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| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/379,544 10/11/2022 11466308 080015-028420US-1249377 2092
20350 7590 09/21/2022

Kilpatrick Townsend & Stockton LLP - West Coast
Mailstop: IP Docketing - 22
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Suite 2800
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ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

INVENTORC(S) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors):

Yuk-Ming Dennis Lo, Homantin, CHINA;
Rossa Wai Kwun Chiu, Shatin, CHINA;

Kwan Chee Chan, Mei Foo Sun Cheun, CHINA;
Peiyong Jiang, Pak Shek Kok, CHINA;

Suk Hang Cheng, Fanling, CHINA;

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

The Chinese University of Hong Kong, Shatin, HONG KONG;

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/379,544 07/19/2021 Yuk-Ming Dennis Lo 080015-028420US-1249377 2092
20350 7590 08/17/2022 | EXAMINER |
Kilpatrick Townsend & Stockton LLP - West Coast
Mailstop: IP Docketing - 22 GODDARD, LAURA B
1100 Peachtree Street
Suite 2800 | ART UNIT | PAPER NUMBER |
Atlanta, GA 30309 1642
| NOTIFICATION DATE | DELIVERY MODE |
08/17/2022 ELECTRONIC

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):

KTSDocketing2 @kilpatrick.foundationip.com
ipefiling @kilpatricktownsend.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
) o 17/379,544 Lo et al.
Notice of Allowabilily Examiner ArtUnit | AlA (FITF) Status
LAURA B GODDARD 1642 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 8/9/2022.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-13 and 18-27 . As a result of the allowed claim(s), 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 http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material

4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/Laura B Goddard/

Primary Examiner, Art Unit 1642

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220813
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
(Not for submission under 37 CFR 1.99)

Application Number

17/379,544

Filing Date

July 19, 2021

First Named Inventor

Yuk-Ming Dennis Lo

Art Unit

1642

Examiner Name

Laura B. Goddard

Attorney Docket Number

080015-028420US-1249377

U.S. PATENTS
. . Pages, Columns, Lines, Where
E)_(gm:ner Cite Patent Number Code Issue Date Nam_e of Pate_ntee or Relevant Passages or Relevant
Initial No 1 Applicant of cited Document ]
Figures Appear
U.S. PATENT APPLICATION PUBLICATIONS
. . Lo Kind Pages, Columns, Lines, Where
E)_(gm:ner Cite Publication Code Publication Date Nam_e of Pate_ntee or Relevant Passages or Relevant
Initial No Number 1 Applicant of cited Document ]
Figures Appear
FOREIGN PATENT DOCUMENTS
Pages, Columns, T
Name of Patentee or Lines where
Examiner | Cite Foreign Document | Country Kind Publication Date Applicant of cited Relevant Passages
Initial* No Number® Code? Code* Document or Relevant Figures
Appear
NON-PATENT LITERATURE DOCUMENTS
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when ™
Initials* No appropriate), title of the item (book, magazine, journal, serial, symposium, catalog,

published.

etc.), date, page(s), volume-issue number(s), publisher, city and/or country where

Application

No. 20853612.8. 6 pages.

Communication pursuant to Article 94(3) EPC dated August 4, 2022 in EP Patent

EXAMINER SIGNATURE

Examiner Signature

/Laura B Goddard/

Date Considered

08/13/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a

citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at wiwwr. USPTOL.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code
(WIPO Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the

patent document.

* 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 translation is attached.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /LBG/

Pg.004



Doc Code: MFEE.C.AD
Document Description: Maintenance Fee Address Change
PTO/AIA/47 (11-21)
Approved for use through 11/30/2024. OMB 0651-0016
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no person is required to respond to a collection of information unless it displays a valid OMB control number.

“FEE ADDRESS” INDICATION FORM

Address to:

Mail Stop Maintenance Fee Fax to:

Director of the United States -OR- 571-273-6500
Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for the application(s) listed on this form. In addition, only an address
represented by a Customer Number can be established as the fee address for maintenance fee purposes {(hereafter, fee
address). A fee address should be established when correspondence related to maintenance fees should be mailed to a

different address than the correspondence address for the application.

When to check the first box below: If you have a Customer Number to represent the fee address.

When to check the second box below: If you have no Customer Number representing the desired fee address, in which case
a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For more information on Customer
Numbers, see the Manual of Patent Examining Procedure (MPEP) & 403.

For the following listed application(s), please recognize as the “Fee Address” under the provisions of 37 CFR 1.363 the
address associated with:

v { CustomerNumber: )0197

OR

The attached Request for Customer Number form (PTO/SB/125)

PATENT NUMBER
(if known)

APPLICATION NUMBER

17/379,544

Completed by (check one):

/David D. Hsu/

Applicant/I t

------- pplicant/Inventor Signature

v | Attorney or Agent of record 71,659 David D. Hsu

““““ Reg. No. Typed or printed name
Assignee of record of the entire interest. See

““““ 37 CFR 3.71. Statement under 37 CFR 373(C) 303-571-4000

{Form PTO/AIA/96) is enclosed or was filed on
Requester’s telephone number

(Date)
8/9/2022

Date
NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. If the assignee is a
juristic entity, this form must be signed by a patent practitioner (attorney or agent) of record. Submit multiple forms if more than one
signature is required, see below*.

/ *Total of | forms are submitted

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with an
information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a currently valid OMB Control
Number. The OMB Control Number for this information collection is 0651-0016. Public burden for this form is estimated to average 5 minutes per response,
including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the
information collection. Send comments regarding this burden estimate or any other aspect of this information collection, including suggestions for reducing this
burden to the Chief Administrative Officer, United States Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email
InformationCollection@uspto.gov. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. The United States Patent and Trademark
Office (USPTO) collects this information under authority of 5 CFR 1.290. The information in this system of records is
used to manage all records of applicant including name, citizenship, residence, post office address and other
information with respect to inventors and their legal representatives pertaining to the applicant's activities in
connection with the invention for which a patent is sought. This information is protected from disclosure to third
parties in accordance with the Privacy Act.

However, routine uses of this information may include disclosure to the following: to law enforcement and
investigation in the event that the system of records indicates a violation or potential violation of law; to a Federal,
state, local, or international agency, in response to its request; to an agency, organization, or individual for the
purpose of performing audit or oversight operations as authorized by law; to non-federal personnel under contract to
the agency; to a court for adjudication and litigation; to the Department of Justice for Freedom of Information Act
(FOIA) assistance; to members of congress working on behalf of an individual; to the Office of Personnel
Management (OPM) for personnel research purposes; to National Archives and Records Administration for

inspection of records; and to the Office of Management and Budget (OMB)for legislative coordination and clearance.

Failure to provide any part of the requested information may result in an inability to process requests for access and
information. The applicable Privacy Act System of Records Notice for this information is COMMERCE/PAT-TM-7
Patent Application Files, available at Federal Register / Vol. 78, No. 61 / Friday, March 29, 2013 /Notices 19243.
https://www.govinfo.gov/content/pkg/FR-2013-03-29pdf/2013-07341.pdf
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Electronic Patent Application Fee Transmittal

Application Number:

17379544

Filing Date:

19-Jul-2021

Title of Invention:

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS

First Named Inventor/Applicant Name:

Yuk-Ming Dennis Lo

Filer:

David Dah-Wei Hsu/Heather Orosco

Attorney Docket Number:

080015-028420US-1249377

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200

Pg.007



Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200

Pg.008



Electronic Acknowledgement Receipt

EFS ID: 46373934
Application Number: 17379544
International Application Number:
Confirmation Number: 2092

Title of Invention:

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS

First Named Inventor/Applicant Name:

Yuk-Ming Dennis Lo

Customer Number:

20350

Filer:

David Dah-Wei Hsu/Heather Orosco

Filer Authorized By:

David Dah-Wei Hsu

Attorney Docket Number:

080015-028420US-1249377

Receipt Date: 09-AUG-2022
Filing Date: 19-JUL-2021
Time Stamp: 15:35:22

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1200

RAM confirmation Number E202289F36073940
Deposit Account 201430
Authorized User Heather Orosco

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)

Pg.009



37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document - . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
1644338
1 Issue Fee Payment (PTO-858) 1249377_Issule_s?e_Transmltta no 1
p f2c56b4b5a3042272c2847914717f7eda22d
003f
Warnings:
Information:
273852

2 Maintenance Fee Address Change 1249377 _Fee_Address_Indicati no 2

on_Form.pdf
- 73200778d460406292c9d0efbbc284ac023)

73e3d

Warnings:

Information:

37935
3 Fee Worksheet (SB06) fee-info.pdf no 2
b2291eb394d254fbcd686aSeebfa22930d1
4dceb
Warnings:
Information:
Total Files Size (in bytes): 1956125

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.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/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.

Pg.010



PART B - FEE(S) TRANSMITTAL
Coraplete and send this form, together with apphicable fee(s), by mail or fax, or via EF3-Web.
By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885
Cornmissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-145

INSTRUCTIONS: This form should be used for transmit he [SSUE FEE and PUBLICATION FEE | )
further correspos @ mdung the Patent, advance ovders and notification of maintenance fees will Lc Xlld_hLL. to me CUTTEit COIT prem.cuce add ¢
below or directed otherwise in Block 1, by {a) specifying a new correspondence address; and/or (b) 1 i FEE ADDRESS" for maintenance fee notifications.
\Ime A certificate of ¢ n only be used for domestic mailings of the
& &
o = ¥ a3 Fer ey, % 3

N CORRESPONDENCE ADDRIESS (Hote: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
) ’ = ’ papers. Each additiopal paper, suc t as an assignment or formal drawing, must

have its own certificate of mailing or transmuission.

Certificate of Mailing or Transmission

20350 7590 05/10/2022
Ki lpmri ck Townsend & Stockton LLP - West Coast i hereby certify that this Feels) Transminal is being deposited with the United
e . o i ] States Postal Service with sufficient postage for first class mail in an envelope
Mailstop: IP Dacketing - 22 addressed to the Mail Swp ISSUE FEE address above, or being ansmitted to
1100 Peachiree Sireet the USPTO via BEFS-Web or by facsimile to (371) 273-288S, on the date below,
Suite 2800 Heath@r A Or{:}SCO {Typed or printed vame)
Atlanta, GA 30309 {Heather A _Qrosco! via EFS-Web (Siguatre)

Auqust 9, 2027 (Date}

E APPLICATION NO. i FILING DATE E FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. E CONFIRMATION NO. I
117379, 544 65711802021 Yuk-Ming Densis Lo 03001 5-02842008-1 249377 2092

TITLE OF INVENTION: DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS

E APPLN. TYPE I ENTITY STATUS i {88UE FEE DUE E PUBLICATION FEE DUE I PREV. PAID ISSUE FEE E TOTAL FEE(S) DUE E DATE DUE I
nonprovisional UNDISCOUNTED $1200 $0.00 SG.00 $1200 08/10/2022
E EXAMINER ; ART UNIT E CLASS-SURCLASS I
GODDARD, LAURA B 1642 435-006110
i. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, hist
CFR 1.263). {11 The names of up to 3 regisiered patent atiorneys Kilpatrick Townsend & Stockton LLP
or agents OR. alternatively 1

Lk Change of correspondence address {or Change of Correspondence o o ’ . e
Address form PTO/AIANZ2 or PRO/SBI22) attached. (2) The name of a single firm thaving asamembera

ved attorney or agent) and the names of up to 2
epistered patent (mom"w or 4gcms H no pame is
sted, no name will be pring

(28 "Pee Address” indication (or "Fee Address” Indication form PTO/
ATA/AT or PPQYSB/AT, Rev 03-02 or more recent) attached. Use of 3
Customer Number is veguired.

. ASSIGNEE NWAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT {print or type)

(43

[ &3]

PLEASE NOTE: Unless an assignee is ident iﬂed below, no assignee data will appear on the patent. [{ an assignee 18 identified below, the document must have been previousty
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

{A) NAME OF ASSIGNEE (B} RESIDENCE: (CITY and STATE OR COUNTRY)

The Chinese University of Hong Kong Shatin, New Territories, Hong Kong

Please check the appropriate assignee category or categories {will not be printed on the patent} [ Tndividual I8 Corporation or other privare group entity 'wd Government

4a. Fees submitted: [ ¥issue Fee [dPubtication Fee (if required} LdAdvance Order - # of Copies

4h. Method of Pavment: (Please first reapply any previousty paid jee shown above)

“tropic Payment via EFS-Web a...j Enclosed check [.d Nop-electronic payment by credit card {Attach form PTO-2038)

20-1430

3 The Divector is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No., &U- 1534

3. Change in Entity Status (from status indicared aboy
\OTL Absent a valid certification of Micro Entity Status (see forms PTO/SR/ISA and 13B), issue

= Applicant certitying micro entity status. See 37 CFR 1.29 fes paymeni in the micro entity amount will not be accepied at the risk of application abandonn

pplication was previously ur nicro entiry ARE

ation of loss of entitlement (o micro entit ¥ st atus.

3 Applicant changing to repular undiscousted foe status. ] “hecking this box will be taken to be a notification of loss of entitlement to small or mic
enfity status, as applicable.

ing this box will be ta

L Applicant asserting small entity status. See 37 CFR 1.27

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications

/David D. Hsu/ Do 37972022
Bavid D. Hsu Registration No. 71,658

Authorized Signature

Typed or printed name

Page 20f3
16510033 11.8. Patent and Trademark Qffice; U.S. DEPARTMENT OF C(‘P%’HGI}I

0
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
(Not for submission under 37 CFR 1.99)

Application Number

17/379,544

Filing Date

July 19, 2021

First Named Inventor

Yuk-Ming Dennis Lo

Art Unit

1642

Examiner Name

Laura B. Goddard

Attorney Docket Number

080015-028420US-1249377

U.S. PATENTS
. . Pages, Columns, Lines, Where
E)_(gm:ner Cite Patent Number Code Issue Date Nam_e of Pate_ntee or Relevant Passages or Relevant
Initial No 1 Applicant of cited Document ]
Figures Appear
U.S. PATENT APPLICATION PUBLICATIONS
. . Lo Kind Pages, Columns, Lines, Where
E)_(gm:ner Cite Publication Code Publication Date Nam_e of Pate_ntee or Relevant Passages or Relevant
Initial No Number 1 Applicant of cited Document ]
Figures Appear
FOREIGN PATENT DOCUMENTS
Pages, Columns, T
Name of Patentee or Lines where
Examiner | Cite Foreign Document | Country Kind Publication Date Applicant of cited Relevant Passages
Initial* No Number® Code? Code* Document or Relevant Figures
Appear
NON-PATENT LITERATURE DOCUMENTS
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when ™
Initials* No appropriate), title of the item (book, magazine, journal, serial, symposium, catalog,

published.

etc.), date, page(s), volume-issue number(s), publisher, city and/or country where

Communication pursuant to Article 94(3) EPC dated August 4, 2022 in EP Patent
Application No. 20853612.8. 6 pages.

EXAMINER SIGNATURE

Examiner Signature

Date Considered

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

1 See Kind Codes of USPTO Patent Documents at wiwwr. USPTOL.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code
(WIPO Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the

patent document.

* 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 translation is attached.
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Electronic Patent Application Fee Transmittal

Application Number:

17379544

Filing Date:

19-Jul-2021

Title of Invention:

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS

First Named Inventor/Applicant Name:

Yuk-Ming Dennis Lo

Filer:

David Dah-Wei Hsu/Heather Orosco

Attorney Docket Number:

080015-028420US-1249377

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Pg.013



Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 260 260
Total in USD ($) 260
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Electronic Acknowledgement Receipt

EFS ID: 46372078
Application Number: 17379544
International Application Number:
Confirmation Number: 2092

Title of Invention:

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS

First Named Inventor/Applicant Name:

Yuk-Ming Dennis Lo

Customer Number:

20350

Filer:

David Dah-Wei Hsu/Heather Orosco
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David Dah-Wei Hsu
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080015-028420US-1249377
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Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $260

RAM confirmation Number E202289E00051976
Deposit Account 201430
Authorized User Heather Orosco

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.21 {Miscellaneous fees and charges)
File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
207922
1 1249377_Supplemental_IDS. yes 3
pdf
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b2113
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form {(SB08) 3 3
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REF_Comm_pursuant_to_Articl
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Warnings:
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Warnings:
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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.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.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/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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I hereby certify that this correspondence is being filed via PATENT

S W e oy Dtes Patentand Trademark Office Attorney Docket No.: 080015-028420US-1249377
Client Ref. No.: 19/MED/901 US Conl

KILPATRICK TOWNSEND & STOCKTON LLP

By: /Heather A. Orosco/
Heather A. Orosco

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 2092

Yuk-Ming Dennis Lo Examiner: Laura B. Goddard

Application No.: 17/379,544 Technology Center/Art Unit: 1642

Filed: July 19, 2021

For: DETERMINATION OF BASE SUPPLEMENTAL INFORMATION
MODIFICATIONS OF NUCLEIC DISCLOSURE STATEMENT
ACIDS

Customer No.: 20350

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

The references cited on attached form PTO/SB/O8A are being called to the attention of the
Examiner. In accordance with the provisions of 37 CFR §1.98(a)(2), copies of any cited U.S.
Patent and U.S. Patent Application Publications are not provided. Copies of the remaining cited
references are provided.

It is respectfully requested that the cited references be expressly considered during the
prosecution of this application, and the references be made of record therein and appear among the
“references cited” on any patent to issue therefrom.

As provided for by 37 CFR §1.97(g) and (h), no inference should be made that the

information and references cited are prior art merely because they are in this statement and no
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Attorney Docket No.: 080015-028420US-1249377

representation is being made that a search has been conducted or that this statement encompasses
all the possible relevant information.

This IDS is being filed after an action closing prosecution, but before the payment of the
Issue Fee.

I hereby certify under 37 CFR §1.97(e)(1) that each item of information contained in this
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 this
statement.

The Commissioner is authorized to charge the fee set forth in §1.17(p) to the firm’s credit
card for consideration of this paper. The Commissioner is authorized to charge any additional fee
due to Deposit Account No. 20-1430.

Respectfully submitted,
/David D. Hsu/

David D. Hsu
Registration No. 71659

KILPATRICK TOWNSEND & STOCKTON LLP

Attachment

76363530V.1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

20350 7590 05/10/2022 | EXAMINER |
Kilpatrick Townsend & Stockton LLP - West Coast GODDARD, LAURA B
Mailstop: IP Docketing - 22
1100 Peachtree Street | ART UNIT PAPER NUMBER |
Suite 2800 1642

Atlanta, GA 30309 DATE MAILED: 05/10/2022

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

17/379,544 07/19/2021 Yuk-Ming Dennis Lo 080015-028420US-1249377 2092

TITLE OF INVENTION: DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 08/10/2022

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

20350 7590 05/10/2022 Certificate of Mailing or Transmission

Kilpatrick Townsend & Stockton LLP - West Coast I hereby certify that this Fee(s) Transmittal is being deposited with the United
h . States Postal Service with sufficient postage for first class mail in an envelope
Mailstop: IP Docketing - 22 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
1100 Peachtree Street the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Suite 2800 (Typed or printed name)
Atlanta, GA 30309 (Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

17/379,544 07/19/2021 Yuk-Ming Dennis Lo 080015-028420US-1249377 2092

TITLE OF INVENTION: DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 08/10/2022
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
GODDARD, LAURA B 1642 435-006110
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF C(T)%JW@



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/379,544 07/19/2021 Yuk-Ming Dennis Lo 080015-028420US-1249377 2092
| EXAMINER |
20350 7590 05/10/2022
Kilpatrick Townsend & Stockton LLP - West Coast GODDARD, LAURA B
Mailstop: IP Docketing - 22
1100 Peachtree Street | ART UNIT PAPER NUMBER |
Suite 2800 1642

Atlanta, GA 30309 DATE MAILED: 05/10/2022

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
) o 17/379,544 Lo et al.
Notice of Allowability Examiner ArtUnit | AlA (FITF) Status
LAURA B GODDARD 1642 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 4/27/2022.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-13 and 18-27 . As a result of the allowed claim(s), 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 http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[3 Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material

4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/Laura B Goddard/

Primary Examiner, Art Unit 1642

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220503
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |.;;379 544 Lo etal
H “‘ “HH Examiner Art Unit
LAURA B GODDARD 1642

CPC

Symbol Type Version

c12Q 6816 F 2013-01-01

C12N 22 | 2013-01-01

G16B 00 | 2019-02-01

G16B 00 | 2019-02-01

c12Q 6851 | 2013-01-01

CPC Combination Sets

Symbol Type Set Ranking Version
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 23

/Laura B Goddard/ 03 May 2022 i i N
Primary Examiner, Art Unit 1642 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 none
U.S. Patent and Trademark Office Part of Paper No.: 20220503
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |.;;379 544 Lo etal

LAURA B GODDARD 1642

INTERNATIONAL CLASSIFICATION

CLAIMED

c12Q 6816
G16B 00
G16B 00
c12Q 6851
NON-CLAIMED

US ORIGINAL CLASSIFICATION
CLASS SUBCLASS

CROSS REFERENCES(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 23
/Laura B Goddard/ 03 May 2022 ) ) N
Primary Examiner, Art Unit 1642 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 none
U.S. Patent and Trademark Office Part of Paper No.: 20220503
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |.;;379 544 Lo otal
LAURA B GODDARD 1642

Claims renumbered in the same order as presented by applicant [J CPA T.D. [ R.1.47
CLAIMS

Final |Original]Final |Original|Final [Original|Final [Original|Final [Original|Final

OriginalJFinal |Original|Final |Original

NONE

Total Claims Allowed:
(Assistant Examiner)

(Date) 23
/Laura B Goddard/ 03 May 2022 . ) -
Primary Examiner, Art Unit 1642 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 none
U.S. Patent and Trademark Office

Part of Paper No.: 20220503
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes 177379544 Lo etal
H““H“H “M“ “ “H“‘ o o
LAURA B GODDARD 1642
CPC - Searched*
Symbol Date Examiner
CPC Combination Sets - Searched*
Symbol Date Examiner
LBG
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.

Search Notes

Search Notes Date Examiner
WEST 01/31/2022 LBG
STN 01/31/2022 LBG
Review prosecution 16/995,607 01/31/2022 LBG
WEST 05/03/2022 LBG

/Laura B Goddard/
Primary Examiner, Art Unit 1642

U.S. Patent and Trademark Office Part of Paper No.: 20220503
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Noles 177379544 Lo etal
T s
LAURA B GODDARD 1642
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 2092

Yuk-Ming Dennis Lo et al. Examiner: Laura B. Goddard
Application No.: 17/379,544 Technology Center/Art Unit: 1642
Filed: July 19, 2021
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Customer No.: 20350

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

Alexandria, VA 22313-1450

Commissioner:

In response to the Office Action mailed February 4, 2022, please enter the following

amendments and consider the following remarks:
Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims, which begins on page 3

of this paper.

Amendments to the Drawings begin on page 10 of this paper and include attached

Replacement Sheets.

Remarks/Arguments begin on page 11 of this paper.
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377

Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

AMENDMENTS TO THE SPECIFICATION

Please delete paragraph [0014].
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions, and listings of claims in the

application.

Listing of Claims:

1. (Previously Presented) A method for determining whether a sample
nucleic acid molecule is of fetal or maternal origin, wherein the sample nucleic acid molecule is
cell-free and obtained from a biological sample of a female subject pregnant with a fetus, the
method comprising:

(a) receiving data acquired by measuring pulses in an optical signal corresponding
to nucleotides sequenced in the sample nucleic acid molecule and obtaining, from the data,
values for the following properties:

for each nucleotide:
an identity of the nucleotide,
a position of the nucleotide within the sample nucleic acid
molecule,
a width of the pulse corresponding to the nucleotide, and
an interpulse duration representing a time between the pulse
corresponding to the nucleotide and a pulse corresponding to a neighboring
nucleotide;

(b) for each of one or more nucleotides of the nucleotides sequenced in the sample
nucleic acid molecule, creating an input data structure, the input data structure comprising a
window of the nucleotides sequenced in the sample nucleic acid molecule, wherein the input data
structure includes, for each nucleotide within the window, the properties:

the identity of the nucleotide,

a position of the nucleotide with respect to a target position within the
window,

the width of the pulse corresponding to the nucleotide, and

the interpulse duration;

Page 3 of 12
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

(c) for each of one or more nucleotides of the nucleotides sequenced in the sample
nucleic acid molecule, inputting the input data structure into a model, the model configured to:
receive the input data structure, generated using the data acquired by
measuring the pulses in the optical signal corresponding to the nucleotides,
apply optimized parameters of the model to the properties of the input data
structure; and
output a methylation status specifying whether the nucleotide at the target
position in the respective window has a methylation;

(d) for each of the one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, determining, using the model, the methylation status for whether
the methylation is present in the nucleotide when the nucleotide is at the target position within
the window in the input data structure; and

(e) determining whether the sample nucleic acid molecule is of fetal or maternal

origin using the methylation statuses of the one or more nucleotides.

2. (Original) The method of claim 1, wherein determining whether the
sample nucleic acid molecule is of fetal or maternal origin comprises:

determining a methylation level of the sample nucleic acid molecule using the
methylation statuses of the one or more nucleotides; and

comparing the methylation level of the sample nucleic acid molecule to a

reference value.

3. (Original) The method of claim 2, wherein the reference value is

determined from a methylation level of one or more maternal nucleic acid molecules.

4. (Original) The method of claim 2, wherein:

comparing the methylation level of the sample nucleic acid molecule to the
reference value comprises determining the methylation level of the sample nucleic acid molecule
is lower than the reference value, and

determining whether the sample nucleic acid molecule is of fetal or maternal

origin comprises determining the sample nucleic acid molecule is of fetal origin using the

Page 4 of 12
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

comparison.

5. (Original) The method of claim 1, further comprising:
identifying the sample nucleic acid molecule as aligning to a predetermined

genomic region.

6. (Original) The method of claim 1, wherein:
the sample nucleic acid molecule is one sample nucleic acid molecule of a
plurality of sample nucleic acid molecules,
the method further comprising:
performing steps (a)-(e) for each of the plurality of sample nucleic acid
molecules to determine whether each of the plurality of sample nucleic acid molecules is
of fetal or maternal origin using the methylation statuses, and
determining a fetal fraction using the determination of the fetal or

maternal origin of the plurality of sample nucleic acid molecules.

7. (Original) The method of claim 1, wherein the model includes a machine
learning model, a principal component analysis, a convolutional neural network, or a logistic

regression.

8. (Original) The method of claim 1, wherein the nucleotides within the
window are determined using a circular consensus sequence and without alignment of the

sequenced nucleotides to a reference genome.

0. (Original) The method of claim 1, wherein nucleotides within the window
are determined without using a circular consensus sequence and without alignment of the

sequenced nucleotides to a reference genome.

10.  (Original) The method of claim 1, wherein the optical signal is a

fluorescence signal from a dye-labeled nucleotide.

11.  (Original) The method of claim 1, wherein each window associated with

each input data structure comprises at least 4 consecutive nucleotides on a first strand of each

Page 5 of 12
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

first nucleic acid molecule.

12. (Original) The method of claim 1, wherein the methylation is SmC or
6mA.

13. (Original) The method of claim 1, wherein:
determining whether the methylation is present in the nucleotide at the
target position comprises determining that the methylation is present in the nucleotide in
the sample nucleic acid molecule at the target position, and
the sample nucleic acid molecule is a first nucleic acid molecule;
the method further comprising:
providing a second nucleic acid molecule, the second nucleic acid
molecule being identical to the first nucleic acid molecule and having a methylated
nucleotide at a position corresponding to the target position,
performing bisulfite sequencing on the second nucleic acid molecule to
obtain bisulfite sequencing results, and
verifying the methylation present in the nucleotide at the target position

using bisulfite sequencing results.
14-17. (Canceled)

18. (Previously Presented) A method for determining whether a sample
nucleic acid molecule is of fetal or maternal origin, wherein the sample nucleic acid molecule is
cell-free and obtained from a biological sample of a female subject pregnant with a fetus, the
method comprising:

(a) sequencing the sample nucleic acid molecule by measuring pulses in an optical
signal corresponding to nucleotides in the sample nucleic acid molecule;

(b) receiving data acquired by sequencing the sample nucleic acid molecule, and
obtaining, from the data, values for the following properties:

for each nucleotide:
an identity of the nucleotide,

a position of the nucleotide within the sample nucleic acid
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377

Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

molecule,
a width of the pulse corresponding to the nucleotide, and
an interpulse duration representing a time between the pulse
corresponding to the nucleotide and a pulse corresponding to a neighboring
nucleotide;

(c) for each of one or more nucleotides of the nucleotides sequenced in the sample
nucleic acid molecule, creating an input data structure, the input data structure comprising a
window of the nucleotides sequenced in the sample nucleic acid molecule, wherein the input data
structure includes, for each nucleotide within the window, the properties:

the identity of the nucleotide,

a position of the nucleotide with respect to a target position within the
window,

the width of the pulse corresponding to the nucleotide, and

the interpulse duration;

(d) for each of the one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, inputting the input data structure into a model, the model
configured to:

receive the input data structure, generated using the data acquired by
measuring the pulses in the optical signal corresponding to the nucleotides,

apply optimized parameters of the model to the properties of the input data
structure; and

output a methylation status specifying whether the nucleotide at the target
position in the respective window has a methylation;

(e) for each of the one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, determining, using the model, the methylation status for whether
the methylation is present in the nucleotide when the nucleotide is at the target position within
the window in the input data structure; and

(f) determining whether the sample nucleic acid molecule is of fetal or maternal

origin using the methylation statuses of the one or more nucleotides.

19. (Original) The method of claim 18, further comprising:
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

cutting a double-stranded DNA molecule using a Cas9 complex to form a cut
double-stranded DNA molecule, and
ligating a hairpin adaptor onto an end of the cut double-stranded DNA molecule
to form a circular DNA molecule, wherein:
the circular DNA molecule is the sample nucleic acid molecule,
the window of the nucleotides corresponding to the input data structure
comprises nucleotides on a first strand of the sample nucleic acid molecule and
nucleotides on a second strand of the sample nucleic acid molecule, and
the input data structure further comprises for each nucleotide within the
window a value of a strand property, the strand property indicating the nucleotide being

present on either the first strand or the second strand.

20. (Original) The method of claim 18, further comprising enriching or

filtering each nucleotide within the window.

21.  (Original) The method of claim 20, comprising enriching each nucleotide
within the window by cutting a double-stranded DNA molecule using a Cas9 complex to form a
cut double-stranded DNA molecule, and ligating a hairpin adaptor onto an end of the cut double-

stranded DNA molecule.

22, (Original) The method of claim 20, comprising filtering each nucleotide

within the window selecting double-stranded DNA molecules having a size within a size range.

23.  (Original) The method of claim 18, wherein sequencing the sample
nucleic acid molecule comprises:

providing a polymerase that is capable of processing a first nucleic acid molecule,
wherein the first nucleic acid molecule comprises the methylation in at least one nucleotide;

incorporating dye-labeled nucleotides into the first nucleic acid molecule to form
the sample nucleic acid molecule; and

measuring pulses in the optical signal corresponding to the dye-labeled
nucleotides,

wherein determining whether the methylation is present in the nucleotide at the
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

target position comprises determining that the methylation is present in the nucleotide in the
sample nucleic acid molecule at the target position, thereby determining the methylation is

present in the at least one nucleotide in the first nucleic acid molecule.

24.  (Original) The method of claim 23, wherein the polymerase is

immobilized.

25.  (Original) The method of claim 23, further comprising ligating Watson
and Crick strands of the first nucleic acid molecule to form a circular template molecule
comprising a double-stranded segment having each end capped with a hairpin adaptor, wherein

the circular template molecule is the first nucleic acid molecule.

26. (Original) The method of claim 18, further comprising:

providing a double-stranded nucleic acid molecule comprising the methylation in
at least one nucleotide; and

ligating Watson and Crick strands of the double-stranded nucleic acid molecule to
form a circular template molecule comprising a double-stranded segment having each end
capped with a hairpin adaptor, wherein the circular template molecule is the sample nucleic acid
molecule; wherein:

the data comprises sequences of the Watson and Crick strands of the double-
stranded nucleic acid molecule contained in the circular template molecule, and

determining whether the methylation is present in the nucleotide at the target
position comprises determining that the methylation is present in the nucleotide in the sample
nucleic acid molecule at the target position, thereby determining the methylation is present in the

at least one nucleotide in the double-stranded nucleic acid molecule.

27. (Previously Presented) The method of claim 18, further comprising
aligning the sequenced nucleotides to a reference genome to provide the positions of the

nucleotides within the sample nucleic acid molecule.

28-30. (Canceled)
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the application.
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

REMARKS/ARGUMENTS

Upon entry of the present amendment, claims 1-13 and 18-27 will be pending in this
application. Claims 14-17 and 28-30 have been canceled. No new matter is added. Based on the
following remarks, Applicant respectfully requests reconsideration and allowance of the pending

claims.

Objection to Color Drawings/Specification

The color petition of July 19, 2021 was not granted, and the Office therefore objects to
the color drawings. Substitute black and white drawings are provided. No new matter has been

added. Withdrawal of this objection is respectfully requested.

Double Patenting

Claims 1-13 and 18-27 stand rejected on the ground of nonstatutory double patenting
over claims 1-19 of U.S. Patent No. 11,091,794. Applicant is hereby filing a terminal disclaimer
over U.S. Patent No. 11,091,794. For at least these reasons, Applicant requests withdrawal of the

double patenting rejection.

Page 11 of 12
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

CONCLUSION

In view of the foregoing, Applicant believes all claims now pending in this application
are in condition for allowance. The issuance of a formal Notice of Allowance at an early date is

respectfully requested.

Except for the issue fees payable under 37 C.F R. § 1.18, the Director is authorized to
charge any additional fees during pendency of this application, including any required extension
of time fees, or credit any overpayment to Deposit Account Number 20-1430. This paragraph is
intended to be a constructive petition for extension of time in accordance with 37 CF.R. §

1.136(2)(3).

If the Examiner believes a telephone conference would expedite prosecution of this

application, please contact the undersigned at (303) 571-4000 or dhsu@kilpatricktownsend.com.

Respectfully submitted,

/David D. Hsu/
David D. Hsu
Registration No. 71659

KILPATRICK TOWNSEND & STOCKTON LLP

DDH:hao

75724415V.1
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated April 27, 2022
Response to Office Action of February 4, 2022

AMENDMENT(S) TO THE DRAWINGS

The attached sheets of drawings include changes to FIGS. 1-16, 18 A-26, 28-40, 42, 44,
47, 49-50, 52A, 54, 56A-58, 61, 63A-64B, 67A-B, 70A-B, 73-77, 79A-B, 79D, 80D, 82-85C,
88-94, 104, 108, 114-115, 117, 126, 130, and 131. These sheets replace the original sheets.

Attachment(s): Replacement Sheets

Page 10 of 12

Pg.054



REPLACEMENT SHEET

Sheet 1 of 145

} "Old

Pg.055

Bumuanbas SHSUDSLOD RIS
(1S su-ess spnosow abug

H

, 5
S A

Syiere w5 U Tyl hmw..

L1090 Y N

M\&« LS B

A G50 F

w@@&mm& vNQG



}"}Q\

B N
S O
B

s .

NS a3
N &
e N
o e
& N
ey N
R BN
\";‘. ;N

202

DNA fragments

1 s

s

Ligation of ha

REPLACEMENT SHEET

Sheet 2 of 145

Watsrm strandgd

vk sirarvd

Single molecule real-lime (BMIT)

F

BF CONSENSUS sequencing

|

»

U

FIG. 2

Pg.056



REPLACEMENT SHEET

Sheet 3 of 145

ing

-

SMRT sequenc

AN RS
R

S
\\\\\\\\3‘\\}\’
AR R

Pulse width (PW)

\\§\§\§\}\\\\\\§\(Q\\\}}.\.

