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Commissioner for Patents Attorney Docket No.: ||_T00831 REX 3 |
P.O. Box 1450
Alexandria, VA 22313-1450 Date:[June 17, 2013 I

—

. m This is a request for ex parte reexamination pursuant to 37 CFR 1.510 of patent number 7,915,015
issued March 29, 2011 . The request is made by:

J patent owner. Ii] third party requester.

. The name and address of the person requesting reexamination is:

N

Life Technologies Corporation
5791 Van Allen Way
Carlsbad, CA 92008

Requester claims |—] small entity (37 CFR 1.27) or I_] micro entity status (37 CFR 1.29).

M~ w

. El a. Acheck in the amount of § is enclosed to cover the reexamination fee, 37 CFR 1.20(c)(1);

b. The Director is hereby authorized to charge the fee as set forth in 37 CFR 1.20(c)(1)
to Deposit Account No. 503994 ;

|:| c. Payment by credit card. Form PTO-2038 is attached; or
:l d. Payment made via EFS-Web.

o

. Any refund should be made by __ checkor [v_ credit to Deposit Account No. 503994
37 CFR 1.26(c). If payment is made by credit card, refund must be to credit card account.

(2]

. ﬂ A copy of the patent to be reexamined having a double column format on one side of a separate paper is
enclosed. 37 CFR 1.510(b)(4).

7. D CD-ROM or CD-R in duplicate, Computer Program (Appendix) or large table
I:I Landscape Table on CD

8. |:| Nucleotide and/or Amino Acid Sequence Submission
If applicable, items a. — c. are required.

a.[] Computer Readable Form (CRF)

b. Specification Sequence Listing on:
i. ] CD-ROM (2 copies) or CD-R (2 copies); or
i. [ ] paper

c.[] Statements verifying identity of above copies

9. A copy of any disclaimer, certificate of correction or reexamination certificate issued in the patent is included.

10. Reexamination of claim(s) __1-18 is requested.

11. A copy of every patent or printed publication relied upon is submitted herewith including a listing thereof on
Form PTO/SB/08, PTO-1449, or equivalent.

12. |:| An English language translation of all necessary and pertinent non-English language patents and/or printed
publications is included.
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to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 18 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
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13. The attached detailed request includes at least the following items:

a. A statement identifying 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 manner of applying the cited art to every claim for which reexamination is requested. 37 CFR 1.510(b)(2).

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

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

The name and address of 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

:l b. A duplicate copy is enclosed since service on patent owner was not possible. An explanation of the efforts
made to serve patent owner is attached. See MPEP § 2220.

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

Ii_ The address associated with Customer Number: 52059

OR

D Firm or

Individual Name

Address

City State Zip
Country

Telephone Email

17. ﬂ The patent is 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 6440706 & 7824889
[] c. Copending Interference No.

|v d. Copending litigation 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 become public. 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 | For Patent Owner Requester
Typed/Printed Name Registration No.
v For Third Party Requester
[Page 2 of 2]
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Ex Parte Reexamination of Examiner: To Be Assigned
U.S. Patent No. 7,915,015

Control No.: To Be Assigned Art Unit: To Be Assigned
Reexam Filing Date: To Be Assigned Confirmation No.: To Be Assigned

For: DIGITAL AMPLIFICATION

REQUEST FOR EX PARTE REEXAMINATION UNDER 37 C.F.R. §1.510

Mail Stop Ex Parte Reexam
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

On behalf of Life Technologies Corp. (hereinafter "Requester™), under provisions
of 37 C.F.R. §1.510 et seq., the undersigned hereby submits a Request for Reexamination
of claims 1-18 of U.S. Patent No. 7,915,015 entitled "DIGITAL AMPLIFICATION"
("the '015 patent"). The '015 patent indicates on its face that it is assigned to The Johns
Hopkins University.

Entry and consideration are respectfully requested.

Pursuant to 37 C.F.R §1.510, included with this Request are:
. the fee for requesting ex parte reexamination (37 C.F.R. §1.20(c)(1));

. an identification of the reexamined patent by patent number and every

claim for which reexamination is requested;
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a citation of the patents and printed publications that are presented to
provide a substantial new question of patentability, listed on form

PTO/SB/08A,;

a statement identifying each substantial new question of patentability
based on the cited patents and printed publications, and a detailed
explanation of the pertinence and manner of applying the patents and

printed publications to every claim for which reexamination is requested;

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

the Request;

a copy of the entire patent including the front face, drawings, and
specification/claims (in double-column format) for which reexamination is
requested, and a copy of any disclaimer, certificate of correction, or

reexamination certificate issued in the patent as Exhibit 1;

a certification that the Request has been served in its entirety on the patent
owner (through the attorney of record during prosecution) at the address

shown in the accompanying Certificate of Service;

a showing that the attorney filing this request has the authority to act on
behalf of the real party in interest pursuant to 37 C.F.R. §1.34(a) under
either a power of attorney from that party or in a representative capacity

pursuant to §1.34.

ii
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I. IDENTIFICATION OF CLAIMS FOR WHICH REEXAMINATION IS
REQUESTED AND BRIEF LISTING OF THE APPLIED ART,
SUBSTANTIAL NEW QUESTIONS OF PATENTABILITY AND
PROPOSED REJECTIONS

Ex parte reexamination is respectfully requested under 35 U.S.C. §§302-307 and
37 C.F.R. §1.510 of claims 1-18 of U.S. Patent No. 7,915,015 to Vogelstein ef al. ("the
'015 patent"), and currently assigned to The Johns Hopkins University. The '015 patent
issued on November 2, 2010, with a priority date of August 2, 1999.

Reexamination of claims 1-18 is requested in view of one or more of the
references applied herein. The SNQs listed in Table II are based on the applied
references cited herein and summarized in Table I below. The proposed rejections for

cach SNQ are summarized in Table 111 below.
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Table I: Summary of References Applied’
Originally
Exh. Referen Art  |Originally | Relied On
No. clerence Under: Cited? Or
Discussed?
PA_I " "
EISCHOFF 102(B)/
Bischoff et al., 103 NO NO
Hum Mol Genet. 4(3):395-9 (Mar 1995)
PA_Z " "
KAFININA 102(B)/
Kalinina ef al., 103 NO NO
Nucleic Acids Res. 25(10):1999-2004 (May 1997)
PA_3 " "
. L1 102(B)/
Liet al., 103 YES NO
Nature. 29;335(6189):414-7 (Sep 29, 1988)
PA-4 " "
RUANO 11 102(B)/
Ruano et al., 103 NO NO
Nucleic Acids Res. 17(20):8392 (Oct 25, 1989)
Table 1I: Summary of SNQs
SNQ No. 1: Bischoff anticipates claims 1, 4, 5, 7-11 & 16-17 under 35 U.S.C. §
102(b)
SNQ No. 2: Claims 2, 3, 14 & 15 of the '015 patent are obvious under 35 U.S.C.
§ 103(a) over Bischoff in view of Kalinina
SNQ No. 3: Claims 12 & 13 of the '015 patent are obvious under 35 U.S.C. §
103(a) over Bischoff in view of Li
SNQ No. 4: Claims 6 & 18 of the '015 patent are obvious under 35 U.S.C. §
103(a) over Bischoff in view of Ruano 11
Table I11
Proposed Rejections
Proposed Rejection No. 1: Bischoff anticipates claims 1, 4, 5, 7-11 & 16-17 under

Applied references that are newly cited in this request are listed on the attached form
SB/08A (Exhibit 2).
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35U.S.C. § 102(b)

Proposed Rejection No. 2: Claims 2, 3, 14 & 15 of the '015 patent are obvious

under 35 U.S.C. § 103(a) over Bischoff in view of
Kalinina

Proposed Rejection No. 3: Claims 12 & 13 of the '015 patent are obvious under 35
U.S.C. § 103(a) over Bischoff in view of Li

Proposed Rejection No. 4: Claims 6 & 18 of the '015 patent are obvious under 35
U.S.C. § 103(a) over Bischoff in view of Ruano II

11. CONCURRENT LITIGATION AND REEXAMINATION
PROCEEDINGS: THE CLAIMS OF THE '015 PATENT ARE GIVEN
THEIR BROADEST REASONABLE INTERPRETATION IN
REEXAMINATION, UNLIKE THE STANDARDS APPLICABLE IN
THE CONCURRENT LITIGATION

The '015 patent is presently involved in litigation in the United States District
Court for the Middle District of North Carolina Greensboro Division (Esoterix Genetic
Laboratories, LLC and The Johns Hopkins University vs. Life Technologies Corporation,
Applied Biosystems, LLC, and lon Torrent Systems, Inc., Case No. 12-1173 (filed
October 31, 2012)).

The claims of the '015 Patent do not need to be "interpreted” in any particular
manner to be found unpatentable over the prior art (e.g., by their plain terms each of the
limitations is found in the prior art). Nevertheless, claim interpretation in the
reexamination process differs from that in other contexts, such as litigation in the federal
courts. Therefore, Requester here summarizes the standards applicable in reexamination
and emphasizes that this Request addresses the claims using that claim interpretation
standard, rather than the standards that are applicable outside the reexamination context.

In the context of reexamining patent claims, "the PTO must apply the broadest

reasonable meaning to the claim language, taking into account any definitions presented

Page 10 of 1237



in the specification." In re Bass, 314 F.3d 575, 577 (Fed. Cir. 2002) (citing In re
Yamamoto, 740 F.2d 1569, 1571 (Fed. Cir. 1984)); see also 37 C.F.R. § 1.555(b). Giving
claims their broadest reasonable construction "serves the public interest by reducing the
possibility that claims, finally allowed, will be given broader scope than is justified." In
re Yamamoto, 740 F.2d at 1571. "Construing claims broadly during prosecution is not
unfair to the applicant (or, in this case, the patentee), because the applicant has the
opportunity to amend the claims to obtain more precise claim coverage." In re Am. Acad.
of Sci. Tech Ctr., 367 F.3d 1359, 1363 (Fed. Cir. 2004) (citing Yamamoto, 740 F.2d at
1571-72).

While district courts interpret claim language in issued patents in light of the
specification, prosecution history, prior art and other claims, this is not the mode of claim
interpretation to be applied during examination, including reexamination. During
examination, the claims must be interpreted as broadly as their terms reasonably allow.
"The USPTO uses a different standard for construing claims than that used by district
courts; during examination the USPTO must give claims their broadest reasonable
interpretations." MPEP § 2111.01 (citing Am. Acad. of Sci. Tech Ctr., 367 F.3d at 1363).
The words of the claim must be given their plain meaning unless the applicant has
provided a clear definition in the specification. In re Zletz, 893 F.2d 319, 321, 13
U.S.P.Q.2d 1320, 1322 (Fed. Cir. 1989). "[I]n proceedings before the PTO, claims in an
application are to be given their broadest reasonable interpretation consistent with the
specification . . . as it would be interpreted by one of ordinary skill in the art." In re

Cortright, 165 F.3d 1353, 1359 (Fed. Cir. 1999) (citing In re Bond, 910 F.2d 831, 833
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(Fed. Cir. 1990)). Thus, in the analysis and discussion presented below, the identified
claims are given their broadest reasonable interpretation.

Because the standards of claim interpretation used in the courts in patent litigation
are different from the claim interpretation standards used in the Office in claim
examination proceedings (including reexamination), any and all claim interpretations
discussed or submitted herein, and all applications of the prior art to the claims, are under
the broadest reasonable interpretation specifically for the purpose of demonstrating a
SNQ for reexamination within the PTO and are neither binding upon Requester in any
litigation related to the '015 patent, nor necessarily the construction of the claims that
would result under legal standards that are mandated to be used by the Courts in
litigation. See 35 U.S.C. § 314; see also MPEP § 2686.04 1I (determination of a SNQ is
made independently of a Court’s decision on validity because of different standards of
proof and claim interpretation employed by the District Courts and the Office); see also
Trans Texas, 498 F.3d at 1297-98; In re Zletz, 893 F.2d 319, 322 (Fed. Cir. 1989).

The interpretation and/or construction of the claims in the '015 patent presented
either implicitly or explicitly herein should not be viewed as constituting, in whole or in
part, Requester's own interpretation and/or construction of such claims, but instead
should be viewed as constituting an interpretation and/or construction required by the
standards applicable in the reexamination context and by Patent Owner's use of broad
(and often expansive and undefined) terminology in the claims. Furthermore, Requester
expressly reserves the right to present its own interpretation of such claims at a later time
during the related litigation, which interpretation may differ, in whole or in part, from

that presented herein.
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I11. SUMMARY OF THE CLAIMS

U.S. Patent No. 7,915,015 (the '015 patent) is generally drawn to methods of
determining allelic imbalance. The claims for which reexamination is requested read as
follows:

1. A method for determining an allelic imbalance in 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 the biological sample;

analyzing the amplified molecules in the assay samples of the set
to determine a first number of assay samples which contain a first allelic
form of a marker and a second number of assay samples which contain a
second allelic form of the marker, wherein between 0.1 and 0.9 of the
assay samples yield an amplification product;

comparing the first number to the second number to ascertain an
allelic imbalance in the biological sample; and

identifying an allelic imbalance in the biological sample.

2. The method of claim 1 wherein the step of amplifying employs
real-time polymerase chain reactions.

3. The method of claim 2 wherein the real-time polymerase chain
reactions comprise a dual-labeled fluorogenic probe.

4. The method of claim 1 wherein between 0.1 and 0.9 of the assay
samples yield an amplification product as determined by amplification of
the first allelic form of the marker.

5. The method of claim 1 wherein between 0.1 and 0.9 of the assay
samples yield an amplification product as determined by amplification of
the second allelic form of the marker.

6. The method of claim 1 wherein the amplified molecules in each
of the assay samples within the first and second numbers of assay samples
are homogeneous such that the first number of assay samples do not
contain the second allelic form of the marker and the second number of
assay samples do not contain the first allelic form of the marker.

7. The method of claim 1 wherein the sample is from blood.

8. A method for determining an allelic imbalance in a biological
sample, comprising the steps of:
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distributing nucleic acid template molecules from 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 samples of the set;

analyzing the amplified molecules in the assay samples of the set
to determine a first number of assay samples which contain a first allelic
form of a marker and a second number of assay samples which contain a
second allelic form of the marker;

comparing the first number of assay samples to the second number
of assay samples to ascertain an allelic imbalance between the first allelic
form and the second allelic form in the biological sample.

9. The method of claim 8 wherein the sample is from blood.

10. The method of claim 1 or 8 wherein between 0.1 and 0.6 of the
assay samples yield an amplification product.

11. The method of claim 1 or 8 wherein between 0.3 and 0.5 of the
assay samples yield an amplification product.

12. The method of claim 1 or 8 wherein the set comprises at least
500 assay samples.

13. The method of claim 1 or 8 wherein the set comprises at least
1000 assay samples.

14. The method of claim 8 wherein the step of amplifying employs
real-time polymerase chain reactions.

15. The method of claim 14 wherein the real-time polymerase
chain reactions comprise a dual-labeled fluorogenic probe.

16. The method of claim § wherein between 0.1 and 0.9 of the
assay samples yield an amplification product as determined by
amplification of the first allelic form of the marker.

17. The method of claim § wherein between 0.1 and 0.9 of the
assay samples yield an amplification product as determined by
amplification of the second allelic form of the marker.

18. The method of claim 8 wherein the amplified molecules in
cach of the assay samples within the first and second numbers of assay
samples are homogeneous such that the first number of assay samples do
not contain the second allelic form of the marker and the second number
of assay samples do not contain the first allelic form of the marker.
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IV.  PROSECUTION HISTORY OF THE '015 AND PARENT '706
PATENTS

During prosecution of the '015 patent, no prior art was applied against the '015
claims (except for the claims of the grandparent patent No. 6,440,706 in a double-
patenting rejection).” The references provided and addressed in this reexamination
request present substantial new questions of patentability because, among other things,
they teach one or more elements of the '015 claims, and either anticipate or render these
claims obvious.

No art was applied against the '015 claims during original prosecution, or against
the claims of its immediate parent, now U.S. Pat. No. 7,824,889 But art was applied
against the claims of a grandparent patent (U.S. 6,440,706, hereafter the 706 patent, for
which Requester is concurrently requesting reexamination). For the purposes of
patentability in this reexamination, the '706 claims were substantially similar to the '015
claims. Generally speaking, claims of both the '706 and '015 patents recite a method
requiring four steps: (1) forming a set of assay samples containing template molecules
from a biological sample (e.g., by "distributing"); (2) amplifying the template molecules
in the assay samples; (3) analyzing the amplified molecules to determine a first number
of assay samples that contain one sequence and a second number of assay samples that
contain a different sequence; and (4) comparing the numbers of assay samples. The '706

claims generally require that the last comparing step is performed to ascertain a ratio that

> Prosecution history of the '015 patent, Office Action mailed September 23, 2010, at page

5 (Exhibit 3).
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reflects the composition of the biological sample, whereas the '015 claims generally
require that the comparing is performed to ascertain an allelic imbalance.

During original prosecution of the 706 claims, the PTO rejected multiple claims
of the '706 claims as obvious over a reference by Lapidus et al.’ in view of a publication
by Ruano (“Ruano I”).* In particular, the PTO found that Lapidus taught all steps of
selected 706 claims except for an initial set/forming/diluting step, whereas Ruano |
taught single-molecule dilution, and it would have been obvious to combine Lapidus and
Ruano I to arrive at the claimed method.” In response, the '706 applicants argued that
neither Lapidus nor Ruano I counted numbers of assay samples. In particular, the
applicants argued that:

Lapidus does not teach determining a number of assay
samples containing genetic sequences. Lapidus instead
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.°

The PTO ultimately allowed the claims on the grounds that the closest prior art

(Lapidus) taught amplification and concentration determination of a reference and target

Lapidus et al.. U.S. Pat No 5,928,870 (Exhibit 5).
Ruano et al., PNAS vol. 87 pp. 6296-6300, August 1990 (Exhibit 6). A different
publication by Ruano et al., (Ruano II) is being applied as a secondary reference in this request.
® '706 patent prosecution history, Office Action issued April 12, 2001, at page 6 (Exhibit 4)
6 706 patent prosecution history, Amendment dated July 12, 2001, at page 12 (Exhibit 4).
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nucleic acid, but that Lapidus' "determination of concentration is within a sample"” and
... did not teach or suggest forming a set of assay samples by dilution.

The references applied in this reexamination request teach the elements that the
706 applicants asserted were missing from the prior art during prosecution of the
grandparent 706 patent (i.e., forming a set of a plurality of assay samples, for example by
dilution). In contrast to Lapidus, the primary references and most of the secondary

references applied herein do teach determining a number of assay samples.

V. SUBSTANTIAL NEW QUESTIONS OF PATENTABILITY

This section demonstrates how the applied prior art references, either alone or in
combination raise substantial new questions ("SNQs") of patentability with respect to
cach claim of the '015 patent for which reexamination is sought. Ex parte reexamination
of claims 1-18 of the '015 patent is respectfully requested. These references were either
not of record and/or not considered by the Examiner. These references raise substantial
new questions ("SNQs") of patentability and render the claims unpatentable. A brief
statement of the SNQs of patentability is set forth immediately below. A detailed
explanation of the pertinence and manner of applying the cited prior art to each claim for

which reexamination is sought is presented in Section VI below.

A. SNO No. 1: Bischoff anticipates claims 1,4, 5, 7-11 & 16-17 under 35
U.S.C. § 102(b)

Bischoff® was published in March 1995 and is thus prior art to the '015 patent

under 35 U.S.C. § 102(b). Bischoff is newly cited in the present request. Under the

7 706 patent prosecution history, Supplemental Notice of Allowability mailed March 26,

2002, at page 2 (Exhibit 4).
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broadest reasonable interpretation of the claims, Bischoff discloses methods that meet all
of the limitations of the methods of claims 1, 4, 5, 7-11 & 16-17.

SNQ No. 1 based on Bischoff is new for at least two reasons: (i) Bischoff is
newly cited in the present request and was not before the PTO during original
prosecution; and (ii) the explanation presented herein of how Bischoff anticipates various
claims presented herein was not before the original Examiner.

SNQ No. 1 based on Bischoff is substantial at least because Bischoff teaches all
aspects of claims 1, 4, 5, 7-11 & 16-17 and squarely anticipates these claims. In contrast,
during the original prosecution of the '015 patent no art was found to anticipate the
claims.

Thus, a substantial new question of patentability based on Bischoff alone is raised

with respect to claims 1, 4, 5, 7-11 & 16-17.

B. SNO No. 2: Claims 2, 3, 14 and 15 of the '015 patent are obvious
under 35 U.S.C. § 103(a) over Bischoff in view of Kalinina

Bischoff has been discussed above in SNQ No. 1. Kalinina’ was published on
May 15, 1997 and is prior art to the '015 patent under 35 U.S.C. § 102(b). Kalinina is

newly cited in the present request.

¥ Bischoff et al., Single cell analysis demonstrating somatic mosaicism involving 11p in a

patient with paternal isodisomy and Beckwith-Wiedemann syndrome. Hum. Mol Genet. 4(3):395-
9 (Mar 1995), which forms prior art to the '015 patent under 35 U.S.C. § 102(b) (Exhibit PA-1).

’  Kalinina et al., Nanoliter scale PCR with TagMan detection. Nucleic Acids Res.
25(10):1999-2004 (May 15, 1997), forming prior art to the '015 patent under 35 U.S.C. § 102(b)
(Exhibit PA-2).
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Bischoff and Kalinina together raise a new question of patentability as to claims
2, 3, 14 and 15 because they were neither cited nor considered during the prosecution of
the '015 patent or its parent 706 patent.

Bischoff and Kalinina together raise a substantial question of patentability
because it would have been obvious to those of ordinary skill in the art to practice the
methods of claims 2, 3, 14 and 15 in light of the combined teachings of Bischoff and
Kalinina. Exemplary rationales as to why Bischoff's and Kalinina's combined teachings
would have rendered the claims obvious are presented in more detail in the next section
applying the art to the claims.

Thus, a substantial new question of patentability based on Bischoff and Kalinina

is raised with respect to claims 2, 3, 14 and 15.

C. SNO No. 3: Claims 12 & 13 of the '015 patent are obvious under 35
U.S.C. § 103(a) over Bischoff in view of Li

Bischoff has been discussed above in SNQ No. 1. Li'® was published on
September 29, 1988 and is prior art to the '015 patent under 35 U.S.C. § 102(b).
Although cited by the applicants, Li was not relied on or discussed on record during
original prosecution. In addition, Li has been cited against a related continuing
application No. 13/071,105, as anticipating the pending claims, indicating that it is highly
likely that the examiner would also have rejected the claims of the” 889 patent, which are

similar to the rejected claims of the '105 application.

' Lier al., Amplification and analysis of DNA sequences in single human sperm and

diploid cells. Nature. 29;335(6189):414-7 (Sep 29, 1988), which forms prior art to the '015 patent
under 35 U.S.C. § 102(b) (Exhibit PA-4).
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Bischoff and Li together raise a new question of patentability as to claims 12 &
13 at least because Bischoff was neither cited nor considered during the prosecution of
the '015 patent. Also, Li was not specifically discussed during original prosecution
although it was cited by the applicants.

Bischoff and Li together raise a substantial question of patentability because it
would have been obvious to those of ordinary skill in the art to practice the methods of
claims 12 & 13 in light of the combined teachings of Bischoff and Li. Exemplary
rationales as to why Bischoff's and Li's combined teachings would have rendered the
claims obvious are presented in more detail in the next section applying the art to the
claims.

Thus, a substantial new question of patentability based on Bischoff and Li is

raised with respect to claims 12 & 13.

D. SNO No. 4: Claims 6 & 18 of the '015 patent are obvious under 35
U.S.C. § 103(a) over Bischoff in view of Ruano 11

Bischoff has been discussed above in SNQ No. 1. Ruano IT'" was published on
October 25, 1989 and is prior art to the '015 patent under 35 U.S.C. § 102(b). Ruano Il is
newly cited in the present request.

Bischoff and Ruano II together raise a new question of patentability as to claims 6
& 18 because they were neither cited nor considered during the prosecution of the '015

patent.

"' Ruano et al., Nucleic Acids Res. 17(20):8392 (Oct 25, 1989), which forms prior art to the
'015 patent under 35 U.S.C. § 102(b) (Exhibit PA-5).
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Bischoff and Ruano II raise a substantial question of patentability because it
would have been obvious to those of ordinary skill in the art to practice the methods of
claims 6 & 18 in light of the combined teachings of Bischoff and Ruano II. Exemplary
rationales as to why Bischoff's and Ruano II's combined teachings would have rendered
the claims obvious are presented in more detail in the next section applying the art to the
claims.

Thus, a substantial new question of patentability based on Bischoff and Ruano 11

is raised with respect to claims 6 & 18.

V. MANNER OF APPLYING THE CITED PRIOR ART AND PROPOSED
REJECTIONS

A. Proposed rejection 1: Bischoff anticipates claims 1,4, 5, 7-11 & 16-17
under 35 U.S.C. § 102(b)

1. Short introductory overview of relevant portions of Bischoff's
disclosure

Independent claim 1 is anticipated by Bischoff.'” To provide a quick orientation
to the Examiner, this section presents an introductory high-level overview of Bischoff’s
experiments, the steps of the claims, and how Bischoff’s experiments map onto each of
these steps. A more detailed application of Bischoff's teachings to each claimed step,
showing the details of how Bischoff performed each step with specific cites to Bischoff's

relevant disclosure is presented in the next section.

2 Bischoff et al., Single cell analysis demonstrating somatic mosaicism involving 11p in a

patient with paternal isodisomy and Beckwith-Wiedemann syndrome. Hum. Mol. Genet.
4(3):395-9 (Mar 1995), which forms prior art to the '015 patent under 35 U.S.C. § 102(b) (Exhibit
PA-1).
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Bischoff performed three experiments which can be briefly summarized as

followsBischoff suspected that part of the 11p arm on maternal chromosome 11 was lost

in a subset of cells in a patient suffering from Beckwith-Wiedemann syndrome. To

resolve this question, Bischoff made three comparisons:

Comparison 1 ("intra-locus," two homologous alleles on the
suspect "'p'"' arm of chromosome pair 11) Bischoff suspected that
part of the 11p arm was lost on maternal chromosome 11. To ascertain
if that were so, he compared the number of cells containing a maternal
allele on the suspect "p" arm of maternal chromosome 11 with the
number of cells containing the corresponding paternal allele on
paternal chromosome 11 at each of two distinct loci (HBB and

D118904).

Comparison 2 ("intra-locus,”" two homologous alleles on the non-
suspect "'q" arm of chromosome pair 11) Bischoff compared the
number of cells containing a maternal allele on the non-suspect "q"
arm of maternal chromosome 11 with the number of cells containing
the corresponding paternal allele on paternal chromosome 11. For this
analysis, Bischoff examined the maternal and paternal 11q CD3D

locus.

Comparison 3 ("intra-locus," two homologous alleles on non-
suspect chromosome pair 21) Bischoff compared the number of cells
containing a maternal allele on maternal chromosome 21 with the
number of cells containing the corresponding paternal allele on
paternal chromosome 21 at the INFAR locus.

In each of these experiments, Bischoff performed and discoved each of the

principal steps of the claims of the ‘015 patent. Generally, the independent method

claims (claim 1 and 8) of the '015 patent recite four steps: (1) distributing template

molecules from a biological sample to form a set of assay samples (recited in claim 8 but

not claim 1); (2) amplifying the template molecules within the assay samples; (3)

analyzing the amplified molecules to determine a first number of assay samples that

contain a "first allelic form of a marker" and a second number of assay samples that

Page 22 of 1237
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contain a "second allelic form of the marker;" and (4) comparing the two numbers of

assay samples to ascertain an allelic imbalance in the biological sample. As an example,

Bischoff performed the three main steps of independent claims 8 as follows.

s Distributing and/or set-forming step (recited in claim 8 but not claim 1)

This step involves "distributing template molecules from a biological
sample to form a set comprising a plurality of assay samples."

Bischoff started by isolating six single cells (lymphocytes) from a
peripheral blood sample of his patient into separate reaction tubes. Each
lymphocyte cell contained template molecules from a biological sample.

s Amplifying step

This step involves "amplifying the template molecules within the assay
samples to form a population of amplified molecules in the assay samples
of the set" (e.g., claim 8)

Bischoff subjected each of his six single-cell assay samples to a random-
primed whole-genome amplification reaction that amplified the template
molecules in the single cells (a "PEP" reaction, explained in the next
section).

s Analyzing/determining step

This step involves "analyzing the amplified molecules ... to determine a

first number of assay samples which contain a first allelic form of a

marker and a second number of assay samples which contain a second
allelic form of the marker."

Bischoff analyzed the PEP amplification products from each sample to
determine whether each parental allele at four different marker loci was
present,” using four separate secondary locus-specific PCR reactions and
gel electrophoresis.

13

Specifically, Bischoff examined two loci on the 11p arm of chromosome 11 (i.e., the

HBB and D11S904 loci), one locus on the opposite arm 11q of chromosome 11 (i.e., the CD3D
locus), and one locus on chromosome 21 (the INFAR locus).

Page 23 of 1237
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Bischoff counted the number of single-cell samples containing a first
allele of interest, thereby "determining a first number of assay samples
which contain a first allelic form of a marker."

Bischoff also counted the number of samples containing a second allele of
interest, thereby "determining a second number of assay samples which
contain a second allelic form of the marker."

Bischoff chose various different combinations of alleles as the "first" and
"second allelic form," as described further in the "comparing" step below.

s Comparing step

Page 24 of 1237

This step involves "comparing the first number of assay samples to the
second number of assay samples to ascertain an allelic imbalance ... in
the biological sample," where claim § also specifies that the allelic
imbalance is "between the first allelic form and the second allelic form."

Bischoff suspected that part of the "p" arm on maternal chromosome 11
was lost in a subset of cells. To resolve this question, Bischoff made
various comparisons between the "first" and "second" allelic forms of
different markers:

+ Comparison 1 ("intra-locus," two homologous alleles on the
suspect "p'" arm of chromosome pair 11) Bischoff compared the
number of assay samples containing:

- a "first allelic form of a marker" in the form of a maternal

allele at an 11p locus (i.e., a locus on the "p" arm of maternal
chromosome 11), and

- a"second allelic form of the marker" in the form of the
paternal allele at the same 11p locus on paternal chromosome
11.

+ Bischoff made this comparison at each of two distinct 11p loci
(HBB and D115904).

e Comparison 2 ("intra-locus," two homologous alleles on the non-
suspect "'q" arm of chromosome pair 11)

+ Bischoff compared the number of assay samples containing;:

- a "first allelic form of a marker" in the form of one maternal
allele at the 11q locus CD3D (i.e., a locus on the non-suspect

q" arm of maternal chromosome 11), and

- a"second allelic form of the marker" in the form of the
paternal CD3D allele on paternal chromosome 11.

17



e Comparison 3 ("intra-locus," two homologous alleles on non-
suspect chromosome pair 21)

+ Bischoff compared the number of assay samples containing;:

- a "first allelic form of a marker" in the form of one maternal
allele at the locus INFAR on maternal chromosome 21 and

- a"second allelic form of the marker" in the form of the
paternal INFAR allele on paternal chromosome 21.

2. Detailed explanation of the pertinency and manner of applying
Bischoff to independent claim 1

This section discusses in more particular detail how, under the broadest
reasonable interpretation of the claims, Bischoff discloses methods that meet each and

every limitation of independent claim 1.

i) Bischoff discloses "A method for determining an allelic imbalance
in a biological sample"

This language forms the preamble of claim 1. Under the PTO's standards for
patentability, as opposed to validity, a preamble which merely recites an "intended use”
does not limit the claim in any way."*

But even if the preamble were limiting (which it is not), Bischoff discloses
“determining an allelic imbalance in a biological sample” under the broadest reasonable
interpretation. The claims of the '015 patent are directed to determining the number of
assay samples containing a "first allelic form of a marker" and a "second allelic form of

the [same] marker," indicating that "allelic imbalance" must encompass imbalances

" Rowe v. Dror, 112 F.3d 473, 478, 42 USPQ2d 1550, 1553 (Fed. Cir. 1997) (preamble's
recitation of an intended use is not a limitation).

18
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between different allelic forms of a single marker."> Requester will therefore proceed on
the premise that assay samples in which at least a subset of diploid cells have lost one of
a pair of two alleles have an "allelic imbalance" under the broadest reasonable
interpretation.'®

Bischoff "determin|ed] an allelic imbalance" as recited in the preamble of claim
1, in the form of a loss of an allele in a subset of cells in a sample. Bischoff analyzed a
patient with Beckwith-Wiedemann ("BWS") syndrome to determine the genetic event
underlying the patient's condition.'” Bischoff noted that some BWS patients had an

allelic imbalance in the form of "partial paternal isodisomy of 11p.""®

Partial paternal
11p isodisomy (which Bischoff also referred to as “uniparental disomy” or UPD) is a
condition involving an aberrant unbalanced translocation of a chromosomal 11p region
with subsequent retention of two copies of the paternal 11p region. In addition, the
isodisomy in Bischoff's particular patient also "involve[ed] loss of the maternal 11p

region in some cells.""”

3 See also U.S. Pat. No. 7,824,889 claim 1, reciting a method for determining an allelic

imbalance by determining a first number of assay samples which contain a selected sequence and
a second number of assay samples which contain a reference sequence and comparing the two
numbers, for which reexamination is concurrently being requested. (Exhibit 7).

6 See, e.g., Brenner et al., Chromosome 9p Allelic Loss and p16/CDKN?2 in Breast Cancer
and Evidence of pl6 Inactivation in Immortal Breast Epithelial Cells. Cancer Res. 55, 2892-2895
(July 1, 1995) (Exhibit 8), studying "allelic loss," (Title), also called "loss of heterozygosity"
(Abstract) in cancer samples, and referring to "partial LOH" (i.e., partial loss of heterozygosity in
a subset of cells) as "allelic imbalance” at page 2892, left col., Section on "Microsatellite Length
Polymorphism" (noting that "partial LOH and allelic imbalance were considered significant only
if the signal intensity of one allele was diminished by approximately one-half or more of its
normal intensity in relation to the remaining allele"”).

7 Bischoff, Abstract.

¥ Bischoff, Abstract.

" Bischoff, page 398, left col., top paragraph. See also Fig. 3,depicting paternal isodisomy
of the 11p arm ("PAT UPD 11p") as a recombinant chromosome pair 11, where both
homologous chromosomes have a "p" arm derived from the father, and neither has a "p" arm
derived from the mother.
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Bischoff s paternal isodisomy involved two separate and distinct genetic aspects:
first, loss of maternal 11p alleles, and second, disomy (two copies of paternal 11p
alleles). Only the first genetic aspect of Bischoff's isodisomy (loss of maternal 11p
alleles) is relevant to this request — as explained below, Bischoff determined maternal
allelic loss using the claimed methods. *°

Thus, in some BWS patients, both chromosomes 11 carry the same “isodisomic”
11p region, and within this 11p region each chromosome carries a copy of an allele
inherited from the father (referred to as the "paternal allele™), and neither chromosome

carries a copy of a corresponding allele inherited from the mother ("maternal allele").

Bischoff diagrams how this uniparental inheritance occurs in Figure 3, reproduced below.

* Although Bischoff also checked for disomy of paternal alleles, this analysis is not

relevant to this request. By way of explanation, Bischoff determined disomy by karyotype
analysis, which revealed that all cells appeared to carry two intact chromosomes 11, both
appearing to have an intact 11p arm (“High-resolution chromosome analysis revealed a normal
46, XY karyotype.” ) Because single-cell PCR had indicated indicated that some cells were
apparently missing maternal alleles within the 11p arm of maternal chromosome 11 (at loci
D11S904 and HBB), Bischoff therefore inferred that in these cells, the 11p arm found to be
present on the maternal chromosome 11 by karyotype analysis must have been derived from the
paternal chromosome, and that the patient thus had two 11p regions both derived from the father.

20
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For convenience, the chromosome that harbors maternal alleles in all genomic
regions outside 11p shall be designated the maternal chromosome, and the other
chromosome that is entirely paternal in origin shall be designated the paternal
chromosome. Within the isodisomic portion of the 11p region, both the paternal and
maternal chromosomes of chromosome pair 11 each carry a copy of the paternal allele,
and neither carries a copy of the maternal allele (see bottom of Figure 3 above, the
“PAT” and “UPD 11p” chromosomes). Because Bischoff's paternal isodisomy involved
a loss of maternal alleles that were originally present on the "p" arm of chromosome 11,

paternal isodisomy is an "allelic imbalance" under the broadest reasonable interpretation.

Bischoff concluded that the isodisomy was present in only a subset of cells, because he
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observed "somatic mosaicism"*' in which some cells in the patient sample were
isodisomic and had lost maternal alleles within the 11p region, but other cells in the
sample were genetically normal and showed "normal biparental inheritance"*” of both the
maternal and paternal alleles in the 11p region. In particular, "[t]wo populations of cells
were detected, a population of cells with normal biparental inheritance for chromosome
11 and a population of cells with partial paternal isodisomy of 11p."*

Bischoff also determined an allelic imbalance "in a biological sample." In
particular, Bischoff analyzed a "blood sample" from his patient,”* which is explicitly
recognized as a preferred biological sample in the '015 patent.*

Because an allelic loss in a subset of blood cells in a sample is an "allelic
imbalance in a biological sample" under the broadest reasonable interpretation, Bischoff's
identification of partial paternal isodisomy is an "allelic imbalance." Accordingly,

Bischoff "determin|ed] an allelic imbalance in a biological sample" under the broadest

reasonable interpretation.

ii) Bischoff discloses "amplifving 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 the biological

sample”

Under the broadest reasonable meaning, Bischoff discloses the amplifying step

recited in claim 1.

21 Bischoff, Abstract

2 Bischoff, Abstract

*  Bischoff, Abstract.

** Bischoff, page 396, right col., last paragraph.
#1015 patent, col. 7, lines 12-13.
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Bischoff started with "template molecules ... obtained from the biological
sample" as recited in claim 1. First, Bischoff took a "blood sample" from his patient,26
which is explicitly recognized as a "preferred" biological sample in the '015 patent.27

From this biological sample, Bischoff generated "a set comprising a plurality of
assay samples" containing the "template molecules” by isolating "single blood

n2

Iymphocytes"™ to generate single-cell assay samples where each cell contains genomic

template molecules. In particular, Bischoff explained that "[p]eripheral blood
lymphocytes (uncultured) from the patient with BWS were individually visualized ... and
micromanipulated first into a wash droplet of DNA-free growth media and then placed

n29

into separate reaction tubes."” Thus, each reaction tube contained a single-cell assay

sample containing genomic template. Bischoff made and analyzed a set of six single-cell
assay samples.”

Using the genome of each isolated cell as a source of template molecules,
Bischoff next performed "[w]hole genome amplification ... on [his] single cell [assay

n3l

sample]s,"”" in the form of a primer extension preamplification (PEP) reaction of the

whole genome."*?

Under the broadest reasonable interpretation, the PEP amplification
procedure resulted in "amplifying template molecules" by generating randomly-amplified

fragments of the original genomic template molecules. Bischoff explained that his PEP

%6 Bischoff, page 396, right col., last paragraph.

27015 patent, col. 7, lines 12-13.

** Bischoff, page 396, right col., last paragraph.

¥ Bischoff, page 398, right col., section titled "Single cell micromanipulation and PEP."
0 See, e.g., Bischoff, Table 1 (showing analysis of six individual cells)

31 Bischoff, Abstract.

> Bischoff, sentence bridging pages 396-397.
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procedure was a form of "[w]hole genome amplification"** which "allows for

amplification of very small amounts of genetic material"**

present in single-cell samples.
The art recognized PEP as an amplification reaction used to "amplify" genomic DNA,
and more specifically recognized PEP as a type of "random PCR."*> Thus, under the
broadest reasonable interpretation, Bischoff "ampliflied] template molecules within a set
comprising a plurality of assay samples" as recited in claim 1.

Finally, Bischoff "form[ed] a population of amplified molecules in each of the
assay samples of the set." In particular, Bischoff analyzed the PEP amplification
products to check for the presence of each allele at four loci of interest. As shown in
Table 2, Bischoff successfully detected PEP amplification products of each locus in
cach of his samples, thereby showing that PEP amplification indeed had successfully
generated "a population of amplified molecules" in each assay sample.

Accordingly, Bischoff discloses "amplifyving 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

the biological sample."

3 Bischoff, Abstract.

*  Bischoff, page 397, sentence bridging left and right cols.

3 See, e.g., Cheung et al., PNAS vol. 93 no. 25, pages 14676-14679 (Dec. 1996) (Exhibit
9), at page 14676, left col., first paragraph (explaining that PEP "uses a random 15-mer to prime
Taq DNA synthesis frequently throughout the genome, [and] has been used to amplify genomic
DNA from as little as a single haploid cell and demonstrates good coverage"); see also von
Eggeling ef al., Human Genetics Volume 99, Issue 2, pp 266-270, (Jan. 1997) (Exhibit 10), at
Abstract (explaining that DNA of single cells "was amplified by at least 50-fold with a random-
PCR technique, viz., primer extension preamplification™).

6 Bischoff, Table 2, page 397.
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iii) Bischoff discloses "analyzing the amplified molecules in the assay
samples of the set"”

Under the broadest reasonable interpretation, Bischoff performed a step of
"analyzing the amplified molecules in the assay samples of the set" as recited in claim 1.

Under that interpretation, "analyzing the amplified molecules in the assay samples
of the set" encompasses analysis of aliquots of the amplified molecules in the samples by
a secondary amplification reaction and electrophoresis.

The '015 patent does not expressly define “analyzing the amplified molecules in
the assay samples of the set." Instead, the '015 broadly allows any analytical method of
choice, stating that “[a]lthough 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 using other types of probes, including TagMan™ (dual-labeled

fluorogenic) probes . . ., pyrene-labeled probes, and other biochemical assays.”’

Hence,
the broadest reasonable interpretation of “arnalysis” encompasses analysis by means of a
secondary marker-specific PCR amplification by gel electrophoresis, as performed by
Bischoff.

In particular, after amplifying his template molecules by whole-genome PEP

amplification, Bischoff analyzed the "resultant product" of PEP amplification by "locus

specific microsatellite marker analysis" using a secondary PCR reaction.”® The purpose

37015 patent, col. 7, lines 49-56.

**  Bischoff, Abstract, see also page 385, last paragraph of Introduction (“Locus specific
amplification was performed to determine the chromosome 11 origins in the preamplified [PEP
products of] individual cells™).
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of the locus-specific analysis was "to determine the [parental] chromosome 11 origins"*’

of alleles within the suspect 11p region. This locus-specific analysis included a "post-
PEP PCR" with radiolabeled locus-specific primers and followed by detection of the
radiolabeled-amplified allelic products at each locus by gel electrophoresis and
autoradiography.* Two 11p "markers HBB and D118904 were selected for analysis ...
[as well as two other] informative markers located outside of the BWS region, CD3D on
11q23 and INFAR on chromosome 21."*" Figure 2 in Bischoff shows the “Post-PEP PCR
of single cells” in which the single cell results are in lanes 4-9 of the depicted
autoradiograph.*”

Accordingly, Bischoff analyzed his PEP amplification products (i.e., "the
amplified molecules in the assay samples") by subjecting aliquots of his PEP
amplification products to locus-specific analysis involving secondary amplification by
PCR, gel electrophoresis, and autoradiography where such locus-specific analysis was
informative of the PEP-amplified copies of each allele ("amplified molecules"). Under
the broadest reasonable interpretation, as explained above, analyzing can include a multi-
step process where one of the steps is a secondary amplification reaction.*

Therefore, Bischoff discloses “analyzing the amplified molecules in the assay

samples of the set.”

39
40

Bischoff, page 395, Introduction, last paragraph.
Bischoff, page 398, section titled "Molecular analysis of genomic DNA" ("One primer
from each set was end-labeled and used in PCR" after which "alleles were separated on a 6%
denaturing polyacrylamide DNA sequencing gel at 70 W for 2-3 h. Gels were wrapped in plastic
and exposed to Kodak XAR film for 2-16 h at - 80°C"); see also following section titled "Post-
PEP PCR ("Each specific locus was amplified [and analyzed] as described above"), and Fig. 2.

*1 Bischoff, paragraph bridging pages 397-398.

2 Bischoff, page 396.

#1015 patent, col. 7, lines 49-56. ("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 ... [and] other biochemical assays.")
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iv) Bischoff's analysis involved both "determinfing] a first number of
assay samples which contain a first allelic form of a marker and a
second number of assay samples which contain a second allelic
form of the marker"” and "comparing the first number_to the
second number to ascertain an allelic imbalance in the biological
sample”

Bischoff analyzed his samples in several ways, each of which "determine/d] a
first number of assay samples which contain a first allelic form of a marker and a second
number of assay samples which contain a second allelic form of the marker" and
"compar|ed| the first number to the second number to ascertain an allelic imbalance" as
recited in claim 1.

The '015 patent does not provide an explicit definition of “first allelic form of a
marker" or "second allelic form of the marker." Bischoff's maternal and paternal alleles
at a single locus can be regarded as "first" and "second" allelic forms, or vice versa.

Bischoff suspected that his blood sample contained an allelic imbalance in which
a subset of cells in his biological sample had lost the "p" arm of maternal chromosome
11. To confirm his theory, Bischoff checked each of his single-cell samples for the
presence of the maternal and paternal alleles at various different loci on chromosome 11
and not on chromosome 11. In particular, Bischoff assayed for the presence of a
maternal and paternal allele at the following loci:

1. two distinct loci located on the suspect "p" arm of chromosome pair
11, specifically the HBB and D11S904 loci;™

2. one locus on the opposite arm "q" of chromosome 11, specifically the
CD3D locus; and

3. one locus on chromosome 21 (the INFAR locus).

* The analysis of both loci are redundant, and Requester will focus mainly on the D11S904

locus going forward. However, Requester’s arguments apply equally to the HBB locus.
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As discussed below, Bischoff determined a first number and a second number of
assay samples containing a first and second allele of interest and comparedthese numbers

to each other in order to ascertain an allelic imbalance.

(a)  Bischoff's analysis involved "determin[ing] a first number of
assay samples which contain a first allelic form of a marker
and a second number of assay samples which contain a second
allelic form of the marker"”

Bischoff determined the presence of all maternal and paternal alleles at his loci as

disclosed in Table 2, reproduced below.

Table 2. Malecutar anatysis of single cells

Lacus Location Mathes Father Single celis Interpreiation®

1 2 3 4 3 6

HEB 1piss 3 1,2 1.1 1.2 1,2 132 i Ll PID: 1.5.6;
NBD: 234

DH1SsM lpid-pi3 4 1.3 14 id 14 14 14 1.1 P 1,56
NBD: 234

Ch3n g3 23 L3 12 1,2 1.2 1.2 12 1,2 NBE

INFAR 2g22.1 13 12 23 3 23 23 23 13 NBD

P ~ paernat isdivorry, NBD — nonnaf biparental disonay, sembers corsespennd to individual single cells.

"Numbers tepresent abieles al each locus.

Table 2 presents the allelic status of all six single-cell samples at the four loci of
interest. All four loci were "informative" for Bischoff's purposes as follows: for each
locus, the patient carried two different alleles, one paternally-inherited and the other
maternally-inherited.

At one locus (D11S904) the father and mother carried different non-inherited
alleles, thus a total of four alleles at this locus were found in the parents (two different
alleles that were inherited by the patient and two different non-inherited alleles),

arbitrarily numbered alleles 1, 2, 3 and 4. In particular, the father carried D11S904
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alleles 1 and 3 and the mother carried D11S904 alleles 2 and 4 and the patient inherited
allele 1 from his father and allele 4 from his mother.

At the other three loci (HBB, CD3D and INFAR) the father and mother carried
the same non-inherited allele, thus a total of three alleles at each locus were collectively
found in both parents (two different alleles that were inherited by the patient and the
same non-inherited allele), arbitrarily numbered alleles 1, 2 and 3. For the HBB locus,
the father carried HBB alleles 1 and 2, the mother carried HBB alleles 2 and 3 and the
patient inherited allele 1 from his father and allele 2 from his mother. For the CD3D
locus, the father carried CD3D alleles 2 and 3, the mother carried CD3D alleles 1 and 3,
and the patient inherited allele 2 from his father and allele 1 from his mother. For the
INFAR locus, the father carried INFAR alleles 1 and 3, the mother carried INFAR alleles
1 and 2, and the patient inherited allele 3 from his father and allele 2 from his mother.

Thus, under the broadest reasonable interpretation, Table 2 discloses a first
number of assay samples containing a first allelic form of a marker and a second number
of assay samples containing a second allelic form at each locus that Bischoff analyzed.
Each of the single cells taken from the patient child constitutes an assay sample as
described previously, above. Each allele can be treated as a "first" or a "second allelic
form of a marker" in downstream comparisons. Treating for example the maternally-
inherited D11S904 allele as the “first allelic form of a marker” (designated D115904
allele 4 in Table 2) and the paternally-inherited D11S904 allele (designated D11S904
allele 1 in Table 2) as the “second allelic form of a marker,” there are 3 assay samples
containing the first allelic form and 6 assay samples containing the second allelic form.

Alternatively, treating the paternally-inherited D11S904 allele (designated D11S904
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allele 1 in Table 2) as the “first allelic form™ and the maternally-inherited D11S904 allele
(designated D11S904 allele 4 in Table 2) as the second allelic form, there are 6 assay
samples containing the first allelic form and 3 assay samples containing the second allelic
form.

Bischoff expressly determined the first and second numbers of assay samples at
cach locus. Regarding the 11p loci HBB and D11S904, Bischoff noted that "[t]hree of
six cells showed paternal disomy [i.e., two paternal and no maternal alleles] with ... two
11p markers" HBB and D11S904.* Bischoff further explained that in "cells numbered 1,
5and 6 ... only the paternal allele" was detected at either 11p locus HBB and D11S904
whereas "[n]ormal biparental inheritance [of both maternal and paternal alleles] was
detected in cells 2, 3 and 4 with the [same] 11p markers."*® Regarding the remaining
"markers located outside of the BWS region, CD3D on 11q23 and INFAR on
chromosome 21," Bischoff noted that there was "normal biparental inheritance in all
single cells" at these markers, i.e., all six assay samples contained the maternal allele and
all six samples also contained the paternal allele of these markers.*’Regardless of which
loci (HBB, D11S904, CD3D, and/or INFAR) are chosen, the results in Table 2, along
with Bischoff's express statements, disclose the determination of a first number of assay
samples containing a first allelic form and a second number of assay samples containing a

second allelic form.

45
46
47

Bischoff, page 398, left col., top paragraph, and Table 2.
Bischoff, page 397, left col., second paragraph , and Table 2.
Bischoff, page 398, left col., top paragraph, and Table 2.
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(b)  Bischoff's analysis involved "comparing the first number ... to
the second number of assay samples”

Bischoff also explicitly compared the first and second number of assay samples.

For the purposes of Comparison 1 ("intra-locus,”" two homologous alleles on
the suspect "p' arm of chromosome pair 11) identified in the overview section,
Bischoff determined that three of the six cell samples ("a first number of assay samples™)
contained "a first allelic form of a marker" in the form of the maternally-inherited allele
at the D11S904 locus on the suspect "p" arm of maternal chromosome 11 (designated as
D11S904 allele 4 in Table 2). In contrast, all six samples (a "second number") contained
"a second allelic form of the marker" in the form of the paternally-inherited D11S904

allele (designated D11S904 allele 1 in Table 2), and compared these two numbers:

- Bischoff explained that "[t]hree of six cells showed paternal disomy [i.e.,
presence of two paternal and absence of maternal alleles] with ... two 11p
markers" HBB and D11S904 (also implicitly indicating that the remaining three
cells showed both maternal and paternal alleles as normal)*®

- Bischoff again noted that in "cells numbered 1, 5 and 6 ... only the paternal
allele" was detected at either 11p locus (i.e., HBB and D11S904) whereas
"[nJormal biparental inheritance [of both the maternal and paternal HBB or
D115904 alleles] was detected in cells 2, 3 and 4 with the [same] 11p
markers.""

- Bischoff elsewhere noted again that "paternal isodisomy of 11p [i.e., presence
of two paternal and absence of maternal alleles at 11p loci HBB or D115904]
was detected in cells 1, 5 and 6 and normal biparental inheritance [of a maternal
and paternal allele] of 11p in cells 2, 3 and 4."*°

For the purposes of Comparison 2 ("intra-locus,”" two homologous alleles on

the non-suspect "q'" arm of chromosome pair 11) ) identified in the overview section,
p q p

48
49
50

Bischoff, page 398, left col., top paragraph, and Table 2.
Bischoff, page 397, left col., second paragraph , and Table 2.
Bischoff, page 397, left col., second paragraph, and Table 2.
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Bischoff determined that all six cell samples ("a first number of assay samples")
contained "a first allelic form of a marker" in the form of the maternally-inherited allele
at the CD3D locus on the non-suspect "q" arm of maternal chromosome 11 (designated
CD3D allele 2 in Table 2), and also that all six samples (a "second number of assay
samples"”) similarly contained "a second allelic form" in the form of the paternally-

inherited CD3D allele (designated CD3D allele 1 in Table 2), and compared these two

numbers:

- Bischoff explained that "informative markers located outside of the BWS
region, CD3D on 11q23 ... demonstrated normal biparental inheritance [of both
the maternal and paternal alleles] in all single cells with no intensity
differences between alleles."”!

- Bischoff again noted that "[n]ormal biparental inheritance [of both the maternal
and paternal CD3D alleles] was detected in ... all single cells with the 11q
marker, CD3D."**

For the purposes of Comparison 3 ("intra-locus,”" two homologous alleles on
non-suspect chromosome pair 21) identified in the overview section, Bischoff
determined that all six cell samples ("a first number of assay samples") contained "a first
allelic form of a marker" in the form of the maternally-inherited allele at the INFAR
locus on maternal chromosome 21 (designated INFAR allele 3 in Table 2), and also that
all six samples (a "second number") similarly contained "a second allelic form" in the

form of the paternally-inherited INFAR allele on paternal chromosome 21 (designated

INFAR allele 2 in Table 2), and compared these two numbers:

51
52

Bischoff, page 398, left col., top paragraph, and Table 2.
Bischoff, page 397, left col., second paragraph , and Table 2.
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- Bischoff explained that "informative markers located outside of the BWS
region, ... [such as] INFAR on chromosome 21, demonstrated normal
biparental inheritance [of both the maternal and paternal INFAR alleles] in all
single cells with no intensity differences between alleles."

- Bischoff again noted that "[n]ormal biparental inheritance [of both the maternal
and paternal INFAR alleles] was detected in ... all single cells ... for the
chromosome 21 marker, INFAR.">*

Therefore, Bischoff "compare[ed] the first number ... to the second number", as

recited in claim 1.

(c)  Bischoff's comparison was done "to ascertain an allelic
imbalance"

By comparing the numbers of assay samples containing a first and second allelic
form, Bischoff "ascertain[ed] an allelic imbalance" in the form of a loss of an allele in a
subset of cells in a sample, as recited in claim 1.

Bischoff analyzed a patient with Beckwith-Wiedemann ("BWS") syndrome to
determine the genetic event underlying the patient's condition.”” Bischoff noted that
some BWS patients had an allelic imbalance in the form of "partial paternal isodisomy of
11p"™° Partial paternal 11p isodisomy (which Bischoff also referred to as “uniparental
disomy” or UPD) is a condition involving an aberrant, unbalanced translocation of a

chromosomal 11p region with subsequent retention of two copies of the paternal 11p

53

Bischoff, page 398, left col., top paragraph, and Table 2.
Bischoff, page 397, left col., second paragraph , and Table 2.
> Bischoff, Abstract.

¢ Bischoff, Abstract.
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region. In addition, the isodisomy in Bischoff's particular patient also "involv [ed] loss of
the maternal 11p region in some cells."’

It should be noted that Bischoff 's paternal isodisomy involved two separate and
distinct genetic aspects: first, loss of maternal 11p alleles and second, disomy (two
copies of paternal 11p alleles). Only the first genetic aspect of Bischoff's isodisomy
(loss of maternal 11p alleles) is relevant to this request — as explained below, Bischoff
checked for maternal allelic loss using the claimed methods.”®

Because paternal 11p isodisomy involves loss of maternal alleles that were
originally present on the "p" arm of chromosome 11, paternal isodisomy is an "allelic
imbalance" under the broadest reasonable interpretation. Bischoff concluded the
isodisomy was present in only a subset of cells because he observed "somatic
mosaicism"” in which some cells in the patient sample were isodisomic and had lost the
maternal allele, but other cells in the sample were genetically normal with "normal

biparental inheritance"®’

of both the maternal and paternal alleles. Table 2 illustrates this
result: cells 1, 5 and 6 at 11p have two paternally-derived alleles and no maternal alleles

whereas cells 2-4 have normal biparental distribution (NBD) at 11p and show one allele

57

Bischoff, page 398, left col., top paragraph. See also Fig. 3, depicting paternal isodisomy
of the 11p arm ("PAT UPD 11p") as a recombinant chromosome pair 11, where both
homologous chromosomes have a "p" arm derived from the father, and neither has a "p" arm
derived from the mother.

% Although Bischoff also checked for disomy of paternal alleles, this analysis is not
relevant to this request. By way of explanation, Bischoff determined disomy by karyotype
analysis, which revealed that all cells appeared to carry two intact chromosomes 11, both
appearing to have an intact 11p arm (“High-resolution chromosome analysis revealed a normal
46, XY karyotype.” ) Because single-cell PCR had indicated that some cells were apparently
missing maternal alleles within the 11p arm of maternal chromosome 11 (at loci D11S904 and
HBB), Bischoff therefore inferred that in these cells, the 11p arm found to be present on the
maternal chromosome 11 by karyotype analysis must have been derived from the paternal
chromosome, and that the patient thus had two 11p regions both derived from the father.

* Bischoff, Abstract.

% Bischoff, Abstract.

34

Page 41 of 1237



from each parent.’’ In particular, "[t]wo populations of cells were detected, a population
of cells with normal biparental inheritance for chromosome 11 and a population of cells
with partial paternal isodisomy of 11p."*

Because an allelic loss in a subset of cells in a sample is an "allelic imbalance”
under the broadest reasonable interpretation, Bischoff's partial paternal isodisomy is an

"allelic imbalance." Accordingly, Bischoff "ascertain[ed] an allelic imbalance" under the

broadest reasonable interpretation.

v)  In Bischoff's amplification methods, "between 0.1 and 0.9 of the
assay samples vield[ed] an amplification product”

This cryptic recitation requires some claim interpretation. Claim 1 initially recites
that "a population of amplified molecules" is generated in the amplifying step. Claim 1
also specifies in the analyzing step that a certain portion of samples yield "an

amplification product" on analysis, instead of referring back to the "amplified molecules”

recited in the amplifying step. The amplifying step does not contain any prior recitation
of "an amplification product” that is recited in the analyzing step, such that the
"amplification product" can be separate and distinct from the "population of amplified
molecules." In fact, if the claim is to be found valid, the "amplification product” of the
analyzing step must necessarily be separate and distinct from the "population of amplified
molecules" of the amplifying step, at least because claim 1 requires that the "population

of amplified molecules" is generated in "each" of the assay samples during the

61 Bischoff, page 397, Table 2.
62 Bischoff, Abstract.
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amplifying step, but also requires that between 0.1 and 0.9 (i.e., not each) of the assay
samples yield "an amplification product” during the analyzing step.

As discussed above, Bischoff performed two separate and successive
amplification reactions. The first amplification reaction was a whole-genome "PEP"
amplification reaction that amplified the genomic template molecules in order "to form a

"63 The second

population of amplified molecules in each of the assay samples.
amplification reaction was a locus-specific PCR reaction in which the PEP-amplified
molecules were analyzed. Thus, under the broadest reasonable interpretation, Bischoff's
secondary locus-specific amplification generates the "amplification product" mentioned
in the analyzing step, that is separate and distinct from the "population of amplified
molecules" generated by PEP whole-genome amplification in the preceding amplifying
step.

Although claim 1 specifies that "0.1 to 0.9 of the assay samples yield an
amplification product,” claim 1 does not specify the particular template sequence from
which the "amplification product” is derived. Bischoff's secondary locus-specific
amplification reaction generated multiple different amplification products from different
template sequences or loci. Dependent claim 4, which is necessarily included within the
scope of base claim 1, states that “between 0.1 and 0.9 of the assay samples yield an
amplification product "as determined by amplification of the first allelic form. Solely for

the purposes of this reexamination, Requester will proceed on the premise that by

amplifying a "first allelic form of a marker" in 0.5 (i.e., between 0.1 and 0.9) of his assay

63 See Section (VI)(A)(2)(ii) above.
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samples as explained below, Bischoff necessarily anticipates dependent claim 4 and
thereby also anticipates base claim 1, under the broadest reasonable interpretation.

Bischoff analyzed his PEP amplification products by a secondary analytical locus-
specific PCR reaction, and found in "cells numbered 1, 5 and 6 ... only the paternal
allele" showed a (secondary) amplification product at the D11S904 locus whereas
"[nJormal biparental inheritance was detected" by generation of secondary amplification
products of both the maternal and paternal alleles "in cells 2, 3 and 4 with the [same] 11p
markers."®" Taking the maternal D11S904 allele as the "first allelic form of a marker,"
Bischoff found that only three ("a first number'") of six single-cell assay samples
apparently contained this allele. Thus, three of six (i.e., 0.5) assay samples yielded an
amplification product of the first allelic form. Taking the maternal allele at the 11p locus
HBB as the "first allelic form" yields the same result: three of six (i.e., 0.5) assay samples
were found to contain the first allelic form. Because 0.5 is between 0.1 and 0.9, "between
0.1 and 0.9 of the assay samples yield[ed] an amplification product" from the secondary
analytical amplification, as recited in claim 1.

Accordingly, Bischoff teaches that "between 0.1 and 0.9 of the assay samples

yield[ed] an amplification product” as recited in claim 1.

vi) Bischoff'succeeded in "identifving an allelic imbalance in the
biological sample"”

By performing the claimed steps, Bischoft "identiffied]an allelic imbalance in the
biological sample" as recited in claim 1. Bischoff determined the presence of an allelic

imbalance as a loss of maternal 11p region in his biological sample. In particular,

% Bischoff, page 397, left col., second paragraph.
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Bischoff noted that in "cells numbered 1, 5 and 6 ... only the paternal allele” was
detected at either 11p locus (i.e., HBB and D11S904) whereas "[n]ormal biparental
inheritance [of both the maternal and paternal HBB or D115904 alleles] was detected in

165

cells 2, 3 and 4 with the [same] 11p markers."”” Bischoff referred to this result as “partial

paternal isodisomy of 11p.”%

As explained, Bischoff 's paternal isodisomy involved two separate and distinct
genetic aspects: first, loss of maternal 11p alleles and second, disomy (two copies of
paternal 11p alleles). Only the first genetic aspect of isodisomy (loss of maternal 11p
alleles) is relevant to this request — in particular, Bischoff determined maternal allelic loss
using the claimed methods. %

Because paternal 11p isodisomy involves loss of maternal alleles that were
originally present on the "p" arm of chromosome 11, Bischoff's partial paternal

isodisomy is an "allelic imbalance." Accordingly, Bischoff successfully "identiffied] an

allelic imbalance in the biological sample" as recited in claim 1.

3. Detailed explanation of the pertinency and manner of applying
Bischoff to independent claim 8

Independent claim 8 is substantially identical to independent claim 1, with the

following main differences:

65

Bischoff, page 397, left col., second paragraph, and Table 2.

% Bischoff, Abstract.

67 Although Bischoff also checked for disomy of paternal alleles, this analysis is not
relevant to this request. By way of explanation, Bischoff determined disomy by karyotype
analysis, which revealed that all cells appeared to carry two intact chromosomes 11, both
appearing to have an intact 11p arm (“High-resolution chromosome analysis revealed a normal
46, XY karyotype.” ) Because single-cell PCR had indicated indicated that some cells were
apparently missing maternal alleles within the 11p arm of maternal chromosome 11 (at loci
D11S904 and HBB), Bischoff therefore inferred that in these cells, the 11p arm found to be
present on the maternal chromosome 11 by karyotype analysis must have been derived from the
paternal chromosome, and that the patient thus had two 11p regions both derived from the father.
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e C(Claim 8 recites a distributing/set-forming step before the amplifying step,
i.e., "distributing nucleic acid template molecules from a biological
sample to form a set comprising a plurality of assay samples;"

e In contrast to claim 1, claim 8 does not require that amplification takes
place in "each" assay sample;

e In contrast to claim 1, claim 8 does not require that "between 0.1 and 0.9
of the assay samples yield an amplification product” of a first or second
allelic form,;

e Claim 8 explicitly specifies that the allelic imbalance is between the first
allelic form and the second allelic form; and

e Claim 8 does not require that an allelic imbalance is actually identified in

the biological sample.

i) Bischoff discloses "A method for determining an allelic imbalance
in a biological sample, comprising the steps of:"

As explained with respect to claim 1 in Section (VI)(A)(2)(7), Bischoff discloses a
"method for determining an allelic imbalance in a biological sample," as also recited in

claim 8.

ii) Bischoff discloses "distributing nucleic acid template molecules
from a biological sample to form a set comprising a plurality of
assay samples;”

This distributing/set-forming step is not recited in claim 1. Bischoff, however,
discloses such a step. Bischoff explains that to demonstrate allelic imbalance, a "blood

sample was obtained for single cell analysis" from his patient, and "[b]y
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micromanipulation, single blood lymphocytes were isolated."®® In particular,
"[pJeripheral blood lymphocytes (uncultured) from the patient with BWS were
individually visualized ... and micromanipulated first into a wash droplet of DNA-free
growth media and then placed into separate reaction tubes."”

Accordingly, Bischoff started with a biological sample (blood) and distributed
single cells containing genomic template molecules into "separate reaction tubes," where
cach tube contained a single-cell assay sample. Thus, each tube contains nucleic acid
template molecules from one peripheral blood lymphocyte. Bischoff thereby discloses

"distributing nucleic acid template molecules from a biological sample to form a set

comprising a plurality of assay samples" under the broadest reasonable interpretation.

iii) Bischoff discloses "amplifving the template molecules within the
assay samples to form a population of amplified molecules in the
assay samples of the set; "

As explained with respect to claim 1 in Section (VI)(A)(2)(i7), Bischoff discloses
a "amplifying the template molecules within the assay samples to form a population of

amplified molecules in the assay samples of the set," as also recited in claim 8.

iv) Bischoff discloses "analyzing the amplified molecules in the assay
samples of the set"”

As explained with respect to claim 1 in Section (VI)(A)(2)(ii7), Bischoff discloses
"analyzing the amplified molecules in the assay samples of the set," as also recited in

claim 8.

68
69

Bischoff, sentence bridging pages 396-397.
Bischoff, page 398, right col., section titled "Single cell micromanipulation and PEP."
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v)  Bischoff's analysis involved both "determinfing] a first number of
assay samples which contain a first allelic form of a marker and a
second number of assay samples which contain a second allelic
form" and "comparing the first number ... to the second number of
assay samples to ascertain an allelic imbalance between the first
allelic form and the second allelic form in the biological sample.”

As explained with respect to claim 1 in Section (VI)(A)(2)(iv), Bischoff's analysis
involved both "determinfing] a first number of assay samples which contain a first allelic
form of a marker and a second number of assay samples which contain a second allelic
form of the marker" and "comparing the first number ... to the second number of assay
samples to ascertain an allelic imbalance ... in the biological sample," as also required

by claim 8. Bischoff also anticipates the additional language found in this limitation in

claim 8.

vi) Bischoff's purpose was to ascertain an_allelic imbalance "between
the first allelic form and the second allelic form”

In contrast to claim 1, claim 8 additionally specifies that the allelic imbalance is
"between the first allelic form and the second allelic form," which was not explicitly
stated in claim 1.

Bischoff ascertained an allelic imbalance "between the first allelic form and the
second allelic form" as recited in claim 8. For example in Comparison 1 ("intra-
locus," two homologous alleles on the suspect "p'" arm of chromosome pair 11)
identified in the overview section, Bischoff determined that three cell samples (i.e., "a

first number") contained the maternally-inherited allele at the D11S904 locus (allele 4),
situated on the suspect "p" arm of maternal chromosome 11 (i.e., "a first allelic form").

In contrast, all six samples (a "second number") contained the paternally-inherited
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D11S904 allele (allele 1) on paternal chromosome 11 (i.e., "a second allelic form™), and
compared these two numbers. "

By ascertaining that an allelic imbalance existed between two alleles at the
D11S904 locus, one situated on the maternal chromosome and the other allele situated on
the paternal chromosome, Bischoff thereby ascertained that an allelic imbalance existed
between the first and second allelic forms.

Bischoff therefore ascertained an allelic imbalance "between the first allelic form

and the second allelic form," as recited in claim §.

4. Detailed explanation of the pertinency and manner of applying
Bischoff to claims 7 and 9

Dependent claim 7 recites the method of claim 1 "wherein the sample is from
blood." Dependent claim 9 recites the method of claim 8 "wherein the sample is from
blood."”

As explained above, Bischoff anticipates base claims 1 and 8. In addition,
Bischoff started with a biological sample in the form of a "blood sample" and isolated
single lymphocytes from this sample: “To determine whether somatic mosaicism was
present in the patient, a ... blood sample was obtained for single cell analysis. By
micromanipulation, single blood lymphocytes were isolated ..."."*

Accordingly, Bischoff anticipates claims 7 and 9 as well as base claims 1 and 8.

70
71

See, e.g., Bischoff, page 398, left col., top paragraph, and Table 2
Bischoff, page 396, right col., last paragraph.
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S. Detailed explanation of the pertinency and manner of applying
Bischoff to claims 4, 5,10, 11, 16 and 17

Dependent claims 4, 5, 10, 11, 16 and 17 all recite the method of claim 1 and/or
claim 8 wherein a specified subpopulation of the assay samples "vield an amplification

product." Under the broadest reasonable interpretation, Bischoff anticipates these claims.

i) Anticipation of claims 10 and 11

Dependent claims 10 and 11 recite the method of claims 1 or 8, where "between
0.1 and 0.6" (claim 10) or "between 0.3 and 0.5" (claim 11) "of the assay samples yield
an amplification product,” without specifying what particular template sequence the
amplification product is generated from.

Base claim 1 makes clear that "an amplification product” as recited in claims 10
and 11 is separate and distinct from the "population of amplified molecules" generated in
the amplifying step of the base claims. As discussed in Section (VI)(A)(2)(v), base claim
1 initially recites that "a population of amplified molecules" is generated in the
amplifying step, but later specifies in the analyzing step that a certain portion of samples
yield "an amplification product" instead of referring back to the "amplified molecules"
recited in the amplifying step. In fact, "an amplification product” of the analyzing step of
claim 1 must necessarily be separate and distinct from the "population of amplified
molecules" generated in the amplifying step of claim 1, at least because claim 1 requires
that the "population of amplified molecules" is generated in "each" of the assay samples
during the amplifying step, but also requires that between 0.1 and 0.9 (i.e., not each) of

the assay samples yield "an amplification product” during the analyzing step.
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Under the broadest reasonable interpretation, "an amplification product" reads
upon the secondary amplification products of Bischoff's secondary locus-specific PCR
reactions performed after Bischoff's primary PEP amplification reaction.

Although claims 10 and 11 fail to specify that the "amplification product” has any
particular sequence, dependent claim 16, which also depends from claim 1, has identical
language to claims 10 and 11 and further specifies that a certain portion of the assay
samples yield an amplification product "as determined by amplification of the first allelic
form of the marker." Thus, claims 10 and 11 should be anticipated if "between 0.1 and
0.6" (claim 10) or "between 0.3 and 0.5" (claim 11) "of the assay samples yield an
amplification product” as determined by amplification of the first allelic form of the
marker.

Analyzing the products of his secondary locus-specific amplification reaction,
Bischoff found that three of six single-cell assay samples yielded an amplification
product as determined by amplification of the first allelic form of a marker (specifically,
the maternal HBB allele). Thus, 0.5 (i.e., three of six) assay samples yielded "an
amplification product” as determined by the maternal HBB allele. Bischoff also found
the same results when examining the D11S904 locus.

Because claims 10 and 11 allow "an amplification product" to be amplified from
any particular sequence including Bischoff's maternal HBB allele or maternal D11S904
allele, and because Bischoff saw maternal amplification product of the HBB or D11S904
marker in 0.5 (i.e., between 0.1 and 0.9) of his assay samples, Bischoff anticipates claim

10 and 11 in addition to base claim §.
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ii) Anticipation of claims 4, 5, 16 and 17

Dependent claims 4 and 16 specify that "between 0.1 and 0.9 of the assay samples
yield an amplification product as determined by amplification of the first allelic form of a
marker." Dependent claims 5 and 17 specify that "between 0.1 and 0.9 of the assay
samples yield an amplification product as determined by amplification of the second
allelic form." Claims 4 and 5 depend on claim 1 and claims 16 and 17 depend on claim
8, and both base claims are anticipated by Bischoff as discussed above.

Bischoff anticipates claims 4 and 16. Bischoff analyzed his PEP amplification
products by a secondary analytical locus-specific PCR reaction, and more specifically
checked for "an amplification product as determined by amplification of the first allelic
form of a marker" in the form of the maternal D11S904 allele (D11S904 allele 4 in Table
2) and the maternal HBB allele (HBB allele 2) both on chromosome 11, which he
suspected was lost in a subset of cells. Bischoff found that only three of six single-cell
assay samples yielded an "amplification product as determined by amplification of the

first allelic form of a marker" in the form of the maternal D11S904 and HBB alleles. In
particular, Bischoff found in "cells numbered 1, 5 and 6 ... only the paternal allele”
showed a (secondary) amplification product at the D11S904 and HBB loci whereas
"[n]ormal biparental inheritance" - i.e., presence of both the maternal and paternal alleles
- was detected "in cells 2, 3 and 4."”* The paternal D11S904 and HBB alleles would be
the second allelic form of the marker here, respectively. Thus, three of six or 0.5 assay
samples yielded "an amplification product as determined by amplification of the first

allelic form of a marker" of the maternal D11S904 or HBB alleles. Because 0.5 is

72

Bischoff, page 397, left col., second paragraph.
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"between 0.1 and 0.9 of the assay samples,”" and because Bischoff anticipates both claims
1 and 8 as described above, Bischoff also thereby anticipates claims 4 and 16.

Similarly, dependent claims 5 and 17 specify that "between 0.1 and 0.9 of the
assay samples yield an amplification product as determined by amplification of the
second allelic form." Bischoff made various comparisons between various sequences and
his maternal D11S904 and HBB alleles, thereby treating the maternal D11S904 allele
(D11S904 allele 4 in Table 2) or the maternal HBB allele (HBB allele 2 in Table 2) as a
"second allelic form" under the broadest reasonable interpretation. Because Bischoff saw
maternal D11S904 or maternal HBB amplification product in 0.5 of his assay samples,
Bischoff anticipates these claims as well.

Accordingly, Bischoff anticipates claims 4, 5, 10, 11, 16 and 17 in addition to

anticipating their base claims 1 and 8.

B. Proposed rejection 2: Bischoff renders obvious claims 2, 3, 14, and 15
in view of Kalinina under 35 U.S.C. § 103(a)

Dependent claims 2 and 14 recites the method of base claims 1 and 8, wherein
"the step of amplifving employs real-time polymerase chain reactions." Dependent
claims 3 and 15 recite the method of base claims 1 and 8 "wherein the real-time
polymerase chain reactions comprise a dual-labeled fluorogenic probe." All claims are
obvious over Bischoff in view of Kalinina.”

As discussed above, Bischoff anticipates base claims 1 and 8, by isolating single

cells and performing a PEP amplification step. This amplification increases the amount

7 Kalinina et al., Nanoliter scale PCR with TagMan detection. Nucleic Acids Res.

25(10):1999-2004 (May 15, 1997), forming prior art to the '015 patent under 35 U.S.C. § 102(b)
(Exhibit PA-2).
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of DNA sequence of interest for the subsequent analysis step, which uses hybridization
with labeled sequence-specific probes.

Kalinina describes amplification of single-template molecules in nanoliter-volume
samples, where amplification and analysis employ "real-time polymerase chain reactions
comprisfing] a dual-labeled fluorogenic probe" as required by claims 2 and 14. The
analysis method used in Kalinina is the well-known TaqMan® assay, in which dual-
labelled TagMan® probes are included within the amplification reaction mixture during
the amplification procedure itself and hybridize in real-time to a cognate amplification
product as it is being generated. The probe used in Kalinina contains 6-
carboxyfluorescein on the 5” end of the probe and 6-carboxytetramethylrhodamine on an
internal nucleotide.” Both of these moieties are fluorogenic.”” The '015 patent explicitly

"7 and are used in

recognizes that TagMan®™ probes are "dual-labeled fluorogenic probes,
real-time PCR reactions.”’

In Kalinina's TagMan® assay, PCR amplification of a sequence of interest is
performed in the presence of an oligonucleotide probe labeled with a fluorescent reporter
and a quencher molecule.” As amplification progresses, the dual-labeled probe will

hybridize to the amplified target sequence and the reporter molecule will be cleaved from

the probe by Taq polymerase, resulting in an increase in fluorescence of the reporter.”

74
75

Kalinina, page 2000 (Molecular biology reagents).
Id. (“Typical values for average pixel intensity were ~ 130 relative fluorescence units
(RFU) for fluorescein and ~ 60 RFU for rhodamine, with background emission from empty
capillaries ~20 RFU at both wavelengths. In different experiments the fluorescein:thodamine
(F/R) ratio varied from ~1.0 to 2.0 in samples containing PCR product.”)

015 patent, col. 7, lines 49-56.

77015 patent, col. 5, lines 34-39.

"8 Kalinina, Abstract.

7 Kalinina, page 1999, left col. (Introduction).
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The TaqMan® probe assay has the advantages of being more sensitive than conventional
probe assays and better able to "detect PCR product derived from single template
molecules,"® such as Bischoff's amplification products.

It would have been obvious to combine use of the TaqMan® assay described in
Kalinina in single-cell amplification and determination of allelic imbalance as taught by
Bischoff, under at least the following rationales:

Obviousness: Known FElements and Predictable Result

Under 35 U.S.C. § 103, where a claim "'simply rearranges old elements with each
performing the same function it had been known to perform' and yields no more than
what one would expect from such an arrangement, the combination is obvious." KSR
Intl. Co. v. Teleflex, Inc., 550 U.S. 398, 417 (2007), quoting Sakraida v. Ag. Pro., Inc.,
425 U.S. 273, 282 (1976).

Kalinina indicates that her methods are designed to "detect single starting
template molecules," just as Bischoff's were (e.g., Bischoff's methods were intended to
detect the presence of a single template sequence molecule in the form of a paternal 11p
allele).®' Kalinina's TaqMan® assay was specifically designed and optimized for use in
single-molecule PCR assays such as Bischoff's. Both Bischoff and Kalinina both
amplified and analyzed amplification products starting from one (or two) template
molecule(s).*

Bischoff used two discrete amplification reactions: the first to amplify the locus of

interest and the second to detect and analyze the amplified products. Performing two

80
81
82

Kalinina,page 2003.

Kalinina, Abstract.

Kalinina, page 2001, right col. (“Human DNA was diluted so that PCRs contained 0-14
haploid genome equivalents (0-42 pg)/capillary.”)
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separate amplification reactions doubled the time, energy and resources needed for
amplification, after which Bischoff's analysis procedure of overnight autoradiography
required additional time. In contrast, Kalinina's use of the TaqMan® assay allowed both
the amplification and the detection of the amplified products to occur in "real time."
Bischoff used a rather complicated procedure in order to amplify and analyze single
templates in single cells (specifically, an amplifying step in the form of PEP
amplification followed by any analyzing step including a locus-specific PCR reaction,
and overnight autoradiography). In contrast, Kalinina's TagMan® procedure was simpler
and more efficient, combining both amplification and analysis in a single step in real
time. Kalinina's amplification reaction would have been an obvious alternative to
Bischoff's PEP amplification reaction as of the priority date of the '015 patent. Kalinina's
data also indicated that her amplification reaction was sensitive and efficient enough to
always yield an amplification product from diploid-genome samples such as Bischoff's
under the right conditions.* For example, Table 1 in Kalinina shows that for a small
capillary diameter (25 or 30 um), all assay samples containing the equivalent of 1.5
haploid genome equivalents yielded an amplification product (i.e., the "[f]raction of
capillaries with max F/R > 1" was 1.0). The concentration of 1.5 haploid genomes per

sample (which corresponds to 1.5 templates) is slightly less than that of Bischoff, whose

% Kalinina, Table 1 (reactions with at least 1.5 haploid genomes equivalens/capillary in

smaller capillaries (20 and 30 pm diameters).). PCR reactions "were scored as positive if the
maximum F/R ratio along the tube was > 1.0" (page 2001, right col., second-last paragraph).
Although Table 2 indicates that amplification was less efficient in larger capillaries, Kalinina
teaches that the smaller the capillary size, the less efficient the amplification (e.g., page 1999,
right col., stating that in order to "achieve single molecule sensitivity" with other PCR methods,
generally "two or more sequential PCRs usually have to be performed, often using nested sets of
primers ... [w]e reasoned that the sensitivity of the TagMan assay could be improved to enable
detection of single starting molecules if reaction volumes were reduced").
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assay samples each contained 1 diploid genome (i.e., the equivalent of 2 haploid
genomes, containing two template molecules).

It would have been obvious to use Kalinina's amplification methods in a single-
cell amplification procedure as taught by Bischoff. It should be noted that Bischoff
determined allelic imbalance by comparing numbers of each allele at a single locus of
interest. Kalinina's TaqMan® assays were designed for exactly such analysis. Bischoff
compared multiple different combinations of first and second allelic forms of a single
marker, where each independent comparison was informative of allelic imbalance. At
least some of these comparisons were limited to comparing alleles at a single locus (e.g.,
the D11S904 locus at 11p) to check for a difference in numbers of assay samples
indicative of an allelic imbalance at that locus.*® Although Bischoff followed up by
analyzing multiple different loci both inside and outside the imbalanced 11p portion of
the genome, these comparisons were redundant over each other and merely served to
locate the metes and bounds of the imbalanced genomic region (which was found to be
limited only to the "p" arm of chromosome 11 and did not extend to the "q" arm of
chromosome 11 or to other chromosomes such as chromosome 21). (Although analysis
of multiple loci within a single cell is not required for the claimed methods, it would in
any case have been obvious to perform Kalinina's TagqMan® assays in a multiplexed

format on Bischoff's single-cell samples if a skilled worker wished to analyze multiple

loci within a single cell).

¥ Bischoff, page 397, left col., ("In cells 1, 5 and 6, the 11p markers, HBB and D 11 S904,
revealed the presence of only the paternal allele [but not the maternal allele at the same locus]...
paternal isodisomy of 11p was detected in cells 1,5 and 6 and normal biparental inheritance of
I1pincells 2, 3 and 4.")
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Thus, a person using Kalinina's TagMan®method on a single 11p locus would
have arrived at the same conclusion as Bischoff, based on the same result (i.e., that an
allelic imbalance existed because the number of samples containing a maternal 11p allele
were less than the number of samples containing an 11p paternal allele). The '015 claims
therefore embody a merely predictable substitution of Kalinina's TagMan® procedure for
Bischoff's PEP amplification procedure for single-cell PCR as taught by Bischoff's.

Therefore, it would have been obvious to the skilled person to have used the
TagMan® assays to analyze single cells as taught by Bischoff. Both Bischoff and
Kalinina disclose the genetic analysis of very small quantities of starting genetic material,
such as a single cell or single template. However, the TaqgMan® assay, as discussed
above, was a well-developed commercial assay with significant advantages over
Bischoff, including the ability to perform both the amplification and the analysis in a
single reaction container or receptacle. The '015 patent acknowledges that TagMan®
probes were commercially available by the priority date of the 706 patent, and that a
skilled person would have been able to routinely implement the assay in Bischoff's
single-cell amplification format to obtain predictable results.*> While Bischoff used a
more complicated procedure than Kalinina's TagMan® procedure in order to analyze
multiple loci on a single cell (a PEP amplification followed by locus-specific PCR
reaction and overnight autoradiography), it would have been obvious to amplify different

single loci using TaqMan® probes to arrive at the same results. Thus, claims 2, 3, 14, and

%5 1015 patent, col. 7, lines 49-56 ("Although the working examples demonstrate the use of

molecular beacon probes as the means of analysis ... other techniques can be used as well. These
include ... hybridization with other types of probes, including TagManTM (dual-labeled
fluorogenic) probes (Perkin Elmer Corp./Applied Biosystems, Foster City, Calif.),").
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15 would have been prima facie obvious to one of ordinary skill in the art at the time of
invention.

Obviousness: Reasons to Combine

Although a reason to use Kalinina's TagMan® assay to generate Bischoff's single-
genome assay samples is not required, an apparent reason to combine the known
clements as claimed may be evidenced by the teachings of the references themselves,
issues in the technical area, or the skill in the art. KSR, 550 U.S. at 418. Here, reasons to
combine are directly provided by the references themselves.

Kalinina explicitly teaches the many advantages of TaqMan® assays, including
that the "assay involves fluorescence measurements that can be performed without
opening the PCR tube," and, as a result, "the risk of carry-over contamination is greatly
reduced."®® In particular, Kalinina details use of an improved PCR technique that would
eliminate the need for the gel electrophoresis and subsequent autoradiography of Bischoff
altogether by allowing for amplification and analysis in a single tube. While Bischoff
used a more complicated procedure in order to analyze multiple loci on a single cell (a
PEP amplification followed by locus-specific PCR reaction, and overnight
autoradiography) than Kalinina's TaqMan® procedure, it would have been obvious to
amplify different single loci in different cells using TagMan® to arrive at the same
results. It would have been prima facie obvious to one of ordinary skill in the art to
modify the PCR method taught by Bischoff to use the TagMan® apparatus described in
Kalinina to perform the amplification and detection/analysis of DNA sequences in cells

with predictable results.

% Kalinina at page 1999.
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Obviousness: Known Technique to Improve Known Method

KSR and the MPEP provide that, where a known technique has been used to
improve a base method ready for improvement, a POSITA would be capable of applying
the known improvement to the base method.®” Both Bischoff and Kalinina are directed to
the use of PCR methods for molecular analysis of target nucleic acids. Kalinina
recognizes that TaqMan® assays impart single-molecule sensitivity to PCR reactions and

reduce the risk of carry-over contamination."™*

Bischoff used a more complicated
workflow in order to analyze multiple loci on a single cell than Kalinina's TaqMan®™
procedure (specifically, a PEP amplification followed by locus-specific PCR reaction and
overnight autoradiography). But it would have been obvious to amplify different single
loci in different cells using TagMan® to arrive at the same results. Therefore, it would
have been obvious to one of skill in the art to use the single tube assay techniques in
Kalinina to improve the base assays of Bischoff with predictable results.

For at least these reasons, the combination of Bischoff and Kalinina renders

claims 2, 3, 14, and 15 obvious.

C. Proposed rejection 3: Bischoff renders claims 12 & 13 obvious in view
of Li under 35 U.S.C. § 103(a)

Dependent claims 12 and 13 recite the method of claims 1 or 8, "wherein the set

comprises at least" 500 (claim 12) or 1000 (claim 13) "assay samples."

87 See MPEP at §2143(C).
% Kalinina, page 1999.
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Under the broadest reasonable interpretation, Bischoff renders claims 12-13
obvious in view of Li.*” Bischoff anticipates base claims 1 and 8 as explained previously.
Li teaches or suggests single-cell PCR on greater than 500 or greater than 1000 assay
samples, as recited in claims 12-13 respectively.

Specifically, Li teaches the method of single-cell PCR on both haploid (sperm)
and diploid cells and made and analyzed a set of single-cell assay samples by single-cell
PCR, and checked for imbalance in allelic representations in the form of segregation
distortion in haploid cells.”® Thus, both Bischoff and Li relate to the amplification and
genotyping of single cells, in order to discover genetic imbalances in a biological sample,

under the broadest reasonable interpretation.

i) Obviousness of claims 12-13

In prosecution of a pending continuation of the '015 patent, the PTO recently
found that Li would have rendered it obvious to use a set of 500 or 1000 assay samples
when amplifying and analyzing single-cell samples,”" just as Bischoff did. In particular,

the PTO found that:

Li expressly suggested analyzing 500 assay samples (page 416,
last paragraph), and that it would have been prima facie obvious
... to distribute 500, or even 1000 individual sperm [samples]
and assay according to Li's technique. One would have been
motivated to do so because Li stated (page 416, first paragraph of

¥ Li et al., Amplification and analysis of DNA sequences in single human sperm and diploid
cells. Nature. 29;335(6189):414-7 (1988), which forms prior art to the '015 patent under 35
U.S.C. § 102(b) (Exhibit PA-3).

% Li, page 415, right col., last paragraph. Li is being applied as an anticipatory reference
against the claims of a parent patent No. 6,440,706 in a concurrent reexamination, and the
Examiner is referred to the request filed in that reexamination for a detailed description of Li's
teachings.

L Prosecution history of continuing App. No. 13/071,105 (Exhibit 11), Non-Final Office
Action mailed October 10, 2012, at pages 7-8.
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"Discussion"): A significant advantage of the approach described
here is that a large number of meiotic products can be examined
from a single individual allowing determination of the
recombination frequency ... Li's express contemplate[ion] [sic]
of 500 individual meiotic events certainly renders claim 63
obvious, and, by simple extrapolation, ... [other claims] which
merely require more assay samples (i.e., 1000).

The PTO focused on Li's express teachings that determination of recombination
frequency requires a large number of samples to get statistically significant results,
because recombination happens at a rate of 1% per million base pairs.”” Li also teaches
that his single-cell PCR methods are useful for a variety of purposes other than
recombination frequency determination. For example, Li suggested that reliable analysis
of "very large numbers" of single-cell samples would allow one to study "some
mutational events which cannot be analysed by conventional methods."”* A mild allelic
imbalance showing infrequent loss of an allele is one exemplary mutational event to
which single-cell PCR of "very large numbers" of cells could advantageously be applied.
Accordingly, it would have been obvious to use Bischoff's allelic imbalance analysis on
samples sets of over 500 and over 1000 samples as suggested by Li, especially in the case

of subtle allelic imbalances, such as the somatic mosaicism (i.e., allelic imbalance) of

> Li, "Discussion" bridging pages 416-417 ("To date there have been no practical methods

for accurate measurement of genetic distances of less than 1 ¢cM. A significant advantage of the
approach described here is that a large number of meiotic products can be examined from a single
individual allowing determination of the recombination frequency between genetic markers
which are physically very close. Because it should be possible to obtain statistically significant
data on recombination frequencies from a single individual, it should also be possible to
determine for the first time whether different individuals have the same or different rates of
recombination for the same interval. ... Pedigree analysis cannot measure recombination over the
short intervals typical of many of the hot spot regions that have been deduced from population
genetics data, given the number of informative families required and the effort involved in
obtaining the data. With PCR, we can envisage typing as many as 500 meiotic products in a
week. Decreasing the number of samples containing two sperm and increasing the efficiency of
amplification of both loci simultaneously will be required for the highest resolution ...").

% Li, page 417, left col., first paragraph.
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Bischoff. Thus, dependent claims 12 and 13 are prima facie obvious over Bischoff in

view of Li.

Obviousness: Known FElements and Predictable Result

Under 35 U.S.C. § 103, where a claim "'simply rearranges old elements with each
performing the same function it had been known to perform' and yields no more than
what one would expect from such an arrangement, the combination is obvious." KSR
Intl. Co. v. Teleflex, Inc., 550 U.S. 398, 417 (2007), quoting Sakraida v. Ag. Pro., Inc.,
425 U.S. 273, 282 (1976).

It would have been prima facie obvious to detect allelic loss at the D11S904
locus, as taught by Bischoff, using a large number of samples as suggested by Li. When
considering obviousness of a combination of known elements, the operative question is
"whether the improvement is more than the predictable use of prior art elements
according to their established functions." KSR, 550 U.S. at 398; MPEP § 2141. Here, the
methods of Bischoff and Li perform the same functions when operating together as each
does separately, forming nothing more than a combination of well-known procedures in
accordance with their intended functions. The '015 claims therefore embody a merely
predictable use of prior-art elements.

Obviousness: Reasons to Combine

Although a reason to combine Bischoff with Li is not required, an apparent reason
to combine the known elements as claimed may be evidenced by the teachings of the
references themselves, issues in the technical area, or the skill in the art. KSR, 550 U.S.
at 418. Here, reasons to combine are evidenced by the references themselves. Both

Bischoff and Li relate to the amplification and detection of alleles at a locus of interest
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using single-cell PCR. Li also teaches that his single-cell PCR methods are useful for a
variety of purposes other than recombination frequency determination. For example, Li
suggested that reliable analysis of "very large numbers" of single-cell samples would
allow one to study "some mutational events which cannot be analysed by conventional
methods."* A mild allelic imbalance showing infrequent loss of an allele is one
exemplary mutational event to which single-cell PCR of "very large numbers" of cells
could advantageously be applied. When analyzing loci for such mild allelic imbalance, it
would thus have been obvious to one of ordinary skill to use a large number of assay
samples in Bischoff's single-cell analysis to ensure that mild forms of allelic imbalance
would be detected.

Thus, dependent claims 12 and 13 are prima facie obvious over Bischoff in view

of Li.

D. Proposed rejection 4: Bischoff renders claims 6 & 18 obvious in view
of Ruano 1I under 35 U.S.C. § 103(a)

Dependent claims 6 and 18 recites the methods of base claims 1 and 8§,
respectively, "wherein the amplified molecules in each of the assay samples in the first
and second numbers of assay samples are homogeneous such that the first number of
assay samples do not contain the second allelic form of the marker and the second

number of assay samples do not contain the first allelic form of the marker." Bischoff

94

Li, page 417, left col., first paragraph.
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anticipates base claims 1 and 8, as discussed above. In addition, Bischoff renders claims
6 and 18 obvious in view of Ruano II°” under the broadest reasonable interpretation.

In particular, Bischoff anticipates base claims 1 and 8 by teaching the use of
single-cell PCR to distinguish between two alleles at a given locus. Bischoff amplified
both alleles in diploid cells simultaneously in a single reaction by PEP amplification and
analyzed the PEP-amplified molecules by secondary locus-specific PCR in order to
determine whether individual cells in his biological sample had lost an 11p maternal
allele (i.e., an allele on the "p" arm of maternal chromosome 11) and had thereby
switched from a heterozygous allelic state to a hemizygous allelic state in which only the
paternal allele was retained at this locus.

Ruano II teaches an amplification method which yields "amplified molecules" that
meets the requirements of claims 6 & 18. Ruano II teaches allele-specific PCR as an
alternative amplification method that differentiates between two alleles at a single locus.

Specifically, Ruano II used two different primer pairs in two separate PCR
reactions, each pair capable of selectively amplifying only one allele and not the other.
Ruano II studied a sample that was heterozygous at the globin gene locus, using a first
primer pair having one primer "GR3" that annealed specifically to a first globin allele and
the second primer pair having another primer "GR1" that annealed specifically to a
second globin allele. For example, Ruano II states “the polymorphism defining the allele

is at the 3' end of one of the two primers ... The presence or absence of product after

amplification with a given allele-specific primer ... types the polymorphic priming

% Ruano et al., Nucleic Acids Res. 17(20):8392 (Oct 25, 1989), which forms prior art to the
'015 patent under 35 U.S.C. § 102(b) (Exhibit PA-4).
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site "°

In Figure 1(b) shows the result of using primer pairs with GR1 or GR3
separately: two different amplification products were generated in separate samples.
Ruano II demonstrated that his allele-specific primers selectively amplified only
its corresponding allele, so that every allele-specific PCR reaction generated a
homogenous amplification product which did not contain any amplified molecules of the
other allele despite being generated from a heterozygous sample with two different allelic
templates (in Ruano's words, the amplification product was 'hemizygous' in content). In
particular, Ruano II noted that "[w]hereas product amplified with 'GR="[i.e., non-allele-
specific primer] is heterozygous, GR1 ASA [allele-specific amplification] product is
hemizygous [i.e., showing one allele rather than the usual two] for the upper band (-) and
GR3 ASA product is hemizygous for the lower band (+)."”” In contrast, the
amplification product generated from non-allele-specific primer contained amplified
copies of both alleles (in Ruano's words, the amplification product was
"heterozygous”).”® The heterozygous amplification products amplified with the non-
specific primer GR+ are shown in Figure 1(d). As a result, Ruano II could determine the
allelotype of the globin locus "according to presence or absence of a ... [PCR] product
after ASA [i.e., allele-specific amplification] with allele-specific primers GR1/GR3 and

invariant primer GR5 (Fig 1b)."”

For example, as stated by Ruano 11, “Homozygote “A”
sets the phase of one chromosome in “B” as 1,-; other chromosome is 3,+, which is

inherited by “I”’ (homozygous 3,+) through “G”. Therefore, the haplotypes are 1,- and

96
97
98
99

Ruano 11, page 8392, first paragraph.

Ruano 11, page 8392, third paragraph, and Fig. 1(b).
Ruano 11, page 8392, third paragraph, and Fig. 1(b).
Ruano 11, page 8392, second paragraph.
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3,+.71% Ruano's primers were designed to distinguish between two different
polymorphic alleles that contained differing numbers of dinucleotide repeats
(specifically, one allele had two "TG" repeats and the other allele had three such

101

repeats.  Bischoff similarly analyzed polymorphic loci that were also "dinucleotide

repeat markers."'"

Whereas Bischoff anticipates base claims 1 and 8, Ruano II's allele-specific
amplification meets the added limitations of dependent claims 6 and 18. In particular,
Ruano II's allele-specific amplification yields amplified molecules of only one allele and
not the other, such that the "amplified molecules in each of the assay samples in the first
and second numbers of assay samples are homogeneous such that the first number of
assay samples do not contain the second allelic form of the marker and the second
number of assay samples do not contain the first allelic form of the marker."

It would have been obvious to assess allelic imbalance using Bischoff's single-cell
amplification strategy using allele specific primers as taught by Ruano 11, where such

primers would amplify only a single allele, thereby producing amplified molecules that

are "homogenous" as required by claims 6 and 18, under various rationales below.

Obviousness: Known FElements and Predictable Result

Under 35 U.S.C. § 103, where a claim "'simply rearranges old elements with each
performing the same function it had been known to perform' and yields no more than

what one would expect from such an arrangement, the combination is obvious." KSR

100
101

Ruano 11, page 8392, second paragraph.

Ruano 11, Fig. 1(b) legend (indicating that the GR1 primer sequence was

GCTTTTCAC(TG):TCA and the GR3 primer sequence was AGCTTTTCAC(TG),TCAA).
12 Bischoff, page 397, left col., top paragraph, describing the HBB, D11S904, CD3D and

INFAR makers as four "informative dinucleotide repeat markers").
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Intl. Co. v. Teleflex, Inc., 550 U.S. 398, 417 (2007), quoting Sakraida v. Ag. Pro., Inc.,
425 U.S. 273, 282 (1976).

It would have been prima facie obvious to detect allelic loss at the D11S904
locus, as taught by Bischoff, using an allele-specific amplification format as taught by
Ruano II instead of Bischoff's PEP random whole-genome amplification procedure.
When considering obviousness of a combination of known elements, the operative
question is "whether the improvement is more than the predictable use of prior art
elements according to their established functions." KSR, 550 U.S. at 398; MPEP § 2141.
Here, the methods of Bischoff and Ruano II perform the same functions when operating
together as each does separately, forming nothing more than a combination of well-
known procedures in accordance with their intended functions.

It would have been obvious to use Ruano's amplification methods in a single-cell
amplification procedure as taught by Bischoff. It should be noted that Bischoff's
determined allelic imbalance by comparing numbers of each allele at a single locus of
interest. Ruano's TaqMan® assays were designed for exactly such analysis. Bischoff
compared multiple different combinations of first and second allelic forms of a single
marker, where each independent comparison was informative of allelic imbalance. At
least some of these comparisons were limited to comparing alleles at a single locus (e.g.,
the D11S904 locus at 11p) to check for a difference in numbers of assay samples
indicative of an allelic imbalance at that locus.'” Although Bischoff followed up by

analyzing multiple different loci both inside and outside the imbalanced 11p portion of

1% Bischoff, page 397, left col., ("In cells 1, 5 and 6, the 11p markers, HBB and D 11 S904,
revealed the presence of only the paternal allele [but not the maternal allele at the same locus]...
paternal isodisomy of 11p was detected in cells 1,5 and 6 and normal biparental inheritance of
I1pincells 2, 3 and 4.")
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the genome, these comparisons were redundant over each other and merely served to
locate the metes and bounds of the imbalanced genomic region (which is not a required
step in the claims). Although analysis of multiple loci within a single cell is not required
for the claimed methods, it would in any case have been obvious to perform Ruano's
TagMan® assays in a multiplexed format on Bischoff's single-cell samples if a skilled
worker wished to analyze multiple loci within a single cell.

By using two separate allele-specific PCR reactions on two separate cells (one
primer pair specific for the maternal allele and the other pair specific for the paternal
allele) on a significant number of samples, a person using Ruano II's amplification
method would have arrived at the same results as Bischoff. The '015 claims therefore
embody a merely predictable use of prior-art elements.

Obviousness: Reasons to Combine

Although a reason to combine Bischoff with Ruano 1II is not required, an apparent
reason to combine the known elements as claimed may be evidenced by the teachings of
the references themselves, issues in the technical area, or the skill in the art. KSR, 550
U.S. at 418. Here, reasons to combine are evidenced by the references themselves. Both
Bischoff and Ruano II relate to the amplification and detection of alleles at a locus of
interest. Bischoff used PEP whole-genome amplification to amplify both alleles at a
locus of interest within a single-cell assay sample, and could differentiate between each
amplified allele due to a significant size difference,'®* and thus determined that three of
his six cells had lost the maternal allele at an 11p locus. However, Bischoff's

amplification method did not differentiate between amplified alleles of very similar size.

1% Bischoff, Figs. 1 and 2.
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In contrast, Ruano II's method differentiated between alleles of indistinguishable size (as
shown Fig. 1(b) of Ruano) and can be practiced on other similarly-sized alleles. When
analyzing loci with identically-sized alleles, it would have been obvious to one of
ordinary skill to use Ruano II's allele-specific PCR in Bischoff's single-cell analysis to
determine allelic imbalance.

Thus, dependent claims 6 and 18 are prima facie obvious over Bischoff in view of

Ruano I1.

VII. CONCLUSION

Claims 1-18 of the '015 patent are anticipated under 35 U.S.C. § 102(b) over
Bischoff, or alternatively rendered obvious over Bischoff. Accordingly, reexamination of

claims 1-18 of the '015 patent is respectfully requested.

VIII. CONCURRENT LITIGATION AND REEXAMINATION
PROCEEDINGS

The '015 patent is presently involved in litigation in the United States District
Court for the Middle District of North Carolina Greensboro Division (Esoterix Genetic
Laboratories, LLC and The Johns Hopkins University vs. Life Technologies Corporation,
Applied Biosystems, LLC, and lon Torrent Systems, Inc., Case No. 12-1173 (filed

October 31, 2012)).

IX. AUTHORITY TO ACT AND CORRESPONDENCE ADDRESS

The real party in interest is Life Technologies Corporation, a Delaware
corporation, having its principle place of business at 5791 Van Allen Way, Carlsbad, CA,

92008. Undersigned counsel states that it is acting on behalf of the real party in interest
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either in a representative capacity pursuant to C.F.R. §1.34(a), or under any power of
attorney provided herewith.
Please send all correspondence to the address associated with customer number

52059, to the attention of: Legal — Intellectual Property Group, Life Tech Docket, Bldg.

5781, Office 8304.

X. REQUIRED FEES AND DEPOSIT ACCOUNT AUTHORIZATION

The Commissioner is authorized to charge the fee set forth in 37 C.F.R.
§1.20(c)(1) to Life Technologies Deposit Account No. 50-3994. The Commissioner is
authorized to charge any additional fees or credit any overpayment to Deposit Account
No. 50-3994, as well as any and all other fees that have been or may be required from

Requester, referencing Docket No. LT00831 REX 3.

Dated: June 17, 2013 Respectfully submitted,

By: /Ashita A. Doshi/
Reg. No. 57,327

Life Technologies Corporation
5791 Van Allen Way
Carlsbad, California 92008
(760) 845-2798
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1
DIGITAL AMPLIFICATION

This application is a division of U.S. application Ser. No.
11/709,742 filed Feb. 23, 2007, which is a continuation of
U.S. application Ser. No. 10/828,295 filed Apr. 21, 2004, now
abandoned, which is a division of U.S. application Ser. No.
09/981,356 filed Oct. 12, 2001, now U.S. Pat. No. 6,753,147,
which is a continuation of U.S. application Ser. No. 09/613,
826 filed Jul. 11, 2000, now U.S. Pat. No. 6,440,706, which
claims the benefit of provisional U.S. Application Ser. No.
60/146,792, filed Aug. 2, 1999. The disclosure of all priority
applications is expressly incorporated herein.

The U.S. government retains certain rights in this invention
by virtue of its support of the underlying research, supported
by grants CA 43460, CA 57345, and CA 62924 from the
National Institutes of Health.

TECHNICAL FIELD OF THE INVENTION

This invention is 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, and may also play a role in aging, new genetic prin-
ciples have arisen. These discoveries have provided 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, stool, and sputum 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 asymp-
tomatic. Mutant sequences from the DNA of neoplastic cells
have also been found in the blood of cancer patients. The
detection of residual disease in lymph nodes or surgical mar-
gins may be useful in predicting which patients might benefit
most from further therapy. 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.

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%. Mutant-
specific oligonucleotides can sometimes be used to detect
mutations present in a minor proportion of the cells analyzed,
but the signal to noise ratio distinguishing mutant and wild-
type (WT) templates is variable. The use of mutant-specific
primers or the digestion 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 molecules in
the starting population with these techniques. Other innova-
tive approaches for the detection of somatic mutations have
been reviewed. A general problem with these methods is that
it is difficult or impossible to independently confirm the exist-
ence 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.

Page 88 of 1237

20

25

40

45

2
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 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 mol-
ecules is diluted to form a set of assay samples. The template
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 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 compo-
sition of the biological sample.

Another embodiment of the invention is a method for deter-
mining the ratio of a selected genetic sequence in a population
of genetic sequences. Template molecules within a set com-
prising 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 ref-
erence genetic sequence. 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. The first number is com-
pared 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 oligo-
nucleotide with a stem-loop structure having a photolumines-
cent dye at one ofthe 5' or 3' ends and a quenching agent at the
opposite 5' or 3' end. The loop consists of 16 base pairs which
hasaT,, 0of 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 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 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.
(FIG.1A) Thebasic two steps involved: PCR on diluted DNA
samples is followed by addition of fluorescent probes which
discriminate between WT and mutant alleles and subsequent
fluorometry. (FIG. 1B) Principle of molecular beacon analy-



US 7,915,015 B2

3

sis. 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. (FIG. 1C) Oligo-
nucleotide design. 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 Meth-
ods). 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 prod-
ucts by Molecular Beacons. Ten separate PCR products, each
generated from -25 genome equivalents of genomic DNA of
cells 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 IDNO: 11)and
Glyl12Arg (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 (SEQ ID NO: 12), there were appar-
ently 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 Glyl13Asp mutation is also shown (SEQ ID
NO: 9).

FIG. 3. Detecting Dig-PCR products with MB-RED. Spe-
cific 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. Polyacrylamide gel elec-
trophoretic 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 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).

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 Methods. The wells with RED/
GREEN ratios >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), Glyl12Asp (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 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 were colored either red or green, depending on
their RED/GREEN ratios. Those registering negative with
MB-RED were colored white. PCR products from the indi-
cated wells were used for automated sequence analysis. The

Page 89 of 1237

25

40

45

50

4

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 sepa-
rately 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 assess-
ments were developed, with the output providing a digital
readout of the fraction of mutant alleles in the analyzed popu-
lation.

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 num-
ber of diluted samples will depend on cost of the analysis
method. Typically it would be desirable that at least %50 of the
diluted samples have a detectable proportion of analyte. At
least Yio, V5, 30, %, Y4, 35, 7o, 45, or %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 particu-
larly 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 amplifica-
tion 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.
The limit of detection is defined by the number of wells that
can be analyzed and the intrinsic mutation rate of the poly-
merase used for amplification. 384 well PCR plates are com-
mercially 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 increas-
ing the sensitivity by another order of magnitude. This sen-
sitivity may ultimately be limited by polymerase errors. The
effective error rate in PCR as performed under our conditions
was 1.1%, i.e., four out of 351 PCR products derived from
WT DNA sequence appeared to contain a mutation by RED/
GREEN ratio criteria. However, any individual mutation
(such as a G to T transversion at the second position of codon
12 of c-Ki-Ras), are expected to occur in <1 in 50 of these
polymerase-generated mutants (there are at least 50 base
substitutions within or surrounding codons 12 and 13 that
should yield high RED/GREEN ratios). 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 significant fraction of the mutations found in
individual wells should be identical if the mutation occurred
in vivo. Significance can be established through rigorous
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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 normal cells.

Digital Amplification is as easily applied to RT-PCR prod-
ucts generated from RNA templates as it is to genomic DNA.
For example, the fraction of alternatively spliced or mutant
transcripts from a gene can be easily determined using pho-
toluminescent 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 photoluminescent probe would
then be used to detect PCR products from the reference tran-
script and a second photoluminescent probe used for the test
transcript. The number of wells in which the test transcript is
amplified divided by the number of wells in which the refer-
ence transcript 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.
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 applications of Digital Amplification are
listed in Table 1. When the goal is the quantitation of the
proportion of two relatively common alleles or transcripts
rather than the detection of rare alleles, techniques such as
those employing TagMan 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.)

TABLE 1
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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. FEither
the analyte (selected genetic sequence) or the reference
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 must dilute such that a significant
number of diluted assay 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 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 yield-
ing an amplification product.

The digital amplification method requires analysis of a
large number of samples to get meaningful results. Preferably
at least ten diluted assay samples are amplified and analyzed.
More preferably at least 15, 20, 25, 30, 40, 50, 75, 100, 500,
or 1000 diluted assay samples are amplified and analyzed. As
in any method, the accuracy of the determination will
improve as the number of 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 the method an in 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. Chro-
mosomal translocations which are characteristic of leukemias
or lymphomas can be detected as a measure of the efficacy of

Potential Applications of Dig-PCR.

Application Example Probe 1 Detects:

Probe 2 Detects:

Base substitution Cancer gene mutations in stool, mutant or WT

mutations blood, lymph nodes alleles

Chromosomal Residual leukemia cells after therapy — normal or

translocations (DNA or RNA) translocated
alleles

Gene Determine presence or extent of sequence within

amplifications amplification amplicon

Alternatively Determine fraction of alternatively minor exons

spliced products  spliced transcripts from same gene

(RNA)

Changes in gene  Determine relative levels of first transcript

expression expression of two genes (RNA)

Allelic Two different mutant alleles vs. both  first mutation

mutations in same allele
Quantitative analysis with non-
polymorphic markers

discrimination

Allelic Imbalance marker sequence

WT PCR preducts

translocated allele

sequence from another
part of same
chromosome arm
COINIMON eXOlS

reference transcript

second mutation

marker from another
chromosome

The ultimate utility of Digital Amplification lies in its
ability to convert the intrinsically exponential nature of PCR
to alinear one. It should thereby prove useful for experiments
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therapy. Gene amplifications are characteristic of certain dis-
ease states. These can be measured using digital amplifica-
tion. Alternatively spliced forms of a transcript can be
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detected and quantitated relative to other forms of the tran-
script 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 mate-
rial for the analyses may be from any tissue or body sample
from which DNA or mRNA can be isolated. Preferred sources
include stool, blood, and lymph nodes. Preferably the bio-
logical sample is a cell-free lysate.

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. 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 photon of light. Such processes include
fluorescence, which denotes emission accompanying descent
from an excited state with paired electrons (a “singlet” state)
or unpaired electrons (a “triplet” state) to a lower state with
the same multiplicity, i.e., a quantum-mechanically
“allowed” transition. Photoluminescence also includes phos-
phorescence which denotes emission accompanying descent
from an excited triplet or singlet state to a lower state of
different multiplicity, i.e., a quantum mechanically “forbid-
den” transition. Compared to “allowed” transitions, “forbid-
den” transitions are associated with relatively 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 photoluminescence lifetimes, or even as
changes in the polarization (anisotropy) of photolumines-
cence. Skilled practitioners will recognize that instrumenta-
tion for the measurement of these varied photoluminescent
responses are known. The particular ratiometric 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 photo-
luminescence 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 means of analysis of the
amplified dilution samples, other techniques can be used as
well. These include sequencing, gel electrophoresis, hybrid-
ization with other types of probes, including TagMan™
(dual-labeled fluorogenic) probes (Perkin Elmer Corp./Ap-
plied 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 pro-
vided herein for purposes of illustration only, and are not
intended to limit the scope of the invention.

Example 1

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
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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 [-mercaptoethanol, 1
mM dATP, 1 mM dCTP, 1 mM dGTP, 1 mM TTP, 6% DMSO,
1uM primer 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 cor-
responding to one-half genome equivalent, DNA samples
were serially diluted and tested via PCR. The amount that
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 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.

Example 2

Step 2: Fluorescence analysis. 3.5 ul ofa 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 [-mer-
captoethanol, 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/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 nny/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 fluorometer background and the remainder from the
MB probes. The plates were then placed in a thermal cycler
for asymmetric amplification at the following temperatures:
94° for one minute; 10-15 cycles of 94° for 15 sec, 55° for 15
sec., 70° for 15 seconds; 60° for five minutes. The plates were
then incubated at room temperature for at least 20 minutes
and fluorescence measured as described above. The fluores-
cence readings obtained were stable for several hours. Spe-
cific fluorescence was defined as the difference in fluores-
cence before and after the asymmetric amplification. RED/
GREEN ratios 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 normal cells,
as defined in Materials and Methods). We found that 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 hybrid-
ization to relatively short complementary single stranded oli-
gonucleotides, and that actual PCR products had to be used
for validation.

Example 3

Oligonucleotides and DNA sequencing. Primer Fl1:
5'-CATGTTCTAATATAGTC ACATTTTCA-3' (SEQ ID
NO: 1); Primer R1: 5-TCTGAATTAGCTGTATCGT-
CAAGG-3' (SEQ ID NO: 2); Primer INT: 5-TAGCTG-
TATCGTCAAGGCAC-3' (SEQ ID NO: 3); MB-RED:
5'-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dab-
cyl-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 synthe-
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sized by Gene Link (Thornwood, N.Y.). 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 QIAquick PCR purification kits (Qiagen). In the rel-
evant 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 S5-CATTATTTTTATTATAAGGCCTGC-3'
(SEQ ID NO: 6). Sequencing was performed using fluores-
cently-labeled ABI Big Dye terminators and an ABI 377
automated sequencer.

Example 4

Principles underlying experiment. The experiment is 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 applica-
tion. 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
(Dabcyl) at the 3' end (FIG. 1B). The degree of quenching via
fluorescence energy resonance transfer is inversely propor-
tional to the 67 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 fluo-
rescent signal from the dye. Ifa PCR product whose sequence
is complementary 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
MB probes, 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 WT PCR
product that is queried for mutations. Mutations within the
corresponding sequence of the PCR product should signifi-
cantly impede the hybridization of it 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 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 proce-
dure, wherein a product resulting 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 thousands of separate ampli-
fications, such nesting would be inconvenient and could lead
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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 and opti-
mized concentrations of dNTP’s, primers, buffer compo-
nents, 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 moditfy the
standard MB probe approach in order for it to function effi-
ciently 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. Though this 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 theoreti-
cally 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
not only raise the background fluorescence but would be
expensive. We therefore attempted to develop a single probe
that would react with WT sequences better than any mutant
sequence within the 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-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-RED probes, the same stem, witha 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 of the ratios obtained in replicate wells contain-
ing DNA templates from colorectal tumor cells with muta-
tions 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 of RED/GREEN fluorescence that were significantly 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



US 7,915,015 B2

11

of the ratios can be observed in this figure. Direct DNA
sequencing of the PCR products used for fluorescence analy-
sis showed that the RED/GREEN ratios 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/GREEN ratio of 1.5 (Gly12Arg mutation)
while the cells containing three mutant c-Ki-Ras alleles per
WT allele exhibited a ratio of 3.4 (Gly12Asp). These data
suggested that wells containing only mutant alleles (no WT)
would yield ratios in excess of 3.0, with the exact value
dependent on the specific mutation.

Though this mode is the most convenient for many appli-
cations, 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 mul-
tiple real time PCR instruments. Additionally, we found that
the fluorescent signals obtained could be considerably
enhanced if several cycles of asymmetric, linear amplifica-
tionwere performed in the presence of the MB probes. Asym-
metric 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.

Example 5

Analysis of DNA from tumor cells. The principles and
practical considerations described above was demonstrated
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 val-
ues 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 Mate-
rials and Methods) and “negative” wells yielding values less
than 3500 SFU. Gel electrophoreses of 127 such wells dem-
onstrated that all positive wells, but no negative wells, con-
tained 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% of the positive wells exhib-
ited ratios ranging from 0.8 to 1.1. In the case of the tumor
with the Gly13 Asp mutation, 54% of the positive wells exhib-
ited RED/GREEN ratios >3.0 while the other positive wells
yielded ratios ranging from 0.9 to 1.1. The PCR products
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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 usu-
ally derived from single template molecules. The ratios of WT
to mutant PCR products determined from the Digital Ampli-
fication assay was also consistent with the fraction of mutant
alleles inferred from direct sequence analysis of genomic
DNA from the two tumor lines (FIG. 2).

Digital Analysis of DNA from stool. As a more practical
example, we analyzed the DNA from stool specimens from
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% of the
c-Ki-Ras genes purified from stool would be mutant. We
therefore set up a 384 well Digital Amplification experiment.
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/
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 sequence (FIG. 5B). The sequence of three of these
PCR products revealed Gly12 Ala 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% (%102) of the c-Ki-
Ras alleles present in this stool sample contained a Glyl12Ala
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 Gly12Ala mutation (not shown).

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> SEQ ID NO 2
<211> LENGTH: 24
<212> TYPE: DNA
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-continued

14

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 2

tctgaattag ctgtatcgtce aagg
<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 3

tagetgtate gtcaaggcac

<210> SEQ ID NO 4

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 4

cacgggectyg ctgaaaatga ctgegtyg
<210> SEQ ID NO 5

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 5

cacgggaget ggtggegtag cgtg
<210> SEQ ID NO 6

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 6

cattattttt attataaggc ctgce
<210> SEQ ID NO 7

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 7

getggtggeg ta

<210> SEQ ID NO 8

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
<400> SEQUENCE: 8

getagtggeyg ta

<210> SEQ ID NO 9

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 9

getggtgacy ta

<210> SEQ ID NO 10
<211> LENGTH: 12
<212> TYPE: DNA
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-continued

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 10

getegtggeyg ta

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

SEQ ID NO 11

LENGTH: 13

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 11

gettgtggee gta

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

SEQ ID NO 12

LENGTH: 13

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 12

getgatggge gta

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

SEQ ID NO 13

LENGTH: 12

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 13

getgatggeyg ta

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

SEQ ID NO 14

LENGTH: 12

TYPE: DNA

ORGANISM: homo sapiens

<400> SEQUENCE: 14

getgetggeyg ta

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

SEQ ID NO 15

LENGTH: 12

TYPE: DNA

ORGANISM: homo sapiens
<400>

SEQUENCE: 15

gCtggtggtg ta
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The invention claimed is: 50

1. A method for determining an allelic imbalance in a
biological sample, comprising the steps of:

amplifying template molecules within a set comprising a
plurality of assay samples to form a population of ampli-
fied molecules in each of the assay samples of the set,
wherein the template molecules are obtained from the
biological sample;

analyzing the amplified molecules in the assay samples of
the set to determine a first number of assay samples
which contain a first allelic form of a marker and a
second number of assay samples which contain a second
allelic form of the marker, wherein between 0.1 and 0.9
of the assay samples yield an amplification product;

comparing the first number to the second number to ascer-
tain an allelic imbalance in the biological sample; and

identifying an allelic imbalance in the biological sample.

Page 95 of 1237

55

60

65

2. The method of claim 1 wherein the step of amplifying
employs real-time polymerase chain reactions.

3. The method of claim 2 wherein the real-time polymerase
chain reactions comprise a dual-labeled fluorogenic probe.

4. The method of claim 1 wherein between 0.1 and 0.9 of
the assay samples yield an amplification product as deter-
mined by amplification of the first allelic form of the marker.

5. The method of claim 1 wherein between 0.1 and 0.9 of
the assay samples yield an amplification product as deter-
mined by amplification of the second allelic form of the
marker.

6. The method of claim 1 wherein the amplified molecules
in each of the assay samples within the first and second
numbers of assay samples are homogeneous such that the first
number of assay samples do not contain the second allelic
form of the marker and the second number of assay samples
do not contain the first allelic form of the marker.

7. The method of claim 1 wherein the sample is from blood.
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8. A method for determining an allelic imbalance in a
biological sample, comprising the steps of:
distributing nucleic acid template molecules from a bio-
logical 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 of the set;
analyzing the amplified molecules in the assay samples of
the set to determine a first number of assay samples
which contain a first allelic form of a marker and a
second number of assay samples which contain a second
allelic form of the marker;
comparing the first number of assay samples to the second
number of assay samples to ascertain an allelic imbal-
ance between the first allelic form and the second allelic
form in the biological sample.
9. The method of claim 8 wherein the sample is from blood.
10. The method of claim 1 or 8 wherein between 0.1 and 0.6
of the assay samples yield an amplification product.
11. The method of claim 1 or 8 wherein between 0.3 and 0.5
of the assay samples yield an amplification product.
12. The method of claim 1 or 8 wherein the set comprises
at least 500 assay samples.
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13. The method of claim 1 or 8 wherein the set comprises
at least 1000 assay samples.

14. The method of claim 8 wherein the step of amplifying
employs real-time polymerase chain reactions.

15. The method of claim 14 wherein the real-time poly-
merase chain reactions comprise a dual-labeled fluorogenic
probe.

16. The method of claim 8 wherein between 0.1 and 0.9 of
the assay samples yield an amplification product as deter-
mined by amplification of the first allelic form of the marker.

17. The method of claim 8 wherein between 0.1 and 0.9 of
the assay samples yield an amplification product as deter-
mined by amplification of the second allelic form of the
marker.

18. The method of claim 8 wherein the amplified molecules
in each of the assay samples within the first and second
numbers of assay samples are homogeneous such that the first
number of assay samples do not contain the second allelic
form of the marker and the second number of assay samples
do not contain the first allelic form of the marker.
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FIGS. 1A, 1B, 1C. Schematic of experimental design. (Fig. 1A) The basic two steps

involved: PCR on diluted DNA samplcs is followed by addition of fluorescent probes which
discriminate between WT and mutant alleles and subsequent fluorometry. (Fig. 1B) 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. (Fig. 1C) Oligonucleotide design. Primers Fl and
R1 arc used to amplify the genomic region of intcrest. Primer INT is used to produce single
stranded DNA from the original PCR products during a subsequent asymmetric PCR step (see
Materials and Methods). MB-RED is a Molecular Beacon which detects ény 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.
. MM IDC-al, AMD

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 of cells
containing the indicated mutations of c-Ki-Ras, were analyzed with the Molecular Beacon
probes described in the text. Representative examples of the PCR products used for Molecular
Beacon analysis were purified and directly sequenced. In the cases with Gly12Cys (SEQ ID

NO: 11) and Gly12Arg (SEQ ID NO: 10) mutations, contaminating non-neoplastic cells within

the tumor presumably accounted for the relatively low ratios. In the cases with Gly12Ser (SEQ
IDC-a2,AMD.M
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Attorney Docket No.
001107.00794

Page 1

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) Prior Group Art Unit: 1637

Bert VOGELSTEIN et al g Prior Examiner: S. Woolwine
Serial No. 12/617,368 g Confirmation No. 4461
Filed: November 12, 2009 ; Atty. Dkt. No. 001107.00794
For:  DIGITAL AMPLIFICATION ;

SUPPLEMENTAL AMENDMENT

U.S. Patent and Trademark Office
Customer Service Window, Mail Stop Amendment
Randolph Building
401 Dulany Street
Alexandria, VA 22314
Sir:
This amendment supplements the amendment filed September 16, 2010.

No fees are believed necessary. However, the U.S. Patent and Trademark Office is

authorized to charge any necessary fees to our deposit account no. 19-0733.

e Amendments to the Specification begin on page 2 of this paper.

e Remarks begin on page 3 of this paper.
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IN THE SPECIFICATION

Attorney Docket No.

001107.00794
Page 2

Applicants respectfully request that the following Table 1 be substituted for that

currently of record.

Table 1. Potential Applications of Dig-PCR

Application Example Probe 1 Detects: Probe 2 Detects:
Base substitution Cancer gene mutations in stool, blood, lymph mutant or WT alleles WT PCR products
mutations nodes
Chromosomal Residual leukemia cells after therapy (DNA or normal or translocated allele
translocations RNA) translocated alleles

Gene amplifications

Determine presence or extent of amplification

sequence within
amplicon

sequence from another part
of same chromosome arm

minor exons

common €xons

Alternatively spliced Determine fraction of alternatively spliced
products transcripts from same gene (RNA)
Changes in gene Determine relative levels of expression of two first transcript reference transcript
expression genes (RNA)
Allelic Two different mutant alleles saatated vs. ene first mutation second mutation
discrimination mutat hof-twe-alleles both mutations in

same allele

Allelic Imbalance

Quantitative analysis with non-polymorphic
markers

marker sequence

marker from another
chromosome
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Attorney Docket No.
001107.00794
Page 3
Remarks
Amendments
The amendment to the table is simply to correct an obvious error and/or to improve
clarity.

Respectfully submitted,

By: /Sarah A. Kagan/

Sarah A. Kagan
Registration No. 32,141
Date: October 13, 2010

Banner & Witcoff, Ltd.
Customer No. 22907
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Ins re Application of ) Group Art Unit: 1637

Bert VOGELSTEIN et al g Examiner: S. Woolwine
Serial No. 12/617,368 g Confirmation No. 4461
Filed: November 12, 2009 g Atty. Dkt. No. 001107.00794
For:  DIGITAL AMPLIFICATION g

AMENDMENT

U.S. Patent and Trademark Office
Customer Service Window, Mail Stop Amendment
Randolph Building
401 Dulany Street
Alexandria, VA 22314
Sir:
In response to the non-final office action mailed September 23, 2010, Applicants
submit and request that the Patent Office enter the claim amendment and the terminal
disclaimer.

In the event that any fees or credits are due, please charge or credit our deposit account

no. 19-0733.
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IIN THE CLAIMS:

Please substitute the following claim set for those currently of record.

1. (Original) A method for determining an allelic imbalance in 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 the biological sample;

analyzing the amplified molecules in the assay samples of the set to determine a first
number of assay samples which contain a first allelic form of a marker and a second number of
assay samples which contain a second allelic form of the marker, wherein between 0.1 and 0.9
of the assay samples yield an amplification product;

comparing the first number to the second number to ascertain an allelic imbalance in
the biological sample; and

identifying an allelic imbalance in the biological sample.

2. (Original) The method of claim 1 wherein the step of amplifying employs real-

time polymerase chain reactions.

3. (Original) The method of claim 2 wherein the real-time polymerase chain

reactions comprise a dual-labeled fluorogenic probe.

4. (Original) The method of claim 1 wherein between 0.1 and 0.9 of the assay
samples yield an amplification product as determined by amplification of the first allelic form

of the marker.
5. (Original) The method of claim 1 wherein between 0.1 and 0.9 of the assay

samples yield an amplification product as determined by amplification of the second allelic

form of the marker.
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6. (Original) The method of claim 1 wherein the amplified molecules in each of
the assay samples within the first and second numbers of assay samples are homogeneous such
that the first number of assay samples do not contain the second allelic form of the marker and

the second number of assay samples do not contain the first allelic form of the marker.

7. (Original) The method of claim 1 wherein the sample is from blood.

8. (Previously presented) A method for determining an allelic imbalance in a
biological sample, comprising the steps of:

distributing nucleic acid template molecules from 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 samples of the set;

analyzing the amplified molecules in the assay samples of the set to determine a first
number of assay samples which contain a first allelic form of a marker and a second number of
assay samples which contain a second allelic form of the marker;

comparing the first number of assay samples to the second number of assay samples to
ascertain an allelic imbalance between the first allelic form and the second allelic form in the

biological sample.

9. (Original) The method of claim 8 wherein the sample is from blood.

10. (Previously presented) The method of claim 1 or 8 wherein between 0.1 and 0.6

of the assay samples yield an amplification product.

11. (Previously presented) The method of claim 1 or 8 wherein between 0.3 and 0.5

of the assay samples yield an amplification product.
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12. (Previously presented) The method of claim 1 or 8 wherein the set comprises at

least 500 assay samples.

13. (Previously presented) The method of claim 1 or 8 wherein the set comprises at

least 1000 assay samples.

14. (New) The method of claim 8 wherein the step of amplifying employs real-

time polymerase chain reactions.

15. (New) The method of claim 14 wherein the real-time polymerase chain

reactions comprise a dual-labeled fluorogenic probe.

16. (New) The method of claim 8 wherein between 0.1 and 0.9 of the assay
samples yield an amplification product as determined by amplification of the first allelic form

of the marker.

17. (New) The method of claim 8 wherein between 0.1 and 0.9 of the assay
samples yield an amplification product as determined by amplification of the second allelic

form of the marker.

18. (New) The method of claim 8 wherein the amplified molecules in each of the
assay samples within the first and second numbers of assay samples are homogeneous such that
the first number of assay samples do not contain the second allelic form of the marker and the

second number of assay samples do not contain the first allelic form of the marker.
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Remarks

New dependent claims on claim 8, claims 14-18, are supported inter alia by original
dependent claims on claim 1, claims 2-6.

Applicant notes the reconsideration of the issue of new matter and appreciates the
conclusion that the subject matter of claim 1 was disclosed in the earliest priority application as
well as in the particular application as originally filed.

Claims 1 and 6-13 stand rejected for non-statutory double patenting over claims 3, 7-11,
19, 24, and 31 of parent patent U.S. 6,440,706. Similarly, claims 2 and 3 stand rejected over the
same set of issued claims combined with claims 12 and 13 of the “706 patent and combined with
the Marras literature reference. Applicants submit a terminal disclaimer over the ‘706 which
obviates these rejections.

If all issues are resolved, we request that the U.S. Patent and Trademark Office process

this application for grant.

Respectfully submitted,

Date: October 6, 2010 By: /Sarah A. Kagan/

Sarah A. Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
Customer No. 22907
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TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 001107.00794

In re Application of: VOGELSTEIN ET AL.
Application No.: 12/617,368

Filed: November 12, 2009
For- DIGITAL AMPLIFICATION

The owner*, The Johns Hopkins University , of 100 percent interest in the instant application hereby disclaims,
except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend beyond
the expiration date of the full statutory term prior patent No. U.S. 6,440,706 as the term of said prior patent is defined in 35 U.S.C. 154

and 173, and as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly owned. This
agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant application that
would extend to the expiration date of the full statutory term as defined in 35 U.S.C. 154 and 173 of the prior patent, “as the term of said prior
patent is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

expires for failure to pay a maintenance fee;

is held unenforceable;

is found invalid by a court of competent jurisdiction;

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. |:| For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the business/organization.

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false
statements may jeopardize the validity of the application or any patent issued thereon.

2. The undersigned is an attorney or agent of record. Reg. No. 32,141

/Sarah A. Kagan/ 06 October 2010
Signature Date

Sarah A. Kagan
Typed or printed hame

202 824 3000
Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

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

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public 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 aware of a violation or potential
violation of law or regulation.
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Legal Instrument Examiner:
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The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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DETAILED ACTION
Priority

This application is a continuation of application serial number 11/709,742.
Instant claim 1 is identical to a claim that was rejected in the 742 application under 35
USC 112, 1st paragraph as "new matter" (see Office action mailed 06/11/2010 in the file
for the 742 application; rejection of claim 45). The Examiner here reconsiders whether
there was in fact support for this claim in the parent application, and further in the first
non-provisional application in this series, i.e. application serial number 09/613,826 (now
U.S. Patent No. 6,440,706).

Claim 1 of the instant application is a method for "determining an allelic
imbalance” in a sample, wherein one determines "a first number of assay samples
which contain a first allelic form of a marker and a second number of assay samples
which contain a second allelic form of the marker”, and comparing the first and second
numbers to ascertain an allelic imbalance in the sample.

Looking at the Table 1 of the '706 patent, it is seen that "allelic imbalance" is one
of the applications given for digital PCR (Dig-PCR). However, this table clearly
indicates a technique where "allelic imbalance" is analyzed by "quantitative analysis

with non-polymorphic markers" using a first probe that detects a marker sequence, and

a second probe that detects a marker from another chromosome. This cannot support
instant claim 1, since there would not be a "first allelic form of a marker" and a "second

allelic form of the marker" for markers that are "non-polymorphic".
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However, looking elsewhere in the 706 patent, it is clearly disclosed to determine
"the ratio of a selected genetic sequence in a population of genetic sequences” by
amplifying template molecules within a set of assay samples, determining a first number
of assay samples containing the selected genetic sequence, determining a second
number of assay samples containing a reference genetic sequence, and comparing the
first number and second number to ascertain a ratio which reflects the composition of
the biological sample (column 2, lines 18-30). The '706 patent also clearly states that
allelic imbalances can be detected using digital amplification (column 6, lines 43-44).

Aside from these particular passages, it is noted that there is inherent support for
instant claim 1 based on the following:

At column 3, lines 15-19, it is disclosed: "In the cases with Gly12Ser (SEQ 1D
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.” It is noted that "WT" is one allelic form of the marker, whereas Gly12Ser is
another allelic form of the marker (similarly, the tumor harboring the Gly12Asp mutation
also has two allelic forms: one WT and one mutant). It is stated in this passage that the
tumors are aneuploid, having two or more alleles [i.e. copies] of the mutant allele for
each allele [copy] of the WT allele. This is an allelic imbalance. In this passage, the
allelic imbalance was not determined according to the claim (i.e. by comparing a "first
number" of samples and a "second number" of samples). Rather, it was apparently

known each of these tumors was aneuploid, and this was reflected in the ratio of red
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and green signals (red from a probe detecting the PCR product whether mutant or WT;
green from a probe detecting preferentially WT; see column 3, lines 1-4).

However, in figure 4, which shows the outcome of the digital PCR assay for the
Gly12Asp sample (which as established above has an allelic imbalance with more
copies of the mutant allele than the WT allele), it can be seen that the number of assay
samples having the mutant allele (indicated by a red/green ration >3.0; see column 3,
lines 35-45) is twice the number of assay samples having the WT allele (indicated by a
red/green ratio ~1.0), which agrees with the earlier determination at column 3, lines 15-
19 that this tumor sample had 2 or more copies of mutant allele per WT allele.

Following up on this analysis, at column 12, lines 1-5, describing the experiment
shown in figure 4, it is disclosed: "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 sequence analysis of genomic DNA from the two tumor lines
(FIG. 2)." The reference to figure 2 is a reference to an experiment where the various
tumor samples had been subjected to sequencing analysis, and where it was concluded
that the Gly12Ser and Gly12Asp tumors where aneuploid (column 3, lines 5-20).
However, the statement at column 12, lines 1-5 clearly indicates a ratio of WT to mutant
alleles that is based on the number of assay samples containing each, which is
precisely in accordance with instant claim 1.

Based on the above, the Examiner finds support for the instant claims in the

originally filed non-provisional application serial number 09/613,826, and given that the
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same disclosure is found in the provisional application 60/146,792, finds the claims
entitled to a priority date of 08/02/1999.
Double Patenting

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

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

Claims 1 and 6-13 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 3, 7-11, 19 and 31, and claim 24 of
U.S. Patent No. 6,440,706. Although the conflicting claims are not identical, they are
not patentably distinct from each other because the only differences between the issued
claims and the instant claims are differences in scope.

Claim 3 of the 706 patent discloses instant claims 1 and 8 except for the
limitations that the selected genetic sequence is a first allelic form of a marker and the

reference sequence is a second allelic form of a marker, and that the method
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determines an allelic imbalance. However, claim 31 of the '706 patent discloses that the
selected genetic sequence comprises a first mutation and the reference sequence
comprises a second mutation, and claim 19 of the 706 patent discloses amplification
with the same set of primers, implicitly disclosing that the selected genetic sequence
and the reference sequence are the same amplifiable sequence. Since mutations are
"allelic forms" of markers, the combined disclosures of claims 3, 19 and 31 of the '706
patent render instant claims 1 and 8 obvious, since the "ratio” (see claim 1 of the 706
patent, which limitations are present in claim 3 by dependency) inherently ascertains an
allelic imbalance in the context of claim 31 of the 706 patent.

With regard to instant claim 6, it is considered that a dilution resulting in 0.1 of the
assay samples having an amplification product would inherently result in homogeneity,
based on the statement made at page 10, 2nd full paragraph of the instant specification:
"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.” If
there is only a single template molecule per assay sample, then the amplification would
inherently produce a homogeneous amplification product.

With regard to instant claims 7 and 9, claim 24 of the '706 patent discloses blood.

With regard to instant claims 10 and 11, issued claim 3 discloses an overlapping
range. As discussed at MPEP 2144.05 (I): "In the case where the claimed ranges
“overlap or lie inside ranges disclosed by the prior art” a prima facie case of
obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976); Inre

Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990)".

Page 142 of 1237



Application/Control Number: 12/617,368 Page 7
Art Unit: 1637

With regard to instant claims 12 and 13, issued claims 10 and 11 disclose the

number of assay samples is greater than 500, or greater than 1000.

Claims 2 and 3 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 3, 7-11, 19 and 31, and claim 24 of
U.S. Patent No. 6,440,706 as applied to instant claims 1 and 6-13 above, and further in
view of claims 12 and 13 of the '706 patent and Marras et al (Genetic Analysis:
Biomolecular Engineering 14:151-156, Feb 1999, cited on the IDS of 11/12/2009).

The disclosure of claims 3, 7-11, 19 and 31 of the '706 patent have been
discussed. In addition, claim 13 of the 706 patent discloses using molecular beacon
probes for the analysis, and claim 12 of the '706 patent discloses that the amplifying and
analyzing steps are conducted in the same receptacle (e.g. tube).

The claims of the 706 patent, then, disclose amplifying and analyzing with dual-
labeled fluorogenic probes, but do not disclose "real-time polymerase chain reaction" as
recited in claim 2.

Marras disclosed real-time PCR using molecular beacons for multiplex
determination of single-nucleotide polymorphisms (see entire article, especially section
3.4 on page 154).

It would have been prima facie obvious to one of ordinary skill in the art at the
time the invention was made to carry out the amplification and molecular beacon

analysis disclosed in the claims of the '706 patent in a real-time PCR as taught by
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Marras, because this would have been faster than conducting the PCR and molecular
beacon analysis in separate steps.
Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SAMUEL C. WOOLWINE whose telephone number is
(671)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 fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

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

/Samuel Woolwine/
Primary Examiner
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PRELIMINARY AMENDMENT

U.S. Patent and Trademark Office
Customer Service Window, Mail Stop Amendment
Randolph Building
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Sir:
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IN THE SPECIFICATION

Please replace the paragraph beginning on page 4, line 16:

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

involved: PCR on diluted DNA samples is followed by addition of fluorescent probes which
discriminate between WT and mutant alleles and subsequent fluorometry. (Fig. 1B) 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. (Fig. 1C) Oligonucleotide design. Primers Fl and
R1 are used to amplify the genomic region of interest. Primer INT is used to produce single
stranded DNA from the original PCR products during a subsequent asymmetric PCR step (see
Materials and Methods). MB-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.

Please replace the paragraph beginning page 5, line 3.
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 of cells

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 Glyl12Arg (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
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ID NO: 8) and Glyl12Asp (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).

Please replace the paragraph beginning page 5, line 24.

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 Methods. The wells with RED/GREEN ratios >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.

Please replace the paragraph beginning page 6, line 5.

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 standard deviation). The wells colored yellow contained no template DNA and
cach 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 were colored either red or green, depending on their RED/GREEN ratios. 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-Ras in well K1 (SEQ ID NO: 7),
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and mutant ¢-Ki-Ras in wells C10, Ell, M10. and L12 (SEQ ID NO: 14), and well F21 (SEQ 1D

NO: 15) were analyzed.

Please replace the paragraph beginning on page 14, line 5.

Oligonucleotides and DNA sequencing. Primer Fl: 5'-CATGTTCTAATATAGTC
ACATTTTCA-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-Dabeyl1-3' (SEQ ID NO: 4); MB-
GREEN: 5'-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabey1-3' (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) and kept frozen and in the dark until use. PCR products were
purified using QIAquick PCR purification kits (Qiagen). In the relevant experiments described
in the text, 20% of the product from single wells was used for gel electrophoresis and 40% was
used for each sequencing reaction. The primer used for sequencing was 5'-

CATTATTTTTATTATAAGGCCTGC-3' (SEQ ID NO: 6). Sequencing was performed using

fluorescently-labeled ABI Big Dye terminators and an ABI 377 automated sequencer.
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Remarks

The amendments are to comply with the sequence rules and the rules for drawings.

Respectfully submitted,

Date: September 16, 2010 By: /Sarah A. Kagan/

Sarah A. Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
Customer No. 22907
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- IDNO: 8) and Gly12Asp (SEQ ID NO: 12). there were apparently two or more alleles of mutant |« ¥ kL

c-Ki-Ras for every WT allele (SEQ ID NO: 7); both these tumors were aneuploid. Analysis of

the Glyl3Asp mutation is also shown (SEQ ID NQ: 9).
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'Y |

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 Methods. The wells with RED/GREEN ratios >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.

. : M IDC-a3,AMD

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 standard deviation). The wells colored yellow contlained no template DNA and

. cach was negative with MB-RED (i.c., 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/GREEN ratios. 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 ¢-Ki-Ras in well K1 (SEQ ID NO: 7). CoE
IDC-24,AMDM
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In re Application of ) Prior Group Art Unit: 1637
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Serial No. 12/617,368 g Confirmation No. 4461

Filed: November 12, 2009 g Atty. Dkt. No. 001107.00794

For:  DIGITAL AMPLIFICATION g

PRELIMINARY AMENDMENT

U.S. Patent and Trademark Office
Customer Service Window, Mail Stop Amendment
Randolph Building
401 Dulany Street
Alexandria, VA 22314
Sir:
Applicants respectfully request that the Patent Office enter the amendment to the claims

prior to examination.
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IN THE CLAIMS:

Please substitute the following set of claims for those currently of record:

1. (Original) A method for determining an allelic imbalance in 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 the biological sample;

analyzing the amplified molecules in the assay samples of the set to determine a first
number of assay samples which contain a first allelic form of a marker and a second number of
assay samples which contain a second allelic form of the marker, wherein between 0.1 and 0.9 of
the assay samples yield an amplification product;

comparing the first number to the second number to ascertain an allelic imbalance in the
biological sample; and

identifying an allelic imbalance in the biological sample.

2. (Original) The method of claim 1 wherein the step of amplifying employs real-time

polymerase chain reactions.

3. (Original) The method of claim 2 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

4. (Original) The method of claim 1 wherein between 0.1 and 0.9 of the assay samples
yield an amplification product as determined by amplification of the first allelic form of the

marker.

442672-1
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5. (Original) The method of claim 1 wherein between 0.1 and 0.9 of the assay samples
yield an amplification product as determined by amplification of the second allelic form of the

marker.

6. (Original) The method of claim 1 wherein the amplified molecules in each of the
assay samples within the first and second numbers of assay samples are homogeneous such that
the first number of assay samples do not contain the second allelic form of the marker and the

second number of assay samples do not contain the first allelic form of the marker.

7. (Original) The method of claim 1 wherein the sample is from blood.

8. (Currently amended) A method for determining an allelic imbalance in a biological
sample, comprising the steps of:
distributing nucleic acid template molecules from 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 samples of the set;

analyzing the amplified molecules in the assay samples of the set to determine a first

number of assay samples which contain a seleeted-genetiesequenes

allelic form of a marker and a second number of assay samples which contain a sefereneegenete

;e second allelic form of the marker;

comparing the first number of assay samples to the second number of assay samples to
ascertain an allelic imbalance between the first ehremeseme allelic form and the second
ehremeseme allelic form in the biological sample.

9. (Original) The method of claim 8 wherein the sample is from blood.

442672-1
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10. (New) The method of claim 1 or 8 wherein between 0.1 and 0.6 of the assay samples

yield an amplification product.

11. (New) The method of claim 1 or 8 wherein between 0.3 and 0.5 of the assay samples

yield an amplification product.

12. (New) The method of claim 1 or 8 wherein the set comprises at least 500 assay

samples.

13. (New) The method of claim 1 or 8 wherein the set comprises at least 1000 assay

samples.

442672-1
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Remarks

This amendment corrects a clerical error. The claims in this divisional application were
supposed to be directed to group II claims from the parent application. Inadvertently one of the
claims from group I of the parent was presented in this application. No claims 10-13 were
presented in the parent application and also formed part of group II. Claims 10 and 11 are
supported at page 10, second full paragraph. Claims 12 and 13 are supported at page 10, third

full paragraph. No new matter is added by this amendment.

Respectfully submitted,

Date: 18 March 2010 By: /Sarah A. Kagan/
Sarah A. Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
Customer No. 22907
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an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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(37 CFR1.16(a). (b). or (c))
[ seARcH FEE
(37 CFR1.16(. (). or (m) N/A N/A N/A N/A
|:| EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A N/A
é?%ﬁLREL'I'%I(,I\;I)S minus20= | * X$ = ORI X3 =
INDEPENDENT CLAIMS . N _ -
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
sheets of paper, the application size fee due
] pap: pp
A?’F;PCLF'(&TJSN SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) Prior Group Art Unit: 1637
)
Bert VOGELSTEIN et al ) Prior Examiner: Samuel Woolwine
)
Divisional Application of ) Confirmation No. TBD
Serial No. 11/709,742 )
) Atty. Dkt. No. 001107.00794
Filed: Herewith )
)
For: DIGITAL AMPLIFICATION )

INFORMATION DISCLOSURE STATEMENT

U.S. Patent and Trademark Office

Customer Service Window, Mail Stop Amendment
Randolph Building

401 Dulany Street

Alexandria, VA 22314

Sir:

In accordance with 37 C.F.R. § 1.97, enclosed is a PTO Form 1449 listing documents for
consideration by the Examiner in the subject application. Copies of the cited references were
submitted in parent Application No. 11/709,742 or were provided by the Examiner attached to an
office action. No fee is believed to be due to ensure consideration and entry of the cited
documents by the Examiner. However, if a fee is deemed necessary, the Commissioner is

authorized to charge our Deposit Account No. 19-0733.

Respectfully submitted,

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

Date: November 11, 2009

Banner & Witcoff, Ltd.
Customer No. 22907
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INFORMATION DISCLOSURE

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

Application Number

Filing Date

2009-11-06

First Named Inventor

Bert Vogelstein et al.

Art Unit

TBD

Examiner Name

TBD

Attorney Docket Number

001107.00794

U.S.PATENTS
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code of cited Document .
Figures Appear

1 5213961 1993-05-25 Bunn et al.

2 5736333 1998-04-07 Livak et al.

3 5518901 1996-05-21 Murtagh

4 5804383 1998-09-08 Gruenert et al.

5 5858663 1999-01-12 Nisson et al.

6 5670325 1997-09-23 Lapidus et al.

7 6037130 2000-03-14 Tyagi et al.

8 5925517 1999-07-20 Tyagi et al.
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

2009-11-06

First Named Inventor

Bert Vogelstein et al.

Art Unit

TBD

Examiner Name

TBD

Attorney Docket Number

001107.00794

9 5928870 1999-07-27 Lapidus et al.
10 6020137 2000-02-01 Lapidus et al.
11 6143496 2000-11-07 Brown et al.
12 6291163 2001-09-18 Sidransky

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

U.S.PATENT APPLICATION PUBLICATIONS

Cite
No

Examiner
Initial*

Publication Number

Kind
Codet

Publication
Date

Name of Patentee or Applicant
of cited Document

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

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

FOREIGN PATENT DOCUMENTS

Name of Patentee or Pages,Columns, Lines
Examiner| Cite | Foreigh Document Country Kind | Publication Applicant of cited where Relevant T5
Initial* No | Number3 Code?j Code?| Date bp Passages or Relevant
Document .
Figures Appear
1 95/13399 WO 1995-05-18 |:|
2 99/13113 WO 1999-03-18 |:|
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INFORMATION DISCLOSURE

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

Application Number

Filing Date 2009-11-06

First Named Inventor | Bert Vogelstein et al.

Art Unit TBD

Examiner Name TBD

Attorney Docket Number 001107.00794

3 0643140 EP 1995-03-15 []
If you wish to add additional Foreign Patent Document citation information please click the Add button
NON-PATENT LITERATURE DOCUMENTS
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . . :
e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue humber(s), TS
Initials No . . :
publisher, city and/or country where published.
y LOUGHLIN ET AL., "Association of the Interleukin-1 Gene Cluster on Chromosome 2q13 With Knee Osteoarthritis," D
Arthritis & Rheumatism, June 2002, 46(6):1519-1527
> P. J. SYKES, "Quantitation of Targets for PCR by Use of Limiting Dilution," BioTechniques, 1992, Vol. 13, No. 3, pp.
[]
444-449
3 A. PIATEK ET AL., "Molecular Beacon Sequence Analysis for Detecting Drug Resistance in Mycobacterium D
Tuberculosis," Nature Biotechnology, April 1998, Vol. 16, No. 4. pp. 359-363
4 S. TYAGI ET AL., "Multicolor Molecular Beacons for allele discrimination," Nature Biotechnology, January 1998, Vol. D
16, No. 1, pp. 303-308
5 J. A.M. VET ET AL., "Multilex Detection of Four Pathogenic Retroviruses Using Molecular Beacons," Proceedings of D
the National Academy of Sciences of the United States", May 25, 1999, Vol. 96, No. 11, pp. 6394-6399
6 S. TYAGI ET AL., "Molecular Beacons: probes that Fluoresce Upon Hybridization," Nature Biotechnology, 1996, Vol. D
14, No. 3, pp. 303-308
7 W. P. HALFORD ET AL., "The Inherent Quantitative Capacity of the Reverse Transcription-Polymerase Chain D
Reaction," Analytical Biochemistry, January 15, 1999, Vol. 266, No. 2, pp. 181-191
8 B. VOGELSTEIN ET AL., "Digital PCR," Proceedings of the National Academy of Sciences of the United States, D
August 3, 1999, Vol. 96, No. 18, pp. 9236-9241
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( Not for submission under 37 CFR 1.99)

Application Number

Filing Date 2009-11-06

First Named Inventor | Bert Vogelstein et al.

Art Unit TBD

Examiner Name TBD

Attorney Docket Number 001107.00794

9 K.D.E. EVERETT ET AL., "ldentification of Nine Species of the Chlamydiaceae Using PCR-RFLP," Int. J. Syst.
Bacteriol., April 1999, Vol. 49, No. 2, pp. 803-813

10 D. G. MONCKTON ET AL., “Minisatellite “Isoallele” Discrimination in Pseudohomozygotes by Single Molecule PCR
and Variant Repeat Mapping,” Genomics, 1991, Vol. 11, pp. 465-467

11 G. RUANO ET AL., “Haplotype of Multiple Polymorphisms Resolved by Enzymatic Amplification of Single DNA
Molecules,” Proc. National Science USA, 1990, pp. 6296-6300
W. NAVIDI ET AL., “Using PCR in Preimplantation Genetic Disease Diagnosis,” Human Reproduction, 1991, Vol. 6,

12
No. 6, pp. 836-849

13 H. LI ET AL., “Amplification and Analysis of DNA Sequences in Single Human Sperm and Diploid Cells,” Nature,
September 29, 1988, Vol. 335, pp. 414-417

14 L. ZHANG ET AL., “Whole Genome Amplification from a Single Cell: Implications for Genetic Analysism,” Proc.
National Science USA, July 1992, Vol. 89, pp. 5847-5851

15 D. SIDRANSKY ET AL., “Clonal Expansion of p53 Mutant Cells is Associated with Brain Tumour Progression,” Nature,
February 27, 1992, pp. 846-847

16 A. J. JEFFREYS ET AL., “Mutation Processes at Human Minisatellites,” Electophoresis, 1995, pp. 1577-1585
C. SCHMITT ET AL., “High Sensitive DNA Typing Approaches for the Analysis of Forensic Evidence: Comparison of

17 Nested Variable Number of Tandem Repeats (VNTR) Amplification and a Short Tandem Repeats (STR)
Polymorphism,” Forensic Science International, 1994, Vol. 66, pp. 129-141

18 P. M. LIZARDI ET AL., “Mutation Detection and Single-Molecule Counting Using Isothermal Rolling-Circle
Amplification,” Nature Genetics, July 1998, Vol. 19, pp. 225-232

19 R. PARSONS ET AL., “Mismatch Repair Deficiency in Phenotypically Normal Human Cells,” Science, May 5, 1995,
Vol. 268, pp. 738-740
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Filing Date 2009-11-06

INFORMATION DISCLOSURE

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

First Named Inventor | Bert Vogelstein et al.

Art Unit TBD

Examiner Name TBD

Attorney Docket Number 001107.00794

20 MARRAS ET AL., “Multiplex Detection of Single-Nucleotide Variations Using Molecular Beacons,” Genetic Analysis: D
Biomolecular Engineering, Feb. 1999, Vo. 14, pp. 151-156

o1 WHITCOMB ET AL., “Detection of PCR Products Using Self-Probing Amplicons and Fluorescence,” Nature D
Biotechnology, August 1999, Vol. 17, pp. 804-807

29 M.J. BRISCO ET AL., “Detection and Quantitation of Neoplastic Cells in Acute Lymphoblastic Leukemia, by Use of the D
Polymerase Chain Reaction,” British Journal of Haematology, 1991, Vol. 79, pp. 211-217

23 M. J. BRISCO ET AL., “Outcome Prediction in Childhood Acute Lymphoblastic Leukemia by Molecular Quantification D
of Residual Disease at the End of Induction,” The Lancet, January 22, 1994, Vol. 343, pp. 196-200

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

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

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here iff
English language translation is attached.

EFS Web 2.0.2 Page 210 of 1237



Application Number

Filing Date 2009-11-06

INFORMATION DISCLOSURE

First Named Inventor | Bert Vogelstein et al.

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

Art Unit TBD

Examiner Name TBD

Attorney Docket Number 001107.00794

CERTIFICATION STATEMENT

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

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

OR

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

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

[[] See attached certification statement.
[ ] Feesetforthin 37 CFR 1.17 (p) has been submitted herewith.

X None

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

Signature /Sarah A. Kagan/ Date (YYYY-MM-DD) 2009-11-11

Name/Print Sarah A. Kagan Registration Number 32141

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

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

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

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

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

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

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

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

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

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

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

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

In re the Application of: Atty. Docket No.: 001107.00704
Bert VOGELSTEIN et al.

Serial No.: ~ TBD Group Art Unit: TBD

Filed: Herewith Examiner: TBD

For: Digital Amplification

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

U.S. Patent and Trademark Office
Customer Service Window
Randolph Building

401 Dulany Street

Alexandria, VA 22314

Sir:

Pursuant to 37 C.F.R. § 1.32(c)(3), please recognize the following patent practitioners, originally
named in the Power of Attorney from an earlier-filed application, as being of record in the above-

identified application:

Name Registration No.
Sarah A. Kagan 32,141
Dale H. Hoscheit 19,090
Joseph M. Skerpon 29,864
Lisa M. Hemmendinger 42,653
William J. Fisher 32,133

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

Respectfully submitted,
BANNER & WITCOFF, LTD.

Dated: November 11, 2009 By: /Sarah A. Kagan/
Sarah A. Kagan
Registration No. 32,141

Customer No. 22907
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of Prior Group Art Unit: 1637
Bert VOGELSTEIN et al Prior Examiner: S. Woolwine
Serial No. TBD Confirmation No. TBD

Filed: Herewith Atty. Dkt. No. 001107.00794

R T g

For:  DIGITAL AMPLIFICATION

SEQUENCE STATEMENT

U.S. Patent and Trademark Office

Customer Service Window, Mail Stop Amendment
Randolph Building

401 Dulany Street

Alexandria, VA 22314

Sir:

Applicants respectfully request that the Patent Office use the computer readable form of
the sequence listing submitted on November 14, 2003 in parent Application Serial Number
09/981,356 for examination of the instant application. Ibelieve the contents of the referenced
computer readable form and the paper copy of the sequence listing submitted herewith are identical.

No new matter is added.

Respectfully submitted,

Date: November 11, 2009 By: /Sarah A. Kagan/
Sarah A. Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
Customer No. 22907
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<110> Vogelstein,'Bert

Kinzler, Kenneth W.

528191 1.TXT
SEQUENCE LISTING

<120> DIGITAL AMPLIFICATION

<130> 01107.00195

<140> 09/981, 356
<141> 2001-10-12

<150> US 60/146,792
<151> 1999-08-02

<150> US 09/613,826
<151> 2000-07-11

<160> 15

<170> PatentIn version 3.1

<210> 1
<211> 26
<212> DNA

<213> homo sapiens

<400> 1

catgttctaa tatagtcaca ttttca

<210> 2
<211> 24
<212> DNA

<213> homo sapiens

<400> 2

tctgaattag ctgtatcgtc aagg

<210> 3
<211> 20
<212> DNA

<213> homo sapiens

<400> 3
tagctgtatc gtcaaggcac

<210> 4
<211> 27
<212> DNA

<213> homo sapiens

<400> 4

cacgggcctg ctgaaaatga ctgcgtg

<210> 5
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. <211> 24
<212> DNA
<213> homo sapiens

<400> 5
cacgggagct ggtggcgtag cgtg

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

<213> homo sapiens

<400> 6
cattattttt attataaggc ctgc

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

<213> homo sapiens

<400> 7
gctggtggeg ta

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

<213> homo sapiens

<400> 8
gctagtggcg ta

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

<213> homo sapiens

<400> 9
gctggtgacg ta

<210> 10

<211> 12

<212> DNA

<213> homo sapiens
<220>

<221> misc_feature
<222> (1)..(12)

<223> n =g or c

<400> 10
gctcgtggeg ta
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.<210>
T<211>
<212>
<213>

<220>
<221>
<222>
<223>

<400>

11

13

DNA

homo sapiens

misc_ feature
(1)..(13)
n=gort

11

gcttgtggec gta

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

<220>
<221>
<222>
<223>

<400>

12

13

DNA

homo sapiens

misc_feature
(1) ..(13)
n=gora

12

gctgatgggec gta

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

<400>

13

12

DNA

homo sapiens

13

gctgatggcg ta

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

<400>

14

12

DNA

homo sapiens

14

gctgctggcg ta

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

<400>

15

12

DNA

homo sapiens

15

gctggtggtg ta
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FIG. 2
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JOINT DE_LARATION FOR PATENT APPL.CATION
.As the below named inventor, we hereby declare that:
Qur residence, post office address and citizenship are as stated below next to our ﬁames;

We believe we are the original, first and joint inventors of the subject matter which is claimed and for which a
patent is sought on the invention entitled DIGITAL AMPLIFICATION, the specification of which

O is attached hereto.

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

O was filed under the Patent Cooperation Treaty (PCT) and accorded International Application
No. , filed , and amended on (if any).

We hereby state that we have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred to above,

We hereby acknowledge the duty to disclose information whlch is material to patentability in accordance with

Title 37, Code of Federal Regulations, §1.56(a).

Prior Foreign Application(s)
We hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign application(s)
for patent or inventor's certificate listed below and have also identified below any foreign application(s) for patent or
inventor’s certificate having a filing date before that of the application on which priority is claimed:

Country

Application No.

Date of Filing
(day month year)

Date of Issue
(day month year)

Priority Claimed
Under 35 US.C. §119

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

application listed below:

.. . . Date of Filing Priority Claimed
U.S. Provisional Application No. (day month year) Under 35 US.C. §119(c)(1)
60/146,792 02 August 1999 Yes

Prior United States Application(s)
We hereby claim thie benefit under Title 35, United States Code, §120 of any United States appl:cauon(s) listed -

below and, insofar as the subject matter of each of the claims of this application i5 not disclosed in the prior United States
application in the manner provided by the first paragraph of Title 35, United States Code, §112, we acknowledge the duty
to disclose material information as defined in Title 37, Code of Federal Regulations, §1.56(a) which occurred between

the filing date of the prior application and the national or PCT international filing date of this application:

Application Serial No.

Date of Filing
(Day, Montb, Year)

Status — Patented,
Pending, Abandoned

BANNER & WITCOFF, LTD.
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Power of Attorney

LETS

¢

And we hereby appoint, both jointly and severally, as our attornieys with full’ power of Substitution aiid revotation, 1o prosecute”
this application and to transact all business in the Patent and Trademark OfTice connecled herewith the following attorneys and agents, their
registration numbers being listed afier their names:

ALTHERR, Robert F. 31,810 HOSCHEIT, Dale H. 19,090 PATEL, Binal J. 42,065
BANNER, Donald W. 17,037 IWANICKI, John P. 34,628 PATHAK, Ajay S. 38,266
BANNER, Mark T. 29,888 JACKSON, Thomas H. 29,808 PAYNE, Stephen S. 35,316
BANNER, Pamela 1. 33,644 KAGAN, Sarah A. 32,141 PETERSON, Thomas L, 30,969
BECKETT, William W. 18,262 KATZ, Robert S. 36,402 " POTENZA, Joseph M. 28,175
BODNER, Jordan 42,338 KLEIN, William J. 43,719 PRATT, Thomas K. 37,210
BUROW, Scott A, 42,373 KRAUSE, Joseph P. 32,578 RENK, Christopher J. 33,761
CALLAHAN, James V. 20,095 LINEK, Emest V. 29,822 RESIS, Robert H. 32,168
CHANG, Steve S 42,402 MALONE, Dale A. 32,155 RIVARD, Paul M. 43,446
COHAN, Gregory J. 40,959 MANNAVA, Ashok K. 45,301 SCHAD, Steve P. 32,550
COOPERMAN, Marc S. 34,143 McDERMOTT, Peter D. 29,411 SHANAHAN, Michael H. 24,438
CURTIN, Joseph P. 34,571 McKEE, Chnstopher L. 32,384 SHIFLEY, Charles W. 28,042
DAWSON, John R. 39,504 McKIE, Edward F. 17,335 SKERPON, Joseph M. 29,864
DEMOOR, Laura J. 39,654 MEDLOCK, Nina L. 29,673 STOCKLEY, D. J. 34,257
EVANS, Thomas L. 35,805 MEECE, Timothy C. 38,553 VAN ES, J. Pieter 31,746
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
GLEMBOCK]I, Christopher R.38,800 MITRIUS, Janice V. 43,808 WOLFFE, Susan A, 33,568
HANLON, Brian E. 40,449 MORENQO, 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

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

We hereby declare that all statements made herein of our own knowledge are true and that al) statements made on information
and belief are believed to be true; and further that these statements were made with the knowledge that wiilful false statements and the

like so made are punishable by fine or imgrisonment, ar both, under Section 1001 of Title 18 of the United States Code and that such
willful false st nts may jeopardize tf:rlvalidily of the application or any patent issuing thereon.

/

NN —

Date { l / Zg/ 0“
\ Yogelstein Bert [ I

Full Name of Figst Inventor. \ )
U Family Name First Given Name Stcond Given Name
Residence. d

Citizenship_United States
Post Office Address____37040 Breton Way, Baltimore, Maryland 21208

'Signatum . .

owe 1112000

Full Name of Second Inventor, ' Kimle‘,ﬂ Kenneth
. Family Name First Given Name Second Given Name
‘Residence__BelAir, Maryland Citizenship__United States

Post Office Address____1403 Halkirk Way, BelAir, Maryland 21015

BANNER & WITCOFF, LTD. Attomey Docket No. 01107.0003}
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DIGITAL AMPLIFICATION

This application is a division of U.S. Application Serial No. 11/709,742
filed February 23, 2007, which is a continuation of U.S. Application Serial
Number 10/828,295 filed April 21, 2004, now abandoned, which is a division
of U.S. Application Serial Number 09/981,356 filed October 12, 2001, now
U.S. Patent 6,753,147, which is a continuation of U.S. Application Serial
Number 09/613,826 filed July 11, 2000, now U.S. Patent 6,440,706, which
claims the benefit of provisional U.S. Application Serial Number 60/146,792,
filed August 2, 1999, now expired. The disclosure of all priority applications

is expressly incorporated herein.
The U.S. government retains certain rights in this invention by virtue of
its support of the underlying research, supported by grants CA 43460, CA

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

TECHNICAL FIELD OF THE INVENTION

This invention is 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 disecase. With the realization that somatic
mutations are the primary cause of cancer, and may also play a role in aging,
new genetic principles have arisen. These discoveries have provided 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
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urine, stool, and sputum 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 DNA of neoplastic cells have also
been found in the blood of cancer patients. The detection of residual disease in
lymph nodes or surgical margins may be useful in predicting which patients
might benefit most from further therapy. 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.

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
uscful 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 of the cells analyzed, but the signal to noise ratio
distinguishing mutant and wild-type (WT) templates is variable. The use of
mutant-specific primers or the digestion 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 molecules in the starting population with these techniques.
Other innovative approaches for the detection of somatic mutations have been
reviewed. A general problem with these methods is 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.
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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 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 of genetic 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
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 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 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-fifticth 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. The first number is
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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
agent at the opposite 5’ or 3’ end. The loop consists of 16 base pairs which
has a Ty, 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
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 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

FiG. 1. Schematic of experimental design. (A) The basic two steps involved:
PCR on diluted DNA samples is followed by addition of fluorescent probes
which discriminate between WT and mutant alleles and subsequent
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 ef al. (C) Oligonucleotide design.
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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 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 of cells 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 more alleles of mutant

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

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. Polyacrylamide 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 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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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 Methods. The
wells with RED/GREEN ratios >3.0 each contained mutant sequences while

those with RED/GREEN ratios of ~1.0 contained WT sequences.

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 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 were colored either red or green,
depending on their RED/GREEN ratios. Those registering negative with
MB-RED were colored white. PCR products from the indicated wells were

used for automated sequence analysis.

DETAILED DESCRIPTION OF THE INVENTION

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. 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.
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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 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 less than ten template molecules.

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 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
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sensitivity may ultimately be limited by polymerase errors. The effective error
rate in PCR as performed under our conditions was 1.1%, i.e., four out of 351
PCR products derived from WT DNA sequence appeared to contain a mutation
by RED/GREEN ratio criteria. However, any individual mutation (such as a
G to T transversion at the second position of codon 12 of c-Ki-Ras), are
expected to occur in < 1 in 50 of these polymerase-generated mutants (there
are at least 50 base substitutions within or surrounding codons 12 and 13 that
should yield high RED/GREEN ratios). 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 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 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 mutant transcripts from a gene can be casily
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 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 number of wells in

which the test transcript is amplified divided by the number of wells in which
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the reference transcript is amplified provides a quantitative measure of gene

expression. Another group of examples involves the investigations 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 applications of Digital Amplification are

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

relatively common alleles or transcripts rather than the detection of rare alleles,

techniques such as those employing TagMan 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 simultanecously. 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.)

Table 1. Potential Applications of Dig-PCR

Application

Example

Probe 1 Detects:

Probe 2 Detects:

Base substitution
mutations

Cancer gene mutations in stool,
blood, lymph nodes

mutant or WT
alleles

WT PCR products

(RNA)

Chromosomal Residual leukemia cells after therapy normal or translocated allele
translocations (DNA or RNA) translocated
alleles
Gene Determine presence or extent of sequence within sequence from another

amplifications amplification amplicon part of same

chromosome arm
Alternatively Determine fraction of alternatively minor exons common exons

spliced products spliced transcripts from same gene

Changes in gene

Determine relative levels of

first transcript

reference transcript

expression expression of two genes (RNA)
Allelic Two different alleles mutated vs. one first mutation second mutation
discrimination mutation in each of two alleles

Allelic Imbalance

Quantitative analysis with non-
polymorphic markers

marker sequence

marker from another
chromosome

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
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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 used for this determination. If the analysis method
being used can detect analyte when present at a level of 20%, then one must
dilute such that a significant number of diluted assay 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
required.

To achieve a dilution to approximately a single template molecule
level, one can dilute such that between 0.1 and 0.9 of the assay samples yield
an amplification product. More preferably the dilution will be to between 0.1
and 0.6, more preferably to between 0.3 and 0.5 of the assay samples yielding
an amplification product.

The digital amplification method requires analysis of a large number of
samples to get meaningful results. Preferably at least ten diluted assay samples
are amplified and analyzed. More preferably at least 15, 20, 25, 30, 40, 50, 75,
100, 500, or 1000 diluted assay samples are amplified and analyzed. As in any
method, the accuracy of the determination will improve as the number of
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 the method an in 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
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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 lymphomas can be detected as a measure of the efficacy of
therapy. Gene amplifications are characteristic of certain discase 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. Preferred sources include stool, blood, and lymph nodes.
Preferably the biological sample is a cell-free lysate.

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 photon
of light. Such processes include fluorescence, which denotes emission
accompanying descent from an excited state with paired electrons (a “singlet”
state) or unpaired electrons (a “triplet” state) to a lower state with the same

multiplicity, i.e., a quantum-mechanically “allowed” transition.
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Photoluminescence also includes phosphorescence which denotes emission
accompanying descent from an excited triplet or singlet state to a lower state of
different multiplicity, i.e., 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 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 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 ratiometric 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 means of analysis of the amplified dilution samples, other
techniques can be used as well. These include sequencing, gel electrophoresis,
hybridization with other types of probes, including 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 are provided herein for purposes of illustration only, and are

not intended to limit the scope of the invention.
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EXAMPLE 1

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
NH4S0O4, 6.7 mM MgCl,, 10 mM B-mercaptoethanol, 1 mM dATP, 1 mM
dCTP, 1 mM dGTP, 1 mM TTP, 6% DMSQ, 1 uM primer 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, DNA samples were serially
diluted and tested via PCR. The amount that 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 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.
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 NH4SO;,
6.7 mM MgCl,, 10 mM B-mercaptoethanol, 1 mM dATP, I mM dCTP, 1 mM
dGTP, 1 mM TTP, 6% DMSQO, 5 uM primer INT, 1 uM MB-GREEN, 1 uM
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

13
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20,000 fluorescence “units”, with about 75% emanating from the fluorometer
background and the remainder from the MB probes. The plates were then
placed in a thermal cycler for asymmetric amplification at the following
temperatures: 94° for one minute; 10 - 15 cycles of 94° for 15 sec, 55° for 15
sec., 70° for 15 seconds; 60° for five minutes. The plates were then incubated
at room temperature for at least 20 minutes and fluorescence measured as
described above. The fluorescence readings obtained were stable for several
hours. Specific fluorescence was defined as the difference in fluorescence
before and after the asymmetric amplification. RED/GREEN ratios 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 normal cells, as
defined in Materials and Methods). We found that the ability of MB 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

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

EXAMPLE 3

Oligonucleotides and DNA sequencing. Primer F1:
5’-CATGTTCTAATATAGTCACATTTTCA-3’; Primer R1:
5-TCTGAATTAGCTGTATCGTCAAGG-3’; Primer INT:
5’-TAGCTGTATCGTCAAGGCAC-3’; MB-RED:
5’-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabceyl-3’;
MB-GREEN:
5’-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabceyl-3’.
Molecular Beacons were synthesized by Midland Scientific and other
oligonucleotides were synthesized by Gene Link. All were dissolved at 50 uM
in TE (10 mM Tris, pH 8.0/ 1 mM EDTA) and kept frozen and in the dark
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until use. PCR products were purified using QIAquick PCR purification kits
(Qiagen). In the relevant experiments described in the text, 20% of the product
from single wells was used for gel electrophoresis and 40% was used for each
sequencing reaction. The primer used for sequencing was
5’-CATTATTTTTATTATAAGGCCTGC-3’. Sequencing was performed
using fluorescently-labeled ABI Big Dye terminators and an ABI 377

automated sequencer.

EXAMPLE 4

Principles underlying experiment. The experiment is 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 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. 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 (Dabcyl) 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 Dabceyl group and the fluorescent dye. After heating and cooling,
MB probes reform a stem-loop structure which quenches the fluorescent signal
from the dye. Ifa PCR product whose sequence is complementary to the loop

sequence is present during the heating/cooling cycle, hybridization of the MB
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to one strand of the PCR product will increase the distance between the Dabeyl
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 probes, 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 WT PCR product that is queried for
mutations. Mutations within the corresponding sequence of the PCR product
should significantly impede the hybridization of it 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 MB probes are used
together to simultancously 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 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
thousands of 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 activated only after

heating and optimized concentrations of dNTP’s, primers, buffer components,
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and temperature. The conditions specified in Examples 1-3 were defined after
individually optimizing each of these components and 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 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
cach 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. Though this 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 not only raise the background fluorescence
but would be expensive. We therefore attempted to develop a single probe that

would react with WT sequences better than any mutant sequence within the
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queried sequence. We 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-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-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 of the ratios obtained in replicate wells containing DNA
templates from colorectal tumor cells with mutations of ¢-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 of RED/GREEN fluorescence that were significantly 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/GREEN ratios 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/GREEN ratio of 1.5 (Gly12Arg mutation) while the cells containing
three mutant c-Ki-Ras alleles per WT allele exhibited a ratio of 3.4
(Gly12Asp). These data suggested that wells containing only mutant alleles
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(no WT) would yield ratios in excess of 3.0, with the exact value dependent on
the specific mutation.

Though this 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 of a
single internal primer (primer INT in Fig. 1C) at the time of addition of the
MB probes.
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EXAMPLE 5

Analysis of DNA from tumor cells. The principles and practical
considerations described above was demonstrated 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% 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/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.
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 sequence analysis of genomic DNA from the two tumor

lines (Fig. 2).
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Digital Analysis of DNA from stool. As a more practical example, we
analyzed the DNA from stool specimens from 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% of the c-Ki-Ras genes
purified from stool would be mutant. We therefore set up a 384 well Digital
Amplification experiment. 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/GREEN ratios of the
102 positive wells suggested that five contained mutant ¢-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 sequence (Fig. 5B). 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 presumably arose from the

colorectal cancer of the patient, as direct sequencing of PCR products
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generated from DNA of the cancer revealed the identical Gly12Ala mutation

(not shown).
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CLAIMS

1. A method for determining an allelic imbalance in 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 the
biological sample;

analyzing the amplified molecules in the assay samples of the set to
determine a first number of assay samples which contain a first allelic form of
a marker and a second number of assay samples which contain a second allelic
form of the marker, wherein between 0.1 and 0.9 of the assay samples yield an
amplification product;

comparing the first number to the second number to ascertain an allelic
imbalance in the biological sample; and

identifying an allelic imbalance in the biological sample.

2. The method of claim 1 wherein the step of amplifying employs real-

time polymerase chain reactions.

3. The method of claim 2 wherein the real-time polymerase chain

reactions comprise a dual-labeled fluorogenic probe.
4. The method of claim 1 wherein between 0.1 and 0.9 of the assay
samples yield an amplification product as determined by amplification of the

first allelic form of the marker.

5. The method of claim 1 wherein between 0.1 and 0.9 of the assay

samples yield an amplification product as determined by amplification of the
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second allelic form of the marker.

6. The method of claim 1 wherein the amplified molecules in each of
the assay samples within the first and second numbers of assay samples are
homogeneous such that the first number of assay samples do not contain the
second allelic form of the marker and the second number of assay samples do

not contain the first allelic form of the marker.

7. The method of claim 1 wherein the sample is from blood.

8. A method for determining an allelic imbalance in a biological
sample, comprising the steps of:

distributing nucleic acid template molecules from 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 samples of the set;

analyzing the amplified molecules in the assay samples of the set to
determine a first number of assay samples which contain a selected genetic
sequence on a first chromosome and a second number of assay samples which
contain a reference genetic sequence on a second chromosome;

comparing the first number of assay samples to the second number of
assay samples to ascertain an allelic imbalance between the first chromosome
and the second chromosome in the biological sample.

9. The method of claim 8 wherein the sample is from blood.
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DIGITAL AMPLIFICATION
ABSTRACT

The identification of pre-defined mutations expected to be present in 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; each product is then separately analyzed for the presence of
pre-defined mutations. The process provides a reliable and quantitative

measure of the proportion of variant sequences within a DNA sample.

25

Page 251 of 1237



Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

Digital Amplification

First Named Inventor/Applicant Name:

Bert Vogelstein

Filer:

Sarah Anne Kagan./konnae berces

Attorney Docket Number:

001107.00794

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Utility application filing 1011 1 330 330
Utility Search Fee 1111 1 540 540
Utility Examination Fee 1311 1 220 220
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
Page 252 of 1237




Description Fee Code Quantity Amount SU{JJ-STS::; in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1090

Page 253 of 1237




Electronic Acknowledgement Receipt

EFSID: 6443895
Application Number: 12617368
International Application Number:
Confirmation Number: 4461
Title of Invention: Digital Amplification
First Named Inventor/Applicant Name: Bert Vogelstein
Customer Number: 22907
Filer: Sarah Anne Kagan./konnae berces
Filer Authorized By: Sarah Anne Kagan.
Attorney Docket Number: 001107.00794

Receipt Date: 12-NOV-2009

Filing Date:

Time Stamp: 16:49:10

Application Type: Utility under 35 USC 111(a)

Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $1090
RAM confirmation Number 3585
Deposit Account 190733
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Bhgegzsanyf Aggiitional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)




Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

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 . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
147981
1 Transmittal Letter 1107transmittal794.pdf no 1
155¢22ba248e705a937947b4a98a3023659)
edfad
Warnings:
Information:
40285
2 Application Data Sheet 1107ADS794.pdf no 5
9aab3960¢c75d0750767d808f0f5 1ccce96¢]
70f1
Warnings:
Information:
This is notan USPTO supplied ADS fillable form
Inf tion Discl Stat t (IDS) 67124
nrormation Liscliosure >tatemen
3 Filed (SB/08) 1107IDSLTR794.pdf no 1
adb3d25f6e2e9859d012aef4db26feed7d6.
Tebc
Warnings:
Information:
This is notan USPTO supplied IDS fillable form
Inf tion Discl Stat t (IDS) 39705
nrormation Liscliosure >tatemen
4 Filed (SB/08) 1107IDS794.pdf no 7
92d5e0a17f09f9eefcb0a95aa00996a59533
2707
Warnings:
Information:
This is notan USPTO supplied IDS fillable form
68732
5 Miscellaneous Incoming Letter 1107practitioners794.pdf no 1
8613be2e82b2f633a309727879590b6919d|
a95a2
Warnings:
Information:
57645
6 Sequence Listing 1107SEQSTMT794.pdf no 1
146ffd738fad86db334ec06¢5372b72795¢a|
fcba
Warnings:
Information:
42212
7 Sequence Listing 1107SEQLISTING794.pdf no 3
db20e61d1cad3993ed576de878b7966e41
d23324
Warnings:

InformZa#8155 of 1237




353535
1107drawings794.pdf no 7

69f3d0818b17aa66c9fec5e091feledbaeea
bfge

Drawings-only black and white line
drawings

Warnings:

Information:

112006
9 Oath or Declaration filed 1107declaration794.pdf no 2

68b6159cf735266d77656bec8bcbce2ced
60a50

Warnings:

Information:

207102
10 Specification 1107specification794.pdf no 25

5940eeb60987d6fc909b4c080d343415ebd]
955ab

Warnings:

Information:

32334
11 Fee Worksheet (PTO-875) fee-info.pdf no 2

c4886d296fab0df3bfdaac8e4488122c6ac3
ee37

Warnings:

Information:

Total Files Size (in bytes); 1168661

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

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE

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

UTI LITY Attorney Docket No. 001107.00794 )
PAT E N T AP P I— I CATI O N First Inventor Bert VOGELSTEIN et al.
TRANSMITTAL

Title Digital Amplification
(Only for new nonprovisional applications under 37 CFR 1.53(b))
Express Mail Label No. j
APPLICATION ELEMENTS ADDRESS T0- Commissioner for Patents
See MPEP chapter 600 concerning utility patent application contents. : Aie).(an dria VA 22313-1450
1. |:| Fee Transmittal Form (e.g., PTO/SB/17)
(Submit an original and a duplicate for fee processing) ACCOMPANYING APPLICATION PARTS
2. [] Applicant claims small entity status. 9. [] Assignment Papers (cover sheet & document(s))
See 37 CFR 1.27.
3. X specification [Total Pages26 ] Name of Assignee
Both the claims and abstract must start on a new page
(For information on the preferred arrangement, see MPEP 608.01(a))
4. & Drawing(s) (35 U.S.C. 113)  [Total Sheets 7 ] 10 I:l 37 CFR 3.73(b) Statement I:l Power of
5. Oath or Declaration [TOl‘al Sheets 2 ] (When there is an assignee) Attorney
a. |:| Newly executed (original or copy) . . ] ]
b. x A copy from a prior application (37 CFR 1.63(d)) 1. |:| English Translation Document (if applicable)
ft tinuation/divisional with Box 18 leted,
i ﬁrgéféqtll(a)II\IOZFHI/:\TC)SZTVSR(S;)X completed) 12. x Information Disclosure Statement (PTO/SB/08 or PTO-1449)
Signed statement attached deleting inventor(s) D Copies. of foreign patien.t documgnts,
name in the prior application, see 37 CFR publications, & other information
1.63(d)(2) and 1.33(b).
13. Prelimi A d t
6. X Application Data Sheet. See 37 CFR 1.76 [ preliminary Amendmen
7. ] cD-ROM or CD-R in duplicate, large table or 14.[] Return Receipt Postcard (MPEP 503)
Computer Program (Appendix) (Should be specifically itemized)
D Landscape Table on CD 15. |:| Certified Copy of Priority Document(s)
8. Nucleotide and/or Amino Acid Sequence Submission (if foreign priority is claimed)
(if applicable, items a. — c. are required)
a. & Computer Readable Form (CRF) 16. |:| Nonpublication Request under 35 U.S.C. 122(b)(2)(B)(i).
b. Specification Sequence Listing on: Applicant must attach form PTO/SB/35 or equivalent.
i |:| CD-ROM or CD-R (2 copies); or i
i K Paper 17.[] other:
C. & Statements verifying identity of above copies

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the
specification following the title, or in an Application Data Sheet under 37 CFR 1.76:
|:| Continuation x Divisional l:l Continuation-in-part (CIP) of prior application No.: 11/709,742

Prior application information: Examiner Samuel C. Woolwine Art Unit: 1637

19. CORRESPONDENCE ADDRESS

& The address associated with Customer Number: | 22907 | OR |:| Correspondence address below

Name

Address

City | state Zip Code

Country | Telephone Email

[ Signature /Sarah A. Kagan/ |Date November 11 ,2009 A
Name Sarah A. Kagan Registration No. 32,141

\(Print/Type) (Attorney/Agent) J

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | 001107.00794

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | Digital Amplification

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

[ ] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Applicant Information:

Applicant 1

AzzliZ:n: Authority @Inventor | (Olegal Representative under 35 U.S.C. 117 (OpParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Bert VOGELSTEIN

Residence Information (Select One) (@ US Residency (O Non US Residency () Active US Military Service

City | Baltimore State/Province | MD Country of Residencé | US

Citizenship under 37 CFR 1.41(b) us
Mailing Address of Applicant:

Address 1 3700 Breton Way

Address 2

City Baltimore State/Province MD

Postal Code 21208 Country | US

Applicant 2

Applicant Authority ®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Kenneth W. KINZLER

Residence Information (Select One) (@ US Residency (O Non US Residency () Active US Military Service

City | Baltimore State/Province | MD Country of Residencé | US

Citizenship under 37 CFR 1.41(b} us
Mailing Address of Applicant:

Address 1 1403 Halkirk Way

Address 2

City Baltimore State/Province MD
Postal Code 21015 Country | US

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

Correspondence Information:

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

[] Anabakitessig’being provided for the correspondence Information of this application.
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Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

001107.00794

Application Number

Title of Invention

Digital Amplification

Customer Number

22907

Email Address

Application Information:

Title of the Invention

Digital Amplification

Attorney Docket Number

001107.00794

Small Entity Status Claimed

[]

Application Type

Nonprovisional

Subject Matter

Utility

Suggested Class (if any)

Sub Class (if any)

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any)

Suggested Figure for Publication (if any)

Publication Information:

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

[

Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.
C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of
an application filed in another country, or under a multilateral international agreement, that requires publication at
eighteen months after filing.

Representative Information:

Enter either

Number or complete

the Representative Name

section

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Customer
are completed the Customer Number will be used for the Representative Information during processing.

below. If both sections

Please Select One:

(® Customer Number

(O US Patent Practitioner

O Limited Recognition (37 CFR 11.9)

Customer Number

22907

Domestic Benefit/National Stage Information:

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

Prior Application Status [ Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
Division of 11709742 2007-02-23
Prior Application Status | Abandoned
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
117097d2ge 259 of 1237 Continuation of 10828295 2004-04-21
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Approved for use through 06/30/2010. OMB 0651-0032

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

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

Attorney Docket Number | 001107.00794

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | Digital Amplification

Prior Application Status | Patented

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

10828295 Division of 09981356 2001-10-12 6753147 2004-06-22

Prior Application Status | Patented

Prior Application Filing Date Issue Date

Application L
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
09981356 Continuation of 09613826 2000-07-11 6440706 2002-08-27

Prior Application Status | Expired
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
09613826 non provisional of 60146792 1999-08-02

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

Foreign Priority Information:

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

Application Number Countryi Parent Filing Date (YYYY-MM-DD) Priority Claimed
® Yes ® No

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

Assignee Information:

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

Assignee 1

If the Assignee is an Organization check here. X

Organization Name The Johns Hopkins University

Mailing Address Information:

Address 1 3400 N. Charles Street

Address 2

City Baltimore State/Province MD
CountwI us Postal Code 21218
Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add
button.

Signature:

A signgﬁ%eezg? fﬁéQa”Z)plicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37

CFR 1.4$d) for the form of the signature.
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

001107.00794

Application Number

Title of Invention

Digital Amplification

Signature

/Sarah A. Kagan/

Date (YYYY-MM-DD)

2009-11-11

First Name

Sarah A.

Last Name

Kagan

Registration Number

32141

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

1.

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

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

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

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 ftribunal, including disclosures to opposing counsel in the course of settlement negotiations.

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

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

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

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

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

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

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

ABSTRACT

The identification of pre-defined mutations expected fo be present in
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; each product is then separately analyzed for the
presence of mutations. The process provides a 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 of U.S. Serial No. 60/146,792, filed

August 2, 1999,
The U.S. government retains certain rights in this invention by virtue

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

In classical genetics, only mutations of the germ-line were considered
important for wvnderstanding discase. With the realization that somatic

mutations are the primary cavse of cancer (1), and may also play & role in
apging (2,3), new genetic principles have arisen. These discoveries have
provided a wealth of new opportunities for patient management as well as for
basic research into the pathogenesis of neoplasia. However, many of these
opporiunities 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 wrine (4), stool (5,6), and sputum (7,8) of patients with
cancers of the bladder, colorectum, and lung, respectively. Such defection has
been shown in some ¢ases to be possible at a stage when the primary tumors
are still curable and the patients asymptomatic. Mutant sequences from the
DNA of neoplastic cells have also been found in the blood of cancer patients
(9-11). The detection of residual discase in lymph nodes or surgical margins
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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 simall
populations of mutant cells (15-17).

Because of the imporiance of this issue in so many settings, many
useful fechniques 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 of the 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, but it is difficult to
quantitate the fraction of mutant molecules in the starting population with
these techniques (23-28). