
MYR1008 
Myriad Genetics, Inc. et al. (Petitioners) v. The Johns Hopkins University (Patent Owner) 

IPR For USPN 8,859,206

Page 1 of 1224



Page 2 of 1224

PTO/SB/57 (02-13)
Approved for use through 07/31/2015. OMB 0651 -0064

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

13. The attached detailed request includes at least the following items:

a. A statementidentifying each substantial new question of patentability based on prior patents and printed
publications. 37 CFR 1.510(b)(1).

b. An identification of every claim for which reexamination is requested, and a detailed explanation of the pertinency
and mannerof applying the cited art to every claim for which reexamination is requested. 37 CFR 1.510(b)(2).

14. __ A proposed amendmentis included (only where the patent owner is the requester). 37 CFR 1.510(e).

15. a. It is certified that a copy of this request(if filed by other than the patent owner) has been servedin its entirety on
the patent owneras provided in 37 CFR 1.33(c).

The name and addressof the party served and the date of service are:

Banner & Witcoff, Ltd., Attorneys for client 001107, 1100 13th Street N.W., Suite 1200, Washington DC 20005-4051

 
Date of Service: ;or

| b. A duplicate copy is enclosed since service on patent owner wasnot possible. An explanation of the efforts
made to serve patent owneris attached. See MPEP§ 2220.

 

16. Correspondence Address: Direct all communication about the reexamination to:

[v. The address associated with Customer Number: 52059
OR

[| Firm or
Individual Name
 

Address

17. v| The patentis currently the subject of the following concurrent proceeding(s):
 | a. Copending reissue Application No.

_v|b. Copending reexamination Control No. Concurrent requests in related patents 7824889 & 7915015
[_] c. Copending Interference No.

|v d. Copendinglitigation styled:

 

 

United States District Court for the Middle District of North Carolina Greensboro Division (Esoterix Genetic Labs, LLC, & The

Johns Hopkins Univ. vs. Life Techs. Corp., Applied Biosystems, LLC, and lon Torrent Systems, Inc., Case No. 12-1173 (Oct 31, 2012)

WARNING: Information on this form may becomepublic. Credit card information should not be
included on this form. Provide credit card information and authorization on PTO-2038.

/Ashita A. Doshi/ 6/17/13

Authorized Signature Date

Ashita Doshi 57,327
Typed/Printed Name Registration No.

 

| For Patent Owner Requester

 
“v For Third Party Requester

[Page 2 of 2]

Page 2 of 1224



Page 3 of 1224

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent No.: 6,440,706

Inventor: Bert Vogelsteinetal.

Assignee: Johns Hopkins University

Issued: August 27, 2002

Application No.: 09/613,826

Filed: July 11, 2000

Control No.: To Be Assigned

Reexamination Filing Date: To Be Assigned

Art Unit: To Be Assigned

For: DIGITAL AMPLIFICATION

CERTIFICATE OF SERVICE ON PATENT OWNER

FOR EX PARTE REQUEST FOR REEXAMINATION

I hereby certify that a copy of the Request for Ex Parte Reexamination by Third Party

Requester filed on this date was served in its entirety on Patent Owner by First Class Mail,

addressed to the following Correspondence Address of record for U.S. Patent No. 6,440,706:

Banner & Witcoff, Ltd.
1100 13" Street N.W.

Suite 1200

Washington DC 20005-4051

Dated: June 17, 2013 Respectfully submitted,

By: /Elizabeth Morgan/
Elizabeth Morgan
Patent Paralegal
Life Technologies Corporation
2130 Woodward St., Bldg. 1
Austin, TX 78744
512-721-3690

ElizabethMorgan@iifetech.com
 

Customer No. 52059

Page 3 of 1224



Page 4 of 1224

Electronic Patent Application Fee Transmittal

omen

Title of Invention: Digital Amplification

a

ex parte reexam Filing Fees

Sub-Total in

USD(S$)
Description Fee Code Quantity

Basic Filing:

REQUEST FOR EX PARTE REEXAMINATION 1812 12000 12000

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extensiapsofeyime:

 



Page 5 of 1224

_ . Sub-Total in

Total in USD (S$) 12000 

Page 5 of 1224



Page 6 of 1224

Electronic AcknowledgementReceipt

ee

itn

Title of Invention: Digital Amplification

re

a

Paymentinformation:

 
Submitted with Payment yes

Deposit Account 503994

TheDirector 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 1.16 (National application filing, search, and examination fees)

Phgeg? aim2additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)

 



Page 7 of 1224

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

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

File Listing:

Document gs File Size(Bytes)/ Multi PagesNumber DocumentDescription|FileName|Message Digest|Part/.zip| (if appl.)
1297861

Copy of patent for which reexamination LT00831 REX-Exhibit1-
is requested US6440706.pdf b4bd9b4fe944bd0a5 ebf1 a068389a676a7 6}

7146

Information:

9057225
Reexam - Affidavit/Decl/Exhibit Filed by LT00831REX-Exhibit3-

3rd Party US6440706-file-history.pdf 0b5 14d 5 10082f06c05e4bfd2e202920a254|

Information:

1540417
Reexam - Affidavit/Decl/Exhibit Filed by LT00831REX-

3rd Party Exhibit4-601 46792. pdf 91 2ebfcc5Sbebefb 1d81e60bfbe84d87a38
6bf21

12475043
Reexam - Affidavit/Decl/Exhibit Filed by LT00831REX-Exhibit5-

3rd Party US13071105-file-history.pdf 807ae0d932cal 8c3d39 1bO3adflad5 10f10
1fSdc

Information:

3796691
Reexam - Affidavit/Decl/Exhibit Filed by LT00831REX-Exhibit6-

3rd Party Kuppers-1993-4955.pdf 76621a66bc8c079aacSbe8990b0a488edbe

Information:

5486030
Reexam - Affidavit/Decl/Exhibit Filed by LT00831REX-Exhibit7-

3rd Party Wolf-1996-3418.pdf 621¢85dd2dc95 107fa5 75b6ed 1 abOfc1 9be}
ef38e

Information:

474790
Reexam - Affidavit/Decl/Exhibit Filed by LT00831REX-Exhibit-PA1-

3rd Party Li-1998.pdf 3cce9a423bcafda3cbfd7cl 721cce8d332e1

Information:

8167591
Reexam - Affidavit/Decl/Exhibit Filed by LT00831REX-Exhibit-PA2-

3rd Party Zhang-1992.pdf b686a0f3cacda90fc6a0423f9¢2c3fd43776

 



Page 8 of 1224

Information:

15549635
LT00831REX-Exhibit-PA3-

Jeffreys-1988.pdf
Non Patent Literature

4778934713441 ca6da0508c904b2fd644d8
acdf7

Information:

8517931
LT00831REX-Exhibit-PA4-

NonPatentLiterature Kalinina-1997-1999,pdf 9f3eab309204 1 cd3fbc7b138620af709 1b9
0565,

Information:

874158
LT00831REX-Exhibit-PA5-

Non Patent Literature Chou-1992-1717.pdf 80b63820ab73ed4ba8f3c7c884f0e05 2efIe|
9d40

11113342
LT00831REX-Exhibit-PA6-

Non Patent Literature Burg-1989-1787.pd¢ dbd934ddfba779f6a97e5815 7d27c1754e9|
a3788

Information:

24684508
LT00831REX-Exhibit-PA7-

Non Patent Literature Trumper-1993-3097.pdf 9c4f7a63 0f39e0f5 3dd6e4754a5e5b87e77f]
dsfs

Information:

12057722
LT00831REX-Exhibit-PA8-

Non Patent Literature Kanzler-1996-3429,pdf b457da6c4c12302 140f928b1 f6c8757a9d cal
dbd8

4239688
LT00831REX-Exhibit-PA9-

Non Patent Literature Gravel-1998-2866.pdf 210edc8f3f3c40bc22f66c78a942d5775c2b)
O1bb

Information:

7432863
LT00831REX-Exhibit-PA10-

Non Patent Literature Marcucci-1998-790.pdf 2b58de8f97565 30ad6286d1103f624ba066
ae607

Information:

381469
LT00831REX-Exhibit-PA1 1-

Non Patent Literature Flint-1997-2469.pdf ecfa37f2c69afa51ec12a478b5 97f3e4 12048
ccd

Warnings? & of 1224

 



Page 9 of 1224

Information:

1784465
LT00831REX-Exhibit-PA12-

Non Patent Literature Ponten-1997-45.pd¢ Sfcfce5e11f151e78c5798cd494.ab789af37al
cd5

Information:

5469597
Reexam - Affidavit/Decl/Exhibit Filed by LT00831REX-Exhibit8-

3rd Party Mandahl-1996-632.pdf da64853602b1 5ac80e4c1d9a1f53027ab3
3c2d8

Information:

Reexam - Info Disclosure Statement

Filed by 3rd Party LT00831REX-Exhibit2-SB08.pdf ad98141d0c4284a7e6bb97726677ef456e8|
780cb

616962
Receipt of Orig. Ex Parte Request by LT00831REX-reexam-

Third Party request-6-17-13.pdf a6da374bf488e7d4e4cbebe43e5b147ca6c]
97174

Information:

243291
LT00831REX-reexam-request-

Transmittal of New Application transmittal-6-17-13.pd¢ 2493 d3b4affl 1ffe6e3 ebf05a65d54208f15)
O7c

Information:

LT00831REX-certificate-service-

reexam-request-6-17-13.pdf 4277491547b034b56252f5d5al 77c0457d5|
29d4c

Reexam Certificate of Service

Information:

Fee Worksheet (SB06) fee-info.pdf
d407d9cf7 1f14d4f6fSdb4fofdd1 181aefde2|

647

 
Page 9 of 1224



Page 10 of 1224

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 receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary 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 shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

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

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed 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
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.

 

Page 10 of 1224



Page 11 of 1224

EXHIBIT 1



Page 12 of 1224

a2) United States Patent
Vogelstein et al.

US006440706B1

US 6,440,706 B1
Aug. 27, 2002

(0) Patent No.:

(45) Date of Patent: 

(54) DIGITAL AMPLIFICATION

(75) Inventors: Bert Vogelstein, Baltimore; Kenneth
W. Kinzler, BelAir, both of MD (US)

(73) Assignee: Johns Hopkins University, Baltimore,
MD (US)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

(21) Appl. No.: 09/613,826

(22) Filed: Jul. 11, 2000

Related U.S. Application Data
(60) Provisional application No. 60/146,792, filed on Aug. 2,1999.

(51) Int. CR vec cecseeecceeesseeeeee C12P 19/34; C120 1/68;
CO0O7H 21/02; CO7H 21/04; CO7H 19/00

(52) U.S. Ch wee 435/91.2; 435/60; 435/7.1;
435/91 .1; 536/22.1; 536/23.1; 536/24.3;

536/24.31; 536/24.32; 536/24.33

(58) Field of Search 2.0.0.0... 435/6, 7.1, 91.1,
435/91.2; 536/22.1, 23.1, 24.3, 24.31, 24.32,

24.33

(56) References Cited
U.S. PATENT DOCUMENTS

5,670,325 A 9/1997 Lapidusetal.
5,804,383 A 9/1998 Grucnertctal.
5,858,603 A 1/1999 Nisson et al.
5,925,517 A * 7/1999 ‘lyagi et al. oo. 435/6
5,928,870 A 7/1999 Lapidusetal.
6,020,137 A 2/2000 T.apidusetal.
6,037,130 A * 3/2000 Tyagi et al. oo... 435/6
6,143,496 A 11/2000 Brownetal.

FOREIGN PATENT DOCUMENTS

EP 0643140 A 3/1995
WwO WO 95/13399 5/1995
WO WO 99/13113 3/1999

OTHER PUBLICATIONS

Newton Essential PCR pp. 51-52 1995.*
Darren G. Monckton, et al., “Minisatellite “Isoallele” Dis-
crimination in Pseudohomozygotes by Single Molecule
PCR and Variant Repeat Mapping”, Genomics 11, pp.
465-467, 1991.
Gualberto Ruano, et al., “Haplotype of Multiple Polymor-
phisms Resolved by Enzymatic Amplification of Single
DNA Molecules’, Proc. National Science USA, 1990 vol. 87
pp 6296-6300.
W. Navidi, et al., “Using PCR in Preimplantation Genetic
Disease Diagnosis”, Human Reproduction, vol. 6, No. 6, pp.
836-849, 1991.
Hongua Li, et al., “Amplification and Analysis of DNA
Sequences in Single Human Sperm and Diploid Cells”,
Nature, vol. 335, Sep. 29, 1988 pp. 414-417.
Ramon Parsons, et al., “Mismatch Repair Deficiency in
Phenotypically Normal Human Cells”, Science, vol. 268,
May 5, 1995 pp. 738-740.

Page 12 of 1224

Lin Zhang, et al., “Whole Genome Amplification from a
Single Cell: Implications for Genetic Analysis”, Proc.
National Science USA, vol. 89, pp. 5847-5851, Jul. 1992.

David Sidransky, et al., “Clonal Expansion of p53 Mutant
Cells in Associated with Brain Tumor Progression”, Nature,
Feb. 27, 1992 vol. 355, pp. 846-847.

Alec J. Jeffreys, et al., “Mutation Processes at Human
Minisatellites”, Electophoresis, pp. 1577-1585, 1995.

C. Schmitt, et al., “High Sensitive DNA Typing Approaches
for the Analysis of Forensic Evidence: Comparison of
Nested Variable Number of Tandem Repeats (VNTR)
Amplification and a Short Tandem Repeats (STR) Polymor-
phism”, Forensic Science International, vol. 66, pp.
129-141, 1994.

Paul M.Lizardi, et al., “Mutation Detection and Single—M-
olecule Counting Using Isothermal Rolling—Circle Ampli-
fication”, Nature Genetics, vol. 19, Jul. 1988 pp. 225-232.

A. Piatek et al., “Molecular Beacon Sequence Analysis for
Detecting Drug Resistance in Mycobacterium Tuberculo-
sis”, Nature Biotechnology, Apr. 1998, pp. 359-363,vol. 16,
No.4.

S. Tyagi et al., “Multicolor Molecular Beacons for allele
discrimination”, Nature Biotechnology, pp. 303-308, Jan.
1998, vol. 16, No. 1.

J. A.M. Vet et al., “Multilex Detection of Four Pathogenic
Retroviruses Using Molecular Beacons”, Proceedings of the
National Academyof Sciences of the United States, May 25,
1999, pp. 6394-6399, vol. 96, No. 11.

S. Tyagiet al., “Molecular Beacons: probes that Fluoresce
Upon Hybridization”, Nature Biotechnology, 1996, pp.
303-308, vol. 14, No. 3.

W.P. Halford et al., “The Inherent Quantitative Capacity of
the Reverse Transcription—Polymerase Chain Reaction”,
Analytical Biochemistry, Jan. 15, 1999, pp. 181-191, vol.
266, No. 2.

B. Vogelstein et al., “Digital PCR”, Proceedings of the
National Academy of Sciences of the United States, Aug.3,
1999, pp. 9236-9241, vol. 96, No. 16.

K. D.E. Everett et al, “Identification of nine species of the
Chlamydiaceae Uisng PCR-RFLP”’, Apr. 1999, pp.
803-813, vol. 49, No. 2.

* cited by examiner

Primary Examiner—Jcfirey Sicw
(74) Attorney, Agent, or Firm—Banner & Witcoff, Ltd.

(57) ABSTRACT

The identification of pre-defined mutations expected to be
present in a minorfraction of a cell population is important
for a variety of basic research and clinical applications. The
exponential, analog nature of the polymerase chain reaction
is 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 ana-
lyzed for the presence of mutations. The process provides a
reliable and quantitative measure of the proportion of variant
sequences within a DNA sample.

64 Claims, 7 Drawing Sheets



Page 13 of 1224

U.S. Patent Aug. 27, 2002 Sheet 1 of 7 US 6,440,706 B1

 

FIG. 1A
DNA

STEP 1 | DILUTE TO ~ 1/2 COPY/WELL PCR

ee © e© e© @ @
>. © © «© e e@

ee e© © «© e@ @

eee Ons ece

eee CS eee

eoece ES eee

° co ee
oo «© © e e© e@

ADD FLUORESCENT PROBES
FLUOQROMETRY

 oe OQ) QDeoee

ee S Ores

= NO PCR PRODUCT

S = WILD TYPE PCR PRODUCT
Q — MUTANT PCR PRODUCT

Page 13 of 1224



Page 14 of 1224

U.S. Patent Aug. 27, 2002 Sheet 2 of 7 US 6,440,706 B1

FIG.1B

FLUORESCENT $7NL=oo”
NON-FLUORESCENT

FLUORESCENTQUENCHER\

 
/ DYE

Page 14 of 1224



Page 15 of 1224

U.S. Patent Aug. 27, 2002 Sheet 3 of 7 US 6,440,706 B1

INT

MB-GREEN QUERIEDCODONS
FIG.1€

MB-RED 
Page 15 of 1224



Page 16 of 1224

U.S. Patent Aug. 27, 2002 Sheet 4 of 7 US 6,440,706 B1

Hut
SSS
UT

LLLLALLABSSay

Eph

KXKKK

 

 
 

|

Mut
GCCTGGTGGCGTAIYT 

  Sa
IMM
  
   

PLL

<7SN 2
SSSSS]_=UT

SSK KKK
GCTGGTOGGCGTAINT

 

  

 
 
i— GCTGGTGGCGTA 

 

 

PIUZZ/ZE

SSS
poeYY =
Sm
EE
Ss

|— :

 
 
 

 
MME
ESS

NI

© RWNTMTaba KEKE &KEK Ww)Cl

SSE ES
PyZLEliERSS[S{SSsKKK

PSS =x
HOUT en me

Cane io

pS] >
OO cS Ss

WILDTYPE
 

 
4.0 3.6

2

Page 16 of 1224



Page 17 of 1224

US 6,440,706 B1Sheet 5 of 7Aug.27, 2002U.S. Patent

 
SLONGOYdJIdIQ40gS-NONLONGOYdHOd__SPU

  

raveGEE,S067sxeSURE,L102dsyeLAS

[182BLLOeeget|ogeePogee]lzieds¥2.A\9 
 

 

Page 17 of 1224



Page 18 of 1224

US 6,440,706 B1Sheet 6 of 7Aug.27, 2002U.S. Patent

xny

Hh¥1l99Jidsiis,peneyPrapeersgrs199"p1gg104 Sea]NEPSESNsyel2—eeWNBuBYdsy2Ais)

 

 
 

vOld

Page 18 of 1224



Page 19 of 1224

US 6,440,706 B1Sheet 7 of 7Aug.27, 2002U.S. Patent

FIG. 5
 

Well €1]

 

‘
Lj

£)Vi
GCTG,TGGCGTA GTALHIBCTGGTGG,

Mux

 

—,

eeeeeeeeeeneeeeSeeeeeESeeeee|eeeeeeae8EeeeecoeeeoeeepeeeeoeeeeeCBeeeeeveCEeeeEeeeeaeeeeeeSeeer“EeTeBe<)ojojofujejoj]—||x|o/3)z[o]o|
LORS

 

 

  
 

Page 19 of 1224



Page 20 of 1224

US 6,440,706 B1
1

DIGITAL AMPLIFICATION

This application claims the benefit of U.S. Ser. No.
60/146,792, filed Aug. 2, 1999.

The U.S. governmentretains certain rights in this inven-
tion 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.

TECHNICAL FIELD OF THE INVENTION

This inventionis related to diagnostic genetic analyses. In
particular it 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 mutations are the primary cause of
cancer (1), and may also play a role in aging (2,3), new
genetic principles have arisen. These discoveries have pro-
vided a wealth of new opportunities for patient management
as well as for basic research into the pathogenesis of
neoplasia. However, many of these opportunities hinge upon
detection of a small number of mutant-containing cells
among a large excess of normal cells. Examples include the
detection of neoplastic cells in urine (4), stool (5,6), and
sputum (7,8) of patients with cancers of the bladder,
colorectum, and lung, respectively. Such detection has been
shown in some cases to be possible at a stage when the
primary tumorsare still curable and the patients asymptom-
atic. Mutant sequences from the DNA of neoplastic cells
have also been found in the blood of cancer patients (9-11).
The detection of residual disease in lymph nodes or surgical
margins may be useful in predicting which patients might
benefit most from further therapy (12-14). From a basic
research standpoint, analysis of the early effects of carcino-
gens is often dependent on the ability to detect small
populations of mutant cells (15-17).

Because of 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
standard for the detection of germ line mutations, but is
useful only when the fraction of mutated alleles is greater
than ~20% (18,19). Mutant-specific oligonucleotides can
sometimes be used to detect mutations present in a minor
proportionof the cells analyzed, but the signal to noise ratio
distinguishing mutant and wild-type (WI) templates is
variable (20-22). The use of mutant-specific primers or the
digestion of polymerase chain reaction (PCR) products with
specific restriction endonucleases are extremely sensitive
methods for detecting such mutations, but it is difficult to
quantitate the fraction of mutant molcculcs in the starting
population with these techniques (23-28). Other innovative
approachesfor the detection of somatic mutations have been
reviewed (29-32). A general problem with these methodsis
that it is difficult or impossible to independently confirm the
existence of any mutations that are identified.

Thus there is a need in the art for methods for accurately
and quantitatively detecting genetic sequences in mixed
populations of sequences.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide methods
for determining the presence of a selected genetic sequence
in a population of genetic sequences.
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It is another object of the present invention to provide
molecular beacon probes useful in the method of the inven-
tion.

These and other objects of the invention are achieved by
providing a method for determining the presence of a
selected genetic sequence in a 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 ampli-
fied to form a population of amplified moleculesin the assay
samples of the set. The amplified molecules in the assay
samples of the set are then analyzed to determine a first
oumber of assay samples which contain the selected genetic
sequence and a second number of assay samples which
contain a reference genetic sequence. The first number is
then compared to the second number to ascertain a ratio
which reflects the composition of the biological sample.

Another embodiment of 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 form a population of amplified molecules in each of the
assay samples of the set. The amplified molecules in the
assay samples of the set are analyzed to determine a first
oumber of assay samples which contain the selected genetic
sequence and a second number of assay samples which
contain a reference genetic sequence. The first number is
compared to the second numberto ascertain a ratio which
reflects the composition of the biological sample.

According to another embodiment of the invention, a
molecular beacon probe is provided. It comprises an oligo-
nucleotide with a stem-loop structure having a photolumi-
nescent dye at one of the 5’ or 3' ends and a quenching agent
al the opposite 5' or 3' end. The loop consists of 16 base pairs
and has a T,,, of 50-51° C. The stem consists of 4 base pairs
having a sequence 5'-CACG-3'.

A second type of molecular beacon probe is provided in
another embodiment. It comprises an oligonucleotide with a
stem-loop structure having a photoluminescent dye at 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 hasa T,,,
of 54—-56° C. The stem consists of 4 base pairs having a
sequence 5'-CACG-3'.

Another embodimentprovides the two types of molecular
beacon probes, either mixed together or provided in a
divided container as a kit.

The invention thus provides the art with the means to
obtain quantitative assessments of particular DNA or RNA
sequences in mixed populations of sequences using digital
(binary) signals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, 1C. Schematic of experimental design. (A)
The basic two steps involved: PCR on diluted DNA samples
is followed by addition of fluorescent probes which dis-
criminate between WT and mutant alleles and subsequent
fluorometry. (B) Principle of molecular beacon analysis. In
the stem-loop configuration, fluorescence from a dyeat the
5' end of the 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 fluo-
rescence. Modified from Marraset al. (C) Oligonucleotide
desigo. Primers F1 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
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Methods). MB-RED is a Molecular Beacon which detects
any appropriate PCR product, whether it is WT or mutant at
the queried codons. MB-GREEN is a Molecular Beacon
which preferentially detects the WT PCR product.

FIG. 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, con-
laminating non-neoplastic cells within the tumor presum-
ably 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 more alleles of mutant c-Ki-
Ras for every WT allele (SEQ ID NO: 7); both these tumors
were aneuploid. Analysis of the Gly13Asp mutation is also
shown (SEQ ID NO: 9).

FIG. 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 of the c-Ki-Ras gene.
Wells with values >10,000 are shaded yellow. Polyacryla-
mide gel electrophoretic analyses of the PCR products from
selected wells are shown. Wells with fluorescence values

<3500 had no PCR product of the correct size while wells
with fluorescence values >10,000 SFU always contained
PCR products of 129 bp. Non-specific products generated
during the large numberof cycles required for Dig-PCR did
not affect the fluorescence analysis. M1 and M2 are molecu-
lar weight markers used to determine the size of fragments
indicated on the left (in base pairs).

FIG. 4. Discriminating WT from mutant PCR products
obtained in Dig-PCR. RED/GREEN ratios were determined
from the fluorescence of MB-RED and MB-GREEN as
described in Materials and Methods. The wells shown are

the same as those illustrated in FIG. 3. The sequences of
PCR products from the indicated wells were determined as
described in Materials and Mcthods. The wells with RED/

GREENratios >3.0 each contained mutant sequences while
those with RED/GREEN ratios 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.

FIG. 5. Dig-PCR of DNA from a stool sample. The 384
wells used in the experiment are displayed. Those colored
blue contained 25 genome equivalents of DNA from normal
cells. Each of these registered positive with MB-RED and
the RED/GREEN ratios were 1.0+/-0.1 (mean +/-1 stan-
dard 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 reg-
istering as positive with MB-RED were colored either red or
green, depending on their RED/GREENratios. Those reg-
istering negative with MB-RED were colored white. PCR
products from the indicated wells were used for automated
sequence analysis. The sequence of WT c-Ki-Ras in well K1
(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 of template molecules
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so that the resultant products have a proportionof the analyte
sequence whichis detectable by the detection means chosen.
At its limit, single template molecules can be amplified so
that the products are completely mutant or completely
wild-type (WT). The homogeneity of these amplification
products makes them trivial to distinguish through existing
techniques.

The method requires analyzing a large number of ampli-
fied products simply and reliably. Techniques for such
assessments were developed, with the output providing a
digital readout of the fraction of mutant alleles in the
analyzed population.

The biological sample is diluted to a point at which a
practically usable number of the diluted samples contain a
proportion of the selected genetic sequence (analyte) relative
to total template molecules such that 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 of the 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 economical will be the
overall assay. Over-dilution will also lead to a loss of
economy, as many samples will be analyzed and provide no
signal. A particularly preferred degree of dilution is to a
point where each of the assay samples has on average
one-half of a template. The dilution can be performed from
more concentrated samples. Alternatively, dilute sources of
template 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
hundred or Iess 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 number of wells 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 allowing sensitivities 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 sensitivity may ultimately be limited by
polymerase errors. The effective error rate in PCR as per-
formed under our conditions was <0.3%, i.e., in control
experiments with DNA from normalcells, none of 340 wells
containing PCR products exhibited RED/GREEN ratios
>3.0. Any individual mutation (such as a G- to
C-transversion at the second position of codon 12 of c-Ki-
ras) is expected to occur in <1 in 50 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 sequence of the putative
mutants in the positive wells, by direct sequencing, as
performed here or by any of the other techniques, provides
unequivocal validation of a prospective mutation: a signifi-
cant fraction of the mutations found in individual wells

should be identical if the mutation occurred in vivo. Sig-
nificance can be established through rigorous statistical
analysis, as positive signals should be distributed according
to Poisson probabilities. Moreover, the error rate in particu-
lar Digital Amplification experiments can be precisely deter-
mined through performance of Digital Amplification on
DNAtemplates from normal cells.

Digital Amplification is as easily applied to RT-PCR
products generated from RNA templates as it is to genomic
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DNA.For example, the fraction of alternatively spliced or
mutant transcripts from a gene can be easily determined
using photoluminescent probes specific for each of the PCR
products generated. Similarly, Digital Amplification can be
used to quantitate relative levels of gene expression within
an RNA population. For this amplification, each well would
contain primers which are used to amplify a reference
transcript expressed constitutively as well as primers spe-
cific 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 numberof wells in which the
test transcript is amplified divided by the numberof wells in
which the reference transcript is amplified provides a quan-
titative measure of gene expression. Another group of
examples involves the investigations of allelic status when
two mutations are observed upon sequence analysis of a
standard DNA sample. To distinguish whether one variant is
present in each allele (vs. both occurring in one allele),
cloning of PCR products is generally performed. The
approach described here would simplify the analysis by
eliminating the need for cloning. Other potential applica-
tions of Digital Amplification are listed in Table 1. Whenthe
goal is the quantitation of the proportion of two relatively
common alleles or transcripts rather than the detection of 2
rare alleles, techniques such as those employing TaqMan
and real time PCR provide an excellent alternative to use of
molecular beacons. Advantages of real time PCR methods
include 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 (55)).

The ultimate utility of Digital Amplification lies in its
ability to convert the intrinsically exponential nature of PCR
to a linear one. It should thereby prove useful for experi-
ments requiring the investigation of individual alleles, rare
variants/mutations, or quantitative analysis of PCR prod-
ucts.

In one preferred embodiment each diluted sample has on
average one half a template molecule. This is the same as
one half of the diluted samples having one template mol-
ceule. This can be empirically determined by amplification.
Either the analyte (selected genetic sequence) or the refer-
ence genetic sequence can be used for this determination. If
the analysis method being used can detect analyte when
present at a level of 20%, then one mustdilute such that a
significant number of diluted assay samples contain more
than 20% of analyte. If the analysis method being used
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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. Prefer-
ably 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 determi-
nation will improve as the number of samples increases, up
to a point. Because a large number of 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 performed in the same
receptacle. This makes the method anin situ, or “one-pot”
method.

The number of different situations in which the digital
amplification method will find application is large. Some of
these are listed in Table 1. As shown in the examples, the
method can be used to find a tumor mutation in a population
of cells which is not purely tumor cells. As described in the
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 indicator of the presence of one or more mutations.
Chromosomal translocations which are characteristic of

leukemias or lymphomascan be detected as a measure of the
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 mRNA one can
determine relative levels of transcription of two different
genes. One can use digital amplification to distinguish
between a situation where one allele carries two mutations
and one mutation is carried on each of two alleles in an
individual. Allelic imbalances often result from a disease

state. These can be detected using digital amplification.

Biological samples which can be used as the starting
material for the analyses may be from any tissue or body
sample from which DNA or mRNA can be isolated. Pre-
ferred sources include stool, blood, and lymph nodes.Pref-
erably the biological sample is a cell-free lysate.

TABLE1

Potential Applications of Dig-PCR

Application Example

Base substitution
mutations nodes

Chromosomal Residual leukemia cells after therapy (DNA or
translocations RNA)
Gene amplifications

Alternatively spliced

Cancer gene mutations in stool, blood, lymph

Determine presence or extent of amplification

Determine fraction of alternatively spliced

Probe 1 Detects: Probe 2 Detects:

mutant or WTalleles WT PCR products

normal or translocated translocated allele
alleles

sequence within amplicon sequence from another part of
same chromosome arm

minor exons ccomon exons

first transcript reference transcript
products transcripts from same gene (RNA)
Changes in gene Determine relative levels of expression of two
expression genes (RNA)
Allelic discrimination Two different alleles mutated vs. one mutation    

in each of two alleles
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TABLE 1-continued

Potential Applications of Dig-PCR

Application Example

Allelic imbalance Quantitative analysis with non-polymorphicmarkers

Molecular beacon probes according to the present inven-
tion can utilize any photoluminescent moiety as a detectable
moiety. Typically these are dyes. Often these are fluorescent
dyes. Photeluminescence is any process in which a material
is excited by radiation such aslight, 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 accompany-
ing 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, ie., a quantum-
mechanically “allowed” transition. Photoluminescence also
includes phosphorescence which denotes emission accom-
panying descent from an excited triplet or singlet state to a
lowerstate of different multiplicity, i-e., a quantum mechani-
cally “forbidden” transition. Compared to “allowed”
transitions, “forbidden” transitions are associated with rela-
tively longer excited state lifetimes.

The quenching of photoluminescence may be analyzed by
a variety of methods which vary primarily in terms of signal
transduction. Quenching may be transduced as changes in
the intensity of photoluminescence or as changes in the ratio
of photoluminescence intensities at two different
wavelengths, or as changes in photoluminescencelifetimes,
or even as changes in the polarization (anisotropy) of
photoluminescence. Skilled practitioners will recognize that
instrumentation for the measurement of these varied photo-
luminescent responses arc known. The particular ratiomctric
methods for the analysis of quenching in the instant
examples should not be construed as limiting the invention
to any particular form of signal transduction. Ratiometric
measurements of photoluminescence intensity can include
the measurementof changesin intensity, photoluminescence
lifetimes, or even polarization (anisotropy).

Although the working examples demonstrate the use of
molecular beacon probes as the means of analysis of the
amplified dilution samples, other techniques can be used as
well. ‘These include sequencing, gel ‘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
intended to limit the scope of the invention.

EXAMPLE1

Step 1: PCR amplifications. The optimal conditions for
PCR described in this section were determined by varying
the parameters described in the Results. PCR was performed
in 7 ul volumesin 96 well polypropylene PCR plates (Marsh
Biomedical Products, Rochester, N-¥.). The composition of
the reactions was: 67 mM Tris, pH 8.8, 16.6 mM NH,SO,,
6.7 mM MgCl, 10 mM £-mercaptoethanol, 1 mM dATP, 1
mM dCTP, 1 mM dGTP, 1 mM TIP, 6% DMSO, 1 uM
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Probe 2 Detects:

marker from reference
chromosome

poimer F1, 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 of DNA
corresponding to one-half genome equivalent, DNAsamples
were serially diluted and tested via PCR. The amount that
yielded amplification products in half the wells, usually ~1.5
pg of total DNA, was defined as “one-half genome equiva-
lent” and used in each well of subsequent Digital Amplifi-
cation experiments. Fifty ul light mineral oil (Sigma
M-3516) was added to each well and reactions performed in
a HybAid Thermal cycler 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 tem-
perature 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,SO,, 6.7 mM MgCl, 10 mM
(-mercaptoethanol, 1 mM dATP, 1 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/Ail Platinum Taq
polymerase. The plates were centrifuged for 20 seconds at
6000 ¢g and fluorescence read at excitation/emission wave-
lengths of 485 nm/530 nm for MB-GREENand 530 nm/590
nom for MB-RED. The fluorescence in wells without tem-

plate was typically 10,000 to 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;
94° for one minute; and 60° for five minutes. The plates were
then incubated at room temperature for ten to sixty minutes
and fluorescence measured as described above. Specific
fluorescence was defined as the difference in fluorescence

before and after the asymmetric amplification. RED/
GREENratios were defined as the specific fluorescence of
MB-RED divided by that of MB-GREEN. RED/GREEN
ratios were normalized to the ratio exhibited by the positive
controls (25 genome equivalents of DNA from normalcells,
as defined above in Example 1). We foundthat the ability of
MB probes to discriminate between WT and mutant
sequences under our conditions could not be reliably deter-
mined 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:
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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'
(SEO ID NO: 5). Molecular Beacons (33,34) were
synthesized by Midland Scientific and other oligo-
nucleotides were synthesized by Gene Link
(Thomwood, N-Y.). All were dissolved at 50 uM in TE
(10 mM Tris, pH 8.0/1 mM EDTA)and keptfrozen and
io the dark until use. PCR products were purified using,
QJAquick PCR purification kits (Qiagen). In the rel-
evant experiments described in the text, 20% of the
product from single wells was used for gel electro-
phoresis and 40% was used for each sequencing reac-
tion. The primer used for sequencing was
5'-CATTATTTTTATTATAAGGCCTGC-3' (SEQ ID
NO: 6). Sequencing was performed using
fluorescently-labeled ABI Big Dye terminators and an
ABI 377 automated sequencer.

EXAMPLE4

Principles underlying experiment. The experimentis out-
lined in FIG. 1A. First, the DNA is 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 of PCR products of
mutant and WT sequence using fluorescent probes.

As the PCR products resulting from the amplification of
single template molecules should be homogeneous in
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 (31, 33-40). We chose to explore the utility of
one such technology, involving Molecular Beacons (MB),
for this purpose (33,34). MB probesare oligonucleotides
with stem-loop structures that contain a fluorescent dye at
the 5' end and a quenching agent (Dabcy)l)at the 3' end (FIG.
1B). The degree of quenching via fluorescence energy
resonance transfer is inversely proportional to the 6” power
of the distance between the Dabcyl group and the fluorescent
dye. After heating and cooling, MB probes reform a stem-
loop structure which quenches the fluorescent signal from
the dye (41). If a PCR product whose sequence is comple-
mentary to the loop sequence is present during the heating/
cooling cycle, hybridization of the MB to one strand of the
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 shown in FIG. 1C. Two unmodified oligo-
nucleotides are used as primers for the PCR reaction. Two
MBprobes, each labeled with a different fluorophore, are
used to detect the PCR products. MB-GREENhas a loop
region that is complementary to the portion of the WT PCR
product that is queried for mutations. Mutations within the
corresponding sequence of the PCR product should signifi-
cantly impede its hybridization to the MB probe (33,34).
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 whenever a well
contains a PCR product, whether that product is WT or
mutant in the region queried by MB-GREEN. Both MB
probes are used together to simultaneously detect the pres-
ence of a PCR product and its mutational status.
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Practical Considerations. Numerous conditions were opti-
mized 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 of template
molecules use a nesting procedure, wherein a productresult-
ing from one set of primers is used as template in a second
reaction employing internal primers. As many applications
of digital amplification are expected to require hundreds or
thousandsof separate amplifications, such nesting would be
inconvenient and could lead to contamination problems.
Hence, conditions were sought that would achieve robust
amplification without nesting. The most important of these
conditions involved the use of a polymerase that was acti-
vated only after heating (44,45) and optimized concentra-
tions of dNTP’s, primers, buffer components, and tempera-
ture. The conditions specified in Examples 1-3 were defined
after individually optimizing each of these components and
proved suitable for amplification of several different human
genomic DNAsequences. Thoughthe time required for PCR
was not particularly long (~2.5 hr), the number of cycles
used was high and excessive compared to the number of
cycles 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 of PCR product if a template molecule were
present within it.

The second step in FIG. 1A involvesthe detection of these
PCR products. It was necessary to considerably modify the
standard MB probe approach in order for it to function
efficiently in Digital Amplification applications.
Theoretically, one separate MB probe could be used to
detect each specific mutation that might occur within the
queried sequence. By inclusion of one MB corresponding to
WT sequence and another corresponding to mutant
sequence, the nature of the PCR product would berevealed.
Though this strategy could obviously be used effectively in
somesituations, it becomes complex when several different
mutations are expected to occur within the same queried
sequence. For example, in the c-Ki-Ras gene example
explored here, twelve different base substitutions resulting
in missense mutations could theoretically occur within
codons 12 and 13, and at 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. Inclu-
sion of such a large number of MB probes would raise the
background fluorescence and cost of the assay. We therefore
attempted to develop a single probe that would react with
WT sequences better than any mutant sequence within the
queried sequence. We found that the length of the loop
sequence, its melting temperature, and the length and
sequence of the stem were each important in 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 of both 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, of melting temperature
(Tm) 50-51°, and a 4 bp stem, of sequence 5'-CACG-3',
were optimal. For MB-RED probes, the same stem, with a
19-20 bp loop of Tm 54—56°, proved optimal. The ditfer-
ences in the loop sizes and melting temperatures between
MB-GREEN and MB-REDprobes reflected the fact that
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only the GREENprobeis designed to discriminate between
closely related sequences, with a shorter region of homology
facilitating such discrimination.

Examples of the ratios obtained in replicate wells con-
taining DNA templates from colorectal tumor cells with
mutations of c-Ki-Ras are shown in FIG. 2. In this

experiment, fifty genome equivalents of DNAwere added to
each well prior to amplification. Each of six tested mutants
yielded ratios of RED/GREENfluorescence that were sig-
nificantly in excess of the ratio obtained with DNA from
normal cells (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 of the ratios can be observed in this figure.
Direct DNA sequencing of the PCR products used for
fluorescence analysis showed that the RED/GREENratios
were dependent on the relative 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 yiclded a RED/GREENratio 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 (no WT) would yield ratios in excess of
3.0, with the exact value dependenton the specific mutation.

Though this mode is the most convenient for many
applications, we found it useful to add the MB probesafter
the PCR-amplification was complete (FIG. 1). This allowed
us to use a standard multiwell plate fluorometer to sequen-
tially analyze a large number of multiwell 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 amplifica-
tion were performed in the presence of the 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.

EXAMPLE5

Analysis of DNA from tumor cells. The principles and
practical considerations described above were illustrated
with DNA fromtwo colorectal cancer cell lines, one with a
mutation in c-Ki-Ras codon 12 and the other in codon 13.