Interpulse duralion (IPD)

£
g RS
-

Wwibusas seng

FIG. 3

Pg.057



REPLACEMENT SHEET

Sheet 4 of 145

is

%
4
of

E

7

» 133505
&

i

L I
 ®
¢25
B A
S WX
T W &
& o W
T -
;:w§
g )
oL
Q&
B
=
NS 00N WOO
S S’r\S\Q\Q\

%

400"

Watson strand

dow
FIG. 4

wWin

Measurement

Pg.058



REPLACEMENT SHEET

Sheet 5 of 145

&
"L
ey B S
LR
> &
R > 9
T X
e Sl ‘::I
S VX
i g
& RN
et ‘«. %
de b {)
R Y
£89
v 5
T
O R
o

R
-
W

punys
ROUD

FIG. 5

Crick sirand

Measurerment window

Pg.059



REPLACEMENT SHEET
et 6 of 145

RS

W
N

ok slraris

5

7t

FIG. 6

=
¥
(ﬁ}
§
&
S
&
[
&
=

Pg.060



REPLACEMENT SHEET

Sheet 7 of 145

£

<

%

25 KO R

AP

L "Old

puens uosjep
woy ejeq

Pg.061



REPLACEMENT SHEET

Sheet 8 of 145

Measurament window
i Uats from Walsonand 10

FIG. 8

s erEY wincow

Vs
2

e

|
3y

7%,

Pg.062



REPLACEMENT SHEET

Sheet 9 of 145

t.‘?}

Sample known o be Sampls known fo be
unnodiied ONA modhifing DNA

‘.\\\

T Unmoditiag base
® Modified base

B s

902

Dbtaming 1PDs, PWsand sequencing context 912

o
Rullding the reference pattermns deduced from SMRT 914
awi&wmm; rwdicating the modification slates

St S . . T
s andior andior
BRI IR ERE S 3

Roderanos patterns Foma Roloranes pallorns roma
savnmie with unmodifiod NS sampte with modifiag ;};ggg

»

O
Training as
>

©
—
(o9}

FIG. 9

Pg.063



REPLACEMENT SHEET

Sheet 10 of 145

Sampd

% .
%
et
s

&
-
i

W w

o
Y
2
%
v
v

SMRT sequencing
Obtaining PDs, PWs and sequencing context

andior

Pattarns from SMRT ssqusncing
for an unknown sample

Comparing with the
refgranes pattemns

}

Classification of base
modifications

FIG. 10

Pg.064



REPLACEMENT SHEET

Sheet 11 of 145

Sample known o be Sample known o be
unmathylated DNA methylated DNA
\‘\_: ?
: ki * T Unmeihyiated CpG
1 | * ¥ Methviated CpG

SMRT seguansing
L
Obtaining IPDs, PWs and sequencing context
L
Building the referencs pallemns deducsd from SMRT ssqueneing
mg:ﬁm&amq the methylation stales using data from Walson strand

Oals oy
< Watson simnd

Unmsthyiation datasst Methylation dataset
Training

<

FIG. 11

+

Pg.065



REPLACEMENT SHEET

Sheet 12 of 145

Samples with unknown
msthylation stales

O
SMRT sequencing
O
Obtaining POs, PWs and sequencing context

L

Qata from
Watson siramd ™,

Fatterns from SMRT sequencing
for an unknown sample

Comparing with the
reference pattemns

I

Classification of
methylation states

FIG. 12
+ Pg.066



REPLACEMENT SHEET

Sheet 13 of 145

Sample kownr o be Sample know o b
uraTeihniateg DN& metndated DNA
¥
s ¥ Unmethiated Opts
X .
“ ’ ¥ sothyinted CpG
& SRS

SMRT sequanoing
Obtaining 1FDs, PWaand sequencing context
Building the referance paltemns deduced from SMRT sequenceing
indicating the mathylalion stales using dada fram Grick strands

Unimsthylation datasst Mathyiaon detasst

Y

R
Training

FIG. 13

Pg.067



REPLACEMENT SHEET

Sheet 14 of 145

Sample with unknown
mathyiation sindes

, .

SMRT sequencing

o

Obtaining IPDs, PWs and sequencing context

o

R b e B
Oata from

. M K
N T B B e N "
RDIOR HUERY
3

Fatterns from SMRT sequencing
for an unknown sample

; Comparing with the
reference patterns

Classification of
methyilation states

FIG.14
Pg.068



REPLACEMENT SHEET
Sheet 156 of 146 !
S5 m;;\x §\§ oW ;s‘::s be Sampls §§§‘§{}W*‘§ fo b
mothylated DNA

m EX 3 focsvrrend oot oD
¥ Urimethyisted GG

___________________ s

¥ Methyiated CpG

&m\

SMRY ssquencing
Qbtaining PDs, PWs and sequencing context
Building the reference patterns deduced from SMRT

seguencing indicaling the melhniation siales using data
from both Watson and Crick $§re§m§§

e St fow i\ W 2 fran

FIG. 15
+ Pg.069



REPLACEMENT SHEET

Sheet 16 of 145

Sample with unknown
methyiation siates

L
SMRT sequencing
L
Oblaining PDs, PWs and sequencing context

Dats om

Walson st s

3 PO G
Davl fromy
SN Y o d S
Lok shang

Patterng from SMRT sequencing
for an unknown sample

Comparing with the
reference pallems

Classification of
methylation states

FIG. 16
Pg.070



REPLACEMENT SHEET

Sheet 18 of 145

a8l "9l

DY DAYET BRI
94 5y v

mmwrﬁdﬁwﬁﬁ&&

G0 Um0 W
58 0 0re) Qdiebag
VB (001 B G bas e

prrrrIrIrrIs

. e

W e A

& s
AT

T

7 i 7
4 \\\\\

\\\ v B Y -
A

e
\.\\\\x\x\\\k

R AAI

BEERD DUES |

30

£

JIEY BANISO B

2

V8l "Old

DL BARSD] PS8
90 96

v Ll

Sy sy wﬁwyw w\w&mw
(s =00 Gl
L O i

L8 D Qi by

P8 (=00 R i bBg o

IV ISTIYIYINS

Niag
NN
N
NN

e e
it it o
7 A

A

st AR

7

REEIRD DUEL ]

=
BARISOA B

SN

Pg.071



REPLACEMENT SHEET

a6l old
BN BALSOS D8I

15 g0 90 ¥ "y 5

“wmm Mww,w.mww mwNﬁw\mwQ&ﬂ ........................ S ;
@@@ VY DL <den A

Sheet 19 of 145

(v6°0 “0NY) gz<dep T
mm\“@mw QQ&W mwm\&um\wwmmwww \\\\\\\\\\\\\ &\.\\ ;

&

e Gunse )

BN BAUSO BN

0k ©

V6l Ol

SEY BANEC 8518
SR O ¢

70 G0

(980 O onguidep e

{080 Y DDRUI8n

TSR0 Y O e
Cp8 0 oY) DR aidep

PR

e £

LY

wseep Guuesy

DN SAUSO g

Pg.072



REPLACEMENT SHEET

Sheet 20 of 145

1.4

{'{3
& 3
R & g N
J N
§§§S i:s —
RS - S LL.
& N
& o 8
X e
§¢>> e

PEEEIRIIYS
sossesssse.

NN
\\ﬁﬁ:\“\\\x\\“\- N
- B e

= = ; < N <*;
B el L& £ R £

HINY DRIRIOG PG

o

Py
o
%
]
¥
x
3
¥ [V
s L%
Ny ©
S
83
S

FIG. 20A

% Pty

N
A
& ,
N =
~ s
B
pESY

PrEEIRIRIIS
srosessses.

.3

Pg.073



REPLACEMENT SHEET

Sheet 21 of 145

di¢ ol

ajes aapysod asie

{06 0=D01Y) JUZE 00

{68 0=DNY) WEF iii

(06" 0=DNY) WHTF e S

{06 0=T07) GE s

(16°0=0NY) WBF s
06 0= 20 WUOTT s
(Z60=D0Y) WETLFE
{06°0=D0Y) WOZE

-E°D

<
=

©
]
2yed annisod andg

s
o

” i
PIARANS T
) \\\\\\\\\\\\\\\\ 9
s
s 27

i9sejep bunsay

ViZ 'Ol

334 dA1S0U 5184
o1 80 90 0 70

00

(09 0=DNV) JEFE
(€6 0=DNY) PIEE o
(6 0=} TIPT e
(P6 0=V WGE o
ARG O=DNV) WEF
Y6 0=INY) WOTT
S 0=DNY) WGLE
(P6 O=DNY) WOTTF e |

- (30

+2°0

24y

Ay

80

0T

198e38p Buuiel|

a1l aapisod eniyg

Pg.074



a¢¢ old VvZe Old

Pg.075

REPLACEMENT SHEET

Sheet 22 of 145

o1 - 90 . 70 - o1 g0 9 D z0 oo
RS O=INY) WA . 00 06°0=301Y) JUZ+ e -0
(2 0=D0Y) WE+ wrormn {16°0=00V) PE+ o
(BE 0=D0Y) Wipt e (26 0=V W+ oo
(06 D=0V} WG+ 70 {y6'0=0NY} 3Ug+ 70
(06 0= UG+ wwwen (PG 0=T3000) JUR D wewvsenns
{06 0=3NV) ]QTH e = (P66 0=0NY) JUOLH e
........................................................... \ = :
w0 M v
/i 2
/ 2
/3 &
; <
] 00 g
QF
~t
®
80 50
01 0T

1aseiep bunssy

oseiep buuiely

et anjusod andg



REPLACEMENT SHEET

Sheet 23 of 145

a¢¢ ol

D124 SAIUSOU 95184

01 80 90 1AY £0 00
, {05 0=V 32~ e 193]
0G 0=D01V} WE- e
(05 0= DY} Wt e
QOO”UDd‘» Qe L 70
- {0G0=00Y) R e
{05 0=0NY) O e “
<
P 1
0
%
o
g
<
a¢ ®
o
o~
£
80
01

13se1ep BURsSa

ved 'Ol

o304 aasod asied
o1 B0 ¢ %0

[AY)

{08 0= DN JUT- e
(0% 0=D01V} L~
(0S O=00) WP~ e
{097 0=V} G-
{05 0=00V B e

ieselen buluiel g

-0

e sanisod anayg

Pg.076



REPLACEMENT SHEET

Sheet 24 of 145

(P 0=D01Y) 8- s+
(Y6 0=00NY) Jup- Jug+
P68 0=0NY) WE- g
{p6'0=00¥) WL g+

{p& 0=001¥} W8+

{£6'0=DNY) Jug- "Jup+
{€£6 0=DNY) Wp- Wh+
{26°0=00Y) WE- Qb
{E6'0=D0V) Z- Wi+

(Z6'0=D1Y} W+

{P60=00NY) WE- WEH
{£6°0=00V) Wy g+

¥¢ 'Ol

{£6°0=D001) UE- JUE+
{T6°0=DNY} Z- U+
{16°0=DNY) WE+
{05°0=D20NV) g Wz +
{T6°0=200Y) - WZ+
{06 0=D01Y) g~ "z +
(05 0=DNY) WE- WZ+
{05 0=0NY) W+

(06 0=0NV} ug-

(05 O=001V) -

{0 O=D11Y} JuE-

{0 0=0Nv} iz~

\\\\\\\\\\\\

R

crrorrrrres

2104 aausod asje 4

F0°0
20
e
m
0D
<
3
&
<<
gy
-
et
1-
D
-8°0
A.\.\\w\ 7 i D.M

1eselep bujuiely

Pg.077



REPLACEMENT SHEET

Sheet 25 of 145

{(16'0=001} g~ g+
(06°0=00Y) Wb Jug+
{06 0=D201} UL~ g+
(06 0=D00NY) Z- ug+

(06 0=20V) g+
{06 0=V} 1ug- U+
{06°0=D0Y) Wy W+
{88 O=D1V} JUE- Wp+
(68°0=001%) T~ Wip+

(88 0=20V} up+
06" 0=0NY) 1Ug- L+
{88'0=D0Y} Uy~ WE+

G¢ Old

(68 0=} g U+
(28 0=D0W} 3UZ- e+
{487 0=001W) JE+
(057000} Jug- JuzZ+
(98" 0=00V} Jup- U+
(69 0=D20Y} Wg- T+
(DG 0=20V) Uz W+
{05 0=20Y) W7+

{05 0=DNV} Wg-

{087 0=201¥) -

(DG Q=01 JUE s |

01

80

ajel eatysod asjey
80 ')

00

s er s

S AL I

-0

- ¥0

- 90

80

g1

jaseiep bunssy

a4 aasod snu g

Pg.078



£

Random fores

REPLACEMENT SHEET

Sheet 26 of 145

SOTSE

o v
W
Nt Y
< 3
- ) \‘
3 § ; ; t
3 ‘ -
3 3 i { :
i3 : o
i3 : L
i3 : \
~ B ; N
@@.@c\\«w 5
S
S o
_—
5 - \\\"
2 \.\\“\:-\\x\\ anaa Y
RN -\\\\\\>
RENNNA .\\\\
\\\'\\\\'\\\\\\\\\“
NCON S

to Cpls she

gLy
FIG. 26

o 1ol

g

e
R
o 0
8
] )
B N
&

assssrsssss

¥

s I 3;3 {zx X 3
: Y ~

SO ey

& o5 = 2 : :

]

”

Pg.079



REPLACEMENT SHEET

Sheet 28 of 145

~

YN
S5

8 85

BO

FIG. 28
Pg.080



REPLACEMENT SHEET
Sheet 29 of 145

\\.\.\.\\\\\\\\\\\\\\-\\.\\.}\)
&
o

\“\\\\\\“\\\“\\\“\\“\\“\\\“

SN
\\\\“\\\“\\\\“\\\“\\\

s
R

AR

S
RSN R

AANARRARARAY:

- PCAY
preTTTTTTTTeY %\J & \ %\ § ﬁg‘\}

s

3
m

Y%,
TRE

a oondext, AU, 3&3}

o

FIG. 29

Pg.081



REPLACEMENT SHEET

Sheet 30 of 145

)
R 23

b

L2
R
&

g
4
3

4.5

FIG. 30B

2.4
v P

\\\\\\\\'\\\\\
RN \\\\\\‘\5’\\\%\ ‘
: \~.w\\:\:\\;.;\\,““..\:::\\\x\\\\\\\\N\\N\“\“ N
N T N
P
T T
ped

¥
Y
&:\.
RN
R3S
WX
; ¥
R 8 \
2 R
R R
= R
Y
AN \\ ¥
%
»

e
///f"‘/ i

” /,,”w,r/w///

FIG. 30A

¥y 3
, -
\ 3 3
\ 3
By
: )
¥
\\\\
\\\ \\N\\‘
™ N \\\\"\\x\\\\ £
T T NN
-
Nl
s & . 8y &
Do - § N

IV WA MY

Pg.082



REPLACEMENT SHEET

Sheet 31 of 145

D5oyble-stranded DNA

3102 Denaturation
Single-stranded DNA R PE PR PRRIRETRRTAPERERERRPLPRISEIRTRPIRERRRRRIRIRErRrers
gy Random hexamer mediated
=& isothermal amplification with
unmethylated A,C, G, and T Thiophosphate-modified
3106 by e.g. ®29 DNA polymerase % randomhexamer 3110

‘INew ly-synthesized strand

_ _ T S et S 3
Strand-displacing
amplification 3114 & :gzggrr’]"ltgr‘]% tESNA molecules into

3126

3130

3134

Whole-genome amplified DNA products

i FIG. 31A
Pg.083



REPLACEMENT SHEET

Sheet 32 of 145

{4
FMA-T omA-C 6 - T mA G e B T 4
3. ¥ mA e T . &G i . A I .. &G £ A 8
g T & {: vvvvvvvvvv {3 ........... 3* vvvvvvvvvvvvvvvvvvvvvvv m ;5?\ {: vvvvvvvvvv § vvvvvvvvvvv 1 P 3
1)
{' ' S ot . ma e X . G o o ma g
Ko Ll C o G o T A o . £ T o <3
{1
y: by G o . mA e T o 5 £ IR &
Kt ud . . 5o T o ud i . Y T
()
R g T ¢y = . i 3{\’ ...................... T o teY i . (8 e

Whole-genome amplified DNA products

FIG. 31B
Pg.084



REPLACEMENT SHEET

Sheet 33 of 145

X

i

sV

Pg.085



REPLACEMENT SHEET

Sheet 34 of 145

FIG. 32C

Pg.086



REPLACEMENT SHEET

Sheet 35 of 145

FIG. 33B

Pg.087



REPLACEMENT SHEET

Sheet 36 of 145

FIG. 33C

Pg.088



REPLACEMENT SHEET

Sheet 37 of 145

FIG. 34

Pg.089



REPLACEMENT SHEET

Sheet 38 of 145

Bt
DERS

&

IR AR
WG

Wy
2N

sk

¥

SRursman

AR

ANFTFERRENIRRY

GRS

FIG.35

Pg.090



REPLACEMENT SHEET

Sheet 39 of 145 +

FIG. 36B

Pg.091



1.0

REPLACEMENT SHEET

Sheet 40 of 145

S \\\\\Q&,

" — Testing (AUC: 0.93)

N
R :
\\\\;\\\\'\\\‘\‘:}:ﬁ;\\&&\\\‘*\‘\\\\\ &y
R "

RS
S RN

/= Training (AUC: 0.94)

0.2 0.4 06 08 1.0
False positive rate

FIG. 37

Pg.092



REPLACEMENT SHEET

Sheet 41 of 145

Testing datasat

§' \§§§§{3{:} Q {} {}{}{}i RS

X SRR RN T R T e et o »\\\_‘\\\\\\\\\\3\\\_\\. )

RIS R
\\\\\\\\\"\ﬂ“\\‘\\“\\ \\-o-\-‘-\‘s‘\\\\‘“\\“
SR N SR
R s
— RN
R R
AR R
\\\\\\\\\\\\\‘“ o T
TR RS
\‘\“\\\\“\‘\“\ s o
e NS
N s
= T
NN

7 s

EESSESSNR S

PO
\\\\\\\\\\\\\-,\\ >
>

>
o
A9

FIG. 38

Pg.093



REPLACEMENT SHEET

Sheet 42 of 145 +

FIG. 39B

Pg.094



REPLACEMENT SHEET

Sheet 43 of 145

© & o -

True positive rate

Q

X AT }\

S ““;‘I:\‘L‘I\‘:\‘:\‘,‘\‘\«w\s:\ .

N S PSS ( :

Sony = \\\\\\\‘bY‘ {e‘\
RS ‘s
R
s
Q.\(\\\\ts |
td
.
&
&
e
&
&
&
&
\é“.
~
&
&
&
Ed
#
Ed
&
&
ra
&
&\e“
e
& s
+
£
£
&
£
&
&
&

f@ \\\\\\\\\\\\\\\\\\\ °§*§§§§§§§»§§ {a&iﬁ{‘: €}§§}
{{r‘ IR Y%’Si% 1 {;} { &{3{:: $v§ 33}

w

02 04 06 08 10
False positive rate

FIG. 40

Pg.095



e positive rate

b=

REPLACEMENT SHEET

Sheet 45 of 145

. N & 3

et E

Sl

/" e Training (AUC: 0.98)

s

*

False positive rate

FIG. 42

Pg.096



REPLACEMENT SHEET

Sheet 47 of 145

-
% N\\\\ i
: T P
. g

K4

i %

.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

P B
A Z

s

2

.\v £ “ﬁwm‘

(%) puess 3o

10
jo [@rs] suiuspeiAyioN

/4
3 GG
7 w

.7

§

% %

%

N
»

e

SN

i WL

7
§§§\\\\\\ M H

N

§

trand (%)
Pg.097

FIG.44



REPLACEMENT SHEET

Sheet 50 of 145

FIG. 47

HRIE03

g

4453

r's

rs
g4
13

oo

1324554611

"
z

Y
P
3

o
oy
o3
N
Rl
$2
&
*
R
i
™
o~
BN
Wi
&

hote
g1k

iy A
%

Pg.098



REPLACEMENT SHEET

Sheet 52 of 145

6% "Old

adAjoidey jpuisied

adAjojdey jpuisienw

DIBIYS Wy
: ? A eI

CUBHS UOSIRA,

oda poedusn L ods pewiuswun |

| h 40 paie) xw&xmmf
uoidas pajunduwi

Ajjeusaled e ul Juasaid suiajied uonejAyisin

P2.099



REPLACEMENT SHEET

Sheet 53 of 145

Biology sample

DNA extraction and ligation of hairpin adapters

Ursknown Unknown modifications
gEnolypes

Watson strand

Matrpin adepter

k ‘v ) s :1,‘\\\ 2 D \\\\%«\\:\\ 3
Griok strand C

. S
¥ e RO
e N RN

FacBio SMRT sequencing to oblain IPDs and PWsfor
DNA stretch carrying CpG sites, genolypes and
sequencing context

| Comparing with the

ofargnes patlens

¥

|
Classification of methylation stales along haplotypes
6 0 o _

FIG. 50

Pg.100



REPLACEMENT SHEET

Sheet 55 of 145

a¢s Old

% WHRTSI 0

*
\a

Bt

Pg.101

v¢s "old

> gk }M.Q on 5y
\._.\ MH,«y\ \f\\ s ﬁw\ ﬁv
o i G
uuw
Lo
s
oo
e [s - H s
(9




REPLACEMENT SHEET

Sheet 57 of 145

B A AN AN SN

B3
;
i
i
Z
%
H
b4
%

SEA

g
7
3
z
K3
Z
7
7

R

N N TR

N
<3

%\:E‘

R

2

RE FIFIRCIFTR o e
Dhaclucs B g

7z
|

4

AN
=&

{<.

:*s\\ "
Refd

S

s\&”

gy
k74

>

R

e Dol

Svornged 104

craged PG

S

%
=
5

b

PR

B

§

L
saramat

X
¥

-

vissienize

o8 Srror

O/

& XN

31

&‘}-
o

o

ficat

L1838

C

SmC

FIG. 54

Pg.102



Sheet 59 of 145
TERIVIITPacBio SMRY sequenving)

REPLACEMENT SHEET

1000

Glanomic bin ndey

3

FIG. 56A
IT{Risuifite soquencing)

.
RE

TERI
vy

SEMEE

R

%
3o

i *
. \\\X\\V.Q K-
- % 58 A
7
7

i 4L i G0
ol s Ao onBL BLWnY 4000

Pg.103

1000

Gienomic hin indsy

FIG. 56B



Copy number rat

REPLACEMENT SHEET

Sheet 60 of 145

TERIATPacBio SMRY ssguonuing)

wy -

4

\{:3

-«

FROITIONITIE DAy GOty rmbey gain
e

Ty DaAhas ey

s /1‘//
e, R

g

N

& CRROMIORNHN nbey Dopy manbar gk

R S 1 &

= e Copwy swvdier foos
& ¥

SN

o 1

Q

Ganomio by ingdex

FIG. 57A

TRRINIITBisuifite soqusawcingd

Zanomic bin index

FIG. 57B

Pg.104



Plasma DNA

REPLACEMENT S

Sheet 61 of 145

X
)

Bisulfite sequencing
Raferunce tissus methyiome

PacBio sequencing

HEET

Plasma DNA tissue mapping

Plavenia

1007

L

X

UDBIRRAUOD YN %

Placenia

oo

Lung

Liver

o
P
P
e
R
&=

FIG. 58

Pg.105



REPLACEMENT SHEET
Sheet 64 of 145

I )

» s
ekns, w
o 4
e
s b R e .
vy, % T e 4
£ K P L s H
el R\ P st s
Pirprd? 73 ¢33 ﬂw\\. P
w“ G I A
e P i3
; L, FG
cococrs gy Ty 4

any 14 R
e 7L i %

AR AT
S \\R bR \.,%‘ it
o iy TR £

Lne, %
et P eyt B T
. vhL T B
Y W Ll
.. My P, A
Z e P
L e U 2

LRI A

R

SR

3

A
A

e
X X
XARARARRARY

SR

N
SN netindtionantive

SR

-

NRONE

'\Q%

S
RN
SN

s

ANRAKRASY

o

T

S

Rad

S
%7
2
%
27
\.\
%7

3

iy

R
s

- G

Pg.106

FIG. 61



REPLACEMENT SHEET

Sheet 66 of 145

sppardiind Yoy Parlhin wnmiiing 1%

"
e

S

2

Bheii s

ot

AM § M%)

L

R O W D I T N e oy T fraex SEEY
TR RRTRCY RO ey RESHHRN SEIOTEENE R

FIG. 63A

AR A T I R e TR R
BN

FIG. 63B

Flacenia
© Adiacent normal tissue
S HOC umor tissue
& Buffy coat
o HepG2 (HCC cell ine)

FIG. 63C

‘Q‘:, i‘\\‘L-.-‘:\.\w.v;.s\w.&s\-a\»a\\\-w‘ms\-'m&\wm,“wMEE
- :
’*”\3 i «
RO : &
<%

Pg.107



REPLACEMENT SHEET

Sheet 67 of 145

2

av9 Ol

1y A

AN

VP9 "Old

BUY B0 M) 2B

£z

Pg.108



REPLACEMENT SHEET

Sheet 70 of 145

FIG. 67B

FIG. 67A

Pg.109



REPLACEMENT SHEET

Sheet 73 of 145

¥

FIG. 70B

FIG. 70A

Pg.110



REPLACEMENT SHEET
Sheet 76 of 145

¢LOld

pRILIAIDUIS
poIppA I

00LeH61T ~1SLL9612-610

> . o > 7 -
E 5 0z 2 5z 3 Z
o A 1 Z & z %2 %
z 7 3 %

padrtein o i untom it

L EE AR ER R R R4 TR

TR %A TN Y .
1301592 aong

VAR RIS

£F. RIS VAN AR I IR TEAN SN SIS

20900099994
o w5

(L5100 i L 98 45 e
<

2AION

Pg.111



REPLACEMENT SHEET
Sheet 77 of 145

VvL Old

Pg.112

A ia U ,
.w.».ww.mmv M,Whm ‘w ,MQ L 315 NNMM\H«QMJQ Q&Eﬁwm@mw .\wmu&ﬁ.!vm As‘wﬁ\ PR Mu»tmﬁw&m M\w&m.v

LYCHRYLS = CLLTIPLS QTR STND

Y

Ea LA St A
M RN G GBS

19010
PRI e % %

I )
\“\x nm\ T

LT B 9 Y
Gy o TR

I

i«
(03 s SLCIA S YT
N G G U PN

Mg
R
LS U ﬁf (2138 TN Y e

\,ﬂﬁl.v&\w.:,mm\«..mx.@ﬁﬂﬁi&«i.iiﬁb
EERC R

_.5 LR EIN TGy |

ESE00 Har g

SRl R RS 2
$TTE L DGR {

(Y030 "%l LS U ¢ PR
IPLIEEY Ul TR TGY 6 p R

L& AR

<~
K
E

20 U SR W RS
3 SHEEIN AR LR Yo AT
UONETALIOURI MROIPHE £30D QUM .

VOTRIAUII GRHPUL SI0P OvIY
sIsRes] YN



REPLACEMENT SHEET

Sheet 78 of 145

i

arl Old

Pg.113

s 03y 70 $OIPUIPIOOD QIHIOUSD) (SINE-Y parmiou®

RN e e (N Q3 ¢ RN RIGAL. ASANRINN. M.

s
Lok

pamdmewmn

PSLOSYTST - 9T8LL61STIOMD [HSH puelst A3

z & 2 .
P Z % %
: z H 3

Treps R s s I N B R R G

B R R Y R R R I s i u s SR d R OR iR T e A it e tRaTavy RsRELRILIBAINLILE {121

SRR EIREORINGE A
IR

{ LRIy “ G vw.w..rm i Nw o I B B AR L A B B B B L A o A A A S T 0 I A 7 A 2 oy i

\ PRI,

UOTIRIAYISIUUT 23R2IPUT SI0D ST M
UOTRIATISW S1R0IPUL SI0P NoBig
swowBniy VNG



REPLACEMENT SHEET

Sheet 79 of 145

Xy

Afprceiisssods

t/////////////////////////////j/‘//,:

FIG. 75

Pg.114



REPLACEMENT SHEET

Sheet 80 of 145

g9, Ol

yidap ¥ ¥1 J0 UBIDBW B I5ENS51 0N TOH 5T W ASH
\mm

) v

LML TV W AR

V9. "Old

YD ¥ G740 URIDBU € SaNS51 JaAL DIIOUAND b U ARH
,N«,,mw&

200 brote s LY \\
7 7

i \\\\\h\ :
i bt g o

A

HOWHES U ATH

Pg.115



REPLACEMENT SHEET

Sheet 81 of 145

o

E

£

ration

»

4%

pulse width
uence compos

»
£ 4
1
*

1.1PD
2. PW:
3. Beq
FIG. 77

Subreads

R
b

e

, ..
% -
g Tttt %

Pg.116



REPLACEMENT SHEET
Sheet 83 of 145

V6. Ol

polRpAoTOnns

I

N

T

FOTIONT L G N O A R N\ﬁ\M\."mi\!\\.ﬁw\&i\w‘miN.ﬁ\'Q\u\m\w\\‘,«&@\mN»u\u‘\\u\\m_\N&QSM\\\\\W“&“NQ&N&\\&‘\S\&&mwn@.ﬁ@%&ﬁﬁ&ﬁﬂu&ﬂ&w&&w&% )

{
SLFL

IS,

N.\, 6153y ‘h«uunv.\w By RE Q.wNw%i.\\i..aﬁ. G ﬁ«.v\&\\.m.,%x.wﬁ.\\:.\ 5 e o A A \b
\\\.:.\\

...\Nw. SR} \S\am...m. PR EAIN 3 B m.wﬁ.I\\NM&ﬂ?ﬂn&n&&\\M.vw\mN\&.\»\\bﬁ\s\\h‘\ﬁw&&n\\n“Rnumwx&§\mn&w“u“bv\\n\c\n“\&“wukﬁ.\..\R»\l\u“!
£ OL 07 "l BN QY LY (SR O, X T R T T S £
N S R O i - %
L0001 0L 9UHER TP L L1 TR i

(700 % LGP T ey S D GG g g

%

o ¢ X e

- AL

«@N O3y A.N\._N, LT ,@M \:w.v‘\, ,.\\“\\\\“\\u\.\\m‘\o\“\.\“ﬁw\.\“\\\ﬂvw\\.\\m\.\“\\vﬁ\\\m\\m\.\“\.\.\\.\\.\\\\“\\&\&\\. SRR RS, O
BTy i 2 .
(ST Wl L60K O ¢ ) eeeb——; '

F 7 v fnc [ x P vy o 9 -

£3900300 01 TR G £ I IR - 2

M&NA.ﬁmv.‘w.u\..vm.@mx.ﬁ&&&.@.mv m iiﬁij m
{ [9 31558 ..,wm RO «_px il wﬁw\wiu&\i&iﬁwﬂﬂx\i\ﬁﬁgj%‘ii ¥
4 ¥

T o e G XU 0N MM A0 S ME S8 DN N0 N0 e e e e oo §

Pg.117



REPLACEMENT SHEET

Sheet 84 of 145

g6/, "Old

ﬂﬁc:ﬁgi »
pomdgemun 0

FIOVTd 910

P R e i

A

TR

IR

£
£

98

<

Fhessia

8 a3 ) B AN TR G Gy G e X & AT N\i‘gx}‘ﬂ;{&ug; RSNSOI SN SO ‘W‘\\;\ .l\grln.“n KAETEAG K F

P RGO R 1 o e e

53 b O 0 ) )

{191

(VEZTIO0 ST L9000 G LT ) W17 !iiiﬁiiiﬁs&im
CCBTOY LRI 8 L) q\s?&aﬁﬁﬁt‘s‘mﬁk“p&\iwii&%ﬁi@g

wam £33 .\vv\: VG Y .«w '.!iluu‘.w‘!.\j‘\ﬂxNi e TSRS 2
M,maﬁ@pv;x_m,@méw;ﬁm.c.w..ags"«. R I A I B, B B ]

i LA R I A

lilllll!Illilllllll!llllllllllllllla

Pg.118



REPLACEMENT SHEET

Sheet 86 of 145

e

ae. old

Pg.119

poAenr @
poppAgyatmun

CIWIZ 61142

WG 0O SN WS em SN 105 OO OB 66 SN SN )00 £OC MG 8O WEC 0BL ©O OK K MO SB 30C X0 OF 90 MO SN 300 MO ON 260 ME SOC 300 8 Wy

LTI E IO ILEILPIS e

§H8T Y LROI Y 18 g o B R W

LGOEHED "L LRI QY Ty 1 R
YRS g B T T T . . S N X . 0, SO, 5. W 5. OO, 05, OO . . MO, S0, 0, 75,8

opiE LSRN G v O

R %,@wNn&u‘wn‘ﬂﬂm«g\mu\;ﬁ\\i*‘!ﬂﬂaﬁm;.
RN SR SR '

R B A N‘i«ﬁl%\\]i-\.\ A T T A N N B \l.N.T\M.“Nn. T T 3

2

{G01DD Wl T

ja

.M.,\.WGNUM.\Q\ ¢ mx\u\‘m\\,\uﬂ.\d\o\w\s RS UL AT WO ks G HASTOALTT 00k
X33 \m\\ ST R AR R A o AR S PR

-

£ PO U

TOVD Ul T OLTI U O LR 0 L5 A ‘

LIPTID ol WO QL 66
2

B 95 S A LR

R S R S e e s

G

e R e A VA i T K e SR A ik A g%

o

i

I

A

G

LLOO0 U L Y €1 O . '
¥
x

-

4
mll'll'l""'l"I"l",l""'l"l'!l'!l



REPLACEMENT SHEET
Sheet 90 of 145

aos ol

P2
Z

SATLH IR ]
pRBAY

et

GRS IBTZ-RORCTIHIT TP

R st ey s WA Mv\.&‘ﬁxx‘,&.\‘gﬁﬁm.\\ 4% % Z % Z LG LA N BT S A S S A
CLOTINY LIV R O, SIBBIII
TR R RN A AT I s RO X 5 A 0 A A B 0 LRI AN A S

S R R AT B T T
O G IR LR LR ; 7 7 %

EIREINY T ETIOIE %
Y e ;R ﬁ\awﬂs\ﬁﬁ\ﬂoﬁﬁ.\\kﬁn LA A R 5 % A
GBI T Y TR %

St A.u‘w.‘w@w\\“w&.ﬂx\w&\@hN&iﬁi&w&ﬂhme.w\w\w§§§&§§§§§§§“§§§§§§&Q&§&Nw

SOOI T TYY § O Kw&ﬁﬁﬂ&ﬁ&i\k\\hm\\&NﬁﬁN‘ﬁNﬂN@§ﬁ§§§“§&§§“§nﬁ§ﬁa§§n§\\§.\““\\k.«“VQ

[Og»

§ 3 PATIR UY R ETIR €E B B R R it

e

Pg.120



REPLACEMENT SHEET

Sheet 92 of 145

51

=44

SUWIB2 PHRIALISUEL
sipIoads-mue0n g

¢8 "Old

mﬁﬁxgt
PR AR

LOLBLLOS - 9ITL9E06E

M2 FLASSYY

O WA Ay £

A1) PIALISD-TRUIBIT ATyl

£57°45%

RZ ORI R Rad

wmug A ST QY 6 7

£510303 "Iyt CERNTI 4
01 :w %} M\ Yy IEERIIA
eV
Mmzw AR 1R 21 a

WO

T D R i

CEA Y 0)
BN TG 1

(L0003 AR ‘ﬁ gy
ST MO HTAN F L0

Pg.121



REPLACEMENT SHEET

Sheet 93 of 145

Blood sample of a pregnancy

Buffy coat DNA PIas?na DNA
SMRT sequencing SMRT sequencing

Maternal Hap |

Maternal Hap Il

o ® \ethylated CpG

Link plasma DNA to maternal haplotypes

Maternal DNA
(mainly)

—o—-

. A__FLA G . Hapl

&\\\\%&\\\\\\\\m\m\\\\\\\\“\\\\\\\\\\\\\\\\\\\ Hap I
—a—O—-O-@-O— fetal-specific
—.—( >—.—

The methylation level of fetal-specific
DNA would be lower compared with
that of maternal fragments

