ML,
Sigma-Aldrich, St Louis, MO). Subsequently, the nucleated cell fraction was labeled with anti-CD71 microbeads
{130-046-201, Miltenyi Biotech Inc., Aubum, CA} and enriched using the MiniMACS™ MS column (130-042-201,
Miltenvi Biotech Inc., Avburn, CA} according to the mamufactrer’s specifications. Finally, the CD71-positive
fraction was spotted onto glass slides.
100223 Measuremen: technigues: Spotted slides were stained using flusrescence i situ hybridization (FISH)
tachniques according to the manufacturer’s specifications using Vysis probes (Abbott Laboratones, Downer’s
Grove, IL}. Samples were stained from the presence of X and ¥ chramosomes. In ope case, a sample prepared

from a known Trisomy 21 pregnancy was also stained for chromosome 21.
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[00224] Performunce: [solation of feral cells was confirmed by the reliable presence of male cells in the CD71-
positive population prepared from the nucleated cell fractions {Figures 13A—-13F). In the single sbnormal cass
tested, the trisomy 21 pathelogy was also identified (Figure 14).

Example 3. Confirmatien of the Presenee of Mate Fetal Cells in Enriched Samples.
[B0225] Conlirmation of the presence of a male fetal cell in an enriched sample is performed using gPCR with
primers specific for DYZ, a marker repeated in high copy number on the Y chromosome. Afier enrichment of
fnRBC by any of the methods described herein, the resulting enviched faRBC 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
fmRBC containing an aneuplcidy of interest. Because of the low number of imRBC m matemal blood, only & portion
of the wells will contain a smgle mRBC (the other wells are expected to be negative for MRBCY. The cells are fixed
in 2% Paraformaldehyde and stored at 4°C. Cells in each bin are pelleted and resuspended in 5 Wl PBS plus 1 pi 20
nmg/rad Proteinase K {Sigma #P-2308}. Celis are lysed by incubation at 65°C for £ minutes followed by inactivation
of the Proteinase K by incubation for 15 minutes at 95°C, For each reaction, primer seis {DYZ forward primer
TOGAGTGCATTCCATTCOG; DY Z reverse primer ATGGAATGGCATCAAACGGAA: and DY Z Tagman Probe
SFAM-TGGCTGTCCATTCCA-MGBNFQ}, TagMan Universal PCR master mix, No AmpFrase and water are
added. The samples are run and analysis is performed on an ABT 7300: 2 minutes at S0°C, 10 minutes 95°C
foliowed by 40 cycles of 85°C {15 seconds) and 60°C (1 minute). Following sonfirmation of the presence of male
fetal cells, further analysis of bins containing faRBC is perforined. Posifive bins may be poeled prior to further
analysis.
[#GZ226] Figure 30 shows the results expected from such an experiment. The data in Figure 30 was collected by the
foliowing protocol. Nucleated red blood celis were enriched from cord cetl blood of a male fetus by sucrose
gradient two Heme Extractions (HE). The cells were fixed in 2% paraformaldehyde and stored at 4°C.
Approximately 16 x 1600 cells were pelleted and resuspended each in 5 ui PRS plus I pl 20 mp/mt Preteinase K
(Sigma #P-2308). Cells were lysed by incubation at 65°C for 60 minutes followed by a inactivation of the
Proteinase K by 15 minute at 35°C. Cells were combined and serialty difuted 10-fold in PBS for 100, 10 and 1 cell
per 6 ul final concentration wers obtained. Six pl of each dilution was assaved in guadruplicats in 96 well format.
For each reaction, primer sets {0.9uM DYZ forward primer TCGAGTGCATICCATTCCG; 0.9uM DYZ reverse
primer ATGGAATGGCATCAAACGGAA; and 0.5uM DYZ TagMan Prebe 6FAM-TGGCTGTCCATTCCA-
MGBNFQ}, TegMan Universal PCR master mix, No AmpErase and water were added to a final volume of 25 ul per
reaction. Plates were run and analyzed on an ABI 7300: 2 minutes at 30°C, 10 minutes 95°C followed by 40 cycles
of 95°C (15 seconds} and 60°C (1 minute). These results show that detection of a single fnRBC in a bin is possible
using this method.

Example 4. Confirmation of the presence of fetal cells in enriched sgmbples by STR analvsis.
(00227} Maternal blocd is processed through @ size-based separation module, with or without subsequent MHEM
enhancement of thRBCs. The enhanced sample is then subjected (o FISH analysis using probes specific (o the
aneuploidy of interest{e.g., wisomy 13, trisomy 18, and X¥'Y). Individual positive cells are isolated by “plucking™
individual positive cells from the enhanced sample using standerd micromanipulation techniigues. Using a nested
PCE protocol, STR marker sets are amplified and analyzed te confirm that the FISH-positive ansuplaid celi(s) arc of
fetal origin. For this analysis, comparison te the maternal genotype is typical. An example of a potential resalting
data set is shown in Table 3. Nen-maternal alieles may be proven o be paternal alleles by paternal genotvping o

genotyping of known fetal tissue samples. As can be seen, the presence of patermal alleles in the resutting cells,
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emonsirates that the cell is of fetal origin (celis # 1, 2, 9, and 10). Positive cells may be pooled for further analvsis
to diagnose anenploidy of the fetus, of may be further analyzed individualiy.
Tabile 3. STR locus alleles in mmaternal and fetal cells

PNA Source STR locus STR locus STR locus 5TR loeus STR Jecus

D148 D165 D8S Fi3B YWA

Maternal alleles 14, 17 11, 12 12,14 9.9 16, 17

Cell #1 alleles g 19

Cell #2 alleles 17 5

Cell #3 alleles i4

Cell #4 alleles

Cell #5 alleles 17 12 9

Cell #6 alleles

Cell #7 alleles 19

Cell #8 alicles

Cell #9 alleles 17 14 7,9 17, 19

Cell #10 alleles 13

Example 5. Confirmation of the presence of fetal eells in enriched samples by SNP analysis.

[0©228] Maternal blood is processed through a size-based separation module, with or without subsequent MHEM
enhancement of infRBC:. The enhanced sample is then subjected to FISH analysis using probes specific 1o the
ancupkoidy of interest (e.g., wriploidy 13, rriploidy 1%, and XYY}, Samples testing positive with FISH analysis are
then binmed into 96 microtiter wells, each well containing 15 yl of the enhanced sample. Of the 96 weils, 5-10 are
expected to contain a single MREC and each well should contain approximately 1000 nucleated matemal celis (both
WBC and maRBC). Cells are pelleted and resuspended in 5p1 PBS plus 14l 20 mgfnil Proteinase ¥ (Sigma #P-
2308). Cells are lysed by incubation at 65°C for 60 minutes followed by a inactivation of the Proteinase K by 15
minuie at 95°C.

100229] In this example, the maternal genotype (BB) and fetal genotype {AB} for a particular set of SNPs is known,
The genotypes A and B encompass all thzee SNPs and differ from each other at all three SNPs. The following
sequence from chromosome 7 contains these three SNPs (157795603, 137795611 and 157795233 indicated in
brackets, respectively):
(ATGCAGCAAGGCACAGACTAAIG/ANCAAGGAGA[G/CIGCAAAATTITCI[A/GITAGGGGAGAGAAATGG
GTCATT).

[082301 In the first round of PCR, genomic DNA from binned enriched cells is amplified asing primers specific to
the outer portion of the fetal-specific allele A and which flank the interior SNP {forward primer
ATGCAGCAAGGCACAGACTACG: reverse primer AGAGGGGAGAGAAATGGGTCATT). In the second
round of PCR, amplification using real time SYBR Green PCR is perfonmed with primers specific to the inner
portion of allele A and which encompass the interior SNP {forward primer
CAAGGCACAGACTAAGCAAGGAGAG, reverse primer
GGCAAAATITICATAGGGGAGAGAAATGGGTCATT Y.

{90221] Expected results are shown in Figare 31. Here, six of the 96 wells test positive for allele A, confirming the
presence of cells of fetal origin, because the maternal genoiype (BB) 1= known and cannoi be positive for allele AL

DNA from positive wells may be pooled for further ane® sis or analyzed individually.
34

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00899



12

15

20

25

WO 2007147079 PCT/ES2007/071256
Example 6. Quantitative Genotyping Using Maolecular Inversion Probes for Frisomy Diagnosis on

Fetal Cells

[60232] Fetal celis or nuclei can be isclated as described in the enrichment section or as described in exampie 1.
Quantilative genotyping can then be used to detect chromosome copy number changes. Figuee 5 depicts a flow
chart depicting the major steps involved in detecting chromosene copy number changes using the methods
described herein. For exampile, the earichment process described in example | may generate a final mixture
conining approximately 500 maternal white blood cells {WBCs), approximately 100 maternal nuclear red blond
cells (mnBCs), and a minimum of approximately 19 fetal nucleated red blood cefls (ftRBCs) starting from an initial
20 mi blood sample taken late in the first trimester. The output of the enrichment procadure would be divided into
separate wells of a microtiter plate with the number of wells chosen 50 no more than cne cell or genome copy is
lacated per well, and where some wells may have no cell or genome copy at all.

[00233] Perform mulitipfex PUR and nested PCR: PCR primer pairs for multiple {40 — 100) highly polymorphic
SNPs can then be added 1o each well in the microtiter plate. For example, SNPs prizgers can be desiganed along
chromoscmes 13, 18, 21 and X to detect the most frequent aneuploidies, and along control regions of the genome
where aneuploidy is not expected. Multiple (—-14) SNPs would be designed for each chromoesome of intezest to
allew for non-informative genotypes and to ensure accuzate results. The SNPs listed in the Table below can be used

to performed analysis and associated PCR primers can be designed as described balow,

i 1S

3 £ ) :

I refSNP rs3510053 -refSNP r558453 Ic 12469000 efSNP 156608727
refSNP rs7330372 1efSNP rsZ345588 refSNP 7273003 refSNP rs2015487
refSNP 156580269 refSNP rs5973072 1efSNP rsi004044 refSNP 155953330
refSNP 15724946 retSNP 157564787 1efSHNFP rs11910419% refSNP 155953330
refSNP rs11842845 refSNP 54303617 refSNP rs2832890 refSNP 151984695
refSNP rs 7490040 refSNP 19947441 refSNP 151785477 1efSNP rs5506775
refSNP rs12420585 ref SNP £5291233 refSNP 152230226 1efSNP 155551325
refSNP 5713280 refSNP rsE 16359663 refSNP rs22435%4 refSNP 1511798710
refSNP 3202090 refSNF 1380568249 refSNF rsi 0483087 TefSNP 1343898352
refBINP 155000966 refSMNE rs 12068582 refSINF 15855262 TefSNP 135387075

[0€234} PCR primers would be chosen to be muitiplexible with ether pairs (fairly uniorm melting temperature,
absence of cross-priming on the human genome, and absence of primer-primer interaction based on sequence
analysis}, The primers would be designed to generate amplicons 70 - 100 bp in size to increase the performance of
the multiplex PCR. The primers would contain a 22 bp tag on the 5° which is used in the genotyping analvsis.
Multiplex PCR protocols can be performed as described in Findlay et al. Molecular Cell Endocrinolegy 183 {2001}
$5-812. Primer concentrations can vary from 0.7 pmoles to 60 pmoles per reaction. Briefly, PCRs are performed in
a total volume of 25 pl per well, Tag polymerase buffer {Perkin-Elmer), 200 uM dNTPs, primer, 1.5 mM MgCi2
and 9.6 units AmpliTag (Perkin-Elmer). After denaturation at 95 °C for 5 min, 41 cycles at 94, 60 and 72 °C for 45
s are perfermed in a MJ DNA engipe thermal cycler. The amplificatien can be un with an annealing temperature

different that 60 °C depending on the primer pair being amplified. Final extension can be for 10 min.
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[G02Z35} A second of round 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 conerol is generated to test for contamination. The amplification

with the nested PCR primers is run with an annealing temperature of 60° C - 68° C depending on the primer pair

being amplitied.

4.0 72 1.5

5.0 cvcle to step 2, 44 times

6.0 72 i9
(80236 wlogy
AeVEIO L o s ey mes e e v s tn e mem A = s mangaems e nannns men e =5 JICEE

MIP assay, each SNP would be assigned a 22bp DNA tag which allows the SKP 10 be uniguely identified during the
highly parallel genotyping assay. In this example, the DNA tags serve two roles: (1) determine the identity of the
different SNPs and (2) determine the identity of the well from: which the genotype was derived. For example, a total
of 20,000 tags would be required to genetype the same 40 SNPs in 500 wells different wells {4 clromosemes x 10
SNPs x 500 wells)

[00237} The tagged MIP probes would be combined with the amplicons from the inittal mubltiplex single-cell PCR
{or nested PCR} and the genotyping reactions would be performed. The probe/tempiate mix would be divided into 4
tabes each containing a different nucleotide (e.g. G, A, T or 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 circuler
molecules would be amplified using PCR. The amplified tags form all of the bins wouid then be pooled and
hybridized {0 2 single DINA microamay containing the complemeniary sequences to each of the 20,000 1ags.

[0Q238] identify bins with non-maternal alleles fe.g. fetal celis): The fust step in the data analysis procedre would
tre to use the 22bp tags to sort the 20,000 genotypes into bins which correspond to the individual wells of the
original microtiter plates. The second step would be to identify bins contain non-maternal alleles which correspond
1o wells that contained ferai ceils. Determining the number bins with non-maternal aticles relative to the total
number of bins would provide an accurate estimate of the mumber of fnRBCs that were present in the original
enviched oell population. Wheen a fetal cell is identified in a given bin, the non-maternal alleies would be detected

by 40 independent SNPs which provide an extremely high level of confilence in the result
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100239 Detect ploidy for chromosomes 13, 18, and 21: Afrer identifying approximately 10 biss that contain fetal
cells, the next step would be to detenmnine the ploidy of chromosomes 13, 18, 21 and X by comparing ratio of
materna] to paternal alleles for each of the 10 SNPs on each chromoesome. The ratios for the nnidtiple SNFs on each
chromosormne can be combined {averaged) to increase the confidence of the aneuploidy call for that chromoseme. in
addition, the information from the approximate 18 independent bins contaimng fetal ceils can also be combined to
fartker increase the confidence of the call.

Example 7. Ulira-deep Sequencing for Trisomy Diagnosis on Fetal Cells

]00240] Fetal cells or nuclei can be isclated as described in the enrichment section or as deseribed in example 1.
The enrichment process described in exameple 1 may generate a final mixture comaining approximately 500
wmaternal whits bloed cells (WBCs), approximately 100 maternal nuclear red blood cells {mnBCs), and a minimnm
of approximately 10 fetal nucleated red blood cells {mRBCs) starting frem an initial 20 mi bload sample teken late
in the first wrimester. The cutput of the enrichment pracedure would be divided into separate wells of 2 microtiter
plase with the number of wells chosen so no more than one cell oz genome copy is located per well, and where some
wells may have no ceil or genome copy at all.
{00241] Perform meltiplex PCR and Ultra-Deep Sequencing with bin specific tags: PCR pruner pairs for highly
pelymorphic STR loci {multiple oci per chromosome of interest) are then added to cach well in the microtiter plate.
The polymorphic STRs listed in the Table below can be used to perforimed analysis and associated PCR primers can
be designed.

D2181414 21g21

MBP 18923-ter
Di35634 13gig4.3 22
Di33631 13931-32
Dig8s3s 18g12.2-123
D2151412 21{S171-5198)
D2151411 21g223
D21811 21421
Di88S3R6 18422.1-184222
138258 13g21.2-13g31%
2138303 13g22-13g31
DIBR10G2 18g11

{00242] The primers for each STR will have two imnportant features. First, each of the primers will contain a
<cormmmon ~18bp sequence on the 57 end which s used for the subseguent DNA cloning and sequencing procedures.
Secernd, each well in the microtiter plate is assigned a unigue ~6bp DNA {ag sequence which is incerporazed inte the
middle part of the upstream primer for cach of the different STRs. The DNA tags make it possible to pool all of the
STR amplicons following the nuituplex PCR which makes it possible to analyze the amplicons in paraliel more cost
effectively during the ultra-decp sequencing procedure. DNA tags of length ~ 6 bp previde a compromise between
information content {4096 potential bins) and the cost of synthesizing primers.

[80243] Multiplex PCR protocols ¢an be performed as described in Findiay et al. Molecular Cell Endocrmology
183 {2001) S5-812. Primer concentrations can vary from 0.7 pmoles to 60 pmoles per reaction. Briefly, PCRs are
performed in a total volume of 25 Wl per well, Taq polymcrase buffer (Perkin-Elmer), 200 1M dNTPs, primer, 1.5
mM MgCi2 and 0.6 units AmpliTaq {Perkin-Elmer). After denajuration at 95 °C for 5 min, 41 cycles at 94, 60 and
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72 °C for 45 s are performed ina MJ DNA engine thermal cycler. The amplification can be mn with an annealing
temperature different that 60 °C depending on the primer pair being arnplified. Final extension can be for 10 min.
[0%244} Following PCR, the ampiicons from each of the wells in the microtiter plate are pooled, purified and
analyzed using a singic-mwlecule sequencing strategy as described in Marguiics ot al. Nature 437(2005) 376-380.
BEriefly, the amplicons are dilated and mixed with beads such that each bead captures a single molecule of the
amplified material. The DNA-~carrying beads are isclated in separate 100 um aqueocus 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. Finzlly, the beads are placed into a highly
parallel sequencing-by-synthesis machine which can generate over 400,000 sequence reads (~100bp per read) I a
single 4 hour mun.
[00245] Ultra-deep sequencing provides an accurate and quantitative way 1o measurs the allele abundances for cach
of the STRs. The total required number of reads for each of the aliquot welis is determined by the number of STRs
and the error rates of the multipiex PCR and the Poisson sarnpling statistics associated with the sequencing
procedures. Statistical models which may account for variables in amplification can be used o detect ploidy
changes with high fevels of confidence. Using this statistical mede! it can be predicted that ~100,000 to 300,600
sequence reads will be required 1o analyze each patient, with ~3 to 10 STR loci per chromosome. Specifically, ~33
reads for each of 12 8TRs in each of the individual wells of the miicrotiter plate will be read (33 reads x 12 STRs per
well x 500 wells = 200,000 reads).
{D0246] Identify bins with non-maternaf alieles (e g fetal celis): 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 hing would then be separated into the different STR
groups using standard sequence alignment algorithms. The aligned sequences from: each of the bins would then be
anaiyzed to identify non-matemal alleles. These can be identified in one of two ways. First, an independent blood
sample fraction known fo contain only matemal cells can be analyzed as described above. This sample canbe a
white blood cell fraction {which will contain only negligible numbers of fetal cells), or simply a dilution of the
original sampie before snrichiment.  Alternatively, the genotype profiles for all the welis can be simiarity-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. Petermiining the number bins
with non-maiernal alleles relative to the total nimber of bins provides an estimate of the number of fetal cells that
were present in the original enriched cell pepulation. Bins containing fetal cells would be identified with high levels
of confidence because the non-maternal alleles are detected by multiple independent STRs.
(80247} Deicct ploidy for chromosomes 13, 18, end 21 After identifving the bins that contained feral cells, the next
step would be to determing the ploidy of chromosoemes 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 cach of the 12 STRs. Ina
normal fetus, a given STR will kave 1:1 ratio of the maternal te paternal alieles with approximately 16 sequence
reads corresponding {o each allele (normal dialielic}. In a wisomic fetus, three doses of an STR marker can be
detected either as three allefes with a 1:1:1 ratio (trisomic triallelic} or two alleles with a ratio of 2:1 (trisomic
diallelic). In rare instances all three alleles mizy coincide and the locus will not be informative for that individaal
patient. The information from the different STRs on each chromoesome can be combined to increase the confidence
of a given aneupleidy call. In addition, the information from the independent bins containing fetal cells can also be

combined o further increase the confidence of the cali.
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Exzample 8. Sequencing for Trisomy Diagnosis on Fetal Cells
{00248} Fetal cells or nuclei can be isolated as described in the enrichment section or as descrbed in example [ and

2. Sequencing methods can them be used to detect chromosome copy number changes. Figure 4 depicts a flow
chart depicting the major steps mvolved in detecting chromosome copy number changes using the methods
described hersin. For example, the enrichment process described in example 1 may generate a final mixture
containing approximately 500 matemal white blood ceils {fWBCs), approximately 130 matemal nuclear red blood
cells (mnBCs), and & minimum of approximately 10 fetal nucleated red blood cells (fuRBCs) starting from an initial
20 ml blood sample taken late in the first trimester. The output of the enrichment procedure wounld be divided inio
separate wells of a micretiter plate with the number of wells chosen so no more than one cell or gernome copy is
located per well, and where some weils may have no cell or genome copy =t all.

HI0249] Perform multiplex PCR and Sequencing with bin specific tags:

88258} PCR primer pairs for highly polymorphic STR loci (muitiple 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.
Typically, four or more STRs should be analyzed per chromosome of interest 1o ensure accurate detection of
aneupioidy.

[#0251] 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
pracedures. Second, sach well in the microtiter piate can be assigned a unigque ~6bp DINA tag sequence which can
be incorporated into the middle part of (he 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 patallel during the ultra-deep sequencing procedure. Furthermore, nested PCR strategies for the STR
amplification can achieve higher reliability of amplification from single celis.

[OUZ252] Sequencing can be performed using the classic Sanger sequencing method or any other method known in
the art.

00253} For example, sequencing can occur by sequencing-by-synihesis, which involves infesring the sequence of
the template by synthesizing a strand complermentary to the target nucleic acid sequence. Sequence-by-synthesis
can be initiated using sequencing primers complementary fo the sequencing element on the nucleie acid tags. The
methed involves detecting the identity of cach nuclzotide imunediately after (substantially real-time) or upon {real-
time} the incorporatim of a labeled nucleotide or nucleotide analog into a growing strand of 2 complementary
macleic acid sequence in a polymerase reaction. After the successful incorporation of a label nuclectide, a signal is
measured and then nulisd by methods known in the art. Examples of sequence-by-synthesis metheds are described
in E1.5. Application Publicatien Nos. 2003/0044781, 2006/002471 1, 2006400624678 and 2005/01060932. Examples of
labels that can be used to label macteotide or nucleotide analogs for sequencing-by-synthesis inciude, but are not
ltmited to, chromopheres, fluorescent meoietics, enzymes, antigens, heavy metal, magnetic probes, dyes,
phasphorescent groups, radioactive materials, chemiluminsscent mocities, scattering or fluorescent nanoparticles,
Raman signal generating moieties, and electrochemical detection muoieties. Sequencing-by-syuthesis can generate at
least 1,000, at least 5,000, at least 10,0040, at least 20,000, 30,004, at least 49,000, at ieast 30,000, at Jeast 100,000 or
at least 500,000 reads per hour. Such reads can have at least 50, at lesst 60, at least 70, at jeast 80, at least 90, at
least 104, at least 120 or at least 150 bases per read.

[80254] Anocther sequeacing method nvolves hybridizing the amplified genomic region of interest to a primer

cemplementary to it. This hybridization complex is incubated with a polymerase, ATP sulfirylase, huweiferase,
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apyrase, and the substtates luciferin and adenosine 5° phosphosulfate. Next, deoxynucleotide triphosphates

corresponding to the bases A, C, G, and T {U) zre 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
proportional to the number of mucieotides adding in any one step. The process is repeated until the entire sequence
is determined.

[08255] Yet another sequencing method involves a four-color sequencing by ligation scheme {degenerate ligation),
which irrvolves hybridizing an anchor primer to one of four positions. Then an enzymatic ligation reaction of the
anchor primer to a population of degenerate nonamers that are labeled with flucrescent dyes is performed. Arany
given cycle, the population of nonamers that is used is structure such that the identity of one of ifs positions is
cotrelated with the identity of the fluorophore attached fo that nonamer. Fo the exient that the ligase discriminates
for complementarily at that queried position, the flucrescent signal altows the inference of the identity of the base.
After performing the ligation and four-celor imaging, the anchor primer:nonamer complexes are stripped and a new
cycle begins.

[0B256] Ideatify bing with non-maternal alieles (e.g. feinl cells): The first step in the data analysis procedare would
be to use the 6bp DNA tags to sort the 200,000 sequence reads into bins which comrespond to the individual wells of
the microtiter plates. The ~400 sequence reads frem each of the bins would then be separated intc the different STR
groups using standard sequence alignment algorithms. The aligned sequences from each of the 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 analvzed as described above. This sample can be a
white biood 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 wells can be similarity-clustered
to identify the dominant pattern associated with maternal cells. In either approach, the detection of non-maternal
zlisles then determines which wells in the initial microtiter plate contained fetal cells. Determuning the number bins
with non-maternal alleles relative to the fotal number of bins provides an estimate of the number of fetal cells that
were present in the original enriched cell population. Bins containing fetal cells wonld be identified with high levels
of confidence because the non-maternai alleles are detected by multiple independent STRs.

HIGZST7l Detect ploidy for chromosomes 13, 18 and 21 After identifying the bins that contained fetal cells, the next
step would be to determine the plotdy of chromosomes 13, 18 and 21 by comparing the ratio of maternal to paternal
alleles for each of the STRs. Again, for ¢ach bin there will be ~33 sequence reads for each of the 12 STRs. Ina
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 (rormal diallelic). In a trisomic fetus, three doses of an STR inarker can be
detected either as three alleles with a 1:1:1 ratic (trisomic triallelic) or two alleles with a katio of 2:1 {misemic
diallelic} In rare instances all three alleles may coincide and the locus will not be informative for that individual
patient. The information from the different STRs on each chromasome can be combined o increase the confidence
of a given aneuploidy call. In addition, the information from the independent bins containing fetal cells can alsa be
combined to further increase the confidence of the call.

Exampie 2. Deviee Embodirnent

[60258] Microfluidic devices of the invention were designed by computer-aided desiga {CAD} and microfabricated
by photolithopraphy. A two-step process was developed in which a blood sample is first debulked to remove the
large population of small cells, and then the rare target epithelial cells target cells are recovered by immunoaffinity

caphae. The devices were defined by photolithography and etched imto a silicon substrate based on the CAD-

10

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00905



4]

15

20

25

30

35

WO 2007147079 PCT/US2007/071256
generated design. The cell enrichment module, which is approximately the size of a gtandard microscepe siide,
contains 14 parallel sample processing sections and associated sampls handling channels that connect to commeon
samiple and buifer inlets and product and waste outlets. Each section contains an array of microfabricated obstacles
that is optuazed to enrich the target cell type by hydrodynamic size via displacement of the larger ¢eils to the
product stream. In this example, the microchip was designed to separate red blood cells {RBCs} and platelets from
the larger leukncyies and CTCs. Enriched populations of target cells were recovered from whole blood passed
through the device. Performance 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
WRBC fraction. Blood was minmmally diluted {30%}, and a 6 ml sample was processed at & flow rate of up to 6
ml/hr. The product and waste stream were evahiated in a Coulter Model “AT diff” elinical blood analyzer, which
automatically distinguishes, sizes, and counts different bicod cell populations. The enrichment chip achieved
separation of RBCs from WBCs, in which the WBC fraction had >99% retention of nucleated cells, >99%; depletion
of RBCs, and >97% depletion of platelets. Representative histograms of these cell fractions are shown in Figurel 6.
Routine cytology confirmed the high degree of enrichment of the WBC and RBC fractions {Figure 17}

0259} Next, epithelial cells were recovered by affinity capture in a microfimdic module that is fimctionalized with
immobilized antibody. A capture module with a single chamber containing a regular 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 antibedy. The capture modules may be operated
under conditions of relatively high flow rate but low shear to protect cells against damage. The surface of the
capture medule was functionalized by sequential treatment with 10% silane, 6.5% gluteraldehyde, and avidin,
followed by bictinylated anti-EpCAM. Active sites were blocked with 3% bovine serum albumin ia PBS, quenched
with dilute Tris HCI, and stabilized with dilute L-histidine. Moduies were washed in PBS after each stage and
finaily dried and stored at room temperature. Capiure performance was measured with the human advanced Iung
cancer cell ine NCI-H165¢ (ATCC Number CRL-5883). This cell line has a heterczygous 15 bp in-frame deletion
in exon 19 of EGFR that renders it susceptible to gefitinib. Cells from confluent cultures were harvested with
trypsin, stained with the vital dye Cell Tracker Orange (UMRA reagent, Molecular Probes, Eugene, OR),
resuspended in fresh whote blood, and fractionated it the microfiuidic chip at various flow mates. In these initial
feasibility expermments, cell suspensions were processed directly in the capture modules without prior fractionation
in the cell enrichment moduie to debulk the red blood cells; hence, the sample stream contained normal blood red
cells and leukocytes as well as tumor cells. After the cells were processed m the capture module, the device was
washed with buffer at a higher fiow rate (3mil/hr) o 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
microscepy. Cell recovery was calenlated from hemacytormeter counts; representative capture results are shows in
Table 4. Initial yiclds in reconstitution smdies with unfractionated blood weres greater than 60% with less than 5%

of nen-specific binding.
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Table 4
Run Avg. fiow | Langth of He. celis No. cefls Yield
numrher 1ale Tun processed capéured
ki 30 1hr 150 000 B2 25%
F] 15 2 i 15G 663 35.050/mi 0%
3 1.G8 Ihr 166 065 5681 4%
E] 1.24 2 $21.000 isam £2%

[00260] Next, NCI-H1650 cells that were spiked inte whole bloeod and recovered by size fractionation and affinity
capture as described above were successfully analyzed ik sitz. In 2 trial run to distingiish epithelial cells from
Ieukocytes, 6.5 ml of a stock solution of flucrescein-labeled CI345 pan-leukocyte monoclonal antibody were passed
mto the capture module and mcubated at room temperature for 30 minutes. The modale was washed with buffer to
remove unbound antibady, and the cells were fixed on the chip with 1% paraformaldehyde and observed by
fluorescence nricroscopy. As shown in Figure 18, the epithelial cells were bound to the obstacles and floor of the
capture module. Backeground staining of the flow passzges with CD45 pan-lenkocyte anmtibody is visible, as are
several stained leukocyies, apparently because of a low level of non-specific capture.

Example 10: Device embodiments
[20261] A design for preferred device embodiments of the invention s shown in Figure 194, and parameters
corresponding to three preferred device embodiments associated with this design are showrn in Figures 198 and
19C. These embodiments are particularly useful for enrich epithelial cells from bloed.

Example 11: Determining counts for large cell types
[60262] 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 celular sampie that are larger than a particular cutoff size. For example, cells with
a hydrodyramic size 0of 14 microns or larger may be selected. This cutoff size would eliminate most leukocytes.
The nature of these cells may then be determined by downstream molecular or cytological anakbysis.
[00263] Cell types other than epithelial cells that would be useful to analvze include endothelial cells, endothelial
progenitar cells, endometrial cells, or rophoblasts indicative of a disease state. Furthermere, determnining separate
counts for epithelial cells, ez, cancer cells, and other cell types, e.g., endothelial ceils, followed by a determination
of the ratios between the number of epithelial cells and the number of other cell types, may provide useful diagnostic
information.
[08264] A device of the invention may be configured to isclate targered subpopulations of cells such as those
described above, as shown in Figares Z8A-D. A size cutoff may be selected such that nwost native blood cells;
including red bleod cells, white blood cells, and platelets, flow to waste, while non-native cells, which could include
endothetial cells, endothelial progenitor cells, endometrial cells, or trophoblasts, are collected in an enrichad sample.
This enriched sample may be further analvzed.
30265] Using a device of the invention, therefore, it is possible fo isolate a subpopulation of celis from blood or
cther bodily fluids based on size, which conveniently allows for the ¢limination of a large proportion of native blood
cells when large cell types are fargeted. 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 celis ofa
particuliar type, £.2., cancer cells, within the eariched sanple, and further analysis of the cells in the enriched sample
may provide addifional information that is useful for diagnostic or other purposes.

