
Page 374 of 1224

Electronic Patent Application Fee Transmittal

Application Number: 13071105

Filing Date: 24-Mar-2011

Title of Invention: Digital Amplification

First Named Inventor/Applicant Name:

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity maven In

Basic Filing:

Independentclaims in excess of 3 1 250

Miscellaneous-Filing:
   

Petition:
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112622

Preliminary Amendment 001107prelimoosé6amd.pdf 205049633ecde45742e7 181 9abd86or74
bdofs

Information:

Fee Worksheet (SB06) fee-info.pdf
c6b0eet754b 1dBe29acIe2d130GH90Aceq

fa060

Information:

This AcknowledgementReceipt evidences receipt on the noted date by the USPTOofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receiptsimilar toa
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora 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 onthis
AcknowledgementReceiptwill establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submissionto enter the national stage ofan international application is compliant with the conditions of 35
U.S.C, 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application asa
national stage submission under35 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
Ifa new international applicationis beingfiled and the international application includes the necessary components for
an internationalfiling 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 AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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PTO/SB/06 (07-06)
Approvedfor use through 1/31/2007. OMB 0651-0032

U.S, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
persons are required to respondto a collection of information unlessit displays a valid OMB control number.

| Application or Docket Number || “Filing Date
13/071 ,105 03/24/2011 || [1] tobe Matted
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If the specification and drawings exceed 100
sheets of paper, the application size fee due
is $250 ($125 for small entity) for each
additional 50 sheetsorfraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

C] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))

  
  

  
  
  

[APPLICATION SIZE FEE
(37 CFR1.16(s))  

 

 

 

  
 
 

 
TOTAL

 
* If the difference in column ‘4 Is less than zero, enter“0” in column 2. TOTAL

APPLICATION AS AMENDED— PART Il

 OTHER THAN

SMALL ENTITY

fon [xem[1200|
ron[ee

=
OR

  
 

OR

  ADDITIONAL
FEE ($)

ADDITIONAL
FEE($)   

 
 

AMENDMENT a

|
TOTAL

C FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16()))
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 AMENDMENT
Cl FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 GFR 1.16(j))

 
  
  

 

* . . . te "0" | .

withe"HhoatNunber PewseyPadFor INTHISSPACEIs bee than2,enar-a0, VegaInstrument Examiner:
e “Highest NumberPreviously Paid Fo! is less than 20, enter “20”. /ELMIRA HALL’

if the “Highest Number Previously Paid For" IN THIS SPACEis less than 3, enter “3”.

f, 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 GFR 1.16. Theinformation is required to obtain orretain a benalit by the public whichis to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 GFR 1.14. This collection is estimated to take 12 minutes to complete,including gathering,
preparing, and submitting the completed application form to the USPTO.Timewill vary depending uponthe individual case. Any comments on the amountof time you
require to complete this form and/or suggestionsfor reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and TrademarkOffice, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ifyou need assistance in campleting the form, call 1-800-PTO-9199 and selectoption 2.
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Unirep Stares PareNT AND TRADEMARK OFFICE—— 

United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTSexandsia, Virginia 22313-1450Wwrwmuspto.gov

APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT . FILE WRAPPER LOCATION

13/071,105 1637

LOMA

 
 

nLUNL
Correspondence Address/Fee Address Change

The following fields have been set to Customer Number 11332 on 10/24/2011
° Correspondence Address

The address of record for Customer Number 11332 is:

11332

Banner & Witcoff, Ltd.
Attorneys for client 001107
1100 13th Street N.W.
Suite 1200

Washingion, DC 20005-4051

PART 1 - ATTORNEY/APPLICANT COPY
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UNITED STATES PATENT AND ‘TRADEMARK OFFICE 
UNTTFED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address. COMMISSIONER FOR PATENTS
Alexandeia, Vingnia 22313-1450WwW.ugptogov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY, DOCKET NO/TITLE

 
13/071,105 03/24/2011 Bert VOGELSTEIN 001107.00866

CONFIRMATION NO.3361

22907 PUBLICATION NOTICE

BANNER & WITCOFF, LTD.

100foSTREET, neygg
WASHINGTON, DC 20005-4051

Title: Digital Amplification

Publication No.US-201 1-0201004-A1

Publication Date:08/18/2011

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databasesvia the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/Avww.uspto.gov/pattft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon paymentof the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450orvia the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the
dates of receipt of correspondencefiled in the Office, may also be accessedvia the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to accessthis status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR,is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 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
OL x.

Alexanddia, Virginia 22333-1450wrrviuspto.gov
 
 “APPLICATION| FILINGor || GRPART | ee

NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO

13/071,105 03/24/2011 1634 2986 001107.00866 48 5
CONFIRMATION NO.3361

22907 UPDATED FILING RECEIPT

       

BANNER & WITCOFF, LTD.

1ahSET. NW nH
WASHINGTON, DC 20005-4051

Date Mailed: 07/15/2011

Receipt is acknowledgedofthis non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER,FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subjectto collection.
Pleaseverify the accuracy of the data presentedonthis receipt. If an error is noted on this Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyof this Filing Receipt with the
changes noted thereon.If you recelved a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Recelpt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Fillng Recelpt Incorporating the requested corrections

Applicant(s)
Bert VOGELSTEIN, Baltimore, MD;
Kenneth W. KINZLER,Baltimore, MD;

Assignment For Published Patent Application
THE JOHNS HOPKINS UNIVERSITY,Baltimore, MD

Powerof Attorney:
Dale Hoscheit--19090

Joseph Skerpon--29864
William Fisher--32133

Sarah Kagan--32141
Lisa Hemmendinger--42653

Domestic Priority data as claimed by applicant
This application is a CON of 12/617,368 11/12/2009 PAT 7,915,015
which is a CON of 11/709,742 02/23/2007 PAT 7,824,889
which is a CON of 10/828,295 04/21/2004 ABN
whichis a DIV of 09/981,356 10/12/2001 PAT 6,753,147
which is a CON of 09/613,826 07/11/2000 PAT6,440,706
which claims benefit of 60/146,792 08/02/1999

Foreign Applications (You maybeeligible to benefit from the Patent Prosecution Highway program at the
USPTO.Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 04/19/2011

page 1 of 3
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The country code and numberof yourpriority application, to be usedforfiling abroad under the Paris Convention,
is US 13/071,105

Projected Publication Date: 08/18/2011

Non-Publication Request: No

Early Publication Request: No
Title

Digital Amplification

Preliminary Class

435

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

Applicants also are advisedthatin the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a requestfor a foreign filing license. The application's filing receipt contains further information and
guidanceasto the status of applicant's licenseforforeignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents"(specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guideis available either by contacting the USPTO Contact Center at 800-786-9199,orit
can be viewed on the USPTO website at http:/Avwww.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://Awww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations ofthis license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
dateindicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

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

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

NOT GRANTED

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

page 3 of 3

Page 383 of 1224

 
 



Page 384 of 1224

 

 
  

 
 

      

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 43/071,105     

      

 
         

 
   

    

APPLICATIONAS FILED - PART | OTHER THAN

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED|NUMBER EXTRA RATE($) FEE(S)

BASIC FEE

SEARCH FEE
SEARCHTeri NIA N/ApNA|fo
EXAMINATION FEE N/A N/A N/A

 

 
 
  

(37 CFR 1.16(0), (p), or (q))
TOTAL CLAIMS " 7

INDEPENDENT CLAIMS

|_ (37 GFR 1.16(h))

    

      

If the specification and drawings exceed 100

REECICATION SIZE|sheets of paper, the application size fee dueIs$270 ($135 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

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

 
   

* lf the difference in column 1 is less than zero, enter "0" in column 2.

{Golumn 1) (Column 2} (Column 3} SMALL ENTITYCLAIMS HIGHEST
REMAINING NUMBER PRESENT

AFTER PREVIOUSLY EXTRA
AMENDMENT PAID FOR

(37 CFR 1.16()}

Independent |(37 CFA 1.16(h))

Application Size Fee (37 CFR 1.16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16()))

{Column 1} (Column 2) {Column 3)

NUMBER PRESENT
PREVIOUSLY EXTRA

PAID FOR

 
APPLIGATION AS AMENDED- PARTIl

   

OTHER THAN
SMALL ENTITY

x

       

  ADDITIONAL
FEES)

 

 
 

Total
    AMENDMENTA
 

 
REMAINING

AFTER
AMENDMENT DDITIONAL DDITIONAL

RATE($) ADDITION. Al PEER)
x = Total

(37 CFR 1.160)
Independent Minus

(37 CFR 1.16(h))AMENDMENTB
 

ADD'L FEE

* Ifthe entry in column 1 is less than the entry in column2, write "0" in column 3.
* Ifthe "Highest Number Previously Paid For" IN THIS SPACEisless than 20, enter "20".

*™ Ifthe "Highest Number Previously Paid For* IN THIS SPACEIs less than 3, enter "3".
The "Highest Number Previously Paid Fort (Total or Independent) is the highest found in the appropriate box in column 1.
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UTILITY PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicationof: Group Art Unit: TBA

Bert VOGELSTEIN etal. Docket No. 001107.00866

Serial No. 13/071,105 Confirmation No: 3361

Filed: March 24, 2011 Examiner: TBA

For: DIGITAL AMPLIFICATION

RESPONSE TO NOTICE TO FILEMISSING PARTS OF NONPROVISIONAL
APPLICATION

  

USS.Patent and Trademark Office

Customer Service Window

Randolph Building, Mail Stop: Missing Parts
401 Dulany Street
Alexandria, VA 22314

DearSir:

In response to the Notice to File Missing Parts of Non-provisional Application under 37

C.F.R. §1.53(b), dated May 9, 2011, applicant submits the fees due. The fees are calculated as

follows:

2 Independentclaims over3 $440.00

28 total claims over 20 $1456.00

Total Fees $1896.00
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Bert VOGELSTEIN etal.

U.S. Patent Application No. 13/071,105

Webelieve that all Patent and Trademark Office requirements have now been fully met andit

werespectfully request that the above-identified patent application be forwarded for examination.

Please charge the filing of this paper and any additional fee, which may be associated to our

Deposit Account No. 19-0733.

Respectfully submitted,

By:_/Sarah A, Kagan/
Sarah A, Kagan
Registration, No, 32,141

Banner & Witcoff, Ltd.
1100 13Street, N.W., Suite 1200
Washington, D.C. 20005-4051
(202) 824-3000

Dated: July 8, 2011
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Electronic Patent Application Fee Transmittal

Application Number: 13071105

24-Mar-2011Filing Date:

 Title of Invention: Digital Amplification

Bert VOGELSTEINFirst Named Inventor/Applicant Name:

Sarah Anne Kagan./Daphne Cashion

Attorney Docket Number: 001107,00866

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Basic Filing:

Pages:

Claims:

Claims in excess of 20 1202 52 1456

20 440Independent claims in excess of 3 1201 2 2

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-issuance:
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Extension-of-Time:

Miscellaneous:

Page 388 of 1224

Description Fee Code Quantity

Totalin USD ($)

Amount
Sub-Total in

USD(S)
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Electronic Acknowledgement Receipt

Application Number: 13071105 

International Application Number:

Confirmation Number: 3361

Title of Invention: Digital Amplification

ee

I

 
Application Type: Utility under 35 USC 111(a)

Paymentinformation:

 
Deposit Account 190733

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

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

  
Page 389 of 1224



Page 390 of 1224

 

File Listing:

Document . : File Size(Bytes)/ Multi Pages

Applicant Response to Pre-Exam
Formalities Notice

Warnings:

information:

Fee Worksheet (SB06)

Information:

001107_00866_Response_to_N
otice_to_File_Missing_Parts_07

_08_2011.pdf 66f3abdce50127e06f01e00%2632(03¢5030361

fee-info.pdf
187(04b 1lad78B3t4eh0926 tdd67d763 cee]

This AcknowledgementReceipt 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 toa
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
Ifa new application is being filed and the application includes the necessary components fora 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 onthis
AcknowledgementReceiptwill establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
Ifa timely submission to enter the national stage of an international application ls compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptance of the application asa
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 componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andof 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 AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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Unirep States PATENT AND TRADEMARK OFFIGE
  

United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS20. x
Alexamdsia, Virginia 22313-1450Wwww.uspto.go¥

APPLICATION FILING or GRP ART
NUMBER 371(¢) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO {TOT CLAIMS|JIND CLAIMS

1090 48 513/071,105 03/24/2011 001107.00866

 
         

  

CONFIRMATION NO. 3361

BANNER & WITCOFF, LTD PILING RECET
1100tahSTREET Ng.
WASHINGTON, DC 20005-4051

Date Mailed: 05/09/2011

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

Applicant(s)
Bert VOGELSTEIN,Baltimore, MD;
Kenneth W. KINZLER,Baltimore, MD;

Assignment For Published Patent Application
THE JOHNS HOPKINS UNIVERSITY,Baltimore, MD

Powerof Attorney:
Dale Hoscheit--19090

Joseph Skerpon--29864
William Fisher--32 133

Sarah Kagan--32141
Lisa Hemmendinger--42653

Domestic Priority data as claimed by applicant
This application is a CON of 12/617,368 11/12/2009 PAT 7,915,015
which is a CON of 11/709,742 02/23/2007 PAT 7,824,889
which is a CONof 10/828,295 04/21/2004 ABN
whichis a DIV of 09/981,356 10/12/2001 PAT6,753,147
which is a CON of 09/613,826 07/11/2000 PAT 6,440,706
which claims benefit of 60/146,792 08/02/1999

Foreign Applications (You maybeeligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see hito://(www.uspto.gov for more information.)

If Required, Foreign [Filing License Granted: 04/19/2011
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The country code and numberofyourpriority application, to be usedforfiling abroad under the Paris Convention,
is US 13/071,105 :

Projected Publication Date: 08/18/2011

Non-Publication Request: No

Early Publication Request: No
Title

Digital Amplification

Preliminary Class

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughoutthe territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to considerthe filing of an international
application under the Patent Cooperation Treaty (PCT). An International (PCT) application generally has. the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies,thefiling
of patent applications on the sameinvention in membercountries, but does not result in a grant of "an international

patent” and doesnoteliminate the need of applicantsto file additional documents and fees in countries where patent
protection Is desired.

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

Applicants also are advisedthat in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreignfiling license. The application's filing receipt contains further information and
guidanceasto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfilingforeign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199,orit
can be viewed on the USPTO website at http:/Avww.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears onthis form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5,15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 GFR 5.13 or 5.14.

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

The grant of a license doesnotin any waylessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Departmentof
Treasury (31 CFR Parts 500+) and the Departmentof Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted atthis time,if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 monthsfrom thefiling date of the application.If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeign file the application pursuant to 37 CFR 5.15(b).
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UniTED States PATENT AND ‘TRADEMARK OFFIGE
 

United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTSx 1450
Alexandcia, Virginia 22313-1450Whew.uspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY, DOCKET NOJ/TITLE

 
13/071,105 03/24/2011’ Bert VOGELSTEIN 001107.00866

CONFIRMATION NO.3361

22907 FORMALITIES LETTER

BANNER& WITCOFF,LTD.

100faSTREET, Igg
WASHINGTON, DC 20005-4051

Date Mailed: 05/09/2011

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application numberandfiling date have been accordedto this application. The item(s) indicated below,
however, are missing.

Applicant is given TWO MONTHSfrom the date of this Notice within whichto file all required items below to avoid
abandonment. Extensions of time may be obtained byfiling a petition accompanied by the extension fee under
the provisions of 37 CFR 1.136(a).

+ Additional claim fees of $1896 as a non-small entity, including any required multiple dependentclaim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

SUMMARYOF FEES DUE:

Total fee(s) required within TWO MONTHSfrom the date of this Notice is $1896 for a non-small entity
» Total additional claim fee(s) for this application is $1896

* $440 for 2 independent claims over3.
* $1456 for 28 total claims over 20.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web.
httos://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copyofthis notice.

/mhtektu/

Office of Data Management, Application Assistance Unit (671) 272-400, or (571) 272-4200, or 1-888-786-0101

page 2 of 2

Page 395 of 1224

 
 
 



Page 396 of 1224

       

PATENT APPLICATION FEE DETERMINATION RECORD |sores Docket Number      
           

Substitute for Form PTO-875 13/071 ,105

APPLICATION AS FILED - PART | OTHER THAN

(Column 4) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED|NUMBER EXTRA RATE($) FEE($) RATE($) FEES) |    

N/A 330

NA 540

BASIC FEE
(87 CFR 1.46(a), (b), or (c)) N/A N/A
SEARCH FEE
(97 CFR 1.16(h), (), oF (m)) N/A N/A

 

 

 
 

    

     

EXAMINATION FEE
(37 CFR 1.16(0), (p),of (q)} N/A N/A N/A 220
TOTAL CLAIMS .

INDEPENDENT CLAIMS . *
(37 CFR 1.16{h)) 5 minus 3 = 2 x 220 = 440      

ifthe specification and drawings exceed 100

PEELICATION SIZE|sheets of paper, the application size fee dueis 
    

    

 $270 ($135 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheetsorfraction thereot. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT GLAIM PRESENT(37 CFR 1.16(j)) 0.00

* lf the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 2986

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Golumn 3) OR SMALL ENTITY
      

  
 
  

  
 
 

 

   

   

          
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL . RATE(S) ADDITIONALf AFTER PREVIOUSLY FEE($)
Ee AMENDMENT PAID FORWw Totai

Qa Independent
2 [eee[ on fp
2 Application Size Fee (37 CFR 1.16(s)) P|

oe [|
TOTAL

OR ADD'L FEE

(Golumn 2) (Column 3)
HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL RATE(S) ADDITIONALa AFTER PREVIOUSLY EXTRA FEE(S) FEE($)
5 AMENDMENT PAID FORul Total

3 7Independent .
ia (37 CFR 1.16(h) OR |x =
=
<   

°a)

 
oR TOTALADD'L FEE ADD'L FEE

* Ifthe entry in column1 is less than the entry in column2, write "0" in column 3.
* lf the "Highest Number Previously Paid For" IN THIS SPACEis less than 20, enter "20",

*** Ifthe "Highest Number Previously Paid For" IN THIS SPAGEisless than 3, enter "3",
The “Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column1.
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  RAW SEQUENCE LISTING

Loaded by SCORE,noerrors detected.

Application Serial Number: —_13071105
Source: , OPAP

Date Processed by SCORE: 04/08/11
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

<150>
<151>

<150>
<151>

<160>

<170>

<210>
<211>
<212>
€<213>

<400>

SEQUENCE LISTING

Vogelstein, Bert
Kingler, Kenneth W.

DIGITAL AMPLIFICATION

01107 .00195

13071105
2011-03-24

09981356
2001-10-12

US 60/146,792
1999-08-02

US 09/613, 826
2000-07-11

“15

PatentIn version 3.1

1
26
DNA

homo sapiens

1

catgttctaa tatagtcaca ttttca

<210>
<211>
<212>
<213>

<400>

2
24

DNA .

homo sapiens

2

tctgaattag ctgtatcgtc aagg

<210>
<211>
<212>

<213>

<400>

3
20
DNA

homo sapiens

3

tagctgtatc gtcaaggcac

<210>
<211>
<212>
<213>

<400>

4
27
DNA

homo sapiens

4

cacgggcctg ctgaaaatga ctgcgtg
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<210> 5
<211> 24
<212> DNA

<213> homo sapiens

<400> 5

cacgggagct ggtggcegtag cgtg

<210> 6
<211l> 24
<212> DNA

<213> homo sapiens

<400> 6

cattattttt attataagge ctge

<210> 7
<211l> 12
<212> DNA

<213> homo sapiens

<400> 7

gctggtqgcg ta

<210> .8
<211> 12
<212> DNA

<213> homo sapiens

.<400> 8
gctagtggceg ta

<210> 9
<211> 12
<212> DNA

<213> homo sapiens

<400> 9

gctggtgacg ta

<210> 10
<21ll> 12
<212> DNA

<213> homo sapiens

<400> 10

gctcgtggcg ta

<210> 11
<2li> 13
<212> DNA

<213> homo sapiens

<400> 11
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24
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12
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gcttgtggcc gta

<210>
<211>
<212>

/<213>

<400>

12

130”
DNA

homo sapiens

12

gctgatggge gta

<210>
<211l>
<212>
<213>

<400>

13
12
DNA

homo sapiens

13

gctgatggcg ta

<210>
<211>
<212>
<213>

<400>

14
12
DNA

homo sapiens

14

gctgctggcg ta

<210>

' <211>
<212>

_$213> 0

<400>

15
12.
DNA

homo sapiens

15

gctggtggtg ta
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PTO/SB/05 (08-08)
Approved for use through 09/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office. US. DEPARTMENT OF COMMERCE
__Under the Paperwork Reduction Act of 1995, no persons are requiredtorespond to a collection of information unlessit displays a validOMB control number.

UTILITY

PATENT APPLICATION

TRANSMITTAL [riefbtomtaLaMPuiricarion|
(Only for new nonprovisional applications under 37 CFR 1.53(b))|expressMaitabeiNo.|ss

APPLICATION ELEMENTS ADDRESSTO:  poBeotusoents
See MPEP chapter 600 concerning utility patent application contents. Alexandria VA 22313-1450

 

 
 
 

1. C] Fee Transmittal Form (e.g., PTO/SB/17) ACCOMPANYING APPLICATION PARTS

20] ApplicaMeaimssmal entity status. 9. C Assignment Papers (cover sheet & document(s))
3. Specification [Total Pages___ 30 co That meat

Both the claims and abstract muststart on a new page Name of Assignee_The Johns Hapkins Universit
(For information on the preferred arrangement, see MPEP 608.01(a))

4. [7] Drawing(s) (35 U.S.C. 113) [Total Sheets 7
 

5. Oath or Declaration [Total Sheets___2 10. [__| 37 CFR 3.73(b) Statement []Powerof
a. |__| Newly executed (original or copy) (whenthere is an assignee) Attorney
b. A copyfromaprior application (37 CFR 1.63(d))

for continuation/divisional with Box 18 completed) 11. L] English Translation Document(if applicable)
i. DELETION OF INVENTOR(S)

Signed statementattached deletinginventor(s) 12. Inforengtion Disclosure Staternent (PTO/SB/08 or PTO-1449)namein the prior application, see 37 CFR ‘ati
4,63(d)(2)and 4.33(b). Copiesofcitations attached

6, Application Data Sheet. See 37 CFR 1.76 13, L-] pretiminary Amendment

: 7. CI CD-ROMor CD-Rin duplicate, large table or 14. oO Return Receipt Postcard (MPEP 503)
aaRlle (Should be specifically itemized)

8. Nucleotide and/or Amino Acid Sequence Submission 15. [_] Certified Copyof Priority Document(s)
(if applicable, items a. -c. are required) (if foreign priority is claimed)
a. Computer Readable Form (CRF)
b. Specification SequenceListing an: 16. [_] Nonpublication Requestunder 35 U.S.C. 122(b)(2)(B)()).

Applicant must attach form PTO/SB/35 or equivalent.
i. [J CD-ROM or CD-R(2 copies); or /i. Paper 2 coples) 17. [4] other: Piease use the CRF from parent 09/981,356

C. Statements verifying identity of above copies filed on Nov. 14, 2003. Contents are identical.
18. Ifa CONTINUING APPLICATION,check appropriate box, and supply the requisite information below andin the first sentence ofthe

Specification following the title, or in an Application Data Sheet under 37 CFR 1.76:

Continuation CI Divisional CI Continuation-in-part (CIP) of prior application No.:12/647,368..0.ee
Prior application information: Examiner Samuel C. WOOLWINE Art Unit: 1637

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 22908 OR [| Correspondence address below

a

(Signature ISarah A. Kagan’ March 24, 2011

 
 

 Name ; Registration No. lata(Print/Type Sarah A. Kagan ‘Attorney/Agent) {22141

This collection of information Is required by 37 CFR 1.53(b). 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 1.11 and 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 theindividual case. Any
comments on the amount oftime 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: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

The Privacy Act of 1874 (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,
pursuantto 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
notfurnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which mayresult In termination of proceedings or
abandonmentof the application or expiration of the patent.

The information provided by youin thls form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed underthe
Freedom ofInformation 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 Departmentof Justice to determine whether
disclosure of these records Is required by the Freedom of Information Act.
A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counselin the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Memberof
Congress submitting a request involving an Individual, to whom the record pertains, when the
individual has requested assistance from the Memberwith respect to the subject matterof the
record,

Arecord in this system of records may be disclosed, as a routine use, to a contractorof the
Agency having needfor 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. 652a(m).
A record related to an International Application filed under the Patent Cooperation Treaty In
this system of records maybe disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed,as a routine use, to another federal
agencyfor purposes of National Security review (35 U.S.C. 181) and for review pursuantto
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records maybe 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 respons)bility to recommend improvements in records management
practices and programs, underauthority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be madein accordancewith the GSA regulations governing inspection of records forthis
purpose, and any otherrelevant(/.e., GSA or Commerce)directive. Such disclosure shall not
be used fo make determinations aboutindividuals.

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
pursuantto 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 wasfiled in an application which
became abandonedorin which the proceedings were terminated and which application is
referenced by elther a published application, an application open to public inspection or an
issued patent.
A tecord from this system of records may be disclosed, as a routine use, to a Federal, State,
orlocal law enforcement agency,if the USPTO becomesawareof a violation or potential
violation of law or regulation.
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PTO/SB/14 (11-08)
Approved for use through 09/30/2010. OMB 0651-0032

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

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

001107.00866  
 

 

 
 

 

Attorney Docket Number 
 

Application Data Sheet 37 CFR 1.76 —
Application Number 

 
 
 

Title of Invention|Digital Amplification vd  

The application data sheetis part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paperfiled application.
  

secrecy Order 37 CFR 5.2

| [] Portionsorall of the application associated with this Application Data Sheet mayfall under a Secrecy Order pursuant|
 

37 CFR 5.2 (Paperfilers only. Applications that fall under Secrecy Order may not be filed electronically.)
  

Applicant Information:

Applicant 1

Applicant Authority @)Inventor|C)Legal Representative under 35 U.S.C. 117 Carty ofInterest under 35 U.S.C. 118
Suffix

  
 

Remove
 
 

  
Given Name Middle Name Family Name

ert VOGELSTEIN

esidenceInformation (Select One) (@) US Residency (©) NonUS Residency () Active US Military Service
Gity|Baltimore Country of Residencei|US

Citizenship under 37 GFR 1.41(b)i|US

Mailing Address of Applicant:

Address 1 3700 Breton Way

Address 2

Postal Code 21208 US

Applicant2

Applicant Authority @)Inventor|C)Legal Representative under 35 U.S.C. 117 Carty of Interest under 35 U.S.C. 118
Given Name Middle Name Family Name Suffix

enneth W. KINZLER

Residence Information (Select One) @) USResidency ©) NonUS Residency () Active US Military Service

Gity|Baltimore State/Province Country of Residencei

ciy _[Baimoe—SSSSSSCS~*drrovince

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Z||  

 

  

   
 

  
     

    Add

   
Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 GFR 1.33{a).

[|] An Addressis being provided for the correspondence Intormation of this application.
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PTO/SB/14 (11-08)
Approved for use through 09/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit contains a valid OMBcontro! number.

oa. Attorney Docket Number|001107.00866
Application Data Sheet 37 CFR 1.76 —

Title of Invention|Digital Amplification

  
 

 

  
  

Gustomer Number Email Address Add Email Remove Email

Application Information:
  

 

  
  
  
  
  
  

 

  
  
  
  

 
Title of the Invention Digital Amplification

Suggested Technology Center(if any) PO
Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any)

Publication Information:

[-] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby requestthat the attached application not be published under 35 U.S.
[-] ©. 122(b) and certify that the invention disclosedin the attached application has not and will not be the subject of

an applicationfiled in another country, or under a multilateral international agreement, that requires publication at
eighteen monthsafterfiling.

 

 

  

Representative Information:
 

 Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this informationin the Application Data Sheet does not constitute a powerof attorney in the application {see 37 CFR 1.32).
Enter either Customer Number or complete the Representative Name section below. If both sections
are completed the Customer Numberwill be used for the Representative Information during processing.

Please Select One: (e) Customer Number © US Patent Practitioner|(Limited Recognition (37 CFR 11.9)
Customer Number 22907

  

   
 
   

Domestic Benefit/National Stage Information:
This section allowsfor the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCTapplication. Providing this information in the application data sheet constitutes the specific reference required by
35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification.

PoContinuation of 2009-11-12
Prior Application Status . [Remove]

  

  
   

 

 

  

Page 404 of 1224EFS Web 2.2.2

 



Page 405 of 1224

PTO/SB/14 (11-08)
Approved for use through 09/0/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information untessit contains a valid OMB control number.

Attorney Docket Number|001107.00866

Application Number

 

Application Data Sheet 37 CFR 1.76

  
 

Title of Invention|Digital Amplification

Application a Prior Application Filing Date Issue Date
Number Continuity Type (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

12617368 Continuation of 11709742 2007-02-23 7824889 2010-11-02 

Prior Application Status|Abandoned

Application Number Continuity Type Prior Application Number|—Filing Date (YYYY-MM-DD)

11709742 Continuation of 10828295 2004-04-21

Prior Application Status|Patented Remove

Application Prior Application Filing Date Issue Date

 

 

Number Continuity Type Number (YYYY-MM-DD)|PatentNumber|(yyyy-m_-DD)
40828295 Division of 09981356 2001-10-12 6753147 2004-06-22

 

Prior Application Status|Patented 

Application a Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD)|PatentNumber|(yyyy-vim-DD)

09981356 2000-07-11 2002-08-27

Prior Application Status

Application Number Filing Date (YYYY-MM-DD)

09613826 60146792 1999-08-02

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

 
 

Foreign Priority Information:
This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for whichpriority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

 

 Application Number Country | Parent Filing Date (YYYY-MM-DD) Priority Claimed

PO0No
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

 
Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFRto have an assignment recordedin the Office.

 

 
 

Assignee 1

If the Assignee is an Organization check here.

Organization Name|The Johns Hopkins University
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PTO/SB/14 (11-08)
Approved for use through 09/30/2010. OMB 0651-0032

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

Underthe Paperwork Reduction Act of 1895, no persons are required to respondto a collection ofinformation unlessit contains a valid OMBcontrol number.
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iy ; 4JOINT DELARATION FOR PATENT APPL. ATION

As the below named inventor, we hereby declare that:

Ourresidence, post office address and citizenship are as stated below next to our names;

Webelieve weare the original, first and joint inventors of the subject matter which is claimed and for which a
patent is sought on the invention entitledDIGITALAMPLIFICATION,the specification of which

0 is attached hereto.

id wasfiled onJuly11,2000as Application Serial Number 09/613,826 and was amended on (if
applicable).

O wasfiled under the Patent Cooperation Treaty (PCT)and accorded International Application
No.filedandamendedonifany).

Weherebystate that we have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendmentreferred to above,

Wehereby acknowledgethe duty to disclose information which is material to patentability in accordance with —
Title 37, Code ofFederal Regulations, §1.56(a). .

Prior Foreign Application(s)
Weherebyclaim foreign priority benefits underTitle 35, United States Code, §119 ofany foreign application(s)

for patent or inventor's certificate listed below and havealso identified below any foreign application(s) for patent or
inventor's certificate having a filing date before that of the application on which priority is claimed:

+e ' Date ofFiling Date of Issue Priority Claimed
ApplicationNo, (day month year) (day month year) Under 35 U.S.C. §119

Prior United States Provisional Application(s)
Wehereby claim priority benefits under Title 35, United States Code, §119(e)(1) of any U.S. provisional

application listed below:

: . : DateofFiling Priority Claimed
U.S. Provisional Application No. (day month year) Under 35 U.S.C. §119(e)(1)

   
 

 

  

     

   
 

  

 
 caae TR 02 Avge199

Prior United States Application(s) .

 
 

Weherebyclaiin thie benefit underTitle 35, United States Code, §120 ofany United States application(s) listed -
below and,insofar as the subject matter ofeach ofthe claimsofthis application is not disclosed in the prior United States
application in the mannerprovided bythefirst paragraph ofTitle 35, United States Code, §112, we acknowledgethe duty
to disclose material information as defined in Title 37, Code ofFederal Regulations, §1.56(a) which occurred between
the filing date of the prior application and the national or PCT internationalfiling date of this application:

+ as : DateofFiling , Status — Patented
Application Seriat No. (Day, Montb, Year) Pending, Abandoned        

       

Banner & Wrcorr, Lip. Attomey Docket No. 0! 107.0003 4‘age
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Powerof Attorney

And weherebyappoint, both jointly atid severally,as our attonieys with fullpower ofSubstitutionatid revocation; toprosecute’
this application and to transact all business in the Patent and Trademark Office connected herewith the following attomeys andagents, their
registration numbers beinglisted afler their names:

ALTHERR,Robert F. 31,810 HOSCHEIT,Dale H. 19,090 PATEL,BinalJ. 42,065
BANNER, Donald W. 47,037 IWANICK],John P. 34,628 PATRAK,AjayS. 38,266
BANNER,Mark FT. 29,888 JACKSON,ThomasH. 29,808 PAYNE,Stephen S. 35,316
BANNER,Pamela I. 33,644 KAGAN,Sarah A. 32,141 PETERSON, ThomasL. 30,969
BECKETT,William W. 18,262 KATZ,Robert S. 36,402 * POTENZA,Joseph M. 28,175
BODNER,Jordan 42,338 KLEIN, William J, 43,719 PRATT,ThomasK. 37,210
BUROW,Scott A. 42,373 KRAUSE,Joseph P. 32,578 RENK,ChristopherJ. 33,763
CALLAHAN,James V. 20,095 LINEK,Emest V. 29,822 RESIS, Robert H. 32,168
CHANG,Steve S 42,402 MALONE,Dale A. "32,155 RIVARD,Paul M. 43,446
COHAN,Gregory J. 40,959 MANNAVA,Ashok K. 45,301 SCHAD,Steve P. 32,550
COOPERMAN,Marc S. 34,143 McDERMOTT, PeterD. 29,411 SHANAHAN,Michael H. 24,438
CURTIN,Joseph P. 34,571 McKEE,Christopher L. 32,384 SHIFLEY,Charles W. 28,042
DAWSON,John R. 39,504. McKIE, Edward F. 17,335 SKERPON,Joseph M. 29,864
DEMOOR,Laura J. 39,654 MEDLOCK,Nina L. 29,673 STOCKLEY,D.3. 34,257
EVANS,ThomasL. 35,805 MEECE,Timothy C. 38,553 VANES,J. Picter 37,746
FEDOROCHKO,Gary D. 35,509 MEEKER,Frederic M. 35,282 WITCOFF,Sheldon W. 17,399
FISHER,William J. 32,133 MILLER,Charles L. 43,805 WOLFFE,Franklin D. 19,724
GLEMBOCKI, Christopher R.38,800 MITRIUS,Janice V. 43,808 WOLFFE,Susan A. 33,568
HANLON,BrianE. 40,449 MORENO,Christopher P. 38,566 WRIGHT,Bradley C, 38,061
HEMMENDINGER,Lisa M.42,653 NELSON,Jon OQ. 24,566
HONG,Patricia E. 34,373, NIEGOWSKI, James A. 28,331

All correspondence and telephone communications should be addressed to:
Banner & Witcoff, Ltd. Customer Number: 22907
1001 G Sweet, N.W., 11th Floor Tel: (202) 508-9100
Washington, D.C. 20001-4597 Fax: (202) 508-9299

We hereby declare that afl statements made herein of our own knowledgeare true and thalall statements made on information
and beliefare believed to be true; and furtherthat these statements were made with the knowledge that willful false statements and the
like so madeare punishable by fine or imprisonment, or both, under Section 1001 of Tile 18 of the United States Code andthat such
willful false stglements may jeopardize (fe validity of the application or any patent issuing thercon.

. wv,

Signature. (( 2 & Date. A gl
Full NameofFiést Inventor, Wa og in Bert
LC/Family Name First Given Name econd Given Name

Residence___ Baltimore, Maryland Citizenship United States
Post Office Address, 

 
 

wae 112¢H00
. Family Name First Given Name Second Given Name
‘Residence. Citizenship_ United States
Post Office Address___1403 HalkirkWay,BelAir,Maryland21015

"Signature_
Full NameofSecondInventor,
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) Prior Group Art Unit: 1637
)

Bert VOGELSTEIN etal ) Prior Examiner: Samuel Woolwine
)

Continuation Application of ) Confirmation No. TBD
Serial No. 12/617,368 )

) Atty. Dkt. No. 001107.00866
Filed: Herewith )

)
For: DIGITAL AMPLIFICATION )

RECOGNITION OF PRACTITIONERS OF RECORD UNDER 37 C.E.R, § 1.32(c)(3)

U.S. Patent and Trademark Office

Customer Service Window

Randolph Building
401 Dulany Street
Alexandria, VA 22314

 

Sir:

Pursuant to 37 C.F.R. § 1.32(c)(3), please recognize the following patent practitioners, originally

named in the Power of Attorney from an earlier-filed application, as being of record in the above-

identified application:

Sarah A. Kagan 32,141

Dale H. Hoscheit 19,090

Joseph M.Skerpon 29,864

Lisa M. Hemmendinger — 42,653

William J. Fisher 32,133

A copy of the Power ofAttorney from the earlier-filed application is submitted herewith.

 
Respectfully submitted,

BANNER & WITCOFF, LTD.

Dated: March 24, 2011 By:|/SARAHA, KAGAN/
Sarah A. Kagan
Registration No. 32,141

Customer No. 22907
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DIGITAL AMPLIFICATION

The U.S. governmentretains certain rights in this invention by virtue of

its support of the underlying research, supported by grants CA 43460, CA

57345, and CA 62924 from the National Institutes of Health.

The disclosureofall claimed priority applications is expressly

incorporated herein.

TECHNICAL FIELD OF THE INVENTION

This inventionis related to diagnostic genetic analyses, In particularit

relates to detection of genetic changes and gene expression.

BACKGROUND OF THE INVENTION

In classical genetics, only mutations of the germ-line were considered

important for understanding disease. With the realization that somatic

mutationsare the primary cause of cancer, and mayalsoplayarole in aging,

new genetic principles have arisen. These discoveries have provided a wealth

ofnew opportunities for patient managementas well as for basic research into

the pathogenesis ofneoplasia. However, many of these opportunities hinge

upon detection of a small number ofmutant-containing cells among a large

excess ofnormalcells. Examples include the detection of neoplastic cells in

urine, stool, and sputum ofpatients with cancers ofthe bladder, colorectum,

and lung, respectively. Such detection has been shown in somecases to be

possible at a stage when the primary tumorsare still curable and the patients

asymptomatic. Mutant sequences from the DNA ofneoplastic cells have also

been found in the blood of cancerpatients. The detection of residual disease in

lymph nodesor surgical margins may be useful in predicting which patients
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might benefit most from further therapy. From a basic research standpoint,
analysis of the early effects of carcinogensis often dependent on the ability to

detect small populations ofmutantcells.

Becauseof the importance of this issue in so many settings, many

useful techniques have been developed for the detection of mutations. DNA

sequencing is the gold standardfor the detection of germ line mutations, but is

useful only when the fraction of mutatedalleles is greater than ~20%.

Mutant-specific oligonucleotides can sometimes be used to detect mutations

present in a minor proportionofthe cells analyzed, but the signal to noise ratio

distinguishing mutant and wild-type (WT) templates is variable. The use of

mutant-specific primers or the digestion ofpolymerase chain reaction (PCR)

products with specific restriction endonucleases are extremely sensitive

methods for detecting such mutations,butit is difficult to quantitate the

fraction ofmutant moleculesin the starting population with these techniques.

Other innovative approachesfor the detection of somatic mutations have been

reviewed. A general problem with these methodsis thatit is difficult or

impossible to independently confirm the existence of any mutations that are

identified.

Thusthere is a need in the art for methods for accurately and

quantitatively detecting genetic sequences in mixed populations of sequences.

SUMMARYOF THE INVENTION

It is an object of the present invention to provide methodsfor

determining the presence of a selected genetic sequence in a population of

genetic sequences.

It is another object of the present invention to provide molecular

beacon probes useful in the method ofthe invention.

These and other objects of the invention are achieved by providing a

method for determining the presence of a selected genetic sequence in a
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population of genetic sequences. A biological sample comprising nucleic acid

template moleculesis diluted to form a set of assay samples. The template

molecules within the assay samples are amplified to form a population of

amplified moleculesin the assay samples ofthe set. The amplified molecules

in the assay samplesofthe set are then analyzed to determinea first number of

assay samples which contain the selected genetic sequence and a second

numberofassay samples which contain a reference genetic sequence. The first

numberis then compared to the second numberto ascertain a ratio which

reflects the compositionof the biological sample.

Another embodimentof the invention is a method for determining the

ratio of a selected genetic sequence in a population of genetic sequences.

Template molecules within a set comprising a plurality of assay samples are

amplified to forma p»pulation of amplified moleculesin each of the assay
samplesofthe set. The amplified molecules in the assay samples ofthe set are

analyzed to deterraine a first number of assay samples which contain the

selected genetic sequence and a second numberof assay samples which

contain a reference genetic sequence. Atleast one-fiftieth of the assay samples

in the set comprise a number (N) of molecules suchthat 1/N is larger than the

ratio of selected genetic sequencesto total genetic sequences required to

determine the presence ofthe selected genetic sequence. The first numberis

compared to the second numberto ascertain a ratio whichreflects the

composition of the biological sample.

According to another embodimentofthe invention, a molecular beacon

probeis provided. It comprises an oligonucleotide with a stem-loop structure

having a photoluminescent dye at one ofthe 5’ or 3’ ends and a quenching

agent at the opposite 5’ or 3’ end. The loop consists of 16 base pairs which

has a T,, of 50-51 C. The stem consists of 4 base pairs having a sequence 5’-

CACG-3’.
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A second type ofmolecular beaconprobeis provided in another

embodiment. It comprises an oligonucleotide with a stem-loop structure

having a photoluminescent dyeat one of the 5’ or 3’ ends and a quenching

agent at the opposite 5’ or 3’ end. The loop consists of 19-20 base pairs and

has a T,, of 54-56 C. The stem consists of4 base pairs having a sequence 5’-

CACG-3’.

Another embodiment provides the two types ofmolecular beacon

probes, either mixed together or providedin a divided container as a kit.

The invention thus provides the art with the means to obtain

quantitative assessments ofparticular DNA or RNA sequences in mixed

populations of sequencesusing digital (binary) signals.

BRIEF DESCRIPTION OF THE DRAWINGS

Fic. 1A, 1B, 1C. Schematic of experimental design. (Fig. 1A) The basic two

steps involved: PCR on diluted DNA samples is followed by addition of

fluorescent probes which discriminate between WT and mutantalleles and

subsequent fluorometry. (Fig. 1B) Principle ofmolecular beacon analysis. In

the stem-loop configuration, fluorescence from a dye at the 5’ end ofthe

oligonucleotide probe is quenched by a Dabcyl group at the 3’ end. Upon

hybridization to a template, the dye is separated from the quencher, resulting in

increased fluorescence. Modified from Marras et al. (Fig. 1C)

Oligonucleotide design. Primers Fl and R1 are used to amplify the genomic

region of interest, Primer INT is used to produce single stranded DNA from

the original PCR products during a subsequent asymmetric PCR step (see

Materials and Methods). MB-REDis a Molecular Beacon which detects any

appropriate PCR product, whetherit is WT or mutant at the queried codons.

MB-GREEN is a Molecular Beacon whichpreferentially detects the WT PCR

product.
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Fic. 2, Discrimination between WT and mutant PCR products by Molecular

Beacons. Ten separate PCR products, each generated from ~25 genome

equivalents of genomic DNA ofcells containing the indicated mutations of

c-Ki-Ras, were analyzed with the Molecular Beacon probes described in the

text. Representative examples of the PCR products used for Molecular

Beacon analysis were purified and directly sequenced. In the cases with

Gly12Cys (SEQ ID NO:11) and Gly12Arg (SEQ ID NO: 10) mutations,

contaminating non-ncoplastic cells within the tumor presumably accounted for

the relatively low ratios. In the cases with Gly12Ser (SEQ ID NO:8) and

Gly12Asp (SEQ ID NO:12), there were apparently two or morealleles of

mutant c-Ki-Ras for every WTallele (SEQ ID NO:7); both these tumors were

aneuploid. Analysis of the Gly13Asp mutation is also shown (SEQ ID NO: 9).

Fic. 3, Detecting Dig-PCR products with MB-RED.Specific Fluorescence

Units of representative wells from an experiment employing colorectal cancer

cells with Gly12Asp or Gly13Asp mutations ofthe c-Ki-Ras gene. Wells with

values >10,000 are shaded yellow. Polyacrylamide gel electrophoretic

analyses of the PCR products from selected wells are shown. Wells with

fluorescence values <3500 had no PCR product ofthe correct size while wells

with fluorescence values >10,000 SFU always contained PCR products of 129

bp. Non-specific products generated during the large numberofcycles

required for Dig-PCRdid not affect the fluorescence analysis. M1 and M2 are

molecular weight markers used to determine the size of fragments indicated on

the left (in basepairs).

Fic. 4. Discriminating WT from mutant PCR products obtained in Dig-PCR.

RED/GREENratios were determined from the fluorescence ofMB-RED and

MB-GREENasdescribed in Materials and Methods. The wells shownare the

sameas thoseillustrated in Fig. 3. The sequences ofPCR products from the
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indicated wells were determined as described in Materials and Methods. The

wells with RED/GREENratios >3.0 each contained mutant sequences while

those with RED/GREENratios of ~1.0 contained WT sequences. WT c-Ki-

Ras (SEQ ID NO:7), Gly12Asp (SEQ ID NO:13), and Gly13Asp (SEQ ID

NO: 9) were analyzed.

Fic. 5. Dig-PCR of DNAfrom a stool sample. The 384 wells used in the

experiment are displayed. Those colored blue contained 25 genome

equivalents of DNA from normalcells. Eachofthese registered positive with

MB-REDand the RED/GREENratios were 1.0 +/- 0.1 (mean +/- 1 standard

deviation). The wells colored yellow contained no template DNA and each

was negative with MB-RED(i.e., fluorescence <3500 fluorescence units.).

The other wells contained diluted DNA from the stool sample. Those

registering as positive with MB-REDwerecolored either red or green,

depending on their RED/GREENratios. Those registering negative with

MB-REDwere colored white. PCR products from the indicated wells were

used for automated sequence analysis. The sequence ofWT c-Ki-Ras in well

(SEQ ID NO:7), and mutant c-Ki-Ras in wells C10, E11, M10, and L12 (SEQ

ID NO:14), and well F21 (SEQ ID NO:15) were analyzed.

DETAILED DESCRIPTION OF THE INVENTION

The method devised by the present inventors involves separately

amplifying small numbers oftemplate molecules so that the resultant products

have a proportion ofthe analyte sequence whichis detectable by the detection

means chosen. Atits limit, single template molecules can be amplified so that

the products are completely mutant or completely wild-type (WT). The

homogeneity ofthese amplification products makes them trivial to distinguish

through existing techniques.
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The method requires analyzing a large numberofamplified products

simply andreliably. Techniques for such assessments were developed, with

the output providinga digital readout of the fraction of mutantalleles in the

analyzed population. .

The biological sample is diluted to a point at whicha practically usable

numberofthe diluted samples contain a proportionofthe selected genetic

sequence(analyte) relative to total template molecules suchthat the analyzing

technique being used can detect the analyte. A practically usable number of

diluted samples will depend on cost of the analysis method. Typically it would

be desirable that at least 1/50 ofthe diluted samples have a detectable

proportion of analyte. At least 1/10, 1/5, 3/10, 2/5, 1/2, 3/5, 7/10, 4/5, or 9/10

of the diluted samples may have a detectable proportion of analyte. The higher

the fraction of samples which will provide useful information, the more

economicalwill be the overall assay. Over-dilution will also lead to a loss of

economy, as many samples will be analyzed and provideno signal. A

particularly preferred degreeofdilution is to a point where eachof the assay

samples has on average one-halfof a template. The dilution can be performed

from more concentrated samples. Alternatively, dilute sources oftemplate

nucleic acids can be used. All of the samples may contain amplifiable

template molecules. Desirably each assay sample prior to amplification will

contain less than a hundredor less than ten template molecules.

Digital amplification can be used to detect mutations presentat

relatively low levels in the samples to be analyzed. The limit of detection is

defined by the numberofwells that can be analyzed and the intrinsic mutation

rate of the polymerase used for amplification. 384 well PCR plates are

commercially available and 1536 well plates are on the horizon, theoretically

allowingsensitivities for mutation detection at the ~0.1% level. It is also

possible that Digital Amplification can be performed in microarray format,

potentially increasing the sensitivity by another order of magnitude. This
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sensitivity may ultimately be limited by polymerase errors. The effective error

rate in PCR as performed under our conditions was 1.1%,i.e., four out of 351

PCRproducts derived from WT DNAsequence appeared to contain a mutation

by RED/GREENratio criteria. However, any individual mutation (such as a

G to T transversion at the second position of codon 12 of c-Ki-Ras), are

expected to occur in < 1 in 50 of these polymerase-generated mutants (there

are at least 50 base substitutions within or surrounding codons 12 and 13 that

should yield high RED/GREENratios). Determining the sequenceofthe

putative mutants in the positive wells, by direct sequencing as performed here

or by any of the other techniques, provides unequivocalvalidation of a

prospective mutation:a significant fraction ofthe mutations found in

individual wells should be identical if the mutation occurred in vivo,

Significance can be established through rigorousstatistical analysis, as positive

signals should be distributed according to Poisson probabilities. Moreover, the

error rate in particular Digital Amplification experiments can be precisely

determined through performanceofDigital Amplification on DNA templates

from normalcells.

Digital Amplificationis as easily applied to RT-PCR products

generated from RNA templates asit is to genomic DNA. For example, the

fraction ofalternatively spliced or mutant transcripts from a gene can be easily

determined using photoluminescentprobesspecific for each of the PCR

products generated. Similarly, Digital Amplification can be used to quantitate

relative levels of gene expression within an RNApopulation. For this

amplification, each well would contain primers which are used to amplify a

reference transcript expressed constitutively as well as primers specific for the

experimental transcript. One photoluminescent probe would then be used to

detect PCR products from the reference transcript and a second

photoluminescent probe used for the test transcript. The numberofwells in

which thetest transcript is amplified divided by the numberofwells in which
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the reference transcript is amplified provides a quantitative measure of gene

expression. Another group of examples involves the investigations ofallelic

status when two mutations are observed upon sequenceanalysis of a standard

DNA sample. To distinguish whether one variant is present in each allele (vs.

both occurring in oneallele), cloning ofPCR productsis generally performed.

The approach described here would simplify the analysis by eliminating the

need for cloning. Other potential applications ofDigital Amplification are

listed in Table 1. Whenthe goalis the quantitation ofthe proportion of two

relatively commonalleles or transcripts rather than the detection ofrare alleles,

techniques such as those employing TaqManandreal time PCR provide an

excellent alternative to use ofmolecular beacons. Advantagesofreal time

PCR methodsinclude their simplicity and the ability to analyze multiple

samples simultaneously. However, Digital Amplification may prove useful for

these applications when the expected differences are small, (e.g., only ~2-fold,

such as occurs with allelic imbalances.)

  
  
  
  
  

  

Cancer gene mutationsin stool, mutant or WT
mutations blood, lymph nodes alleles

Chromosomal Residual leukemia cells after therapy normal or translocated allele

alleles

Gene Determine presenceor extent of sequence within sequence from another

chromosome arm

Alternatively Determinefraction ofalternatively minor exons common exons

RNA

expression expression oftwo genes (RNA

discrimination mutation in each of two alleles

Allelic Imbalance Quantitative analysis with non- marker sequence marker from another
polymorphic markers chromosome

Theultimate utility ofDigital Amplification lics in its ability to convert
   

the intrinsically exponential nature ofPCR to a linear one. It should thereby

proveuseful for experiments requiring the investigation of individualalleles,

rare variants/mutations, or quantitative analysis ofPCR products.
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In one preferred embodiment each diluted sample has on average one

half a template molecule. This is the same as onehalfof the diluted samples

having one template molecule. This can be empirically determined by

amplification. Either the analyte (selected genetic sequence) or the reference

genetic sequence canbe used for this determination. If the analysis method

being used can detect analyte when presentat a level of 20%, then one must

dilute such that a significant numberofdiluted assay samples contain more

than 20% ofanalyte. If the analysis method being used requires 100% analyte

to detect, then dilution downto the single template molecule level will be

required.

To achieve a dilution to approximately a single template molecule

level, one can dilute such that between 0.1 and 0.9 of the assay samples yield

an amplification product. More preferably the dilution will be to between 0.1

and 0.6, more preferably to between 0.3 and 0.5 of the assay samples yielding

an amplification product.

The digital amplification method requires analysis of a large number of

samples to get meaningful results. Preferably at least ten diluted assay samples

are amplified and analyzed. More preferably at least 15, 20, 25, 30, 40, 50, 75,

100, 500, or 1000 diluted assay samples are amplified and analyzed. As in any

method, the accuracy of the determination will improve as the number of

samplesincreases,up to a point. Because a large numberof samples must be

analyzed,it is desirable to reduce the manipulative steps, especially sample

transfer steps. Thusit is preferred that the steps of amplifying and analyzing

are performedin the same receptacle. This makes the method an in situ, or

“one-pot” method.

The numberofdifferent situations in whichthe digital amplification

method will find application is large. Some ofthese are listed in Table 1. As

shownin the examples, the method can be used to find a tumor mutationin a

population ofcells which is not purely tumorcells. As described in the
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examples, a probe for a particular mutation need not be used, but diminution in

binding to a wild-type probe can be used as an indicatorofthe presence of one

or more mutations, Chromosomaltranslocations which are characteristic of

leukemias or lymphomascan be detected as a measureofthe efficacy of

therapy. Gene amplifications are characteristic of certain disease states. These

can be measured using digital amplification. Alternatively spliced forms of a

transcript can be detected and quantitated relative to other forms of the

transcript using digital amplification on CDNA made from mRNA. Similarly,

using CDNA made from mRNAonecan determinerelative levels of

transcription of two different genes. One can use digital amplification to

distinguish betweena situation where oneallele carries two mutations and one

mutation is carried on each of twoalleles in an individual. Allelic imbalances

often result from a disease state. These can be detected using digital

amplification.

Biological samples which can be used asthestarting material for the

analyses may be from anytissue or body sample from which DNA or mRNA

can be isolated. Preferred sourcesincludestool, blood, and lymph nodes.

Preferably the biological sampleis a cell-free lysate.

Molecular beaconprobes according to the present invention can utilize

any photoluminescent moiety as a detectable moiety. Typically these are dyes.

Often these are fluorescent dyes. Photoluminescence is any process in which a

materialis excited by radiation suchaslight, is raised to an excited electronic

or vibronic state, and subsequently re-emits that excitation energy as a photon

of light. Such processes include fluorescence, which denotes emission

accompanying descent from an excited state with paired electrons (a “singlet”

state) or unpaired electrons (a “triplet” state) to a lower state with the same

multiplicity, 7.e., a quantum-mechanically “allowed”transition.

Photoluminescencealso includes phosphorescence which denotes emission

accompanying descent from an excitedtriplet or singlet state to a lowerstate of
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different multiplicity, i.¢., a quantum mechanically “forbidden”transition.

Compared to “allowed”transitions, “forbidden”transitions are associated with

relatively longer excited state lifetimes.

The quenching of photoluminescence may be analyzed bya variety of

methods which vary primarily in terms of signal transduction. Quenching may

be transduced as changesin the intensity ofphotoluminescence or as changes

in the ratio ofphotoluminescenceintensities at two different wavelengths, or as

changes in photoluminescencelifetimes, or even as changes in the polarization

(anisotropy) ofphotoluminescence. Skilled practitioners will recognize that

instrumentation for the measurementofthese varied photoluminescent

responses are known. Theparticular ratiometric methods for the analysis of

quenching in the instant examples should not be construed aslimiting the

invention to any particular form of signal transduction. Ratiometric

measurements of photoluminescence intensity can include the measurement of

changesin intensity, photoluminescence lifetimes, or even polarization

(anisotropy).

Although the working examples demonstrate the use ofmolecular

beacon probesas the meansofanalysis ofthe amplified dilution samples, other

techniques can be used as well. These include sequencing, gel electrophoresis,

hybridization with other types ofprobes, including TaqMan™(dual-labeled

fluorogenic) probes (Perkin Elmer Corp./Applied Biosystems, Foster City,

Calif), pyrene-labeled probes, and other biochemical assays.

The above disclosure generally describes the present invention. A more

complete understanding can be obtained by reference to the following specific

examples which are provided herein for purposesofillustration only, and are

not intendedto limit the scope ofthe invention.
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EXAMPLE1

Step 1: PCR amplifications. The optimal conditions for PCR describedin this

section were determined by varying the parameters described in the Results.

PCRwas performed in 7 ul volumesin 96 well polypropylene PCRplates

(RPI). The composition of the reactions was: 67 mM Tris, pH 8.8, 16.6 mM

NH,SO,, 6.7 mM MgCh, 10 mM f-mercaptoethanol, 1 mM dATP, 1 mM

dCTP, 1 mM dGTP, 1 mM TTP, 6% DMSO, | uM primerF1, 1 uM primer

R1, 0.05 units/ul Platinum Taq polymerase (Life Technologies, Inc.), and

“one-half genome equivalent” of DNA. To determine the amount ofDNA

corresponding to one-half genome equivalent, DNA samples wereserially

diluted and tested via PCR. The amount that yielded amplification products in

half the wells, usually ~1 pg oftotal DNA, was defined as “one-half genome

equivalent” and usedin each well of subsequent Digital Amplification

experiments, Fifty ul light mineral oil (Sigma M-3516) was added to each well

and reactions performed in a HybAid Thermalcycler at the following

temperatures: denaturation at 94° for one min; 60 cycles of 94° for 15 sec, 55°

for 15 sec., 70° for 15 seconds; 70° for five minutes. Reactions were read

immediately or stored at room temperature for up to 36 hours before

fluorescence analysis.