FIG. 83
+ Pg.122



True positive rate

True positive rate

REPLACEMENT SHEET

Sheet 94 of 145

Sequel Sequencing Kit 3.0

Training dataset

1.0 R
M\wm"““‘“’““mww
0.8
...-“‘&QQ
0.6
0.4
e -Brt (AUC=0.50)
< +Ent {AUC=0.34)
23 A =60t (AUC=0.94}
s - 10RE {AUC=0.50)
~~~~~~~~~~ +10nt {AUC=0.94)
504 ¥ w2100 (AUC=0.94)
0.0 0.2 0.4 0.6 0.8 1.6

False positive rate

FIG. 84A
Sequel Il Sequencing Kit 1.0

Training dataset

1.0
(I‘:'&&
£
QB g.f:::
0.6 f[
0.4
- 60t (AUC=0.62)
+Bnt (AUC=0.95)
o2 1 &0 e *6nt (AUC=0.95)
\\\\\\\\\\\ ~10nt (AUC=0.66}
&S e +100t {AUC=0.95)
agi ¥ o 100U (AUC=0.93)
0.0 0.2 0.4 0.6 0.8 L0

False positive rate

FIG. 84B

Pg.123



REPLACEMENT SHEET

Sheet 95 of 145

Sequel Il Sequencing Kit 2.0

Training dataset

1.0
0.8
b
Ak
el
{0
Q3 0.6
=
=
[ 5]
8
o 04
& EF 88 e e A
;: \\\\\\\\\\\\ -6t {AUC=0.75)
---------- 4+6nt (AUC=0.92)
024 L8 e - 60t {(AUC=0.93)
100 {AUC=0.79)
AAAAAAAAAAAAAAAAAAAAAA +10nt {AUC=0.93)
ool ¥ s £100 (AUC=0.94)
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate

FIG. 84C

Pg.124



REPLACEMENT SHEET

Sheet 96 of 145

Sequel Sequencing Kit 3.0

Testing dataset

Lo e ﬂ.mw‘w’mw‘“::‘“
0.8 g
@ 3 d
S i-
S p
S
@ 0.6
=
e
[e2]
g
o 04
s :
& e -B0t (AUC=0.50)
é +60t {AUC=0.94} |
0.2 Fes £6nt (AUC=0.94) |
-10nt {AUC=0.50)
Foe +10r {AUC=0.94} |
0.0 e £1008 (AUC=0.93) |
6.0 0.2 6.4 0.6 0.8 1.0

False positive rate
FIG. 85A
Sequel Il SequencingKit 1.0

Testing dataset

1.04
0.8
Q@
P}
[¢x]
L
TR AR
=
Rt
n
g
w e
2 B Brt (AUC=0.61)
+6nY {AUC=0.94}
0.2 e £ BAE {AUC=0.94)
L 10RE (AUC=0.65)
— +10nt (AUC=0.84)
ool ¥ e 2100t (AUC=0,95)
0.0 9.2 0.4 0.6 0.8 1.0

False positive rate

FIG. 85B

Pg.125



True positive rate

REPLACEMENT SHEET

Sheet 97 of 145

Sequel Il Sequencing Kit 2.0

Testing dataset

1.0

. “\\«m\:::::&\w N
ot

0.8 -
0.6

0.4-

~ -6nt (AUC=0.74}

+6nt (AUC=0.92)
0.2 e B0E (AUC=0.93) |
e 1008 (AUC=0.78)

((((((((((((( wg"l(}nt {AGCZ‘:O]?}B}
+10nt {AUC=0.94)

%
e,

|

0.0

0.0 0.2 0.4 0.6 0.8 1.0
False positive rate

FIG. 85C

Pg.126



REPLACEMENT SHEET

Sheet 101 of 145

Subreads

LONSTrUClNG CONSTNsUS SRQUBNLE
. 8802

Deducing the sverage PW and IPD values slong CC8
according to corrssponding subrsads in & IMW,

Compiiing 8 measurement window consisting of FW,
D and sequence context, The sequence context is
detsrmined from CC8 sequence,

Determining the methylation status according to the
disclosure,

FIG. 88
Pg.127



REPLACEMENT SHEET
Sheet 102 of 145

o 74
................................................................................................................................. s
“, LG v
“«,
K s
e
., a3
“, 3
K3 \}H
"
", Z IS
iy v 23
£ % £ .
s, 4 y .
SU. \\s\\uv wrt MW\
- B
% .
Z R
2% 7
o oz =y
5% 7 ey s
F i PR d
Ko S
“ yomr % % i
. Q‘w 9 z 7
i £ O i 7
P i & 7
Poi e S - i 7
i % o G
w4
5 —
R iead F
74
£
“
%
%
« :
% e e
% 2y i
ol et i . 2
i 7 45 P gt
L4 794 Ly ] / Z4 £
b : " ot iy 7 s .,
bt o) Fo] £ “ % £ <

pyRs BAEDG aniy wyes ariysond priy

7

Pg.128

FIG. 90



REPLACEMENT SHEET

Sheet 103 of 145
e Phosphoryl group

Alu

5" dephosphorylation \
3’ ddNTP extension \ End blockage

3 5

5’ 2

Specifically introduce target
< cutswith5-P and 3’-OH

termini by Cas9 complex
9106

%
\

\“\\ @\\ Ligation with hairpin adaptors
\\&\\\\\\\ \\\\\\\\\\\

- 2
9108 | e

\ \ & h
¥ 5
\\\\\\\\ &5 % hairpinadaptors

Remove the adaptors, linear DNA and off-target DNA using
exonuclease (e.g. exonuclease lll and V)

\\Q\\\Q\\

////
///

/

Single molecule, real-time sequencing

Base modification analysisusing IPD, PW and
sequence context according to the disclosure

FIG. 91

Pg.129



REPLACEMENT SHEET

Sheet 104 of 145

¢6 "Old

6580

Pg.130



REPLACEMENT SHEET

Sheet 105 of 145

€6 Old

Pg.131

Nvd Nvd
7% 799N NIJ%A2

$911IS 3U13IND 3SEIINU ESEI OM) USdIMISQ S90uUanbas 1984e13uiuielqo

A

6SBD

\w uoibal jabie|



Freguency {%)

10

W -

oy~

REPLACEMENT SHEET

Sheet 106 of 145

Bisulfite sequencing

Freqguency (%)

The distribution of methylation levels as

20

determined by our model (%)

PacBio sequencing

i
b

206 40 a8 80 1
Methylation density (%)

A &0 8 100 o

Methylation density {3}
<
<o - - - o B
Y..., v X
<3
=
< ;
& ;
O3 y
<% % e
o
& :
ol i

H H H R i

0-20 20-40  40-60 60-80 80-100

Methylation density of bisulfite sequencing (%)

FIG. 95

Pg.132



REPLACEMENT SHEET

Sheet 115 of 145

A 1A B Hapl

IO A Hap I

O Unmethylated CpG
® Methylated CpG

—®—iOe— ——0-O0—

LA B A B Hepl

G s R Hapl
—O—8

Relative haplotype-based methylation imbalance index

e.g. Methylation level of Hap | — Methylation level of Hap |

FIG. 104
Pg.133



REPLACEMENT SHEET

Sheet 121 of 145

Blood sample of a pregnancy

Buffy coat DNA Plas\f\}]a DNA
SMRT sgquencing SMRT sequencing

Maternal Hap |

Maternal Hap I

O Unmethylated CpG @ Methylated CpG

Link plasma DNA to maternal haplotypes

—O0—4-0-0-O—
—o 1O —o—

... A 1A 6  Hopl

... e e A Hepl
—O—& A

Methylation level of Hap | < Methylation level of Hap |

The fetus has inherited Hap |

FIG. 108
Pg.134



REPLACEMENT SHEET

Sheet 127 of 145

i,
i,
%,

FIG. 114

)
N
&
§

%,

e Yo 2 b roloroney gy

bkl B gl inouny 1aterenen Sy

123 DA olty aligred 40 2 oy voleroncn gunems

133 DA portinily shigrmd o

145 DA vy o

Pg.135



REPLACEMENT SHEET

Sheet 128 of 145

Bkt

T 3 )
AR A0 B 2NN

Humanonly Mousssonly Human fdnuse
DNA LNA part paat

EHENSHLERE

whrid DNA

M

///;;f L
b

FIG. 115
Pg.136



REPLACEMENT SHEET

Sheet 130 of 145

3

o

o
L
o

<
Fult

%%&Sfﬁ‘%i“iﬁw{}ﬁ%é’ 3‘\%&&3&*@%% Human flnuse
DNA DNA part Pt
% J
Human-mouse
hybrid DNA

FIG. 117
Pg.137



REPLACEMENT SHEET
Sheet 138 of 145

o
(AR

ic DNA

Ganom

%
v

5%

SN SN N
RS
P

N

i
Epc] s
EEARINEEES

74
&
2
4,
k%]
£
&

w
75
&
w3
&
&
<
Z
s

-
w 2
: &
) w
= £ 5
2 & 2
L
& e
& %
& 4 %
% {355 T
,\. Ww“ -Y,\\
Z z &
P s
= %
\NW \v.ne\ MMN mww
&~ (A A
st fried A3 2%
. 5 WX
& il
Kt o

&

GG
PN
Lol

3§

vl i

Pg.138

FIG. 126



REPLACEMENT SHEET

Sheet 142 of 145

Genomic D&

SN N N
RABINE =

T T ST
RAB3

e

T8

0y

AN

N N

X

WSV

NI

iz

olg

3

nfigatetiag

P

2

N
W
A

FIG. 130

Pg.139



REPLACEMENT SHEET

Sheet 143 of 145

Sranamio DNA

XN
et N NN

S

N PN
SN

W

X

X

N
X R

a

$
§

£
£,

%

e

i

8

DR T

Gisclasars

FIG. 131

Pg.140



PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Fiing Date
Substitute for Form PTO-875 17/379,544 0771912021 [JTo be Mailed
ENTITY: LARGE [ smALL (O MicroO
APPLICATION AS FILED - PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BAsic FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
() SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
(] EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS . *
(37 CFR 1.16(i)) minus 20 = x 100 -
INDEPENDENT CLAIMS . *
(37 GFR 1.16(h)) minus 3 = x $480 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
DST:TRLIE?ZSI(%'\)I SIZE FEE (37 for small entity) for each additional 50 sheets or
’ fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
(7] MULTIPLE DEPENDENT GLAIM PRESENT (37 CFR 1.16())
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1} (Column 2} (Column 3}
CLAIMS HIGHEST
— 04/27/2022 ;{E#"EAF'{N'NG gg'g\ﬁgﬁjsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ! *x _ _
=[oe ., 23 Minus | 30 -0 x $100 - 0
Z | Independent * . — ~
g ('?7 gF%e{.]m%r)]) 2 Minus 4 =0 x $480 - 0
< ] Application Size Fee (37 CFR 1.16(s))
(_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1} (Column 2} (Column 3}
CLAIMS HIGHEST
REA/IF,?III;IL{NG PRNELill\IAC‘)BLIJESRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
LU | Total * ; *x = =
= | (37CFR 1160} Minus — X $ 0 -
A [ Independent . i -
E ('?7 CeFFI):%e1r.116ﬁ1?) Minus = x $0 =
S | (O Application Size Fee (37 CFR 1.16(s))
< () FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
** If the "Highest Number Previously Paid For” IN THIS SPAGE is less than 20, enter "20". /MARSHA R RICHARDS/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent} is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

/f you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

Pg.141



DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 17379544 Document Date: 04/27/2022

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019

Pg.142



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/379,544 07/19/2021 Yuk-Ming Dennis Lo 080015-028420US-1249377 2092
20350 7590 02/04/2022 | EXAMINER |
Kilpatrick Townsend & Stockton LLP - West Coast
Mailstop: IP Docketing - 22 GODDARD, LAURA B
1100 Peachtree Street
Suite 2800 | ART UNIT | PAPER NUMBER |
Atlanta, GA 30309 1642
| NOTIFICATION DATE | DELIVERY MODE |
02/04/2022 ELECTRONIC

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):

KTSDocketing2 @kilpatrick.foundationip.com
ipefiling @kilpatricktownsend.com

PTOL-90A (Rev. 04/07)

Pg.143



Application No. Applicant(s)

17/379,544 Lo etal.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
LAURA B GODDARD 1642 Yes

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on January 19, 2022.
0J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[0) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-30 is/are pending in the application.
5a) Of the above claim(s) 14-17 and 28-30 is/are withdrawn from consideration.

6) (0 Claim(s) ___is/are allowed.

7) Claim(s) 1-13 and 18-27 is/are rejected.

8) [0 Claim(s) ____is/are objected to.

9) [J Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)v} The specification is objected to by the Examiner.
11)@ The drawing(s) filed on July 19, 2021 is/are: a)(] accepted or b)] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[(] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d All b)(J Some** ¢)(J None of the:
1.0 Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:
Paper No(s)/Mail Date I—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20220131

Pg.144



Application/Control Number: 17/379,544 Page 2
Art Unit: 1642

DETAILED ACTION
Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

1. The Election filed January 19, 2022 in response to the Office Action of November

23, 2021 is acknowledged. Applicant elected with traverse Group lll, claims 18-27.

2. Applicants traverse the restriction between Groups Ill and |. The arguments are

persuasive and Group I, claims 1-13, are rejoined for examination.

3. Claims 1-30 are pending. Claims 14-17 and 28-30 have been withdrawn from
further consideration by the examiner under 35 CFR 1.142(b) as being drawn to non-

elected inventions. Claims 1-13 and 18-27 are currently under prosecution.

Drawings/ Specification

Objection to Color Drawings/Specification
4. MPEP 608.02, part VIl states:

Color drawings and color photographs are not accepted in utility applications filed
under 35 U.S.C. 111 unless a petition filed under 37 CFR 1.84(a)(2) or (b)(2) is
granted. Color drawings and color photographs are not permitted in international
applications (see PCT Rule 11.13).

Unless a petition is filed and granted, color drawings or color photographs will not
be accepted in a ulility patent application filed under 35 U.S.C. 111. The
examiner must object to the color drawings or color photographs as being

Pg.145



Application/Control Number: 17/379,544 Page 3
Art Unit: 1642

improper and require applicant either to cancel the drawings or to provide
substitute black and white drawings.

Since the color petition of July 19, 2021 was not granted in the decision
of November 23, 2021, the color drawings or color photographs are being objected to as
being improper. Unless Applicant submits a renewed petition that is granted, Applicant
is required to either cancel the drawings or to provide substitute black and white
drawings. The specification is also objected to for reciting the requisite color petition
language as the first paragraph of the brief description of the drawings in which the
color petition of July 19, 2021 was not granted. Unless Applicant submits a renewed
petition that is granted, Applicant is required to amend the specification to remove the
noted language, and also, if necessary, amend the section under brief description of the

drawings to remove any language referencing color depiction in the drawings.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the conflicting claims 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.
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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); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on nonstatutory
double patenting provided the reference application or patent either is shown to be
commonly owned with the examined 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 § 2146 et seq. 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/patent/patents-forms. The filing date of the application
in which the form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26,
PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may
be filled out completely online using web-screens. An eTerminal Disclaimer that meets
all requirements is auto-processed and approved immediately upon submission. For
more information about eTerminal Disclaimers, refer to

www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

5. Claims 1-13 and 18-27 are rejected on the ground of nonstatutory double

patenting as being unpatentable over claims 1-19 of U.S. Patent No. 11,091,794.
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Although the claims at issue are not identical, they are not patentably distinct from each
other because the US Patent claims and instant claims are drawn to a method for
detecting a modification of a nucleotide in a nucleic acid molecule, the method
comprising:

(a) receiving data acquired by measuring pulses in an optical signal corresponding to
nucleotides sequenced in a sample nucleic acid molecule and obtaining, from the data,
values for the following properties:

for each nucleotide:

an identity of the nucleotide,

a position of the nucleotide within the sample nucleic acid molecule,

a width of the pulse corresponding to the nucleotide, and

an interpulse duration representing a time between the pulse corresponding to the
nucleotide and a pulse corresponding to a neighboring nucleotide;

(b) creating an input data structure, the input data structure comprising a window of the
nucleotides sequenced in the sample nucleic acid molecule, wherein the input data
structure includes, for each nucleotide within the window, the properties:

the identity of the nucleotide,

a position of the nucleotide with respect to a target position within the window,

the width of the pulse corresponding to the nucleotide, and

the interpulse duration;

(c) inputting the input data structure into a model, the model trained by:

receiving a first plurality of first data structures, each first data structure of the first

plurality of data structures corresponding to a respective window of nucleotides
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sequenced in a respective nucleic acid molecule of a plurality of first nucleic acid
molecules, wherein each of the first nucleic acid molecules is sequenced by measuring
pulses in the optical signal corresponding to the nucleotides, wherein the modification
has a known first state in a nucleotide at a target position in each window of each first
nucleic acid molecule, each first data structure comprising values for the same
properties as the input data structure,
storing a plurality of first training samples, each including one of the first plurality of first
data structures and a first label indicating the first state of the nucleotide at the target
position, and
optimizing, using the plurality of first training samples, parameters of the model based
on outputs of the model matching or not matching corresponding labels of the first
labels when the first plurality of first data structures is input to the model, wherein an
output of the model specifies whether the nucleotide at the target position in the
respective window has the modification,
(d) determining, using the model, whether the modification is present in a nucleotide at
the target position within the window in the input data structure;

wherein the nucleic acid molecules are obtained from a biological sample of a
subject, wherein modification detected is a maternal or fetal methylation profile; wherein
the sample nucleic acid molecule is a circular DNA molecule formed by cutting a dsDNA
molecules using a Cas9 complex to form a cut dsDNA molecules and ligating a hairpin
adaptor onto an end of the cut dsDNA molecules; wherein the nucleotides within the

window are determined without using circular consensus sequences and without
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alignment to a reference genome; wherein the optical signal is a fluorescence signal

from a dye-labeled nucleotide.

6. Conclusion: No claim is allowed. The closes prior art made of record but not
relied upon are US Patent 9,175,348; US Patent 9,175,338; and US Patent 10,590,484.
All three US Patents teach methods for single molecule real time (SMRT) sequencing to
identify methylation in sequences. The US Patents teach measuring pulse width of
nucleotides, interpulse duration (IPD), and aligning sequences and signals to identify
differences in IPD and pulse width as indicators of genetic alteration such as
methylation (Figure 2 in US Patent 9,175,348 and US Patent 9,175,338). US Patent
10,590,484 additionally teaches conducting these methods on samples from fetal or
maternal origin. None of the US Patents demonstrate measuring a pulse width value of
a specifically identified nucleotide at an identified position to determine the methylation
status, and do not teach or suggest combining all data measurements of nucleotide
identities, nucleotide positions in the sample nucleic acid, width of the pulse
corresponding to the nucleotides, and IPD, subsequently creating an input data
structure comprising a window of the nucleotides in a sample that lists the above
measurements, and inputting the measurements into a model configured to utilize the

measurements to output a methylation status for each nucleotide as instantly claimed.

7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to LAURA B GODDARD whose telephone number is

(671)272-8788. The examiner can normally be reached Mon-Fri, 7am-3:30pm.
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Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Misook Yu can be reached on 571-272-0839. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is
available to registered users. To file and manage patent submissions in Patent Center,
visit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-
center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For
additional questions, contact the Electronic Business Center (EBC) at 866-217-9197
(toll-free). If you would like assistance from a USPTO Customer Service

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

/Laura B Goddard/
Primary Examiner, Art Unit 1642
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated January 19, 2022
Response to Office Action of November 23, 2021

AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions, and listings of claims in the

application.

Listing of Claims:

1. (Withdrawn — Currently Amended) A method for determining whether a
sample nucleic acid molecule is of fetal or maternal origin, wherein the sample nucleic acid
molecule is cell-free and obtained from a biological sample of a female subject pregnant with a
fetus, the method comprising:

(a) receiving data acquired by measuring pulses in an optical signal corresponding
to nucleotides sequenced in the sample nucleic acid molecule and obtaining, from the data,
values for the following properties:

for each nucleotide:
an identity of the nucleotide,
a position of the nucleotide within the sample nucleic acid
molecule,
a width of the pulse corresponding to the nucleotide, and
an interpulse duration representing a time between the pulse
corresponding to the nucleotide and a pulse corresponding to a neighboring
nucleotide;

(b) for each of one or more nucleotides of the nucleotides sequenced in the sample
nucleic acid molecule, creating an input data structure, the input data structure comprising a
window of the nucleotides sequenced in the sample nucleic acid molecule, wherein the input data
structure includes, for each nucleotide within the window, the properties:

the identity of the nucleotide,
a position of the nucleotide with respect to a target position within the
window,

the width of the pulse corresponding to the nucleotide, and
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated January 19, 2022
Response to Office Action of November 23, 2021

the interpulse duration;
(c) for each of one or more nucleotides of the nucleotides sequenced in the sample
nucleic acid molecule, inputting the input data structure into a model, the model configured to:
receive the input data structure, generated using the data acquired by
measuring the pulses in the optical signal corresponding to the nucleotides,
apply optimized parameters of the model to the properties of the input data
structure; and
output a methylation status specifying whether the nucleotide at the target
position in the respective window has a methylation; [[and]]

(d) for each of the one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, determining, using the model, the methylation status for whether
the methylation is present in the nucleotide when the nucleotide is at the target position within
the window in the input data structure; and

(e) determining whether the sample nucleic acid molecule is of fetal or maternal

origin using the methylation statuses of the one or more nucleotides.

2. (Withdrawn) The method of claim 1, wherein determining whether the
sample nucleic acid molecule is of fetal or maternal origin comprises:

determining a methylation level of the sample nucleic acid molecule using the
methylation statuses of the one or more nucleotides; and

comparing the methylation level of the sample nucleic acid molecule to a

reference value.

3. (Withdrawn) The method of claim 2, wherein the reference value is

determined from a methylation level of one or more maternal nucleic acid molecules.

4. (Withdrawn) The method of claim 2, wherein:

comparing the methylation level of the sample nucleic acid molecule to the
reference value comprises determining the methylation level of the sample nucleic acid molecule
is lower than the reference value, and

determining whether the sample nucleic acid molecule is of fetal or maternal
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Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated January 19, 2022
Response to Office Action of November 23, 2021

origin comprises determining the sample nucleic acid molecule is of fetal origin using the

comparison.

5. (Withdrawn) The method of claim 1, further comprising:
identifying the sample nucleic acid molecule as aligning to a predetermined

genomic region.

6. (Withdrawn) The method of claim 1, wherein:
the sample nucleic acid molecule is one sample nucleic acid molecule of a
plurality of sample nucleic acid molecules,
the method further comprising:
performing steps (a)-(e) for each of the plurality of sample nucleic acid
molecules to determine whether each of the plurality of sample nucleic acid molecules is
of fetal or maternal origin using the methylation statuses, and
determining a fetal fraction using the determination of the fetal or

maternal origin of the plurality of sample nucleic acid molecules.

7. (Withdrawn) The method of claim 1, wherein the model includes a
machine learning model, a principal component analysis, a convolutional neural network, or a

logistic regression.

8. (Withdrawn) The method of claim 1, wherein the nucleotides within the
window are determined using a circular consensus sequence and without alignment of the

sequenced nucleotides to a reference genome.

9. (Withdrawn) The method of claim 1, wherein nucleotides within the
window are determined without using a circular consensus sequence and without alignment of

the sequenced nucleotides to a reference genome.

10.  (Withdrawn) The method of claim 1, wherein the optical signal is a

fluorescence signal from a dye-labeled nucleotide.

11.  (Withdrawn) The method of claim 1, wherein each window associated
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Amdt. dated January 19, 2022
Response to Office Action of November 23, 2021

with each input data structure comprises at least 4 consecutive nucleotides on a first strand of

each first nucleic acid molecule.

12. (Withdrawn) The method of claim 1, wherein the methylation is SmC or
6mA.

13. (Withdrawn) The method of claim 1, wherein:
determining whether the methylation is present in the nucleotide at the
target position comprises determining that the methylation is present in the nucleotide in
the sample nucleic acid molecule at the target position, and
the sample nucleic acid molecule is a first nucleic acid molecule;
the method further comprising:
providing a second nucleic acid molecule, the second nucleic acid
molecule being identical to the first nucleic acid molecule and having a methylated
nucleotide at a position corresponding to the target position,
performing bisulfite sequencing on the second nucleic acid molecule to
obtain bisulfite sequencing results, and
verifying the methylation present in the nucleotide at the target position

using bisulfite sequencing results.

14. (Withdrawn) A method of determining whether a copy number aberration
is present in a region of a fetal genome, the method comprising:

for each sample nucleic acid molecule of a plurality of sample nucleic acid
molecules, wherein the plurality of sample nucleic acid molecules is cell-free and obtained from
a biological sample of a female subject pregnant with a fetus:

(a) receiving data acquired by measuring pulses in an optical signal
corresponding to nucleotides sequenced in the sample nucleic acid molecule and
obtaining, from the data, values for the following properties:

for each nucleotide:
an identity of the nucleotide,

a position of the nucleotide within the sample nucleic acid
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molecule,
a width of the pulse corresponding to the nucleotide, and
an interpulse duration representing a time between the

pulse corresponding to the nucleotide and a pulse corresponding to a

neighboring nucleotide;

(b) for each of one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, creating an input data structure, the input data structure
comprising a window of the nucleotides sequenced in the sample nucleic acid molecule,
wherein the input data structure includes, for each nucleotide within the window, the
properties:

the identity of the nucleotide,

a position of the nucleotide with respect to a target position within
the window,

the width of the pulse corresponding to the nucleotide, and

the interpulse duration;

(c) for each of one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, inputting the input data structure into a model, the model
configured to:

receive the input data structure, generated using the data acquired
by measuring the pulses in the optical signal corresponding to the nucleotides,

apply optimized parameters of the model to the properties of the
input data structure; and

output a methylation status specifying whether the nucleotide at
the target position in the respective window has a methylation,

(d) for each of one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, determining, using the model, a methylation status for
whether the methylation is present in the nucleotide when the nucleotide is at the target
position within the window in the input data structure; and

(e) identifying the sample nucleic acid molecule as aligning to the region;

determining a methylation level of the region using the plurality of methylation
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statuses of the one or more nucleotides for each sample nucleic acid molecule of the plurality of
sample nucleic acid molecules; and
determining whether the copy number aberration is present at the region of the

fetal genome using the methylation level.

15. (Withdrawn) The method of claim 14, further comprising comparing the
methylation level of the region to a reference level, wherein determining whether the copy

number aberration is present at the region comprises using the comparison.

16.  (Withdrawn) The method of claim 15, wherein the reference level is

determined using a region without the same type of copy number aberration.

17. (Withdrawn) The method of claim 14, wherein the region is a
chromosome,
the method further comprising:
determining the copy number aberration is present, and

determining the fetus has a chromosomal aneuploidy.

18.  (Currently Amended) A method for determining whether a sample nucleic
acid molecule is of fetal or maternal origin, wherein the sample nucleic acid molecule is cell-free
and obtained from a biological sample of a female subject pregnant with a fetus, the method
comprising:

(a) sequencing the sample nucleic acid molecule by measuring pulses in an optical
signal corresponding to nucleotides in the sample nucleic acid molecule;

(b) receiving data acquired by sequencing the sample nucleic acid molecule, and
obtaining, from the data, values for the following properties:

for each nucleotide:

an identity of the nucleotide,

a position of the nucleotide within the sample nucleic acid
molecule,

a width of the pulse corresponding to the nucleotide, and

an interpulse duration representing a time between the pulse
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Response to Office Action of November 23, 2021

corresponding to the nucleotide and a pulse corresponding to a neighboring

nucleotide;

(c) for each of one or more nucleotides of the nucleotides sequenced in the sample
nucleic acid molecule, creating an input data structure, the input data structure comprising a
window of the nucleotides sequenced in the sample nucleic acid molecule, wherein the input data
structure includes, for each nucleotide within the window, the properties:

the identity of the nucleotide,

a position of the nucleotide with respect to a target position within the
window,

the width of the pulse corresponding to the nucleotide, and

the interpulse duration;

(d) for each of the one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, inputting the input data structure into a model, the model
configured to:

receive the input data structure, generated using the data acquired by
measuring the pulses in the optical signal corresponding to the nucleotides,

apply optimized parameters of the model to the properties of the input data
structure; and

output a methylation status specifying whether the nucleotide at the target
position in the respective window has a methylation; [[and]]

(e) for each of the one or more nucleotides of the nucleotides sequenced in the

sample nucleic acid molecule, determining, using the model, the methylation status for whether

the methylation is present in the nucleotide when the nucleotide is at the target position within

the window in the input data structure: and

([[e]lf) determining whether the sample nucleic acid molecule is of fetal or

maternal origin using the methylation statuses of the one or more nucleotides.

19. (Original) The method of claim 18, further comprising:
cutting a double-stranded DNA molecule using a Cas9 complex to form a cut
double-stranded DNA molecule, and

ligating a hairpin adaptor onto an end of the cut double-stranded DNA molecule
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to form a circular DNA molecule, wherein:
the circular DNA molecule is the sample nucleic acid molecule,
the window of the nucleotides corresponding to the input data structure
comprises nucleotides on a first strand of the sample nucleic acid molecule and
nucleotides on a second strand of the sample nucleic acid molecule, and
the input data structure further comprises for each nucleotide within the
window a value of a strand property, the strand property indicating the nucleotide being

present on either the first strand or the second strand.

20. (Original) The method of claim 18, further comprising enriching or

filtering each nucleotide within the window.

21.  (Original) The method of claim 20, comprising enriching each nucleotide
within the window by cutting a double-stranded DNA molecule using a Cas9 complex to form a
cut double-stranded DNA molecule, and ligating a hairpin adaptor onto an end of the cut double-

stranded DNA molecule.

22, (Original) The method of claim 20, comprising filtering each nucleotide

within the window selecting double-stranded DNA molecules having a size within a size range.

23.  (Original) The method of claim 18, wherein sequencing the sample
nucleic acid molecule comprises:

providing a polymerase that is capable of processing a first nucleic acid molecule,
wherein the first nucleic acid molecule comprises the methylation in at least one nucleotide;

incorporating dye-labeled nucleotides into the first nucleic acid molecule to form
the sample nucleic acid molecule; and

measuring pulses in the optical signal corresponding to the dye-labeled
nucleotides,

wherein determining whether the methylation is present in the nucleotide at the
target position comprises determining that the methylation is present in the nucleotide in the
sample nucleic acid molecule at the target position, thereby determining the methylation is

present in the at least one nucleotide in the first nucleic acid molecule.
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24.  (Original) The method of claim 23, wherein the polymerase is

immobilized.

25.  (Original) The method of claim 23, further comprising ligating Watson
and Crick strands of the first nucleic acid molecule to form a circular template molecule
comprising a double-stranded segment having each end capped with a hairpin adaptor, wherein

the circular template molecule is the first nucleic acid molecule.

26. (Original) The method of claim 18, further comprising:

providing a double-stranded nucleic acid molecule comprising the methylation in
at least one nucleotide; and

ligating Watson and Crick strands of the double-stranded nucleic acid molecule to
form a circular template molecule comprising a double-stranded segment having each end
capped with a hairpin adaptor, wherein the circular template molecule is the sample nucleic acid
molecule; wherein:

the data comprises sequences of the Watson and Crick strands of the double-
stranded nucleic acid molecule contained in the circular template molecule, and

determining whether the methylation is present in the nucleotide at the target
position comprises determining that the methylation is present in the nucleotide in the sample
nucleic acid molecule at the target position, thereby determining the methylation is present in the

at least one nucleotide in the double-stranded nucleic acid molecule.

27. (Currently Amended) The method of claim 18, further comprising
aligning the sequenced nucleotides to a reference genome to provide the positions of the

nucleotides within the sample nucleic acid molecule[[s]].

28. (Withdrawn) A method of determining whether a copy number aberration
is present in a region of a fetal genome, the method comprising:

for each sample nucleic acid molecule of a plurality of sample nucleic acid
molecules, wherein the plurality of sample nucleic acid molecules is cell-free and obtained from

a biological sample of a female subject pregnant with a fetus:
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(a) sequencing the sample nucleic acid molecule by measuring pulses in
an optical signal corresponding to nucleotides in the sample nucleic acid molecule;

(b) receiving data acquired by sequencing the sample nucleic acid
molecule, and obtaining, from the data, values for the following properties:

for each nucleotide:
an identity of the nucleotide,
a position of the nucleotide within the sample nucleic acid
molecule,
a width of the pulse corresponding to the nucleotide, and
an interpulse duration representing a time between the

pulse corresponding to the nucleotide and a pulse corresponding to a

neighboring nucleotide;

(c) for each of one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, creating an input data structure, the input data structure
comprising a window of the nucleotides sequenced in the sample nucleic acid molecule,
wherein the input data structure includes, for each nucleotide within the window, the
properties:

the identity of the nucleotide,

a position of the nucleotide with respect to a target position within
the window,

the width of the pulse corresponding to the nucleotide, and

the interpulse duration;

(d) for each of one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, inputting the input data structure into a model, the model
configured to:

receive the input data structure, generated using the data acquired
by measuring the pulses in the optical signal corresponding to the nucleotides,

apply optimized parameters of the model to the properties of the
input data structure; and

output a methylation status specifying whether the nucleotide at

Page 11 of 14

Pg.171



Appl. No. 17/379,544 Attorney Docket No.: 080015-028420US-1249377
Amdt. dated January 19, 2022
Response to Office Action of November 23, 2021

the target position in the respective window has a methylation,

(e) for each of one or more nucleotides of the nucleotides sequenced in the
sample nucleic acid molecule, determining, using the model, a methylation status for
whether the methylation is present in the nucleotide when the nucleotide is at the target
position within the window in the input data structure; and

(f) identifying the sample nucleic acid molecule as aligning to the region;

determining a methylation level of the region using the plurality of methylation
statuses of the one or more nucleotides for each sample nucleic acid molecule of the plurality of
sample nucleic acid molecules; and

determining whether the copy number aberration is present at the region of the

fetal genome using the methylation level.

29. (Withdrawn) The method of claim 28, further comprising:

enriching the biological sample for nucleic acid molecules aligning to the region.

30. (Withdrawn) The method of claim 29, wherein enriching comprises
cutting a double-stranded DNA molecule using a Cas9 complex to form a cut double-stranded
DNA molecule, and ligating a hairpin adaptor onto an end of the cut double-stranded DNA

molecule.
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REMARKS/ARGUMENTS

Upon entry of the present amendment, claims 1-30 will be pending in this application.
Claims 1, 18, and 27 have been amended to clarify antecedent basis. Claim 18 has also been
amended to add a step of determining methylation status. Support can at least be found in

paragraph [0517] and claim 1 of the Application as filed. No new matter is added.
The Examiner has restricted the claims into the following Groups:

Group I: Claims 1-13, drawn to a method for determining whether a sample
nucleic acid molecule is of fetal or maternal origin;

Group II: Claims 14-17, drawn to a method of determining whether a copy
number aberration (CNA) is present in a region of a fetal genome;

Group III:  Claims 18-27, drawn to a method for determining whether a sample
nucleic acid molecule is of fetal or maternal origin, with sequencing; and

Group IV:  Claims 28-30, drawn to a method of determining whether a copy

number aberration (CNA) is present in a region of a fetal genome, with sequencing.

In response to the restriction requirement, but without conceding the propriety thereof,
Applicant elects Group III, encompassed by claims 18-27, with traverse, and without prejudice to

the presentation of the claims of Groups L, I, and IV in later applications.

The election of Group III over Group I requirement is respectfully traversed. Related
inventions are distinct if: (1) the inventions as claimed are either not capable of use together or
can have a materially different design, mode of operation, function, or effect; (2) the inventions
do not overlap in scope, i.e., are mutually exclusive; and (3) the inventions as claimed are not
obvious variants. See MPEP § 806.05(j). Group III and Group I are both capable of use together
and are not mutually exclusive. Claim 18 of Group III includes all steps of claim 1 of Group L.
As a result, performing claim 18 involves performing claim 1. Claim 18 and claim 1 therefore
are capable of use together and the claims are not mutually exclusive. Hence, the groups are not

distinct.

Additionally, Group I would not involve a serious search and/or examination burden over

Group III. Claim 18 of Group III includes all steps of claim 1 of Group I with the addition of a

Page 13 of 14
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sequencing step. Hence, there would be little or no additional search and/or examination for

claim 1 after performing search and/or examination on claim 18.

For at least these reasons, an election of Group III over Group I should not be required.

CONCLUSION

In view of the foregoing, Applicant believes all claims now pending in this application
are in condition for allowance. The issuance of a formal Notice of Allowance at an early date is

respectfully requested.

Except for the issue fees payable under 37 C.F R. § 1.18, the Director is authorized to
charge any additional fees during pendency of this application, including any required extension