Example 12: Methed for detection of EGFR mutations

[B0266] A blood sample from a cancer patient is processed and analyzed using the devices and methods of the

ivention. resuiting in an enniched sample of epithelial cells containing CTCs. This sample is ther analyzed 10
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wdentify potential EGFR mutanions. The method permits both identification of known, clinically relevant EGFR
purtations as well as discovery of novel mutations. An overview of this process is shown in Figure 22,

{00267] Below is an outline of the strategy for detection and confirmation of EGFR mutatians:

1) Sequence CTC EGFR mRNA
z) Purify CTCs from blood sample:
b) Purify total RNA from CTCs;
<} Ceonvert RNA to cDNA using reverse transcripiase;
d) Use resultant cDINA to perfarm first and second PUR reactions for generating

seguencing femplates: and

e} Purity the nested PCR amplicon and use as a sequencing template to seguence EGFR
exons 1821,
2) Confirm: RN A sequence using CTC genomic DNA
) Purity CTCs from blood sample;
b) Purify genomic DNA (gDNA} from CTCs,
(9] Amplify exons 18, I9, 20, andior 21 via PCR reactions; and
) Use the resulting PCR amplicon(s}i in real-time quantitative allele-specific FUR reactions

in order to confirn the sequence of muiations discovered via RNA sequencing.

[0268] Further detals for each step cotimed above are as follows.

1} Sequence CTC EGFR mRNA
&) Purily CTCs from dlood sample. CTCs are isolated using any of the size-based
enrichment and/or affinity purification devices of the invenrion.
B) Purify total RNA from CTCs. Total RNA is then pwrified from isolaied CTC populations

using, €.2., the Giagen Micro RNeasy kit, or a similar total RNA purification protocol from another manufacturer;
alternatively, standard RNA parification protocols such as guanidium isothiocvanate homogenization foliowed by
phenol/chloroform extracton and ethanol precipitation may be used. Qne such method is described in “Molecular
Cloning — A Laboratory Manual, Second Edition™ (1989) by J. Sambrook, E.F. Fritch and T. Maniatis, p. 7.24.

<} Convert RNA to cDNA using reverse ranscriptase. cDMNA reactions are carried out
based on the protocels of the supplier of reverse transcriptase. Typically, the amount of input RNA into the cDNA
reactions is m the range of 10 picograms (pg) to 2 mucrograms (ug) total RNA. First-strand DN A synthesis is
carried out by hybridizing randomn 7mer DNA primers, or oligo-dT primers, or gene-specific pramers, to RNA
templates at €3°C followed by snap-chifling on ice. cDNA synthesis is initiated by the addition of iScript Reverse
Transcriptase {BioRad) or SuperScript Reverse Transcriptase {Invitrogen) or a reverse transcriptase from another
commercial vender along with the appropriate enzyme reaction buffer. For iScript, reverse transcriptase reactions
are carried out at 42°C for 38-45 minates, followed by enzyme inactivation for 5 minutes at 85°C. cDINA is stored af
-20°C until use or used immediately in PCR reactions. Typicaily, cDNA reacticns are carried out in 2 final volume
of 20 pl, and 10% (2 ul} of the reseltant cDNA is used in subsequent PCR reactions.

e} Lise resultant oDDNA o perform firsi and second PCR reaciions jfor generating
sequencing femplates. ¢DNA from the reverse transcriptase reactions is mixed with DNA primers specific for the
region of interest {Figure 23} Sec Table 5 for sois of primers that may be used for amplification of exons 18-21.
In Table 5, primer set M13(+M12(-) is internal to primer set M11I{+)/14(-}. Thus primers M13(+) and M12{-}
may be used in the nested round of amplification, if primers M11{+) and M14{-} were nsed in the first roand of
expansion. Similarly, primer set M1I1{+¥M14{-} is internal to primmer set ML5(+¥M16{-}, and primer st
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M2A{+MBM24(-) ts internal 1o primer set M2 1{+)/M22(-). Hot Start PCR reactions are performed using Qiagen Hot-
Star Tag Polymerase kit, or Applied Biosystems HotSrart TagMan polymerase, or other Hot Start thermostable
polymerase, or without a hot start using Promega GoTag Green Tag Polymerase master mix, TagMan DNA
polymerase, or other thermaostable DNA polvmerase. Typically, reaction velumes are 50 ul, nucleotide
iriphosphates are present at a final concentration of 260 uM fer each nucteotide, MgCl; is present at a fimal
copcentration of 1-4 mM, and olipo primers are at & final concentration of 4.5 M. Het start protocols begin with a
10-15 minte mcubation at 95°C, fellowed by 40 cycles of 34°C for one minnte {denaturation), 52°C for one minuis
{ammzaling), and 72°C for one nunule {extension). A 10 minute terminal sxtension at 72°C is performed before
samples are stored at 4°C until they are either used as ternplate in the second (nested round of PCRs, or purified
using QiaQuick Spin Columns (Qiagen)} prior to sequencing, I{a hot-start protocol is not used, the mitial incubation
ar 95°C is omitted. If a PCR product is to be used in 2 second round of PCRs, 2 pul {4%) of the initial PCR product is

used as template in the second rownd reactions, and the identical reagent concenitations and cycling parameters are

used.
Table 5. Primer Sets for expanding EGFR mRNA around Exons 18-21
SEQ
D cDNA Amplicon

Name NO Sequence {5” {0 3°) Coordinates Size
NXK-MI1I(+} 1 TTGCTGCTGOTGGTGGE (+3 1966-1982 813
NXK-M14(-} 2 CAGGGATTCOGTCATATGGC (-) 2778-2759 3
NXK-M13(+) 3 GATCGGCCTCTICATGCG (+) 1989-2806 747
NXK M12(-} 4 GATCCAAAGGTCATCAACTCCC (-)2735-2714
NXK-M15(+} 5 GCTGTCCAACGAATGGGC (+) 1904-1521 g94
NXEK-M15(-) & GGCGTITCTCCTTICTCCAGG (-) 2797-2778
NXK-M2I(+) 7 ATGCACTGOGCCAGHGTCTT (+) 1BR1-18%% 944
NXK-M22(9) 8 COATGOTACATATGGGTGGCT (-) 2824-2884
NXK-M23(+) g AGGCTGTCCAACGAATGEGG () 1802-1520 904
NXK-M24(-} 10 | CTGAGGGAGGCGTTCTCCT {-) 2805-2787

e} Purify the nested PCR amplicon ord use as a sequencing template to sequence EGFR

exons 18-2/. Sequencing is performed by ABI agtomated fluorescent saquencing machines and fInorescence-
labeled DA sequencing ladders generated via Sanger-style sequencing reactions nsing fluorescen?
dideoxymucleatide mixtures. PCR products are purified using Qiagen QuickSpin colemns, the Agencourt AMPure
PCR Purification System, or PCR product purification kits obtained from other vendors. After PCR products are
purified, the nucleotide concentration and purity Is deteninined with a2 Nanodrop 7000 spectrophotometer, and the
PCR product concentration is brought to a concentration of 25 ng/ul. As a quality control measure, only PCR
products that have a UV-light absorbance ratio {(Ay/Ags,) greater than 1.8 are used for sequencing. Sequencing

primers are brought to a conceniration of 3.2 pmol/pl,

2) Confirm RNA sequence using CTC genomic DNA
a} Purify CTCs from blood sampie. As above, CTCs are isolated using any of the size-
based errichiment and/or affinity purification devices of the invention.
B} Purify gexomic DNA (zDN4) from CTCs. Genomic DNA is purified using the Qiagen
DNeasy Mim kit, the Invitrogen ChargeSwitch gDINA kit, or another commnercial kit, or via the following protocol:
i CcH pellets are sither lysed fresh or stored at -80°C and are thawed immediately
before lysis.
2. Add 590 pl 50mM Tris pH 7.9/1900mM EDTAQ.5%SDS (TES buffer).
+4
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z Add 12.5 pl Proteinase K (IB15406, 20mg/mi), generating a final [PratK] = 0.5
mgfmil.

4. Tncubate at 55°C overnight in rotating incubator.

5. Add 29 pl of RNase cocktail (500 U/ml RNase A + 20,000 U/md RNase T1,
Ambion #2288) and incabate four hours at 37°C.

6. Extract with Phenol (Kodak, Tris pH 8 equilibrated), shake to mix, spm 5 min.
in tabletop cenfrifage.

7. Transfer agueous phase to fresh tube,

8. Extract with Phanol/Chiorofonw/Isoamyl alcohel (EMI3, 25:24:1 vatio, Tris pH
8 equilibzated}, shake to mix, spin five minutes in fabletop centrifuge.

9. Add 59 pl 3M NaGAc pH = 6.

10. Add 500 pt EtCH.

ii. Shake to mix. Swrings of precipitated DNA may be visible. If anticipated DNA
concentration Is very low, add carrier mxcleotide {usually yeast IRNAL

12. Spin one minute at max speed in fabletop centrifuge.

13. Remove supematant.

14. Add 500 ul 70% EtOH, Room Temperature {RT}

15, Shake to mix.

16, Spir: one minute at max speed 1n tabletop centrifuge.

17. Adr dry 1G-20 minvtes befors adding TE.

18. Pesuspend in 400 121 TE. Incubate at 65°C for 13 mimaues, then leave at RT

overnight before quantitation o Natwodrop.

ci Amplify exons 18, I9, X3 and/or 2i via PUR reactions. Hot start nested PCR
amplification is carried out as described above in step 1d, except that theee is ne nested round of amplification. The
mitial PCR step may be stopped during the iog phase in order to minimize possible loss of allele-specific
information during amplification. The primer sets used for expansion of EGFR exons 18-21 are listed in Table 6
{see alse Pacz et al., Science 304:1497-13060 (Supplementary Material) (2004)).

o
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Table 6. Primer sets for expanding EGFR genomic DNA

SEQ
i Amplicen

Name NG Sequence {3° t0 3%} Exon Size
NXK-ex18.1{+} 11 TCAGAGCCTGIGTITCTACCAA i8 <14
NXK-ex18.2{-} 12 TGGTCTCACAGGACCACTGATTY i8 -
NXK-ex18 3{+) i3 TCCAAATGAGCTGGCAAGTG i8 197
NEXK-ex18.4{-} 14 TCOCCAAACACTCAGTGAAACAAA i8
NXK-ex19.1{+} 15 AAATAATCAGTGTGATTOGTGGAG 192 495
NXK-ex19.2{-} ia GAGGCCAGTGCIGTCICTAAGG i9
NXK-ex19.3{+} 17 GTGCATCGCTGGTAACATCC i9 208
NXK-ex19.44-} i3 TGTGGAGATGAGCAGGGTCT i9
NXK-ex20.1(+) 19 ACTTCACAGCCCTGCGTAAAC 20 555
NXK-ex20.2{-} 20 ATGGGACAGGCACTGATTTIGT 29 ik
NXK-ex20.3(+) 21 ATCGCATICATGCGTICTICA 20 379
NXK-ex20.4-} 22 ATCCCCATGGLAAACICTIG 20
NXK-ex21.1{+} 23 GCAGOGGGTTACATCTICTTITIC 21 526
NXK-ex21.2(-) 24 CAGCTCTGGCTCACACTACCAG 21
NXK-ex21.3{+} 25 GCAGCGGGTTACATCTITICTTIC 21 349
NXK-ex21.4{-) 260 CATCCICUCCTGCATGTGT 23

dj fve the resuliing PCR emplicon(s) in real-time guaniitative alflele-specific PCR reactions

in order to confirm the sequence of mutations discovered vig RNA sequencing. An aliguot of the PCR amplicons is
used as template in a multiplexed allele-specific quantitative PCR reaction using TagMan PCR 5" Nuclease assays
with an Applicd Biosystems model 7500 Rezl Time PCR machine (Figure 24}. This round of PCR amplifies
subregions of the mitial 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 mataton status of the EGFR gene even if as few as
19 CTCs are isolated. Real Time PCR provides quantification of allelic sequences over 8 Iogs of input DNA
concentrations; thus, even heterozygous mmitations i impure populations are easily detected using this method.
[99269] Probe and primer sets are designed for all known mutations that affect gefitmib respansiveness in NSCLC
patients, including over 40 such somatic mutations, including point mutations, deletions, and insertions, that bave
been reported in the medical literature. For ilhustrative purpeses, examples of primer and probe sets for five of the
poiat mmtations are listed in Table 7. In general, oligonucleotides may be designed using the primer optimization
software program Primer Expresa {Applied Biosystems), with hybridization conditions optimized to disdnguish the
wild type EGFR DNA sequence from matant alteles. EGFR genomic DNA amplified from ung cancer cell lnes
that are known to carry EGFR mutations, such as H358 {wild type), H1650 {15-bp deletion, A2235-2249), and
Hi975 (two point mautations, 2369 C— T, 2573 T— G} is used to optimize the allele-specific Real Time PCR
seactions. Using the TagMan 5’ nuclease assay, allele-specific labeled probes specific for wild type sequence or for
kaown EGFR mutations are developed. The oligonucleotides are designed to have melting terepsratores that cacily
distinguish a match from a miismatch, and the Real Time PCR conditions are optimized to distinguish wild fype and
mutant alleles. All Real Time PCR reactions are carried out in triplicate.
{80270] Initially, labeled probes containing wild type sequence are multiplexed in the same reaction with a single
mutant probe. Expressing the results as a ratic of one mutant allele sequence versus wild type seguence may
identify samples contaimng or lacking a given mutation. After conditions are optimmzed for a given probe se2f, itis
then possibie to multiplex probes for all of the mutant alieles within a given exon within the same Real Time PCR
assay, increasing the ease of use of this analytical toel in clinical settings.
[08271] A unique probe is designed for each wild type allele and rmutant allele sequence. Wild-type sequences are
marked with the fluorescent dye VIC at the 57 end, and rmtant sequences with the fluorophore FAM. A

46

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00911



WO 2007/147079

a passive reference dyve for normalization purposes. A standard curve is generated for wild type seguences and is

PCT/US2007/071256
fiuerescence quencher and Minor Groove Binding moiely are attached to the 3° ends of the probes. ROX isused as

used for relative quantitation. Precise guantitation of mutant signal is pot required, as the inpui cell population is of

unknown, and varying, purity. The assay is set up as described by ABI producs literatuze, and the presence of 2

rutation is confinmmed when the signal from 2 mutant allele prabe rises above the background level of fluorescence

{Figure 15), and this threshold cycle gives the relative frequency of the matant allele in the input sample.

Table 7. Probes and Primers for Allele-Specific gPCR

EMEL
SEQ Chromosome 7
D Sequence (5° ta 3, mutated position Genomie
MName NGO in bold) Coordinates Description Mut
NXK-MH1 F CCGCAGCATGTCAAGATCAC (+)53,033,6594- {+} primer
55,033,713
NXEK-MO2 28 TCCTICTGCATGGTATYICITICICT (355,033,765 {-} prirner
55,033,745 L8SE
Pwi-LB38R 22 | VIC-TTTGCGGCTGGOCAA-MGEB (+355,933,699- WT ailele probe
55,033,712
Pmut-1858R 20 | FAM-TTTTGGGCGGGCCA-MGB (+)55,033,608- Mutart alleie
55,033,711 probe
NXE-MO3 a1 ATGGCCAGCGTGGACAA (+355,023,207- {*+} prirmper
55,023,224
NXEK-MO4 3z AGCAGGTACTGGGAGCCAATATT (-355,023,355- {-) primer
55,023,333 T79¢
Bwr-T790M 33 VIC-ATGAGCTGCGTGATGA-MGEB (-355,623,290- WT allele probe ’
55023275
Prut-T790M a4 FAM-ATGAGCTGCATGATGA-MGB (355,023,295 Mutant alleie
55,023,275 probe
MNXE-MMOS 35 GUCTCTTACACCCAGTGGAGAA (+)55.015,831- (+} primer
55,015,852
NXK-ex18.5 36 | GCCTGTGCCAGGGACCTT (-355,615,945- {-} primer
55,015,948
Pat-G7E3S8C a7 VIC-ACCGGAGCCCAGCA-MGB {-355,415,924- WT allele probe
55,015,911 Gt
Prout-G71985 38 FAM-ACCGGAGCTCAGCA-MGB {-}55,015,924- KMutant allele
55,015,911 probe
mut-G7190 K1 FAM-ACCGGAGCACAGCA-MGB {-}55,015,924- Mutant allele
55,015,911 probe
NXK-ex21.5 43 | ACAGCAGGGTUTTICICTGTITCAG {+}55,033 597~ {+} primer
55,033,620
NXEK-MI1O 41 ATCTTGACATGCTGCGGTGTT {-3¥$5.033718 {-) primer
55,033,699 HE
Pot-HREZ5L 42 VIC-TTGGTGOACCGCG A - MGB {+)55,033,803- WT allele probe
55,033,816
Pmut-HE35L 43 FAM-TGGTGCTCOGOGAC-MGR {+)55,033,803- Mutant ailele
55,033,816 probe
NXK-MO7 101 TGGATCCCAGAAGGTGAGAAA {+)55,0156,630- (4} primer
55,016,650
NXK-ex19.5 E02 | AGCAGAAACTCACATCGAGGATTT {-}55,016,735- (-} primer
55,016,712
Pwt-delE745- 103 | AAGGAATTAAGAGAAGCAA {+)55,016,681- WT ailele probe del®
ATS0G 55,010,699 Al
Pmut-detE746- 104 | CTATCAAAACATCTICC {+)55,016,676- Mutant ailele
AT750varl 55,016,691 probe, variant 1
Prmat-delE748- tos CTATCAAGACATCTICC {+)55.016,676- Autant allele
AT750varl 55,010,691 probe, variant 2
47
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Example 13: Absence of EGEFR expression in leukocytes
[80272] To test whether EGFR mRNA 15 present in leukecytes, several PCR experiments were perfonned. Four

sets of primers, shown in Table 8, were designed to amplify four comespending genes:

1} BCKDK (branched-chain a-keteacid dehydrogenase complex kinase) — a “housekeeping”™
gene expressed in all types of cells, a pesitive control for both leukocytes and tumor cells;

2y CD45 — specifically expressed in leukocytes, a positive control for leukocytes and a

negative control for tumor cells;

3} EpCaM — specifically expressed in epithelial cells, a nepative contro! for leukocytes and
a positive conftrol for tumor cells; and
4% EGFR — the target mRINA 10 be examined.
Tabie §
SEQ ID Amplicen
Name NO Sequence {5° {6 37) Description Size

BCKD 1 44 AGTCAGGACCCATGCACGG BCKDK {(+} primer 273
BCKD 2 43 ACCCAAGATGCAGCAGTGTG BCKDK {-} primer
CIx45_1 46 GATGTCCTOCTTGTTCTACTC D45 (1) primer 263
C45 2 47 TACAGGGAATAATCGAGCATGC C45 {-} primer
EpCAM 1 58 GAAGGGAAATAGCAAATGGACA | EpCAM (+) primer 392
EpCAM 2 45 CGATGGAGTCCAAGTTCIGG EpCAM (-} primer
EGFR_1 5G AGCACTTACAGCTCTGGCCA EGFR (+] primer 371
EGFR 2 31 GACTGAACATAACTGTAGGCTG EGFR {-) primer ]

[60273] Total RNAs of approximately 9x10° leukocytes isolated using a cell enrichment device of the invention
{cutoff size 4 pm) and 5x10° H1650 cells were isolated by using RNeasy mini kit (Qiagen). Twe micrograms of
total RNAs from leukocytes and H1650 cells were reverse tramscribed to obtain first strand cDMNAs using 100 pmol
random hexamer (Roche) and 200 U Superscript I (Invitrogen) i a 20 pl reaction. The subsequent PCR was
carried ocut using 0.5 pl of the first sirand cDNA reaction and 10 pmal of forward and reverse primers in total 25 ul
of mixture. The PCR was run for 40 cycles of 95°C for 20 seconds, 56°C for 20 seconds, and 70°C for 20 seconds.
The amplified products were separated on a 1% agarose gel. As shown in Figure 26A, BCKDK was found to he
expressed in both leakoeytes and H1650 cells; CD45 was expressed only m leukocyies; and both EpCAM and
EGFR were expressed only in H1550 cells. These results, which are fully copsistent with the profile of EGFR
expression shown in Figure 26B, confizmed that EGFR is a particularly useful target for assaying mixtures of cells
that include both leukocytes 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 high quantities of background RNA

[00274] In order to determine fhe sensitivity of the assay desentbed sn Examplke 12, various quaniities of mput

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 iz Figure 27 The first PCR reaction was shown to be sufficienily
sensitive o detect 1 ng of input RNA, while the second round increased the sensitivity to 100 pg or less of input
RINA. This corresponds to 7-10 cells, demonstirating that even extremely dilute sampies may generate detectable
signals using this assay.

H0275] Next, samples containing 1 ng of NCI-HI975 RNA were mixed with varying guantities of peripheral blood
mononuclear cetl (PBMC) RNA ranging from I ng to I pg and used in PCR reactions as before. As shown in
Figure 28A, the first set of PCR reaclions demonstrated that, while amplification occurred in all cases, spurious

bands appeared at the highest contapunation level. However, as shown in Figure 28B, after the second, nested set

i8
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of PCR reactions, the desired specific amplicon was produced without spurious bands even at the highest

contamination level. Therefore, this exanple demonsirates that the EGFR PCR assays described hersin are effective
even when the target RNA occupies a tiny fraction of the total RN A in the sample being tested.

[60276] Tabile B lists the RNA yield in a variety of cells and shows that the yicld per cell is widely variable,
depending on the cell type. This information is useful in order to estimate the amount of target and background
ENA in a sample based on cell counts. For exampie, 1 ng of NCL-H1975 RNA corresponds to approximately 100
cells, while 1 pg of PEMC RNA corresponds to approximately 10° cells. Thus, the highest eontarnination level in
the above-described experiment, 1,000:1 of PBMC RNA to NCL-HI1975 RNA, actuaily comresponds to a 10,000:1
ratic of PBMCs to NCL-H1975 cells. Thus, these data indicate that EGFR may be sequenced from as few as 100

CTCs comtaminated by as many as 10° teukocyies.

Table 8. RNA Yield versus Cell Type

Cells Count RNA Yield [RNA}Cell
NCL-H1975 2x10° 26.9 pg 13.5pg
NCI-H1650 2x1¢8° 26.1 ug i3.0ps

H353 2x149° 26.0 up 13.0pg

HT29 2x19° 21.4 pg 10.7 pg

MCF? 2x16° 254 pg 12.7pg
PBMC #1 19x10° 10.2 ug 0.5 pg
PBMC £2 16.5x16° 18.4 ug 1.1pg

[80277} Next, whole blood spiked with 1,000 celis/ml of Cell Tracker (Invitrogen)-labeled H1650 cells was run
through the capture module chip of Figure 19C. To avoid inefficiency in RNA extraction from fixed samples, the
captured H1630 ceils were immediately counted afier running and subsequently lysed for RNA extraction without
formmaldehyde fixation. Approximately 860 captured HI650 cells and >10,000 contaminated levkoceytes were lysed
on the chip with 0.5 mi of 4M guanidine thiocyanate solution. The lysate was extracted with 0.5 mi of
phenei/chleroform and precipitated with Lmi! of ethanol in the presence of 10 pgz of veast tRNA as carrier. The
precipitated RNAs were DNase I-ireated for 30 minutes and then extracted with phenol/chloreform and precipitated
witht ethanol prior io first strand cDMNA synzhesis and subsequent PCR amplification. These sieps were repeated
with a second blood sample and a second chip. The ¢DNA synthesized from chipl and clip2? RMNAs along with
HI650 and leukocyte cDNAs were PCR amplified using two sets of primers, CD43 | and CD435 2 (Fable 7) as
well as EGFR_S (forwand primer, 5'-GTTCGGCACGGTGTATAAGG- 3 (SEQ ID NO: _ Yand EGFR_S
(reverse primer, 5'-CTGGCCATCACGTAGGUCTTC- 3} (SEQID ND: 3 EGFR 5 and EGFR_6 produce a 138
bp wild type amplified fiagment and a 123 bp mutant amplified fragmeent i H1650 cells. The PCR products were
separated on a 2.5% agarose gel. As shown 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 dees not
require 2 highly purified sample.

+9
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WHAT IS CLATMED IS:

1. A msethod for fetal diagnosis comprising:

labeling one or more genomee DINA tegions in fetal and non-fetal cells, emriched from a matemal

blcod sample, using labels adapted to distingnish between individual celis, and

determining the presence or absence of a fetal abnormality by analyzing said labeled genomic
DNA regions.

2. A method for fatal diagnosis comprising:

fabeling onc or more cDINA sequences generzated from fetzl and non-fetal cells, wherein saig fetal
and non-fetal cells are enriched from a matemal blood sample, using labels adapted to distinguish between

individual cells, and

determining the presence or absence of a fetal abnormality by analyzing said Iabeled cDNA

regions.

3. The method of claim 1, further comprising splitting said fefal and non-fetal cells such that individual

cells are in addressable locatinns.

4. FThe method of claim 2, finther comprising splitting said fetal and non-fatal cells such that individual

cells are in addressable locations.

5. The method of ¢laim 3, further comprising amplifying said one or more genomic DNA regions from

sach cell to generate a plurality of amplicons.
6. . The method of claim 5, further comprising pocling said amplicons.
7. The method of claim 5 wherein said regions of genomic DNA comprise one or more polymorphisms.
8. The method of claim 7, wherein said palymorphisos are STRs or SNPs.
9. The method of claim 5 wherein said amplification is performed by multiplex PCR.
16, The method of elaim @ wherein said amplification also comprises nested PCR.

L1, The method of claim 3, wherein said labels each comprise a unique tag sequence specific for each

addressable location.

12. The method of elaim | or 2 wherein said label comprises a nucleic acid sequence between 4-20 bp

Iong that is unigue to cach cell

12, The method of claim 1, wherein at least two genornc DNA regions on & chremoseme of interest are
Iabeled.

14, The methoed of claim 1. wherein satd genomic DNA regicns are located on two or more chromosomes

of interest.

13, The method of claim 1 or 2, wherein said analyzing comprises performing ulua deep sequencing or
quantifative genotyping.
16. The method of claim 1 or Z, wherein said fetal abnormality comprises an ancuploidy selected from the

group consisting of: trisomy 12, wisomy 18, frisomy 21 (Down Syndrome), Klinefelter Syndrome (XY},

S0
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monosomy, triploidy, tetraploidy, or other irregniar number of sex or autosomal chromosomes, and a combination
therect.

17. The method of claim 1 or 2, wherein said fetal abnormality comprises an aneuploidy that is maternally
oz paternally derived.

18, The method of ¢claum ! or 2, wherein the fetal abnormality is a segmental anenploidy.

19, The methed of claim 15, wherein said quantitative genotyping is performed by using molecular

inversion probe technology.

20, A methaod for fetal diagnosis coraprising:
amplifying a plurality of genomic DNA regions from one or more fetal cells enriched from
materiral bloed; wherein the resulting amplicons comprise a cell specific 1abel, and

determining the presence or absence of a fetal abnormality by analyzing said amplicens.

21. A method for fetal diagnosis comprising:
amphifying a phmality of cDNA sequence generated from one or more fetal cells enriched from
maternal blood; wherein the resulting amplicons comprise a cell specific label, and

determining the presence or absence of a fetal sbnormality by analyzing said amplicons.

22, The method of claim 20 or 21, further commprising splitting said one or more fetal cells such that each

individual cell is in an addressable location.
23, The method of claini 20 or 21, further comprising pooling said amplicons.

24. The method of clatim 20 or 21, wherein said regions of geacmic DINA cemprise one or more

polyvmeormphisms.
25, The method of claim 24, wherein said polymorphisms are STRs or SNPs.

26. The method of claim 20 or 21, wherein said amplification is perfonned by multiplex PCR, singleplex
PCR, guantitative PCR, guantitative fluoreseent PCR {QF-PCR), multiplex fluorescent PCR (MF-PCR}, real time
PCR (RT-PCR). single cell PCR, restriction fragment Ienzgih polymorphism PCR {(PCR-RFLP), PCR-RFLP/RT-
PCR-RFLP, hot start PCR, in sitis polonony PCR, in situ rolling circle amplification {RCA), bridge PCR, picotiter
PCR, enmilsion PCR, ligase chain reaction (LCR), transcription amplification, self-sustained sequence replication,
selective amplification of target polynucleotide sequences, consensus sequence primned polymerase chain reaction
{CP-PCR), arbitrarily primed polymerase chain reaction (AP-PCR}, degenerate oligonucleotide-primed PCR {DOP-
PCR), MIDA and nucleic acid based sequence amplification (NABSA}.

27. The method of claim 26 wherein said amplification alse comprises nested PCR.

28. The methed of claim 20 or 21, wherein said labels each comprise a wmique tag sequence specific for

each addressable location,

29. The methed of claim 20 or 21, wherein said label cemprises a nucleic acid sequence between 4-20 bp

long that is unigue o cach cell

30, The method of claim 20 wherein at least fwo genomic DNA regions on a chromoseme of inlerest are
izbzled.

31. The method of claim 20 whercin said genomic DINA regions are located on two or more chromosomes

of interest.
51
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32, The mechod of clairn 20 or 21, wherein said avalyzing comprises pesforming ultra deep seguencing or
quantitative genotyping.

33. The method of ciaim 20 or 21, wherein said fetal abnormality comprises an aneuploidy is selected
from the group consisting of® trisomy 13, frisomy 18, trisomy 21 {Down Syndrome), Klinefelter Syndrome (XXY),
other irregular number of sex or autosomal chromosomes, and a combination thereof.

34, The method of ¢laim 20 or 21, wherein said fetal abanormality comprises an aneuploidy that is
matemally or paternally derived.

35. The method of claim 20 or 21, whercin the fetal abnormality is a zegmental ancuploidy.

36. The method of ¢laim 32, wherein said quantitative genotyping is performed by using molecular
inversion probe technology.

37. A computer readable medinm comprising logic for analyzing a plurality of amplicons, from one or
more genomic DINA regions on one or more chromosomes from at least one fetal cell and at least one maternal celi,
enziched from matemnal blood.

38. A computer readable medium comprising logic for analyzing a plurality of amplicons, from one or
more ¢eDINA sequences generated from at least one fetal cell and at feast one maternal cell, enricked from maternal
Mood.