EXAMPLE 2

Step 2: Fluorescence analysis. 3.5 ul of a solution with the following

composition was added to each well: 67 mM Tris, pH 8.8, 16.6 mM NH,SOx,

6.7 mM MgCh, 10 mM f-mercaptoethanol, | mM dATP, | mM dCTP, 1 mM

dGTP, 1 mM TTP, 6% DMSO,5 uM primer INT, 1 uM MB-GREEN, 1 uM

MB-RED,0.1 units/ul Platinum Taq polymerase. Theplates were centrifuged

for 20 seconds at 6000 g and fluorescence read at excitation/emission

wavelengths of 485 nm/530 nm for MB-GREENand 530 nm/590 nm for

MB-RED.This fluorescence in wells without template was typically 10,000 to
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20,000 fluorescence “units”, with about 75% emanating from the fluorometer

background and the remainder from the MB probes. The plates were then

placed in a thermal cycler for asymmetric amplification at the following

temperatures: 94° for one minute; 10 - 15 cycles of 94° for 15 sec, 55° for 15

sec., 70° for 15 seconds; 60° for five minutes. The plates were then incubated

at room temperature for at least 20 minutes and fluorescence measured as

described above. The fluorescence readings obtained were stable for several

hours. Specific fluorescence was definedas the difference in fluorescence

before and after the asymmetric amplification. RED/GREENratios were

defined as the specific fluorescence of MB-RED divided bythat of

MB-GREEN. RED/GREENratios were normalizedto the ratio exhibited by

the positive controls (25 genome equivalents of DNA from normalcells, as

defined in Materials and Methods). We foundthat the ability ofMB probes to

discriminate between WT and mutant sequences underour conditions could

not be reliably determined from experiments in which they were tested by

hybridization to relatively short complementary single stranded

oligonucleotides, and that actual PCR products had to be used for validation.

EXAMPLE3

Oligonucleotides and DNA sequencing. Primer F1:

5’-CATGTTCTAATATAGTCACATTTTCA-3’ (SEQ ID NO: 1); Primer R1:

5’-TCTGAATTAGCTGTATCGTCAAGG-3’ (SEQ ID NO:2); Primer INT:

5’-TAGCTGTATCGTCAAGGCAC-3’ (SEQ ID NO:3); MB-RED:

5’-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabcyl-3’ (SEQ ID

NO: 4); MB-GREEN:

5’-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3’. (SEQ ID

NO:5).

Molecular Beacons were synthesized by Midland Scientific and other

oligonucleotides were synthesized by Gene Link. All were dissolved at 50 uM
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in TE (10 mM Tris, pH 8.0/ 1 mM EDTA)and kept frozen and in the dark

until use. PCR products were purified using QIAquick PCR purification kits

(Qiagen). In the relevant experiments described in the text, 20% of the product

from single wells was used for gel electrophoresis and 40% was used for each

sequencing reaction. The primer used for sequencing was

5’-CATTATTTTTATTATAAGGCCTGC-3’ (SEQ ID NO: 6). Sequencing

wasperformed using fluorescently-labeled ABI Big Dye terminators and an

ABI 377 automated sequencer.

EXAMPLE4

Principles underlying experiment. The experimentis outlined in Fig. 1A.

First, the DNAis diluted into multiwell plates so that there is, on average, one

template molecule per two wells, and PCR is performed. Second,the

individual wells are analyzed for the presence ofPCR products of mutant and

WTsequenceusing fluorescent probes.

As the PCR products resulting from the amplification of single

template molecules should be homogeneousin sequence,a variety of standard

techniques could be used to assess their presence. Fluorescent probe-based

technologies, which can be performed on the PCR products “in situ” (i.e., in

the same wells) are particularly well-suited for this application. We chose to

explore the utility of one such technology, involving Molecular Beacons (MB),

for this purpose. MB probesare oligonucleotides with stem-loop structures

that contain a fluorescent dye at the 5’ end and a quenching agent (Dabcyl)at

the 3’ end (Fig. 1B). The degree of quenching via fluorescence energy

resonancetransfer is inversely proportionalto the 6" powerofthe distance

betweentlie Dabcyl group and the fluorescent dye. After heating and cooling,

MBprobes reform a stem-loop structure which quenches the fluorescent signal

from the dye. Ifa PCR product whose sequence is complementary to the loop

sequence is present during the heating/cooling cycle, hybridization of theMB
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to one strand ofthe PCR product will increase the distance between the Dabcyl

and the dye, resulting in increased fluorescence.

A schematic of the oligonucleotides used for Digital Amplifications

shownin Fig. 1C. Two unmodified oligonucleotides are used as primers for

the PCR reaction. Two MBprobes,each labeled with a different fluorophore,

are used to detect the PCR products. MB-GREEN hasa loop regionthatis

complementary to the portion of the WT PCR productthat is queried for

mutations. Mutations within the corresponding sequence of the PCR product

should significantly impede the hybridizationofit to the MB probe. MB-RED

has a loop region that is complementary to a different portion of the PCR

product, one not expected to be mutant. It thus should produce a signal

whenevera well contains a PCR product, whether that product is WT or ‘

- mutant in. the region queried by MB-GREEN. Both MB probesare used

together to simultaneously detect the presence of a PCR product andits
mutational status.

Practical Considerations.

Numerous conditions were optimized to define conditions that could be

reproducibly and generally applied. As outlined in Fig. 1A,the first step

involves amplification from single template molecules. Most protocols for

amplification from small numbers oftemplate molecules use a nesting

procedure, wherein a product resulting from one set ofprimers is used as

template in a second reaction employing internal primers. As many

applications of digital amplification are expected to require hundredsor

thousands of separate amplifications, such nesting would be inconvenient and

could lead to contamination problems. Hence, conditions were sought that Dy

would achieve robust amplification without nesting. The most important of

these conditions involved the use of a polymerasethat was activated only after

heating and optimized concentrations of dNTP’s, primers, buffer components,
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and temperature. The conditions specified in Examples 1-3 were defined after

individually optimizing each of these components and provedsuitable for

amplification of several different human genomic DNA sequences. Though

the time required for PCR wasnotparticularly long (~2.5 hr), the numberof

cycles used was high and excessive compared to the numberofcycles

required to amplify the “average” single template molecule. The large cycle

number was necessary because the template in some wells might not begin to

be amplified until several PCR cycles had been completed. The large number

of cycles ensured that every well (not simply the average well) would generate

a substantial and roughly equal amount ofPCR productif a template molecule

were present within it.

The secondstep in Fig 1A involves the detection of these PCR

products. It was necessary to considerably modify the standard MB probe

approachin order forit to functionefficiently in Digital Amplification

applications. Theoretically, one separate MB probe could be used to detect

each specific mutation that might occurwithin the queried sequence. By

inclusion of one MBcorresponding to WT sequence and another

corresponding to mutant sequence, the nature ofthe PCR product would be

revealed. Thoughthis strategy could obviously be used effectively in some

situations, it becomes complex whenseveraldifferent mutations are expected

to occur within the same queried sequence. For example, in the c-K7-Ras gene

example explored here, twelve different base substitutions resulting in

missense mutations could theoretically occur within codons 12 and 13, andat

least seven of these are observed in naturally-occurring human cancers. To

detect all twelve mutations as well as the WT sequence with individual

Molecular Beacons would require 13 different probes. Inclusion of such a

large number of MBprobes would notonly raise the background fluorescence

but would be expensive. We therefore attempted to develop a single probe that

would react with WT sequences better than any mutant sequence within the
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queried sequence. We foundthat the length of the loop sequence, its melting

temperature, and the length and sequence of the stem were each importantin

determining the efficacy of such probes. Loops ranging from 14 to 26 bases

and stems ranging from 4 to 6 bases, as well as numerous sequence variations

ofboth stems and loops, were tested during the optimization procedure. For

discrimination between WT and mutant sequences (MB-GREENprobe), we

found that a 16 base pair loop, ofmelting temperature (Tm) 50-51°, and a 4 bp

stem, of sequence 5’-CACG-3’, were optimal. For MB-REDprobes, the same

stem, with a 19-20 bp loop of Tm 54-56°, proved optimal. The differencesin

the loop sizes and melting temperatures between MB-GREEN and MB-RED

probesreflected the fact that only the GREENprobeis designed to

discriminate between closely related sequences, with a shorter region of

homology facilitating such discrimination.

Examplesofthe ratios obtained in replicate wells containing DNA

templates from colorectal tumor cells with mutations of c-Ki-Ras are shown in

Fig. 2. In this experiment,fifty copies of genomic DNA equivalents were

diluted into each wellprior to amplification. Each of six tested mutants

yielded ratios of RED/GREENfluorescence that were significantly in excess

of the ratio obtained with DNA from normalcells (1.5 to 3.4 in the mutants

compared to 1.0 in normal DNA; p < 0.0001 in each case, Student’s t-Test).

The reproducibility ofthe ratios can be observedin this figure. Direct DNA

sequencing of the PCR products used for fluorescence analysis showedthat the

RED/GREENratios were dependentontherelative fraction of mutant genes

within the template population (Fig. 2). Thus, the DNA from cells containing

one mutant C-Ki-Rasallele per every two WT c-Ki-Rasallele yielded a

RED/GREEN ratio of 1.5 (Gly12Arg mutation) while the cells containing

three mutant c-Ki-Ras alleles per WT allele exhibited a ratio of 3.4

(Gly12Asp). These data suggested that wells containing only mutant alleles
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(no WT) would yield ratios in excess of 3.0, with the exact value dependent on

the specific mutation.

Though this modeis the most convenient for many applications, we

foundit useful to add the MB probesafter the PCR-amplification was

complete (Fig. 1). This allowed us to use a standard multiwell plate

fluorometer to sequentially analyze a large numberofmultiwell plates

containing pre-formed PCR products and bypassed the requirement for

multiple real time PCR instruments. Additionally, we found that the

fluorescent signals obtained could be considerably enhanced if several cycles

of asymmetric, linear amplification were performed in the presence ofthe MB

probes. Asymmetric amplification was achieved by including an excess of a

single internal primer (primer INT in Fig. 1C) at the time of addition of the

MB probes.
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EXAMPLE5

Analysis ofDNA from tumorcells. The principles and practical

considerations described above was demonstrated with DNA from two

colorectal cancercell lines, one with a mutation in c-Ki-Ras codon 12 and the

other in codon 13. Representative examples of the MB-RED fluorescence

values obtained are shown in Fig. 3. There was a clear biphasic distribution,

with “positive” wells yielding values in excess of 10,000 specific fluorescence

units (SFU,as defined in Materials and Methods) and “negative” wells

yielding valuesless than 3500 SFU. Gel electrophoreses of 127 such wells

demonstratedthat all positive wells, but no negative wells, contained PCR

products of the expected size (Fig. 3). The RED/GREEN fluorescenceratios of

the positive wells are shown in Fig. 4. Again, a biphasic distribution was

observed. In the experiment with the tumorcontaining a Gly12Asp mutation,

64% ofthe positive wells exhibited RED/GREENratios in excess of 3.0 while

the other 36% ofthe positive wells exhibited ratios ranging from 0.8 to 1.1. In

the case of the tumor with the Gly13Asp mutation, 54% ofthe positive wells

exhibited RED/GREENratios >3.0 while the other positive wells yielded

ratios ranging from 0.9 to 1.1. The PCR products from 16 positive wells were

used as sequencing templates (Fig. 4). All the wells yielding a ratio in excess

of 3.0 were found to contain mutant c-Ki-Ras fragments of the expected

sequence, while WT sequence was found in the other PCR products. The

presence ofhomogeneous WTor mutant sequence confirmed that the

amplification products were usually derived from single template molecules.

Theratios ofWT to mutant PCR products determined from the Digital

Amplification assay wasalso consistent with the fraction ofmutant alleles

inferred from direct sequence analysis of genomic DNA from the two tumor

lines (Fig. 2).
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Digital Analysis ofDNA from stool. As a more practical example, we

analyzed the DNA from stool specimens from colorectal cancerpatients. A

representative result of such an experimentis illustrated in Fig. 5. From

previous analyses ofstool specimens from patients whose tumors contained

c-Ki-Ras gene mutations, we expected that 1% to 10% ofthe c-Ki-Ras genes

purified from stool would be mutant. Wetherefore set up a 384 well Digital

Amplification experiment. As positive controls, 48 of the wells contained 25

genome cquivalents ofDNA (defined in Materials and Methods) from normal

cells. Another 48 wells served as negative controls (no DNA template added).

The other 288 wells contained an appropriate dilution of stool DNA.

MB-REDfluorescence indicated that 102 of these 288 experimental wells

contained PCR products (mean +/- s.d. of47,000 +/- 18,000 SFU) while the

other 186 wells did not (2600 +/- 1500 SFU). The RED/GREEN ratios ofthe

102 positive wells suggested that five contained mutant c-Ki-Ras genes, with

ratios ranging from 2.1 to 5,1. The other 97 wells exhibited ratios ranging

from 0.7 to 1.2, identical to those observed in the positive control wells. To

determine the nature ofthe mutant c-Ki-Ras genesin the five positive wells

from stool, the PCR products were directly sequenced. The four wells

exhibiting RED/GREEN ratios in excess of 3.0 were completely composed of

mutant c-Ki-Ras sequence (Fig. 5B). The sequenceofthree of these PCR

products revealed Gly12Ala mutations (GGT to GCT at codon 12), while the

sequenceofthe fourth indicateda silent C to T transition at the third position

of codon 13. This transition presumably resulted from a PCRerror during the

first productive cycle of amplification from a WT template. The well with a

ratio of2.1 contained a ~1:1 mix of WT and Gly12Ala mutant sequences. Thus

3.9% (4/102) ofthe c-Ki-Rasalleles present in this stool sample contained a

Gly12Ala mutation. The mutant alleles in the stool presumably arose from the

colorectal cancer of the patient, as direct sequencing ofPCR products
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generated from DNAofthe cancerrevealed the identical Gly12Ala mutation

(not shown).
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CLAIMS

1. A method for detecting a cancer-associated mutant nucleic acid that is

present in a patient sample at a low levelrelative to a corresponding

wild-type nucleic acid, the method comprising:

diluting nucleic acids in a biological sample to form a set comprising a

plurality of assay samples;

amplifying the nucleic acids in the assay samples to form a population of

amplified molecules;

performing an assay on the amplified molecules in each assay sample to

determine whethera cancer-associated mutation is present in at least one of the

assay samples;

whereinthe step ofdiluting in performed until at least one-fiftieth of the

assay samplesin the set comprise a number(N) ofmolecules such that 1/N is

larger than a ratio of the mutant nucleic acid to the wild-type nucleic

acid required to detect the mutant nucleicacid if it is present in the assay

sample.

2. The method of claim 1 wherein the step of diluting is performed until

between 0.1 and 0.9 ofthe assay samples yield an amplification product

whensubjected to a polymerase chain reaction.

3. The method of claim 1 wherein the step of diluting is performed until

all of the assay samples yield an amplification product when subjected

to a polymerase chain reaction and each assay sample contains less than

10 nucleic acid template molecules containing a reference genetic

sequence.

4. The method of claim | whereinthe step of diluting is performed until

all of the assay samples yield an amplification product when subjected

to a polymerase chain reaction and each assay sample contains less than
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10.

11.

12.

13.

15.

16.

Page 434 of 1224

100 nucleic acid template molecules containing a reference genetic

sequence.

The methodof claim | wherein the biological sampleis cell-free.

The method of claim 1 wherein the numberof assay samples within

the set is greater than 10.

The methodof claim 1 wherein the numberof assay samples within

the set is greater than 50.

The method of claim 1 wherein the numberof assay samples within

the set is greater than 100.

The method of claim 1 wherein the number of assay samples within

the set is greater than 500.

The method of claim 1 wherein the numberof assay samples within the

set is greater than 1000.

The methodofclaim 1 wherein the step of amplifying and the step of

analyzing are performed on assay samples in the same receptacle.

The method of claim 1 wherein a molecular beacon probe is used in the

step of analyzing, wherein a molecular beacon probeis an

oligonucleotide with a stem-loop structure having a photoluminescent

dye at one ofthe 5' or 3' ends and a quenching agentat the opposite 5'

or 3' end.

The method of claim 1 wherein the step of analyzing employs gel

electrophoresis.

. The method of claim 1 wherein the step of analyzing employs

hybridization to at least one nucleic acid probe.

The method of claim 1 whereinthe step of analyzing employs

hybridization to at least two nucleic acid probe.

The method of claim 12 wherein two molecular beacon probes are

used, each having a different photoluminescent dye.
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17.

18.

19,

20.

21.

22,

23.

24.

25,

26.

27,

28,

29.
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The method of claim 12 wherein the molecular beacon probe detects a

wild-type nucleic acid better than a mutant nucleic acid.

The method of claim | wherein the step of amplifying employs a single

pair of primers.

The method of claim 1 wherein the step of amplifying employs a

polymerase whichis activated only after heating.

. The method of claim 1 wherein the step of amplifying employsat

least 40 cycles of heating and cooling.

The method of claim 1 wherein the step of amplifying employsatleast

50 cycles of heating and cooling.

The method of claim 1 whercin the step of amplifying employsat least

60 cycles of heating and cooling.

The method of claim 1 wherein the biological sample is selected from

the group consisting of stool, blood, and lymph nodes.

The method of claim 1 wherein the biological sample is blood or bone

matrow of a leukemia or lymphomapatient who has received anti-

cancer therapy. .
The method of claim 1 wherein the mutant nucleic acid is a

translocatedallele

The method of claim 1 wherein the mutant nucleic acid is within an

amplicon which is amplified during neoplastic development.

The method of claim 1 wherein the mutant nucleic acid is a rare exon

sequence

The method of claim | wherein the nucleic acids being analyzed

comprise cDNA of RNAtranscripts.

A method for determiningthe ratio of a selected genetic sequence in a

population of genetic sequences from a blood sample, comprising the

stepsof:

diluting nucleic acid template molecules from a blood sample to form
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a set comprising a plurality of assay samples;

amplifying the template molecules within the assay samples to form a

population of amplified moleculesin the assay samples ofthe set,

analyzing the amplified molecules in the assay samples ofthe set to

determinea first number of assay samples which contain the selected genetic

sequence and a second numberofassay samples which contain a reference

genetic sequence;

comparingthefirst numberto the second numberto ascertain a ratio

whichreflects the composition of the blood sample.

30.

31.

32.

33.

34.

35.
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The method of claim 29 wherein the step of amplifying employsreal-

time polymerase chain reactions.

The method of claim 30 wherein the real-time polymerase chain

reactions comprise a dual-labeled fluorogenic probe.

The method of claim 29 further comprising the step of:

identifying an allelic imbalance based on the ratio ascertained.

The method of claim 29 wherein the selected genetic sequences and the

reference genetic sequence are non-polymorphic markers.

The method of claim 29 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.

A method for determining the ratio of a selected nen-polymorphic

marker in a population of genetic sequences in a biological sample,

comprising the steps of:

diluting nucleic acid template molecules in a biological sample to form

26  



Page 437 of 1224

a set comprising a plurality of assay samples;

amplifying the template molecules within the assay samples to form a

population of amplified molecules in the assay samplesoftheset;

analyzing the amplified molecules in the assay samples ofthe set to

determinea first number of assay samples which contain the selected non-

polymorphic marker and a second numberof assay samples which contain a

reference non-polymorphic marker, wherein the selected and reference

non-polymorphic markersare on distinct chromosomes;

comparing the first number to the second numberto ascertain a ratio

whichreflects the composition of the biological sample; and

identifying an allelic imbalance based ontheratio ascertained.

36. The method of claim 35 wherein the biological sample is a blood

sample.

37. The method of claim 35 wherein the step of amplifying employsreal-

time polymerase chain reactions.

38. The method of claim 37 wherein the real-time polymerase chain

reactions comprise a dual-labeled fluorogenic probe.

39. A method for determining the ratio of a selected genetic sequence in a

population of genetic sequences from a blood sample, comprising the

steps of:

amplifying template molecules within a set comprising a plurality of

assay samples to form a population of amplified molecules in each ofthe assay

samples ofthe set, wherein the template molecules are obtained from a blood

sample;
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analyzing the amplified moleculesin the assay samples of the set to

determine a first number of assay samples which contain the selected genetic

sequence and a second numberofassay samples which contain a reference

genetic sequence, wherein at least one-fiftieth of the assay samples in the set

comprise a number(N) of molecules suchthat 1/N is larger than the ratio of

selected genetic sequencesto total genetic sequences required to determine the

presenceofthe selected genetic sequence;

comparingthefirst numberto the second numberto ascertain a ratio

whichreflects the composition of the blood sample.

40.

41.

42.

43.

44.

45.
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The method of claim 39 wherein the step of amplifying employs real-

time polymerase chain reactions.

The method of claim 40 wherein the real-time polymerase chain

reactions comprise a dual-labeled fluorogenic probe.

The methodofclaim 39 further comprising the step of:

identifying an allelic imbalance based on theratio ascertained.

The method of claim 39 wherein the selected genetic sequences and the

reference genetic sequence are non-polymorphic markers.

The methodofclaim 39 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.

A methodfor determining the ratio of a selected non-polymorphic

markerin a population of non-polymorphic markers from a

biological sample, comprising the steps of:

amplifying template molecules within a set comprising a plurality of
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assay samples to form a population of amplified molecules in each of the assay

samples ofthe set , wherein the template molecules are obtained from a

biological sample;

analyzing the amplified molecules in the assay samples ofthe set to

determinea first number of assay samples which contain the selected non-

polymorphic marker and a second numberof assay samples which contain a

reference non-polymorphic marker, wherein at least one-fiftieth of the assay

samples in the set comprise a number(N) ofmolecules suchthat 1/N is larger

than the ratio of selected non-polymorphic markerto total non-polymorphic

markers required to determine the presence of the selected non-polymorphic

marker, wherein the selected genetic sequence and the reference genetic

sequence are on distinct chromosomes;

comparing thefirst number to the second numberto ascertain a ratio

whichreflects the composition of the biological sample; and

identifying an allelicimbalance based on the ratio ascertained.

46. The methodof claim 45 wherein the step of amplifying employsreal-

time polymerase chain reactions.

47, The method of claim 46 wherein the real-time polymerase chain

reactions comprise a dual-labeled fluorogenic probe.

48. The method of claim 45 wherein the biological sample is from blood.
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DIGITAL AMPLIFICATION

ABSTRACT

Theidentification ofpre-defined mutations expected to be present in a

minorfraction ofa cell population is important for a variety ofbasic research

and clinical applications. The exponential, analog nature of the polymerase

chain reactionis transformed into a linear, digital signal suitable for this

purpose. Single molecules can be isolated by dilution and individually

amplified; each product is then separately analyzed for the presence of

pre-defined mutations. The process provides a reliable and quantitative

measure ofthe proportion ofvariant sequences within a DNA sample.
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Tracing B cell development in human germinal centres
by molecular analysis of single cells picked frorn
histological sections

Ralf KGppers’, Min Zhao®,
Martin-L.Hansmann® and Kinus Rajewsky

inatinne far Gerietes, University of Cologne, Weyertal 121,
T5093) Cologne and “Patholugisches Instat, University of Clogs,
Jone?Stelemannatensse 9, DA24 Cologne, Germany

Commmunicaial by KRanewsky

‘Correspending author

Germinal centres are areas of intense B lymphocyte
proliferation inside primary B cell follicles in apicen and
lymph nodes. Rearranged VY genes from single human
B gels, isolated from histalogical sections of twa such
structures by micromasipulation, ware amplified and
sequertoed,, (Celly fromihe llicular auastle were chinally
diverse andl largely expressed germline V genes. Germinal
centres were dominated by a few large B cell clones
dispersed throughout these structures ami exhibiting
intraclonal diversity by ageing somutict hypenmutation.
Pronaunced counterselection of repiscement mutations
seen in anc.of the germinal centres may indicafe a iete
phase of the germing! centre reaction. A polyclonal
population of activeted B cells expressing unguitated
antibodies in the dark zone of the other germinal centre
may represent the initial Rmowier cells.
Key words: B cell development/gsrnminal centre/soratic
hypermunation’V gene rearrangement/single cell POR

Intraduation

Germinal centres. are histologically defined structures in
peripheral lymphoid organs. They mpresent accunmlations
of predominantly proliferating B fymphocytes and are
surrounded by2 mantle zone ofphenonynically distinct cmall
resting B cells (reviewedin Kroese er al, 19th. Liv er al,
1992). On the basis ofhistological ataining reactions germinal
centres can he subdivided ito a darkzone with rapidly
dividing B cell blasts (ceontroblasts) and a figh zone of nore
dividing B cells (centrocytes). Experiments in mice and nats
show an oligocional development of germinal centres with
one.t0 six founder B cells (Rrocseet af, 1087; Incab ef afl,
199th: Liu er af,iia}. Other components of the germinalcentres are T helper cells, fyiicndar dendritic cellsEDC)
and mucrophages (reviewed hy Kroese ef al, 1990),

Germinal centres arise after antigenic stimulation in Tcell
dependent immune reeponses and it hag long been suspected
that they may he the sites where affieltymaturation of
antibodies and the generation of memory 8 cells takesplace
isos MacLennan and Gray, 1986). Somatic mutationis the
hatimark af affinky maturation amd the generation af B cell
memory, a process hy which rearrranged antibody variable
V3 tegign genes ate modified t6 give Ose 1) mutant
antibodies which ar: sclacted for bindingof the inmmmnizing
antigen with higher affinity Greviewed by Kooks and

& aac¢eeey Press

Rajewsky, 1989). The analysis af splenic gerroinal centre
B cells from: immunized mice has indeed shows thatint the

courseofthe response these cells not only carry an increasing
load of somatic point mutations in rearranged V region genes
(Berek e¢ af. 19013, but also that the process of somatic
hypermiutation is ongoing within the gerniinal centre (Gasob
etal, 1991a). This drongly supports the concept thar B cells
expressing high affinky mutant antibodies arise in the
soutse of clonal proliferation in dhe germinal oonere
microsmdronment to become long-lived memory cells, The
proliferation Kinetics of memory B cells generated unos
immunization is consistent with this view (Schitick and
Rajewshy, 1990).

The efficiency by which rare high affinity simadc variants
are selected at the expense of all other mutants already at
early Umne pointe of the response (Berek er ad, , 1991; Weiss
etal, $992) sugpests diat these B oells ave not only generated
but also aelecied within the germinal centre. B celle which
trough mutations eher have lost the ability to: produce
functions] antibodies or whose antibodies have Jog the

capachy to bind antigen appear to die by apontogs and to
be taken up by macrophages (Liu etal. 1989).

‘The antigen-mediated signal which rescues perouinal centre
B cells fran: apoptosis is nat Aly understoad, but appears
to involve aurlace receptors other than the mmmanaglobulin
receptor complex. Isolated germisial centre B cells undergo.
rapid apoptosis in Gssuc culture. However, in the presence
ofCD23 ithe low affinity receptor fir IgE) and interlouhin
lod antibodies ageinar the B cell antigen CD40 and aufaos
ammmunogiobulln, they survive and differentiate inte

plasrnablasts or anal, resting Guemory?} B cells,
respectively (Lin ef a., 1989, [9@1b). Thie may indicate
that different ligands ative germinal centre B cells inas
different differentiation pathways, namely cither plasma cell
or memory cell pensmtion. That germinal conte B cells can
indeed: differentiate in either direction is aupported by
evidence from ia wo experiments (Coioe et ad , 1983; Tew
at al, 1992).

interestingly, a subpopulation of FDC in the Hight zone
of the germinal centreexpresses (D235 Gohnsont av al, 1980;
Lia @ al, 1992), and. recent experiments suggest that a
COM0-mediatsd signal is trvolved in ihe intersection henween
T helper cells which are mainly found in the light zone (Stein
eal, 1980}, and B cells ig human germinal centres
(Lederman er af. , 1992}, Therefore, the selection processes
mediated by interaction of B cells wah FINT and T cells may
he compartmentalized within the germinal centre.

In colishoration with G.Nelsee’s group we have recently
mitaied an appraach by whick B cell duferentiation is
assessed at. the molecular level vithin the histalogical
structures in which the cells reside. For this purpose we
isolated B cell populations from individual germinal centres
by adcramanipdlation from histological séctians afmouse
spleen, and sequenund rearranged V region genes amplified
from those cells by the polymerase chain reaction (PCR)

4055
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A. Riingers. ot of,

Gacdb eral, 199la) This allows the identification. of
clonally related rearrangements, because each rearrangement
ig commen to and unique for all cell members of a given
B eell clone. On the basis of shared and aniqne point
mutations in the sequences, clonal genoalogies can then be
established (MeKean sf af., 1984), However, the apgroach
was limited in drat 4 selected setaf ¥ genes was amplified
and cell populations instead of single cells were analysed.
Only the latter would allowthe assignment of nore than one
YW gene rearrangement (eg. both Ho and © chain gene
rearrangements) and thas a given antibady. binding site ty
a Riven cell. Furthermore, the analysis of single cells @
required for the formal demonstration that the clonally related
but distinct V region sequences which can be isolated from
germinal centres (lacob ef al., 199 Tay indeed originate fram
separate colls and thus reflect somatic hypormutation in the
course of clogal expansion. Most imourtaraly, however, the
assignment.of individual sequences 6 indivinal calls picked
fram the variaus histologically distincl areas of the germinal
contre would allow the determination of the extent and the

tining of clonal expansion within this structure and whether
clonal expansion, intraclonal diversification and cellular
selection are compartmentalized. We have therefore extended
our previors apprcach to the analysis of Hand L chain ¥
region gene rearrangements in individual cells picked fram
various positions in histological sections of human germinal
centres. Phe homes system was chagen because hamnan
gerpiinal centres are particularly well structured
histnlogically and it also seemed important to demonstrate
that somatic ypermutation takes place in germinal centres
of the hurvien as i does. in. the mouse.

Results

PGR analysis of single micromaninuleted cells and
thelr Hefolagical origi
Frozen sections (8-10 pr thick} derived from human iyraph
mxies were Stained Gee below) and single cells were
micromanipulaied with the help of twe bhydraalic
micromanipulatirs. Rearraneed Vi and V, region genes
from individual cella were amplified In a semi-nested POR
approach using ¥ gone. family specific primers, and the
amplification products (defined as bamds af ~ 350 bp in
jength visible on an ethidium bromide stained agarose gel}
were directly sequenced as described in Materials and
methods. By direct sequencing of PCR products from both
Strands somatic mutations can be clearly identified as
ausincorpration of nucledtides by Tag polymerase is
neglivible (McHeyzer-Willams er af. 189).

& double blind control experiment perfomied with

micromanipulated mantic zone celle (> 90% of which are
§ oils) and To oclls isec Materials and methods)
demonatrated the efficiency and rellability of che method,
33 PCR proxhicts representing rearranyed Vo region genes
(12 Veal and 13 VJ, rearrangements) were obtained
from 22 8 pels. At first glonce, this is less than what one
might sxpect, In the case of heavy chains, for oxarnple, all
cells should harbour an in-lrane rearransemnen and about
one-third should have an additional son-Rinctional Vedi
rearrangement (Yanda e¢ af., 1991). However, there are
many reasons why the yield of PCR bands must be
significantly below LOXKS., including the fact that many cells
im Uke section lack part of ther nucleus Gee Discussion}
Only nwo V region genes were amplified from 19 T cells.
These two products could be due to cellular or other
contamination, or represent true immiunogighulin V¥ gene
rearrangements in T cells, alhough so far only Digiy crose-
Hneage rearrangements have been described for these cells
fWaldmann, 1987). Nonetheless, ihe PCR spproach chosen
appears feasible from a technical point of view as-t allows
the characterization of V gene rearrangements ina large
fraction of B cells aba high level of confidence in terms of
the assignmont of a given rearrangement ia a given cell,

Fragen sections of pve germinal centres derived from
human bymph nodes (C7and GCS; Firures fs and 2a) were
Hained with the BST anubedy which can be used fo
disoriminate between dark and light zones of the germinal
cetire since Hakchisively slats calls In oycle (Gerdes ef al,
1984), Therefore, most of the cells in the dark gone are
stained by this antibody whereas the majority of the cells
in the light uone are KANG7". Thelater ic also true forthe
mantic zone surrounding the GC. Cells from dark, Haht and
mantle zones were isolated for analysic. A total of 157 cells
were analysed by PCR amplification,derived from GC
and-07 from (03 (Table 2). The efficiency of amplification,
defined ag the percentage af cells with at least one PCR
product, was different for cells from different regions of the
GC, ranging from 35% for raantie zone cells to 24% for
centrobiaats of GCS (Peble T see Discussion}. Sequences
were determined for 58 PCR products (Table J). Counting
dlondly related sequences aniy once, 13 of Xb Veils
saduences represented in-frame rearrangements wherees onby
lf of 20 Vid. rearrangements were in-drame. In the case
ofthe heavy chain genes, the observed frequency of in-frame
Vagbaly rearrangements (759) ls close to values obtained
by offers for murine B cells and human peripheral bleod
B cells (Alt e af., 1984; Yamada ef al., 1900. The higher
fraction of onbof-frame rearrangernents among the V,
sequences is expected considering that 30~40% of human
B cells express & light chains with most of these cells

 
oC Region Ma, of cells Mex, afcells

analysand FRNEive

2 manic cone 2? is
dark gone x6 i

Hght conc at ¥
3 thanths zone i a

dark zone 2s &

Heht sane 33 10

 

  & Sumber of f ashe

posidve BOR bands seynenced

35 a 2
8& 22 ES)
a4 iS i
3 ¥ 3
at 7 7
ce) Re a

The suniber of positive oclis indicates the sumber of cells with at towt one RCR product for the Vy or V, gise aenplification.
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harbotring ane ornwo non-functional VJ, rearrangements
eGraninger ef al. 1988).

Micromanipulated cells were named as follows: a muniber
iZ.ar 3) indicating the germinal centres from which the cell
originates is. followed by one or two letters describing the
histological arigin (Mb mantle zone, Ki-G77: ME: mantic
zone, RMGT*; ©, Reé?ts Li Hehe zone,
Ris777-2: Light zone, Bi-677*3 and a number indicating the¥

   

 

 
Wig. k. Histology ef germinal center: 2. (ay Proven sectian of an in
germinal centre (G08) in the wenire, The docations af the cells for sw

8 call develogment in human geminal canines

numerical order of picking. A V gene rearrangement is
 descrihed by the designation of the cell fram which &

originates, followed by "HY" or °K" to indicate heavy or x
light chain, respectively, and the number of the V gene
family.

 

Mantle zone B seks

VY pene rearrangements ‘fron a total of [0 -manile zone 5
cells were analysed by sequencing, seven from GCS and
three fram CHS (Pures | and 2 and Table I. Three of

 
 nal Tyraph node stained With antibody KiNG) (red and hacrmatonylin with &

hich sequence dais wer obtained anc sh an, The picture was taken after 
micromanipulation of calls 2Mand 2M. Therefor, tor these cells an aaipty spot in seen. (8) Diageammanic aguresentation of GC2 indicating the
disesitution of the cells for which sequence infermation on Rearranged Voregion’ genes was dbiained. Clonally telated cols are marked with che same
closed. syerbol Ga clecle for clone | wand a aquan: fir clone 3) see Taide W)-and clonally uselaiad cells wath an open cinle. Cell numbers appear
went to she cells.
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RRuppecs af al.

 
vegeee

 
 

Rig. 2. Hbeolagy of germinal centre %. (9) Froxen section af a onrvical igmiph node stained with andbody KEG? trod) and heematnylin, wih 2
geminal centre in the ceates. The locations of the celts for which sequence data ware obtained act shows. The pietins wee aie. befor
micromanipalation, ib) Diagratamatic represeniaiinn af O02 badicating the dietriborion of the cells for which sequence kulbrnation on marranged V
region genes was obtained. Chanaliy related ovlis are marked with the anne closed ayental fe square for-clone i, a cide dor-clone 2 and a diamond
toe clone 3: see Tatde DV} and cells far which no clonal relationship a avidaat (although ome or the udher of these cells—with dhe enception of
aLmight belong ta dom: Foor 2 forawiich only a fmctional Vp, marmegoment was ohtaiaal} wath an oon cle. Cell murters appear next to
the ells,

these cells QMR2. 2MR4 and 2MRG} were KGT? and
therefore belong te the very small fraction of praliferating
cells Inthe mantle zone. V zenes fram different Vy and V,
farniliss were found to berearranged in the mantle cone cells.
Of the if Vo genes sequenced, nine are anmetited by
comparison with published germline genes and—in one
caso—whh an expressed Vy gene (VE-WID, 2MR6R4
shows one nucleotide difference from the published V4
germline gene whereas SJMIQKS hue five nucleothle
differences from the V3 pene AZ? (Table I. These
differences could be duc t polymorphism, somatic mutation
ar fo the expression ofa previously undescribed V3 gene

Ag9g470 of 1224

in the case of SRILOKS. Clonally eelatedd cells could not be
identified ia the raanle zone of cider germinal cence.

Gennn centre 2. detvad from an inguina iymph
node of a & veer old child
Sequence data wens olnaiond! for 28 VY gene rearrangements
from a total of 20 cells (Pimure | and Table Mp. is
aaquences originated front 12 dark zone B cells. Six ¥ regicie
genes of those oplls use unnigiated gene segments. and four
further sequences have only two nucleotide differences
relative to published gerintine genes. (Table 11D. The
yemaining four Viel mearrangwements QDUH4, FOLOMS,
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Celt ¥. pen Gernline Mage pairs tn-trame? Ref,
family Bere difference

2M2 V4 YRCRES g *
aM? YRa VES o ~
aMi3 ¥RI AS i +
ohMid VS VRIES i +
ature ViEi Qs a “~
SMIRA VE a7 g +
ZMRG ¥HE VHS y ~

VRA VES i
3Mé6 ¥RI La % _
Sh? VES Ad ®
Shi VES AZ

Vie siquences are compared with those of the axat homologous known geraldine gene, Infrae roarraagemienis a marked by °+", gerifinctional
jouotdramney ones by '-*. References far pommling genes: fb: Pram ep ah (IDOE 2: Riobeck ef al (29843: Steauhinger et af GG88; ds Seumr
ep ah {P90be S (VROO5h Radous eral (}088h 6 Chen (ISS7 (Var Pech eval (LOR)
Sh dhs case the Vy sequence is compared with dat of a vencvranged Vy4 pene

ebOaPeeeESNPoe
bot ae Laettt

+

 

Tate HE V vegion sequence analysis of gecminal cenures cells derived from GC2 

Calf gone Gernliny Bare pairs Chang le-fragtie? Ref.
family gene difference

Dack come
203 Vis VEAP 3 + q
207 ¥VHG DPSS 2 + =
SRS YR2 AV? i ~ 3
208 VRa Vie a ‘ a

¥EQ AQ? z + 3
20a Vind VHA Ww + 4
ait Vie VAR iS + 4
ARTS YR VEU 38 2 + a
2024 ¥iS4 VS4 Lt 6
205 VES VES ~ o
20a VES VRS o 2 7 8
2Og ¥HS VSR} 2 - 4

¥Re AS
2021 ¥RA Lé wsoot on + COwd

202 VHS VSL} i i ~ a
VHR VE + ba
VRE AS + 7

207 VHS VELL
VES £8

2h4 VHO VH26
aLd3 ¥H3 VHA6
ahd ¥H4 VRGWiE
2L26 VHE YH

VERI Lg
are? Wid SHALL

YRL Le
Ra VE4

She ¥R3 Fes)

toa

heRe
end ofEeeeReBRfatOoBs

ber
fot en.

4. BODFeeENCe
esTAREG a

ee ot

Cells Sadanging to ose lof the no clones anc indicsted. The sequences ans compared with those of the most homologeus germline genes. “+ means
in-frame, "<" 2 noe-fusictions! (om-ofinene) rearrangement. Refereness: for germline genes: bh: Pest seal (GGb) 2: Tordinain a al S82y &
Laumer-Rieske ef ai (1960) do Rang at al (GEG, SAVER Radoux fal (198K fo Rinbeck er of (98S; 7: Soranbinger ef al (1988): 8 (Ve).
Pech and Sachs (Rh: 8: Chenai CPARR: 16 O¥ep Book enal, (POR),
in thik case the Vp xequenos is compansd with 4 rearranged Vud gone.

 

  
 

2D 12HS and 2D1ISHAy have $--18 base pair differences be. determined as there is conshlerable polymorphismin ihe
from their clasest geroline homalugue, Whether anyor all Vet family, and a is not known whether all members of
ofthese four Vigd sequences are somatically mutated cannot thisfamily have yet been cloned (Weng ef af , 1992). Within
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R.RGppers ef al,
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Fig. 3, Sequence. analysis of clonally rolsiad Vg. marrngemmnts. Dashes indicate sequence identity. Cadons are numbered according to Kabat ef al,

tP987), Comeplerwnatarty determining regions UOURs} 1-TR ave marched. dg} The sequesce of dhe hypothetios! atermadiam DXHS of cells 202. SL4Sgad 214 Figare } is carapaed with that.of the mst homologous V¥y3 genulins gene VH2O. (Chen, (O00), the Dy, gens DM? debthars ofall,
188), the DIRT geneesfihsra era, PR} and the ly4 germline gone (Raverchetal, 881), Qh) Saguigree compariser offis hypaihkencs!
intermediate byhe peneadagical wes of the Vyeb marragement of celiy 213, 2126 and LIT QRRA, see Birure $b). ‘Theseqnince is comparcdwith thet of the V4 gernding gene VHall (Sanz of al, 1990), the DI Dy gone Siebentist etal, 1981) and the Jud gene (Raveickh ef al, 1982)
ie} Sequence afalysis of the hypothetical intermediate (355,. see Figore 43 dev the genesiogiow! tree ofthe Vyreerrarigement of cells 3DS, 37,
3LY3 and GLa8. The sequeme jx compared with that of the VHI-8 V3 germline gene OVinWer eral, $902} the: PAROS segment eee ata,ISS) and the JG germline gene (Ravexch at al, TSS. ah Smigeance analysis of the bypotherical intermediate S¥RS. Gee Pgue & heponesogical inte of dhe Wy) vearangements of calls 31, SOS and FLT. Thesequence is cumpasal wah that of the VHEG Vy monies pene
(Chen, 1990) the 2 Dy gene Gicbontist ey al, PIR wad the dy germline gon(Ravetch et af 198) 8 indicates the begining and-end of the
deletion in SBISHS. A comesequence aadffound near nonSomologous mcombiaation Breslpolnta (Chou and Morrison, 1993) is undextimad,
The actesshan numbers Yor the sequences reported hare have been deposited inthe BMRBdata Hhrary onder acocssion numbers. NTSIGG-K?73243,

 

 

   

 

the dark zone no clonally related sequences were identified, Prom the ght gone of GCL. sight Vip and six Vy

bat three of the [2 cells turned ont tobe clonally related rearrangements fram eight individnal ee were sequencedwo cells an the light goce {see below): (Table TD. Five of these ovils (201, 207, FL4, PLES and
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Pip. 4. Growalogical. rows explaining the relationship between clonally
yelated sequences. 2SH2, 2SHA, INH, JYHO and Y represent
hypothetical intermediates. Goguence campansans bowed the
intwemodisiss 2XHG, 2X4, SKN3, IVHS and genniine Vig. Dy an
dq genes-are shown.in Figure 3. Nanters along the branches indicate
the amine acki number where the mutationy are found. (ah Campansen
of 20083, 2LAH3 aud DEEoh) compacisan of ZDTSN4. 2L26HS
weet 2U27R4; i) conmaisod of ROGN9, SDH, SLES? aad
ALSSHS) Gy comparison of SDISHS, SONS sad SLITHR:

 

  

 

21.28) and one of the oclls fromthe dark sone (E227) belong
th one Boost] clone (Table I, clone 3. This clone is
characterlaed by an in-franie vearrangement of a V_3
family gehe and an out-of-frame Vo4 rearrangement. Two
different V, rearrangements were otaained for this clans of
eels, both of which are neframe. Two ofthe diree in-frame
Viyi rearrangernents LARS and PLLIN3) are identical in
sequence and differ from 2C1TH3 by nine pobut mutations
{Figures 3a and 4a), The. sequences are most homolagous
to the germline gene VA26 with eight and.11 mutations for
SCUMS and 2@LAHS/2LISH3, respectively. Ce the
assumption thet VH26 je the V3 gene originally used in
the V,,rearrangement of this clone a geneslogival tree can
be drawn up for the V_s rearrangements to explain the
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oOserved mutations inf 8 stepwise manner (Figure da; in dvs
ant the other B cell clones identified the data on x chain

gene rearrangements were insufficient is desize meanaghd
genealogical trees, however,thers was-no contradiction to
the genealogical meee based an heavy chain Vo region
sequences as depicted in Figure 4). The outot-irame Vid
rearrangementsof cells 2C i and 2C7 differ fron each other
by owo nacieondes in the complementarity determining
region (COR) T isee Materials and methods for mutations
of clanally related sequences not shown in Figares 3-3).

An indrame V3 rearrangement was obtained for three
eels, 2C7, ZD21 and ILZ8. Two of these, 2CYES and
42L28%3, are adentical and differ by only one muclectide from
2021R3 and by tvo nucleotides from the V3 germline
gene LG met shown) A second -V,. rearrangement was
anylified from 2C1, which harbours a V2 gene
rearranged in-frame m Jo (net shown) The amplificatina
of two neframe V, rearrangements for this clans (AC IK2,
2CTRA, Table BU}, whick seems to contradict the principle
of allelic exclusion, could be explained by two consecutive
rearrarigemenis on one alice [Hirse LG a: 3,2 by deletion,
then AS te J2 by inversion; see Lantner-Rieske ey al
(i903) and Pargent eral ClYOTH as has been described
eavier (Haber eral, 1993). This would leave the first
rearrangement in the opposite transcriptional orientation cn
the chromosome. Ongoing V, rearrangement has recently
also heen shown in murine B osils (Harada and Yamagishi,
1991). This process might allow autoreactive B cells to revise
the specificity of their antigen receptor and thereby escape
deletion (receptor editing: Tiegs e¢ al, 1995).

The two centroblasts 2DET and 2DIR and the pro

cererocytes 2U26 and 2L27 represent a second clone of B
eclis in OC? (Table TH, clone 2). The sequences of an In-
frante VA rearrangernent-~amplifiad from 2D 1S, FL26 and
2L27—differ from-cach other by 5—7 bp and from the most
homoldgaus known V4 germline gene (VHALD be 16-18
np (Pigures 3b and 46). A hypothetinal genealogical tree of
the three Vy. sequences is shown in Figure 4b. In addition,
the cline is characterized by an in-frarne V_i-and an aut
obframe V4 rearrangement. The V1 rearrangernents of
2£26 and 2127 differ trom each other by five mutations and
harbour If-and 15 bo differences, respectively, from the
¥,i gemmlnne gene LY (not shown), An unreutated V4
gene, rearranged out-olframe uJ2, was amplified from
ADLS and 2027 inst shown).

Taken together, the sequence analysis of Vy aad ¥,,
wwarrangzements amplified from cells of C2 shows 2
distinction between centroblasts. in the dark zone. and

cemrocyies in. the Eght zone (Figure Is}, Whereas V gene
sequences of most centroblasts show Unie ar no somatic
mutation and mast of the cells are clonally unrelated to ather
B celis inthe germinal centre, seven ofeight light zone calls
for which sequences were obtained belong to exber of pea
Boosfl clones whose members appear to be intermingled in
the light zone area. Qagoing somadic mutation ia the course
of clonal growth is evident heoguse of sequence differences
between clonaily related. rearrangements.

Germinal centre 3, desived from 9 cervical Aemph
fede of a 23 year okf adult
Tnthe case of G03, sequence data were obtabied for seven
centroblasts frorn the dark zone and 1) centrocytes fram the
Hight gone (Figure 2. andTable PV}, Thirtesn ofthese 1f oslis
could bé assigned to sither of three different 8 call clanes.
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‘Fable FY. V oggion sequence analysia of germinal centre cells derived fram OCS

Celt ¥ gene Gennline Bass. pairs Clone in-frame? Ref.
farnily gene® difhrence

RH VRS VH26 18. i + I
SDS ¥HS VHA a 2 * 2

Spe VHB ¥RS-8 8 2 + 2
3BHS VEG VHR6 39 3 ~ i
aENSA VRB SLMS 18 3 + a
326 VR3 BLAIR ¥O 3 + ®
333 VRS SL20RS if 3 $ ®

Light sens
38 VHG GPS} 8 ~ 3
SLAs YRI 3 3 ~
SLI VHS VHY8 18 2 $ 2
SLA? VES WHO 8 1 + i
3E9 VHB vP } + 4
aL VER SEH SARI 10 + 8
SEAL ¥RI Deis 18 3 ¥ 3

Vat a -
VES SL2OR3 i + *

3E33 VES VRS f} = a
F348 VK SERS BB 3 Re a
SLAG RB VHS8 20 2 + 2  

Pho: segprenoss are conapand with Ehose af the

eta (9023
*The VER SoQuenes af SDISA, 3D26, 3D39
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Big. 3. Sequence analyig ofthe non-functional Val rearmngeinnat of odin LO) ami L400, Dashes indicate: sequence identity. Amina acidsumbering ig avcoriing te Eiht ey af (P87). Sequences are compared with thos of ihe LRAS Vy gene (Rasvex etal, 1987) the LT Vpi gene
URipps and Duffy, TOOL) and the DIR2 gene {fekihan wt a, .berakpoints (Choaad Morrsen, 15) is andertined

One clone, represented by cells 3D5., §D7, 3L33 and SE36
iTable T¥, clone. 2}, ig: characterized by an ig-frame
rearrangement of a Vos family gene with G1% homology
to the Va3 perniline gene VHS (Figures Se and 4c}, The
four rearrangements differ from each ather by 2~- 11 point
mutations, On the assumption that VH3-9 is the wermiine
gene originally used for this roacrangement a genealogical
tree can be drawn fo explain the relatinnshin between the

four sequences (Figure ¢},
A. send B oell clone in GCS, defined bycells 361, 3D1S

and SLI?(Table TV, clone D, uses a V3 farnily gene with
highest homology t Vues (Pigures 3d and adj.The two
sequences af JDIHS ‘and SLIVHS represent in-frame
rearrangements, whereas the sequesce of 3D1SH3 shows
a 50 bp deletion of framework region (FR) H and part of
CDRIL In additionte the deletion thethese sequences differ
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3888), A common soguenice mont found mat aon-fSomohagnns ¥ mabination

from each other by $--13 point mutations. The
coresponding geasalogical fee is shown in. Figure 4d,

Sequences of six frther cells could be assigned to a third
Beell clone in GCS GDISA, 3026, D338, E41, SL3L and
SL34, Table IV, clone 3). The non-fanctkimal Val
rearrangements of SLi] and SL31 show several
abnormalities: fragments af ove Vp) family gene seemenis:
are rearranged io cach-other, theiret one being jedned at
arming acid pudition 42 tr positien 8 of the second one
(Figure 3}. Bath V gene segments show a deletion of }1
muvleotides at-cieend of PRI and the beginning of CDEL
The Romology to Vyl sequences ends at-position 55 in
CORE of the downstream Vig segment: Atthe 3° ead of the
sequence only a short atretch of eight nuclentides shows
homology t6 a Dyplike element COIRD, and. three
nucleotides 3! pfthe dy primer sequence are homologous
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to Jy germline sequences. Therefore, despite these:
abnormalities, the sequences showthe characteristic feabures
of Vybaly rearningements. The fier that the peo sequences
harbuur at least two mutations (Fisure 9} is an additional
indication that these unusual saqnences represent true
Vabedu rarrdngemems as. somatic bypermutation is
largely restricted to rearranged V genes (reviewed by Rodks
and. Rajewsky, 1989), Aberrant Vy-V_e genes have been
described before (Deane and Norton, 1990: Brukaw es ad...
1952) and, bterestingly, a recent report (Chow and Morrison,
{993} indicates that two specific tetranucleatide sequences,
which are alse found near the recombination sites in the

sequences shown bere, may be important ia fon-homologous
recombinations iyvolving fmmunoglohdin sequences
(Figure 3). However, dis alse possible that this unusual Vy
sequence did sot arise somatically ber represents a
nearrangerment of a pserdogene encoded in the germline,

Ax iframe ¥3 rearrangement waa anypiified for-cells
SDISA, 3036, 3033, 3L9) and 3134 (mat shown}, The
sequence OF JD33K3 shaws one point motétion relative to
the ather sequences which ate identical to each other.

For the Eght zone of O03 four additional sequences were
abtamed which could not be gasigned to any Boosh clone
(Table T¥), although three of them (the V_. rearrangements
of 3L2GR3 and SLA3K4 and the outvotframe Vy
rearrangement af SLURS) may well Belong fo oae cr the
other of the twa clones for which only an in-frame Vig
rearrangement was identified.

In surpraary, C3 is characterized by the proliferation of
three Bocelli clones which as in the case of GC2 grow in
an imtermingled {ashiand which are sublect @ ongoing
somatic hypermuistion (Figure 2b}. However, in contrast
to GC, all cells analysed from the dark gone of OCS. appear
io express mutated V region genes and belong to the three
B ooll clance which dormmuste both Heht and dark zones of
thig germinal centre,

Discussion

Rellehity and efficfency of single caf gane
ampivication
The main technical risk of the present.apgroach Hes in kts
exifeme sengitivity: since the arnplification products from
single-celis should trace back to single genes, ountantination
by a single target molecule would be auficient to give rise
te-3 false positive result. Contamination by single molecules
can never be faemaliy excluded. In addition, the amplification
reaction froma single. osll cannot be repeated, sc that atts
level the method lacks an imponant element of sclentific
suparimentation, namely reprodacibiiity, ft is the
reproducibility of the pattern of gene rearrangements on
which the present approach relies. Fortunately, in. the
analysis of rearranged V region genes contamination with
cloned DAA front previous experiments can umnally he casily
identified in that mogly such genes are wniqne in sequence
fora given B cell-clone. On the other hand, if the same
sequence was asnplified from owe ar more germinal centre
cells we cannot: Riemaliy rule out the paseibihty that: some
POR. products resule from cross-contaminatios. This couk!
he true, for esample, for dhe Gdentical) V3 sequences
which we obtained from: four cells ohGC3 GDISA, Aha},
3026 and SLM).
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Despite these problems, several lines of evklence mdicate
that the approach chosen im the present analysis yields a
rehahle picture of clonal diversification and oxpanaion of
8 cells in human germinal centres. G) in no case was the
same sequence dr pair of related segquenoes obtained for ocls
from two diflerent germinal centres although the cells were
amplified in parallel. (i) Adouble blind cantral experiment
3 which isolated Band T cells were analysed in parallel
yielded 25 amplification products from a total of 20 B cells,
but only feo such products. frore. 24 T cells (see Materials
and methods}. (a) The fact that a clear genealogy of somatic
mutations in clonully related celle was seen within germinal
cemntres can hardly be explained by crose-comamination of
samples,

ideally, we-shoulkd be able i amplify from each B cell
one (inframe) or pwo Vybaly and V_J, rearrangements,
respectively, The later would not secessarily be trae for
cells expressing A chain (40% of the B celle in the human),
but ever those catly mtain onc or fee Vd, jolie in thelr
genome (Graniniger e? al, 1988).

iris apparent from our results that eader the present
experimental conditions successhid amolifinatiions are much
leas Soquent than ideally expected. Even if the efficiency
of amplification ig expressed ag. the Requency of cells for
which at least onc V gene rearrangement could be amplified,
the efficiencies range from: 54% for mantle zone B cells to
28% for cells In the light gone. The fonmer value was
eurpriaingly constant in dhres experiments, namely: the
analysis of G2 and 3 and the double bund control
experiment. Icimay represent the upper limit of the ceanitivity
of the method whose Hortations are manifold: the cells are

misromanipulated from frozen sections with.a thickness of
about ane cell diameter, so that in moat cates part of the
mucieus is missing. The oligonucleotide primers may not
amplify all Vy and Vy rearrangements, heoause «lf either
the usage of hitherto unknown V genes Or somatic mutauons.
lneubation with proteinase A may not in every instance lead
to amplifiaile DNA is the absenoe of farther purification
Steps. Finally, since the sections were not stained wath a B
sel-specific antibody, some of the isalated cells could be
non-B, ag. Tells [~7S.in the mantle zone according to
Lusheng ep of C1983}.