Representative examples of the MB-REDfluorescence val-
ues obtained are shownin 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 val-
ues less than 3500 SFU. Gel electrophoreses of 127 such
wells demonstrated that all positive wells, but no negative
wells, contained PCR products of the expected size (FIG.3).
The RED/GREEN fluorescence ratios of the positive wells
are shown in FIG. 4. Again, a biphasic distribution was
observed. In the experiment with the tumor containing a
Gly12Asp mutation, 64% of the positive wells exhibited
RED/GREENratios in excess of 3.0 while the other 36% of

the positive wells exhibited ratios ranging from 0.8 to 1.1. In
the case of the tumor with the Gly13Asp mutation, 54% of
the 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 of
homogeneous WT or mutant sequence confirmed that the
amplification products were usually derived from single
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template molecules. The ratios of WT to mutant PCR
products determined from the Digital Amplification assay
was also consistent with the fraction of mutant alleles

inferred from direct sequcnee analysis of genomic DNA
from the two tumorlines (FIG.2).

Digital Analysis of DNA from stool. As a more practical
example, we analyzed the DNA from stool specimens of
colorectal cancer patients. A representative result of such an
experiment is illustrated in FIG. 5. From previous analyses
of stool 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. We
therefore sct up a 384 well Digital Amplification cxperi-
ment. As positive controls, 48 of the wells contained 25
genome equivalents of DNA (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-RED fluorescence indicated that 102 of these 288

experimental wells contained PCR products (mean +/-s.d.
of 47,000 +/-18,000 SFU) while the other 186 wells did not
(2600+/-1500 SFU). The RED/GREENratios of the 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 of the mutant c-Ki-Ras genesin the five positive wells
from stool, the PCR products were directly sequenced. The
four wells exhibiting RED/GREENratios in excess of 3.0
were completely composed of mutant c-Ki-Ras sequence
(FIG. 5). The sequence of three of these PCR products
revealed Gly12Ala mutations (GGT to GCT at codon 12),
while the sequence of the fourth indicated a silent C to T
transition at the third position of codon 13. This transition
presumably resulted from a PCR error during the first
productive cycle of amplification from a WT template. The
well with a ratio of 2.1 contained a ~1:1 mix of WT and

Gly12Ala mutant sequences. Thus 3.9% (4/102) of the
c-Ki-Ras alleles present in this stool sample contained a
Gly12Ala mutation. The mutant alleles in the stool presum-
ably arose from the colorectal cancerof the patient, as direct
sequencing of PCR products generated from DNA ofthe
cancer revealed the identical Gly12Ala mutation (not
shown).
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 15

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

SEQ ID NO 1
LENGTH: 26
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 1

catgttctaa tatagtcaca ttttca

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

SEQ ID NO 2
LENGTH: 24
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 2

tectgaattag ctgtatcgtc aagg

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

SEQ ID NO 3
LENGTH: 20
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 3

tagctgtatc gtcaaggcac

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

SEQ ID NO 4
LENGTH: 27
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 4

cacgggcctg ctgaaaatga ctgcgtg

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

SEQ ID NO 5
LENGTH: 24
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 5
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cacgggagct ggtggcgtag cgtg

<210> SEQ ID NO 6
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 6

cattattttt attataagge ctgc

<210> SEQ ID NO 7
<211> LENGTH: 12
<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 7

gctggtggcg ta

<210> SEQ ID NO 8
<211> LENGTH: 12
<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 8

gctagtggcg ta

<210> SEQ ID NO 9
<211> LENGTH: 12
<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 9

gctggtgacg ta

<210> SEQ ID NO 10
<211> LENGTH: 12
<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 10

gctcgtggcg ta

<210> SEQ ID NO 11
<211> LENGTH: 13
<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 11

gcttgtggce gta

<210> SEQ ID NO 12
<211> LENGTH: 13
<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 12

gctgatggge gta

<210> SEQ ID NO 13
<211> LENGTH: 12
<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 13
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-continued

gctgatggcg ta

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

SEQ ID NO 14
LENGTH: 12
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 14

gctgctggcg ta

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

SEQ ID NO 15
LENGTH: 12
TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 15

gctggtggtg ta

What is claimed is:

1. Amethodfor determining the ratio of a selected genetic
sequence in a population of genetic sequences, comprising,
the steps of:

diluting nucleic acid template molecules in a biological
sample to form 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 samplesof 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 number of assay samples which contain a
reference genetic sequence;

comparing the first number to the second number to
ascertain a ratio whichreflects 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 sequences to total
genetic sequences required for the step of analyzing to
determine the prescnee of the selected genetic sequence.

3. ‘The method of claim 1 wherein the step of diluting is
performed until between 0.1 and 0.9 of the assay samples
yield an amplification product when subjected to a poly-
merase chain reaction.

4. The method of claim 1 wherein the step of diluting is
performed until all of the assay samples yield an amplifi-
cation product when subjected to a polymerase chain reac-
tion 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 amplifi-
cation product when subjected to a polymerase chain reac-
tion 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.
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7. The method of claim 1 wherein the number of assay
samples within the set is greater than 10.

8. The method of claim 1 wherein the number of assay
samples within the set is greater than 50.

9. The method of claim 1 wherein the number of assay
samples within the set is 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 number of 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 same receptacle.

13. The method of claim 1 wherein a molecular beacon

probe is used in the step of analyzing, wherein a molecular
beacon probe is an oligonucleotide with a stem-loop struc-
ture having a photoluminescent dye at one of the 5' or 3' ends
and a quenching agent at the opposite 5' or 3' end.

14. The method of claim 1 wherein the step of analyzing
employs gel electrophoresis.

15. The method of claim 1 wherein the step of analyzing
employs hybridization to at least one nucleic acid probe.

16. he method of claim 1 wherein the step of analyzing
employs hybridization to at least two nucleic acid probe.

17. The method of claim 13 wherein two molecular

beacon probes are used, each having a different photolumi-
nescent dye.

18. The method of claim 13 wherein the molecular beacon

probe detects a wild-type selected genetic sequence better
than a mutant selected genetic sequence.

19. The method of claim 1 wherein the step of amplifying
employs a 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
employs at 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.
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25. The method of claim 1 wherein the biological sample
is blood or bone marrow of a leukemia or lymphomapatient
who has received anti-cancer therapy.

26. The method of claim 1 wherein the selected genetic
sequence is 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 which is amplified during
neoplastic development.

29. The method of claim 1 wherein the selected genetic
sequence is a rare exon sequence.

30. The method of claim 1 wherein the nucleic acid

template molecules comprise cDNA of RNAtranscripts and
the selected genetic sequence is present on a cDNA ofa 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 comprises a first mutation and the reference
genetic sequence comprises a second mutation.

32. The method of claim 1 wherein the selected genetic
sequence and the reference genetic sequence are on distinct
chromosomes.

33. A molecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a
photoluminescent dye at one of the 5’ or 3' ends and a
quenching agentat the opposite 5' or 3' end, wherein the
loop consists of 16 base pairs, wherein the loop has a
T,, of 50-51° C. and the stem consists of 4 base pairs
having a sequence 5'-CACG-3'.

34. The probe of claim 33 whercin the molecular beacon
probe detects a wild-type selected genetic sequence better
than a mutant selected genetic sequence.

35. The probe of claim 33 wherein the molecular beacon
probe detects a mutant genetic sequence better than a
wild-type genetic sequence.

36. A molecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a
photoluminescent dye at one of the 5' or 3' ends and a
qucnching agentat the opposite 5’ or 3' end, whercin the
loop consists of 19-20 base pairs, wherein the loop has
a T,,, of 54-56° C. and the stem consists of 4 base pairs
having a sequence 5'-CACG-3'.

37. A pair of molecular beacon probes comprising:

a first molecular beacon probe whichis an oligonucleotide
with a stem-loop structure having a first photolumines-
cent dye at one of the 5' or 3' ends and a quenching
agent at the opposite 5' or 3' end, wherein the loop
consists of 16 base pairs having a T,,, of 50-51° C. and
the stem consists of 4 base pairs having a sequence
5'-CACG-3'; and

a second molecular beacon probe which is an oligonucle-
otide with a stem-loop structure having a second pho-
toluminescent dye at one of the 5’ or 3' ends and a
quenching agental the opposite 5' or 3' end, wherein the
loop consists of 19-20 base pairs having a T,, of
54_56° C. and the stem consists of 4 base pairs having
a sequence 5'-CACG-3';

wherein the first and the second photoluminescent dyes
are distinct.

38. A method for determining the ratio of a selected
genetic sequence in a population of genetic sequences,
comprising the steps of:
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amplifying template molecules within a set comprising a
plurality of assay samples to form a population of
amplified molecules in each of the assay samplesof 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 number of 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 sequences to total genetic sequences
required to determine the presence of the selected
genetic sequence; comparing the first number to the
second numberto ascertain a ratio which reflects the

composition of the biological sample.
39. The method of claim 38 wherein the number of assay

samples within the sct is greater than 10.
40. The method of claim 38 wherein the number of assay

samples within the set is greater than 50.
41. The method of claim 38 wherein the number of assay

samples within the set is greater than 100.
42. The method of claim 38 wherein the number of assay

samples within the set is greater than 500.
43. The method of claim 38 wherein the number of assay

samples within the set is greater than 1000.
44. The method of claim 38 wherein the step of ampli-

fying and the step of analyzing are performed on assay
samples in the same receptacle.

45. The method of claim 38 wherein a molecular beacon

probe is used in the step of analyzing, wherein a molecular

beacon probe is an oligonucleotide with a stem-loop struc-
ture having a photoluminescentdye at one of the 5' or 3' ends
and a quenching agent at the opposite 5' or 3' end.

46. The method of claim 38 wherein the step of analyzing

employs gel 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.
49. The method of claim 45 wherein two molecular

beacon probes are used, each having a different photolumi-

nescent dye.
50. ‘The method of claim 45 wherein the molecular beacon

probe detects a wild-type selected genetic sequence better
than a mutant selected genetic sequence.

51. The method of claim 38 wherein the step of ampli-
fying employs a single pair of primers.

52. The method of claim 38 whercin the step of ampli-
fying employs a polymerase which is activated only after

heating.
53. The method of claim 38 wherein the step of ampli-

fying employs at least 40 cycles of heating and cooling.
54. The method of claim 38 wherein the step of ampli-

fying employs at least 50 cycles of heating and cooling.
55. The method of claim 38 wherein the step of ampli-

fying employs at least 60 cycles of heating and cooling.
56. The method of claim 38 wherein the template mol-

ecules are obtained from a body sample selected from the
group consisting of stool, blood, and lymph nodes.
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357. The method of claim 38 wherein the template mol-
ecules are obtained from a body sample of a leukemia or
lymphoma paticnt who has reccived 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
sequence is a translocated allele.

59. The method of claim 38 wherein the selected genetic
sequence is a wild-type allele.

60. The method of claim 38 wherein the selected genetic
sequence is within an amplicon which is amplified during
neoplastic development.

61. The method of claim 38 wherein the selected genetic
sequence is a rare exon sequence.
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62. The method of claim 38 wherein the nucleic acid

template molecules comprise cDNA of RNAtranscripts and

the selected genetic sequence is present on a cDNA ofa 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.
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DIGITAL AMPLIFICATION

ABSTRACT

The identification of pre-defined mutations expected to be presentin

a minor fraction of a cell population is important for a variety of basic

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

polymerase chain reaction is transformed into a linear, digital signal
suitable for this purpose. Single molecules can be isolated by dilution and

individually amplified; cach product is then separately analyzed for the

presence of mutations: The process providesa reliable and quantitative
measure of the proportion of variant sequences within a DNA sample.
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DIGITAL AMPLIFICATION

This application claims the benefit ofU.S. Serial No. 60/146,792,filed

August 2, 1999.

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

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

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

important for understanding disease. With the realization that somatic

mutations are the primary cause of cancer (1), and may also play a role in

aging (2,3), new genetic principles have arisen. These discoveries have

provided a wealth of new opportunities for patient managementas wellas for

basic research into the pathogenesis of neoplasia. However, many of these

opportunities hinge upon detection of a sniall number of mutant-containing

cells among a large excess of normal cells. Examples include the detection of

neoplastic cells in urine (4), stool (5,6), and sputum (7,8) of patients with

cancers of the bladder, colorectum, and lung, respectively. Such detection has

been shown in some cases to be possible at a stage when the primary tumors

are still curable and the patients asymptomatic. Mutant sequences from the

DNAofneoplastic cells have also been found in the blood of cancer patients

(9-11). The detectionofresidual disease in lymph nodes or surgical margins

1
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may be useful in predicting which patients might benefit most from further

therapy (12-14). From a basic research standpoint, analysis of the early

effects of carcinogens is often dependent on the ability to detect small

populations of mutant cells (15-17).

Because of 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 standard for the detection of germ line mutations, but

is useful only when the fraction of mutated alleles is greater than ~20%

(18,19). Mutant-specific oligonucleotides can sometimes be used to detect

mutations present in a minor proportion ofthe cells analyzed, but the signal

to noise ratio distinguishing mutant and wild-type (WT) templates is variable

(20-22), The use of mutant-specific primers or the digestion of polymerase

chain reaction (PCR) products with specific restriction endonucleases are

extremely sensitive methods for detecting such mutations,butit is difficult to

quantitate the fraction of mutant molecules in the starting population with

these techniques (23-28). Other innovative approachesfor the detection of

somatic mutations have been reviewed (29-32). A general problem with these

methods is that it is difficult or impossible to independently confirm the

existence of any mutationsthat are identified.

Thus there is a need in the art for methods for accurately and

quantitatively detecting genetic sequences in mixed populations ofsequences.
SUMMARY OF THE INVENTION

It is an object of the present invention to provide methods for

 

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 methodofthe invention.

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

method for determiningthe presence of a selected genetic sequence in a

population ofgenetic sequences. A biological sample comprising nucleic acid

template molecules is diluted to form a set of assay samples. The template

molecules within the assay samples are amplified to form a population of
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‘amplified molecules in the assay samples of the set. The amplified molecules
in the assay samples of the set are then enalyzed to determinea first number

of assay samples which contain the selected genetic sequence and a second

numberof assay samples which contain a reference genetic sequence. The

first number is then compared to the second numberto ascertain a ratio which

reflects the composition of the biological sample.

Another embodimentofthe inventionis 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 form a population of amplified molecules in each of the assay

samples of the set. The amplified molecules in the assay samples of the set

are analyzed to determine a first number of assay samples which contain the

selected genetic sequence and a second number of assay samples which

contain a reference genetic sequence. The first number is compared to the

second number to ascertain a ratio which reflects the composition of the

biological sample.

According to another embodiment of the invention, a molecular

beacon probe is provided. It comprises an oligonucleotide with a stem-loop

structure having a photoluminescent dye at one of the 5' or 3' ends and a

quenching agentat the opposite 5' or 3’ end. The loop consists of 16 base

pairs and has a T,, of 50-51°C. The stem consists of 4 base pairs having a

sequence 5'-CACG-3'.

A second type of molecular beacon probe is provided in another

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

having @ photoluminescent dye at one of the 5' or 3' ends and a quenching

agentat the opposite 5' or 3' end. The loop consists of 19-20 basepairs and

has a T,, of 54-56°C. The stem consists of 4 base pairs having a sequence 5'-
CACG-3.

Another embodiment provides the two types of molecular beacon

probes, either mixed together or provided inadivided container as a kit.
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The invention thus provides the art with the means to obtain

quantitative assessments of particular DNA or RNA sequences in mixed

populations of sequences using digital (binary) signals.

BRIGE DESCRIPTION OF THE DRAWINGS 

Fic. 1. Schemdtic of experimental design. (A) The basic twosteps involved:

PCR on diluted NA samples is followed by addition of fluorescent probes

which discriminate between WT and mutant alleles and subsequent

fluorometry. (B) ciple of molecular beacon analysis. In the stem-loop

configuration, fluoreskence from a dye at the 5' end of the oligonucleotide

probe is quenched by a Qabcyl group at the 3‘ end. Upon hybridization to a

template, the dye is sepayated from the quencher, resulting in increased
fluorescence. Modified Marras ef al. . (C) Oligonucleotide design.

Primers FI and R1 are used to 4mplify the genomic region of interest. Primer

INT is used to produce single stranded DNA from the original PCR products

during a subsequent asymmetric step (see Materials and Methods).

whether it is WI or mutant at the queried codons. MB-GREENis a

Molecular Beacon which preferentially datects the WT PCR product.

Gly12Ser and Gly12Asp,there were apparently two ofgore alleles ofmutant

c-Ki-Ras for every WT allele; both these tumors were aneuploid.

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

Avaits of representative wells from an experiment employing colorectal cancer
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cells with Gly12Asp or Gly13Asp mutations of the 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 productof the correct size while wells

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

bp. Non-specific products generated during the large number of cycles

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

molecular weight markers used to determine the size of fragments indicated

on the left (in base pairs).
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equivalents of BNA from normal cells. Each of these registered positive with

MB-REDand the RED/GREENratios were 1.0 +/- 0,1 (mean +/- 1 standard

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

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

The other 288 wells contained diiyted DNA from the steol sample prepared

by alkaline extraction. (Rubeck et al, 1998, BioTechniques 25:588-592.)

Those registering as positive with MB-RED were colored either red or green,

depending on their RED/GREEN ratios, Those registering negative with

MB-RED were colored white. PCR products frota the indicated wells were

used for automated sequence analysis.
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The method devised by the present inventors involves separately

amplifying small numbers of template molecules so that the resultant products

have a proportion of the analyte sequence which is 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 of these amplification products makes them trivial to distinguish

through existing techniques.

The method requires analyzing a large number of amplified products

simply and reliably. Techniques for such assessments were developed, with

the output providing a digital readout of the fraction of mutantalleles in the

analyzed population.

The biological sampleis diluted to a point at which a practicafly usable

number of the diluted samples contain a proportion of the selected genetic

sequence (analyte) relative to total template molecules such that 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 of the diluted samples have a detectable

proportion of analyte, Atleast 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 economical will be the overall assay. Over-dilution will also lead to
aloss of economy, as many samples will be analyzed and provide no signal,

A particularly prefered degree ofdilution is to a point where each of the assay

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

from more concentrated samples. Alternatively, dilute sources of template

nucleic acids can be used. All of the samples may contain amplifable
template molecules, Desirably each assay sample prior to amplification will

contain less than a hundred or less than ten template molecules.

Digital amplification can be used to detect mutations present at

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

defined by the number ofwells that can be analyzed and the intrinsic mutation

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

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

allowing sensitivities 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
sensitivity may ultimately be limited by polymerase errors. The effective

error rate in PCR as performed under our conditions was <0.3%, i.e. in

control experiments with DNA from normal cells, none of 340 wells

containing PCR products exhibited RED/GREEN ratios >3.0. Any individual

mutation (such as a G- to C- transversion at the second position of codon 12

of c-Ki-ras) is expected to occur in <I in 50 polymerase-generated mutants

(there are at least 50 base substitutions within or surrounding codons 12 and

13 that should yield high RED/GREEN ratios). Determining the sequence of

the putative mutarits in the positive wells, by direct sequencing as performed

here or by any of the other techniques, provides unequivocal validation of a

prospective mutation: a significant fraction of the mutations found in
individual wells should be identical if the mutation occurred in vivo.

Significance can be established through rigorous statistical 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 performance of Digital Amplification on

DNAtemplates from normal cells.

Digital Amplification is as easily applied to RT-PCR products

generated from RNA templates as it is to genomic DNA. For example, the
fraction of alternatively spliced or mutanttranscripts from a gene can be easily

determined using photoluminescent probes specific for each of the PCR

, products generated. Similarly, Digital Amplification can be used to quantitate
relative levels of gene expression within an RNA population. 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 photoluminescentprobe would then be used to
detect PCR products from the reference transcript and a second

photoluminescent probe used for the test transcript. The number of wells in

7
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which the test transcript is amplified divided by the number of wells in which

the reference transcript is amplified provides a quantitative measure of gene

expression. Another group of examplesinvolves the investigations of allelic

status when two mutations are observed upon sequence analysis of a standard

5 DNA sample. To distinguish whether one variantis present in each allele (vs.

both occurringin oneallele), cloning ofPCR products is generally performed.

The approach described here would simplify the analysis by eliminating the  
need for cloning. Other potential applications of Digital Amplification are

listed in Table 1, When the goal is the quantitation of the proportion of two

10 relatively commonalleles or transcripts rather than the detection of rare

alleles, techniques such as those émploying TaqMan and real time PCR

provide an excellent alternative to use of molecular beacons. Advantages of  

o real time PCR methods include their simplicity and the ability to analyze
an multiple samples simultaneously. However, Digital Amplification may prove
Md 15 useful for these applications when the expected differences are small,(¢.g.,

e only ~2-fold, such as occurs with allelic imbalances (55)), |
ih The ultimate utility of Digital Amplification lies in its ability to

“5 convert the intrinsically exponential nature of PCR. to a linear one. It should |
2 thereby prove useful for experiments requiring the investigation of individual |
S 20 alleles, rare variants/mutations, or quantitative analysis ofPCR products, |
ry In one preferred embodiment each diluted sample has on average one |

half a template molecule. This is the same as dne half of the diluted samples |
having one template molecule. This can be empirically determined by

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

25 genetic sequence can be 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 numberof diluted essay samples contain more

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

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

30 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

8
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an amplification product. More pteferably 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 atoplification 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 numberofsamples increases, up to a point. Because a large number of

samples must be analyzed,it is desirable to reduce the manipulative steps, —

especially sample transfer steps. Thus it is preferred that the steps of

amplifying and analyzing ace performed in the same receptacle. This makes

the method an in situ, or “one-pot” method,

The numberof different situations in which the digital amplification

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

shown in the examples, the method can be used to find a tumor mutation in a

population of cells which is not purely tumor cells. As described in the

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 indicator of the presence of

one or more mutations. Chromosomaltranslocations which are characteristic

of leukemias or lymphomas can be detected as a measure of the efficacy of

therapy. Gene amplifications are characteristic of certain disease states.

These can be measured using digital amplification. Alternatively spliced

forms ofa 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 mRNA one can determinerelative levels

of transcription of two different genes. One can usedigital amplification to

distinguishbetweena situation where oneallele carries two mutations and one

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

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

amplification.
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Biological samples which can be used as the starting material for the

analyses may be from any fissue or body sample fram which DNA or mRNA

can be isolated. Preferred sources include stool, blood, and lymph nodes.

Preferably the biological sample is a cell-free lysate.
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Molecular beacon probes 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 material is excited by radiation such as light, is raised to an

excited electronic or vibronic state, and subsequently re-emits that

excitation energy as a photonoflight, Such processes include fluorescence,

which denotes emission accompanying descent from an excitedstate with

paired electrons (a "singlet" state) or unpaired electrons {a "triplet" state)

to a lower state with the same multiplicity, i.¢., a quantum-mechanically

“allowed” transition. Photoluminescence also includes phosphorescence

which denotes emission eccompanying descent from an excited triplet or

singlet state to a lower state of different multiplicity, 1.2, 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 changes in the intensity of photoluminescence or as

changes in the ratio of photoluminescence intensities at two different

wavelengths, or as changes in photoluminescence lifetimes, or even as

changes in the polarization (anisotropy) of photoluminescence. Skilled

practitioners will recognize that instrumentation for the measurement of

these varied photoluminescent responses are known. The particular

tatiometric methods for the analysis of quenching in the instant examples

should not be construed as limiting the invention to any particular form of

signal transduction. Ratiometric measurements of photoluminescence

intensity can include the measurement of changes in intensity,

photoluminescence lifetimes, or even polarization (anisotropy).

Although the working examples demonstrate the use of molecular

beacon probes as the meansof analysis of the amplified dilution samples,

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

12
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TagMan™ (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 ere provided herein for purposes of illustration

only, and are not intended to limit the scope of the invention.

EXAMPLE1

Step 1: PCR amplifications, The optimal conditions for PCR described
in this section were determined by varying the parameters described in the

Results. PCR was performed in 7 ul volumes in 96 well polypropylene

PCR plates (Marsh Biomedical Products, Rochester, NY). The

composition of the reactions was: 67 mM Tris, pH 8.8, 16.6 mM NH,SO,

6.7 mM MgCl,, 10 mM B-mercaptoethanol, 1 mM dATP, 1 mM dCTP,1

mM dGTP, 1 mM TTP, 6% DMSO,1 uM primer F1, 1 uM primer RI, 0.05

units/ul Platinum Taq polymerase (Life Technologies, Inc.), and “one-half

genome equivalent” of DNA. To determine the amount of DNA

corresponding to one-half genomeequivalent, DNA samples were serially
diluted and tested via PCR. The amount that yielded amplification

products in half the wells, usually ~1.5 pg of total DNA, was defined as
"one-half genome equivalent” and used in 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 Thermal cycler

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.

13
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EXAMPLE2

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,SO,6.7 mM MgCl, 10 mM §-mercaptoethanol, 1 mM dATP, 1 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/u] Platinum Taq polymerase. The

plates were centrifuged for 20 seconds at 6000 g and fluorescence read at

excitation/emission wavelengths of 485 nm/530 nm for MB-GREEN and

530 nm/590 nm for MB-RED.The fluorescence in wells without template

was typically 10,000 to 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; 94° for one

minute; and 60° for five minutes. The plates were then incubated at room
femperaturé for ten to sixty minutes and fluorescence measured as

described above. Specific fluorescence was defined as the difference in

fluorescence before and after the asymmetric amplification. RED/GREEN
ratios were defined as the specific fluoreacence of MB-RED divided by

that of MB-GREEN, RED/GREEN ratios were normalized to the ratio

exhibited by the positive controls (25 genome equivalents of DNA from

normal cells, as defined above in Example 1). We found that the ability of

MB probesto discriminate between WT and mutant sequences under our

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

Oligonucleotid and DNA sequencing. Primer FI:

§'-CATGTTCTAATATAGTCACATTTICA-3; Primer RI:

5'-TCTGAATTA GTATCGTCAAGG-3'; Primer INT:

14
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5'-TAGCTGTATCGTCAAGGCAC-3'; MB-RED:

§'.Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabcyl-3';
M B - G R EB EB N

5'-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3'.

Molecular Beacons (33,34) were synthesized by Midland Scientific and

other oligonucleotides were synthesized by Gene Link (Thornwood, NY).

All were dissolved at 50 uM 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

QlAquick PCR purification kits (Qiagen). In the relevant experiments

describedin the text, 20% ofthe product from single wells was used for gel

electrophoresis and 40% was used for each sequencing reaction. The

primer used for sequencing was

5-CATTATTITTATTATAAGGCCTGC-3'. Sequencing was performed

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 DNA is 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 WT sequence using fluorescent probes.

As the PCR products resulting from the amplification of single

template molecules should be homogeneous in 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 (31, 33-40). We chose to explore the utility of one such

technology, involving Molecular Beacons (MB),for this purpose (33,34).

MB probes are oligonucleotides with stem-loop structures that contain a

13
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fluorescent dye at the 5’ end and a quenching agent (Dabcyl)atthe 3’ end

(Fig. 1B). The degree of quenching via fluorescence.energy resonance

transfer is inversely proportional to the 6” powerof the distance between

the Dabcyl group andthe fluorescent dye. After heating and cooling, MB

probes reform a stem-loopstructure which quenchesthe fluorescent signal
from the dye (41). Ifa PCR product whose sequence is complementary to

the loop sequence is presentduring the heating/cooling cycle, hybridization

of the MB to one strand of the 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

shown in Fig. 1C. Two unmodified oligonucleotides are used as primers
for the PCR reaction. Two MB piobes, each labeled with a different

fluorophore,are used to detect the PCR products. MB-GREEN has a loop

region that is complementary to the portion of the WI PCR productthat is

queried for mutations. Mutations within the corresponding sequence ofthe

PCR product should significantly impede its hybridization to the MB probe
(33,34). 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 mutantin the region queried by MB-GREEN. Both MB

probes are used together to simultaneously detect the presence of a PCR
product and its 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

of template molecules use a nesting procedure, wherein a product resulting

from oneset 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

16
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nesting would be inconvenient and could lead to contamination problems.

Hence, conditions were sought that would achieve robust amplification

without nesting. The most important of these conditions involved the use

of a polymerase that was activated only after heating (44,45) and optimized

concentrations of dNTP’s, primers, buffer components, and temperature.

The conditions specified in Examples 1-3 were defined after individually

optimizing each of these components and proved suitable for amplification

of several different human genomic DNA sequences. Though the time

required for PCR was not particularly long (~2.5 hr), the number of cycles

used was high and excessive compared to the number of cycles 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 of PCR product if a

template molecule were present within it.

The second step in Fig 1A involves the detection of these PCR

products, It was necessary to considerably modify the standardMB probe

approach in order forit to function efficiently in Digital Amplification

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

detect each specific mutation that might occur within the queried sequence.

By inclusion of one MB corresponding to WT sequence and another

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

revealed. Thoughthis strategy could obviously be used effectively in some

situations, it becomes complex when several different mutations are

expected to occur within the same queried sequence. For example,in the

c-Ki-Ras gene example explored here, twelve different base substitutions

resulting in missense mutations could theoretically occur within codons 12

and 13, and at 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 MB probes would raise the background
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fluorescence and cost of the assay. We therefore attempted to develop a

single probe that would react with WT sequences betier than any mutant

sequence within the queried sequence. We found that the length of the

loop sequence,its melting temperature, and the length and sequence of the

stem were each important in determining the efficacy of such probes.

Loops ranging from 14 to 26 bases and stems ranging from4to 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 (MIB-GREEN probe), we foundthat a 16 base pair loop,

of melting temperatire (Tm) 50-51°, and a 4 bp stem, of sequence

5’-CACG-3', were optimal. For MB-RED probes, the same stem, with a

19-20 bp loop of Tm 54-56°, proved optimal. The differences in the loop

sizes and melting temperatures between MB-GREEN and MB-RED probes

reflected the fact that only the GREEN probe is designed to discriminate

between closely related sequences, with a shorter region of homology

facilitating such discrimination.

Examples ofthe 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 genome equivalents of DNA

were added to each well prior to amplification. Each of six tested mutants

yielded ratios of RED/GREEN fluorescence that were significantly in

excess ofthe ratio obtained with DNA. from normal cells (1.5 to 3.4 in the

mutants compared fo 1.0 in normal DNA; p < 0.0001 in each case,

Student's t-Test). The reproducibility of the ratios can be observed in this

figure. Direct DNA, sequencing of the PCR products used for fluorescence
analysis showed that the RED/GREEN ratics were dependent on the

relative fraction of mutant genes within the template population (Fig. 2).

Thus, the DNA from cells containing one mutant c-Ki-Ras allele per every

two WT c-Ki-Ras allele yielded a RED/GREENratio of 1.5 (Glyl2Arg

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

18
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containing only mutantalleles (ao WT) would yield ratios in excess of 3.0,

with the exact value dependent on the specific mutation.

Thoughthis mode is the most convenient for many applications, we

found it useful to add the MB probes after the PCR-amplification was

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

fluorometer to sequentially analyze a large number of multiwell 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

of the MB probes. Asymmetric amplification was achieved by including

an excess ofa single internal primer(primer INT in Fig. 1C) at the time of

addition of the MB probes.

EXAMPLE5

Analysis ef DNA from tumor cells. The principles and practical

considerations described above were illustrated with DNA from two

colorectal cancer cell 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 values less than 3500 SFU. Gel

electrophoreses of 127 such wells demonstrated that all positive wells, but

no negative wells, contained PCR products of the expected size (Fig. 3).

The RED/GREEN fluorescence ratios of the positive wells are shown in

Fig. 4. Again, a biphasic distribution was observed. In the experiment

with the tumor containing a Gly12Asp mutation, 64% of the positive wells

exhibited RED/GREEN ratios 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

Do
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tumor with the Gly13Asp mutation, 54% of the positive wells exhibited

RED/GREEN ratios >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 of homogeneous WT or mutant sequence

confirmed that the amplification products were usually derived from single

template molecules. Theratios of WT to mutant PCR products determined

from the Digital Amplificationpssay was also consistent with the fraction
of mutantalleles inferred from direct sequence analysis of genomic DNA

from the two tumorlines (Fig.2).

Digital Analysis of DNA from stool. As a more practical example, we

analyzed the DNA from stool specimensofcolorectal cancer patients. A

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

previous analyses of stool specimens from patients whose tumors contained

c-Ki-Ras gene mutations, we expected that 1% to 10% of the c-Ki-Ras

genespurified from stool would be mutant. We therefore set up a 384 well

Digital Amplificatio xperiment. As positive controls, 48 of the wells
contained 25 genome equivalents of DNA (defined in Materials and
Methods) from normal célls. Another 48 wells served as negative controls

(no DNA template added). The other 288 wells contained an appropriate
dilution of stool DNA. MB-RED fluorescence indicated that 102 of these

288 experimental wells contained PCR products (mean +/- s.d. of 47,000

+/- 18,000 SFU) while the other 186 wells did not (2600 +/- 1500 SFU).

The RED/GREEN ratios of the 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 of the

mutant c-Ki-Ras genes in 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

20
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sequence (Fig. 5). The sequence of three of these PCR products revealed

Gly12Ala mutations (GGT to GCT at codon 12), while the sequence ofthe

fourth indicated a silent C to T transition at the third position of codon 13,

This transition presumably resulted from a PCR error during the first

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

ratio of 2.1 contained a ~1:1 mix of WT and Gly12Ala mutant sequences,

Thus 3.9% (4/102) of the c-Ki-Ras alleles present in this stool sample

contained a Glyl2Ala mutation. The mutant alleles in the stool

presumably arose from the colorectal cancer of the patient, as direct

sequencing of PCR products generated from DNA of the cancer revealed

the identical Gly 12Ala Toutation (not shown).
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CLAIMS

. A method for determining the ratio of a selected genetic

sdquence in a population of genetic sequences, comprising the steps of:

diluting nucleic acid template molecules in a biological sample to form

5 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 samples ofthe set;

analyzing the amplified molecules in the assay samples of the set to

determine a first number of assay samples which contain the selected

10 genetic sequence and a second number of assay samples which contain a

“5 reference genetic sequence;
D comparing the first number to the second numberto ascertaina ratio
‘ which reflects the composition ofthe biological sample.
‘ 2. The method of claim 1 wherein the step of diluting is
n 15 performed until at feast one-tenth ofthe assay samples in the set comprisebe

gy a number (N) of molecules such that 1/N is larger than the ratio of selected

id genetic sequences to total genetic sequences required for the step of
5 analyzing to determine the presenceof the selected genetic sequence.hy

ind 3, The method of claim 1 wherein the step of diluting is
20 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

25 contains less than 10 nucleic acid template molecules containing the

reference genetic sequence.

Page 62 of 1224
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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 sampleis cell-

free.

7. The method of claim 1 wherein the numberof assay samples

within the set is greater than 10.

8. The method of claim 1 wherein the number of assay samples

within the sei is greater than 50.

9. The method of claim 1 wherein the numberof assay samples

within the set is greater than 100.

10. The method of claim 1 wherein the number ofassay samples

within the set is greater than 500.

11. The method of claim 1 wherein the number of assay samples

within the set is préater than 1000.

12. The method ofclaim 1 wherein the step of amplifying and the

step of analyzing are performed on assay samples in the same receptacle,

13. The method of claim 1 wherein a molecular beacon probeis
used in the step of analyzing, wherein a molecular beacon probe is an

oligonucleotide with a stem-loop structure having a photoluminescentdye

at one of the 5‘ or 3' ends and a quenching agentat the opposite.3' or 3' end.

14... The method ofclaim1 wherein the step of analyzing employs

gel electrophoresis.

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

hybridization to at least one nucleic acid probe.

25
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16,|The method of claim 1 wherein the step of analyzing employs
hybridization to at least two nucleic acid probe.

17. The method ofclaim 13 wherein two molecular beacon probes

are used, each having a different photoluminescent dye.

5 18, The method of claim 13 wherein the molecular beacon probe

detects a wild-type selected genetic sequence better than a mutant selected

 genetic sequence.

19. The method ofclaim 1 wherein the step of amplifying employs |

a single pair of primers,

10 20. The method ofclaim 1 wherein the step of amplifying employs |
‘9 a polymerase which is activated only after heating.

iB 21, The method ofclaim 1 wherein the step of amplifying employs
Ni at least 40 cycles of heating and cooling, |

. |a 22. The method ofclaim 1 wherein the step of amplifying employs
wi 15 at least 50 cycles of heating and cooling.a 6
-a 23.|The method of claim 1 wherein thestep of amplifying employs |
ind at least 60 cycles of heating and cooling. |
[ak :
o 24. The method of claim 1 wherein the biological sample is

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

20 25. The method of claim 1 wherein the biological sample is blood

or bone marrow of a leukemia or lymphoma patient who has received anti-

cancer therapy.

26. The method of claim 1 wherein the selected genetic sequence
is a translocated allele.

27. ‘The method of claim 1 wherein the selected genetic sequence
is a wild-type allele.

Page 64 of 1224 /
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28. The method of claim,1 wherein the selected genetic sequence

is within an amplicon which is amplified during neoplastic development.

29. The method ofclaim1 wherein the selected genetic sequence
is a fare EXOR sequence.

30. The method of claim 1 wherein the nucleic acid template
molecules comprise cDNA of RNA transcripts and the selected genetic

sequence is present on a cDNAofa first transcript and the reference

genetic sequence is present on a cDNAof 8 second transcript.

31. The method of claim 1 wherein the selected genetic sequence
comprises a first mutation and the reference genetic sequence comprises a
second mutation.

32. The method of claim_j wherein the selected genetic sequence

and the reference genetic sequence are on distinct chromosomes.

33. Amolecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a

photoluminescent dye at oneof the 5' or 3‘ ends and a quenching agentat

the opposite 5' or 3' end, wherein the loop consists of 16 base pairs,

wherein the loop hasaT,, of 50-51°C and the stern consists of 4 base pairs

having a sequence 5'-CACG-3'.

34, ‘The probe of claim 33 wherein the molecular beacon probe

detects a wild-type selectedpenetic sequencebetter than a mutant selected
genetic sequence.

35. The probe of claim33 wherein the molecular beacon probe

detects amutant genetic sequencebetter than a wild-type genetic sequence.

¥ A molecular beacon probe comprising:
an oligonucleotide with a stem-loop structure having a

photoluminescentdye at one of the 5' or 3’ ends and a quenching agentat

27
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the opposite 5’ or 3' end, wherein the loop consists of 19-20 base pairs,

wherein the loop has a T,, of 54-56°C andthe stem consists of 4 base pairs

having a sequence 5'-CACG-3'.
4

3% A pair of molecular beacon probes comprising:

a first molecular beacon probe whichis an oligonucleotide with a

stem-loop structure having a first photoluminescentdye at one of the 5or

3' ends and a quenching agentat the opposite 5’ or 3’ end, wherein the loop

consists of 16 base pairs having a T,, of 50-51°C and the stem consists of

4 base pairs having a sequence 5'-CACG-3'; and

a second molecular beacon probe whichis an oligonucleotide with a

stem-loop structure having a second photoluminescent dyeat one of the 5'

or 3' ends and a quenching agentat the opposite §’ or 3' end, wherein the

loop consists of 19-20 base pairs having a T,, of 54-56°C and the stem

consists of 4 base pairs having a sequence 5'-CACG-3';

wherein the first and the second photoluminescent dyes are distinct.a

Ae A method for determining the ratio of a selected genetic
sequence in 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 samplesof 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 number of 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 sequences to total genetic

sequences required to determine the presence of the selected genetic

sequence;
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comparing the first numberto the second number to ascertain a ratio

which reflects the composition of the biological sample.

39. The method ofclaim38 wherein the numberof assay samples
within the set is greater than 10.

 

5 40. The method of claim 38 wherein the numberof assay samples

within the set is greater than 50.

41. The method of claim 38 wherein the numberof assay samples

within the set is greater than 100.

42. The method of claim 38 wherein the numberof assay samples

10 within the set is greater than 500.

ti 43. The method ofclaim 38 wherein the numberof assay samples‘ =

a within the set is greater than 1000.
[ets
I 44. The method ofclaim38 wherein the step of amplifying and the\

a step of analyzing are performed on assay samples in the same receptacle.
it
IB 15 45. The method of claim 38 wherein a molecular beacon probe is¥#.

‘a used in the step of analyzing, wherein a molecular beacon probe is an
he oligonucleotide with a stem-loop structure having a photoluminescent dye
9 at oneofthe 5‘ or 3’ ends and a quenching agentat the opposite 5' or 3' end.
a

20 46. The method of claim 38 wherein the step of analyzing employs
gelelectrophoresis.

47. The method of claim38 wherein thestep of analyzing employs

hybridization to at least one nucleic acid probe.

48. The method ofclaim 38 wherein the step of analyzing employs

25 hybridization to at least two nucleic acid probe.

49. The method ofclaim.45 wherein two molecular beacon probes

are used, cach having a different photoluminescent dye.

29
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50. The method of claim 45 wherein the molecular beacon probe

detects a wild-type selected genetic sequence better than a mutantselected

genetic sequence.

51. The method of claim 38 wherein the step of amplifying
employs a single pair of primers.

§2. The method of claim 38 wherein the step of amplifying

employs a polymerase which isactivated only after heating.

53. The method of claim 38 wherein the step of amplifying
employs at least 40 cycles of heating and cooling.

54. The method of claim 38 wherein the step of amplifying

employs at 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 ofclaim 38 wherein the template molecules are
obtained from a bedy sample of a leukemia or lymphomapatient who has

received anti-cancer therapy, said body sample being selected from the

group consisting of blood and bone marrow.

58. The method of claim38 wherein the selected genetic sequence
ig a translocated allele.

§9. The method of claim 38 wherein the selected genetic sequence
is a wild-type allele.

60. The sethod of claixx 38 wherein the selected genetic sequence

is within an amplicon which is amplified during neoplastic development.
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61. The method of claim 38 wherein the selected genetic sequence
is a rare exon sequence.

62. The method of claim 38 wherein the nucleic acid template

molecules comprise cDNA of RNA transcripts and the selected genetic

sequence is present on a cDNAof a first transcript and the reference

genetic sequence is present on a CDNAofa second transcript,

63. The method ofclaim38 wherein the selected genetic sequence

comprisesa first mutation and the reference genetic sequence comprises a

second mutation.

64. The methodofclaim 38 wherein the selected genetic sequence_

and the reference genetic sequence are on distinct chromosomes.
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Applicant must submit $ 680 fe complete the basic filing fae and/orfile a small entity statement claiming
such status (37 CFR 1.27).

e Total additional claim fee(s) for this application is $946.
s $702 for 44 total claims over 20,
a $156 for 2 independent claims over 3 .

e The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application bythe
above Application Number end Filing Date, Is required.

e To avoid abandonment, a late filing fee or oath or daclaration surcharge as set forth in 37 CFR 1.18(e)
of $130 for a non-small entity, must ba submitted with the missing Items Identified in this letter.

© The balance diss by applicant is $ 1768.

  cena a 

A copy ofthis notice MUSTbe returned with the reply.

Uke
Customer Service Center
initial Patent Examination Division (703) 308-1202

PART3 - OFFICE COPY

Page 79 of fila4/C\APPS\PreExam\correspondence\2_C.xnil 10/3 1/00
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- SECTOR

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE #3
In re Application of

Bert Vogelstein et al.

Serial No. 09/613,826 
Filed: July 11, 2000

FOR: DIGITAL AMPLIFICATION

SUBMISSION OF EXECUTED DECLARATION

FOR PATENT APPLICATION AND FILING FEES

Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

Attached is an executed Declaration for Patent Application in compliance with the Notice

to File Missing Parts ofApplication (copy enclosed), mailed November 1, 2000. Accordingly,it

is respectfully submitted that this application is entitled to a filing date of July 11,2000, the date

upon which the specification and drawings were received by the U.S. Patent and Trademark

Office. Applicants claims small entity status.

Please charge $896.00 for filing fees to our Deposit Account No, 19-0733. The

calculation is as follows:

Basic Fee (total claims = 64) $355.00
Total Claims in Excess (44) 396.00
Independent Claims over Three (2) 80.00

Surcharge for subsequentfiling 65.00
of executed Declaration

TOTAL FILING FEE $896.00

Page 81 of 1224



Page 82 of 1224

In the event any variance exists between the amount enclosed and the Patent Office

charges, please charge orcredit any difference to our Deposit Account No. 19-0733.

Respectfully submitted,

Date: December 12, 2000 By: Ppa, ONagg
Sarah A. Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
1001 G Street, N.W., Eleventh Floor
Washington, D.C, 20001-4597

(202) 508-9100
SAK/ama
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OPS
7 LARATION FOR PATENT APE. CATION

lig ®a d inventor, we hereby declare that: rs ag
Our resid, t office address andcitizenship are as stated below next to our names; ast
Webelievew & the,ofiginal, first andjoint inventors of the subject matter whichis claimed and for which a

patent is sought on the ventionentitledDIGITALAMPLIFICATION,the specification ofwhich
Q is atta_ned hereto.

g& wasfiled on July.11,2000as Application Serial Number 09/613,826 and was amended on (if
applicable).

0 wasfiled under the Patent Cooperation Treaty (PCT) snd accorded Intemational Application
No...filedandamendedon(ifany).

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

Wehereby acknowlgdge the duty to disclose information which is material to patentability in accordance with
Title 37, Code of Federal-Regulations, §1.56(a). :

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

for patentor inventor's certificate listed below and have‘also identified below any foreign application(s) for patent or
inventor's certificate havinga filing date before that of the application on which priorify is claimed:

eco pf Date ofFiling Date ofIssue Priority Claimed.
Application No. (day month year) (day month year)|Under 35 U.S.C, §119

Prior United States Provisional Appileation(s)
We hereby claim priority benefils under Title 35, United States Cade, §119(e)(1) of any U.S, provisional

application listed below:

Date ofFiling Priority Claimed
(ay month year} Under 35 U.S.C. §119(6)(1)U.S. Provisional Applicstion No.

aiee

. Prior United States Application(s)
Wehereby claimthe benefit underTitle 35, United States Code, §120 ofany United States application(s) listed

below and,insofar as the subject matter ofeach ofthe claims ofthis application is not disclosed in the prior United States
application in the manner provided bythefirst paragraph ofTitle 55, 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
thefiling date ofthe prior application and the national or PCT international filing date ofthis application:

ee : Date ofFiliag j Status — Patented,
pontYe regAan’

  
 
 

 
    

 

 
 

 

 

 

  

     

entree

Banner & Wiicorr, Lo. Attorney Docket No. 01 107.0031,‘age
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Power of Attorney

 
. jointly and seveyally, as our attameys with full power ofsubstitution and sevacation, ta prosecute

this applica ss in the Patent and Tredemark Office connected herewith the following attomeys and agents, their
registration numbe.g heir names:

ALTHERR, Robert F. HOSCHEIT,Dale H. 42,065
BANNER, Donald W. IWANICKY, John P, 38,266
BANNER,Mark T. JACKSON,Thomas H, 35,316
BANNER, Pamela L KAGAN,Sarsh A. 30,969
BECKETT, William W. 18,262 KATZ,Robert S. 28,175
BODNER, Jordan 42,338 KLEIN,William J. 37,210
BUROW,Scott A. 42373 KRAUSE, Joseph P. 33,761
CALLAHAN, James V, 20,095 LINEK, Emest Y. 29,822 RESIS, Robert H. 32,168
CHANG,Steve § 42,402 MALONE,Dale A. 32,155 RIVARD,Paul M. 43,446
COHAN, Gregory J. 40,959 MANNAVA, Ashok K. 45,30) SCHAD,SteveP. 32,550
COOPERMAN, Mare 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. 47,335 SKERPON,Joseph M. 25,864
DEMOOR, Laum 3. 39,654 MEDLOCK, Nina L, 29,673 STOCKLEY,D.J. 34,257
EVANS, Thomes L. 35,805 MEECE,Timothy C. 38,553 VAN ES,J, Pieter 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,Brian E. 40,449 MORENO,Christopher P. 38,566 WRIGHT,Bradley C. 38,061
HEMMENDINGER, Lisa M. 42,653 NELSON,Jon O. 24,566
HONG, Patricia E. 34,373 , NIEGOWSKI, James A. 28,331

All correspondence and telephone communications should be addressedto:
Banner & Witcoff, Lid, Customer Number. 22907
1008 G Street, N.W., 1th Fleor Tel: (202) 508-9100
Washington, D.C. 20001-4597 Fax: (202) 508-9299  

 Wehereby declare that all statements made herein of our own knowledge are true and thata] tements made on information
and beliefare believed to be true; and further that these statements were made with the knowledge.tifat willful false statements and the
like so made are punishable by fine or imprisonment, or both, under Section 1001 ofTitle 18 ofthe United States Code and that such
willful false stgtements may jeopardize thie validity of the epplication or any patent issuing thereon./

i
Firet Given Name

Citizenship_UnitedStat 
 
 

sw omlattes
Full Name of Second Inventor. i i

v Famity Name First Given Name Second Given Name
Resi Citgetiship_Unifice AldvestLalHaikickWay,Ralls,Maryload 

& Wircorr, Lrp. Attorney DacketNo. 01107.00031

ght Page 2
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GOMMISSIONER FOR PATENTS
Urereo Staves Patewr AND TRAGEMARK OFFICEV&BHINGTON, D.C, 20231

wann.uspto Dor
 
 

  

"09/613,826 07/11/2000 Kenneth W. Kinzler 01107,00031

P FORMALITIES LETTER
Banner & Witcoff Lid ¢ Ef PP4001 G Street Nw ® ALERTHe
Washington, DC 20001-4597 per 1 5 2000

we Date Malled: 11/01/2000

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILEO UNDER 37 GFR 1.63(i)

Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date of this Nolice within which tofile alt
required Items and pay any fees required below to avoid abandonment. Extensionsof time may be obtained
by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The statutory basic filing fee is missing,
Applicant must submit $ 690 to complete the basic filing fee and/orfile a smalf entity statement claiming
such status (37 CFR 1.27).

® Totat additional claim fee(s) for this application is $948.
a $792 for 44 total claims over 20.
s $166 for 2 independent claims over 3 .

e The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Number and Filing Date, is required.

e Toavold abandonment, 2 tate filing fee or oath or daclaration surcharge as sel forth in 37 CFR 1.16(a)
of $130 for a non-small entity, must 69 submitted with the missing items identified in ihis letter.

e The balance due by appitcant Is $ 1788.

O951386ee  

A copy ofthis notice MUST be returnedwith the reply.

hand
Customer Service Center

Initial Patent Examination Division (703) 308-1202
PART2 - COPY TO BE RETURNED WITH RESPONSE

 190733
cH cHal .

{2/5/2000SBUENS09000097
&
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

Bert Vogelstein etal. Attn: Application Branch

Serial No. 09/613,826

Filed: July 11, 2000 Atty. Dkt. No. 01107.00031
 

INFORMATION DISCLOSURE STATEMENT

The Honorable Commissioner
ofPatents and Trademarks

Washington, D.C. 20231

Sir:
In accordance with 37 CER. §§ 1.97 and 1.98, enclosed is a PTO Form-1449listing

documents for consideration by the Examiner during the prosecution of the subject application
and a copy of.‘cach of the identified documents. It is believed no fee is required to make this a
complete and timely filmg. However,if a fee is required, please charge our Deposit Account No.
19-0733.

Considerationof this information is respectfully requested.

Respectfully submitted,

Date: December 12, 2000 By: y Nah (Na,
Sarah A. Kagan
Registration No. 32,141

Banner & Witeoff, Ltd.
1001 G Street, N.W., Eleventh Floor
Washington, D.C. 20001-4597
(202) 508-9100
SAK/ama
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File History Report

[_] Paper number is missing from the United States Patent
Trademark Office’s copy ofthe file History. No additional informationis
available. 
   
 

The following page(s) lof 2 PTO -1449 ofpaper number4is/are
missing from the United States Patent and Trademark Office’s original
copy ofthe file history. No additional information is available  

  ["] The following checked item(s) below ofpaper number
is/are missing from the United States Patent and Trademark Office’s
original copy ofthe file history. No additional information is available

PTO 1449

PTO 892

[] PTO 948

H PTO 1474Assignment
EC] Cover page

 

  OO

    

Additional comments:
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EXAMINER: Initial citation ifreference wes considered. Draw line through citation ifnot in conformance to MPEP 609 and not considered,
include copy ofthis form with nextcommunication tos

_ PTO-1449 (Modified)
U.S. DEPARTMENT OF COMMERCE
PATENTAND TRADEMARK OFFICE

INFORMATION DISCLOSURE STATEMENT

ATTY. DOCKET NO.
Rr

APPLICANT

FILING DATE

July 11,2000

pp icant,

 
ERECTeReeeeverisssnenemeeceiniet

tnernerenermonuwens
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Af-S-O}
PATENT APPLICATION

¢

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of.

Bert Vogelstein, e?al. Group Ast No, 1632

)
)

Serial No.: 09/613,826 y Exeminer: TBA
)
)

 
Filed: July 11, 2000 Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

 RECEIVED
INFORMATION DISCLOSURE STATEMENT

MAR 0 8 2001

Assistant Commissioner for Patents TECH CENTER 4600/2900
Washington, D.C. 20231

Sir:

Pursuant to 37 C.E.R. §1.56 and in compliance with 37 C.F.R. §1.97, Applicants submit

herewith a Form PTO-1449identifying information for consideration by the Examiner. A copy

ofeach ofthe items of information is enclosed.

Applicants do not waive any rights to take appropriate action to establish patentability
overthe listed documents should they be applied as a reference against the claims of the present

application,

Consideration of the cited information and making the same of record in the prosecution
of the above-noted application are respectfully requested. Should the Patent and Trademark

Office determinethat a fee is required, please charge our Deposit Account No. 19-0733.

Respectfully submitted,

BANNER & WITCOFF, LTD.

 
Registration No. 32,141

1001 G Street, N.W.
Washington, D.C. 20001-4597
(202) 508-9100 .
Dated: 0%-0S- 6

Page 89 of 1224 .



Page 90 of 1224

te

 | ATTY. DOCKET NO. PTO-1449 (Modified)

 
 

U.S, DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

FILING DATE GROUP ART UNIT

TECH CENT July £1, 2000 

U.S. PATENT DOCUMENTS

EXAMINER Document1INITIA! NUMBER CLASS

KR 5,670,325 9/1997 Lapidus, etol,
SUB

CLASS

|
|{| sna ae|tity|||

  
 ||| 6,020,137|an000_|Lapidus, et al,|—|3

YL ssens|srzmeo tenet]——]  

Darrea G. MONeK: QN,et al, “Minisateltite“Tzoallele” Discrimination in Pesudohomozygotes by Single Molecule PCRand Varlant RepeatMapping”, Genomics 11, pp. 465-467, 1991

W. NAVIDI, ef al, “Using PCR innae Genetic Digeage Diagnosis", Human Reproduction, Vol. 6, No. 6, pp.
. 836-849, 1991 —aay

Remon PARSONS, etal, “Mismatch Repair Deficiency in Phenatypically Normat HumanCells”, Science, Vo). 268,
PP we THO

Lin ZHANG, al,avbole Genome Amplification from a Single Cell: impliSclence US, 1.89,pp. 5847-5851, Faly.1992

David SIDRANSEY,ef al, “Clonal Expansion ofp53 Mutant Cellsis Associated ath
-Noture, February 27,1992 vel. 285, ep Bib-Ga4 &

C. SCHMITT,efal, “High Sensitive DNA Typing Approaches for the Analysis ofForensic Evi s Comparison of
Nested Variable Number ofTandem Repeais (VNTR) Amplification arid a Short Tandem Repeats (STR) Polymorphisn”,
Forensic Science Intemational, Vol. 6, pp. 129-141, 1994

Paul M. LIZARDI,ef af., “Mutation Deteelion and Fingle-Molecule Counting Using Isothermal Rofling-Circleplification”, Nature Genetics, Vol. 19, Tu 1998 2

EXAMINER: InkInitial citationatereace was considered, Draw line through citation ifnot in conformance to MPEP 609 and not
considered. Include copy ofthis form with next communication to appli

Page-90 of-4224—-— = = eene
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-- OF

foWW UNITED STATE. JEPARTMENT OF COMMERCE
United States Patent and Trademark Office

d f Address: COMMISSIONER GF PATENTS AND TRADEMARKS
Parag of Washington, D.C, 20231
 

09/613, 026 o7/14/0% VOGELSTEIN Et 2107. Oe

[-  a22907 HMZe70412 |
BANNER & WETCOFF STEW, J
10031 G STREET N W&W
SUITE 1100
WASHINGTON BO 2acdt 16546

DATE MAILED: tastes tl

Please find belaw and/ar attached an Office communteation concerning thls application or
proceeding.

Gommilasloner of Patents and Trademarke

PTO-206 {Aev.11/00) i. Fila Copy

Page 91 of 1224
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Application No, Applicant(a)

08/813,826 VOGELSTEIN ET AL.

Examiner Art Untt

Jaffrey Slew 1656

= The MAILING DATE of this communieation appears on the cover sheat with the correspondence eddrass -
Pariod for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extansiona of time may bs avallable underthe provisions of 37 CFR 1.136 (a). [n no avent, however, may a reply be Umaly filed

flor SIX (6) MONTHS from the malting date ofthis communication,
Hf Ihe patiod for reply epeciled above Is tase than thirty (30) days, a reply within the elatulory minimum of thizly (20) days will be coneldered timely.
if NO parted far reply fs specified above, tha maxdmum statutory period will apply and will expire SIX (@) MONTHS from tha malting dala of this communtcation,
Failure to reply within the eed or extended partod for reply will, by statute, cauae the applioallon to become ABANDONED (35 U.S.C. § 139).
Anyreply recatved by the Office tater than three monthaafier the malling date of this oammraunicalion, even H timely fllad, may reduce any
eamed patent term adjustment. Sea 37 GFR 1.704(b}.

Status

4) Responsive to communication(s) filed on 07 Mareh 2007 .

2e)L) This action is FINAL. 2b) This action Is non-final.
3)Z]_ Since this application is In condition for allowance except for formal matiers, prosecution as to the merits is

closed In accordancewith ihe practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Office Action Summary

Disposition of Ciaims

4) Claim(s) 7-64 is/are pending In the application,

4a) Of the above claim(s) is/are withdrawn from consideration.

5)[1 Clalm(s) Is/are allowed.

6)54 Clalm(s) 4-64 is/are rejected.

ACI Claim(s) ______Is/are objectedto.
80] Claims are subject to restriction and/or election requirement.

Application Papers

9)h4 The specification Is objected to by the Examiner.
10)L1 The drawing(s)filed on isfare objected to by the Examiner.
41)L] The proposed drawing correctionfiled on is: a)L] approved b)C] disapproved.
42)C] The oath or declaration Is objected to by the Examiner.

Priority under 35 U.S.C. 6 149

43)L] Acknowledgmentis made of 4 claim for foreign priority under 35 U.S.C. § 118(a)-(d) or (f).
a)LIAN b)L} Some? c)L] Noneof:

4.2 Certified copies of the priority documents have been received,
201] Certified copies of the priority documents have been received in Application No...
3.C] Copies of the certified coples af the priority documents have been recelved in this National Stage

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

44)L] Acknowledgement Is made of a claim for domestic priority under 35 U.S.C, § 118(e).

Attachment(s)

45) Nolise of References Cited (PTO-892) 18) Oo Interview Summary (PTO-413) Paper Na(s). .
18)[7]Notice of Draftspercon's Patent Drawing Review (PTO-248) 19) L] Notice of Informat Patent Application (PTO-152)
47) ri information Disclosure Statemant(s) (PTO-1449) Paper No(s) 4.4 &. 20) Other: notice to comply .

US Patont and Trademark Office
PTO-326 (Rev. G1-01} Office Acilon Summary Part of Paper No. 6

Page92of 1224
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Application/Conirol Number: 09/613,826 » Page 2
Art Unit: 1656

DETAILED ACTION

1. This application contains sequence disclosures that are encompassed by the definitions

for nucleotide and/or amino acid sequences set forth in 37 CFR 1.821(a)(1) and (a)(2). However,

this application fails to comply with the requirements of37 CFR 1.821 through 1.825 for the

reason(s) set forth on the attached Notice To Comply With Requirements For Patent

Applications Containing Nucleotide Sequence And/Or Amino Acid Sequence Disclosures.

APPLICANT IS GIVEN THE RESPONSE PERIOD SET FORTHIN THIS OFFICE

ACTION IN WHICH TO COMPLY WITH THE SEQUENCE RULES,37 CFR 1,821 - 1.825.

Failure to comply with these requirements will result in ABANDONMENT ofthe application

under 37 CFR 1.821(g). Extensions oftime may be obtainedby filing a petition accompanied by

the extension fee under the provisions of37 CFR 1.136. In no case may an applicant extend the

period for response beyond the six month statutory period. Applicant is requested to return a

copyofthe attached Notice to Comply with the response. The application is not in compliance

for the reason(s) set forth on the attached Notice to Comply With the Sequence Rules or CRF

Diskette Problem Report. ,

Information Disclosure Statement

2. Thelisting of references in the specification is not a proper information disclosure

statement. 37 CFR 1.98(b)requires a list of allpatents, publications, or other information

submitted for consideration by the Office, and MPEP § 609 A(1)states, "the list may not be

incorporated into the specification but must be submitted in a separate paper. " Therefore, unless

Page 93 of 1224
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Application/Control Number: 09/613,826 Page 3
Art Unit: 1656

the references have been cited by the examiner on form PTO-892, they have not been

considered.

Specification

3. In the BriefDescription ofthe Drawings Figure 1 ig referred to but no Figure 1 exists-in

the Drawings. The specification should be amended to recite the actual figures in the drawings

i.e. Figure 1A, 1B and 1C.

4, Moreover, the specification contains nucleotide sequences which require Sequence

identifiers (see page 14 line 30 & 31). Appropriate correction is required (see also Notice to

comply).

Claim Rejections - 35 USC§ 112

The following is a quotation ofthe second paragraph of 35 U.S.C. 112:

Thespecification shall conclude with one or niore claimsparticularly pointing out and distinctly claiming the
subject matter whichthe applicant regards as his invention.

Claims 1-64 rejected under 35 U.S.C. 112, second paragraph, as being indefinite for

failing to particularly point out and distinctly claim the subject matter which applicant regards as

the invention.

Page 94 of 1224
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Application/Control Number: 09/613,826 Page 4
Art Unit: 1656

A) Claims 1-32 & 38-64 lack rejected under 35 U.S.C. 112, second paragraph, as

being incomplete for omitting essential steps, such omission amounting to a gap between the

steps. See MPEP § 2172.01. The omitted steps are: serially diluting to form a set of assay

samples and testing by PCR. The specification provides guidance as to determining the analyte

concentration in which the samples are serially diluted and the concentration is determined by

PCR(see page 13 line19). It 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

otherwise the initial concentration would be achieved withouttesting by PCR.

B) Claims 1-32 & 38-64 lack rejected under 35 U.S.C, 112, second paragraph, as

being incomplete for omitting essential steps, such omission amounting to a gap between the

steps. See MPEP § 2172.01. The omitted steps are: linear amplification by PCR. The step of

linear amplification appears essential to the invention (see page 14 line 18).

C) The use ofthe term consists” is confirsing in claims 33, 36 & 37 rendering claims

33-37 indefinite. It cannot be determined whether the claim intends open or closed language for

the limitation ofthe sequence. Proper Markush languageis required.

D) Claim2is confusing becauseit is unclear as to whether each sampleofthe

fraction ofone out ten are to contain N molecules,
n
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Application/Control Number: 09/613,826 Page 5
Art Unit: 1656

Claim Rejections - 35 USC§ 303

The following is a quotation of35 U.S:C. 103(a) which formsthebasis for all

obviousness rejections set forth in this Office action:

(2) A patent maynotbe obtained though the invention is not identically disclosed or described os set forth in
section 102 ofthis title, ifthe differences between the subject matter sought to be patented and the prior art are
such that the subject metter as a whole would have been obviousat the time the invention was madeto a person
having ordinary skill in theart to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

This application currently namesjoint inventors. In considering patentability of the

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various

claims was commonly ownedat the time any inventions covered therein were made absent any

evidence to the contrary. Applicantis advised of the obligation under 37 CFR 1.56 to point out

the inventor and invention dates of each claim that was not commonly ownedatthe timealater

invention was made in order for the examiner to consider the applicability of35 U.S.C. 103(c)

and potential 35 U.S.C. 102(e), (£) or (g) prior art under 35 U.S.C. 103(a).

over Lapiduset al (US5,928,870 July 27, 1999) in view ofRuanoet al (PNASvol. 87 pp. 6296-

63000 August 1990).

5. Claims 1,3,4-11,14-16 & 19-32 are rejected under 35 U.S.C. 103(a) as being unpatentable

|
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Application/Control Number: 09/613,826 Page 6
Art Unit: 1656

Lapiduset al teach a method of determining the subpopulation of genomically

transformed cells such as in stool samples by enumerating number molecules of a target

sequence and comparing with a number of moleculesof a reference genomic sequence (see

whole doc. esp. col.2 lines 58-66). They teach statistical difference leads to differencesin

genomic sequence {see col. 2 lines 8-10). They teach that the reference and target are different

genetic loci (see col. 7 lines 63-65), They perform amplification by PCR and detect by probing

(see cal, 11 lines18-51 & 40-45). They teach that one probeis to wild type genome(see col., 5

lines 40-46),They test malignant cells and the method would beuseful for precancerouscells in

humans and colorectal cancer (see col. 5 line30-35). They teach that method would be useful for

studying patients (see col. 6.line 17-20).

Lapidus et al do not teach dilution to one half genomic equivelent in samples.

Ruanoet al teach single molecule dilution (SMD) in which genomic DNA concentration

is one haploid equivalent per aliquot (see whole doc. esp. pp. 6296 & Fig. 3).

One ofordinary skill would have been motivated to apply Ruanoet al SMD method to

Lapidus et al’s comparison method in order to determine actual allele concentration ratios.
Ruanoet al state that SMD method avoids the empirical optimization of amplification conditions

and allows resolution of arabiguous arrangementofpolymorphic markersby isolating into

definitive haplotypes. It would have been primafacieobvious to apply Ruanoet al’s dilution

method to Lapiduset al’s method in orderto accurately determinealleleratios.

Moreover, it would have beenprimafacie obviousto further optimize the assay

conditions as in the increasing the number ofPCR cyclesor increasing the dilution schemato

achieve single molecule dilution in order to effectively amplify from haploid equivalent.
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6. Claims 12,13,17 & 18 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Lapidus et al (0$5,928,870 July 27, 1999) in view ofRuano et al (PNAS vol. 87 pp, 6296-63000

August 1990) in further view of Tyagi et al (US5,925,517 July 20, 1999),

The teachings and suggestions of Lapidus and Ruanoet al are described previously,

Lapidus et al do not teach molecular beacons,

Tyagiet al teach molecular beacons {see whole doc. & Fig. 3). They teach that the probe

allows monitoring of progress of reactions that produce nucleic acids with either linear or

exponential kinetics. They provide sensitive detection (see col. 4 lines 22-40),

One ofordinary skill would have been motivated to apply Tyagi et al’s molecular

beacons to the combined invention of Lapidus and Ruanoet al’s enumeration method in order to

accurately monitor detection over real time. It would have been prima facie obviousto apply

Tyagi et al’s probes which would allow detection ofthe different sequences in Lapidus and

Ruano et al’s method in order to achieve accurate quantification.

SUMMARY

Claims 33-37 are free ofthe prior art but rejected under 112 second paragraph. Thereis

no prior art that teach or suggest a molecular beacon probe thisfund a loop consisting of 16 base °
pairs and having a Tm of 50-31C and the stem consisting ofCACG sequence.

Page 98 of 1224
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Application/Control Number: 09/613,826 Page 8
Art Unit: 1656

Theclosestprior art is Tyagi et al (US5,925,517) who teach a molecular beacon which

hag 15 base pair loop but a Tm of approximately 40C (Tm=[(A+T)x2C + (G+C) x4C](see PCR

essential Data page 53 1995) and the stem is GCGAG(see col... Tyagi et al (US6,037,130) teach

molecular beacon with a stem comprising CACG(see col. 11 probe 3) but with a loop of Tm

65C (see col, 28 line 54), Moreover, the prior art has been focused on the Tm ofthe stem which

relates to the functioning ofthe opening and closing of the hairpin during hybridization.

Claims 2 & 38-64 is free of the prior art but rejected under 112 second paragraph.

Applicantis directed to 112 second paragraph rejections concerning these claims as the lack

clarity of the claims may prove a barrier to allowability. There is no prior art that teach 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 of selected genetic sequence.

CONCLUSION

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Jeffrey Siew whose telephone numberis (703) 305-3886 and

whose e-mail address is Jeffrey.Siew@uspto.gov. However,the office cannot guarantee security

through the e-mail system nor should official papers be transmitted through this route, The
examiner can best be reached on Monday through Thursday from 6:30 a.m. to 4 p.m. If attempts

to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Gary Jones, can

be reached on (703)-308-1152.

mee|
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Application/Control Number: 09/613,826 Page 9
Art Unit: 1656

Any inquiry of a general nature orrelating to the status of this application or proceeding

should be directed to the receptionist for Technology Center 1600 whose telephone numberis

(703) 308-0196.

Papers related to this application may be submitted to Group 1600 by facsimile

transmission. Papers should be faxed to Group 1600 via the PTO Fax Center located in Crystal

Mall 1. The faxing of such papers must conform with the notice published in the Official

Gazette, 1096 OG 30 (November 15, 1989). The CM1 Center numbers for Group 1600 are Voice

(703) 308-3290 and Fax (703) 308-4556or (703) 308-4242.

DisSu
Jeffrey Siew

April 7, 2001
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Consideration ofthis information is respectfully requested.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) g a
) Group Art Unit: 1656 yBert Vogelstein, et. al. bh.
) Examiner: J SiewSerial No. 09/613,826 ) q|1I
)

Filing Date: July 11, 2000 ) Docket No. 01107,00031

For: DIGITAL AMPLIFICATION

NDMENT RECEIVED

JUL 4 7 2001
. lesioner

WashinatonDC.20231 orPatents TECH CENTER 1600/2900
Sir:

In response to the Office Action mailed April 12, 2001, applicants request entry

of the following amendments and request reconsideration of the claims. Claims 1-64 are

pending in the application. Claims 2 and 38-64 are allowable over the prior art. If any

additional fee is due please change our Deposit Account No. 19-0733.

INTHECLAIMS

Please add new claims 65-69.
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photoluninescent dye at one ofthe 5’ or 3’ ends and a quenching agentat the opposite 5”

or 3Xend, wherein the loop comprises 16 base pairs and has a Tm of 50-51°C, and

wherein\he stem comprises 4 base pairs having a sequence 5’-CACG-3’.

66. The molecular beacon probe of claim 65, wherein the probe detects

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

67. (New) Thémolecular beacon probe ofclaim 65, wherein the probe detects

amutant nucleic acid better than a wild-type nucleic acid,

68. (New) A moleculay’beagon probe comprising:

an oligonucleotide comprising a kfem and a loop structure and having a

photoluminescent dye at one oflthe 5’ or 3-ehds and a quenching agent at the opposite 5’

or 3° end, wherein the loop comprises 19-20 bake pairs and has a Tm of 54-56°C, and

wherein the stem comprises 4 base pairs having a ssguence 5°-CACG-3’.gen
69. (New) A pair ofmolecular beacon probes comprising:

a first oligonucleotide comprisinga first stem and a first loop structure and having
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¢ of the 5’ or 3’ ends and a quenching agentat

loop comprises 19-20 base pairs and has a

—
the opposite 5’ or 3° end, wherein fhe §

Tm of $4-56°C, and wherein the s&co:

 5°-CACG-3’.  
 IN. THE SPECIFICATION

 
 
   Please replace the paragraph beginning on page4,line 5, with the following

 
 paragraph.

Fia. A, 18, icf Schematic ofexperimental design. (A) The basic two steps involved:
PCR on diluted DNA samplesis followed by addition of fluorescent probes which

discriminate between WT and mutantalleles and subsequent fluorometry. (B) Principle

ofmolecular beacon analysis. In the stem-loop configuration, fluorescence from a dyeat

the 5’ end ofthe oligonucleotide probe is quenched by a Dabcyl groupatthe 3’ end.

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

0. increased fluorescence. Modified from Marras efal. . (C} Oligonucleotide design.
Primers F1 and R1 are used to amplify the genomic region ofinterest. Primer INTis

used to produce single stranded DNA from the original PCR products during a

subsequent asymmetric PCR step (see Materials and Methods). MB-RED is a Molecular

Beacon which detects any appropriate PCR product, whether it is WT or mutantat the
queried codons. MB-GREEN is a Molecular Beacon which preferentially detects the WT

PCR product.
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}Pleasereplace the paragraph beginning on page 14,line 29 with the following paragraph.
Oligonucleotides and DNA sequencing. Primer FI:

5’-CATGTTCTAATATAGTCACATITTCA-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-Daboyl-3' (SEQ ID NO:4);

MB-GREEN:5’-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabeyl-3’ (SEQ

ID NO:5), Molecular Beacons (33,34) were synthesized by Midland Scientific and other

oligonucleotides were synthesized by Gene Link (Thornwood, NY). All were dissolved

at 50 uM in TE (10 mM Tris, pH 8.0/ 1 mM EDTA)andkeptfrozen and in the dark until

3 use. PCR products were purified using QlAquick PCR purification kits (Qiagen). In the
(i relevant experiments described in the text, 20% ofthe productfrom 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 was performed using fluorescently-labeled ABI Big Dye terminators and an

ABI 377 automated sequencer.

 wee ~N

SEQUENCELISTING

Please enter the enclosed paper copy ofthe Sequence Listing after the claims. A

computer readable copy ofthe Sequence Listing is also enclosed herewith to comply with

37 § CER 1.821(e). The contentof the paper and computer readable copy ofthe
4
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Sequence Listing, submitted in accordance with 37 CFR § 1.821 (c) and (€), respectively,

are identical. The submitted Sequence Listing, filed in accordance with 37 CFR § 1.821

(g) herein does not include new matter.

REMARKS

The Invention

Theinvention is directed to a method for determining the ratio ofa selected

genetic sequence in a population of genetic sequences, Nucleic acid template molecules

in a biological sample are diluted to form a set comprisinga plurality of assay samples.

The diluted nucleic acid template molecules are amplified to form a population of

amplified molecules in the assay samples of the set. The amplified molecules are

analyzed to determinea first number ofassay samples which contain the selected genetic

sequence and a second number of assay samples which contain a reference genetic

sequence. Thefirst number and the second number are compared to ascertain a ratio that

reflects the composition ofthe biological sample (claim 1).  
The invention is also drawn to a method for determining the ratio of a selected

genetic sequence in a population of genetic sequences, Template molecules within a set j

which comprises a plurality of assay samples are amplified to form a population of

amplified molecules in each ofthe assay samples of the set. The amplified molecules in

the assay samplesofthe set are analyzed to determinea first number of assay samples

which contain the selected genetic sequence and a second umber ofassay samples which

contain a reference genetic sequence, Atleast one-fiftieth of the assay samplesin the set
) 5
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comprise a number (N) ofmolecules such that 1/N is larger than the ratio of selected

genetic sequences to total genetic sequences required to determine the presence ofthe

selected genetic sequence. The first number is compared to the second number to

ascertain a ratio which reflects the composition of the biological sample (claim 38).

The invention is also drawn to molecular beacon probes, The molecular beacon

probe comprises 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

loop consists of 16 base pairs and has a T,, of50-51°C. The stem consists of 4 base pairs

and has a sequence 5’-CACG-3’ (claim 33). The loop of the molecular beacon probe

may alternatively consist of 19-20 base pairs and have a Tn, of 54-56°C (claim 36),

Theinvention also is drawn to a pair ofmolecular beacon probes comprising a

first and second probe. This first probe comprises an oligonucleotide with a stem-loop

structure having a photoluminescentdye at one ofthe 5’ and 3° ends and a quenching

agent at the opposite 5’ or 3’ end. The loop consists of 16 base pairs and has a Ty of 50-

51°C, The stem consists of4 base pairs and has a sequence 5’-CACG-3’. The second

probe comprises an oligonucleotide that has a stem-loop structure having a

photoluminescent dye at one of the 5° and 3’ ends and a quenching agentat the opposite

5’ or 3° end. The loop consists of 19-20 base paixs and has a Ty, of 54-56°C. The stem

consists of 4 base pairs and has a sequence 5'CACG-3’ (claim 37).

Information Disclosure Statement

The Office Action asserts that the listing of references in the specification is not a

6
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proper information disclosure statement (IDS), Thelisting ofreferences in the

specification is not intended as the IDS for the application. Applicants have made two

submissions on Form PTO-1449,in compliance with 37 CFR 1.98(b) on December15,

2000 and March 7, 2001. A copy of each IDS submitted is attached along with the

postcard receipts, at Tabs A and B, Clearly the PTO received at least one sheet ofPTO-

1449, as this has been retumed to applicant, albeit entirely crossed out. No explanation is

provided for the failure to consider the references. A new set of references is included in

case these were lost in PTO handling. Lietal. is not included with this response, but will

be sent in a separate mailing. Applicants recognize that the two lists ofreferences are

almost identical but for the Brown patent which was only listed on the March 7, 2001

submission. Applicants request an initialed copy of the PTO-1449indicating

consideration ofeach reference.

Objections to the Specification

The Office Action has objected to the specification for reciting “Figure 1” in the

Brief Description of the Drawings, while no Figure 1 exists in the drawings. The

specificationhas been amended to properly recite Figure 1A, 1B, 1C in the Brief

Description of the Drawings.

The specification was further objected to for improper disclosure ofnucleotide

sequences. The sequences referenced in the Office Action (at page14,lines 30 and 31,

as well as sequences not referenced in the Office Action at page 15,lines 1, 2, 4, and 13

of the specification) were entered into a Sequence Listing as they appear in the
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application, and thus contain no new matter. A paper end computer readable form of the

Sequence Listing are submitted with this amendment,

e Rejection of Claims 1-64 under 35 U.S.C.§112

Claims 1-64 have beenrejected under 35 U.S.C. § 112, second paragraph, as

being indefinite for failing to particularly point out and distinctly claim the subject matter

which the applicant regards as his invention.

A Therejected claims are allegedly incomplete for omitting essential steps. The

Office Action identifies the omitted steps as “serially diluting to form a set of assay ~

samples and testing by PCR.” (Page 4, lines 3-4.) Applicants respectfully traverse,

Claim 1 recites both a diluting step and an amplifying step at lines 3 and 5,

respectively, Claim 38 recites an amplifyingstep at line 3. Thus the only step that could

possibly be missingis diluting in claim 38. However,this step is neither essential nor

required, Claim 38 requires a certain concentration oftemplate which may, but need not,

be achieved by dilution, If samplesareinitially sufficienily dilute, no dilution is

required, Thus dilution is not a necessary step.

The Office Action points to the specification at page 13, lines 17-19, to

demonstrate that claims 1-32 and 38-64 omit the essential steps of serially diluting and

testing via PCR. Thecitation is to example 1. The examples, however, are provided “for

purposes ofillustration only, anndare not intended to limit the scope of the invention.”

(Page 13, lines 6-7.) Nothing in the example indicates that dilution isessential, and as

discussed above,it is not.
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B. The Office Action asserts that the claims omit linear amplification by PCR, which

is allegedly a critical step of the invention. The PTO supportsthis assertion by citing the

specification at page 14, line 18 where an example of sample analysis is disclosed in

which linear amplification is used to enhance the signal provided by molecular beacon

probes. Applicants respectfully traverse.

Claim 1 recites:

analyzing the amplified molecules in the assay samples of
the set 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.

Claim 38 recites:

analyzing the amplified molecules in the assay samples of
the get to determine a first number of assay samples which
contain the selected genetic sequence and a second umber
of 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 sequences to
total genetic sequences required to determine the presence
of the selected genetic sequence.

In each claim, the amplified molecules in the assay samplesofthe set are analyzed, but a

particular analysis method is not required.

Linear amplification can be performed as part of the step of analyzing but it need

not be. The specification teaches that: “Although the working examples demonstrate the

use of molecular beacon probes as the means of analysis of the amiplified dilution

samples,othertechniquescanbeusedas well.” (Emphasis added, page 12, lines 29-31.)

Since linear amplification was taught to enhance the signal ofmolecular beacon probes,

9
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which are not essential, clearly linear amplification is not essential either. Therefore, the

claimed method does not require linear PCR,

Nothingin the specification indicates that linear amplification by PCR is

essential, Rather, linear amplification by PCR is disclosed as an enhancementto the

analysis step when molecular beacon (MB) probes are used. The specification states,

“fluorescent signals obtained could be considerably enhanced if severel cycles of

asymmetric, linesr amplification were performed in the presence of the MB probes.”

(Page 19,lines 9-11.) Thus linear amplification is not essential to the method ofthe

invention.

on The Office Action asserts that the use ofthe term “consists” is confusing because

“i]t cannot be determined whether the claim intends open or closed language for the

limitation ofthe sequence. Proper Markush language is required.” (Page 4, lines 14-15.)

Applicant’s respectfully traverse,

Eachofclaims 33, 36, and 37 recite “the stem consists of 4 base pairs having a

sequence 5’-CACG-3.” “When the phrase ‘consists of appears in a clause of the body of

a claim,rather than immediately following the preamble,it limits only the elementset

forth in that clause.” Manesmann Demag Corp. v. EngineeredMetal Products Co., 793

F.2d 1279, 230 USPQ 45 (Fed. Cir. 1986). Therefore, the term “consists” is closed, The

stem contains the four recited base pairs 5°-CACG-3’ and no others. No Markush group

is presentin claims 33, 36, and 37.

D. The Office Action asserts that “[c]laim 2 is confusing becauseit is unclear as to

whether each sample ofthe fraction of one out ten (sic) are to contain N molecules.”