of time fees, or credit any overpayment to Deposit Account Number 20-1430. This paragraph is

intended to be a constructive petition for extension of time in accordance with 37 C.F.R.
§ 1.136(a)(3).

If the Examiner believes a telephone conference would expedite prosecution of this

application, please contact the undersigned at (303) 571-4000 or dhsu@kilpatricktownsend.com.

Respectfully submitted,

/David D. Hsu/
David D. Hsu
Registration No. 71659

KILPATRICK TOWNSEND & STOCKTON LLP

DDH:hao

75444189V.1
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DETERMINING A NUCLEIC ACID SEQUENCE IMBALANCE
CLAIM OF PRIORITY

[0001] The present application claims priority from and is a non-provisional application of
U.S. Provisional Application No. 60/951438, entitled “DETERMINING A NUCLEIC ACID
SEQUENCE IMBALANCE?” filed July 23, 2007 (Attorney Docket No. 016285-005200US),

the entire contents of which are herein incorporated by reference for all purposes.

CROSS-REFERENCES TO RELATED APPLICATIONS
[0002] The present application is also related to concurrently filed non-provisional
application entitled “DIAGNOSING FETAL CHROMOSOMAL ANEUPLOIDY USING
GENOMIC SEQUENCING,” (Attorney Docket No. 016285-005220US), the entire contents

of which are herein incorporated by reference for all purposes.

FIELD OF THE INVENTION
[0003] This invention generally relates to the diagnostic testing of genotypes and diseases
by determining an imbalance between two different nucleic acid sequences, and more
particularly to the identification of Down syndrome, other chromosomal aneuploidies,
mutations and genotypes in a fetus via testing a sample of maternal blood. The invention also
relates to the detection of cancer, the monitoring of transplantation, and the monitoring of

infectious diseases.

BACKGROUND

[0004] Genetic diseases, cancers, and other conditions often result from or produce an
imbalance in two corresponding chromosomes or alleles or other nucleic acid sequences.
That is an amount of one sequence relative to another sequence is larger or smaller than
normal. Usually, the normal ratio is an even 50/50 ratio. Down Syndrome (trisomy 21) is

such a discase having an imbalance of an extra chromosome 21.

[0005] Conventional prenatal diagnostic methods of trisomy 21 involve the sampling of
fetal materials by invasive procedures such as amniocentesis or chorionic villus sampling,
which pose a finite risk of fetal loss. Non-invasive procedures, such as screening by
ultrasonography and biochemical markers, have been used to risk-stratify pregnant women
prior to definitive invasive diagnostic procedures. However, these screening methods

typically measure epiphenomena that are associated with trisomy 21 instead of the core
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chromosomal abnormality, and thus have suboptimal diagnostic accuracy and other

disadvantages, such as being highly influenced by gestational age.

[0006] The discovery of circulating cell-free fetal DNA in maternal plasma in 1997 offered
new possibilities for noninvasive prenatal diagnosis (Lo, YMD and Chiu, RWK 2007 Nat
Rev Genet 8, 71-77). While this method has been readily applied to the prenatal diagnosis of
sex-linked (Costa, JM et al. 2002 N Engl J Med 346, 1502) and certain single gene disorders
(Lo, YMD ct al. 1998 N Engl J Med 339, 1734-1738), its application to the prenatal detection
of fetal chromosomal aneuploidies has represented a considerable challenge (Lo, YMD and
Chiu, RWK 2007, supra). First, fetal nucleic acids co-exist in maternal plasma with a high
background of nucleic acids of maternal origin that can often interfere with the analysis (Lo,
YMD et al. 1998 Am J Hum Genet 62, 768-775). Second, fetal nucleic acids circulate in
maternal plasma predominantly in a cell-free form, making it difficult to derive dosage

information of genes or chromosomes within the fetal genome.

[0007] Significant developments overcoming these challenges have recently been made
(Benachi, A & Costa, JM 2007 Lancet 369, 440-442). One approach detects fetal-specific
nucleic acids in the maternal plasma, thus overcoming the problem of maternal background
interference (Lo, YMD and Chiu, RWK 2007, supra). Dosage of chromosome 21 was
inferred from the ratios of polymorphic alleles in the placenta-derived DNA/RNA molecules.
However, this method is less accurate when samples contain lower amount of the targeted
gene and can only be applied to fetuses who are heterozygous for the targeted

polymorphisms, which is only a subset of the population if one polymorphism is used.

[0008] Dhallan et al (Dhallan, R, ef al. 2007, supra Dhallan, R, et al. 2007 Lancet 369, 474-
481) described an alternative strategy of enriching the proportion of circulating fetal DNA by
adding formaldehyde to maternal plasma. The proportion of chromosome 21 sequences
contributed by the fetus in maternal plasma was determined by assessing the ratio of
paternally-inherited fetal-specific alleles to non-fetal-specific alleles for single nucleotide
polymorphisms (SNPs) on chromosome 21. SNP ratios were similarly computed for a
reference chromosome. An imbalance of fetal chromosome 21 was then inferred by detecting
a statistically significant difference between the SNP ratios for chromosome 21 and those of
the reference chromosome, where significant is defined using a fixed p-value of < 0.05. To
ensure high population coverage, more than 500 SNPs were targeted per chromosome.

However, there have been controversies regarding the effectiveness of formaldehyde to
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enrich to a high proportion (Chung, GTY, et al. 2005 Clin Chem 51, 655-658), and thus the
reproducibility of the method needs to be further evaluated. Also, as each fetus and mother
would be informative for a different number of SNPs for each chromosome, the power of the
statistical test for SNP ratio comparison would be variable from case to case (Lo, YMD &
Chiu, RWK. 2007 Lancet 369, 1997). Furthermore, since these approaches depend on the
detection of genetic polymorphisms, they are limited to fetuses heterozygous for these

polymorphisms.

[0009] Using polymerase chain reaction (PCR) and DNA quantification of a chromosome
21 locus and a reference locus in amniocyte cultures obtained from trisomy 21 and euploid
fetuses, Zimmermann et al (2002 Clin Chem 48, 362-363) were able to distinguish the two
groups of fetuses based on the 1.5-fold increase in chromosome 21 DNA sequences in the
former. Since a 2-fold difference in DNA template concentration constitutes a difference of
only one threshold cycle (Ct), the discrimination of a 1.5-fold difference has been the limit of
conventional real-time PCR. To achieve finer degrees of quantitative discrimination,
alternative strategies are needed. Accordingly, some embodiments of the present invention

use digital PCR (Vogelstein, B et al. 1999 Proc Natl Acad Sci U S 4 96, 9236-9241) for this
purpose.

[0010] Digital PCR has been developed for the detection of allelic ratio skewing in nucleic
acid samples (Chang, HW et al. 2002 J Natl Cancer Inst 94, 1697-1703). Clinically, it has
been shown to be useful for the detection of loss of heterozygosity (LOH) in tumor DNA
samples (Zhou, W. et al. 2002 Lancet 359, 219-225). For the analysis of digital PCR results,
sequential probability ratio testing (SPRT) has been adopted by previous studies to classify
the experimental results as being suggestive of the presence of LOH in a sample or not (El
Karoui at al. 2006 Stat Med 25, 3124-3133). In methods used in the previous studies, the
cutoff value to determine LOH used a fixed reference ratio of the two alleles in the DNA of
2/3. As the amount, proportion, and concentration of fetal nucleic acids in maternal plasma
are variable, these methods are not suitable for detecting trisomy 21 using fetal nucleic acids

in a background of maternal nucleic acids in maternal plasma.

[0011] Tt is desirable to have a noninvasive test for fetal trisomy 21 (and other imbalances)
detection based on circulating fetal nucleic acid analysis, especially one that is independent of
the use of genetic polymorphisms and/or of fetal-specific markers. It is also desirable to have

accurate determination of cutoff values and counting of sequences, which can reduce the
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number of wells of data and/or the amount of maternal plasma nucleic acid molecules
necessary for accuracy, thus providing increased efficiency and cost-effectiveness. It is also
desirable that noninvasive tests have high sensitivity and specificity to minimize false

diagnoses.

[0012] Another application for fetal DNA detection in maternal plasma is for the prenatal
diagnosis of single gene disorders such as beta-thalassemia. However, as fetal DNA only
constitutes a minor fraction of DNA in maternal plasma, it is thought that this approach can
only detect a mutation that a fetus has inherited from its father, but which is absent from the
mother. Examples of this include the 4 bp deletion in codon 41/42 of the beta-globin gene
causing beta-thalassemia (Chiu RWK et al. 2002 Lancet, 360, 998-1000) and the Q890X
mutation of the cystic fibrosis transmembrance conductance regulator gene causing cystic
fibrosis (Gonzalez-Gonzalez et al 2002 Prenat Diagn, 22, 946-8). However, as both beta-
thalassemia and cystic fibrosis are autosomal recessive conditions, in which the fetus would
need to inherit a mutation from each parent before the disease would manifest itself, the
detection of merely the paternally-inherited mutation would only increase the risk of having
the fetus having the disease from 25% to 50%. Diagnostically this is not ideal. Thus, the main
diagnostic application of the existing approach would be for the scenario when no paternally-
inherited fetal mutation can be detected in maternal plasma, when the fetus can then be
excluded from having the homozygous disease state. However, diagnostically, this approach
has the disadvantage that the conclusion is made based on the negative detection of the
paternal mutation. Thus, an approach which would allow the complete fetal genotype (be it
homozygous normal, homozygous mutant, or heterozygous) to be determined from maternal

plasma, without the above limitation, would be very desirable.

BRIEF SUMMARY

[0013] Embodiments of this invention provides methods, systems, and apparatus for
determining whether a nucleic acid sequence imbalance (e.g., allelic imbalance, mutational
imbalance, or chromosome imbalance) exists within a biological sample. One or more cutoff
values for determining an imbalance of, for example, a ratio of amounts of the two sequences

(or sets of sequences) are chosen.

[0014] In one embodiment, the cutoff value is determined based at least in part on the
percentage of fetal (clinically relevant nucleic acid) sequences in a biological sample, such as

maternal plasma or serum or urine, which contains a background of maternal nucleic acid
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sequences. In another embodiment, the cutoff value is determined based on an average
concentration of a sequence in a plurality of reactions. In one aspect, the cutoff value is
determined from a proportion of informative wells that are estimated to contain a particular
nucleic acid sequence, where the proportion is determined based on the above-mentioned

percentage and/or average concentration.

[0015] The cutoff value may be determined using many different types of methods, such as
SPRT, false discovery, confidence interval, receiver operating characteristic (ROC). This
strategy further minimized the amount of testing required before confident classification
could be made. This is of particular relevance to plasma nucleic acid analysis where the

template amount is often limiting.

[0016] According to one exemplary embodiment, a method is provided for determining
whether a nucleic acid sequence imbalance exists within a biological sample, the method
comprising: receiving data from a plurality of reactions, wherein the data includes: (1) a first
set of quantitative data indicating a first amount of a clinically relevant nucleic acid sequence;
and (2) a second set of quantitative data indicating a second amount of a background nucleic
acid sequence different from the clinically relevant nucleic acid sequence; determining a
parameter from the two data sets; deriving a first cutoff value from an average concentration
of a reference nucleic acid sequence in each of the plurality of reactions, wherein the
reference nucleic acid sequence is either the clinically relevant nucleic acid sequence or the
background nucleic acid sequence; comparing the parameter to the first cutoff value; and
based on the comparison, determining a classification of whether a nucleic acid sequence
imbalance exists.

[0017] According to another exemplary embodiment, a method is provided for determining
whether a nucleic acid sequence imbalance exists within a biological sample, the method
comprising: receiving data from a plurality of reactions, wherein the data includes: (1) a first
set of quantitative data indicating a first amount of a clinically relevant nucleic acid sequence;
and (2) a second set of quantitative data indicating a second amount of a background nucleic
acid sequence different from the clinically relevant nucleic acid sequence, wherein the
clinically relevant nucleic acid sequence and the background nucleic acid sequence come
from a first type of cells and from one or more second types of cells; determining a parameter
from the two data sets; deriving a first cutoff value from a first percentage resulting from a

measurement of an amount of a nucleic acid sequence from the first type of cells in the
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biological sample; comparing the parameter to the cutoff value; and based on the comparison,

determining a classification of whether a nucleic acid sequence imbalance exists.

[0018] Other embodiments of the invention are directed to systems and computer readable

media associated with methods described herein.

[0019] A better understanding of the nature and advantages of the present invention may be

gained with reference to the following detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a flowchart illustrating a digital PCR experiment.

[0021] FIG. 2A illustrates a digital RNA-SNP and RCD method according to an

embodiment of the present invention.

[0022] FIG. 2B shows a table of examples of frequently detectable chromosomal

aberrations in cancers.

[0023] FIG. 3 illustrates a graph having SPRT curves used to determine Down syndrome

according to an embodiment of the present invention.

[0024] FIG. 4 shows a method of determining a disease state using a percentage of fetal

cells according to an embodiment of the present invention.

[0025] FIG. 5 shows a method of determining a disease state using an average

concentration according to an embodiment of the present invention.

[0026] FIG. 6 shows a table that tabulates the expected digital RNA-SNP allelic ratio and
P, of trisomy 21 samples for a range of template concentrations expressed as the average
reference template concentration per well (m;) according to an embodiment of the present

invention.

[0027] FIG. 7 shows a table that tabulates the expected P; for the fractional fetal DNA
concentrations of 10%, 25%, 50% and 100% in trisomy 21 samples at a range of template
concentrations expressed as the average reference template concentration per well (my)

according to an embodiment of the present invention.

[0028] FIG. 8 shows a plot illustrating the degree of differences in the SPRT curves for m,
values of 0.1, 0.5 and 1.0 for digital RNA-SNP analysis according to an embodiment of the

present invention.
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[0029] FIG. 9A shows a table of a comparison of the effectiveness of the new and old
SPRT algorithms for classifying euploid and trisomy 21 cases in 96-well digital RNA-SNP

analyses according to an embodiment of the present invention.

[0030] FIG. 9B shows a table of a comparison of the effectiveness of the new and old
SPRT algorithms for classifying euploid and trisomy 21 cases in 384-well digital RNA-SNP

analyses according to an embodiment of the present invention.

[0031] FIG. 10 is a table showing the percentages of fetuses correctly and incorrectly
classified as euploid or aneuploid and those not classifiable for the given informative counts

according to an embodiment of the present invention.

[0032] FIG. 11 is a table 1100 showing computer simulations for digital RCD analysis for a

pure (100%) fetal DNA sample according to an embodiment of the present invention.

[0033] FIG. 12 is a table 1200 showing results of computer simulation of accuracies of
digital RCD analysis at m/=0.5 for the classification of samples from euploid or trisomy 21
fetuses with different fractional concentrations of fetal DNA according to an embodiment of

the present invention.

[0034] FIG. 13A shows a table 1300 of digital RNA-SNP analysis in placental tissues of

euploid and trisomy 21 pregnancies according to an embodiment of the present invention.

[0035] FIG. 13B shows a table 1350 of digital RNA-SNP analysis of maternal plasma from

euploid and trisomy 21 pregnancies according to an embodiment of the present invention.

[0036] FIG. 14A-14C show plots illustrating a cutoff curve resulting from an RCD analysis

according to an embodiment of the present invention.

[0037] FIG. 15A shows a table of digital RNA-SNP analysis in placental tissues of euploid

and trisomy 21 pregnancies according to an embodiment of the present invention.

[0038] FIG. 15B shows a table of digital RNA-SNP data of the 12 reaction panels from one

maternal plasma sample according to an embodiment of the present invention.

[0039] FIG. 15C shows a table of digital RNA-SNP analysis of maternal plasma from

cuploid and trisomy 21 pregnancies according to an embodiment of the present invention.

[0040] FIG. 16A shows a table for a digital RNA-SNP analysis of euploid and trisomy 18

placentas according to an embodiment of the present invention.
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[0041] FIG. 16B shows an SPRT interpretation of digital RNA-SNP data for euploid and

trisomy 18 placentas according to an embodiment of the present invention.

[0042] FIG. 17 shows a table of a digital RCD analysis of 50% placental/maternal blood
cell DNA mixtures of euploid and trisomy 21 pregnancies according to an embodiment of the

present invention.

[0043] FIG. 18 shows a SPRT curve illustrating the decision boundaries for correct

classification according to an embodiment of the present invention.

[0044] FIG. 19 shows a table of digital RCD analysis of amniotic fluid samples from

euploid and trisomy 21 pregnancies according to an embodiment of the present invention.

[0045] FIG. 20 shows a table of digital RCD analysis of placental DNA samples from
euploid and trisomy 18 pregnancies (E= euploid; T18= trisomy 18) according to an

embodiment of the present invention.

[0046] FIG. 21 shows a table of a multiplex digital RCD analysis of 50%
placental/maternal blood cell DNA mixtures of euploid and trisomy 21 pregnancies (E=
euploid; T21= trisomy 21; U= unclassified) according to an embodiment of the present

invention.

[0047] FIGS. 22A and 22B show a table of a multiplex digital RCD analysis of 50%
euploid or trisomy 21 placental genomic DNA/50% maternal buffy coat DNA mix according
to an embodiment of the present invention. Unclass denotes unclassifiable and T21 denotes

trisomy 21.

[0048] FIG. 23 shows a scenatio where both the male and female partners carry the same

mutation.

[0049] FIG. 24A shows a table of a digital RMD analysis of female/male and male/male

DNA mixtures according to an embodiment of the present invention.

[0050] FIG. 24B shows a table of a digital RMD analysis of mixtures with 25% female and

75% male DNA according to an embodiment of the present invention.

[0051] FIG. 25 shows a table of a digital RMD analysis of 15%-50% DNA mixtures
mimicking maternal plasma samples for HbE mutation according to an embodiment of the

present invention.
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[0052] FIG. 26A shows a table of a digital RMD analysis of 5%-50% DNA mixtures
mimicking maternal plasma samples for CD41/42 mutation according to an embodiment of

the present invention.

[0053] FIG. 26B shows a table of a digital RMD analysis of 20% DNA mixtures
mimicking maternal plasma samples for CD41/42 mutation according to an embodiment of

the present invention.

[0054] FIG. 27 shows a block diagram of an exemplary computer apparatus usable with

system and methods according to embodiments of the present invention.

DEFINITIONS

[0055] The term "biological sample" as used herein refers to any sample that is taken from.

a subject (e.g., a human, such as a pregnant woman) and contains one or more nucleic acid

molecule(s)of interest.

[0056] The term “nucleic acid” or “polynucleotide” refers to a deoxyribonucleic acid
(DNA) or ribonucleic acid (RNA) and a polymer thereof in either single- or double-stranded
form. Unless specifically limited, the term encompasses nucleic acids containing known
analogs of natural nucleotides that have similar binding properties as the reference nucleic
acid and are metabolized in a manner similar to naturally occurring nucleotides. Unless
otherwise indicated, a particular nucleic acid sequence also implicitly encompasses
conservatively modified variants thereof (e.g., degenerate codon substitutions), alleles,
orthologs, SNPs, and complementary sequences as well as the sequence explicitly indicated.
Specifically, degenerate codon substitutions may be achieved by generating sequences in
which the third position of one or more selected (or all) codons is substituted with mixed-
base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka
et al., J. Biol. Chem. 260:2605-2608 (1985); and Rossolini et al., Mol. Cell. Probes 8:91-98
(1994)). The term nucleic acid is used interchangeably with gene, cDNA, mRNA, small
noncoding RNA, micro RNA (miRNA), Piwi-interacting RNA, and short hairpin RNA
(shRNA) encoded by a gene or locus.

[0057] The term “gene” means the segment of DNA involved in producing a polypeptide
chain. It may include regions preceding and following the coding region (leader and trailer)

as well as intervening sequences (introns) between individual coding segments (exons).
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[0058] The term "reaction" as used herein refers to any process involving a chemical,
enzymatic, or physical action that is indicative of the presence or absence of a particular
polynucleotide sequence of interest. An example of a "reaction" is an amplification reaction
such as a polymerase chain reaction (PCR). Another example of a "reaction” is a sequencing
reaction, either by synthesis or by ligation. An "informative reaction" is one that indicates
the presence of one or more particular polynucleotide sequence of interest, and in one case
where only one sequence of interest is present. The term "well" as used herein refers to a
reaction at a predetermined location within a confined structure, e.g., a well-shaped vial, cell,

or chamber in a PCR array.

[0059] The term "clinically relevant nucleic acid sequence" as used herein can refer to a
polynucleotide sequence corresponding to a segment of a larger genomic sequence whose
potential imbalance is being tested or to the larger genomic sequence itself. One example is
the sequence of chromosome 21. Other examples include chromosome 18, 13, X and Y. Yet
other examples include mutated genetic sequences or genetic polymorphisms or copy number
variations that a fetus may inherit from one or both of its parents. Yet other examples include
sequences which are mutated, deleted, or amplified in a malignant tumor, e.g. sequences in
which loss of heterozygosity or gene duplication occur. In some embodiments, multiple
clinically relevant nucleic acid sequences, or equivalently multiple makers of the clinically
relevant nucleic acid sequence, can be used to provide data for detecting the imbalance. For
instance, data from five non-consecutive sequences on chromosome 21 can be used in an
additive fashion for the determination of a possible chromosomal 21 imbalance, effectively

reducing the need of sample volume to 1/5.

[0060] The term "background nucleic acid sequence" as used herein refers to a nucleic acid
sequence whose normal ratio to the clinically relevant nucleic acid sequence is known, for
instance a 1-to-1 ratio. As one example, the background nucleic acid sequence and the
clinically relevant nucleic acid sequence are two alleles from the same chromosome that are
distinct due to heterozygosity. In another example, the background nucleic acid sequence is
one allele that is heterozygous to another allele that is the clinically relevant nucleic acid
sequence. Moreover, some of each of the background nucleic acid sequence and the

clinically relevant nucleic acid sequence may come from different individuals.

10

Pg.194



10

15

25

WO 2009/013492 PCT/GB2008/002524

[0061] The term "reference nucleic acid sequence" as used herein refers to a nucleic acid
sequence whose average concentration per reaction is known or equivalently has been

measured.

[0062] The term "overrepresented nucleic acid sequence" as used herein refers to the
nucleic acid sequence among two sequences of interest (e.g., a clinically relevant sequence
and a background sequence) that is in more abundance than the other sequence in a biological

sample.

[0063] The term "based on" as used herein means "based at least in part on" and refers to
one value (or result) being used in the determination of another value, such as occurs in the
relationship of an input of a method and the output of that method. The term "derive" as used
herein also refers to the relationship of an input of a method and the output of that method,

such as occurs when the derivation is the calculation of a formula.

[0064] The term "quantitative data" as used herein means data that are obtained from one
or more reactions and that provide one or more numerical values. For example, the number

of wells that show a fluorescent marker for a particular sequence would be quantitative data.

[0065] The term "parameter" as used herein means a numerical value that characterizes a
quantitative data set and/or a numerical relationship between quantitative data sets. For
example, a ratio (or function of a ratio) between a first amount of a first nucleic acid sequence

and a second amount of a second nucleic acid sequence is a parameter.

[0066] The term "cutoff value" as used herein means a numerical value whose value is used
to arbitrate between two or more states (e.g. diseased and non-diseased) of classification for a
biological sample. For example, if a parameter is greater than the cutoff value, a first
classification of the quantitative data is made (e.g. diseased state); or if the parameter is less
than the cutoff value, a different classification of the quantitative data is made (e.g.

non-diseased state).

[0067] The term "imbalance" as used herein means any significant deviation as defined by
at least one cutoff value in a quantity of the clinically relevant nucleic acid sequence from a
reference quantity. For example, the reference quantity could be a ratio of 3/5, and thus an

imbalance would occur if the measured ratio is 1:1.

11
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DETAILED DESCRIPTION OF THE INVENTION

[0068] This invention provides methods, systems, and apparatus for determining whether
an increase or decrease compared to a reference (e.g. non-diseased) quantity of a
clinically-relevant nucleic acid sequence in relation to other non~clinically-relevant sequences
(e.g., a chromosomal or allelic imbalance) exists within a biological sample. One or more
cutoff values are chosen for determining whether a change compared to the reference
quantity exists (i.e. an imbalance), for example, with regards to the ratio of amounts of two
sequences (or sets of sequences). The change detected in the reference quantity may be any
deviation (upwards or downwatrds) in the relation of the clinically-relevant nucleic acid
sequence to the other non-clinically-relevant sequences. Thus, the reference state may be any
ratio or other quantity (e.g. other than a 1-1 correspondence), and a measured state signifying
a change may be any ratio or other quantity that differs from the reference quantity as

determined by the one or more cutoff values.

[0069] The clinically relevant nucleic acid sequence and the background nucleic acid
sequence may come from a first type of cells and from one or more second types of cells. For
example, fetal nucleic acid sequences originating from fetal/placental cells are present in a
biological sample, such as maternal plasma, which contains a background of maternal nucleic
acid sequences originating from maternal cells. Thus, in one embodiment, the cutoff value is
determined based at least in part on a percentage of the first type of cells in a biological
sample. Note the percentage of fetal sequences in a sample may be determined by any fetal-
derived loci and not limited to measuring the clinically-relevant nucleic acid sequences. In
another embodiment, the cutoff value is determined at least in part on the percentage of tumor
sequences in a biological sample, such as plasma, serum, saliva or urine, which contains a

background of nucleic acid sequences derived from the non-malignant cells within the body.

[0070] In yet another embodiment, the cutoff value is determined based on an average
concentration of a sequence in a plurality of reactions. In one aspect, the cutoff value is
determined from a proportion of informative wells that are estimated to contain a particular
nucleic acid sequence, where the proportion is determined based on the above-mentioned
percentage and/or average concentration. The cutoff value may be determined using many
different types of methods, such as SPRT, false discovery, confidence interval, receiver
operating characteristic (ROC). This strategy further minimizes the amount of testing

required before confident classification can be made. This is of particular relevance to

12
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plasma nucleic acid analysis where the template amount is often limiting. Although

presented with respect to digital PCR, other methods may be used.

[0071] Digital PCR involves multiple PCR analyses on extremely dilute nucleic acids such
that most positive amplifications reflect the signal from a single template molecule. Digital
PCR thereby permits the counting of individual template molecules. The proportion of
positive amplifications among the total number of PCRs analyzed allows an estimation of the
template concentration in the original or non-diluted sample. This technique has been
proposed to allow the detection of a variety of genetic phenomena (Vogelstein, B et al. 1999,
supra) and has previously been used for the detection of loss of heterozygosity in tumor
samples (Zhou, W. et al. 2002, supra) and in the plasma of cancer patients (Chang, HW ef al.
2002, supra). Since template molecule quantification by digital PCR does not rely on dose-
response relationships between reporter dyes and nucleic acid concentrations, its analytical
precision should theoretically be superior to that of real-time PCR. Hence, digital PCR could
potentially allow the discrimination of finer degrees of quantitative differences between

target and reference loci.

[0072] To test this, we first assessed if digital PCR could determine the allelic ratio of
PLAC4 mRNA (Lo, YMD, et al. 2007 Nat Med 13, 218-223), a placental transcript from
chromosome 21, in maternal plasma and thereby distinguish trisomy 21 and euploid fetuses.
This approach is referred as the digital RNA-SNP method. We then evaluated whether the
increased precision of digital PCR would allow the detection of fetal chromosomal
aneuploidies without depending on genetic polymorphisms. We call this digital relative
chromosome dosage (RCD) analysis. The former approach is polymorphism-dependent but
requires less precision in quantitative discrimination while the latter approach is

polymorphism-independent but requires a higher precision for quantitative discrimination.

I. DIGITAL RNA-SNP

A. Overview

[0073] Digital PCR is capable of detecting the presence of allelic ratio skewing of two
alleles in a DNA sample. For example, it has been used to detect loss of heterozygosity
(LOH) in a tumor DNA sample. Assuming that there are two alleles in the DNA sample,
namely A and G, and the A allele would be lost in the cells with LOH. When LOH is present

13
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in 50% of cells in the tumor sample, the allelic ratio of G:A in the DNA sample would be 2:1.

However, if LOH is not present in the tumor sample, the allelic ratio of G:A would be 1:1.

[0074] FIG. 1 is a flowchart 100 illustrating a digital PCR experiment. In step 110, the
DNA sample is diluted and then distributed to separate wells. Note that the inventors have
determined that some plasma nucleic acid species are already quite diluted in the original
sample. Accordingly, there is no need for dilution for some templates, if they are already
present at the necessary concentrations. In the previous studies (e.g. Zhou et al 2002, supra),
a DNA sample is diluted to an extent such that the average concentration of a specific
"template DNA" is approximately 0.5 molecule of one of the two templates per well. Note
that the term "template DNA" appears to refer to either the A or the G alleles, and that there

is no rationale provided for this specific concentration.

[0075] In step 120, in each well, a PCR process is carried out to detect the A and/or the G
allele simultaneously. In step 130, the markers in each well are identified (e.g. via
fluorescence), e.g. A, G, A and G, or neither. In the absence of LOH, the abundance of the A
and the G alleles in the DNA sample would be the same (one copy each per cell). Therefore,
the probabilities of a well being positive for the A allele and for the G allele would be the
same. This would be reflected by the similar numbers of wells being positive for the A or the
G alleles. However, when LOH is present in 50% or greater of cells in a tumor sample, the
allelic ratio of the G and the A alleles would be at least 2:1. Previous methods simply
assumed that the sample was at least 50% cancerous. Thus, the probability of a well being
positive for the G allele would be higher than that for the A allele. As a result, the number of
wells being positive for the G allele would be higher than that for the A allele.

[0076] In step 140, to classify the digital PCR results, the number of wells being positive
for each allele but not the other would be counted. In the above example, the number of
wells being positive for the A allele but negative for the G allele, and the number of wells
positive for the G allele but negative for the A allele are counted. In one embodiment, the

allele showing less positive wells is regarded as the reference allele.

[0077] Instep 150, the total number of informative wells is determined as the sum of the
numbers of positive wells for either of the two alleles. In step 160, the proportion (Py) of
informative wells (an example of a parameter) contributed by the allele with more positive

wells is calculated.
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P, = No. of wells only positive for the allele with more positive wells / Total no. of wells

positive for only one allele (A or G).

Other embodiments could use all wells with one of the alleles divided by all wells with at

least one allele.

[0078] Instep 170, it is determined whether the value of P, shows an allelic imbalance. As
accuracy and efficiency are desired, this task is not straightforward. One method for
determining an imbalance uses a ]éayesian—type likelihood method, sequential probability
ratio testing (SPRT). SPRT is a method which allows two probabilistic hypotheses to be
compared as data accumulate. In other words, it is a statistical method to classify the results
of digital PCR as being suggestive of the presence or absence of allelic skewing. It has the
advantage of minimizing the number of wells to be analyzed to achieve a given statistical

power and accuracy.

[0079] In an exemplary SPRT analysis, the experimental results would be tested against the
null and alternative hypotheses. The alternative hypothesis is accepted when there is allelic
ratio skewing in the sample. The null hypothesis is accepted when there is no allelic ratio
skewing in the sample. The value P; would be compared with two cutoff values to accept the
null or alternative hypotheses. If neither hypothesis is accepted, the sample would be marked
as unclassified which means that the observed digital PCR result is not sufficient to classify

the sample with the desired statistical confidence.

[0080] The cutoff values for accepting the null or alternative hypotheses have typically
been calculated based on a fixed value of P; under the assumptions stated in the hypotheses.
In the null hypothesis, the sample is assumed to exhibit no allelic ratio skewing. Therefore,
the probabilities of each well being positive for the A and the G alleles would be the same
and, hence, the expected value of P, would be 1/2. In the alternative hypothesis, the expected
value of P, has been taken to be 2/3 or about halfway between 0.5 and 2/3, e.g. 0.585. Also,
due to a limited number of experiments, one can choose an upper bound (.585+3/N) and a
lower bound taken as (.585-3/N).

B. Detection of Down Syndrome

[0081] Inone embodiment of the present invention, digital SNP is used to detect fetal
Down syndrome from a pregnant woman’s plasma. Using markers specific to fetal/placental

cells, the ratio of alleles in chromosome 21 may be measured. For example, to determine if
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an observed degree of overrepresentation of a PLAC4 allele is statistically significant, SPRT

is used.

[0082] According to one exemplary embodiment, digital RNA-SNP determines an
imbalance in the ratio of polymorphic alleles of an A/G SNP, rs8130833, located on PLACY4
mRNA which is transcribed from chromosome 21 and expressed by the placenta. For a
heterozygous euploid fetus, the A and G alleles should be equally represented in the fetal
genome (1:1 genomic ratio); while in trisomy 21, the trisomic chromosome 21 would be
associated with an additional copy of one of the SNP alleles in the fetal genome giving a 2:1
ratio. The aim of the digital PCR analysis is to determine whether the amounts of the two
PLACH alleles in the analyzed sample are equal or otherwise. Thus, both the A and G PLAC4
alleles are the target templates. A real-time PCR assay was designed to amplify PLAC4
mRNA and the two SNP alleles were discriminated by TagMan fluorescent probes. A

schematic illustration of the analytical steps is shown in Fig. 2A.

[0083] FIG. 2A illustrates a digital RNA-SNP method 200 according to an embodiment of
the present invention. In step 210, the sample is received. In step 220, the nucleic acid
sequence, e.g. PLAC4 mRNA, is quantified in extracted RNA samples. In one embodiment,
this is done by real-time PCR for PLAC4 mRNA. In one aspect, this step provides the
operator with an idea about how much dilution is required before the target reaches the

‘realm’ of digital PCR analysis.

[0084] In step 230, the sample is diluted. In step 240, a concentration of the diluted sample
is measured. The diluted sample concentration may be confirmed to be ~1 template/well (i.e.
reference or non-reference sequence or either allele). Some embodiments use techniques
described in section IV for this measurement. For example, we distributed the diluted sample
to 96 wells for real-time PCR analysis to confirm that a usable dilution has been achieved.
The dilution concentration may also be left as an unknown, thus removing this step as will be

explained later.

[0085] In step 250, digital PCR is performed on each well of the array. For example, the
same diluted sample was distributed to 384-wells for real-time PCR analysis. From the PCR
results, an amount of markers for each nucleic acid sequence and the number of informative
wells is identified. An informative well is defined as one that is only positive for the A or G
allele but not both. In step 260, a calculation of an expected value of P; is performed. These

steps will be described in more detail later. The calculation includes determining a parameter
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from values determined in step 250. For example, the actual average template concentration

per well may be calculated.

[0086] In step 270, an SPRT or other likelihood-ratio test may be performed to determine
whether or not an imbalance exists. For a euploid case, we expect an equal number of A-
positive and G-positive wells. However, when template molecules from a trisomy 21 fetus
are analyzed, the number of wells containing just one allele should be higher than that

containing just the other allele. In short, allelic imbalance is expected for trisomy 21.