That the amplification efficiencies in germinal centre cells
were lower than those in mantle zone celle (Table B could
again be merely duc to wchuical reasnns. Centroblacts are
larger than both mantle gone B celle and centrocytes.
Therefor, the Hkellihondof isolating the cative cell nucleus
is lower for centroblests than for the emailer onlis. In the

vase of the oontracytes of the Hehe zone the presence of a
ocunsiderable fraction of non-B oclls bes do be taken into

account (~ 14% T cells; Lusheny er af, 1983). However,
the low aunplification efficiency observed for cells in the light
sane af GC? and 3, and the dark zone of G03 (Table dD,
could also be explained by the ollgocionality and semane
hypermutaton of the B cells within diese stractares: the
ainplification efficiency must drop dramatically W the cells
af av entiee clone are refractory to V gene amplification,
ee Ho hecause of the particular V genes involved or the
ocenrrence of shared mutations at sites complementary fo
the orimers. fn addition, as discussed fiirther bslow, the
hypermutation process ag such mayneganvely affect the
amplification efficiencies. These paswhiliges haveto be taken

8863
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inte account when the clonal composition ofGCS and 3 ig
evaluated (see below}. In the worst (and unlikely} case, ihe

tras numiber of major clones. populating chose peracentres could be abont double thase ohservinl experimentally

Mantis. zone 8 cells express 8 diverse rapertoite of
uumuteted V raglen genes
The origin and function ofthe small, resting, IgM and IgD

expressing B cells in the traits zone have‘peat a mater
al reich debate (Kroese et af 1990). The mantle zonesurmpunds the germinal centtes sad correspomis to what te
called a primary Bo cell follicle when a germinal centre is
absent, Nine afthe {1 tearrangerments isolated from mantle
zone cella involve unmutated V region gencs.and this may
be true for the remaining ove alsa. In addition, there was
nv indication ofany clonal relationships between mantle zone
B celle or te cells in the adjacent germinal centre. These
resalts support the byoothesis that the mantle gone (and
therefore also primary B cell follicles) originates from and
represents the large pool af small recitoulating B cells is
ihe body whick ave excluded from the rapidly proliferating
oetls in the germinal centre (Liv er at. 1908) and, at least
at younz age, largely express germline enonded V regice
goes, In aanlogy to whal is seen In the mouse (Weiss and
Rajewsky, 1900) Ga ef af, 1991).

Patten of ongoing somatic hypennutaiion i
profferaiing gerninal centre calls
The present daa formally demonstrate that sonatic
hypermutation is ongoing in germinal centre B cells in the
course ofproliferation, in that V region sequences differing
hy ymitatinn were isolated from different members of
proliferating Boch clones in sine. Although the PCR products
were directly sequenced we never sawthe incorporation of
more than one base into a given position of dhe sequencing
vels. This argues apainat models of somatic hypermutation
which predict that a call undergoing bypermutation should
contain mltipls copies of a given rearranged ¥ gene which
differ fram each other by mutations (Manser, 1990; Sues,
1991). Even if mutations were introduced in the process of
DNA replinatinn, ie. the 8 phase af the cell cycle, we would
expect distinct copies of the mutating V gene in the cell in
Gs phase. Chir sequence data afe insufficient at this point
in exchide this later model, but the model could be directly
tested by isolating G) phase germinal centre B cells by flow
cyhmenry. and gublecting thent io single cell Vo gene
amplification. Other models af somatic hypermutation, on
the other hand, predict the resulta obtained in the present
analysis, such as the classical model of Brenner and Milstein
(1966), Which is based on errarirome repair of fesions
speaifically introduced into rearrranged V genes. Indeed, if
such a process occurs at high frequency in germinal centre
B cells, the efficiency of V pene amplification by PCR might
be negatively affected ae we have experimentally observed
isee above).

_ Phat somatic hypermutation can ocour at avery high rate
fon the order of one or-mere nintationg per cell division)
is again born cut by the present-resulie, in accordance with
earlier work in the mouse (see Rocks and Ralewsky, 1889;
Jacob ef af, 19918). In most cases, homolozous V gene
sequences isolated fromdifferent members of a B cell clone
expanding in the germinal centre differed from each other
by mation.
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The analysis of genomic rearranged V genes from singh
cells appears ideally sued to investigaie which types of
somatic station areintroduced nto diese pones. Horas net

auprising that we almost exchisively observed. point
muiations, in agreement whh earber data (Rocks and
Rajowsky, 1989}, An exception was a 50 be deletion in the
iframe VHS redarrangement af the centroblast SDS.
Beletions ofa fewbase pairs have been observed in the past
in the analysis oF somatic Rypermutanion sce Rocke axl
Rajewsky, 2989). Althoagh we cannot formally exchide 3
PCRartefact in the present case, we consider tt more likely
thal larger deletione are cecasionally introduced, but were

previously maisaad for technical reasons (6.g. feat in the
course of gel purification of cloasd PCR products abtained
from cell populations). Like in the case of the non-functional
Vel rearrangement of clone 3 in OCS (Figure 5) tetra-
wacisotide motifs offen found at sonshomologaus
reconibination brsakpoints are seen near the eft
recombination site (Figure 3d; Chou and Morrison, 1993}.
The 50bp deletion in contrablast 3D13 renders the in-frame
VE gene rearrangernent of this cell non-fanctional. Tb is
known from: earlier work chat sciatic mutants expressing
pos-functional antibodies or lacking antibeady expression
altogether are rapkily eliminatedfrom the eel population
(Weiss etal, 182). This is alsa evident from the
distribution of replacement and silent mutations in closes
Land 2 from OC3 where 2 sinking counterselection againat
replacement ptétions is observed (Table V},. Because of
such eoanterselection the hypermmtation mechaniany may
ntroxtuce deletions and other ‘lethal’ mutations auch as etop
codons more frequently dan the available data disciose.

In the bya B cell clones expandme in GC2 the
hypermutation mechanisnr appears to.operae with differnt
efficiency on different V gene rearrangements In the cells
of either clone: in both cases significanily fewer rautations
were sten in the rearranged V, than in the Vp genes
(Table TT and Figure da and b), a phenomenon which has
alsa been observed in the analysis of clonally related
hybridomas in the mouse (Clarke etal, 1000; Rickert and
Clarke, 1995). Perhans VY genes differ in hypothetical, cfs-
acting elements which target the hypermutation mechanism
to the appropriate locaon. However, the absence af somatic
hypermatation in a rearranged V, gene could also resale
from a secondary V, gene evarrangement which, Hu
involves. inversian, cout plane the initial V joint far away
from the €, locus (Weichold et af, 1900, Huber er al,
{992). Wark by Sharpe @ afl (1991) has shown that-as
enhancer alement downstream of (. ig essential dor fall
activation of the somatic Ayperniniation mechanism,

Clonal and intracional diversity. compartmantializatian
and dynamive of garminal centres
A largefractionof the cells in GC2 and 3 for which sequence
data were obtained could be assigned to twoor three major
Bo vell clones (Pigures Tb and 2h}. As pointed out above,

the true sumber of such mnajor cloies could he somewhat
highet, ep toa factor of2. This is in very good agreementwith earker work in rodents, in which germinal centres were
estimatedto originatefrom: one. ta <ix Boel! prenursars whose
progeny was identified by genetic markers (Rroese ef af ,
E987) Lie etal, 1994). Asthe present analysis ahows, these
clones grow inan interraingled fashion andpresumably can
reach very large sizees we estinate thet G02 and3 contain
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The designation ofclones is avda Tables IN and PV. R/S nato «Nl replacement (R} to alent (6) mutations. Chily nucleotide differences benwern
clomaliy selated sequences are considered. Two mutations ina codon sre counted ag peo separmie events. The susdom RS ratio was. caloulaned far
the <cnmon. precursors in the genegiogioal tress. (OMNS, TXHS, FRNA and SYM) taking the anon composition imo account.

~1 10° B cells cach (see Materials amd methods), If the
majority of these cells represent four to sin clones of
approximately equal size, then each clone haa a aive- of
~ SO) cells amt has thus gone through more than 1}
generations. Within a clone, most celle apparently express
distinct antibody V regicns, ao that each germinal contre
ROHSTMSS IY‘thousands of B cells with different antibody
binding sites whick are all derived from dhe fewbindingsites
expressed by the clonal precursors ard presumably mostly
selected fer binding. fo just a few -epitapes af same
immunizing. antigen(s}.

We were surprised to find in the dark zane of GC2 a large
population of dividing <elis most of which expressed
germiine-encoded Vo region genes unrelated fo those
expressed by the clones dununating the ight zane af GNCZ
at which appeared clonally unrelated among cack other.
Since we identified five independent in-frame Vy
rearrangerments in these cells, they must originate fram 4
minimum of five preearsor cells. This, together with the
presence of cells belonging to the two maior chines of GUZ,
raises the number of B cell precursors for the dark sone of
this germinal centre fo a minimum af seven. However, the
true number of precursor cells is likely to be substantially
larger: considering the five independent Vy, rearrange-
ments, the probability of picking five clonally unrelated cells
from a population of cells from five clones of equal size,
is O.08, This probabiliy sises to (115 asstuning seven and
te O.3 assuming 1D such clones.

Although other interpretations are possible, we take these
data io sugeest that initially, germinal centres are populated
by a polvelonal set of antigen-activated B. cells which
proliferate in the dark zone and lnngely express anomtated
V region genes. Through an unknown signal somatic
hypermutation is firmed on in these oells and rare somatic
PRULANS EXPTERRIN,f high affinity antibadies are selected for
further expansion in the light zone of thegerminal centre,

aS postulated by MacLennan and colleagues (MacLennanetal, TSOP) Uneelected cells are raphily climinated,

whereas high affinity metants may ge through ovaltigle
rounds of proileration and maxtation in the dark some. At
the end of dhis pracess, the genminal centre is exclusively
populated by members of the few chines which have won
in thecompetition. GCS (Figure 25) would herepresentative
of this siageof gerutinal contre development, Sigalicanily,
in the clones which have survived in this germinal centre
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We Soe strong aninterselection against replacement mutations
ae ane might expect for a iais stage of samatic evolution
of antibody affinity (Table V}. In contrast, at an earher stage,
when the system is andl in aearch of an optimal adection,

replacement niatatinns ory predominate:iGC2; Table ¥}.
in this picture, the clonal complexity of gernimal centres

estiniated in earlier workto be in the-order 1 to & does act

reflect the samber of progenitor cells originally populating
the germinal centre, but that of the surviving chines,

ie is clear that the verificating of this model will require
a Ninstic anabysia which can be pore sadly performed inexperimental animals, Such an analysis: beingPander way,
we would dike to palm out that the present approach of
analysing cells picked from their histological microemelron
ment inmolecnlar terms Ghrough gens amplification, shes
be useful In the context of many other physiological and
pathological processes. The range of possible. applications
could be considerably broadened by myxlifing the technique
such that it also allows the agalysis of gene expression in
single cells isolated from histological sections.

Materials and methods

Taanves

Deo human typi nades whick had been taken aut lor diagnostiy reasons
were snalveed, CHC? is derived from an biguinal lymok acde af a 4 your
old child, and HOS from.a-cervical iyragh mde cfg 23 year. old adude whe
Presented wah: tonsiliiqs.

Staining of frozen sections
Por immunostaining 1 po thick fewen sections were. pu om glass slides,
ais dried and incubated ahher with the ORTS anubody (Ortho Diagnostics}
or with the amidbody Bis? (pit of fe Holsenke, Kiel) for 30 ein at rom
Qengarsture. After short washes with Tris-buflered xalieg, the slides were
incubated with biednvlaiad Pah freemencf a ratancase monacionial
andboady TEATS, Dake Digomostics, Ramberg, bafor 20 min, Bollowing
another weshing sion the slides were Ticubatad with Stroptavidin + binge
isbellicd with alkaline phosphatase (R291. Dako Digpnostics, Hamburg} for
3ouis. Ager washing, bound alkaline phosphunse was Vieualeed by saining
with new fuchsin. The sikles. weer conntersiginad with hsematonyin.

 

Mieromaniguianon of single oplis
Phe shined sections werecubated with dmeimt odlaeemaes H (Baochrings,
Mannheim) in PRS. Single cells were mobilized wubie the microscope
«Giympus) with dishelp of s hydraniic micromanipulator (Naxishige! using
WOOx magdification. The cealls were: then aspinitad: using & micropipene
foagd ta serond micoimanipulator, After the balation of'e oll a phatograph
was lakers ta-atlow the exact Jocalbation of that cell iy the histologiead
micrvboorent, Isolated ois ware px ite BMgl ROR buffer 66 aii
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files used as petersforshe auplification of rearranged ¥   

 
 

¥yl S-ACTAGTCGACE PSVy2 3 ACTAGTOOACOROEPOCHETOUTG AAASxOl »SUCACACYS
¥y3 5ACTAGTORACCRTOCCTGAGACTCTOOTONCAGT
Ved S-ACTAGTCOACE LTTETCOCTC ALTO’ «8G b CTRTOE.S

¥ad S-ADPAGTOGAC.aeAAAGECCOOONOAGTCICTOA < AGS GA¥udi CACTACTOGACCTOTOCCATETCORRRAIACAQTEPATS 35ACCTOAGGAGACOGTGACCAGGTS'
VHS TACTTOAAGAGACGGTOACCATTOR3
Voigt #.ACCTOAIASACGSTBACCT
VL35 SACTAGTOGACOGTGACCARGO < GCT So COC CTSCY
Shy S-ACTAGTOCOACAGTGARCAGIRSTOCESCGGCE
shes S-ACTAECGALGGTOACOGTINGROOTTe
Vd SSPGATOTOUACATCS & AGS G<TA >TOACCOAGTCTCE < ATS TOR
v2 2 -TGATOTCGACAD<TA > CTOCACTCTOCETStTSp OCGTESY
vA STGATOTOGACTOCASOD > OACCRTGTC? <GT & TATOMEY
v4 S'-PGATOTOGACTOCOCTOGCTOPOTCTCTOGO
UA SUTGATOICOOACAGTCICCAQCATTOATORAGCBAY
VG S\POATOTCOACTT < CT> CTCTCRITGACTOCA« GAS GA > OAR?
BLA S-ADTCACOTPTGAT <Tl TOCA<0 oS iTTOGROL

VE 4ATACTTACGTTTGATATOS.aera333,5 SHOCTTAQGTTTAATCTCUOAGTOGTOTOSYFLI2 S-VPGATORMGIACTIGAT<CT > TECK & aeSCTTOUTOAC CT>TERS
BES SUPGATGTOCBACTGATATOCACTTTGSTCORAGG

S74 .“TOATOTOGACTG8TOTCCACITTORTTOO
S35 S-PGATOTOOACTAATORS.AGKECOTUTRECTRGGC-4
The Vy and V¥, primers hybeitige to5 the PRE of the Fespengiog family. *were ined at eouimnolat conostimions. The ¥ygi primer also hybridiss ‘3 maanbers af te newly defined Vj,7 family UMortaxt.er al,

RO10 aM Treeih
containing 1 ngfal SO rRNA and ord a -

Ru 8.4, 2.01S gelatin, 1S
APE.

sah MeCh3

POR amaiiicanion
A set of clignsuleotides was chosen us primers for PCR amplification of
rearranged ¥yy axl V, genes. Twelve V pene tanly apecific primers: were
geod for the sik human Wy and six ¥, families together wRR dy and J,
specific. oliganucleotides (ee Table VI, the Vig primer algo ampiifics
weathers of the nesly defined Vy) family (Morteetal, LR} A semi
gested POR aporaach was chosen. In dhe fies round of amplification the
12 ¥ pene primers and the outer 3") dy and d, primer mixes wore used
Smultancousiy in one inbe. Teking into acomunt the degeneracy af several
of the primers 2 toast of 45 diferent oligonucleotides. is present in he first
sound. Por the second round of amplification aliquotof dre fips round

wees, xeamplifind using te sane Vy aid WV, primers hawath nested Jy
and i, primer mines in sapere: reactions for ch V sere family.Single oolls in. 20d POR butler ware incubsied with 0.28 main! proteinase
Kotor Pb a SPC, Phe emwme was inactivated by heating ur QSfor
Vi mtin. The first mound ofanqification wae carried nutin the same action
tube Ine AY a) volume containing 40 mkt ACI, iiM Tris ~ HOT aR 84,

OLS pela, 2S53 madd Mach, Sk) cM wach dATP, dGTP, dCTP and
GPTP. 2.8 aMeach Vy, V,, Fy aed FT, primer (sxe TabiVR and 2.3
Waf Tag UNA pobmerss (sbes BRL) Baaynie was added after the Rrat
Henaguration sep, The cycle program consisted af one cyele at $9"C for

2 tin, S9°C for 4 mie 72° far 80s, followed by 34 oveles of MPCSor Seg, BPSD foe Bits, PASE for BD:s, followed by 3 nahn Incdhationy ar FR.
The ssenad round.at! atnplification was.carried out Hy zaparate reactions

for each of ihe ix Vyy aad six V, family Specificpprimers using 1.5 1 ofthe Beet rownd reaction wibmars i138 aph Vohone 850 mt RCA, 29
wiht Tris-HCl aH 8+. QOLS gelatia, 1.5 ar 2.3 4ad Met 3 yak
for-ahe Vy primum, 2.3 dM for the Vprimers), 200 5M each dATP,aGTF, acre and dTTP, G.¥25 eh of ane of the Vy or V, peimers and
DUES ato the Jig, ar 49, primer mikes isee Table V} 8 Yok Faq
DNA polymerase were. added after die Bret denaeuration wep, The eel
program consisted of are o *& for 2 mate, GTIof GSSO fort
amin, T2°Cfor Nig, illowss! by Seveles of 49°C: for DOs, OPO orBs
for 30 s (S70 he the Vad and Vb primers}, TR°O for Sis, followed
bySais icuhation ac 72°C. Aub amplifications werd oarried out ing Trig-
Thermoblock (Biometn}, A 10 gl aligant ofthe onaction was analysed on
a 2S -agenise gol

Extreme cant was takes throughout the procudurt to avidd contamination
by DNA: gloves ware changed frequentiy, coparare eeisipmient and working
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* dgnokes 3 auclontide eiix.at thin position, The Phy and PY puiaiers
HQ).

Space were used for pre- are? gost-PR manipulations, and serond poxisiant
plpene tips wens used,

Sequence analysis
PER products wantpurified by gel clecirapharesis thraugh 2.9% Nabieve
CHINE agarose Bioryen, As aliquat of the incleed DMA was soguenced
using the du opele sequencing system {Died BRL} as eacommeaded by
ine supplier. Both strands of the PCR product were sequenced with the
primers uged in the socand round of amplification. The V gene sequences
wert aurhad using RNASIS softwar (Pharmacia) and the Crank data
fibrary (release 73).

Rouble dina contol! axpacimat
Yo test the methad for efficiency and reliability ofthe PUR amplification
fromsingle ouoromeanipuleasd osthy a control experiment was carried aut.
Fog this experiinant Pooolls wens micromanipulaid thom the T call zune
of a ymph node section waited with an anti-CDS aibady (OKT) gad
mantle zone cells as 8 acuros al B cells were saluted from another section

of the: sume Iyegih pode. suginaed with die Risg? antiiegiy (Qeades «fal.
iOSS), which allows the identification ofthe mantle zone of CRIsolanes!
celis were coded ami ihe analysis was carried cut as s double blind
onperinient, Twenty ogfis ware B-cells and 19 were Tcells. Ten of the
ait Becelis gave at least nope PCR product-——detined as a visible Gand of the
expected length on an cthidinm ‘bromide dained ged—-opon Vy and ¥,
amplification with 25 POR onelucts altogether. Far dha 19 PT cells, fous
PCR bands were obninedl (seqiicnces not showal. Sequencd analysts of these
PCR products cevealad that only two of ikem xepresent Vo gene
tearmagemantstan in-frame Vy aid an cutofireme V, marrngement),
the thers being due to aa-apcoliic priming By the BOR te.g. gert of the
unvearmngad Jy locas in one cam}. Such false positive sequences sere
never obtained thy PCR prxlucts derived from B celts,

oy

&etimetion of the number of nade it the gernival contre
Ths number af.cells soon Ga dit sectlioma was comnted (780 and Re celly
for GON and G04, respectively} and dhe yatlo bomen leash and wide
af thegarmingl omitte sections wes determined, Assumingthat the volume
oy ihe genninel centers can be approximated Reg spheroid seat that the
getraiaal contes ant cut near the hargest ares, 02 and CHOD barouar at
icant T2OO-and 14 OD onlis, respectively. Faking ite account that the
iach moneof GCs maby comains 8 ealls winireas inthe Leht zone > 10%
non-B cells ars presence (Losheng ef al , $089) the somber of B cas dy
the pe gorrnidaal canes may he ~] x 403,
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Matetions of aooally related sequences not shawn in Rgures

Soquences SC INS -~CTS had position 32 changed foam ACT to COP
{replacement mutation (R}} and position. 34a from GAC te AAC (Ry
TEQOK ~2LQTAL had position 32 changed bom TAT 16 TCT GR)position
48 frags ATO te ATC (8), position 52 from AIG to AUT faleet mination

ed petition &3 from AGAAGC(Rpand position 83 froRCT to TTT3 fe7KS ant 2LRQ883G2 1KS had poshion 29 changed from OTT
to ATT ERy SDUARS JDRGK3, 3DIIKF and REGU~3L34Khad
position 33 changed Bom TTA. av PNG c).
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EXHIBIT PA-1
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Transcripts", Cancer Research, Vol. 58, 1998, 700-793
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re &x Parte Reexamination of

Bert VOGELSTEIN et al. Reexam Filing Date: To Be Assigned

U.S. Patent No. 6,440,706 Control No.: To Be Assigned

Issue Date: August 27, 2002 Examiner: To Be Assigned

For: DIGITAL AMPLIFICATION Art Unit: To Be Assigned
Confirmation No.: To Be Assigned

REQUEST FOR EX PARTE REEXAMINATION UNDER37 C.E.R. § 1.510

Mail Stop Ex Parte Reexam
ATTN: Central Reexamination Unit

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DearSir:

On behalf of Life Technologies Corp. (hereinafter "Requester"), under provisions

of 37 C.F.R. § 1.510 et seq., the undersigned hereby submits a Request for

Reexamination of claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 of U.S. Patent No.

6,440,706 entitled "DIGITAL AMPLIFICATION"("the '706 patent"). The 706 patent

indicates on its face that it is assigned to Johns Hopkins University.

Entry and consideration are respectfully requested.

Pursuant to 37 C.F.R § 1.510, included with this Request are:

e the fee for requesting ex parte reexamination (37 C.F.R. § 1.20(c)(1));

LEGAL02/33992863v1
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an identification of the reexamined patent by patent number and every

claim for which reexamination is requested;

a citation of the patents and printed publications that are presented to

provide a substantial new question of patentability, listed on form

PTO/SB/08A;

a statement identifying each substantial new question of patentability

based on the cited patents and printed publications, and a detailed

explanation of the pertinence and manner of applying the patents and

printed publications to every claim for which reexamination is requested;

a copy of every patent or printed publication relied upon or referred to in

the Request;

a copy ofthe entire patent including the front face, drawings, and

specification/claims (in double-column format) for which reexamination is

requested, and a copy of any disclaimer, certificate of correction, or

reexamination certificate issued in the patent as Exhibit 1;

a certification that the Request has been servedin its entirety on the patent

owner(through the attorney of record during prosecution) at the address

shownin the accompanying Certificate of Service;

a showingthat the attorneyfiling this request has the authority to act on

behalf of the real party in interest pursuant to 37 C.F.R. § 1.34(a) under

either a powerof attorney from that party or in a representative capacity

pursuantto § 1.34.

ii
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1 SUMMARY OF SUBSTANTIAL NEW QUESTIONS OF
PATENTABILITY AND PROPOSED REJECTIONS

Ex parte reexaminationis respectfully requested under 35 U.S.C. §§302-307 and

37 C.F.R. § 1.510 of claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 of U.S. Patent

No. 6,440,706 to Vogelstein et a/. ("the '706 patent"), and currently assigned to The

Johns Hopkins University. The '706 patent issued on August 27, 2002 and claims a

priority date of August 2, 1999.

This request presents 24 substantial new questions of patentability (SNQs) as to

the '706 patent. The SNQs are summarized in Table I below.

The SNQslisted in Table I are based on the references cited herein and

summarized in Table II below. The proposed rejections for each SNQ are summarized

in Table II below.
 

Table I: Summary of SNQs

Claims 1-3, 7-9, 14-16, 19, 21, 22, 27 and 32 are anticipated by Li under
35 U.S.C. § 102(b)

Claims 4 and 5 of the '706 patent are obvious under 35 U.S.C. § 103(a) over Li in
view of Zhang

Claim 6 is obvious under 35 U.S.C. § 103(a) over Li in view of Jeffreys

Claims 10 and 11 are obvious under 35 U.S.C. § 103(a) over Li

 

Claim 12 is obvious under 35 U.S.C. § 103(a) over Li in view of Kalinina

Claim 20 is obvious under 35 U.S.C. § 103(a) over Li in view of Chou

Claim 23 is obvious under 35 U.S.C. § 103(a) over Li in view of Burg 

Claim 24 is obvious under 35 U.S.C. § 103(a) over Li in view of Trumper

Claim 25 is obvious under 35 U.S.C. § 103(a) over Li in view of Kanzler

Claim 26 is obvious under 35 U.S.C. § 103(a) over Li in view of Gravel

Claim 28 and 29 are obvious under 35 U.S.C. § 103(a) over Li in view of
Marcucci

Claim 30 is obvious under 35 U.S.C. § 103(a) over Li in view of Flint

 

 

  
Claim 31 is obvious under 35 U.S.C. § 103(a) over Li in view of Ponten
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SNQ No. 14: Claims38, 39, 46 & 51 are anticipated by Zhang under 35 U.S.C. § 102(b)

Claims 40-43, 47, 48, 59 and 64 are obvious under 35 U.S.C. § 103(a) over
Zhang in view ofLi

Claim 44 is obvious under 35 U.S.C. § 103(a) over Zhang in view of Kalinina

Claim 52 is obvious under 35 U.S.C. § 103(a) over Zhang in view of Chou

Claims 53-55 is obvious under 35 U.S.C. § 103(a) over Zhang in view of Burg

 

Claim 56 is obvious under 35 U.S.C. § 103(a) over Zhang in view of Trumper

Claim 57 is obvious under 35 U.S.C. § 103(a) over Zhang in view of Kanzler

Claim 58 is obvious under 35 U.S.C. § 103(a) over Zhang in view of Gravel

Claims 60 and 61 are obvious under 35 U.S.C. § 103(a) over Zhang in view of
Marcucci

Claim 62 is obvious under 35 U.S.C. § 103(a) over Zhang in view of Flint

   
Claim 63 is obvious under 35 U.S.C. § 103(a) over Zhang in view of Ponten

Table I: Summary of References Applied!

Reference Originally|Originally
Cited?|Relied On

Or

Discussed?

"LI" 102(b)/

Li et al., "Amplification and analysis of DNA 103
sequences in single human sperm and diploidcells.”
Nature. 29;335(6189):414-7 (1988)

"ZHANG" 102(b)/

Zhanget al., "Whole genome amplification from a 103
single cell: implications for genetic analysis."
PNAS USA, 89(13):5847-51 (1992)

Jeffreys et al., "Amplification of human 103
minisatellites by the polymerase chain reaction:
towards DNAfingerprinting of single cells," Nucl.
Acids. Res., vol 16, no. 23, pages 10953-10971
(1988)

"KALININA" 102(b)/
Kalinina ef al., "Nanoliter scale PCR with TaqMan 103
detection,” Nucl. Acids. Res. vol 25, 1999-2004

    
' Applied references that are newly cited in this request are listed on the attached form

SB/08A (Exhibit 2).
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Table I: Summary of References Applied!

"CHOU" 102(b)/

Chou ef al., "Prevention of pre-PCR mis-priming 103
and primer dimerization improves low-copy-number
amplifications," Nucleic Acids Res., 20(7): 1717-
1723 (April 11, 1992)

"BURG" 102(b)/
. we . 1Burg, ef al., "Direct and sensitive detection of a 03

pathogenic protozoan, Toxoplasma gondii, by
polymerase chain reaction." J. Clin. Microbiol. 27,
1787-1792 (1989)

Trumperet al., "Single-Cell Analysis of Hodgkin 103
and Reed-Sternberg Cells: Molecular Heterogeneity
of Gene Expression and p53 Mutations," Blood, 81:
3097-3115 (1993)

"KANZLER" 102(b)/
103

 

Kanzler ef al., "Molecular Single Cell Analysis
Demonstrates the Derivation of Peripheral Blood-
Derived Cell Line (L1236) From the Hodgkin/Reed-
Sternberg Cells of a Hodgkin's LymphomaPatient,"
Blood, 87: 3429-3436 (1996)

"GRAVEL" 102(b)/

Gravelet al., "Single-cell analysis of the 103
t(14;18)(q32;q21) chromosomaltranslocation in
Hodgkin's disease demonstrates the absence ofthis
translocation in neoplastic Hodgkin and Reed-
Sternberg cells,” Blood 91(8):2866-74 (Apr15,
1998)

"MARCUCCI" 102(b)/

Marcucci ef al., "Detection of Unique 103
ALLA*(MLL)Fusion Transcripts in Normal Human
Bone Marrow and Blood: Distinct Origin ofNormal
versus Leukemic ALL1 Fusion Transcripts," Cancer
Res, 58:790-793. (February 15, 1998)

"FLINT" 102(b)/

Flint ef al., "NR2A Subunit Expression Shortens 103
NMDAReceptor Synaptic Currents in Developing
Neocortex,” J. Neurosci., 17(7):2469-2476 (April
1, 1997)

"PONTEN" 102(b)/
103

 

 

  
Ponten et al., "Genomic analysi ingle cells from
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Table I: Summary of References Applied!
 

human basalcell cancer using laser-assisted capture
microscopy," Mutation Research Genomics 382,
45-55 (1997). 

These applied referencesare listed on the attached form SB/O8A (Exhibit 2).

Table UI: Summary of Proposed Rejections

Proposed Rejection No.1: Claims1-3, 7-9, 14-16, 19, 21, 22, 27 and 32 are anticipated by Li
under 35 U.S.C. § 102(b)

Proposed Rejection No. 2: Claims 4 and 5 of the '706 patent are obvious under
35 U.S.C. § 103(a) over Li in view of Zhang

Proposed Rejection No. 3: Claim 6 is obvious under 35 U.S.C. § 103(a) over Li in view of
Jeffreys

Proposed Rejection No. 4: Claims 10 and 11 are obvious under 35 U.S.C. § 103(a) over Li

Proposed Rejection No. 5: Claim 12 is obvious under 35 U.S.C. § 103(a) over Li in view of
Kalinina 

Proposed Rejection No. 6: Claim 20 is obvious under 35 U.S.C. § 103(a) over Li in view of
Chou

Proposed Rejection No. 7: Claim 23 is obvious under 35 U.S.C. § 103(a) over Li in view of
Burg 

Proposed Rejection No. 8: Claim 24 is obvious under 35 U.S.C. § 103(a) over Li in view of
Trumper

Proposed Rejection No. 9: Claim 25 is obvious under 35 U.S.C. § 103(a) over Li in view of
Kanzler 

 
Proposed Rejection No. 10: Claim 26 is obvious under 35 U.S.C. § 103(a) over Li in view of
Gravel

Proposed Rejection No. 11: Claim 28 and 29 are obvious under 35 U.S.C. § 103(a) over Li in
view of Marcucci 

Proposed Rejection No. 12: Claim 30 is obvious under 35 U.S.C. § 103(a) over Li in view of
Flint

Proposed Rejection No. 13: Claim 31 is obvious under 35 U.S.C. § 103(a) over Li in view of
Ponten 

Proposed Rejection No. 14: Claims 38, 39, 46 & 51 are anticipated by Zhang under
35 US.C. § 102(b)

Proposed Rejection No. 15: Claims 40-43, 47, 48, 59 and 64 are obvious under
35 U.S.C. § 103(a) over Zhang in view of Li 

  
Proposed Rejection No. 16: Claim 44 is obvious under 35 U.S.C. § 103(a) over Zhang in view of
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Kalinina

Proposed Rejection No. 17: Claim 52 is obvious under 35 U.S.C. § 103(a) over Zhang in view of
Chou

Proposed Rejection No. 18: Claims 53-55 is obvious under 35 U.S.C. § 103(a) over Zhang in
view of Burg

Proposed Rejection No. 19: Claim 56 is obvious under 35 U.S.C. § 103(a) over Zhang in view of
Trumper

Proposed Rejection No. 20: Claim 57 is obvious under 35 U.S.C. § 103(a) over Zhang in view of
Kanzler

Proposed Rejection No. 21: Claim 58 is obvious under 35 U.S.C. § 103(a) over Zhang in view of
Gravel

Proposed Rejection No. 22: Claims 60 and 61 are obvious under 35 U.S.C. § 103(a) over Zhang
in view of Marcucci

Proposed Rejection No. 23: Claim 62 is obvious under 35 U.S.C. § 103(a) over Zhang in view of
Flint

 
Proposed Rejection No. 24: Claim 63 is obvious under 35 U.S.C. § 103(a) over Zhang in view of
Ponten

 
Il. THE CLAIMS OF THE '706 PATENT ARE GIVEN THEIR

BROADEST REASONABLE INTERPRETATION IN

REEXAMINATION

Asset forth in detail later in this Request, the claims of the '706 Patent do not

need to be "interpreted" in any particular manner to be found unpatentable over the prior

art (e.g., by their plain terms each ofthe limitations is found in the priorart).

Nevertheless, claim interpretation in the reexamination processdiffers from that in other

contexts, such as litigation in the District Court. Therefore, Requester here summarizes

the standards applicable in reexamination and emphasizesthat this Request addresses the

claims using that claim interpretation standard, rather than the standardsthat are

applicable outside the reexamination context.

In the context of reexamining patent claims, "the PTO must apply the broadest

reasonable meaning to the claim language, taking into account any definitions presented
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in the specification.” In re Bass, 314 F.3d 575, 577 (Fed. Cir. 2002) (citing In re

Yamamoto, 740 F.2d 1569, 1571 (Fed. Cir. 1984)); see also 37 C.F.R. § 1.555(b). Giving

claims their broadest reasonable construction "serves the public interest by reducing the

possibility that claims, finally allowed, will be given broader scopethan is justified." Jn

re Yamamoto, 740 F.2d at 1571. "Construing claims broadly during prosecution is not

unfair to the applicant(or, in this case, the patentee), because the applicant has the

opportunity to amendthe claims to obtain moreprecise claim coverage." In re Am. Acad.

ofSci. Tech Ctr., 367 F.3d 1359, 1363 (Fed. Cir. 2004) (citing Yamamoto, 740 F.2d at

1571-72).

While district courts interpret claim language in issued patents in light of the

specification, prosecution history, prior art and other claims,this is not the mode of claim

interpretation to be applied during examination (including reexamination). During

examination, the claims must be interpreted as broadly as their terms reasonably allow.

"The USPTOusesa different standard for construing claims than that used by district

courts; during examination the USPTO mustgive claimstheir broadest reasonable

interpretations." MPEP § 2111.01 (citing Am. Acad. ofSci. Tech Ctr., 367 F.3d at 1363).

The words of the claim must be given their plain meaning unless the applicant has

provideda clear definition in the specification. Jn re Zletz, 893 F.2d 319, 321, 13

U.S.P.Q.2d 1320, 1322 (Fed. Cir. 1989). "[I]n proceedings before the PTO, claims in an

application are to be given their broadest reasonable interpretation consistent with the

specification . . . as it would be interpreted by one ofordinary skill in the art." Jn re

Cortright, 165 F.3d 1353, 1359 (Fed. Cir. 1999)(citing In re Bond, 910 F.2d 831, 833

Page 525 of 1224



Page 526 of 1224

(Fed. Cir. 1990)). Thus, in the analysis and discussion presented below,the identified

claimsare given their broadest reasonable interpretation.

Becausethe standards of claim interpretation used in the courts in patent litigation

are different from the claim interpretation standards used in the Office in claim

examination proceedings (including reexamination), any andall claim interpretations

discussed or submitted herein, and all applications ofthe prior art to the claims, are under

the broadest reasonable interpretation specifically for the purpose of demonstrating a

SNQ for reexamination within the PTO andare neither binding upon Requester in any

litigation related to the "706 patent, nor necessarily the construction of the claims that

would result under legal standards that are mandated to be used by the Courts in

litigation. See 35 U.S.C. § 314; see also MPEP § 2686.04 II (determination of a SNQ is

made independently of a Court's decision on validity because of different standards of

proof and claim interpretation employed by the District Courts and the Office); see also

Trans Texas, 498 F.3d at 1297-98; In re Zletz, 893 F.2d 319, 322 (Fed. Cir. 1989).

The interpretation and/or construction of the claims in the '706 patent presented

either implicitly or explicitly herein should not be viewedas constituting, in whole or in

part, Requester's own interpretation and/or construction of such claims, but instead

should be viewed as constituting an interpretation and/or construction required by the

standards applicable in the reexamination context and by Patent Owner's use of broad

(and often expansive and undefined) terminology in the claims. Furthermore, Requester

expressly reservesthe right to present its own interpretation of such claimsat a later time,

whichinterpretation may differ, in whole or in part, from that presented herein.
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lt. SUMMARY OF THE CLAIMS

U:S. Patent No. 6,440,706 (the '706 patent) is generally drawn to methods of

dividing templates into a plurality of assay samples and comparing the numbersof assay

samples containing a selected and reference sequence. The claims for which

reexamination is requested read as follows:

1. A method for determining the ratio of a selected genetic sequence in a
population of genetic sequences, comprisingthe stepsof:

diluting nucleic acid template molecules in a biological sample to formaset
comprising a plurality of assay samples;

amplifying the template molecules within the assay samples to form a population
of amplified molecules in the assay samplesofthe set;

analyzing the amplified molecules in the assay samples ofthe set to determine a
first number of assay samples which contain the selected genetic sequence and a second
numberof assay samples which contain a reference genetic sequence;

comparing the first number to the second numberto ascertain a ratio which
reflects the composition of the biological sample.

2. The method of claim 1 wherein the step of diluting is performed until at least
one-tenth of the assay samples in the set comprise a number(N) of molecules such that
1/N is larger than the ratio of selected genetic sequencesto total genetic sequences
required for the step of analyzing to determine the presenceofthe selected genetic
sequence.

3. The method of claim 1 wherein the step ofdiluting is performed until between
0.1 and 0.9 of the assay samples yield an amplification product when subjected to a
polymerase chain reaction.

4. The method of claim 1 wherein the step of diluting is performed until all of the
assay samples yield an amplification product when subjected to a polymerase chain
reaction and each assay sample contains less than 10 nucleic acid template molecules
containing the reference genetic sequence.

5. The method of claim 1 wherein the step of diluting is performed until all of the
assay samples yield an amplification product when subjected to a polymerase chain
reaction and each assay sample contains less than 100 nucleic acid template molecules
containing the reference genetic sequence.

6. The method of claim 1 wherein the biological sample is cell-free.

7. The method of claim 1 wherein the number of assay samples within the setis
greater than 10.
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8. The method of claim 1 wherein the numberof assay samples within theset is
greater than 50.

9. The method of claim 1 wherein the number of assay samples within the setis
greater than 100.

10. The method of claim 1 wherein the numberof assay samples within the set is
greater than 500.

11. The method of claim 1 wherein the numberof assay samples within the set is
greater than 1000.

12. The method of claim 1 wherein the step of amplifying and the step of
analyzing are performed on assay samples in the samereceptacle.

14. The method of claim 1 wherein the step of analyzing employsgel
electrophoresis.

15. The method of claim 1 wherein the step of analyzing employs hybridization to
at least one nucleic acid probe.

16. The method of claim 1 wherein the step of analyzing employs hybridization to
at least two nucleic acid probe.

19. The method of claim 1 wherein the step of amplifying employsa single pair of
primers.

20. The method of claim 1 wherein the step of amplifying employs a polymerase
whichis activated only after heating.

21. The method of claim 1 wherein the step of amplifying employsat least 40
cycles of heating and cooling.

22. The method of claim 1 wherein the step of amplifying employsat least 50
cycles of heating and cooling.

23. The method of claim 1 wherein the step of amplifying employsat least 60
cycles of heating and cooling.

24. The method of claim 1 wherein the biological sample is selected from the
group consisting of stool, blood, and lymph nodes.

25. The method of claim 1 wherein the biological sample is blood or bone marrow
of a leukemia or lymphomapatient whohas received anti-cancertherapy.

Page 528 of 1224



Page 529 of 1224

26. The method of claim 1 wherein the selected genetic sequenceis a translocated
allele.

27. The method of claim 1 wherein the selected genetic sequence is a wild-type
allele.

28. The method of claim 1 wherein the selected genetic sequence is within an
amplicon whichis amplified during neoplastic development.

29. The method of claim 1 wherein the selected genetic sequenceis a rare exon
sequence.

30. The method of claim 1 wherein the nucleic acid template molecules comprise
cDNAofRNAtranscripts and the selected genetic sequence is present on a cDNA of a
first transcript and the reference genetic sequence is present on a cDNAof a second
transcript.

31. The method of claim 1 wherein the selected genetic sequence comprisesa first
mutation and the reference genetic sequence comprises a second mutation.

32. The method of claim | wherein the selected genetic sequence and the
reference genetic sequence are on distinct chromosomes.

38. A method for determining the ratio of a selected genetic sequencein a
population of genetic sequences, comprising the stepsof:

amplifying template molecules within a set comprising a plurality of assay
samples to form a population of amplified molecules in each of the assay samples of the
set;

analyzing the amplified molecules in the assay samples of the set to determine a
first number of assay samples which contain the selected genetic sequence and a second
numberof assay samples which contain a reference genetic sequence, wherein at least
one-fiftieth of the assay samples in the set comprise a number(N) of molecules such that
1/N is larger than the ratio of selected genetic sequencesto total genetic sequences
required to determine the presence of the selected genetic sequence; comparingthefirst
number to the second numberto ascertain a ratio which reflects the composition of the
biological sample.

39. The method of claim 38 wherein the numberof assay samples within theset is
greater than 10.

40. The method of claim 38 wherein the number of assay samples within the setis
greater than 50.

41. The method of claim 38 wherein the number of assay samples within the setis
greater than 100.

10
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42. The method of claim 38 wherein the number of assay samples within the setis
greater than 500.

43. The method of claim 38 wherein the number of assay samples within the setis
greater than 1000.

44. The method of claim 38 wherein the step of amplifying and the step of
analyzing are performed on assay samples in the samereceptacle.

46. The method of claim 38 wherein the step of analyzing employsgel
electrophoresis.

47. The method of claim 38 wherein the step of analyzing employs hybridization
to at least one nucleic acid probe.

48. The method of claim 38 wherein the step of analyzing employs hybridization
to at least two nucleic acid probe.

51. The method of claim 38 wherein the step of amplifying employsa single pair
of primers.

52. The method of claim 38 wherein the step of amplifying employs a polymerase
whichis activated only after heating.

53. The method of claim 38 wherein the step of amplifying employsat least 40
cycles of heating and cooling.

54. The method of claim 38 wherein the step of amplifying employsat least 50
cycles of heating and cooling.

55. The method of claim 38 wherein the step of amplifying employsat least 60
cycles of heating and cooling.

56. The method of claim 38 wherein the template molecules are obtained from a
body sample selected from the group consisting of stool, blood, and lymph nodes.

57. The method of claim 38 wherein the template molecules are obtained from a
body sample of a leukemia or lymphomapatient who hasreceived anti-cancer therapy,
said body sample being selected from the group consisting of blood and bone marrow.

58. The method of claim 38 wherein the selected genetic sequenceis a
translocatedallele.

59. The method of claim 38 wherein the selected genetic sequence is a wild-type
allele.

11
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60. The method of claim 38 wherein the selected genetic sequence is within an
amplicon whichis amplified during neoplastic development.

61. The method of claim 38 wherein the selected genetic sequenceis a rare exon
sequence.

62. The method of claim 38 wherein the nucleic acid template molecules
comprise cDNA of RNAtranscripts and the selected genetic sequenceis present on a
cDNAofa first transcript and the reference genetic sequence is present on a cDNAofa
secondtranscript.

63. The method of claim 38 wherein the selected genetic sequence comprises a
first mutation and the reference genetic sequence comprises a second mutation.

64. The method of claim 38 wherein the selected genetic sequence and the
reference genetic sequence are on distinct chromosomes.

IV. RELEVANCE OF THE PROSECUTION HISTORY TO THIS

REEXAMINATION

A copy ofthe prosecution history file wrapper for the '706 patent is provided as

Exhibit 3. The relevant portions of the prosecution of the "706 patent are outlined below.

The application that matured into the '706 patent, U.S. Patent Appl. No.

09/613,826 (the ''826 Application") wasfiled July 11, 2000. The '826 application

claimed priority to a provisional application no. 60/146,792,filed August 2, 1999,

included here as Exhibit 4. The '826 application wasfiled with sixty-four (64) claims, of

which claims 1, 33, 37 and 38 are independent.’

On April 12, 2001, the Examiner mailed a non-final Office Action in whichall 64

claims wererejected. In particular, claims 1-32 and 38-64 were rejected under

35 U.S.C. § 112, second paragraph, as being "incomplete for omitting essential steps,”

such as omitting the step of "serially diluting to form a set of assay samples andtesting

* The numbering ofthe originally-filed claims correspondto the numbering ofthe issued
claims. In this summary ofthe prosecution history, issues relating to claims that are not the
subject of the request for reexamination will not be addressed here unless relevant.

12
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by PCR." Moreover, the Examiner stated that "[i]t appears that the initial concentration

of sampleat the start of the assay is essential to the invention. Such a step would be

critical becauseit is unclear as to how otherwisethe initial concentration would be

achieved with testing by PCR."* The Examineralso rejected claims 1-32 and 38-64 under

35 U.S.C. § 112, second paragraph, for omitting essential steps, in particular the step of

"linear amplification by PCR" which the Examiner deemedto be "essential to the

invention."

The Examineralso rejected claims 1, 3, 4-11, 14-16 and 19-32 under

35 U.S.C. § 103(a) as being unpatentable over U.S. Patent No. 5,927,870 ("Lapidus") and

PNASvol. 87, pp. 6296-6300 ("Ruano"). The Examinerstated that Lapidus taught a

"method of determining a subpopulation of genomically transformed cells... by

enumerating [the] number of molecules of a target sequence and comparing with a

numberofmoleculesofreference genetic sequence."° The Examinerstated that Lapidus

"[did] not teach dilution to one half genomic equivalent in samples," but that Ruano

taught "single molecule dilution (SMD) in which genomic DNA concentration is one

haploid equivalent per aliquot.” The Examiner concluded that "[o]ne of ordinary skill

would have been motivated to apply Ruano et al SMD method to Lapiduset al's

comparison method in order to determine actual allele concentration ratios" and that "[i]t

would have been prima facie obvious to apply Ruanoetal's dilution method to Lapiduset

al's method in order to accurately determineallele ratios.”

April 12, 2001 Office Action, page 4 (Exhibit 3).
April 12, 2001 Office Action, page 4 (Exhibit 3).
April 12, 2001 Office Action, page 4 (Exhibit 3).
April 12, 2001 Office Action, pages 5-6 (Exhibit 3).
April 12, 2001 Office Action, page 6 (Exhibit 3).

aDHmAFBW
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Moreover, the Examineralso stated that "it would have been prima facie obvious

to further optimize the assay conditions as in increasing the number of PCR cycles or

increasing the dilution schema."*®

In response to the Examiner's rejection under 35 U.S.C. § 112, second paragraph,

relating to a lack of an essential diluting step, the Applicants stated that with respect to

claim 38, "this [diluting] step is neither essential nor required. If samples are sufficiently

dilute, no dilution is required. Thus dilution is not a necessary step."”

In response to the Examiner's second groundsfor rejection under 35 U.S.C. § 112,

second paragraph, the Applicants stated that in independent claims | and 38, "the

amplified molecules in the assay samples of the set are analyzed, but a particular analysis

methodis not required"’® and "linear amplification is not essential to the method ofthe

invention.""!

In response to the rejections under 35 U.S.C. § 103(a) based on Lapidus and

Ruano, the Applicants argued that the combination of references did not teach "the step

of analyzing or the step of comparing as specified in claim."”” In particular, the

Applicants stated that "Lapidus instead teaches determining concentration” which they

contend "is different from determining the numberof assay samples containing a genetic
 

sequence."'* Furthermore,the Applicants argued that since "the numbersof assay

samples are not determined according to Lapidus, neither are the numbers compared,as

* April 12, 2001 Office Action, page 6 (Exhibit 3).
° July 12, 2001 Amendment, page 8 (Exhibit 3).
'0 July 12, 2001 Amendment, page 9 (Exhibit 3).
"July 12, 2001 Amendment, page 10 (Exhibit3).
'2 July 12, 2001 Amendment, page 12 (Exhibit 3).

July 12, 2001 Amendment, page 12, emphasis in original (Exhibit 3).
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required in step 4 [of claim 1]."'* The Applicants then argued that "[t]his difference leads

to an advantage of the present invention over Lapidus" and "the present invention

eliminates the quantitative bias which exponential amplification introduces into a nucleic

acid sample."!°

In a final Office Action mailed September 20, 2001, the Examinerstated that

claims 1-32 and 38-64 were allowable, stating that "[t]here is no priorart that teach or

suggest diluting a nucleic acid template in a sample to a plurality of sample and

amplifying the template molecule in the samples and analyzing amplified molecules to

determinethe first number of samples containing the selected genetic sequence and

second numberassay samples which contain a reference genetic sequence and comparing

16
the two numbers.""” The Examineralso stated that "there is no prior art that teach or

suggest that one tenth or onefiftieth of samples in a set comprise N molecules such that

1/N is larger than the ratio of selected genetic sequenceto total genetic sequences

required for the step of analyzing to determine presence ofselected genetic sequence.""’

The Examinerfinally stated that "[t]he closest prior art is Lapidus et al who teach a

reference andtarget nucleic acid amplification and concentration determination.

However, his determination of concentration is within a sample and they do not teach or

suggest a dilution."'*

A Notice of Allowability was mailed on March 19, 2002. In the Notice, the

Examineragain stated that Lapidus wasthe closest prior art which taught "a reference

'* July 12, 2001 Amendment, page 12 (Exhibit3).
'S July 12, 2001 Amendment, page 12 (Exhibit3).
'© September 20, 2001 Office Action, page 5 (Exhibit 3).
'7 September20, 2001 Office Action, page 5 (Exhibit 3).
'S September 20, 2001 Office Action, page 5 (Exhibit 3).
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and target nucleic acid amplification and concentration determination,” but distinguished

it from the claims because "his determination of concentration is within a sample and

they do not teach or suggest a dilution.” The '706 patent subsequently issued on August

27, 2002 with 64 claims.

Vv. SUBSTANTIAL NEW QUESTIONS OF PATENTABILITY 

Ex parte reexamination of claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 of

the '706 patent is respectfully requested. During prosecution, Applicants distinguished

the claims over the references that were relied upon by the Examiner (which did not

include any ofthe references cited in this Request) by arguing that they did not teach the

claimed methods. Thereferencescited in Table II, either alone or in combination,

provide precisely the teachings that anticipate or render obvious claims 1-12, 14-16, 19-

32, 38-44, 46-48 and 51-64 of the '706 patent. Most of these referencesare not of record,

the few that are were not discussed or relied on by the Examiner. Accordingly, the

references cited in the Table II, either alone or in combination in the mannerdescribed in

this Request, raise substantial new questions ("SNQs") of patentability. A brief statement

of the SNQsofpatentability is set forth immediately below. A detailed explanation of

the pertinence and manner of applying the cited prior art to each claim for which

reexamination is sought is presented in Section VI below.

16
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A, SNO No. 1: Claims 1-3, 7-9, 14-16, 19, 21, 22, 27 and 32 are
anticipated by Li under 35 U.S.C. § 102(b)

Li was published on September 29, 1988, and is thuspriorart to the '706 patent

under 35 U.S.C. § 102(b).'° Underthe broadest reasonable interpretation ofthe claims,

Li discloses methods that meetall of the limitations of the methods of claims 1-3, 7-9,

14-16, 19, 21, 22, 27 and 32.

SNQ No. | based on Li is new for at least two reasons: (i) Although Li wascited

in an IDSby the applicants of the '706 patent, Li was not relied upon or discussed by the

PTO during original prosecution; and(ii) the explanation presented herein of how Li

anticipates claims 1-3, 7-9, 14-16, 19, 21, 22, 27 and 32 wasnot before the original

Examiner.

SNQ No. | based on Liis substantial at least because Li teachesall aspects of

claims 1-3, 7-9, 14-16, 19, 21, 22, 27 and 32 and squarely anticipates these claims under

their broadest reasonable interpretation. Requester notes that the PTO recently found that

Li anticipated claims having substantially identical limitations in App. No. 13/071,105,

which is a pending continuation of the '706 patent. In contrast, none of the art that was

discussedor relied on during the original prosecution of the "706 patent was found to

anticipate the "706 claims.

Thus, a substantial new question of patentability is raised by Li with respect to

claims 1-3, 7-9, 14-16, 19, 21, 22, 27 and 32.

'° Lietal., "Amplification and analysis of DNA sequences in single human sperm and
diploid cells." Nature. 29;335(6189):414-7 (1988); Exhibit PA-1.
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B. SNO No. 2: Claims4 and 5 of the '706 patent are obvious under
35 U.S.C.§103(a) over Li in view of Zhan

Li has been discussed above. Zhang was published on July 1, 1992 andis prior

art to the '706 patent under 35 U.S.C. § 102(b).”°

Li and Zhang raise a new question of patentability as to claims 4 and 5 for at least

two reasons: (1) Although Li and Zhang were submitted by the applicants during original

prosecution of the '706 patent, and neither reference was discussedor relied on by the

PTO;(ii) the explanation presented herein of how Li in view of Zhang renders claims 4

and 5 obvious wasnotbefore the original Examiner, and(iii) the Zhang and Li references

present non-cumulative technological teachings that were not previously discussed or

relied on and discussed on the record during the prosecution of the '706 patent.

Li and Zhangraise a substantial question of patentability at least because (1) Li

teachesall of the steps of base claim 1, (11) Zhang teaches the additional recitations of

claims 4 & 5, and (iii) Li and Zhangare readily combinable to yield the subject matter of

claims 4 & 5. A detailed explanation of why Li's and Zhang's combined teachings would

have rendered the claims obviousis presented in more detail in the next section applying

the art to the claims.

Thus, a substantial new question of patentability is raised by Li and Zhang with

respect to claims 4 and 5.

°° Zhanget al., "Whole genome amplification from a single cell: implications for genetic
analysis." PNAS USA, 89(13):5847-51 (1992); Exhibit PA-2
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C. SNOQ No. 3: Claim 6 is obvious under 35 U.S.C.§103(a) over Li in

view of Jeffreys

 

Li has been discussed above. Jeffreys was published on December9, 1988 andis

prior art to the '706 patent under 35 U.S.C.§ 102(b).”’ Jeffreys is newly cited in the

present request.

Li and Jeffreys raise a new question of patentability as to claim 6 for at least two

reasons: (1) Jeffreys was not considered during original prosecution of the "706 patent and

Li, although cited, was not discussed or relied on by the USPTO;(ii) the explanation

presented herein of how Liin view of Jeffreys renders claim 6 obvious was not before the

original Examiner, and (iii) Li and Jeffreys present non-cumulative technological

teachings that were not discussed on record during the prosecution of the '706 patent.

Li and Jeffreys raise a substantial question of patentability at least because (1) Li

teachesall of the steps of base claim 1, (11) Jeffreys teaches the additional recitations of

claim 6, and (iii) Li and Jeffreys are readily combinable to yield the subject matter of

claim 6. A detailed explanation of why Li's and Jeffreys's combined teachings would

have rendered the claims obviousis presented in the next section applying the art to the

claims.

Thus, a substantial new question of patentability is raised by Li and Jeffreys with

respect to claim 6.

*! Jeffreys et al., "Amplification of human minisatellites by the polymerasechain reaction:
towards DNAfingerprinting of single cells", Nucl. Acids. Res., vol 16, no. 23, pages 10953-
10971 (1988); Exhibit PA-3.
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D. SNO No. 4: Claims 10 and 11 are obvious under
35 U.S.C.§103(a) over Li

Li has been discussed above. Li raises a substantial question of patentability

because it would have been obviousto those of ordinary skill in the art to practice the

methods of claims 10 and 11 in light of the Li. Exemplary rationales as to why Li's

teachings would have rendered the claims obviousare presented in more detail in the next

section applying the art to the claims.

Li raises a new question of patentability as to claim 10 and 11 for at least two

reasons: (i) Li teachesall of the steps of base claim 1, (ii) Li presents non-cumulative

technological teachings that were not discussed on record during the prosecution of the

'706 patent, which new teachings renderthe additional recitations of claims 10 & 11

obvious. A detailed explanation of why Li's teachings would have rendered the claims

obviousis presented in the next section applying the art to the claims.

Li raises a substantial question of patentability at least because (i) Li teachesall of

the steps of base claim 1, (11) Li contains new non-cumulative teachings that render

obviousthe additional recitations of claims 10 & 11.

Thus, a substantial new question of patentability is raised by Li with respect to

claims 10 and 11.
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E. SNO No. 5: Claim 12 is obvious under 35 U.S.C.§103(a) over Li 

in view of Kalinina

Li has been discussed above. Kalinina was published on May 1997 andis prior

art to the '706 patent under 35 U.S.C. § 102(b).”” Kalinina is newly cited in the present

request.

Li and Kalinina raise a new question of patentability as to claim 12 for at least

two reasons: (i) Kalinina was not considered during original prosecution of the '706

patent and Li, although cited, was not discussed or relied on by the USPTO; (ii) the

explanation presented herein of how Li in view of Kalinina renders claim 12 obvious was

not before the original Examiner, and (iii) Li and Kalinina present non-cumulative

technological teachings that were not discussed on record during the prosecution of the

‘706 patent.

Li and Kalininaraise a substantial question of patentability at least because (i) Li

teachesall of the steps of base claim 1, (11) Kalinina teaches the additionalrecitations of

claim 12, and (iii) Li and Kalinina are readily combinableto yield the subject matter of

claim 12. A detailed explanation of why Li's and Kalinina's combined teachings would

have rendered the claims obviousis presented in the next section applying the art to the

claims.