10



Page 115 of 1224

(Page 4, lines 16-17.) Applicant’s respectfully traverse. |
Theclaim recites, “‘at least one-tenth of the assay samples in the set comprise 4

number (N) ofmolecules.” (Claim 2, lines 2-3.) The claim positively recites that at least

one outoften of the assay samples in the set have a number (N) molecules, Theclaim is

not confusing or unclear, The language ofthe claim affirmatively answers the question :iii|}||(ti|of the Office Action. Each ofthe 1/10 fraction of samples comprise a number (IN)

 
molecules, N is defined so that 1/N is larger than the ratio ofselected genetic sequences

to total genetic sequences. Thusall of the 1/10 samples need not have the same number

of molecules, but a number thatfits the definition. Nonetheless, ifsamples are formed by

dilution, as in claim 2, the samples should have roughlyidentical numbers of molecules.

Withdrawal of the 35 U.S.C. §112 rejection of claims 1-64 is respectfully

requested as all claims are clear and definite.

Rejection of claims|and 3-32 under 35 U.S.C, §103

Lapidus (U.S. 5,928,870) and Ruano (P.N.A.S., vol, 87, pp. 6296-6300, August

1990) in combination are cited as teaching the invention of claims 1, 3, 4-11, 14-16, and

19-32. Tyagi (U.S. 5,925,517) is further combined to allegedly teach the invention of

claims 12, 13, 17, and18, These rejections are respectfully traversed.

Itis axiomatic that all elements of a claim must be taught or suggested by the

prior art for a primafacie case ofobviousness to be proper. MPEP §2143. The present  
rejection fails to fulfill this “all elements”rule and thus fails to present aprimaJacie case.

Claim 1 requires four steps: diluting, amplifying, analyzing, and comparing.
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Neither Lapidus nor Ruano teach the step of analyzing or the step of comparing as

specified in claim 1. Claim 1, steps 3 and 4, recite:

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 number of assay samples which contain a reference
penetic sequence;

comparing the first number to the second number to
ascertain a ratio which reflects the composition of the
biological sample.

Emphasis added. The Office Actionfails to point to any portion in either Lapidus or

Ruano which teach these two steps, Lapidus does not teach determining a number of

assay samples containing genetic sequences. Lapidusinstead teaches determining

concentration. The Office Action refers to this teaching of Lapidus as “enumerating

number molecules of a target,” citing col. 2, lines 58-66, This, however,is different from

determining the number of assay samples containing a genetic sequence, Since the
 

numbers of assay samples are not determined according to Lapidus, neither are the

numbers compared, as required in step 4.

This difference leads to an advantage ofthe present invention over Lapidus.

Digital amplification, as claimed, converts “the intrinsically exponential nature of PCR to

a linear one.” Specification at page 8, lines 17-18, Thus the present invention climinates

the quantitative bias which exponential amplification introduces into a nucleic acid

sample. Since neither Lapidus nor Ruano teach these elements ofthe claims, the prima

Jacie case must fail.

12
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Tyagi teaches molecular beacon probes. Tyagi is cited in combination with

Lapidus and Ruanoto allegedly render claims 12, 13,17 and 18 obvious. (Claim 12 does

not employ a molecular beacon probeatall, so its inclusion in this rejection is improper.)

Like the primary references, Tyagi does not teach the element of “determining a

first number of assay samples” nor of comparing the first and second numbers. Thus

Tyagi does not remedythe defect of the primary references. Again, the primafacie case |
fails to teach all elements of the claimed invention and must therefore be withdrawn as !

improper.

A speedy allowance of all pending claims is respectfully requested.

Respectfully submitted,

Date: July 12, 2001 By:
Sarah A. Kagan
Registration No. 32,141

BANNER & WircorF, LTp.
{O01 G STreer, NW

WASHINGTON, DC 20001
202-508-9100  
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Replacement paragraph beginning on page 4,line 5.

Fic. 1A, 1B, 1C. Schematic of experimental design. (A) Thebasic two steps 

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

which discriminate between WT and mutantalleles and subsequent fluorometry. (B)

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 groupat

the 3’ end. Upon hybridization to a template, the dye is separated from the quencher,

resulting in increased fluorescence, Modified from Marras et al. . (C) Oligonucleotide

design. Primers F1 and Ri are used to amplify the genomic region ofinterest. Primer

INTis 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, whether it is WT or mutantat the

queried codons. MB-GREEN is a Molecular Beacon which preferentially detects the WT

PCR product.

Replacement paragraph beginning on page 14, line 29.

Oligonucleotides and DNA sequencing. Primer F1:

5"-CATGTTCTAATATAGTCACATTTICA-3’ (SEO ID NO:.}); Primex R1:

5’-TCTGAATTAGCTGTATCGTCAAGG-3’(SEQIDNO:2); Priraer INT:

5’-TAGCTGTATCGTCAAGGCAC-3’ (SEOIDNO:3); MB-RED;

14
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5*-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabcyl-3’ (SEO ID NO: 4);

MB-GREEN:5°-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3' (SEO

IDNO:5). Molecular Beacons (33,34) were synthesized by Midland Scientific and other

oligonucleotides were synthesized by Gene Link (Thomwood, NY). All were dissolved

at 50 uM in TE (10 mM Tris, pH 8.0/ 1 mM EDTA)and kept frozen and in the dark until

vse, 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 3’-CATTATTTITATTATAAGGCCTGC-3’ (SEOID NO; 6).

Sequencing was performed using fluorescently-labeled ABI Big Dye terminators and an

ABI 377 automated sequencer.

15
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Application No.: OFot L326
UIREMENTS FOR PATENT APPLICATIONS CONTAINING

(OR AMING ACID SEQUENCE DISCLOSURES

20/01 FRI 16:12 Fi

NOTICE TO GOKIP
NUCLEOTIDE SEQU

Applicant mustfile the items indicated below within the time period set the Office action to which
tha Notice is attached to avoid abandonment under 35 U.S.C. § 133 (extenslons of time may be
obtained underthe provisions of 37 CFR 1.136(a)).

The nucleotide and/or amino acid sequence disclosure containedin this application does not
comply with the requirements for such a disclosure as set forth in 37 C.F.R. 1.821 ~ 1.825 for the
following reason(s):

1. This application clearly falis to comply with the raqulraments of 37 C.F.R. 1.621-1.825. Applicant's
attention fs directed to the final rulemaking natice published at 55 FR 18230 (May 1, 1990), and 1114
OG 29 (May 16, 1990). [f the effective Ming date ls on or after July 1, 1998, gee the final rulemaking
Notica published at 63 FR 29620 (lune 1, 1998) and 1211 OG 82 (June 23, 1998),

2. This application does not eontaln,as @ separate part of the diaclosure on paper copy, a “Sequence
Listing’ aa required by 37 C.F.R, 7.821(c).

3. A copy of the “Sequence Listing" 1 computer readable form has not been submitted as required by
37 C.F.R. 1,821(e).

{] 4, A copy of the “Sequence Lighing* in computer seadabls form has been submitted. However, thecontent of the computer readable farm does not comply with the requirements ef 37 C.F.R 1.822
and/or 1.823, as Indicated on the attached copy of tha marked -up "Raw Sequance Listing.”

Ty 6. The computer readable form that hasbeen filad with thls application has bean found to be damaged- and/or unreadable as Indicated an the attached CRF Diskette Problem Report A Substitute
computer readable form muat be submitted as required by 37 C.F.R. 1.625(d).

G, The papercopy of the “Sequance Listing” Is nat tha game ag the computer readabte from of tha
"Sequence Listing’ as required by 37 G.F.R, 1.421(a).
 

(} 7, Other:

Appilcant Must Provide:

yl An Initial or substitute computer readable fonn (CRF) capy of the “Sequence Listing”.
An initial or substitute paper cepy of the "Sequence Listing’, ag well as an amendmentdirectingits enby
frite the specifleation.

Astatementthat ihe content of the paper and computer readable copies are the same and, where
applcable, Include no new matter, as required by 37 C.F.R, 1.62 1(@) or 7.821(f) or 1.821{q)of
4.825(b) of 1.625(d).

For questions regarding compliance to these requirements, please contact:
Far Rules Interpretation, call (703) 308-4216
For CRF Submisgioan Help, call (703) 308-4212
Patentin Software Program Support

Technical Assigtame@..cscsccscesscrceceeressrarerten ve.703-287-0200
To Purchase Patentin Software... tusenats703-306-2600

PLEASE RETURN A COPY OF THIS NOTICE WITH YOUR REPLY
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, PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: )
)

Bert Vogelstein, e7al. ) Group Art No. 1632
)

Serial No.: 09/613,826 ) Examiner: TBA
}
)» Filed: July 11, 2000 Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner for Patents

Washington, D.C. 20231

“F Pursuant to 37 C.F.R. §1.56 and in compliance with 37 C-F.R. §1.97, Applicants submit
herewith a Form PTO-1449identifying information for consideration by the Examiner. A copy

of each of the items of information is enclosed.

. Applicants do not waive any rights to take appropriate action to establish patentability
overthe listed documents should they be applied as a reference against the claims of the present

application.

Consideration of the cited information and making the sameof record in the prosecution

of the above-noted application are respectfully requested. Should the Patent and Trademark

Office determinethat a fee is required, please charge our Deposit Account No. 19-0733.

Respectfully submitted,

BANNER & WITCOFF, LTD.

 
Registration No. 32,141

1001 G Street, N.W.
Washington, D.C. 20001-4597
(202) 508-9100
Dated: 9 42a? Q
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U.S. DEPARTMENT OF COMMERCE 03107.0003!
PATENT AND TRADEMARK OFFICE

APPLICANTS
Bera Vogetstein, et al.

INFORMATION DISCLOSURE STATEMENT
BY APPLICANT FILING DATE GROUP ART UNIT

July 11, 2000
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836-849, 1991

HongugLi,er al., “Arapiification and Anafysis yfDNA Sequences in Single Human Sperm and Diploid Cells”, Nature,
Vol. 335, September 29, 1938

ey in Phenotypically Normal Human Cells”, Science, Vol. 268,  Ramon PARSONS,et al., “Mismatch Repais Deficit
May 5, 1995

Lin ZHANG,ef al., “Whole Genome Amplification from * Single Cell: implications for Genetic Analysis”, Proc. NationalScience USA, Vol. 89, pp. 5847-5851, Tuly 1992

David SIDRANSKY,et af, “Clonal Expansion ofp53 Mutant Gels is Associated with Brain Tumour Progression”,
Nature, February 27, 1992
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C. SCHMITT,e? af, “High Sensitive DNA Typing Appmeches for the Qnalysis ofForensic Evidence: Comparison of
Nested Variable Number ofTandem Repeats (VNTR) Amplification andy Short Tandem Repeats (STR) Polymorphism”,
Forensic Science International, Vol. 66, pp. F29-34), 1994

Pau! M. LIZARD),et af, “Mutation Detection end Single-Motecule Counting Ysing Isothermal Rolling-Circle
Amplification”, Nature Genetics, Vol. 19, Jul

W. NAVIDI,et al., “Using PCR in Preimplantation Genetic Disease Diagnosis”, Hkman Reproduction, Vol. 6, 1991
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of
} Group Art Unit: 1656

AG
“bhp7fe3

) RECEIVED
Bert Vogelstein, et. al. ) JUL 19 209;

) Examiner: I Siew .
Serial No, 09/613,826 ) TECH CENTER 1600/2900 

)
Filing Date: July 11, 2000 ) Docket No. 01107,00031

For: DIGITAL AMPLIFICATION

SUPPLEMENTAL SUBMISSION

Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

In applicants’ response to the Office Action mailed July 12, 2001 copies of two previously filed

Information Disclosure Statements (IDS) were supplied. A new set of references wasalso included in case

the original set of references was lost in PTO handling, A copy ofLi, et al. (Nature, 1988, (335):414-417)

however was missing. The reference is enclosed herewith.

Nofee is believed due. Ifany additional fee is due please change our Deposit Account No.19-

0733.

! Respectfully submitted,

Date: July 17,2001 wrMickbe,AbusLorMicheile L. Holmes-Son

Registration No. 47,660

Banner & Wircorr, Lro.
tOol G Streer, NW

WasSHINGToN, DC 20001
202-508-9100
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~ “| Application No. : Applicant(s)

08/313,626 VOGELSTEIN ET AL.

Office Action Summary Examiner AU

~ The MAILING DATE of this cammunication appoara on the cover sheet with the correspondence address --
Period for Repiy

A SHORTENED STATUTORY PERIOD FOR REPLY {8 SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION,
+ Exisnslone of ime may be avallable under the provisiona of 37 CFR 1.136(a). In no event, however, may 8 raply ba Umely filed

after SIX (6) MONTHS from tha malting date of this communication,
- Mithe pariod for reply specified aboveis lesa than thirty (30) days,a reply within the statutory minimum ofthirty (20) days will bo considered timely.
© ff NO period fer reply is specified above, tho maximum atatutory period will apply and val expire SIX (6) MONTHS from the malling date of this communication.
~ Fallura to reply vatthin {he set or exiandad period for repty will, by elatuta, cause (he application ta become ABANDONED (35 U.S.C, § 133).
» Any reply received by the Office leter than threa months after the mailing date of this communiaation, even if timaly fllad, may reduca anyeamed patent term adkistnent. See 37 CFR 1.704(b).

Status

4)b4 Responsive to communication(s) filed on 12 July 2007 .

2a)f] This action Is FINAL. 2b) This action is non-final.

3)0_ ‘Since this application ts in condition for allowance except for formal matters, prosecution as to the merits Is
closed in accordance with the practice under Ex parte Quayle, 1835 C.D. 11, 453 O.G. 213,

Dispoaltion of Claims

4)B4 Claim(s) 7-69 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.

5)DJ Clalm(s) 1-84 is/are allowed.

8)01 Claim(s) 65-89 is/are rejected.

7D Glaim(s)___ Isvare objectedto.

8)0 Claim(s) are subject to restriction and/or election requirement.

Application Papers

6)I The specification is objected to by the Examiner.

_ 10)C] The drawing(s) fitad on Isfare; a)C) accepted or b)_] objected to by the Examiner.
Applicant may not requestthat any objaction to the drawing(s) be held in abeyance. See 37 CFR 1,85(a).

11) The proposed drawing correctionfiled on ts: a) approved b)C] disapproved by the Examiner.
Wapproved, corrected drawings are required In reply to this Office action.

42) The oath or declaration Is objected to by the Examiner.

Priority-uider 46 U.S.C. §§ 119 and 120
43)[L. Acknowledgment is madeof a claim forforeign priorily under 35 U.S.C, § 112(a)-(d) or (f.

aLIAl b)I Some * oc) Noneof:

1.0] Certified copies of the priority documents have been received.

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

3.01 Copies ofthe cerlified coples of the priority documents have baen received In this National Stage
application from the Intemational Bureau (PCT Rule 17.2(a)).

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

44) Acknowledgment is made of a clalm for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
a) DJ Thetranslation of the foreign language provisional application has been received.

45) Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or-121.
Attachment(s)

4) C1 Notice of References Clted (PTO-892) 4) (C1 Interview Summary (PTO-413) Papar No(s).
2) O Notice of Dreftzperson’s Patent Orawing Review (PTO-248) 5) oO Notice of informal Patent Applicatian (PTO-152)
3) Bd) information Disclosure Statemant(s) (PTO-1449) Paper No(s) 4. 6) () other.

 
US Patent and Trademare Gifice
PTO-326 (Rev. 04-01} Office Action Summary Part of Paper No. 10
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Application/Control Number: 09/613,826 Page 2
Art Unit: 1656

DETAILED ACTION

dnformation Disclosure Statement

1. The IDSfiled 12/15/00 was one page and IDS filed March 7,2001 was one page. Both were

signed and intended to be mailed io applicant. Apparently the IDS of 12/15/00 was only

received. The references on this IDS were crossed out because they are duplicates of

references on IDS March 7, 2001. Moreover,all the references in newly submitted IDS July

12, 2001 were contained in the IDS ofMarch 7, 2001. It is unclear as to the purpose

applicant’s resubmission ofthese references but as the office has reviewed the references per

IDS March 7, 2001 and signed the PTO-1449it is deemed adequately considered. A copyof

signed IDS March 7, 2001 will be resent with this mailing.

THE FOLLOWING IS A NEW GROUND OF REJECTION NECESSITATED BY THE
AMENDMENT

Claim Rejections - 35 USC§ 112

2, The following is a quotation ofthefirst paragraph of 35 U.S.C, 112:

The specification shall contain a written desoription of the invenfion, and of the manner and process ofmaking
and using it, in auch full, clear, concise, and exact terme as to énsble any person skilled in the art to whichit
pertains, of with which it is most nearly connected, to make and use the same and shal! set forth the best mode
contemplated by the inventor ofcarrying out his invention.

Claims 65-69 are rejected under 35 U.S.C. 112,first paragraph, as containing subject

matter which was not described in the specification in such a way as to reasonably convey to one
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Application/Control Number; 09/613,826 Page 3
Art Unit: 1656

skilled in the relevant art that the inventor(s), at the time the application was filed, had

possession ofthe claimed invention. The specification describes molecular probes that are

consisting of 16 base pairs with a Tm of 50-51°C and a stem consisting of 4 base pairs or one

with a loop consisting of 19-20 base pairs and Tm of 54-56°C and stem consisting of 4 base

pairs, The specification lacks support for molecular beacon that has a loop greater than 16 base

pairs with Tm of 50-51°C and stem comprising 4 basepairs nor a molecular beacon that a loop

comprising 19-20 base pairs and Tm of 54-56°C and stem comprising of 4 base pairs.

3. The following is a quotation of the second paragraph of35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out anddistinctly claiming the
subject matter which the applicant regards as his invention.

Claim 68 is rejected under 35 U.S.C, 112, second paragraph, as being indefinite for

failing to particularly point out and distinctly claim the subject matter which applicant regards as

the invention.

A)The term comprising 19-20 renders claim 68 unclear. As the term is openit is unclear

as to whetherthe loopis to be greater than 19 or greater than 20 basepairs.

Claim Rejections - 35 USC§ 102

4. The following is a quotation of the appropriate paragraphs of35 U.S.C, 102 that form the

basis for the rejections under this section made in this Office action:

Page.135of 1224 _ -...- ewe —— eer See
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Application/Control Number: 09/613,826 Page 4
Art Unit: 1656

A person shailbe entitled to a patent unleas ~

(6)theinvention was desoribed in a patent granted on an application for patent by another filed in the United
States before the invention thereofby the applicant for patent, or on an internationalapplication by another wha
has fulfilled the requirements of paragraphs (1), (2), anid (4)ofsection 371(c) ofthis title before the invention
thereofby the applicantfor patent.

Claim 65-67 are rejected under 35 U.S.C, 102(e) as being anticipated by Tyagi etal

(US5,925,517 March 14, 2000).

Tyagi et al who teach a molecular beacon with a stem comprising CACG(seecol. 11

probe 3) but with a loop of Tm 50 Tm=[(A+T)x2C + (G+C) x4C] (see col. 12 SEQ ID NO:3).

Claims 66 & 67 refer to a property that is drawn to the intended use of the probe.

Uponrecalculation ofthe loop for Tyagiet al’s probe3,it appears that the Tm is within

the claimed range. However,in referring to original claim 33 probe 3 does not have the

limitation of stem of only 4 base pairs,

SUMMARY

5. Claims 33-37 are allowable. There is no prior art that teach or suggest a molecular beacon

probethat has a loop consisting of 16 base pairs and having a Tm of 50-S1C and the stem

consisting ofCACG sequence. The closest prior art is Tyagi et al (US6,037,130) teach

molecular beacon with a stem comprising CACG(see col. 11 probe 3) but with a loop ofTm

50C. Moreover, the prior art has been focused on the Tm ofthe stem which relates to the

functioning ofthe opening and closing ofthe hairpin during hybridization.

Page 136 of 1224 at
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Application/Control Number: 09/613,826 Page 5
Art Unit: 1656

Claims 1-32 & 38-64 is allowable. There is no prior art 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 determine thefirst number of samples

containing the selected genetic sequence and second number assay samples which contain a

reference genetic sequence and comparing the two numbers. Moreover, 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 sequence to total genetic sequences required for

the step ofanalyzing to determine presence ofselected genetic sequence. The closestpriorart is

Lapiduset al who teach a reference and target nucleic acid amplification and concentration

determination. However, his determination of concentration is within a sample and they do not

teach or suggest a dilution.

CONCLUSION

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

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).

Applicant is reminded ofthe extension oftime policy as set forth in 37 CFR 1.136(a).

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

MONTHSfrom the mailing date ofthis action. In the eventa first reply is filed within TWO

MONTHSofthe mailing date ofthis final action and the advisory action is not mailed until after

the end ofthe THREE-MONTH shortened statutory period, then the shortened statutory period

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37

CFR 1.136(a) will be calculated from the mailing date ofthe advisory action. In no event,
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Application/Control Number: 09/613,826 Page 6
Ast Unit: 1656

however, will the statutory period for reply expire later than SIX MONTHSfrom thedateofthis

final action.

6. Any inquiry concerning this communication or earlier communications from the examiner

should be directed to Jeffrey Siew whose telephone numberis (703) 305-3886 and whose e-

mail addressis Jeffrey. Siew@uspto.gov. However,the office cannot guarantee security

through the e-mail system nor should official papers be transmitted through this route. The

examiner is on flex-time schedule and can best be reached on weekdays from 6:30 a.m. to 3

p.m. Ifattempts to reach the examiner are unsuccessful, the examiner's supervisor, Gary

Jones, can be reached on (703)-308-1152.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist for Technology Center 1600 whose telephone aumberis

(703) 308-0196,

Papersrelated to this application may be submitted to Group 1600 by facsimile

transmission. Papers should be faxed to Group 1600 via the PTO Fax Center located in Crystal

Mall 1. The faxing of such papers must conform with the notice published in the Official

Gazette, 1096 OG 30 (November 15, 1989). The CM1 Center numbers for Group 1600 are Voice

(703) 308-3290 and Fax (703) 308-4556or(703) 308-4242.

Pde
Jeffrey Siew

September 20, 2001
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Application Ne. Appilcant(s}

09/613,826 VOGELSTEIN ET AL.
Examiner Art Unit

Jeffrey Slew 1656

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

(1) JefireySiew, (3)___.

(2) Michelle Holmes-Son. (4) :

interview Summary

Date ofInterview:

Type: a)L] Telephonic b)L] Video Conference
c)_] Personal[copy glven to: 1)] applicant 2)L) applicant's representative]

Exhibit shown or demonstration conducted: dj]Yes  e)L] No.
If Yes, brief description: .

Claim(s) discussed: None.

Identification of prior art discussed:

Agreementwith respect to the claims )& was reached. g)[] wasnotreached. h)L] NIA.

Substanceof Interview Including description of the general nature of what was agreed toif an agreement was
reached, or any other comments: applicant did not receive signed IDS of 1/23/02. office submitted signed already
considered IDS .

(A fuller description, if necessary, andacopy of the amendments which the examiner agreed would render the claims
- allowable, If available, must be attached. Also, where nocopyof the amendments that would renderthe claims

allowable Ie available, a summery thereof must be attached.)

NH It le not necessary for applicantto provide a separate record of the substance of the interview(If box is
checked).

Unless the paragraph above has been checked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCEOF THE INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office
action has already beenfiled, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCEOF THE INTERVIEW. See Summary of Record ofInterview requirements on
reverse side or on attached sheet.

Examiner Note; You must sign this form unlessit is an
Altachment to a signad Office action.

Jule hee,
ners signature,if required

 
+ USPelentend Wedenack Ofics

PTO-113 (Rev. 03- 88) interview Summary PaperNo. 10.
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<110>

<120>
8 <130>

10 <140>
11 <141>
13 <150>
14 <151>
16 <160>
18 <170>
20 <210>
21 <211>
22 <212>
23 <213>
25 <400>

peempoemas =

RAW SEQUENCE LISTING DATE:
PATENT APPLICATION: US8/09/613,826 TIME:

Input Set : A:\sequeneslist.ST25. txt
Output Set: N;\CRP3\07242001\1613026, raw

APPLICANT: Vogelstein, Bert
Kinzler, Kenneth W.
TITLE OF INVENTION: DIGITAL AMPLIFICATION
FILE REFERENCE: 01107.00031
CURRENT APPLICATION NUMBER: 09/613, 826
CURRENT FILING DATE: 2000-07-11
PRIOR APPLICATION NUMBER: US 60/146, 792
PRIOR FILING DATE: 1999-08-02
NUMBER OF SEQ ID NOS: 6
SOFTWARE: PatentIn version 3.0
SEQ ID NO: 1
LENGTH: 26
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE; 1

26 catgttctaa tatagtcaca ttttca
29 <210>
30 <211>
31 <212>
32 <213>
34 <400>

SEQ ID NO: 2
LENGTH: 24
TYPE; DNA
ORGANISM: homo sapiens
SEQUENCE: 2

35 tctgaattag ctgtatcgtc aagg
38 <210>
39 <211>
40 <212>
41 <213>
43 <400>

SEQ ID NO: 3
LENGTH: 20
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 3

44 tagctgtate gtcaaggcac
47 <210>
48 <211>
49 <212>
50 <213>
52 <400>

SEQ ID NO: 4
LENGTH: 27
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 4

53 cacgggcetg ctgaaaatga ctgegtg
56 <210>
57 <211>
58 <212>
59 <213>
61 <400>

SEQ ID NO: 5
LENGTH: 24
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 5

62 cacgggagct ggtggcgtag catg
65 <210>
66 <211>
67 <212>
68 <213>
70 <400>

SEQ ID NO: 6
LENGTH: 24
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 6

71 cattattttt attataagge ctge

file://CA\Crf3\Outhold\Vsrl613826.bim
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OIPE

07/24/2001
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ENTERED

26
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20

27

24

24
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Page 2 of 3

ete

VERIFICATION SUMMARY DATE: 07/24/2001
PATENT APPLICATION: US8/09/613,826 TIME: 11:12:17

Input Set : A:\sequencelist.ST25.txt
Output Set: HW: \CRF3\07242001\1613826. caw

file://CACrf3\Outhold\Vsr1613826.htm 124/01
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<110>

<120>
8 <130>

10 <140>
11 <141>
13 <i50>
14 <151>
16 <160>
16 <170>
20 <210>
21 <211>
22 <212>
23 <213>
25 <400>

eae Rerun — Page 1 of 3Ke 13
PatGest) (Op)

OIPE

RAW SEQUENCE LISTING DATE: 09/20/2001
PATENT APPLICATION: US/09/613,826 TIME: 17:06:04

Input Set : A:\sequencelist.sT25.txt REC EF] VED
Output Set: Nr\CRF3\09202061\1613926.raw

APPLICANT: Vogelstein, Bert SEP 2 8 2001
Kinzler, Kenneth W. :
TITLE OF INVENTION: DIGITAL AMPLIFICATION
FILE REFERENCE: 01107.00031 TECHCENTER 1600/2800
CURRENT APPLICATION NUMBER: 09/613,826
CURRENT PILING DATE: 2000-07-11

PRIOR APPLICATION NUMBER: US 60/146,792 ‘ EDPRIOR FILING DATE: 1999-06-02 ERNUMBER OF SEQ ID NOS: 6 EN!SOPTWARE: PatentIn version 3.0
SEQ ID NO: 1 .
LENGTH: 26
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 1

26 catgttctaa tatagtcaca ttttca 26
29 <210>
39 <211>
31 <212>
32 <213>
34 <400>

SEQ ID NO: 2
LENGTH: 24
TYPE: DNA >
ORGANISM; homo sapiens
SEQUENCE: 2

35 tetgaattag ctgtatcgtc aagg 24
38 <210>
39 <211>
40 <212>
41 <213>
43 <400>

SEQ IB No: 3
LENGTH: 20
TYPE: DNA
ORGANISM: homo sapiens
SEQUENCE: 3

44 tagctgtate gtcaaggcac 20
47 <210>
46 <211>
49 <212>
50 <213>
52 <400>

SEQ ID No: 4
LENGTH: 27
TYPE; DNA
ORGANISM: homo sapiens
SEQUENCE: 4

§3 cacgggcetg ctgaaaatga ctgegtg 27
56 <210>
57 <211>
58 <212>

SEQ ID NO: 5
LENGTH: 24
TYPE: DNA

59 <213> ORGANISM: homo sapiens
61 <400> SEQUENCE: 5
62 cacgggaget ggtggegtag cgtg 24
65 <210> SEQ ID NO: 6 - .
66 <2]1> LENGTH: 24
67 <212> TYPE: DNA
68 <213> ORGANISM: homo sapiens
70 <400> SEQUENCE: 6
71 cattattttt attataagge ctgc . 24

file://CNCrf3\Outhold\Vsr16 13826.hitm. 9/20/01
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Page 2 of 3 i

VERIFICATION SUMMARY DATE: 09/20/2001
PATENT APPLICATION: US/09/613,826 TIME: 17:06:05

Input Set : A:\sequenceliat.sT25.tzt
Output Set: Ns\CRF3\09202001\1613826.raw :

RECEIVED
SEP 28 2001 |

TECH CENTER 1600/2900 |

 

 
file://(C\Crf3\Outhold\Vs11613826.him 9/20/01
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STATISTICS SUMMARY DATE: 09/20/2001
PATENT APPLICATION: US/09/613,826 TIME; 17:06:05

Input Set : Ar\sequencelist.ST25 txt
Output Set: Ne\CRFI\09202001\1613026. raw

Application Serial Number: US/09/613, 826
Alpha or Numeric: Numeric
Application Class;
Application File Date: 07-11-2000
Art Unit: OIPE
Software Application: Patentin
Total Number of Sequences: 6
fPotal Nucleotides: 145
Total Amino Acids: 0
Number of Errors: 0
Numbex of Warnings: 0
Number of Corrections: 0

MESSAGE SUMMARY

file://CA\CrE3\Outholc\Vsr1613826.htm
Page 145 of 1224
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ne! 6IPES Bh" “O}a |ear’ RECEIVED :
: xy DEC 9 7 ~
an * : 2001 PATENT7 CH CENTER 1600/2999

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of )
) Group Art Unit: 1656

Bert Vogelstein, et. al. )
) Examiner: J Siew

Serial No. 09/613,826 ) Box AF
)

Filing Date: July 11, 2000 ) Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

AMENDMENT AFTER FINAL REJECTION

Assistant Commissioner for Patents

Washington, D.C. 20231

Sir: |

In response to the Final Office Action mailed September 20, 2001, applicants

request entry of the following amendments and request reconsideration ofthe claims.ZS Claims 1-69 are pending in the application. Claims 1-64 are allowed, and claims 65-69

are rejected. No fees are believed due to makethis responsefiled timely. If any fee is“Se
°

due please change our Deposit Account No. 19-0733.

IN THE CLAIMS

Please amend claims 33, 36-37, 65, and 68-69.

Page 146 of 1224
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33, (Amended) A molecular beacon probe comprising:

an oligonucicotide 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, wherein the

 loop consists of 16 bases, wherein the loop has a T,, of 50-51°C and the stem consists of

4 base pairs having a sequence 5'-CACG-3’,

36. (Amended) A molecular beacon probe comprising:

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, wherein the |
loop consists of 19-20 bases, wherein the loop has a Tp of 54-56°C and the stem consists |
of 4 base pairs having a sequence 5’-CACG-3’,  
37. (Amended) A pair ofmolecular beacon probes comprising:

a first molecular beacon probe which is an oligonucleotide with a stem-loop

structure having a first photoluminescent dyeat one ofthe 5’ or 3’ ends and a quenching

agent at the opposite 5’ or 3” end, wherein the loop consists of 16 bases having a Tw of

50-51°C. and the stem consists of 4 base pairs having a sequence 5’-CACG-3’; and

a second molecular beacon probe which is an oligonucleotide with a stem-loop

structure having a second photoluminescent dye at one of the 5° of 3° ends and a

quenching agent at the opposite 5° or 3° end, wherein the loop consists of 19-20 bases

having a T,, of 54-56°C and the stem consists of 4 base pairs having a sequence 5’-

CACG-3’;

Page 147 of 1224
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wherein the first and the second photoluminescent dyes are distinct.

65. (Amended) A molecular beacon probe comprising:

an oligonucleotide comprising a stem and a loop structure and having a

photoluminescent dyeat one ofthe 5’ or 3” ends and a quenching agentat the opposite 5’

or 3’ end, wherein the loop consists of 14-26 bases and has a Tm of §0-51°C, and

wherein the stem consists of 4 base pairs having a sequence 5°-CACG-3’.

68. (Amended) A molecular beacon probe comprising:

an oligonucleotide comprising a stem and a loop structure and having a

photoluminescentdye at one ofthe 5’ or 3’ ends and a quenching agent at the opposite 5’

or 3’ end, wherein the loopconsists of 14-26 bases and has a Tm of 54-56°C,and

wherein the stem consists of4-6 base pairs comprising a sequence 5’-CACG-3’.

69. (Amended) A pair ofmolecular beacon probes comprising:

a first oligonucleotide comprisinga first stem anda first loop structure and having

a photoluminescent dyeat one ofthe 5” or3’ ends and a quenching agentat the opposite

5° or 3° end, wherein the first loop consists of 14-26 bases and has a Tmof50-51°C,and

wherein the first stem consists of4 base pairs having a sequence 5’-CACG-3’; and

a second oligonucleotide comprising a second stem and a second loop structure

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

the opposite 5’ or 3’ end, wherein the second loop consists of 14-26 bases and has a Tm
 

3
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of 54-56°C, and wherein the second stem consists of4-6 base pairs comprising a

sequence 5’-CACG-3’.

The Invention

Theinvention is directed to methods for determining the ratio of a selected

genetic sequence in a population ofgenetic sequences.

The inventionis also drawn to molecular beacon probes. The molecular beacon

probes can be used to execute the methodsofthe invention. The molecular beacon

probes comprise an oligonucleotide comprising @ stern and a loop structure and have a

photoluminescent dye at one of the 5’ or 3’ ends and a quenchingagentat the opposite 5°

or 3’ end.

Th endm

Claims 33, 36-37, 65, and 68-69 have each been amended to recite thatthe loops

ofthe molecular beacon probes consist of a specified number of “bases” instead of “base

pairs.” The amendments are supported by the specification and drawings ofthe

application as filed, The specification supports this amendment whereit discloses the

sequence oftwo example molecular beacon probes: “MB-RED: 5’-Cy3’-

CACGGGCCTGCTGAAAATGACTGCGTG-Dabcy!-3’; MB-GREEN: 5’-Fluorescein-

CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3’." (Page 15, lines 1-3.) Each of the

molecular beacon probes has a 5° terminal sequence, 5’-CACG-3’, which base pairs with
4
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the 3’ terminal sequence, 5’-CGTG-3’, to form the stem ofthe probe. The intervening

sequence ofeach probe forms the loop. The loop of each probeis not self-

complementary and therefore does not form base pairs. Thus the loop is measured in

bases rather than base pairs. Figure 1b is a further disclosure that the loop of the

molecular beacon probes is not base paired. Figure 1b is an illustration of the stern-loop

structure of a molecular beacon probe, The stem portion ofthe structure, or bottom half,

is base paired, The loop, above the stem and at the top halfof the probe, is not base

paired. Therefore the drawings also support that the loop should be measured in bases,

not base pairs, Thus the amendmentto the claims is supported by the application. The

amendments do not introduce new matter and do not require a new search. The

amendments also clarify the claims and do not narrow the scope ofthe claims, The

amendments were not earlier introduced, as applicants werejust became ofthis

inadvertent mistake.

Claim 65 has been amended to recite that the loop ofthe molecular beacon probe

“consists of 14-26 beses” instead of “comprises 16 base pairs.” Claim 65 has also been

amended to recite that the stem of a molecular beacon probe “consists of4 base pairs”

instead of “comprises 4 base pairs.” These amendments are supported by the

specification where it is disclosed, “Loops ranging from 14 to 26 bases and stems ranging

from 4 to 6 bases, as well as numerous sequence variations of both stems and loops, were

tested during the optimization procedure.” (Page 18, lines 6-8.) Thus, molecular beacon

probes with loops consisting of 14-26 bases and stems consisting of4 base pairs are

supported in the specification. . The amendments therefore introduce no new matter and

5
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do not require a new search. The amendments to claim 65 were not made earlier as it is a

newly entered claim and applicants have first been made aware ofits alleged

insufficiencies in the final rejection. The amendments are also believed to place the

claims in condition for.allowance or better condition for appeal.

Claim 68 has been similarly amended to recite the loop ofthe molecular beacon

probe “consists of 14-26 bases”instead of “comprises 19-20 base pairs.” Claim 68 has

also been amended to recite the stem of the molecular beacon probe “consists of4-6

bases” instead of “comprises 4 base pairs.” These amendments are also supported by the

specification whereit is disclosed, “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.” (Page 18, lines 6-8.) Thus, molecular beacon

probes with loops consisting of 14-26 bases and stems consisting of 4 to 6 base pairs are

supported in the specification. The amendments therefore introduce no new matter and

do not require a new search. The amendments to claim 68 were not madeearlier as it is a

newly entered claim and applicants have first been made aware ofits alleged

insufficiencies in the final rejection. The amendments also are believed to place the

claims in condition for allowance or better condition for appeal.

Claim 69 has been similarly amended to recite that the first oligonucleotide ofa

pair ofmolecular beacon probes has a first loop that “consists of 14-26 bases”instead of

“comprises 16 base pairs” and a first stem that “consists of4 base pairs” instead of

“comprises 4 base pairs.” Claim 69 has also been amended to recite that the second

oligonucleotide ofthe pair ofmolecular beacon probes has a second loopthat “consists of
6
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14-26 bases” instead of“comprises 19-20 base pairs” and a stem that “consists of4-6

base pairs”instead of“comprises 4 base pairs.” This amendmentis also supported by the

specification at page 18, lines 6-8. Thus, molecular beacon probes with loops consisting

of 14-26 baess and stems consisting of4 to 6 base pairs are supported in the specification,

The amendmentsto claim 68 therefore introduce no new matter and do not require a new

search. These amendments were not made earlier as it is a newly entered claim and

applicants have first been made awareofits alleged insufficiencies in the final rejection.

These amendments to claim 68 are also believed to place the claim in condition for

allowance or in better condition for appeal.

The Rejection of Claims 65-69 under 35 U.S.C. § 112

Claims 65-69 have been rejected under 35 U.S.C. § 112,first paragraph, as

containing subject matter which was not described in the specification in such a way as to

reasonable convey to one skilled in the relevant art that the inventor(s), at the time the

application was filed, had possession ofthe claimed invention. Specifically, the Office
Action alleges that the “specification lacks support for molecular beacon that has a loop
greater than 16 base pairs with Tm of 50-51°C and stem comprising 4 base pairs nor a

molecular beacon that a loop comprising 19-20 base pairs and Tm of 54-56°C and stem

comprising of4 base pairs.” (Paper 10, page 3, lines 5-7.) Applicants respectfully

traverse.

Tosatisfy the written description requirement, a patent specification must

describe the claimed invention in sufficient detail that one skilled in the art can

7
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reasonably concludethat the inventor had possession ofthe claimed invention, Vas-Cath,

Tne. v. Mahurkar, 935 F.2d. at 1563. Amended claims 65-69 are described in the

specification such that oneofskill in the art would conclude that the inventors had

possession of the invention.

Claims 65, 68, and 69 have been amended to recite molecular beacon probes that

have a loop that “consists of 14-26 bases.” Claims 65, 68, and 69 have each also been

amended to recite that the molecular beacon probes have a stem that “consists of4 base

pairs” or “consists of4-6 base pairs.” The inventors clearly had possession ofthe

invention as recited in the amended claims, The specification discloses that “[lJoops

ranging from 14 to 26 bases and stemsranging from 4 to 6 bases, as well as numerous

sequence variations ofboth stems and loops, were tested during the optimization

procedure,” (Page 18, lines 6-8.) Thus the specification discloses that molecular beacon

probes with loops consisting of 14 to 26 bases and stemsconsisting of 4-6 bases are of

the lengths that are optimum in probe design. Clearly the inventors had possession ofthe
inventionas it is claimed. Withdrawal ofthis rejection to claims 65, 68, 69 and

dependent claims 66-67 is respectfully requested.

The Rejection of Claim 68 under 35 U.S.C.§112

Claims 65-69 have been rejected under 35 U.S.C. § 112, second paragraph, as

being indefiniteforfailing to particularlypoint out anddistinctly claim the subject matter

which applicant regards es the invention. Specifically, the Office Action asserts that the

phrase “comprising 19-20” renders claim 68 unclear. Claim 68 has been amended to
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recite “consists of 14-26”in place of “comprises 19-20.” Thus the rejection is rendered

moot.

Rejection of Claims 65-67 under 35 U.S.C. §102(e)

Claims 65-67 are rejected under 35 U.S.C, §102(e) as being anticipated by Tyagi

et al. (U.S. 5,925,517 March 14, 2000).

The Office Action asserts that Tyagi et al. teaches a molecular beacon probe with

a Stem comprising CACG(see cal. 11 probe 3) and a loop ofTm 50 (see SEQ ID NO: 3

at column 12). (Paper 10, page 4, lines 8-9.) Applicants respectfully traverse.

Applicants are unable to locate the cited molecular beacon probe in Tyagi et al

(US. 5,925,517). However, Tyagi et al., U.S. 6,037,130, issued March 14, 2000, does

teach a molecular beacon probe (probe 3) at column 11. Applicants will discuss

molecular beacon probe 3 disclosed in Tyagi et al., U.S. 5,925,517 in this response.

To reject a claim under 35 U.S.C.§ 102, each element must be taught or

inherently described in the prior art reference. “A claim is anticipated only if each and

every elementas set forth in the claim is found, either expressly or inherently described,

in a single priorart reference.” Verdegaal Bros, v, Union oil Co. ofCalifornia, 814 F.2¢

628, (Fed. Cir. 1987). Tyagi et al. do not teach each element as set forth in claims 65-67.

Claira 65 has been amended to recite a molecular beacon probe “wherein the loop

consists of 14-26 bases and has a Tm of 50-51°, and wherein the stemconsistsof4base

pairs having a sequence 5’-CACG-3.”” (Emphasis added.) Tyagi et al. do not teach a

rnolecular beacon probe with the limitation of a stem consisting of4 base pairs. Tyagi et

9
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al. teach a molecular beacon probe of SEQ ID NO:3 that has the sequence “TMR-’-

CCACGT-fluorescein-TCTTGTGGGTCAACCCCGTGG-3’-DABSYL.” (Column 11

through column 12, line 40, emphasis in reference.) Thus Tyagi et al. teach a molecular

beacon probe with a stem loop of 5 base pairs comprising the sequence CACG. Thus

Tyagi et al. do notteach all the limitations ofclaim 65. Tyagi et al. do not teach a

molecular beacon probe with a stem consisting of 4 base pairs. Withdrawalofthis

rejection to claims 65 and dependent claims 66-67 is respectfully requested,

Respectfully submitted,

Date: December 6, 2001 ofl00Cuneo
Michelle Holmes-Son

Registration No. 47,660

Banner & Witcoff, Lid.
1001 G Street, NW
Washington, DC 20001
202-508-9100
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33. (Amended) A molecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a photoluminescent dye at

one of the 5’ or 3° ends and a quenching agent at the opposite S’ or 3’ end, wherein the

loop corisists of 16 bases [pairs], wherein the loop has a Ty of 50-51°C and the stem

consists of4 base pairs having a sequence 5’-CACG-3’.

36. (Amended) A molecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a photoluminescent dye at

one of the 5’ or 3 ends and a quenching agent at the opposite 5’ or 3’ end, wherein the

loop consists of 19-20 bases [pairs], wherein the loop has a Tr, of 54-56°C end the stem

consists of 4 base pairs having a sequence 5’-CACG-3’,

37. (Amended) A pair ofmolecular beacon probes comprising:

a first molecular beacon probe which is an oligonucleotide with a stem-loop

structure having a first photoluminescent dye at one of the 5’ or 3° ends and a quenching

agent at the opposite 5’ or 3° end, wherein the loop consists of 16 bases [pairs] having a

¥,, of $0-51°C and the stem consists of4 base pairs having e sequence 5°-CACG-3’; and

a second molecular beacon probe which is an oligonucleotide with a stem-loop

structure having a second photoluminescent dye at one of the 5° or 3° ends and a

quenching agent at the opposite 5’ or 3’ end, wherein the loop consists of 19-20 bases

11
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[pairs] having a Ta of 54-56°C and the stem consists of 4 base pairs having a sequence

§’-CACG-3’;

wherein the first and the second photoluminescent dyes are distinct.

65. (Amended) A molecular beacon probe comprising:

an oligonucleotide comprising a stem and a loop structure and having a

photoluminescent dye at one ofthe 5” or 3’ ends and a quenching agentat the opposite 5’

or 3’ end, wherein the loop [comprises 16] consists of 14-26 bases [pairs] and has a Tm

of 50-51°C, and wherein the stem [comprises] consists of 4 base pairs having a sequence  
5*-CACG-3”,

68. (Amended) A molecular beacon probe comprising:

an oligonucleotide comprising a stem and a loop structure and having a

phototuminescentdyeat oneofthe 5’ or 3’ ends and a quenching agentat the opposite 5’

or 3’ end, wherein the loop [comprises 19-20] consists of 14-26 bases [pairs] and has a

Tm of 54-56°C, and wherein the stem [comprises] consists of4-6 base pairs [having]

comprising a sequence 5’°-CACG-3’.

69. (Amended) A pair ofmolecular beacon probes comprising:

gop structure and having 
 
 

4 first oligonucleotide comprisingafirst stem and a:figg

a photoluminescent dye at one ofthe 5’ or 3’ ends and a ¢ ne fagent at the opposite

5? or 3’ end, wherein thefirst loop [comprises 16] consists of ‘bases [pairs] and has
12

|
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a Tin of 50-51°C, and wherein the first stem [comprises] consists of 4 base pairs having a

sequence 5’-CACG-3°; and

a second oligonucleotide comprising a second stem and 2 second loop structure

and having a photoluminescent dyeat one ofthe 5’ or 3’ ends and a quenching agentat

the opposite 5’ or 3’ end, wherein the second loop [comprises 19-20] consists of 14-26

bases [pairs] and has a Tm of 54-56°C,and wherein the second stem [comprises] consists

of 4-6 basepairs [having] comprising a sequence 5’-CACG-3’.

13
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commants on fhe amountof tima you are required to complete this form shoud ba send to tha Chlef Information Officer, U.S. Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissionar forPatants, Washington, DC 20231,
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PTO/SBV22 {10-00} /Approved for ‘ough 10/91/2002. OMB 0657-0031
: ‘ 48S, Patant and Trademark Ot 5. DEPARTMENT OF COMMERCE

para, Undar tha PapdhworkReduction Acl a.195, no partons era requiredto retpond to 6 coection of informaiton us.+3 8 displays a valid OMB control number, _

PETITION FOR EXTENSION OF TIME UNDER 37 GFR 1.138(a)|poitornous)  091107.00031      

 

: | Application Number 09/613,826 Filed July 11,2000 rm
§ 702 = ——— =a) ODeat For Digital Amplification mm lee

a o" [szakYr4 TANS 1656 Jeffrey Siew _ a IS

)Ve02.

6. PE “OL inre Application of Bert VOGELSTEIN,eta. Se Sy
©)
Tm

ra
O

—— =

This ts a request underthe provisions of 37 CFR 1.138(a) ta extend the period forfiling a S
responsein the above Identified application. &

The requested extension and approprate non-small-entity fea are as follows
(check time period desired):

(2 One month (37 GFR 1.17(a)(1)) SU

Two months (37 CFR 1.17(a)(2)) $400.00
( Three months (37 CFR 1.17(a)(3)) $e

0 Four months (37 CFR 1.17(a)(4)) ' $___

C1 Five months (37 GFR 1,17(a)(5)) $
 

Bq Applicant claims small entity status. Sae 37 CFR 1.27. Tharefore, the fee amount shown
above Is reduced by one-half, and the resulting fee is: § 200.00 .

Os Acheck In the amountof the fee is enclosed.
Os Paymentbycredit-card. Form PTO-2036Is attached.

The Commissioner has already been authorized to charge fees in this
application to a Deposit Account.

X]|The Commissioneris hereby authorized to charge any fees which may be required,
or credit any overpayment, to Deposit Account Numbar 19-0733 .
| have enclosed a duplicate copyof this sheet.

1am the () applicant/inventor.

[1 assignee of record of the entire Interest. See 37. CFR 3.71
Statement under 37 CFR 3.73(b) le enclosed. (Form PTO/SB/96).

attorney or agentof racord.

Clattameyor agent under 37 GFR 1.34(2).
Reglatratlon numberIf acting under 37 CFR 1.34(@),

WARNING:Infermation on this form may become publle, Credit card Information should not |
be Inctuded on this form. Provide credit card Information and authorization on PTO-203B. |

February 20, 2002 vi / ul4 Lyfdr
Date Signature

So US/2O50 APOUDHTL 02600084 190733 G9GLINEL Michella L, Holmes-Son,
Reg. No. 47,660YE
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1200.00 CH
Typedorprinted name

 
  
Burden Hour Statement: Thia form {a eatimated to lake 0 1 hours to compiato. Time will vary depending Upon {ha needa of the individual casa. Any
commanta on the amaunt af tine you are required fo complete this form shoutd be eant to tha Chief Information Oficer, LLS. Patent and Trademark
Offee, Washington, OC 20234, DO NOT BEND FEES OR COMPLETED FORMS TO THIS ADDRESS. GEND TO:Assigtant Commisalonar forPetenta, Washington, DC 20231.
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Approve 4 or use through 10/34/2002, OMB 0851-0032. U.S. Patent and Trademp ce: U.S, DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Aci of 186 sraone are requirad to reapond to a coltection of Information at displays a valld OMB contro} number.

= TRANSMITTAL     

  
  
  

 
 

Complete IfKnown

Application Number|09/813,826 r

|ringootefitzO

|examinerNama|Jaffray Slew om} oy

Urerio 1868 ~SS Qo se

SComorramen [920 Lasmoetane[oomis
[—__ METHOD OF PAYMENT (check all thateppiy) |

Check [] Crediteard [] Money 0 Other O1 NoneOrder
(1 Deposit Account:

DaposltAccount
Number

 

ft

  
 

  

ff ~  

  

 
 

 
 
  

 
 
 
 

  
 

3, ADDITIONAL FEESLarge
Enthy EntityFeo Fes Fee Fee

Cotte=(8) Cade (8) Fee Description408 130 205 «85 Surcharge - fate fiting fea of oath
427 80 a2? BS Surchargé - lete provielonal fing feaor cover ahset,
138 130 179040 Non-Engilen specification

  
 

  
    

  
 

   

 
  

  

  

Depart Banner & Woof, Ud 147-2820 147-2820 For fling a request for maxaminstion
Nema 12 eau 112 820" Requesting publicationof SIR prior to
ci ft fs authorized to: (chock aif that apply) Examines aclonThe Commissionertssul I alt that apply) 11a 4,840" 119 -4,040" Request

(1 Chargefea(e)indicated below 1] Credit any overpayments . . Requestingpublicaion OfSIR after
Charge any additonal foa(s) during the pendencyef this eppication

C1 Chaitfee{s) indicated betow, except far the filing fori account   
115 0 2156 Extension fer reply within fret month,
116 400 216 «200«=Extension for reply within nacondmonth
7 920 217) «460=Exfenolon for reply within third month
118 4,440 «218720 Extenelon Gor reply within fourthFeonth
128 1,660 228 960=Extension for raply within fiflh month
119 320 219 180—sNollcw of Appant
120 320 220018 Filing 9 brief in support of an eppaat
421 260 az 140 Raqusstfor oral hearing

Petition to inathute a public use
procesding

140 410 2400085 Petition to revive ~ unavotdable
141 12820 241 640 Patitlen to ravive ~ unintentional
142 1260 242 «640 ily issue fee (or palasue)
143 460 243 (230 Design faeua faa
144 @20 244 «#310=Plant isaue feo
122 40 122 «130 Paitltlons to the Commissloner
123 60 423°00«O5D Proceaaing fea under 37 CFR 1.17 (q)

Submisalen of nformelion Diectogura

 

      
 
 

  
 
 
 

 to the above-Idantified da: pos 

 
 
 
 
 
 
 
 
 
 

 1. BASIC FILING FEE
Large Eniity Seed Entity
Fee Fea Fee Fee Fee Description
Coda (8) Cade (8) Feo Pzld
104 T4000 370 Utility fllng faa
105, 20 0 165 Oeeign filing feo
107 610 207 25S Plant fling feo
10a T4020 370«=-Relaaue filing fea

160 Pravisiona} filing fa

BUBTOTAL (1) tao)

  
 
 
 
 
 

  
   
  
  
  

    
  
  
  

 
  

  

 
 

135 1510 18 1,510

  

  

 
 

 
 

 

  

 
  
   

  

 
 

  

 

f 128 160 124 160 Sim .
Recording ezch patont sssignment

sal 40 5a; 40 per properly (ies number of
properties)

146 740 248 «370 Filing a. aubmiselon afier final mfection

Fee. Feo reo Fee eas Description (7 CER § 1.1280)ycode =I} 149©740-248 -70_—“For each adKlonaliwention to bo
103 18 203 8 Claims In enitéea of 20 exeminad (37 GFR § 1.12e{b))Oz a4 ° a2 42 Indapentent cleima {n exeegs of 3 |
104 200 204 440 Muipte dependant cle’m, nol pald 178 140 276 «6370«=Request for Conlinusd Examination (RCL)
405 a4 208 a2 * Refseue Indspendeni claima over 189 200 169 BOO=Request for expedited examinalionoriginal patent, ofa dang application  Retasus Claims In axcere of 20 and
110 18-210 Bererigmal patent

con

or number previously paid,greater,For Refssuas,

RugensoraAone casna 3

WARRING! Information on this form may become public, Credit card Information should not baincluded on this farm, Previde credit card informaiton and authorization on PTO-2036,
Burden Houy Steternant: This form ts @atmated bo take 0.2 houre to completo, Tima wid wary dapending upon the needs af the kvdividuel caze, Any commenta on the
gmmount of ima you ere raquirad to complste ihla form should be sen to bre Chlef Information Officer, U.S. Patent and Traemark Office, Washington, DC 20234,00 NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND To;Asslatant Commisalonarfor Patenta, Weshington, DC 20231

 

  
 
 

 || Otharfes (epacty)____

*Reduced by Bale Fiing Fea Paid SUBTOTAL {3}   seeabove
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e type a plus sign (+) inskie this box ——>

ar the Paperwork Reducilon Act of 1805, no persans are required to

TRANSMITTAL

FORM

(io be usad for elfcorrespondence afterinitialfiling)

Fea Transmittal Form

(7 Fee Attached

Amendment / Raaponse

Afer Final

LO Affidavits/dactaration(s)

Extension of Time Request

| Express Abandonment Request

J taformation Disclosure Statement

LD Centified Copyef Priarity
Document(s)

0 Response to Missing Parta/
incomptate Applicatlen

CO Reepones fo MissingParis under 37 CFR

_1.520F 1.83

| Fimor
Individual name

rw

Typed or printed nams

Burden Hour Statement. This formfo

Petenia, Washington, DC 20231.

Page 171 of 1224

comments on the ameunt of tima you are required to compte! ot
Offica, Waehington, DC 20231, UO NOT SEND FEES OR COMPLETED FORMS TO THE

ENCLOSURES(chackall thatapp)
oO Assignment Papers{for an Application)

C] Drawing{s)

[7] Ucensing-ralatad Papers

C1 Petition

0D Petiilon to Convert toa
Provisional Apptication

Ol Power of Attorney, Revocation
Change of Corraapondence Address

(1) Terminal Disciaimer

C1 Requestfor Refund

CJ eb, Numberof GDis)

Michelle L. Hofmes-Son, Reg. No. 47,860 
Approved for use through 10/91/2002. OMB 065

U.S. Patent and Trademark Office; U.S, DEPARTMENT OF COMMI
respond to a collection of infarmation unlass Hl displays a vadid OMB control pes

00/613,826

[rungbee|

(ariaoPapeTnSon|[AtomsDekeNanbor_|

Bert VOGELSTEIN,et al,
1866

Jeffrey Siew

001107.00031__

.QSAiS03
Group

C Appeal Communication to Board of
Appeats and Interferences

oO Appeal Gammunication to Group
(Appeal Notice, Brat, Reply Brief

(1 Proprietary information

|
I

|[

oO Aftar Allowance Communication to |iL
:
t

CO Statue Letter

Other Enclosure(s)
{plonse identify bolow):

Sequence Liating
Computer Readable Disk

_ SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT _
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of

Bert Vogelstein,et, al.

Serial No. 09/613,826

Filing Date: July 11, 2000

For: DIGITAL AMPLIFICATION

)
) Group Art Unit: 1656
)
) Examiner: J Siew

} Box AF NT ER ET5 SATEREI)
} Docket No. 01107.00031 MARE

AMENDMENT AFTER FINAL REJECTION

Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

In responseto the Final Office Action mailed September 20, 2001, applicants

requestentry of the following amendments. Claims 1-64 are pending in the application

and are allowed. A petition for a two-month extension oftime is enclosed herewith. No

other fees are believed due to makethis response filed timely, If any additionalfee is due

please change our Deposit Account No. 19-0733.

THE CL.

Please cancel claims 65-69.

Page-+72-0f4224--- -- - saeee
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(SEQUENCE LISTING
Please replace the sequence listing in the application with the accompanying substitute

sequencelisting. A computer readable form and paper copy ofthe substitute sequence

listing are enclosed, They are believed to be identical in content. The substitute

sequencelisting introduces no new matter.

|
IN SPECIFICATION

| ‘The paragraph beginning page 4,line 19.
Fig.2. Discrimination between WT and mutant PCR products by Molecular Beacons.
Ten separate PCR products, each generated from ~25 genome equivalents of genomic
DNAofcells containing the indicated mutations of c-Ki-Ras, wete analyzed with the

, \ Molecular Beacon probesdescribed in the text, Representative examples of the PCR

products used for Molecular Beacon analysis were purified and directly sequenced. In

the cases with Gly 12Cys (SEQ ID NO:11) and Gly12Arg (SEQ ID NO:10) mutations,

contaminating non-neoplastic cells within the tumor presumably accounted for the

i relatively low ratios. In the cases with Glyl2Ser (SEQ ID NO:8) and Glyi2Asp (SEQ

ID NO: 12), there were apparently two or morealleles of mutant c-Ki-Ras for every WT

i allele (SEQ ID NO:7); both these tumors were aneuploid. Analysis of the GlyI3Asp

mutation is also shown (SEQ ID NO;9).

} The paragraph beginning page5,line 10.
j—

#
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Page 174 of 1224

|
|

 

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

RED/GREEN ratios were determined from the fluorescence of MB-RED and

MB-GREENas described in Materials and Methods, The wells shown are the same as

those illustrated in Fig, 3, The sequences of PCR products from the indicated wells were

C ad determined as described in Materials and Methods, The wells with RED/GREEN ratios  
>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.
 »

_

__-Theparagraph beginning page 5, line 17.
t

Fig. 5. Dig-PCR of DNA from a stool sample. The 384 wells used in the experiment are

- displayed. Those colored blue contained 25 genome equivalents of DNA from normal

cells. Each of these registered positive with MB-RED and the RED/GREENratios were

1.0 +/- 0.1 (mean +/- 1 standard deviation). The wells colored yellow contained no

template DNA and each wasnegative with MB-RED (ie., fluorescence <3500

fluorescence units.). The other wells contained diluted DNA from the stool sample.

'

|
Those registering as positive with MB-RED were colored either red or green, depending

on their RED/GREENratios. Those registering negative with MB-RED werecolored

white. PCR products from the indicated wells were used for automated sequence

analysis. The sequence of WT ¢-Ki-Ras in well K1 (SEQ ID NO: 7), and mutant c-Ki-

Ras in wells C10, £11, M10, and L12 (SEQ ID NO:14), and well F21 (SEQ ID NO: 15)

were analyzed.
iS

3
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REMARKS

The Amendments

The specification has been amendedto enter a substitute sequence listing. The

substitute sequence listing includes sequences that were notpresentin the prior sequence

listing. The additional sequences are disclosed in Figures 2, 4, and 5 of the drawings.

The paragraph beginningat page 4, line 19. has been amended to disclose the

sequence identifier of each of the wildtype or mutant ras sequences shown in Figure 2.

The paragraph beginning at page 5, line 10 and the paragraph beginningat page 5,

line 17 have each been amended to disclose the sequence identifier for each of the

wildtype or mutant ras sequences shownin Figures 4 and 5,respectively.

These amendments were not madeearlier as applicants only first became aware of

this oversight after the final rejection was mailed, Rejected claims 65-69 have been

canceled without prejudice to their future prosecution in continuation applications. A

notice of allowanceis respectfully requested.
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Date: February 20, 2002

Banner & Witcoff, Ltd.
1001 G Street, NW
Washington, DC 20001
202-508-9100

Page 176 of 1224

ort

Respectfully submitted,

oxAVlep00fluffMichelie Holmes-Son

Registration No. 47,660
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MARKED UP VERSION TO SHOW CHANGES MADE

The paragraph beginning page 4, line 19.

Fig. 2. Discrimination between WT and mutant PCR products by Molecular Beacons,

Ten separate PCR products, each generated from ~25 genome equivalents of genomic

DNAofcells containing the indicated mutations of c-Xi-Ras, were analyzed with the

Molecular Beacon probes described in the text, Representative examples of the PCR

products used for Molecular Beaconanalysis were purified and directly sequenced. In

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

contaminating non-neoplastic cells within the tumor presumably accounted for the

relatively low ratios. In the cases with Gly12Ser (SEQ ID NO:8) and Gly12Asp (SEO

ID NO:12), there were apparently two or more alleles of mutant c-Ki-Ras for every WT

allele (SEO ID NO: 7), both these tumors were aneuploid. Analysis of the Gly]3Asp

mutation is also shown (SEO ID NO:9).

The paragraph beginning page 5,line 10,

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

RED/GREEN ratios were determined from the fluorescence of MB-RED and

MB-GREENas described in Materials and Methods. The wells shown are the same as

those illustrated in Fig. 3. The sequences of PCR products from the indicated wells were

determined as described in Materials and Methods. The wells with RED/GREEN ratios

>3.0 each contained mutant sequences while those with RED/GREEN ratios of ~1.0

Page177 of1224 _
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contained WT sequences, WT c-Ki-Ras (SEQ ID NO: 7), Gly12Asp (SEOID NO:13),

and Gly13Asp (SEOID NO: 9) were analyzed.

The paragraph beginning page5,line 17.

Fig. 5. Dig-PCR of DNA from a stool sample, The 384 wells used in the experimentare

displayed, Those colored blue contained 25 genome equivalents of DNA from normal

cells. Each ofthese registered positive with MB-RED and 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-RED werecolored eitherred or green, depending

on their RED/GREENratios. Those registering negative with MB-RED were colored

white. PCR products from the indicated wells were used for automated sequence

analysis. The sequence of WT c-Ki-Res in well Ki (SEO ID NO: 7), and mutant c-Ki-

Ras in wells C10, E11, M10, and L12 (SEO ID NO:14), and well F21 (SEO ID NO; 15)

were analyzed.

Page178-0f1224-- - -- = 2 2 eeee
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<400>

107.312.8725
SEQUENCE LISTING 

Vegelstein, Bert
Kinzler, Kenneth Ww,

DIGITAL AMPLIFICATION

01107 .00031

09/613 ,826
2000-07-11

us 60/146, 792
1999-08-02

15

Patentin version 3.1

1
26
DNA
homo sapiens

1
catgttctaa tatagtcaca ttttca

<210>
<21b
<212>
<213>

<400>

2
24
DNA

hono sapiens
2

- tctgaattag ctgtatcgte aagg

<210>
<21>
<212>
<213>

<400>

3
20
DNA

homo sapiens

3
tagctgtatc gtcaaggcac

<210>
<21b
<212>
<2135>

<400>

4
27
DNA .
homo sapiens

4
cacgggectg ctgaaaatga ctgcgtg

<213>

<400>

5
24
DNA

homo sapiens

5
cacgggagct ggtggcgtag cgtg

Page 179 of 1224

Page 1

nf >)

26

24

20

27

24

 
 



Page 180 of 1224

.
107,31.ST25

~<210> 6
<211l> 24
<212> DNA
<213> homo sapiens

<400> 6
cattattttt attataagge ctge

<210> 7
<211> 12

<212> DNA .
<213> homo sapiens

<400> 7
gctggtagcg ta

<210> 8B
<2ib 12
<212> DNA
<213> homo sapiens

<400> &
gctagtggcg ta

<212> DNA .
<213> homo sapiens
<400> 9
gctggtgacg ta

<210> 10
<211> 12

<212> DNA .
<213> homo sapiens

<400> 10
gctegtggca ta

<210> 11
<21b 13
<212> DNA
<213> homo sapiens

<400> 11
gcttatggec gta

<210> 12
<211> 13
<212> DNA
<213> homo sapiens

<400> 12
gctgatggge gta

Page 180 of 1224 - - oe - tee eee
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‘ 107.31.57T25

-<210> 13
<21i> 12
<212> DNA
<213> homo sapiens

<400> 13
gttgatggeg ta

<210> 14
<2lb> 12
<212> DNA
<213> homo sapiens

<400> 14
gctgctggcg ta

<210> 15
<21l> 12
<212> DNA
<213> homo sapiens

<400> 15
gctggtggtg ta

co

page 3

yf
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 Appileant(s)

VOGELSTEIN ET AL.
Art Unit

1656

Applleation No.

08/613,828
Examiner

Jaffray Slow

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

(1) Jeffrey Siew. (3) :

(2) Michelle Holmes-Son. (4)____.

Date ofInterview: 04 March 2002 .

 

 
 interview Summary

 
 

  
 
  

Type: a) Telephonic )L] Video Conference
c\] Personal[copy given to: 1)) applicant 2)C) applicant's representative] 

  
    
 

Exhibit shown or demonstration conducted: ad)Yes e)L) No.
If Yes, brief description: 

Clalm(s) discussed: 7-64 .

{dentification of prior art discussed: .

Agreamentwith respectto the claims NZ] was reached. g)[X] was not reached. hy Nia. 

   

Substanceof Interview including description of the general nature of what was agreedto if an agreement was
reached, or any other comments: discussed newly disclosed prior art .

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would renderthe clalms
* allowable, if avallable, must be attached, Also, where no copy of the amendments that would renderthe claims

allowable is avaliable, a summary thereof must be attached.)  
  
  
  
  
 
 
 

)DI It le not necessary for applicant to provide a separate record of the substance of the interview(if boxIs
checked).

Unless the paragraph above has heen checked, THE FORMAL. WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCEOF THEINTERVIEW. (See MPEP Section 713.04). if a raply to the fast Office
action has already been filed, APPLICANT 1S GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCEOF THE INTERVIEW. See Summary of Record ofInterview requirements on
reverse side or on attached sheet.

Qui)

2402  
 
 

 
Examiner Note: You mustsign this form untessitis an
Attachmentto a signed Office action. Examiner's signature,if required  

 OS, Patan! and Trademark Offics
PTO-413 (Rav, 02+ 88) interview Summary Papat No.18.

Page 182-0f 1224. — - ceeeteem we . wee ee



Page 183 of 1224

. Page 1 of 5

1

RECEIVED
WAR 4 4 2002 a 1637

EqH CENTER 1600/2800 ENTERED
RAW SEQUENCE. LISTING DATE: 03/01/2002
PATENT APPLICATION: US/09/613,026A TIME: 15:29:37

Input Set : Ar\107.31.8T25.txt
Output Set: Ni\CRF3\03012002\1613826a. raw

3 <110> APPLICANT: Vogelstein, Bert
4 Kinzler, Kenneth W.
6 <120> TITLE OF INVENTION: DIGITAL AMPLIFICATION
8 <130> FILE REFERENCE: 01107.00031

10 <140> CURRENT APPLICATION NUMBER: 03/613,626A

11 <141> CURRENT. FILING DATE: 2000-07-11 RECEIVED
13 <150> PRIOR APPLICATION NUMBER: US 60/146, 792
14 <151> PRIOR PILING DATE: 1999-08-02
168 <160> NUMBER OF SEQ ID Nos: 15 MAR 1 4 2002
18 <170> SOFTWARE: PatentiIn version 3.1
20 <210> 580 1D NOt | TECH CENTER ‘00/2800
21 <211> LENGTH: 26
22 <212> TYPE: DNA
23 <213> ORGANISM; hemo sapiens
25 <400> SEQUENCE: 1
26 eatgttctaa tatagtcaca ttttca 26

* 99 <210> SEQ ID NO: 2
30 <211> LENGTH: 24
31 <412> TYPE: DNA
32 <213> ORGANISM: hemo sapiens
34 <400> SEQUENCE: 2
35 tetgaattag ctgtatcgte aagg 24
38 <210> SEQ ID NO: 3 .
39 <311> LENGTH: 20
40 <212> TYPE; DNA
41 <213> ORGANISM: homo saplens
43 <400> SEQUENCE: 3
44 tagetgtate gtcaaggeac 20
47 <210> SEQ ID NO: 4
48 <211> LENGTH: 27
49 <212> TYPE: DNA
50 <213> ORGANISM: homo sapiens
52 <400> SHQUENCE: 4
53 cacgggectg ctgaaaatga ctgcgtg 27
56 <210> SEQ ID NO: 5
57 <211> LENGTH: 24
58 <212> TYPE: DNA
89 <213> ORGANISM: homo sapiens
61 <400> SEQUENCE: 5
62 cacgggaget ggtggegtag cats ‘ 24
65 <210> SBQ ID NO: 6
66 <211> LENGTH: 24
67 <212> TYPE: DNA

file://CACrfS\Outhold\V6116 13826A.htm

Page +83-0f422d

3/1/02
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RAW BEQUENCE LISTING
PATENT APPLICATION: Ud/09/613,926A

Input Set + As\107.31,8725,.txt

DATE: 03/01/2002
TIME: 15:29:37

Output Set: Ns\CRF3\03012002a\1613626A. raw

68 <213> ORGANISM: homo sapiens
70 <400> SEQUENCE: 6
Fl ocattattttt attataagge ctgec
74 <210> SEQ ID NO: 7
75 <211> LENGTH: 12
76 <212> TYPE: DNA
77 <213> ORGANISM: homo. sapiens
79 <400> SEQUENCE: 7
80 gctgatggeg ta
83 <210> SEQ ID NO: 8
84 <211> LENGTH: 12
85 <212> TYPE: DNA
86 <213> ORGANISM: homo sapiens
B6 <400> SEQUENCE: §
89 getagtggcg ta
92 <210> SEQ ID NO: 9
93 <211> LENGTH: 12
94 <212> TYPE: DNA
95 <213> ORGANISM: homo sapiens
97 <400> SEQUENCE: 9
98 gcetggtgacg ta
101 <210> SEQ ID NO: 10
102 <211> LENGTH: 12
103 <212> TYPE: DNA
104 <213> ORGANISM: homo
106 <400> SEQUENCE: 10
107 gcetegtggoag ta
110 <210> SEQ ID NO: 11

+ 111 <211> LENGTH: 13
112 <212> TYPE: DNA
113 <213> ORGANISM: hemo

it115 <400> SEQUENCE:

116 gettgtggee gta
119 <210> SEQ ID NO: 12
120 <311> LENGTH: 13
121 <212> TYPE: DNA
122 <213> ORGANISM:

125 gcetgatggge gta
128 <210> SEQ ID NO;

homo

124 <400> SEQUENCE: 12

129 <211> LENGTH: 12
130 <212> TYPE: DNA
131 <213> ORGANISM:

134 gotgatggeg ta
137 <210> SEQ ID NO: 14

homo
133 <400> SEQUENCE: 13

138 <211> LENGTH: 12
139 <212> TYPE: DNA
140 <213> ORGANISM: homo

sapiens

sapiens

saplens

saplena

sapiens

flet//CACre3\Outhold\Vs1l613826A.htm.
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Page 3 of 5

RAW ‘SEQUENCE LISTING DATE; 03/01/2002
PATENT APPLICATION: 06/09/613,826A TIME: 15:29:37

Input set +: Ar\107.31.9925.tzt
Output Set: Ne\CRF3\03012002\16130260. raw

142 <400> SEQUENCE: 14
143 getgctggeg ta 12 ‘
146 <210> SEQ Ip NO: 15
147 <211> LENGTH: 12
148 <212> TYPE: DNA
149 <213> ORGANISM: homo sapiens
151 <400> SEQUENCE: 15
152 getggtggtg ta 12

file://CACrf\Outhold\Vs1l613826A.htm 3/1/02
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éveohover SUMMARY
PATENT. APPLICATION:

Input Bet + Ars\107.31.9925.tzt

8/09/613, 8268
DATE: 03/01/2002

TIME: 15:29:38

Output Seti Ne\CRP3\03012002\T613026A. raw

file//CACrf3\Outhold\V'srl613826A.him
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File History Report

     

ml Paper number is missing from the United States Patent
Trademark Office’s copy ofthe file History. No additional information is
available.

  
     

 

 
  

 
 | The followingpage(s) 5 of 5 ofpaper number19 is/are missing

from the United States Patent and Trademark Office’s original copy of the
file history. No additional information is available

  
  
  

  [-] The following checked item(s) below ofpaper number
is/are missing from the United States Patent and Trademark Office’s
original copy ofthefile history. No additional information is available
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x abtane te &en
feet zpeng eryre

reached, or any
* Ge le 

Application No. Applicant(s) _
09/643,829 .interview Summary 18 _| TAKESHITA ET ALExaminer Art Unie

aa
All participants (applicant, applicant's representative, PTO personnal):

(1) Jeffrey Siew. (3).

(2) Michelle Holmes Son. (4)

Date of Interview:179March2002.

Type: a) Telephonic )[7) Video Conference
c)(_] Personal [copy given to: 1)[] applicant 2)(-] applicant's representative]

Exhibit shown or demonstration conducted: d)[_] Yes. @)[] No.
If Yes, brief description: .

Claim(s) discussed: 7:64 .

Identification of prior art discussed:

Agreementwith ragpectto the claims f) was reached. aC] was notreached. hj) N/A.

6 general nature of what was agreedto If an agreement was
ewil ao a Q or axa fe

(A fuller daseription, if necessary, and a copy of the amendments which the examiner agreed would renderthe claims
allowable,if avallable, must be attached. Also, where no copy of the amendments that would renderthe claims
allowable is avallable, a summary thereof must be attached.)

IX It le not necessary for applicant to provide a separate racord af the substance ofthe Interview(if box Is
checked).

Unless the paragraph above has bean checked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Ssctlon 713.04). [fa reply to the last Office
action has already been filed, APPLICANT IS GIVEN ONE MONTH FROM THIS INTERVIEW DATE TO FILE A
STATEMENT OF THE SUBSTANCE OF THE INTERVIEW, See Summary of RecordofInterview requirements on
raverse side or on attached sheet.

Examiner Note: You must elgn this form untageit lp an
Attachmentto a signed Office action. Examiner's signature,if required

(6. Palentand Trademark Office ~
PTO-413 (Rav, 03- 06) Interview Surnmary Paper No. 20,
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09/673,829

Jeffrey Slew ;

Applleant(s)

TAKESHITA ET AL. ;
Art Unit

1656 .

w= The MAILING DATE of this communication appears on the cover sheet with the correspondance address
All claima being allowable, PROSECUTION ON THE MERITSIS (OR REMAINS) CLOSEDin this application, {f not included
herewlth (or previously malied), a Notice of Allowance (PTOL-86)or other appropriate communication will be mailed in dua course, THIS
NOTICE OF ALLOWABILITY I8 NOT A GRANT OF PATENT RIGHTS. This application 1s subject to withdrawal fram Issueattheinillative
of the Office or upon petition by the applicant, Sea 37 CFR 1 .313 and MPEP 1308.

4,BQThis communication Is responalve foint9/19/02.
2.BlThe allowed clalm(s)Is/are 1-64,
3,BlThe drawingsfiled on17July2000are accepted by the Examinar.
4, £] Acknowledgmentis madaof a clalm for forelgn prority under 35 U.S.C. § 118(e)-(d) or (f),

a) AN=b)[])Some* c){1 None oftha:
4. C1 Certified coples of tha priority documents have been recelved.
2. C1 Certified caples of the priority documents have been recelved In Application No, :
3, 2) Coplesofthe certified coples of the priority documents have been recelved In this national stage application from. the

International Bureau (FCT Rule 17.2(a)),

* Cartlfled copies not received:
6§.62Acknowledgmentle made of a clalm for domestic priority under 36 U.S.C, § 118(a)(to a provilonal application).

(a) [_] The transtatton of the foreign languaga provisional application haa been received,
6, ] Acknowledgmentis madeof a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Notice of Allowablilty

  
  
  
    
  
  
    
  
  
   
  
  
 

 

. 

Applicant has THREE MONTHS FROM THE "MAILING DATE”ofthis communication te fila a raply complying with the raquirements noted
below. Fallure to timely comply will result In ABANDONMENTofthis apptication. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7. (2) A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-162) which gives reason(s) why the oath or daclaration is deficient, 

  

  
  
  
 
 
  

  

 

 

 8,I]CORRECTED DRAWINGS must be submitted.
(a) EJ including changes required by the Notice of Drafteperson’s Patent Drawing Review ( PTO-048)attached

1)Eg]hereto or 2) () to Papar No. .
(b) C1] inciudirig changes required by the proposed drawing correction filed , Which has been approved by the Examiner.
(c) 0) Including changes required by the attached Examiner's Amendment / CommentorIn the Office action of Paper No.

 
 

Identifying Indlcla such as the application number (eee 37 GFR 1.84(c)) should be written on the drawings In the top margin (not the back) -
pf each shest. The drawings ehoutd befiled as a eeperate paper with a tranemittel latter addreézed to the Offlelal Draftaparson.

9. [] DEPOSIT OFand/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note'the
attached Examiners comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.
 

 Attachmant(s)

1(1) Notice of References Cited (PTO-802) 2] Notice ofInformal Patent Application (PTO-152)
3(WNotica of Draftperson’s Patent Drawing Review (PTO-048) 4p interview Summary (PTO-413), Paper No Ze
5C1 information Disclosure Statements (PTO-1448), Paper No. __. 6] Examiner's Amendment/Comment
70] Examiner's Comment Regarding Requirementfor Deposit ‘ 80d Examiner's Statement of Reasons for Allowance

6f Blological Material 9] Other 

 
  

   

Us. atant and Teagmnatt Chico — : ° ” ~~
FTOQ-37 (Rev. 04-01) Notice of Allowabllity Part of Paper No. 20 .
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Application/Conirol Number: 09/613,829 Page 2
Art Unit: 1656

REASONS FOR ALLOWANCE

1, The following is an examinet’s statementof reasons for allowance:

Claims 33-37 are allowable, There is no priorart that teach or suggest a molecular beacon

probe that has a loop consisting of 16 base pairs and having a Tm of 50-51C and the stem

consisting of CACG sequence. The closestprior art is Tyagi et al (US6,037,130) teach

molecular beacon with a stem comprising CACG(see col. 11 probe 3) but with a loop of Tm

50C. Moreover,the prior art has been focused on the Tm of the stem which relates to the

functioning of the opening and closing ofthe hairpin during hybridization.

Claims 1-32 & 38-64 is allowable, Thereis no priorart that teach or suggest diluting a

nucleic acid template in a sampleto a plurality of sample and amplifying the template molecule

in the samples and analyzing amplified molecules to determine the first number of samples

containing the selected genetic sequence and second number assay samples which contain a

reference genetic sequence and comparing the two numbers. Moreover, 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 thanthe ratio of selected genetic sequenceto total genetic sequences required for

the step of analyzing to determine presenceofselected genetic sequence. The closestpriorart is

Lapiduset al who teach a reference and target nucleic acid amplification and concentration

determination, However, his determination of concentration is within a sample and they do not

teach or suggesta dilution.

Page 190 of 1224
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Application/Conirol Number: 09/613,829 Page 3
Art Unit: 1656

Any comments considered necessary by applicant must be submitted no later than the

paymentofthe issue fee and,to avoid processing delays, should preferably accompanythe issue

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

CONCLUSION

2. Any inquiry concerning this communicationorearlier communications from the |i
examiner should be directed to Jeffrey Siew whose telephone numberis (703) 305-3886 and |

whose e-mail addressis Jeffrey.Siew@uspto.gov. However,the office cannot guarantee security |
through the e-mail system nor should official papers be transmitted throughthis route. The |
examiner is on flex-time schedule and-can best be reached op weekdays from 6:30 a.m.to 3 p.m.

If attempts to reach the examiner are unsuccessful, the examiner's supervisor, Gary Benzion, can

be reached on (703)-308-1119.

Any inquiry of a general natureorrelating to the status ofthis application or proceeding

should be directed to the receptionist for Technology Center 1600 whose telephone number is

(703) 308-0196,

Papers related to this application may be submitted to Group 1600 by facsimile
 

transmission, Papers should be faxed to Group 1600 via the PTO Fax Center located in Crystal
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Application/Control Number: 09/613,829 Page 4
Art Unit: 1656

Mall.1. The faxing of such papers must conform with the notice published in the Official

Gazette, 1096 OG 30 (November 15, 1989). The CM1 Center numbers for Group 1600 are Vaice

(703) 308-3290 and Before Final FAX (703) 872-9306 or After Final FAX (703) 30872-9307.

Jeffrey Siew

March 19, 2002
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    UNTEDATATES DEPANIMENTGF COMMERCEUntied States Patont aud Trademark OfflceAihfrerit, GOM MISBIONIGR Zi PAPSN EH AND TRADEM eidWrulanglah OC gudatweve apts gov

NOTICE OF ALLOWANCEAND FEE(S) DUE

 

 

22907 7590 03/24/2002

BANNER & WITCOFF _- _
1001 G STREET NW SIEW, JEFFREY
SUITE 1100 —_ pe _
WASHINGTON,DC 20001 [_ARTUNIT|_Stass-sunciass|1637 43 5-QKtHO

DATE MAILED; 03/24/2012

    FIRST NAMED INVENTOR ATTORNEY DOCKET NO|CONFIRMATION NO

9976 14,826 O71 172000 ee Flere Vogelstein ee OT1O7 00031 ” 5893

TITLE OF INVENTION:DIGITAL AMPLIFICATION

    [ronieronree[ormReape[DATO]
64 nonprovisional YES $640 $0 $640 06/24/2002

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCEAS A PATENT,
PROSECUTION ON THE 18 CLOSED, THIS NOTICE OF ALLOWANCEIS NOT A GRANTOFPATENTRIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROMISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT.SEE 37 CFR 1.313 AND MPEP 1308,

THE ISSUE FEE AND PUBLICATIONFEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED.THIS STATUTORY
PERIOD CANNOT BE |. SEE 38 U.S.C, 151, THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLYPAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR ANEQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVENIF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED.

HOW TO REPLY TO THIS NOTICE:
1, Review the SMALL ENTITY status shown above.If the SMALL If the SMALL ENTITY Is shown as NO:
ENTITYis shown as YES, verify-your current SMALL ENTITYstatua:

A. If the status is changed, pay the PUBLICATION FEE (if required)|A. Pay TOTAL FEE(S) DUE shown above,or
and twice the amountof the ISSUE FEE shown above and notify the
United States Patent and Trademark Office of the change in status, or

B, If the status is the same, pay the TOTAL FEE(S) DUE shown B.If applicant claimed SMALL ENTITYstatus before,or is now +
above, claiming SMALL ENTITY status, check the box belaw and enclose

, the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

@ Applicant claims SMALL ENTITY status.See 37 CFR 1.27,

Il. PART B - FEE(S) TRANSMITTALshould be completed and retuned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE(if required), Evenif the fee(s) have already been paid, Part B- Fee(s) Transimttal should be-
completed and returned, If you are charging the fee(s) to your deposit account; section "4b" of Part B - Fee(s) Transmittal should be
completed and an extma copy af the form should be submitted,

11, Al) communications regarding this application mustgive the application number, Please direct all communications prior te issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER:Utility patents lssuing on applicationsfiled on or after Dec, 12, 1980 may require payment of
malntonance feos, [¢ 1a patentee's responalbliity to ensure thmely payment of maintenance fees when due.

Page 1 of 3

PTOL-83 (REV, 07-01) Appmvedfor use through 01/31/2004,
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. .a

eo"
PART B- FEE(S) TRANSMITTAL

Complete and mail this form, together with applicable fee(s), to: Box ISSUE FREAssistant Commmisatoner for Patents
Washington, D.C, 20231

  
   mre  

 
    ATCING TNETROCTIONS. This form should be used tor transmitting the ISSUW FEE ond PUBLICATION TEE Gl required), BlocksT(rough 4 should be complet

where anproprite, All further correspondence including the Patent, advance ordera and ‘notification of maintenance fees will be mailed to the current Corrcepondence nddrossindllented un pss bormoted below or ditected otherwise tn Black |, by (a) bpeclfying a new correspondence addrese; and/or (b) indienting a ecparate "FEE ADDRESS"|maintenance fee noufications,MeeaeeneeeeeerrterteyRTPIseis
CURRENT CORRESPONDENCE ADDRESS (Nate: Legibly mark-up whih-any correstlons of uss Blook 1) Note: The cerilficate of mailing below can only bs used for donicstimailings of the Poe(s) Transmittal, This certificate cannot be used for an:

22907 7590 03/24/2002 other ieoFtheeal na Bach additionut paper aueh na an pexgnmch
BANNER & WITCOFF or formal drawing, must have its own cortificale of mniling

lool Gs ETNW | hateby certify (het, thi Seats)te santai being depopiicd Ht fhSUITE 1100 United States Postal Service w th su yoIont postage lor firs elnas mad invastave for Fist class matin ay
WASHINGTON, DC 20001 envelope addressed to the Box fskuo Fes nddrevs above onsale ditindicated below,

(Depaattays dom
(Squat 
 APPLICATION NO. " ‘FIRST NAMED INVENTOR " CONFIRMATION NO

09/613,826 : 07/11/2000 Beit Vogelstein " 01107,0003] ORAS
TITLE OF INVENTION: DIGITAL AMPLIPICATION

  

     APPLN. TYPE
nonprovistanal

DATEQUETOTAL CLAIMS SMALL ENTITY PUBLICATION FEE | TOTALFEE(S)DUB |
— 64 " " Yes " $0 3640$640 06/24/21)2

EXAMINER ART UNIT CLASS-SUBCLASS

SIEW, JEFFREY 1637 435-006000

 
  

 

 
 

1, Change ofcorrespondence address or indication of "Poe Addresa* (37
CFR1.363), Use of PTO form(s) and Cuztomer Numberare recommended,
but not required,

2..Por printing on the patent front page, hat (1)
the names of up to 3 registered patent attorneys
or. agents OR, alternatively, (2) the name ofgo
single finn (having as a member a registered
altamey or agent) and the names of up to 2 a.rogistered patent attomeys or agents If aa same
is fisted, no name will be printed Ferencee oe

O Change ofcorrespondence addreas (or Change ofCorrespondenceAddress form PTO/SB/122)attached.
CO "Foe Address" indication (ar “Fee Address" Indication fonn
PTO/SB/47) attavhed  

3, ASSIGNEE NAME AND RESIDENCE DATATO BE PRINTED-ON THE PATENT (print or type)

PLEASE NOTE: Unless an agslenee fa tdentified below, no assignee data will oppcar.on the patent, Inclusion of assignes data is only, Approprinte when an axsignmtent haxibeen previously submitted to the USPTO oris betng submitted under separute cover. Completion ofthis form is NOT a substitute for filing an nssignment,
(A) NAME OF ASSIGNEE (RB) RESIDENCE:(CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (wil! nat be printed on the patent) Qindividual Q cotporation or otherprivate group ently 1 goverainentsaheaenerpenem

da, The foltawing fee(s) ace anclosed: 4b, Payment ofFer(s): j
Olsouc Fee DAcheckin the amount of the fea(s) is enctosed, '
O Publication Fee O Paymont by credit card. Form PT'O-2038 {s attached,

. Q TheCommissionerig hereby authorized by charge the required fee(s}, or credit any overpayment,(a
Advance Onder=HofCopros Deposit Account Number(enclose an extra Arethis form), yeverpay(AceSEEPShteeerieerecta

The COMMISSIONER OF PATENTS AND TRADEMARKSia requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously patil Issc fee tn thy
application Identified abave,
(Authonzed Signative)  

 
 
 
 

(Date)

NOTE The leaue {co and Puoncuton Fee (it wequited) will not be necepled Irom anyone
other than the oppltconl; a registered grcamey or agent, of the assignee or ather party inintoreat a8 shown by the records.of the United Starea Fatant and Trademark Office,

Mrden HOD cement is fOrm js catimaled to take 0.2 houra to compiete. Tinie will yary

depending on the needs of the individual ease, Any comments on the amount af dme requiredto gore eta this form should be sent fa the Chief Information Officer, United States Patentand Trademark Office, gynahington, .C, 20241. DO NOT. SEND PRES OR COMPLETRDFORMS TO THIS ADDRESS, SEND PRES AND THIS FORM TO: Box Issue Fee,
Agaistant Commissioner for Patenta, Washington, D.C, 20234
Under the Paperwork. Reduction Act of 1995, no persons are required to respond to a
collection of iMformation ‘antese it displays a volid OMBeontral number ,  

TRANSMIT THIS PORM WITH FEE(S)
PTOL-85 (REV, 07-01) Approved for ugo through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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    UNPTED STATO DEPARTMENT OF COMMEHOTUntied Atntas Patani and Trademark OfticeAthtawi, CRIM MEAN ER OF PARNER SND TATA ACEEWaouluayton DO wusdaweve Utptogoy

[APPLICATIONNO| ~ [ATTORNEYBOCKETNO,|CONFIRMATIONNO|NNO |
097613,828 07/11/2000 Bert Vogelstein 01107,00031 9493

~~ EXAMINER ”

 
“RIRST NAMED INVENTOR FILING DATE

42907 7590 0724/2002 crescent w=

BANNER& WITCOFE SIEW, JEFFREY
1001 G STREET NW —_— .
SUITE 1100

WASHINGTON,DC 20001 187 afDATE MAILED, 03/24/2002

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

The patent term adjustmentto date is 0 days. If the issue fee is paid on the date that is three monthsafter the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks(six and a half months) after
the mailing date of this notice, the term adjustmentwill be 0 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustmentis the filing date of the most recent CPA,

Applicantwill be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system. (http://pair.uspto.gov)
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Application No.

  
 

ner Appileant(s)dupe G 09/613,829 TAKESHITA ET AL.No of Allowabll Examiner Art Unit

Jeffrey Siew 1656

= The MAILING DATE ofthis communication appears on the coversheet with ihe correspontance adidress—
All claims being allowable, PROSECUTION ON THE MERITSiS (OR REMAINS) CLOSEDIn this application. If not included
herewith (or previously melled), @ Notice of Allowance (PTOL-86) or other appropriate communication will be mailed In due course. THIS
NOTICE OF ALLOWAGBILITY IS NOT A GRANTOF PATENTRIGHTS. This application is subjact to withdrawalfrom issueat the Initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

  
 

    

  

   
  
  
  
  
  
  
  
  
  
  
  

  
     
  
  
  
  

 
  
 

   
  
 

 

41. This communication Is responsive toinf3/19/02.
2.KIThe allowed claim(s)Is/are 7-64.

3.BJThe drawings filad on 14 July 2000 are accepted by the Examiner.
4.77 Acknowledgmentis made of a claim for foraign priority under 35 U.S.C. § 418(a)-(d) or(f).

a)O] All b)L)Some* c)D) None ofthe:
1. D] Certified coptes of the priority documents have been recelved.
2. £1 Certifiad coptesof the priority documents have been recelved In Application No. .
3. [4 Coplesof the cartified coples of the priority documents have been recalved in this national stege epplication from the

International Bureau (PCT Rule 17.2(a)).

° Certifled copies not received:
5. 62 Acknowledgment Is made ofa claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

(a) [1] The transfationof the foreign languageprovisional application has been recelved.
6. £1] Acknowledgmentis made of a claim for domestic priority under 36 U.S.C. §§ 120 and/or 121.

 

. 

Applicant has THREE MONTHS FROM THE “MAILING DATE”ofthis communicationto file a reply complying with the requirements noted
below. Fallure to timely comply will rasultin ABANDONMENTofthis application. THIS THREE-MONTH PERIOD [S NOT EXTENDABLE.

7. ASUBSTITUTE OATH OR DECLARATION mustbe submitted, Nolo the attached EXAMINER'S AMENDMENTer NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration Is deficient.

8.JCORRECTED DRAWINGSmust be submitted.
(8)EE}including changes required by the Notice of Drafisperson’s Patent Drawing Review { PTO-948)attached

4) (3 herato or 2) Ml to Paper not.
(6) (1 Including changes required by the proposed drawing correction filed ___, which has bean approved by the Examiner.
(c) 01 including changes required by the attached Examiner's Amendment / Commentor In the Office action of Paper No. .

 

identifying Indicla auch as the epplicatton number(ea 37 CFR 4.64{c)) should ba written on the draveings In the top margin (rat the back)
of each aheet. The drawings ahould befiled as a separate paper with transmittal fetter addressed to the Offictal Orattaperson. 

9. 1] DEPOSIT OFand/or INFORMATIONabout the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's commentregarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

  Attachment(s)

: 4) Notice of References Cited (PTO-892) 2] Notice of Informal Patent Application (PTO-{52)
: 3L3Notice of Draftperson’s Patent Drawing Review (PTO-948) 4Piintarview Summary (PTO-413), Paper No{Zsé@
: 501 Information Disclosure Statements (PTO-1449), Paper No. ____. 6] Examiners Amendment/Comment

7 Examiners Comment Regarding Requiremantfor Deposit 8fX] Examiner's Statement of Reasons for Allowance
of Blofogleal Material 9( Other

 
  

PTO-37(Rev.04-01) ‘ Notice of Allowabliity Part of Paper Nos.
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1 i

Application/Control Number: 09/613,829 Page 2
Art Unit: 1656

REASONS FOR ALLOWANCE

1. The following is an examiner’s statement of reasons for allowance:

Claims 33-37 are allowable. There is no priorart that teach or suggest a molecular beacon

probe that has a loop consisting of 16 base pairs and having a Tm of50-51C and the stem

consisting of CACG sequence. Theclosestprior art is Tyagi et al (US6,037,130) teach

molecular beacon with a stem comprising CACG (see col. 11 probe 3) but with a loop of Tm

50C. Moreover, the prior art has been focused on the Tm ofthe stem which relates to the

functioning ofthe opening and closing of the hairpin during hybridization.

Claims 1-32 & 38-64 is allowable. There 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 the two numbers. Moreover, there is no priorart that

teach or suggest that one tenth or onefiftieth of samples in a set comprise N molecules such that

Y/N is larger than the ratio ofselected genetic sequenceto total genetic sequences required for-

the step of analyzing to determine presence of selected genetic sequence. Theclosest priorart is

Lapidus et al whoteach a reference and target nucleic acid amplification and concentration

determination. However, his determination ofconcentrationis within a sample and they do not

teach or suggest a dilution.
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1

Application/Control Number: 09/613,829 Page 3
Art Unit: 1656

Any comments considered necessary by applicant must be submitted nolater than the

paymentofthe issue fee and, to avoid processing delays, should preferably accompany the issue

fee. Such submissions should be clearly labeled “Cormments on Statement of Reasonsfor

Allowance.”

CONCLUSION

2. Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to Jeffrey Siew whose telephone numberis (703) 305-3886 and

whose e-mail address is Jeffrey.Siew@uspto.gov. However,the office cannot guarantee security

through the e-mail system nor should official papers be transmitted through this route, The

examineris on flex-time schedule and can best be reached on weekdaysfrom 6:30 a.m. to 3 p.m.

If attempts to reach the examiner are unsuccessful, the examiner's supervisor, Gary Benzion, can

be reached on (703)-308-11 19.

Any inquiry of a general natureorrelating to the status of this application or proceeding

should be directed to the receptionist for Technology Center 1600 whose telephone number is

(703) 308-0196.

Papers related to this application may be submitted to Group 1600 by facsimile

transmission. Papers should be faxed to Group 1600 via the PTO Fax Center located in Crystal
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Application/Control Number: 05/613,829 Page 4
Art Unit: 1656

Mall 1, The faxing of such papers must conform with the notice published in the Official |

Gazette, 1096 OG 30 (November 15, 1989), The CM1 Center numbers for Group 1600 are Voice

(703) 308-3290 and Before Final FAX (703) 872-9306 or After Final FAX (703) 30872-9307.

Ha
March 19, 2002
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09/613,826 07/11/2000 Bert Vogelstein OLLO7.00031 9893

2507 7550 oxasaon2

BANNER & WITCOFF SIEW, JEFFREY
1001 G STREET N W .
SUITE 1100 ES

WASHINGTON,DC 20001 a7 22)DATE MAILED:03/26/2002

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

The patent term adjustmentto date is 0 days. If the issue fee is paid on the date that is three monthsafter the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months)after
the mailing date of this notice, the term adjustment will be 0 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustmentis the filing date of the most recent CPA.

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

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: }
)

Bert VOGELSTEIN etal. )
} ° Group Ast Unit: 1656

Serial No. 69/613,826 y
) Bxaminer; J. Siew

Filed: July 21, 2000 } Box: AP
)

Far: DIGITAL AMPLIFICATION } Attorney Dooket No. 01107.00031

INF IN DISCLO

Assistant Coromissioner for Patents
Washington, D.C. 2023]

Sir:

Pursuant to 37 CER. § 1.56 ond in compliance with 37 CFR, § 1.97(d), Applicants

herevalih submit Porm PTO 1449 listing references for consideration in connection with the

above-identified application. A copy of cach reference is provided herewith.

Each item of information contained in the information disclosure statement was first

cited in any communication Som a foreign patent office in a counterpart foreign application

not mote then three mouths prior to thefiling of the information disclosure statement.

Recelved fram < > etdIiSi02 (0:80:04 Ald (Eastern Daylight Tine]
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04/18/02 G0:i4 FAXnei Bons/o07
  

Serial No. 09/615,826

Applicants respectfully request that the Examiner consider and enter these documents

into the file ofthe above-identified application. A fee of $180.00 os sct forth in 37 CFR.§

L17(p) is enclosed herewith to ensuce consideration and entry of the cited documents by the

Examiner. If any additional fee is deemed necessary, the Commissioner is authorized to

charge our Deposit Account No. 19-0733,

Respectfully submitted,

oe pile, Airdate: January 23,2002 By: L a
Michblle L. Holmes-Son

Registration No. 47,660

BANNER & WITCOFF, LTD
100) G Street, N.W.
Eleventh Floor

Washington, D.C. 20001-4597
(202) 508-9100

-2-
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1001 G STREET, NW.
WASHINGTON,0.6. 20001-4597

& TCOFF, LTD.BANNER &WiTcorn LAW TEL: 202.506.0100
FAX: 202.508.9209
www.bannerwitcolf.com

  
1ssssoi ar
Jeffrey Slew Michelle L. Holmes-Son
COMPANY: DATE;

United States Patent and Trademark Office April 15, 2002
Fax Nupen: TOTAL No. OF PAGES:

(703)-748-5178 7, Including this cover shast
fie: OUR ABFeRENCE No.?
U.S, Serfal Number: 09/613,826 01107.00091

iFyou do nat receive all paga(s) orhave any problems raceiving this tranemission, please call:
NAME: MMichalle L. Halmes-Son PHONE: 1-202-608-9220

Commenré:

Pursuant fo our telephone conversation of this morning, altached please find a copy of our Information
giscloaureetatement fled January 23, 2002, Please retum by fax after you are satistied with your review of thejocumen

Yours truly,

LYpfilba.dlled
te L. Hatmes-Son (47,660)

 
 

 
 

sfily for the uee of the Individualor entity to
dm the faw firm of BANNER & Wrreorr, Lp.

IMPORTANTICONFIDENTIAL: This message le intend
whom itis addressed. This message contalns information;
which may ba privileged, confideritial or axempt from diegi@aiire under applicable law. If the reader of thistiessagefsnot the Intended rectplent, you are hereby naien any dlasemination, distribution, retention,
archiving, or copying of the communication is strictly proliplied.; if you have recelved this communication in
etror, please notlly us immediately al our telephone numbariisted above. We twill be happy to arrange for
the return of thia magsage to our offices at no costto you. -

PORTLAND,
GHICAGO WASHINGTON,D.C. BOSTON OR

Reclvedrom ¢ > al4N&IO2 (0s04AEEastonDaylohtTg
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ee lo "] Da

In re Application of
) Group Art Unit: 1637

Bert Vogelstein,et. al.
) Examiner: Jeffrey Siew

Serial No. 09/613,826 )
}

Filing Date: July 11, 2000 } Docket No. 01107.00031

For. DIGITAL AMPLIFICATION

SUBMISSION OF FORMAL DRAWINGS 
 

Assistant Commissioner of Patents

Washington, D.C. 20231
Attn: Box ISSUE FEE

Dear Sir:

Attached hereto for filing in the United States Patent and Trademark Office are

seven (7) sheets of formal drawings (FIGS. 1 A-C, 2-5) for the above-identified patent

application.

Please charge any fee in connection with the filing of these drawings to our

Deposit Account No. 19-0733 and forward the recorded. documentto the undersigned. A

duplicate of this sheet is enclosed.

.
Respectfully submitted,

Date: May 21, 2002 By: : “
Michtlle L. Holmes-Son

Registration No. 47,660
Banner & Witcoff, Ltd.
1001 G Street, N.W., Eleventh Floor
Washington, D.C. 20001-4597
(202) 508-9100
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FIG. 1A
DNA
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= NO PCR PRODUCT

&] = WILD TYPE PCR PRODUCT
@ = MUTANT PCR PRODUCT
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. {a of independent claims ). Cy Abstract Dlamandment [Cl Response : OA ad :
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} CU Assignment w/PTO Cover Sheet Li Note of Appeal & Fee : i |
1 Giogwrto 1440 CRsterencas ClwFee Cleat: Cl appestares Cl Reply i
| Go Paytiminary Amandimant Fisquast for Oral Heating ;
| Cl Plorty Ciel (Foreign or U.S. Provisional. BAW @___.yA}issue Fee Ji] Advance Patag{ Copies (¢ ordered & ,?! . Notice of Altowance ad eeO2 '
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PTO/SB/21 (08-00)
Approved for use through 10/31/2002. OMB 0851-0031

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Underthe Peparwork Reduchon Act of 1005, no psreona are requiredto respond to a eolection of information unteas tt displays @ veld OMB conf number,

Please type a plus sign (+) inside thts box —>
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TRANSMITTAL
FORM

(to be usedforall correspondence after Initial filing}

Total Number of Pages In This Submission

 

 
 

  
 
 

 
_ ENCLOSURES (chack all that appl

oO Assignment Papers{for an Application)

Drawing(s) 7 sheets (Figs. 1A, 18,
1G, 2.3, 4, and 5)

(1 After Allowance Communication to
Group

[J Appeal Communication io Board of
Appeats and Interferences

O Appeal Gammunication to Group(Appeal Notica, Brief, Reply Brief}

oO Proprietary Information

oO Fee Tranemittal Form

 

 
 

 
 
 
 
 

  

(D1 FeeAttached

 
 

Ci ticensing-retated Papers

C1 Petition

(J Petition to Convertto a

O Amendment / Response

O After Final

  

 
 

 
 

 
 

 
 
 
 
 

  
 

  
 
 
 

  

 
 
 
 

  
 

oO Affidavits/dectaration(s) Provisional Applicatlon Pra] Submission of Fonnal Drawings

(1 Powerof Attorney, Revocation(1 Extenalon of Time Request Change cf Coneepondenes Address|Cw CaectiyDatser
LJ Terminal Disclaimer Copyof date-atamped {iting

oO Expreas Abandonment Request racelpt and Submlegion ofFormal Drawings dated May 21,

VERY
oO Requestfor Refund

Ol CD,Number of CO{s)__REC [1 information Disclosure Statement

 
 

(C1 Cartified Copy of Priority
Document(s) due 0 B 2002

LJ Responaa te Misalng Parts!
incomplate Application Oéica-chPatontPublication
(7) Reeponseto Misalng Diactor's Office

Parts under 37 CFR
4.52 or 1.63

“Fimor
Individual name

Signature

 

Date 
   
  
 

Ihereby certify that this coraspondence la being deposiied with the Unitad States Postal Sarvice as firat class mail in an envelops
| addressed to: Assistant Commisatoner for Patents, Washington, D.C. 20231 anthis date:sd
| Typed or printed nema

Signature ee
Burden Sment:Thisform lo estimated to taka 0.2hours to complete. Time dapending upontheneeds of theindividualease.Any
comments on the amountof tinva you are required to complete thia form should be eandto the Chisf Information Officer, U.S. Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO. Assistant Commissioner forPatents, Washington, DC 20231.

  
  

soy

Wek

 
Page-221 of 1224 eeee . wee

 



Page 222 of 1224
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of )
) Group Art Unit: 1637

Bert Vogelstein,et. al.
) Examiner: Jeffrey Siew

Serial No. 09/613,826 )
)

Filing Date: July 11, 2000 ) Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

SUBMUSSION OF FORMAL DRAWINGS
 

Assistant Commissioner ofPatents

Washington, D.C. 20231 |
Atto: Box ISSUE FEE

Dear Sir:

Attached hereto for filing in the United States Patent and Trademark Office are |
seven (7) sheets of formal drawings (FIGS. 1 A-C, 2-5) for the above-identified patent
application.

Please charge any fee in connection with the filing of these drawings to our |
Deposit Account No. 19-0733 and forward the recorded document to the undersigned. A |
duplicate of this sheet is enclosed.

Respectfully submitted,

Michell L. Holmes-Son
Registratien No. 47,660

Banner & Witcoff, Ltd.
1001 G Street, N.W., Eleventh Floor
Washington, D.C. 20001-4597
(202) 508-9100
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File History Report

 

   
  [| Paper number is missing from the United States Patent

Trademark Office’s copy ofthe file History. No additional information is
available,

 

   
   [_] The following page(s) of paper number is/are missing

from the United States Patent and Trademark Office’s original copy ofthe
file history. No additional informationis available

 

 
 
   

  
 [| The following checkeditem(s) below ofpaper number

is/are missing from the United States Patent and Trademark Office’s
original copy ofthefile history. No additional informationis available

PTO 1449

PTO 892

[|] Pro 948
[] PTO 1474
|
[J
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  Assignment
Cover page

Additional comments:Paper #25 same as Paper #23
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Unrrep Srares Pareny AND TraDEMarK OFFICE COMNISSIONER FOR PATENTS:
UNITED Staves ParENT AND TRADEMARK OFFICE

Wasnpioted, D.C, 20231
WAV,LEDIO.Ov

 

Fax Cover Sheet
Bate: 15 Apr2002

‘Tos Michel L Homes-Son Prom: Jefiey Siew

‘Application\Control Humber: 00619826 Art Units 1656

Feo Ws (202) 508-0200 Phone Nea 7000050806

Voice Wo. (202) 508-8100 Retum Pex Nox 703-308-4556

Res co

Turment (| orReview [_] ForGomment [| ForReply [_] Per Your Request
 

Comments

per your request

This facalmite banamission is an Official U.S. Goverment document which may contain information which Is privileged and |
Confidential, {tis intanded only for use of the raciptent named above.If you are notthe Intanded recipient, any dissemination,

|| distribution or copying of this document Is strictly prohibitad. If this documentls recetved In error, you are requested fa
/} immediataly notify the sander at the above Indicated telephone number and retum the entire document In an envelopes

Assistant Cormmissioner for Patents
Washington, DC 20231
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ees TX REPORT ate
SEESSESESVSSE SESS SES

TRANSHISSION OK

TX/RX NO
CONNECTION TEL 82025000280
SUBADDRESS
CONNECTION ID
ST, TIME 06/20 16:12
USAGE T 00°62
PGs. 2
RESULT OK

COMMIGEIORER PGR PATENTS
UNTeb Sarasa PATENT 4ND TraneMagik OFMeEVaervaton, 0.C, EOB2)

vimuenptogny

* 
Reaaay Sea

Aut Unie 1658

Fax Mes (202) 803-0280 RTee

Volos ble.« (202) 508-6100 ” RetaFaxMes 703-308-465

Ra Se

Jument (["] FerReview [_| FerComment [| ForReply | PerYour Request
 

Goramenisa

Peryour request a capy oftha notice io comply for offices action 4/12/01

thanks

ee
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COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
VAaHineron, D.C. 20231

WALUSpOgOy
 

 
Wes Ms. Holmeson Frons Jeffrey Siew

Appiication/(Contre!l Number: 09/613,826 Art Units 1656

Fex Ros (202) 508-0900 Phone Nos 703-205-3888

Volce Now (202) 502-8100 Ratum Faxes: 703-308-4556

Rez rs

Bdurgent [|_| ForReview [_] ForComment [_] ForRepty [_] Par Your Request
 

Comments:

Per your request a copy of the notice to comply foroffice action 4/12/01

thanks

: STATEMENT OF CONFIDENTIALITY
ll This facsimile transmission is en Officlal U.S, Goverment document which may contain Information which fs privileged and|

confidential. tt is intended only for use of the recipient named above. If you ere not the intended recipient, any dissemination, |
Hf distribution or copying of this documentIs strictly prohibited. if this document {s received In enor, you are requested tof
| immediately notify the sander at the above indicated telephone number and retum the entire document In an envelope
li addressed to: a 

Assistant Commissioner for Patents
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.- \pplication No.: Oot $26ees

NOTICE TO COMPLY WITH REQUIREMENTS FOR PATENT APPLICATIONS CONTAINING
NUCLEOTIDE SEQUENCE AND/OR AMINO ACID SEQUENCE DISCLOSURES

Applicant mustfile the items indicated below within the time period set the Office action to which
the Notice is attached to avoid abandonmentunder 35 U.S.C. § 133 (extensions oftime may be
obtained under the provisions of 37 CFR 1.136(a)).

The nucleotide and/or amino acid sequence disclosure contained in this application does not
comply with the requirements for such a disclosure as set forth in 37 C.F.R. 1.821 - 1.825 for the
following reason(s):

1. This application clearlyfalls.to comply with the requirements of 37 C.F.R, 1,821-1.625. Applicant's i
attention Is directed to the final rulemaking notice published at 55 FR 18230 (May 1, 1990), and 1114 |
OG29 (May 15, 1990). {f the effective filing date is on or after July 1, 1998, see thefinal rulemaking i
notice published at 63 FR 29620 (June 1, 1998) and 1211 OG 62 (June 23, 1998). ;

2. This application does not contain, as a separate part of the disclosure on paper copy, a “Sequence :
Listing’ as required by 37 C.F.R. 1.821(c). :

3. A copyof the “Sequence Listing’ in computer readable form has not been submitted as required by
37 C.F.R. 1.821(e).

4, A copy of the “Sequence Listing’ in computer readable form has been submitted. However, the
content of the computer readable form does not comply with the requirements of 37 C.F.R. 1.822
and/or 1.823, as indicated on the attached copy of the marked -up "Raw SequenceListing.”

[] 5, The computer readable form that has beenfiled with this application has been found to be damagedand/or unfeadabla as indicated on the attached CRF Diskette Problem Report. A Substitute
computer readable form must be submitted as required by 37 C.F.R. 1.825(d).

6. The paper copy of the “SequenceListing” is not the same as the computer readable from of the
"Sequence Listing” as required by 37 C.F.R. 1.821(¢).

[] 7. Other:

Applicant Must Provide:

Yl Aninitial or substitute computer readable form (CRF) copy of the "Sequence Listing’.

 

into the specification.

A statement that the content of the paper and computer readable copies are the same and, where
applicable, include no new matter, as required by 37 C.F.R. 1.821(8) or 1.821(f) or 1.621(g) or
4.825(b) or 1.825(d).

For questions regarding compliance to these requirements, please contact:
For Rules Interpretation, call (703) 308-4216
For CRF Submission Help, call (703) 308-4212
Patentin Software Program Support

Technical Assistance..............22:::csesceeeseseres703-287-0200
To Purchase Patentin Software...703-306-2600

I
I

. !

yl Aninital or gubstitute paper copy of the “Sequence Listing", as well as an amendmentdirecting its entry

PLEASE RETURN A COPY OF THIS NOTICE WITH YOUR REPLY

Pagé'227 of 1224 



Page 228 of 1224

 

  
“0. * NOTICE OF FILING / CLAIM FEE(S

(CALCULATIONSHEET)
APPLICATION NUMBER: (4/6/342]

Total Fes Caluulanes

Titalt Parmley
Fee Cares was: fitm ¢ Er   

A] vos feu

ie 2 .
Gosie Sikes fz2 mi tat ——=' a

Tat Clie bis tiie! CY whe tl vo a
teen 3 @.Cefesestes: Cin: >!

hon
 

Muls Oca Cia Sinn insta —_——

Sugtnarg? rhebis —_—

Exslik Tresclates {hr

TOTAL FEE CALCULATE det

Fess cus usen thas @iatcieiuis

Tor! Files Fees Dus = § 4 ¢ a 

Less Files Fees Sehoinst +f

BALANCE DUE | =5 / 7¢y

 

 

OfRes of [nidal Pate: Examicstice

- Fitued 7
. FORM O@E-RAM-AL Gey, 12297) ~

Page 228 of 1224

ants rorm is for INTERNAL PTO USE ONLY
It dacs NOT get mailed ¢o the applicant.

) DUE

 



Page 229 of 1224

PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY2/74 7. #7? PCT

 
 
  
   
 

 

 

  
  
 

[UNITED STATES OF AMERICA

To; rHOC CeBANNER ge WITCOFF, LTD GOCKE PED NOTIFICATION OF TRANSMITTAL OF
lAttn. KAGAN, Sarah A. . a THE INTERNATIONAL SEARCH REPORT
1001 G Street, N.W. JANdfbyayendeet OR THE DECLARATION

| Eleventh Floor eye TE pioA . :
iMashington, DC 20001-4597 wah ee YF (PCT Rule 44.1) |

 
 
  

 

Date of malling
(dayimonthiyea)=94/42/2001 

 
 
 

 
 

 
     

Applicant's os agent’s file reference :

01107 . 00030 FOR FURTHER ACTION Sse paregraphe 1 and4balow |
Intemetional application No. — intemallonal filing date
pex/as200
Applicant "

THE JOHNS HOPKINS UNIVERSITY et al.

 
 

  
 
 
  
 

 
 

 
 
 
 

  

  
  
 

 

1. Fal The applicant fa heraby notified thatthe Intemational Search Report has baen established and is tranemitiad herewith.
Filing of amendments and statement under Article 19;
The applicantis entitted, i he 20 wishes, to amend the claims cf the Intemational Application (gee Rule 46): 

 
 When? The tlmelimit for filing such amendments Is normally 2 months from the date of transmittat of the

Intemational Search Report, however, for more details, sae the notes on the accompanying sheet.  
Where? Directly to tha=Intemattonal Bureau of WIPO

34, chamin daa Cotombattes
1211 Geneva 20, Switzerland
Fascimita No.: (44~22) 740.14.35,

For more detailed Inatructiona, see the notes on the accompanying shaol,

 
2. LD The applicantIs hereby notified thatno Intemational Search Report will ba astabllshad and that the declaration underArttcte 17(2){a) to that effect is tanemitted herewlth. 

 3. LL] with regard to the protest against payment of (an) additional fea(s) under Rule 40.2, the applicantis notified that:
OI the protest together with the declelon thereon has been transmitiad to the Intemational Buraau logsther with theepplicant’s requast to forward the texts of both tha protest and the decision thereon to the deeignated Cifices,

CI no decision has baen mada yet anthe protest; the applicant will be notified as eoon as a decision Is made.

 4, Further section(s);

Shortly after 18 months from the priority date, the Intamational application will ba pub"shed by the intamationa! Bureau,
It the applicant wishesto avoid or postpone pubiicetion, a notice of withdrawal of the intematonal application, or of lhe
prlonty claim, must reach the Intemational Bureau as providadin Rules S0bls.1 and 90bi9.3, raspectively, bafore the
completion of the technical praparations for intamational publication.

Within 49 mentha from the priority date, a demand for intamational preliminary examination mustba filed # the applicant
wishea to postponethe antry into the national phase untit 30 monthe from the prtority date (in soma Offices even later).

Within 20 monthefrom the priory date, the applicant must perform the prescribed acts for enty Into the national phass:
before ali dasignated Offices which have nol béen elecied in the demand oFinalaterelection within 19 months from the
priority date or could not be elected bacause they are not bound by Chapter It,

Theapplicant is reminded of the fofowing: 

 

Name and mailing address of the Intemational Searching Authority|Authorized officer
| "aE" European Patent Office, P.8, 5818 Patentlaan 2

NL~2280 HV Rijswijk
@ Tal. (+91~70) 340-2040, Tk. 31 661 epo ni,  
 
 

 Catherine Humbert

Fax: (431-70) 340-3016
 

Form PCT/ISA/220 (July 1998)
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NOTES TO FORM PCTIBAZ20

Theze Noles are intanded to give the baala Inginuistions conceming the filing of emondmente undaz astisha 19. The
Notee are based en the tequiremerits of the Pelent Conparation Trealy, the Reguiations eid the Administrative inatructions
under thet Treaty. In ease of disorepensy between these Nolee and thoes requirements,tha latter are epplicab!e, For moro
detalled intarmatian, eee alzs the POT Appiioant’s Guide, a publontion ef WIFO,  

In thane Notes, ‘Article’, “Ruls®, and “Seetion® salarto theprovisions af the PCT,the PGT Regulations end ihe PCT
Administrative Inetructions respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 18

‘The applicant haa, afar having received the ltemationa asareh reper, ene opportunity to amend the clalma of the
itemmionel epplloation, it should however be emphesized thal, einoa af parta of tha Internaflonal application (olaima,
Geactiption and drawings) may be amended during the international preliminary examinalien prosedure,there i usuallyno nead to fia amandments of the claims under Arilole 19 excep! where, og. the applicant wants the latter to be publiehed
for the pusposes of provisions! profection of has another reason for amending the olaime belore intemallene! pbulicetion.
Fusthannoare, i should be emphasized that provisions! protection fs evallabls in soma Gleles anly.

 
What pests of the international eppiicsticn may be amended?

Under Artists 19, enly the clains may be amended.

During the intern@ional phesa, the olaima may elso be amanded (or kurther amended) underAsticle 34 bofare
the iniemational Pretiminary Examining Authority, The desosiption and drawings may onlybe amended under
Articla 94 before the Intemational Examining Authority.

Upon enty into the nelione! phese, el parts of tha Inlametional application may be amendad undar Article 26
os, where applicable, Article 41.

Wheat Within 2 months frem the date af tranemitiel ol the intemallonal peeroh report ar 16 manths from the paiorhy i
date, whichever lime mit expires later. It should be noted, however, thet the amendmants wit be considered I
aa heving been recsived on Eme if they are received by the Intamallonal Bureau after the expiration of tha I
appliotie time tml bul before the completion ofthe technical preparations for itamationsl publicetion /(Puta 46.1),

Where not to Hoe the emenimanis?

‘The emendments may only bo Med with the Intemational Bureau and not with the recelving Office or tha
Imemationat Searching Authority (Avis 46.2).

Where a damand for intemational preliminary examination hes been/a filed, ese below.

Haw? Ether by cencelling ene of more entire claims, by adding ona or more new olzime or hy amending the tad ofone or more oj the claire ea fied.

Areplecement sheet must be submited for each eheat of the clalma which, on ancount of an amendmenl or
emandments, differs from the sheel orginally Bled.

Al the cleira appearing on a replacaniont sheet must ba numbered in Arabic numerala, Whare a claim ipcancelled, no renumbering of the other clalwa le required. In ef oszaawhere claims are renumbered, thay muat
be renumbered consecutively (Administralive lneinustiona, Section 208{b)}.

‘The amendments must be made In the lenguege tn which the bdemational eppllcation ts to be pudlichad,

Wihet documenta mustimay accompany the amendmenia?

Letter (@ection 265(b)):
‘Tho amandments must be submitied with a letter.

‘The letterwi not be published wah the intemational application end the amended dzims, Heheuld nel ba
confused with the “Bletament under Autiole 18(1)° (eee below, under “Statement! under Article 19{1}°).

‘The letter prue’ bo bn English or French, at the choles of the epplicent, However,H the language ol the
international appleallon le Englich, the lettey muat be ln Engllah; H the language oftho Intemational epplication
Is French, the telter muet be In French.

 

    
 
"Poles toFormPCTASA220 (let shoe!) (lanusry 1594)

Page 220G@foletddreonncenrs 1 >a a ae ee



Page 231 of 1224

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

  
"Notas to Form PGTASA220(second shoot) (January 1994)

SMSOOCID: <XSISAZZONOENPSI>

Page 231 of 1224

 

MOTES TO FORM PCTNSA/220 (continued)

‘The letter must indicatethe differences between ths clalma aa fled and tne claima aa amended, @ rae, in
partouler, Indwete, in connection with each clalm appoaring in the International xpplication (it being untlerstoodthat identical Indications conceming eeveral elalme may ba groupsd),whelhar

@ tho elaim ia unchanged,
(} the elelm ia canesiled,
Gi) the claim ia new;

{iv) the claim reptaces one of more claims ua filed;
{v) the claim is the reaull of the division of aclain as Aled.

‘Tha followlag exempiaa Wualrate the manner In which emendmenta mustbs oxpleined In tha
eccompanyling lettar:

1. [Where originally there wore 48 olaima and after amendment of eomeclaima ikere are 54]:
*Claims { to 20, 99, 92, 34, 55, 57 to 48 replaced by emanded claime beanng Ihe same nunibern;
eleims 30, 38 end 36 unchanged; new claima 49 to $1 added.*

2. ere originally there were 15 olaime end after amendment of all elaine thana are 11]:
iClaima ( to 18 replaced by umended claims 1 to 11."

3. [Where osginally there were 14 claime endthe amendments sonalet ln earresling acme clalme end in addingnew olalma):
"Claims 1 to 6 and 14 unchanged; olaima 7 to 13 asncalied, new claime 15, 16 and 17 added." or
"Claims 7 ta 13 cansated: new claims 15,16 and 17 added; ail other claims unchanged.”

4. ere vaiious kinds of amondmanta are mada):
jaime 1-10 unchanged; claima 11 te 19, 18 and 1@ cancelled; cleima 14, 15 and 16 replaced by amended

alaim 14; claim 17 eubdivided ino amanded clalma 15, 16 and 17; new clams 20 and 21 a: .

"Ststement under arllcla 10/1)" (Rule 4.4)

Ths emondmente may be ecsompanted by a sietement oxpleining the amendments and indioaling any impact
that euch amendments might have on the desaription and the drawings (which eannct be amended undsr
Asticte 19{1)).

‘The étatemerd will be published with tha inlemational eppliontion and the emanded claims.
it peual be In the language tn wihich the internations! eppplication ls ta be published.
Rreusi be brie! nol exoseding 600 words if in Englishor If branaleted into English.
RB ehould not be eonfusad with and dove net replace theleties indicating the differances betwean {he ctaima
ga Red and aa amended, It must be Gled on a separate sheet and musi be identified as such by a heading,
praferably by using the words "Sisternont undar Article 18(1).”
it may not conten any laparaging comments on tha Intemational seesoh report of the relevance of otationa
eoniained in that report. Reference to caations, releventto a givan claim, contained in the intometione! search
repost may be made only in comnection with an amendment of thal claim. :

Consequence tf a demend for Intemational preliminary examination has eéraady been filed
tt, af the time of Gling any amendmentn under Article 12, a damand (or international preliminary exemination
hea abeady been aubmitied, the applicant must preferably,6 Iho came bmoof fing the amendments with the
intemationa! Bureau, alzo fle m copy of such emendmente with the Intemational Pretminary Examarang
futhonty (eee Rule 62.2(e), frat conience}.

Consequence with regard to traneletion of the (riermmilanal appileation for entry lato the eatlonal phace
The eppioant’s attention is deen to ihe fact (hat, where upon entry into the nelional phese, a tranalation of the
dsima a3 amended under Article 19 may have to bs furnished to the designated/elecied Olfoze, instend of, or
in addition to,the banslation of tho elaima an filed.
Fer further dataits on tiv requirements of each designatedielsaled Cifice, ee@ VolumeIl of tha POT Applcant'aGuide,
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(PCT Anicle 18 and Rules 43 and 44)
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| Intemational tilng date (day/month/year)
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 [ippicanta or agentfiereference
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intamational appkcation No.
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| Applicant

 
  
 

  
 

 

 
{Earllest) Priority Date (day/monih/year)

02/08/1999   

|THE JOHNS HOPKINS UNIVERSITY et al. 
This Intemational Search Report has been prepared by this {ntamational Searching Authority and Is tranemitted to the applicant
according to Article 18. A copy Ia baing tranemitted to tha intematlonal Bureau. 

 
 

  
  
  
  

   
   
 
  
 
 
  

 
  
    
  
 

 
 

‘Thio Intemational Saarch Repart consiets of a totalof__6_.eheeta.
{tis aleo accompanied by a copy of each prior art documentcited In this report,

4. Basis of the report
a. With regard to the language,the Intemational cearch was carrlad out on the basis of the Intarmational application in the

language In which it was filed, unlaas otherwise Indicated underthis item.

[21__tre international ssarch was camied out on the basis ofa tranclation of the Intemational application furnished to thisAuthority (Rute 23.1(b)).

b. With regavd to any nucleotide and/or emino acld sequence dieclosedIn tha internatlenal appfication, the International eaarch
was carrisd outontha basis of fhe sequence listing :

contained in the intamational application In waltten form.

filed togathar with the International sppiication In computer readable form.
furnished eubsequentlyto this Authority in written form.

furnished subsequently to this Authority in computer readble form.
the statementthat the subsequently furnished written eaquenceIisting does not go beyond the cisclosure in the
Intemational application as tied has been furnished.
tha statement that the information recorded In computer readable form 1g Identical to the written sequence Ilstng has beenfurnished

Certain cleime were found unsearcheble (See Box |).

Unlty of Invention [s lacking (ese Box 1).

OOOOOOO
. With regard to the titte,

tne text Is approved as eubmitisd by tha applicant.

[_]_the texthas heenestablished bythis Authority to read as followe:

 

. With regard to the abstract,
tha text Is approved as Submitisd by the applicant,
the text has been established, according to Rule 38.2(b), by this Authority as It appears in BoxIll. Tha appicant may,
within ona month itom the date of mailing of Ihis Intemational search report, submit comments to this Authority.

 

&. ‘Thefigure of tha drawings © ba published with the abstract is Figure No. ee
oO as suggested by the applicant. [x] None ofthe figures.
DO bacause tha applicant falted to suggesta figure.
_]__bacause tls figure better charactarizea the Invention.

Form POTISA/210 (first sheet) (July 1898)
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C, DOCUMENTS CONSIDERED TO BE RELEVANT . ;
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VET JACQUELINE AMET AL: "Multiplex

detection of four pathogenic retroviruses
using molecular beacons."
PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES OF THE UNITED STATES,
vol. 96, na. 11, 25 May 1999 (1999-05-25),
pages 6394-6399, XP002145609
May 25, 1999
ISSN: 0027-8424
the whole document

kK] Patent famay members era hsted In annex.  
  
  
  
  
  
    

 

EI Furlher docurnante ere listed In ine conlinuation ol box C.
° ied cat ‘las of cited documanis +

Sper legorl 3 "T* tator document pubsetied aftr the intemationel flag datsG2i¢ and notin confitcl wih tha eppfication bul
*A" documant défining ihe general state of Ihe ani which is notSeared te ot parbcular levance cedadtoundaratand the principle or theory underlyng the
*E* garter document bul published on or aflerthe Intamabonal 1 douamont 6f particularrelevance;tha claimed invantion

fading data cannot be coneidsrad noval or cannat ba Ted to
“Lr Socumenthich may throwdoubtsonon priory, cleien{e)or Involvean inventive elep when Ihe document is taken alongwhichfs ced to aeia publica’ 2 ofana "document of particular relevance; tha calmed In

tation oF other epectal reason (ae Bpacsied) canmot ba oonsidsred (e ewvelvaah valve etapwhon the
*O? document rafarring to en oral disclosure, use, exhipilon or document is combined with one oF more olher such docu-

other means ments, such combinailon belng obvious 10 a person skied
*P* document published prior to the Intemational filing date but inihe ant.

Isiorthen the pnorhy date claimed "&° document member of Ine eame patent famy

 

  
  

 

 Dals of the ectual completion of Ihe Internailonal search Date of mating of the international search report

21/12/2001
Authorized etficer

10 December 2001

Nama end mafing address of tha ISA "
European Palent O(a, P.B, 5816 Patenttaan 2
NL + 2260 HV Rijavijk
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PIATEK ANY S ET AL:

resistance in Mycobacterium tuberculosis.*
NATURE BIOTECHNOLOGY,
vol. 16, no. 4, Apri) 1998 (1998-04),
pages 359-363, P000891876
ISSN: 1087-0156

the whole document

TYAGI SANJAY ET AL: “Multicolor molecular

“Molecular beacon
sequence analysis for detecting drug

beacons for allele discrimination. “
NATURE BIOTECHNOLOGY,
vol. 16, no. 1, January 1998 (1998-01),
pages 49-53, XP002143901
ISSN: 1087-0156

the whole document

TYAGI SANJAY ET AL: "Holecular beacons:
Probes that fluoresce upon hybridization."
NATURE BIOTECHNOLOGY,
vol. 14, no. 3, 1996, pages 303-308,
XP002914999
ISSN: 1087-0156
the whole document

WO 99 13113 A (KRAMER FREO R ;ALLAND DAVID
(US); PIATEK AMY (US); TYAGI SANJAY (U)
18 March 1999 (1999-03-18)

1-14; example 2

HALFORD WILLIAM P ET AL: "The inherent

page 7, line 32 -page 9, line 3; claims

quantitative capacity of the reverse
transcription-polymerase chain reaction.”
ANALYTICAL BIOCHEMISTRY,
vol. 266, no. 2,
15 January 1999 (1999-01-15), pages
181-191, XP000791527
ISSN: 0003-2697
the whole document

EP 0 643 140 A (CANON KK)
15 March 1995 (1995-03-15
page 1-3
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WO 95 13399 A (NEW YORK HEALTH RES INST) 33-37
18 May 1995 (1995-05-18)
claims 1,2

US 5 804 383 A (GRUENERT DIETER C ET AL) 25,28,
8 September 1998 (1998-09-08) 57,60
claim 1

US 5 858 663 A (NISSON PAUL E ET AL) 25,28,
12 January 1999 (1999-01-12) 57,60
claim 1

DATABASE BIOSIS ‘Online! 20,52

i
i
I

'
|

BIOSCIENCES INFORMATION SERVICE, |
PHILADELPHIA, PA, US; April 1999 (1999-04)
EVERETT KARIN D E €T AL; “Identification
of nine species of the Chiamydiaceae using
PCR-RFLP.”
Database accession ne. PREV199900271658
X¥P002185145
abstract
& INTERNATIONAL JOURNAL OF SYSTEMATIC
BACTERIOLOGY,
vol. 49, no. 2, April 1999 (1999-04),
pages 803-813,
ISSN: 0020-7713

|
|

VOGELSTEIN BERT ET AL: "Digital PCR." 1-64
PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES OF THE UNITED STATES,
vol. 96, no. 16,
3 August 1999 (1999-08-03), pages
9236-9241, XP002185144
Aug. 3, 1999
ISSN: 0027-8424
the whole document
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Suite 1200

Washington, DC 20005-4051
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Approved for use through 04/11/98. OMB 0651-003766/20/ k

Ta PROVISIONAL APPLICATION COVERSHEET“FHpeey
This is a request forfiling a PROVISIONAL APPLICATION under 37 CFR 1.53(c)(2).

Docket Number 01107.81418 Type a plus sign (+)
inside this box ~ +

INVENTOR(s)/APPLICANT(s)

FIRST NAME ov RESIDENCE (CITY and either STATE or COUNTRY)

Bert | Baltimore, MarylandKINZLER Kenneth Ww. Belair, Maryland

TITLE OF THE INVENTION(280 characters max) S

DIGITAL AMPLIFICATION A =-Ec

CORRESPONDENCE ADDRESS i

BANNER & WITCOFF,LTD. &
Eleventh Floor

1001 G Street, N.W.

zip 20001-4597 COUNTRY USA

ENCLOSED APPLICATION PARTS(check all that apply]

Number of Pages|og|Small Entity Statement
Number of Sheets

METHOD OF PAYMENT(check one)

 

p A check or moneyorder is enclosed to cover the Provisionalfiling fee
The Commissioner is hereby authorized to PROVISIONAL
chargefiling fees and credit Deposit Account|49.9733 FILING FEE
Number. AMOUNT($)

The invention was made by an agency of the United States Government or under a contract with an
agencyof the United States Government.

  
NO

x YES, the nameof the U.S. Government agency and the Government contract numberare: National Institute of
Health CA 43460

Respectfully submitted,
(

TYPED or PRINTED NAME_SarahA.Kagan REG. NO. (if appropriate) 32.141

Additional inventors are being named on separately numbered sheets attached hereto

PROVISIONAL APPLICATION FILING ONLY
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DIGITAL AMPLIFICATION

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

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

57345, and CA 62924 from the National Institutes ofHealth.

TECHNICALFIELDOFTHEINVENTION

This inventionis related to diagnostic genetic analyses. In particular

it relates to detection of genetic changes and gene expression.

BACKGROUNDOFTHEINVENTION

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

important for understanding disease. With the realization that somatic

mutations are the primary cause of cancer, and mayalso play a role 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 of neoplasia. However, many of these opportunities hinge

15 upon detection of a small number of mutant-containing cells among a large

excess ofnormal cells. Examples include the detection of neoplastic cells in

urine, stool, and sputum ofpatients with cancers of the bladder, colorectum,

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

possible at a stage when the primary tumorsarestill curable and the patients

20 asymptomatic. Mutant sequences from the DNA ofneoplastic cells have also

been foundin the blood of cancer patients. The detection of residual disease

in lymphnodesor surgical margins may be useful in predicting which patients

might benefit most fromfurther therapy. From a basic research standpoint,

1
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analysis of the early effects of carcinogens is often dependenton the ability to

detect small populations of mutantcells.

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

useful techniques have been developed for the detection ofmutations. DNA

5 sequencing is the gold standard for the detection of germ line mutations, but

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

Mutant-specific oligonucleotides can sometimes be used to detect mutations

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

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

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

products with specific restriction endonucleases are extremely sensitive

methods for detecting such mutations, but it is difficult to quantitate the

fraction ofmutant molecules in the starting population with these techniques.

Other innovative approachesfor the detection of somatic mutations have been

reviewed. A general problem with these methodsis that it is difficult or

impossible to independently confirm the existence of any mutationsthat are

identified.

Thus there is a need in the art for methods for accurately and

quantitatively detecting genetic sequences in mixed populations of sequences.

SUMMARYOFTHEINVENTION

It is an object of the present invention to provide methods for

 
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

25 beacon probes useful in the method of the 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

population ofgenetic sequences. A biological sample comprising nucleic acid

template molecules is diluted to form a set of assay samples. The template

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

amplified molecules in the assay samples of the set. The amplified molecules

in the assay samples of the set are then analyzed to determine a first number
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of assay samples which contain the selected genetic sequence and a second

number of assay samples which contain a reference genetic sequence. The

first numberis then compared to the second numberto ascertain a ratio which

reflects the composition of the biological sample.

5 Another embodiment of 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 form a population of amplified molecules in each of the assay

samples ofthe set. The amplified molecules in the assay samples ofthe set are

10 analyzed to determine a first number of assay samples which contain the

selected genetic sequence and a second number of assay samples which

contain a reference genetic sequence. At least one-fiftieth of the 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 of the selected genetic sequence. The first number

is compared to the second numberto ascertain a ratio which reflects the

composition of the biological sample.

According to another embodimentofthe invention, a molecular beacon

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

having a fluorescent dyeat one of the 5' or 3' ends and a quenching agentat

the opposite 5' or 3' end. The loop consists of 16 base pairs which hasa T,,

 
of50-51°C. The stem consists of4 base pairs having a sequence 5'-CACG-3'.

A second type of molecular beacon probe is provided in another

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

25 having a fluorescent dyeat one of the 5' or 3' ends and a quenching agentat

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 of molecular beacon

probes, either mixed together or provided in a divided containeras a kit.

30 The invention thus provides the art with the means to obtain

quantitative assessments of particular DNA or RNA sequences in mixed

populations of sequencesusing digital (binary) signals.
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BRIEFDESCRIPTIONOFTHEDRAWINGS

Fic. 1. Schematic of experimental design. (A) The basic two steps involved:

PCR on diluted DNA samplesis followed by addition of fluorescent probes

which discriminate between WT and mutant alleles and subsequent

5 fluorometry. (B) Principle of molecular beacon analysis. In the stem-loop

configuration, fluorescence from a dye at the 5' end of the 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. . (C) Oligonucleotide design.

10 Primers F1 and Ri are used to amplify the genomic region of interest. Primer

INTis 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 mutantat the queried codons. MB-GREENis a Molecular

Beacon which preferentially detects the WT PCR product.

FIG. 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 and Gly12Arg mutations, contaminating non-neoplastic cells within

the tumor presumably accounted for the relatively low ratios. In the cases

with Gly12Ser and Gly12Asp, there were apparently two or morealleles of

25 mutant c-Ki-Ras for every WTallele; both these tumors were aneuploid.

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 mutationsofthe c-A7-Ras gene. Wells with

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

30 analyses of the PCR products from selected wells are shown. Wells with
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fluorescence values <3500 had no PCRproductofthe correct size while wells

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

bp. Non-specific products generated during the large number of cycles

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

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

on the left (in base pairs).

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 shown are the

10 same as those illustrated in Fig. 3. The sequences ofPCR products from the

indicated wells were determined as described in Materials and Methods. The

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

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

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

experiment are displayed. Those colored blue contained 25 genome

equivalents ofDNA from normal cells. Each of these 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.c., fluorescence <3500 fluorescence units.).

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

registering as positive with MB-RED were colored 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 sequenceanalysis.

25 DETAILEDDESCRIPTION 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 of the analyte sequence whichis detectable by the detection

means chosen. Atits limit, single template molecules can be amplified so that
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the products are completely mutant or completely wild-type (WT). The

homogeneity of these amplification products makes them trivial to distinguish

through existing techniques.

The method requires analyzing a large number of amplified products

5 simply and reliably. Techniques for such assessments were developed, with

the output providing a digital readout of the fraction of mutant alleles in the

analyzed population.

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

numberof the diluted samples contain a proportion of the selected genetic

10 sequence (analyte) relative to total template molecules such that 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 of the 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 economical will bethe overall assay. Over-dilution will also lead to a

loss of economy, as many samples will be analyzed and provide no signal. A

particularly preferred degree of dilution is to a point where each of the assay

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

 
from more concentrated samples. Alternatively, dilute sources of template

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

template molecules. Desirably each assay sample prior to amplification will

contain less than a hundredor less than ten template molecules.

25 Digital amplification can be used to detect mutations present at

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

30 allowing sensitivities 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 underour conditions was 1.1%,i.e., four out of 351

PCR products derived from WT DNA sequence appeared to contain a

mutation by RED/GREENratio criteria. However, any individual mutation

5 (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 sequence of

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

10 here or by any of the other techniques, provides unequivocal validation of a

prospective mutation: a significant fraction of the mutations found in

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

Significance can be established through rigorous statistical 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 performance of Digital Amplification on

DNA templates from normalcells.

Digital Amplification is as easily applied to RT-PCR products

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

fraction ofalternatively spliced or mutanttranscripts from a gene can be easily

determined using fluorescent probes specific for cach of the PCR products

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

levels of gene expression within an RNA population. For this amplification,

each well would contain primers which are used to amplify a reference

25 transcript expressed constitutively as well as primers specific for the

experimental transcript. One fluorescent probe would then be used to detect

PCR products from the reference transcript and a second fluorescent probe

used for the test transcript. The numberofwells in which thetest transcript

is amplified divided by the number ofwells in which the reference transcript

30 is amplified provides a quantitative measure of gene expression. Another

group of examples involves the investigations of allelic status when two

mutations are observed upon sequence analysis of a standard DNA sample.
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To distinguish whether one variant is present in each allele (vs. both occurring

in oneallele), cloning ofPCR products is generally performed. The approach

described here would simplify the analysis by eliminating the need for

cloning. Other potential applications of Digital Amplification are listed in

5 Table 1. When the goalis the quantitation of the proportion of tworelatively

common alleles or transcripts rather than the detection of rare alleles,

techniques such as those employing TaqManandreal time PCR provide an

excellent alternative to use of molecular beacons. Advantages of real time

PCR methods include their simplicity and the ability to analyze multiple

10 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.)

The ultimate utility of Digital Amplification lies in its ability to

convert the intrinsically exponential nature of PCRto a linear one. It should

thereby prove useful for experiments requiring the investigation of individual

alleles, rare variants/mutations, or quantitative analysis of PCR products.

In one preferred embodiment each diluted sample has on average one

half a template molecule. This is the same as one half of 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 can be usedfor this determination. Ifthe analysis method 
being used can detect analyte when presentat a level of20%, then one must

dilute such that a significant number of diluted assay samples contain more

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

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

required.

To achieve a dilution to approximately a single template molecule

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

an amplification product. Morepreferably the dilution will be to between 0.1

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

an amplification product.
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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

5 analyzed. As in any method, the accuracy of the determination will improve

as the numberof samples increases, up to a point. Because a large number of

samples must be analyzed,it is desirable to reduce the manipulative steps,

especially sample transfer steps. Thus it is preferred that the steps of

amplifying and analyzing are performed in the same receptacle. This makes

10 the method an in situ, or “one-pot” method.

The numberofdifferent situations in which the digital amplification

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

shown in the examples, the method can be used to find a tumor mutation in a

population of cells which is not purely tumor cells. As described in the

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 indicator of the presence of

one or more mutations. Chromosomal translocations which are characteristic

 
of leukemias or lymphomascan be detected as a measure of the efficacy of

therapy. Gene amplifications are characteristic of certain disease states.

These can be measured using digital amplification. Alternatively spliced

formsofa 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 mRNAone can determine relative levels

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

25 distinguish between a situation whereoneallele 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 usedas the starting material for the

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

can be isolated. Preferred sources include stool, blood, and lymph nodes.

Preferably the biological sampleis a cell-free lysate.
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Although the working examples demonstrate the use of molecular

beacon probes as the means of analysis of the amplified dilution samples,

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

electrophoresis, hybridization with other types ofprobes, including TagMan™

5 (dual-labeled fluorogenic) probes (Perkin Elmer Corp./Applied Biosystems,

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

The abovedisclosure generally describes the present invention. A more

complete understanding can be obtained by reference to the following specific

examples which are provided herein for purposes of illustration only, and are

10 not intended to limit the scope of the invention.

EXAMPLE1

Step 1: PCR amplifications. The optimal conditions for PCR described in

this section were determined by varying the parameters described in the 
Results. PCR was performed in 7 ul volumes in 96 well polypropylene PCR

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

mM NH,SO,6.7 mM MgCl, 10 mM B-mercaptoethanol, 1 mM dATP, 1 mM

dCTP, 1 mM dGTP, 1 mM TTP, 6% DMSO,1 uM primer F1, 1 uM primer

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

iedlog
Saly

in

"one-half genome equivalent" of DNA. To determine the amount of DNA 
corresponding to one-half genome equivalent, DNA samples wereserially

diluted and tested via PCR. The amountthat yielded amplification products

in half the wells, usually ~1 pg of total DNA, was defined as "one-half

genome equivalent" and used in each well of subsequent Digital Amplification

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

25 well and reactions performed in a HybAid Thermal cycler 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.

30 EXAMPLE2

10
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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,SO,

6.7mM MgCl, 10 mM ($-mercaptoethanol, 1 mM dATP, 1 mM dCTP, 1 mM

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

5 MB-RED,0.1 units/ul Platinum Taq polymerase. The plates were centrifuged

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

wavelengths of 485 nm/530 nm for MB-GREEN and 530 nm/590 nm for

MB-RED.This fluorescence in wells without template was typically 10,000

to 20,000 fluorescence "units", with about 75% emanating from the

10 fluorometer background and the remainder from the MB probes. Theplates

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 werestable 
for several hours. Specific fluorescence was defined as the difference in

qe fluorescence before and after the asymmetric amplification. RED/GREEN

ratios were defined as the specific fluorescence of MB-REDdivided bythat

ofMB-GREEN. RED/GREENratios were normalized to 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 under our conditions could

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

hybridization to relatively short complementary single stranded

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

EXAMPLE3

Oligonucleotides and DNA sequencing. Primer Fl:

5'-CATGTTCTAATATAGTCACATTTTCA-3'; Primer RI:

30 5'-TCTGAATTAGCTGTATCGTCAAGG-3', Primer INT:

5'-TAGCTGTATCGTCAAGGCAC-3'; MB-RED:

5'-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabcyi-3';

11
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M B - G R E E N

5'-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3'.

Molecular Beacons were synthesized by Midland Scientific and other

oligonucleotides were synthesized by Gene Link. All were dissolved at 50 uM

5 in TE (10 mM Tris, pH 8.0/ 1 mM EDTA) and keptfrozen 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

10 5'-CATTATTTTTATTATAAGGCCTGC-3'. Sequencing was performed

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 ofmutant and

 
WTsequence using 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

25 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 probes are oligonucleotides with stem-loop

structures that contain a fluorescent dye at the 5' end and a quenching agent

30 (Dabcyl) at the 3' end (Fig. 1B). The degree of quenching via fluorescence

energy resonancetransfer is inversely proportional to the 6" powerof the

12
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distance between the Dabcyl group and the fluorescent dye. After heating and

cooling, MB probes reform a stem-loop structure which quenches the

fluorescent signal from the dye. If a PCR product whose sequence is

complementary to the loop sequence is present during the heating/cooling

5 cycle, hybridization of the MB to onestrand of the 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

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

10 the PCR reaction. Two MB probes,each labeled with a different fluorophore,

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

complementary to the portion of the WT PCR product that is queried for

mutations. Mutations within the corresponding sequence of the PCR product
should significantly impede the hybridization ofit 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

whenever a well contains a PCR product, whether that product is WT or 
mutant in the region queried by MB-GREEN. Both MBprobesare used

together to simultaneously detect the presence of a PCR product and its 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.

25 Mostprotocols for amplification from small numbers of template 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 hundreds or

thousands of separate amplifications, such nesting would be inconvenient and

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

would achieve robust amplification without nesting. The most important of

these conditions involved the use of a polymerase that was activated only after

13
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heating and optimized concentrations of dNTP’s, primers, buffer components,

and temperature. The conditions specified in Examples 1-3 were defined after

individually optimizing each of these components and proved suitable for

amplification of several different human genomic DNA sequences. Though

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

cycles used was high and excessive compared to the numberof cycles

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

numberwas necessary because the template in some wells might not begin to

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

10 ofcycles ensured that every well (not simply the average well) would generate

a substantial and roughly equal amount ofPCR product if a template molecule

were present within it.

The second step in Fig 1A involves the detection of these PCR

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

approach in order for it to function efficiently in Digital Amplification

applications. Theoretically, one separate MB probe could be usedto detect

each specific mutation that might occur within the queried sequence. By

inclusion of one MBcorresponding to WT sequence and another

corresponding to mutant sequence, the nature of the PCR product would be 
revealed. Thoughthis strategy could obviously be used effectively in some

situations, it becomes complex when several different mutations are expected 
to occur within the same queried sequence. For example, in the c-Ki-Ras gene

example explored here, twelve different base substitutions resulting in

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

25 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 ofMB probes would not only raise the background fluorescence

but would be expensive. Wetherefore attempted to develop a single probe

30 that would react with WT sequencesbetter than any mutant sequence within

the queried sequence. We found that the length of the loop sequence, its

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

14
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important in 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 of both stems and loops, were tested during the optimization

procedure. For discrimination between WT and mutant sequences

5 (MB-GREEN probe), we found that a 16 base pair loop, of melting

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 differences in the loop sizes and melting

temperatures between MB-GREEN and MB-REDprobesreflected the fact

10 that only the GREEN probe is designed to discriminate between closely

related sequences, with a shorter region of homology facilitating such

discrimination.

Examples of the 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 well prior to amplification. Each of six tested mutants

yielded ratios ofRED/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 of the ratios can be observedin this figure. Direct DNA
 

sequencing of the PCR products used for fluorescence analysis showedthat

the RED/GREENratios were dependent on the relative fraction of mutant

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

containing one mutant C-Ki-Ras allele per every two WT c-Ki-Rasallele

25 yielded a RED/GREENratio of 1.5 (Gly12Arg mutation) while the cells

containing three mutant c-Ki-Ras alleles per WTallele exhibited a ratio of 3.4

(Gly12Asp). These data suggested that wells containing only mutant alleles

(no WT) wouldyield ratios in excess of 3.0, with the exact value dependent

on the specific mutation.

30 Thoughthis mode is the most convenient for many applications, we

found it useful to add the MB probes after the PCR-amplification was

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

15
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fluorometer to sequentially analyze a large number of multiwell 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

5 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

MBprobes.

EXAMPLE5

10 Analysis of DNA from tumor cells. The principles and practical

considerations described above was demonstrated with DNA from two

colorectal cancercell lines, one with a mutation in c-K7-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 values less than 3500 SFU. Gel electrophoreses of 127 such wells

demonstrated that all positive wells, but no negative wells, contained PCR

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

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

observed. In the experiment with the tumor containing a Gly12Asp mutation,

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

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

In the case of the tumorwith the Gly13Asp mutation, 54% of the positive

25 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.

30 The presence of homogeneous WT or mutant sequence confirmed that the

16
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amplification products were usually derived from single template molecules.

The ratios of WT to mutant PCR products determined from the Digital

Amplificationassay was also consistent with the fraction of mutantalleles

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

5 lines (Fig. 2).

Digital Analysis of DNA 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 of stool specimens from patients whose tumors contained

10 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
Amplificationexperiment. As positive controls, 48 of the wells contained 25

genome equivalents 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. of 47,000 +/- 18,000 SFU) while the

other 186 wells did not (2600 +/- 1500 SFU). The RED/GREENratios 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. Toaaogi oS

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

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

exhibiting RED/GREENratios in excess of 3.0 were completely composed of
25 mutant c-Ki-Ras sequence (Fig. 5B). The sequence ofthree of these PCR

products revealed Gly12Ala mutations (GGT to GCT at codon 12), while the
sequenceofthe fourth indicated a silent C to T transition at the third position
of codon 13. This transition presumably resulted from a PCR error during the

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

30 ratio of 2.1 contained a ~1:1 mix of WT and Gly12Ala mutant sequences.

Thus 3.9% (4/102) of the c-Ki-Ras alleles present in this stool sample

contained a Gly12Ala mutation. The mutantalleles in the stool presumably

17
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arose from the colorectal cancer of the patient, as direct sequencing of PCR

products generated from DNAofthe cancer revealed the identical Gly12Ala

mutation (not shown).

 
a
23
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CLAIMS

1. A method for determining the ratio of a selected genetic

sequencein a population of genetic sequences, comprising the stepsof:

diluting nucleic acid template molecules in a biological sample to form

5 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 oftheset;

analyzing the amplified molecules in the assay samples ofthe set to

determine a first numberofassay samples which contain the selected genetic

10 sequence and a second number of assay samples which contain a reference

genetic sequence;

comparingthe 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 samplesin 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 presence ofthe selected genetic sequence.

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

20 performed until between 0.1 and 0.9 of the assay samples yield an

amplification product when subjected to a polymerase chainreaction.

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 polymerasechain reaction and each assay sample containsless

25 than 10 nucleic acid template molecules containing the reference genetic

sequence.

19
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The method of claim 1 wherein the step of diluting is5.

subjected to a polymerasechain reaction and each assay sample contains less

performeduntil all of the assay samples yield an amplification product when

than 100 nucleic acid template molecules containing the reference genetic

sequence.

The method of claim 1 wherein the biological sampleis cell-6.

free.

7. The method of claim 1 wherein the number of assay samples

within the set is greater than 10.

The method of claim 1 wherein the number of assay samples8.

within the set is greater than 50.

The methodofclaim 1 wherein the number of assay samples9.

within the set is greater than 100.

The methodofclaim 1 wherein the number ofassay samples10.

within the set is greater than 500.

The method of claim 1 wherein the numberof assay samples

 
11.

within the set is greater than 1000.

The method ofclaim 1 wherein the step of amplifying and the

 
i

12.

step of analyzing are performed on assay samples in the same receptacle.

The method of claim 1 wherein a molecular beacon probeis

20

13.

used in the step of analyzing, wherein a molecular beacon probe is an

oligonucleotide with a stem-loop structure having a fluorescent dye at one of
the 5' or 3' ends and a quenching agent at the opposite 5' or 3' end.

25

20
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20

25

 

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

gel 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.

17. The method ofclaim 13 wherein two molecular beacon probes

are used, each havinga different fluorescent dye.

18. The method of claim 13 wherein the molecular beacon probe

detects a wild-type selected genetic sequence better than a mutant selected

genetic sequence.

19. The method ofclaim 1 wherein the step ofamplifying employs

a single pair ofprimers.

20. The methodofclaim 1 wherein the step of amplifying employs

a polymerase which is activated only after heating.

21. The method ofclaim 1 wherein the step of amplifying employs

at least 40 cycles of heating and cooling.

22. The method ofclaim 1 wherein the step of amplifying employs

at least 50 cycles ofheating and cooling.

23. The method ofclaim 1 wherein the step of amplifying employs

at least 60 cycles of heating and cooling.

21
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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

5 or bone marrow of a leukemia or lymphomapatient who has received anti-

cancertherapy.

26. The method of claim 1 wherein the selected genetic sequence

is a translocatedallele.

10

27. The method of claim 1 wherein the selected genetic sequence

is a wild-typeailele.

28. The method of claim 1 wherein the selected genetic sequence

is within an amplicon which is amplified during neoplastic development.

29, The method of claim 1 wherein the selected genetic sequence

1s arare exon sequence.

30. The method of claim 1 wherein the nucleic acid template

molecules comprise cDNA of RNA transcripts and the selected genetic

 
sequenceis present on a cDNAofa first transcript and the reference genetic

sequenceis present on a cDNAofa secondtranscript.

25 31. The method of claim 1 wherein the selected genetic sequence

comprises a first mutation and the reference genetic sequence comprises a

second mutation.

32. The method of claim 1 wherein the selected genetic sequence

30 and the reference genetic sequenceare on distinct chromosomes.

33. A molecular beacon probe comprising:

22
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an oligonucleotide with a stem-loop structure having a

fluorescent dye at one of the 5' or 3’ ends and a quenching agent at the

opposite 5' or 3' end, wherein the loop consists of 16 base pairs, wherein the

loop has a T,, of 50-51°C and the stem consists of 4 base pairs having a

5 sequence 5'-CACG-3'.

34. The probe of claim 33 wherein the molecular beacon probe

detects a wild-type selected genetic sequence better than a mutant selected

genetic sequence.

10 35. The probe of claim 33 wherein the molecular beacon probe

detects a mutant genetic sequence better than a wild-type genetic sequence.

36, A molecular beacon probe comprising:

an oligonucleotide with a stem-loop structure having a

fluorescent dye at one of the 5' or 3’ ends and a quenching agent at the

opposite 5' or 3' end, wherein the loop consists of 19-20 base pairs, wherein

the loop has a T,, of 54-56°C and the stem consists of 4 base pairs having a

sequence 5'-CACG-3’.

37. A pair of molecular beacon probes comprising:

 
a first molecular beacon probe which is an oligonucleotide with a

20 stem-loop structure having a first fluorescent dye at one ofthe 5' or 3' ends and

a quenching agentat the opposite 5' or 3' end, wherein the loop consists of 16

base pairs having a T,, of 50-51°C andthe stem consists of4 base pairs having

a sequence 5'-CACG-3'; and

a second molecular beacon probe which is an oligonucleotide with a

25 stem-loop structure having a second fluorescent dye at one of the 5’ or 3' ends

and a quenching agentai the opposite 5' or 3' end, wherein the loop consists

of 19-20 base pairs having a T,, of 54-56°C and the stem consists of 4 base

pairs having a sequence 5'-CACG-3';

wherein the first and the second fluorescent dyes are distinct.
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38. A method for determining the ratio of a selected genetic

sequence in a population of genetic sequences, 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 of the

5 assay samplesofthe set;

analyzing the amplified molecules in the assay samples ofthe set to

determine a first numberofassay samples which contain the selected genetic

sequence and a second number of assay samples which contain a reference

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

10 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;

comparing the first number to the second numberto ascertain a ratio

whichreflects the composition of the biological sample.

39. The method of claim 38 wherein the number of assay samples

within the set is greater than 10.

40. The method of claim 38 wherein the number of assay samples

within the set is greater than 50.
 

41. The method of claim 38 wherein the numberof assay samples

20 within the set is greater than 100.

42. The method of claim 38 wherein the numberof assay samples

within the set is greater than 500.

43. The method of claim 38 wherein the number of assay samples

within the set is greater than 1000.

25 44. The method ofclaim 38 wherein the step of amplifying and the

step of analyzing are performed on assay samples in the samereceptacle.

24
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10

 
25

45, The method of claim 38 wherein a molecular beacon probeis

used in the step of analyzing, wherein a molecular beacon probe is an

oligonucleotide with a stem-loop structure having a fluorescent dye at one of

the 5' or 3' ends and a quenching agent at the opposite 5' or 3' end.

46. The methodofclaim 38 wherein the step of analyzing employs

gel electrophoresis.

47. The method ofclaim 38 wherein the step of analyzing employs

hybridization to at least one nucleic acid probe.

48. The method ofclaim 38 wherein the step of analyzing employs

hybridization to at least two nucleic acid probe.

49. The method ofclaim 45 wherein two molecular beacon probes

are used, each having a different fluorescent dye.

50. The method of claim 45 wherein the molecular beacon probe

detects a wild-type selected genetic sequence better than a mutant selected

genetic sequence.

51. The method of claim 38 wherein the step of amplifying

employs a single pair ofprimers.

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

employs at least 40 cycles of heating and cooling.

25
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54. The method of claim 38 wherein the step of amplifying

employs at least 50 cycles of heating and cooling.

55. The method of claim 38 wherein the step of amplifying

5 employsat least 60 cycles ofheating 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.

10

57. The method of claim 38 wherein the template molecules are

obtained from a body sample of a leukemia or lymphoma patient who has

received 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 sequence 
mi is a translocatedallele.

59.|The methodofclaim 38 wherein the selected genetic sequence

is a wild-type allele. 
60.|The method of claim 38 wherein the selected genetic sequence

is within an amplicon which is amplified during neoplastic development.

25 ol. The method of claim 38 wherein the selected genetic sequence

is a rare exon sequence.

62. The method of claim 38 wherein the nucleic acid template

molecules comprise cDNA of RNAtranscripts and the selected genetic

30 sequence is present on a cDNAofa first transcript and the reference genetic

sequenceis present on a cDNA ofa secondtranscript.

26
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63. The method of claim 38 wherein the selected genetic sequence

comprises a first mutation and the reference genetic sequence comprises a

second mutation.

5 64. The method of claim 38 wherein the selected genetic sequence

and the reference genetic sequenceare on distinct chromosomes.

 

27
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DIGITAL AMPLIFICATION

ABSTRACT

The identification ofpre-defined mutations expected to be present in

aminorfraction ofa cell population is important for a variety ofbasic research

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

chain reaction is 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

10 measure of the proportion ofvariant sequences within a DNA sample.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of )

Bert VOGELSTEIN etal. Examiner: WOOLWINE, Samuel C.

Serial No. 13/071,105
) Group Art Unit: 1637

Filed: March 24, 2011 Confirmation No. 3361

For: DIGITAL AMPLIFICATION Atty. Dkt. No. 001107.00866

RESPONSE TO OFFICE ACITON

Commissioner ofPatents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

In responseto the office action mailed October 10, 2012, applicants request entry ofthe

amendmentand reconsideration of the patentability of the claims in view of the remarks.

A petition for a two-month extension oftime to an including March 11, 2013

accompanies this submission. The Commissioneris authorized to charge any fees which may be

required or credit any overpayment to our Deposit Account 19-0733.
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IN THE CLAIMS

Please replace the following claim set for that currently of record.

1. -48. (Cancelled)

49. (Proposed amendment) A method for detecting quantity of a genetic sequence in a mixed

population of human genomic nucleic acid sequences comprising at least a first and a second

human genomic sequence, wherein the first sequence is a wild-type sequence of an allele and a

second sequenceis a mutant sequence ofthe allele, comprising:

distributing or diluting a mixed population ofcell-free, human genomic nucleic acid

sequenees template molecules into a set comprising at least ten assay samples such that said at

least ten assay samples each comprisesless than ten template molecules,

amplifying the template molecules in the assay samples, wherein an assay sample with a

single template molecule forms homogeneous amplification products in the assay sample;

analyzing by determining nucleic acid sequence of amplification products fem-es-essey

sesaple in the assay samplesof the set with homogencous amplification products to determine a

first number of assay samples which contain the first sequence and a second numberof assay

samples which contain the second sequence;

comparing the first number to the second numberto ascertain a ratio which reflects the

composition of the mixed population,

identifying a mutation in the mixed population if a statistically significant fraction of

samples comprises the second sequence.

 

50. (Currently amended) The method of claim 49 wherein eack-ef the assay samples of the

set have kes on average 0.5 molecules of template.

51. (Previously Presented) The method of claim 49 wherein between 0.1 and 0.9 of the assay

samples yield an amplification product.
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52. (Previously Presented) |The method of claim 49 wherein the mixed population of nucleic

acid sequencesis distributed or diluted to a single template moleculelevel in the assay samples.

53. (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acid sequencesis from a tissue or body sample.

54, (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acids sequencesis from a sample selected from the group consisting of stool, blood, and lymph

nodes.

55. (Previously Presented)|The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least fifteen assay samples comprise less

than ten template molecules.

56. (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acids sequences is distributed or diluted such that at least twenty assay samples comprise less

than ten template molecules.

57. (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least twenty-five assay samples comprise

less than ten template molecules.

58. (Previously Presented)|The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least thirty assay samples comprise less than

ten template molecules.

59. (Previously Presented) |The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least forty assay samples comprise less than

ten template molecules.
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60. (Previously Presented) |The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least fifty assay samples comprise less than

ten template molecules.

61. (Previously Presented) |The method of claim 49 wherein the mixed population of nucleic

acids sequences is distributed or diluted such that at least seventy-five assay samples comprise

less than ten template molecules.

62. (Previously Presented) |The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least one hundred assay samples comprise

less than ten template molecules.

63. (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acids sequences is distributed or diluted such that at least five hundred assay samples comprise

less than ten template molecules.

64. (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least one thousand assay samples comprise

less than ten template molecules.

65. (Previously Presented) |The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted suchthat at least one thousand assay samples are diluted

to a single template molecule level.

66. (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least one thousand assay samples has on

average 0.5 molecules of template.

67. (Previously Presented) The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that between 0.1 and 0.9 ofat least one thousand

assay samples yield an amplification product.
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68. (Previously Presented) |The method of claim 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that onehalfof at least one thousand assay samples

have one template molecule.
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Remarks

The amendments to claim 49 are fully supported and do not add new matter. Quantitative

analysis is taught at page 9, last paragraph. First and second sequences as mutant and wild-type

sequenceof anallele are taught at page 6,last paragraph. Sequencing and determiningratios to

determine a mutation is taught at the paragraph spanning pages 7 and 8. Thestep of identifying

a mutation is also taught at the paragraph spanning pages 7 and 8. Dilution/distributionofcell-

free nucleic acids is taught inter alia at page 11, first full paragraph. The amendmentto claim 49

to recite human genomic sequencesis supported at page 17, lines 1-3.

The rejection under § 112, second paragraph

Claim 50 has been amendedto address the unclear claim language. Please withdraw the

rejection under § 112, second paragraph in view of the amendment.

Rejection under § 102(b)

Claims 49, 51-53, and 55-62 stand rejected as anticipated by Li. Liis cited as teaching

dilution of a sample comprising sperm and subsequently lysing the sperm and amplifying. This

is distinct from dilution ofa cell-free sample ofnucleic acids. Li does not teach dilution of a

cell-free sample ofnucleic acids. Thus Li does not anticipate the claimed invention. Please

withdraw the rejection under § 102 in view of the amendmentto recite dilution of a cell-free

nucleic acid population.

Rejection under§102(a

Claims 49, and 52-54 stand rejected as anticipated by Irving. Irving is cited as teaching

amplification of end-point dilution aliquots and sequencing the amplification products. Irving

studies the variants in a population ofTTV virusin a single individual. Irving does notidentify

human genomic mutant and wild-type sequences, nor does Irving usethe fraction of mutant

sequencesto identify mutations. Forat least these reasons, Irving does not anticipate claims 49

and 52-54.

Thefirst rejection under § 103(a)
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Claims 63-68 are rejected as obvious over Li. Claims 63-68 specify the numberofassay

samples into whichthe nucleic acids are distributed or diluted. Li is cited as suggesting typing as

manyas 500 products in a week. However, Li, did not suggest the dilution or distribution of

cell-free DNA. Li’s technique relied on dilution of whole, intact sperm cells. Forat least this

reason, Li does not render obvious the subject matter of claims 63-68.

The second rejection under§103(a

Claims 50, 51, and 55-68 stand rejected as obvious over Irving in view of Simmonds. As

discussed above,Irving taught detection ofvariants within a virus population from a single

infected patient.

With regard to claims 55-65 which recite various numbers of assay samples between 15

and 1000, the Patent and Trademark Office urgesthat although Irving did not actually report

such large experiments, it would have been obvious to do them in order to find more variants. It

is not clear why oneofordinaryskill in the art would want to find more variants. The rejection

does not identify what unanswered question in Irving’s study more variants would address. As

it stand, the rejection lacks anyarticulated reason whyoneofskill would do the proposed

experiments,

With regard to claims 50 and 66 whichrecite a particular level of dilution/distribution,

the Patent and Trademark Office urges that Simmondsteaches that the number of templates in an

assay is a function ofthe level of dilution. Neither SimmondsnorIrving teachesthat the recited

average of 0.5 moleculesis a desired level. Simmondsteaches 0.33 and 0.125, but not 0.5. Even

if one accepts for the sake of argument that Irving did want 1 template per assay, the

combination of Simmondswith Irving does not teach an average of 0.5. The Patent and

Trademark Office bootstraps its argument by suggesting that 0.5 molecules is mere optimization.

But neither SimmondsnorIrving is alleged to teach for what the parameter is being optimized.

The Patent and Trademark Office’s rejection with regard to claims 51 and 67 is derivative

of the rejection of claims 55-65. But that rejection is deficient, as noted.

Perhaps more significantly, Irving does not identify mutant and wild-type sequences, nor

does Irving use the fraction ofmutant sequencesto identify mutations which occurred in vivo

rather thanin silico. All of claims 50, 51, and 55-68 depend from claim 49 which identifies the

the fraction of allegedly mutant sequence whichis used to determine whetherthe mutation is

“real”orartifactual, i.e., generated in vivo or generated in the amplification reaction.
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Neither Irving nor Simmondssuggests such steps. For that reason as well, the method of

claims 50, 51, and 55-68 are not obvious overIrving in view of Simmonds.

Please withdraw the rejection under § 103, in view interalia of the amendments to claim

49,

Respectfully submitted,

Date: March 11, 2013 By: {Sarah A, Kagan/
Sarah A, Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
Customer No. 11332
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The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 190733 .
WARNING:Information on this form may becomepublic. Credit card Information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

  
  
  
  
  
  
 
 

| am the [| applicant/inventor.

Cc assigneeofrecord of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agent of record. Registration Number 32,141

CI attorney or agent under 37 CFR 1.34.
Registration numberif acting under 37 CFR 1.34

      /Sarah A. Kagan/ 11 March 2013

Signature Date

Sarah A. Kagan (202) 824-3000      

Typed orprinted name Telephone Number  
NOTE:Signaturesofall the inventors or assignees of record ofthe entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below.

Totalof 1. forms are submitted.
This collection ofinformation is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public whichisto file (and by the
USPTOto 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 6 minutes to
complete, including gathering, preparing, and submitting the compteted application form to the USPTO. Timewill vary depending upon the individual case. Any
comments on the amountof time you require to completethis form and/or suggestionsfor reducing this burden, should be sentto 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
FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ifyou need assistance in completing the form, calf 1-800-PTO-9199 and select option2.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuantto
the requirements of the Act, please be advised that: (1) the general authority for the collection of this

Privacy Act Statement

information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which mayresult in termination of proceedings or abandonmentof the application or
expiration of the patent.

The information provided by youin this 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 of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whetherdisclosure 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 evidenceto 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 matter
of the record.

Arecord in this system of records may be disclosed, as a routine use, to a contractor of 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. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treatyin
this system of records may be disclosed, as a routine use, to the International Bureau of
the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to anotherfederal
agencyfor purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records may be disclosed, as a routine use, to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSA aspart of that agency's responsibility to recommend improvementsin
records managementpractices and programs, under authority of 44 U.S.C. 2904 and 2906.
Such disclosure shall be made in accordance with the GSA regulations governing
inspection of recordsfor this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use,to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of
37 CFR1.14, as a routine use, to the public if the record wasfiled in an application which
became abandoned orin which the proceedings were terminated and which applicationis
referenced by either a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal,
State, or local law enforcement agency,if the USPTO becomesawareofa violation or
potential violation of law or regulation.
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Application Number: 13071105

Filing Date: 24-Mar-2011

Title of Invention: Digital Amplification

First Named Inventor/Applicant Name: Bert VOGELSTEIN

Sarah Anne Kagan/Jennifer Hazzard

Attorney Docket Number: 001107.00866

Filed as Large Entity

Utility under 35 USC 111(a)Filing Fees

; Sub-Totalin

Basic Filing:

Claims:
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Electronic Acknowledgement Receipt

ee

a

Title of Invention:  Digital Amplification

 
 

ee

Payment information:

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

  
  
  

  
  

  

 

Charge any Additional Fees required under37 C.F.R. Section 1.16 (National applicationfiling, search, and examinationfees)

Charge any Additional Fees required under 37 G.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Documentsupply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (PostIssuancefees)

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

File Listing:

Document : . File Size(Bytes)/ Multi Pages
Document Description File Name Message Digest|Part/.zip| (ifapph)

Response-to-NFOA-as-filed.PDF, <2b10b989 1855742fa615fWh56ad60aébe|
Abfia

Multipart Description/PDFfiles in .zip description

DecumentDescription

 

Amendment/Req. Reconsideration-After Non-Final Reject

Applicant Arguments/Remarks Made in an Amendment

Information:

289378

Extension of Time Petition-for-EOT.PDF
8919%47c7ad4711247heaal cf63el efechB3

Information:

Fee Worksheet (SB0S) fee-info.pdf
92ceB2a7ateh8h0196183fecech4f34b30

93e2

Information:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable.It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
ifa 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
Acknowledgement Receiptwill establish the filing date of the application.

National Stageof an International Application under 35 U.S.C. 371
Ifa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C, 371 and other applicable requirements a Form PCT/DO/EO/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 components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andofthe International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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U.S.Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit displays a valid OMB control number.
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process) an application. Confidentiality is governed by 35 U.S.G. 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 upon the individual 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 FORMSTO THIS
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Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. Applicant(s)

13/071,105 VOGELSTEIN ET AL. 

Office Action Summary Examiner Art Unit
SAMUEL WOOLWINE 1637

- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--
Period for Reply

A SHORTENED STATUTORYPERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY(80) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available under the provisions of 37 GFR 1.136(a). In no event, however, may a reply be timelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.
li NO period for reply is specified above, the maximumstatutory period will apply andwill expire SIX (6) MONTHS from the mailing date of this communication.
Failure to reply within the set or extended periodfor reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Anyreply received by the Office later than three monthsafter the mailing date of this communication, evenif timelyfiled, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)%] Responsive to communication(s) filed on 17 June 2012.
2a)L] This action is FINAL. 2b)X] This action is non-final.
3)E] An election was madebythe applicant in responseto a restriction requirement set forth during the interview on

_____} the restriction requirement and election have been incorporatedinto this action.

4)C] Sincethis application is in condition for allowance exceptfor formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5) Claim(s) 1-68 is/are pending in the application.
5a) Of the above claim(s) 7-48 is/are withdrawn from consideration.

6)L] Claim(s) is/are allowed.
7) Claim(s) 49-68 is/are rejected.
8)C] Claim(s)___ is/are objectedto.
9)[_] Claim(s)___ are subjectto restriction and/orelection requirement.

Application Papers

10)E] The specification is objected to by the Examiner.
11)[] The drawing(s)filed on is/are: a)L_] accepted or b)[_] objected to by the Examiner.

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

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

12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)LJ Alb) Some * c)[_] Noneof:

1.[] Certified copiesof the priority documents have been received.
2.C] Certified copies of the priority documents have beenreceived in Application No.
3. Copiesofthe certified copies of the priority documents have beenreceived in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

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

Attachment(s)

1)BdNotice of References Gited (PTO-892) 4) [[] Interview Summary (PTO-413)
2) C1] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3)BdInformation Disclosure Statement(s) (PTO/SB/08) 5) [_] Notice of informal Patent Application

Paper No(s)/Mail Date 03/24/2011. 6) [_] other:
U.S. Patent and Trademark Oifice

PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20121003
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Application/Control Number: 13/071,105 Page 2
Art Unit: 1637

DETAILED ACTION

Election/Restrictions

Applicant's election of GroupIV claims 49-68in the reply filed on

06/11/2012 is acknowledged. Because applicant did not distinctly and

specifically point out the supposederrorsin the restriction requirement, the

election has been treated as an election without traverse (MPEP § 818.03(a)).

Claims 1-48 are withdrawn from further consideration pursuant to 37 CFR

1.142(b) as being drawn to a nonelected invention, there being no allowable

generic or linking claim. Election was made withouttraverse in the replyfiled on

06/11/2012.

Claim Rejections - 35 USC § 112

The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out anddistinctly
claiming the subject matter which the applicant regards as his invention.

Claim 50 is rejected under 35 U.S.C. 112, second paragraph, as being

indefinite for failing to particularly point out anddistinctly claim the subject matter

which applicant regards as the invention.

Each assay sample cannot have an average numberof template

molecules. Any sample has precisely the numberof template moleculesit

contains. An average would be applied to a population of assay samples.

Claim Rejections - 35 USC § 102

Thefollowing is a quotation of the appropriate paragraphs of 35

U.S.C. 102 that form the basis for the rejections under this section madein this

Office action:
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Application/Control Number: 13/071,105 Page 3
Art Unit: 1637

A person shall be entitled to a patent unless —

(a) the invention was knownor used byothersin this country, or patented or described in a
printed publication in this or a foreign country, before the invention thereof by the applicantfor
a patent.

(b) the invention was patentedor described in a printed publicationin this or a foreign country
or in public use or on sale in this country, more than one yearprior to the date of application
for patent in the United States.

Claims 49, 51-53, 55-62 are rejected under 35 U.S.C. 102(b) as being

anticipated by Li et al (Nature 335:414-417 (1988), cited on the IDS of

03/24/2012).

With regard to claim 49, Li taught:

  
  distelbuding.av-dihitingaimed pas nid sequences Tato-atdeast tet

  say “suchples auchthat sald a€ Meal tenassaysamples-oach couiprises lose thantan tenaplale

  molecules:

The mixed population of nucleic acid sequences was "a semen sample":

page 415, column 1, last[partial] paragraph: "Sperm werepurified 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 wasobtained from an individual known to be heterozygousat

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,

column1, last [partial] paragraph). By doing so, Lidistributed the mixed

population into at least ten (in this case, 80) "assay samples” suchthat each of

the assay samples comprisedless than ten(in this case, 1) template molecules;

the template, in this case, is the LDLr gene.

Page 297 of 1224

 



Page 298 of 1224

Application/Control Number: 13/071 ,105 Page 4
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¥ see WAG wales

Li amplified each of the assay samples containing individual sperm; page

415, column1, last [partial] paragraph: "Individual sperm were drawninto a fine

plastic needle under microscopic observation and delivered to a tubeforlysis

and amplification.” 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.

detmniaing nuckde ack’ acqaenee of amplification paniucts foumrar seaay serple with homogdnentemann iicationproduets,

Li amplified a known sequence:a 254 bp fragmentof the LDLr gene (page

415, column1, last[full] paragraph). The only missing sequence information was

which single nucleotide polymorphism was presentin each of the homogeneous

amplified products, which Li determined using allele-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".

With regard to claim 51, Li notes that of the 80 individual sperm, 55%

produceda hybridization signal (thus indicating an amplification product; page

415, sentence spanning columns1-2). This is between 0.1 (10%) and 0.9 (90%).

With regard to claim 52, since Li distributed individual sperm to individual

assay samples,he distributed to a single template molecule in the assay

samples.
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Application/Control Number: 13/071,105 Page 5
Art Unit: 1637

With regard to claim 53, semen is a "body sample"(it's a sample from a

body).

With regard to claims 55-61, Li set up 80 assay samples containing less

than 10 template molecules as described in the experiment on page 415 entitled

"Analysis in single human sperm”.

With regard to claim 62, Li performed a similar analysis on 150 individual

sperm (page 415, column 2, under section entitled "Independent assortmentof

chromosomes".

Claims 49, 52-54 are rejected under 35 U.S.C. 102(a) as being anticipated

by Irving et al (The Journalof Infectious Diseases 180:27-34, July 1999).

With regard to claims 49, 52, Irving used dilution to allow for sequence

determination of individual molecules of TT virus (TTV) DNA in a sample; page

28, column1, last [full] paragraph:

aniplification ofuindilvied DNAextracts. Analysisofthe popu-
lationdiversity within individual patients was dohe by directly sequencing iheFR.Rpredatesderived from* ampliicaion ofnn \- 

In one case,Irving determined the sequenceof 11 different individual

molecules of TTV from a single sample; page 30, column2,last paragraph:
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Variants, mnultiplefe amplificationsoofSingle
.NAllspresentAn.theDNA extracts oblained.from 

As seen from figure 4, the "22 samples" consist of 9 molecules of TTV

from the first sample, and 13 molecules of TTV from the last sample. Thus,in

the latter case, there were at least 13 "assay samples" formed by dilution of the

last sample, each such "assay sample" comprising a single molecule of template

(which is less than 10). The assay samples were amplified, producing

homogeneousproducts (the inherentresult of amplifying a single template

molecule) and sequenced. As the sequencing results indicate the original

sample contained multiple genotypes of TTV,the original sample was a "mixed

population of nucleic acid sequences". Not only that, the sample was serum from

a human subject, which was clearly obtained in the form of blood (the true
"original sample"), and as such would have also comprisedall the chromosomal

and mitochondrial genomic DNA,plusall the various forms of RNA (tRNA, rRNA,

mRNA) present in a human blood sample. In this manner, too, it can be said that

Irving began with a mixed population of nucleic acid sequences.

With regard to claims 53, 54, one of ordinary skill in the art knows that one

does not obtain serum directly from a body. Rather, one obtains blood, allows
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the blood to clot, and separates the serum from the cellular components by

centrifugation. In this manner,Irving's original sample wasblood.

Claim Rejections - 35 USC § 103

Thefollowing is a quotation of 35 U.S.C. 103(a) which forms the basis for

all obviousnessrejections setforth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102ofthistitle, if the differences between the subject matter soughtto
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the mannerin which the
invention was made.

Claims 63-68 are rejected under 35 U.S.C. 103(a) as being unpatentable

over Li et al (Nature 335:414-417 (1988), cited on the IDS of 03/24/2012).

The teachings of Li have been discussed. With regard to claim 63, Li did

not actually distribute into 500 assay samples. With regard to claims 64, 67 and

68,Li did not distribute into 1000 assay samples.

However, Li expressly suggested analyzing 500 assay samples; page

416, last paragraph: "With PCR, we can envisage typing as many as 500 meiotic

products in a week."

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

the time the invention was madeto distribute 500, or even 1000individual sperm

and assay according to Li's technique. One would have been motivated to do so

becauseLi stated (page 416,first paragraph of "Discussion"): "A significant

advantage of the approach described hereis that a large numberof meiotic

products can be examined from a single individual allowing determination of the

recombination frequency of recombination between genetic markers which are
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physically very close." Li's express contemplate of 500 individual meiotic event

certainly renders claim 63 obvious, and, by simple extrapolation, the subject

matter of claims 64, 65, 67 and 68, which merely require more assay samples

(ie. 1000).

Claims 50, 51 and 55-68 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Irving et al (The Journal of Infectious Diseases 180:27-34, July

1999) in view of Simmondset al (Journal of Virology 64(2):864-872 (1990)).

The teachingsof Irving have been discussed.

With regard to claims 55-65, it would have been obviousto oneof skill in

the art at the time the invention was made to make up to 1000 (or more) assay

samplesin order to obtain more virus templates for sequencing,in order to

discover moreviral variants within the sample.

With regard to claims 50 and 66, Irving did not specifically say that the

"end-point dilution" (page 28, column1, last [full] paragraph) used to obtain

single molecules for DNA sequencing wasa dilution that produced, on average,

0.5 templates per assay sample. However,Irving cites to Simmonds(ref. 12).

Simmondsstates (page 871, last paragraph):

  
  
 

cule is present will usually be greater than this. From the
Poisson distribution, when 50% of reactions are positive,
about one-third of the positive reactions will contain two
template molecules; when 25% are positive, about one-
eighth of the positive reactions will contain two templates.
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From this itis clear that the number of assay samples containing a single

molecule would be dependent upon how muchdilution of the original sample was

made (and, consequently, on the average numberof template molecules per

assay sample). As such, the average numberof template molecules per assay

samples is a variable affecting the numberof assay samples containing a single

template, which wasthe desire ofIrving. Therefore, the average numberof

template molecules per assay sample wasa variable subject to routine

optimization (MPEP 2144.05(II)(B)). "Where the general conditions in a claim are

disclosed in the priorart, it is not inventive to discover the optimum or workable

ranges by routine experimentation." /n re Aller, 220 F.2d 454, 456, 105 USPQ

233, 235 (CCPA 1955).

With regard to claims 51 and 67,in arriving at an average of 0.5 molecules

per assay sample, one would also have arrived at a state wherein between 0.1

and 0.9 assay samples produced an amplification product, as 50% is between

10% and 90%.

Conclusion

No claims are free of the priorart.

Any inquiry concerning this communication or earlier communications from

the examiner should be directed to SAMUEL WOOLWINE whosetelephone

numberis (571)272-1144. The examiner can normally be reached on Mon-Fri

9:00am-5:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the
examiner's supervisor, Gary Benzion can be reached on (571) 272-0782. The

Page 303 of 1224

 



Page 304 of 1224

Application/Control Number: 13/071 ,105 Page 10
Art Unit: 1637

fax phone numberfor the organization where this application or proceeding is

assigned is 571-273-8300.

Information regarding the status of an application may be obtained from

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

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

PAIR. Status information for unpublished applications is available through

Private PAIR only. For more information about the PAIR system, see http://pair-

direct.uspto.gov. Should you have questions on accessto the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197(toll-

free). If you would like assistance from a USPTO Customer Service

Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA)or 571-272-1000.

/Samuel Woolwine/

Primary Examiner
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of )

Bert VOGELSTEIN etal. Examiner: WOOLWINE,SamuelC.

Serial No. 13/071,105
) Group Art Unit: 1637

Filed: March 24, 2011 Confirmation No, 3361

For: Digital Amplification Atty. Dkt. No. 001107.00866

RESPONSE TO RESTRICTION REQUIREMENT

Commissioner ofPatents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

In responseto the office action mailed May 10, 2012, applicants elect claim Group IV

(claim 49 and 50-68, drawn to methods for detecting a generic sequence comprising distributing

or diluting a mixed population ofnucleic acid sequences into at least 10 assay samples such that

at least 10 assay samples each comprise less than 10 template molecules and determining nucleic

acid sequence of amplification products from an assay sample with homogeneous amplification

products), Claims 50-68 are amended below to depend from claim 49.

In addition, applicants elect species: A-1 (less than all), B-1 (in samepot), C-2 (blood),

and D-3 (a rare exon sequence). Claims whichread on all of the elected species are: claims 49-

68.

The Commissioner is authorized to charge any fees which may be required or credit any

overpayment to our Deposit Account 19-0733.
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IN THE CLAIMS

Please replace the following claim set for that currently of record.

1. (Original) A method for detecting a cancer-associated mutant nucleic acid that is present in a

patient sample at a low level relative 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;

wherein the step of diluting in performed until at least one-fiftieth of the assay samples

in the set comprise a number (N) of molecules 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 nucleic acidif it is present

in the assay sample.

2. (Original) The method of claim 1 wherein the step of diluting is performed until between

0.1 and 0.9 of the assay samples yield an amplification product when subjected to a polymerase

chain reaction.

3. (Original) 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. (Original) 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 a reference

genetic sequence.

5. (Original) The method of claim 1 wherein the biological sample is cell-free.

6. (Original) The method of claim 1 wherein the number of assay samples within the set is

greater than 10.
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7. (Original) The method of claim 1 wherein the number of assay samples within the set is

greater than 50.

8. (Original) The method of claim 1 wherein the number of assay samples within the set is

greater than 100.

9, (Original) The method of claim 1 wherein the number of assay samples within the set is

greater than 500.

10. (Original) The method of claim 1 wherein the number of assay samples within the set is

greater than 1000.

11. (Original) The method of claim 1 wherein the step of amplifying and the step of analyzing

are performed on assay samples in the same receptacle.

12. (Original) The method of claim 1 wherein a molecular beacon probe is used in the step of

analyzing, wherein a molecular beacon probe is 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.

13. (Original) The method of claim 1 whereinthe step of analyzing employs gel electrophoresis.

14, (Original) The method of claim 1 wherein the step of analyzing employs hybridization to at

least one nucleic acid probe.

15. (Original) The method of claim 1 wherein the step of analyzing employs hybridization to at

least two nucleic acid probe.

16. (Original) The method of claim 12 wherein two molecular beacon probes are used, each

having a different photoluminescent dye.

17. (Original) The method of claim 12 wherein the molecular beacon probe detects a wild-type

nucleic acid better than a mutant nucleic acid.

18. (Original) The method of claim 1 wherein the step of amplifying employs a single pair of

primers.
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19, (Original) The method of claim 1 wherein the step of amplifying employs a polymerase

whichis activated only after heating.

20. (Original) The method of claim 1 wherein the step of amplifying employsat least 40 cycles

of heating and cooling.

21. (Original) The method of claim 1 wherein the step of amplifying employsat least 50 cycles

of heating and cooling.

22. (Original) The method of claim 1 wherein the step of amplifying employs at least 60 cycles

of heating and cooling.

23. (Original) The method of claim 1 wherein the biological sample is selected from the group

consisting of stool, blood, and lymph nodes.

24, (Original) The method of claim 1 wherein the biological sample is blood or bone marrow of

a leukemia or lymphomapatient who has received anti-cancer therapy.

25. (Original) The method of claim 1 wherein the mutant nucleic acid is a translocated allele

26. (Original) The method of claim 1 wherein the mutant nucleic acid is within an amplicon

whichis amplified during neoplastic development.

27. (Currently amended)=The method of claim 1 wherein the mutant nucleic acid is a rare

exon sequence,

28. (Original) The method of claim 1 wherein the nucleic acids being analyzed comprise cDNA

of RNAtranscripts.

29, (Original) 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:

diluting nucleic acid template molecules from a blood sample to form 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 samples ofthe set;
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analyzing the amplified molecules in the assay samples of the set to determineafirst

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 number to ascertain a ratio which reflects the

composition of the blood sample.

30. (Original) The method of claim 29 wherein the step of amplifying employs real-time

polymerase chain reactions.

31. (Original) The method of claim 30 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

32, (Original) The method of claim 29 further comprising the step of:

identifying an allelic imbalance based ontheratio ascertained.

33. (Original) The method of claim 29 whereinthe selected genetic sequences and the reference

genetic sequence are non-polymorphic markers.

34. (Original) The method of claim 29 wherein the selected genetic sequence and the reference

genetic sequenceare on distinct chromosomes.

35. (Original) A method for determining the ratio of a selected non-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 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 samplesoftheset;

analyzing the amplified molecules in the assay samples of the set to determineafirst

number of assay samples which contain the selected non-polymorphic marker and a second

number of assay samples which contain a reference non-polymorphic marker, wherein the

selected and reference non-polymorphic markers are 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.
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36. (Original) The method of claim 35 wherein the biological sample is a blood sample.

37. (Original) The method of claim 35 wherein the step of amplifying employs real-time

polymerase chain reactions.

38. (Original) The method of claim 37 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

39, (Original) A method for determining the ratio of a selected genetic sequence in a population

of genetic sequences from a blood sample, 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, wherein the

template molecules are obtained from a blood sample;

analyzing the amplified molecules in the assay samples of the set 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, 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;

comparing the first number to the second numberto ascertain a ratio which reflects the

composition of the blood sample.

40. (Original) The method of claim 39 wherein the step of amplifying employs real-time

polymerase chain reactions.

41. (Original) The method of claim 40 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

42. (Original) The method of claim 39 further comprising the step of:

identifying an allelic imbalance based ontheratio ascertained.

43. (Original) The method of claim 39 wherein the selected genetic sequences and the reference

genetic sequence are non-polymorphic markers.

44. (Original) The method of claim 39 wherein the selected genetic sequence and the reference

genetic sequence are on distinct chromosomes.
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45. (Original) A method for determining the ratio of a selected non-polymorphic marker in a

population ofnon-polymorphic markers from a biological 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 of the assay samples of the set , wherein the

template molecules are obtained from a biological sample;

analyzing the amplified molecules in the assay samples of the set to determinea first

number of assay samples which contain the selected non-polymorphic marker and a second

number of 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) of molecules such that 1/N is

larger than the ratio of selected non-polymorphic marker to total non-polymorphic markers

required to determine the presenceofthe selected non-polymorphic marker, wherein the selected

genetic sequence and the reference genetic sequence are on distinct chromosomes,

comparing the first number to the second numbertoascertain a ratio which reflects the

composition of the biological sample; and

identifying an allelic imbalance based ontheratio ascertained.

46. (Original) The method of claim 45 wherein the step of amplifying employs real-time

polymerase chain reactions.

47. (Original) The method of claim 46 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

48, (Original) The method of claim 45 wherein the biological sample is from blood.

49, (Previously Presented) A method for detecting a genetic sequence in a mixed population

ofnucleic acid sequences, comprising:

distributing or diluting a mixed population of nucleic acid sequences into at least ten

assay samples such that said at least ten assay samples each comprises less than ten template

molecules;

amplifying the template molecules in the assay samples, wherein an assay sample with a

single template molecule forms homogeneous amplification products in the assay sample;

determining nucleic acid sequence of amplification products from an assay sample with

homogeneous amplification products.
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50. (Currently amended) The method of claim + 49 wherein each of the assay samples has

on average 0.5 molecules oftemplate.

51. (Currently amended) The method of claim + 49 wherein between 0.1 and 0.9 of the

assay samples yield an amplification product.

52, (Currently amended) The method of claim + 49wherein the mixed population ofnucleic

acid sequences is distributed or diluted to a single template molecule level in the assay samples.

53. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acid sequences is from a tissue or body sample.

54. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequences is from a sample selected from the group consisting of stool, blood, and lymph

nodes.

55. (Currently amended) The method of claim 4+ 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least fifteen assay samples comprise less

than ten template molecules.

56. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least twenty assay samples comprise less

than ten template molecules.

57. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequences is distributed or diluted such that at least twenty-five assay samples comprise

less than ten template molecules.

58. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least thirty assay samples comprise less than

ten template molecules.

59. (Currently amended) The method of claim + 49 wherein the mixed population ofnucleic

acids sequencesis distributed or diluted such that at least forty assay samples comprise less than

ten template molecules.
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60. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least fifty assay samples comprise less than

ten template molecules.

61. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least seventy-five assay samples comprise

less than ten template molecules.

62. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequencesis distributed or diluted such that at least one hundred assay samples comprise

less than ten template molecules.

63. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequences is distributed or diluted such that at least five hundred assay samples comprise

less than ten template molecules.

64. (Currently amended) The method of claim + 49 wherein the mixed population ofnucleic

acids sequencesis distributed or diluted such that at least one thousand assay samples comprise

less than ten template molecules,

65. (Currently amended) The method ofclaim + 49 wherein the mixed population ofnucleic

acids sequencesis distributed ordiluted such that at least one thousand assay samples are diluted

to a single template molecule level.

66. (Currently amended) The method of claim + 49 wherein the mixed population of nucleic

acids sequences is distributed or diluted such that at least one thousand assay samples has on

average 0.5 molecules of template.

67. (Currently amended) The method of claim + 49 wherein the mixed population ofnucleic

acids sequencesis distributed or diluted such that between 0.1 and 0.9 ofat least one thousand

assay samplesyield an amplification product.

68. (Currently amended) The method of claim 4+ 49 wherein the mixed population ofnucleic

acids sequencesis distributed or diluted such that onc halfof at least one thousand assay samples

have one template molecule.
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Date: June 11, 2012

Banner & Witcoff, Ltd.
Customer No. 11332
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By:

Respectfully submitted,

/Sarah A. Kagan/

Sarah A. Kagan
Registration No. 32,141  

 



Page 339 of 1224

PTO/SB/22 (09-11)
Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARMENT OF COMMERCE
Under the paperwork Reduction Act of 1995, no personsare required to respond to a collection of information unlessit displays a valid OMB control number.  

Docket Number(Optional)

001107.00866

Application Number 13/071,105 ~~|Filed March 24, 2011 oO
For Digital Amplification

PETITION FOR EXTENSIONOF TIME UNDER 37 CFR 1.136(a)
 

 

  
  
  
  

Art Unit 1637 Examiner WOOLWINE, SamuelC. |   
This is a request underthe provisions of 37 CFR 1.136(a) to extend the periodforfiling a reply in the aboveidentified
application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee

One month (37 CFR 1.17(a)(1)) $150 $75 g 150.00 
 

 

Two months (37 CFR 1.17(a)(2)) $560 $280 $  

    
  
 

[[] Three months (37 CFR 1.17(a)(3)) $1270 $635 $

CI Four months (37 CFR 1.17(a)(4)) $1980 $990 $

[-] Five months (37 CFR 1.17(a)(5)) $2690 $1345 $

[| Applicant claims small entity status. See 37 CFR 1.27.

CI A checkin the amountofthefee is enclosed.

[-] Paymentby credit card. Form PTO-2038is attached.

C] The Director has already been authorized to charge fees in this application to a Deposit Account.

The Director is hereby authorized to charge any fees which maybe required, orcredit any overpayment,to
Deposit Account Number 190733 .
WARNING:Information on this form may becomepublic. Credit card information should not be included on this form.
Provide credit card information and authorization on PTOQ-2038.

 

  
  
  
  

lamthe—[~] applicant/inventor.

CI assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

attorney or agentof record. Registration Number 32141

CI attorney or agent under 37 CFR 1.34.
Registration numberif acting under 37 CFR 1.34

     

   

/Sarah A. Kagan/ June 11, 2012
Signature ~ Date ~

Sarah A. Kagan (202) 824-3000

~ Typed oFprinted name Telephone Number
 
 NOTE: Signaturesofall the inventors or assignees of record of the entire interestor their representalive(s) are required. Submit multiple formsif more than one

signature is required, see below.

Totalof1 forms are submitted.
This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public whichIstofile (and by the
USPTOto 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 6 minutes to
complete, Including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sentto 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
FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option2.
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The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this

Privacy Act Statement

information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for whichthe 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 this 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 of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records
from this system of records may be disclosed to the Departmentof Justice to determine
whetherdisclosure 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 maybe 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 matter
of the record.

Arecord in this system of records may be disclosed, as a routine use, to a contractor of the
Agencyhaving 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. 552a(m).
A record related to an Intemational Application filed under the Patent Cooperation Treatyin
this system of records maybedisclosed, as a routine use, to the International Bureau of
the World Intellectual Property Organization, pursuantto the Patent Cooperation Treaty.
A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuantto
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records maybedisclosed, as a routine use,to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSAaspartof that agency’s responsibility to recommend improvementsin
records managementpractices and programs, underauthority of 44 U.S.C. 2904 and 2906.
Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations aboutindividuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of
37 CFR 1.14, as a routine use, to the public if the record wasfiled in an application which
became abandoned orin which the proceedings were terminated and which applicationis
referenced by either a published application, an application open to public inspection or an
issued patent.
A record from this system of records may be disclosed, as a routine use, to a Federal,
State, or local law enforcement agency,if the USPTO becomes awareof a violation or
potential violation of law or regulation.
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Application No. Applicant(s)

43/071,105 VOGELSTEIN ETAL.

Office Action Summary Examiner Ari Unit

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

A SHORTENED STATUTORY PERIOD FOR REPLY |S SET TO EXPIRE 7 MONTH(S) OR THIRTY(80) DAYS,
WHICHEVERIS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
+ Extensionsof time may be available under the provisions of 37 GFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHSfrom the mailing date of this communication.
- IFNO period for reply is specified above, the maximumstatutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure fo reply within the set or extended periodfor reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Anyreply received by the Office later than three months after the mailing date of this communication, evenif timelyfiled, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Siatus

1)] Responsive to communication(s) filed on
2a)(_] This action is FINAL. 2b)X] This action is non-final.
3)L] An election was made by the applicant in response to a restriction requirementset forth during the interview on

: the restriction requirement and election have been incorporated into this action.

4)C1 Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)D] Claim(s) 1-68 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.

6)C1 Claim(s) is/are allowed.
7). Claim(s) is/are rejected.
8)E] Claim(s) is/are objected to.
9 Claim(s) 7-68 are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11) The drawing(s)filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.

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

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

12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[_] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d)or(f.
a)LJAI b)[] Some * c)E Noneof:

1. Certified copies of the priority documents have beenreceived.
2.01 Certified copies of the priority documents have been received in Application No.
3.0] Copiesof the certified copies of the priority documents have been receivedin this National Stage

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

 
Attachment(s)

1) oO Notice of References Cited (PTO-892) 4) CJ interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.__.
3) [_] Information Disclosure Statement(s) (PTO/SB/08) 5) [_] Notice of Informal Patent Application

Paper No(s)/Mail Date __. 6) C Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20120408
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DETAILED ACTION

Note: New claims 50-68 dependfrom original claim 1, rather than new independent

claim 49. Applicant is requested to confirm whetherthis is the case. The restriction

requirement set forth below applies to the claims as written. If claims 50-68 were

intended to depend from claim 49, those claims will be included in Group IV rather than

GroupI.

Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

Page 348 of 1224

Claims 1-28 and 50-68, drawn to methodsfor detecting a cancer-

associated mutation comprising diluting until at least 1/50 of the assay

samples comprise a number(N) of molecules 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 nucleic acid if it is present in the assay sample,

classified in class 435, subclass 6.12.

Claims 29-38, drawn to methods for determining a ratio of a selected

genetic sequenceto a reference genetic sequence comprising

determining a first number of assay samples which contain the selected

genetic sequence and a second numberof assay samples which contain a

reference genetic sequence and comparingthe first numberto the second

numberto ascertain a ratio, classified in class 435, subclass 6.12.

Claims 39-48, drawn to methodsfor determining a ratio of a selected

genetic sequenceto a reference genetic sequence wherein at least 1/50
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of the assay samples comprise a number(N) of molecules such that 1/N is

larger than a ratio of selected genetic sequencesto total genetic

sequencesrequired to determine the presenceof the selected genetic

sequence and determining a first number of assay samples which contain

the selected genetic sequence and a second numberof assay samples

which contain a reference genetic sequence and comparing thefirst

numberto the second numberto ascertain a ratio, classified in class 436,

subclass 6.12.

Claim 49, drawn to methodsfor detecting a genetic sequence comprising

distributing or diluting a mixed population of nucleic acid sequencesinto at

least 10 assay samples suchthat at least 10 assay samples each

comprise less than 10 template molecules and determining nucleic acid

sequence of amplification products from an assay sample with

homogeneous amplification products, classified in class 435, subclass

6.12.

Theinventions are distinct, each from the other because of the following reasons:

Inventions | and (II & Ill) are unrelated. Inventions are unrelatedif it can be

shown that they are not disclosed as capable of use together and they havedifferent

designs, modesof operation, and effects (MPEP § 802.01 and § 806.06). In the instant

case,the different inventions have different designs. Invention | requires detection of a

cancer-associated mutation, which is not required for inventions II & Ill. Inventions Il &

lll require determining the ratio of a selected genetic sequence to a reference genetic
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sequence, which is not required for invention |. In addition, invention | requires at least

1/50 of the assay samples comprise a number(N) of molecules suchthat 1/N is larger

than a ratio of a nucleic acid comprising a cancer-associated mutation fo wild-type

nucleic acid required to determine the presence of the mutation, which is not required

by invention III. Note that in invention Ill, what is required is that 1/50 of the assay

samples comprise a number(N) of molecules such that 1/N is larger than a ratio of a

selected genetic sequencefo total nucleic acid (which is presumed, based on plain

language, to mean "selected" genetic sequence + "reference" genetic sequence). This

is not required for invention I.

InventionsII and III are unrelated. Inventions are unrelatedif it can be shown

that they are not disclosed as capable of use together and they havedifferent designs,

modesof operation, and effects (MPEP § 802.01 and § 806.06). In the instant case, the

different inventions have different designs. Invention II requires diluting nucleic acid

template molecules from a sample to formaplurality of assay samples, which is not

required for invention Ill. Invention Ill requires at least 1/50 of the assay samples

comprise a number(N) of molecules such that 1/N is larger than a ratio of selected

genetic sequencesto total genetic sequences required to determine the presence of the

selected genetic sequence, which is not required for inventionII.

Inventions IV and(I-III) are unrelated. Inventions are unrelatedif it can be shown

that they are not disclosed as capable of use together and they have different designs,

modesof operation, and effects (MPEP § 802.01 and § 806.06). In the instant case, the

different inventions have different designs. Invention IV requires distributing or diluting
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a mixed population of nucleic acid sequencesinto at least ten assay samples such that

at least ten assay samples each comprise less than ten template molecules, whichis

not required byinventionsI-IIl. Inventions II & Ill require determiningafirst numberof

assay samples which contain the selected genetic sequence and a second numberof

assay samples which contain a reference genetic sequence and comparing thefirst

numberto the second numberto ascertain a ratio, which is not required by invention IV.

In addition, invention | requires at least 1/50 of the assay samples comprise a number

(N) of molecules such that 1/N is larger than a ratio of a nucleic acid comprising a

cancer-associated mutation to wild-type nucleic acid required to determine the presence

of the mutation, which is not required by invention IV. Invention Ill requires at least 1/50

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

ratio of selected genetic sequencesto total genetic sequences required to determine

the presence of the selected genetic sequence, whichis not required for invention IV.

Restriction for examination purposesasindicated is proper becauseall these

inventionslisted in this action are independentordistinct for the reasons given above

and there would be a serious search and/or examination burdenif restriction were not

required becauseat least the following reason(s) apply:

Dueto the fact that each groupof inventions requires limitations not required by

the other groups, a search eachinvention would be conducted using different search

strategies. While these different searches might be partially overlapping, they would not

be the same. This would place an undue burden of search on the Office.
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