[0087] As mentioned above, SPRT is a Bayesian-type likelihood method which allows two
probabilistic hypotheses to be compared as data accumulate. In digital PCR analysis for
trisomy 21 detection, the alternative hypothesis is accepted when allclic imbalance exists (i.e.
trisomy 21 detected); and the null hypothesis is accepted when there is no allelic imbalance
(i.e. trisomy 21 not detected). The allele with the higher number of counts is referred as the
potentially overrepresented allele and its proportion among all informative wells (P,) would
be calculated. SPRT is applied to determine if the P; indicates sufficient degree of allelic

imbalance that would be expected for a trisomy 21 sample.

[0088] Operationally, SPRT can be applied and interpreted through the use of graphs with
a pair of SPRT curves that are constructed to define the probabilistic boundaries for accepting
or rejecting either hypothesis. FIG. 3 illustrates a graph having SPRT curves for determining
Down syndrome according to an embodiment of the present invention. The SPRT curves
plot the required proportion of informative wells positive for the potentially overrepresented
allele P,, (y-axis) for a given total number of informative wells (x-axis) when confident
classification could be made. As depicted in Fig. 3, the upper curve sets the probabilistic
boundaries for accepting the alternative hypothesis; while the lower curve sets the

probabilistic boundaries for accepting the null hypothesis.

[0089] The experimentally derived P; value would be compared with the expected value of
P; to accept or reject either hypothesis. If the null hypothesis was accepted, the samples were
classified as having been obtained from pregnant women with euploid fetuses. If the
alternative hypothesis was accepted, the samples were classified as having been obtained
from pregnant women with trisomy 21 fetuses. Alternatively, either hypothesis could not be
accepted if the P, for the given number of informative counts has not yet reached the required
level of statistical confidence for disease classification. These cases were deemed

unclassifiable until more data were available. If disease classification is not possible,
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additional 384-well plates may be performed until the aggregated data become classifiable by
SPRT.

[0090] SPRT thus offers the advantage that a smaller amount of testing is required for a
given level of confidence than other statistical methods. In practical terms, SPRT allows the
acceptance or rejection of either of the hypotheses as soon as the required amount of data has
been accumulated and thus minimizes unnecessary additional analyses. This feature is of
particular relevance to the analysis of plasma nucleic acids which are generally present at low
concentrations where the number of available template molecules is limiting. In addition to a
strict classification, the classification may also include a percent accuracy. For example, a
classification resulting from a comparison with a cutoff value may provide that a sample
shows a likelihood of a nucleic acid sequence imbalance with a certain percentage, or

equivalently that determined imbalance is accurate to a certain percentage or other value.

[0091] A similar approach could be applied to determine the genotype of a fetus with
regard to either a mutation or genetic polymorphism, using fetal nucleic acids in maternal
plasma or serum. One should recall that a fetus would inherit half of its genome from its
mother. As an illustration, consider a particular genetic locus with two alleles, A and B. If
the mother is a heterozygote with a genotype of AB, the fetus could theoretically have a
genotype of AA, BB or AB. If the fetus has a genotype of AB, i.e., the same as that of the
mother, then there will only be nucleic acids of the AB genotype (from both the mother and
fetus) in maternal plasma. Thus, nucleic acid or allelic balance is seen in maternal plasma.
On the other hand, if the fetus has a genotype of AA or BB, then there would be allelic
imbalance with an overrepresentation of the A or the B allele, respectively, in maternal
plasma. This consideration is also applicable to disease-causing mutations (e.g. those causing
cystic fibrosis or beta-thalassemia or spinal muscular atrophy), in which case A could be

considered as the wildtype allele and B could be considered as the mutant allele.

1I. DIGITAL RCD

[0092] A disadvantage of digital RNA-SNP is that it can only be applied to cases
heterozygous for the analyzed SNP. One improvement is that it would be ideal if a
noninvasive test for detecting fetal trisomy 21 or other fetal chromosomal aneuploidies (e.g.
trisomy 18, 13, and the sex chromosome aneuploidies) based on circulating fetal nucleic acid
analysis were independent of the use of genetic polymorphisms. Thus, in one embodiment,

chromosome dosage is determined by digital PCR analysis of a non-polymorphic
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chromosome 21 locus relative to one located on a reference chromosome, namely
chromosome 1 in this study. A change of the ratio of chromosome 21 to chromosome 1 from
2:2 in the genome of a euploid fetus is differentiated from a trisomy 21 case. In digital PCR
analysis for trisomy 21 detection, the two hypotheses to be compared would be the null
hypothesis that there is no chromosomal imbalance (i.e. trisomy 21 not detected) and the

alternative hypothesis that a chromosomal imbalance exists (i.e. trisomy 21 detected).

[0093] This approach can be generalized to the other chromosomes involved in other
chromosomal aneuploidies, e.g. chromosome 18 in trisomy 18, chromosome 13 in trisomy
13, chromosome X in Turner syndrome. In addition, apart from chromosome 1, other
chromosomes not involved in the aneuploidies concerned can also be used as a reference
chromosome. A similar approach can also be applied to the detection of cancer, by analyzing
the change of ratio of a chromosome commonly deleted, in part, in cancer, to a reference
chromosome. Examples of the former include chromosome 5q in colorectal cancer,
chromosome 3p in lung cancer and chromosome 9p in nasopharyngeal carcinoma. FIG. 2B
lists some common cancer-related chromosomal aberrations which result in sequence

imbalance.

[0094] FIG. 2A also illustrates a digital RCD method 205 according to an embodiment of
the present invention. In one embodiment for steps 220-230, extracted DNA is quantified,
for example, via Nanodrop techniques and diluted to a concentration of approximately one
target template from either chromosomes 21 or the normalizing chromosome (such as
chromosome 1) per well. In one embodiment in step 240, the confirmation may be
performed by analyzing the diluted DNA sample by the assay using the chromosome 1 probe
only in a 96-well format to confirm if ~37% level of the wells were negative before
proceeding to digital RCD analysis using both TagMan probes in 384-well plates. The

significance of the 37% will be described later in Section IV.

[0095] The testing of step 240 and results of step 250 may be done with a real-time PCR
assay designed to amplify a paralogous sequence (Deutsch, S. et al. 2004 J Med Genet 41,
908-915) present on both chromosomes which are distinguished by paralogous sequence
variations that are discriminated by a pair of TaqgMan probes. In this context, an informative
well is defined as one that is positive for either the chromosome 21 or chromosome 1 locus
but not both. For a euploid fetus, the number of informative wells positive for either locus

should be approximately equal. For a trisomy 21 fetus, there should be an overrepresentation
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of wells positive for chromosome 21 than chromosome 1. The exact proportion of the

overrepresentation is described in the following sections.

III. INCORPORATING PERCENTAGE OF FETAL SEQUENCES

[0096] A disadvantage of embodiments of methods 200 and 205 described above is that
fetal specific markers are required. Accordingly, in one embodiment of the present invention,
non-fetal specific markers are used. In order to use such non-fetal specific markers,
embodiments of the present invention measure the fractional concentration of fetal DNA in
the maternal plasma (i.e. the biological sample). With such information, a more useful value

of P; may be calculated as follows.

[0097] Even with the small fractional percentage of fetal DNA in maternal plasma, a
trisomy 21 fetus would contribute an additional dose of chromosome 21 sequences per
genome-equivalent (GE) of fetal DNA released into maternal plasma. For example, a
maternal plasma sample from a euploid pregnancy containing 50 GE/ml of total DNA with 5
GE/ml DNA contributed by the fetus (i.e. 10% fetal DNA fractional concentration) should
contain a total of 100 copies (90 maternal copies + 10 fetal copies) of chromosome 21
sequences per milliliter of maternal plasma. For a trisomy 21 pregnancy, each fetal GE
would contribute three copies of chromosome 21, resulting in a total of 105 copies/ml (90
maternal copies + 15 fetal copies) of chromosome 21 sequences in maternal plasma. At 10%
fetal DNA concentration, the amount of chromosome 21 derived sequences in the maternal
plasma of a trisomic pregnancy would therefore be 1.05 times that of a euploid case. Thus, if
an analytical approach could be developed to determine this small degree of quantitative
difference, a polymorphism-independent test for noninvasive prenatal diagnosis of fetal

trisomy 21 would be achieved.

[0098] Accordingly, the degree of overrepresentation would be dependent on the fractional
fetal DNA concentration in the analyzed DNA sample. For example, when placental DNA is
analyzed, the theoretical RCD ratio in the fetal genome should be 3:2, i.e. 1.5-fold difference.
However, as described above, the theoretical RCD ratio would decrease to 1.05 when a
maternal plasma sample containing 10% fetal DNA is analyzed. The experimentally derived
P, is calculated by dividing the number of wells positive only for the chromosome 21 locus
by the total number of informative wells. The experimentally derived P is subj ected to the

SPRT analysis with the calculated P; and the theoretical RCD ratio.
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[0099] FIG. 4 shows a method 400 of determining a disease state using a percentage of
fetal nucleic acids according to an embodiment of the present invention. In step 410, the
fractional percentage of fetal material is measured. In one embodiment, the fractional
percentage is determined by measuring the amount of'a fetal-specific marker (e.g.
Y-chromosome, genetic polymorphism markers (e.g. SNPs), placental epigenetic signatures)
in relation to a non-fetal-specific marker (i.e. gene sequence present in both mother and
fetus). The actual measurement could be done by real-time PCR, digital PCR, sequencing
reactions (including massively parallel genomic sequencing) or any other quantitative
methods. In one aspect, it is preferable not to use the gene target that could potentially be in

allelic imbalance for this measurement.

[0100] In step 420, digital PCR or other measurement method is performed, including
diluting the sample, placing the diluted sample in the wells, and measuring the reactions in
each well. In step 430, the PCR results are used to identify markers of different reference
nucleic acid sequences (such as chromosomes or alleles). In step 440, the actual proportion
(P,) of the overrepresented sequence is calculated. In step 450, the cutoff value for
determining a disease state is calculated using the percentage of fetal material in the sample.
In step 460, from the actual P; and the cutoff value, it is determined whether an imbalance

exists.

[0101] In one embodiment, the fractional percentage of reference nucleic acid sequences is
incorporated in a digital RNA-SNP method. Thus, when investigating a LOH due to cancer
cells, this can be done with tumor samples with less than 50% cancer cells. It also may be
used on samples with greater than 50% cancer cells to obtain a more accurate Py and thus
reduce the number of false positives, which would lead to incorrect diagnoses. In another
embodiment, the fetal nucleic acid percentage is incorporated in a digital PCR method to
determine if a fetus has inherited a parental gene mutation (e.g. that causing cystic fibrosis or
beta-thalassemia or spinal muscular atrophy) or polymorphism from maternal plasma nucleic

acid analysis.

IV. INCORPORATING AVERAGE CONCENTRATION PER WELL

[0102] Another disadvantage of previous methods (e.g. Zhou, W. et al. 2002, supra) is that
the average concentration of templates per well () is required to be 1 per well. Given that it
is difficult to obtain an exact concentration, this can lead to inaccuracies. Furthermore, even

with an exact concentration of 1 template per well, previous methods have ignored the
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statistical distribution of the templates in a well. In the previous methods, i.e. the old
algorithm, the expected value of P; for accepting the alternative hypothesis is assumed to be
the allelic ratio and, thus, is independent of the average concentration of the template DNA

per well.

[0103] However, due to a natural statistical variation of the templates in the diluted sample,
there will not be exactly 1 template per well. Embodiments of the present invention measure
the average concentration of at least one of the sequences, which is then used to calculate the
cutoff value, i.e. the expected P,. In one aspect, this calculation involves a statistical
distribution to determine a probability of a well containing the different nucleic acid

sequences, which is then used to determine the expected P

[0104] In one embodiment, the average concentration is taken of one reference nucleic acid
sequence, which in one instance is nucleic acid sequence with the lower concentration in the
DNA sample. In the case of a sample without an imbalance, the concentrations of the two
sequences in the sample would be the same and either one can be regarded as the reference
allele. In the case of a sample with, for example, LOH, the allele which is deleted in the
cancer cells would be regarded as the reference allele. The average concentration of the
reference allele would be denoted as m,. In another embodiment, the sequence with the

higher concentration may be taken as the reference sequence.

A. Digital-SNP. Example using SPRT and digital PCR

[0105] FIG. 5 shows a method 500 of determining a disease state using an average template
concentration according to an embodiment of the present invention. In step 510, an amount
of the different sequences are measured. This may be done for example by counting the
makers in a digital PCR experiment as explained above. However, it may be done by other
methods that do not involve an amplification step or that do not use a fluorescent marker, but
could use other properties, such as physical properties like mass, specific optical properties or

base-pairing properties.

[0106] In step 520, the actual proportion of the overrepresented sequence is determined.
This may be done as described above by taking the number of wells showing only that
sequence and dividing by the number of informative wells. In step 530, the average
concentration of at least one of the sequences is measured (the reference sequence). In one

embodiment, the reference sequence is the overrepresented sequence. In another
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embodiment, the reference sequence is the underrepresented sequence. The measurement
may be done by counting the number of wells negative for the reference sequence in the

digital PCR experiment. The relationship between the proportion of negative wells and the
average template concentration is described by the Poisson distribution as described in the

next subsection.

[0107] In step 540, an expected amount of wells positive for the different sequences is
calculated, for example, using a Poisson distribution. The expected amount may be as a
probability of the sequence per well, an average sequence per well, the number of wells
containing the sequence or any other suitable quantity. In step 550, the expected P; is
calculated from the expected amounts. In step 560, a cutoff value is calculated from the
expected P;, for example, by using SPRT. In step 570, a classification of the nucleic acid

sequence imbalance is determined. Specific aspects of method 500 are now described.

1. Determining expected amount of sequences

[0108] Once the average concentration per well (reaction or reaction mixture) is known
from step 530, the expected number of wells showing that sequence may be calculated in step
540. This amount may be expressed as a %, a fractional value, or an integer value. Using a
specific example for illustration, assume the average concentration of the reference template
per well (my) is 0.5 per well and the genotype of the trisomy 21 fetus at the PLAC4 SNP,
1s8130833, is AGG. Therefore, the reference template would be the A allele and the

overrepresented template would be the G allele.

[0109] In one embodiment, a Poisson distribution is assumed for the distribution of the A
allele among the reaction mixtures of the wells of the measurement procedure, such as digital
PCR. In other embodiments, other distribution functions are used, such as binomial

distribution.

n_—m

me

[0110] The Poisson equation is: P(n) = where, n=number of template molecules

per well; P(n)=probability of n template molecules in a particular well; and m= average

number of template molecules in one well in a particular digital PCR experiment.

[0111] Accordingly, the probability of any well not containing any molecule of the A allele

at an average A-allele concentration of 0.5 would be:
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0 _-05
P(0) =&50—f— = ¢ =0.6065.

[0112] Hence, the probability of any well containing at least one molecule of the A allele
would be: 1 — 0.6065 = 0.3935. Therefore, ~39% of the wells would be expected to contain

at least one molecule of the A allele.

[0113] As for the non-reference nucleic acid sequence, for each cell of a trisomy 21 fetus,
the genomic ratio of A to G would be 1:2. Assuming that the A to G ratio in the extracted
RNA or DNA sample would remain unchanged, the average concentration of the G allele per

well would be two times that of the A allele,ie. 2x 0.5=1.

[0114] Accordingly, the probability of any well not containing any molecule of the G allele

at an average G-allele concentration of 1 would be:

10 e—-l
0!

P(0) = = ¢! =0.3679

[0115] Hence, the probability of any well containing at least one molecule of the G allele
would be: 1 —0.3679 = 0.6321. Therefore, ~63% of the wells would be expected to contain

at least one molecule of the G allele.

2. Determining proportion of overrepresented sequence

[0116] After the expected amounts are calculated, the proportion of the overrepresented
nucleic acid sequence may be determined. Assuming that the filling of the wells with the A
allele and the G allele are independent, the probability of a well containing both alleles would
be 0.3935 x 0.6321 = 0.2487. Therefore, ~25% of the wells would be expected to contain
both alleles.

[0117] The proportion of wells expected to contain the A allele but not the G allele would
be the number of wells containing at least one A allele deducted by the number of wells
containing both the A and G alleles: 0.3935 — 0.2487 = 0.1448. Similarly, the proportion of
wells expected to contain the G allele but not the A allele would be: 0.6321 —0.2487 =
0.3834. An informative well is defined as a well being positive for either the A allele or the
G allele but not both.

[0118] Hence, the expected ratio of wells containing the A allele relative to the G allele in a

digital RNA-SNP analysis is 0.1448/0.3834. In other words, the proportion of wells positive
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only for the G allele is 2.65 times that of wells positive only for the A allele. This is in
contrast to the fetal genomic ratio where the overrepresented allele is 2 times that of the other

allele.

[0119] For SPRT analysis, the proportion of the informative wells positive for the
overrepresented allele (Py) is calculated and interpreted using SPRT curves. In the current
example, the proportion of informative wells would be: 0.1448 + 0.3834 = 0.5282. Hence,
the expected Pr of a trisomy 21 case at m; 0.5 is: 0.3834/0.5282 = 0.73.

[0120] As the average template concentration () is a key parameter in the Poisson
equation, the P; would vary with m. FIG. 6 shows a table 600 that tabulates the expected
digital RNA-SNP allelic ratio and P, of trisomy 21 samples for a range of template
concentrations expressed as the average reference template concentration per well (m,)
according to an embodiment of the present invention. Table 600 shows the expected allelic
ratio and proportion of informative wells positive for the overrepresented allele (P) for a

series of average reference template concentrations per well (m).

[0121] The expected value of P; varies with the average concentration of the reference
allele per well (my) in a non-linear fashion. As shown in table 600, the expected value of P;
for accepting the alternative hypothesis would increase with m;. As the expected value of Pr
for accepting the null hypothesis is fixed at 0.5, the samples with and without allelic
imbalance would separate more widely in terms of the value of P, when my increases. Note
that in other embodiments the value for accepting the null hypothesis may be other than 0.5.
This might occur when the normal ratio is different than 1:1, e.g., 5:3, and thus an imbalance
would occur when the ratio deviates from 5:3. The difference in the amounts of the two

different nucleic acid sequences would then be determined on a case by case basis.

[0122] However, as previous methods (e.g., Zhou, W. et al. 2002, supra) used a fixed
expected value of P, for LOH samples, they underestimated the value of P, for those samples
with LOH (alternative hypothesis accepted). The degree of underestimation would increase
with m,. In other words, the higher the average concentration of the reference allele in the
DNA sample, the more inaccurate the old methods would be. This underestimation of P; for
accepting the alternative hypothesis would lead to the inaccurate calculation of the cutoff

values for accepting both the null and alternative hypotheses.
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3. Calculating cutoff values based on expected Py

[0123] For embodiments using SPRT, one may usc the equations for calculating the upper
and lower boundaries of the SPRT curves from El Karoui at al. (2006). Furthermore, the
level of statistical confidence preferred for accepting the null or alternative hypothesis could
be varied through adjusting the threshold likelihood ratio in the equations. In this study, a
threshold likelihood ratio of 8 is used because this value had been shown to provide
satisfactory performance to discriminate samples with and without allelic imbalance in the
context of cancer detection. Thus, in one embodiment, the equations for calculating the

upper and lower boundaries of the SPRT curves are:
Upper boundary = [(In 8)/N —In 8]/ln y
Lower boundary = [(In 1/8)/N —In §)/In y
where, 8 = (1 —01)/(1 —06p)
Y =-(01(1 - 8¢) / B(1 — 61)

8o = proportion of informative wells containing the non-reference allele if the null
hypothesis is true
=().5 (see below)
9; = proportion of informative wells containing the non-reference (i.e.
overrepresented) allele if the alternative hypothesis is true

N = number of informative wells
= number of wells positive for either allele only

(In is a mathematical symbol representing the natural logarithm, i.e. loge.)

[0124] For the determination of 6o for accepting the null hypothesis, the sample is assumed
to be obtained from a pregnant woman carrying a euploid fetus. Under this assumption, the
expected number of wells positive for either template would be 1:1, and thus the expected

proportion of informative wells containing the non-reference allele would be 0.5.

[0125] For the determination of € for accepting the alternative hypothesis, the sample is
assumed to be obtained from a pregnant woman carrying a trisomy 21 fetus. The calculations
for the expected P, of trisomy 21 cases for digital RNA-SNP analysis are detailed in Table
600. Hence, 8, for digital RNA-SNP analysis refers to the data shown in the last column of
table 600.
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4. Measurement of average concentration

[0126] The measurement of m, may be performed through a variety of mechanisms as
known or will be known to one skilled in the art. In one embodiment, the value of m, is
determined during the experimental process of digital PCR analysis. As the relationship
between the value of m, and the total number of wells being positive for the reference allele
can be governed by a distribution (e.g. the Poisson distribution), m, can be calculated from

the number of wells being positive for the reference allele using this formula:
m, =—In (1 —proportion of wells being positive for the reference allele)

Note that In is the natural logarithm, i.e., loge. This approach provides a direct and precise

estimation of m, in the DNA sample used for the digital PCR experiment.

[0127] This method may be used to achieve a desired concentration. For example, the
extracted nucleic acids of a sample may be diluted to a specific concentration, such as one
template molecule per reaction well, as done in step 240 of method 200. In an embodiment
using the Poisson distribution, the expected proportion of wells with no template may be
calculated as e, where m is the average concentration of template molecules per well. For
example, at an average concentration of one template molecule per well, the expecied
proportion of wells with no template molecule is given by e, ie., 0.37 (37%). The
remaining 63% of wells will contain one or more template molecules. Typically, the number
of positive and informative wells in a digital PCR run would then be counted. The definition
of informative wells and the manner by which the digital PCR data are interpreted depends

on the application.

[0128] In other embodiments, the average concentration per well, my, is measured by
another quantification method, for example, quantitative real-time PCR, semi-quantitative

competitive PCR, real-competitive PCR using mass spectrometric methods, etc.

B. Digital RCD

[0129] Digital RCD using the average concentration may be performed in a similar manner
to the digital SNP method described above. The numbers of wells positive for the reference
chromosome (non-chromosome 21) marker, the chromosome 21 marker and both markers
can be determined by digital PCR. The average concentration of the reference marker per

well (m,) can be calculated from the total number of wells negative for the reference marker,

27

Pg.211



Wi

30

WO 2009/013492

irrespective of the positivity of the chromosome 21 marker, according to the Poisson

probability function as in the calculation of m, for the digital SNP analysis.

[0130] SPRT analysis may then be used for classifying a plasma sample as being obtained
from a pregnant woman carrying a euploid or a trisomy 21 fetus. The null hypothesis would
be accepted when the fetus was euploid. In this scenario, the expected ratio for the wells
positive for the reference marker and chromosome 21 marker would be 1:1 and, thus, the
expected proportion of informative wells with positive signal for chromosome 21 marker
would be 0.5. The alternative hypothesis would be accepted when the fetus was trisomic for
chromosome 21. In this scenario, if the sample DNA was solely derived from the fetus, the
average concentration of the chromosome 21 marker in each well would be 3/2 times the

average concentration of the reference marker (my).

[0131] While digital RCD may be used to determine chromosome dosage through the
detection of fetal-specific markers, e.g. epigenetic signatures of the placenta (Chim, SSC. ef
al. 2005 Proc Natl Acad Sci U S 4 102, 14753-14758), an embodiment of the digital RCD
analysis uses non-fetal-specific markers. Thus, an additional step of measuring the percentage
of fetal material would occur when non-fetal specific markers are used. Therefore, the
average concentration of the chromosome 21 marker per well would be dependent on the
proportion of the fetal DNA in the sample and can be calculated using: m, [(200% + fetal
DNA percentage)/200%].

[0132] Again using a specific example for illustration, the average concentration of the
reference template, chromosome 1, per well (my) is assumed to be 0.5 and 50% of the DNA is
assumed to be derived from the fetus and 50% of the DNA in the sample is derived from the

mother.

[0133] Accordingly, using the Poisson distribution, the probability of any well not
containing any molecule of the chromosome 1 locus when its average concentration is 0.5 per

well would be:

0 _-0.5
P(0) =&5—0‘f—— = ¢% =0.6065

[0134] Hence, the probability of any well containing at least one molecule of the
chromosome 1 locus would be: 1 — 0.6065 = 0.3935. Therefore, ~39% of the wells would be

expected to contain at least one molecule of the locus.
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[0135] For each cell of this trisomy 21 fetus, the genomic ratio of chromosome 21 to
chromosome 1 would be 3:2. The ratio between chromosome 21 and chromosome 1 in the
DNA sample would be dependent on the fractional fetal DNA concentration (fetal DNA %)
and would be: 3 x fetal DNA % + 2 (1 — fetal DNA %) : 2 x fetal DNA % +2 x (1 - fetal
DNA %). Thus, in this case when the fractional fetal DNA concentration is 50%, the ratio
would be: (3 x 50% + 2 x 50%) / (2 % 50% + 2 x 50%) = 1.25. If the digital SNP method did
not use fetal specific markers, such a calculation could also be used to calculate the average

concentration of the non-reference sequence.

[0136] Hence, when the average concentration of the chromosome 1 locus per well is 0.5,
the average concentration of the chromosome 21 locus per well is: 1.25 x 0.5 =0.625.
Accordingly, the probability of any well not containing any molecule of the chromosome 21

locus when its average concentration is 0.625 per well would be:

0 _~0.625
P(0) =-%2i0f—* = ¢ =(.5353

[0137] Hence, the probability of any well containing at least one molecule of the
chromosome 21 locus would be: 1 —0.5353 = 0.4647. Therefore, ~46% of the wells would
be expected to contain at least one molecule of the locus. Assuming that the filling of the
wells with either loci are independent, the probability of a well containing both loci would be
0.3935 x 0.4647 = 0.1829. Therefore, ~18% of the wells would be expected to contain both

foci.

[0138] The proportion of wells expected to contain the chromosome 1 locus but not the
chromosome 21 locus would be the number of wells containing at least one chromosome 1
locus deducted by the number of wells containing both loci: 0.3935 — 0.1829 = 0.2106.
Similarly, the proportion of wells expected to contain the chromosome 21 locus but not both
loci would be: 0.4647 — 0.1829 = 0.2818. An informative well is defined as a well positive

for either the chromosome 1 locus or the chromosome 21 locus but not both.

[0139] Hence, the expected chromosome 21 to chromosome 1 ratio in digital RCD analysis
is 0.2818/0.2106 = 1.34. In other words, the proportion of wells positive only for the
chromosome 21 locus is 1.34 times that of wells positive only for the chromosome 1 locus.

This is in contrast to the ratio of 1.25 in the DNA sample.
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[0140] For SPRT analysis, the proportion of the informative wells positive for the
chromosome 21 locus (P;) would need to be calculated and interpreted using SPRT curves. In
the current example, the proportion of informative wells would be: 0.2106 + 0.2818 = 0.4924.
Hence, the expected Pr of a trisomy 21 case with 50% fetal DNA at m; 0.5 is: 0.2818/0.4924
=0.57.

[0141] As the average template concentration () is a key parameter in the Poisson
equation, the P, would vary with m. FIG. 7 shows a table 700 that tabulates the expected P,
for the fractional fetal DNA concentrations of 10%, 25%, 50% and 100% in trisomy 21
samples at a range of template concentrations expressed as the average reference template
concentration per well (m,) according to an embodiment of the present invention. The
calculations for the expected P; of trisomy 21 cases for digital RCD analyses are detailed in
table 700. Hence, 6; for digital RCD analysis of samples with varying fetal DNA fractional
concentrations can be obtained from the columns showing the corresponding expected Pr-

values in table 700.

C. Results

1. Comparison of different m,

[0142] The basis for the difference between the theoretical (as in the fetal genome) and
experimentally-expected degree of allelic or chromosomal imbalance and the calculations to
determine the latter for a range of m, values are shown in tables 600 and 700. In digital
RNA-SNP analysis of a trisomy 21 sample, when m~0.5, wells containing just the
overrepresented allele with respect to wells containing just the reference allele, namely the
digital RNA-SNP ratio, is 2.65 (table 600). In digital RCD analysis of a specimen composed
of 100% fetal DNA, when m,=0.5, wells positive solely for the chromosome 21 locus with
respect to those positive solely for the chromosome 1 locus, namely the digital RCD ratio, is
1.7 (table 700) (P; = 0.63, thus the digital RCD ratio is 0.63/(1-0.63) = 1.7). Asthe fractional
fetal DNA concentration decreases, the digital RCD ratio decreases for the same m, (table
700).

[0143] As shown in tables 600 and 700, the extent of allelic or chromosomal
overrepresentation increases with m;. However, the percentage of informative wells
approaches its maximum around m~=0.5 and decreases gradually with further increase in m.
In practice, the decline in the proportion of informative wells could be compensated by

increasing the total number of wells analyzed if the amount of template molecule for the
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specimen is not limiting, but additional wells would require an increase in reagent costs.
Hence, optimal digital PCR performance is a trade-off between the template concentration

and total number of wells tested per sample.

2. Example using SPRT curves

[0144] As discussed above, the expected degree of allelic or chromosomal imbalance for a
digital PCR experiment is dependent on the actual template concentration per reaction
mixture (e.g. a well). We describe the template concentration based on the reference allele,
i.e. the average reference template concentration per well (my). As shown in the above
equation, the expected P, can be used to determine the plotting of the upper and the lower
SPRT curves. Since the expected P, is in turn dependent on the value of my, the plotting of
the SPRT curves would essentially be dependent on the value of m;. Thus, in practice, a set
of SPRT curves relevant for the actual m, of a digital PCR dataset would need to be used for

the interpretation of the P from that particular run.

[0145] FIG. 8 shows a plot 800 illustrating the degree of differences in the SPRT curves for
m, values of 0.1, 0.5 and 1.0 for digital RNA-SNP analysis according to an embodiment of

. the present invention. Each set of digital PCR data should be interpreted with the specific

curves relevant to the exact m, value of that particular run. Note that since the expected
degree of allelic or chromosomal imbalance for the digital RNA-SNP and RCD approaches
are different (2:1 for the former and 3:2 for the latter), different sets of SPRT curves are
needed for the two digital PCR systems. The experimentally derived Pr is interpreted with
the relevant SPRT curves selected by the corresponding m; of the digital PCR run. This isin
contrast to the previous reported use of SPRT for molecular detection of LOH by digital PCR

where a fixed set of curves had been used.

[0146] The practical manner for interpreting the digital PCR data using SPRT is illustrated
below using a hypothetical digital RNA-SNP run. After digital RNA-SNP analysis of each
case, the number of wells positive for the A allele only, the G allele only or both alleles are
counted. The reference allele is defined as the allele with the smaller number of positive
wells. The value of m, is calculated using the total number of wells negative for the reference
allele, irrespective of whether the other allele is positive, according to the Poisson probability

density function. The data of our hypothetical example are as follows:
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[0147] In a 96-well reaction, 20 wells are positive for the A allele only, 24 wells are
positive for the G allele only, and 33 wells are positive for both alleles. The A allele is
regarded as the reference allele because there are less A-positive than G-positive wells. The
number of wells negative for the reference allele is 96 — 20 — 33 = 43. Therefore, m, can be
calculated using the Poisson equation: —In(43/96) = 0.80. The experimentally determined P,
of this case is: 24 / (20 + 24) = 0.55.

[0148] According to table 600, the expected Profa trisomy 21 sample at m, = 0.8 is 0.76.
Thus, 0; is 0.76 for this case. The SPRT curves based on 0; = 0.76 would be used to interpret
the experimentally derived P, of this case which is 0.55. When P,=0.55 is fitted onto the
relevant SPRT curves, the data point falls under the lower curve. Hence, the case is classified

as euploid, see FIG. 3.

3. Comparison to old method

[0149] FIG. 9A shows a table 900 of a comparison of the effectiveness of the new and old
SPRT algorithms for classifying euploid and trisomy 21 cases in 96-well digital RNA-SNP
analyses. FIG. 9B shows a table 950 of a comparison of the effectiveness of the new and old
SPRT algorithms for classifying cuploid and trisomy 21 cases in 384-well digital RNA-SNP
analyses. The new algorithm refers to the selection of SPRT curves specific for the m,
derived from the digital PCR data. The old algorithm refers to the use of a fixed set of SPRT
curves for all digital PCR runs. The effect of incorrect calculation of the cutoff values on the

accuracy of classification is revealed by the simulation analysis shown in table 900.

[0150] Compared with the use of a fixed set of SPRT curves in previous studies, the
proportion of unclassifiable data is much lower with our approach, as shown in tables 900
and 950. For example, using our approach, at m=0.5, 14% and 0% of trisomy 21 samples
would be unclassifiable for 96-well and 384-well digital RNA-SNP analyses, respectively,
but 62% and 10%, respectively, with the use of fixed curves (Table 900). Hence, our

approach allows disease classification with lesser number of informative wells.

[0151] As shown in table 900, the new algorithm is more accurate in classifying the
samples as having or not having allelic ratio skewing for all values of m, from 0.1 to 2.0. For
example, when m; equals 1.0 and a 96—well digital RNA-SNP run is performed, the new

algorithm correctly classifies 88% and 92% of samples with and without allelic ratio
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skewing, respectively, whereas the percentage of correct classification of samples with and

without allelic ratio skewing using the old algorithm is only 19% and 36%, respectively.

[0152] Using the new algorithm, the separation of samples with and without allelic ratio
skewing would increase with m,. As a result, the classification accuracies would increase
with m,. The effect of increase in separation of the two groups of samples on the
classification accuracy would diminish when m; increases to beyond 2.0 because of the
reduction in the percentage of informative wells. In contrast, using the old algorithm, the
classification accuracies significantly reduce when m, increases because of the increased

deviation of expected P value from its true value.

[0153] Our experimental and simulation data show that digital RNA-SNP is an effective
and accurate method for trisomy 21 detection. As PLAC4 mRNA in maternal plasma is
derived purely from the fetus, for 12 of the 13 maternal plasma samples tested, only one
384-well digital PCR experiment was required for correct classification (Table 1350 of FIG.
13B). This homogenous, real-time digital PCR-based approach thus offers an alternative to
the mass spectrometry-based approach for RNA-SNP analysis (Lo, YMD, et al. 2007 Nat
Med, supra). Apart from placental-specific mRNA transcripts, we also envision that other
types of fetal-specific nucleic acid species in maternal plasma could be used for digital PCR-
based detection of fetal chromosomal aneuploidies. One example is fetal epigenetic markers
(Chim, SSC et al. (2005) Proc Natl Acad Sci US A 102, 14753-14758; Chan, KCA et al.
(2006) Clin Chem 52, 2211-2218), which have recently been used for the noninvasive
prenatal detection of trisomy 18 using the epigenetic allelic ratio (EAR) approach (Tong, YK
et al. (2006) Clin Chem 52, 2194-2202). Thus, we predict that digital EAR would be a

possible analytical technique.

V. INCREASING %, MULTIPLE MARKERS., AND PCR ALTERNATIVES

[0154] As described above, the application of embodiments of the present invention to