Thus, a substantial new question of patentability is raised by Li and Kalinina with

respect to claim 12.

* Kalinina ef al., "Nanoliter scale PCR with TaqMandetection", Nucl. Acids. Res. vol 25,
1999-2004 (1997); Exhibit PA-4.
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F, SNO No. 6: Claim 20 is obvious under 35 U.S.C.§103(a) over Li 

in view of Chou

Li has been discussed above. Chou waspublished on April 11, 1992 andis prior

art to the '706 patent under 35 U.S.C. § 102(b).”* Although Chouis cited in the

specification of the '706 patent, Chou was notcited in an information disclosure

statementto the original examiner. Chou is therefore newly cited in the present request.

Li and Chouraise a new question of patentability as to claim 20 for at least two

reasons: (1) Chou wasnot considered during original prosecution of the '706 patent and

Li, although cited, was not discussed or relied on by the USPTO;(ii) the explanation

presented herein of how Li in view of Chourenders claim 20 obvious wasnot before the

original Examiner, and (iii) Li and Chou present non-cumulative technological teachings

that were not discussed on record during the prosecution of the '706 patent.

Li and Chouraise a substantial question of patentability at least because (1) Li

teachesall of the steps of base claim 1, (11) Chou teachesthe additional recitations of

claim 20, and (iii) Li and Chouare readily combinable to yield the subject matter of

claim 20. A detailed explanation of why Li's and Chou's combined teachings would have

rendered the claims obviousis presented in the next section applyingtheart to the claims.

Thus, a substantial new question of patentability is raised by Li and Chou with

respect to claim 20.

°° Chou et al, "Prevention of pre-PCR mis-priming andprimer dimerization improves low-
copy-numberamplifications", Nucleic Acids Res., 20(7): 1717-1723 (April 11, 1992); Exhibit
PA-5.
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G. SNO No. 7: Claim 23 is obvious under 35 U.S.C.§103(a) over Li 

in view of Burg

Li has been discussed above. Burg waspublished on August 1989 andispriorart

to the '706 patent under 35 U.S.C. § 102(b).™ Burg is newly cited in the present request.

Li and Burgraise a new question of patentability as to claim 23 for at least two

reasons: (1) Burg was not considered during original prosecution of the '706 patent and

Li, although cited, was not discussed or relied on by the USPTO;(ii) the explanation

presented herein of how Liin view of Burg renders claim 23 obvious was not before the

original Examiner, and (iii) Li and Burg present non-cumulative technological teachings

that were not discussed on record during the prosecution of the '706 patent.

Li and Burgraise a substantial question of patentability at least because (i) Li

teachesall of the steps of base claim 1, (11) Burg teaches the additional recitations of

claim 23, and (iii) Li and Burg are readily combinable to yield the subject matter of claim

23. A detailed explanation of why Li's and Burg's combined teachings would have

rendered the claims obviousis presented in the next section applyingthe art to the claims.

Thus, a substantial new question of patentability is raised by Li and Burg with

respect to claim 23.

H. SNO No. 8: Claim 24 is obvious under 35 U.S.C.§103(a) over Li 

in view of Trumper

Li has been discussed above. Trumper was published on June 1, 1993 andis prior

art to the '706 patent under 35 U.S.C. § 102(b).”° Trumperis newly cited in the present

request.

* Burg, ef al., "Direct and sensitive detection of a pathogenic protozoan, Toxoplasma
gondii, by polymerase chain reaction." J. Clin. Microbiol. 27, 1787-1792 (1989); Exhibit PA-6.
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Li and Trumperraise a new question of patentability as to claim 24 for at least

two reasons: (1) Trumper was not considered during original prosecution of the '706

patent and Li, although cited, was not discussed or relied on by the USPTO; (ii) the

explanation presented herein of how Li in view of Trumperrenders claim 24 obvious was

not before the original Examiner, and (iii) Li and Trumper present non-cumulative

technological teachings that were not discussed on record during the prosecution of the

‘706 patent.

Li and Trumperraise a substantial question of patentability at least because (1) Li

teachesall of the steps of base claim 1, (11) Trumperteachesthe additional recitations of

claim 24, and (iii) Li and Trumperare readily combinable to yield the subject matter of

claim 24. A detailed explanation of why Li's and Trumper's combined teachings would

have rendered the claims obviousis presented in the next section applying the art to the

claims.

Thus, a substantial new question of patentability is raised by Li and Trumper with

respect to claim 24.

°° Trumperet al., "Single-Cell Analysis of Hodgkin and Reed-Sternberg Cells: Molecular
Heterogeneity of Gene Expression and p53 Mutations," Blood, 81: 3097-3115 (1993); Exhibit
PA-7.
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I. SNO No. 9: Claim 25 is obvious under 35 U.S.C.§103(a) over Li 

in view of Kanzler

Li has been discussed above. Kanzler was published on April 15, 1996 andis

prior art to the '706 patent under 35 U.S.C.§ 102(b).”° Kanzler is newly cited in the

present request.

Li and Kanzler raise a new question of patentability as to claim 25 for at least two

reasons: (1) Kanzler was not considered during original prosecution of the '706 patent and

Li, although cited, was not discussed or relied on by the USPTO;(ii) the explanation

presented herein of how Li in view of Kanzler renders claim 25 obvious wasnot before

the original Examiner, and (iii) Li and Kanzler present non-cumulative technological

teachings that were not discussed on record during the prosecution of the '706 patent.

Li and Kanzler raise a substantial question of patentability at least because (i) Li

teachesall of the steps of base claim 1, (11) Kanzler teaches the additional recitations of

claim 25, and (iii) Li and Kanzler are readily combinable to yield the subject matter of

claim 25. A detailed explanation of why Li's and Kanzler's combined teachings would

have rendered the claims obviousis presented in the next section applying the art to the

claims.

Thus, a substantial new question of patentability is raised by Li and Kanzler with

respect to claim 25.

°° Kanzleret al., "Molecular Single Cell Analysis Demonstrates the Derivation of
Peripheral Blood-Derived Cell Line (L1236) From the Hodgkin/Reed-Sternberg Cells of a
Hodgkin's LymphomaPatient", Blood, 87: 3429-3436 (1996); Exhibit PA-8.
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J. SNO No. 10: Claim 26 is obvious under 35 U.S.C.§103(a) over Li 

in view of Gravel

Li has been discussed above. Gravel was published on April 15, 1998 andis prior

art to the '706 patent under 35 U.S.C. § 102(b).’” Gravelis newly cited in the present

request.

Li and Gravel raise a new question of patentability as to claim 26 forat least two

reasons: (i) Gravel was not considered during original prosecution of the '706 patent and

Li, although cited, was not discussed or relied on by the USPTO;(ii) the explanation

presented herein of how Li in view of Gravel renders claim 26 obvious wasnotbefore the

original Examiner, and (iii) Li and Gravel present non-cumulative technological

teachings that were not discussed on record during the prosecution of the '706 patent.

Li and Gravelraise a substantial question of patentability at least because (i) Li

teachesall of the steps of base claim 1, (11) Gravel teaches the additional recitations of

claim 26, and (iii) Li and Gravel are readily combinableto yield the subject matter of

claim 26. A detailed explanation of why Li's and Gravel's combined teachings would

have rendered the claims obviousis presented in the next section applying the art to the

claims.

Thus, a substantial new question of patentability is raised by Li and Gravel with

respect to claim 26.

*7 Gravelet al., "Single-cell analysis of the t(14;18)(q32;q21) chromosomaltranslocation in
Hodgkin's disease demonstrates the absence ofthis translocation in neoplastic Hodgkin and Reed-
Sternberg cells", Blood 91(8):2866-74 (Apr 15, 1998); Exhibit PA-9.
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K. SNO No. 11: Claim 28 and 29 are obvious under
35 U.S.C.§103(a) over Li in view of Marcucci

Li has been discussed above. Marcucci was published on February 15, 1998 and

is prior art to the '706 patent under 35 U.S.C. § 102(b).”° Marcucci is newly cited in the

present request.

Li and Marcucciraise a new question ofpatentability as to claims 28 & 29 for at

least two reasons: (1) Marcucci wasnot considered during original prosecution of the '706

patent and Li, although cited, was not discussed or relied on by the USPTO; (ii) the

explanation presented herein of how Li in view of Marcucci renders claims 28 & 29

obvious wasnot before the original Examiner, and (iii) Li and Marcucci present non-

cumulative technological teachings that were not discussed on record during the

prosecution of the '706 patent.

Li and Marcucciraise a substantial question of patentability at least because (1) Li

teachesall of the steps of base claim 1, (11) Marcucci teaches the additional recitations of

claims 28 & 29, and (iii) Li and Marcucciare readily combinable to yield the subject

matter of claims 28 & 29. A detailed explanation of why Li's and Marcucci's combined

teachings would have rendered the claims obviousis presented in the next section

applying the art to the claims.

Thus, a substantial new question of patentability is raised by Li and Marcucci

with respect to claims 28 & 29.

*8 Marcucci et al., "Detection of Unique ALLA*(MLL) Fusion Transcripts in Normal
Human Bone Marrow and Blood: Distinct Origin of Normal versus Leukemic ALL1 Fusion
Transcripts", Cancer Res, 58:790-793. (February 15, 1998); Exhibit PA-10.
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L. SNO No. 12: Claim 30 is obvious under 35 U.S.C.§103(a) over Li 

in view of Flint

Li has been discussed above. Flint was published on April 1, 1997 andis prior art

to the '706 patent under 35 U.S.C. § 102(b).” Flint is newly cited in the present request.

Li and Flint raise a new question of patentability as to claim 30 for at least two

reasons: (i) Flint was not considered during original prosecution of the '706 patent and Li,

although cited, was not discussed or relied on by the USPTO;(ii) the explanation

presented herein of how Liin view of Flint renders claim 30 obvious wasnot before the

original Examiner, and (iii) Li and Flint present non-cumulative technological teachings

that were not discussed on record during the prosecution of the '706 patent.

Li and Flint raise a substantial question of patentability at least because (1) Li

teachesall of the steps of base claim 1, (11) Flint teaches the additional recitations of

claim 30, and (iii) Li and Flint are readily combinable to yield the subject matter of claim

30. A detailed explanation of why Li's and Flint's combined teachings would have

rendered the claims obviousis presented in the next section applyingthe art to the claims.

Thus, a substantial new question of patentability is raised by Li and Flint with

respect to claim 30.

M. SNO No. 13: Claim 31 is obvious under 35 U.S.C.§103(a) over Li 

in view of Ponten

Li has been discussed above. Ponten was published on September 1997 andis

prior art to the '706 patent under 35 U.S.C.§ 102(b).*” Ponten is newly citedin the

present request.

°° Flint et al., "NR2A Subunit Expression Shortens NMDA Receptor Synaptic Currents in
Developing Neocortex", J. Neurosci., 17(7):2469-2476 (April 1, 1997); Exhibit PA-11.
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Li and Ponten raise a new question of patentability as to claim 31 for at least two

reasons: (1) Ponten wasnot considered during original prosecution of the '706 patent and

Li, although cited, was not discussed or relied on by the USPTO;(ii) the explanation

presented herein of how Li in view of Ponten renders claim 31 obvious wasnot before

the original Examiner, and (iii) Li and Ponten present non-cumulative technological

teachings that were not discussed on record during the prosecution of the '706 patent.

Li and Pontenraise a substantial question of patentability at least because (1) Li

teachesall of the steps of base claim 1, (11) Ponten teaches the additional recitations of

claim 31, and (iii) Li and Ponten are readily combinable to yield the subject matter of

claim 31. A detailed explanation of why Li's and Ponten’s combined teachings would

have rendered the claims obviousis presented in the next section applying the art to the

claims.

Thus, a substantial new question of patentability is raised by Li and Ponten with

respect to claim 31.

N. SNO No. 14: Claims 38, 39, 46 & 51 are anticipated by Zhang
under 35 U.S.C. § 102(b)

Zhang waspublished on July 1, 1992, andis thus prior art to the ‘706 patent under

35 U.S.C. § 102(b). Under the broadest reasonable interpretation of the claims, Zhang

discloses methods that meetall of the limitations of the methods of claims 38, 39, 46 &

51.

SNQ No. 14 based on Zhangis new forat least two reasons: (i) Although Zhang

wascited by the applicants during original prosecution of the '706 patent, it was not

° Ponten ef al., "Genomic analysis of single cells from humanbasalcell cancer using laser-
assisted capture microscopy", Mutation Research Genomics 382, 45-55 (1997); Exhibit PA-12.
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discussed or relied on by the USPTO; and(ii) the explanation presented herein of how

Zhang anticipates claims 38, 39, 46 & 51 presented herein was not before the original

Examiner.

SNQ No. 14 based on Zhangis substantial at least because Zhang teachesall

aspects of claims 38, 39, 46 & 51 and squarely anticipates these claims undertheir

broadest reasonable interpretation. In contrast, none of the art that was discussed or

relied on during the original prosecution of the "706 patent was found to anticipate the

claims.

Thus, a substantial new question of patentability is raised by Zhang with respect

to claims 38, 39, 46 & 51.

O. SNQ No. 15: Claims 40-43, 47, 48, 59 and 64 are obvious under

35 U.S.C.§103(a) over Zhang in view of Li

Zhang and Li have been discussed above, and both are prior art to the '706 patent

under 35 U.S.C. § 102(b).

Zhang andLiraise a new question of patentability as to claims 40-43, 47, 48, 59

and 64 for at least two reasons: (i) Although Zhang and Li were cited by the applicants

during original prosecution of the '706 patent, neither reference was discussedorrelied

on by the USPTO;(ii) the explanation presented herein of how Zhang in view of Li

renders claims 40-43, 47, 48, 59 and 64 obvious was not before the original Examiner,

and (iii) Zhang and Li present non-cumulative technological teachings that were not

discussed on record during the prosecution ofthe '706 patent.

Zhang andLiraise a substantial question of patentability at least because (i)

Zhangteachesall of the steps of base claim 38, (ii) Li teaches the additionalrecitations of

claims 40-43, 47, 48, 59 and 64, and (iii) Zhang and Liare readily combinable to yield
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the subject matter of claims 40-43, 47, 48, 59 and 64. A detailed explanation of why

Zhang's and Li's combined teachings would have rendered the claims obviousis

presented in the next section applyingthe art to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Li with

respect to claims 40-43, 47, 48, 59 and 64.

P. SNOQ No. 16: Claim 44 is obvious under 35 U.S.C.§103(a) over 

Zhangin view of Kalinina

Zhang and Kalinina have been discussed above and both are priorart to the '706

patent under 35 U.S.C. § 102(b). Kalinina is newly cited in the present request.

Zhang and Kalinina raise a new question of patentability as to claim 44 for at least

two reasons: (i) Kalinina was not considered during original prosecution of the '706

patent and Zhang, although cited, was not discussedorrelied on was not discussed or

relied on by the USPTO;(ii) the explanation presented herein of how Zhangin view of

Kalinina renders claim 44 obvious was not before the original Examiner, and (iii) Zhang

and Kalinina present non-cumulative technological teachings that were not discussed on

record during the prosecution of the "706 patent.

Zhang and Kalininaraise a substantial question of patentability at least because (i)

Zhangteachesall of the steps of base claim 38, (11) Kalinina teaches the additional

recitations of claim 44, and (iii) Zhang and Kalinina are readily combinable to yield the

subject matter of claim 44. A detailed explanation of why Zhang's and Kalinina's

combined teachings would have rendered the claims obviousis presented in the next

section applying the art to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Kalinina

with respect to claim 44.
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Q. SNO No, 17: Claim 52 is obvious under 35 U.S.C.§103(a) over
 

Zhangin view of Chou

Zhang and Chou have been discussed above and both are priorart to the '706

patent under 35 U.S.C. § 102(b). Because Chou was not submitted in an IDSto the

examiner, althoughit is referenced in the '706 specification, Chou is newly cited in the

present request.

Zhang and Chouraise a new question of patentability as to claim 52 for at least

tworeasons: (i) Chou wasnot considered during original prosecution of the '706 patent

and Zhang,although cited, was not discussed orrelied on wasnot discussed orrelied on

by the USPTO;(ii) the explanation presented herein of how Zhang in view of Chou

renders claim 52 obvious wasnot before the original Examiner, and (i11) Zhang and Chou

present non-cumulative technological teachings that were not discussed on record during

the prosecution of the '706 patent.

Zhang and Chouraise a substantial question of patentability at least because (i)

Zhangteachesall of the steps of base claim 38, (11) Chou teaches the additional

recitations of claim 52, and (iii) Zhang and Chouare readily combinableto yield the

subject matter of claim 52. A detailed explanation of why Zhang's and Chou's combined

teachings would have rendered the claims obviousis presented in the next section

applying the art to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Chou

with respect to claim 52.
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R. SNOQ No. 18: Claims 53-55 is obvious under 35 U.S.C.§103(a 

over Zhangin view of Burg

Zhang and Burg have been discussed aboveandbotharepriorart to the '706

patent under 35 U.S.C. § 102(b). Burg is newly cited in the present request.

Zhang and Burgraise a new question of patentability as to claims 53-55 for at

least two reasons: (i) Burg was not considered during original prosecution of the '706

patent and Zhang, although cited, was not discussedorrelied on was not discussed or

relied on by the USPTO;(ii) the explanation presented herein of how Zhangin view of

Burg renders claims 53-55 obvious wasnot before the original Examiner, and (iii) Zhang

and Burg present non-cumulative technological teachings that were not discussed on

record during the prosecution of the "706 patent.

Zhang and Burgraise a substantial question of patentability at least because(i)

Zhangteachesall of the steps of base claim 38, (ii) Burg teaches the additional recitations

of claims 53-55, and (iii) Zhang and Burg are readily combinable to yield the subject

matter of claims 53-55. A detailed explanation of why Zhang's and Burg's combined

teachings would have rendered the claims obviousis presented in the next section

applying the art to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Burg with

respect to claims 53-55.

S. SNO No. 19: Claim 56 is obvious under 35 U.S.C.§103(a) over 

Zhangin view of Trumper

Zhang and Trumperhave been discussed above and bothare prior art to the '706

patent under 35 U.S.C. § 102(b). Trumperis newly cited in the present request.
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Zhang and Trumperraise a new question of patentability as to claim 56 for at

least two reasons: (i) Trumper was not considered during original prosecution of the '706

patent and Zhang, although cited, was not discussedorrelied on was not discussed or

relied on by the USPTO;(ii) the explanation presented herein of how Zhangin view of

Trumperrenders claim 56 obvious wasnot before the original Examiner, and (iii) Zhang

and Trumperpresent non-cumulative technological teachings that were not discussed on

record during the prosecution of the "706 patent.

Zhang and Trumperraise a substantial question of patentability at least because(1)

Zhangteachesall of the steps of base claim 38, (11) Trumper teachesthe additional

recitations of claim 56, and (iii) Zhang and Trumperare readily combinable to yield the

subject matter of claim 56. A detailed explanation of why Zhang's and Trumper's

combined teachings would have rendered the claims obviousis presented in the next

section applying the art to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Trumper

with respect to claim 56.

T. SNO No. 20: Claim 57 is obvious under 35 U.S.C.§103(a) over 

Zhangin view of Kanzler

Zhang and Kanzler have been discussed above and bothare priorart to the '706

patent under 35 U.S.C. § 102(b). Kanzler is newly cited in the present request.

Zhang and Kanzler raise a new question of patentability as to claim 57 for at least

tworeasons: (1) Kanzler was not considered during original prosecution of the "706 patent

and Zhang,although cited, was not discussed orrelied on wasnot discussed orrelied on

by the USPTO;(ii) the explanation presented herein of how Zhangin view of Kanzler

renders claim 57 obvious wasnot before the original Examiner, and (111) Zhang and
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Kanzler present non-cumulative technological teachings that were not discussed on

record during the prosecution of the "706 patent.

Zhang and Kanzler raise a substantial question of patentability at least because (i)

Zhangteachesall of the steps of base claim 38, (ii) Kanzler teaches the additional

recitations of claim 57, and (iii) Zhang and Kanzler are readily combinable to yield the

subject matter of claim 57. A detailed explanation of why Zhang's and Kanzler's

combined teachings would have rendered the claims obviousis presented in the next

section applying the art to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Kanzler

with respect to claim 57.

U. SNOQ No. 21: Claim 58 is obvious under 35 U.S.C.§103(a) over 

Zhangin view of Gravel

Zhang and Gravel have been discussed aboveand bothare priorart to the '706

patent under 35 U.S.C. § 102(b). Gravel is newly cited in the present request.

Zhang and Gravel raise a new question of patentability as to claim 58 for at least

two reasons: (i) Gravel was not considered during original prosecution of the '706 patent

and Zhang,although cited, was not discussed orrelied on wasnot discussed orrelied on

by the USPTO;(ii) the explanation presented herein of how Zhangin view of Gravel

renders claim 58 obvious wasnot before the original Examiner, and (111) Zhang and

Gravel present non-cumulative technological teachings that were not discussed on record

during the prosecution of the '706 patent.

Zhang and Gravelraise a substantial question of patentability at least because (i)

Zhangteachesall of the steps of base claim 38, (ii) Gravel teaches the additional

recitations of claim 58, and (iii) Zhang and Gravel are readily combinable to yield the
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subject matter of claim 58. A detailed explanation of why Zhang's and Gravel's

combined teachings would have rendered the claims obviousis presented in the next

section applying the art to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Gravel

with respect to claim 58.

Vv. SNO No. 22: Claims 60 and 61 are obvious under
35 U.S.C.§103(a) over Zhang in view of Marcucci

Zhang and Marcucci have been discussed above and bothare priorart to the '706

patent under 35 U.S.C. § 102(b). Marcucci is newly cited in the present request.

Zhang and Marcucciraise a new question of patentability as to claims 60 & 61 for

at least two reasons: (1) Marcucci wasnot considered during original prosecution of the

'706 patent and Zhang,although cited, was not discussed or relied on was not discussed

or relied on by the USPTO;(ii) the explanation presented herein of how Zhangin view of

Marcucci renders claims 60 & 61 obvious wasnot before the original Examiner, and(iii)

Zhang and Marcucci present non-cumulative technological teachings that were not

discussed on record during the prosecution ofthe '706 patent.

Zhang and Marcucciraise a substantial question of patentability at least because

(1) Zhang teachesall of the steps of base claim 38, (i1) Marcucci teaches the additional

recitations of claims 60 & 61, and (iii) Zhang and Marcucci are readily combinable to

yield the subject matter of claims 60 & 61. A detailed explanation of why Zhang's and

Marcucci's combined teachings would have rendered the claims obviousis presented in

the next section applyingtheart to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Marcucci

with respect to claims 60 & 61.
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W. SNOQ No. 23: Claim 62 is obvious under 35 U.S.C.§103(a) over 

Zhangin view of Flint

Zhang and Flint have been discussed above and bothare priorart to the '706

patent under 35 U.S.C. § 102(b). Flint is newly cited in the present request.

Zhang andFlint raise a new question of patentability as to claim 62 for at least

tworeasons: (1) Flint was not considered during original prosecution of the '706 patent

and Zhang,although cited, was not discussed orrelied on wasnot discussed orrelied on

by the USPTO;(ii) the explanation presented herein of how Zhang in view ofFlint

renders claim 62 obvious wasnot before the original Examiner, and (i11) Zhang and Flint

present non-cumulative technological teachings that were not discussed on record during

the prosecution of the '706 patent.

Zhang andFlint raise a substantial question of patentability at least because (i)

Zhangteachesall of the steps of base claim 38, (ii) Flint teaches the additional recitations

of claim 62, and (iii) Zhang and Flint are readily combinable to yield the subject matter

of claim 62. A detailed explanation of why Zhang's and Flint's combined teachings

would have rendered the claims obviousis presented in the next section applying the art

to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Flint with

respect to claim 62.

X. SNO No. 24: Claim 63 is obvious under 35 U.S.C.§103(a) over 

Zhangin view of Ponten

Zhang and Ponten have been discussed above and bothare priorart to the '706

patent under 35 U.S.C. § 102(b). Ponten is newly cited in the present request.
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Zhang and Ponten raise a new question of patentability as to claim 63 forat least

two reasons: (1) Ponten was not considered during original prosecution of the '706 patent

and Zhang,although cited, was not discussed orrelied on wasnot discussed orrelied on

by the USPTO;(ii) the explanation presented herein of how Zhangin view of Ponten

renders claim 63 obvious wasnot before the original Examiner, and (111) Zhang and

Ponten present non-cumulative technological teachings that were not discussed on record

during the prosecution of the '706 patent.

Zhang and Ponten raise a substantial question of patentability at least because (1)

Zhangteachesall of the steps of base claim 38, (ii) Ponten teaches the additional

recitations of claim 63, and (iii) Zhang and Ponten are readily combinableto yield the

subject matter of claim 63. A detailed explanation of why Zhang's and Ponten's

combined teachings would have rendered the claims obviousis presented in the next

section applying the art to the claims.

Thus, a substantial new question of patentability is raised by Zhang and Ponten

with respect to claim 63.
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VI. MANNER OF APPLYING THE CITED PRIOR ART AND PROPOSED

REJECTIONS

A. Proposed Rejection No. 1: Li anticipates claims 1-3, 7-9, 14-16, 19,
21, 22,27 & 32 under 35 U.S.C.§102(b

1. Short introductory overview of relevant portions of Li's
disclosure

Independent claim 1 and its dependentclaims 2-3, 7-9, 14-16, 19, 21, 22, 27 & 32

are anticipated by Li°'under 35 U.S.C. § 102(b). To provide a quick orientation to the

Examiner, this section presents an introductory high-level overview of Li's experiments,

the steps of the claims, and how Li's experiments map onto each of these steps. A more

detailed application of Li's teachings to each claimed step, showingthe details of how Li

performed each step with specific cites to L1's relevant disclosure is presented in the next

section.

Li performed three separate experiments, each of which anticipates independent

claims | and 38 and various dependent claims. These three experiments can bebriefly

summarized as follows:

- Experiment 1: Analysis ofLDLr locus in sperm:** Li amplified assay
samples containing single haploid sperm cells from a heterozygous donor
carrying two distinguishable alleles LDLr1 and LDLr2 at the LDLr locus and
compared the numberof sperm containing eachallele against each other to
determine the composition of the starting sample with respectto this particular
locus.

- Experiment 2: Analysis ofthe LDLr and the HLA DOQ-aloci in sperm™ Li
amplified assay samples containing single haploid sperm cells from a

*! Li et al., Amplification and analysis ofDNA sequences in single human sperm and
diploid cells. Nature. 29;335(6189):414-7 (1988), which formsprior art to the "706 patent under
35 U.S.C. § 102(b) (Exhibit PA-1).

°° This experimentis described in Li on page 415, Section titled "Analysis in single human
sperm,” paragraph bridging the left and rightcols.

This experimentis described in Li on page 415, Sectiontitled "Independent assortment of
chromosomes," paragraph bridging pages 415-416, and page 416,left col.
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heterozygous donor carrying two distinguishable alleles LDLr1 and LDLr2 at
the LDLrlocus, and two distinguishable alleles DQA1 and DQA2 at the HLA
DQ-a locus. Li compared the number of sperm containing eachallele at each
individual locus. In addition, Li also analyzed of the number of samples for
each observed combination ofalleles between the two different loci.

- Experiment 3: Analysis ofthe B-globin locusin single diploid cells:Li
amplified assay samples containing single diploid cells obtained from a
mixture of two different clonal subpopulationsofcells. The first
subpopulation was homozygouswild-type at the globin locus, while the
second subpopulation was homozygous mutantat this locus.

In each of these experiments, Li performed and disclosed each ofthe principal

steps of the claims of the '706 patent. Generally, the claims of the '706 patent are directed

to a method requiring four steps: (1) diluting or otherwise forming a set of assay

samples containing template molecules from a biological sample; (2) amplifying the

template molecules in the assay samples; (3) analyzing the amplified moleculesto

determinea first number of assay samples that contain one sequence and a second

number of assay samples that contain a different sequence; and (4) comparing those

numbersto ascertain a ratio that reflects the composition of the biological sample.

Indeed, the PTO hasalready found that substantially similar claims of a related

pending application are not patentable over Li. In particular, in the October 10, 2012

non-final Office Action in App. No. 13/071,105 ("the '105 application), which is a

continuation application of the '706 patent, the PTO rejected nearly all of the pending

claims because Li anticipates and/or renders them obvious.*° Thesimilarities between

the main steps of independent claims | and 38 of the '706 patent and pending claim 49 of

the '105 application are compared side-by-side in the chart below.

34

35 This experimentis described in Li on page 414, paragraph bridging the left and rightcols.
Relevant portions of the '105 file history are provided as Exhibit 5.
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In each of his three experiments, Li performed the four steps of independent claim

1 of the '706 patent, as follows.

a) Diluting and/or set-forming step

o. Thefirst step involves "diluting ... template molecules in a biological
sample" to form "a set comprising a plurality ofassay samples"starting
from a biological sample.

o In multiple experiments, Li started by diluting a suspension of template-
containing haploid or diploid cells, thereby "diluting ... template
molecules in a biological sample." Li then generated a plurality of single-
cell assay samples by transferring single isolated cells each into separate
tubes, thereby forming "a set comprising a plurality ofassay samples"
starting from a biological sample.

o The PTO has alreadyfound that Li discloses "distributing or diluting a
mixedpopulation ofnucleic acid sequences into at least ten assay
samples,"in the pending '105 continuation of the '706 patent.*’ Under the
reasoning, Li anticipates forming "a set comprising a plurality ofassay
samples"

b) Amplifying step

o The second step involves "amplifying the template molecules within the
assay samples."

o Lisubjected each ofhis single-cell assay samples to amplification by a
polymerase chain reaction (PCR) using primers directed to one or more
genetic loci of interest, thereby "amplifving the template molecules within
the assay samples." Amplification at a given locus would generate a
single amplification product of a single allele from a haploid sperm cell or
two different amplification products corresponding to two differentalleles
from a diploid cell (or alternatively a single amplification productif allele-
specific primers are used).

Oo The PTO has alreadyfound that Li discloses "amplifying the template
molecules in the assay samples"as recited in the pending claimsof the
'105 continuation the '706 patent.*®

7 October 10, 2012 Non-Final Office Action in the '105 application, at page 3 (Exhibit 5).
*8 October 10, 2012 Non-Final Office Action in the '105 application, at page 4 (Exhibit 5).
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c) Analyzing/determining step

o The third step involves "analyzing the amplified molecules ... to determine
afirst number ofassay samples which contain the selected genetic
sequence and a second number ofassay samples which contain a
reference genetic sequence."

o Lideterminedthe allelic identity of each amplification product from each
single-cell sample by hybridizing the products with allele-specific
oligonucleotides (ASOs), thereby "analyzing the amplified molecules.
Li then counted the number of samples showing amplification of a first
allele at a locus of interest, and also the number showing amplification of
a secondallele at the same locus, thereby determining a "first number of
samples which contain the selected genetic sequence and a second number
ofsamples which contain a reference genetic sequence"in the form ofthe
secondallele at the samelocus.

1139

Oo The PTO has alreadyfound that Li discloses "determining nucleic acid
sequence ofamplification products from an assay sample," as recited in
the claimsof the pending '105 continuation the '706 patent.*” Underthe
same reasoning, Li discloses "analyzing the amplified molecules." Since
the '105 claims did not recite determining a first and second numberof
assay samples, the PTO did not reachthis issue.

d) Comparing step

o The fourth step involves "comparing thefirst number to the second
number to ascertain a ratio which reflects the composition ofthe
biological sample."

o Licompared the numberofsingle-cell assay samples showing
amplification ofthe first allele against the number of assay samples
showing amplification of the secondallele, thereby "comparingthefirst
number to the second numberto ascertain a ratio.""' This ratio reflected

the relative frequencies of eachallele in the initial biological sample, and
thus "reflect{ed] the composition ofthe biological sample."

EachofLi's three experiments also anticipates various dependent claims.

39

40 See descriptions of Experiments 1, 2 and 3 below fordetails.
October 10, 2012 Non-Final Office Action in the '105 prosecution history, at page 4

(Exhibit5).
“' See descriptions of Experiments 1, 2 and 3 below for details.
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2. Detailed application of Li to independent claim 1

This section discusses in detail how, under the broadest reasonable interpretation

of the claims, Li discloses methods that meet each and every limitation of independent

claim 1.

i) Li discloses "A method for determining the ratio of a
selected genetic sequence in a population of genetic
sequences"

This language forms the preamble of claim 1. Under the PTO's standards for

patentability, a preamble which merely recites an "intended use" doesnot limit the claim

in any way.”

But even if it were limiting (whichit is not), Li discloses "determining the ratio of

a selected genetic sequence in a population ofgenetic sequences" under the broadest

reasonable interpretation. Requester notes as a threshold matter that, as written, the

preamble broadly uses the word "ratio" in a manner synonymouswith "amount" or

perhaps "relative amount" as opposedto using "ratio" in a strict mathematical sense. In

addition, based on the language andstructure of the body ofthe claim, "a methodfor

determining the ratio ofa selected genetic selection in a population ofgenetic sequences"

as recited in the preamble morespecifically involves "comparing thefirst number [of

assay samples] to the second number [ofassay samples] to ascertain a ratio which

reflects the composition ofthe biological sample" as recited in the final limitation of

claim 1.

*” Rowe v. Dror, 112 F.3d 473, 478, 42 USPQ2d 1550, 1553 (Fed. Cir. 1997) (preamble's
recitation of an intendeduseis not a limitation). Solely for the purposes of this reexamination,
Requester will proceed on the premise that the preamble is not limiting in any way,or atleast
does not impose an additional limitation over whatis recited in the bodyofthe claim.

Page 563 of 1224



Page 564 of 1224

Accordingly, under the broadest reasonable interpretation (and solely for the

purposesof this reexamination), a direct explicit numerical comparison betweenafirst

numberof assay samples with a selected sequence and a second numberof assay samples

with a reference sequence,” constitutes "comparing thefirst numberto the second

numberto ascertain a ratio" as recited in the last step of claim 1 and "determining the

ratio ofa selected genetic sequence in a population ofgenetic sequences"as recited in

the preamble. In other words, an explicit comparison of the two numbers, even without

any explicit mention of a "ratio" between the two numbers, is a disclosure of

"determining the ratio ofa selected genetic sequence in a population ofgenetic

sequences."

Li not only made exactly such comparisonsin each ofhis three experiments,

thereby determiningor ascertainingratios as set forth in claim 1, he expressly

characterized his comparisonsas "ratios" that were reflective of the composition of the

biological sample.

In Experiment1 identified in the overview section, Li "analysed the LDLr

genotypes in 80 individual sperm" assay samples” and counted the number of samples

containing each allele. Li compared these two numbers, noting that "[t]wenty-two

[samples] carried one allele; 21 the other,"* in an equalratio — noting that "[t]he

distribution of the two amplified alleles obeyed Mendels' law of independent

segregation,” which results in an approximate 1:1 ratio between the twoalleles. Li

explained later that Mendelian segregation requires that the number of samples

* Specifically, comparing a first number of assay samples containing a selected sequence
with a second numberof assay samples containing a reference sequence.

“Li, page 415, paragraphbridgingleft and right cols.
* Li, page 415, paragraphbridgingleft andright cols.
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"4% By comparingcontaining each allele should be the same, in an "expected 1:1 ratio.

these two numbersin this manner, Li thereby performed a step of "determining the ratio

ofa selected genetic sequence in a population ofgenetic sequences."

Li later explicitly noted that Mendelian segregation predicts that the number of

"47 By comparingsamples containing each allele should be in an "expected 1:1 ratio.

these two numbersin this manner to confirm that they were approximately equal in a 1:1

ratio, Li thereby "determin[ed] the ratio ofa selected genetic sequence in a population of

genetic sequences"as recited in the preamble.

Li also performed the same analysis on two loci together, DQA (also called HLA

DQ-a) and LDLr, in Experiment2 (results displayed in Table 1 and Fig. 3). In

particular, Li determined the frequencies of each of two alleles at both of the loci in a set

of 150 different single-sperm assay samples,”* 114 of which were amplifiable for one or

morealleles by Li's methods.” Under the broadest reasonableinterpretation, either of the

two alleles at a single locus correspondsto the "selected genetic sequence" of the

preamble.

With respect to the LDLrlocus, Li noted that the number of samples containing

the first and secondallele should be approximately equal, in an "expected 1:1 ratio."°° Li

confirmed that actual results conformed to the expected ratio: "96 could be typed at the

LDLrlocus with 45 having LDLr1 and 51 having LDLr2," leading Li to conclude that

46

47

48

49

50

Li, page 416,left col., second paragraph.
Li, page 416,left col., second paragraph.
Li, page 415, right col., last paragraph and Table 1.
Li, page 416,left col., second paragraph.
Li, page 416,left col., second paragraph.
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"[t]he two alleles segregate in the expected 1:1 ratio."”! By comparing these two

numbersin this manner, Li thereby "determinin[ed] the ratio ofa selected genetic

sequence in a population ofgenetic sequences"as recited in the preamble.

With respect to the DQA locus, Li noted that "eighty-eight [assay samples] could

be typed at the DQAlocus: 53 had the DQA1allele, 35 the DQA2.""" Li notedthat the

"segregation of the DQA alleles with the expected 1:1 ratio is at the borderline of

statistical significance,"”* thereby "determining the ratio ofa selected genetic sequence in

a population ofgenetic sequences"as recited in the preamble.

In Experiment 3, shownin Fig. 1, Li again determined "the ratio ofa selected

genetic sequence in a population ofgenetic sequences"in diploid tissue culture cells

where someofthe cells were homozygousfor the B-globin sickle-cell mutation B* and

some cells were homozygousfor the normal B* allele. From that starting tissue culture

sample, Li created a set of 37 single-cell samples from this mixture.’ Li then determined

the numberof single-diploid-cell samples containing the Bp and BS globin alleles by PCR

amplification followed by hybridization to allele-specific oligonucleotide probes that

selectively hybridized to either one of the two B globin alleles investigated. Under the

broadest reasonable interpretation, either of these B globin alleles forms the "selected

genetic sequence" of the preamble. 84% ofthe single-cell samples showed hybridization

to a probe, thereby demonstrating the presence of the corresponding allele within the

sample — specifically, "19 [samples hybridized] with the B* probe and 12 with the p*

$1
Li, page 416,left col., second paragraph.
Li, page 416,left col., second paragraph.
Li, page 416,left col., second paragraph.
Li, page 414, right col., first paragraph.
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W955
probe. ... No sample hybridized with both probes.""~ By noting that 19 samples

contained the Bp allele and 12 contained the BS allele,°° i.e., a 19:12 ratio, Li thereby

"determin[ed] the ratio ofa selected genetic sequence in a population ofgenetic

sequences."

ii) Li discloses "diluting nucleic acid template molecules
in a biological sample to form_a set comprising a
plurality of assay samples”

Claim 1 of the '706 patentrecites a step of "diluting nucleic acid template

molecules in a biological sample." Li discloses such a step. In particular, for

Experiments 1 and 2, Li purified sperm by diluting a biological sample in the form of

0.5 ml of semen by adding 3 ml of a sucrose solution to the sample, and further diluted

this sample by applying it to a 10.5 ml volumeofa sucrose gradient and spinning the

sample through the gradient.°’ From the purified sperm sample (the concentration of

which was 1 x10° sperm/ml)°®, Li then created a set comprising "80 individual sperm"”’

assay samples from a sample for Experiment 1 and a set comprising a "total of 150

individual sperm" assay samples for Experiment 2.°° Such samples are more dilute than

1°!the purified sample as they contain only one sperm in a volumeof20 u Bydiluting

sperm cells, where each sperm contains template molecules in the form of a haploid

Li, page 414, right col., first paragraph.
Li, page 414, right col., first paragraph.
Li, Fig. 2, legend ("0.5 ml semen was mixed with 3 ml of 40% sucrose. The mixture was

applied to the top of a sucrose step gradient made by adding 3.5 ml 90%, 70% and 50% (w/ v)
sucrose successively to a 15-ml graduated plastic tube (Falcon 2095). The sample was spun at
14,500g for two hours at room temperature. 0.5 ml of the interface between 70% and 90%
sucrose was collected and applied to an identical sucrose gradient. This was repeated twice

more."

57

Li, page 415, legend to Figure 2.
Li, page 415,left col., bottom paragraph.
Li, page 415, right col., last paragraph.
Li, page 415, legend to Figures 1 and 2.

59

60

61

Page 567 of 1224



Page 568 of 1224

genome,Li thereby "dilut{ed] nucleic acid template molecules in a biological sample"as

recited in claim 1. Further, the dilutions resulted in a set of 80 and a set of 150 single-

sperm samples which constitute "a set comprising a plurality ofassay samples."

For Experiment3,Li started with a co-cultivation of "cells homozygousfor B*

and cells homozygousfor 8° in the sametissue culture flask. . . ."°? Under the broadest

reasonable interpretation, this starting tissue-cultured sample ofcells is "a biological

sample” as recited in claim 1. Solely for the purposes of this reexamination, Requester

will accordingly proceed under the premise that Li's cell sample constitutes "a biological

sample" underthe broadest reasonable interpretation. Li discloses that this cell sample

163
was subjected to "washing three times,"”” which necessarily involves addition of washing

solution, thereby diluting the templates in the cell sample (i.e., "biological sample"). The

concentration ofthe cell sample at that step was 1-3 x 10° cells/ml. Next, Li selected

single cells from the washed cell suspension, where "[i]ndividual cells were drawn into a

thin plastic pipette during observation under a phase-contrast microscope. Each

individual cell was delivered into a PCR tube containing a lysis solution and, after

)."”incubation, PCR buffer [and other components Each cell contains template

molecules for the subsequent PCR. Each single-cell sample was in a volume of20 ul, °°

which is more dilute than 1-3 x 10° cells/ml. Thus, Li diluted template molecules as

required by this claim limitation.

62

63

64

65

66

Li, page 414,left col., top paragraph.
Li, Fig. 1, legend.
Li, page 415, legend to Figure 1.
Li, page 415, legend to Figure 1.
Li, page 415, legend to Figures 1 and 2.
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For Experiment 3, Li also formed a set comprising a plurality of assay samples.

In particular Li created and analyzed 37 single-diploid-cell samples.°’ Under the

broadest reasonable construction, a set of 37 single-cell samples constitutes "a set

comprising a plurality ofassay samples."

Furthermore, as discussed in the overview section (Section VI.A.1), the claims of

a related pending continuation of the "706 patent (the '105 application) have a similar

requirement of "distributing ... nucleic acid sequencesinto atleast ten assay samples."°*

The PTO recently foundthat this limitation in '105 claim 49 is anticipated by Li. In

particular, the PTO foundthat:

The mixed population of nucleic acid sequences was "a semen sample":
page 415, column 1, last [partial] paragraph: "Sperm were purified from a
semen sample ...". Each sperm would contain 23 chromosomes, and some
sperm would comprise maternally derived chromosomes, while others
would comprise paternally derived chromosomes. In addition, some sperm
would comprise Y chromosomes, whereas others would comprise X
chromosomes. Furthermore, the semen sample was obtained from an
individual known to be heterozygous at a locus of the LDLr gene (page
415, column 1, last [full] paragraph). Li took single sperm and placed
them into separate tubes for amplification (page 415, column 1, last
[partial] paragraph). By doing so, Li distributed the mixed population into
at least ten (in this case, 80) "assay samples" such that each of the assay
samples comprised less than ten (in this case, 1) template molecules; the
template, in this case, is the LDLr gene.”

Under the same reasoning, Li anticipates the broaderrecitation of "form/ing] a set

comprising a plurality ofassay samples" containing nucleic acid template molecules as

recited in ‘706 claim 1.

67

68 Li, page 414, right col., first paragraph.
See '105 file history, Response to Restriction Requirementfiled June 11, 2012, at page 8

(Exhibit 5).
° October 10, 2012 Non-Final Office Action in the '105 prosecution history, at page 3

(Exhibit 5).
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iii) Li discloses "amplifying the template molecules within
the assay samples to form a population of amplified
molecules in the assay samples of the set"

Li discloses "amplifying the template molecules within the assay samples toform

a population ofamplified molecules in the assay samples ofthe set" as recited in claim 1.

In Experiment 1 (LDLrlocus only),’° Li subjected his 80 sperm assay samplesto

amplification with a single set of "two primers ... for PCR of the LDLr locus".”!

In Experiment 2 (LDLr and DQAloci together),Li “attempted to amplify

simultaneously DNA sequencesat two different loci on non-homologous chromosomes

in a single sperm" in 180 assay samples, using a primary multiplex amplification reaction

of "20 amplification cycles in the presence of both primer pairs" for two different loci,

DQAand LDLr.”

In Experiment 3 (B-globin locus), Li subjected his single-diploid-cell assay

samples to amplification with "a [single] set of PCR primers that amplify the informative

region ofthe globin gene," using "50 cycles of amplification."

In these experiments, the chromosomal DNAofthe single cells in the assay

samples acted as "template molecules" that were amplified by PCR,resulting in the

generation of a "population ofamplified molecules in the assay samples ofthe set.”

70
Li, page 415, paragraph bridging left and right cols.
Li, page 415, paragraph bridging left and rightcols. ("We adapted the detection of an

LDLr polymorphism to PCR ... with the PCR primers ... shown in the Fig. 2 legend") and Fig. 2,
legend (providing "sequence of the two primers used for PCR of the LDLr locus”).

® Li, page 415, paragraph bridging left and rightcols.
Li, paragraph bridging pages 415 and 416 (We attempted to amplify simultaneously

DNAsequencesat two different loci on non-homologous chromosomesin a single sperm. ... we
performed only the first 20 amplification cycles in the presence of both primerpairs”).

™® Li, page 414,right col., first paragraph ("after incubation, PCR buffer containing
deoxyribonucleotides, Taq DNA polymerase and a set of PCR primers that amplify the
informative region of the globin gene was added. After DNA denaturation 50 cycles of
amplification were performed").

71

73

10
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Therefore, Li discloses "amplifying the template molecules within the assay

samples toform a population ofamplified molecules in the assay samples ofthe set"as

recited in claim 1. Moreover, the PTO hasalready foundthat Li discloses "amplifying

the template molecules in the assay samples"as recited in the pending claimsof the '105

continuation of the 706 patent.”

iv) Li discloses "analyzing the amplified molecules in the
assay samples of the set"

Under the broadest reasonable interpretation, Li's experiments included a step of

"analyzing the amplified molecules in the assay samples ofthe set" as recited in claim 1.

In Li's Experiment1 (i.e., LDLr locus only), Li "analysed the LDLr genotypes

in 80 individual sperm" to determine which LDLrallele was present in each individual

sperm sample.’’ Specifically, Li "adapted the detection of an LDLr polymorphism... to

PCRand ASO[i.e., allele-specific oligonucleotide probe] analysis,"”* by way of dot

blots, where the probesin particular werea first allele-specific oligonucleotide probe

(ASO) "for the LDLrlallele" and the second ASOprobespecific for the LDLr2 allele.”

Throughthis process of hybridizing the amplified molecules obtained from a PCR

reaction to allele-specific probes in dot-blot format on a membrane,Li "analyz[ed] the

amplified molecules in the assay samples ofthe set."

Li's Experiment 2 used a similar hybridization assay to determinethe allelic

identity of his primary amplification products (thereby "analyzing the amplified

> October 10, 2012 Non-Final Office Action in the '105 prosecution history, at page 4
(Exhibit 5).

© Li, page 415, paragraph bridgingleft and rightcols.
Li, page 415, left col., last paragraph.
Li, page 415, legendto Fig.1.
Li, Figure 2 legend.
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molecules in the assay samples ofthe set"). In particular, Li analyzed "the amplified

molecules in the assay samples" in the form of amplification productsof a first "primary"

amplification reaction, by first subjecting aliquots of his primary amplification products

to secondary amplification with either LDLr or DQAprimersand hybridizing "part of

each secondary [amplification] reaction ... to either of the two ASOsforthat locus," *”

where such hybridization was ultimately informative ofthe allelic identity of the

"amplified molecules in the assay samples" generated by the primary amplification

reaction. Under the broadest reasonable interpretation, analyzing can include a multi-step

process where oneofthe steps is a second amplification reaction. The '706 patent does

not limit the broadest reasonable interpretation in any way. In fact, the '706 specification

allowsthe use of any analytical technique of choice: "[a]lthough the working examples

demonstrate the use of molecular beacon probesas the meansofanalysis of the amplified

dilution samples, other techniques can be used as well."*' Thus, under the broadest

reasonable construction, Li's second round of PCR in Experiment2 is part of the analysis

step.

In Experiment 3, Li "analyz[ed] the amplified molecules in the assay samples of

the set" by subjecting aliquots of amplified products to hybridization "separately with the

6“ and B° probesafter fixation to nylon membranes."*

Moreover,as discussed in the overview section, the PTO has already found that

Li discloses the step of “amplifying the template molecules in the assay samples, wherein

an assay sample with a single template moleculefrom homogenous amplification

*° Li, paragraphbridging pages 415-416.
*! 706 patent, col. 7, lines 45-51.
*° Li, page 414,right col., first paragraph.
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products in the assay sample" in the claims of the pending '105 continuation of the '706

patentis disclosed by Li.’ Specifically, the examinerstated: "Li amplified each ofthe

assay samples containing individual sperm; page 415, column 1, last [partial] paragraph:

"Individual sperm were drawninto a fine plastic needle under microscopic observation

and delivered to a tube for lysis and amplifications." Since each sample containing one

sperm would contain one template molecule (i.e. LDLr gene), the amplification product

from such a sample would inherently be homogeneous." Accordingly, because claim 1

of the '706 patent and the pending claim of the '105 application both contain an identical

recitation of "analyzing the amplified molecules in the assay samples ofthe set," Li

discloses this precise limitation.

v) Li's analysis was done "to determinea first number of
assay samples which contain the selected genetic
sequence and a second number of assay samples which

contain a reference genetic sequence"

Li's experiments includeda step "to determine afirst number ofassay samples

which contain the selected genetic sequence and a second number ofassay samples

which contain a reference genetic sequence"as recited in claim 1. Under the broadest

reasonable interpretation, (1) a "number ofassay samples which contain [a particular]

sequence" can be a subsetof the original set of assay samples in which each member of

the subset contains that particular sequence, and (2) a "selected genetic sequence" can be

any oneallele at a locus and a "reference genetic sequence" can be the otherallele at the

samelocus.

*S October 10, 2012 Non-Final Office Action in the '105 prosecution history, at page 3
(Exhibit 5).

84 Td. at 4.
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In Li's Experiment 1 (LDLrlocusonly), Li noted that "[t]wenty-two [single-

sperm assay samples] carried one [LDLr] allele," thereby "determin[ing] a first number

ofassay samples which contain the selected genetic sequence." Li also noted that "21

[assay samples contained the] the other" allele, *° thereby "determin[ing] a second

numberofassay samples which contain a reference genetic sequence."

In Li's Experiment 2 (LDLr and DQAloci together), Li stated that "96 [assay

samples] could be typed at the LDLrlocus with 45 having LDLr1,"*’ thereby

"determin[ing] a first number ofassay samples which contain the selected genetic

sequence." Li also foundthat 51 assay samples contained LDLr2,** thereby

"determin[ing] a second numberofassay samples which contain a reference genetic

sequence." Similarly, in the same experiment, Li noted that "eighty-eight [assay samples]

could be typed at the DQA locus: 53 had the DQA1allele, 35 the DQA2,""’ thereby also

teaching "determin[ing] afirst number ofassay samples which contain the selected

genetic sequence" and "determin[ing] a second number ofassay samples which contain a

reference genetic sequence."

Thus in Experiment1, cither one of the LDLralleles constituted the "selected

genetic sequence," whereas the other remaining allele constituted the "reference genetics

sequence." Inthe DQAlocus analysis of Experiment 2, either one of the DQAalleles

constituted the "selected genetic sequence," whereas the other remainingallele

*S Li, page 415, paragraph bridgingleft and rightcols. ("Inaseries of experiments we
analysed the LDLr genotypesin 80 individual sperm ... Twenty-two [sperm] carried oneallele;
21 the other.")

*° Li, page 416,left col., first paragraph.
*’ Li, page 416,left col., first paragraph.
‘8 Li, page 416,left col., first paragraph.
*° Li, page 416,left col., first paragraph.
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constituted the "reference genetics sequence." In the LDLrlocus analysis of Experiment

2, either one of the DQAalleles constituted the "selected genetic sequence," whereas the

other remaining allele constituted the "reference genetics sequence." Similarly, in

Experiment3,either oneof the B* and 8° globin alleles constituted the "selected genetic

sequence," whereas the other remaining allele constituted the "reference genetics

sequence."

Li therefore "determine[d] a first number ofassay samples which contain the

selected genetic sequence and a second numberofassay samples which contain a

reference genetic sequence"as recited in claim 1.

Moreover,as discussed in the overview section, the PTO has already found that

Li discloses the step of "determin[ing] nucleic acid sequence ofamplification products

from an assay sample with homogenous amplification products" in the claims of the

pending '105 continuation of the '706 patent. In particular, the examinerstated: "Li

amplified a known sequence: a 254 bp fragment of the LDLr gene (page 415, column 1,

last [full] paragraph). The only missing sequence information was which single

nucleotide polymorphism waspresent in each of the homogeneousamplified products,

which Li determined usingallele-specific oligonucleotides (see figure 2 and legend.) In

this way, Li determined "nucleic acid sequence of amplification products from an assay

sample with homogeneous amplification products."””

°° October 10, 2012 Non-Final Office Action in the '105 prosecution history, at page 4
(Exhibit5).
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vi) Li discloses "comparingthe first number to the second
number to ascertain a ratio which reflects the
composition of the biological sample."

Li discloses "comparing thefirst number to the second numberto ascertain a

ratio which reflects the composition ofthe biological sample" under the broadest

reasonable interpretation. Requester notes as a threshold matter that the claim broadly

uses the word "ratio" in a manner synonymous with "amount" or perhaps"relative

amount" as opposed to a formal mathematical determination of a "ratio." In addition,

based on the language andstructure of the body of the claim, "a methodfor determining

the ratio ofa selected genetic selection in a population ofgenetic sequences"as recited in

the preamble morespecifically involves "comparing thefirst number [ofassay samples]

to the second number[ofassay samples] to ascertain a ratio which reflects the

composition ofthe biological sample"as recited in the final limitation of claim 1

Accordingly, under the broadest reasonable interpretation (and solely for the

purposesof this reexamination), a direct and explicit numerical comparison between a

first number of assay samples with a selected sequence and a second numberof assay

samples with a reference sequence,”! constitutes "comparing thefirst numberto the

second numberto ascertain a ratio" as recited in the last step of claim 1.

Li not only made exactly such comparisonsin each ofhis three experiments,

thereby determiningor ascertainingratios as set forth in claim 1, he expressly

characterized his comparisonsas "ratios" that were reflective of the composition of the

biological sample.

*! Specifically, comparinga first numberof assay samples containing a selected sequence
with a second numberof assay samples containing a reference sequence.

16
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In Experiment1 identified in the overview section, Li "analysed the LDLr

genotypes in 80 individual sperm" assay samples” and counted the number of samples

containing each allele. Li compared these two numbers, noting that "[t]wenty-two

"> in an equalratio — noting that "[t]he[samples] carried one allele; 21 the other,

distribution of the two amplified alleles obeyed Mendels' law of independent

segregation,” which results in an approximate 1:1 ratio between the twoalleles. Li

explained later that Mendelian segregation requires that the number of samples

"4 By comparingcontaining each allele should be the same, in an "expected 1:1 ratio.

these two numbersin this manner, Li thereby performed a step of "comparing thefirst

numberto the second numberto ascertain a ratio."

Experiment2 identified in the overview section involved the sameanalysis in

more extensive form. In this experiment, Li analyzedalleles at two separate loci, HLA

DQ-« and LDLr,ina set of 150 different single-sperm assay samples.”” Amongother

things, Li compared the frequencies of both alleles at the LDLr locus and noted that "96

[assay samples] could be typed at the LDLr locus with 45 having LDLr1 and 51 having

LDLr2,"”° at approximately equal frequencies as expected. Li concludedthat the "two

197
alleles segregate in the expected 1: 1 ratio,"”’ thereby "comparing thefirst numberto the

second numberto ascertain a ratio."

From the same Experiment2, Li similarly compared the frequencies of both

alleles at the DQAlocusand noted that "eighty-eight [assay samples] could be typed at

°° Li, page 415, paragraph bridgingleft and right cols.
Li, page 415, paragraph bridging left and right cols.
Li, page 416,left col., second paragraph.
Li, page 415, right col., last paragraph and Table 1.
Li, page 416,left col., second paragraph.
Li, page 416,left col., second paragraph.
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the DQAlocus: 53 had the DQA1allele, 35 the DQA2"”® at approximately equal

frequencies as expected. Li concludedthat the "segregation of the DQA alleles with the

expected 1:1 ratio is at the borderlineofstatistical significance,"”’ thereby "comparing

thefirst number to the second numberto ascertain a ratio." An allelic frequency ratio of

1:1 "reflects the composition ofthe biological sample" in various ways,e.g., by reflecting

a normal segregation ofalleles in the sample.

In Experiment3, Li took a biological sample in the form ofa tissue-cultured

diploid cell sample containing cells homozygous for the ps globin allele and cells

homozygousfor the B* globin allele, and created a set of 37 single-cell samples,

determined the numberof single-diploid-cell samples containing the B* and B° globin

allele and compared these two numbers by noting that 19 samples contained the ps allele

and 12 contained the B° allele,'”° i.e.,a 19:12 ratio. By comparing these two numbers in

this manner, Li thereby performed a step of "comparing thefirst number to the second

numberto ascertain a ratio" under the broadest reasonable interpretation. The ratio of

19:12 "reflects the composition ofthe biological sample" in various ways,e.g., by

reflecting the proportion of the two different cell lines in the original co-cultivated

mixture.