39. The computer readable medium of claim 37 or 39, wherein said logic analyzes the ratio of maternai to

fetal chromosome copy number.
49, The method of ¢laim 37 or 39, wherein said amplicons cOmMprise a umique fag sequence
41, The method of claim 37 or 39, wherein said amplicens comprise one or more polymomphisms.
42, The method of claim 41, wherein said polymorphisms are STRs or SNPs.

43, The method of ¢lamm 37, whersin said pluratity of amplicons are from at least two genonsc DNA

repions en a chromosome of interest.

44, The method of ¢laim 37, wherein said pluratity of amplicons are from genomic DNA regions located

on two or more chromosomes of interest.
45. The method of claim 37 or 39, wherein said plurality of amplicons comprises at Ieast 8,000 amplicens,
46. The method of ¢laim 1, 2, 20 or 21, further compnising binaing at least a portion of said eaniched cells

47. The method of clazm 46, wherein said binming is perforreed using 2 platform selected from the group

consisting of! niicrotiter plates, PCR wells, a nanefludic system, micreencapsulation and a2 combination thersel.
48, The method of ¢laim 46, wherein said binning is performed using serial dilution.

49, The method of claim 46, further comprising 10 negative selection of non-target cells or pesitive

selection of target cells, prior to said bimung,
50, The method of claim 46 wherein said binning is performed using a number of bins less than 100
51. The method of claim 46 wherein said binning is performed using a number of bins greater than 100,
52. The methods of claim 50 wherein said bins are analyzed for the presence of at least one fetal cell.

33. The methods of claim 51 wherzein said bins are analyzed for the presence of at least one fetal cell.
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54. The method of claim 32 wherein said analysis is performead using an analytical method selected from

the group consisting off FISH, fetal biomarker Iabels, SNP detection, PCR, and STR detection.
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SEQ T T
Narre n Sequence {57 to 37) Exon Amplicon

~O Size

HXK-exl&.1{5) i1 TCAGAGCCTGTGTTITCTACCAA 18 534
NXK-ex18.2(-) 1 TGGTCTCACAGGACCACTGATT 18

NXK-ex18.3{+) 3 TCCAAATGAGCTGGCAAGTG 18 297
NMK-ex18.4{-) 14 TCCCAAACACTCACTGAAACAAA 18

NXK-ex19.1{+) 15 AAATAATCAGTGTGATTCGTGGAG 19 495
MY K-ex19.2{-) 16 GAGGCCAGTGCTGTCTCTAAGG 1%

S NXEK-exi® 3+ 17 GTGCATCGCTGGTAACATCC j 14 208
NXK-ex19.4{-} 18 TGTGGAGATGAGCAGGGTCT ! 18

NKK-ex20.1{+) I ACTTCACAGCCCTGOGTAAAC ! 20 Ss5
NXK-ex20.2{-} 20 ATGGGACAGGCACTGATTIGT ; 26

NXK-ex20.3(+) | ATCGCATTCATGCGTCTICA 20 370
NXK-ex20.4{-} 22 ATCCCCATGGCAAACTCTTG 26

NXK-ex21.1{+) 22 GCAGCGOGGTTACATCTITCTITIC 21 526
NXK-ex21.2{-) 24 CAGCTCTGGCTCACACTACCAG 2t

NXE-ex21.3(4) Z5 GCAGCGGGTTACATCETCTITC 23 340
NXK-ex21.4{-) 26 CATCCTCCCCTGCATGTGT 21

Figure 1 ¥
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Figure 13C
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GENE EXPRESSION ANALYSIS IN SINGLE CELLS

The application claimy the beactit of priesity to United States Provisional application serial No.
1164759, filed March 30, 2009, the entive contenis of which is incorporated herein by

reference.
FIFLD OF THE INVENTION

The present invention refates to the analysis of gene expression i singie cells, In particnlar,
the invention relates to a method for preparing a ¢[INA library from a pluratity of single cells,
and w a ¢DNA library produced by this method. The cDNA libraries prepared by the method

of the ivention are suitable for analysis of gene expression by sequencing.
BACKGROUND OF THE INVENTION

The determination of the mRNA content of a cell or tissue (i.e. "gene expression profiling™)
provides a method for the functional analysis of normal and diseased tissues and organs. For
example. gene expression profiling can be used in the study of embryogenesis: for the
characterization of primary tumor sarapies; for the analysis of hiopsies from discased and
normal tissue in, for example. psoriasis: for the comparative analvsis of celf types from
different species to delineate the evelution of development; as an assay system for diagnostics;
as a quality control systen: i coll replacement therapy (1.2, to ensure that s culture of cells is
sufticiently pure, and the cells arc correctly differentiated); and as an i virre ool 10 measure
the effect of a transtected gene or siIRNA on downstream targets in spite of less than 1602

transfection efficiency.

Gene expression profifing is usually performed by isolating mRNA Front tissue samples and
subjecting this mRNA o microarray hybridization. However. such methods only allow
previoushy known genes to be analyzed. and canaot be used 1o analyze alternative splicing.

promoters and peivadenviation siegnals,

Therefore. direct sequencing of the all. or parts. of the mRNA content of a Ussue Is being
mereasingly wsed (Cloonan et al, Nat Muthods 5£71:613-9 (20083 3. However, cuarrent
methads of snalyzing the mRNA content of cells by direct sequencing rely on analvzing bulk
mRNA obtained from tissue samples tvpically containing millions ot cells. This means that
much of the functional infermation present i single colbs bs fost or bhurred when pene

expression s analyzed in bullc mRNAL In addition. dynamic processes. such as the cell ovele,
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cannol be observed in population averages. Similariv, distinet cell types in a complex tissue

{e.g. the brain) can oniy be studied if cells are analyzed individuaily.

Crene expression in single cells has previcusly been analvzed using a variely of methods (sec.
for example. Brail v 2L, Muwar Res 40602-4%:45-54 (1999) © Levsky et al., Science

297(35821:836-40 (2002} Bengtsson et al. Gepome Res 13¢(1011388-92 (20055 Esumi o1 al..

MatGenet 3721756 (2005}, In particular, single cell geywe expression in neural cells has
been studied by microarray analysis (see Fsumi et al. Neurosci Res 60¢41:439-51 {2008)).
However, these methods require that each single poll is malyzed individually and treated
sepasately during the entire procedure, which is time-consuming and expensive. In addition,
the preparation and amplification of samples from single cells independentiv potentialy
introduces ceil-to-cell variation. Furthermore, as the c1INA of each celi must be amplified 1o
an amoeunt that can be reasonably handled for the subsequent analysis, there is potential
ampiification bias. Tor example, 2 single cell contains about 0.3 pg of MRNA. and af least a
300 ng is commonly needed for subsequent analyvsis by sequencing, Theretore. an

amplification of ar least a million-lold is required.

Additionally, microarrays have two major shortcomings: they are linked to known genes, and
they have limited sensitivity and dynamic range. RNA sequencing (RNA-Seq) overcomes
these problems by sequencing RNA dirccily (Ossolak et al., Nature 461:814-818 (20003} or
Mortazavi et al.. Nat. Methods 5:621-628 (2008); Wang et al., Nature 456:470-176 (2008,
Sequence reads are mapped 1o the genome to reveal sites of transeription, and quantitation is

based simply on hit counts. with great sensitivity and nearly unlimited dyvaamic range.

Tissues are rarcly homogeneous, however, and therefore any expression profile based on a
tissue sampie, biopsy or celi culiure will confound the true expression profiles of #ts constituent
cedls. Ome woy of getting around this problem would be to analyze single colls instead of cell
popuiations. and indeed single-cell methods have been developed for both microarrays (Esumi
ctal., Negrosci, Res, 60:439-431 {2008} and Kuerimato et al., Nucleiz Acids Res, 33:42
(26063 These methads are suitable for the analysis of small numbers of single cefls, and in
particular may be used w study cells that are difficult o obtain in large numbers, such as
oucrtes and the celis of the early embeva. Celis may be isofated for example by laser capture
micradissection. or by microcapitlars, and marker genes mas be used 10 locate cells of tnterest,
Hewwever, single-cell transcripromices simst confront two wreat challenges. First, markers

saitable tor the prospective isclation of defined cell populations are ned availabic for every vell
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type. refiecting the fact that fow cell types are clearly defined in molecular terms. Second,
transcript abundances vary greatiy from celi to ceil, For example, {B-Actin { Acth) mRNA
content varies more than three orders of magnitude between pancreatic islers cells (Bengtsson
et al. Genome Res, 15:1388-1392 (2005, Similar results have been reported, using a variety
uf detection methods, for RNA pelyinerase U (Raj et al. PLoS f3ial 4:309 (20060, GAPDH
{Lagunavicius et al. RNA 15:763-771 1200%9) and Warren <t al.. Proc. Natl, Acad. Sci. U.S.A
[O307807-17812 (200633, PLLE (Warren ot al. supra), and TBP, B2M. SDHA ané BEEIFG

MENAs {Tantguchi et al, Nat Mothods £:303-506 {2009)), and at present scems o be a

commaon featire of the transcriptome,

Manst of the variation may be inrinsic, caused by burst-like stochastic activation of
transuription. where brict episodes of mRMA synthesis lasting a fow minuotes zre separated by
pericds of transeriptional silence of similar duration (Chubb et al.. Cuer Biol 16:1018-1025
{2066)). Fach burst would give rise to 4 dense population of mENA in the nucleus, which is
then exported to the eytoplasm and rapidly decayvs. As a conseauence. a random sample of
cells would show great variation in their content of particulnr mRNAS, ranging from those cells
that have just undergone a burst, to those that have nearly compictely degraded their mRNA

this has becn directly observed for RNA polvmerase 1 transeription #n sifa using a fluorescent

in swmmary. there are ofien no sutlable cell-surface markers to use n isoiating single cells for
study, and even when 1here arc, a small number of single cells is not sufficient to capture the
range of natural variation in gene expression. The present invention aims 1o overcome, oF
reduee, these problems by providing a method of preparing ¢DNA libraries which can be used

to analyze gene expression in a plarality of single ceils,
SUNMDMARY OF THE INVENTION

The invention provides method for preparing a cDNA library from a plurality oF singic cells,
In ane aspect. the micthod inchudes the steps of releasing mRNA from cach single czif o
provide a pluraliny of individual mRNA samples. svnthesizing a first sirand of ¢DNA from the
mRNA i each individual mRNA sample and incorporating a g into the cDNA o provide a
plurality of tagged ¢<DNA samples. pooling the tasged eDNA samples and amphiving the
pooted CIINA samples 1o generate a oIYNA library having double-stranded ¢cDNA. The

invention also provides a cDNA library produced by the methods deseribed herein, The
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invention further provides methods for analyzing gene expression in a plurality of cells by

preparing a cDNA library as deseribed herein and sequencing the ibrary.

BRIEF DESCRIPTION OF THE DRAWINGS

The figures are intended to illustrate broad concepts of the invention by refereace to
representative examples for case of discussion. They are not intended to limit the scope of the
invention by showing one out of several altersate embodiments or by showing or omitling

optional feateres of the invention.

Figure 1. panels A-F, show an overvicw of 2 method of analyzing gene expression in a
plurality of single cells. (A) the rissuc ot interest is dissected: () a plusality of single cells are
selected: (U} single colls are pleced in separute wells of a 96-well plate and lysed: tagged
reverse transeriplion is performied on each sample to produce cDNAL (D) eDNA samples are
pocled and amplificd: (F) sequencing is performed 10 obtain 106 million reads: and (79}

ientification of expressed genes and identification of cells from which they originated.
Figure 2 shows the synthesis of cDNA by template switching.

Figure 3 shows an example of 2 template switching oligonucleotide comprising a 57

-

amphification primer sequence (APS), a cell tag and a 3 sequence for template switching,

Figure 4 shows an example of a cDNA synthesis primer (CDS) comprising 2 57 amplification

primer sequence (APY), a cell tag and a 37 RNA complementary scquence (RCS).

Figure 5 shows the visualization of cDDNA samples LOO1 and 1.602 foliowing fuil-length
eDINA amplification by PCR. Lane I: 100 bp marker fadder: lanes 2-3; 235 cveles: lanes 4-5:

30 cycles; lanes 6-7: 25 cveles. Even lanes comtain sample 1001 2nd odd lanes contain sample

L302.

Figure 6 shows a dilution series from a test PCR using sample L0 (Janes 3-10%. Lanes T and

P contain a 160 bp ladder as a size marker.

Figure 7, pancis A and I3, show the gel electrophoresis separation and isolation of cDNA
Hbruries. Pane! A shows a eDNA library following final ampiification by POR (16 cvcles)

k £ P b k :
(lanes 3 and ). Panel B shows the 1232200 bp region has been excised. Lanes 3 and § contain

108 bp ladder as a sive marker.,
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Figure 8 shows an example of & sequenced ¢DNA molecule from a tagged <DDNA library. The
primer sequences for SOLHTY sequencing (P and P2} are underlined. The cetl-specHic tag is
Doxed. The 2-F Gs from the templaic-switching mechanism are shaded by a grey box.
Segquence from the TOPO cloning vector is shown in italies. The insert in this case is wbulin

beta 2c.

Figure 9 shows a graphical representation of resuits from a guantitative real-time PCR
comparing bulk cPNA thorizental axis) versay 96-coll tngged ¢IINA (vertical axis). Fach
eircle represents a PUR primer pair directed against the indicated genes. Fhe units are arbitrary

and are derived from the eyveles-to-threshold value, Oy

Figure 18 panels A-L show an overview of the single-cell tageed reverse trunseription
{STRT) methad and exemplary results. {A) Overview of the method. iHlustrating how single
cells were tracked, Well-specifie {and hence cell-specific} barcodes were incorporated during
¢DNA synthesis. resulting in a Hbrary where each melecule carried a barcode identitying the
cell of origin. {B) Example of reads mapped to both strands of'the § kb Pou3Tl locus. shown
as a coverage plot. Reads were strand-specific and mapped mostly 10 exons. Non-mRNA
background was minimal as judged by hits 1o introns on the torward strand {1op lane) or 1o the
reverse strand (botfon lane). {C) Comparisen with standard RNA-Seq (Cloonan ¢t al, Nat,
Methods 3:613-619 (2008)) for the 6 kb Nanog locus. Since cDDNA syathesis was primed from
the poly{Aj tail, reads wore 1ypically clusiered at the 37 end {iop fane). The extended 3" UTR
of Nanog (Hght blue) was clearly detected by bath methods. SQRL reads extended 10 37 exons,
bul showed more intronic background. (D) The mitochondrial genome. As expected.
lranscription was nearly exclusively detected on the 1 strand (top), with only a {ow truncated
transcripts {arrew] originating on the L strand. Prolein-coding genes are indicated on the
bottorn. (B} Grene expression on chromosonse 19, Coverage on the forward (top lane) and
reverse (middle} strands was highly correluted with local gene density (bettom). Genes are
shown as hortzontal stacked bars. For clarity, the vertical scales in (B-5) are truncated at haif

imraximal values,

Figare 1L pancls A-F. show graphical reprosentation of steps optionally used in the STRT
method. Panct A shows a reverse transcription step. A tatled oligo-d T primer directs synthesis
of a ¢ONA strand. When the ond of the template RNA 1= reached, reverse vanscriptase adds 3-
45 al 37 of cDNA strand {due to its terminal rransferase activity ). Panel B shows a templae
switching step. Barcoded helper oligo anneals fransientlv, and ¢DNA synthesis proceeds using

the olige as template. As a comsequeitves the 37 end ol the <IN A wiill carry bareade { XXX X,
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BtsCt recognition {Bts} and primer anncaling (Pr) sequences. Pancl C shows a single primer
POR step. The ends of the cIMNA have identical seyuences and are amplified using a single
POR primer, which helps suppress short amplicons. Panel D shows a fragmentation step. The
amplified librury is fragmenied 1o 200 - 300 bp using controlied DNase digestion. Panei £
shows an immohilization and end-repair step. Both 37 (wish barcode {Br) and BtsCI site (Bes))
and 37 fragments are bound 1o beads, while inieeral fragments are washed away, Panel T
shows fragment release and adapter ligation. & fragments are released by BtsCEdigestion,
leaving just the barcode (Be) and insert {white area). 37 {ragments remain stuck on the heads.
{ienomie Analyrer paired-cad compatible adapters (P and P2) are Bgaied. The library is
sequenced from the PI primeer {and coudd optionatiy be sequenced also from P2). P reads
begin with a 5 bp barcode, followed by 3-4 Gs, followed by the ebDNA insert. P2 reads would

vield only eBNA sequence.

Figure 12, panels 4-D. show a graphical representation of an absence of matifs surrounding
the template-switching site. All reads were examinaed in sampie # 096 for the presence of any
motifaround the template-switching site (that is, around the 3 end of cach read). Sequence
logos are shown for the 20 bases of penomic seguence upstream and downsiream of the fret
mucleotide {arvow) of cach mapped read. As exemplified in A and B. in typical cases (92 of
96). no stronyg motif was detected. indicating an sbsence of significant mispriming events,
wiich would have generated an upstream motif complementary to the primer. In four cases {C
and D). there was a general preference for T-rich scquences particutarly in the first 20 bases of
the read. This occwrred in wells with very small numbers of reads, indicating a failed reactinn,

Hevaever, dn a single vase the T-rich motif was observed despite a targe aumber of ceads.

Figure 13. paneis A and B. show a graphical represemation of hotspots for template switching.
£A) The Acth lovus is expressed rom the Tower (reverse} sirand, Aght to el in the figure, The
top two racks show aggregate hits on the forward and reverse strands, respectively,
demonstratmg strand specificity and lack of bachground in introns, The middle (blue) track
shows the exorvintron structure of the gene. The lower track shows individual hits from single
cells. Lach pixel row reprosents the hits from a svingle cell as black dots. There are 96 pixet
rows altogether. {13 The same analysis was done for Son2, o single-exon gene transeribed on
the fornward (upper) strand, showing the usual 37 bias. In both (A) and (B), hotspets were
clearly visible, and were shared among cells, suggesting they represent structural sites on

mRNA that favor termination of eDNA synthesis, RNA hydrohsis and/or semplate switching,
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Figure 14, panels A and B. show a graphical representation of the new discovery rage. {(A)
shows the rate of discovery of distinet mapping reads as a function of the total pumber of
reads. None of the samples were sequenced Lo saturation, and most Hbraries would fikely
comtain at feast 3 miltlion distinct molecules, indicating that on average at least 30600 distinet
motecules per vell were successtully converted 1o ampiifiable CIDNA. The cwrves are wigghy
due o inflomogeneities in the data, presumably caused by imperfeciions in the chister PCR
process that can generate local duplicates and thus loss than randem sampling. 1n {13 the rate
of discavery of distinet snnewated features is shown as a function of the number of mapped
reads (for sample LOB6). Saturation was reached guickly. showing that most {eatares present

in the sample could be discovered at modest sampling depth,

Figure 13 showy a graphical representation for distinguishing expression of overlapping genes.
Because of the strand-speciticity of the template-switching mechanism, strandedness could be
maittained throughout the protoeel. This was especially important for genes with ov eriapping
exons. Represented in the figure is an examiple of such & pair of genes, Cathepsin A (C1sa) and
Phospholipid transfer protein {Plip), whose last exons overlap. Without strand information, the
reads in the fast four exons of Plip could not be distinguished from the reads originating in the

-

fast exon of Ctsa. There are about 3.000 genes with similar overlapping 3 exons.

Figure 16 shows a graphical representation of fength bias for ranscripts. In order 1o detect
any bias against short or long transeripts, the average expression level was caiculated as a
fanction of mRNA length {in 200 bp bins) for sample 1019, Sach bar shows tie expression
levet of genes with trunseripts shorter than the indicated length ¢thus the first bar contains
transcripts 0 - 204 bp long), Over a wide range of mRNA length. there was no apparent
dilference in measured expression levels. The shortest transeripts (<200 bp) were nrestimnably
suppressed by ihe gel purification step where inserts =100 bp were selected. The apparem
overenpression of genes in the 400 - 806 bp range can possibly be explained by a more
efficicnt lempiate switching in this range, where c[INA synthesis would ofien reuch the §° cap
of mRMA. Alternatively. it can simply be due o the presence of a few very highly expressed

wenes in this range. inchuding Dppas and Rps14,

Figure 17, panels A-F. show a graphical representation of the quantiative accuracy of the

STRT methad. (A} Distribution of gene expression levels, in transeripts per million 4 pams;
showed predominantly fow expression, in the 10 - 100 Lpm. range. (B) Comparison of owe
colly seguence o a depth of approvimarely 300 000G reads/cell. In this case. genes below 106

tpav. cauld be accurately quantified. () Comparison of two cells seguenced to
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approximately 100 DOD reads/cell. in this case, sensitivity dropped 10 about 1000 tpm. (13)
Probability of deteetion as a function of expression Jevel, Fach dot shows a gene, with a given
average expression fevel (across atl cefls) and fraction of cells having non-zero expression of
this gene. The distribution approach the theoretical Hivit of random sampling given the aciual
depth of sequencing vsed here {dashed fine) (£} Comparison with quantitative real-time PCR
for the four B35 cells shown in {B) and (). using scleat markers of plwripotency and
ditferentiation. In generall the guantitative aceuracy was good. with a single putative false
positive (Domes in ES Celf 24, However this sas a rarc event. and was not observed fos this
wene in any of the other 160 IS celis examined. (3-PCR levels were coaverted to t.pon. by
normatization of the Acthr 1081 primer pair with ES cells #1 and #2. Actin was then
independentiy measured using a ditferent primer pair {Actb/1 832 to confirm the accuracy of

the normalization.

Figure 18 shows a graphical comparison between STRT. Q-PCR and microarray analyses.
Genes expected 10 he exoressed (Acth, PouSTt Zihd?2, Sox?, Kifd, Napnog, P, Zic3yar not
expressed (Gatad, Brachyvury, Bomes, Otxl, Cdx2. Gatas, Calbi, (fap. Dppal and NeuroDHD)
in undifferentiated ES cells were anahyzed by $TRY, quantitative real-time PCR {(-PCR) and
Hlumina migromrray, There was good correlation between STRT and Q-PUR, and to a lesser
extent with microarray dofa. In particular. Sox2 was anderealicd on the microarray, while
Oix | and Dppa3 were apparent {alse positives. The microarray data is the mean of two
hyvbridization reactions, Q-PCR was performed in duplicate and repeated once for

confirmation, and the STRT data is the mean of 160 single ES calls.

Figure 19. pancls A and B, show a graphical represemation of geng expression disiribution
across cells. (A) shows the diswribution of Acib expression levels across all cells using §TRT.

{137 shows Actb oxpression in pancreatic isiet celis from Bengtsson ot al. Genome Res

ES{TORT388-92 (2003) for comparison.

Figure 26 shows a principal component analysis. In order to discover and cluster cell types
based on expression data, the tive independenty prepared 96-cell samples were subjected to
principal component analvsis. The three tvpes of cells {5, Neuro-24 and ME) cleards
chusicred separately. although SiEVs did not form a very distinot cluster, Moerenver, ES cells
prepared independently clustered together. showing that the PCA d&id not simphy pick op
sample preparatinn dilferences. This demonstrates that single-coll expression data can be used

o aceuraiehy classify cell types,
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Figure 21. paneis A-C. show a graph-based visualization {7 cell map™} of the expression
pattern. {Aj Celis. represented by graph nodes {eircles) were laid out randomly, and edaes
were drasen from cach celt ta the five other cells i was most highly correfated withh, (B) Force-
directed lavout was used to lay out the graph on o plane, In this lavout, cells repelled sach
other untiformly, but were held tozether by edges acting as elastic springs. The resulting visual
maf was conststent with known cell identines (IS cells vs Neurc-2A cells), with some less
deaphy sequenced cells showing poor separation. {€) Adding more ES celis as well ag
fibroblasts (METFs) expanded the map and demonstrated that indopeandemly prepared ES cells

grouped together accurately.

Figare 22 shows the visualizing of gene expression on a cel map of Figure 28, Each map
retains its fayout from Figure 210, but cells are shaded according to expression of the
mdicated gene, A logarithmic scale was used (upper right). Mitochondrial ribosemal RNA 2
(mi_Rar2) was the highest-expressed geae of all. Housckeoping genes such as Actin {Acth)
and ribosamal protein 1.4 (Rpld) were detecied in all cell types. but not in every single cefl
The power of shotgun single cell expression profiling was revealed for low-expressed genes
tike K-raz (Kras) which was detccied only in approximately half of all cells. but stili clearly
expressed in all cell types. Calbindin (Calbl} was absent, as expected and confirmed by -
PCR. A set of well-known £3 cell markers {Dppa3. Sox2. Salld, Pousti, Nanog, Zip42, Zicl
and Esrrby were clearly expressed specifically in the ES cell cluster, whereas K14, Myc and
KIZ were more widely distributed. Dppa was not detecied. as confirmed by Q-PCR (Figure
i8)

DETAILED DESCRIPTION OF THE INVENTION

The presest invention provides methods and compositions for the analvsis of gene expression
in single cells or in a plurality of single celis. Iy particular, the invention provides methods for
preparing 9 cDNA library from a plurality of single cells. The methods are based on
determining gene expression levels from s population of individual cells. swhich can be used o
identity natnral variations in gene expression on a vell by cell jevell The methods can alse be
used 1o identify and choractesize the cellular composition of a population of cells in the
absence of suitable cell-surtace markers. The methods describad herein glso provide the
advantage of generating & cDONA library represeniative of RNA content in g ool ponulation by
zaing single colis, whereas ¢cDNA Dhbraries prepared by classical muthods pically reguire 101l
RNA isolaed From a large population (see Example 13 Thus, a ¢DNA library produced using

the methods of the invention provide at least equivaient representation o RNA content in
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population of cells by wtilizing s smaller subpopulation of individual cells along with

additional advantoges as deseribed herein,

Lmbodiments of the invention aiso provido sampling of a large number of sinzle cells. Using
similarity of expression pateries, a map of cells can be built showing how the colls relate. This
map can be used o distnguish cell tyvpes i ydlico, by detecting clusters of closely related celis
{sce Example ). By sampling a0t pst a fow, but large nuambers of single cells, similarity of
expression patterns can be used 10 build a map of cells and how ey are related. This method
permits aceess w undiuted expression data fram every distingt (ype of ecl present ina
poptlation. withowt the need for prior purification of those cell types. In addition. where
Known markers are available. these can be used i siien 1o delineate cells of interest, The
validity of this appraach is shown in Example I, which analyzes a collection of cclls sumpled
tram three distinet cell types (mouse embryonie stem cells, embryonic fibroblasts and
neuroblastoma cells) of distingt embrvonic origins (phuripotent stem ¢ells vy, mesadermal and

ectedermal germ lavers) and discase stale (normai vs. transformed).

Embodiments of the invention provide a method of preparing 2 ¢DNA library from a plurality
of single cells by releasing mRNA from each single cell to provide a plurality of individual
samples, wherein the mRNA in each individual mRNA sample is from a single celi
synthesizing a first strand of cDNA from the mRNA in each individual mRNA sample and
incorporating a tag into the ¢DNA o provide a plurality of tageed eDNA semples, wherein the
ciINA in each tageed cDNA sample s complementary to mRNA from a single cell pooling the
wgged cDINA samiples and amplifving the pooled ¢IINA samples 1o generale a cDNA library
comprising double-swanded e[INA. By atilizing the above mothed, it is feasible (o prepare
samples for sequencing from several hundred single cells in a short time and with @ minimal
amount of work, Traditicnsl methods for preparing a fragment library from RNA for
sequencing include get excision steps that are Iaborious. In the absence of special equipment,
it is not convenient 1o prepare more than a handful of samples in paralicl. In some aspects of
the methads deseribed herein, a set 0f 96 cetls &5 propared as a single swnple (after cDNA
synthesis), whick makes i feasible to prepare several hundred cells for sequencing.
Addinonally. technical vartation is minimized because each set of 96 cells is prepared together

fin o single tube).

i1 some aspects of the invention, each ¢DNA sample obiained from a single cell is tageed,
which allows gene expression to be analyzed at the level of a single celi. This allows dynamic

processes. such as the celf eyele. wo be sudied and distmcet cel! types in o complex tissue (v.g.
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the brain} {0 be analyved. {n some aspects of the invention, the ¢DNA samples can be pooled
prior Lo analysis. Pooling the samples simplifies handling of the samples from cach singic cell
and reduces the time required 1o analyze gene expression in the single cells, which aliows fer
high throughput analyvsis of gene expression. Pooling of the ¢cDNA samples prior to
ampification also provides the advantage that technical variation: hetween samples is virtually
ctminated. In addition, as the cIINA samples are pooled before amplification. less
amplification is required 10 generate sufficient amounts of cDNA for subsequent anulysis
cempared o amplifving and reating ¢BINA sampies from vach single cell separaicty. This
reduces amplification bias, and alse mcans that any bias will be similar across all the celis used
o provide pooled cIDNA samples. RNA purification, storage and handimg are also not

required, which helps 1o eliminate problems cavsed by the unstable nature of RNAL

As the ¢DNA libraries produced by the method ot the invention are suitabie for the analysis the
gene oxpression profiles of single celis by direct sequencing, it is possible 10 use these fibrarics
o study the expression of genes which woere not previousty knowa. and also to analyze
aiternative splicing, promoiers and polhvadenylation signals. Preparing the ¢[XNA libraries as
described herein, provides for 2 sensitive method for detecting a single or iow copy RNA
transeript, The sensitivity of the method s shown in Figure 17D and desceribed in Example 1L
For example. genes expressed at 140 ranscripis per million {t.p.m.) are detected abour 30% of
the time, However. as shown in Figure 13A, the samples were not saturated, so there is
additional sensitivity that is achievable with deeper sequencing of the samples. Accordingly,
the method for preparing the cDNA librarics as described herein detect a single or low copy
RNA transeript at least 369 of the thme, or allernatively at least 40% of the time, or at least
50% of the time, or alternatively at least 80% of the time, or aliernatively at feast 70 % of the
time, or altematively at least 8026 of the time or aliernatively at feast 90% of the time, or

alternatively at feast 95% of the time.

Embodiments of the invention also provide a method for identitving a single celf type out of a
sample andror determining the wanseriptome of a single cell by preparing a cIINA library as
deseribed hercin, determining the expression levels of individual celis in a population, and
mapping of the individual cells based on similarity of expression patiorns, Mapping of
mdividuat ceils cun be done /7 vidies by one of skl in the art and in particular wilizing the
methods deseribed hercin. such as <hown in Example {1 The number of cells necded 10
determine the frequency of a given cell tvpe In the plurality of celis will fvilow a hinomial

Jisteibution, For example. a predetermined number of nidividuad cells can be sampicd sothat
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at fcast ten of the desived type are expected 1o be detected. Accordingly, if the frequency of the
cell tvpe in the sample is 10%. 2 ¢DNA Library from approximaiely 1040 cells will need 1o be

preparcd and analyzed as desceribed herein,

The term “eDINA Library™ refers to a collection of cloned complementary DNA (elINA)
fragments. which together constitute some portion of the transeriptomoe of a single cell or a
plurality of single cells. ¢DINA s produced from fully transertbod mRNA found in a celt and
therefore comains only the expressed genes of a single cell or when peoled togeiher the

expressed genes from a plurality of single celis,

As used kerein, a “plurality” refers 1o a population of celis snd can include any number of colls
desired to he analysed. In some aspects of the inveniion, a plurahity of cells includes a1 least 1G
ceils, or alternarively at feast 25 cells, or alternatively at least 530 cells, or alternatively at least
100 ceils. or aliernatively at feast 200 ceils. or aliernatively al least 500 cells, or alternatively at
teass 1000 cetls, or allernatively 5,000 cells or alternatively 10,000 cells. [n another aspect of
the mvention, a plurality of cells includes from 10 1o 100 cells. or alicmatively from 30 1o 204
cetls. alternatively from 1830 1o 300 celly, or alternatively trom 100 1o 1060, or alternatively

frown 10600 w0 5,000 cells,

The expression “amplification”™ or “ampHl{ving” refers 10 a process by which exira or multiple
copics of a parficular polynucleotide are formed. Amplification Includes methods such as
PCR, tigation amplification {or ligase chain reaction. LCR) and amplification methods. These
methods are kunown and wideiy practiced in the art. Sce. eg.. LS. Patent Nes. 4,683,195 and
4,683.202 and Innis et al., “"PCR protoceds: a guide 1o method and applications”™ Acadeinic
Press, Incorporsted (1990 (for POCR): and Wu et al. {1989) Genomics 4:560-569 {for L.CR). In
general, the POR procedure deseribes a methed of gene amplification which is comprised of {1}
seguence-specific hybridization of primers (o specitic genes within a DNA sample (o libraryy
(i1} subseguent amplification involving multiple rounds of anpealing. cliengation. and
denaturation using a DNA polvmerase. and (i} sereening the PUR products for a band of the
correst size. The primers ased arg oligonucieotides of sufficiendt length and appropriate
sequence W provide initigtion of pelymerization, ¢, cacl primer is specifically designed w be

complementary to cach strand of the genomic locus o be amplitied.

Reagents and hardware for conducting amplification reaction are commncrcially availabic.
Primers useful o ampiify sequences from a particelor gend region are preferabiy

complementary o, and hybridize spociiically to sequences in the target region or tn its flanking
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regions and can be prepared using the polyvaucleotide sequences provided herein, Nuslcic acid

sequences generated by amplification can be sequenced ditectly.

When hybridization occurs m an antiparatle! configuration between {wo single-stranded
polvnucleotides, the reaction is called ~anncaling” and those palynucleotides are deseribed as
“complementary”. A double-stranded polynucleotide can be complementary or homolugous to
another polynucleotide. if hvbridization can oocur between ane ot the strands of the first
pobvpuclectide and the second. Complementarity or homoleegy (the degree that ene
palvnucicotide is complementary with anothen is guantifiable in terms of the propontion of
bases in opposing strands that are expected 1o Yorm hydrogen bonding with each other,

according to generally accepted base-pairing rules.

As used herein, @ Usingle coli” refors to one cell. Single celis useful in the methods described
hercin can be obmined from a tissue of interest, or from a biepsy, blood sample. or cell culture.
Additionally. cells from specific organs, tissues, tumors, neoplasims. or the like can be obtained
and used in the methads described herein. Furthermore, in general, celis from any population
can be used in the metheds. such as a population of prokaryotic or eukaryotic single celled
arganisms including bacteria or veast. In some aspocts of the invention. the method of
preparing the cIINA library can inciude the step of obtaining single celis. A single celd
suspension can be obtained using standard methods known in the art including. for example.
enzymatically using uypsin or papain to digest proteins connecting cells in tissue samples or
relcasing adherent eclis in cultore, or mechanically scparating cells ina sample. Single cells
can be placed inany suitable reaction vessel in which single celis can be treated individually,

For example a 96-well plate, such that cach single colt is placed in a single well

Methods for manipulating single cells are known in the art and inclade {Tuorescence activated
eell sonting (FACS), micromanipulation and the use of semi-automated cell pickers (e.2. the
Quixeli™ celf transfer svstem from Stoclting Col). Individual cetls can, for example. be
ndividually selected hased on features detectable by microscopic chservation. such as

focation, morphology, or reporicr genc expression.

in some aspects of the invention, mRNA can be released from the colls by Ly ving the oells.

i

sis can by achieved by, for exampile. heating the cells, or by the use of detergents or other
chemival nwthods, or by a combination of these, Towever, any suitable Ivsis method known m
the art can be used. A mild bysis procedure can advantageous]s be used 1o prevent the release

o nuclear chromata, thereby avoiding genomic contamination of the ¢INA Wbrary, and wo
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minimise degradation o mRNA. For example, heating the cells at 72°C for 2 minutes in the
presence of Tween-20 is sutficient o lvse the cells while resulting in no deteciable zenomic
contamination from muclear chromating Alternatively, cells can be heated 10 63°C for 10

PCR buffer 1 {Applicd Biosysiems) supplementied with (3% NP-30 {Kurimoio et al, Nugleic
Acids Ros 34(5%e42 {20063 or bvsis can be achieved with a protease such as Proteinase K or
by the use of chaotrapic salts sueh as guanidine isothiocvanate (U5, Publication No.

2007/0281313%

Svnthesis of cONA from mRNA in the methods described herein can be performed direct]y on
cel Ivsates, such that o reaction mix {or reverse traascription is added directly to ceil fyvsates.
Alternatively. mRNA can be purified afier its release from cells, This can help to reduce
mitochondrial and ribogoral comamination. mRNA purification can be achieved by any
method known in the art, for example. by binding the mRNA 10 a solid phase. Commoniy
used purification mothods include paramagnetic beads {e.g. Dyvnabeads). Alternatively,
specific contaminants, such as ribosomal RNA can be selectively removed asing affinity

purification.

CINA is typically synthesized from mRNA by reverse transcription. Methods for synthesizing
¢PONA {rom small amounts of mRNA, including from single cells, have previousiy been
described {Kurimote et al., Nucleic Acids Res 34(51¢42 {2006); Kurimoto et al., Nat Protoc
2430739-32 (Z007): and tisunti et al, Neurosel Res 60{41:439-31 (2008)). In order 1o generate
an amplifiable tDNA, these methods introduce a primer annealing sequence at both ends of
cach cONA molecule in such z way that the ¢DXNA Hbrary can be amplified using a single
primer. The Kurimote method uses a pobvmernase o add a 37 poly-A 1ail wo the ¢DNA strand.
which can then be ampiificd using a universal oligo-T primer. In contrast. the Esumi method
uscs 2 tempiate switching method o0 inroduce an arbiirary sequence at the 37 end of the
cENAL which is designed 10 be reverse complementary to the 37 wail of the ¢DINA syiothesis
primer. Again, the <DVINA library can be amplified by a singie PCR primer. Single-primer
PCR exploits the PCR suppression effect to reduce the amplification of short contaminating
amplicons and pruncr-dimers ¢ Dal ot ab. | Bictechnol 128031433543 (20071, Ax the two ends
of cach amphicon are complementary, short amplicons will form stable haipins, which are
poor templates for PORL This reduces the anoun of wuucated ¢DNA and improves the vickd

wf longer ¢DNA molecules.
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In some aspects of the invention, the synthesis of the first strand of the ¢cBNA can be directed

th

by a cBINA synthesis primer (CDS) thal includes an RNA complementary seguence (RCS). In
seme aspects of the inventton. the RCS is at jeast partially complemeniary to one or more
mRNA in an individual mRNA sample. This allows the primer, which is typically an
wligonucleotide, to hybridize to at least some MRNA nan mdividual mRNA sample o direct
cDNA svathesis using the mRNA as a template. The RCS can comprise oliga {dT), or be gene
family-specific, such as a sequence of nucleic acids present in all or a majority related genes,
or can be compoesed of a random sequence, such as random hexamers, To avoid the TDS
priming on tisel and thus geoerating undesived side products, a ron-seff-complementary semi-
random sequence can be used. For example, one letter of the genetic code can be excluded. or

a more complex desipgn can be vsed while restricting the CDS to be non-self-complementary.

The terms “pligonucteotide” and “polynucleotide” are used interchangeably and referto a
polymeric form of nucleotides of eny Tength, cither deoxyribonucteotides or ribonucieotides or
aratogs thereof. Pelynacleotides can have any three-dimensional siructure and can perform
any lunction, known or unknown. The following are non-limiting cxamples of
polynucleotides: a genc or gene fragmen: (for example, a probe, primer, EST or SAGE tag).
exons, introns, messenger RNA (uRNA), transfer RNA, ribosomal RNA, ribozymes, cDNA,
recombinant palynucleotides. branched potynuclestides, plasmids, vectors, isclated DNA of
any sequense. isoluted RNA of any sequence. nucleic acid probes and primers. A
pobynucleotide can comprise modified nucleotides, such as methylated nuclentides and
nucleotide analogs. The term also refers to both double- and single-stranded molecules.
Linless otherwise specified or required, any embodiment of this invention that comprises a
obvnucleotide cncompasses both the double-stranded form and each of two complementary

single-stranded forms known or predicted to make up the double-stranded form,

A pobvnucieptide is composed of a specifiv sequence of four nucleotide bases: adenine {A R
cyvtosine {C); zuanine {G): thymine (T and wracit (U} tor thymine when the polynuciectide is
RMA. Thus. the term polypucleotide sequence is the alphabetical representation of a
polvnucleotide molecule. This aiphabetical reprosentation can be input inte Jatabases ina
computer having a central provessing unit and ased for bicinformatics apphoations such as

tunctional genomics and homology searching.

A vprimer” is a short polvnucieotide, generaily with a free 3'-0OH group that binds 1o a target
or template potentialiy present in a sample of interest by hebridizing with the targst. and

thervalicr gramating pehymerization of 2 palynucioutide complementary 1o the rget. Primers
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of the instant invention are comprived of nuclectides ranging from 17 to 38 nucleotides. In one
aspeel, the primer is m least 17 nucleotides, or alicrnatively, at teast 18 nucleotides, or
alternatively, at Teast 19 nucleotides, or aiternatively. at foast 20 nucleotides, or abiormatively, st
least 21 nucleotides, or alternatively, at Ieast 22 nucleatides. or alteenatively. at feast 23
nucleatides, ar allernatively, at feast 24 nucleotides. or alwernatively, al jcast 25 nugleotides, or
alternatively, at least 26 nucleotides. or alternatively, ar least 27 nucleotides, or alternatively. at
least 2% nucleotides, or alternatively, at Jeast 29 aucleotides. or alternatively, ot least 30
nucteotides, or alternatively at least 50 nucleotides. or afternatively at teast 73 pucleotides or

ahernatively at teast 100 nuclectides.

The RCS can ziso be at least partialiy complomentary 1o a portion of the first strand of cDNAL
such that it is able 10 direct the syrihesis of a second strand of ¢BNA using the first strand of
the ¢INA as atemplate. Thus, following first strand synthesis, an RNase enzymie {e.g. an
enzyme having RNaset activity) can be added after synthesis of the first strand of cDNA 10
deprade the RNA strand and to permit the CIIS (o anneal again on the fisst strand to direct the
synthesis of 4 second strand of cONA. For example, the RCS could comprise random
hexamers, or a non-sell complementary semi-random seguence {which minimizes self-

annealing of the €S

A template-switching oligonucleotide (TS50 that includes a portion which is at Jeast partiaity
complementary to a portion of the 37 end of the first strand of ¢IINA can he added to cach
individual mRNA sample in the methods deseribed herein, Such a template switching method
is deseribed in (Fsumi et al., Neurosel Res 00(41:430-31 (2088)) and allows {ull length ¢DNA
comprising the complete 57 ond of the mRNA to be synthesized. As the lerminal transferase
activity of reverse ranscriptase tvpically canses 2-3 cytosines 1o be incorporated at the 37 end
of the first strand of cDNA svnthesized from mRNAL the first strand of ¢IINA can include a
plurality of evtosines, or cyiosine analogucs that base pair with guanosine, st its 3" end {see LS
38622721 In one aspect of the Invention. the tirst strand of cDNA can include a 37 portion
comprising at least 2. at least 3, at least 4, at least 3 or 2. 3, 4, or 5 ¢ylosines or oytosine
analosues Ut base pair with guasosine. A non-limiting example of g ¢ytosine analogue that

base pairs with guanosine is S-amipealhy -27-deoxyeyiidine,

In one aspect of the mvention. the TSO can include a 37 portion comprising a plurality of
guanosines or geanesine analoguces that base pair with olosine. Nop-limiting examples of
guanosines or guanesine analogues uselul in the metds deseribed hersin inchude. but are not

fimited to. deoxyriboguanosine. rihopusnosine. locked nucleic acid-guanosine. and peptide
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nuecleic acid-guanosine. The guanosines can be ribonacleosides or locked nucleic acid

monomers.

A tocked rucleie acid {ILNA) is g modified RNA nucleotide. The riboase moiety of un LNA
aucieotide ix modified with an extra bridge connecting the 27 oxyvgen and ' carbon. The bridge
"locks” the ribose in the Y-ondo (North contormation. Some of the advantages of using LNAs
in the methods of the Invention include increasing the thermal stability of duplexes. increased

sareet specilicity and resistance from exo- and endonucleases.

A peplide nucleie acid (PNAJG is an artiticiably synthesized polymor simitar to DNA or RNAL
wherein the backbone is composed of repeating N-{2-aminoethyi}-glyeine units linked by
peptidge bonds. The backbone of a PNA is substantially non-ionic under neutral conditions. in
contrast to the highly e¢harged phosphodivster backbone of naturally oecwrring nucleic acids.
This provides two non-limiting advantages. First. the PNA backbone exhibits improved
hybridization Kinetics. Scecondly. PNAs have farger changes in the melting temperature {Tm)
tar mismatched versus perfectly matched basepatrs. IDNA and RNA typically exhibit a 2-4° C
drop in Tm for an internal mismatch. Whh the non-ionic PRNA bhackbone, the drop is closer to
7-97 C. This can provide Tor better sequence discrimination. Similarly, due to their non-iomc
nature, hybridization of the bases attached o these backbones is relatively insensitive to sait

concentration.

A nucleic acid useiul in the mvention can contain a ron-natural sugar moicty in the backbone.
Exemplary sugar modifications include but are niot Himited to 2" modifications such as addition

of halogern. alkyl, substitnted alkyl SH, SCHL DON, O, Br. ONL CF, GCT;, SO-CH;L O80-.

SO CHy, ONGe, NOs, N NG, substituted siivl, and the like. Similar modifications can also
be made at other positions on the sugar. particularly the 3° position of the sugar on the 3’
terminal nucleotide or in 2°-53" iaked oligonuciectides and the 5 pasition of 3" terminal
nucieotide. Nuclele acids, nucleoside analogs or nucleotide analogs having sugar
modifications can be further modified to include s reversible blocking group, peptide linked
lubel or both. i these embodiments where the above-deseribed 27 maedifications are present.

the base van have a pepude linked kibel.

A pucleic acid used in the invention can also include native or non-native bases. In this regard
a mative deoxyribonucleic asid can have onc ar more bases selecied from the group consisting
of adenine, thvinine. cytosine or gaanine and a ribonucleic acid can have one or more hases

sclected from the group consisting of uractl, adenine, oviosine or guanine. Excmplary non-
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native bases that can be included in a nucleic acid, whether having a native backbone or analog
structgve, inciude, without limbiation. inosine, aathanine, bypoxathanine, isocytosine,
tsoguaning, S-mcthyteytesine. S-hydroxymethy! cvtosine, 2-aminoadenineg. 6-methy] adenine.
G-rzethy | guanine. 2-propy | guanine, 2-propyl adenine, 2-thioliracil, 2-thzothymine, 2-
thiveytosine, 15 ~halouracil, 153 -halecvtosine, S-propynyl uracil. 3-propanyl evtesine. H-avze
aracil, 6-azo cytosine, 6~gro thymine, 3-uracil, 4-thiouracil, 8-halo adenine or guaning, 8-
amino adenine or guanine, $-thinl adening or guaning, $-thicalkyl adenine or guanine, 8-
Aydroxyl adenine or guanine, 5-halo substituted uracii or cytosine. 7-methyiguanine, 7-
micthyladenine. 8-azaguanine, 8-azaadenine. 7-deazaguanine. 7-dearaadenine, 3-dearaguanine.
3-deazaadenine or the ke, A particular emboediment can utilize iscoviosine and isoguanine in
a nuecleic pcid in order 1o reduce non-specific hybridization. as generally described in ULS. Pat.

No. 5681,702.

A pon-native base used in 2 nucleic acid of the invention can have universal base pairing
activity. wherein it is capabic of base pairing with any other naturally occurring base.
fxemplary bases having universal base pairing activity include 3-aitropyrrole and 5-
aitroindede. Other bases that can be used include those that have base pairing sctivity with a
subset of the naturally occurring bases such as inosine. which basepairs with cviesine, adenine

or gracil.

In one aspect of the invention, the TSO car include & 37 portion including at least 2, al feast 3,
at feast 4, at least 3, or 2, 3. 4, or 5, or 2-5 guanosines. or guanosine analogues that base pair
with eytosine. The presence of 2 plurality of guancsines (or guanosine analogues that base pair
with cytosine] alionvs the T8O 1o anncal transiently (o the exposed oytosines ar the 37 end of
the first strand of ¢DNA. This causes the reverse trapseripiase to switch tomplate and continue
o synthesis o strand complomentary o the TSO. In one aspect of the invention, the 37 end of
the 150 can be biocked. for example by 2 37 phosphate group. 1o prevent the TSO fem

functioning as a primer during ¢IINA synthesis,

i one aspect of the invention, the mRNA s released from the cells by cell Iysis, 1 the Ivsisis
achicved parially by heating, then the TS andior the TSG can be added to cach individual
mRNA sumple during cel Tvsiss as this will aid hy bridization of the oligonucleotides, In some

aspects. reverse ranscriptase can be added alter celt Ivsiy to avold donaturation of the enzyvme.

in some aspects of the invention. a tag can be incorparated into the cEINA during Its sinthesis.

For oxample. the UDS andror the TS8O can include a tag, such as a particular nucicotids
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sequenee, which can be ot least 4, at least 3, at least 6, at least 7. at lcast 8. ai least 9, at lcast
10, at feast 15 oy ot least 20 nucleotides in length. For example, the tag can be 2 nucleotide
sequence of 4-24F nucleotides in longth. e.g. 4. 5, 6, 7, 8. 9, 10, 15 or 20 nucieotides in length.
As the tag is present in the CDS and/or the TSO it will be incorperated into the eDNA during
its synihesis and can therefore act ax a “harcode” o identidy the cDNAL Both the CDS and the
TS0 can include 2 tag. The UNS and the TSO can each include a different tag. such thar the
tapred cDN A sample comprises a combination of tags. Each cDNA sample generated by the
above method van kave a distinet tag, or a distinet combination of tags, such thal aace the
tagzed cPINA samples have been pooled. the fag can be used to identify which single cell from
each ¢DNA sample originated. Thus, cach cDNA sample can be linked to a single cell, even

after the tagged cDNA samples have been pooled in the methods described herein.

Belare the tagged cDNA samples are ponled, synthesis of ¢cDNA can be siopped. for example
by removing or inactivating the reverse transcriptase. This prevents eDNA sypthesis by
reverse franscription from continuing in the pooled samples. The tagged cDNA samples can

optionally be purified before amplification. ether before or after they are pooled.

The pooled cDINA samples can be amplified by pelymerase chain reaction (PCR) including
cmulsion PCR and single primer PCR in the methods described herein. For example, the
cIINA samples can be amplified by single primer PCR, The CDS can comprise a 57
amplification priner scouence (APS). which subsequently aliows the first strand of ¢CDNA 10
be amplified by PCR using a primer that is complementary 1o the 37 APS, The TSO can also
comprise 2 37 APY, which can be at least 7% identical, at least 807% identical. at least 50%
identical, al least 939 identical, or 70%., §0%. 80% or 1004 Wentical to the 57 APS in the
LS. This means thal the pooted cDNA samples can be amplified by PCR using a single
primer {i.e. by single primer 8CR). w hich explsits the PCR suppression effeet 16 reduce the
ampfification of short contaminating amplicons and primer-dimers {ai ot ab.. J Bictechnol
1283 1:433-43 (2007)). As the two ends of cach amplicon are compilememary. short amplicons
wili form stable hairpins. which are poor templates for POR. This reduces the amount of
truncated <DMA and improves the vield of longer cDNA molecules. The 37 APS can be
designed to fciliate downstroam processing of the cDNA Hbrary., For example, if the ¢DNA
libeary is 1o be analyzed by a parliculac scquencing method. e.g. Applied Biosystems” SOLID
sequencing technology, or Hlumina’s Goerome Analyzer the 37 ADPS can be designed to be

identical we the primers used in these sequencing mothods. For example, the 37 APS can be
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ideatical ro the SOLID P primer, and/or a SO1IF P2 sequence inserted in the CDS, so that the

P1 and P2 sequences required for SOLID sequencing are integral to the amplified library.

Another exemplary method for amplifying pooied ¢DNA includes PCR. PCR is a reaction in
which replicate copies me made of a target pehmuclectide using a pair of primers or a set of
primers consisiing of an upsircam and a dow nstream primer. and a catalyst of polymerization,
such as g DNA polvmerase. and typically a thermally-stable polymerase enzyme. Methods tor
PCR are well known in the art, and taught, for example in MacPherson et al (1931 PCR 1 A
Practical Approach (IRL Press at Oaford University Pressy. All processes of producing
replicate copies of a polvnueleotide, such as PCR or gene cloning, are collectively relerred to
herein as replication. A primer van also be used as a probe i hybridization reactions. such as

Southern or Newthern blot anaiyses.

For cmulsion PCR, an emulsion PCR reaction is ereated by vigorousty shaking or stirring
“water in oil” mix te generate millions of micron-sized aquecus compartments. The DNA
Hbrary is mvixed in a Iimiting dilution either with the beads prior to emualsification or directly
inte the emalsion mix, The combination of compartment size and limiting dilution of beads
and target melecules is used 10 generate compartments containing. on average, just one DNA
molocule and bead (a1 the optimal dilution many compartments will have beads without any
target) Ta facilitate amplification efficicncy, both an upstrean (low concentration, matches
primer sequence on bead) and downstream PCR primers (high concentration) are ncluded in
the reaction mix. Pepending on the size ef the agueous compartments generated during the
emulsification step, up to 3x 19 individual PCR reactions per pi can be conducted
simullancousty in the same tube. Fssentially each Hitle compartment in the emulsion forms a
micre PCR reactor. The average size of a compartmient tn an emulsion ranges from sub-

micren it diameter to vver a 1660 microns, depending on the emuisification conditions,

“Identity,” “homology™ or "similarity” are used inteechangeably and refer 1o the sequence
similarity hetween two nucleic acid molecules. Tdentity can be determined by comparing a
position in each sequence which can be aligned for purpuses of comparison. When 2 position
in the compared sequence is occupicd by the same base or amino acid. then the maolevules are
fomologous at that pesition. A degree of identity between sequences is a function of the
sumber of matching er identical positions shared by the sequences. An unrelated or non-
hemaelogous sequence shares less than 46% identity, or sHernatively less then 23% identity.

with ane of the scguences of the presant invention.
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A polvaucieotide has a certain percentage (for example, 80%. 65%, 70%, 753%, §0%, 85%%,
0%, 93%, 8% or 9925} of “sequence dentity™ 1o another sequence means that, when atigned.
that percertage of bases are the same in comparing the two sequences. This alignment and the
purcent sequence identity or homology can be determined wsing sofhware programs known in
the art, for example those descriped in Ausubel et al. Current Protocols in Molecular Biclogy.
John Wiley & Sens. New York, N.Y., (1993}, Preferably, defauil paramcters are used for
alignment, One afionment progeam is BLAST, using default parameters. in particular,
programs are BLASTN and BLASTP, using the Ptlowing default parameters: Genetic code =
standard: filter = none; strand = both; cutoff = 60; expeet = 1 Mairix = BLOSUMGZ:
Dieseriptions = 50 sequences: sort by = HIGH SCORE; Databases = non-redundant, GenBank
+ EMBL - DDBLE -+ PR+ GepBank CDS translations + SwissProtein -+ SPupdate + PIR.

Details of these programs can be found at the National Center for Biotechnology Information,

The methed of preparing a ciINA library deseribed herein can further comprise processing the
cI¥NA library 1o obtain a 1ibrary suitable for sequencing. As used herein, a library is suitable
for sequencing when the complexity, size, purity or the Hike of a cIDNA library is suitable for
the desired sereening mothod, In particnlar, the cDNA lHbrary can be processed o make the
sample suilable for any high-throughout screening methods. such as Applied Biosystems’
SOLID sequencing technology, or lumina’s Genome Anulyzer. As such, the cDNA library
can be processed by tragmenting the ¢DDNA library (e.g. with DNase) 10 obtain a short-
fragment 5 -2nd library, Adaplers can be added 1o the cDNA, ¢.g. at one or both ends to
facilitate sequencing of the library. FThe ¢IDNA Iibrary can be further amplified, e g by PCR,

ta obtain a suflicient quantity of ¢DNA for sequencing,

Embodiments of the invention provide a ¢cDNA library produced by any of the methads
described Tierein. This cDINA library can be segquenced to provide an analvsis of gene

expressicn in single cells or in a plurality of single cells,

Embodiments of the invention also provide a method for analyzing senc expression in g
pluratisy of singie cells, the method comprising the steps of preparing a cDINA library using the
method described hercin and sequencing the cDNA library. A “gene” referstoa
pelynucieotide containing at least one vpen reading frame (ORF) that ks capable ot eacoding a
particular poivpeptide or protein 2iler being tanscribed and ransiated. Any of the
sulynocleotide sequences deseribed herein can be used to identzhy larger fragmenis or fizli-
fength coding sequences of the gene with which they are associaied. Methods of Bsolating

farger fragiment sequonces are Kiowiy to those of skill in the art.
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As used herein, expression” refers ta the provess by which polyaucleotides are transcribed
into mRNA and/or the process by whick the transeribed mRNA is subsegquently being
translazed inte peptides. polypeptides, or proteins. 1 the polynucleotide is derived from

genomic DNA, expression can include splicing of the mRNA in an cukaryolic cell

The ¢IXNA Bbrary can be sequenced by any suitable sereening method. In particular, the
CONA library casnt be seguenced wsing a high-threughout sereening method, such as Applied
Biosvsiems™ SGLID sequencing wechnology, or Hiumina's Genome Analyzer. In ong aspect of
the invention, the cIDNA library can be shotzun sequenced. The number of reads can be at
Teast 10,000, at least I mitiion. at least 10 million, at feast 100 million, or at feast 109 miilion.
In another aspect. the number of reads can be from 10000 1o 100,000, or aliernatively from
100,004 1o 1 million, or alternatively from 1 million to 10 million. or alteraatively from 10
million to 100 mitlion, or alternatively from 100 million to 1009 million. A “read” is a lengh

of continuous nucleic acid sequence obtained by a sequencing reaction.

“Shotgun sequencing” refers (0 a method used o sequence very large amount of DNA (such as
the entirc genome). In this method. the DNA 10 be sequenced is first shredded into smaller
fragments which can be sequenced individuatly., The sequences of these fragments are then
reassembled into their original order based on their overlapping sequences, thus yvieldmga
complete scquence. “Shredding” of the DNA can be done using a number of difference
technbques including restriction enzyme digestion or mechanical shearing. Overlapping
sequences are typically aligned by a computer seitably programmed. Mcethods and programs

for shotgun scquencing a clINA lihrary are well know in the art

An embodiment of the method of the invention is summarized in Figare 1. Cells are obtained
from a tissue of interest and a single-cell suspension is obtained. A single cell is placed in one
weil of a 96-well plate in Cell Caprure Mix. The cells arc ivsed and reverse transeription
reaction mix s added directly to the lysates witheat sdditional purification. This results in the
synthesis of clINA from celtular mRNA and incorporation of a tag inte the cXNA. The tagged
cIINA samples arc pocled and amplified and then sequenced to produce 100 million reads.

This allows identification of genes that are expressed in each single cell

Iris understeod that modifications which do not substantially affect the activity of the variow
cmbudiments of this imvention are also provided within the definitien of the invention provided
hercin, Accordingly. the loHowing examples are inteaded 1w Hlustrate byt not Limit the present

Hventn.,
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EXAMPLE1]

Kingle-cell fagged veverse transeription {(SETRT)

An embodimens of the method of the Invention may be called “single-cell tagged reverse

transeription” {STRTY and 13 described in detail below,

5 Cell Codlection and [ vsis

A 96wvell plate containing Cell Caprure Mix was made by aliquoting 5 pifwell from the Cell

Capture Master Plate {see Table 1 below) into an AbGene Thermo-Fast plate.

eagent B Eur unc m,lt ! woone platc o E‘ma] umctntm:mn -

CErR-TIEGT T oS al. RN £300 aM
L0 MG :

Reagent | For one well | Fosr one plate Fmalg}pccntmhon :
_STRT buft 125 al P 1373 plo 1x o
TSERT-FWon Su I CSubiwedly 400 aM :

} Water oh#dTs o 489 ml
i Towal sisal T

Table 1 Making a STRT Cell Capture Master Plate.

275 wb STRT-T30- BIO (100 ud) was mixed with 1375 gL STRT 5x buffer and 4.9 mi.
i Rnase/Dnase-free water. 57.3 pi. of this solution was aliguoted 1o each well of a 96-well plate
and 3 uliwell of STRT-FW-n {from 5 p stock plate) was added, Le. a differgac oligo in each

well
The seguence of STRT-T30-BIO Dwhich s a CDS) is:

FLBIO-AAGUAGTGGTATOAACGCAGAGT 5 VN-3,

Ln

and the sequence of STRY-FW-n fwhich isa TS0 is:

SLAAGUAGTGOGTATCAACGCAGAGTOGATGUT XN XXX rGror (-3 X=ceil tag)
Bisi-=20

1 is 1-96 and such oligonuckotide bas o distinet cell tag. such that a diflerent ohigonucieotide

is added 1o cach well contaming a single cell.

20 Mouse embryonic stom cells (D were grown without feeder colls, trvpsmized, cleared

throueh ool strainer and resgspended th Ty PBY. Celis were then picked by 1'ACS into the
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Caplure Plate, with o single cell being placed in cach well. The Capture Plate was transterred

w0 a PCR thermecycler and incubated at 727°C for 2 minutes, and then cooled 1w 4°C for 5
mimites to allow anacaling to oceur. The detergent iz STRT buffer helps reduce adsorption ol
mRNA and ¢ DNA to the walls of the reaction tube during subscquent steps, amd also Improves
tvsis of the cells. The heating step causes the cell to lyse completely and release its RNA,

When the temperature s reduced, the oligo(d T’y primer anneals.

Reverse transeriprion

3 plowel of BT mix (see Table 2 below) was added and the plare was incubated at 4290 for 45

panutes, witheut heated lid.

. Reagent U'For %6 For one

L ! reactions reaction

STRT buifersyy 110pL e

CIYPE (20 mM) AL I .

LONTP (16 mM) ] 110 ul.

CDsase/Rnase-freewater 2089l dpL 1
Superseripl § RT (200 s 1Epl i I uL of 20 U/l
LRl : P {dilute in Ix

; | BT buffery

(Totalvolume - 556 pl, i SpL

Table 2 Comgposition of RT mix

When the RT mix is added, the reverse transcriptase enzyme {Superscript £ BT synthwesives a

first strand and the tagged template-switching oligo introduces an upstrowm primer sequence.

Figure 2 shows the synthesis of cDNA by template switching. The 57 end of the cDINA
{which corresponds te the 37 end ef the mRNA) can be controlled by adding a tail (which is
oligo-dT in this case) to the cIENA synthesis primer ZCDS). The 37 end of the cDNA can be
confrolied using the emplate-switching ofigo {180). When reverse transeriptase reaches the
37 end of the mRNA template, ¥ preferentially adds 2-5 cxviosines. The template-switching
alige. which hay 2-3 guanosines, anncals transiently, and reverse fransyriptase then switches
template and synthesizes the complemennary strand. By this mechanism, both ends o the

c[INA van be arbitranily conrolled.

The structure of a typieal TSO s shown in Figure 30 In this particetar TSOL the 37 templaie

switching sequence inclades three ribognanines (rGy, The cell-tag iy shown as "XXXXX™ and
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can in general have any lengih or nuclentide composition. Arbitrary seguence can be inserted

at the 57 end ol the TSOL after the 57 APS. or after the cell-tag, but net at the 37 end.

The seructure of a typical CDS s shown in Figure 4. The RCS is olige-dT with an anchor
nuscieotide (Y -2 AL degenerare), The cell tag "NXXNX™ can have anv fength or nucieotide
5 composition. Additional arbitrary scquences can be inserted af the 57 end, after the 57 APS, or

afier the celi-tag.

Purification of cDNA

39 ul PBI{Qiaguick POR Purification Kit) was added 1o cach well to fnactivate reverse
transcriptase. The PBI inactivates reverse transeriptase and cDINA from all the wells was then

Hy poeled. Adding PBI before pooling provents eDDNA synthesis froms proceeding once the cIINA
samples have beena pooled. The pooled cDNA was loaded on a single Qiaguick column and
the purified ¢DNA was eluted in 30 gt EB buffer inta a Beckman Polvallomer whe. The

purification step removes primess (<44 bpi as well as proteins and other dehris.

Full leneth cDNA amplification

15 The cIDNA was amplified by POR by adding the reagents shown in Table 3.

_Reagent _: For sne tube: Final cone. !

Rnase/Daase-free water P54 L e ;
- Advantage? PCR buffer £10h; C il ix ;

ANTP (10 mM) Z2pb o 200uM
CSTRT-PCR {10 M) (2 ph 200 uM

Advantage? DNA Polvmcrase mix S 2ub CIx i
£30x) ' - ‘
Tatal volnme 144 pL,

Table 3. Reagents used for full-length ¢DNA amplification.

The sequence of STRT-PCR s

B AAGCAGTGGTATCAACGUAGAGT-3

PCR was perfommed using a heated Hd as tollows: U min @ 9370025 cxcley oF 5 8 1 93%0, 3

200 2w O30 6 min w 687 AU forever.

30 pi of the reaction was iransferred 10 a new POR tube, labeled ~Optimizatien™. The
remzining 70 ab was stered & 470 wnti later, 10wl from the Optimization tube was removed

ard Hre vest of the sample was ran for three more cyveles, This was repeated to abtain atiguots
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froum 25, 28 and 31 cyeles. A diagnostic 2% agarose gel was used to determine the optimal

cyele number (which is the cyvele just before saturation of the PCRY, as well as {0 visualize the

siee range of the product (see Figure 5) Typically. the optimal number of cyeles was around

28, The remaining 70 1L of reaction was rue 1o reach the optimal number of oyveles (in

addition 1o the 23 evcles already und.

The PCR product was puritied using a Qiaquick cohann (PCUR purification kit) and cluted in 30
ul EI3 imo & Beckmun pobvallomer tube, The expectled concentration at this stage was about

20344 ngiul (12 pg total yield)

The sample was treated with DNasel in the presence of Mn'™ to generate double-strand breaks
and reduce the sive. First, the following components were mixed in the order shown in Table

4.

;,Bt‘égm,t,,,,ﬁ,,,, - ¥olume : Final concentration
¢ONAtemplate 8= tonginl,

| Water 2.8 4l

: 14 x DNase 1 bufter 11.6 ul -

S160 mM Ma(Cl: (%) 11.6 19 mM

. Total volame 116 ul

{*) It is crucial to add MnCls last to the reaction, as the BSA present in the buffer will
precipitate otherwise.

Table 4. Composition of reaction mix jor DNase rreatment.

Diluted DNasel (G.G1 units/ul) was prepared just before use as follows: 40 ul, Idx DNase §
buffer, 318 pl water, 40 g1 160 mM MaCl and 2 pl. DNaset (2 Uuly

4 i ot this diluted D¥<ase | was added 1o the reaction mix desershed in Table 4, and was
incubated at RT for exactly 10 minutes. The reaction was then stopped by adding 600 ul. P31,

The sample was purificd on a Qlaguivk colimnn and eluted in 30 ul. B,

Bead capture and end repaic’nick translation

The fragnwents were neat bound ke beads 1o capiuwre 37 and 37 ends, and then treated with

Taglixpress o repair fraved ends and nicks, 30 gl Dynabeads MyOne 1 Strepiavidin were
washed twice in 28 B&W (2vaal), then added o the Dnase-treated sample, incubuated for 10
nisntes, and then washed 3xin 1y BAW, About 10% of the sample was bound to the beads

incabout 30 - 60 ne b since internal Bagments were not biotinslaied.
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The beads were washed once in Ix TagEspress buffer and resuspended in the reaction mix

shown in Table 3;

Reagent [ Volume | Final concentration
. 10x TagUnpress bulfer (blue, with MaChy 3 ul | Ix :
LANTP 10
Water T
: _‘}_‘aqFi:\prcgsw(iiWLJ:’EI i}ﬁﬁ -

(Total volume

Table 5. Composition of the reaction mix used for ord repairnick wanslation.

The reaction was incubated at 37°C for 30 mingics, and then washed three times m 1x NFBg

5 bhatfor.

Fragment release and RIODV/TFDIV adapier lgation

The tragments were released by BtsCi digestion, and simultaneously ligated 1o the FIV and

RV adapters, The beads were then resuspended in the reaction mix shown in Table 6.

. Reagent Volume { Final concentration
10x MNEBA bulfer gl il
CATPOOmMY. Tulb t mM
Adapter STRT-ROV-A (10 pdMy 4 ull F M
_Adapter STRT-FDV (10 pM) 14 pk M
Water IR ECT
T4 DNA Ligase (3 L/pl.; Invitrogeny ; 2 pl. 625 UL
BT 20 Ul P2ul UL
: Total volume _ LT

Table 6. Reaction mix {for resuspension of the beads.
0 The sequence of STRT-FIIV, made by anncaling STRT-ADPIU and STRT-ADPIL, was:

§ - CCACTACGCCTOCGOTTICCTCTCTATGOGOAGTUGGTGATCT-3
F-PHO-GOGTOGATOCGGAGGCUAAAGOAGAGATACCCGTCAGCCALTALPHD-S

The sequence of STRT-RDV-A, made by annealing STRT-ADP2U-T and STRT-ADP2E was:

5 AACTOOCCUGUGTTOOTCATTOTCT -3
FPHO-TTGACGOGUCCCAAGGAGTAAGAGA-PHO-X

(=]

The beads were incubuted for 30 min m 377°C. The reaction was stopped by adding 200 ul.

P81 while the heads were held on the magnes, The supernatant was loaded on 2 Qiaguick
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colusmn, purified and cluted in 30 y! EB in a Beckman polvaliomer tube, The concentration ef

the ¢ONA was about | - 2 ngful..

Library PCR amplification

Fight reactions were set upusing 4, 2, 1, 12, 144, 180 V16 and 1732 ul. aligoots of the adapled
fibrary, cach in 4 ul. Each fibrary was amplified using the PCH reactios mix shown in Table
7.

Reagent
cIINA Library (dilwtion seriesy

- TagExpress bluc buffer (10x)
ANTP (10 mN)Y

- Final cone, :

SOLID-PE (10 uh) o 2ul 1400 nM j
SOLID-T2 (16 phh 2 pd. 409 nM

Reagent For one tuhe: | Final cone. |
| Rnase/Dnase- free water 3Z7pl a3 UL
. TagExpress polynwrase (25 U/uly ;9.3 ui. .15 U/l

Total volume PEG o : o

Table 7. PCR reaction: mix for cOONA library amplification.
The sequenve of SCHLHD-PL was:
F-CCACTACGOUTCCGUTTTCCTCTOTATG-3
The sequence of SOLHI-PY was:
F-CTGCCCCGOGTTCCTCATTOTCT -3

POR was run with heated lid: 3 min 20 947°C. 18 cyeles of 15 s @ 94°C, 15 s« 68°C], S min
@ HWRC,

Al eight reactions were foaded ona 2% E-gel, 10 el + 10 ol water o determyine which

veaction was just shy of suturated (see Figore 6,

A dresh POR peaction was then performad using the optimal nuinmber of cycles and starting

aaterial. For example, 1 174 w4l was oprimal ar 18 oveles, thon 14 cyeles were performed.

The PCR product was loaded on a 2% E-gell 125 - 200 bp region was exeised from the gel and
purified by Qiagen Gel Extraction Kit (see Figure 73 The purified c[ONA was cluted 15 30 pl.

14
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The cINA library was now prepared for SOLIE sequencing, and could go directly inte

emulsion PCR.

To verifs CDNA library quality. an aliquot was cloned using Invitrogen TOPO TA cloning Kit,
and scquenced by Sangor sequencing. Fignre 8 shows a tvpieal result demonsirating the
presence of priner sequences for SOLID (P and P20 onderlined k. the cell-specific tag {boxed).
and the 2-3 Gs (shaded in a gray box) from the template-switching mechanism. From 22
Sanger sequences, 7 were pot mappable to anything in GenBank., A6l except onc of these were
mistigations of the SO0 adapters. which can be re-desizned 1o stop this happening. In
separste experiments, we found no misligazed adapters alier blocking their biunt ends with 37
phosphate.  Allernatively, the non-ligating 3° ends counld be plocked using dideoxy nuclectides

or by designing & protruding strand incompatible with te ligating ends of the adapters.

Of the remaining 13 sequences. one was a ribosomal RNA {4538, which is not pelyadenylated.
¥ probabiy accurred due fo internal mispriming during first-strand synihesis. The remaining
14 reads were all from polvadenylated mRNAL in the correct orientation and with correct cell

tags.

To stummarize this dataset, 15 of 22 reads were mappable and 14 of these 15 were comrect

transcript tags. Al the transeripts seen in the Sanger sequenee datasct are fisted below:

Gene Length (of mRNA)
Ribosomal protein 1.35 452
B2 Mm2 ~200
Tubuiin beta 2c 1361
B2 Mmi ~193
RIKEN 1THI008L16 gene 3127
Sod2 651
Chehd2 Gi0
- an2 47
Harapah 2345
Ribosomal protein 1.24 358
Ribosomal protein 518 524
RIKEN 2700060802 941
B2 Ml ~ 195
Ribosomal proten 828 356

As expected. the Hst was dominated by highly expressed genes Bike ribosmmal proteins.
Several long transcripis were present in this sample, indicating that there wus no strong bias (if

anyi lowards short mRNAx
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Interestinzly. three coples of B2 repeats {of subfamilies Mm! and Mm2; were observed,
These are SENE-family repeats expressed from a pol IH promoter {not pot il as most mRNAs),
but with strong polyadenylation signals. They have been shown o be expressed at extremely
hizh levels in ES cells. together comprizing more than 10% of all mRNAL Lven move
interestingly ., they peak just before S-plusse in dividing cells, and are thus an early indication
that it will be possible 1o characterize the cell eycle in unsyachronized primary cetls using this

method.

Quality contro} by quantitative real-time PCR

To verify that the libraries wore represeniative of the mRNA coment of the original €S ccll
population, quanziiative seal-tine PCR was performed against a set of markers tor
piuripotency, as well as markers for Jifferentiated tissues. A cIDNA library prepared according
w classical mothods from § pg ol RNA (100,000 cells) was compared with the libary

prepared from 96 single cells using the STRT protocol,

Well-known markers of pluripotency, such as Sox2, Octd and Nanog were detected at similar
levels in bath samples. whereas markers of genm layer differentiation such as Brachyury.
CGatad and Eomes were detected only at very Jow levels in both samples (see Figure 9). The
quantitative correlation was guod {Pearson correlation cocfficient .84 with the exception of

Pk, which was not deiccted in single colls in this experiment.

Reagenis used

. Reagent Source
CIx B&W 10 mN Tris HCT pH 7.5 1T mM EDTA, 2 M NaCl

1O% Pween-20 stock

Make 16% Tween-26, filter at .45 gm

! Dynabeads MyOne Streptavidin
1y

Invitrogen

;3% STRT buffer

FOO mME Tris-HC pH 8. 373 mM KCi. 30 mM
MyCl:, 0.1% Tw;cz;—?.{}

[MNaseRNase-free water

Ambion

20 mM T

1O md and oM ONTP

NEB /In Vitro

Superseript H R Invitrogen o
tOx Advantage? PCK bufier Clontech
305 Advantage? polvimerase mix | Clantech
10x DNase T ruficr G.3 M TrispH 7.5, 0.3 mgimi BSA
TT00 mM MaCls Srma 1M stock
i Therime-Fast 9a-wel plale AbGene
; Thermo-Sirip tube sirips AbGene

b3 i paivallomer ubes

Beckman-Coulier

: 285 {-pel with SYBR Salv

Invitrogen
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. Reagent Souree
i Qiaguick PCR Purification Kit Qiagen
F Qiageick Gel Exdraction kit Qiagen
Bl restriction endonuciease NEB
P4 IONA figasc Invilrogen ;
S1mM ATP
. 10x NEB4 bulfer NEB
i 3 Udul TagExpress polymerase Gepetin, UK :
L10x Fagqlxpress buffer (bive) - {Gerete UK

Table 8. List of reagents used in the mwthod described above,

EXAMPLE I}
Characterizationr of single-cell transcriptional landscape by highly multiplex RNA-Seq

Understanding of the development and maintenance of tssues has been greatly aided by large-
scale gene expression analysis, However, tissues are invariably complex, consisting of
multiple colf types in @ diversity of melecular states. As a result. expression analysis of a
lissue confounds the truc expression patterns of is constituent ceil types. Deseribed herein s a
novel stratepy, termed shotgun single-cell expression profiling, was used to access such
complex sampies, 1tis a simple and highty muoltinlexed method used to generate hundreds of
single-cell RNA-Seq expression profiles. Cells are then clustered based on their expression
profiles, forming a two-dimensional cell map onta which expression data can be projected.
The resutting cell map integrates three levels of organization: the whole population of celis,
the functicnally distinet subpopulations it contains, and the single cells themselves—all
without need for known markers to classify cefl fupes. The feasibility of the sirategy s
demonstrated by analveing the complete transeriptomes of 436 singie cells of theee distinet
tvpes. This straegy enables the unbiased discovery aad analysis of naturally ocgurring ¢oli

nypes during development. adult physiotogy and disease.
METHHOIIS
Cell cndnure

S R golls were culiured as provioushy deseribed {Modiner et al., Stem Celis Dev, 17:233-243

{2008y, MEFs and Newro-24 cells were grow in DMITM with 1% FBS, ix

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 00995



A

.

A

067234-06240
WO 2016/117620 PCT/US2010/028361
3z

peniciibnStreptamacin, 1x Ghitamax and 0.05 mM 2emercapiocthanol. All culture reagents

were from Giboo.
Ouertitative real-time PCR (-PUR;

RNA was isolated using Trizol {Invitrogen) and 1 pg total RNA was reverse transeribed with
Supcrseript 1 Unvitrogen) and oligo-{d'T primer. SYBR Green Master Mix {Applied
Biosvatems) and a ¢DNA amount corresponding 1o 3 ng RNA was mixed with 4 pmel primers
i Furohins MWO Operon, Germany} in o totad volume of 10 0l and analyzed on a 7900HT
real-time thermoeyeler fApphed Biosystems). A ditution series of the template was used to

determinge priner efficiency.
Single-celf ragged reverse iranscription (STRT)

Cells were dissociated enzymatically using Trvpl D Express (Invitrogen), washed and
resuspended in phosphate-buflered saline {PBS). A single cell was collected into each well of
a 96-welk capture plate {AbGene Thermo-Fast 96 cat. No. 0600} by fluorescence-activated cetl
sorting (FACUSY, and the plate was immediately frozen on dry iee. The FACS was used only to
callect single celis and 10 reject dead celis and debris based on light scattering; no fluorescent
reperter was used. and hence the coliccted cedls would represeat a random sample of the

population,

‘The cell capture plate contained a singie cofl perwell in § ub of STRY buffer (20 mM Tris-HCl
pH 8.0, 75 mM RCL 6 m™ MgCl, 0,029 Tween-20} with 400 nM STRT-T30-BIQ (5 -biotin-
AAGCAGTOUTATCAACGCAGAGT R VN-3"; this and all other oligos were from Eunrofins
MW Operen) and 400 aM STRT-IF'W-n
(5-AAGCAGTGHGTATUAACGCAGAGTGOATGOT R X XXX rGrGe(3-37, where =17
denodes a ribonpcieotide guanine and "XXXXX" was a barcede). Bach well of the capture
plale comained a different template-swiiching helper ofigo (STRT-FW-n} with a distinct
harcode. For example. well AGT received STET-FW-1 with scquence
SEAAGUAGTGUTATCAACGUAGAGTGOATOUTCAGAATGrGrG-3 having barcode
sequence CAGAAL Al 96 barcodes and helper oltgo seguences are given s Teble §
 Sequence {GGGY = ribonuclestides - |

AGCAGTGUTATCAACGCAGAGTGGATGCTCAGA,

TAAGEAGTGGTATCAACGLAGAGTOGA TGO E(
CAAGUAGTGUTATCAACGL
CAAGCAGTGGT \zcx,\{uc 'sb xu{](] \f(
S AAGUAGEGGTATOA,

_Barcode | Oligo nume
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"Barcode _Oligo name I Sequence (G(‘(‘) = ribonucleotides 3
(CAGLC I STRT-FW-6 1 AAGCAGTGGTATCAACGUAGAGTGGA] TGCICAGCUIGLGY
CACCG | SERT-FW-7 f\’\(;( a‘\(; {Qz(,‘l Al {AA(_(:( x(;_mm(mmc 1(,’\(_{.&(&(1{1)
5 ,\A(,'} ESTRI EV\( -8 GA

A(,gc : S‘rmti

;d

QAi{J! _ ‘wIRE‘l\X i

‘:IRi W12

<
AL 3(, AG [{;(1 I A l( ‘V\( GCAGAGTGGATGCT

1 ;\ AGCAGTGGTATCA

ACGCAGAGIGGATGCT
'&(;(_ »\(: ] {J(J’] }T{ 5‘(’&( {J( A ’\(; i ( (; A E(J{ !CA I?(;((s(;{;)

TAAGUAGTGUTATCAACGC,

SIRT-FW-i8

AAGUAGTGOTATCAACGD
AAGCAGTGOT A TCAACG

AA(;( AGTGGTATCAACGC,

STRT-FW-10

STRT-FW-20

AAGCAGTGOGTATCAACGCAG ‘&G"i GGA'l (;C’I'C(‘G(‘A({;QG}

AAGCAGTGGTATCAACGCAGAGTGGA TGCTCCTCCGUE)

CUACG

CTRTFW-21 | AAGUAGTGGTATCAACGUAGAGTGGATOC TCCACGIGE
TCCAGC [STRT-FW-22 | AAGCAGIGGIATCAACGCAGAGTGGATGCTCCAGCGHG) |
CCCTGG ESTRT-FW-25 1 AAGCAGTGOTATCAACGCAGAGTGOATGCTCCTGGIGOG)
[CCGGT | STRT-FW-24 | AAGCAGTGGTATCAACGCAGAGTGGATGCTCCGG TIGGG)
CCCATA  STRT-FW-23 | AAGCAGTOOTATCAACGCAGADTGOGATGOTOCCATAIGEG)
FCCGTG FSTRIE-FW-20 | AAGUAGTUGTATCAACGCAGAGTGGA TGUTCCGTGIGGG)
C( TTT  STRT-FW-27 f\A{JCAG TGOTATCAACGCAGAGTGUATOGCTCCTTTIGGS)

X { GAAA | STRT-Fw-28 ¢ i TATCAACGCAGAGTGGATOCTCGAAAGGG) ,

STRT-FW-29 CAGAGTGGATGCTCGCACIGGES
STRT-FW-30_ AAGCAGTGGTATC f\ACU‘;_f‘_\_(_{f_”_\EI GOATGCTCGGAGIGGG) |

STRT-FW-31 AAGCAGTGOTATCAACGLAGAGTGGATGCTCGTATIGGG)

STRT-FW-32 ¢+ AAGC/ ATCAACGCAGAGTGGATGCTCGCCAIGGG

K& STRT-FW-33 | AAGCAGTGGTATCAACGUCAGAGTGGATGCTCGACCIGGG)
CCGTCG | STRT-FW- 24 AAGCAGTGGTATCAACGCAGAGTGOATGCTCGTCGIGGGY |
TCGGCT [STRT-FW-33 | _f_&h‘_i:_G_‘CmﬁQTQGT;‘xTC AACGCAGAGTGGATGCICGGOTIGGG) |
TCGGGA | STRT-FW m TAAGCAGTGGTATCAACGCAGAGTGUGATGCTCGGGAGGG) |
CGT(JQ Qj RE-FW-37  AAGCAGTGGTATCAACGCAGAGTOGOATGCTCGTGOGGGY

. CGAGG | STRT-FW-38

AAGCAGTOGUTATCAACG

(‘GL‘(;I‘ L STRTU-FW-39

' i,&k;{ AGIGGTATCAACGE GOGHGGG)

SAGGIGGG)

} STRT-FW-40

AAGCAGTGUGTATCAACGC AGAG'I GG ’\ fGCTCG ALGGG

e STRT-FW-i1 | AAGCAGTGGTATCAACGUAGAGTGGATGCTCGGTCGGG)
TCGOTG | STRT-FW-47 T AAGCAGTGOTATC AACGCAGAGTGGATGCTCGUTGIGGG
: MGCAGTCUTAT

.?Z.’[‘._‘.'..'_‘_-F‘W-“‘*?r_; A

CAACOCAG f\(ﬂ(;{;«[(;c t ( (! AT E{(;(s(s}

f'( TGOC T-F
COTCGG | STRTVE
S CTAGH

’ f\fa{,{‘ am i

AAGC \(; GGt \ fﬂ AAL GCAGAGTGUGATGCTCT, Xi 1\({;(1{

CAAGCAGTGGTATCAACGUAGAGTGGATGUTCI GGLIGGH)

SCGUAGAGTGGATGE TCTAGT(GGE)

(JT ’-\3( A"x( (;CA(;A.( [{;(}:\ff;ﬁ 1C [(:’\E{( (J(;; L

CAL, \{;1(:(;\?{;( TCT {(m;(;fs(n ) ;
— - . - - 3
__*\f\{:( \Q;i(;(:f*\i( A X(((_ ’\{z\{lf(_x{;.-j& (JCI[I{ GGIGGGE ;
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E:L\rcmie

Oligo name

’[ befiuence (G{JE;} = ribonacleotides

STRT-FW-35 !

t.]m }'x& 56

AAGCAGTGGTATCAACGCAGAGTGGATGCTUTGTA(GGE)

—\(r(r’k( TGGTATCAACGCAGAGIGGAYGCTOTTTCG GGy

A.((x( fs{'A'{n TGCICTATGIGGG)

PSTR r st

AAGC \Exi()(; l,’\. ( f\ '\({1( \(z AGTGGATGCTGAT AG(G(Z(J\‘

TUSTRT-FW-62 | -

TRT-FW-63
STRT-FW-64

AAGCAGTGGTATCAACGCAGAGTGGATGCTGAGATIGGS)

AAGC A(;;w, FATC A—\({J( A(zAG T (ch i (;( TGAAL
AAGEAGT TAL

(GGG

HOGGG 77

CGATCT | STRTFW-65 | AAGCAGT TGOATGETGATCT(GGG)
CGATGA [ STRY-FW-66 | AAGCAGT GGATGCTGATGA(GGG)
[GAGGC [STRT-FW-67 | AAGCAGTGGTATC AACGUAGAGTGOA TGO TGAGGUGGG)
" GACGG | STRT-FW-68 | AA{;CA(;TGLJ_T{\TC AACGCAGAGTGOATGCTGACGGIGGG)
CGAAGT [ STRE-FW-69 | AAGEAGTGGTATCAACGCAGAGTGGATGCTGAAGTIGGG)
L GAGTA [ STRY-FW-70 | AAGCAGTGGTATCAACGCAGAGTGGA TGCTGAGTA(GGG)
_GATTC | STRT-FW-71 | AAGCAGTGGTATCAACGCAGAGTGOATGCTGATTC(GGG)
TGAATG | STRIFW-72 | AAGCAGTGGTATCAACGUAGAGTGGATGCTGAATGIGGG) |
GACTT | & TRI-FW.73 AAGEAGTGGTATCAACGUAGAGTGGATGC TGAC THGEG)
(r("hnA K AAGCAGTGGTATCAACGCAGAGTGGATGCTOCAAAGGG)

CAAGCAGTGGTATCAACGCAGAGTGGATGCTGCCAGIGGGY |

TSTRIFWLTS

 AAGCAGTCUTATCAACGCAGAGTGOGA TGCTGCOAG(CGG)

AAGCAGTGOTATCAACGCAGAGTGOATGCTGCTA THGGG)

i
1
it O
i
i
i

[ AAGCAGTGGTATCAACGUCAGAGTGGATGCTGCACCIGGN

STRT-FW-70 | AAGCAGTGGTATCAACGCAGAGTGGATGCTGCTCHGGG) |

1 STRT-FW-80 | AAGCAGTGGTATCAACGCAGAGTGGATGCTOCGUTIGGG) |

 STRT-FW-§1  AAGCAGTGGTATCAACGCAGAGIGGATGCTGCGGAGGE) |

TGCTGC | STRITFW-82 . AAGCAGTGGTATCAACGCAGAGTGGATGCTGCTGOGGG) |

CGCAGG | STRYTFW-3Y T AAGCAGTGUGTATCAACGUAGAGTGGATGCTGCAGGIGGS) |

GCCGT T STRTFW-84 AAGCAGTGGTATCAACGCAGAGTGGATGCTGCCGTIGGG)

FGOTTA L STRT-FW-ES AA(:(‘:A:E?_T(;GI ATCAACGUAGAGTGGATGOTGCTTAIGGG)

“GCGTC_ [ STRT-FW-86 ° AAGCAGTGUGTATCAACGCAGAGTGGATGCTGCGTCGGE)
CGCETG LSTRT-FW-87 1 AAGCAGTGGTATCAACGUAGAGTGGATGCTGCCTGIGGH)

_GCATT TSTRT-FW-88 . AAGCAGTGGTATCAACGCAGAGTGGATGOTGCATTIGGG)

FOUTAA

Fhe cell canture plate
for 4 mHmutes, 1970 for 3 minutes in 2 thermoeyeler), 3

EXI7E. 2 md dNTR, 3 Dul Superseript Hin STRY butfer) was added to cach well and th

(r{li AG

- f‘; ALC A(s ?C(,;[ *'\ T 3\“&(\(}(‘(‘\‘;] ‘3{1 1(!(}#\ i QIC 1(1’:; ‘\3\ I(‘LJ(.:(J}

Y Ef f\/\{)( f\.(;'i GG I‘»‘\ FCA-&( (;( ;’\G f\{fi GG \TC;C 1 G{J?A ‘\({JG(J)

CAAGCAGTGGTATOAALGO

AAGUAGTGG CAALC (JCF\{JA{J i(;(r-

AGCAGTGUTATCAACGCAGAGTGGATGO OO
f;\{.!( ALY TGGT GAGTGG ATGCTGGOG: AGGG)

H
faiabebal bt -3
f

TGGCOTGGG

AAGCAGTGGTATCAACGCAGAGIGGATGOTGGAGOGGH

Tahie .

was thawed and then heated to Lyse the celis

Barcedes and helper obigonuclzolide sequences.

{(20°C for 3 minutes, 72°0

3 ull reverse wanscription mix {4 mM

>

<

o plal
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was incubated (10°0 for 10 minutes, 42°C for 45 minuies) w complete reverse transcriplion

and fomplate switching,.

To purifs the ¢BNA and remove unreacied primers. 30 uL PB (Qiaguick PCR Purification Kig,
(hiagen) was added 1o each well, AR 96 reactions were pooled and purified over a single
Qiaquick column, The cIPNA was eluted in 30 gL EB ina 1.5 mbL polyallomer tube

{Beckmani.

The whole 99-cell cDNA sample was areplificd i a single tibe in Hi0 ol of 200 aM GNP,
200 pM STRT-PCR primer (3 -bictin-AAGCAGTUGTATCAACGUCAGAGT-3: Eurofins
MWG Operond. ix Advantage? DNA Polymerase Mix (Clontech} in 1x AdvantageZ PCR
belier (Clontechy with 1 min at 94°C followed by 25 excles of 155 at 95°C, M s at 65°C, 3
min at 68°C, with hewted Iid. An aliguot was visualized on a 1.2% agarcse E-gel (Invitrogen}
and the sample was amplified an additional 1-5 cycles if necessary, The product was purified
(Oiaguick POR Puritication Kit. (Yagen) and quantified by Huorimetry (Qubit. Invitrogen).
Typical vields were 005 - 1 pg total. Aliquots were taken at this stage for micrearray analysis

and -PCR.
Scriprle prepuration for high-throughput sequencing

Amplificd ¢[INA was fragmented by DNase [ in the presence of Mn™, which causes a
preterence for double-sirand breaks, 50 pl cIINA was fragimented in DMase | buffer
supplemented with 1@ mM MaC17 2nd DNase { diluted 1o 0.6003 U/al. in 2 wial volume of
126 gl for exactly six minutes room temperature. The reaction was stopped by the addivion of
600 it PB ({3iaguick PCR Purification Kit, Qiagen), purilied and efuted in 30 pl. FB intoa

pobvallomer jubc (Beoknan).

3% and 37 fragmems were immobilized on 30 ¢l streptavidin-conted paramagnetic beads

(Dynabeads MaOne €1 Invitrogen). then resuspended in 30 pl. Tagfixpress butfer (Genetix,
UK} Inds were repaired and single A overhangs generated by incubating the beads in 40 ul.
OF 2 M ANTP, .25 Uil Taglxpress ¢Genetix, UK in Tagtixpress buffer at 37°C for 30

minutes. followed by three washes in NEBuffor 4 (New England Biclabs).

3" fragments containing barcodes and cIINA inserts were released from the beads by Bis(l
digestion. and adapters were simultancously lgated o penerate & sample suitable tor
sequencing on the Homina Genonwe Analyzer. The beads were resuspeaded in 40 ul of T

ATPOT pM SOLEXA-ADP] adapier
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3-AATOATACGOCGACCACCGAGATCTACACTCTTTCCCTACATGACGUTCTTOCG
ATCT-3 and 3°-
PHO-TTACTATOCCOCTOGTGGUTCTAGATGTGAGAAAGGGATG TGO TGCGAGAAG
GUETA-PHO-3"Y 1 M SOLEXA-ADP?2 adapler

T -CAAGCAGAAGACGGCATACGAGCTUTYCCGATCT-3 and
3-PHO-GTTCOGTCTECTOUOUGTATGUTCGAGAAGGCTAG-PHO-57, 023 Uinl. T4 DNA
Haase (lovitrogeny T Uipl BesCl (New England Biolabs} in 1x NEBuffer 4. and incubated 390
minutes a1 37°C. The beads were removed and the supernatant was purified using AmPure

(Ageacourt) and clated in 49 ul. EB {Qiugent.

‘The sample was lcaded on a 2%, SizeSclect E-gel and the range 200 — 300 bp was collected. A
4 ni. aliquot was amplified in 30 gl total volume ¢containing 200 uM dNTP, 460 oM cach
primer {37~ AATGATACGGCGACCACCGA-3 and §'-
CAAGCAGAAUGACGGUATACGAG-3y and €.15 Uful. Phasion polymerase in Phusion HF
buffer (New England Biolabsy with 30 s at 98°C, 14-18 eycles of [ 10 s at 98°C, 30 s at 63°C.,
30 5 at 72°C] foitowed by 3 min at 70°C. Test amplifications were used to determine the
minimal awmber of cycles needed. The amplified sample was purified by Qiaquick PCR
Purification followed by a 2%% SizeSelect B-gel, again collecting the region 260 - 330 bp. The
concentration was measured by GQubit {Invitrogen) and was typically 5 ng/ul.. Aliguots were
cloned {TOPO, Invitrogen} and scquenced by Sanger sequencing to verify sample guality and
determine the average tragmoest length, Based on this informaiion. the molar concentration
could be accurately derermined and was generally above 10 nM. Cluster formation and
sequencing-by-synthesis was perforined on a Genoeme Analyzer fix according 1o the
manufacturer’s protocois (Hlumina, Inc. San Diego, USA} at a commercial service provider

{Fasteris SA_. Geneva, Swiizerland).
Alapping, quanrification and visualization

Raw reads were sorted by barcode (fiest five bases} and rimmed 1o romove up 1o five 37 Gs
introduced by template-sawvitching, and 37 As rhat sometimes occurred when a read extended
into the pody A il Only exact barcodes were allowed, and the barcodes were designed so
that no single emor would convert one valid barcode into arother. The reads were then
rapped o e mouse genoie using Bowile (Langmead e al. Genome Biol, TO:R235 (20095
with the default settings, Unmapped roads were discarded, Then, for cach annotated fealure in
the NCBI 37,1 assembly, all mapping reads sere counted 1 geperste a row count. That is all

reads that mapped W oany af the exons of & gene woere assigned ta that genc isodorms were o

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 01000



"

L

067234-0240
WO 20167117620 PCT/US2010/028361
37
distinguished. Finally, the raw reads for cach cell were normalized to transcripts per million
{Lpm. Wells with fewer than 1000 mapped reads were omitted irom further analysis:
preswmably these inchuded cases where the FAUS instrument had fadled o hit the reagent

draplet while cells were picked.

Fa visualize cells i a two-dimensional lindscape. all pairwise similarities were first compuled.

The Bray-Curtis distance was used as a similarity metric because it tended 1o bandle the nose
in Iow-gupressed genes well, Standard correlation vielded similar results, but with a few more
misplaced cells (data not sheawn). A similarity graph was then built by letting nodes represent
celis, and conneeting each ¢l o its {ive most similar cells (for elarity, cells with fower than
16,400 reads were amitied, as they were Hable to generate spurious edges). Thus every node
{getl) had five outgoing cdges and vary ing numbers of incoming edges. Force-direcied layout
was then used o project the graph 1o two dimensions. revealing the internai structure based on
celi-cel] similarities, The GraphPlot function of the Mathematica program (Wolfram Research

Tne.. USAY was used with the “SpringBlectrical Embedding” option.
RESULTS

Drata from 436 single celis coliccted from three different mouse cell types: embryonic stem
cells (ES K1, Wood ct 2l Nawre 363: §7-89 (1993}, @ ncureblastoma tumor cell line (Neuro-

2A, Odmsted et al., Proe, Natl. Acad. Sei U.S AL £5:129-136 {1970)) and embryonic fibroblasts

{MEF} arc reported. i brief, each sample wus prepared by picking single ccils by
fluorescence-activated cetl sorting (FACS) into the wells of a 96-welt PCR plaw preloaded
with Iysis buifer: heating the plale o complete bysis, then adding reverse transoription reagents
1o generate & frst stramd ¢DNA. To incorporate a well-specilic {and hence ceil-specific)
barcede, the reverse ranscriptase iomplate-switching mechaniom { Schmidt et al., Nuclgic
Acids Res, 27:231 (1990} was used whereby & helper oligo directs the incorporation of a
specific sequence at the 37 end of the ¢DNA molccnle (Figare 10A). A different helper oligo
was used in each well, with distinct five-base barcodes and universal primer sequence. Afier
cINA synihesis, the 98 reactions were pooled, putificd and ampiiticd by single-primer PCR in
a single tube. Cell-to-cell amplification bias was thus reduced, and the number of POR oveles
could he Kept fow since amphification strted from 96-fold more material. The amplified
samples were then adapted for sequencing using standard methods, The procedure was named
WERT {gingle-celd tagged reverse transeriptiont. Por details, see the Methods section and

Figure L.
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5 — 12 miitlion raw reads per segueneing lane were typically obtained on an Hlumina Genome
Analvzer 1x, and each sample was analyvzed on up to eight lanes {but typically one or bwe).
Reads lacking a proper barcode, mostly caused by errors in sample preparation such as
misligated adaptors, were removed. Of the remaining 7961 1% (meants.d. ) reads. about
threg-guarters {755 12%) could be placed on the mouse genome allowing for up o two
sequencing errors, resulting in hits to 14.71843.006 distinet features {including mRNA.

mitochondrial RNA and exprossed repeats). These results are summarized in Table 10
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preparation

(**) cumulative with the previous sample (i.e. A and B togetber)

Cell source

EsrE

S Ri

IS R1
ESRI(Y)
NeurodA
MK
MEI (%)

Lanes

i
i
]
}
i

1

l;éh;:th

Jhe)
Tx36

x50
36
36
36
S0
36

36

Raw reads

Barcoded

o Vfi”fﬂpp(.’tl

T 46,130,389

0482712
4,302,649
5.134.171
10,062,086
4278 848
3912,134

FR2BL613 (R3%)

5,328,081 (82%)
2,588,336 (60%)
3,323,243 (65%)
8,588.048 (86%)
3729220 (87%)
3,398,519 (87%)

21,336,066 (56%)

3.199.050 {60%)
2,344,394 (91%)
2,562,550 (77%)
5.963.143 (69%)

1862951 (77%)
2,599,074 (76%)

Features Cum.
Teatures

13,168 13,168

19.328 21285

12229

14.794 (**) 23,152

11,464
12.924

13.832(*"
(¥ these samples were independently amplificd from corresponding 'A’ libraries. but were nof quality-controlled by Sanger sequencing af

23,735

24,288

Table 16. Library summarics, Percentages refer (o percent of the preceding column uniess otherwise noted. "Features” includes mRNA,
mitochondrial RNA and expressed eetrotransposon famifies. "Cumulative features” tracks the cumulative number of features across all lib
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Hits spanned sorae franscripts {Figure 18B). buf were more conunonly located ina region
approximately 200 — 1300 bp from the 37 end of cach gene. as iflusteated in Figare 10€, This
was expected because an olige{dT) primer wis used 1o generate cDNA from the 3° ond and the
mRNA was likely partially degraded during cell bvsis by high-temperawre hyvdrolyvsis in the
presence of Mg®". The background from e g. geaomic DNA contamination, judged by hits 1o
unannetated sequence, was minimal £<167 reads per mitlion per kilobasel. as clearly seen in
Figure 103 and Figure 10C. Note the paucity of hits to the reverse strand and (o introns for

Both Pousfl and Nanog: other Toci were similar,

Serutinizing the mapped data, no evidence of mispriming or other unadesired side-reactions was
found. Control experiments showed that both RNA. roverse transcriplase and template
switching oligo were individually required to vield product (data not shown). The vast
majority of mapped reads had a properly orlented barcode. indicating that they were primed
from the olizge-dT primer and correctly template-switched. No evidence of a mosif
complementary to any of the primers near read mapping sites or indeed of any other matif was
found, exeept for a weak general T-bias in rare cases {Figure 12}, On the other hand, there
were frequent hotspots of template switching (Figure 13}, indicating structural constraints in
RMA affecting cIINA svnthesis and/or template-switching at particular sitecs. Hotspots were

consistent between cells. and should therefore not affect quantitative comparisons.

To chavacterize sample complexity, and to determine the depth of sequencing required 1o
sampie most of the available complexity, the “new discovery’ rate as function of read depth
was studied. In other words, the number of new, distinet molecules that were discovered as
more sequences were added was detevmined. 1t should be noted that, at most. one amplifiable
clone was generated from cack polvadenviated RNA melecule and this clone was then
amplificd and sequenced from its §” end. Therefors reads mapping to distinet locations must
fiave been generated from distinet mRNA molecules. On the other hand. reads mapping to the
same location may have beea coincidentally generaed from two mRNA malecules, or may
represent copics of the sample indtial clone. The number of distinetly mapping reads was
theretbre a lower bound on the wue sample complexity . As shown in Figure [4A, none of the
samples reported here were sequenced o saturation, even at 21 mitlion mapped reads. bui the
vield of new melecules wended (o stow down atter about 3-10 million reads. Projecting the
curves tointiniie read depth. mest samples woukd seem 1o contain st Jeast three mithion distinal
molecutes. or about 36.00¢ per cell. Assuming 1 — 107 mRNA melecules per ccli, this would

suguest the method successfully converted 3-30% of the mRNA o mappable reads. as 2 Dveryv)y
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coservative lower bound. The true proportion was likely significantly higher, as many
coincident reads (discarded in this analvsis) would be generatzd from template switching hot

spols, 15 mentioned above.

iry contrast, the rate of discovery of distinet teatures rapidly diminished, and 86% of all distinet
feature were detected in the Tirst 149 reads (Figure 14B). This suggests that the method
sucvessfully recovered most expressed features prosent in the samples. even af relatively low

read depth.

Straznd information is often reguired o properly assign reads to transeriptional units, since
genes frequently overlap on opposite strands, For example, more than 3090 human genes
overlap in this manner (Yelin of al, Nat, Biotechnol. 21:379-386 (2003}, Because the
template-switching mechanism used to introduce a barcode occurs direciionally, sirandedness
could he preserved thenughow the protocol. To confirm this, the mitochendrial senome was
examined, which is expressed as a single fong transcript from ene sirand (the H strand), and is
subscguenily cleaved 10 excise IRNA transcrips logated between profein-coding genes, Only
the proiein-coding genes are then polvadenylamed. A single protein-coding transcript, ND6. is
generated from the L strand, but it is very weakly expressed and irregularly polvadenylated
{Slomevic et al. Mol. Cell. Biol, 25:6427-6435 (2005)). As shown in Figare 10D, very strong
strand-specificity (-99% of rvads on the H strund} was observed and no significant expression
of IRNA genes was detected, which confirms that the method was poly(A)-specific. The small
number of hits on the [ strand oceurred mainiy near the L sirand promoter, which may be
explained by the polyadenyiation of aborted L-strand transcripts (Slomovic et ab., suprod.
Similarly. the apparent expressicn of NDS on the wrong strand is likely explained by the
nutural pofyadenviation of ND3 dowastreom of its open reading frame (Slomovic et all. supral.
The sirand specificity allowed us to unambigucusly assign reads to expressed franscripts, even

in cases where two overlapping genes were co-expressed {Figure 15),

On the {arger scale of the nuclear chromoesomes. hits were approximately equally distributed on
the forward and reverse strands, Read density correlated sirongly with gene density as shown
for chromoseme 19 in Figure FOE, again indicating thay most reads originated specificaily

from eapressed transeripts and were accurately mapped 1o the genome,

Er ovder to generaty d quantiiadive measure of gene expression. the munnber of hits to cach
. - - T ; - <
annotated fearure, normabized o transcripts per million {Lpm.) vere counted. Assuming 19

0 107 transgripts por cell [ fo 10 tpom. varrespends o a single mRMA moelecale per cell.
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was not used to normalize because a single ampiifiable 3 -end meolecule way pencrated for each
inpul mRNA molecuie, irrespective of its length, An advantage of this appreach was the lack
ob bias ageiust short transeripts {which swst be sampled more deeply 1 generate a detectable
RPEM value) or long franscripis {which might athenwvise be suppressed during PCR). Indeed,
and m coatrast o standard RNA-Sceyg {Oshlack et al, Biol, Direct 3:14 (26093, no
length-dependent bias for transeripts konger than 800 nucteotides was observed (Figare 16).
Transcripts shorier than about 200 nueleotides were undercalled, likely because only samples
above 110 bp were gel-selccted. Additionally, transcripts around 600 nucleotides were slightly
overrepresented. possibiy because of the higher efficieney of template-switching at the 3" -cap
of mRNA {Schmidt et al. Nucleic Acids Res, 27:231 {1999)) or due to the presence of a fen

very highly expressed genes in this range {e.g. Dppa3 and Rpsid)

Expression levels spanned four orders of magnitude in single celis {approximately 1 — 10,6430
Lp.m.). with most genes expressed at low levels (<100 tp.m.: Figare 17AL Given the
refatively shallow depth of sequencing used here, genes expressed below 10 tLpam. were
generally undetectable solely due to the sampling Himit. Since single-cell cDNA was pooled
before amplification, the yickds of different cells could not be subsequently normalized. Asa
consequence, cells were unequally sampled and the limit of detection varied. Fer example,
campare iwo cells sampled at 306,000 reads (Figure 17B) and 100,900 reads {Figure 17C). In
the former case, the apparent detection Lmit was around {0 t.p.m., whereas in the latier case
genes below 100 £ pam. were generally not dewected. However, in bath cases, genes above the
detection hrait were reproducibly quantified in single cells {the coefficient of variation was
46% at 300,008 reads: and 72% at 100,000 reads). Extending this analvsis to all cells and
genes showed that sensitivity approached the theurstical Himit imposed by sampling depth
{Figure 1713 the difftrence can be explained by losses in reverse ranscription, template
switching and sample handling. Measured expression levels were gonerally accurate. as
determined by comparison with G-PCR (Figure 17F), and microarray hybridization {Figure
18} In agreement with published reports based on Q-PCR (Benptsson et al, Genome Res.
P3138R-1392 (20051, Acth mRNA abundance showed an approximately log-normal

distribution across cells (Figure 193, RNA polvmerase [ (large subunit) was expressed at

)

32123 tpomein 1S cells, comparable 1o the 27 RPEM found by RNA-Seg (Cloonan ot al.,
Nat. Methods 2:615-619 (20081 and to the 33279 Lp.m. found in CHO cells by direes

detection in sy {assuming 300,600 transeripts per celiy {Raj ot al, B oS Biol 4:309 20061,
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The cell-cell relationships on a two-dimrensional map were vissalized, such that more closely
related cells wounld be located near each other. In this way, celi types based solely on
expression data were able to be detected and distinguished, without relving on pre-existing
markers, A conventional principal component analysis {PUA) revealed three distinet groups of
cells, as expecied (Figure 20). However, a more complete separation into distinct ceil-type
chusters was achieved using a graph-based method (see Methods), Bricilv, a graph with podes
representing cebis, and edges representing cell-celf similarity of expression patierss was
constructed {Figure 21A} Poree-directed lavoui (o project the graph to twoe dimensions was
used. |n zhis st case using ondy two coh tvpes (FS and NeuroZ A cellsy, a near-perfect
separation was achieved {Figure 2EB). A larger map incerporating MEFs ard additional £8
celts showed good separation {Figure 21C): demonstrating that the single-cell expression
profiles contained enough information to distinguish celf types de nove. Both PCA and graph-
based analysis clearly distinguished the cell types tested here. but the graph-based method
gencrated move homogenous, well-separated clusters. Both methods accurately grouped
independently prepared ES celis together as distinct from the other cell types. showing that

ctusters did not represent sample preparation artifacts.

Gene expression data was projected onlo the map, which provided an easy way to quickly
grasp genc expression patlerns in both single cells and in the clusters representing cell types
(Figure 223 A set of well-known ES ceil markers {Dppa$S. Sox2, Sall4. PousT1, Nanog,
ZIpd2, Zic3, Estrb) were clearly specifically expressed m ES cells, although their expression
levels varied widely from cell tu cell (note the logarithimic color seale). A fow genes important
tor pluripotency (K14, Myc and K2} were more broadly expressed. The power of large-scale
single-cell analysis was evident in the fact that while not every cell expressed every marker,
patierns of gene activity were highly consistent at the cluster ievel. For example, even a highly
expressed cyloskeletal gene Bk Actb was not abways detected, bt its expression in cach of the
three major clusters was obvious, Correspondingly, lower expressed transeription Bctors
characteristic of ES cells went undetected in some individual ES cells, but the overall patiern
of expression in the ES cell vlustor was unambiguous and consistent with their idenzity as B8

vells, In generall as the average oxpression levels decreased from 45 000 tpm. (mt_Rer2iie

P00 fActhy, 830 (Rpldy, 73 {Kras) and O L.pm. (Calbl). the aumber of expressing celis also
decreased. reflocting the stochastic nature of gene expression as well as the sensitiviiy limits of

the method.
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The ccll map representation demonstrated that (1) individual colls showed highly variable
expression patterns, yet their everalt pattern of expression was sutficient to group cells of one
type together as a cluster: (23 onee a oluster of cells was {ormed, representing 2 distinet eell
tvpe, patterns of gene expression {at the cluster leveld were unambigucus, Thus, shotgun
single-ccll expression peotiling s an efTicient strategy to access single-cell expression data in

heterogencous populations of ceijls.
BSCUSSION

Desertbed herein is a relinbie and aecurate method to obtaie BNA-Seq transoription profiles
from hundreds of single cells, and shown that single-cell expression profiics can be used 10
farm cell type-specific clusters. This allows analy sis of cel type-specific patterns of gene
expression both at the single-celt level and the population level, without the need for known
markers of even a prior knowledpge that a certain cell type exists. This general stralegy can be
extended to study all kinds of mixed samples. For example. it could be applied to monitor the
emergence of specific cell types during organogenesis. without the need to purify those celd
types using cell surtace markers. Similarly. it could be used w sludy small populations of stem
velis embedded in adult tissues, such as ihe stem cells that meintain intestinal cryps. The
method could also be applied to discase, including the characterization of heterogeneous tumaor

cell samples or the rare circulating cancer cells that can coniribute 1o metastasis.

What uniics alj these disparate scientific lines of inguiry is the need to unmix haerogeneous
populations of celis. Currently. unmixing is primartly achieved cither by physically isolating
celis based ont known cell surface markers, or by genctically labeling the desired cells so that
they can be isolated based on ¢.g. GFP expression. However. the use of previously known
markers precludes the discovery of now ool types. and always risks resulting in mixed data i§
the markers were not waly specific. Ia contrast, the methods described herein have shown that
cells of distinct types can be unmixed purely i sifics. provided that lasge numbers of sinple-

cell expression profiles are generated.

Importantly, then, a very high-throughput scalable method tor single-cell expression profiling
is required. Therefore, a method was developed (o prepare 2 barcoded single-celi ¢IINA
sample from 96 cells in g single fncubation stop. As a conseguonce. 96 celis could be pooled
and treated as a single sample throagheut the procedure, which greatly increased throughput
and reduced coste I can also reduce amplification bias, since all 96 colls were ampliticd in a

singic chosed tube, The entire procedure takes two dayvs o perform. from 96 living cells 1o
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finished sanmies loaded on the Genome Analyzer. The cost, includimg all reagents and
consumables (o generate 10-15 miliion 36 bp reads using commercial services. was

approximately $3300 (that is, about $35/cell)

The date generated hercin was on a farge number of single cells, cach analyred at s relatively
shalow depth of coverage. This allowed the generation of data on far more single celis than
have ever been reported in a single study (no single-cell transcriptome experiments with more
thanr a dozen colls have been published), and to produce & cell map with high resalution. s
fact, provided that each cell is sampled deeply enough to cluster correcily, it would oflen make
more sense o analyze a larger number of cells than te analyze cach cell more deeplv. The
more cells are added, the more accurate will be the aggregaie data ebiained frem ecach distinet
cell type {clusieri. and the better the resolution In “cell type space”™. For example, many of the
ES cells here were sampled at less than FO0.G00 reads/cct, but altopether 160 ES cells wers
identified in the cell map, comprising over 1.5 million reads. Sampling a large number of cells
will be especialhy important when the anproach s applied 1o complex rissucs, where some
tvpes of cells can be present only v a smal! minority. In addition, as sequencing costs
continue o decrease, the tradeofT between number of ¢etls and number of reads will become

less pressing.

The use of very large-scale single-cel! transcriptional profiling w build a detailed map of
naturally occurring cell tvpes is envisioned. which would give unprecedented access to the
genetic machinery active in cach type of cell ar cach stage of development. The same strategy

can be used 1o dissect the mutational heterogeneity of neoplasms at the single-cell tevel.

Throughout this application various publications have besn referenced. The disclosures of
these publications in their entiretics are hereby incorporated by reference in this application in
orler ta more fuliy describe the state of the art to which this invention pertains. Although the
invention has been deseribed with referenee (o the examples provided above, it should be
understond that various modifications can be made without departing from the spivit of the

invention.
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What is claimed js:

i. A methad ol proparing a CIDNA Hbrary from a plurabity of single celis, the method

comprising the steps of!

(i) releasing mRNA from each single cell 1o provide a plurality of individual mRNA

sumiples, wherein the mRNA in cach individual mRNA sample is from a single cell;

{iit synthesizing a first strand of elDNA froam the mRNA 1 cach individual mRNA sample
und incorporating a tag into the ¢DDNA to provide a plurality ol tagged ¢DNA samples. wherein

the ¢ONA In each tagged cDNA sampie is complementary to mRNA rom asingle cell;
{iitf)  pooling the tagged ¢ DINA samples; and

(iv)  amplitving the pooled cDNA samples to penerate a ¢DNA library comprising double-

stranded CIINAL

2. The methad according 1o olaim L wherein in step (i) the tag is incorporated intw the

cINA during its svnthesis.

3. The method according to claim | or 2, wherein synthesis of the first strand of ¢DNA in
step €it) is directed by a cDINA syathesis primer (CDS) that includes an RNA complemensary
sequence (RCS) that i3 at least partially complementary 1o one or more mRNA in an individual

mBRNA sanmple.

3. The method according w clabm 3, wherein the RCS is at feast partially complementary
te a portion of the first strand o cDXNAL such that it is able to direct the synthesis of a second

strand of eDNA using the first strand of eDXNA as a templaze.

5 The methad according to claim 3, whergin a template-switching oligonucieatide (TS
is udded to each individual mRNA sample. wherein said TSO comprives a pertion which is at

feast partially complementars 1o a portion at the 37 end of the Nirst strand of cIINAL
15 S p k P

6 The method according to claim 1. wherein the frst strand of ¢DNA tpcludes 8 3

portion comprising a plurality of ¢y tosines or extosine analogues that base pair with guanosine.

7. The meothod aceerding to Claim &, wherein the TSO includes ¢ 37 portion comprising a

plurality of guanosines or yuanesine unalogues that base pair with oyvtosine,
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8. The methed according to claim 7. whereir the guanosines are ribonucleosides or locked

nieleic acid monomers.

9. The methad according 1o claim 3, wherein the CDS or the 7SO includes a tag.
ig. The methad according to claim 3, wherein both the TS and the TSO include a tag.
LR The method according 1o claim 18, wherein the CDS and the TSO each include a

different tag. such that the tagped cDNA sample comprises a combination of tags.

12

2. The method according 1o claim 9, wherein the tag is o nucieotide sequence of 4220

nucicotides in iength.

i3 The methed according o claim 1, wherein each ¢cDNA sample has a distinet tag or

combination of tags.

id, The method according 1o claim 3. wherein the CDS comprises a 37 amplification primer

sequence (APS) and a 37 ROS.

I3, The method according o claim 14, whercin the 37 RUS comprises oligo(dT}, a gene

tamily-specific sequence, a random sequence or a non-self-complementary semi-random

SOQUCHCE.
to, The method sccording to claim 14, wherein the TSO includes a 57 APS.
£7. The method according 1o claim 16, wherein the CIS and the 57 APS of the TSO isat

least 80% identical to the 37 APS of the CDS.

18, The method according to claim 16, wherein the CIS and the 57 APS of the TSO is

100% identical to the 37 APS of the CDS.

9. The method according w claim 1. wherein the cells are lysed to retease mRNA.
2. The method aecording to claim |, wherein the mRNA is puriticd following step (i
21 The method aceording ws claim 1, wherein the svithesis of cINA from mRNA is

stapped betore the tagged cINA samples are pooled.

22, The method according 1o ciaim [ wherein the tagged ¢DN A samples are purified

betore amplineadion of the eDMMAL
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23. The mcthod according 1o claim 1, wherein in siep (iv) the pooled c[DNA samples are
ampdified by PCR.

24 The methed according to claim 23, wherein the pooled cDNA samples are amplified by

emulsion PCR.

23, The method according 10 claim 23 or 24, wherein the pooled ¢ DNA samples are

amphified by single primer PCR,

26, The method seeording to claim L. wherein the methad further comprises processing the

cI3NA library 10 oblain a Jibrary suitabic for sequencing.

27. The method according to ¢laim 26, wherein the processing comprises fragmenting the

<DNA library.

28. The method according fo claim 26 or 27, wherein the processing includes the siep of

adding an adapier w the cDNg,

29, the method according to claim 26, wherein the cDNA library is ampiified.
30. A cDNA library produced by the method of claim | or 26.
31 A method for analysing gene expression in o pluradity of single celis, the method

comprising the steps of:
(i} preparing a ¢DINA library according 10 the method of claim 1 or 26: and

(it} sequencing the cDNA library.

pd
]

The method according 1o claim 31, wherein sequencing is by shotgun sequencing,

33 The method according to claim 32, wherein the ¢DNA Iibrary is sequenced 10 obtain at
least 10,9006, at least | million. at least 1O million. a1 feast 190 million, or a1 least 1 hillion

reads. wherein a read Is a length of continuous rucleie aeid oblained by o sequencing reavtion.
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£ A 3D digital at f ns and it ication to single-¢ n
1. Long F, Peng H, Liu X, Kim SK, Myers E.
Nat Methods. 2009 Sep,6{9).667-72. doi: 10.1038/nmeth.1366. Epub 2009 Aug 16.
PMID: 19684595  Free PMC Article
] aded information extra
2. Tsuboshita Y, Okamoto H.
Neural Natw. 2009 Sep;22(7):.922-30. doi: 10.1016/.neunet.2009.07.005. Epub 2009 Jul 16.
PMID: 19632088
] A toolbox for the fast information analysis of multiple-site LFP, EEG and spike train recordings,
3. Magri C, Whittingstall K, Singh V, Logothetis NK, Panzeri S.
BMC Neurosci. 2009 Jul 16;10:81. doi; 10.1186/1471-2202-10-81.
PMID: 19607688 Free PMC Article
B OpenFluo; a free open-source software for optophysiological data analyses.
4. Dupuy F, Casas J, Bagnéres AG, Lazzari CR.
J Neurosci Methods. 2009 Oct 15;183(2):195-201. doi: 10.10164,jneumeth.2009.06.031. Epub 2009 Jul 5.
PMID: 19583983
) DNA-barcode directed capture and electrochemical metabolic analysis of single mammalian cells on a
5. microelectrode array.
Douglas ES, Hsiao SC, Onoe H, Bertozzi CR, Francis MB, Mathies RA.
Lab Chip. 2009 Jul 21;8{14):2010-5. doi: 10.1039/b821690h. Epub 2009 Apr 15.
PMID: 19568668 Free PMC Article
J Automatic summarization of changes in biological image sequences using algorithmic information theory.,
8. Cohen AR, Bjornsson CS, Temple S, Banker G, Roysam B,
IEEE Trans Pattern Anal Mach Intell. 2009 Aug;31(8%:1386-403. doi; 10.1109/TPAML.2008.162.
PMID: 19542574
) 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: 10.1007/978-1-59745-5404 7.
PMID: 19521822
) FEeature extraction from spike trains with Bayesian binning: 'latency is where the signal starts'.
8. Endres D, Oram M.
J Comput Neurosci. 2010 Aug;29(1-2):149-169, doi: 10.1007/510827-009-0157-3. Epub 2009 May 16,
PMID: 19449095
https:/fwww.ncbi.nim.nih.govipubmed M8
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) Species identification through DNA "barcodes”.

9. Ferri G, Al M, Corradini B, Licata M, Beduschi G,
Genet Test Mol Biomarkers. 2009 Jun;13(3)421-6. doi: 10.1089/gtmb.2008.0144.
PMID: 19405876

] Issuing of blood components dispensed in syringes and bar code-based pretransfusion check at the bedside for

10. pediatric patients.
Ohsaka A, Abe K, Nakamura Y, Chsawa T, Sugita S.
Transfusion. 2009 Jul;49(7}:1423-30. doi: 10.11114.1537-2995.2009.02164 x. Epub 2009 Apr 3.
PMID: 19374727

0 MetaboliteDetector: comprehensive analysis tool for targeted and nontargeted GC/MS based metabolome

11. analysis.
Hiller K, Hangebrauk J, Jdger C, Spura J, Schreiber K, Schomburg D.
Anal Chem. 2009 May 1:81(9):3429-39. doi: 10.1021/acR026889¢.
PMID: 19358599

£ De novo sulfur SAD phasing of the lysosomal 66.3 kDa protein from mouse.

12. Lakamek K, Dickmanns A, Mueller U, Kolimann K, Deuschl F, Berndt A, Libke T, Ficher R.
Acta Crystallogr D Biol Crystaltogr. 2009 Mar,65(Pt 33:220-8. doi: 10.1107/50907444908041814. Epub 2009 Feb 20.
PMID: 19237744

O A hybrid total interna r tion flugon n n tical tweezers micr: to st hesign an

13. membrane protein dynamics of single living cells.
Snijder-Van As MI, Rieger B, Joosten B, Subramaniam V, Figdor CG, Kanger JS.
J Microse, 2009 Jan;233(1):84-92. doi; 10.1111/.1365-2818.2008.03099.%.
PMID: 19196415  Free Article

0 mparison of spike-sortin rithms for future hardware implementation

14. Gibson S, Judy JW, Markovic D.
Conf Proc IEEE Eng Med Biol Soc. 2008;2008:5015-20. dei: 10.11091EMBS.2008.4650340.
PMID; 19163843

3] uantitatively Interpreting fMRI signal.

15. Zhang N, Zhu XH, Liu Z, He B, Chen W.
Conf Proc |EEE Eng Med Biol Soc. 2008;2008:4415-8, dei: 10.1109/|EMBS,2(08.4650190,
PMID: 19163693

0 Multi-class alignment of LC-MS data using probabilistic-based mixture regression models,

16. Befekadu GK, Tadesse MG, Hathout ¥, Ressam HW.
Conf Proc IEEE Eng Med Biol Soc. 2008,2008:4094-7. doi: 10.1109/IEMBS.2008.46501089.
PMID: 19163612  Free PMC Articlke

{J Non-invasive, label-free cell counting and guantitative analysis of adherent cells using digital holography.

17. Mélder A, Sebesta M, Gustafsson M, Gisselson L, Wingren AG, Alm K.
J Microsc. 2008 Nov;232(2):240-7. doi: 10.1111/.1365-2818.2008.02095 .x.
PMID: 19017223  Free Article

IJ 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:/fwww.ncbi.nim.nih.govipubmed 218

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 01047



8132017 single cell AND barcede - PubMed - NCBI
PMID: 18853409

Automated correction of fast motion artifacts for two-photon imaging of awake animals,
19. Greenberg DS, Kerr JN.

J Meurosci Methads. 2009 Jan 15,178{1).1-15. doi: 10.1016/.jneumeth.2008.08.020. Epub 2008 Aug 26.

PMID: 1878595968

& f fai

20. Ohsaka A, Kobayashi M, Abe K.
Transfus Med. 2008 Aug;18(4):216-22. doi: 10.11114.1365-3148.2008.00868.x.
PMID: 18783580

) 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 DM, Hajibabaei M,
Barrett SC.
PLoS Ona. 2008 Jul 30;3(7):e2802. doi: 10.137 1/journal. pone.0002802.
PMID: 18665273  Free PMC Article

1 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.
Cylometry A, 2008 Sep;73(9):934-46. doi: 10.1002/cyt0.a.20608.
PMID: 18629843 Free Article

23. flight mass spectrometry (MALDI-TOF MS).
Grosse-Herrenthey A, Maier T, Gessler F, Schaumann R, Béhnel H, Kostrzewa M, Kriiger M.
Anaerobe, 2008 Oct;14(4):242-9. dei; 10.1016/.anaerobe.2008.06.002. Epub 2008 Jun 24,
PMID: 18621134

] An image score inference system for RNAI genome-wide screening based on fuzzy mixture regression
2. m in

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/.jb/.2008.04 007. Epub 2008 Apr 29.
PMID: 18547870 Free PMC Article

) 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, Tojima 1.

Transfusion. 2008 Aug;48(8):1730-8. doi: 10.1111/j.1537-2995.2008.01744.x. Epub 2008 May 14.

PMID: 18482189

] Microarrav-based genetic screen defines SAW1, a gene required for Rad1/Rad10-dependent processing of
26, recombination intermediates.

Li F, Dong J, Pan X, QGum JH, Boeke JD, Lee SE.

WMol Cell. 2008 May 9;30(3):325-35. doi: 10.1016/.molcel.2008.02.028,

PMID: 18471978  Free PMC Article

{1 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
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a

28.

29.

32

33.

34.

35.

36.

An integrated strat in two-dimensional electrophoresis analysis able to identify discriminants between
different clinical conditions.

Pattini L, Mazzara S, Conti A, lannaccone S, Cerutti S, Alessio M.

Exp Biol Med (Maywaod). 2008 Apr;233(4):483-91. doi; 10.3181/0707-RM-187.

PMID: 18367838

A high-throughput system for segmenting nuclei using multiscale techniques.
Gudla PR, Nandy K, Collins J, Meaburn KJ, Misteli T, Lockett SJ.

Cytometry A. 2008 May;73{5):451-66. doi: 10.1002/cyto.2.20550.

PMID: 18338778  Free Article

Flucrescence in situ Hybridization (FISH).

- Bayani J, Squire JA.

Curr Protec Cell Biol. 2004 Sep;Chapter 22:Unit 22 4. doi: 10,1002/0471143030.cb2204523. Review.
PMID: 18228455

Assessing expression of apoptotic markers using large cohort tissue microarrays.

- Pick E, McCarthy MM, Kluger HM.

Methods Mol Biol. 2008;414:83-93. Review.
PMID: 18175814

The corpus callosum in schizophrenia-volume and connectivity changes affect specific regions.
Rotarska-Jagiela A, Schénmeyer R, Certel V, Haenschel C, Vogeley K, Linden DE.

Neuroimage. 2008 Feb 15:39(4):1522-32. Epub 2007 Nov 21.

PMID: 18096406

Genome-wide analysis of barcoded Saccharomyces cerevisiae gene-deletion mutants in pooled cultures.
Pierce SE, Davis RW, Nislow C, Giaever G.

Nat Profoc. 2007;2(11):2958-74.

PMID: 18007632

A gene expression bar code for microarray data,
Zilliox MJ, Irizarry RA.

Nat Methods. 2007 Nov;4(111:911-3. Epub 2007 Sep 30.
PMID: 17906632  Free PMC Article

DetectiV: visualization, normalization and significance testing for pathogen-detection microarray data.
Watscon M, Dukes J, Ahu-Median AB, King DP, Britton P.

Genome Bicl. 2007;8(9):R190.

PMID: 17868443  Free PMC Article

Assessing tha significance of conserved genomic aberrations using high resolution genomic microarrays.
Guttman M, Mies C, Dudycz-Sulicz K, Diskin SJ, Baldwin DA, Stoeckert CJ Jr, Grant GR.

PLaS Genet. 2007 Aug;3(8)e143.

PMID: 17722985 Free PMC Article

Validation of a standardized normalization template for statistical parametric mapping analysis of 123I-FP-CIT

. images.

Kas A, Payoux P, Habert MO, Malek Z, Cointepas Y, El Fakhri G, Chaumet-Riffaud P, Itti E, Remy P.
JNucl Med. 2007 Sep:48(9):1459-67. Epub 2007 Aug 17.
PMID: 17704252  Free Article
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38.

39.

42

44,

TJowards fully automatic acquisition of multimodal cytopathological microscopy images with autofocus and
scene managing.

Bell A, Aach T, Ropers SO, Bécking A, Meyer-Ebrecht D, Wilflinger T.

Methods Inf Med. 2007:46(3):314-23.

PMID: 17492118

Cell proliferation measurement in cecum and colon of rats using scanned images and fully automated image
analysis: 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

Determination of haplotypes from single DNA molecules: a method for single-molecule barcoding.

. 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

Image-based multivariate profiling of drug responses from single cells.

- Loo LH, Wu LF, Altschuler SJ.

Nat Methods. 2007 May;4{3):445-53. Epub 2007 Apr 1.
PMID: 17401369

Automat n is of the architecture of r tors, im tomic force micr

Barrera NP, Ge H, Henderson RM, Fitzgerald WJ, Edwardson JM.
Micron. 2008:39(2):191-10. Epub 2007 Jan 13.
PMID: 17296302

Evaluating information transfer between auditory cortical neurcns.

- Gourévitch B, Eggermont JJ.

J Meurophysiol. 2007 Mar,87(3):2533-43, Epub 2007 Jan 3.
PMID: 17202243  Free Article

Relaxing haplotype block models for association testing.
Castellana N, Dhamdhere K, Sridhar S, Schwartz R.

Pag Symp Biocomput. 2006:454-66.

PMID: 17094260 Free Article

SNPSplicer: systematic analysis of SNP-dependent splicing in_genotyped cDNAS

- ElISharawy A, Manaster C, Teuber M, Rosenstiel P, Kwiatkowski R, Huse K, Platzer M, Becker A, Nirnberg P,

Schreiber 8, Hampe J.
Hum Mutat, 2006 Nov;27{11):1129-34.
PMID: 16937379

Noise reducticn based on ICA decomposition and wavelet transform for the extraction of motor unit action

. potentials.

Ren X, Yan Z, Wang Z, Hu X.
J Neurosci Methods., 2006 Dec 15;158(2):313-22. Epub 2006 Jul 1Q.
PMID: 16831466

Temporal decoding by phase-locked loops: unique features of circuit-level implementations and their

. significance for vibrissal information processing.

Zacksenhouse M, Ahissar E.
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49,

50.

52,

53.

54.

8.

56.

57.

Neural Comput, 2006 Jul;18(7}:1611-36,
PMID: 16764516

Single particle tracking across sequences of microscopical images: application to platelet adhesion under flow,

- Machin M, Santomaso A, Mazzucato M, Cozzi MR, Battiston M, De Marco L, Canu F.

Ann Biomed Eng. 2006 May;34(5}:833-46. Epub 2006 Apr 26.
PMID: 16708268

dot obarcodes for multiplexed gene expression analysis.
Eastman PS, Ruan W, Doctolero M, Nuttall R, de Feo G, Park JS, Chu JS, Cocke P, Gray JW, Li S, Chen FF.
Nano Lett. 2006 May;6(5):1059-64.
FMID: 16683851

Characterization of a single molecular QCA cell b control enhanced amplitude modulation atomic force

MICroscopy.

Lee |, Sarveswaran V, Lieberman M, Greenbaum E.
Ultramicroscopy. 2006 Jun-Jul;106(8-9).735-41. Epub 2006 Apr 18.
PMID: 16678348

Automatic identification of biclogical microorganisms using three-dimensional complex morphology.

- Yeom S, Javidi B.

J Biomed Opt. 20086 Mar-Apr;11{2):024017.
PMID: 16674207

Comparing automatie and manual image processing in FLARE assay analysis for colon carcinogenesis.
Leyk M, Nguyen DV, Attoor SN, Dougherty ER, Turner ND, Bancroft LK, Chapkin RS, Lupton JR, Carrall RJ.
Stat Appl Genet Mol Biol. 2005;4:Article5. Epubk 2005 Mar 14,

PMID: 16646858

Fluorescent cell barceding in flow cytometry allows high-throughput drug screening and signaling profiling.
Krutzik PO, Nolan GP.

Nat Metheds. 2006 May;3({5):361-8.

PMID: 16628206

Automated cell lineage tracing in Caenorhabditis elegans.

Bao Z, Murray JI, Boyle T, Ooi SL, Sandel MJ, Waterston RH.
Proc Natl Acad Sci U S A, 2006 Feb 21;103(8):2707-12, Epub 2006 Feb 13.
PMID: 16477039  Free PMC Article

Magnetic resonance brain perfusion imaging with voxel-specific arterial input functions,
Griner R, Bjgrnara BT, Moen G, Taxt T.

J Magn Reson Imaging. 2006 Mar;23(3}:273-34.

PMID: 16463301

Particle picking by seqmentation: a comparative study with SPIDER-based manual particle pickin
Adiga U, Baxter WT, Hall RJ, Rockel B, Rath BK, Frank J, Glaeser R.

J Struet Biol, 2005 Dec;152(3):211-20. Epub 2005 Nov 16,

PMID: 16330229

Statistical properties of information processing in neuronal networks.
Bonifazi P, Ruaro ME, Torre V.
Eur J Neurosci. 2005 Dec;22(11):.2953-64.
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58.

80.

82.

63.

84,

PMID: 16324130

From single cell gene-based diagnostics o diagnostic genomics: current applications and future perspeclives.
Zhao R.

Clin Lab Sci. 2005 Fall;18(4):254-62,

PMID: 16315744

- Natschlager T, Maass W.

Neural Natw, 2005 Dec;18(10):1301-8. Epub 2005 Sep 8.
PMID: 16150570

High resolution as a key feature to perform accurate ELISPOT measurements using Zeiss KS ELISPOT
readers,

Malkusch W.

Mathods Mol Biol. 2005;302:133-50.

PMID: 15937349

Peripheral gustatory processing of sweet stimuli by golden hamsters.

- Frank ME, Formaker BK, Hettinger TR,
Brain Res Bull. 2005 Jul 15;66(1):70-84, Epub 2005 Apr 25,
PMID: 15925146
Th sible r: f spik tterns in cortical information pr. in

Tiesinga PH, Toups JV.
J Comput Neurasci. 2005 Jun;18(3):275-86.
PMID: 15830164

Calcium sparks in muscle cells: interactive procedures for automatic detection and measurements on line-scan
nf im ri

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

4-D single particle tracking of synthetic and proteinaceous microspheres reveals preferential movement of
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

Long-range interphase chromosome organization in Drosophila: a study using color barcoded fluorescence in

. situ hybridization and structural clustering analysis.

Lowenstein MG, Goddard TD, Sedat JW.
WMol Biol Cell. 2004 Dec;15(12):5678-92. Epub 2004 Sep 15.
PMID: 15371546  Free PMC Article

Incrganic phosphate affects the pCa-force relationship more than the pCa-ATPase by increasing the rate of

. dissociation of force generating cross-bridges in skinned fibers from both EDL and soleus muscles of the rat,

Kerrick WG, Xu Y.
JMuscle Res Cell Motil. 2004,25(2).107-17.
PMID: 153601286
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87.

72.

73.

74.

The closing behavior of mechanical aortic heart valve prostheses.
Lu PC, Liu JS, Huang RH, Lo CW, Lai HC, Hwang NH,

ASAIO J. 2004 Jul-Aug:50(4):294-300.

PMID: 15307536

Moderated histogram equalization, an automatic means of enhancing the contrast in digital light micrographs
. reversibly.

Entwistle A,
J Microsc. 2004 Jun;214(Pt 3}:272-86.
PMID: 15157195  Free Article

A binary segmentation approach for boxing ribosome particles in cryo EM micrographs.

- Adiga PS, Malladi R, Baxter W, Glaeser RM.

4 Struct Biol. 2004 Jan-Feb;145(1-2):142-51,
PMID: 15065681

Fast automatic particle picking from cryo-electron micrographs using a locally normalized cross-correlation

. function: a case study.

Rath BK, Frank J.
J Struct Biol. 2004 Jan-Feb;145(1-2):84-90.
PMID: 15065676

TYSON: n t rchin rtin n ting of sin rti in tron micrograph

- Plaisier JR, Koning RI, Koerten HK, van Heel M, Abrahams JP.

J Struct Biol. 2004 Jan-Feb;145(1-2):76-83.
PMID: 15065675

Historical background: Why is it important to improve autcmated particle selection methods?
Glaaser RM.

J Struet Biol. 2004 Jan-Fab;145(1-2):15-8.

PMID: 15065669

Automatic particle selection: results of a comparative study.

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 Struct Biol, 2004 Jan-Feb;145{1-2):3-14,

PMID: 15065668

The computational self

Sejnowski T.
Ann N'Y Acad Sci. 2003 Oct;1001:262-71.
PMID: 14625366

Visual responses of cravfish ocular motoneurons: an information theoretical analysis.

. Miller CS, Johnson DH, Schroeter JP, Myint L, Glantz RM.

J Comput Neurosci. 2003 Sep-Oct;15(2):247-69.
PMID: 14512750

Kinetic properties of the alpha2 homo-cligomeric glycine receptor impairs a proper synaptic functioning.

- Mangin JM, Baloul M, Prado De Carvalho L, Register B, Rigo JM, Legendre P.

4 Physiol. 2003 Dec 1;553(P12):369-86. Epub 2003 Sep 12,
PMID: 12972628 Free PMC Article
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77.

79.

Automatic fluorescent tag localization |l: Improvement in super-resolution by relative tracking.
Thomann D, Dern J, Sorger PK, Danuser G.

J Microsc. 2003 Sep;211{Pt 3):230-48.

PMID: 12050472  Free Article

MNatural occurrence of myofiber cytoplasmic enlargement accompanied by decrease in myonuclear nurmber.

- Wada Kl, Katsuta S, Soya H.

Jpn J Physiol. 2003 Apr:53(2):145-50.
PMID: 12877770

BARCODE-ALL: accelerated and co

addressable liquid bead microarrays.
Wallace J, Zhou Y, Usmani GN, Reardon M, Newburger P, Woda B, Pihan G.
Leukemia. 2003 Jul17{7):1404-10,

PMID: 126835731

A new approach to spike sarting for multi-neuronal activities recorded with a tetrode--how ICA can be practical.

. Takahashi S, Anzai Y, Sakurai Y.

Neurosci Res. 2003 Jul;46(3):265-72. Review.
PMID: 12804787

)  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
) Optical recordings of Ca2+ signaling activities from identified inner ear cells in cochlear slices and
82. hemicoch
Lin X, Webster P, Li Q, Chen S, Ouyang Y.
Brain Res Brain Res Protoc. 2003 May;11{2):92-100.
PMID; 12738004
0 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, Clofsson J, Karlsson M, Jardemark K, Chiu DT, Orwar O.
Anal Chem. 2002 Dec 15;74{24):6133-8.
PMID: 12510730
{J 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
] Intrinsic optical signals in the darsal 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{111:173746,
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87.

88.

PMID: 12081653

Automated in vitro screening of teratogens.

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):1-16.

PMID: 12030837

Effect of halothane on neuronal excitation in the superficial dorsal horn of rat spinal cord slices: evidence for a
! ,

Asai T, Kusudo K, lkeda H, Takenoshita M, Murase K.
Eur J Neurosci. 2002 Apr;15(8):1278-90.
PMID: 11994122

M r bar for soil nem identification

- Floyd R, Abebe E, Papert A, Blaxter M.

Mol Ecol. 2002 Apr;11(4):839-50,
PMID: 11972769

Neurosci Lett. 2001 Dec 28;316(3):133-6.
PMID: 11744220

Dendritic spatial flicker of local membrane potential due to channel noise and probabilistic firing of hippocampal

- neurons in culture,

Savichenko LP, Gegan P, Tyc-Dumont S,
Neurosci Res. 2001 Oct41{2):161-83.
PMID: 11591444

Tsutsui H, Wolf AM, Kndpfel T, Oka Y.
Neurosci Lett. 2001 Oct 12;312(1):17-20.
PMID: 11578835

] The use of optical flow to characterize muscle contraction.
93. Zoccolan D, Giachetti A, Torre V.
J Newurosci Methods. 2001 Sep 30;110(1-2).:65-80.
PMID: 11564526
] Automated image acguisition for single-particle reconstruction using p97 as the biological sample.
94. Rouiller |, 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
1 Design and characterization of a DNA-encoded, voltage-sensitive fluorescent protein.
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96. Sakai R, Repunte-Canocnigo V, Raj CD, Knopfel T.

Eur J Newrosci, 2001 Jun;13{12):2314-8,

PMID; 11454036

) Effect of neonatal capsaicin treatment on neural activity in the medullary dorsal horn of neonatal rats evoked by
897, electrical stimulation to the trigeminal afferents: an optical, electrophysiological, and quantitative study.

Takuma S.

Brain Res, 2001 Jul 6906(1-2%1-12,

PMID: 11430856

J [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

) Correlation of hematopoietic progenitor cell count determined by the SE-automated hematology analyzer with
98, 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; 11279658  Free Article

100, in the human lateral pterygoid muscle.

Phanachet I, Wanigaratne K, Whittle T, Uchida S, Peeceeyen S, Murray GM.
J Meurosci Methads. 2001 Feb 15:105(2):201-10.
PMID; 11275277

) Invivo 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 Neurasci Methads, 2000 Jun 30;99{1-2).9-23,

PMID; 10936638

3  Accuracy of tetrode spike separation as determined by simultaneous intracellular and extracellular
102. measurements.

Harris KD, Henze DA, Csicsvari J, Hirase H, Buzsaki G.

JMNeurophysial, 2000 Jul;84(1»401-14,

PMID:; 10899214  Free Article

) Mass spectrometric detection for capillary isoelectric focusing separations of complex protein mixtures.
103. Jensen PK, Pasa-Toli¢ L, Peden KK, Martinovi¢ S, Lipton MS, Anderson GA, Tolic N, Wong KK, Smith RD,
Electrophoresis. 2000 Apr;21(7):1372-80.
PMID: 10826683

£] 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

) Automated data acquisition by confocal laser scanning micrescopy and image analysis of triple stained
105, immunofluorescent leukocytes in tissue.
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106.

107.

108,

109.

110.

111,

113,

114.

Steiner GE, Ecker RC, Kramer G, Stockenhuber F, Marberger MJ.
JImmunol Methods, 2000 Apr 3;237(1-2%39-50.
PMID: 10725450

Three distinct auditory areas of cortex (Al All. and AAF) defined by optical imaging of intrinsic signals.
Harel N, Mori N, Sawada S, Mount RJ, Harriscn RV.

Neuroimage. 2000 Apr;11(4):302-12.

PMID: 10725186

Sources of variation in the morphological characteristics of sperm subpopulations assessed objectively by a
novel automated sperm morphology analysis system.

Thurston LM, Watson PF, Holt WV.

J Reprod Fertil. 1999 Nov;117{2}.271-80.

PMID: 10690184  Free Article

Maturation of epididymal spermatozoa in the nondomesticated guinea pigs Cavia aperea and Galea
musteloides.

Cooper TG, Weydert S, Yeung CH, Kinzl C, Sachser N.

4 Androl. 2000 Jan-Feb;21{1):154-63.

PMID: 10670529  Free Article

Neural dynamics of perceptual order and context effects for variable-rate speech syllables,
Boardman |, Grossberg 8, Myers C, Cohen M,

Percepl Psychophys. 1999 Nov;681(8):1477-500.

PMID: 10598464

Aulomaled comet assay analysis.

Bécker W, Rolf W, Bauch T, Mlller WU, Streffer C.
Cytometry. 1999 Feb 1;35(2):134-44,

PMID: 10554169

[The shaping of radiation doses and of dose-effect curves for patients undergoing x-ray studies].
Stavitskil RV, Lebedev LA, Zhanina TV, Seliverstov AA, Lebedenko IM, Mikheichev AS.

Med Tekh, 1999 Sep-Oct;(5):17-20. Russian,

PMID: 10560080

Automatic quantification of left ventricular ejection fraction from gated blood pool SPECT.
Van Kriekinge SD, Berman DS, Germano G,

J Nucl Cardiol. 1999 Sep-Ocl;§(5):498-506.

PMID: 10548145

Brigden ML, Au S, Thompson S, Brigden S, Doyle F, Tsaparas Y.
Arch Pathol Lab Med. 1999 Oct;123(10).875-81.
PMID: 10506437

" Ll

Goldman-Rakic PS.
Ann N Y Acad Sci. 1999 Apr 30;868:13-26.
PMID: 10414278
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116.

117.

118.

119.

120.

121,

122,

]
123.

Automatic segmentation of dynamic neuroreceptor single-photon emission fomography images using fuzzy
clustering.

Acton PD, Pilowsky LS, Kung HF, Ell PJ.

Eur J Nuel Med. 1999 Jun;26(6):581-90.

PMID: 10369943

DNA fiber fluorescence in situ hybridization analysis of immunoglobulin class switching in B-cell neoplasia:
berrant CH gene rearrangements in follicle center-cell homa.

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

A dominant B-cell epifope on the 22 kDa tegumental membrane-associated antigen of Schistosoma japonicum

maps to EF-hand calci inding domain.

Waine GJ, Mazzer DR, Brandt ER, McManus DP.
Parasite Immunol. 1997 Aug;19(8).337-45.
PMID: 9292852  Free Article

ingle amino acid substi
neuiralization epitopes
Hérling J, Lundkvist A.
Virus Res. 1957 Apr;48(1):89-100.
PMID: 9140197

ultrastructural study,

Jansen HG, Hawkins RK, Sanyal S.
Microsc Res Tech. 1297 Jan 15;36(2):96-105.
PMID: 9015256

Davey HM, Kell DB.
Microbial Rev. 1996 Dec;60(4):641-98. Review.
PMID: 8987359  Free PMC Article

Direct visualization of dispersed 11g13 chromosomal translocations in mantle cell lymphoma by multicolor DNA
fiber f in situ hybridizati

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.

PMIC; 8695834  Free Article

Tetrodes markedly improve the reliability and yield of multiple single-unit isolation from multi-unit recordings in
cat striate cortex.

Gray CM, Maldonado PE, Wilson M, McNaughton B.

J Neurosci Methads. 1995 Dec;83(1-2):43-54,

PMID: 8788047

heterogeneous fluorescence decays in fluorochrome-labeled cells and particles.
Deka C, Cram LS, Habbersett R, Martin JC, Sklar LA, Steinkamp JA.
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124,

125,

126,

127.

128.

129.

130.

132.

Cytomeiry, 1995 Dec 1;21(4):318-28,
PMID: 8608729  Free Article

Estimating the number of moter units in a muscle,
Daube JR.

J Clin Meurophysicl. 1995 Nov;12{6).:585-94.

PMID: 8600173

otor-unit estimation: the beginning.
McComas AJ.
J Clin Neurcphysicl. 1995 Nov;12(6):560-4.
PMID: 8600171

Automatic particle picking from electron micrographs.
Lata KR, Penczek P, Frank J.

Ultramicroscopy. 1995 Jun;58(3-4):381-91.

PMID: 7571118

Analysis of single and multiple neuronal discharges as point processes: a computer program set.
Eblen-Zajjur A.

Acta Cient Venez, 1995;46(1):34-40,

PMID: 9279021

Reproducibility of computer-aided semen analysis: comparison of five different systems used in a practical
workshop.

Holt W, Watson P, Curry M, Holt C.

Fertil Steril. 1994 Dec;82(6):1277-82.

PMID: 7958000

Fast multisite optical recording of mono- and polysynaptic aclivity in the hamster suprachiasmatic nucleus
avoked by retinohypothalamic fract stimulation.

Senseman DM, Rea MA,

Neuroimage. 1994 Nov;1({4):247-63.

PMID: 9343575

Age-related changes in the secretion of LH in vivo and in vitro in infantile and prepubertal Holstein bull calves.
McAndrews JM, Peters JL, Deaver DR.

J Reprod Fertil. 1994 Jul;101(2):453-8.

PMID: 7932381  Free Arficle

Tamm Horsfall protein binds to a single class of carbohydrate specific receptors on human neutrophils.
Thomas DB, Davies M, Peters R, Williams JD.

Kidney Int, 1993 Aug44(2}423-9.

PMID; 8397318  Free Article

P
nephrosis.

Whiteside Cl, Camercn R, Munk 8, Levy J.
Am J Pathol. 1993 May;142(5):1641-53.

PMID: 8494056 Free PMC Article
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133. Cummins TR, Agulian SK, Haddad GG.
J Meurosci Methads. 1993 Mar;46{3):183-9,
PMID:; 8483311

) Asingle 1.5-V digital chip for a 10(6) synapse neural network.
134, Watanabe T, Kimura K, Acki M, Sakata T, lto K.

IEEE Trans Neural Netw. 1993;4(3):387-03.

PMID: 18267740

) Automated micrascopy for electron tomography.
135. Koster AJ, Chen H, Sedat JW, Agard DA.
Ultramicrescopy. 1992 Oct,46(1-4):207-27.
PMID: 1481272

0O  Computer system for the acquisition and analysis of vascular contractility. lication to a bioassay of
136. endothelial cell function.

Winn MJ, Panus PC, Norton F, Dal J.

J Pharmacol Toxicol Methods. 1992 Aug;28(1):49-55.

PMID: 1392059

0 Development of the Abbott MATRIX Aero assay for the measurement of specific IgE.

137. Lindberg RE, Anawis MA, Bailey M, Mangat D, Frank PM, Hrusovsky IG, Hooyman L, Puiterman C, Defreese
JD.
JImmunoassay. 1991;12(4)465-85.
PMID: 1806584

1 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

) Interrelations between coronary artery pressure.myocardial metabolism and coronary blood flow.
138. Feigl EQ, Neat GW, Huang AH.

J Mol Cell Cardiol, 1990 Apr;22(4):375-90,

PMID: 2388275

0 Computer analysis of mutations that affect antibody specificity.

140. Novotny J, Bruccoleri RE, Haber E,
Proteins. 1990;7(1):93-8.
PMID: 2330371

141, Kreiter AK, Aertsen AM, Gerstein GL.
J Neurosci Methads. 1989 Oct;304(1):58-69.
PMID: 2811434

] Enhancing high-speed digitization of single-unit neuronal activity on a microcomputer using a hybrid software-
142. hardware technigue,

Aldridge JW, Walden JL, Gilman 8.

J Neurosei Methods. 1989 Jun;28(3)205-8.
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A simple elecironic volume cell sorter for clonogenicity assays.

143. Freyer JP, Wilder ME, Schar PL, Coulter J, Raju MR,

a

Cytometry. 1989 May;10(3):273-81.
PMID: 2714111 Free Article

Microinterferometry of the movement of dry matter in fibroblasts.

144. Brown AF, Dunn GA.

a

145, Metherate R, Weinberger NM.

g

JGell Sci. 1989 Mar;92 ( Pt 3):379-89.
PMID: 2592444  Free Article

Acetvicholine produces stim

Brain Res. 1989 Feb 20:480(1-2):372-7.
PMID: 2713663

Regulation of granule eell number by a predetermined number of Purkinje cells in development.

148, Chen S, Hillman DE.

]

Brain Res Dev Brain Res. 1988 Jan 1;45(1):137-47.
PMID: 2917407

System analysis of Phycomyces light-growth response in single and double night-blind mutants.

147. Palit A, Lipson ED.
Biol Cybern. 1989;80(5):385-93.
PMID: 2706288

148. Bertoni-Freddarl C, Fattoretti P, Casoli T, Masera F, Meier-Ruge W, Ulrich J.

g

Scanning Microsc Suppl. 198%,3:101-6; discussion 107,
PMID: 2482524

Single-channel recordings from the apical membrang of the toad urinary bladder epithelial cell.

149. Frings S, Purves RD, Macknight AD.

]

JMembr Biol. 1988 Dec;106(2):157-72.
PMID: 2465413

Postnatal development of lamina /1Y nonpyramidal neurons in rabbit auditory cortex: guantitative and spatial

150, analyses of Golgi-impregnated material.

]

McMullen NT, Goldberger B, Glaser EM.
J Comp Neurol. 1988 Dec 1;278(1):139-55.
PMID: 2463285

Discriminating betwesn damaged and intact eells in fixed flow cytometric samples.

151. Terstappen LW, Shah VO, Conrad MP, Recktenwald D, Loken MR.

U

Cytomeiry. 1988 Sep;9(5)477-84.
PMID: 2460298  Free Article

Patch clamp analysis of chemically activated and modulated icnic channels in isolated mammalian

152, cardiomyocytes.

Vagel SM.
Mol Cell Biochem. 1988 Mar-Apr,80(1-2):37-47.
PMID: 2459600
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) Resolution of complex fluorescence specltra 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
) Cell surface markers and cellular immune response associated with rheumatic heart disease: complex
154. segregation analysis.
Rich 88, Gray ED, Talbat R, Martin D, Cairns L, Zabriskie JB, Braun D, Regelmann WE.
Genet Epidemnicl. 1988;5(6):463-70.
PMID: 3209057
{0 Correlation and spectral analysis of relations between single unit discharge and muscle activities.
185. Houk JC, Dessem DA, Miller LE, Sybirska EH.
J Meurasci Methads. 1987 Oct21(2-4):201-24.
PMID: 3682876
] Spatial firing patterns of hippocampal complex-spike cells in a fixed environment.
156. Muller RU, Kubie JL, Ranck JB Jr.
J Meurosci. 1987 Jul;7{7):1935-50.
PMID: 3612225 Free Article
] t hindlimb motoneuron rin motion Normal activi ttern
187. Hoffer JA, Sugano N, Loeb GE, Marks WB, O’'Donovan MJ, Pratt CA,
J Meurophysiol. 1987 Feb:57(2):530-53.
PMID: 3559691
) Investigation of automated DNA diagnosis and grading of prostatic cancer.
158, Seppelt U, Sprenger E, Hedderich J.
Anal Guant Cytol Histol. 19886 Jun;8(2):152-7.
PMID: 2425825
) Stabilized binary hierarchic classifier in cytopathologic diagnosis.
158. Bartels HG, Bartels PH, Bibbo M, Wied GL.
Anal Quant Cytol. 1984 Dec;6(4):247-61.
PMID: 6397084
0O [Computer analysis of the EMG and clinical results].
160. Kopec J, Hausmanowa-Petrusewicz |.
EEG EMG Z Elektroenzephalogr Elektromyogr Verwandte Geb. 1983 Mar;14(1):28-35. German.
PMID: 6305628
J Laser microirradiation of cerebellar neurons in culture. Electrophysiological and morphological effects.
161. Qlson 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-
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Thomas WA, Steinberg MS.,
J Cell Sci, 1980 Feb;41:1-18,
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168.

169.

170.

[Groupamatic 360 C1 and automated blood donor processing in a transfusion center].
Guimbretiere J, Toscer M, Harousseau H.

Rev Fr Transfus Immunohematol. 1978 Mar;21(2):673-9. French.

PMID: 675017

[A new image-processing system designed for densitometry and pattern analysis of microscopic specimen.
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

Partition of gross peripheral nerve activity into single unit responses by correlation technigues.
Heetderks WJ, Williams W.J.

Bcience. 1975 Apr 25,188(4186):373-5.

PMID: 1118732

[Quantitative evaluation of autoradiograms of single cells by means of DENSITRON 1l and further possibilities
for the use of the appliance].

Hess J, Ermisch AL

Acta Histochem Suppl. 1975;15:417-20. German. No abstract available.

PMID: 329953

Image holegrams of single red blood cell discocyte-spheroechinocyte transformations.
Evans EA, Leblond PF.

Nouv Rev Fr Hematol. 1972 Nov-Dec;12(6);851-60. No abstract available.

PMID: 42688794

tral an rization sensitivity of the dipteran visu tem
McCann GD, Arnett DW.
J Gen Physicl. 1972 May;59(5):534-58.
PMID; 5027759 Free PMC Article

A null-balance vidicon spectrophotometer.

Lightner GE.

Appl Opt, 1966 Mar 1;5(3):439-55, doi: 10.1364/A0,5.000439,
PMID: 20048872

PATTERN ANALYS|S OF SINGLE-UNIT RESPONSES FROM THE GOLDF|SH RETINA,
SIAS FR Jr, MACNICHGL EF Jr.

Biomed Sci Instrum. 1263;1:341-6. No abstract available.

PMID: 1417450
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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 different organisms14,2628 and ...
strain corresponds to a specific location on an amay that contains oligonucleotide probes that ...
first is a PCR-based approach that has been used to make single-cell cONA libraries7678 ...
Cited by 2399 Related articles  All 24 versions Cite Save

Gold nanoparticle probes for the detection of nucleic acid targets

C8 Thaxton, DG Georganapoulou, CA Mirkin - Clinica Chimica Acta, 2006 - Elsevier

... 4. The bio-barcode assay: homogeneous meets heterogenecus. The polymerase chain reaction
(PCR), when set up properly, is powerful enough o amplify a target nucleic acid sequence from
even a single cell, such thatlarge quantities are available for downstream ...

Cited by 328 Related articles  All 7 versions Cite Save

Single-cell gene expression profiling

JM Levsky, 8M Shency, RC Pezo, RH Singer - Science, 2002 - science.sciencemag.org

- Transecripticnal regulation has been studied almast exclusively on nuckic acids extracted from
cultured cells or ... 1B). The color combination, or speciral barcode, defined transcriptidentity (Fig. ...
a direct compariscn 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
GS Thaxton, HD Hill, DG Georganopoulou... - Analytical ..., 2005 - ACS Publications

... nucleic acid targets has been shown to be extracrdinarily sensitive, exhibiting low attomatar

sensilivity for pratein targets and high zeptomolar sensilivity for nucleic acid targets. In the case

of DNA detection, the original assay relies on three distinct oligonuclectide strands on a ..

Cited by 1756 Related articles  All & versions  Cite  Save

Immuno-PCR: high sensitivity detection of proteins by nucleic acid amplification
CM Niemeyer, M Adler, R Wacker - TRENDS in Biotechnolegy, 2005 - Elsevier

- In immuno-relling circle amplification (RCA) tachnology, an oligonucleotide primer, covalently
attached to the ... been intensively investigated for their material properties and applications in nucleic
acid analysis .. from the gold nanaparticle, and the released DNA harcode is used to ..

Cited by 285 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 Stoger... - US Patent App. 11/ ..., 2005 - Google Patents

.. under suitable conditions to anneal the bar-coded oligonuclecotide o the target nucleic acid

maolecule, wherein the bar-coded oligonucleetide comprises a first sequence complementary

to the target nueleic 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

WT Liu - Journal of Biascience and biogengineering, 2006 - Elsevier

. Usually, they are derivatized with different functional groups such as nucleic acid-targeted ... spegcific
DNA duplex were released into solution and the amount of eligonucleofide 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 Stéger, 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 Schelar. Stoger 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.proguest.com

. @5 a result of affinity binding and as a result of nucleic-acid hybridizafion .., precise map of the
distribution of many molecular markers in a single cell, cell population or ... developed by Chad
Mirkin and colleagues10.Dubbed bio-barcode, it involves oligonuclkeotide-modified gald ...
Cited by 3580 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

w COmMparing poly{A) tails and random hexamers for cDNA synthesis were .., applied dielectrophoresis
and electrical impedance spectroscopy for single cell manipulation within microfluidic ... DNAzyme,

a catalytically aclive oligonuclectide 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 Vigneault, AM Sismour, GM Church - Nature methods, 2008 - nature.com

... RMA or DNA-RNA chimera), and observed thatthe RNA and chimera adaptor succassfully ligated

to the 5' end of the synthetic miRNA whereas the DNA oligonucleotide did not ... Nucleic Acids Res. ..
Systematic and single cell analysis of Xenopus Piwi-interacting RNAs and Xiwi ...

Cited by 51 Related articles  All 1C versions Cite Save

The current status of cDNA cloning

M Harbers - Genomics, 2008 - Elsevier

.. cDNA synthesis from whole RNA is primed by an oligonuclectide containing a T7 RNA ... procedure
have been published to enable full-length eDNA 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, Huber R, Navidi W, Arnheim N: Whole genome amplification from a single cell implications

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 - Bietechniques, 2005 - researchgate.net

... red label for control cells} and the products are hybridized to the barcode oligonucleotide array

{4 .- The cDNA of a target gene flanked by recombination (atf) sites is cloned downstream of ... cassettes
can be diractly injected into the perivi-talline space of single-cell mouse smbryos ...

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.cam

.. of genomic and proteomic approaches especially in pure cell types or even in the single-cell
level, which ... Nueleie acid sequence hased amplification (NASBA). ... reverse franscription from an
RNA template by AMV reverse transcriptase and RNA amplification from cDNA by gene ...

Cited by 11 Related aricles All 6 versions Cite Save

Methods, flow cells and systems for single cell analysis

R Joseph, JJ DiMeo, M Jarosz... - US Patent App. 12/ ..., 2009 - Google Patents

. Methods for preparing a nucleic acid sample from a single cell and capturing nucleic acids ... funclion
as both surface capture and sequancing primers, especially when an oligenucleotide containing

a .. Optionally, the sample nuclelc acid fragments can be aftached 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

.. 8 sample is provided which contains, or is suspected of containing, a paricular 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 - Cytometry Part A, 2006 - Wilsy Online Library

.. hybridization to any other oligonucleotide in the set (54, 55), Microspheres bearing such
oligonucleotide tags offer ... The examples described eadier for immunocassays 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. 10/138,100, 2002 - Google Patents

e 8 J-ethoxy-aminopropyl-silanol group, from which will be extended the oligonuclectide chain
terminating ... [0093). The present inventicn thus relates to a method for analyzing nucleie 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 Sawve

Single-cell fluorescence imaging using metal plasmon-coupled probe 2: single-molecule

counting on lifetime image

JZhang, ¥ Fu, D Liang, K Nowaczyk, RY Zhao... - Nano ..., 2038 - ACS Publications
... Single-Cell Flucrescence Imaging Using Metal Plasman-Coupled Probe

2: Singla-Molecule Counting on Lifetime Image. ...

Cited by 56 Related articles Al 11 versions  Cite  Save
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LASTSearchilistory. 14792094 _AccessibleVersion htn[9/13/2017 9:06:16 AM]

Ref ||[Hits ||Search Query DBs Default ||Plurals |[Time
# Operator Stamp
L1 |[14828 ||(barcode 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 different}).cim. PO,
DERWENT;
IBM_TDB
L2 ||6654 |[(cdna or nucleic or dna or Us-PGPUB; OR ON 2017/09/13
palynuclectide)same (barcode or USPAT; USOCR; 08:58
"bar code” or "multiplex identifier” or [FPRS; EPO;
zZipcode or tag or token or 1PO;
addressable or uniqu$3).cm. DERWENT;
IBM_TDB
L3 |0 2 and (barcode or "bar code” or US-PGPUB; OR ON 2017/09/13
"muttiplex 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.clm. DERWENT;
IBM_TDB
L4 ||1574 |2 and (barcode or "bar code" or Us-PGPUB; OR ON 2017/09/13
"multiplex identifier” or zipcode or LUSPAT; USOCR; 09:00
tag or token or addressable or FPRS; EPO;
uniqu$3)same {different or JPO;
distinct}.clm. DERWENT;
IBM_TDB
L5 |[52 4 and "single cell".clm. US-PGPUB; OR ON 2017/09/13
USPAT; USOCR; 09:00
FPRS; EFO;
1PO;
DERWENT;
IBM_TDB
L6 |96 2 and "single cell".clm. Us-PGPUB; OR ON 2017/09/13
USPAT; USOCR; 09:04
FPRS; EPO;
1PO;
DERWENT;
IBM_TDB
L7 |[13 & and pool$3 nears (nucleic or dna  [|US-PGPUB; OR ON 2017/09/13
or polynuclectide or cdna).cm. USPAT; USOCR; 09:05
FPRS; EPO;
1PO;
DERWENT;
IBM_TDB
S1 ||1445 [[illumina.as. or linnarsson.in. Us-PGPUB; OR ON 2017/09/12
USPAT; USOCR; 18:25
FPRS; EPO;
1PO;
DERWENT;
IBM_TDB
S2 (|6 51 and "single cell” same (mrna or US-PGPUB; OR ON 2017/09/12
nucleic or dna or polynuclectide or  ||[USPAT; USOCR; 18:27
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EAST Search History

ribonucleic).cim. FPRS; EFO;
1PO;
DERWENT;
IBM_TDB
S3 [[30651 ||"10X 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 "populaticn genetics FPRS; EFO;
technologies”.as. PO,
DERWENT,;
IBM_TDB
4 |3 S3 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; EFO;
1POD;
DERWENT;
IBM_TDB
S5 [[343 "single cell" same (mrna or nucleic or [[US-PGPUB; OR ON 2017/069/12
dna or polynuclectide or USPAT; USOCR; 21:41
ribonucleic).clm. FPRS; EFO;
PO,
DERWENT,;
IBM_TDB
S6 ||e S5 and (mid o "multiplex US-PGPUB; OR ON 2017/09/12
identifier”).clm. USPAT; USOCR; 21:42
FPRS; EFO;
PO,
DERWENT;
IBM _TDB
S7 ||4833 |["single cell" near5 {mrna or nucleic  [(US-PGPUB; OR ON 2017/09/12
or dna or polynucleatide or USPAT; USOCR; 21:44
ribonucleic) FPRS; EFO;
PO,
DERWENT;
IBM_TDB
S8 ||219 S7 and (barcode or "bar code" or UsS-PGPUB; OR ON 2017/G9/12
"multiplex identifier" or zipcode or USPAT; USOCR; 21:46
tag or token or addressable or FPRS; EFO;
uniqu$3) nears "single cell" 1PO;
DERWENT;
IBM_TDB
S9  ||166 S8 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; EFO;
uniqu$3) neard (mrna or nucleic ot |[JPO;
dna or polynuclectide or ribonucleic) ||DERWENT;
IBM_TDB
510 ||118 S9 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; EFO;
uniqu$3) nears (distinct or different) |[JPO;
DERWENT;
IBM_TDB

9/13/2017 9:06:12 AM
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EAST Search History

EAST Search History (Prior Art)

Ref||Hits ||Search Query DBs Default ||Plurals |[Time
# Operator Stamp
L1 |[4 ("10X GENOMICS".as. or brenner.in. or US-PGPUB; |[OR ON 2017/09/14
mikawa.in. or osborne.in. or slatter.in. or USPAT; 08:57
"population genetics technologies".as.) and |[USOCR;
("single cell” or "one cell" or "individual FPRS; EPO;
cell"} same {nucleic or dna or 1PO;
polynucleotide or cdna).cm. DERWENT,;
IBM_TDB
L2 ||89 ||("10X GENOMICS".as. or brenner.in. or UsS-PGPUB; ||OR ON 2017/09/14
mikawa.in. or osborne.in. or slatter.in. or USPAT; 09:00
"population genetics technologies™.as.) and |[USOCR;
(barcode or "bar code" or "multiplex FPRS; EPQ;
identifier” or zipcode or tag or token or PC;
addressable or uniqu$3) same (nucleic or  |[DERWENT;
dna or polynucleotide or cdna).clm. IBM_TDB
L3 (4 2 and ("single cell" or "one cell" or UsS-PGPUB; ||OR ON 2017/09/14
"individual cell”) same (nucleic or dna or USPAT; 09:01
polynucleotide or cdna).cim. USOCR;
FPRS; EPO;
1PO;
DERWENT;
IBM_TDB
L4 (1 2 and ("single cell" or "one cell" ar US-PGPUB; ||OR ON 2017/09/14
"individual cell*) same (barcode or "bar USPAT; 09:04
code” or "multiplex identifier” or zipcode or |[USOCR;
tag or token or addressable or uniqu$3) FPRS; EPO;
same (identif$6 or specific).clm. JPO;
DERWENT;
IBM_TCB
L5 |1 ("10X GENOMICS".as. or brenner.in. or US-PGPUB; ||OR ON 2017/09/14
mikawa.in. or osborne.in. or slatter.in. or USPAT; 09:05
"population genetics technologies”.as.) and |[USOCR;
("single cell" or "one cell” or "individual FPRS; EPO;
cell") same {"single cell” or "one cell” or JIPC;
"individual cell*) same (barcode or "bar DERWENT;
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Continued Examination under 37 CFR 1.114

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-AlA first to invent
provisions. The instant application is a continuation of 14/172 694 now U.S. Patent
8,102,980, which is a continuation of 14/021,790, now U.S. Patent 8,679,756, whichis 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 12/21/2008,
61235595 filed on 08/20/2009.

It is noted that none of the provisional applications provide support for the
limitation of “second multiplex idenltifier sequences are alf different from each other'.

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.  Trackl 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
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 58 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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Art Unit: 1634

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 £6-64 are new. Claims 1-55 are canceled. The claim

amendments have been reviewed and entered.

Withdrawn Rejections ahd Response to the Remarks

6. The previous rejection of claims 40-55 under pre-AlA 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.

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-AlA 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 fo 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.5.C. 112 (pre-AlA),

first paragraph, because the specification, while being enabled for nucleic acid sample
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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 embediments, 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 1o be pooled with nucleic acid fragments derived from a plurality of sources
(e.9., a plurality of organisms, tissues, cells, subjects, etc.), where by "plurality” is meant
two ar 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. 1% paragraph 3} and “In certain

embodiments, each individual polynucleotide (e.q.. 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 unigue MID so that the fate of each polynucleoctide can be tracked in

subsequent processes (where, as noted above, unigue 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 58, 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 ¢laim 56 as discussed in detail
below.

Per eMPEP 2184.01(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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(A) The breadth of the claims;

(B) The nature of the invention;

(C) The state of the prior art;

(D) The level of one of ordinary skKill;

(E) The level of predictability in the art;

(F) The amount of direction provided by the inventor;

(G) The existence of working examples; and

(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 stafe 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 1DS of 8/30/17).

The leve! of one of ordinary skifl. 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 art 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, 186 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 identifier (first MID) sequence 1o
track the origin of nucleic acid samples, wherein the different sized nucleic acid
segments from plurality of nucleic acid samples from plurality of isclated 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-AlA 35 USC 112 first paragraph because
they include all the limitations of claim 56.
For compact prosecution, applicant is suggested lo 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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(b} CONCLUSION.—The specification shall conclude with one or more claims paricularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

14.  The following is a quotation of 35 U.5.C. 112 (pre-AlA), 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 56-84 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA),
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-AlA the
applicant regards as the invention.

16. Claim 56 is rejected under 35 U.S.C. 112(b) or 35 U.5.C. 112 (pre-AlA), 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 isclated 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 seguences 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-AlA 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-AlA 35 U.S.C.

102 that form the basis for the rejections under this section made in this Office action:
A person shall be entilled to a patent unless —

(&) the invention was described in a patent granted on an application for patent by ancther
filed in the United States before the invention therecf 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 itle 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.8. 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.5.C. 102(e) prior
to the amendment by the AIPA (pre-AIPA 35 U.S.C. 102(e)).

22. Claims 56-84 are rejected under pre-AlA 35 U.5.C. 102(e) as being anticipated
by Linnarsson (WO 2010/117620 published Oct. 14, 2010, pricrity date Mar. 30, 2009,
cited in the IDS of 8/30/17).

Regarding claims 58-58 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 o 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 36-58 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 |dentifier (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 oligonuclectide
(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 58 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 nonstatutcry 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
1228 (Fed. Cir. 1998), In re Goodman, 11 F.3d 1046, 28 USPQ2d 2010 (Fed. Cir.
1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1983); In re Van Omum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1870}, and In re Thoringfon, 418 F.2d 528, 163 USPQ €44 (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 commeonly 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 applicaticns subject to examination under the first inventor to file provisions
of the AlA as explained in MPEP § 2155. 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
AlA. 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.9., 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:{fwww.uspto.gov/patents/process/file/efs/guidance/eTD-info-| jsp.

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 01087



Application/Control Number:14/792,094 Page 17
Art Unit: 1634

24.  Claims 56-84 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-13 of U.S. Patent No. 9,410,148 in view of Linnarsson
(WG 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 o

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 ¢)

seguencing 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 clzim 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
8-11). 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 ‘148 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 56-84 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-18 of U.S. Patent No. 9,410,150 in view of Linnarsson
(WO 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

tag; 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 fo a second sequence tag and said first sequence tag and said

second seqguence 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 seguence 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 nuclectide 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 alse 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.
IPR2023-00955

Page 01091



Application/Control Number:14/792,094 Page 21
Art Unit: 1634

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 isclated 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 56-84 are rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1-12 of U.S. Patent No. 8,679,758 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 56-84 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 ‘274 patent is similar to claims
1-13 of ‘149 patent. Therefore analysis is very similar. Thus it is maintained that steps of
instant claims 56-84 are not significantly different from claims 1-11 of ‘274 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 USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR} at hitp://'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 hitp://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9187 (toll-free}. If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-319G (IN USA OR CANADA} or 571-272-1000.

NARAYAN BHAT
Primary Examiner
Art Unit 1634

INARAYAN BHAT/
Primary Examiner, Art Unit 1634

10x Genomics, Inc. Exhibit 2004
Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 01094



Application/Control No. Applicant{s)/Patent Under Reexamination
Search Notes 14702001 Brenner et al
”"|||H||| |“||||H ‘|H||| . -

NARAYAN BHAT 1634
CPC - Searched*
Symbol Date Examiner
C12Q 1/68, C12Q 1/6874, CO7H 21/02 and C40B 30/04 1/6/186 Bhat N.
Searched uisng key words in different CPC classes. See the search history in 1616 Bhat N.
EAST.

CPC Combination Sets - Searched*

Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the

search.

/NARAYAN BHAT/ Primary Examiner.Art Unit 1634

U.5. Patent and Trademark Office Fart of Paper No.: 20170913

Page 1012

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 01095



Application/Control No. Applicant{s)/Patent Under Reexamination
Search Notes 14702001 Brenner et al
”l||||H||| |“||||H m|||| . -
NARAYAN BHAT 1634
Search Notes
Search Notes Date Examiner
Reviewed the copending applications for the inventors in PLAM and copending 1/6/16 Bhat N.
claims for potential ODP issues.
Reviewed the prosecution histories of copending applications resulting in the 116116 Bhat N.
issuance of patents.
Reviewed the cited arts in the 1DS of 10/9/15. 1/6/16 Bhat N.
searched for the topics in EAST, Pubmed and Google scholar. Search histories 16115 Bhat N.
are enclosed.
Updated the search for the topics in EAST. Search history is enclosed. 7M716 Bhat N.
C12Q 1/68, C12Q 1/6874, CO7H 21/02 and C40B 30/04 1/6/16 Bhat N.
Updated the search for the topics in EAST, Pubmed and Google scholar,
Search histaries are enclosed.
Updated the search for the topics in EAST. Search history is enclosed. 512517 Bhat N.
Updated the search for the topics in EAST, Pubmed and Goegle scholar. 09/12/2017 Bhat N.
Search histories are encloased.
Reviewed the arts filed in the IDS (8/30/17) 08/13/2017 Bhat N.
Interference Search
US Class/CFC US Subclass/CPC Group Date Examiner
Symbol

/NARAYAN BHAT/ Primary Examiner.Art Unit 1634

U.S. Patent and Trademark Office

Page 2012

Fart of Paper No.: 20170913

10x Genomics, Inc. Exhibit 2004

Parse Biosciences, Inc. v. 10x Genomics, Inc.
IPR2023-00955

Page 01096



Application No. Applicant(s)

_ . _ 14/792,094 Brenner et al.
Examiner-initiated Interview Summary
Examiner Art Unit AlA 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: 08 September 2017.

Type: Telephonic [ Video Conference
O Personal [copy given to: [ applicant (J applicant's representative]

Exhibit shown or demonstration conducted: [ Yes No.
If Yes, brief description:

Issues Discussed [(J101 O112 0O102 0103 O Others

(For cach of the checked box{es) above, please deseribe below the issne and derailed description of the discussion)

Claim(s) discussed: 56.
Identification of prior art discussed: None.

Substance of Interview
{For each 1ssue diseussed. provide a detailed description and indicate 1f agreement was reached. Some topics may mclude: identification or clanification of a reference
or a portion thereof, claim interpretation, proposed amendments. arguments of auy applied references ete...)

See Continuation Sheet.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners musl summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview sheuld include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the general
thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the general results or
outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

O Attachment

/NARAYAN BHAT/
Primary Examiner, Art Unit 1634

U.5. Patent and Trademark Cff ce
PTOL-4138 (Rev. 8/11/2010) Interview Summary Paper No. 20170913
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Continuation Sheet {(PTOL-413B) Application No. 14/792,004

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:

In view of instant application being part of family of patents, for compact presecution, the examiner
contacted the applicant’s representative Ms. Talukder telephonically on 9/8/2017 {o 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 tagged with first and
second multiplex identifiers capable identifying origin of nucleic acid sample from 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 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.
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UNITED STATES DEPARTMENT OF COMMERCE
United Stxées Patent and Trademark Office
Addiesst COMMISSIONER FOR FATENTS
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Alexansdria,
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| APFLICATION NO l TULING DATE FIRST RAMED INVENTOR I ATTORNEY DOCKET N0, | CONFIRMATION N0, I
14/792.004 OTME201S Sydney Brenaer 104371.5016- 1505 67
43850 7500 OS/247201% ’ FE— I
MORGAN, LEWIS & BOCKIUS LLP (51
One Market, Spear Street Tower, Suite 2800 BHAL NARAVAN KAMESHWAR
San I'rancisco, CALIFORNIA 94105
UNTTED STATES O AMERICA ’ ARTUNIT [ PAPER XUMBER I

(e

| NOTIFICA TION DAL I DELIVIRY MO I

D3/242018 ELECTRONIC
Please find below and/or attached an Office communication concerning this application or proceeding.
The time period lor reply, if any, is set in the attached communication.
Notice of the Office communication was sent clecironically on above-indicated "Notification Date" to the

[ollowing e-mail address(es):

donald mixen @ moerganlewis.com
stipdocketing & morganlawis com

PTOL-90A (Rev. G447)
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Application Na. Applicant{s}
. 14/792,094 Brenner et al.
Notice of Abandonment Examiner ATt Uit
NARAYAN BHAT 1634

-~ The MAILING DATE of this conmunication appears on the cover shreet with the correspondence address--

This application is abandoned in view of:

1. ¥} Applicant's failure to timely file a proper reply 10 the Otfice letter mailed on 20 September 2017,
{a) (1) A reply was received on (with a Certificate of Mailing or Transmission dated 1, which is after the expiration of the
period for reply {including a total extension of time of month{s}} which expiredon _____

{b} J A proposed reply was received on . but it does not constitute a propsr 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. )

t¢) [ A reply was received on but it does not constitute a proger reply. or a bona fide attemgpt at a proper reply, to the non-final
rejection. See 37 CFR 1.85(a) and 1.111. {See explanation in tox 7 telow).

{d} W] No reply has been received.

2. O Applicant's tailure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months
fram the mailing date of the Notice of Allowance (PTOL-85).

(a3 (] The issue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or Transmission dated
3, 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} O The submitted fee of $ is insufficient. A balance of § is due.

The issue fee required by 37CFR 1.18is § . The publication fee, if required by 37 CFR 1.18(d}, is § .
(¢} [J The issue fee and publication fee, if applicable, has not been received.

3. (J Applicant's failure to timely file corrected drawings as required by, and within the three-month peried set in, the Notice of
Allgwability (PTC-37).

{a} [J Proposed corrected drawings were received on {with a Certificate of Mailing or Transmission dated 3, which is
after the expiration of the period for reply.

(b} (0 No comected drawings have been received.

4. [ 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. (] 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. ] The decision by the Board of Patent Appeals and Interference rendered cn and because the period for seeking court review
of the decision has expired and there are no allowed claims.

7. &4} The reason(s} below:

As discussed in the interview summary, applicant's representative Ms. Talukder did not respond to the message left on her voice
mail on 4118118 by 4/21/18 and therefore the notice of abandonment has been issued.

INARAYAN K BHAT/
Primary Examiner, Art Unit 1634

Petitions to revive under 37 CFR 1.137. or requesis o withdraw the holding of abandonment under 37 CFR 1.181. should be promptly filed to minimize
any negative effects on patent term.

1. Paront and Trademark Of
PTOIj-oMgn2 (lét“e\,rr.“?)r%14‘1':)C Notice of Abandonment Parn of Paper No. 20180519
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Application No. Applicant(s)

. s . 14/792,094 Brenner et al.
Examiner-initiated Interview Sumimary
Examiner Art Unit AlA Status
NARAYAN BHAT 1634 No

All participantis (applicant, applicant’s representative, PTC personnel):

{1} Examiner: Bhat. 3 __

{2} Representative: Ms. Talukder. {4}

Date of Interview: 18 April 2018,

Type: Telephonic ([ Video Conference
O Persenal [copy given to: [ applicant O applicant's representative]

Exhibit shown or demensiration conducted: [ Yes No.
If Yes, brief description:

lssues Discussed (101 O112 Oidcz Tios Others

tFor vich of the chevked boxtesd above, please deseribe below fhe issue aned detailed deseription of ilw discassion
Claim({s) discussed: 56.
Identification of prior art discussed: Aris of the record.

Substance of Inferview
{Por cach issue discussed. provide a detailed deseription and imdicate i agreciment wans reached. Some wpics may include: identification or clarilication ol a relerence

ora portion thereol. clamm merpretation. proposed amendments, arguments of any applied references cle...)

Foe compact prosecution the examiner contacied the applicant's representative, Ms. Talukder and a left a message on
her voice mail on 4/18/18 to inquire 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 fill 5/18/2018..

Applicant recordation instructions: Ii is not necessary for applicant to provide a separale record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the ilems listed in MPEP 713.04 for complete and proper recordation including the identification of the general
thrust of each argument or issue discussed. a general indication of any other pertinent matters discussed regarding patentability and the general resuits or
outcome of the interview, 1o include an indication as to whether or net agreement was reached on the issues raised.

0 Attachment

INARAYAN K BHAT/
Primary Examiner, Art Unit 1634

1.5, Palent and Trademark Qifice
PTOL-4138 {Rev. 8/11/2010) Interview Summary Paper No. 20180319
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U.S. Patent and Trademark Office; U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

7~ CHANGE OF appiostion Narper | 14/792,094 N
CORRESPONDENCE ADDRESS | Fiing Date July 6. 2015
Application Frst Named venior | SYDNEY BRENNER
Address to: Art Unit %634
g%ﬁgijfiﬂgé Tor Patents Examinar Name Narayan Kameshwar Bhat
\ Alexandria, VA 22313-1450 Attorney Docket Number 1 G-‘@?&?? "50 1 6“&3805/

Please change the Correspondence Address for the above-identified patent application ta:

Customer Romber 156830

OR
Firm or
Individual Name
Address
City | State Zip
Countyy
Telephone Email

This form cannot be used to change the data associated with a Cusiomer Number. To change the
data associated with an existing Customer Number use "Request for Customer Number Data Change” (PTO/SBM24),

| am the:
Applicant/inventor

Assignee of record of the entire interest.
Staterment under 37 CFR 3.73(h} is enclosed, {Form PTO/3B/96).

61,368

Attormey or agent of record. Registration Number

OO0

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

{Gargt Talukder/
Tybed or Printed s argi Talukder
Date August 10, 2018 Telephone - 445 4421000

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit muliiple
forms if more than one signature is reguired, see below™.

I {::}’Tola\ of forms are submitted.

This collection of information is required by 37 CFR 1.33. The information is required to obtain or retain a benefit by the public which is to file {and by the USPTO
to provess} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minuies 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 andior suggestions for reducing this burden. should be sent to the Chief Information Officer, .S, Patent and
Trademark Office. U.5. 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.(), Box 1450, Alexandria, VA 22313-1450.

i you need assistarice in compleling the form. call 1-800-PT(Q-9199 and selset option 2.
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Electronic Acknowledgement Receipt
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International Application Number:
Confirmation Number: 9697
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First Named Inventor/Applicant Name:

Sydney Brenner

Customer Number:

43850

Filer:

Gargi Talukder/Sheila Gloss

Filer Authorized By:
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Information:

Total Files Size (in bytes}{ 65141

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO 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{b}-{d} 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.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.5.C. 371 and other applicable requirements a Form PCT/DO/EQ/903 indicating acceptance of the application asa
national stage submission under 35 U.5.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 2 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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