DNA extracted from maternal plasma can be complicated when the fetal DNA only
constitutes a minor fraction of maternal plasma DNA, with a mean fractional concentration of
some 3% between weeks 11 and 17 of gestation. Nevertheless, as shown herein, digital RCD
allows aneuploidy detection even when the aneuploid DNA is present as a minor population.
With a decreasing fractional concentration of fetal DNA, such as may be present during early
gestation, a larger number of informative counts is needed for digital RCD. A significance of

the present work, as summarized in table 1200 of FIG. 12, is that we have provided a set of
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benchmark parameters, e.g. fractional fetal DNA and total template molecules required,
which diagnostic assays can be built upon. In our opinion, 7680 total number of reactions for
a fractional fetal DNA concentration of 25% is a particularly attractive set of benchmark
parameters. These parameters should allow euploid and trisomy 21 samples to be classifiable

correctly 97% of the time, as shown in table 1200.

[0155] The number of plasma DNA molecules that are present per unit volume of maternal
plasma is limited (Lo, YMD. et al. 1998 Am J Hum Genet 62, 768-7758). For example, in
early pregnancy, the median maternal plasma concentration of an autosomal locus, the
[B-globin gene, has been shown to be 986 copies/mL, with contributions from both the fetus
and mother (Lo, YMD. et al. 1998 Am J Hum Genet 62, 768-7758). To capture 7,680
molecules, DNA extracted from some 8 mL of maternal plasma would be needed. This
volume of plasma, obtainable from ~15 mL of maternal blood, is at the limit of routine
practice. However, we envision that multiple sets of chr21 and reference chromosome targets
can be combined for digital RCD analysis. For 5 pairs of chr21 and reference chromosome
targets, just 1.6 mL of maternal plasma would be needed to provide the number of template
molecules needed for analysis. Multiplex single molecule PCR could be performed. The
robustness of such multiplex single molecule analysis has been demonstrated previously for
single molecule haplotyping (Ding, C. and Cantor, CR. 2003 Proc Natl Acad Sci U S 4 100,
7449-7453).

[0156] Alternatively, to achieve a fractional fetal DNA concentration of 25%, methods may
allow the selective enrichment of fetal DNA (Li, Y. et al. 2004 Clin Chem 50, 1002-1011) or
the suppression of the maternal DNA background (Dhallan, R et al. 2004 JAMA 291, 1114-
1119) or both, in maternal plasma. Apart from such physical methods for fetal DNA
enrichment and maternal DNA. suppression, it would also be possible to use a molecular
enrichment strategy, such as by targeting fetal DNA molecules which exhibit a particular
DNA methylation pattern (Chim, SSC et al, 2005 Proc Natl Acad Sci USA 102,14753-14758,
Chan, KCA et al. 2006 Clin Chem 52, 2211-2218; Chiu, RWK et al. 2007 Am J Pathol 170,
941-950.)

[0157] Additionally, there are now a number of alternative approaches to the manual set up
of digital real-time PCR analyses as used in the current study for conducting digital PCR.
These alternative approaches include microfluidics digital PCR chips (Warren, L et al. 2006
Proc Natl Acad Sci U S 4 103, 17807-17812; Ottesen, EA et al. 2006 Science 314, 1464-
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1467), emulsion PCR (Dressman, D et al. 2003 Proc Natl Acad Sci U S 4 100, 8817-8322),
and massively parallel genomic sequencing (Margulies, M. et al. 2005 Nature 437, 376-380)
using for example the Roche 454 platform, the Illumina Solexa platform, and the SOLiD™
system of Applied Biosystems, etc. With regard to the latter, our method is also applicable to
massively parallel sequencing methods on single DNA molecules, which do not require an
amplification step, such as the Helicos True Single Molecule DNA sequencing technology
(Harris TD et al. 2008 Science, 320, 106-109), the single molecule, real-time (SMRTTM)
technology of Pacific Biosciences, and nanopore sequencing (Soni GV and Meller A. 2007
Clin Chem 53, 1996-2001). With the use of these methods, digital RNA-SNP and digital
RCD could be performed rapidly on a large number of samples, thus enhancing the clinical

feasibility of the methods proposed here for noninvasive prenatal diagnosis.

EXAMPLES
The following examples are offered to illustrate, but not to limit the claimed

invention.

I. COMPUTER SIMULATIONS

[0158] Computer simulation was performed to estimate the accuracy of diagnosing trisomy
21 using the SPRT approach. The computer simulation was performed with the Microsoft
Excel 2003 software (Microsoft Corp., USA) and SAS 9.1 for Windows software (SAS
Institute Inc., NC, USA). The performance of digital PCR is an interplay between the
reference template concentration (m,), number of informative counts and projected degree of
allelic or chromosomal imbalance (P;). Separate simulations were performed for a range of
each of these variables. Since the decision boundaries of the SPRT curves for digital
RNA-SNP and digital RCD were different, the simulation analyses for the two systems were

performed separately.

[0159] For each digital PCR condition simulated (i.c. m;, fetal DNA fractional
concentration, total well number), two rounds of simulation were performed. The first round
simulated the scenario that the tested samples were obtained from pregnant women carrying
euploid fetuses. The second round simulated the scenario when the tested samples were
obtained from pregnant women carrying trisomy 21 fetuses. For each round, testing of 5000

fetuses was simulated.
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A. RNA-SNP

[0160] For digital RNA-SNP, simulations of a 384-well experiment with m=0.1 to m~2.0
were performed. At each m, value, we simulated the scenario whereby 5000 euploid and
5000 trisomy 21 fetuses were tested. The SPRT curves appropriate for the given m, were
used to classify the 10,000 fetuses. FIG. 10 is a table 1000 showing the percentages of
fetuses correctly and incorrectly classified as euploid or aneuploid and those not classifiable
for the given informative counts according to an embodiment of the present invention. The
accuracies for diagnosing euploid and aneuploid cases are both 100%, for m, between 0.5 and
2.0. When m=0.1, only 57% and 88% of euploid and trisomy 21 fetuses could be accurately
classified after the analysis of 384 wells.

[0161] The simulation data were generated as described in the following steps:

[0162] In step 1, for each well, two random numbers were generated using the
Random(Poisson) function of the SAS program

(Www.sas.com/tcchnologies/analytics/ statistics/index.html) to represent the A and the G
alleles, respectively. The Random(Poisson) function would generate positive integers
starting from 0 (i.e. 0, 1, 2, 3,....) and the probability of each integer being generated was
dependent on the probability of this number according to the Poisson probability density
function for a given mean value which represented the average concentration of the alleles
per well. A well was regarded as positive for the A allele if the random number representing
the A allele was larger than zero, i.e. contained 1 or more molecules of the A allele.
Similarly, the well was regarded as positive for the G allele if the random number

representing the G allele was larger than zero.

[0163] To simulate the scenario of a pregnant woman carrying a euploid fetus, the same
mean value was used for generating the random numbers for the A allele and the G allele. For
example, in the analysis simulating digital RNA-SNP analyses at m;= 0.5, the mean value for
cither the A allele of the G allele was set identically to 0.5 which meant an average
concentration for either allele of 0.5 molecule per well. Using the Poisson equation, at a
mean concentration of 0.5, the proportion of wells being positive for the A or the G alleles
would be the same and was 0.3935, see table 600.

[0164] When simulating the digital RNA-SNP analysis of a pregnant woman with a

trisomy 21 fetus at m,= 0.5, the average concentration of the overrepresented allele per well
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would be expected to be 2 times of that of the reference allele, i.e. 1. In this situation, the

probability of a well being positive for the overrepresented allele was 0.6321, see table 600.

[0165] After generating a random number for a digital PCR well, the well could be

classified as one of the following statuses:

negative for both the A and the G alleles
positive for both the A and the G alleles
positive for the A allele but negative for the G allele
positive for the G allele but negative for the A allele

pe o

[0166] In step 2, step 1 was repeated until the desired number of wells, 384 wells for the
current simulation, had been generated. The numbers of wells positive for the A allele only
and the G allele only were counted. The allele with less positive wells was regarded as the
reference allele and the allele with more positive wells was regarded as the potentially
overrepresented allele. The number of the informative wells was the total number of wells
positive for cither allele but not both. The proportion of informative wells containing the
potentially overrepresented allele (P;) was then calculated. The upper and lower boundaries
for the relevant SPRT curves to accept the null or alternative hypothesis were calculated

according to an embodiment of the present invention.

[0167] In step 3, 5000 simulations were performed for each of the two scenarios of the
pregnant woman carrying a euploid or a trisomy 21 fetus. Each simulation could be regarded
as an independent biological sample obtained from pregnant women. In Table 1000, the
correct classification of euploid cases refers to those euploid cases in which the null
hypothesis was accepted and the incorrect classification of euploid cases refers to those
cuploid cases in which the alternative hypothesis was accepted. Similarly, those trisomy 21
cases in which the alternative hypothesis was accepted were regarded as correctly classified
and those trisomy 21 cases in which the null hypothesis was accepted were regarded as
incorrectly classified. For both groups, those cases in which neither the null or alternative
hypothesis was accepted after the pre-specified total number of wells had been simulated

were regarded as unclassified.

[0168] Instep 4, steps 1 to 3 were performed for m, ranging from 0.1 to 2.0 at increments

of 0.1.
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B. RCD

[0169] FIG. 11 is a table 1100 showing computer simulations for digital RCD analysis for a
pure (100%) fetal DNA sample for m, ranging from 0.1 to 2.0 according to an embodiment of
the present invention. As the fractional fetal DNA concentration becomes lower, the degree
of chromosome 21 overrepresentation diminishes and thus a larger number of informative
wells for accurate disease classification is required. Hence, simulations were further
performed for fetal DNA concentrations of 50%, 25% and 10% for a total well number
ranging from 384 to 7680 wells at m=0.5.

[0170] FIG. 12 is a table 1200 showing results of computer simulation of accuracies of
digital RCD analysis at m=0.5 for the classification of samples from euploid or trisomy 21
fetuses with different fractional concentrations of fetal DNA according to an embodiment of
the present invention. The performance of digital RCD is better for cases with a higher fetal
DNA fractional concentration. At 25% fetal DNA concentration and a total number of 7680
PCR analyses, 97% of both euploid and aneuploid cases would be classifiable with no
incorrect classification. The remaining 3% of cases require further analyses until

classification can be achieved.

[0171] The procedures for simulating digital RCD analyses were similar to those described

for digital RNA-SNP analysis. The steps for the simulations are described below:

[0172} In step 1, two random numbers under the Poisson probability density function were
generated to represent the reference locus, chromosome 1, and the chromosome 21 locus.

For subjects carrying euploid fetuses, the average concentrations of both the chromosome 1
and chromosome 21 loci were the same. In this simulation analysis, an average template
conpentration of 0.5 for each locus per well was used. For subjects carrying trisomy 21
fetuses, the m, in this simulation was 0.5 but the average concentration of the chromosome 21
locus per well would depend on the fractional fetal DNA concentration in the tested sample,
as shown in Table 700. The distribution of the reference and/or the chromosome 21 locito a
well was determined by the random numbers representing the respective locus which were
generated according to the Poisson probability density function with the appropriate average

concentration of the locus per well.

[0173] Instep 2, step 1 was repeated until the desired number of wells had been generated,
e.g. 384 wells for a 384-well plate experiment. The numbers of wells positive for

chromosome 1 only and chromosome 21 only were counted. The number of the informative
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wells was the total number of wells positive for either one of the chromosomes but not both.
The proportion of informative wells positive for chromosome 21 (P;) was then calculated.
The upper and lower boundaries of the relevant SPRT curves to accept the null or alternative

hypothesis were calculated as described in the earlier section on SPRT analysis.

[0174] Instep 3, 5000 simulations were performed for each of the two scenarios of the
pregnant woman carrying a euploid or a trisomy 21 fetus. Each simulation could be regarded
as an independent biological sample obtained from pregnant women. In Table 1100, the
correct classification of euploid cases refers to those euploid cases in which the null
hypothesis was accepted and the incorrect classification of euploid cases refers to those
euploid cases in which the alternative hypothesis was accepted. Similarly, those trisomy 21
cases in which the alternative hypothesis was accepted were regarded as correctly classified
and those trisomy 21 cases in which the null hypothesis was accepted were regarded as
incorrectly classified. For both groups, those cases in which neither the null or alternative
hypothesis was accepted after the pre-specified total number of wells had been simulated

were regarded as unclassified.

[0175] Instep 4, steps 1 to 3 were repeated for samples with 10% 25%, 50% and 100%
fetal DNA at total well numbers ranging from 384 to 7680.

II. VALIDATION OF TRISOMY 21 DETECTION

A. RNA-SNP for PLAC4

[0176] The practical feasibility of digital RNA-SNP was demonstrated using the rs8130833
SNP on the PLAC4 gene on chromosome 21 (Lo, YMD et al. 2007 Nat Med 13, 218-223).
Placental DNA and RNA samples from two euploid and two trisomy 21 heterozygous
placentas were analyzed. The placental DNA samples were analyzed with the digital RNA-
SNP protocol but with the omission of the reverse transcription step, thus essentially
converting the procedure to digital DNA-SNP analysis. To strike a balance between the
chance of correct case classification and the proportion of informative wells, we diluted the
samples aiming for one allele of any type per well and confirmed by a 96-well digital PCR
analysis. This was followed by a 384-well digital RNA-SNP experiment. P; and m, were

calculated and the SPRT curve for this m; value was used for data interpretation.

[0177] FIG. 13A shows a table 1300 of digital RNA-SNP analysis in placental tissues of

euploid and trisomy 21 pregnancies according to an embodiment of the present invention.
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Genotypes were determined by mass spectrometric assay. "Euploid" was assigned when the
experimentally obtained P, was below the unclassifiable region; "T21", representing trisomy
21, was assigned when the experimentally obtained P; was above the unclassifiable region.
T21, trisomy 21. Each of these cases was correctly classified, using both the DNA and RNA

samples, with one 384-well experiment.

[0178] We further tested plasma RNA samples from nine women carrying euploid fetuses
and four women carrying trisomy 21 fetuses. FIG. 13B shows a table 1350 of digital RNA-
SNP analysis of maternal plasma from euploid and trisomy 21 pregnancies according to an
embodiment of the present invention. All of the cases were correctly classified. Initial
results for one trisomy 21 case (M2272P) fell within the unclassifiable region between the
SPRT curves after one 384-well experiment. Thus, an additional 384-well run was
performed. New m;, and P, values were calculated from the aggregated data from the total of
768 wells and the classification was performed using a new set of SPRT curves selected

based on this m; value. The case was then scored correctly as aneuploid.

[0179] Our experimental and simulation data show that digital RNA-SNP is an effective
and accurate method for trisomy 21 detection. As PLAC4 mRNA in maternal plasma is
derived purely from the fetus, for 12 of the 13 maternal plasma samples tested, only one 384-
well digital PCR experiment was required for correct classification. This homogenous, real-
time digital PCR-based approach thus offers an alternative to the mass spectrometry-based
approach for RNA-SNP analysis. Apart from placental-specific mRNA transcripts, we also
envision that other types of fetal-specific nucleic acid species in maternal plasma could be
used for digital PCR-based detection of fetal chromosomal aneuploidies. One example is
fetal epigenetic markers which have recently been used for the noninvasive prenatal detection
of trisomy 18 using the epigenetic allelic ratio (EAR) approach (Tong YK et al. 2006 Clin
Chem, 52, 2194-2202). Thus, we predict that digital EAR would be a possible analytical
technique.

B. RCD
[0180] The practical feasibility of digital RCD for trisomy 21 detection was also
investigated using a PCR assay targeting paralogous sequences on chromosome 21 and 1.
Paralogous loci were used here by way of examples. Non-paralogous sequences on
chromosome 21 and any other reference chromosome can also be used for RCD. Placental

DNA samples from two euploid and two trisomy 21 placentas were diluted to approximately
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one target template from either chromosome per well and confirmed by a 96-well digital PCR
analysis. Each confirmed sample was analyzed by a 384-well digital RCD experiment and
the values of P; and m; were calculated. For digital RCD, the chromosome 1 paralog was the
reference template. This m, value was used to select a corresponding set of SPRT curves for
data interpretation. All of the placental samples were correctly classified as shown in FIG.

14A.

[0181] To demonstrate that the digital RCD approach can be used to detect trisomy 21
DNA which is mixed with an excess of euploid DNA, such as the scenario of fetal DNA in
maternal plasma, mixtures containing 50% and 25% of trisomy 21 placental DNA in a
background of euploid maternal blood cell DNA were analyzed. Placental DNA. from 10
trisomy 21 and 10 euploid cases was each mixed with an equal amount of euploid maternal
blood cell DNA, thus producing twenty 50% DNA mixtures. FIG. 14B shows a plot 1440
illustrating the SPRT interpretation for RCD analysis of the 50% fetal DNA mixtures
according to an embodiment of the present invention. Similarly, placental DNA from 5
trisomy 21 and 5 euploid cases was each mixed with 3 times excess of euploid maternal
blood cell DNA, thus producing ten 25% DNA mixtures. FIG. 14C shows a plot 1470
illustrating the SPRT interpretation for RCD analysis of the 25% fetal DNA mixtures. All the
euploid and aneuploid DNA mixtures were correctly classified, as shown in FIGS. 14B and

14C.

[0182] Each sample reached the point of being classifiable after a number of 384-well
digital PCR analyses as marked on FIGS. 14B and 14C. For the 50% DNA mixtures, the
number of 384-well plates required ranged from one to five. For the 25% DNA mixtures, the
number of 384-well plates required ranged form one to seven. The cumulative proportion of
cases being correctly classified with the addition of every 384 digital PCR analyses were as

predicted by the computer simulation presented in Table 1200.

III. METHOD WITH DIGITAL PCR

A. Digital RNA-SNP

[0183] AIll RNA samples were first reverse transcribed with a gene-specific reverse
transcription primer using the ThermoScript reverse transcriptase (Invitro gen). Sequence of
the reverse transcription primer was 5'-AGTATATAGAACCATGTTTAGGCCAGA-3'
(Integrated DNA Technologies, Coralville, IA). The subsequent treatment of the reverse
transcribed RNA (i.e. the cDNA) samples for digital RNA-SNP, and DNA samples (e.g.
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placental DNA) was essentially the same. Prior to digital PCR analysis, DNA and the cDNA
samples were first quantified using a real-time PCR assay towards PLAC4, consisting of
primers 5'-CCGCTAGGGTGTCTTTTAAGC-3', 5'-
GTGTTGCAATACAAAATGAGTTTCT-3’, and the fluorescent probe 5'-
(FAM)ATTGGAGCAAATTC(MGBNFQ)-3' (Applied Biosystems, Foster City, CA), where
FAM is 6-carboxyfluorescein and MGBNFQ is a minor groove binding non-fluorescent

quencher.

[0184] A calibration curve was prepared by serial dilutions of HPLC-purified single-
stranded synthetic DNA oligonucleotides (Proligo, Singapore) specifying the amplicon. The
sequence was 5'-
CGCCGCTAGGGTGTCTTTTAAGCTATTGGAGCAAATTCAAATTTGGCTTAAAGAA
AAAGAAACTCATTTTGTATTGCAACACCAGGAGTATCCCAAGGGACTCG-3". The
reaction was set up using 2X TagMan Universal PCR Master Mix (Applied Biosystems) in a
reaction volume of 25 uL. 400 nM of each primer and 80 nM of the probe were used in each
reaction. The reaction was initiated at 50°C for 2 min, followed by 95°C for 10 min and 45
cycles of 95°C for 15s and 60°C for 1 min in an ABI PRISM 7900HT Sequence Detection
System (Applied Biosystems). Serial dilutions of the DNA or cDNA samples were then
undertaken such that the subsequent digital PCR amplification could be performed at
approximately one template molecule per well. At such a concentration, it was expected that
approximately 37% of the reaction wells would show negative amplification and was first
confirmed by conducting a 96-well digital real-time PCR analysis. This was followed by
digital RNA-SNP analysis conducted in 384-well plates using a set of non-intron spanning
primers: the forward primer 5'-TTTGTATTGCAACACCATTTGG-3' and the gene-specific

reverse transcription primer described above.

[0185] Two allele-specific TagMan probes targeting each of the two alleles of the
158130833 SNP on the PLAC4 sequence were designed. Their sequences were 5'-
(FAM)TCGTCGTCTAACTTG(MGBNFQ)-3' and 5'-

(VIO) ATTCGTCATCTAACTTG(MGBNFQ) for the G and A alleles, respectively. The
reaction was set up using 2X TagMan Universal PCR Master Mix in a reaction volume of 5
pL. Each reaction contains 1X TagMan Universal PCR Master Mix, 572 nM of each primer,
107 nM of the allele-G-specific probe and 357 nM of the allele-A-specific probe. The
reaction was carried out in the ABI PRISM 7900HT Sequence Detection System. The
reaction was initiated at 50°C for 2 min, followed by 95°C for 10 min and 45 cycles of 95°C
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for 15s and 57°C for 1 min. During the reaction, the fluorescence data were collected by the
«“Absolute Quantification” application of the SDS 2.2.2 software (Applied Biosystems). The
software automatically calculated the baselines and the threshold values. The number of
wells which were positive for either the A or the G alleles was recorded and subjected to

SPRT analysis.

B. Digital RCD analysis

[0186] All placental and maternal buffy coat DNA samples used in this study were first
quantified by the NanoDrop spectrophotometer (NanoDrop Technology, Wilmington, DE).
The DNA concentration is converted to copies/uL using a conversion of 6.6 pg/cell. The
amount of DNA corresponding to approximately one template per well was determined by
serially diluting the DNA samples and confirmed with the real-time PCR assay in a 96-well
format where we expect approximately 37% of the wells to show negative amplification. The
PCR setup for the confirmatory plate was the same as described below except that only the
probe for the reference chromosome was added. In the digital RCD analysis, the paralogous
loci on chromosome 21 and 1 (Deutsch, S. et al. 2004 J Med Genet 41, 908-915) were first
co-amplified by forward primer 5" GTTGTTCTGCAAAAAACCTTCGA-3' and reverse
primer 5 CTTGGCCAGAAATACTTCATTACCATAT-3". Two chromosome-specific
TagMan probes were designed to target the chromosome 21 and 1 paralogs, and their
sequences were 5'-(FAM)TACCTCCAT AATGAGTAAAMGBNFQ)-3"and 5'-
(VIC)CGTACCTCTGTAATGTGTAA(MGBNFQ)—3', respectively. Each reaction contained
1X TaqMan Universal PCR Master Mix (Applied Biosystems), 450 nM of each primer, and
125 nM of each probe. The total reaction volume was SpL/well. The reaction was initiated at
50°C for 2 min, followed by 95°C for 10 min and 50 cycles of 95°C for 15s and 60°C for 1
min. All real-time PCR experiments were carried out on an ABI PRISM 7900HT Sequence
Detection System (Applied Biosystems), and the fluorescence data were collected by the
“Absolute Quantification” application of the SDS 2.2.2 software (Applied Biosystems). The
default baselines and manual threshold values were used. The number of wells which were
positive for either chromosome 21 or chromosome 1 was recorded and subjected to SPRT
analysis. One or more 384-well plates would be analyzed until disease classification was

possible by SPRT.
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IV. USING MICROFLUIDICS-BASED DIGITAL PCR

A. Digital RNA-SNP
[0187] This example demonstrates the performance of digital PCR analysis using
microfluidics-based digital PCR. A variant of this approach is illustrated here, by way of
example but not by way of limitation to, using a Fluidigm BioMark™ System. This system

can perform over 9000 digital PCRs per run.

[0188] Placental tissues and maternal peripheral blood samples were obtained from
pregnant women carrying euploid or trisomy 21 fetuses. Genotyping of the rs8130833 SNP
on the PLAC4 gene was carried out in placental DNA samples by primer extension followed

by mass spectrometry. RNA was extracted from the placental and maternal plasma samples.

[0189] All RNA samples were reverse transcribed with a gene-specific reverse
transcription primer (5'-AGTATATAGAACCATGTTTAGGCCAGA-3") using the
ThermoScript reverse transcriptase (Invitrogen). For the placental cDNA samples, serial
dilutions were performed such that the subsequent digital PCR amplification could be

performed at approximately one template molecule per well.

[0190] Digital PCR was conducted on the BioMark System™ (Fluidigm) with a 12.765
Digital Array (Fluidigm). Each Digital Array consists of 12 panels for accommodating 12
sample-assay mixtures. Each panel is further partitioned into 765 wells for carrying out a 7-
nL reaction/well. The rs8130833 SNP region on the PLAC4 gene was amplified by the
forward primer (5'-TTTGTATTGCAACACCATTTGG-3") and the gene-specific reverse
transcription primer described above. Two allele-specific TagMan probes targeting each of
the two alleles of the rs8130833 SNP were designed. Their sequences were 5'-
(FAM)TCGTCGTCTAACTTG(MGBNFQ)-3' and 5'-
(VIC)ATTCGTCATCTAAC'fTG(MGBNF Q) for the G and A alleles, respectively. The
reaction for one array panel was set up using 2X TagMan Universal PCR Master Mix in a
reaction volume of 10 pL. Each reaction contains 1X TaqMan Universal PCR Master Mix,
572 nM of each primer, 53.5 nM of the allele-G-specific probe, 178.5 nM of the allele-A-
specific probe and 3.5 pL of the cDNA sample. One reaction panel was used for each
placental cDNA sample while 12 panels were used for each maternal plasma sample. The
sample-assay mixtures were loaded into the Digital Array by a NanoFlex ™ IFC controller

kTM

(Fluidigm). The reaction was carried out in the BioMar System. The reaction was
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initiated at 50 C for 2 min, followed by 95°C for 10 min and 40 cycles of 95°C for 15s and
57°C for 1 min.

[0191] Placental RNA samples from one euploid and two T21 heterozygous placentas were
analyzed in a 765-well reaction panel. For each sample, the number of informative wells;
comprising the ones positive for either the A or the G allele (but not both), was counted. The
proportion of the overrepresented allele among all the informative wells (Pr) was determined.
SPRT curves appropriate for the exact average reference template concentration per well (my)
of these runs were applied to determine if the experimentally-obtained Pr indicated a euploid
or T21 sample. As shown in FIG. 15A, all RNA samples were correctly classified using this
approach.

[0192] We further tested the plasma RNA samples from four women carrying euploid
fetuses and one woman carrying a trisomy 21 fetus. Each sample was analyzed in twelve 765-
well reaction panels, i.e. 9180 reactions per plasma RNA sample. FIG. 15B shows the
number of informative wells for each of the 12 panels for this plasma RNA sample. As
shown in the table, the template concentration in the plasma sample was so diluted that the
number of informative wells in any one reaction panel was not sufficient for the SPRT
classification. The informative wells from three reaction panels had to be combined before
this sample was classified as a euploid sample (FIG. 15C). FIG. 15C shows that using the
aggregated data from two to twelve panels, all of the plasma cases could be correctly

classified.

[0193] Compared with the manual method for performing digital PCR, this microfluidics-
based method is much more rapid and less labor-intensive. The whole process could be

completed in two and a half hours.

B. Digital RNA-SNP analysis for the prenatal detection of trisomy 18
[0194] In this example, we used a digital PCR-based allelic discrimination assay on se7pin
peptidase inhibitor clade B (ovalbumin) member 2 (SERPINB2) mRNA, a placenta-expressed
transcript on chromosome 18, to detect an imbalance in the ratio of polymorphic alleles for
trisomy 18 fetuses. Extraction of DNA and RNA from placental tissue samples was
performed using the QlAamp DNA Mini Kit (Qiagen, Hilden, Germany) and the TRIzol
reagent (Invitrogen, Carlsbad, CA), respectively, as described in the manufacturers’
protocols. The extracted placental RNA samples were subjected to DNase I treatment

(Invitrogen) for removal of contaminating genomic DNA. Genotyping of the rs6098 SNP on
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the SERPINB?2 gene was carried out in placental tissue DNA samples with a Homogenous
MassEXTEND (hME) assay using the MassARRAY Compact (Sequenom, San Diego) as

previously described.

[0195] Reverse transcription for the SERPINB2 transcript was performed on the placental
tissue RNA samples with a gene-specific primer 5-CGCAGACTTCTCACCAAACA-3'
(Integrated DNA Technologies, Coralville, IA) using the ThermoScript reverse transcriptase
(Invitrogen). All cDNA samples were diluted to a concentration such that the subsequent
digital PCR amplification could be performed at an average concentration of one template
molecule per reaction well. Digital PCR was set up using the TagMan Universal PCR Master
Mix (Applied Biosystems, Foster City, CA) and the BiomarkTM PCR Reagents (Fluidigm,
San Francisco). The forward primer 5'- CTCAGCTCTGCAATCAATGC-3’ (Integrated DNA
Technologies) and the reverse primer (identical to the gene-specific primer used for reverse
transcription) were used at a concentration of 600 nM. The two TagMan probes targeting the
A or G allele of the rs6098 SNP on the SERPINB2 sequence were 5'-
(FAM)CCACAGGGAATTATTT (MGBNFQ)-3' and 5'-
(FAM)CCACAGGGGATTATTT(MGBNFQ)-3' (Applied Biosystems). FAM is 6-
carboxyfluorescein and MGBNFQ is a minor groove-binding nonfluorescent quencher, and
were used at concentrations of 300 nM and 500 nM, respectively. Each sample-reagent mix
was partitioned into 765 reaction wells on a BiomarkTM 12.765 Digital Array using the
NanoflexTM IFC Controller (Fluidigm). After partitioning, the array was placed in the
BiomarkTM Real-time PCR System (Fluidigm) for thermal amplification and fluorescence
detection. The reaction was initiated at 500C for 2 min and continued at 950C for 5 min
followed by 45 cycles of 950C for 15 sec and 59 oC for 1 min. After amplification, the
number of informative wells (one that was positive for either the A or G allele only) and the
number of wells positive for both alleles were counted and subjected to sequential probability

ratio test (SPRT) analysis.

[0196] For a heterozygous euploid fetus, the A and G alleles should be equally represented
(1:1) in the fetal genome, whereas for trisomy 18, there would be an additional copy of one
allele thus giving a ratio of 2:1 in the fetal genome. A series of SPRT curves were generated
for interpretation of different samples. These curves illustrate the expected proportion of
informative wells positive for the overrepresented allele P (y-axis) for a given total number
of informative wells (x-axis) needed for classification. For each sample, the experimentally

derived P, was compared with the expected P; value. Samples above the upper curve were
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classified as trisomy 18, whereas those below the bottom curve were classified as euploid.

The area between the two curves is the unclassifiable region.

[0197] The feasibility of digital RNA-SNP analysis for the detection of fetal trisomy 18
was demonstrated by using the rs6098 SNP on the SERPINB2 gene. Placental tissue DNA
samples from subjects with euploid and trisomy 18 fetuses were first genotyped by mass
spectrometry for identifying heterozygous cases. Nine euploid and three trisomy 18
heterozygous placentas were found and subjected to digital RNA-SNP analysis. For each
sample, P; and m; were calculated, and the SPRT curve for this m, value was used for disease
classification. As shown in FIG. 164, all samples were correctly classified. The P, values for
trisomy 18 placentas were above the unclassifiable region, whereas those for euploid

placentas fell below this region.

[0198] Samples with SPRT curves based on m; = 0.1, 0.2, and 0.3 are illustrated in FIG.
16B. These data suggest that the digital RNA-SNP method is a valuable diagnostic tool for
trisomy 18 pregnancies. The two curves represent the boundaries for the unclassifiable
region. Samples with data points above the upper curve were classified as aneuploid, whereas

those with data points below the bottom curve were classified as euploid.

C. Digital RCD analysis

[0199] This example demonstrates the performance of digital RCD analysis using
microfluidics-based digital PCR. A variant of this approach is illustrated here, by way of
example but not by way of limitation to, using a Fluidigm BioMark™ System. This system

can perform over 9000 digital PCRs per run.

[0200] Placental tissues, maternal blood cell and amniotic fluid samples were obtained
from pregnant women carrying euploid or trisomy 21 (T21) fetuses. Placental DNA from 10
T21 and 10 euploid cases was each mixed with an equal amount of euploid maternal blood
cell DNA, thus producing twenty 50% DNA mixtures. To ensure accurate fetal proportion in
the mixture samples, the extracted DNA was first quantified by optical density (OD)
measﬁrement at 260 nm. They were then digitally quantified by the BioMark™ System
(Fluidigm) using the 12.765 Digital Arrays (Fluidigm). The assay for quantifying the samples
was the same as described below except that only the probe for the reference chromosome

was used.
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[0201] The chromosome dosage in the 50% DNA mixtures and amniotic fluid samples was
determined by digital PCR analysis of a nonpolymorphic chromosome 21 locus relative to
one located on chromosome 1. A 101-bp amplicon of a pair of paralogous loci on
chromosome 21 and 1 was first co-amplified by forward primer 5'-
GTTGTTCTGCAAAAAACCTTCGA-3' and reverse primer 5'-
CTTGGCCAGAAATACTTCATTACCATAT-3'. Two chromosome-specific TagMan probes
were designed to distinguish between the chromosome 21 and 1 paralogs, and their sequences
were 5'-(FAM)TACCTCCATAATGAGTAAA(MGBNFQ)-3' and 5'-
(VIC)CGTACCTCTGTAATGTGTAA(MGBNFQ)-3', respectively. The use of paralogous
Joci was used here by way of example only. In other words, non-paralogous loci could also be

used for such analysis.

[0202] In order to demonstrate the use of the digital RCD approach to detect trisomy 18
(T18), another assay targeting paralogous sequences on chromosome 21 and 18 was
designed. A 128-bp amplicon of the paralogous loci on chromosome 21 and 18 was first co-
amplified by forward primer 5-GTACAGAAACCACAAACTGATCGG-3' and reverse
primer 5'-GTCCAGGCTGTGGGCCT-3". Two chromosome-specific TagMan probes were
designed to distinguish between the chromosome 21 and 18 paralogs, and their sequences
were 5'-(FAM)AAGAGGCGAGGCAA(MGBNFQ)-3' and 5'-
(VIC)AAGAGGACAGGCAAC(MGBNFQ)-3', respectively. The use 6f paralogous loci was
used here by way of example only. In other words, non-paralogous loci could also be used for

such analysis.

[0203] All experiments were carried out on the BioMark™

System (Fluidigm) using the
12.765 Digital Arrays (Fluidigm). The reaction for one panel was set up using 2X TagMan
Universal PCR Master Mix (Applied Biosystems) in a reaction volume of 10 uL.. Each
reaction contained 1X TagMan Universal PCR Master Mix, 900 nM of each primer, 125 nM
of each probe and 3.5 pL of a 50% placental/maternal blood cell DNA sample. The
sample/assay mixture was loaded into the Digital Array by the NanoFlex ™ IFC controller
(Fluidigm). The reaction was carried out on the BioMark™ System for detection. The
reaction was initiated at 50°C for 2 min, followed by 95°C for 10 min and 40 cycles of 95°C

for 15s and 57°C for 1 min.

[0204] The euploid and T21 50% placental/maternal blood cell DNA samples were

analyzed on the digital arrays with the chr21/chrl assay. For each sample, the number of
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informative wells, comprising the ones positive for only chr21 or chrl markers (but not both),
was counted. The proportion of the overrepresented marker among all the informative wells
(Py) was determined. SPRT curves appropriate for the exact average reference template
concentration per well (m,) for any one of the digital PCR panels were applied to determine if
the experimentally-obtained P; indicated a euploid or T21 sample. Data were aggregated from
extra panels for samples which remained unclassified until a decision could be made. As
shown in FIG. 17, all 50% placental/maternal blood cell DNA samples were correctly
classified using this approach with data ranging from one to four panels needed. A SPRT
curve was also plotted to show the decision boundaries for correct classification, as shown in

FIG. 18.

[0205] We further applied the RCD analysis on amniotic fluid samples obtained from 23
women carrying euploid fetuses and 6 women carrying T21 fetuses. Each sample was
analyzed in a single 765-well reaction panel with the chr21/chrl assay. FIG. 19 shows the
SPRT classification summary. As shown in FIG. 19, all the 29 samples were classified
correctly. The digital RCD method is thus an alternative approach for the detection of
trisomies using microsatellite (Levett L], et al. A large-scale evaluation of amnio-PCR for the
rapid prenatal diagnosis of fetal trisomy. Ultrasound Obstet Gynecol 2001; 17: 115-8) or
single nucleotide polymorphism (SNP) (Tsui NB, et al. Detection of trisomy 21 by
quantitative mass spectrometric analysis of single-nucleotide polymorphisms. Clin Chem
2005; 51: 2358-62) markers or real-time non-digital PCR (Zimmermann B, et al. Novel real-
time quantitative PCR test for trisomy 21. Clin Chem 2002; 48: 362-3) in miscellaneous

sample types used for prenatal diagnosis, such as amniotic fluid and chorionic villus biopsies.

[0206] In an attempt to detect T18 cases, we applied the chr21/chr18 assay on 3 euploid
and 5 T18 placental DNA samples. The proportion of the overrepresented marker among all
the informative wells (Prj was calculated. All of them were classified correctly except one
T18 case was misclassified as euploid. The results were summarized in FIG. 20.

V. USING MULTIPLEX DIGITAL RCD ASSAYS ON MASS-SPECTROMETRIC
PLATFORM

[0207] The number of plasma DNA molecules that are present per unit volume of maternal
plasma is limited (Lo YMD. ef al. 1998 Am J Hum Genet 62, 768-7758). For example, in
early pregnancy, the median maternal plasma concentration of an autosomal locus, the

P-globin gene, has been shown to be 986 copies/mL, with contributions from both the fetus
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and mother (Lo YMD. et al. 1998 Am J Hum Genet 62, 768-7758). To capture 7,680
molecules, DNA extracted from some 8 mL of maternal plasma would be needed. This
volume of plasma, obtainable from ~15 mL of maternal blood, is at the limit of routine
practice. However, we envision that multiple sets of chr21 and reference chromosome targets
can be combined for digital RCD analysis. For 5 pairs of chr21 and reference chromosome
targets, just 1.6 mL of maternal plasma would be needed to provide the number of template
molecules needed for analysis. Multiplex single molecule PCR could be performed. The
robustness of such multiplex single molecule analysis has been demonstrated previously for
single molecule haplotyping (Ding, C. and Cantor, CR. 2003 Proc Natl Acad Sci U S 4 100,
7449-7453).

[0208] In one example, placental tissues and maternal blood cell samples were obtained
from pregnant women carrying euploid or trisomy 21 (T21) fetuses. 5 euploid and 5 T21
placental DNA samples were each mixed with equal proportions of maternal blood cell DNA
to produce 10 DNA mixtures mimicking plasma samples with 50% fetal DNA. To ensure
accurate fetal proportion in the mixture samples, the extracted DNA was first quantified by
optical density (OD) measurement at 260 nm. They were then digitally quantified by real-
time PCR in 384-well format. The assay for quantifying the samples was the same as

described in the previous example of digital RCD analysis.

[0209] The chromosome dosage in the 50% mix was determined by digital PCR analysis of
a nonpolymorphic chromosome 21 locus relative to one located on chromosome 1. The
method is called Digital Relative Chromosome Dosage (RCD) analysis. A 121-bp amplicon
(inclusive of a 10-mer on each primer) of a pair of paralogous loci on chromosome 21 and 1
was co-amplified by forward primer 5'-
ACGTTGGATGGTTGTTCTGCAAAAAACCTTCGA-3' and reverse primer 5'-
ACGTTGGATGCTTGGCCAGAAATACTTCATTACCATAT-3'. An extension primer
which targets the base differences between chromosome 21 and chromosome 1 was designed,
and its sequence is 5’-CTCATCCTCACTTCGTACCTC-3".

[0210] In order to demonstrate the utility of multiplexing digital PCR assays to detect T21
cases, another digital RCD assay targeting paralogous sequences on chromosome 21 and 18
was designed. A 148-bp amplicon (inclusive of a 10-mer on each primer) of the paralogous

loci on chromosome 21 and 18 was co-amplified by forward primer 5'-

ACGTTGGATGGTACAGAAACCACAAACTGATCGG-3" and reverse primer 5'-
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ACGTTGGATGGTCCAGGCTGTGGGCCT-3'. An extension primer which targets the base
differences between chromosome 21 and chromosome 18 was designed, and its sequence is

5’-ACAAAAGGGGGAAGAGG-3’.

[0211] Multiplex digital RCD analysis was performed using primer extension protocol.
PCR reaction was set up using GeneAmp PCR Core Reagent Kit (Applied Biosystems) ina
reaction volume of 5 pL. Each reaction contained 1X Buffer II, 2 mM MgCl,, 200 pM dNTP
mix, 0.2 U AmpliTaq Gold, 200 nM of each of the 4 primers and the 50% DNA mix. The
assay/sample mixture was dispensed into 384-well PCR plate and the reaction was initiated at
50°C for 2 min, followed by 95°C for 10 min and 40 cycles of 95°C for 15s and 57°C for 1

min.

[0212] PCR products were subjected to shrimp alkaline phosphatase (SAP) treatment to
remove unincorporated dNTPs. The mixture was incubated at 37°C for 40 min followed by
85°C for 5 min. Primer extension reaction was then carried out. In brief, 771 nM of extension
primer from chr21/chrl assay, 1.54 pM of extension primer from chr21/chr18 assay, 0.67 U
Thermosequenase (Sequenom), and 64 uM each of ddCTP, ddGTP, dATP and dTTP in an
extension cockfail were added to the SAP-treated PCR products. The reaction conditions
were 94°C for 2 min, followed by 94°C for 5 s, 50°C for 5 s, and 72°C for 5 s for 80 cycles.
16 uL of water and 3 mg of the Clean Resin (Sequenom) were added to the extension
products for a final clean up. The mixtures were mixed in a rotator for 20 to 30 min, followed
by a centrifugation step at 361 g for 5 min. Fifteen to 25 nL of the final products were
dispensed onto a SpectroCHIP (Sequenom) by a MassARRAY Nanodispenser S (Sequenom).
Data acquisition from the SpectroCHIP was done in the MassARRAY Analyzer Compact
Mass Spectrometer (Sequenom). Mass data were imported into the MassARRAY Typer

(Sequenom) software for analysis.

[0213] The five euploid and five T21 50% placental/maternal DNA samples were analyzed
with the duplex RCD assay. For each sample, the number of informative wells from
individual assay, comprising the ones positive for only chr21 or chrl or chr18 markers, was
counted. The proportion of the chr21 marker among all the informative wells (P;) was
calculated separately for each RCD assay. Sequential probability ratio test (SPRT) was then
applied to determine if the P; indicated a euploid or T21 sample. By doing so, the number of

wells required was reduced as each plate was counted twice.
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[0214] The chr21/chrl assay was usually applied first. If the sample remained unclassified,
then the values from the chr21/chrl8 assay would be added for further calculations. Extra
plates were used for samples which remained unclassified until a decision could be made. As
shown in FIG. 21, all euploid 50% mix samples were correctly classified using a single 384-
well plate. Several T21 cases required 2 or more plates for correct classification. If only one
assay was used, a greater number of plates would be needed to attain the number of
informative wells required when classification was achieved. For example, data for case
NO0230 was unclassifiable when either of the RCD assays was used alone. However, correct
classification was achieved when data from the two assays were combined. If the duplex
RCD assays were not used, additional plates of analyses would be needed. We would expect

a further reduction of well number with a higher level of multiplexing of assays.

[0215] In another example, we developed a 4-plex assay targeting 4 different amplicons on
chromosome 21 and their corresponding paralogous partners located on other non-
chromosome-21 autosomes. This 4-plex assay was used in digital RCD analysis followed by
SPRT classification of samples from euploid and trisomy 21 pregnancies. DNA extractions
from placental samples were performed using the QIAamp tissue kit (Qiagen, Hilden,

Germany).

[0216] All placental and maternal buffy coat DNA samples used in this study were first
quantified by the NanoDrop spectrophotometer (NanoDrop Technology, Wilmington, DE).
The DNA concentration was converted to genome equivalent (GE)/uL using a conversion of
6.6 pg/cell. The amount of DNA corresponding to approximately one template per well was
determined by serially diluting the DNA samples. Under such a condition, we would expect
approximately 37% of the wells to show negative amplification. In multiplex digital RCD
analysis, 4 sets of paralogous sequence targets were selected: the paralogous loci on
chromosome 21 and 1 were co-amplified by the forward primer 5'-
ACGTTGGATGTTGATGAAGTCTCATCTCTACTTCG -3' and the reverse primer 5'-
ACGTTGGATGCAATAAGCTTGGCCAGAAATACT -3', resulting in an amplicon of 81
bp. The paralogous loci on chromosome 21 and 7 were co-amplified by the forward primer
5" ACGTTGGATGGAATTTAAGCTAAATCAGCCTGAACTG-3' and the reverse primer
5. ACGTTGGATGGTTTCTCATAGTTCATCGTAGGCTTAT -3', resulting in an amplicon
of 82 bp. The paralogous loci on chromosome 21 and 2 were co-amplified by the forward
primer 5'- ACGTTGGATGTCAGGCAGGGTTCTATGCAG -3' and the reverse primer 5'-
ACGTTGGATGAGGCGGCTTCCTGGCTCTTG -3', resulting in an amplicon of 101 bp.
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The paralogous loci on chromosome 21 and 6 were co-amplified by the forward primer 5'-
ACGTTGGATGGCTCGTCTCAGGCTCGTAGTT -3' and the reverse primer 5'-
ACGTTGGATGTTTCTTCGAGCCCTTCTTGG -3', resulting in an amplicon of 102 bp.
Each reaction contained 10X buffer II (Applied Biosystems), MgCl, and 100 nM of each
primer. The total reaction volume was 5 pL/well. The reaction was initiated at 95°C for 5
min, followed by 45 cycles of 95°C for 30 sec, 62 °C for 30 sec and 72°C for 30 sec, and a
final extension at 72 °C for 7 min. All conventional PCR amplifications were carried out on a
GeneAmp PCR System 9700 (Applied Biosystems). The unincorporated nucleotides were
deactivated by shrimp alkaline phosphatase (SAP) treatment. Each reaction contained 10X
SAP buffer (Sequenom) and SAP enzyme (Sequenom). 2 ul. of SAP mix was added to each
PCR. The SAP reaction was incubated at 37 °C for 40 min and 85 °C for 5 min. After the SAP
treatment, primer extension reaction was carried out on the PCR products using the iPLEX
Gold kit (Sequenom). . The paralogous sequence mismatches (PSMs) on the paralogous loci
on chromosomes 21 and 1 were interrogated by the extension primer 5'-
GTCTCATCTCTACTTCGTACCTC -3'. The PSMs on the paralogous loci on chromosomes
21 and 7 were interrogated by the extension primer 5'-TTTTACGCTGTCCCCATTT-3". The
PSMs on the paralogous loci on chromosomes 21 and 2 were interrogated by the extension
primer 5'-GGTCTATGCAGGAGCCGAC-3". The PSMs on the paralogous loci on
chromosomes 21 and 6 were interrogated by the extension primer 5'-
TGGGCGCGGGAGCGGACTTCGCTGG-3'. Each reaction contained 10X iPLEX buffer
(Sequenom), iPLEX termination mix (Sequenom), iPLEX enzyme (Sequenom) and 343 nM
of each extension primer, except for the extension primer for PSMs on chromosomes 21 and
6 which was used at 1.03 uM. 2 pL of iPLEX mix was added to 5 pLL of PCR product. The
iPLEX reaction was cycled according to a 200-short-cycle program. Briefly, the samples
were first denatured at 94 °C for 35 sec, followed by annealing at 52° C for 5 sec and
extension at 80°C for 5 sec. The annealing and extension cycle was repeated four more times
for a total of five cycles and then looped back to a 94° C denaturing step for 5 sec, after which
was the 5-cycle annealing and extension loop again. The five annealing and extension cycles
with the single denaturing step were repeated 39 times for a total of 40. A final extension at
72° C for 3 min was performed. The iPLEX reaction products were diluted with 16 uL water
and desalted by 6 mg resin for each PCR. The 384-well plate was centrifuged at 1600 g for 3

min before dispensing onto the SpectroCHIP (Sequenom) and the matrix-assisted laser
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desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry MS Analysis

(Sequenom).

[0217] The number of wells which were positive for only chromosome 21 or only the
reference chromosome for each of the four assays was independently recorded. For each
assay, the Poisson corrected numbers of molecules for chromosome 21 and the reference
chromosome were calculated. The sum of the Poisson corrected number of molecules for
chromosome 21 as well as the sum of the Poisson corrected number of reference
chromosomes from all four assays were calculated and deemed as the informative counts for
the 4-plex assay. The P; value was the chromosome 21 count for the 4-plex assay divided by
the sum of the chromosome 21 and reference chromosome counts for the 4-plex assay. The
experimentally derived P, values were subjected to SPRT analysis. One or more 384-well
plates would be analyzed until disease classification was possible by SPRT. A total of two
50% euploid placental genomic DNA/50% maternal buffy coat DNA mix and two 50%
trisomy 21 placental genomic DNA/50% maternal buffy coat DNA mix were analyzed.

[0218] The experimentally derived P; value would be compared with the expected value of
P, to test the null or alternative hypotheses. Alternatively, neither the null or alternative
hypothesis could be accepted if the P, for the given number of informative counts has not yet
reached the required level of statistical confidence for disease classification. These cases

were deemed unclassifiable until more data were available.

[0219] The results and the SPRT classification of each sample are tabulated in FIGS. 22A
and 22B. The two euploid samples required 2 and 5 384-well multiplex digital RCD analyses
before SPRT classification could be reached. Data from none of the individual member of the
4-plex assay allowed disease classificaiton by SPRT. Both trisomy 21 samples were each
correctly classified with just one 384-well multiplex digital RCD analysis. Similarly, data
from none of the individual member of the 4-plex assay allowed disease classificaiton by
SPRT. However, the composite counts from the 4-plex assay allowed correct SPRT
classification. These data illustrated that by using multiplex digital RCD, the effective
number of informative counts were substantially increased for a given number of digital PCR

analyses performed as compared to the use of a single-plex digital RCD assay.

54

Pg.238



10

15

30

WO 2009/013492 PCT/GB2008/002524

VL. USING DIGITAL EPIGENETIC RELATIVE CHROMOSOME DOSAGE

[0220] Here we outline an approach called digital epigenetic relative chromosome dosage
(digital ERCD) in which epigenetic markers exhibiting a fetal-specific DNA methylation
pattern, or other epigenetic changes, on a chromosome involved in a chromosomal
aneuploidy (e.g. chromosome 21 in trisomy 21) and on a reference chromosome, are
subjected to digital PCR analysis. The ratio of the number of wells positive for the
chromosome 21 epigenetic marker to that positive for the reference chromosome epigenetic
marker in plasma DNA extracted from pregnant women bearing normal fetuses will give us
the reference range. The ratio will be expected to be increased if the fetus has trisomy 21. It is
obvious to those of skill in the art that more than one chromosome 21 markers and more than

one reference chromosome markers could be used in this analysis.

[0221] One example of a gene on chromosome 21 which exhibits a fetus (placenta)-specific
methylation pattern is the Holocarboxylase synthetase (HLCS) gene. HLCS is
hypermethylated in the placenta, but hypomethylated in maternal blood cells; and is covered
in U.S. patent application 11/784499, which is incorporated herein by reference. One
example of a gene on a reference chromosome which exhibits a fetus (placenta)-specific
methylation pattern is the RASSFIA gene on chromosome 3 [10]. RASSFIA is
hypermethylated in the placenta but is hypomethylated in maternal blood cells, see U.S.
patent application‘ 11/784501, which is incorporated herein by reference.

[0222] In the application of hypermethylated HLCS and hypermethylated RASSFIA to
digital PCR detection of trisomy 21 in a fetus using maternal plasma, maternal peripheral
blood is first collected. Then the blood is subjected to centrifugation and the plasma is
harvested. DNA from the plasma is then extracted using techniques well-known to those of
skill in the art, such as using a QlAamp Blood kit (Qiagen). The plasma DNA is then
subjected to digestion using one or more methylation-sensitive restriction enzymes, such as
Hpall and BstUI. These methylation-sensitive restriction enzyme(s) will cut the maternal,
nonmethylated versions of these genes, while leaving the fetal hypermethylated sequences
intact. The digested plasma DINA sample is then diluted to an extent that on average
approximately 0.2 to 1 molecule of either the restriction enzyme treated but intact HLCS or
RASSF14 sequences will be detected per reaction well. Two real-time PCR systems will be
used to amplify the diluted DNA, one with two primers and one TagMan probe specific to the

HILCS gene, encompassing the region that will be cut by the restriction enzyme(s) if the
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sequence in unmethylated; and the other one towards the RASSFI4 gene, similarly with two
primers and one TagMan probe. With regard to the latter RASSFI4 primer/probe set, one
example has been described by Chan et al 2006, Clin Chem 52, 2211-2218. The TagMan
probes towards the HLCS and RASSF14 targets will have different fluorescent reporters, such
as FAM and VIC, respectively. A 384-well plate is then used to perform the digital PCR
experiment. The number of wells scored positive for just HLCS and those scored positive for
just RASSF14 will be counted, and a ratio of these counts will be taken. The HLCS:RASSF1A4
ratio will be expected to be higher for maternal plasma taken from a pregnant woman
carrying a trisomy 21 fetus, when compared with one carrying a normal euploid fetus. The
degree of overrepresentation will be dependent on the average reference template

concentration per well in the digital PCR run.

[0223] Other methods for scoring these results will be possible, for the example the
counting of the number of wells positive for HLCS, irrespective of the concurrent positivity
for RASSF1A4; and vice versa for RASSFIA, irrespective of the concurrent positivity for
HLCS. Furthermore, in replacement of calculating the ratio, either the total number, or the
difference in the HLCS and RASSF1A counts could be used to indicate the trisomy 21 status

of a fetus.

[0224] Apart from doing the digital PCR in plates, it will also be obvious to those of skill in
the art that other variants of digital PCR can be used, e.g. microfluidics chips, nanoliter PCR
microplate systems, emulsion PCR, polony PCR and rolling-circle amplification, primer
extension and mass spectrometry, etc. These variants of digital PCR are named by way of

examples, and not as limitations.

[0225] Apart from real-time PCR, it will also be obvious to those of skill in the art that

methods such as mass spectrometry can be used to score the digital PCR results.

[0226] Apart from using methylation-sensitive restriction enzymes to differentiate the fetal
and maternal versions of HLCS and RASSFIA, it will be obvious to those of skill in the art
that other methods for ascertaining the methylation status would also be applicable, e.g.
bisulfite modification, methylation-specific PCR, immunoprecipitation using antibody to

methylated cytosine, mass spectrometry, etc.

[0227] It will also be obvious to those of skill in the art that the approach illustrated in this

example and other examples in this patent application can be used in the other bodily fluids in
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which fetal DNA may be found, including maternal urine, amniotic fluid, transcervical

washings, chorionic villus, maternal saliva, etc.

VII. MASSIVELY PARALLEL GENOMIC SEQUENCING USING EMULSION PCR
AND OTHER STRATEGIES

[0228] Here we shall describe another example whereby a digital readout of nucleic acid
molecules can be used for the detection of fetal chromosomal aneuploidies, e.g. trisomy 21,
in maternal plasma. Fetal chromosomal aneuploidy results from abnormal dose(s) of a
chromosome or chromosomal region. It is desirable that noninvasive tests have high
sensitivity and specificity to minimize false diagnoses. However, fetal DNA is present in low
absolute concentration and represent a minor portion of all DNA sequences in maternal
plasma and serum. Hence, the number of digital PCR sampling targeting specific gene loci
cannot be increased infinitely within the same biological specimen. Hence, the analysis of
multiple sets of specific target loci may be used to increase the amount of data that could be

obtained from a specimen without increasing the number of digital PCR sampling performed.

[0229] Accordingly, embodiments allow the noninvasive detection of fetal chromosomal
aneuploidy by maximizing the amount of genetic information that could be inferred from the
limited amount of fetal nucleic acids which exist as a minor population in a biological sample
containing maternal background nucleic acids. In one aspect, the amount of genetic
information obtained is sufficient for accurate diagnosis yet not overly excessive so as to

contain costs and the amount of input biological sample required.

[0230] Massively parallel sequencing, such as that achievable on the 454 platform (Roche)
(Margulies, M. et al. 2005 Nature 437, 376-380), [llumina Genome Analyzer (or Solexa
platform) or SOLiD System (Applied Biosystems) or the Helicos True Single Molecule DNA
sequencing technology (Harris TD et al. 2008 Science, 320, 106-109), the single molecule,
real-time (SMRT™) technology of Pacific Biosciences, and nanopore sequencing (Soni GV
and Meller A. 2007 Clin Chem 53: 1996-2001), allow the sequencing of many nucleic acid
molecules isolated from a specimen at high orders of multiplexing in a parallel fashion (Dear
Brief Funct Genomic Proteomic 2003; 1: 397-416). Each of these platforms sequences

clonally expanded or even non-amplified single molecules of nucleic acid fragments.

[0231] As a high number of sequencing reads, in the order of hundred thousands to millions

or even possibly hundreds of millions or billions, are generated from each sample in each run,
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the resultant sequenced reads form a representative profile of the mix of nucleic acid species
in the original specimen. For example, the haplotype, trascriptome and methylation profiles
of the sequenced reads resemble those of the original specimen (Brenner et al Nat Biotech
2000; 18: 630-634; Taylor et al Cancer Res 2007; 67: 8511-8518). Due to the large sampling
of sequences from each specimen, the number of identical sequences, such as that generated
from the sequencing of a nucleic acid pool at several folds of coverage or high redundancy, is
also a good quantitative representation of the count of a particular nucleic acid species or

locus in the original sample.

[0232] In one embodiment, random sequencing is performed on DNA fragments that are
present in the plasma of a pregnant woman, and one obtains genomic sequences which would
originally have come from either the fetus or the mother. Random sequencing involves
sampling (sequencing) a random portion of the nucleic acid molecules present in the
biological sample. As the sequencing is random, a different subset (fraction) of the nucleic
acid molecules (and thus the genome) may be sequenced in each analysis. Embodiments will
work even when this subset varies from sample to sample and from analysis to analysis,
which may occur even using the same sample. Examples of the fraction are about 0.1%,
0.5%, or 1% of the genome. In other embodiments, the fraction is at least any one of these

values.

[0233] A bioinformatics procedure may then be used to locate each of these DNA
sequences to the human genome. It is possible that a proportion of such sequences will be
discarded from subsequent analysis because they are present in the repeat regions of the
human genome, or in regions subjected to inter-individual variations, e.g. copy number
variations. An amount of the chromosome of interest and of one or more other chromosomes

may thus be determined.

[0234] In one embodiment, a parameter (e.g. a fractional representation) of a chromosome
potentially involved in a chromosomal aneuploidy, e.g. chromosome 21 or chromosome 18 or
chromosome 13, may then be calculated from the results of the bioinformatics procedure.
The fractional representation may be obtained based on an amount of all of the sequences
(e.g. some measure of all of the chromosomes) or a particular subset of chromosomes (e.g.

just one other chromosome than the one being tested.)

[0235] This fractional representation is then compared to a reference range established in

pregnancies involving normal (i.e. euploid) fetuses. It is possible that in some variants of the
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procedure, the reference range would be adjusted in accordance with the fractional
concentration of fetal DNA (f) in a particular maternal plasma sample. The value of f can be
determined from the sequencing dataset, e.g. using sequences mappable to the Y
chromosome if the fetus is male. The value of f may also be determined in a separate
analysis, e.g. using fetal epigenetic markers (Chan KCA et al 2006 Clin Chem 52, 2211-8) or

from the analysis of single nucleotide polymorphisms.

[0236] In one aspect, even when a pool of nucleic acids in a specimen is sequenced at
<100% genomic coverage, and among the proportion of captured nucleic acid molecules,
most of each nucleic acid species is only sequenced once, dosage imbalance of a particular
gene locus or chromosome can also be quantitatively determined. In other words, the dosage
imbalance of the gene locus or chromosome is inferred from the percentage representation of

the said locus among all mappable sequenced tags of the specimen.

[0237] 1In one aspect for the massively parallel genomic sequencing approach,
representative data from all of the chromosomes may be generated at the same time. The
origin of a particular fragment is not selected ahead of time. The sequencing is done at
random and then a database search may be performed to see where a particular fragment is
coming from. This is contrasted from situations when a specific fragment {rom chromosome

21 and another one from chromosome 1 are amplified.

[0238] In one example, a proportion of such sequences would be from the chromosome
involved in an aneuploidy such as chromosome 21 in this illustrative example. Yet other
sequences from such a sequencing exercise would be derived from the other chromosomes.
By taking into account of the relative size of chromosome 21 compared with the other
chromosomes, one could obtain a normalized frequency, within a reference range, of
chromosome 21-specific sequences from such a sequencing exercise. If the fetus has trisomy
21, then the normalized frequency of chromosome 21-derived sequences from such a
sequencing exercise will increase, thus allowing the detection of trisomy 21. The degree of
change in the normalized frequency will be dependent on the fractional concentration of fetal

nucleic acids in the analyzed sample.

[0239] In one embodiment, we used the Illumina Genome Analyzer for single-end
sequencing of human genomic DNA and human plasma DNA samples. The Illumina
Genome Analyzer sequences clonally-expanded single DNA molecules captured on a solid

surface termed a flow cell. Each flow cell has 8 lanes for the sequencing of 8 individual
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specimens or pools of specimens. Each lane is capable of generating ~ 200Mb of sequence
which is only a fraction of the 3 billion basepairs of sequences in the human genome. Each
genomic DNA or plasma DNA sample was sequenced using one lane of a flow cell. The
short sequence tags generated were aligned to the human reference genome and the
chromosomal origin was noted. The total number of individual sequenced tags aligned to
each chromosome were tabulated and compared with the relative size of each chromosome as
expected from the reference human genome or non-disease representative specimens.

Chromosome gains or losses were then identified.

[0240] The described approach is only one exemplification of the presently described
gene/chromosome dosage strategy. Alternatively, paired end sequencing could be performed.
Instead of comparing the length of the sequenced fragments from that expected in the
reference genome as described by Campbell et al (Nat Genet 2008; 40: 722-729), the number
of aligned sequenced tags were counted and sorted according to chromosomal location. Gains
or losses of chromosomal regions or whole chromosomes were determined by comparing the
tag counts with the expected chromosome size in the reference genome or that of a non-

disease representative specimen

[0241] In another embodiment, the fraction of the nucleic acid pool that is sequenced in a
run is further sub-selected prior to sequencing. For example, hybridization based techniques
such as oligonucleotide array could be used to first sub-select for nucleic acid sequences from
certain chromosomes, e.g. a potentially aneuploid chromosome and other chromosome(s) not
involved in the aneuploidy tested. Another example is that a certain sub-population of nucleic
acid sequences from the sample pool is sub-selected or enriched prior to sequencing. For
example, it has been reported that fetal DNA molecules in maternal plasma are comprised of
shorter fragments than the maternal background DNA molecules (Chan et al Clin Chem
2004; 50: 88-92). Thus, one may use one or more methods known to those of skill in the art
to fractionate the nucleic acid sequences in the sample according to molecule size, ¢.g. by gel
electrophoresis or size exclusion columns or by microfluidics-based approach. Yet,
alternatively, in the example of analyzing cell-free fetal DNA in maternal plasma, the fetal
nucleic acid portion could be enriched by a method that suppresses the maternal background,
such as by the addition of formaldehyde (Dhallan et al JAMA 2004; 291: 1114-9).

[0242]  Other single molecule sequencing strategies such as that by the Roche 454 platform,
the Applied Biosystems SOLiD platform, the the Helicos True Single Molecule DNA
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sequencing technology, the single molecule, real-time (SMRTTM) technology of Pacific

Biosciences, and nanopore sequencing could similarly be used in this application.

[0243] Examples of results and a further discussion (e.g. for sequencing and calculating
parameters) may be found in concurrently filed application “DIAGNOSING FETAL
CHROMOSOMAL ANEUPLOIDY USING GENOMIC SEQUENCING,” (Attorney Docket
No. 016285-005220U8), which is incorporated by reference. Note that methods described
herein for determining a cutoff value may be implemented when the reaction is sequencing,

e.g. as described in this section.

[0244] The determination of the fractional concentration of fetal DNA in maternal plasma
can also be done separate to the sequencing run. For example, the Y chromosome DNA
concentration could be pre-determined using real-time PCR, microfluidics PCR or mass
spectrometry. In fact, fetal DNA concentration could be determined using loci other than the
Y chromosome and applicable to female fetuses. For example, Chan et al showed that fetal-
derived methylated RASSFI1A4 sequences would be detected in the plasma of pregnant women
in the background of maternally derived unmethylated R4SSFIA4 sequences (Chan et al, Clin
Chem 2006;52:2211-8). The fractional fetal DNA concentration can thus be determined by
dividing the amount of methylated RASSFIA sequences by the amount of total RASSFIA

(methylated and unmethylated) sequences.

[0245] It is expected that maternal plasma would be preferred over maternal serum for
practicing our invention because DNA is released from the maternal blood cells during blood
clotting. Thus, if serum is used, it is expected that the fractional concentration of fetal DNA
will be lower in maternal plasma than maternal serum. In other words, if maternal serum is
used, it is expected that more sequences would need to be generated for fetal chromosomal
aneuploidy to be diagnosed, when compared with a plasma sample obtained from the same

pregnant woman at the same time.

[0246] Yet another alternative way of determining the fractional concentration of fetal
DNA would be through the quantification of polymorphic differences between the pregnant
women and the fetus (Dhallan R, et al. 2007 Lancet, 369, 474-481). An example of this
method would be to target polymorphic sites at which the pregnant woman is homozygous
and the fetus is heterozygous. The amount of fetal-specific allele can be compared with the

amount of the common allele to determine the fractional concentration of fetal DNA.
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[0247] In contrast to the existing techniques for detecting chromosomal aberrations,
including comparative genomic hybridization, microarray comparative genomic
hybridization, quantitative real-time polymerase chain reaction, which detect and quantify
one or more specific sequence(s), massively parallel sequencing is not dependent on the
detection or analysis of predetermined or a predefined set of DNA sequences. A random
representative fraction of DNA molecules from the specimen pool is sequenced. The number
of different sequence tags aligned to various chromosomal regions is compared between
specimens' containing or not containing tumoral DNA. Chromosomal aberrations would be
revealed by differences in the number (or percentage) of sequences aligned to any given

chromosomal region in the specimens.

[0248] In another example the sequencing technique on plasma cell-free DNA may be used
to detect the chromosomal aberrations in the plasma DNA for the detection of a specific
cancer. Different cancers have a set of typical chromosomal aberrations. Changes
(amplifications and deletions) in multiple chromosomal regions may be used. Thus, there
would be an increased proportion of sequences aligned to the amplified regions and a
decreased proportion of sequences aligned to decreased regions. The percentage
representation per chromosome could be compared with the size for each corresponding
chromosome in a reference genome expressed as percentage of genomic representation of any
given chromosome in relation to the whole genome. Direct comparisons or comparisons to a

reference chromosome may also be used.

VIII. MUTATION DETECTION

[0249] Fetal DNA in maternal plasma exists as a minor population, with an average of 3%
to 6% of maternal plasma DNA being contributed by the fetus. Because of this reason, most
of the previous work in the field has focused on the detection of DNA targets which the fetus
has inherited from the father, and which are distinguishable from the majority maternal DNA
background in maternal plasma. Examples of such previously detected targets include the
SRY gene on the Y chromosome (Lo YMD et al. 1998 dm J Hum Genet, 62, 768-775) and the
RHD gene when the mother is RhD-negative (Lo YMD et al. 1998 N Engl J Med, 339, 1734-
1738.

[0250] For fetal mutation detection, previous strategies using maternal plasma are limited
to autosomal dominant conditions in which the father is a carrier, the exclusion of autosomal

recessive diseases by direct mutation detection when the father and mother carries different
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mutations, or by linkage analysis (Ding C. et al 2004 Proc Natl Acad Sci U S 4 101, 10762-
10767). These previous strategies have significant limitations. For example, for a couple
where both the male and female partners carry the same mutation, then it would be
impossible to carry out meaningful prenatal diagnosis by direct mutation detection in

maternal plasma.

[0251] Such a scenario is illustrated in FIG. 23. In this scenario, there will be three possible
fetal genotypes, NN, NM and MM, where N represents the normal allele and M represents
the mutant allele. Examples of mutant alleles include those causing cystic fibrosis, beta-
thalassemia, alpha-thalassemia, sickle cell anemia, spinal muscular atrophy, congenital
adrenal hyperplasia, etc. Other examples of such disorders can be found in the Online
Mendelian Inheritance in Man (OMIM)
www.ncbi.nlm.nih.gov/sites/entrez?db=OMIM&itool=toolbar. In maternal plasma, most of
the DNA will be coming from the mother and would be NM. For any of the three fetal
genotypes, there will not be any unique fetal allele which would allow its unique detection in

maternal plasma. Thus, the conventional strategy cannot be applied here.

[0252] Embodiments described herein allow handing such scenarios. In the scenario where
the mother and fetus are both NM, then the N allele and M allele will be in allelic balance.
However, if the mother is NM and the fetus is NN, then there will be allelic imbalance in
maternal plasma, with the N allele being overrepresented. On the other hand, if the mother is
NM and the fetus is MM, then there will be allelic imbalance in maternal plasma, with the M
allele being overrepresented. Thus, for fetal mutation detection, the null hypothesis refers to
the absence of allelic imbalance when the fetus is of the NM genotype. The alternative
hypothesis refers to the presence of allelic imbalance and the fetal genotype could be NN or

MM depending on whether the N or M allele is overrepresented.

[0253] The presence or absence of allelic imbalance can be determined by digital PCR
using embodiments described herein. In a first scenario, a particular volume of maternal
plasma contains the DNA released from 100 cells, in which 50 are from the mother and 50
are from the fetus. Thus, the fractional concentration of fetal DNA in this volume of plasma
is 50%. When the mother is of the genotype NM, then there will be 50 N alleles and 50 M
alleles contributed by the mother. If the fetus is of the genotype NM, then there will be 50 N
alleles and 50 M alleles contributed by the fetus. Therefore, there will be no allelic imbalance

between the N allele and the M allele, a total of 100 copies each. On the other hand, if the
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fetus is of the NN genotype, then there will be 100 fetal-derived N alleles in this volume of
plasma. Thus, there will be a total of 150 N alleles to 50 M alleles. In other words, there will
be allelic imbalance between N and M, with N being overrepresented at a ratio of 3:1 in

relation to M.

[0254] In the converse situation, if the fetus is of the MM genotype, then there will be 100
fetal-derived M alleles in this volume of plasma. Thus, there will be 150 M alleles to 50 N
alleles. In other words, there will be allelic imbalance between N and M, with M being
overrepresented at a ratio of 3:1 in relation to N. Such allelic imbalance can be measured by
digital PCR. The allele with the smaller number of positive wells is considered as the
reference template. Similar to digital RNA-SNP and digital RCD analyses, the actual
distribution of the alleles in the digital PCR experiment would be governed by the Poisson
probability density function. Therefore, while the theoretical degree of allelic imbalance in
the present scenario is 3:1, the expected degree of allelic imbalance would be dependent on
the average template concentration per well during the digital PCR analysis. Thus
interpretation cutoffs, such as for SPRT analysis, appropriate for the average reference

template concentration per well (m;) would need to be used for case classification.

[0255] Furthermore, the degree of allelic imbalance that needs to be measured is dependent
on the fractional fetal DNA concentration. In contrast to the above example, let’s consider a
particular volume of maternal plasma contains the DNA released from 100 cells, in which 90
are from the mother and 10 are from the fetus. Thus, the fractional concentration of fetal
DNA in this volume of plasma is 10%. When the mother is of the genotype NM, then there
will be 90 N alleles and 90 M alleles contributed by the mother. If the fetus is of the genotype
NM, then there will be 10 N alleles and 10 M alleles contributed by the fetus. Therefore,
there will be no allelic imbalance between the N allele and the M allele, a total of 100 copies
each. On the other hand, if the fetus is of the NN genotype, then there will be 20 fetal-derived
N alleles in this volume of plasma. Thus, there will be a total of 110 N alleles to 90 M alleles.

[0256] In other words, there will be allelic imbalance between N and M, with N being
overrepresented. In the converse situation, if the fetus is of the MM genotype, then there will
be 20 fetal-derived M alleles in this volume of plasma. Thus, there will be 110 M alleles to 90
N alleles. In other words, there will be allelic imbalance between N and M, with M being
overrepresented. The theoretical degree of allelic imbalance when the fetal DNA fractional

concentration is 10% would be 110:90, which is different to the 3:1 ratio when there is 50%
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fetal DNA as shown in the above example. Thus interpretation cutoffs, such as for SPRT
analysis, appropriate for the fetal DNA fractional concentration would need to be used for

case classification.

[0257] Thus, plasma DNA will be extracted. The amount of maternal and fetal DNA in the
plasma sample will be quantified, for example by the real-time PCR assays previously
established (Lo, et al. 1998 Am J Hum Genet 62, 768-775) or other types of quantifier well-
known to those of skill in the art, e.g. SNP markers (Dhallan R et al. 2007 Lancet, 369, 474-
481) and fetal epigenetic markers (Chan KCA et al. 2006 Clin Chem, 52, 2211-2218). The
fetal DNA percentage will be calculated. Then the quantified plasma DNA sample is
prepared (e.g. diluted or concentrated) such that during digital PCR analysis, each reaction
well will contain an average of one template molecule (can be either the N or M allele). The
digital PCR analysis will be carried out using a pair of primers, plus two TagMan probes, one
specific to the N allele, while the other one specific to the M allele. The number of wells
which are positive only for M and the number of wells which are positive only for N will be
counted. The ratio of these wells will be used to determine if there is evidence of allelic
imbalance. Statistical evidence of allelic imbalance can be sought by methods well-known to
those of skill in the art, such as using SPRT. In one variant of this analysis, it is also possible
to count the number of wells which are positive either for M only or for M and N; as well as
to count the number of wells which are positive either for N only or for M and N; and to
derive a ratio of these counts. Once again, statistical evidence of allelic imbalance can be

sought by methods well-known to those of skill in the art, such as using SPRT.

[0258] The dosage determination of fetal gene mutation, called digital relative mutant
dosage (RMD), was validated using female/male (XX/XY) DNA mixtures. Blood cell DNA
from a male and a female was each mixed with male DNA, producing samples with XX or
XY genotypes in a background of XY at fractional concentrations of 25% and 50%,
respectively, as shown in FIG. 24A.

[0259] In addition, bloé)d cell samples were also obtained from 12 male and 12 female
subjects. The female blood cell DNA (genotype XX) was each mixed with a 3-fold excess of
male blood cell DNA (genotype XY), thus producing 12 DNA mixtures with 25% of DNA
with XX genotype in a background of 75% DNA with XY genotype, with results shown in
FIG. 24B.
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[0260] An aim of the SPRT analysis was to determine the minor genotype present in the
background DNA. In DNA mixtures with 25% of XX DNA in a background of 75% XY
DNA, the minor allele would be the Y derived from the 75% of DNA. Since 25% of the DNA
in the sample was of XX genotype, if there were a total of 200 molecules of DNA in the
sample, then 150 molecules would have originated from the XY individual. Hence, the
number of Y alleles would be expected to be 75. The number of X alleles contributed by the
male proportion of DNA (genotype XY) is also 75. The number of X alleles contributed by
the female (genotype XX) is 50 (2 times 25). Therefore, X to Y ratio is 125/75 = (1 +25%) /
(1 —-25%)=5/3.

[0261] For the second part of this study, blood cell samples were obtained from male and
female subjects carrying HbE (G > A) and CD41/42 (CTTT/-) mutations on the beta-globin
gene, i.e., the hemoglobin, beta (HBB) gene. To mimic maternal plasma samples obtained
from heterozygous mothers (MN, where M= mutant and N= wildtype) bearing male fetuses
with all possible genotypes (MM, MN or NN), blood cell DNA from males who were either
homozygous for the wildtype alleles (NN) or heterozygous (MN) for one of the two
mutations was each mixed with a blood cell DNA sample collected from females
heterozygous for the same mutation (MN). DNA mixtures at various fractional male/mutant
DNA concentrations were thus produced. Blood cell DNA sample from a female
homozygous for the CD41/42 deletion (MM) was also used for preparing the DNA mixtures.
To ensure an accurate male proportion for the SPRT classification, the fractional male DNA

concentration of each DNA mixture was determined using the ZFY/X assay.

[0262] The digital ZFY/X assay was used for validating the SPRT as well as determining
the fractional male DNA concentration in the DNA mixtures. The dosage of Zinc Finger
protein sequences on chromosome X (ZFX) and Y (ZFY) was determined by digital PCR
analysis. An 87-bp amplicon of the ZFX and ZFY loci was first co-amplified by the forward
primer 5'-CAAGTGCTGGACTCAGATGTAACTG-3' and the reverse primer 5'-
TGAAGTAATGTCAGAAGCTAAAACATCA-3'". Two chromosome-specific TagMan
probes were designed to distinguish between the chromosome X and Y paralogs, and their
sequences were 5'-(VIC)TCTTTAGCACATTGCA(MGBNFQ)-3" and 5'-
(FAM)TCTTTACCACACTGCAC(MGBNFQ)-3', respectively.

[0263] The mutant dosage in the DNA mixtures was determined by digital PCR analysis of

the normal allele relative to the mutant allele. For the HbE mutation, an 87-bp amplicon of
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the normal and mutant alleles was first co-amplified by the forward primer 5'-
GGGCAAGGTGAACGTGGAT -3' and the reverse primer 5'-
CTATTGGTCTCCTTAAACCTGTCTTGTAA -3'. Two allele-specific TagMan probes were
designed to distinguish between the normal (G) and mutant (A) alleles, and their sequences
were 5'-(VIC) TTGGTGGTGAGGCC (MGBNFQ)-3' and 5'-(FAM) TTGGTGGTAAGGCC
(MGBNFQ)-3', respectively. Results for the HbE mutation are shown in FIG. 25.

[0264] For the CD41/42 deletion mutation, an 87- and 83-bp amplicon of the normal and
mutant alleles was first co-amplified by the forward primer 5'-
TTTTCCCACCCTTAGGCTGC -3' and the reverse primer 5'-
ACAGCATCAGGAGTGGACAGATC -3', respectively. Two allele-specific TagMan probes
were designed to distinguish between the normal (without deletion) and mutant (with
deletion) alleles, and their sequences were 5'-(VIC) CAGAGGTTCTTTGAGTCCT
(MGBNFQ)-3" and 5'-(FAM) AGAGGTTGAGTCCTT (MGBNFQ)-3', respectively. Results
for the HbE mutation are shown in FIGS. 26A and 26B.

k™ System (Fluidigm) using the

[0265] These experiments were carried out on the BioMar
12.765 Digital Arrays (Fluidigm). The reaction for one panel was set up using 2X TagMan
Universal PCR Master Mix (Applied Biosystems) in a reaction volume of 10 pL. For the
CD41/42 and ZFY/X assays, each reaction contained 1X TagMan Universal PCR Master Mix,
900 nM of each primer, 125 nM of each probe and 3.5 pL of DNA mixture at 1 ng/pL. For
the HbE assay, 250 nM and 125 nM of probes targeting the normal (G) and mutant (A) alleles
were added, respectively. The sample/ assay mixture was loaded into the Digital Array by the
NanoFlex ™ IFC controller (Fluidigm). The reaction was carried out on the BioMark™
System for signal detection. The reaction was initiated at 50°C for 2 min, followed by 95°C
for 10 min and 50 cycles of 95°C for 15s and 57°C (for ZFY/X and CD41/42) or 56°C (for

HDbE) for 1 min. At least one reaction panel was used for each case, and data were aggregated

from extra panels for samples which remained unclassified until a decision could be made.

[0266] It will also be obvious to those of skill in the art that the digital PCR can be
performed using methods well-known to those of skill in the art, e.g. microfluidics chips,
nanoliter PCR microplate systems, emulsion PCR, polony PCR, rolling-circle amplification,

primer extension and mass spectrometry.
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IX. EXAMPLE WITH CANCER

[0267] In one embodiment, the present invention may be performed to classify a sample as
having allelic ratio skewing or not, as may occur in a cancerous tumor. In one aspect, for
each case, the number of wells with positive signal for the A allele only, the G allele only,
and both alleles were determined by digital PCR. The reference allele was defined as the
allele with the smaller number of positive wells. (In the unlikely scenario that both alleles
have the same number of positive wells, then either can be used as the reference allele.) The
inferred average concentration of the reference allele per well (m,) was calculated using the
total number of wells negative for the reference allele, irrespective whether the other allele
was positive, according to the Poisson probability density function. We use a hypothetical

example to illustrate the calculation.

[0268] In a 96-well reaction, 20 wells are positive for the A allele, 24 wells are positive for
the G allele, and 28 wells are positive for both alleles. The A allele would be regarded as the
reference allele because less wells are positive for this allele. The number of wells negative
for the reference allele would be 96 - 20 - 28 = 48. Therefore, m; can be calculated using the
Poisson distribution and would be -1n(48/96) = 0.693.

[0269] In the context of LOH detection, the null hypothesis refers to a sample that is
assumed to lack allelic ratio skewing caused by the presence of a deletion of one allele.
Under this assumption, the expected ratio of the number of positive wells for the two alleles
would be 1:1 and, thus, the expected proportion of informative wells (wells positive for only

one allele) containing the potentially overrepresented allele would be 0.5.

[0270] In the context of LOH detection, the alternative hypothesis refers to a sample that is
assumed to have allelic ratio skewing caused by the presence of a deletion of one allele in
50% of the cells of the sample. As the allelic ratio between the overrepresented allele and the
reference allele is 2:1, the average concentration of the overrepresented allele per well would
be doubled that of the reference allele. However, the number of wells positive for the
overrepresented allele would not be simply two times that for the reference allele but would

follow the Poisson distribution.

[0271] An informative well is defined as a well positive for either the A or the G allele but
not for both alleles. The calculation of the expected proportion of the number of wells
containing the overrepresented alleles for samples with allelic ratio skewing is the same as is

shown in Table 600. In the above example, if LOH is present in 50% of tumor cells, the
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average concentration of the G allele per well would be 2 times 0.693 = 1.386. If LOH is
present in more than 50% of the tumor cells, then the average concentration of the G allele

per well would be according to the formula: 1/[1-(proportion with LOH)] x m,.

[0272] The expected proportion of wells positive for the G allele would be 1 - e-3%6=0.75
(i.e., 75% or 72 wells). Assuming that the positivity of a well for the A or G allele is
independent, 0.5 x 0.75 = 0.375 of the wells would be positive for both the A and G alleles.
Hence, 0.5 — 0.375 = 0.125 of the wells would be positive for the A allele only and 0.75 —
0.375 = 0.375 of the wells would be positive for the G allele only. Therefore, the proportion
of informative wells would be 0.125+0.375=0.5. The expected proportion of informative
wells carrying the G allele would be 0.375/0.5 = 0.75. This expected value for P;can then be
used for the construction of appropriate SPRT curves for determining whether allelic ratio

skewing (i.e. LOH in this context) is present in the sample.

[0273] The actual proportion of informative wells carrying the non-reference allele
experimentallly determined by the digital PCR analysis (P;) was then used to determine
whether the null or alternative hypothesis would be accepted, or whether further analysis with
more wells would be necessary. The decision boundaries for P; to accept the null or
alternative hypothesis was calculated based on a threshold likelihood ratio of 8 as this value
had been shown to provide satisfactory performance to discriminate samples with and
without allelic imbalance in the context of cancer detection (Zhou, W, et al. (2001) Nar
Biotechnol 19, 78-81; Zhou et al 2002, supra). In the above example, the number of
informative wells would be 20 +24 = 44 and the experimentally obtained P, would be 24/44 =
0.5455. The decision boundaries would be <0.5879 to accept the null hypothesis and
>0.6739 to accept the alternative hypothesis. Therefore, the sample in this example would

be classified as NOT having allelic ratio skewing.

[0274] In conclusion, we outlined an approach to detect sequence imbalance in a sample. In
one embodiment, this invention can be used for the noninvasive detection of fetal

chromosomal aneuploidy, such as trisomy 21 by analysis of fetal nucleic acids in maternal

. plasma. This approach can also be applied to other biological materials containing fetal

nucleic acids, including amniotic fluid, chorionic villus samples, maternal urine, endocervical
samples, maternal saliva, etc. First, we demonstrated the use of this invention for
determining allelic imbalance of a SNP on PLAC4 mRNA, a placenta-expressed transcript on

chromosome 21, in maternal plasma of women bearing trisomy 21 fetuses. Second, we
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demonstrated that our invention can be used as a non-polymorphism based method, through
relative chromosome dosage (RCD) analysis, for the noninvasive prenatal detection of
trisomy 21. Such a digital RCD-based approach involves the direct assessment of whether
the total copy number of chromosome 21 in a sample containing fetal DNA is
overrepresented with respect to a reference chromosome. Even without elaborate
instrumentation, digital RCD allows the detection of trisomy 21 in samples containing 25%
fetal DNA. We applied the sequential probability ratio test (SPRT) to interpret the digital
PCR data. Computer simulation analyses confirmed the high accuracy of the disease

classification algorithm.

[0275] We further outlined that the approach can be applied to the determination of other
forms of nucleic acid sequence imbalances other than chromosomal aneuploidy, such as that
for the detection of fetal mutation or polymorphism detection in maternal plasma and
regional gains and losses in the genomes of malignant cells through the analysis of tumor-

derived nucleic acids in plasma.

[0276] Any of the software components or functions described in this application, may be
implemented as software code to be executed by a processor using any suitable computer
language such as, for example, Java, C++ or Perl using, for example, conventional or object-
oriented techniques. The software code may be stored as a series of instructions, or
commands on a computer readable medium for storage and/or transmission, suitable media
include random access memory (RAM), a read only memory (ROM), a magnetic medium
such as a hard-drive or a floppy disk, or an optical medium such as a compact disk (CD) or
DVD (digital versatile disk), flash memory, and the like. The computer readable medium

may be any combination of such storage or transmission devices.

[0277] Such programs may also be encoded and transmitted using carrier signals adapted
for transmission via wired, optical, and/or wireless networks conforming to a variety of
protocols, including the Internet. As such, a computer readable medium according to an
embodiment of the present invention may be created using a data signal encoded with such
programs. Computer readable media encoded with the program code may be packaged with
a compatible device or provided separately from other devices (e.g., via Internet download).
Any such computer readable medium may reside on or within a single computer program
product (e.g. a hard drive or an entire computer system), and may be present on or within

different computer program products within a system or network. A computer system may
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include a monitor, printer, or other suitable display for providing any of the results mentioned

herein to a user.

[0278] An example of a computer system is shown in FIG. 27. The subsystems shown in
FIG. 27 are interconnected via a system bus 2775. Additional subsystems such as a printer
2774, keyboard 2778, fixed disk 2779, monitor 2776, which is coupled to display adapter
2782, and others are shown. Peripherals and input/output (I/O) devices, which couple to I/O
controller 2771, can be connected to the computer system by any number of means known in
the art, such as serial port 2777. For example, serial port 2777 or external interface 2781 can
be used to connect the computer apparatus to a wide area network such as the Internet, a
mouse input device, or a scanner. The interconnection via system bus allows the central
processor 2773 to communicate with each subsystem and to control the execution of
instructions from system memory 2772 or the fixed disk 2779, as well as the exchange of
information between subsystems. The system memory 2772 and/or the fixed disk 2779 may

embody a computer readable medium.

[0279] The above description of exemplary embodiments of the invention has been
presented for the purposes of illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise form described, and many modifications and variations
are possible in light of the teaching above. The embodiments were chosen and described in
order to best explain the principles of the invention and its practical applications to thereby
enable others skilled in the art to best utilize the invention in various embodiments and with

various modifications as are suited to the particular use contemplated.

[0280] All publications, patents, and patent applications cited herein are hereby

incorporated by reference in their entirety for all purposes.
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WHAT IS CLAIMED IS:

1. A method for determining whether a nucleic acid sequence imbalance
exists within a biological sample, the method comprising:
receiving data from a plurality of reactions, wherein the data includes:
(1) a first set of quantitative data indicating a first amount of a
clinically relevant nucleic acid sequence; and
(2) a second set of quantitative data indicating a second amount of a
background nucleic acid sequence different from the clinically relevant nucleic acid
sequence;
determining a parameter from the two data sets;
deriving a first cutoff value from an average concentration of a reference
nucleic acid sequence in each of the plurality of reactions, wherein the reference nucleic acid
sequence is either the clinically relevant nucleic acid sequence or the background nucleic acid
sequence;
comparing the parameter to the first cutoff value; and
based on the comparison, determining a classification of whether a nucleic

acid sequence imbalance exists.

2. The method of claim 1 wherein the first set of data are obtained from
one or more first markers that each detect a presence of a part of the clinically relevant
nucleic acid sequence in a reaction, and wherein the second set of data are obtained from one
or more second markers that each detect a presence of a part of the background nucleic acid

sequence in a reaction.

3. The method of claim 1, further comprising:
determining the average concentration of the reference nucleic acid sequence
in each of the plurality of reaction using an inverse of a probability distribution having an

input of a value derived from the data for the reference nucleic acid sequence.

4. The method of claim 1 wherein the clinically relevant nucleic acid
sequence is from chromosome 21 and the background nucleic acid sequence is from a

chromosome other than chromosome 21.
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5. The method of claim 1 wherein the clinically relevant nucleic acid
sequence is from chromosome 18 or 13 and the background nucleic acid sequence is from a

chromosome other than chromosome 18 or 13 respectively.

6. The method of claim 1 wherein the clinically relevant nucleic acid
sequence is an allele of a genetic polymorphism, and the background nucleic acid sequence is

another allele of the genetic polymorphism.

7. The method of claim 1 wherein the clinically relevant nucleic acid
sequence is a mutated copy of the cystic fibrosis transmembrane conductance regulator
(CFTR) gene, the beta-globin gene or the alpha-globin gene, and the background nucleic acid

sequence is from the wildtype copy of the corresponding gene.

8. The method of claim 1 wherein the biological sample is plasma or

serum from a pregnant woman.
9. The method of claim 1 wherein a reaction is an amplification reaction.

10. The method of claim 9 wherein a reaction is a part of a digital PCR

process.
11. The method of claim 1 wherein a reaction is a sequencing reaction.

12. The method of claim 1 wherein first portions of the clinically relevant
nucleic acid sequence and the background nucleic acid sequence are from a first individual
and second portions of the clinically relevant nucleic acid sequence and the background

nucleic acid sequence are from a second individual.

13. The method of claim 12 wherein the cutoff value is based on a

measurement of one of the first portions or a measurement of one of the second portions.

14. The method of claim 1, further comprising comparing the parameter to

a second cutoff value.

15. The method of claim 14 wherein the classifications include disease

state, non-disease state, and non-classifiable.
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16. The method of claim 14 wherein the classifications include

homozygous, heterozygous, and non-classifiable.

17. The method of claim 14 wherein the second cutoff value is based on a
ratio of the first amount of the clinically relevant nucleic acid sequence relative to the second

amount of the background nucleic acid sequence in a non-diseased state.

18. The method of claim 1 wherein the parameter is a ratio of the first
amount of the clinically relevant nucleic acid sequence relative to the second amount of the

background nucleic acid sequence.

19. The method of claim 1 wherein calculating the first cutoff value
includes using at least one of: sequential probability ratio testing, false discovery rates,

confidence intervals, and receiver operating characteristic curves.

20. The method of claim 1 wherein deriving the first cutoff value includes:

determining a proportion P1 of informative reactions containing an
overrepresented nucleic acid sequence, which is either the reference or non-reference nucleic
acid sequence; and

calculating the first cutoff value from the first proportion P1.

21. The method of claim 20 wherein determining the proportion P1
comprises:

determining a first probability of a reaction containing at least one of the
overrepresented nucleic acid sequence;

calculating a second probability that a reaction is informative; and

calculating the proportion P1 using the first probability and the second
probability.

22. The method of claim 21 wherein the first probability is determined by
multiplying the average concentration of the reference nucleic acid sequence by an expected

ratio relative to the non-reference nucleic acid sequence.

23. The method of claim 21 wherein the first probability is determined
using the Poisson distribution having the average concentration of the overrepresented

nucleic acid sequence in each of the plurality of reactions as an input.

74
Pg.258



[ RS

NoR- S o R - S

P T . T = T T S )
AN L B W N = O

N

> S e Y e S

WO 2009/013492 PCT/GB2008/002524

24. The method of claim 21, further comprising:
determining a third probability of a reaction containing at least one of the
underrepresented nucleic acid sequence, wherein calculating the second probability that the
reaction is informative includes assuming that first probability and the second probability are

independent.

25. A method for determining whether a nucleic acid sequence imbalance
exists within a biological sample, the method comprising:
receiving data from a plurality of reactions, wherein the data includes:
(1) a first set of quantitative data indicating a first amount of a
clinically relevant nucleic acid sequence; and
(2) a second set of quantitative data indicating a second amount of a
background nucleic acid sequence different from the clinically relevant nucleic acid
sequence, wherein the clinically relevant nucleic acid sequence and the background nucleic
acid sequence come from a first type of cells and from one or more second types of cells;
determining a parameter from the two data sets;
deriving a first cutoff value from a first percentage resulting from a
measurement of an amount of a nucleic acid sequence from the first type of cells in the
biological sample;
comparing the parameter to the first cutoff value; and
based on the comparison, determining a classification of whether a nucleic

acid sequence imbalance exists.

26. The method of claim 25 wherein the first type of cells is from a first

organism and the second types of cells are from a second organism.

27. The method of claim 25 wherein deriving the first cutoff value
includes:

determining a first average concentration of a reference nucleic acid sequence
per reaction, wherein the reference nucleic acid sequence is the clinically relevant nucleic
acid sequence or the background nucleic acid sequence that is underrepresented; and

multiplying the first average concentration by a factor derived from the first
percentage to obtain a second average concentration of the nucleic acid sequence that is not

the reference nucleic acid sequence.
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28. The method of claim 27, further comprising:
determining the average concentration of the reference nucleic acid sequence
in each of the plurality of reactions using an inverse of a probability distribution having an

input of a value derived from the data for the reference nucleic acid sequence.

29. The method of claim 28 wherein the probability distribution is the

Poisson distribution.

30. The method of claim 25 wherein the percentage is measured by
determining an amount of a fetal-specific marker using quantitative real-time PCR, digital

PCR, semiquantitative competitive PCR, real-competitive PCR, or mass spectrometry.

31. A computer program product comprising a computer readable medium
encoded with a plurality of instructions for controlling a computing system to perform an
operation for determining whether a nucleic acid sequence imbalance exists within a
biological sample, the operation comprising the steps of:

receiving data from a plurality of reactions, wherein the data includes:

(1) a first set of quantitative data indicating a first amount of a
clinically relevant nucleic acid sequence; and

(2) a second set of quantitative data indicating a second amount of a
background nucleic acid sequence different from the clinically relevant nucleic acid
sequence;

determining a parameter from the two data sets;

deriving a first cutoff value from an average concentration of a reference
nucleic acid sequence in each of the plurality of reactions, wherein the reference nucleic acid
sequence is either the clinically relevant nucleic acid sequence or the background nucleic acid
sequence;

comparing the parameter to the first cutoff value; and

based on the comparison, determining a classification of whether a nucleic

acid sequence imbalance exists.
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no. of wells positive for

. S ult
sample genctype of ——duduslaleles Sl
wells only  only GA negative P region classificatiofi
V943 AG 765 168 209 117 271 0.47 0.554 0.609- 0.621 euploid
N435 AGG 765 92 281 105 287 0.30 0.753 0.597- 0.610 T21
T21-5 AAG 765 267 126 141 231 043 0679 0.607- 0.618 T21

®  no. of reference molecules per well

b P: values were calculated by the equation:

no. of wells positive for the overrepresented allele

no. of wells positive for A only + no of wells positive for G only

¢ “Euploid" was assigned when the Pr was below the unclassifiable region; "T21" was assigned when the
Pr was abov e the unclassifiable region. T21, trisomy 21

FIG. 15A

no. wells positive for individual alleles

panel # no. of wells

A only G only GA all negative

S1 765 14 15 0 736

S2 765 7 10 0 748

S3 765 13 9 1 744

S4 765 7 8 0 750

S5 765 12 8 0 745

S6 765 8 14 0 743

S7 765 13 9 0 743

88 765 9 8 0 748

S9 765 14 15 0 736

510 765 9 12 0 744

S11 765 8 17 o] 740

S12 765 11 9 0 745

FIG. 15B
no. of wells positive for individual
camplo geno- pagels alleles SPRT result
type no of A all unclassifiable e
wells only Gonly GA negative P redion classification
M2879P AG 5 3825 82 103 5 3635 0.557 0.570- 0.602 Euploid
M2875P AG 3 2295 35 40 0 2220 0.533 0.546- 0.625 Euploid
M3078P AG 3 2295 33 33 1 2228 0.500 0.541- 0.631 Euploid
M2976P AG 12 9180 56 46 0 9078 0.549 0.556- 0.615 Euploid
M2831P AAG 2 1530 42 13 0 1475 0.764 0.531- 0.640 T21
2 no. of panels needed for
classification
FIG. 15C

Pg.277



WO 2009/013492

PCT/GB2008/002524

18/30
No. of wells positive for .
AorG aII)leIe SPRT analysis
Sample  Genotypé A only G only Both m® P’ UI;ZI;S(:? able Classificatiorf
N3505 AG 157 131 48 0.27 0.545 0.59-0.61 Euploid
N3530 AG 174 132 52 0.28 0.569 0.59-0.61 Euploid
N3531 AG 146 129 28 0.23 0.531 0.58-0.60 Euploid
N3533 AG 149 135 46 0.27 0.525 0.59-0.61 Euploid
N2772 AG 159 149 79 0.35 0.516 0.60-0.61 Euploid
N3506 AG 154 145 66 0.32 0.515 0.60-0.61 Euploid
N3555 AG 94 73 7 0.11 0.563 0.58-0.61 Euploid
N3560 AG 101 109 28 0.18 0.519 0.58-0.61 Euploid
N3561 AG 91 70 17 0.12 0.565 0.58-0.61 Euploid
N§28 AAG 153 89 22 0.16 0.632 0.58-0.60 T18
CA2 AGG 12 28 0 0.016 0.700 0.51-0.66 T18
CA7 AGG 97 171 56 0.22 0.638 0.59-0.61 T18

a

b

c

d

e

Genotypes were determined by mass spectrometry.

Them,

value indicates the average number of reference template molecules per well.

The P, value indicates the proportion of informative wells positive for the overrepresented allele.

The unclassifiable region varies with the s, value.

“Euploid” was assigned when £ was below the unclassifiable region; “T18” was assigned when

unclassifiable region.

Proportion of informative wells containing

the overrepresented allele(P)

P, was above the

FIG. 16A
1.2
— mr=0.1
— mr=02
1.0 mr =02
A  Trisomy 18
® Euploid
0.8
06 \M o A A |
' - W s, PR ‘»0‘ s .
e ofy
0.4
0.2 -
0.0 I ' | |
o 100 200 300 400

No. of informative wells

FIG. 16B

500

Pg.278



PCT/GB2008/002524

Ll Ol

‘unibaJ s|qEUSSEPUN AU} BA0CE SBM Jd U} UaUM pauBisse sew, |71, 'uoiBa. ajgelissejoun syl mMo(aq sem Jd ay) uaym peubBisse sem piojdn3, ,
Ajuo 1aya Joj aysod sjjam jo ou + AjUo | ZIyo J0) sAsed S(jav 4o ou
T12U3) SIIE Poilas0aUaA0 U] 0] sAlis0d S[jaw Jo ou
:uoitenba 3y Aq pajejenojeo alamsaniea’d
e Jad sanoBjowW s3uasayal jo "ou,

19/30

piojdn3 i¥50-6150 080 0E'D 62 i82 8l 898 [4 1 G90N
piojdn3 0950-L050 =) Al EE'D L5 ¥EL 09 162 l GTION
piojdng {85'0 - G050 160 1€0 ekl BEL 08 182 } B180N
piojeng 035°0-808'0 880 Ze'0 gcl LE1 g H4:7A l LTG0N
piojdng E95°0-+05'0 8340 EED Ebl nel 04 £9C l ES¥ON
plojdng 09g'0-905'0 B8O (441 Gl 144 18 +:TA | C9CON
piojdng Lrg0-L150 £080 Lz'0 L8% G212 B6 4] g |ECON
piojeng BrSO- L1850 8180 XA 1o (414 601 £c8 4 OEZON
piojdng 195'0-905'0 E9tD FED EGL gel Bg geg l EGLON
plojdng E85°0- 050 ke FED gl 33 89 a4 1 SEION  jBUON
14N B870-0150 B9S0 BED LEL 0Bl EOL LIE l LBBON
oL GES'0-8C50 550 LED 65 L58 [434 g0zl 14 0B8ON
el 0ag'0-5050 8490 BZ0 44 481 4 Bez l BFYLON
ol 850-6150 ELSD 0E'D L85G SYE FEL [q1] [4 990N
Jol B55'0- 8050 bBg'0 0’0 Bz 831 8 8l l 85¥0N
JeL BSE0-8050 8agd BZ0 gzl Bl i 66T l GERON
Lzt 8y50-8150 1850 XA FATA CCE 101 ¥ig 4 BYEON
oL 095°0-9050 ELSD 0E'D 141 BalL EL EBE l ZEEON
1zl ik50-8150 0s&0 BZ0 (374 40E Bl BgS [4 PLZON
345 BS5'0- L1050 8950 og'a LEL 43! 8d EQE l BECON YAR
uol unjfini . ) Ko fjuo sajpsod
CMONEIUSSEID S|qELSSE|5Uf qd e M Wil LD Liog E[jeM WAJE WO PESA SEUEd  SISED ad Al
JooN EIOL  JOCON [RIOL
SISA[EUER | HAS JUNO3 [[94 JO "ON

WO 2009/013492

Pg.279



WO 2009/013492 PCT/GB2008/002524

20/30
Lo
o
fie]
ot
WY ey
B = =2
- = s 3 =
E & E — ul =
BEEE | :
1 - 8
L8 »
o —
—
=
o
| 2 2
© ™
E
) -
g 2
8 £
o
o
g 2
S —
o
L. &
™~
- = s it wm e - o
lee]
b
3 T I i T .
o < o« o <t % =) o
A A = < < < Lo o

LZ Iwosowalyd Joj saljisod
S[[@M IAlELIIOIUI JO UsIOdOdd

Pg.280



PCT/GB2008/002524

21/30

WO 2009/013492

*uoiBal 3|CEYISSE[UN BY] SA0E S2M Jd Y3 Uauym pauhisse sem , | 7 L, 'uoiBau s|qeyisseoun Symojac Sem Id Bl Uaym paufisse sen plojdng, ,
AU 14U3 Joy BALS0d S)|aV J0 OU + AUO LZIYD Joy argisod Sijlaw jo 'ou
6l Ol (TZ0) 2[5 PaUssaI0aliant a3 J0) SAs0d S[lam o od
uorenba aup AQ palelended aUam saneA d
[|2m Jad S3[ndajows aoualayal Jo ou

Pg.281

piojdn3g L4150~ 8550 B0 Lo bl 1318 141! LLE } BBELY
piodn3 115°0-8550 8r 0 Ly [} -12]2 1B {56 [ HBELV
pioydn3 £45°0- 0350 BZ5C GED atz] o8l g B%E t GLELY
piojdn3 GL9'0-¥550 BESD EVD [41) 8114 86 ELE b Gltlv
plojdn3 7790~ 080 [3::2)] 191 E} EEl g6t are } 081LlY
piodng 8.5°0-2p50 00st 8co BE1 Bzl B 85¢ b [4:134-)
plojdn3 8450~ 550 8250 B 743 g6t oot 69e 3 ey
piodnz 115°0-G850 EZ5'0 8%0 881 6Bl EC! ¥3E b BLILY
piodng GlG 05550 ges'o Al 81 E0C 1B BLE b VHERLSY
pioidng 1650~ 8190 00%0 aro ¥H ¥8 8 B} b Veerisy
piojdn3 165°0-0850 0es'0 ao't 284 L2l 443 vEE 1 YiBLIsy
piodng 0Bs’0- 1880 jediy | 650 E0C LBl 1€l ¥EE } VOBESY
pioydng 085’0~ €250 ¥aro ElQ £8 B8 8 z5! l V1 ZBSY
piodng B25°0-2E50 BEFD L0 17} 18 8 B61 l V4685V
piojdn3 Gl9°0- 8¥50 E05°0 GED 451 BG1 9 8ig | YOBLSY
piojdng ¥85°0- 8850 ¥e¥F 0 A ELC 0Be gal El¥ 3 v0a.L5Y
piojdn3 0850~ €.50 250 880 8Ll 14313 |14 TiE | YhBPSY
piojdng ple°0- 0850 LTARI BED B8l aai 7] V5E } VEBRSY
pioydn3 8.5°0-8550 8150 ES0 8L i3 GE} DLE } Y&oESY
piojdn3 8i6°0-1%¥50 ooeo ga0 itl il Er 21 } E3C0V
pioydng GBS0 - 9350 8150 gl g8l g8l [£44 8ig } 8570V
piojdn3 8B5°0-CLED 6BK D ¥8'0 80¢ 41 Bz it } LETOY
ploidng TBS0-8450 050 FE0 o8l g8l 8¢ 188 L 8820V [BUDN
XAN 7190 - 6990 189'0 [£:41 ire} B&E 2] TR 1 VIGHESY
el ple0-0850 ¥ELD zel 8H 8Bl 4 952 1 Y6165V
AN €L9°0- 15850 0l8's ge0 1143 474 6ol ¥3E } VEBESY
121 8B9°0- 1450 FA4 ] €80 1443 BEC 1514 pat } giiev
121 BES'0-6L50 090 ol 18} EET ELE 2 } 1A
YAR 5840 - 2980 5500 FL0 39 B¥C 6oz 08e } bLe0v LZL
usifisa
JAPIEIYSSERY n_‘-Emn-_uc n ._hn_ o H_._.__nu _.____u_._.__._nu -h_w__uum:- S||8 Ak SATE LUDIUI pezn EIEED aukL
Jo 'oN sEuxd jo ‘o
sz i[EUE [HdS JUnos {0 "ON




PCT/GB2008/002524

0¢ 9Id

‘uoifas a|gelisse|oun ay} eacqe sem Id s usym paubisse sem 81 |, ‘uolbal s|gelissejoun sy mojaq Sem Jd sy} usym paubisse sem piojdn3,
Ajuo gL1yo 1oy sasod sjjem JO ou + AjUo | Ziyd Joj salsod sjjem Jo “ou
(G0 SeYE PAJUSSSIdSIIvAC BUY 107 OANS0d S[eM Jo OU
:uolienbs sy} Aq pajejenojes aiem senjen
{lom Jad s8|nosjoL soualsyal Jo "ou

o]

q
e

22/30

8ll GLG0-9¥5°0 0£9°0 1€0 43" 161 ¥6 €0¢g l LOZIN
81l vL5°0- 15590 7790 LE°0 [44% Y44 gl eve } 8L9IN
3 065°0-€.5°0 2950 880 €9l 80¢ g8z (4% 2 9E60N
8LL 28S0-v.G°0 ¥69°0 26°0 901 )74 £6¢ 14 L 0CB8ON
gl 069°0-6.50 8090 G660 yle 6ce 9s¢ £¥g l 8C80N 8Ll
3 £8G°0-$95°0 9890 190 991 451! 80T 85t | LS90N
E| 985°'0-695" 0 ¥8¥'0 8.0 161 6.1 g¢c 0.8 l GZ90N
3 B8G'0-€.5° 0 9.¥°0 980 661 18} eve 08g b 0€ZON  plojdn3
uolibol Kjuo Auo  eAnpisod
uonesyisse|d - w sepou nhn_ LS wmﬂco wv_.Eo swo a sjlom .m>=m=:ot.__ vmm.: sjpued  sose) odA]
SISA[EUE [9dS JUNOD [joM JO "ON JO'ONIEJOL  JO'ON [E0L

WO 2009/013492

Pg.282



WO 2009/013492

23/30

PCT/GB2008/002524

Total No. of

No. of well count

Both

Chr21

SPRT analysis

Unclassifiable

b .
Type Cases Plate No. Assay Informative wells positive only Ref only  m, P region Classificatiort

Normal NO186 1 chr2i/chr1 148 78 71 77 0.52 0.480 0.489 -~ 0.584 E
1 chr21/chri8 152 83 79 73 0.44 0.520 0.487 - 0.584 u
Sum 300 141 150 150 0.48 0.500 0.512 - 0.560 E
NO198 1 chr21/chri 162 73 70 92 0.56 0.432 0.490 - 0.581 E
1 chr21/chri8 183 68 93 a0 0.53 0.508 0.498 - 0.575 u
sSum 345 141 163 182 0.55 0.472 0.517 - 0.557 E
N0230 1 chr21/chrt 162 58 81 81 0.45 0.500 0.490 - 0.581 u
1 chr21/chr18 165 45 81 84 0.41 0.491 0.489-0.580 u
sum 327 103 162 165 0.43 0495 0.512 - 0.558 [
NO231 1 chr2i/chri 173 53 81 92 0.47 0.468 0.494 - 0.578 E
1 chr21/chri8 166 51 85 81 0.42 0.512 0.490 - 0.580 u
SuUM 339 104 166 173 0.45 0.430 0.514 - 0.557 E
No262 1 chr21/chr1 186 a7 101 85 0.64 0.543 0.503 - 0.575 U
1 chr21/chri8 176 111 91 85 0.71 0.517 0.504 - 0.557 u
sum 362 208 192 170 0.68 0.530 0.522 - 0,557 v
2 chr21/chr1 174 103 85 89 0.69 0.489 0.503 - 0.577 E
SUM £36 311 277 259 0.68 0.517 0 .523 - 0,552 E
T21 N0234 1 chr21/chrt 193 68 108 85 0.51 0.560 0.500 - 0.573 u
1 chr21/chr18 178 65 92 86 0.50 0.517 0.496 - 0.576 v
SuM 371 133 200 171 0.50 0.539 0.517 - 0.556 U
2 chrzi/chri 178 73 92 86 0.53 0.517 0.498 - 0.576 U
SUM 549 206 292 257 0.51 0.632 0.524 - 0.549 u
2 chr2i/chr18 178 62 85 83 0.47 0.534 0.495 - 0.576 U
sum 727 268 387 340 0.50 0.532 0.527 - 0.546 u
3 chr2/chri 184 108 103 81 0.68 0.560 0.504 - 0.575 U
SUM 911 376 430 421 0.54 0.538 0.529 - 0,545 U

3 chr2i/chr18 198 102 120 78 0.63 0.606 0.505 - 0.572 T21

sum 1109 478 610 499 0.55 0.550 0.531 - 0.544 721

N0332 1 chr21/chr1 173 109 103 70 0.63 0.585 0.500-0.577 T21

1 chr21/chri8 191 82 110 81 0.55 0.576 0.501-0.574 T21

sUMm 364 191 213 151 0.59 0.585 0.518 - 0.557 T21
N0349 1 chr21/chr1 158 62 83 75 0.44 0.525 0.489 - 0.582 u
1 chr21/chr18 166 46 87 79 0.39 0.524 0.489 - 0.580 u
sum 324 108 179 164 0.42 0.525 0.512 - 0.558 u
2 chr21/chrt 149 66 88 63 0.41 0.577 0.485 - 0.585 U
sSum 473 174 256 217 041 0.541 0.519 - 0.551 u

2 chr21/chr18 168 43 100 68 0.34 0.595 0.487 - 0.580 T21

SUM 6841 217 356 285 0.40 0.555 0.523 - 0.546 T21

NO764 1 chr21/chrt 182 82 106 76 0.53 0.582 0.498 - 0.575 T21
1 chr21/chr18 178 83 a7 81 0.66 0.545 0.498 - 0.576 u

SUM 360 165 203 157 0.54 0.564 0.518 - 0.556 T2%

N0830 1 chr21/chr1 180 103 108 72 0.61 0.600 0.501 - 0.576 T21
1 chr2tichrig 188 68 104 84 0.50 0.553 0.499 -0.574 u

SUM 368 171 212 156 0.55 0.576 0.518 - 0.556 T21

no, of reference molecules per well

b Py values were calcualated by the equation:

no. of wells positive for chr21 only + no of wells positive for Ref anly

FIG. 21

"Euploid” was assigned when the Pr was below the unclassifiable region; "T21" was assigned when the Pr was above the unclassifiable region.
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Poisson corrected total no. P, Classification
Chromosome 21 Reference chr
Euploid Case 1 Assay 1 37 33 0.52345751 Unclass
Assay 2 31 42 0.42506276 Unclass
Assay 3 29 37 0.44198785 Unclass
Assay 4 39 26 0.6008691 Unclass
Plate 1 subtotal 136 138 0.495821 Unclass
Assay 1 32 25 0.56605316 Unclass
Assay 2 27 24 0.53165424 Unclass
Assay 3 10 17 0.3681535 Unclass
Assay 4 24 18 0.5626764 Unclass
Plate 2 subtotal 93 84 0.52474 Unclass
Total 229 223 0.507182 Euploid
Case 2 Assay 1 45 35 0.56321585 Unclass
Assay 2 31 45 0.41245525 Unclass
Assay 3 32 22 0.58954763 Unclass
Assay 4 38 35 0.5228175 Unclass
Plate 1 subtotal 146 135 0.519153 Unclass
Assay 1 28 23 0.55272135 Unclass
Assay 2 23 22 0.51196923 Unclass
Assay 3 23 15 0.59688187 Unclass
Assay 4 29 26 0.5293349 Unclass
Plate 2 subtotal 102 85 0.545204 Unclass
Plate 1+2 subtotal 248 221 0.529583 Unclass
Assay 1 17 25 0.4122149 Unclass
Assay 2 25 16 0.6027299 Unclass
Assay 3 13 26 0.3382802 Unclass
Assay 4 27 24 0.5316872 Unclass
Plate 3 subtotal 82 91 0.475775 Unclass
Plate 1 3 subtotal 331 311 0.515069 Unclass
Assay 1 15 9 0.6269193 Unclass
Assay 2 14 15 0.4824155 Unclass
Assay 3 18 17 0.5146313 Unclass
Assay 4 21 18 0.6270080 Unclass
Plate 4 subtotal 69 60 0.532264 Unclass
Plate 1+ 4 subtotal 399 372 0.517942 Unclass

FIG. 22A
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Assay 1 10 13 0.4337957 Unclass
Assay 2 11 14 0.4390082 Unclass
Assay 3 7 186 0.3018022 Unclass
Assay 4 19 10 0.6579085 Unclass
Plate 5 subtotal 48 54 0.469951 Unclass
Total 447 426 0.5123444 Euploid
T21
Case 3 Assay 1 50 33 0.60012253 Unclass
Assay 2 56 47 0.54458055 Unclass
Assay 3 48 28 0.6196626 Unclass
Assay 4 56 36 0.6108731 Unclass
Total 208 144 0.59079 T21
Case 4 Assay 1 56 36 0.61085513 Unclass
Assay 2 38 32 0.53906912 Unclass
Assay 3 40 24 0.62788068 Unclass
Assay 4 47 27 0.634511 Unclass
Total 180 119 0.603476 T21
FIG. 22B
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Father Mother

Possible Fetal Genotypes

FIG. 23
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=2
 FEA ]
=2

N = normal allele
M = mutant allele
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Expected No of ALL NET NET Ref a

Cases Samples o panels ZFY ZFX POS zFY ZFX allele m, SPRT
1 XY+XX  50% 1 239 465 155 84 310 Y 037 XX
XX %)  25% 1 328 447 205 123 242 Y 056 XX
2 XY;+XY, 50% 1 414 405 220 194 185 X 085 XY
XY, %)  25% 1 432 426 245 187 181 X 081 XY

FIG. 24A
No of ALL  NET  NET Ref

Cases nets ZY  ZFX pos  zey  zEx  allele ™ SPRT
1 1 81 171 18 63 153 Y 011 XX
2 1 103 175 23 80 152 Y 0.14 XX
3 1 110 175 28 82 147 Y 016 XX
4 1 111 156 24 87 132 Y 0.16 XX
5 2 236 322 50 186 272 Y 017 XX
6 1 116 184 29 87 155 Y 0.16 XX
7 1 94 169 19 75 150 Y 013 XX
8 1 o1 155 24 67 131 Y 013 XX
9 3 333 447 74 259 373 Y 016 XX
10 1 110 154 24 86 130 Y 016 XX
11 1 83 170 26 57 144 Y 011 XX
12 1 85 159 16 69 143 Y 012 XX

FIG. 24B
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No of Maternal Fetal Expected ALL Actual Ref
Cases panels genotyp@ genotypé fetal % ¢ POS NETA NETG fetal % _ ailele m SPRT

1 1 AG GG 15% 264 318 116 148 202 9.6 A 0.42 GG
2 1 AG GG 15% 208 2786 81 127 195 14.3 A 0.32 GG
3 1 AG AG 15% 248 251 87 161 164 15.4 A 0.39 AG
4 1 AG GG 15% 158 240 51 107 189 13.7 A 0.23 GG
5 1 AG AG 15% 226 245 70 156 176 16.8 A 0.35 AG
6 1 AG AG 15% 319 319 130 189 189 18.1 A 0.54 AG
7 1 AG AG 15% 254 279 94 160 185 19.8 A 0.40 AG
8 1 AG GG 15% 296 363 144 152 219 15.7 A 0.49 GG
9 1 AG AG 16% 279 285 100 179 185 13.0 A 0.45 AG
10 1 AG AA 15% 337 278 120 217 158 NAY G 0.45 AA
1 1 AG GG 20% 248 295 96 1562 199 13.0 A 0.39 GG
2 1 AG GG 20% 191 289 79 112 210 19.5 A 0.29 GG
3 1 AG AG 20% 248 218 75 173 143 18.2 G 0.34 u

4 1 AG GG 20% 158 257 59 99 198 25.9 A 0.23 GG
5 1 AG AG 20% 231 215 71 160 144 20.3 G 0.33 AG
) 1 AG AG 20% 281 283 98 183 185 26.3 A 0.46 AG
7 1 AG AG 20% 256 231 88 168 143 227 G 0.36 AG
8 1 AG GG 20% 246 311 104 142 207 23.0 A 0.39 GG
9 1 AG AG 20% 267 249 83 184 166 21.9 G 0.39 AG
10 1 AG AA 20% 303 203 77 226 126 NAY G 0.31 AA
1 1 AG GG 25% 244 304 99 145 205 15.7 A 0.38 GG
2 1 AG GG 25% 209 314 88 121 228 249 A 0.32 GG
3 1 AG AG 25% 204 212 65 149 157 28.0 A 0.31 AG
4 1 AG GG 25% 185 290 76 109 214 25.9 A 0.28 GG
5 1 AG AG 25% 233 243 77 166 166 24.5 A 0.36 AG
<] 1 AG AG 25% 292 305 110 182 195 27.3 A 0.48 AG
7 1 AG AG 25% 261 275 95 166 180 22.5 A 0.42 AG
8 1 AG GG 25% 236 327 26 140 231 26.7 A 0.37 GG
9 1 AG AG 25% 271 280 104 167 176 25.2 A 0.44 AG
10 1 AG AA 25% 243 154 46 197 108 NA G 0.22 AA
1 1 AG GG 50% 136 293 57 79 236 33.6 A 0.20 GG
2 1 AG GG 50% 163 358 78 85 280 45.8 A 0.24 GG
3 1 AG AG 50% 200 208 53 147 165 55.7 A 0.30 AG
4 1 AG GG 50% 137 356 66 71 290 53.0 A 0.18 GG
5 1 AG AG 50% 247 246 91 156 155 577 G 0.39 AG
6 1 AG AG 50% 218 245 68 150 177 53.8 A 0.34 AG
7 1 AG AG 50% 255 282 103 162 179 51.3 A 0.41 AG
8 1 AG GG 50% 158 398 83 75 318 57.6 A 0.23 GG
9 1 AG AG 50% 235 225 74 1861 1581 55.7 G 0.35 AG
10 1 AG AA 50% 317 106 35 282 71 NAY G 0.15 AA

a o

A =Mutated allele, G = Wildtype allele.
The actual fetal DNA % is determined by the digital ZFY/X assay.
The fetus is female and digital ZFY/X assay cannot be applied.

SPRT was done with the fetal % determined by the digital ZFY/X  assay except case 10; U, unclassified.

FIG. 25
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