Therefore, Li teaches the "comparing thefirst number to the second numberto

ascertain a ratio which reflects the composition ofthe biological sample"as recited in

claim 1.

98

99

100

Li, page 416,left col., second paragraph.
Li, page 416,left col., second paragraph.
Li, page 414, right col., first paragraph ("Out of the 37 cells analysed, 84% hybridized

with only oneof the twoallele-specific probes; 19 with the B“ probe and 12 with the B* probe...
No sample hybridized with both probes").
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3. Detailed explanation of the pertinency and mannerof
applying Li to claim 2

Dependent claim 2 claims the method of claim 1 "wherein the step ofdiluting is

performed until at least one-tenth ofthe assay samples in the set comprise a number (N)

ofmolecules such that 1/N is larger than the ratio ofselected genetic sequencesto total

genetic sequences requiredfor the step ofanalyzing to determine the presence ofthe

selected genetic sequence."

This language of claim 2 is insolubly vague and ambiguous- for example,it is

completely unclear what is meant by "total genetic sequences requiredfor the step of

analyzing to determine the presence ofthe selected genetic sequence." Although

Requester believes it fails to meet the requirements of Section 112, 4 2, such a

determination not within the scope of this reexamination. Althoughthe specification

does not use the phrase "total genetic sequences,” the specification instead explains that

"it would be desirable that at least 1/50 of the diluted samples have a detectable

proportion of analyte,” such that "[a]t least 1/10, 1/5, 3/10, 2/5, 1/2, 3/5, 7/10, 4/5, or

wl0l ond9/10 of the diluted samples may have a detectable proportion of analyte,

apparerently equates "analyte" with "selected genetic sequence."'” Solely for the

purposesof this reexamination, Requester proceeds on the assumption that claim 2 in

effect requires that at least one-tenth of the assay samples must contain a detectable

proportion of the selected sequence of interest compared to other sequences present in the

same assay sample, such that the selected sequenceis present in an amountthat is

detectable by the particular detection method being used. Consequently, a showing that

'°! 706 patent, col. 4, lines 19-23, emphasis added.
‘© "706 patent, col. 3, line 66-Col. 4, line 2; col. 4, lines 13-22; col. 5, line 44-col.6, line 2.
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the selected sequenceof interest was actually detected in at least one-tenth of the assay

samples is sufficient to anticipate this recitation of claim 2.

Underthis premise,all three experiments of Li each anticipate claim 2.

In Experiment 1, Li detected a "selected genetic sequence"in the form ofa first

LDLallele in 22 of 80 single-sperm assay samples,'”’ thereby demonstrating that about

28% of his samples(7.e., "at least one-tenth ofthe assay samples in the set") contained a

detectable proportion of this selected genetic sequence.

In Experiment 2, Li detected a "selected genetic sequence"in the form of the

LDLrl allele in 45 of 150 single-sperm assay samples,'°* thereby demonstrating that

about 30% of his samples(i.e., "at least one-tenth ofthe assay samples in the set")

contained a detectable proportion ofthis selected genetic sequence.

In Experiment3, Li detected a "selected genetic sequence"in the form of the B*

globin allele in 19 of 37 single-cell assay samples,'°° thereby demonstrating that about

51% of his samples(i.e., "at least one-tenth ofthe assay samples in the set") contained a

detectable proportion of this selected genetic sequence.

By demonstrating in these experimentsthat his selected genetic sequence was

actually detected in more than one-tenth of his assay samples, Li anticipates dependent

claim 2 in addition to base claim 1.

103
Li, page 415, paragraph bridging left and right cols.

'4 Li, page 416, left col., second paragraph; and page 415, right col., last paragraph
'5" Li, page 416,left col., second paragraph; and page 415,right col., last paragraph
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4. Detailed explanation of the pertinency and mannerof
applying Li to claim 3

Dependent claim 3 recites the method of claim 1, wherein "the step ofdiluting is

performeduntil between 0.1 and 0.9 ofthe assay samples yield an amplification product

when subjected to a polymerase chain reaction."

Althoughthis claim does not actually require the assay samplesto be actually

subjected to a PCR reaction (or that a PCRreactionis part of the amplifying step of the

base claim), Li did perform PCR during the amplifying step of base claim 1 in all three of

his experiments (see discussion of the base claim above).

Li found in Experiment 1 that of 80 single-sperm assay samples, 55% showed

the presence of a PCR productas determined by probe hybridization.'”° Because 0.55 of

the assay samples yielded an amplification product after PCR, and because 0.55 is within

the claimed range, this demonstrates that in Experiment 1, "between 0.1 and 0.9 ofthe

assay samples yield an amplification product when subjected to a polymerase chain

reaction." Moreover, the Examinerof the related '105 application has pointedto this

same teaching of Li as disclosing the corresponding feature in pending claim 51 in the

'105 application.'°’

Li found in Experiment 2 that of 150 single sperm assay samples, 82% showed

the presence of an amplification product as determined by allele-specific probe

108
hybridization.” Because 0.82 of the assay samples yielded an amplification product

after PCR, and because 0.82 is within the claimed range, this demonstrates that in

'6 Li, page 415, paragraph bridgingleft and right cols. ("we analysed the LDLr genotypesin
80 individual sperm: ... Altogether 55% of the sperm gave a hybridization signal").

'’ October 10, 2012 Office Action, page 4.
‘08 Li, page 415, right col., last paragraph.("A total of 150 individual sperm were analysed

. we did detect [probe] hybridization signals in 123 samples (82%)").
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Experiment 2, "between 0.1 and 0.9 ofthe assay samples yield an amplification product

when subjected to a polymerase chain reaction."

Li found in Experiment 3 that of 37 the single cell assay samples analyzed, 84%

showedthe presence of an amplification product as determinedbyallele-specific probe

hybridization.‘ Because 0.84 is within the claimed range and because 0.84 of the assay

samples yielded an amplification product after PCR, this demonstrates that "between 0.1

and 0.9 ofthe assay samples yield an amplification product when subjected to a

polymerase chain reaction."Li thereby anticipates claim 3 in addition to anticipating base

claim 1.

5. Detailed explanation of the pertinency and mannerof
applying Li to claims 7-9

Dependent claims 7-9 recite the method of claim 1 "wherein the numberofassay

samples within the set is greater than" 10, 50 or 100 assay samples,as recited in claims

7-9 respectively. These claimsare anticipated by Li.

In particular, in Experiment 2, Li made and analyzed a set of 150 single-sperm

assay samples.''’ Because 150 is always greater than 10, 50, or 100 assay samples, Li

anticipates claims 7-9 in addition to base claim 1.

6. Detailed explanation of the pertinency and mannerof
applying Li to claim 14

Dependent claim 14 recites the method of claim 1, "wherein the step ofanalyzing

employs gel electrophoresis." Under the broadest reasonable interpretation, Li anticipates

claim 14.

'0° Li, page 414, right col., first paragraph.
'° Li, page 415, right col., last paragraph.
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Asdescribed in the summary above, Li discloses features in Experiments 1, 2

and 3 that correspondto the "analyzing step" of claim 1. Li goes on to describe other

possible ways of analysis. Li contemplates that his single-cell PCR can be performed "in

conjunction with gel electrophoresis procedures for very large DNA fragments and

chromosome-walking data" to measure the frequency of recombination between genetic

markers.'"!

Accordingly, Li anticipates claim 14 in addition to base claim 1.

7. Detailed explanation of the pertinency and mannerof
applying Li to claims 15-16

Dependent claim 15-16 recites the method of claim 1, "wherein the step of

analyzing employs hybridization to at least" one (claim 15) or two (claim 16) "nucleic

acidprobes."

Underthe broadest reasonable interpretation, Li anticipates claims 15-16 in

addition to base claim 1. For example, in Experiments 1, 2 and 3 Li determined the

allelic identity of the LDLr allelic amplification products in his single-sperm assay

samples by hybridizing to two probes in the form of twoallele-specific oligonucleotides

(ASOs).

Specifically, in Experiment 1 Li used "ASO[i.e., allele-specific oligonucleotide]

for the LDLrl allele[which] had the sequence 5}'AGGATATGGTCCTCTTCCA3' whereas

the LDLr2 ASOhad the sequence 5'TGGAAGAGAACCATATCCT3'").

"Li at page 416, right column.
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Similarly, in Experiment 2 “part of each secondary reaction was hybridized to

either of the two ASOsfor that locus."!””

For Experiment 3, "dot blot analysis of 20 ul samples of the PCR reaction were

carried out using B° and B” allele specific probes."!""

Accordingly, Li discloses the method of claim 1 "wherein the step ofanalyzing

employs hybridization to at least" one (claim 15) or two (claim 16) "nucleic acidprobes."

Li therefore anticipates claims 15 and 16 in addition to base claim 1.

8. Detailed explanation of the pertinency and mannerof
applying Li to claim 19

Dependent claim 19 recites the method of claim 1, "wherein the step ofamplifving

employs a single pair ofprimers."

Under the broadest reasonable interpretation, Li anticipates claim 19 in addition to

base claim 1. For example, Li amplified the LDLrlocus in single sperm samples using a

single set of LDLr primers in Experiment 1. As stated in the legend to Figure 2, for the

LDLrtlocus, Li used onepair of primers "5'AGTGCCAACCGCCTCACAGG3' and

5'CCTCTCACACCAGTTCACTC3'." 14

Li likewise amplified the globin locus in single diploid-cell samples using a single

set of primers in Experiment2, stating ("Each individual cell was delivered into a PCR

tube containing ... PCR buffer ... and a set ofPCR primers that amplify the informative

region ofthe globin gene... 50 cycles of amplification were performed".'"”

112

113 Li, page 415, right col., last paragraph.
Li, Fig. 1 legend, respectively.

4 Li, Fig. 2, legend.
"5 Li, page 414, right col., top paragraph.
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Accordingly, Li discloses that "the step ofamplifving employs a single pair of

primers." Li anticipates claim 19 in addition to base claim 1.

9. Detailed explanation of the pertinency and mannerof
applying Li to claims 21 & 22

Dependent claim 21 recites the method of claim 1 "wherein the step ofamplifving

employsat least 40 cycles ofheating and cooling." Dependent claim 22 recites the

method of claim 1 "wherein the step ofamplifying employs at least 50 cycles ofheating

and cooling." Li anticipates both these claims in addition to base claim 1.

In Experiment 3 (B-globin locus), Li subjected his single-diploid-cell assay

samples to amplification with single pair of B-globin primers such that "PCR product was

produced in 50 cycles" of heating and cooling between three temperatures (95°C, 54°C

and 72°C). |!°

In Experiment 1 (LDLrlocus only),''’ Li subjected his 80 sperm assay samples

to identical amplification reactions as in Experiment3, with a different set of primers to

the LDLr locus.''* Becausethe amplification reactions wereidenticalto that of

Experiment3, it necessarily follows that identical cycling conditions, i.e., 50 cycles of

heating and cooling between three temperatures, were used.

By employing 50 cycles of heating and cooling, Li anticipates claims 21 & 22 in

addition to base claim 1.

6 Li, page 414, right col., first paragraph, and Fig. 1, legend ("each cycle of PCR consisted
of incubation at 95 °C for 15 s, 15 s incubation at 54 °C and a | min incubation at 72 °C... fifty
cycles of PCR,dot blot analysis of 20 ul samples of the PCR reaction were carried out").

"7 Li, page 415, paragraph bridging left and right cols.
"8 Li, page 415, Fig. 2, legend (explaining that "PCR and dotblot analysis were performed

as in Fig. | except that the final washesof the filters hybridized with the LDLr probes").
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10. Detailed explanation of the pertinency and mannerof
applying Li to claim 27

Dependent claim 27 recites the method of claim 1, "wherein the selected genetic

sequenceis a wild-type allele."

Under the broadest reasonable interpretation, Li anticipates claim 27 in addition to

base claim 1. In particular, Experiment3 of Li counted single-diploid-cell assay

samples containing "normal"(i.e., wild-type) B-globin allele, and the number of samples

containing a mutantallele. The wild-type allele is a "selected genetic sequence" under

the broadest reasonable interpretation. Thus, Li anticipates claim 27.

11. Detailed explanation of the pertinency and mannerof
applying Li to claim 32

Dependentclaim 32 recites the method of claim 1, "wherein the selected genetic

sequence andthe reference genetic sequence are on distinct chromosomes."

Under the broadest reasonable interpretation, Li anticipates claim 32 in addition to

base claim 1. For example, in Experiment 1 identified in the overview section, Li

"analysed the LDLr genotypes in 80 individual haploid sperm" assay samples'’’ and

counted the number of samples containing eachallele at the LDLr locus (where each

allele is located on one of two homologous "distinct chromosomes" of a chromosome

pair). Under the broadest reasonable interpretation, any one ofthese twoalleles acts as

the "selected genetic sequence" whereasthe other allele acts as the "reference genetic

sequence"of claim 32. Both alleles are necessarily located on two "distinct

chromosomes" of the same chromosomepair, instead of being located on a single

chromosome. Thus, Li anticipates claim 32 under the broadest reasonable interpretation.

"Li, page 415, paragraph bridging left and right cols.
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B. Proposed Rejection No. 2: Lirenders claims 4 and 5 obvious
under 35 U.S.C. § 103(a) in view of Zhang

Dependent claims 4 and 5 recite the method of claim 1, "wherein the step of

diluting is performed until all ofthe assay samples vield an amplification product when

subjected to a polymerase chain reaction and each assay sample contains less than" 10

(claim 4) or 100 (claim 5) "nucleic acid template molecules containing the reference

genetic sequence." These claims are rendered obvious by the combination of Li and

Zhang.

Li anticipates claim 1 as detailed above. Also in Li's and Zhang's experiments

"each assay sample contain[ed] less than 10 [or 100] nucleic acid template molecules

containing the reference genetic sequence," as recited in claims 4 and 5 respectively. In

addition, Zhang teaches single-cell amplification methodslike Li's in which "diluting is

performeduntil all ofthe assay samples yield an amplification product when subjected to

a polymerase chain reaction" as also required by claims 4 and5.

Morespecifically, in all of Li's and Zhang's experiments, "each assay sample

contain[ed] less than 10 [or 100] nucleic acid template molecules containing the

reference genetic sequence," as recited in claims 4 and 5 respectively. Both Li and

Zhang generated single-cell samples by micromanipulating individual sperm or diploid

cells into different tubes. A single haploid sperm cell sample contains a single template

molecule, whereasa diploid cell sample generally contains two template molecules under

the broadest reasonable interpretation.

Taking for example Li's analysis of the LDLrlocus in single-sperm samples in

Experiments 1 and 2, each haploid single-sperm sample was expected to contain either a

single LDLr1 allele or a single LDLr2 allele. Treating the LDLr2 allele as the "reference
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genetic sequence," the LDLr1-containing samples would contain zero LDLr2 copies(i.e.,

"less than 10 [or 100] nucleic acid template molecules containing the reference genetic

sequence"), and the LDLr2-containing sperm samples would contain one LDLr2 copy

(i.e., "less than 10 for 100] nucleic acid template molecules containing the reference

genetic sequence"). Although Li observed a small number of samples(nine intotal)

apparently contained two bands,'”° even these samples contained at most two copies of

the LDLr2 "reference genetic sequence." Thus "each assay sample contain[ed] less than

10 [or 100] nucleic acid template molecules containing the reference genetic sequence"

in Li's experiments, as recited in claims 4 and 5 respectively. The PTO already reached

the conclusion that Li teaches the generation ofassay samples each containing less

than ten template molecules in pending claim 49 ofthe pending '105 application.'7!

Similarly, in Experiment 3, each homozygousdiploid single cell sample was

expected contain either a homozygouscell that contained two copiesofthe B* or the p*

allele. Treating the B* allele as the "reference genetic sequence,"the B°-containing

samples would contain zero B* copies(i.e., "Jess than 10 [or 100] nucleic acid template

molecules containing the reference genetic sequence"), and the B*-containing sperm

samples would contain two B* copies(i.e., "Jess than 10 [or 100] nucleic acid template
122

molecules containing the reference genetic sequence"). Li did not observe any

amplified samples that "hybridized with both probes, indicating that that a single cell

123
only was introduced into each tube. Thus "each assay sample contain[ed] less than

Li, sentence bridging pages 415-416.
"I October 10, 2012 Office Action in the '105 application, page 3 (Exhibit 5).

Li, paragraph bridging pages 414-415.
Li, paragraph bridging pages 415-416.
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10 [or 100] nucleic acid template molecules containing the reference genetic sequence"

in Li's Experiment3,as recited in claims 4 and 5 respectively.

In addition, Li at least renders obvious a method "wherein the step ofdiluting is

performeduntil all ofthe assay samples yield an amplification product when subjected to

a polymerase chain reaction." A single-cell assay samples will at least in theory generate

a primary amplification product of the LDLrlocus, although in practice Li demonstrated

amplification in up to 84% instead of 100% of his samples.'** Li clearly recognized the

desirability of getting each sample to amplify, and taught this could be done by

"[i]mproving the absolute rate of successful amplification of single sperm” by various

methods, including "improving lysis procedures" and improving delivery of single cells

125
into the assay samples.“~ Thus, it would have been obviousover Li to ensure that

amplification occurred in each assay sample - andalater study by Zhang et al.'”° (from

the samelaboratory in which Li did his work'”’) did exactly that. In particular, Zhang

noted that in previous single-sperm studies, including that of Li, a "single cell [sample]

can be analyzed only once and independent confirmation of the genotype of any onecell

128
is impossible. Zhang overcamethis perceived limitation by subjecting his single-

sperm samples to a random genome-wide amplification called primer-extension

'4 Li, page 414,right col., top paragraph.
Li, page 416, paragraph bridgingleft and right cols.
'°6 Zhanget al., Whole genome amplificationfrom a single cell: implicationsfor genetic

analysis. PNAS USA, 89(13):5847-51 (1992), forming prior art under 35 U.S.C. § 102(b) to the
'706 patent. (Exhibit PA-2).

‘27 Th particular, the laboratory of Norman Arnheim at the University of Southern California.
8" Zhang, page 5847,left col., first paragraph.
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preamplification (PEP), followed by PCR. '” In particular, Zhang subjected 18 single-

sperm assay samplesto amplification by PEP'”° and then subjected an aliquot of each

PEP-amplified assay sample to locus-specific PCR.'*' Zhang observed a PCR

amplification product in each and every assay sample.'*” For example, Zhang observed a

PCR amplification product of the LDLR and APOC?lociin all 18 samples.'** Thus,

Zhang demonstrated that "all ofthe assay samples vield[ed] an amplification product

when subjected to a polymerase chain reaction," as recited in claims 4 and5.

Obviousness: Reasons to Combine

Although a reason to combine Li with Zhangis not required, an apparent reason

to combine the known elements may be evidenced by the teachings of the references

themselves, issues in the technical area, or the skill in the art. KSR, 550 U.S. at 418.

Here, reasons to combineare directly provided by the references themselves. Li initially

demonstrated the feasibility of single-cell PCR, wherein "the step ofdiluting is performed

until ... each assay sample contains less than" 10 (claim 4) or 100 (claim 5) "nucleic acid

template molecules containing the reference genetic sequence." Li also suggested that

such assays should be designed to ensure that "all ofthe assay samples yield an

amplification product when subjected to a polymerase chain reaction," and Zhang

actually demonstrated such results using refined single-cell amplification methods. Thus,

' Zhang, abstract (explaining that PEP is a "method for amplifying a large fraction ofthe
DNAsequencespresentin a single haploid cell ... using a mixture of 15-base random
oligonucleotides").

'° Zhang, page 5848, second-last paragraph.
'S!’ Tn particular, Zhang's locus-sfx analysis involved a secondary reamplification and probe

hybridization, discussed in detail in the application of Zhang to claim 38.
‘2 Zhang, page 5848, second-last paragraph, and Table 2.
'S Zhang, page 5849, Table2.
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one of ordinary skill would have had ample reason to combinethe teachings of Li and

Zhang.

The combination of Li and Zhangthus renders claims 4 and 5 obvious.

C. Proposed Rejection No. 3:_Li renders claim 6 obvious under
35 U.S.C.§103(a) in view of Jeffreys

Dependent claim 6 recites the method of claim 1, "wherein the biological sample

is cell-free." Li performed the method of claim 1 on biological samples in the form of

haploid or diploid cell suspensions. Although Li did not analyze cell-free biological

samples, it would have been obviousto do so in view ofJeffreys."

Jeffreys demonstrated single-cell amplification of hypervariable minisatellites as

135
well as cell-free single-molecule amplification. Jeffreys cited to Li's methods~”as the

groundwork for his single-cell amplification procedures. In his experiments, Jeffreys not

only used single-cell samples as his assay samples, but also used cell-free assay samples

containing equivalent amounts of genomic DNAasindividual cells.'°°

In particular, Jeffreys took a diluted biological sample ofcell-free human genomic

DNAto create a "set comprising a plurality ofassay samples" in the form of 16 assay

samples containing 6 picograms of DNA,equivalent to a single diploid genome.'””

Jeffreys next amplified the minisatellite locus pMS51 in these assay samples, thereby

‘4 Jeffreys et al., Amplification ofhumanniinisatellites by the polymerase chain reaction:
towards DNA fingerprinting ofsingle cells, Nucl. Acids. Res., vol 16, no. 23, pages 10953-10971
(1988) (Exhibit PA-3). Jeffreys forms priorart to the '706 patent under 35 U.S.C. § 102(b).

‘5 Tn particular, Jeffreys notes that PCR and Taq polymerase have "allowedtyping of...
polymorphismsto be extended to ... individual somatic cells and sperm.” Jeffreys, sentence
bridging pages 10953- 10954.

6 Jeffreys, pages 10954-10956.
7 Jeffreys, Fig. 4A, showing the amplification results on 16 assay samples each containing

6 pg genomic DNA,and paragraph bridging pages 10960- 10961, explaining that "6 and 60 pg
(z.e., picogram) aliquots of human DNA,[are] equivalent to 1 and 10 cells respectively."
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“amplifying the template molecules within the assay samples toform a population of

amplified molecules in the assay samples ofthe set," as taught by Li, and recited in base

claim 1. Jeffreys then "analyz[ed] the amplified molecules in the assay samples ofthe

set” and noted that "amplification products of one or both alleles were also seen in some

of the 6pg [assay] samples, indicating that single target molecules can be faithfully

amplified."'** Jeffreys finally "determin[ed] a ... number ofassay samples" that

amplified each allele to estimate the sensitivity of his PCR reactions and concludedthat

"on average 0.46 successful amplification events per 6pg DNA sample were actually

observed, compared with 1 event predicted [per assay sample]."'*”

Jeffreys made clear that cell-free DNA samples and cell samples were

interchangeable alternatives for a starting biological sample. In addition to his

experiments in which hestarted with 6 or 60 pg ofcell-free DNA,in Fig. 7, Jeffreys

compared single-cell amplification with cell-free amplification. Jeffreys noted that

similar results were obtained in both cases: in "single cell PCR reactions in whichat

least some loci have amplified, approximately 75% ofalleles present could be detected

following PCR," which result "agrees with the efficiency of single molecule

amplification determined from PCRanalysis of 6pg samples of human DNA(Fig. 4)."""°

The only described method of generating a set of cell-free DNA samples

disclosed in the '706 patent involvesdistribution of a dilute DNAsolution into a plurality

of assay samples, whichresults in a set of assay samples, most of which contain zero, one

8" Jeffreys, pagen 10960-61, sentence bridging pages.
' Jeffreys, page 10961, first paragraph.
'" Jeffreys, page 10966,third paragraph.
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or more molecules of DNA.'*! Forthe purposes of nucleic acid amplification and

analysis, cell-free samples containing a one or two template molecules are equivalent to

haploid or diploid single-cell samples, respectively. A single haploid cell contains only a

single template sequence, and a single diploid cell contains two template sequences,

whereall other genomic DNA sequences and molecules are not "template" molecules and

are therefore irrelevant. Jeffreys clearly recognized this analogy — as mentioned,Jeffreys

confirmedcell-free DNA samples were equivalent to single-cell samples such as Li's

because he obtained comparable amplification results from both types of samples.

Specifically, Jeffreys found that in single cell PCR "approximately 75% ofalleles present

could be detected ... This estimate agrees with the efficiency of single molecule

amplification determined from PCRanalysis of 6pg samples of human DNA(Fig. 4)."!”

Thus, Jeffreys explicitly recognized that cell-free biological samples and cellular

biological samples were equivalent starting points in the methodofclaim 1.

It would thus have been obviousto generate Li's set of assay samples from cell-

free DNA astaught by Jeffreys, for at least the following reasons.

Obviousness: Known Elements and Predictable Result

Under 35 U.S.C. § 103, where a claim "simply rearranges old elements with each

performing the same function it had been knownto perform’ and yields no more than

what one would expect from such an arrangement, the combination is obvious.” ASR

Intl. Co. v. Teleflex, Inc., 550 U.S. 398, 417 (2007), quoting Sakraida v. Ag. Pro., Inc.,

‘4! Th particular, such random distribution is governed by the Poisson distribution, which
demonstrates that a random-distribution method is incapable of generating a "pure" set of samples
which each contain one single DNA molecule. In practice, only a minority of assay samples will
contain one template molecule, whereas other assay samples will contain no molecules andstill
other assay samples will contain two or more template molecules.

'* Jeffreys, page 10966,third paragraph.
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425 US. 273, 282 (1976). Li performed the methodsofbase claim 1 by creating a set of

single-cell assay samples for amplification and analysis. As discussed above,Jeffreys

teaches that single-cell assay samples are equivalentto cell-free assay samples containing

the same amount of genomic DNA. It would have been primafacie obviousto one of

ordinary skill to use Li's methods on Jeffreys' cell-free biological samples. Thus, claim 6

would have been primafacie obviousto one of ordinary skill in the art at the time of

invention.

Obviousness: Reasons to Combine

Althougha reason to use biological samples in the form of Jeffreys's cell-free

DNAsamplesin Li's typing methodsis not required, an apparent reason to combinethe

known elements as claimed may be evidenced by the teachings of the references

themselves, issues in the technical area, or the skill in the art. KSR, 550 U.S. at 418.

Here, those of ordinary skill would have found ample reasons to combine. Jeffreys

confirmed that he got comparable results in genotyping methodslike Li's whetherstarting

with a cellular sample or cell-free DNA — specifically, in single cell PCR "approximately

75% ofalleles present could be detected ... This estimate agrees with the efficiency of

single molecule amplification determined from PCR analysis of 6pg samples of human

DNA(Fig. 4)."'* Like Jeffreys, Li also intended his methodsfor use in genetic

'* In addition, Jeffreys’ cell-free single-molecule dilution methods were quickertyping.

and easier and scaling up to a large numberof assay samples required no extra effort

(besides pipetting a larger numberofaliquots into tubes). Li's analysis used a large

number of assay samples (specifically, 150 samples in Experiment 2), and Li's

‘8 Jeffreys, page 10966, third paragraph.
'*' Li, page 416, right col., "Discussion."
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micromanipulation methods used to generate single-cell assay samples were much more

145
laborious (generating only 500 assay samples in one week).”~ Thus, one of ordinary skill

would have had ample reason to combinethe teachings of Li with Jeffreys.

D. Proposed Rejection No. 4: Li renders claims 10-11 obvious under
35 U.S.C.§103(a

Dependent claims 10 and 11 recite the method of claim 1 "wherein the number of

assay samples within the set is greater than 500 [(claim 10) or 1000 (claim I1)] assay

samples"as recited in claim 10 and 11, respectively.

Li at least renders the use of 500 or 1000 assay samples obvious. Li expressly

teaches the desirability of performing single-cell PCR on 500 samples per week.'”°

Further increasing the number of samples would have beena trivial change. Such an

increase would have been obvious to a POSITAforat least the reason that it would have

involved a simple substitution of one known elementfor another(7.e., a small numberof

assay samples substituted for a larger number of assay samples) resulting in a predictable

result (an increase in the number of single sperm assay samples). The '706 claims

therefore embody a merely predictable use of prior-art elements.

In addition, the PTO has alreadyfoundthatit would be obvious over Li to use a

set of500 or 1000 assay samples in Li's analysis.'*’ In particular, the PTO stated that:

Li expressly suggested analyzing 500 assay samples (page 416,
last paragraph), and that it would have been prima facie obvious
... to distribute 500, or even 1000 individual sperm [samples]
and assay according to Li's technique. One would have been

‘SLi, page 416, right col., last paragraph ("we can envisage typing as many as 500 meiotic
products in a week."”)

'% Li, page 416,right col.
‘47 October 10, 2012 Non-Final Office Action in the '105 prosecution history, at pages 7-8

(Exhibit 5).
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motivated to do so because Li stated (page 416,first paragraph of
"Discussion"): A significant advantage of the approach described
here is that a large number of meiotic products can be examined
from a single individual allowing determination of the
recombination frequency ... Li's express contemplate[ion] [sic]
of 500 individual meiotic events certainly renders claim 63
obvious, and, by simple extrapolation, ... [other claims] which
merely require more assay samples(i.e., 1000).

Thus, dependent claims 10-11 are primafacie obviousoverLi.

E. Proposed Rejection No. 5: Lirenders claim 12 obvious under
35 U.S.C.§103(a) in view of Kalinina

Dependent claim 12 recites the method of claim 1 "wherein the step ofamplifving

andthe step ofanalyzing are performed on assay samples in the same receptacle." At

least under the broadest reasonable interpretation of the claim, Li renders claim 12

obviousin view of Kalinina.'*

Underthe broadest reasonable interpretation of the claims, Requester proceeds on

the premise that claim | is broader than dependent claim 12 in that the amplifying and/or

analyzing steps need not be performedin a structured container(i.e., "receptacle”).

Accordingly, Requester proceeds on the premise that claim 12 is narrowerthan claim | in

requiring the assay samples to be contained in a receptacle.

Asdescribed abovein relation to claim 1, Li discloses a method corresponding to

all of the steps of claim 1, including amplification of single template molecules in single-

sperm samples.

Kalinina performed amplification of single-template moleculesjust as Li did,

where amplification and analysis are both performed "in the same receptacle" as required

‘48 Kalinina et al., NAR 25, 1999-2004 (1997)),is prior art to the '706 patent under 35
U.S.C. § 102(b), and is newly cited in this request. (Exhibit PA-4).
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by claim 12. In short, Kalinina performed PCR reactions in microcapillary-tube

150
receptacles’ containing dual-labelled TaqMan® probes'*’. The assembled device

containing multiple assay samples in individual receptacles was subjected to

amplification by thermocycling and analysis by fluorescence detection:

This sample holding device [in Figure 1] was then attached with Scotch®
tape to the sample holder of a Rapidcycler air oven . . . and cycled through
92 C for 5 s, 54 C for 5s, 72 C for 15 for 40 cycles; this cycling protocol
takes ~ 30 min in the Rapidcycler. . . Fluorescence of samples in glass
capillaries was measured with a Zeiss axiovert 410 laser scanning
microscope using a 20X-0.5N objection, 15 mW external argon laser... '*!

The analysis methodused in Kalininais the well-known TaqMan”assay, in

which dual-labelled TaqMan®probesare included within the amplification reaction

mixture during the amplification procedureitself, and hybridize in real-time to a cognate

amplification productasit is being generated. In Kalinina's TaqMan® assay, PCR

amplification of a sequence of interest is performed in the presence of an oligonucleotide

probe labeled with a fluorescent reporter and a quencher molecule.'? As amplification

progresses, the dual-labeled probe hybridizes to the target sequence and the reporter

molecule will be cleaved from the probe by Taq polymerase,resulting in an increase in

153
fluorescence ofthe reporter.'**> The TaqMan”probeassay hasthe advantages of being

more sensitive than conventional probe assays, and better able to "detect PCR product

W154
derived from single template molecules,""~" such as Li's amplification products.

'®  Kalinina, page 2000, and Figure 1, "Schematic diagram of microcapillary PCR sample
holding device."

'” Kalinina, page 2000 (PCR apparatus describing capillary PCR).
Kalinina, pages 2000 (PCR apparatus and Fluorescence detection).152
Id.

153 Td.

' Kalininaat page 2003.

151
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Moreover, both the amplification and analysis (e.g., determination ofthe allelic identity

of the PCR product) are performed in the same receptacle, which format Kalinina teaches

can reduce "carry-over contamination."'»°

Furthermore, Kalinina indicates that his methods are analogousto Li's in being

designed to "detect single starting template molecules."!”°

It would havethus been obvious to include TaqMan®probesin Li's amplification

reactions in order to analyze Li's amplification products in real time within the same

receptacle, for at least the following reasons.

Obviousness: Known Elements and Predictable Result

Under 35 U.S.C. § 103, where a claim "simply rearranges old elements with each

performing the same function it had been knownto perform’ and yields no more than

what one would expect from such an arrangement, the combination is obvious.” ASR

Intl. Co. v. Teleflex, Inc., 550 U.S. 398, 417 (2007), quoting Sakraida v. Ag. Pro., Inc.,

425 US. 273, 282 (1976).

Kalinina taughtthe suitability of TaqMan®probes for use in single-molecule PCR

assays such as Li's. Both Li and Kalinina both amplified and analyzed amplification

products from a single template molecule. However, Li amplified his single-cell samples

in a receptacle and then analyzed the amplification products outside the receptacle. As a

result, Li's amplification and analysis steps required separate reagents and a separate

apparatus. In contrast, Kalinina taught that TaqMan™ probesallowed both the

amplification and analysis of the amplified products to occur "in the same receptacle"—

in particular, a microcapillary sample holding device — asrecited in claim 12.

‘SS Kalinina at page 1999.
‘6 Kalinina, Abstract.
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It would have been obviousto the skilled person to have used TaqMan” probesas

taught by Kalinina when amplifying and analyzing single cells as taught by Li. Both Li

and Kalinina disclose the genetic analysis of very small quantities of starting genetic

material, such as a single cell or single template. However, the TaqMan” assay,as

discussed above, was a well-developed commercial assay with significant advantages

over Li, including the ability to perform both the amplification and the analysis in a

single reaction container or receptacle. Furthermore, the '706 patent acknowledgesthat

TaqMan® probes were commercially available by the priority date of the '706 patent, and

that a skilled person would have been able to routinely implementthe assay in Li's

'°7 Thus, claim 12 would have been primafaciesystem to obtain predictable results.

obviousto one of ordinary skill in the art at the time of invention.

Obviousness: Reasons to Combine

Although a reason to use Kalinina’s TaqMan”assay to generate Li's single-

genomeassay samplesis not required, an apparent reason to combine the known

elements as claimed may be evidenced by the teachings of the references themselves,

issues in the technicalarea, or the skill in the art. KSR, 550 U.S. at 418. Here, strong

reasons to combine are directly provided by the references themselves.

Li specifically mentions that "elimination ofall sources of possible contamination

1158
is critical to the success of these experiments. Kalinina explicitly teaches the many

advantages of TaqMan” assays, including that the "assay involvesfluorescence

'S7 "706 patent, col. 7, lines 45-52 ("Although the working examples demonstrate the use of
molecular beacon probes as the meansof analysis ... other techniques can be used as well. These
include ... hybridization with other types of probes, including TaqManTM (dual-labeled
fluorogenic) probes (Perkin Elmer Corp./Applied Biosystems, Foster City, Calif.),”).

‘8 Li at page 415, column1, line 4.
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measurements that can be performed without opening the PCR tube," and,as a result,

"the risk of carry-over contamination is greatly reduced."'”’ In addition, Kalinina details

use of an improved PCR technique that would eliminate the need for the dot blot analysis

of Li altogether by allowing for amplification and analysis in a single device. Kalinina

also points out that the cycling protocol, including amplification and analysis, "takes ~30

min in the Rapidcyler."'© It would have been primafacie obviousto one of ordinary

skill in the art to modify the PCR method taught by Li to use the TaqMan® assays

described in Kalinina to perform the amplification and detection/analysis of DNA

sequences in single human sperm anddiploid cells, in a single tube or receptacle with

predictable results.

Obviousness: Known Technique to Improve Known Method

KSR and the MPEPprovide that where a knowntechnique has been usedto

improve a base method ready for improvement, a POSITA would be capable of applying

the known improvementto the base method.'®' Both Li and Kalinina are directed to the

use of PCR methods for molecular analysis of target nucleic acids. The base methods of

Li used PCRtechniques for amplification followed by dot blots for analysis. Li indicates

that "elimination ofall sources of possible contaminationis critical to the success of these

experiments."!” Kalinina recognizes that advances in PCR techniques,

specifically""Taqman' fluorescence energy transfer assays” provide scientists with the

opportunity to perform PCR amplification and analysis simultaneously and that

"[b]ecause this assay involves fluorescence measurements that can be performed without

Kalinina at page 1999.
Kalinina, page 2000, right column.

‘6! See MPEPat §2143(C).
Li at page 415, column 1, line 4.
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opening the PCRtube,the risk of carry-over contamination is greatly reduced."’® It

would have been obviousto one of skill in the art to use the single tube assay techniques

in Kalinina to improve the base assays of Li with predictable results.

Forat least these reasons, the combination of the teachings of Kalinina applied to

the teachings of Li renders claim 12 obvious.

F. Proposed Rejection No. 6: Lirenders claim 20 obvious in view of
Chou under 35 U.S.C.§103(a

Dependent claim 20 recites the method of claim 1, "wherein the step ofamplifving

employs a polymerase whichis activated only after heating."

Li performed the method of base claim 1, using conventional Taq polymerase.

Chou'™teaches that non-specific amplification and mis-priming during PCR can be

avoidedor at least reduced by using a "hotstart" PCR in which a reagent such as the

polymerase is withheld from fluid contact with the rest of the reaction mixture by a layer

of solid wax until the reaction tube temperature has reached 60- 80° C.'® Thus, Chou

teaches a step of "amplifving [which] employs a polymerase whichis activated only after

heating." In fact, the '706 patent cites to Chou as teaching a polymerase whichis

activated only after heating.’

Obviousness: Reasons to Combine

It would have been obvious to use Chou's hot-start polymerase in Li's

amplification reactions.

‘8 Kalinina at page 1999.
‘Chouet al., Nucleic Acids Res., 20(7): 1717-1723 (April 11, 1992). Chou formspriorart

to the '706 patent under 35 U.S.C. § 102(b). (Exhibit PA-S).
‘6 Chou,abstract.
‘6 1706 patent, col. 10, lines 13-17. However, Chou wasnotcited in an IDS andthusnot of

record during original prosecution of the '706 patent.
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Although a reason to combine Chou's and Li's teachingsis not required, an

apparent reason to combine the known elements as claimed may be evidenced by the

teachings of the references themselves, issues in the technical area, or the skill in the art.

KSR, 550 U.S. at 418. Here, reasons to combineare directly provided by the references

themselves. Chou explicitly teaches the many advantagesofa hot-start polymerase over

the conventional polymerase of Li. Chou teaches that mispriming and spurious

amplification can be reduced by his hot-start polymerase, and such problems are

especially prominent in low-copy-numbersamples such as Li's (in particular, "PCR

amplification of low-copy-numbertargets is vulnerable to interference by the amplified

extension of primerpairs annealed to non-target nucleic acid sequencesin the test sample

(‘mispriming’) and by the amplified extension of two primers across one another's

167
"Thus, onesequence without significant intervening sequence(‘primer dimerization’).

of ordinary skill would have had ample reason to use Chou's hot-start polymerase in Li's

amplifications.

Under the broadest reasonable interpretation, Li therefore renders claim 20

obvious in view of Chou.

G. Proposed Rejection No. 7: Li renders claim 23 obvious in view of
Burg under 35 U.S.C.§103(a

Dependent claim 23 recites the method of claim 1, wherein "the step ofamplifving

employsat least 60 cycles ofheating and cooling." While Li anticipates base claim 1, Li

does not expressly disclose a method that includes an amplification that employs "at least

60 cycles of heating and cooling.”

‘87 Chou, page 1717,left col., first paragraph.
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Asdiscussed above with respect to claims 21 and 22, Li performed single-cell

amplification using "fifty cycles" of heating and cooling between three temperatures

(95°C, 54°C and 72°C)with a single set ofprimers.In addition, Burg'™discloses a

single-cell amplification procedure that employsat least 60 cycles of heating and cooling

between three temperatures (93°C, 55°C and 72°C).'”° Both Li and Burg amplified a

specific target sequence from a single cell. Moreover, both Li and Burg also analyzed the

amplified products by detection of the immobilized product with a labeled probe in a dot-

blot or slot-blot format.

Forat least the reasons below, claim 23 would have been rendered obvious over

Li in view of Burg underthe broadest reasonable interpretation of the claim.

Obviousness: Reasons to Combine

Although a reason to use 60 cycles of PCR as taught by Burgin Li's single-cell

amplification methodsis not required, strong reasons to combineare provided by the

references themselves. Both Li and Burg performed single-cell amplification. In

particular, Burg describes the amplification of a target sequence (B1 gene) from a single

171
cell sample of 7. gondii." Using 60 cycles of thermocycling, Burg found that the

"signal from a single cell was easily detected" and also found "detection ofa single cell to

'" Li, page 415, Fig. 2, legend (explaining that "PCR anddot blot analysis were performed
as in Fig. | except that the final washesof the filters hybridized with the LDLr probes").

‘© Burg, et al., "Direct and sensitive detection of a pathogenic protozoan, Toxoplasma
gondii, by polymerase chain reaction." J. Clin. Microbiol. 27, 1787-1792 (1989). Burg is prior art
to the '706 patent under 35 U.S.C. § 102(b). (Exhibit PA-6).
' Burg, page 1790, paragraph bridgingleft and right cols., and Fig. 4, legend.
"Burg, page 1790, paragraph bridging left and right cols., and Fig. 4, legend.
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W172
be highly reproducible,""’~ thus teaching that 60 cycles are desirable in single-cell

amplification.

Obviousness: Known Technique to Improve Known Method

KSR_ and the MPEPprovides that where a knowntechnique has been used to

improve a base methods ready for improvement, a POSITA would be capable of applying

the known improvementto the base method.'” Li and Burg are both directedto single-

cell PCR. Burg teaches that amplifying the target sequence from a single cell for sixty

(60) cycles gave a good yield of amplification product that was "easily detected" and

"!”4 Thus a skilled person would have been motivated to improve"highly reproducible.

the methodofLi by using 60 cycles of amplification in an attempt to achieve such

reproducible and detectable signal.

Moreover, modifying the method of Li would have only required increasing the

numberof amplification cycles from the fifty cycles of Li to at least the sixty cycles of

Burg. Such a modification would have been readily performed by a POSITA,and the

expected effects of such an increase,i.e. an increase in the amount of amplified product,

would have been well-known and predictable to a skilled person.

Therefore, Li in view of Burg render obvious claim 23, including wherein the

amplification step "employs at least 60 cycles ofheating and cooling"as recited in the

claim.

172
Burg, page 1790, paragraph bridging left and right cols., and Fig. 4, legend.

3 See MPEPat § 2143(C).
'™ Burg, page 1790, paragraph bridging left and right cols., and Fig. 4, legend.
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H. Proposed Rejection No. 8: Li renders claim 24 obviousin view of
Trumper under 35 U.S.C.§103(a

Dependent claim 24 recites the method of claim 1, "wherein the biological sample

is selectedfrom the group consisting ofstool, blood, and lymph nodes."

Under the broadest reasonable interpretation, Li renders claim 24 obvious in view

of Trumper.'” Li anticipates base claim 1, whereas Trumperusedsingle-cell PCR as

pioneered by Li on a cell from a lymph node sample as specified by dependent claim 24.

In particular, Li anticipates claim 1 by performing single-cell PCR on individual

cells in separate wells ("assay samples") and determining a ratio by comparingafirst

number of assay samples containing a selected sequence and a second numberof assay

samples containing a reference sequence.

Trumperalso performed Li's single-cell PCR method substantially as recited in

claim 1. Specifically, Trumperisolated single H&RS[i.e., Hodgkin and Reed-Sternberg]

cells, where "single cells were drawn into a glass micropipette," and then the single cells

were "ejected into a 500 uL Eppendorftube containing 4 uL oflysis buffer."'”° The

lysed cells were reverse-transcribed and subjected to PCR amplification.'’’ Thus,

Trumperperformed the "diluting" and "amplifying" steps of claim 1. Trumperalso

disclosed that the amplified molecules were analyzed to determine both presence and

amount of a reference housekeeping gene(e.g., actin) and both the presence and amount

SS Trumperet al., Single-Cell Analysis ofHodgkin and Reed-Sternberg Cells: Molecular
Heterogeneity of Gene Expression andp53 Mutations, Blood, 81: 3097-3115 (1993), forming
priorart to the '706 patent under 35 U.S.C. § 102(b). (Exhibit PA-7).

"© Trumper, page 3098-3099, Section titled "Preparation of HD Lymph Nodes"
Trumper, page 3099, right col., last paragraph, describing the generation of cDNA by

reverse transciption, and page 3100, second paragraph, indicating that "the tailed cDNA" was
used as template for PCR amplification.

177
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of 22 genesofinterest, including c-myc.'”® Underthe broadest reasonable interpretation,

any single one of Trumper's genesof interest constitutes a "selected sequence" while any

single one of Trumper's reference housekeeping genesconstitutes a "reference" sequence.

Therefore, Trumper also performed the "analyzing" step of claim 1 by determininga first

"number ofassay samples which contain the selected genetic sequence"in the form of

any one of the 22 genesof interest, and a second "number ofassay samples which contain

a reference genetic sequence"in the form of a housekeeping gene(e.g., actin). Trumper

also presented a detailed numerical analysisofthe results.'”

Finally, Trumper meets the added requirements of claim 24 byisolating single

cells from a biological sample in the form of a "/ymph node,"as recited in claim 24. In

particular, Trumper explains that "single-cell suspensions were prepared from fresh, HD-

implicated lymph nodes."'*°

Obviousness: Reasons to Combine

Although a reason to perform Li's single-cell genotyping analysis on Trumper's

lymph node samplesis not necessarily required, reasons to combineare directly provided

by Li himself. Li explicitly recognized the usefulness of modifying his PCR methodsto

use RT-PCRinstead, in order to detect gene expression (and thereby detect the presence

181
of the geneitself)."~ Li also demonstrated the feasibility of amplifying and genotyping

single diploid cells as found in lymph node samples, and noted that "the ability to study

"8 Trumper, Tables 4-7.
' Trumper, page 3104,right col.
‘8° Trumper, page 3098, indicating that a "single-cell suspensions were prepared from fresh,

HD-implicated lymph nodes" and "[iJndividual H&RScells were identified" and samples
"containing a single cell" was transferred to a tube.

'S! Li, page 417,right col., third paragraph,stating that "analysis of messenger RNAsin
single cells would be possible if efficient reverse transcription could be carried out before PCR
wasinitiated."
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DNAsequencesin individual diploid cells will make it possible to study cell-to-cell

"182 Trumperdid precisely as Li suggested byvariation in developmental processes.

studying cell-to-cell variations in expression of cancer cells from lymph node samples. It

would have been primafacie obvious to one of ordinary skill to use Li's single-cell PCR

methodsonclinically relevant biological samples such as lymph nodesin blood-cancer

patients as taught by Trumper.

Thus, claim 24 would have been primafacie obviousat the time of invention.

I. Proposed Rejection No. 9: Lirenders claim 25 obvious in view of
Kanzler under 35 U.S.C. § 103(a)

Dependent claim 25 recites the method of claim 1 "wherein the biological sample

is blood or bone marrow ofa leukemia or lymphomapatient who has received anti-

cancer therapy."

Under the broadest reasonable interpretation, Li renders claim 25 obvious in view

of Kanzler.'*’ Li anticipates base claim 1, whereas Kanzler used single-cell PCR as

pioneered by Li on the types of biological samples that are specified by dependent claim

25.

In particular, Li anticipates claim 1 by performing single-cell PCR on individual

cells in separate wells ("assay samples") and determining a ratio by comparingafirst

numberof assay samples containing a selected sequence and a second numberofassay

samples containing a reference sequence.

182

183 Li, page 417, right col., third paragraph.
Kanzler et al., Molecular Single Cell Analysis Demonstrates the Derivation ofPeripheral

Blood-Derived Cell Line (L1236) From the Hodgkin/Reed-Sternberg Cells ofa Hodgkin's
Lymphoma Patient, Blood, 87: 3429-3436 (1996), forming priorart to the "706 patent under 35
U.S.C. § 102(b). (Exhibit PA-8).
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Kanzler also performed Li's single-cell PCR method substantially as recited in

claim 1. Specifically, Kanzler isolated single malignant B cells designated

Hodgkin/Reed-Sternberg cells from a Hodgkin's lymphomapatient: "Single cells were

isolated from frozen sections of a bone marrow specimen of an HD patient by

184
micromanipulation as previously described" by Kupperset a/. (Exhibit6). Kuppers in

turn explains that cell "sections were incubated with 5 mg/ml collagenase H (Boehringer,

Mannheim) in PBS" buffer before micromanipulation, and "aspirated" with a

micropipette and transferred to a tube with buffer, thereby indicating that the biological

185
sample wasdiluted in the process of making single-cell assay samples.” Kanzler also

186
subjected the individual cells to single-cell PCR,” thereby performing the "diluting" and

"amplifying" steps of claim 1. Kanzler also determineda first and second "number of

assay samples which contain the selected genetic sequence and ... a selected genetic

sequence"in the form of rearranged Vy3 and V,3 sequences found in a related cell line

L1236,'*’ thereby performing the "analyzing"step of claim 1. Kanzler also analyzed the

numbersofcells carrying the selected sequence of interest to determine information

about the composition of the biological sample. Kanzler noted for example that

"amplification of at least one of three V gene rearrangements carried by the cell line from

' Kanzler, page 3429, right col., third paragraph, indicating that "Single cells were isolated
from frozen sections of a bone marrow specimen of an HD patient by micromanipulation as
previously described" by Kuppersef al. (i.e., Kuppers et al, The EMBO Journal vol. 12 no.13
pp.4955-4967, 1993, Exhibit 6).

° Kuppers et al., The EMBO Journal vol.12 no.13 pp.4955-4967, 1993, paragraph bridging
pages 4965-4966 (Exhibit 6).

'8° Kanzler, page 3429,right col., third & fourth paragraphs, referring to "single cell PCR"
of 10 H-RScells.

‘87 Kanzler, abstract.
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11 of 20 H-RScells ... demonstrate that H-RScells in this patient represent a clonal

population.”.'**

In addition, Kanzler meets the added requirements of claim 25. Kanzler used a

biological sample in the form of "bone marrow... ofa ... lymphomapatient" as recited in

claim 25. In particular, "[s]ingle cells were isolated from frozen sections of a bone

marrow specimenofan HD[i.e., Hodgkin's disease] patient.'°”"

In addition, the patient in question had earlier "received anti-cancer therapy" as

also recited in claim 25. Kanzler explains that the bone marrow sample usedin the study

was obtained in April 1994 andcites to an article by Wolfet a/. for further details on the

history of the same patient.'”° The Wolf article indicates that the same patient was

treated with radiotherapy in 1991 and with chemotherapy in 1993, before Kanzler

obtained his blood marrow sample in 1994,'7!

Obviousness: Reasons to Combine

Li pioneered the method of single-cell PCR, and Kanzler applied single-cell PCR

to blood from a treated lymphomapatient. Although a reason to use Li's single-cell PCR

on Kanzler's lymphomablood samplesis not necessarily required, reasons to combine are

directly provided by Li himself. Li demonstrated the feasibility of amplifying and

genotyping single diploid cells as found in bone marrow samples, and noted that "the

ability to study DNA sequencesin individual diploid cells will makeit possible to study

cell-to-cell variation in developmental processes involving DNA rearrangements or other

Kanzler, page 3434, right col., third paragraph.
Kanzler, page 3429, right col., third paragraph.
Kanzler, page 3429, bottom paragraph.

‘9! Wolf et al., Blood. 87: 3418-3428 (1996), paragraph bridging pages 3418-3419 (Exhibit
7).
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11192
genetic alterations. Kanzler did precisely as Li suggested by studying DNA

rearrangements in diploid lymphomacells, where prevalence of DNA rearrangements

and other genetic alterations is well recognized. It would have been primafacie obvious

to one of ordinary skill to use Li's single-cell PCR methods on clinically relevant

biological samples such as lymph nodes from a treated lymphomapatient as taught by

Kanzler.

Thus, claim 25 would have been primafacie obvious over Li in view of Kanzler.

J. Proposed Rejection No. 10: Li renders claim 26 obvious in view of
Gravel under 35 U.S.C. § 103(a)

Dependentclaim 26 recites the method of claim 1, "wherein the selected genetic

sequenceis a translocatedallele."

Under the broadest reasonable interpretation, Li renders claim 26 obvious in view

193
L.of Grave Li anticipates base claim 1, whereas Gravel performed single-cell PCR as

pioneered by Li using a translocated allele as his selected sequence. In particular, Gravel

used a translocated allele in the form of a t(14;18)(q32;q21) translocation, which Gravel

also referred to as the" bel-2/JH rearrangement” since the translocation placed "the bel-2

gene of the 18q21 chromosomal region underthe transcriptional control of the Ig heavy

chain gene (IgH)region."!”*

In particular, Li anticipates claim 1 by performing single-cell PCR on individual

cells in separate wells ("assay samples") and determining a ratio by comparingafirst

'% Li, page 417, right col., third paragraph.
'8 Gravelet al., Single-cell analysis of the t(14;18)(q32;q21) chromosomaltranslocation in

Hodgkin's disease demonstrates the absence of this translocation in neoplastic Hodgkin and
Reed-Sternberg cells. Blood. 91(8):2866-74 (Apr 15, 1998), forming priorart to the '706 patent
under 35 U.S.C. § 102(b). (Exhibit PA-9).

'* Gravel, abstract and page 2866,left col.
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numberof assay samples containing a selected sequence and a second numberofassay

samples containing a reference sequence.

Gravel also performed Li's single-cell PCR method substantially as recited in

claim 1. Specifically, Gravel isolated single malignant B cells designated Hodgkin/Reed-

Sternberg cells from a Hodgkin's lymphomapatient'” and subjected the individualcells
196

to single-cell PCR,~~thereby performing the "diluting" and "amplifying" steps of claim

1. Gravel also determined a "first number ofassay samples" containing a selected

sequencein the form of a t(14;18) translocation sequence, and a "second number ofassay

197
samples" containing a reference sequencein the form ofthe c-raf-1 gene,“ thereby

performing the "analyzing" step of claim 1. Gravel also explicitly comparedthe first and

second numbers of assay samples to determine information about the composition of the

biological sample.'”*

In addition, Gravel meets the added requirements of claim 26 by using "a

translocatedallele" in the form ofa t(14;18)(q32;q21) translocation'”’ as his "selected

genetic sequence."

Obviousness: Reasons to Combine

Li pioneered the methodof single-cell PCR, and Gravel applied Li's single-cell

PCRto cells from a treated lymphomapatient using a translocated allele as his selected

'% Gravel, page 2867,right col., second paragraph,indicating that "stained sections were
overlaid with phosphate buffered saline (PBS)" and "[s]ingle cells were picked up ... and then
transferred by aspiration," thereby diluting the biological sample to form a set comprising a
plurality of assay samples.

'% Gravel, page 2869, right col., bottom paragraph.
'7 Gravel, page 2869, right col., bottom paragraph.
'8' Gravel, page 2869, right col., bottom paragraph
‘In particular, Gravel useda translocated allele in the form ofa t(14;18)(q32:q21)

translocation. Gravel, abstract and page 2866, left col.
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sequence. Although a reason to use a translocatedallele as a selected sequence in Li's

single-cell PCR is not necessarily required for obviousness, reasonsto do so are directly

provided by Li himself. Li demonstrated the feasibility of his single-cell PCR methods

on diploid cells such as those used by Gravel. Li noted that "the ability to study DNA

sequencesin individual diploid cells will makeit possible to study cell-to-cell variation in

developmental processes involving DNA rearrangements or other genetic alterations."””°

Gravel explains that his translocatedallele is a type of genetic "rearrangement."””' Thus,

Gravel did precisely as Li suggested by studying DNAtranslocation rearrangements in

cancer cells, where prevalence of DNA rearrangements and other genetic alterationsis

well recognized. It would have been primafacie obviousto one of ordinary skill to use a

translocated allele as taught by Gravel as the selected sequencein Li's single-cell PCR

methods.

Thus, claim 26 would have been primafacie obviousat the time of invention over

Li in view of Gravel.

K. Proposed Rejection No. 11; Li renders claims 28 & 29 obvious in
view of Marcucci under 35 U.S.C. § 103(a)

1. Detailed explanation of the pertinency and mannerof
applying Li and Marcucci to claim 28

Dependentclaim 28 recites the method of claim 1, "wherein the selected genetic

sequence is within an amplicon whichis amplified during neoplastic development."

° ‘Li, page 417,right col., third paragraph.
°°! Tn particular, Gravel referred to the t(14;18)(q32;q21) translocation as the" bel-2/JH

rearrangement”since the translocation placed "the bel-2 gene of the 18q21 chromosomal region
under the transcriptional control of the Ig heavy chain gene (IgH) region.” Gravel, Abstract and
page 2866, left col.
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Under the broadest reasonable interpretation, Li renders claim 28 obvious in view

of Marcucci.”” Li anticipates base claim 1, whereas Marcucci analyzed biological cancer

samples for the presence of "an amplicon which is amplified during neoplastic

development"as recited in claim 28.

In particular, Li anticipates claim 1 by performing single-cell PCR on individual

cells in separate wells ("assay samples") and determining a ratio by comparingafirst

numberof assay samples containing a selected sequence and a second numberofassay

samples containing a reference sequence.

In addition, Marcucci analyzed biological samples by PCR to determine the

presence of a "selected genetic sequence"in the form of an "ALL/ [gene] rearrangement"

whichis expressed as an aberrant mRNAin the form of an "ALL/ fusion transcript."*” It

had been previously discovered that this rearrangement involvesa "partial tandem

duplication (PTD)" of a portion of the ALL/ gene, noting that the "partial tandem

duplication (PTD) of ALLA* (MLL)is one of the more common molecular abnormalities

in adult de novo acute myeloid leukemia (AML) andcarries a poor prognosis.""”* As

explained in detail below, such a duplication is "an amplicon which is amplified during

neoplastic development"as recited by claim 28, under the broadest reasonable

interpretation.

Morespecifically, Marcucci's goal was to "determine if the ALZ/ fusion transcript

is specific for leukemic blasts or instead can be found with any frequency in normal

°® Marcucci et al., Detection of Unique ALLA*(MLL) Fusion Transcripts in Normal Human
Bone Marrow and Blood: Distinct Origin ofNormal versus Leukemic ALLI Fusion Transcripts.
Cancer Res, 58:790-793. (February 15, 1998), forming prior art under 35 U.S.C. § 102(b).
(Exhibit PA-10).

° Marcucci, Abstract.
°% Marcucci, Abstract,
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cells."*°? Upon finding by RT-PCRanalysis on RNA samples that 10 of 60 apparently

normal individuals appeared to express a fusion mRNAtranscript, Marcucci followed up

with a genomic PCRanalysis on the genomic DNA ofeight such individuals to check for

the presence ofan actual rearrangementof the ALL/ gene as a PTD amplicon.” In his

genomic PCR assay, Marcucci used "primers specific for the exons involved in the

«44207
fusion" to check for the PTD amplicon as his "selected genetic sequence." In the same

assay, Marcucci also amplified a B-actin gene 7” as a "reference genetic sequence."

Marcucci foundthat all eight normal samples did not amplify the PTD ampliconat the

genomiclevel, despite the apparent expression of a fusion transcript at the mRNA

level.”In particular, "[a]ll eight normal donor samples that were positive by RT-PCR

failed to show a genomic fusion" by genomic PCR,although "[i]ntegrity of the DNA for

all the samples wasverified by the [successful] amplification of the B-actin gene."”'°

Thus, Marcucci compared the numberof samples containing his "selected genetic

sequence"and his "reference genetic sequence."

205

206 Marcucci, Abstract.
Marcucci, Abstract ("we analyzed ... [RNA] samples from 60 normal donors by nested

RT-PCR. Ten of 60 samples ... contained a uniquetranscript showing a fusion of two ALL/
exons that was consistent with the PTD ofALL]. However, a corresponding genomic
rearrangement or a unique genomic fusion ofALL/ could not be demonstrated by Southern
analysis or DNA PCR,respectively.") See also page 791, left col., bottom paragraph ("[RNA]
samples from 60 healthy normal donors were analyzed for the PTD ofAZL/ by nested RT-PCR.
Ten of 60 samples ... amplified a transcript showing a unique fusion of two ALL/ exons.")

°° Marcucci, page 791, left col., "DNA Analysis" Section,first paragraph.
*°8  Marcucci, page 791, left col., "DNA Analysis" Section,first paragraph ("DNA integrity

was demonstrated by successful B-actin amplification in each sample.")
°® Marcucci, Abstract ("Ten of 60 [RNA] samples ... contained a unique [ALL/ fusion]

transcript ... that was consistent with the PTD ofALL/. However, a corresponding ... unique
genomic fusion ofALL/ could not be demonstrated by ... DNA PCR"). See also page 791, left
col., "DNA Analysis” Section, first paragraph ("no evidenceof fusion at the genomic level could
be found following DNA PCR amplification across the putative introns involved in the unique
fusion").

“10 Marcucci, Fig. 4, legend.
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In addition, Marcucci meetsall additional limitations recited in the body of claim

28 itself.

First, Marcucci's partial tandem duplication (PTD)of the AZZ/ gene sequenceis

an "amplicon"as recited in claim 28 under the broadest reasonable interpretation, at least

because (1) the art recognized duplication of any particular portion of a chromosomeas a

211
type of genetic amplification,” (2) claim 29 does notlimit the scope of "amplicon"in

any way, and (3) the "706 specification does not give "amplicon"a special definition

contrary to the art.”””

Second, Marcucci's PTD amplicon is "amplified during neoplastic development,"

as required by claim 28. In particular, Marcucci explains that his PTD amplicon "is one

of the more common molecular abnormalities in adult de novo acute myeloid leukemia

(AML)andcarries a poor prognosis."”*

Obviousness: Reasons to Combine

It would have been primafacie obviousto one of ordinary skill to use a "selected

genetic sequence ... within an amplicon which is amplified during neoplastic

development"in the form of a PTD sequence in the ALL1 oncogene,as taught by

Marcucci, in Li's single-cell PCR methods. Marcucci amplified a "selected genetic

sequence"(i.e., a PTD amplicon) and a "reference genetic sequence"(i.e., B-actin gene)

*1 Mandahletal., Int. J. Cancer: 67,632-635 (1996), (Exhibit 8), at Abstract (explaining that
genetic "duplication of 12q sequences may bea sufficient level of amplification” to cause
cancerous change in cells), and at page 633, right col., second paragraph, last sentence, describing
" low-level amplification, resulting in 1.5 to 2.5 times the normal copy number").

*!2 The '706 patent only uses amplicon once in the specification, and that is in Table 1,
where "Gene amplifications”is listed as a potential application of digital PCR, of which one non-
limiting example is to "Determine presence or extent of amplification" using a first probe to a
"sequence within [an] amplicon" and a second probe to a "sequence from anotherpart of[the]
same chromosome arm." As mentioned, the '706 patent indicates that this is a non-limiting
example of analyzing gene amplifications using the claimed methods.

*I3 Marcucci, Abstract, first sentence.
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directly on his biological cell sample instead of dividing his biological sample into a

plurality of single-cell assay samples as Li did. However, Li explicitly taught the

benefits of using his single-cell format to study differences between individual cells due

to "cell-to-cell variation in developmental processes involving DNA rearrangements,"”"*

which bulk amplification is incapable of assessing. Marcucci teaches that his PTD

amplicon sequenceis precisely the kind of "rearrangement" that Li recognized as a

suitable target — specifically, Marcucci noted that the "PTD of ALL1 is identified in

leukemic blasts at the genomic level by ALL1 rearrangement upon Southern analysis."”"°

Marcucci's specific goal was to "determine if the ALL1 fusion transcript is specific for

216 :
" Marcucclleukemic blasts or instead can be found with any frequency in normalcells.

designed his PCR assaysto be sensitive enough to detect the PTD amplicon "when...

presentin 1% ofthe cells in the processed sample,"*'” becausehis biological samples

(i.e., lymph nodebiopsies) would normally contain at least some normalcells as well as

leukemiccells, potentially obfuscating his data. This problem would have been

addressed by Li's single-cell PCR format.

It would thus have been primafacie obviousto one of ordinary skill to used

Marcucci's "selected genetic sequence"(i.e., a PTD amplicon) and his "reference genetic

sequence"(i.e., B-actin gene), in Li's single-cell PCR methods.

Li, page 417, right col., third paragraph.
Marcucci, Abstract.
Marcucci, Abstract.
Marcucci, page 791, left col., second paragraph.

Ww pag wn
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2. Detailed explanation of the pertinency and mannerof
applying Li and Marcucci to claim 28

Dependentclaim 29 recites the method of claim 1, "wherein the selected genetic

sequence is a rare exon sequence."

Under the broadest reasonable interpretation, Li renders claim 29 obvious in view

of Marcucci.”'* Li anticipates base claim 1, whereas Marcucci analyzed biological cancer

samples for the presence of a "selected genetic sequence [that] is a rare exon sequence "

as recited by claim 29.

In particular, Li anticipates claim 1 by performing single-cell PCR on individual

cells in separate wells ("assay samples") and determining a ratio by comparingafirst

numberof assay samples containing a selected sequence and a second numberofassay

samples containing a reference sequence.

In addition, Marcucci analyzed single cells from B-lymphomapatients containing

an ALL/ gene rearrangement by RT-PCR,in orderto study cell-to-cell expression of the

unique ALLJ mRNA"fusion transcript"”'” encoded by the rearranged gene, whichas

explained below is a "rare exon sequence." Marcucci's goal was to "determineif the

ALL] fusiontranscript is specific for leukemic blasts or instead can be found with any

11220
frequency in normalcells. Marcucci detected an ALL/ fusion transcript in the RNA

of 10 out of 60 apparently normal individuals by RT-PCR.””! Marcucci ensured that his

“18 Marcucci et al., Detection of Unique ALLA*(MLL) Fusion Transcripts in Normal Human
Bone Marrow and Blood: Distinct Origin ofNormal versus Leukemic ALLI Fusion Transcripts.
Cancer Res, 58:790-793. (February 15, 1998), forming prior art under 35 U.S.C. § 102(b).
(Exhibit PA-10).

*19 Marcucci, Abstract.
°° Marcucci, Abstract.
*21 Marcucci, Abstract ("we analyzed ... [RNA] samples from 60 normal donors by nested

RT-PCR. Ten of 60 samples ... contained a uniquetranscript showing a fusion of two ALL/
exonsthat was consistent with the PTD ofALL/.") See also page 791, left col., bottom paragraph
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RT-PCRassay would selectively amplify only ALL/ fusion transcripts instead of normal

ALLI mRNAbyusing a primerpair specific for the fusion transcript.” Marcuccialso

ensured that each RNA sample was amplifiable by amplifying the B-actin gene as a

223
reference control ("reference genetic sequence") in each sample.” Despite observing

amplification of the actin reference in each and every sample, Marcucci found that only

"[tlen of 60 [RNA] samples ... amplified a transcript showing a unique fusion of two

ALL] exons,"”*”* Thus, Marcucci compared the number of samples containing the ALL/

fusion transcript (a "selected genetic sequence") with the number of samples containing

the actin transcript (a "reference genetic sequence") although the comparison was not

explicitly presented as a ratio.””°

In addition, Marcucci meets the added requirements of claim 29 in that his

"selected genetic sequenceis a rare exon sequence." Claim 29 doesnot limit the scope

of "rare exon" in any way, and the '706 specification does not give "rare exon" a special

definition contrary to the art. Marcucci's "selected genetic sequence" in the form of an

ALL]fusion transcript was "a unique transcript showing a fusion of two ALL/ exons."””°

In Fig. 3B, Marcucci also provided an exemplary sequence one of his observed "fusion

("[RNA] samples from 60 healthy normal donors were analyzed for the PTD ofALL/ by nested
RT-PCR. Ten of 60 samples ... amplified a transcript showing a unique fusion of two ALL/
exons.”

°° Marcucci, Fig. 2, providing a "schematicillustration of ... unique exon fusiontranscripts
detected by nested RT-PCR”and also showingthe positions of the "primers that amplify the PTD
of ALLI," so that "[e] ach transcript is consistent with a PTD of the ALZ/ gene."

* Marcucci, page 790,right col., Section on "RT-PCR Analysis," explaining that "each
RNA sample was also amplified for B-actin transcript. See also page 792, left col., "Poly(A)+
RNA Analysis" section (Each poly(A)+ RNA sample was successfully amplified for the B-actin
transcript.)"” See also page 792, right col., top paragraph ("Integrity of the RNA wasverified by
successful amplification of the B-actin transcript.")

* Marcucci, page 791, left col., last sentence.
°° Marcucci, page 791, left col., last sentence.
°°6 Marcucci, Abstract.

58

Page 618 of 1224



Page 619 of 1224

transcripts in which the 3' exon involvedin the fusion is spliced, not at the consensus

spliced site of the 5' exon but rather in the middle of the sequence, resulting in a

frameshift of the ORF."*”’ Because Marcucci's ALL/ fusion transcript contains an

aberrant fusion exon that is not found in most normal individuals, it is a "rare exon

sequence"as recited in claim 29 under the broadest reasonable interpretation. Thus,

Marcucci's fusion transcript is a "selected genetic sequence [which] is a rare exon

sequence"as required by claim 29.

Obviousness: Reasons to Combine

It would have been primafacie obviousto one of ordinary skill to use a "selected

genetic sequence ... within an amplicon which is amplified during neoplastic

development"in the form of a PTD sequence in the ALL1 oncogene,as taught by

Marcucci, in Li's single-cell PCR methods. Marcucci amplified a "selected genetic

sequence"(i.e., a PTD amplicon) and a "reference genetic sequence"(i.e., B-actin gene)

directly on his biological cell sample instead of dividing his biological sample into a

plurality of single-cell assay samples as Li did. However, Li explicitly taught the benefits

of using his single-cell format to study differences between individualcells due to "cell-

11228
to-cell variation in developmental processes involving DNA rearrangements,"*~” which a

bulk amplification procedure like Marcucci's would be incapable of detecting. Marcucci

teaches that his PTD amplicon sequenceis precisely the kind of "rearrangement"that Li

recognized as a suitable target — specifically, Marcucci noted that the "PTD of ALL] is

identified in leukemic blasts at the genomic level by ALL1 rearrangement."””’

*7 Marcucci, Fig 3B, legend.
8 Li, page 417,right col., third paragraph.
°° Marcucci, Abstract.
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Marcucci's specific goal was to "determine if the ALL1 fusion transcript is specific for

230 :
" Marcucclleukemic blasts or instead can be found with any frequency in normalcells.

designed his PCR assaysto be sensitive enough to detect the PTD amplicon "when...

presentin 1% ofthe cells in the processed sample,"**! because his biological samples

would normally contain both normal and leukemic cells, potentially obfuscating his data.

This problem would have been addressed by Li's single-cell PCR format.

It would thus have been primafacie obviousto one of ordinary skill to used

Marcucci's "selected genetic sequence"(i.e., a PTD amplicon) and his "reference genetic

sequence"(i.e., B-actin gene), in Li's single-cell PCR methods.

L. Proposed Rejection No. 12: Li renders claim 30 obvious in view of
Flint under 35 U.S.C.§103(a

Dependentclaim 30 recites the method of claim 1, "wherein the nucleic acid

template molecules comprise cDNA ofRNA transcripts and the selected genetic sequence

is present on a cDNA ofafirst transcript and the reference genetic sequence is present

on a cDNA ofa second transcript."

Under the broadest reasonable interpretation, Li renders claim 30 obvious in view

of Flint.’ Li anticipates base claim 1, whereas Flint used single-cell RT-PCR as

explicitly suggested by Li, in order to amplify a selected and reference transcript as

recited by claim 30.

230

231

232

Marcucci, Abstract.
Marcucci, page 791, left col., second paragraph.
Flint ef al. NR2A Subunit Expression Shortens NMDA Receptor Synaptic Currents in

Developing Neocortex. J. Neurosci., 17(7):2469-2476 (April 1, 1997), formingpriorart to the
'706 patent under 35 U.S.C. § 102(b). (Exhibit PA-11).
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In particular, Li anticipates claim 1 by performing single-cell PCR on individual

cells ("assay samples”) and determining a ratio by comparing a first number of assay

samples containing a selected sequence and a second numberofassay samples containing

a reference sequence.

In addition, Flint performed single-cell RT-PCR, a method explicitly suggested by

Li, in order to generate and amplify cDNA of RNAtranscripts in individual cells.

Specifically, Flint performed "single-cell RT-PCR ... to detect NR2A—D subunit

expression”in rat brains taken at different "postnatal ages P3/4 or P8/9.""** Flint

extracted the cytoplasmic contents (including the mRNA)of individual neurons and

transferred the contents of each individual neuron cell to a PCR reaction tube, thereby

234
generating a plurality of single-genome assay samples from a biological sample.” Flint

then "amplified the template molecules" by RT-PCR,in which "[r]everse-transcription of

single-cell mRNA wasfollowed by a PCR designed to coamplify all four NR2

1235 11236
subunits. Flint then "analyzed the amplified molecules"~” to determine the "number

ofassay samples" containing mRNAofeach different subunit, as well as the levels of

°%3 Flint, page 2470,right col., last paragraph ("we used single-cell RT-PCR... to detect
NR2A-Dsubunit expression in physiologically characterized neurons”).

* Flint, page 2470,right col., last paragraph ("After characterization of [neuron cell
behavior] ... cytoplasmic harvest was performed" followed by RT-PCR on "single-cell mRNA”).
See also page 2471, Fig. 1 legend, showing amplification "products obtained by RT-PCRfor
NR2A-D subunits on cytoplasmic material harvested from physiologically characterized
neurons."

°%5 Flint, page 2470,right col., last paragraph. See also same page,left col., last paragraph
("Coamplification of NR2A—D subunits was performed by nested hot-start PCR” using a single
pair of primers in a primary PCRreaction).

°%6 Flint, page 2470, paragraph bridgingleft and right cols., (samples were analyzedbyfirst
re-amplifying one "microliter of the first-round PCR product ... in a second PCR" with a single
pair of hemi-nested primers, and performing "dot-blot hybridization" in which "PCR products of
expected size ... were ... extracted... [and a] serial dilution of each PCR product was dotted onto
four different nitrocellulose membranes, each containing ... one of the four "NR2 standards"...
obtained by cloning PCR fragments (244 bp) of each NR2 subunit ").
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each mRNA. Flint analyzed the single-cell samples to determine a "first number ofassay

samples" containing a "selected genetic sequence" in the form ofNR2B mRNA,and a

"second number ofassay samples" containing a "reference genetic sequence"in the form

ofNR2C mRNA,subsequently "comparing" these two numbers to determine the

"composition ofthe biological sample." Specifically, Flint observed that "the NR2B

subunit was expressed above the estimated background level ... in almost every cell ... In

contrast, very few cells expressed significant relative amounts of ... NR2C."7°7 In

particular, "NR2C was encountered in only one cell at P3/4 [age group] and onecell at

P8/9 [age group].""**

In addition, Flint meets the added requirements of claim 30. Because Flint

performed "reverse-transcription of single-cell mRNA... followed by PCR,"”” Flint

used "nucleic acid template molecules compris[ing] cDNA ofRNA transcripts."

In addition, Flint's "selected genetic sequence is present on a cDNA ofafirst

transcript" whereas the "reference genetic sequence is present on a cDNA ofa second

transcript." As discussed, Flint assayed for cDNA ofNR2C ashis "selected genetic

sequence," and for cDNA of NR2Bashis "reference genetic sequence."””°

Obviousness: Reasons to Combine

It would have been obviousto use Flint's single-cell RT-PCR analysis in which

two different cDNAsare used as the "selected genetic sequence" and "reference genetic

sequence," in Li's own single-cell methods of analysis. Reasons to combineare directly

provided by Li himself. Although Li himself used PCR instead of RT-PCR, Li explicitly

*7 Flint, page 2472,right col., section on "Single-cell expression of NR2 subunit MRNA."
Flint, page 2472, right col., section on "Single-cell expression of NR2 subunit mRNA.”
Flint, page 2470,right col., last paragraph.
Flint, page 2472,right col., section on "Single-cell expression of NR2 subunit mRNA."

Nw we o
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recognized the usefulness of using single-cell RT-PCR as Flint did, in order to detect and

analyze mRNAexpressionin single diploid cells: "[A] nalysis of messenger RNAsin

single cells would be possible if efficient reverse transcription could be carried out before

PCRwasinitiated.".“*’ Li also noted that "the ability to study DNA sequencesin

individual diploid cells will makeit possible to study cell-to-cell variation in

"% Flint did precisely as Li suggested by studying cell-to-celldevelopmental processes.

variations in expression between different neurons by converting mRNA into cDNA for

subsequent amplification. In view ofFlint, it would have been primafacie obvious to

one of ordinary skill to use Li's methods in an RT-PCR format, using a first cDNA as a

"selected genetic sequence"of interest, and a second cDNAas a "reference genetic

sequence."

Thus, claim 30 would have been primafacie obviousat the time of invention over

Li in view ofFlint.

M. Proposed Rejection No. 13: Li renders claim 31 obvious in view of
Ponten under 35 U.S.C.§103(a

Dependent claim 31 recites the method of claim 1, "wherein the selected genetic

sequence comprises a first mutation and the reference genetic sequence comprises a

second mutation."

Under the broadest reasonable interpretation, Li renders claim 31 obvious in view

243
of Ponten.”” Li anticipates base claim 1, whereas Ponten used single-cell RT-PCR as

Li, page 417, right col., third paragraph.
Li, page 417, right col., third paragraph.
Ponten et al., Genomic analysis ofsingle cellsfrom human basalcell cancer using laser-

assisted capture microscopy. Mutation Research Genomics 382, 45-55 (1997). (Exhibit PA-
11).

243
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explicitly suggested by Li, in order to amplify a selected and reference sequence each

comprising a different mutation as recited by claim 30.

In particular, Li anticipates claim 1 by performing single-cell PCR on individual

cells ("assay samples”) and determining a ratio by comparing a first number of assay

samples containing a selected sequence and a second numberofassay samples containing

a reference sequence.

In addition, Ponten performed single-cell PCR, a method explicitly suggested by

Li, in order to perform "mutational analysis of genomic DNA ... on single somatic

cells.""“* Specifically, Ponten isolated "[e]ighty-nine single tumorcells" from a

biological sample in the form of a "stained tissue section" of a "human basalcell cancer

BCC"thereby generating a plurality of single-cell assay samples from a biological

245
sample.” Ponten then "amplified the template molecules" by PCR, in which "[e]xons 4—

9, of the human p53 gene, and the HLA-DQB1 locus were amplified in a

11246
multiplex/nested configuration. Ponten then "analyzed the amplified molecules" in

the single-cell samples by performing a secondary (nested) amplification and DNA

sequencing.”*’ Ponten checkedeachcell for a "selected genetic sequence"in the form of

a first p53 allele mutated in exon 7 (codon 245), and a "reference genetic sequence" in

248
the form of second p53 allele mutated in exon 8 (codon 266).*" Ponten then determined

*“ Ponten, Abstract. See also page 46,right col., second paragraph ("Single cells were
picked up, with the aid of the micromanipulator, on the tip of a small glass capillary ... The tip of
the capillary, with the attached cell, was broken off against the bottom of a PCR tube.")

** Ponten, page 45, Abstract.
“6 Ponten, page 46, Section 2.3.
**7 Ponten, page 46, Section 2.3, and page 44, Section 2.3.
“* Ponten, page 49, paragraph bridgingleft and rightcols., explaining that 'crude’

microdissection ... had [already] uncovered two point mutations in the tumor(Fig. 2). One was in
exon 7 codon 245. and the other in exon 8 codon 266 ... Cloning of this fragment revealed that
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a "first number ofassay samples" containing the "selected " exon 7-mutated p53 allele

and a "second numberofassay samples" containing the "reference" exon 8-mutated p53

allele, and compared the two numbers. In particular, out of 44 single-cell samples which

yielded an amplification product of exon 7 and/or exon 8, Ponten found that "[t]wo

mutations were dominant, codon 245 (GGC to GTC),[in] exon 7, mutated in 20 cells,

and codon 266 (GGA to GAA),[in] exon 8, mutated in 13 cells.""””

In addition, Ponten meets the added requirements of claim 30. Ponten's selected

genetic sequence"(i.e., exon 7-mutated p53) "comprises afirst mutation and the

reference genetic sequence"(i.e., exon 8-mutated p53) "comprises a second mutation."

Obviousness: Reasons to Combine

It would have been obviousto use Ponten's single-cell RT-PCR analysis in which

the number of samples containing two different mutant sequences are compared,in Li's

own single-cell methods of analysis. Reasons to combineare directly provided by Li

himself. Li explicitly recognized the usefulness of single-cell PCR methods, which gave

a user "the ability to study DNA sequencesin individual diploid cells [which] will make

1250
it possible to study cell-to-cell variation. Ponten did precisely as Li suggested for

precisely the same reason — specifically, to "resolve important and fundamental questions

determining cancerheterogeneity,"i.e., cell-to-cell variation in cancer.””’ Ponten

explained that "[i]n crude microdissections ... mutations [in single cells] would be

the mutations were situated on different alleles." See also Fig. 4, Table 1 and page 50,left col.,
bottom paragraph, describing the results of the single-cell PCR analysis, finding that "[t]wo
mutations were dominant ... Both mutations were identical to those found in the previous crude
microdissections."

° Ponten, page 50, paragraph bridgingleft and rightcols.
°%) Li, page 417,right col., third paragraph.
**! Ponten, Abstract, and page 46,left col., last paragraph of Introduction section.
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‘diluted’ and thus not detected ... while ... [analysis] of single cells would disclose such

mutations."7~” Ponten also noted that two separate mutations on either allele commonly

take place in cancer progression: "we have microdissected different parts of individual

BCC's and found that p53 mutations often affect both alleles and that progression of p53

alterations can take place within a tumor."””* Accordingly, Ponten rendersit obvious that

a mutant "selected genetic sequence" in the form ofa first mutant allele and a mutant

"reference genetic sequence"in the form of a second mutantallele could often be found

in cancer samples.

In view of Ponten, it would have been primafacie obvious to one of ordinary skill

to use Li's methods on cancer samples such as Ponten's in which "the selected genetic

sequence comprises a first mutation and the reference genetic sequence comprises a

second mutation."

Thus, claim 31 would have been primafacie obviousat the time of invention over

Li in view of Ponten.

N. Proposed Rejection No. 14: Zhang anticipates claims 38, 39, 46 &
51 under 35 U.S.C.§102(b

1. Short introductory overview of relevant portions of
Zhang's disclosure

Independent claim 38 and dependent claims 39, 46 & 51 are anticipated by

254
Zhang.” To provide a quick orientation to the Examiner, this section presents an

°°? Ponten, page 54, second paragraph.
Ponten, page 46,left col., last paragraph of Introduction section.
Zhang et al., Whole genome amplificationfrom a single cell: implicationsfor genetic

analysis. PNAS USA, 89(13):5847-51 (1992), forming prior art under 35 U.S.C. § 102(b) to the
'706 patent. (Exhibit PA-2).

253

254
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introductory high-level overview ofthe steps of this claim and broadly maps Zhang's

experiments onto each of these steps. A more detailed application of Zhang's teachings

to each claimed step, showingthe details of how Zhang performedeachstep with specific

cites to Zhang's relevant disclosure is presented in the next section.

Generally, claim 38 of the "706 patent is directed to a method requiring three

steps: (1) amplifying template molecules within a set of assay samples to form a

population of amplified molecules in each of the assay samples; (2) analyzing the

amplified molecules to determine a first number of assay samples that contains one

sequence and a second numberof assay samples that contains a different sequence; and

(3) comparing those numbersto ascertain a ratio that reflects the composition of the

biological sample. Morespecifically with respect to independent claim 38, Zhang

performedthe three main steps of independent claim 38 ofthe '706 patent, as follows.

a) Amplifying step

o. Thefirst step involves "amplifying template molecules within a set
comprising a plurality ofassay samples to form a population ofamplified
molecules in each ofthe assay samples ofthe set."

o Zhang made 18 single-sperm samples which were lysed and pre-amplified
by primer extension pre-amplification (PEP), °° thereby forming "a set
comprising a plurality ofassay samples." The templates molecules in
each sample were subjected to PCR amplification using locus-specific
primers, such as the APOC2locus,””resulting in "amplifying template
molecules within ... assay samples toform a population ofamplified
molecules in each ofthe assay samples ofthe set."

b) Analyzing/number-determining step

o The second step involves "analyzing the amplified molecules ... to
determine afirst number ofassay samples which contain the selected

°° Zhang, page 5847,left andrightcols., section titled "PEP of Single-Sperm DNA."
°° Zhang, page 5847,right col., section titled "Specific Gene Analysis.”
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genetic sequence and a second number ofassay samples which contain a
reference genetic sequence."

o Zhang determinedthe allelic identity of the locus-specific PCR
amplification products at the APOC2 locusby using gel electrophoresis to
measure the size of the PCR product,””’ thereby "analyzing the amplified
molecules." For the APOC2 locus, Zhang then counted the numberof
samples showing presence of one APOC2allele, and also the number of
samples showing presence of the other APOC2allele, thereby determining
a "first number ofassay samples which contain the selected genetic
sequence and a second number ofassay samples which contain a
reference genetic sequence."

o The secondstep also recites a complicated "wherein" clause, "wherein at
least one-fiftieth ofthe assay samples in the set comprise a number (N) of
molecules such that I/N is larger than the ratio ofselected genetic
sequencesto total genetic sequences required to determine the presence of
the selected genetic sequence." The next section explains in detail how
Zhang meets this limitation.

c) Comparing step

o The third step involves "comparing thefirst number to the second number
to ascertain a ratio which reflects the composition ofthe biological
sample."

o Zhang compared the numberof single-sperm assay samples containing the
first APOC2allele against the numberof assay samples containing the
second APOC2allele. Zhang noted that there were 9 samples of each
allele (i.e., an equal ratio of both) and that "the segregation pattern of the
APOC?alleles could clearly be seen,"””* thereby "comparing thefirst
numberto the second numberto ascertain a ratio." Thisratio reflected

the heterozygous nature of the sperm sample and its donor, and thus
"reflect{ed] the composition ofthe biological sample."

°°? Thang, page 5847,right col., section titled "Specific Gene Analysis."
8 Zhang, page 5848,right col.
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2. Detailed explanation of the pertinency and mannerof
applying Zhang to independentclaim 38

This section discusses in detail how, under the broadest reasonable interpretation

of the claims, Zhang discloses methods that meet each and every limitation of

independentclaim 38.

i) Zhangdiscloses "A method for determiningthe ratio of
a selected genetic sequence in a population of genetic
sequences"

This language forms the preamble of claim 38. Under the PTO's standards for

patentability, a preamble which merely recites an "intended use" doesnot limit the claim

in any way.”

But even if it were limiting (whichit is not), Zhang discloses "determining the

ration ofa selected genetic sequence in a population ofgenetic sequences" under the

broadest reasonable interpretation. Requester notes as a threshold matter that, as written,

the preamble broadly uses the word "ratio" in a manner synonymouswith "amount" or

perhaps "relative amount" as opposedto using "ratio" in a strict mathematical sense. In

addition, based on the language andstructure of the body ofthe claim, "a methodfor

determining the ratio ofa selected genetic selection in a population ofgenetic sequences"

as recited in the preamble morespecifically involves "comparing thefirst number [of

assay samples] to the second number [ofassay samples] to ascertain a ratio which

reflects the composition ofthe biological sample" as recited in the final limitation of

claim 38.

°° Rowe v. Dror, 112 F.3d 473, 478, 42 USPQ2d 1550, 1553 (Fed. Cir. 1997) (preamble's
recitation of an intendeduseis not a limitation). Solely for the purposes of this reexamination,
Requester will proceed on the premise that the preamble is not limiting in any wayorif the
examinerdisagrees, that it does not impose an additional limitation over whatit cited in the body
of the claim.
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Accordingly, under the broadest reasonable interpretation (and solely for the

purposesof this reexamination), a direct and explicit numerical comparison between a

first number of assay samples with a selected sequence and a second numberofassay

samples with a reference sequence,’” constitutes "comparing thefirst numberto the

second numberto ascertain a ratio" as recited in the last step of claim 1 and "determining

the ratio ofa selected genetic sequence in a population ofgenetic sequences"as recited

in the preamble. In other words, an explicit comparison of the two numbersof assay

samples, even without any explicit mention of a "ratio" between the two numbers,is a

disclosure of "determining the ratio ofa selected genetic sequence in a population of

genetic sequences." Zhang ascertained a ratio by making exactly such a comparison.

This ratio was also reflective of the composition of the biological sample under the

broadest reasonable interpretation, at least by reflecting the proportion of the selected and

reference sequence within the biological sample.

In particular, Zhang amplified the sequences at the APOC2 locusin eighteen

261
individual sperm cells derived from a single donor.” Zhang counted samplesthat

carried one APOC2allele and samples that carried the other APOC2 allele: Under the

broadest reasonable interpretation, either of these two alleles correspondsto the "selected

genetic sequence" of the preamble "in a population ofgenetic sequences."

Zhang explicitly compared these two numbers of assay samples: "[a]Jmong the 18

11 262
sperm, 9 contained one APOC2allele and 9 containedthe other. in an approximately

1:1 ratio, remarking that "the segregation pattern of the APOC2alleles . . . can be clearly

° Specifically, comparing a first numberof assay samples containing a selected sequence
with a second numberof assay samples containing a reference sequence.

*6l Zhang, page 5848.
°°? Zhang, page 5848.
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seen," (where Mendelian segregation predicts that the alleles should be distributed in a

1:1 ratio).”° By comparing these two numbersin this manner, Zhang thereby

"determin[ed] the ratio ofa selected genetic sequence in a population ofgenetic

sequences."

ii) Zhang discloses "amplifying template molecules within
a set comprising a plurality of assay samples to forma
population of amplified molecules in each of the assay
samples of the set”

Under the broadest reasonable meaning ofthe claim terms, Zhang taught

“amplifying template molecules within a set comprising a plurality ofassay samples to

form a population ofamplified molecules in each ofthe assay samples ofthe set" as

recited in claim 38.

Zhang started with 18 single-sperm samples and performed three separate and

sequential amplification reactions, generating 18 new assay samples for each successive

amplification reaction. In particular, Zhang subjected 18 single-sperm samplesto a

primary amplification reaction in the form of PEP, thereby generating a set of 18

264
"primary" PEP-amplified assay samples.~”’ Zhang then generated a set of 18 "secondary'

assay samples where each secondary assay sample contained an aliquot ofthe

amplification product of a corresponding primary assay sample, and subjected the

secondary assay samples to a "secondary" amplification in the form of a locus-specific

PCR with outer primers flanking the target locus sequence ofinterest, thereby generating

°° Zhang, page 5848.
** Thang, page 5847,right col., last sentence ("Twelve single sperm weresorted by flow

cytometry, lysed, and subjected to PEP for 50 primer- extension cycles using the mixture of
random primers").
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"secondary" amplification product.” Finally, Zhang then subjected aliquots of these

secondary assay samplesto a “tertiary” amplification in the form of a hemi-nested PCR

with innerprimer, thereby generating a set of 18 "tertiary" nested-PCR assay samples.”

It should be noted that in contrast to claim 1, claim 38 does not recite a

diluting/distributing step and thus does not require that the "set comprising a plurality

ofassay samples"is generated directlyfrom the biological sample. Asa result, any of

Zhang's sets of single-sperm, primary, secondary ortertiary samples reads upon a "set

comprising a plurality ofassay samples" under the broadest reasonable interpretation,

and the DNA molecules in these assay samples acts as "template molecules" in the next

subsequent amplification reaction which generates a "population ofamplified molecules

in each ofthe assay samples ofthe set." For example, the inner-primer PCR-amplified

molecules in each of Zhang's secondary assay samples are used as "template molecules"

in the tertiary samples, wherethe tertiary amplification reaction with nested primers

generates a "population ofamplified molecules" from the secondary molecules.

In addition, Zhang amplified molecules "in each ofthe assay samples ofthe set."

In particular, Zhang started with 18 single-sperm samples and ultimately generated a "set

comprising a plurality ofassay samples" in the form of 18 correspondingtertiary assay

°° Zhang, page 5847,right col., "Specific Gene Analysis” section ("Wetested the aliquots
from a single sperm subjected to PEP for the presence of specific DNA sequencesby using
conditions that are capable of detecting single DNA molecules. A total of 12 loci were studied.
We used a hemi-nesting strategy that enhancesyield and specificity when starting with one target
DNA molecule and allows the product to be detected by ethidium bromidestaining (17, 18). The
first round of PCR utilizes a pair of primersthat flank the target sequence. The second round uses
one of the two original primers and a second internal primer. In every case we took 2 uloffirst-
round product for the second round of PCR").

*°° Zhang, page 5847,right col., "Specific Gene Analysis" section ("We used a hemi-nesting
strategy ... The first round of PCR utilizes a pair of primersthat flank the target sequence. The
second round uses one of the two original primers and a second internal primer. In every case we
took 2 ul offirst-round product for the second round of PCR").
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samples, which Zhang subjected to tertiary amplification with inner hemi-nested primers

for the APOC2locus.”*’ Table 2 summarizes the results obtained after primary,

secondary andtertiary amplification at twelve different loci; col. 5 showsthat tertiary

amplification products were detected in each of the 18 assay samples of the APOC2set.

Similar results were obtained for other loci such as the LDLR andpaloci. Thus, Zhang

generated a "population ofamplified molecules in each ofthe assay samples ofthe set."

Therefore, Zhang taught "amplifving template molecules within a set comprising a

plurality ofassay samples to form a population ofamplified molecules in each ofthe

assay samples ofthe set" as recited in claim 38.

iii) Zhangdiscloses "analyzing the amplified molecules in
the assay samples of the set”

Under the broadest reasonable meaning of the claim terms, Zhang's experiments

included a step of "analyzing the amplified molecules in the assay samples ofthe set" as

recited in claim 38.

As summarized above, Zhang's tertiary amplification (a PCR amplification

reaction using inner nested primers on secondary amplification product as template)

"form[ed] a population ofamplified molecules in each" of the 18 assay samples of the

APOC2setof assay samples, as recited in claim 38..7°° Subsequently, Zhang analyzed

the tertiary amplification products of each tertiary assay sample by gel electrophoresis

°°! Thang, page 5847,right col., "Specific Gene Analysis" section ("Wetested the aliquots
from a single sperm subjected to PEP for the presence of specific DNA sequencesby using
conditions that are capable of detecting single DNA molecules. A total of 12 loci were studied.
We used a hemi-nesting strategy that enhancesyield and specificity when starting with one target
DNA molecule and allows the product to be detected by ethidium bromidestaining (17, 18). The
first round of PCR utilizes a pair of primersthat flank the target sequence. The second round uses
one of the two original primers and a second internal primer. In every case we took 2 uloffirst-
round product for the second round of PCR").

°° Zhang, page 5847,right col., "Specific Gene Analysis"
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and "ethidium bromidestaining"””to determinetheallelic identity of the APOC2allele

originally presentin the starting single-sperm sample which the primary, secondary and

tertiary assay samples were derived from. In particular, Zhang differentiated the two

APOC2alleles by a difference in bandsizes visible on the gel.?”” Under the broadest

reasonable interpretation, Zhang's ethidium bromide staining and gel electrophoresis

corresponds to "analyzing the amplified molecules in the assay samples ofthe set" as

recited in claim 38.

iv) Zhang's analysis was done "to determinea first number
of assay samples which contain the selected genetic
sequence and a second number of assay samples which

contain a reference genetic sequence"

Zhang "determine[d] afirst number ofassay samples which contain the selected

genetic sequence and a second number ofassay samples which contain a reference

genetic sequence"as recited in claim 38.

For the analysis of the APOC2locus described above, Zhang determined the

allelic identity of the tertiary amplification product in each assay sample ofhis set of 18

tertiary assay samples. Zhang counted the number of samples showing the presence of

one APOC2allele, and also the number of samples showing the presence of the other

APOC2allele. Either of these two alleles correspondsto the "selected genetic sequence"

°° Zhang, page 5847,right col., "Specific Gene Analysis” section ("Wetested the aliquots
from a single sperm subjected to PEP for the presence of specific DNA sequences by using
conditions that are capable of detecting single DNA molecules. A total of 12 loci were studied.
We used a hemi-nesting strategy that enhancesyield and specificity when starting with one target
DNA molecule and allows the product to be detected by ethidium bromidestaining (17, 18). The
first round of PCR utilizes a pair of primersthat flank the target sequence. The second round uses
one of the two original primers and a second internal primer. In every case we took 2 uloffirst-
round product for the second round of PCR").

*1 Thang, page 5848,right col., second paragraph ("The PCR systemsfor these loci were
designed so that the allelic state at APOC2 (the number ofCA repeats) ... could be determined
from the size of the PCR product alone"). See also Fig. 3 and Fig. 3 legend.
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while the other APOC2 allele correspondsto the "reference genetic sequence." Zhang

noted that nine assay samples carried one APOC?allele, thereby "determin[ing] afirst

numberofassay samples which contain the selected genetic sequence." Zhang also noted

that nine assay samples contained the other APOC2allele, thereby "determin/[ing] a

second number ofassay samples which contain a reference genetic sequence."*"|

Zhang thus "determine[d] a first number ofassay samples which contain the

selected genetic sequence and a second numberofassay samples which contain a

reference genetic sequence"as recited in claim 38.

y) Zhangdiscloses "wherein at least one-fiftieth of the
assay samples in the set comprise a number (N) of
molecules such that 1/N is larger than the ratio of
selected genetic sequences to total genetic sequences
required to determine the presence of the selected
genetic sequence.”

Under the broadest reasonable meaning ofthe claim terms, in Zhang's set of 18

assay samples "at least one-fiftieth ofthe assay samples in the set comprise a number (N)

ofmolecules such that 1/N is larger than the ratio ofselected genetic sequencesto total

genetic sequences required to determine the presence ofthe selected genetic sequence" as

recited in claim 38.

This language of claim 38 is insolubly vague and ambiguous- for example,it is

completely unclear what is meant by "total genetic sequences requiredfor the step of

analyzing to determine the presence ofthe selected genetic sequence." Although

Requester believes it fails to meet the requirements of Section 112, 4 2, such a

271
Zhang, page 5848, right col. ("Among the 18 sperm, 9 contained one APOC2allele and 9

contained the other. Similarly, among the 17 samples that were positive for STS, 9 carried the X
chromosome and 8 carried the Y chromosome.Fig. 3 shows the genotype of 9 of the 18 sperm.
The segregation pattern of the APOC2alleles and the X and Y chromosomescan beclearly seen.
The independent assortment of the sex chromosomes from chromosome 19 is also observed.")
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determination not within the scope of this reexamination. Althoughthe specification

does not use the phrase "total genetic sequences,” the specification instead explains that

"it would be desirable that at least 1/50 of the diluted samples have a detectable

proportion of analyte,” such that "[a]t least 1/10, 1/5, 3/10, 2/5, 1/2, 3/5, 7/10, 4/5, or

"272 ond9/10 of the diluted samples may have a detectable proportion of analyte,

apparently equates "analyte" with "selected genetic sequence."””* Solely for the purposes

of this reexamination, andat least for this claim to be found valid, Requester will proceed

on the premise that the unclear language of claim 38 indicates that at least one-fiftieth of

the assay samples must contain sufficient proportion of the selected sequence ofinterest

compared to other sequencespresent in the same assay sample, suchthat it is present in

an amountthat is detectable by the particular detection method being used.

Consequently, a showing that the selected sequenceofinterest was actually detected in at

least one-tenth of the assay samplesis sufficient to anticipate this recitation of claim 38.

Under this premise, Zhang anticipates this recitation of claim 38. As discussed,

Zhang subjected eighteen tertiary assay samples corresponding to individual sperm to

tertiary amplification and observed a "selected genetic sequence"in the form ofa first

APOC2allele in nine of eighteen assay samples,’ thereby demonstrating that exactly

half of his assay samples(7.e., "at least one-fiftieth ofthe assay samplesin the set")

contained a sufficient proportion of the selected sequence that it was present in detectable

amounts. Zhang thereby demonstrated that "at least one-fiftieth ofthe assay samples in

the set comprise a number (N) ofmolecules such that I/N is larger than the ratio of

°P 17106 patent, col. 4, lines 19-23, emphasis added.
°73 1706 patent, col. 3, line 66-Col. 4, line 2; col. 4, lines 13-22; col. 5, line 44-col. 6, line 2.
°4 Thang, page 5848,right col.
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selected genetic sequences to total genetic sequences required to determine the presence

ofthe selected genetic sequence"as recited in claim 38.

vi) Zhangdiscloses "comparing the first numberto the
second number to ascertain a ratio which reflects the
composition of the biological sample."

Under the broadest reasonable meaning of the claim terms, Zhang teaches

"comparing thefirst number [ofassay samples] to the second numberto ascertain a ratio

which reflects the composition ofthe biological sample"as recited in claim 38.

Asdescribed in the overview above, Zhang amplified the template molecules and

analyzed the amplified molecules in a plurality of assay samples (specifically, eighteen

assay samples derived from eighteen individual sperm cells from a single donor).”” Of

these eighteen assay samples, Zhang counted nine samples that carried one APOC?allele

("thefirst number ofassay samples") and nine samplesthat carried the other APOC2

allele ("the second number ofassay samples"). Zhang then compared the respectivefirst

and second numbersof assay samples for the APOC2 locus and determinedthat these

numbers were equal to each other, in a 1:1 ratio. Zhang remarked that "the segregation

"27° where Mendelian segregationpattern of the APOC2alleles .. . can be clearly seen,

predicts that the alleles should be distributed in a 1:1 ratio. Zhang's observed 1:1 ratio

thus "reflect{[ed] the composition ofthe biological sample" by indicating that the sample

showed a Mendelian segregation pattern. Therefore, by comparing these two numbers of

assay samples in this manner and determining the 1:1 ratio, Zhang thereby performed a

step of "comparing thefirst number to the second numberto ascertain a ratio which

reflects the composition ofthe biological sample."

° Thang, page 5848, right column.
*78 Thang, page 5848, right column.
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3. Detailed explanation of the pertinency and mannerof
applying Zhangto claim 39

Dependent claim 39 recites the method of claim 38 "wherein the numberofassay

samples within the set is greater than 10." For example, Zhang amplified and analyzed a

set of eighteen (18) single-sperm assay samples.’’’ Because 18 assay samples is always

greater than 10 assay samples, Zhang anticipates claim 39 under the broadest reasonable

interpretation.

4. Detailed explanation of the pertinency and mannerof
applying Zhangto claim 46

Dependent claim 46 recites the method of claim 38 "wherein the step ofanalyzing

employs gel electrophoresis." Zhang analyzed the tertiary amplification products of each

11278
tertiary assay sample by gel electrophoresis and "ethidium bromide staining"’’” to

determinethe allelic identity of the APOC2allele originally presentin the starting single-

sperm sample whicheachtertiary assay sample were derived from. In particular, Zhang

differentiated the two APOC2alleles by a difference in bandsizes visible on the gel.””

Zhang thereby "analyz[ed] the amplified molecules in the assay samples ofthe set."

Zhang thus anticipates claim 46 under the broadest reasonable interpretation.

277
Zhang, page 5848, right column.
Zhang, page 5847, right col., "Specific Gene Analysis" section ("Wetested the aliquots

from a single sperm subjected to PEP for the presence of specific DNA sequencesby using
conditions that are capable of detecting single DNA molecules. A total of 12 loci were studied.
We used a hemi-nesting strategy that enhancesyield and specificity when starting with one target
DNA molecule and allows the product to be detected by ethidium bromidestaining (17, 18). The
first round of PCR utilizes a pair of primersthat flank the target sequence. The second round uses
one of the two original primers and a second internal primer. In every case we took 2 uloffirst-
round product for the second round of PCR").

°*? Thang, page 5848,right col., second paragraph ("The PCR systemsfor these loci were
designed so that the allelic state at APOC2 (the number ofCA repeats) ... could be determined
from the size of the PCR product alone"). See also Fig. 3 and Fig. 3 legend.
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5. Detailed explanation of the pertinency and mannerof
applying Zhangto claim 51

Dependent claim 51 recites the method of claim 38, "wherein the step of

amplifying employs a single pair ofprimers."

Underthe broadest reasonable interpretation, Zhang anticipates claim 51. As

discussed for base claim 38, Zhang performeda step of "amplifving template molecules

within a set comprising a plurality ofassay samples to form a population ofamplified

molecules in each ofthe assay samples ofthe set" by subjecting his set of 18 tertiary

assay samplesto tertiary amplification using "one of the two original primers and a

11280
second internal primer. These two primers constitute "a single pair ofprimers" as

recited by claim 51.

O. Proposed Rejection No. 15: Zhang renders claims 40-43, 47-48, 59
& 64 obviousin view of Li under 35 U.S.C. § 103(a)

1. Detailed explanation of the pertinency and mannerof
applying Zhang andLi to claims 40-43

Dependent claims 40-43 depend from independent claim 38, "wherein the number

ofassay samples within the set is greater than" 50 (claim 40), 100 (claim 41), 500 (claim

42) or 1000 (claim 43). Under the broadest reasonable interpretation, Zhang renders

claims 40-43 obviousin view of Li.”*! Zhang anticipates base claim 38, where Li

discloses or suggests a numberof assay samplesthat is greater than 50, greater than 100,

greater than 500, and greater than 1000 as recited in claims 40-43 respectively.

280

281 Zhang at page 5847, right column
Li et al., Amplification and analysis ofDNA sequences in single human sperm and

diploid cells. Nature. 29;335(6189):414-7 (1988), which formsprior art to the "706 patent under
35 U.S.C. § 102(b) (Exhibit PA-1).
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Asdiscussed above with respect to claims 7-9, in Experiment 2 Li made and

*8 Both Zhangand Lirelate toanalyzed a set of 150 single-sperm assay samples.

methods of genotyping isolated, individual haploid single sperm cells, as discussed in this

request. Moreover, Zhang describes using its technique for a "multipoint mapping

strategy" in which "the large number of sperm that can be examined would also allow the

"83 Therefore, it would haverecombination fraction to be estimated with great accuracy.

been obviousfor the skilled person to increase the numberofsingle sperm assay samples

in Zhang in order to obtain such increased accuracy.

Obviousness: Known Elements and Predictable Result

Under 35 U.S.C. § 103, where a claim "simply rearranges old elements with each

performing the same function it had been knownto perform’ and yields no more than

what one would expect from such an arrangement, the combination is obvious.” ASR

Intl. Co. v. Teleflex, Inc., 550 U.S. 398, 417 (2007), quoting Sakraida v. Ag. Pro., Inc.,

425 U.S. 273, 282 (1976).

It would have been primafacie obviousto detect allelic loss at the D11S904

locus, as taught by Zhang, using a large number of samples as suggested by Li. When

considering obviousness of a combination of known elements, the operative question is

"whether the improvement is more than the predictable use ofprior art elements

accordingto their established functions." KSR, 550 U.S. at 398; MPEP § 2141. Here, the

methods of Zhang and Li perform the same functions when operating together as each

does separately, forming nothing more than a combination of well-known procedures in

Li, page 415, right col., last paragraph.
*8S Zhang, page 5850, paragraphbridgingleft and right columns.
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accordancewith their intended functions. Such a modification of Zhang would have been

obvious to a POSITA for at least the reason that it would have involved a simple

substitution of one known elementfor another(i.e., a small number of assay samples of

Zhang substituted with a larger numberof assay samples of Li) resulting in a predictable

result (an increased numberof single sperm assay samples). The '706 claims therefore

embody a merely predictable use of prior-art elements.

Because the 150 assay samplesofLi is greater than 50 or 100 assay samples,

Zhang combined with Li in this manner would have rendered obviousat least claims 40

and 41, respectively, under the broadest reasonable interpretation.

Similarly, Zhang in view of Li would have also rendered obvious claims 42 and

43, which recite wherein the number of assay samples within the set is greater than 500

(claim 42) or 1000 (claim 42). The PTO hasalreadyfoundthat it would be obvious

over Li to use a set of500 or 1000 assay samples in Li's analysis.** In particular, the

PTO foundthat:

Li expressly suggested analyzing 500 assay samples (page 416,
last paragraph), and that it would have been prima facie obvious
... to distribute 500, or even 1000 individual sperm [samples]
and assay according to Li's technique. One would have been
motivated to do so because Li stated (page 416,first paragraph of
"Discussion"): A significant advantage of the approach described
here is that a large number of meiotic products can be examined
from a single individual allowing determination of the
recombination frequency ... Li's express contemplate[ion] [sic?]
of 500 individual meiotic events certainly renders claim 63
obvious, and, by simple extrapolation, ... [other claims] which
merely require more assay samples(i.e., 1000).

** October 10, 2012 Non-Final Office Action in the '105 prosecution history, at pages 7-8
(Exhibit 5).
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Therefore, because Li would have rendered obvious a method involving over 500

and over 1000 samples, the proposed combination of Zhang and Li discussed above

would have also rendered obvious claims 42 and 43 for at least the reasons set forth by

the PTO and the reasons discussed above with respect to claims 40 and 41. Thus,

dependent claims 42 and 43 are primafacie obvious over Zhangin view ofLi.

2. Detailed explanation of the pertinency and mannerof
applying Zhang andLi to claims 47 & 48

Dependent claims 47 and 48 depends from independent claim 38, "wherein the

step ofanalyzing employs hybridization to at least" one (claim 47) or two (claim 48)

"nucleic acidprobes." Under the broadest reasonable interpretation, Zhang renders

285
claims 47 and 48 obviousin view of Li.” Zhang anticipates base claim 38, where Li

discloses a step of analyzing employs hybridization to at least one (claim 47) or two

(claim 48) nucleic acid probes respectively.

Asdiscussed above with respect to claims 15 and 16, in Experiments 1, 2 and 3

Li determinedthe allelic identity of the LDLrallelic amplification products in his single-

sperm assay samples by hybridizing to two probesin the form of twoallele-specific

286
oligonucleotides (ASOs).~ Both Zhang and Li relate to the genotyping of haploid single

sperm cells, as discussed in this request. Therefore, it would have been obviousfor the

°8 Li et al., Amplification and analysis ofDNA sequences in single human sperm and
diploid cells. Nature. 29;335(6189):414-7 (1988), which formsprior art to the "706 patent under
35 U.S.C. § 102(b) (Exhibit PA-1).

*8° For Experiment1, see Li, Fig. 2, legend (explaining that the "ASO [i.e., allele-specific
oligonucleotide] for the LDLtrlallele had the sequence S'AGGATATGGTCCTCTTCCA3'
whereas the LDLr2 ASO had the sequence S'TGGAAGAGAACCATATCCT3"); for Experiment
2 see Li, page 415, right col., bottom paragraph ("part of each secondary reaction was hybridized
to either of the two ASOsfor that locus"); for Experiment 3, see Li, Fig. 1 legend ("dot blot
analysis of 20 1 samples of the PCRreaction were carried out using B° and B* allele specific
probes").
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skilled person to substitute the gel electrophoresis analysis to identify the APOC2allele

in Zhang with the dot blot hybridization of Li. Indeed, a POSITA would have been

motivated to use the dot blot analysis of Li over the gel electrophoresis of Zhang as the

"87 Tn contrast, Li's method oflatter merely relies on "the size of the PCR product alone.

analysis is more precise asit relies on sequence-specific hybridization of two probes in

the form oftwo allele-specific oligonucleotides (ASOs).”**

Forat least this reason, under the broadest reasonable interpretation Zhang in

view of Li would have rendered obvious claims 47 and 48.

3. Detailed explanation of the pertinency and mannerof
applying Zhang andLi to claim 59

Dependentclaim 59 recites the method of claim 38, "wherein the selected genetic

sequenceis a wild-type allele."

Under the broadest reasonable interpretation, Zhang renders claim 59 obviousin

view of Li.7*” Zhang anticipates base claim 38, where Li counted single-diploid-cell

assay samples containing "normal"(i.e., wild-type) B-globin allele, and the number of

samples containing a mutantallele. The wild-type allele is a "selected genetic sequence”

under the broadest reasonable interpretation.

Obviousness: Reasons to Combine

287

288 Zhang at page 5848, right column.
For Experiment 1, see Li, Fig. 2, legend (explaining that the "ASO [i.e., allele-specific

oligonucleotide] for the LDLtrlallele had the sequence S'AGGATATGGTCCTCTTCCA3'
whereas the LDLr2 ASO had the sequence S'TGGAAGAGAACCATATCCT3"); for Experiment
2 see Li, page 415, right col., bottom paragraph ("part of each secondary reaction was hybridized
to either of the two ASOsfor that locus"); for Experiment 3, see Li, Fig. 1 legend ("dot blot
analysis of 20 ul samples of the PCR reaction were carried out using B° and f* allele specific
probes").

*® Li et al., Amplification and analysis ofDNA sequences in single human sperm anddiploid
cells, Nature. 29;335(6189):414-7 (1988), which formsprior art to the '706 patent under 35
U.S.C. § 102(b) (Exhibit PA-1).
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Although a reason to use a wild-type allele as a reference sequence in Zhang's

genotyping analysis is not necessarily required for obviousness, reasons to do so would

have been knownin the art. Both Zhang and Lirelate to the genotyping of single haploid

cells, as discussed in this request. It would have been primafacie obvious to one of

ordinary skill to use a wild-type allele as taught by Li as the selected sequence in Zhang's

single-cell amplification and analysis methods.

Forat least this reason, under the broadest reasonable interpretation Zhang in

view of Li would have rendered obvious claim 59.

4. Detailed explanation of the pertinency and mannerof
applying Zhang andLi to claim 64

Dependentclaim 64 recites the method of claim 38, "wherein the selected genetic

sequence andthe reference genetic sequence are on distinct chromosomes."

Under the broadest reasonable interpretation, Zhang renders claim 64 obviousin

view of Li.” Zhang anticipates base claim 38, where Li discloses corresponding steps in

Experiment 1 that identified in the overview section, Li "analysed the LDLr genotypes

in 80 individual haploid sperm" assay samples”’! and counted the numberof samples

containing each allele (where eachallele is located on one of two "distinct chromosomes"

as recited in claim 64. Under the broadest reasonable interpretation, any one of these two

alleles acts as the "selected genetic sequence" whereasthe otherallele acts as the

"reference genetic sequence" of claim 64. Both alleles are necessarily located on two

*” Li et al., Amplification and analysis ofDNA sequences in single human sperm anddiploid
cells, Nature. 29;335(6189):414-7 (1988), which formsprior art to the '706 patent under 35
U.S.C. § 102(b) (Exhibit PA-1).

*! Li, page 415, paragraph bridgingleft and rightcols.
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"distinct chromosomes"of the same chromosomepair, instead of being located on a

single chromosome.

Obviousness: Reasons to Combine

Although a reason to use a LDLralleles as a selected sequence in Zhang's

genotyping analysis is not necessarily required for obviousness, strong reasons to do so

would have been knownin the art. Both Zhang andLirelate to the genotyping of single

haploid cells, as discussed in this request. It would have been primafacie obvious to one

of ordinary skill to investigate the LDLralleles as taught by Li as the selected sequence

in Zhang's single-cell amplification and analysis methods.

Forat least this reason, under the broadest reasonable interpretation Zhang in

view of Li would have rendered obvious claim 64.

P. Proposed Rejection No. 16: Zhang renders claim 44 obvious in
view of Kalinina under 35 U.S.C. § 103(a)

Dependent claim 44 recites the method of claim 38 "wherein the step of

amplifying and the step ofanalyzing are performed on assay samples in the same

receptacle."””” At least underthe broadest reasonableinterpretation of the claim, Zhang

renders claim 44 obviousin view of Kalinina.””*

Asdescribed abovein relation to claim 38, Zhang discloses methods

correspondingto all of the steps of claim 38, , including amplification of single template

molecules in single-sperm samples.

° Underthe broadest reasonable interpretation of the claims, Requester proceeds on the
premise that claim 44 is narrower than claim 38 in requiring the assay samples to be contained in
a (single) receptacle.

°  Kalinina et al., NAR 25, 1999-2004 (1997)), is prior art to the '706 patent under 35
U.S.C. § 102(b), and is newly cited in this request. (Exhibit PA-4).
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Kalinina describes amplification of single-template molecules just as Zhang did,

where amplification and analysis are both performed "in the same receptacle" as required

by claim 44. The analysis methodused in Kalininais the well-known TaqMan” assay, in

which dual-labeled TaqMan™ probes are included within the amplification reaction

mixture during the PCR amplification procedure, and these probes hybridize in real-time

to a cognate amplification productas it is being generated.

Kalinina indicates that his methods are analogous to Zhang's in being designed to

11294
"detect single starting template molecules. In Kalinina's TaqMan® assay, PCR

amplification of a sequenceofinterest is performed in the presence of a TaqMan™

oligonucleotide probe labeled with a fluorescent reporter and a quencher molecule.’” As

PCR amplification progresses, the dual-labeled probe will hybridize to the target

sequence and the reporter molecule will be cleaved from the probe by Taq polymerase,

296
resulting in an increase in fluorescenceofthe reporter.”°> The TaqMan” probe assay has£ p q. p y

the advantages of being moresensitive than conventional probe assays, and better able to

11297
"detect PCR product derived from single template molecules,"*’’ such as Zhang's

amplification products. Moreover, both the amplification and analysis (e.g.,

determination of the allelic identity of the PCR product) can be performed in the same

: ar : : 298
receptacle, which format Kalinina teaches can reduce "carry-over contamination."9

°  Kalinina, Abstract.
295 Ty
296 Ty

°°? Kalinina at page 2003.
Kalinina at page 1999.
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Therefore, it would have been obviousto include TaqMan®probes in Zhang's

amplification reactions in order to analyze Zhang's amplification products in real time

within the samereceptacle, for at least the following reasons.

Obviousness: Known Elements and Predictable Result

Under 35 U.S.C. § 103, where a claim "simply rearranges old elements with each

performing the same function it had been knownto perform’ and yields no more than

what one would expect from such an arrangement, the combination is obvious.” ASR

Intl. Co. v. Teleflex, Inc., 550 U.S. 398, 417 (2007), quoting Sakraida v. Ag. Pro., Inc.,

425 US. 273, 282 (1976).

Kalinina taughtthe suitability of TaqMan®probes for use in single-molecule PCR

assays such as Zhang's. Both Zhang and Kalinina both amplified and analyzed

amplification products from a single template molecule. However, Zhang amplified his

single-cell samples in a receptacle and then analyzed the amplification products outside

the receptacle. As a result, Zhang's amplification and analysis steps required separate

reagents and apparatus. In contrast, Kalinina taught that TaqMan®probesallowed both

the amplification and analysis of the amplified products to occur "in the same receptacle"

as recited in claim 44.

Therefore, it would have been obviousto the skilled person to have used

TaqMan” probes as taught by Kalinina when amplifying and analyzing single cells as

taught by Zhang. Both Zhang and Kalinina disclose the genetic analysis of very small

quantities of starting genetic material, such as a single cell or single template. It would

have been obvious to have used TaqMan" probesas taught by Kalinina in a single-cell

amplification procedure as taught by Zhang. Kalinina's TaqgMan® assays were designed
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for exactly the kind of analysis such as Zhang's single-locus (APOC2)analysis that this

request is applying against the claims. Analysis ofmultiple loci within a single cell, also

disclosed in Zhang,is not required by the claimed methods, andis thus irrelevant. In any

event, it would also have been obvious to perform multi-locus analysis by using

Kalinina's TaqMan”assays in a multiplexed format on Zhang's single-cell samplesif a

skilled worker wished to analyze multiple loci within a single cell.

In addition, the TaqMan”assay, as discussed above, was a well-developed

commercial assay with significant advantages over Zhang, including the ability to

perform both the amplification and the analysis in a single reaction container or

receptacle. The '706 patent acknowledges that TaqgMan™ probes were commercially

available by the priority date of the '706 patent, such that a skilled person would have

been able to routinely implement a TaqMan” assay in Zhang's system to obtain

°° Thus, claim 44 would have been primafacie obviousto one ofpredictable results.

ordinary skill in the art at the time of invention.

Obviousness: Reasons to Combine

Althougha reasonto use Kalinina’s TaqMan”assay in Zhang's single-cell assay

samples is not required, an apparent reason to combine the known elements as claimed

may be evidencedby the teachings of the references themselves, issues in the technical

area, or the skill in the art. ASR, 550 U.S. at 418. Here, strong reasons to combine are

directly provided by the references themselves.

*” "706 patent, col. 7, lines 45-52 ("Although the working examples demonstrate the use of
molecular beacon probes as the meansof analysis ... other techniques can be used as well. These
include ... hybridization with other types of probes, including TaqManTM (dual-labeled
fluorogenic) probes (Perkin Elmer Corp./Applied Biosystems, Foster City, Calif.),”).
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Kalinina explicitly teaches the many advantages of TaqMan” assays, including

that the "assay involves fluorescence measurements that can be performed without

opening the PCRtube,” and, as a result, "the risk of carry-over contaminationis greatly

reduced.""° In particular, Kalinina details use of an improved PCR technique that would

eliminate the need for the gel electrophoretic analysis of Zhang altogether by allowing for

amplification and analysis in a single tube. It would have been primafacie obvious to

one of ordinary skill in the art to modify the amplification and analysis steps taught by

Zhang to use the TaqMan”single-tube PCR assays described in Kalininato perform the

amplification and detection/analysis of DNA sequences in single human sperm and

diploid cells, in a single tube or receptacle with predictable results.

Obviousness: Known Technique to Improve Known Method

KSR and the MPEPprovide that where a knowntechnique has been usedto

improve a base methods ready for improvement, a POSITA would be capable of applying

the known improvementto the base method.**' Both Zhang and Kalininaare directed to

the use of methods for molecular analysis of target nucleic acids. The base methods of

Zhang used PCR techniques for amplification followed by gel electrophoresis for

analysis. Kalinina recognizes that advances in PCRtechniques, specifically "Taqman'

fluorescence energy transfer assays" provide scientists with the opportunity to perform

PCR amplification and analysis in PCR tubes without opening the tube and that

"[b]ecause this assay involves fluorescence measurements that can be performed without

opening the PCRtube,the risk of carry-over contamination is great! reduced."°” Itp g Iry g y

*0 Kalininaat page 1999.
30! See MPEPat §2143(C).
%0°' Kalininaat page 1999.
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would have been obviousto one of skill in the art to use the single tube assay techniques

in Kalinina to improve the base assays of Zhang with predictable results.

Forat least these reasons, the combination of the teachings of Kalinina applied to

the teachings of Zhang renders claim 44 obvious.

Q. Proposed Rejection No. 17: Zhang renders claim 52 obvious in
view of Chou under 35 U.S.C.§ 103(a)

Dependent claim 52 recites the method of claim 38, "wherein the step of

amplifying employs a polymerase which is activated only after heating."

Zhang performed the method of base claim 38, using an undisclosed thermostable

303 304
polymerase.”’” Chou teaches that non-specific amplification and mis-priming during

PCR can be avoidedorat least reduced by using a "hot start" PCR in which a reagent

such as the polymerase is withheld from fluid contact with the rest of the reaction mixture

by a layer of solid wax until the reaction tube temperature hasreached 60- 80° C2”

Thus, Chou teachesa step of "amplifying [which] employs a polymerase whichis

activated only after heating." This is confirmed by the '706 patent, which cites to Chou

as teaching a polymerase whichis activated only after heating.*”°

Obviousness: Reasons to Combine

It would have been obvious to use Chou's hot-start polymerase in Zhang's

amplification reactions.

%08 Zhang at page 5847, right column. Zhangcites to unpublished data for the PCR
amplification conditions for the APOC2 locus. However, no mention of any heat-activated
polymerase appears in Zhang, and conditions cited for PCR amplification of otherloci (e.g., ref.
no. 18 in Zhang only mention Taq polymerase.

°* Chou et al., Nucleic Acids Res., 20(7): 1717-1723 (April 11, 1992). Chou formsprior
art to the '706 patent under 35 U.S.C. § 102(b). (Exhibit PA-S).

3° Chou,abstract.
3 1706 patent, col. 10, lines 13-17.

90

Page 650 of 1224



Page 651 of 1224

Although a reason to combine Chou's and Zhang's teachings is not required, an

apparent reason to combine the known elements as claimed may be evidenced by the

teachings of the references themselves, issues in the technical area, or the skill in the art.

KSR, 550 U.S. at 418. Here, reasons to combineare directly provided by the references

themselves. Chou explicitly teaches the many advantages of a hot-start polymerase in

PCR amplification reactions. Chou teaches that mispriming and spurious amplification

can be reduced byhis hot-start polymerase, and such problemsare especially prominent

in low-copy-numberamplifications such as Zhang's (in particular, "PCR amplification of

low-copy-numbertargets is vulnerable to interference by the amplified extension of

primerpairs annealed to non-target nucleic acid sequencesin the test sample

(‘mispriming’) and by the amplified extension of two primers across one another's

307
'"""" Thus, onesequence without significant intervening sequence(‘primer dimerization’).

of ordinary skill would have had ample reason to use Chou's hot-start polymerase in

Zhang's amplifications.

Underthe broadest reasonable interpretation, Zhang therefore renders claim 52

obviousin view of Chou.

R. Proposed Rejection No. 18: Zhang renders claims 53-55 obvious
in view of Burg under 35 U.S.C. § 103(a)

Dependent claims 53-55 recite the method of claim 38 "wherein the step of

amplifying employs at least" 40 cycles (claim 53), 50 cycles (claim 54) or 60 cycles

°°” Chou, page 1717,left col., first paragraph.
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(claim 55) "ofheating and cooling." Zhang renders these claims obviousin light of

Burg*’* in addition to anticipating base claim 38.

In particular, Zhang anticipates base claim 38, whereas Burg discloses a PCR

amplification procedure generates detectable amplification product from a single cell

sample, which employsat least 60 cycles of heating and cooling between three

temperatures (93°C, 55°C and 72°C).°”

Forat least the reasons below, claims 53-55 would have been rendered obvious

over Zhang in view of Burg.

Obviousness: Reasons to Combine

Although a reasonis not required to use 60 cycles of heating and cooling as

taught by Burg in Zhang's amplifying step, an apparent reason to combine may be

evidenced by the teachings of the references themselves, issues in the technical area, or

the skill in the art. KSR, 550 U.S. at 418. Here, strong reasons to combineare directly

provided by the references themselves.

Similarly, Burg describes the amplification of a target sequence (the B1 gene of 7.

gondii),'° and observedthat increasing the number of PCR cycles from 25 to 60 gave a

corresponding increase in sensitivity without any sacrifice in specificity. In particular, 25

cycles of PCR gavea faint band from assay samples containing 100 templates (Fig. 3),

8 Burg,et al., "Direct and sensitive detection of a pathogenic protozoan, Toxoplasma
gondii, by polymerase chain reaction." J. Clin. Microbiol. 27, 1787-1792 (1989). Burg is priorart
to the '706 patent under 35 U.S.C. § 102(b). (Exhibit PA-6).

°° Burg, abstract ("We applied the polymerase chain reaction to detection of the pathogenic
protozoan Toxoplasmagondii ... Using this procedure, we were able to amplify and detect the
DNAofa single organism directly from a crude cell lysate"). See also page 1788, left col.,
"Amplification Procedures” ("Samples were ... amplified for 25 to 60 cycles in an automated
PCR machine (Perkin-Elmer- Cetus, Ericomp, or a machine built in our laboratory). Each cycle
consisted of 1 min of denaturation at 93°C, 1 to 2 min at the annealing temperature of 55°C, and
1.5 to 3.0 min of extension at 72°C").

*!° Burg, page 1790, paragraph bridgingleft and rightcols., and Fig. 4, legend.
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whereas 55 cycles barely gave detectable amounts of amplification product from assay

samples containing 10 template molecules (Fig. 5), but 60 cycles in contrast gave

sufficient amount of amplification product from single template molecules (Fig. 4) that

was “easily detected" in a "highly reproducible” manner.*"

It would have been obvious to perform the amplifying step of base claim 38 as

taught by Zhang using 60 cycles of amplification as taught by Burg, for at least the

following reasons.

Obviousness: Known Technique to Improve Known Method

KSR_ and the MPEPprovides that where a knowntechnique has been used to

improve base methods ready for improvement, a POSITA would be capable of applying

the known improvementto the base method.*’” Zhang and Burg are both directed to the

use of nucleic acid amplification for molecular analysis of target nucleic acids. The base

methods of Zhang used PCR amplification followed by analysis of the amplified

product.?* Burg taught that the total amount of amplification product is related to the

numberof amplification cycles. Therefore, it would have been obviousto increase the

numberof amplification cycles in Zhang's amplifying step in order to ensure that

amplification wasreliable and to generate a larger amountof amplification product for

subsequent analysis.

Obviousness: Reasons to Combine

Although a reason to use 60 cycles of amplification as taught by Burg in the

Zhang's amplifying step is not required, an apparent reason to combine the known

*" Burg, page 1790, paragraph bridgingleft and rightcols., and Fig. 4, legend.
312 See MPEPat §2143(C).
‘3 Zhang at page 5847, paragraph bridgingleft and right columns.
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elements as claimed may be evidenced by the teachings of the references themselves,

issues in the technicalarea, or the skill in the art. KSR, 550 U.S. at 418. Here, strong

reasons to combine are directly provided by the references themselves.

Burg teaches that increasing the number of cycles to sixty (60) cycles tends to

increase yield of amplification product, such that the amplification product is "easily

"14 Thus a skilled person would have been motivateddetected" and "highly reproducible.

to use 60 cycles of amplification in Zhang's methods to ensure maximalyield. Moreover,

increasing the numberof amplification cycles to sixty cycles as taught by Burg would

have been readily performed by a POSITA,andthe expected effects of such an increase,

i.e. an increasein reliability of the amplification and the amountof amplified product,

would have been well-knownto a skilled person.

Therefore, Zhang renders claims 53-55 obviousin view of Burg.

S. Proposed Rejection No. 19: Zhang renders claim 56 obvious in
view of Trumper under 35 U.S.C. § 103(a)

Dependent claim 56 recites the method of claim 38, "wherein the biological

sample is selectedfrom the group consisting ofstool, blood, and lymph nodes."

Under the broadest reasonable interpretation, Zhang renders claim 56 obviousin

: 315
view of Trumper. Zhang anticipates base claim 38, whereas Trumperusedsingle-cell

amplification and analysis on cells from a lymph node sample as specified by dependent

claim 56.

314

315 Burg, page 1790, paragraph bridging left and right cols., and Fig. 4, legend.
Trumperet al., Single-Cell Analysis ofHodgkin and Reed-Sternberg Cells: Molecular

Heterogeneity of Gene Expression andp53 Mutations, Blood, 81: 3097-3115 (1993), forming
prior art to the '706 patent under 35 U.S.C. § 102(b). (Exhibit PA-7).
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In particular, Zhang anticipates claim 38 by performingsingle-cell amplification

on individualcells ("assay samples") and determining a ratio by comparing a first number

of assay samples containing a selected sequence and a second numberof assay samples

containing a reference sequence.

Like Zhang, Trumperalso performed amplification of template molecules derived

from a single cell using steps correspondingto those found in claim 38. Specifically,

316
Trumperisolated single Hodgkin and Reed-Sternberg (H&RS) cells”” and subjected a

317
plurality of individual cells from a single patient to single-cell RT-PCR,”’thereby

performing the "amplifving" step of claim 38. Trumperalso determineda first "number

ofassay samples which contain the selected genetic sequence" in the form of any one of

22 different genes of interest, and a second "number ofassay samples which contain a

reference genetic sequence"in the form of a housekeeping gene*'* thereby performing

the "analyzing" step of claim 38. Trumperalso presented a detailed numerical analysis of

the results, although not in Zhang's exact format.*"”

“1° Trumper, page 3098, Section titled "Preparation of HD Lymph Nodes," paragraph
bridging pages 3098-3099, indicating that cells were first diluted in "phosphate-buffered saline"
and then "single cells were drawn into a glass micropipette."

*!7 Trumper, page 3099,right col., last paragraph, describing the generation of cDNA by
reverse transciption, and page 3100, second paragraph, indicating that "the tailed cDNA" was
used as template for PCR amplification.

“18 Trumper, Tables 4-7, each summarizing the RT-PCRresults from differentpatients,
where single cells were taken from each patient and subjects to RT-PCR, and the amplified
molecules were analyzed to determine both presence and amount of a reference housekeeping
gene(e.g., actin) and any one of 22 genesofinterest, including c-myc. Any single one of
Trumper's genes of interest constitutes a "selected sequence” while any single one of Trumper's
housekeeping genes constitutes a "reference" sequence.

°° Trumper, page 3104, right col. and page 418, left col.
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Finally, Trumper meets the added requirements of claim 56 byisolating single

cells from a biological sample in the form of "/ymph node,"as recited in claim 56.°”°

Obviousness: Reasons to Combine

Although a reason to perform Zhang's single-cell genotyping analysis on

Trumper's lymph node samplesis not necessarily required, strong reasons to combineare

would have been knownin the art. In addition to haploid sperm cells, Zhang stated the

importance of genotyping single diploid cells (e.g., "single cells from early embryos or

*?1 such as those found in lymph node samples. Trumperdid precisely aspolar bodies"),

Zhang suggested by studying cell-to-cell variations in expression of cancer cells from

lymph node samples. It would have been primafacie obviousto one of ordinary skill to

use Zhang's single-cell amplification and analysis methods on clinically relevant

biological samples such as lymph nodes in blood-cancerpatients as taught by Trumper.

Thus, claim 56 would have been primafacie obviousat the time of invention.

T. Proposed Rejection No. 20: Zhang renders claims 57 obvious in
view of Kanzler under 35 U.S.C. § 103(a)

Dependent claim 57 recites the method of claim 38 "wherein the biological

sample is blood or bone marrow ofa leukemia or lymphomapatient who has received

anti-cancer therapy."

°° Trumper, page 3098, indicating that a "single-cell suspensions were preparedfrom fresh,
HD-implicated lymph nodes" and "[iJndividual H&RScells were identified" and samples
"containing a single cell" was transferred to a tube.

°°! Thangat page 5847,left column.
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Under the broadest reasonable interpretation, Zhang renders claim 57 obviousin

322
view of Kanzler.°” Zhang anticipates base claim 38, whereas Kanzler used single-cell

amplification and analysis on the types of biological samples that are specified by

dependent claim 57.

In particular, Zhang anticipates claim 38 by performingsingle-cell amplification

on individualcells ("assay samples") and determining a ratio by comparing a first number

of assay samples containing a selected sequence and a second numberof assay samples

containing a reference sequence.

Like Zhang, Kanzler also performed amplification of template molecules derived

from a single cell using steps correspondingto those found in claim 38. Specifically,

Kanzler isolated single malignant B cells designated Hodgkin/Reed-Sternberg cells from

a Hodgkin's lymphomapatient*”* and subjected the individual cells to single-cell PCR,’

thereby performing the "amplifying" step of claim 38. Kanzler also determineda first and

second "number ofassay samples which contain the selected genetic sequence and ... a

selected genetic sequence" in the form of rearranged Vy3 and V,3 sequencesalready

325
6,found in a related cell line L123 thereby performing the "analyzing" step of claim 38.

°° Kanzleret al., Molecular Single Cell Analysis Demonstrates the Derivation ofPeripheral
Blood-Derived Cell Line (L1236) From the Hodgkin/Reed-Sternberg Cells ofa Hodgkin's
Lymphoma Patient, Blood, 87: 3429-3436 (1996), forming priorart to the "706 patent under 35
U.S.C. § 102(b).

°° Kanzler, page 3429,right col., third paragraph, indicating that "Single cells were isolated
from frozen sections of a bone marrow specimen of an HD patient by micromanipulation as
previously described" by Kuppers ef al. (Exhibit 6). Kuppers in turn explains that cell "sections
were incubated with 5 mg/ml collagenase H (Boehringer, Mannheim) in PBS” buffer before
micromanipulation, and "aspirated" with a micropipette and transferred to a tube with buffer,
thereby indicating that the biological sample was diluted in the process of making single-cell
assay samples.

* Kanzler, page 3429,right col., third & fourth paragraphs, referring to " single cell PCR"
of 10 H-RScells.

5 Kanzler, abstract.
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Kanzler also analyzed the numbersofcells carrying the selected sequence ofinterest to

determine information about the composition ofthe biological sample.*”°

In addition, Kanzler meets the added requirements of claim 57. Kanzler used a

1327
biological sample in the form of "bone marrow... ofa ... lymphomapatient"””’ as recited

in claim 57. Thepatient in question had earlier "received anti-cancer therapy"””* as also

recited in claim 57.

Obviousness: Reasons to Combine

Although a reason to use Zhang's single-cell genotyping analysis on Kanzler's

lymphomablood samplesis not necessarily required, strong reasons to combine would

have been knownin the art. In addition to haploid sperm cells, Zhang stated the

importance of genotyping single diploid cells (e.g., "single cells from early embryos or

329
polar bodies"),°*” such as those found in bone marrow samples. Kanzler did precisely as

Zhang suggested by studying DNA rearrangements in diploid cells, where prevalence of

DNArearrangements and other genetic alterations is well recognized. It would have

been primafacie obviousto one ofordinary skill to use Zhang's single-cell amplification

*°6 Kanzler, page 3432,left col., second paragraph, noting that "amplificates obtained from
the H-RS and B cells showed sequencesidentical to the Vy3 and V,3 rearrangements ofcell line
L1236," and page 3434,right col., third paragraph, noting that the "amplification of at least one
of three V gene rearrangements carried by the cell line from 11 of 20 H-RScells ... demonstrate
that H-RScells in this patient represent a clonal population.”

*°7 Kanzler, page 3429,right col., third paragraph, indicating that "Single cells were isolated
from frozen sections of a bone marrow specimen of an HD patient."

*°8 Kanzler, page 3429, bottom paragraph,stating that the bone marrow sample usedin the
study was obtained in April 1994, and citing to an "accompanying article by Wolfet al." for
further details on the history of the same patient. The Wolf article (Exhibit 7) indicates that the
same patient was treated with radiotherapy in 1991 and with chemotherapy in 1993, before
Kanzler obtained his blood marrow sample in 1994. Wolf, Exhibit 7, paragraph bridging pages
3418-3419.

°° Thangat page 5847,left column.

98

Page 658 of 1224



Page 659 of 1224

and analysis methodsonclinically relevant biological samples such as lymph nodes from

a treated lymphomapatient as taught by Kanzler.

Thus, claim 57 would have been primafacie obvious over Zhang in view of

Kanzler.

U. Proposed Rejection No. 21: Zhang renders claim 58 obvious in
view of Gravel under 35 U.S.C. § 103(a)

Dependentclaim 58 recites the method of claim 38, "wherein the selected genetic

sequenceis a translocatedallele."

Under the broadest reasonable interpretation, Zhang renders claim 58 obviousin

view of Gravel.**° Zhanganticipates base claim 38, whereas Gravel used single-cell

amplification and analysis using a translocated allele*! as his selected sequence.

In particular, Zhang anticipates claim 38 by performingsingle-cell amplification

on individualcells ("assay samples") and determining a ratio by comparing a first number

of assay samples containing a selected sequence and a second numberof assay samples

containing a reference sequence.

Like Zhang, Gravel also performed amplification of template molecules derived

from a single cell using steps correspondingto those found in claim 38. Specifically,

Gravelisolated single malignant B cells designated Hodgkin/Reed-Sternberg cells from a

3° Gravelet al., Single-cell analysis of the t(14;18)(q32;q21) chromosomaltranslocation in
Hodgkin's disease demonstrates the absence of this translocation in neoplastic Hodgkin and
Reed-Sternberg cells. Blood. 91(8):2866-74 (Apr 15, 1998), forming priorart to the '706 patent
under 35 U.S.C. § 102(b).

*3! Tn particular, Gravel used a translocatedallele in the form ofa t(14;18)(q32:q21)
translocation, which Gravelalso referred to as the" bcl-2/JH rearrangement"since the
translocation placed "the bel-2 gene of the 18q21 chromosomal region underthe transcriptional
control of the Ig heavy chain gene (IgH) region." Gravel, abstract and page 2866,left col.
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Hodgkin's lymphomapatient**” and subjected the individualcells to single-cell PCR,

thereby performing the "amplifying" step of claim 38. Gravel also determined a "first

number ofassay samples" containing a selected sequencein the form of a t(14;18)

translocation sequence, and a "second numberofassay samples" containing a reference

334
sequence in the form of the c-raf-1 gene,” thereby performing the "analyzing" step of

claim 38. Gravel also explicitly comparedthe first and second numbersof assay samples

to determine information about the composition ofthe biological sample.**°

In addition, Gravel meets the added requirements of claim 58 by using "a

translocatedallele" in the form ofa t(14;18)(q32;q21) translocation®’® as his "selected

genetic sequence."

Obviousness: Reasons to Combine

Although a reasonto usea translocated allele as a selected sequence in Zhang's

genotyping analysis is not necessarily required for obviousness, strong reasons to do so

would have been knownin the art. In addition to the demonstrated haploid sperm cells,

Zhang stated the importance of genotyping single diploid cells (e.g., "single cells from

337
early embryosor polar bodies"),’such as those used by Gravel. Gravel did precisely as

Zhang suggested by studying cell-to-cell variations in expression of cancer cells. Thus,

Gravel did precisely as Zhang suggested by studying DNAtranslocation rearrangements

*%° Gravel, page 2867,right col., second paragraph, indicating that "stained sections were
overlaid with phosphate buffered saline (PBS)" and "[s]ingle cells were picked up ... and then
transferred by aspiration," thereby diluting the biological sample to form a set comprising a
plurality of assay samples.

3 Gravel, page 2869,right col., bottom paragraph.
* Gravel, page 2869, right col., bottom paragraph.
°° Gravel, page 2869, right col., bottom paragraph
*°° Tn particular, Gravel used a translocatedallele in the form ofa t(14;18)(q32:q21)

translocation. Gravel, abstract and page 2866, left col.
°°7 Thangat page 5847,left column.
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in cancer cells, where prevalence of DNA rearrangements and other genetic alterations is

well recognized. It would have been primafacie obviousto one of ordinary skill to use a

translocated allele as taught by Gravel as the selected sequence in Zhang's single-cell

amplification and analysis methods.

Thus, claim 58 would have been primafacie obviousat the time of invention over

Zhang in view of Gravel.

V. Proposed Rejection No. 22: Zhang renders claims 60 & 61 obvious
in view of Marcucci under 35 U.S.C. § 103(a)

1. Detailed explanation of the pertinency and mannerof
applying Zhang and Marcuccito claim 60

Dependentclaim 60 recites the method of claim 38, "wherein the selected genetic

sequence is within an amplicon whichis amplified during neoplastic development."

Underthe broadest reasonable interpretation, Zhang renders claim 60 obviousin

: - 338
view of Marcucci. Zhang anticipates base claim 38, whereas Marcucci analyzed

biological cancer samples for the presence of "an amplicon which is amplified during

neoplastic development"as recited in claim 60.

In particular, Zhang anticipates claim 38 by performingsingle-cell amplification

on individual cells in separate wells ("assay samples") and determining a ratio by

comparinga first number of assay samples containing a selected sequence and a second

numberof assay samples containing a reference sequence.

In addition, Marcucci analyzed biological samples by PCR to determine the

presence of a "selected genetic sequence"in the form of an "ALL/ [gene] rearrangement"

8 Marcucci et al., Detection of Unique ALLA*(MLL) Fusion Transcripts in Normal Human
Bone Marrow and Blood: Distinct Origin ofNormal versus Leukemic ALLI Fusion Transcripts.
Cancer Res, 58:790-793. (February 15, 1998), forming prior art under 35 U.S.C. § 102(b).
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whichis expressed as an aberrant mRNAin the form of an "ALL/ fusion transcript."*” It

had been previously discovered that this rearrangement involvesa "partial tandem

duplication (PTD)"ofa portion of the ALL/ gene,andis associated with leukemia.’ As

explained in detail below, such a duplication is "an amplicon which is amplified during

neoplastic development"as recited by claim 60, under the broadest reasonable

interpretation.

Morespecifically, Marcucci's goal was to "determine if the ALL/ fusion transcript

is specific for leukemic blasts or instead can be found with any frequency in normal

cells 1341 Upon finding by RT-PCR analysis on RNA samples that 10 of 60 apparently

normal individuals appeared to express a fusion mRNAtranscript, Marcucci followed up

with a genomic PCRanalysis on the genomic DNA ofeight such individuals to check for

the presence ofan actual rearrangementof the ALL/ gene as a PTD amplicon.” In his

genomic PCR assay, Marcucci used "primers specific for the exons involved in the

«4343
fusion" to check for the PTD amplicon as his "selected genetic sequence." In the same

assay, Marcuccialso amplified a B-actin gene *”* as a "reference genetic sequence."

Marcucci foundthat in none of the eight normal samples could he amplify the PTD

339

340 Marcucci, Abstract.
Marcucci, Abstract, noting that the "partial tandem duplication (PTD) of ALLA* (MLL)

is one of the more common molecular abnormalities in adult de novo acute myeloid leukemia
(AML) and carries a poor prognosis."

41 Marcucci, Abstract.
* Marcucci, Abstract ("we analyzed ... [RNA] samples from 60 normal donors by nested

RT-PCR. Ten of 60 samples ... contained a uniquetranscript showing a fusion of two ALL/
exonsthat was consistent with the PTD ofALL/. However, a corresponding genomic
rearrangement or a unique genomic fusion ofALL/ could not be demonstrated by Southern
analysis or DNA PCR,respectively.") See also page 791, left col., bottom paragraph ("[RNA]
samples from 60 healthy normal donors were analyzed for the PTD ofAZL/ by nested RT-PCR.
Ten of 60 samples ... amplified a transcript showing a unique fusion of two ALL/ exons.")

> Marcucci, page 791, left col., "DNA Analysis" Section, first paragraph.
* Marcucci, page 791, left col., "DNA Analysis" Section,first paragraph ("DNA integrity

was demonstrated by successful B-actin amplification in each sample.")
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amplicon at the genomic level, despite the apparent expression of a fusion transcriptat

the mRNAlevel.*” In particular, "[a]ll eight normal donor samplesthat were positive by

RT-PCR failed to show a genomic fusion" by genomic PCR,although "[i]ntegrity of the

DNAforall the samples was verified by the [successful] amplification of the B-actin

gene."**° Thus, Marcucci compared the number ofsamples containing his "selected

genetic sequence" and his "reference genetic sequence."

In addition, Marcucci meetsall additional limitations recited in the body of claim

60 itself. First, Marcucci's partial tandem duplication (PTD) of the ALZ/ gene sequence

is an "amplicon"as recited in claim 60 under the broadest reasonable interpretation, at

least because (1) the art recognized duplication of any particular portion of a

347
chromosomeas a type of genetic amplification,’ (2) claim 60 doesnotlimit the scope

of "amplicon" in any way, and (3) the '706 specification does not give "amplicon" a

special definition contrary to the art.*”*

Second, Marcucci's PTD amplicon is "amplified during neoplastic development,"

as required by claim 60. In particular, Marcucci explains that his PTD amplicon "is one

**S Marcucci, Abstract ("Ten of 60 [RNA] samples ... contained a unique [ALL/ fusion]
transcript ... that was consistent with the PTD ofALL/. However, a corresponding ... unique
genomic fusion ofALL/ could not be demonstrated by ... DNA PCR"). See also page 791, left
col., "DNA Analysis” Section, first paragraph ("no evidenceof fusion at the genomic level could
be found following DNA PCR amplification across the putative introns involved in the unique
fusion").

“6 Marcucci, Fig. 4, legend.
7 Mandahlet al., Int. J. Cancer: 67,632-635 (1996), (Exhibit 8), at Abstract (explaining that

genetic "duplication of 12q sequences may bea sufficient level of amplification” to cause
cancerous change in cells), and at page 633, right col., second paragraph, last sentence, describing
" low-level amplification, resulting in 1.5 to 2.5 times the normal copy number").

*8 The '706 patent only uses amplicon oncein the specification, and that is in Table 1,
where "Gene amplifications”is listed as a potential application of digital PCR, of which one non-
limiting example is to "Determine presence or extent of amplification" using a first probe to a
"sequence within [an] amplicon" and a second probe to a "sequence from anotherpart of[the]
same chromosome arm." As mentioned, the '706 patent indicates that this is a non-limiting
example of analyzing gene amplifications using the claimed methods.
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of the more common molecular abnormalities in adult de novo acute myeloid leukemia

(AML)andcarries a poor prognosis."*”

Obviousness: Reasons to Combine

It would have been primafacie obviousto one ofordinary skill to use a "selected

genetic sequence ... within an amplicon which is amplified during neoplastic

development"in the form of a PTD sequence in the ALL1 oncogene,as taught by

Marcucci, in Zhang's single-cell amplification and analysis methods. Marcucci amplified

a "selected genetic sequence"(i.e., a PTD amplicon) and a "reference genetic sequence"

(i.e., B-actin gene) directly on his biological cell sample instead of dividing his biological

sample into a plurality of single-cell assay samples as Zhang did. However, Zhang

explicitly taught the benefits of using his single-cell format to study differences between

individual cells due to "cell-to-cell variation in developmental processes involving DNA

11350
rearrangements,""~’ which bulk amplification is incapable of assessing. Marcucci teaches

that his PTD amplicon sequenceis precisely the kind of "rearrangement" that Zhang

recognized as a suitable target — specifically, Marcucci noted that the "PTD of ALL] is

identified in leukemic blasts at the genomic level by ALL1 rearrangement upon Southern

1351
analysis. Marcucci's specific goal was to "determine if the ALL1 fusion transcriptis

specific for leukemic blasts or instead can be found with any frequency in normal

11352
cells. Marcucci designed his PCR assaysto be sensitive enough to detect the PTD

amplicon "whenit is present in 1% ofthe cells in the processed sample,"*** becausehis

349

350 Marcucci, Abstract, first sentence.
Li, page 417, right col., third paragraph.
Marcucci, Abstract.
Marcucci, Abstract.
Marcucci, page 791, left col., second paragraph.

351

352

353

104

Page 664 of 1224



Page 665 of 1224

biological samples(i.e., lymph node biopsies) would normally contain at least some

normalcells as well as leukemiccells, potentially obfuscating his data. This problem

would have been resolved byZhang's single-cell amplification format.

It would thus have been primafacie obviousto one of ordinary skill to used

Marcucci's "selected genetic sequence"(i.e., a PTD amplicon) and his "reference genetic

sequence"(i.e., B-actin gene), in Zhang's single-cell amplification and analysis methods.

2. Detailed explanation of the pertinency and mannerof
applying Zhang and Marcuccito claim 61

Dependent claim 61 recites the method of claim 38, "wherein the selected genetic

sequence is a rare exon sequence."

Under the broadest reasonable interpretation, Zhang renders claim 61 obviousin

view of Marcucci.** Zhanganticipates base claim 38, whereas Marcuccianalyzed

biological cancer samples for the presence of a "selected genetic sequence [that] is a rare

exon sequence”asrecited by claim 61.

In particular, Zhang anticipates claim 38 by performingsingle-cell amplification

on individualcells in separate wells ("assay samples") and determining a ratio by

comparinga first number of assay samples containing a selected sequence and a second

numberof assay samples containing a reference sequence.

In addition, Marcucci analyzed single cells from B-lymphomapatients containing

an ALL/ gene rearrangement by RT-PCR,in orderto study cell-to-cell expression of the

** Marcucci et al., Detection of Unique ALLA*(MLL) Fusion Transcripts in Normal Human
Bone Marrow and Blood: Distinct Origin ofNormal versus Leukemic ALLI Fusion Transcripts.
Cancer Res, 58:790-793. (February 15, 1998), forming prior art under 35 U.S.C. § 102(b).
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unique ALLJ mRNA"fusion transcript"*’’ encodedby the rearranged gene, whichas

discussed below is a "rare exon sequence." Marcucci's goal was to "determineif the

ALL] fusiontranscript is specific for leukemic blasts or instead can be found with any

11356
frequency in normalcells. Marcucci detected an ALL/ fusion transcript in the RNA

of 10 out of 60 apparently normal individuals by RT-PCR. *°’ Marcucci ensured that his

RT-PCRassay would selectively amplify only ALL/ fusion transcripts instead of normal

ALLI mRNAbyusing a primerpair specific for the fusion.*** Marcucci also ensured that

each RNA sample was amplifiable by amplifying the B-actin gene as a reference control

359
("reference genetic sequence") in each sample.” Despite demonstrating amplification of

the actin reference in each sample, Marcucci found that only "[t]en of 60 [RNA] samples

_.. amplified a transcript showing a unique fusion of two ALL/ exons,"*”’ Thus,

Marcucci compared the numberof samples containing the ALL/ fusion transcript (a

"selected genetic sequence") with the number of samples containing the actin transcript (a

"reference genetic sequence") although the comparison wasnotexplicitly presented as a

ratio.

°° Marcucci, Abstract.
356 Marcucci, Abstract.
°°? Marcucci, Abstract ("we analyzed ... [RNA] samples from 60 normal donors by nested

RT-PCR. Ten of 60 samples ... contained a uniquetranscript showing a fusion of two ALL/
exonsthat was consistent with the PTD ofALL/.") See also page 791, left col., bottom paragraph
("[RNA] samples from 60 healthy normal donors were analyzed for the PTD ofALL/ by nested
RT-PCR. Ten of 60 samples ... amplified a transcript showing a unique fusion of two ALL/
exons.”

*°8 Marcucci, Fig. 2, providing a "schematic illustration of ... unique exon fusion transcripts
detected by nested RT-PCR”and also showingthe positions of the "primers that amplify the PTD
of ALLI," so that "[e] ach transcript is consistent with a PTD of the ALL/gene."

°° Marcucci, page 790,right col., Section on "RT-PCR Analysis," explaining that "each
RNA sample was also amplified for B-actin transcript. See also page 792, left col., "Poly(A)+
RNA Analysis" section (Each poly(A)+ RNA sample was successfully amplified for the B-actin
transcript.)"” See also page 792, right col., top paragraph ("Integrity of the RNA wasverified by
successful amplification of the B-actin transcript.")

*° Marcucci, page 791, left col., last sentence.
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In addition, Marcucci meets the added requirements of claim 61 in that his

"selected genetic sequence is a rare exon sequence." Marcucci's "selected genetic

sequence"in the form of an ALL/ fusion transcript is "a unique transcript showing a

fusion of two ALL! exons."*°! In Fig. 3B, Marcucci also provided an exemplary

sequence oneof his observed "fusion transcripts in which the 3' exon involvedin the

fusion is spliced, not at the consensus spliced site of the 5' exon but rather in the middle

of the sequence,resulting in a frameshift of the ORF."°°’ Because Marcucci's ALL/

fusion transcript contains an aberrant fusion exon that is not found in most normal

individuals, it is a "vare exon sequence"as recited in claim 61 under the broadest

reasonable interpretation. Claim 61 does not limit the scope of "rare exon" in any way,

and the '706 specification does not give "rare exon" a special definition contrary to the

363
art. Thus, Marcucci's fusion transcript is a "selected genetic sequence [which] is a

rare exon sequence" as required by claim 61.

Obviousness: Reasons to Combine

It would have been primafacie obviousto one ofordinary skill to use a "selected

genetic sequence ... within an amplicon which is amplified during neoplastic

development"in the form of a PTD sequence in the ALL1 oncogene,as taught by

Marcucci, in Zhang's single-cell amplification and analysis methods. Marcucci amplified

a "selected genetic sequence"(i.e., a PTD amplicon) and a "reference genetic sequence"

361

362 Marcucci, Abstract.
Marcucci, Fig 3B, legend.

°6 The '706 patent only uses amplicon oncein the specification, and that is in Table 1,
where "Gene amplifications”is listed as a potential application of digital PCR, of which one non-
limiting example is to "Determine presence or extent of amplification" using a first probe to a
"sequence within [an] amplicon" and a second probe to a "sequence from anotherpart of[the]
same chromosome arm." As mentioned, the '706 patent indicates that this is a non-limiting
example of analyzing gene amplifications using the claimed methods.
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(i.e., B-actin gene) directly on his biological cell sample instead of dividing his biological

sample into a plurality of single-cell assay samples as Zhang did. However, Zhang

explicitly taught the benefits of using his single-cell format to study differences between

individual cells due to "cell-to-cell variation in developmental processes involving DNA

364
rearrangements,” which a bulk amplification procedure like Marcucci's is incapable of

detecting. Marcucci teaches that his PTD amplicon sequenceis precisely the kind of

"rearrangement" that Zhang recognized as a suitable target — specifically, Marcucci noted

that the "PTD of ALL]is identified in leukemic blasts at the genomic level by ALL1

rearrangement.""° Marcucci's specific goal was to "determineif the ALL1 fusion

transcript is specific for leukemic blasts or instead can be found with any frequency in

normalcells."*% Marcucci designed his PCR assaysto be sensitive enoughto detect the

PTD amplicon "whenit is present in 1% ofthe cells in the processed sample,"*°” because

his biological samples(i.e., lymph node and blood samples) would normally contain both

normaland leukemic cells, potentially obfuscating his data. This problem would have

been addressed by Zhang's single-cell PCR format.

It would thus have been primafacie obviousto one of ordinary skill to used

Marcucci's "selected genetic sequence"(i.e., a PTD amplicon) and his "reference genetic

sequence"(i.e., B-actin gene), in Zhang's single-cell amplification and analysis methods.

Li, page 417, right col., third paragraph.
Marcucci, Abstract.
Marcucci, Abstract.
Marcucci, page 791, left col., second paragraph.
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W. Proposed Rejection No. 23: Zhang renders claims 62 obvious in
view of Flint under 35 U.S.C. § 103(a)

Dependent claim 62 recites the method of claim 38, "wherein the nucleic acid

template molecules comprise cDNA ofRNA transcripts and the selected genetic sequence

is present on a cDNA ofafirst transcript and the reference genetic sequence is present

on a cDNA ofa second transcript."

Under the broadest reasonable interpretation, Zhang renders claim 62 obviousin

view of Flint.°° Zhang anticipates base claim 38, whereas Flint used single-cell RT-PCR

in order to amplify a selected and reference transcript as recited by claim 62.

In particular, Zhang anticipates claim 38 by performingsingle-cell amplification

on individualcells in separate wells ("assay samples") and determining a ratio by

comparinga first number of assay samples containing a selected sequence and a second

numberof assay samples containing a reference sequence.

In addition, Flint performedall steps of claims 1 and 38. Flint started by "diluting

nucleic acid template molecules in a biological sample to form a set comprising a

plurality ofassay samples," as recited in claim 1. Flint took a slice of "rat somatosensory

369
cortex at postnatal ages P3/4 or P8/9"(7.e., a "biological sample") and extracted the

cytoplasmic contents (including mRNA)ofindividual neuronsandtransferred the

contents of each individual neuron to a PCRreaction tube containing PCR reaction

38 Flint et al. NR2A Subunit Expression Shortens NMDA Receptor Synaptic Currents in
Developing Neocortex. J. Neurosci., 17(7):2469-2476 (April 1, 1997), formingprior art to the
'706 patent under 35 U.S.C. § 102(b).

° Flint, page 2470,right col., last paragraph ("Whole-cell recordings were madein slices of
rat somatosensory cortex at postnatal ages P3/4 or P8/9... After characterization of intrinsic firing
pattern and NMDAREPSCs(Fig. 1E,F), cytoplasmic harvest was performed").
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mixture, *” thereby "diluting nucleic acid template molecules ... to form a set comprising

a plurality ofassay samples" from the biological sample.

Flint then "amplified the template molecules" in each single-cell mRNA assay

sample, where the template molecules were in the form of NR2 molecules by RT-PCR,in

which "[rJeverse-transcription ... was followed by a PCR designed to coamplify all four

NR2 subunits."7”!

1372
Flint then "analyzed the amplified molecules"”* to determine a "number ofassay

samples" whichoriginally contained mRNAofeach different NR2 subunit, as well as the

levels of each subunit. In particular, Flint dotted his PCR products onto a membrane by a

dot-blot apparatus and hybridized the blotted product with "radiolabeled NR2 subunit-

specific oligonucleotide probes."*”

From this analysis, Flint determined a "first number ofassay samples" containing

a "selected genetic sequence" in the form ofNR2A mRNA,and a "second numberof

assay samples" containing a "reference genetic sequence" in the form ofNR2B mRNA,

*” Flint, page 2470,right col., last paragraph ("After characterization of [neuron cell
behavior] ... cytoplasmic harvest was performed" followed by RT-PCR on "single-cell mRNA”).
See also page 2471, Fig. 1 legend, showing amplification "products obtained by RT-PCRfor
NR2A-D subunits on cytoplasmic material harvested from physiologically characterized
neurons."

*7. Flint, page 2470,right col., last paragraph. See also samepage,left col., last paragraph
("Coamplification of NR2A—D subunits was performed by nested hot-start PCR” using a single
pair of primers in a primary PCRreaction).

*® Flint, page 2470, paragraph bridging left and right cols., (samples were analyzed byfirst
re-amplifying one "microliter of the first-round PCR product ... in a second PCR" with a single
pair of hemi-nested primers, and performing "dot-blot hybridization" in which "PCR products of
expected size ... were ... extracted... [and a] serial dilution of each PCR product was dotted onto
four different nitrocellulose membranes, each containing ... one of the four "NR2 standards"...
obtained by cloning PCR fragments (244 bp) of each NR2 subunit ").

°® Flint, page 2470,right col., "Ratiometric analysis" section ("PCR products and standards
were denatured with NaOH,neutralized with NH4Ac,and dotted in triplicate for each
concentration point by a dot-blot apparatus ... The membranes were hybridized with radiolabeled
NR2subunit-specific oligonucleotide probes").
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subsequently "comparing" these two numbersto "ascertain a ratio which reflects the

composition ofthe biological sample." As discussedearlier, a direct explicit numerical

comparison between the first and second numberconstitutes "comparing thefirst number

to the second numberto ascertain a ratio" under the broadest reasonable interpretation,

even without any explicit mention of a "ratio" between the two numbers. Flint made such

direct and explicit numerical comparisons, thereby "ascertain[ing] a ratio." In particular,

Flint provided bar graphs of the numberof assay samples containing each NR2 subunit in

the P8/9 age group in Fig. 4, and remarked that "Two groups were apparent at P8/9 on the

basis ofNR2A expression. B1, A majority of cells (n = 12) expressed NR2A along with

NR2B. B2,Eight of 20 cells expressed no significant NR2A and expressed high relative

levels ofNR2B."°” Flint concluded that "one group [of assay samples] at P8/9 [postnatal

age] expressed NR2A along with NR2B (n = 12 of 20, Fig. 4B1), and another had

background levels ofNR2A expression with high NR2B expression (n = 8 of20, Fig.

4B2)."°” In short, Flint determinedthatall 20 single-cell mRNA assay samples

contained NR2B mRNAwhile "12 of [those] 20" samples also contained NR2A mRNA,

and "8 of 20" did not.*”°

Finally, the ratio of the two numbers "reflect{ed] the composition ofthe biological

sample," at least because the two groups ofcells differed in their NR2 mRNA

compositional makeup. Accordingly, Flint performedall steps of claim 1.

Flint also meets the added requirements of claim 38, as follows:

374
Flint, Fig. 4, legend.

° Flint, page 2472,rightcol.,, last paragraph.
376 Td.
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- Flint "form[ed] a population ofamplified molecules in each ofthe assay

samples ofthe set," as required by claim 38. As mentioned, Flint detected

amplification products of NR2Bin all 20 assay samples

- Flint also found that "at least one-fiftieth ofthe assay samples in the set

comprise a number (N) ofmolecules such that I/N is larger than the ratio of

selected genetic sequences to total genetic sequences required to determine

the presence ofthe selected genetic sequence." Flint detected his "selected

sequence"in the form ofNR2A in 12 of 20 assay sample, which is more than

one-fiftieth of his assay samples.

In addition, Flint meets the added requirements of claim 62:

- Because Flint performed "reverse-transcription of single-cell mRNA...

followed by PCR,"*”’ Flint used "nucleic acid template molecules

compris[ing] cDNA ofRNA transcripts."

- IJInaddition, Flint's "selected genetic sequence is present on a cDNA ofafirst

transcript" whereas the "reference genetic sequence is present ona cDNA ofa

second transcript." As discussed, Flint assayed for cDNA of NR2Aashis

"selected genetic sequence," and for cDNA of NR2Bashis "reference genetic

sequence.""”®

Obviousness: Reasons to Combine

It would have been obviousto use Flint's single-cell RT-PCR analysis in which

two different cDNAsare used as the "selected genetic sequence" and "reference genetic

sequence," in Zhang's own single-cell methods of genotyping. Zhang's single-sperm PCR

*77 Flint, page 2470,right col., last paragraph.
°%8 Flint, page 2472,right col., section on "Single-cell expression of NR2 subunit MRNA."
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needed to be extremely sensitive in order to detect single template molecules, thus being

correspondingly prone to contamination andartifacts. In contrast, single-cell samples

generally have multiple mRNAtranscripts of each gene, makingit easier to genotype

cells by presence or absence of mRNAtranscripts of a gene ofinterest (in Zhang's case,

APOC2). Moreover, Flint teaches the usefulness of single-cell RT-PCR, which has "the

advantage ofdirectly linking expression of ... mRNA in normalcells with the function of

receptors constructed from ... these mRNAs."*”. It would have been primafacie obvious

to one of ordinary skill to use Zhang's methods in an RT-PCR formatin order to study

such correlations, using a first cDNA as a "selected genetic sequence"of interest, and a

second cDNAasa "reference genetic sequence."

Thus, claim 62 would have been primafacie obviousat the time of invention over

Zhang in view ofFlint.

X. Proposed Rejection No. 24: Zhang renders claims 63 obvious in
view of Ponten under 35 U.S.C. § 103(a)

Dependentclaim 63 recites the method of claim 38, "wherein the selected genetic

sequence comprises a first mutation and the reference genetic sequence comprises a

second mutation."

Under the broadest reasonable interpretation, Zhang renders claim 63 obviousin

380
view of Ponten.” Zhang anticipates base claim 38, whereas Ponten used single-cell RT-

PCRin order to amplify a selected and reference sequence each comprising a different

mutation as recited by claim 63.

379
Flint, page 2470, left col., first paragraph.

38 Ponten ef al., Genomic analysis ofsingle cellsfrom human basalcell cancer using laser-
assisted capture microscopy. Mutation Research Genomics 382, 45-55 (1997).
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In particular, Zhang anticipates claim 38 by performingsingle-cell amplification

on individualcells in separate wells ("assay samples") and determining a ratio by

comparinga first number of assay samples containing a selected sequence and a second

numberof assay samples containing a reference sequence.

In addition, Ponten performed single-cell amplification, a method explicitly

suggested by Zhang,in order to perform "mutational analysis of genomic DNA ... on

single somatic cells."**' Specifically, Ponten isolated "[e]ighty-nine single tumorcells"

from a biological sample in the form of a "stained tissue section" of a "human basalcell

cancer BCC"thereby generating a plurality of single-cell assay samples from a biological

382
sample.” Ponten then "amplified the template molecules" by PCR, in which "[e]xons 4—

9, of the human p53 gene, and the HLA-DQB1 locus were amplified in a

11383
multiplex/nested configuration. Ponten then "analyzed the amplified molecules" in

the single-cell samples by performing a secondary (nested) amplification and DNA

sequencing.*** Ponten checked eachcell for a "selected genetic sequence"in the form of

a first p53 allele mutated in exon 7 (codon 245), and a "reference genetic sequence" in

385
the form of second p53 allele mutated in exon 8 (codon 266). Ponten then determined

a "first number ofassay samples" containing the "selected " exon 7-mutated p53 allele

*8! Ponten, Abstract. See also page 46, right col., second paragraph ("Single cells were
picked up, with the aid of the micromanipulator, on the tip of a small glass capillary ... The tip of
the capillary, with the attached cell, was broken off against the bottom of a PCR tube.")

*®° Ponten, page 45, Abstract.
8 Ponten, page 46, Section 2.3.
* Ponten, page 46, Section 2.3, and page 44, Section 2.3.
*8> Ponten, page 49, paragraph bridging left and rightcols., explaining that 'crude’

microdissection ... had [already] uncovered two point mutations in the tumor(Fig. 2). One was in
exon 7 codon 245. and the other in exon 8 codon 266 ... Cloning of this fragment revealed that
the mutations were situated on different alleles." See also Fig. 4, Table 1 and page 50,left col.,
bottom paragraph, describing the results of the single-cell PCR analysis, finding that "[t]wo
mutations were dominant ... Both mutations were identical to those found in the previous crude
microdissections."
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and a "second numberofassay samples" containing the "reference" exon 8-mutated p53

allele, and compared the two numbers. In particular, out of 44 single-cell samples which

yielded an amplification product of exon 7 and/or exon 8, Ponten found that "[t]wo

mutations were dominant, codon 245 (GGC to GTC),[in] exon 7, mutated in 20 cells,

and codon 266 (GGA to GAA),[in] exon 8, mutated in 13 cells."**°

In addition, Ponten meets the added requirements of claim 63. Ponten's selected

genetic sequence"(i.e., exon 7-mutated p53) "comprises afirst mutation and the

reference genetic sequence"(i.e., exon 8-mutated p53) "comprises a second mutation."

Obviousness: Reasons to Combine

It would have been obviousto use Ponten's single-cell RT-PCR analysis in which

the number of samples containing two different mutant sequences are compared,in

Zhang's own single-cell methods of analysis. Zhang explicitly recognized the usefulness

of importance of genotyping single diploid cells (e.g., "single cells from early embryos or

mys?polar bodies. Ponten did precisely as Zhang suggested for precisely the same reason

— specifically, to "resolve important and fundamental questions determining cancer

heterogeneity," i.e., cell-to-cell variation.*** Ponten explained that "[i]n crude

microdissections ... mutations [in single cells] would be ‘diluted’ and thus not detected ...

389
while microdissection of single cells would disclose such mutations.”~” Ponten also noted

that two separate mutations on either allele commonly take place in cancer

Ponten, page 50, paragraph bridgingleft and right cols.
Zhang at page 5847, left column.
Ponten, Abstract, and page 46,left col., last paragraph of Introduction section.
Ponten, page 54, second paragraph.
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progression,” thereby renderingit obvious that a mutant "selected genetic sequence" in

the form of a first mutant allele and a mutant "reference genetic sequence" in the form of

a second mutantallele could often be found in cancer samples.

In view of Ponten, it would have been primafacie obvious to one of ordinary skill

to use Zhang's methods on cancer samples such as Ponten's in which "the selected genetic

sequence comprises a first mutation and the reference genetic sequence comprises a

second mutation."

Thus, claim 63 would have been primafacie obviousat the time of invention over

Zhang in view of Ponten.

VII CONCLUSION

Claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 are anticipated or alternatively

obvious over one or more prior-art references applied herein. Accordingly,

reexamination of claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 of the '706 patentis

respectfully requested.

VII. CONCURRENT LITIGATION AND REEXAMINATION

PROCEEDINGS

The '706 patent is presently involvedin litigation in the United States District

Court for the Middle District of North Carolina Greensboro Division (Esoterix Genetic

Laboratories, LLC vs. Life Technologies Corporation, Applied Biosystems, LLC, and Ion

Torrent Systems, Inc., Case No. 12-cv-411 (filed April 26, 2012)).

°° Ponten, page 46,left col., last paragraph of Introduction section ("we have
microdissected different parts of individual BCC's and found that p53 mutations often affect both
alleles and that progression of p53 alterations can take place within a tumor.")

116

Page 676of 1224



Page 677 of 1224

IX. AUTHORITY TO ACT AND CORRESPONDENCE ADDRESS

The real party in interest is Life Technologies Corporation, a Delaware

corporation, havingits principle place of business at 5791 Van Allen Way, Carlsbad, CA,

92008. Undersigned counselstates that it is acting on behalf of the real party in interest

either in a representative capacity pursuant to C.F.R. § 1.34(a), or under any power of

attorney provided herewith.

Please send all correspondence to the addressassociated with customer

number 52059, to the attention of: Legal — Intellectual Property Group, Life Tech

Docket, Bldg. 5781, Office 8304.

X. REQUIRED FEES AND DEPOSIT ACCOUNT AUTHORIZATION

The Commissioneris authorized to charge the fee of $17,750.00 set forth in 37

C.F.R. § 1.20(c)(1) to Life Technologies Deposit Account No. 50-3994. The

Commissioneris authorized to charge any additional fees or credit any overpaymentto

Deposit Account No. 50-3994, as well as any andall other fees that have been or may be

required from Requester, referencing Docket No. LT00831 REX.
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Patent Assignment AbstractofTitle

Total Assignments: 1 ;
Application #: 09613826 Filing Dt: 07/11/2000 Patent #: 6440706 Issue Dt: 08/27/2002

PCT #: NONE Publication #: NONE Pub Dt:

Inventors: Bert Vogelstein, Kenneth W. Kinzler
Title: DIGITAL AMPLIFICATION

Assignment: 1
Reel/Frame: 011372/0414 Received: 01/02/2001 Recorded: 12/15/2000 Mailed: 03/08/2001 Pages: 2

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENTFORDETAILS).
Assignors: VOGELSTEIN, BERT Exec Dt: 11/28/2000

KINZLER, KENNETH W., Exec Dt: 11/28/2000

Assignee: JOHNS HOPKINS UNIVERSITY, THE
111 MARKET PLACE, SUITE 906

BALTIMORE, MARYLAND 21202
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90/012,894 06/17/2013 6440706
CONFIRMATION NO. 8442

11332 REEXAM ASSIGNMENT NOTICE

Banner & Witcoff, Ltd.

torneys forcent01107 00.000
Suite 1200

Washington, DC 20005-4051
Date Mailed: 06/27/2013

NOTICE OF ASSIGNMENTOF REEXAMINATION REQUEST

The above-identified request for reexamination has been assignedto Art Unit 3991. All future correspondenceto
the proceeding should beidentified by the control number listed above and directed to the assigned Art Unit.

A copy of this Notice is being sent to the latest attorney or agent of record in the patentfile or to all owners of
record. (See 37 CFR 1.33(c)). If the addressee is not, or does not represent, the current owner, he or she is
required to forward all communications regarding this proceeding to the current owner(s). An attorney or agent
receiving this communication who does not represent the current owner(s) may wish to seek to withdraw pursuant
to 37 CFR 1.36in order to avoid receiving future communications. If the address of the current owner(s) is
unknown, this communication should be returned within the request to withdraw pursuant to Section 1.36.

NOTICE OF USPTO EX PARTE REEXAMINATION PATENT OWNER STATEMENT WAIVER PROGRAM

The USPTO has implemented a pilot program where, after a reexamination proceeding has been granted a
filing date and before the examiner begins his or her review, the patent owner mayorally waive the rightto file a
patent owner's statement. See "Pilot Program for Waiver of Patent Owner's Statement in Ex Parte Reexamination
Proceedings," 75 FR 47269 (August 5, 2010). One goal of the pilot program is to reduce the pendencyof
reexamination proceedings and improvetheefficiency of the reexamination process.

Ordinarily when ex parte reexamination is ordered, the USPTO mustwait until after the receipt of the patent
owner's statement and the third party requester’s reply, or after the expiration of the time periodforfiling the
statement and reply (a period that can be as long as 5 to 6 months), before mailing a first determination of
patentability. The USPTO'sfirst determination of patentability is usually a first Office action on the merits or a
Notice of Intent to Issue Reexamination Certificate (NIRC).

Underthepilot program, the patent owner's oral waiver allows the USPTOto actonthefirst determination
of patentability immediately after determining that reexamination will be ordered, and in a suitable case
issue the reexamination order and thefirst determination of patentability (which could be a NIRCif the
claims under reexamination are confirmed) at the same time.

Benefits to the Patent Ownerfor participating in this pilot program include reduction in pendency.

To participate in this pilot program, Patent Owners may contact the USPTO's Central Reexamination Unit
(CRU) at 571-272-7705. The USPTO will makethe oral waiver of record in the reexaminationfile in an interview
summary and a copywill be mailed to the patent owner and anythird party requester.

cc: Third Party Requester(if any)
LIFE TECHNOLOGIES CORPORATION
ATTN: IP DEPARTMENT

5791 VAN ALLEN WAY

CARLSBAD, CA 92008

/jawhittield/ 

Legal Instruments Examiner
Central Reexamination Unit 571-272-7705; FAX No. 571-273-9900
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   REEXAM CONTROL NUMBER FILING OR 371 (c) DATE PATENT NUMBER

90/012,894 06/17/2013 6440706

CONFIRMATION NO.8442

LIFE TECHNOLOGIES CORPORATION REEXAMINATION REQUEST

ATTN: IP DEPARTMENT NOTICE

CARLSBAD,CA92008 010000A
Date Mailed: 06/27/2013

NOTICE OF REEXAMINATION REQUESTFILING DATE

(Third Party Requester)

Requesteris hereby notified that thefiling date of the request for reexamination is 06/17/2013, the date that the
filing requirements of 37 CFR § 1.510 were received.

A decision on the request for reexamination will be mailed within three months from thefiling date of the request
for reexamination. (See 37 CFR 1.515(a)).

A copy of the Notice is being sent to the person identified by the requester as the patent owner. Further patent
owner correspondencewill be the latest attorney or agent of record in the patentfile. (See 37 CFR 1.33). Any
paper filed should include a reference to the present request for reexamination (by Reexamination Control
Number).

cc: Patent Owner

11332

Banner & Witcoff, Ltd.

Attorneys for client 001107
1100 13th Street N.W.

Suite 1200

Washington, DC 20005-4051

/jawhitfield/
 

Legal Instruments Examiner
Central Reexamination Unit 571-272-7705; FAX No. 571-273-9900

page 1 of 1
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Litigation Search Report CRU 3999

atat=).ec lan eee No. 90/012,894 
To: Examiner From: Karen L. Ward .

Art Unit: 3991 Location: CRU 3999

Date: 06/27/13 MDW 7C76

. Phone: (571) 272-7932
Case Serial Number: 90/012,894

| Karen.Ward@uspto.gov

Search Notes

Litigation was found involving U.S. Patent No. 6,440,706.

1:12CV1173 — OPEN

1) I performed a KeyCite Search in Westlaw, whichretrievesall history on the patent including anylitigation.
2) I performed a search on the patent in Lexis CourtLink for any open dockets or closed cases.
3) I performed a search in Lexis in the Federal Courts and Administrative Materials databases for any cases found.

4) I performed a search in Lexis in the IP Journal and Periodicals database for any articles on the patent.

5) I performed a search in Lexis in the newsdatabasesfor anyarticles about the patent or any articles about
litigation on this patent.
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Westlaw,

Date ofPrinting: Jun 27, 2013

KEYCITE

C1US PAT 6440706 DIGITAL AMPLIFICATION,Assignee: Johns Hopkins University (Aug 27,7, 2002)
History

Direct History

=> "| DIGITAL AMPLIFICATION,US PAT 6440706, 2002 WL 1977277 (U.S. PTO Utility Aug
27, 2002)

Patent Family
2 DETECTING MUTANT NUCLEIC ACIDS IN A MIXED POPULATION, USEFUL E.G. FOR

DETECTING TUMOR-ASSOCIATED MUTATIONS, BY AMPLIFICATION OF DILUTED
SAMPLES TO GENERATEA LINEARDIGITAL SIGNAL,Derwent World Patents Legal
2001-18298 1+

Assignments

3 ACTION: ASSIGNMENTOF ASSIGNORS INTEREST (SEE DOCUMENTFOR DETAILS).
NUMBEROF PAGES:002, (DATE RECORDED:Dec 15, 2000)

Docket Summaries

4 ESOTERIX GENETIC LABORATORIES, LLC ET AL v. LIFE TECHNOLOGIES CORPORA-
TION, (M.D.N.C.Oct 31, 2012) (NO.1:12CV01173), (28 USC 1338 PATENT INFRINGE-
MENT)

Prior Art (Coverage Begins 1976)

Cc ’ 5 DETECTABLY LABELED DUAL CONFORMATION OLIGONUCLEOTIDE PROBES,AS-
SAYS AND KITS, US PAT 5925517Assignee: The Public Health Research Institute of, (U.S.
PTO Utility 1999)

Cc 6 METHOD AND ASSAY FOR DETECTION OF THE EXPRESSION OF ALLELE-SPECIFIC
MUTATIONS BY ALLELE-SPECIFIC IN SITU REVERSE TRANSCRIPTASEPOLY-

MERASECHAIN REACTION,US PAT 5804383Assignee: The Regents of the University of,
(U.S. PTO Utility 1998)

Cc 7 METHOD FOR THE DETECTION OF CLONAL POPULATIONS OF TRANSFORMED
CELLS IN A GENOMICALLY HETEROGENEOUS CELLULAR SAMPLE, US PAT -
5670325Assignee: Exact Laboratories, Inc., (U.S. PTO Utility 1997)

Cc 8 METHOD FOR THE RAPID AND ULTRA-SENSITIVE DETECTION OF LEUKEMIC
CELLS, US PAT 5858663Assignee: Life Technologies, Inc., (U.S. PTO Utility 1999)

Cc 9 METHOD OF SAMPLING, AMPLIFYING AND QUANTIFYING SEGMENT OF NUCLEIC

‘© 2013 Thomson Reuters. All rights reserved.
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ACID, POLYMERASE CHAIN REACTION ASSEMBLY HAVING NANOLITER-SIZED
SAMPLE CHAMBERS, AND METHODOFFILLING ASSEMBLY, US PAT
6143496Assignee: Cytonix Corporation; The United States of America as, (U.S. PTO Utility
2000)

Cc 10 METHODSFOR THE DETECTION OF LOSS OF HETEROZYGOSITY, US PAT
6020137Assignee: Exact Laboratories, Inc., (U.S. PTO Utility 2000)

Cc 11 METHODSFOR THE DETECTION OF LOSS OF HETEROZYGOSITY,US PAT
5928870Assignee: Exact Laboratories, Inc., (U.S. PTO Utility 1999)

Cc 12 WAVELENGTH-SHIFTING PROBES AND PRIMERS AND THEIR USE IN ASSAYS AND
KITS, US PAT 6037130Assignee: The Public Health Institute of the City of, (U.S. PTO Utility
2000)

© 2013 Thomson Reuters. All rights reserved.
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US District Court Civil Docket

U.S. District - North Carolina Middle

(Ncmd)

1:12cv1173

Esoterix Genetic Laboratories, Lic et al v. Life Technologies Corporation,
et al

This case was retrieved from the court on Wednesday, June 26, 2013
 

Date Filed: 10/31/2012 Class Code: OPEN

Assigned To: Judge CATHERINE C. EAGLES Closed: No

Referred To: Magistrate Judge Joi Elizabeth Peake Statute: 28:1338

Nature of suit: Patent (830) Jury Demand: Both

Cause: Patent Infringement ' Demand Amount: $0
Lead Docket: None : NOSDescription: Patent

Other Docket: 1:12cv00411

Jurisdiction: Federal Question

Litigants Attorneys

Esoterix.Genetic Laboratories, Lic JOHN STEVEN GARDNER
Plaintiff LEAD ATTORNEY;ATTORNEY TO BE NOTICED

KILPATRICK TOWNSEND & STOCKTON, LLP
1001 W. Fourth St.

Winston-Salem , NC 27101
USA
336-607-7483
Fax: 336-734-2650

Email: Sgardner@kilpatricktownsend.Com

LESLIE THOMAS GRAB
ATTORNEY TO BE NOTICED

KILPATRICK TOWNSEND & STOCKTON, LLP
1001 W. Fourth St.

Winston-Salem , NC 27101
USA
336-607-7442
Fax: 336-734-2605

Email: Lgrab@kilpatricktownsend.Com

MATIAS FERRARIO
ATTORNEYTO BE NOTICED

KILPATRICK TOWNSEND & STOCKTON, LLP
1001 W. Fourth St. ,

Winston-Salem , NC 27101
USA
336-607-7475

Email: Mferrario@kilpatricktownsend.Com

SUSAN A, CAHOON
ATTORNEYTO BE NOTICED
KILPATRICK TOWNSEND & STOCKTON LLP

- 1100 Peachtree St., Ste. 2800
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The Johns Hopkins University
Plaintiff

Life Technologies Corporation
Defendant
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Atlanta , GA 30309-4501
USA
404-815-6500
Fax: 404-815-6555

Emai!: Scahoon@kilpatricktownsend.Com

JOHN STEVEN GARDNER

LEAD ATTORNEY; ATTORNEY TO BE NOTICED
KILPATRICK TOWNSEND & STOCKTON, LLP
1001 W. Fourth St.

Winston-Salem , NC 27101
USA
336-607-7483
Fax: 336-734-2650

Email: Sgardner@kilpatricktownsend.Com

KATRINA M. QUICKER
LEAD ATTORNEY;ATTORNEY TO BE NOTICED
BALLARD SPARR LLP

999 Peachtree St., Ste. 1000
Atlanta , GA 30309-5915
USA
678-420-9300
Fax: 678-420-9301

Email: Quickerk@ballardspahr.Com

PAUL K. SUN , JR.
LEAD ATTORNEY;ATTORNEY TO BE NOTICED
ELLIS & WINTERS, LLP
Pob 33550

Raleigh , NC 27636
USA
919-865-7000
Fax: 919-865-7010

Email: Paul_Sun@elliswinters.cCom

ALLISON 0. VAN LANINGHAM

LEAD ATTORNEY; ATTORNEY TO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3321
Fax: 336-645-3330

Email: Avanlaningham@vidlitigation.cCom

STEPHEN MCDANIEL RUSSELL, JR.
LEAD ATTORNEY;ATTORNEY TO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3323 ©
Fax: 336-645-3330 ;

Email: Srussell@vidlitigation.cCom

ANNE S. TOKER
ATTORNEYTO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York, NY 10010
USA
212-849-7000
Fax: 212-849-7100

Email: Annetoker@quinnemanuel.Com

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=133... 6/27/2013
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Applied Biosystems,Llc
Defendant
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KATHERINE NOLAN-STEVAUX
ATTORNEY TO BE NOTICED
LIFE TECHNOLOGIES CORP.
850 Lincoln Centre Dr.

Foster City , CA 94404
USA
650-554-3584
Fax: 650-554-2885

Email: Katherine. Nolan-Stevaux@lifetech.com

PETER J. ARMENIO
ATTORNEY TO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York , NY 10010
USA
212-849-7070
Fax: 212-849-7100

Email: Peterarmenio@quinnemanuel.Com

ALLISON O. VAN LANINGHAM

LEAD ATTORNEY;ATTORNEYTO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3321
Fax: 336-645-3330

Email: Avanlaningham@vldlitigation.Com

STEPHEN MCDANIEL RUSSELL, JR.
LEAD ATTORNEY;ATTORNEY TO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste, 850
Greensboro , NC 27401
USA
336-645-3323

Fax: 336-645-3330
Email:Srussell@vidlitigation.Com

ANNES. TOKER
ATTORNEY TO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York , NY 10010
USA
212-849-7000
Fax: 212-849-7100

Email: Annetoker@quinnemanuel.com

KATHERINE NOLAN-STEVAUX
ATTORNEYTO BE NOTICED

LIFE TECHNOLOGIES CORP.
850 Lincoln Centre Dr.

Foster City , CA 94404
USA

650-554-3584
Fax: 650-554-2885 .

Email: Katherine. Nolan-Stevaux@lifetech.cCom

PETER J. ARMENIO
ATTORNEY TO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York , NY 10010

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=133... 6/27/2013
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Ion Torrent Systems,Inc.
Defendant

Applied Biosystems, Lic
Counter Claimant.
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USA
212-849-7070
Fax: 212-849-7100

Email: Peterarmenio@quinnemanuel.com

ALLISON O. VAN LANINGHAM

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3321
Fax: 336-645-3330

Email: Avanlaningham@vldlitigation.Com

STEPHEN MCDANIEL RUSSELL, JR.
LEAD ATTORNEY; ATTORNEY TO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3323
Fax: 336-645-3330

Email: Srussell@vidlitigation.cCom

ANNE S. TOKER
ATTORNEYTO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor ‘
New York , NY 10010
USA :
212-849-7000
Fax: 212-849-7100

Email: Annetoker@quinnemanuel.Com

KATHERINE NOLAN-STEVAUX
ATTORNEY TO BE NOTICED
LIFE TECHNOLOGIES CORP.

850 Lincoln Centre Dr.
Foster City , CA 94404
USA
650-554-3584
Fax: 650-554-2885 :

Email: Katherine. Nolan-Stevaux@lifetech.Com

PETER J. ARMENIO
ATTORNEY TO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York, NY 10010
USA
212-849-7070
Fax: 212-849-7100

Email: Peterarmenio@quinnemanuel.Com

ALLISON O. VAN LANINGHAM

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3321
Fax: 336-645-3330

Email: Avanlaningham@vidlitigation.cCom
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Life Technologies Corporation
Counter Claimant
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STEPHEN MCDANIEL RUSSELL, JR.
LEAD ATTORNEY;ATTORNEYTO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3323 ‘
Fax: 336-645-3330

Email:Srussell@vidlitigation.com

ANNE S. TOKER
ATTORNEY TO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York , NY 10010
USA
212-849-7000
Fax: 212-849-7100

Email: Annetoker@quinnemanue!l.com

KATHERINE NOLAN-STEVAUX
ATTORNEYTO BE NOTICED
LIFE TECHNOLOGIES CORP.
850 Lincoin Centre Dr.

Foster City , CA 94404
USA
650-554-3584
Fax: 650-554-2885 ‘

Email: Katherine.Nolan-Stevaux@lifetech.Com

PETER J. ARMENIO
ATTORNEY TO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York, NY 10010
USA
212-849-7070
Fax: 212-849-7100

Email: Peterarmenio@quinnemanuel.cCom

ALLISON O. VAN LANINGHAM

LEAD ATTORNEY;ATTORNEYTO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3321
Fax: 336-645-3330

Email: Avanlaningham@vldlitigation.com

STEPHEN MCDANIEL RUSSELL, JR.
LEAD ATTORNEY;ATTORNEY TO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3323
Fax: 336-645-3330

Email: Srussell@vidlitigation.Com

ANNE S. TOKER
ATTORNEYTO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York, NY 10010
USA
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212-849-7000
Fax: 212-849-7100

Email: Annetoker@quinnemanuel.Com

KATHERINE NOLAN-STEVAUX
ATTORNEY TO BE NOTICED
LIFE TECHNOLOGIES CORP.
850 Lincoln Centre Dr.

Foster City , CA 94404
USA
650-554-3584
Fax: 650-554-2885

Email: Katherine.Nolan-Stevaux@lifetech.com

PETER J. ARMENIO
ATTORNEY TO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York , NY 10010
USA
212-849-7070
Fax: 212-849-7100

Email: Peterarmenio@quinnemanue!l.cCom

ALLISON O. VAN LANINGHAM

LEAD ATTORNEY; ATTORNEY TO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3321
Fax: 336-645-3330

Email: Avanlaningham@vidlitigation.Com

STEPHEN MCDANIEL RUSSELL, JR.
LEAD ATTORNEY; ATTORNEY TO BE NOTICED
VAN LANINGHAM DUNCAN, PLLC
300 N. Greene St., Ste. 850
Greensboro , NC 27401
USA
336-645-3323
Fax: 336-645-3330

Email:Srussell@vidlitigation.Com

ANNES. TOKER
ATTORNEY TO BE NOTICED

QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor
New York , NY 10010
USA
212-849-7000 .
Fax: 212-849-7100

Email: Annetoker@quinnemanuel.Com

KATHERINE NOLAN-STEVAUX
ATTORNEY TO BE NOTICED
LIFE TECHNOLOGIES CORP.
850 Lincoln Centre Dr.

Foster City , CA 94404
USA ,
650-554-3584
Fax: 650-554-2885

Email: Katherine.Nolan-Stevaux@lifetech.cCom

PETER J. ARMENIO
ATTORNEY TO BE NOTICED
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Counter Defendant

The Johns Hopkins University
Counter Defendant
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QUINN EMANUEL URQUHART & SULLIVAN, LLP
51 Madison Ave., 22nd Floor :
New York , NY 10010
USA
212-849-7070
Fax: 212-849-7100

Email: Peterarmenio@quinnemanuel.Com

JOHN STEVEN GARDNER

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
KILPATRICK TOWNSEND & STOCKTON, LLP
1001 W. Fourth St.

Winston-Salem , NC 27101
USA
336-607-7483
Fax: 336-734-2650

Email: Sgardner@kilpatricktownsend.Com

LESLIE THOMAS GRAB
ATTORNEY TO BE NOTICED

KILPATRICK TOWNSEND & STOCKTON, LLP
1001 W.Fourth St.

Winston-Salem , NC 27101
USA
336-607-7442
Fax: 336-734-2605

Email: Lgrab@kilpatricktownsend.Com.

MATIAS FERRARIO
ATTORNEY TO BE NOTICED

KILPATRICK TOWNSEND & STOCKTON, LLP
1001 W. Fourth St.

Winston-Salem , NC 27101
USA
336-607-7475

Email: Mferrario@kilpatricktownsend.Com

SUSAN A. CAHOON -
ATTORNEYTO BE NOTICED
KILPATRICK TOWNSEND & STOCKTON LLP

1100 Peachtree St., Ste. 2800
Atlanta, GA 30309-4501
USA
404-815-6500
Fax: 404-815-6555

Email: Scahoon@kilpatricktownsend.Com

JOHN STEVEN GARDNER
LEAD ATTORNEY;ATTORNEY TO BE NOTICED
KILPATRICK TOWNSEND & STOCKTON, LLP
1001 W. Fourth St. .
Winston-Salem , NC 27101
USA
336-607-7483
Fax: 336-734-2650

Email: Sgardner@kilpatricktownsend.Com

KATRINA M. QUICKER
LEAD ATTORNEY;ATTORNEY TO BE NOTICED
BALLARD SPAHR LLP

999 Peachtree St., Ste. 1000
Atlanta, GA 30309-5915
USA
678-420-9300
Fax: 678-420-9301
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Date

10/31/2012

10/31/2012

10/31/2012

11/01/2012

11/01/2012

11/01/2012

11/01/2012

11/01/2012

11/01/2012

11/05/2012

11/08/2012

11/08/2012

11/08/2012

. 11/12/2012

11/14/2012

~ 11/20/2012,

10

11

12

13

14

Email: Quickerk@ballardspahr.Com

PAUL K. SUN , JR.
LEAD ATTORNEY; ATTORNEYTO BE NOTICED
ELLIS & WINTERS, LLP
Pob 33550

Raleigh , NC 27636
USA
919-865-7000

Fax: 919-865-7010
Email: Paul_Sun@elliswinters.Com °

Proceeding Text Source

COMPLAINTfor Patent Infringement against LIFE TECHNOLOGIES CORPORATION,
APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., (Filing fee $350 receipt
number 0418-1203651), filed by ESOTERIX GENETIC LABORATORIES, LLC, THE JOHNS
HOPKINS UNIVERSITY. (Attachments: # 1 Exhibit 1, # 2 Exhibit 2, # 3 Exhibit 3)
(GARDNER, JOHN) (Entered: 10/31/2012) :

Corporate Disclosure Statement by ESOTERIX GENETIC LABORATORIES,LLC identifying
Corporate Parent LABORATORY CORPORATION OF AMERICA HOLDINGSfor ESOTERIX
GENETIC LABORATORIES, LLC. (GARDNER, JOHN) (Main Document 2 replaced on
11/1/2012 with correct PDF form) (Garland, Leah) (Entered: 10/31/2012)

Corporate Disclosure Statement by THE JOHNS HOPKINS UNIVERSITY. (GARDNER,
JOHN) (Main Document 3 replaced on 11/1/2012 with corrected PDF image) (Garland,
Leah) (Entered: 10/31/2012)

SummonsIssued as to LIFE TECHNOLOGIES CORPORATION, APPLIED BIOSYSTEMS,LLC,
ION TORRENT SYSTEMS,INC. (Attachments: # 1 Summonsfor Applied Biosystems, LLC,
# 2 Summonsfor Ion Torrent Systems, INC.) (Garland, Leah) (Entered: 11/01/2012)

Notice of Right to Consent. Counsel shall serve the attached form onall parties.
(Garland, Leah) (Entered: 11/01/2012)

CASE REFERREDto Mediation pursuant to Local Rule 83.9b of the Rules of Practice and
Procedure of this Court. Please go to our website under Attorney Information fora list of
mediators which must be served on all parties. (Garland, Leah) (Entered: 11/01/2012)

CASE REFERREDto Standing Order 30. (Garland, Leah) (Entered: 11/01/2012)

NOTICE of Appearance by attorney MATIAS FERRARIO on behalf of Plaintiff ESOTERIX
GENETIC LABORATORIES, LLC (FERRARIO, MATIAS) (Entered: 11/01/2012)

NOTICEof Appearance by attorney LESLIE THOMAS GRABon behalf of Plaintiff ESOTERIX
GENETIC LABORATORIES, LLC (GRAB, LESLIE) (Entered: 11/01/2012)

NOTICE of Appearance by attorney PAUL K. SUN, JR on behalf of Plaintiff THE JOHNS
HOPKINS UNIVERSITY (SUN, PAUL) (Entered: 11/05/2012)

SUMMONSReturned Executed by ESOTERIX GENETIC LABORATORIES,LLC asto LIFE
TECHNOLOGIES CORPORATIONserved on 11/2/2012, answer due 11/23/2012.
(GARDNER, JOHN) (Entered: 11/08/2012)

SUMMONSReturned Executed by ESOTERIX GENETIC LABORATORIES,LLC asto
APPLIED BIOSYSTEMS, LLC served on 11/2/2012, answer due 11/23/2012. (GARDNER,
JOHN)(Entered: 11/08/2012)

SUMMONSReturned Executed by ESOTERIX GENETIC LABORATORIES,LLC as to ION
TORRENT.SYSTEMS, INC. served on 11/2/2012, answer due 11/23/2012. (GARDNER,
JOHN) (Entered: 11/08/2012)

Consent MOTION for Extension of Time to File Answer by APPLIED BIOSYSTEMS,LLC,
ESOTERIX GENETIC LABORATORIES, LLC, ION TORRENT SYSTEMS,INC., LIFE
TECHNOLOGIES CORPORATION, THE JOHNS HOPKINS UNIVERSITY. (Attachments: # 1
Text of Proposed Order)(FERRARIO, MATIAS) (Entered: 11/12/2012)

Motions Referred: RE: 13 Consent MOTION for Extension of Timeto File Answer , to

MAG/JUDGE JOI ELIZABETH PEAKE(Garrett, Kim) (Entered: 11/14/2012)
ORDERsigned by MAG/JUDGE JOI ELIZABETH PEAKE on 11/20/2012; that Plaintiffs’
Agreed Motion Extending Time of Defendants Life Technologies Corporation, Applied
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01/10/2013

01/10/2013

01/10/2013

01/10/2013

01/10/2013

01/10/2013

01/10/2013

01/10/2013

01/11/2013

01/29/2013

01/30/2013

01/31/2013

02/11/2013

02/19/2013

03/08/2013

03/11/2013

03/12/2013

03/15/2013
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15

16

17

18

19

20

21

22

23

24

25

26

27

28

Biosystems, LLC and ION Torrent Systems Inc. to Respond to Complaint [Doc. # 13 ] is
GRANTED, and Defendants have to and including January 10, 2013, within which tofile
an Answeror other responsive pleading to Plaintiffs’ Complaint. Answer due by
1/10/2013. (Sheets, Jamie) (Entered: 11/20/2012)

NOTICE of Appearance by attorney ALLISON O. VAN LANINGHAM on behalf of
Defendants APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., LIFE
TECHNOLOGIES CORPORATION (VAN LANINGHAM, ALLISON) (Entered: 01/10/2013)

NOTICE of Appearance by attorney STEPHEN MCDANIEL RUSSELL, JR on behalf of
Defendants APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., LIFE
TECHNOLOGIES CORPORATION (RUSSELL, STEPHEN) (Entered: 01/10/2013)

NOTICE by APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., LIFE
TECHNOLOGIES CORPORATION OF SPECIAL APPEARANCE OF KATHERINE NOLAN-

STEVAUX (VAN LANINGHAM, ALLISON) (Entered: 01/10/2013)

MOTION TO DISMISS FOR FAILURE TO STATE A CLAIM by APPLIED BIOSYSTEMS,LLC,
ION TORRENT SYSTEMS,INC., LIFE TECHNOLOGIES CORPORATION. Responses due by
2/4/2013 (VAN LANINGHAM, ALLISON) (Entered: 01/10/2013)

BRIEF re 18 MOTION TO DISMISS FOR FAILURE TO STATE A CLAIM by Defendants
APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS, INC., LIFE TECHNOLOGIES
CORPORATIONfiled by APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., LIFE
TECHNOLOGIES CORPORATION. (VAN _LANINGHAM, ALLISON) (Entered: 01/10/2013)

Corporate Disclosure Statement by LIFE TECHNOLOGIES CORPORATION. (VAN
LANINGHAM, ALLISON) (Entered: 01/10/2013)

Corporate Disclosure Statement by APPLIED BIOSYSTEMS, LLC. (VAN LANINGHAM,
ALLISON) (Entered: 01/10/2013) ,

Corporate Disclosure Statement by ION TORRENT SYSTEMS,INC. (VAN LANINGHAM,
ALLISON) (Entered: 01/10/2013)

NOTICE of Appearance by attorney KATRINA M. QUICKER on behalf of Plaintiff THE
JOHNS HOPKINS UNIVERSITY (QUICKER, KATRINA) (Entered: 01/11/2013)

Consent MOTION for Extension of Time to File Response/Reply by ESOTERIX GENETIC
LABORATORIES, LLC, THE JOHNS HOPKINS UNIVERSITY. (Attachments: '# 1 Text of
Proposed Order)(FERRARIO, MATIAS) (Entered: 01/29/2013)

Motions Referred: RE: 24 Consent MOTIONfor Extension of Timeto File
Response/Reply , to MAG/JUDGE JO] ELIZABETH PEAKE (Garrett, Kim) (Entered:
01/30/2013)

ORDER signed by MAG/JUDGE JOI ELIZABETH PEAKE on 1/31/2013; that Plaintiffs’
Agreed Motion Extending Timeof Plaintiffs Esoterix Genetic Laboratories LLC and the
Johns Hopkins University to Respond to Defendants’ Motion to Dismiss [Doc. # 24 ] is
GRANTED,andPlaintiffs have to and including February 18, 2013, within which to
respond to Defendants' Motion to Dismiss for Failure to State a Plausible Claim.
Responses due by 2/18/2013. (Sheets, Jamie) (Entered: 01/31/2013)

Notice to Parties RE: SO30. Responses due by 3/11/2013 (Winchester, Robin) (Entered:
02/11/2013)

RESPONSEfiled by Plaintiffs ESOTERIX GENETIC LABORATORIES, LLC, THE JOHNS
HOPKINS UNIVERSITY re 18 MOTION TO DISMISS FOR FAILURE TO STATE A CLAIM filed

by LIFE TECHNOLOGIES CORPORATION, ION TORRENT SYSTEMS,INC., APPLIED
BIOSYSTEMS,LLC. Replies due by 3/8/2013. (FERRARIO, MATIAS) Modified on
2/20/2013 to remove duplicate text. (Sheets, Jamie) (Entered: 02/19/2013)

REPLY,filed by Defendants ION TORRENT SYSTEMS, INC., LIFE TECHNOLOGIES
CORPORATION, to Response to 18 MOTION TO DISMISS FOR FAILURE TO STATE A
CLAIM by all Defendants filed by ION TORRENT SYSTEMS, INC., LIFE TECHNOLOGIES
CORPORATION. (VAN LANINGHAM, ALLISON) (Entered: 03/08/2013)

Motions Referred: RE: 18 MOTION TO DISMISS FOR FAILURE TO STATE A CLAIM , to
MAG/JUDGE JOI ELIZABETH PEAKE(Garrett, Kim) (Entered: 03/11/2013)

Motions Submitted: 18 MOTION TO DISMISS FOR FAILURE TO STATE A CLAIM to JUDGE

CATHERINE C. EAGLES. (Sanders, Marlene) (Entered: 03/12/2013)

Case Reassigned to JUDGE CATHERINE C. EAGLES. UNASSIGNEDnolongerassigned to
the case. (Powell, Gloria) (Entered: 03/15/2013)
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03/19/2013

03/19/2013

03/19/2013

03/21/2013

04/10/2013

04/19/2013

04/19/2013

05/01/2013

05/03/2013

05/22/2013

05/28/2013

05/28/2013

05/28/2013

05/28/2013

05/29/2013

06/07/2013

29

30

31

32

33

34

35

36

37

38

39

40

41

42

NOTICE of Hearing: Motion Hearing set for 4/23/2013 02:00 PM in Greensboro
Courtroom #1 before JUDGE CATHERINE C. EAGLES. (Sanders, Marlene) (Entered:

_ 03/19/2013)
NOTICE by APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., LIFE
TECHNOLOGIES CORPORATION OF SPECIAL APPEARANCEOF ANNE S. TOKER (RUSSELL,
STEPHEN) (Entered: 03/19/2013)

NOTICE by APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., LIFE
TECHNOLOGIES CORPORATION OF SPECIAL APPEARANCE OF PETER J. ARMENIO

(RUSSELL, STEPHEN) (Entered: 03/19/2013)

NOTICE of Appearance by attorney ALLISON O. VAN LANINGHAM on behalf of
Defendants APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., LIFE
TECHNOLOGIES CORPORATION (VAN LANINGHAM, ALLISON) (Entered: 03/21/2013)

NOTICE OF CANCELLATIONof Motion Hearing set for 4/23/2013 at 2:00 PM in
Greensboro Courtroom #1 before JUDGE CATHERINE C. EAGLES. (Sanders, Marlene)
(Entered: 04/10/2013)

Suggestion of Subsequently Decided Authority re 18 MOTION TO DISMISS FOR FAILURE
TO STATE A CLAIM by Defendants APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,
INC., LIFE TECHNOLOGIES CORPORATION. (Attachments: # 1 Exhibit A)(VAN
LANINGHAM, ALLISON) (Entered: 04/19/2013)

WITHDRAWALof Motion by Defendants APPLIED BIOSYSTEMS, LLC, ION TORRENT
SYSTEMS, INC., LIFE TECHNOLOGIES CORPORATION re 18 MOTION TO DISMISS FOR
FAILURE TO STATE A CLAIM filed by LIFE TECHNOLOGIES CORPORATION, ION TORRENT
SYSTEMS, INC., APPLIED BIOSYSTEMS, LLC (VAN LANINGHAM, ALLISON) (Entered:
04/19/2013)

NOTICEof Initial Pretrial Conference Hearing set for 6/7/2013 at 11:00 AM in Greensboro
Courtroom #3 before JUDGE CATHERINE C. EAGLES. (Sanders, Marlene) (Entered:
05/01/2013)

ANSWERto 1 Complaint, with Jury Demand, Counterclaim against THE JOHNS HOPKINS
UNIVERISTY, ESOTERIX GENETIC LABORATORIES,LLC, by APPLIED BIOSYSTEMS,LLC,
LIFE TECHNOLOGIES CORPORATION, ION TORRENT SYSTEMS, INC. (VAN LANINGHAM,
ALLISON) Modified on 5/6/2013 to add countercliam parties. (Sheets, Jamie) (Entered:
05/03/2013)

NOTICE by ESOTERIX GENETIC LABORATORIES,LLC of Special Appearance of Susan A.
Cahoon (FERRARIO, MATIAS) (Entered: 05/22/2013)

RESPONSEre 37 Answer to Complaint, Counterclaim,, Esoterix Genetic Laboratories,
LLC's Answer to Defendants Counterclaims by ESOTERIX GENETIC LABORATORIES,LLC.

(FERRARIO, MATIAS) Modified on 5/29/2013 to remove reply deadline. (Sheets, Jamie)
(Entered: 05/28/2013)

RESPONSEre 37 Answerto Complaint, Counterclaim, The Johns Hopkins University’s
Answer to Defendants’ Counterclaims filed by THE JOHNS HOPKINS UNIVERSITY. (SUN,
PAUL) Modified on 5/29/2013 to remove reply deadline. (Sheets, Jamie) (Entered:
05/28/2013)

Rule 26(f) Report (Individual). Responses due by 6/21/2013 by ESOTERIX GENETIC
LABORATORIES, LLC, THE JOHNS HOPKINS UNIVERSITY. (Attachments: # 1 Exhibit 1 -
Proposed Rule 26(f) Schedule of Pre-Markman Hearing Dates, # 2 Exhibit 2 - Competing
Proposed Rule 26(f) Schedules of Post-Markman Hearing Dates)(FERRARIO, MATIAS)
(Entered: 05/28/2013)

Rule 26(f) Report (Individual). Responses due by 6/21/2013 by APPLIED BIOSYSTEMS,
LLC, ION TORRENT SYSTEMS, INC., LIFE TECHNOLOGIES CORPORATION. (Attachments:
# 1 Exhibit 1 - Proposed Case Management Schedule Through The Markman Claim
Construction Hearing, # 2 Exhibit 2 - Competing Proposed Case Management Schedules
For Post-Markman Claim Construction Hearing Dates)(VAN LANINGHAM, ALLISON)
(Entered: 05/28/2013)

Motions Submitted: 41 Rule 26(f) Report (Individual), 42 Rule 26(f) Report (individual).
to JUOGE CATHERINE C. EAGLES. (Sanders, Marlene) (Entered: 05/29/2013)

Minute Entry for proceedings held before JUOGE CATHERINE C. EAGLES: Initial Pretrial
Conference held on 6/7/2013. Attorneys Susan Cahoon, Matias Ferrario and Paul Sun
presentfor plaintiffs and AttorneysAllison Van Laningham and Peter Armenio present for
defendants. Written Scheduling Order forthcoming, the parties may proceed as to the
matters agreed upon in the Rule 26(f) reports. (Court Reporter Lori Russell.) (Sanders,
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06/11/2013 43

06/17/2013 44

06/17/2013 45

06/17/2013 46

Marlene) (Entered: 06/07/2013)

SCHEDULING ORDERsigned by JUDGE CATHERINE C. EAGLES on 06/11/2013, the Court
adopts the Rule. 26(f) Reports as to subjects on which the parties agree, as reflected in
Documents 41 and 42 . The Court agrees with the plaintiff that fact discovery should not
be barred until after the Markman claim construction hearing and may instead proceed
uponfiling of this order. The Court will also grant the defendants request that discovery
be held open for 90 days following the Courts entry of a claim construction order. This
will allow each party flexibility in deciding whether to conduct none, some, orall of their
fact discovery before or after the claim construction hearing.The Court enters the
following Scheduling Order, and includes recently elapsed deadlines as set out herein.
Parties agree that mediation should be conducted late in the discovery period, after the
Claim Construction briefing and order. Parties agrree to select a mediator 60 days before
the close of all discovery. Parties agree that Plaintiff should be allowed to join additional
parties or amend pleadings without leave up until the Plaintiff's final contentions are due.
Parties agree that Life should be be allowed to join additional parties or amend pleadings
without leave up until the date Defendnat's final contentions are due. Parties do not
consent to a magistrate judge. A jury trial has been demanded. (Taylor, Abby) (Entered:
06/11/2013)

MOTIONto Stay Pending Reexamination of Patents-In-Suit by APPLIED BIOSYSTEMS,
LLC, ION TORRENT SYSTEMS,INC., LIFE TECHNOLOGIES CORPORATION. Responses due
by 7/11/2013 (VAN LANINGHAM, ALLISON) (Entered: 06/17/2013)

BRIEF re 44 MOTION to Stay Pending Reexamination of Patents-In-Suit by Defendants
APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., LIFE TECHNOLOGIES
CORPORATIONfiled by APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,INC., LIFE
TECHNOLOGIES CORPORATION. (Attachments: # 1 Exhibit 1 - USPTO Acknowledgement.
Receipts, # 2 Exhibit 2 - USPTO Ex Parte Reexamination Filing Data, # 3 Exhibit 3 -
Sealy Tech, LLC v. Simmons Bedding Co.)(VAN LANINGHAM, ALLISON) (Entered:
06/17/2013)

DECLARATIONfiled by Defendants APPLIED BIOSYSTEMS, LLC, ION TORRENT SYSTEMS,
INC., LIFE TECHNOLOGIES CORPORATION re 44 MOTIONto Stay Pending Reexamination
of Patents-In-Suit (Declaration of Rosy Lee) filed by APPLIED BIOSYSTEMS, LLC, ION
TORRENT SYSTEMS,INC., LIFE TECHNOLOGIES CORPORATION. (VAN LANINGHAM,

_ ALLISON) (Entered: 06/17/2013)

06/24/2013

06/24/2013 47
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MEDIATION SCHEDULING ORDER; Mediation to be conducted late in the discovery
period, after the Claim Construction briefing and order. The parties agree to discuss a
specific date for mediation within 10 days after the Court's issuance of a decision on
claim construction. Mediator to be selected 60 days before the close of all discovery.
(Gammon, Cheryl) (Entered: 06/24/2013)

ORDER signed by JUDGE CATHERINE C. EAGLES on 06/24/2013; that the Motion to Stay

Pending Reexamination of Patents-in-Suit, (Doc. 44 ), is DENIED without prejudice.
(Garland, Leah) (Entered: 06/24/2013)

Copyright © 2013 LexisNexis Courttink, Inc. All rights reserved.
*** THIS DATA IS FOR INFORMATIONAL PURPOSES ONLY ***

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=133... 6/27/2013



Page 697 of 1224

Search - 42 Results - 6440706 Page | of 5

Switch Client | Preferences | Help | Sign Out

 
 

My Lexis™ Search | Get a Document Shepard's® | More | History
Alerts

FOCUS™ Terms 6440706 — ‘Search Within Original Results (1-42) -- Elusing

Semantic Concepts What's this? Advanced...

View Tutorial 

‘Source:CommandSearching>Utility,DesignandPlantPatents[i]
Terms: 6440706 (Suggest Terms for My Search)

Select for FOCUS™ or Delivery

7 1. 20080241830 (Note: This is a Patent Application only.), October 2, 2008, Digital
amplification, Vogelstein, Bert, Baltimore, Maryland, United States of America(US),
United States of America(); Kinzler, Kenneth W., BelAir, Maryland, United States of
America(US), United States of America(); 709742, The Johns Hopkins University,
Baltimore, Maryland, United States of America(US), United States company or
corporation

 

CORE TERMS:sequence, sample, amplification, mutation, probe, template,
mutant, ratio, prime, molecule, digital, genetic, assay, fluorescence,cell, allele,
primer, amplified, analyzed, diluted, detection, gene, detect, loop, sequencing,
experiment, transcript, molecular, beacon, stool

we 6753147 , which is a Continuation of Ser. No. 09613826, July 11, 2000,
GRANTED 6440706 Provisional Application Ser. No. 60146792, August 2, 1999,
PENDING Prior ...

r 2. RE 43365, May 8, 2012, Apparatus for chemical amplification based on fluid
partitioning in an immiscible liquid, Anderson, Brian L., Lodi, California, United
States of America(US), United States of America(); Colston, Bill W., San Ramon,
California, United States of America(US), United States of America(); Elkin,

_ Christopher J., San Ramon, California, United States of America(US), United States
of America(); 891733, Lawrence Livermore National Security, LLC, Livermore,
California, United States of America(US), United States company or corporation

CORE TERMS:sample, fluid, partitioned, detection, microdroplet, nucleic acid,
amplification, partitioning, cycle, target, template, immiscible, molecule, sequence,
performing, primer, optical, reduction, reagent, polymerase, partition, optically,
dilution, reactant, carrier, ligand, fluorescence, absorption, indicator, mixture

' ... 6429025, August 6, 2002, Parce et al., United States of America (US) 6440706,
August 27, 2002, Vogelstein et al., United States of America (US) 6466713, ...

3. RE 41780, September 28, 2010, Chemical amplification based on fluid partitioning
in an immiscible liquid, Anderson, Brian L., Lodi, California, United States of
America(US), United States of America(); Colston, Bill W., San Ramon, California,
United States of America(US), United States of America(); Elkin, Christopher J.,
San Ramon,California, United States of America(US), United States of America();
118418, June 26, 2008, CONFIRMATORY LICENSE (SEE DOCUMENT FOR
DETAILS)., ENERGY, U.S. DEPARTMENT OF, GC-62 6F-067, 1000 INDEPENDENCE
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AVENUE S.W., WASHINGTON, DISTRICT OF COLUMBIA, UNITED STATES OF
AMERICA(US), 20585-0162, reel-frame:021154/0499; January 14, 2010,
ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS)., THE
REGENTS OF THE UNIVERSITY OF CALIFORNIA, 1111 FRANKLIN STREET,
OAKLAND, CALIFORNIA, UNITED STATES OF AMERICA(US), 94612-3550, reel-
frame:023790/0855; January 14, 2010, ASSIGNMENT OF ASSIGNORS INTEREST
(SEE DOCUMENT FOR DETAILS)., LAWRENCE LIVERMORE NATIONAL SECURITY ;
LLC, 7000 EAST AVENUE, L-703, LAWRENCE LIVERMORE NATIONAL LABORATORY,
LIVERMORE, CALIFORNIA, UNITED STATES OF AMERICA(US), 94551-9234, reel-
frame:023790/0864, Lawrence Livermore National Security, LLC, Livermore,
California, United States of America(US), United States company or corporation

CORE TERMS: sample, fluid, partitioned, detection, microdroplet, nucleic acid,
amplification, partitioning, cycle, target, template, immiscible, molecule, sequence,
performing, primer, optical, reduction, reagent, polymerase, partition, optically,
dilution, reactant, carrier, ligand, colorimetric, fluorescence, absorption, indicator

... 6429025, August 6, 2002, Parce et al., United States of America (US) 6440706,
August 27, 2002, Vogelstein et al., United States of America (US) 6466713, ...

. 8460872, June 11, 2013, Quantification of a minority nucleic acid species, Nygren,
’ Anders, San Diego, California, United States of America(US), United States of
America(); 458341, May 11, 2012, ASSIGNMENT OF ASSIGNORS INTEREST (SEE
DOCUMENTFOR DETAILS)., SEQUENOM, INC., 3595 JOHN HOPKINS COURT, SAN
DIEGO, CALIFORNIA, UNITED STATES OF AMERICA(US), 92121, reel-
frame:028193/0870, Sequenom, Inc., San Diego, California, United States of
America(US), United States company or corporation

CORE TERMS:nucleic acid, amplification, sequence, primer, oligonucleotide,
competitor, region, sample, species, target, genomic, nucleotide, minus, inhibitory,

‘prime, chr21, fetal, loci, base pairs, chromosome, hypermethylation, hybridization,
- assay, sequencing, amplified, cell, amplicon, methylated, independently,

quantification

... 6368834, April 9, 2002, Senapathy et al., United States of America (US)
6440706, August 27, 2002, Vogelstein et al., United States of America (US)
6664056, ...

. 8455221, June 4, 2013, Quantification of a minority nucleic acid species, Nygren,
Anders, San Diego, California, United States of America(US), United States of
America(); 458036, May 11, 2012, ASSIGNMENT OF ASSIGNORS INTEREST (SEE
DOCUMENT FOR DETAILS)., SEQUENOM, INC., 3595 JOHN HOPKINS COURT, SAN
DIEGO, CALIFORNIA, UNITED STATES OF AMERICA(US), 92121, reel-
frame:028193/0870, Sequenom,Inc., San Diego, California, United States of
America(US), United States company or corporation

CORE TERMS:nucleic acid, amplification, sequence, primer, oligonucleotide,
- competitor, region, sample, species, target, genomic, nucleotide, minus, inhibitory,

prime, chr21, fetal, loci, base pairs, chromosome, hypermethylation, hybridization,
assay, sequencing, amplified, cell, amplicon, methylated, independently,
quantification

.». 6368834, April 9, 2002, Senapathy et al., United States of America (US)
‘6440706, August 27, 2002, Vogelstein et al., United States of America (US)
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6664056, ...

6. 8450061, May 28, 2013, Quantification of a minority nucleic acid species, Nygren,
_ Anders, San Diego, California, United States of America(US), United States of
America(); 457978, May 11, 2012, ASSIGNMENT OF ASSIGNORS INTEREST (SEE
DOCUMENT FOR DETAILS)., SEQUENOM, INC., 3595 JOHN HOPKINS COURT, SAN
DIEGO, CALIFORNIA, UNITED STATES OF AMERICA(US), 92121, reel-
frame:028193/0870, Sequenom, Inc., San Diego, California, United States of
America(US), United States company or corporation

CORE TERMS:nucleic acid, amplification, sequence, primer, oligonucleotide,
competitor, region, sample, species, target, genomic, nucleotide, minus, inhibitory,
prime, chr21, fetal, loci, base pairs, chromosome, hypermethylation, hybridization,
assay, sequencing, amplified, cell, amplicon, methylated, independently,
quantification

... 6368834, April 9, 2002, Senapathy et al., United States of America (US)
6440706, August 27, 2002, Vogelstein et al., United States of America (US)
6664056, ...

7, 8442774, May 14, 2013, Diagnosing fetal chromosomal aneuploidy using paired
end, Lo, Yuk-Ming Dennis, Kowloon, Hong Kong(HK), Hong Kong(); Chiu, Rossa
Wai Kwun, New Territories, Hong Kong(HK), Hong Kong(); Chan, Kwan Chee,
Kowloon, Hong Kong(HK), Hong Kong(); 433110, The Chinese University of Hong
Kong, Hong Kong SAR, People's Republic of China(CN), Foreign company or
corporation

CORE TERMS: chromosome, sequence, sequencing, sample, sequenced, nucleic
acid, plasma, fetal, maternal, fragment, molecule, genome, chromosomal,

- percentage, trisomy, fetus, euploid, tag, nucleotide, aneuploidy, specimen,
- biological, pregnant, aligned, cutoff, proportion, region, subset, concentration,
pregnancy

-,., 6391559, May 21, 2002, Brownet al., United States of America (US) 6440706,
August 27, 2002, Vogelstein et al., United States of America (US) 6566101, ...

8. 8372584, February 12, 2013, Rare cell analysis using sample splitting and DNA
tags, Shoemaker, Daniel, San Diego, California, United States of America(US),
United States of America(); Toner, Mehmet, Wellesley, Massachusetts, United

States of America(US), United States of America(); Kapur, Ravi, Sharon,
Massachusetts, United States of America(US), United States of America();
Stoughton, Roland, The Sea Ranch, California, United States of America(US),
United States of America();. 763421, January 18, 2008, ASSIGNMENT OF
ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS)., CELLPOINT
DIAGNOSTICS, INC., 265 NORTH WHISMAN ROAD, MOUNTAIN VIEW, CALIFORNIA,
UNITED STATES OF AMERICA(US), 94043, reel-frame:020386/0032; January 18,
2008, ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).,

_ LIVING MICROSYSTEMS INC., 480 ARSENAL STREET, SUITE 130, WATERTOWN,
MASSACHUSETTS, UNITED STATES OF AMERICA(US), 02472, reel-
frame:020387/0228; January 18, 2008, CHANGE OF NAME (SEE DOCUMENT FOR
DETAILS)., ARTEMIS HEALTH, INC., 480 ARSENAL STREET, SUITE 130,
WATERTOWN, MASSACHUSETTS, UNITED STATES OF AMERICA(US), 02472, reel-
frame:020388/0062; September 30, 2008, CHANGE OF NAME (SEE DOCUMENT
FOR DETAILS)., CELLECTIVE DX CORPORATION, 265 NORTH WHISMAN ROAD,
MOUNTAIN VIEW, CALIFORNIA, UNITED STATES OF AMERICA(US), 94043, reel-
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frame:021611/0738; January 28, 2010, ASSIGNMENT OF ASSIGNORS INTEREST
(SEE DOCUMENT FOR DETAILS)., GENERAL HOSPITAL CORPORATION, THE, 55
FRUIT STREET, BOSTON, MASSACHUSETTS, UNITED STATES OF AMERICA(US),

02114, reel-frame:023865/0919; August 5, 2011, CHANGE OF NAME (SEE
DOCUMENT FOR DETAILS)., VERINATA HEALTH, INC., 1531 INDUSTRIAL ROAD,
SAN CARLOS, CALIFORNIA, UNITED STATES OF AMERICA(US), 94070, reel-
frame:026711/0626; September 29, 2011, ASSIGNMENT OF ASSIGNORS
INTEREST (SEE DOCUMENT FOR DETAILS)., VERINATA HEALTH, INC., 1531
INDUSTRIAL ROAD, SAN CARLOS, CALIFORNIA, UNITED STATES OF AMERICA(US),
94070, reel-frame:026992/0687; September 29, 2011, ASSIGNMENT OF
ASSIGNORSINTEREST (SEE DOCUMENT FOR DETAILS)., VERINATA HEALTH, INC.,
1531 INDUSTRIAL ROAD, SAN CARLOS, CALIFORNIA, UNITED STATES OF AMERICA
(US), 94070, reel-frame:026992/0868; October 11, 2011, ASSIGNMENT OF

' ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS)., THE GENERAL HOSPITAL
CORPORATION, 55 FRUIT STREET, BOSTON, MASSACHUSETTS, UNITED STATES OF
AMERICA(US), 02114, reel-frame:027044/0055; October 11, 2011, ASSIGNMENT —
OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS)., GPB SCIENTIFIC, LLC,
800 EAST LEIGH STREET, RICHMOND, VIRGINIA, UNITED STATES OF AMERICA
(US), 23219, reel-frame:027044/0055; October 11, 2011, QUIT CLAIM
ASSIGNMENT, TONER, MEHMET, 106 BRISTOL ROAD, WELLESLEY,
MASSACHUSETTS, UNITED STATES OF AMERICA(US), 02481, reel-
frame:027046/0173, The General Hospital Corporation, Boston, Massachusetts,

' United States of America(US), United States company or corporation; GPB
Scientific, LLC, Richmond, Virginia, United States of America(US), United States
company or corporation; Verinata Health, Inc.; Redwood City, California, United
States of America(US), United States company or corporation

CORETERMS:cell, fetal, sample, allele, primer, emsp, maternal, enriched,
sequence, chromosome,cancer, bin, obstacle, array, sequencing, region, minus,

amplification, module, blood cells, enrichment, tag, probe, epithelial, genomic,magnetic, ratio, blood sample, mutation, capture

. States of America (US) 6432630, August 13, 2002, Blankenstein, United States

of America (US) 6440706, August 27, 2002, Vogelstein et al., United States of
America (US) 6444461,

. 8343442, January 1, 2013, Microfluidic device and methods of using same,
McBride, Lincoln, Belmont, California, United States of America(US), United States
of America(); Lucero, Michael, South San Francisco, California, United States of

. America(US), United States of America(); Unger, Marc, San Mateo, California,
United States of America(US), United States of America(); Nassef, Hany Ramez,
San Mateo, California, United States of America(US), United States of America();
Facer, Geoffrey, San Francisco, California, United States of America(US), United
States of America(); 859176, Fluidigm Corporation, South San Francisco, California,
United States of America(US), United States company or corporation

CORE TERMS:channel, site, sample, reagent, microfluidic, probe, nucleic acid,
primer, amplification, blind, utilized, layer, elastomeric, nucleotide, detection,

. guard, target, substrate, analyses, horizontal, fluid, valve, gene, concentration,
cell, deposited, sequence, region, polymerase,allele

.. 6409832, June 25, 2002, Weigl et al., United States of America (US) 6440706,
August 27, 2002, Vogelstein et al., United States of America (US) 6488832,

10. 8296076, October 23, 2012, Noninvasive diagnosis of fetal aneuoploidy by
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sequencing, Fan, Hei-Mun Christina, Fremont, California, United States of America
(US), United States of America(); Quake, Stephen R., Stanford, California, United
States of America(US), United States of America(); 452083, April 20, 2012,
ASSIGNMENT OF ASSIGNORSINTEREST (SEE DOCUMENT FOR DETAILS)., THE
BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR UNIVERSITY, 1705 EL
CAMINO REAL, PALO ALTO, CALIFORNIA, UNITED STATES OF AMERICA(US),
94306-1106, reel-frame:028083/0262; June 1, 2012, CONFIRMATORY LICENSE
(SEE DOCUMENT FOR DETAILS)., NATIONAL INSTITUTES OF HEALTH (NIH), U.S.
DEPT. OF HEALTH AND HUMAN SERVICES (DHHS), U.S. GOVERNMENT, 6705
ROCKLEDGE DRIVE, SUITE 310, MSC 7980, NIH DIVISION OF EXTRAMURAL
INVENTIONS AND TECHNOLOGY RESOURCES (DEITR), BETHESDA, MARYLAND,
UNITED STATES OF AMERICA(US), 20892-7980, reel-frame:028309/0777, The
Board of Trustees of the Leland Stanford Junior University, Palo Alto, California,

. United States of America(US), United States company or corporation

CORE TERMS:sequence, chromosome, plasma, fetal, tag, sample, sequencing,
maternal, window, genome, density, pregnancy, male, cell-free, fragment, blood,
genomic, aneuploidy, cell, trisomy, mapped, median, sequenced, fraction, digital,
minus, bias, fetus, estimated, region

... States of America (US) 6432630, August 13, 2002, Blankenstein, United States
_ of America (US) 6440706, August 27, 2002, Vogelstein et al., United States of

America (US) 6444461, ...
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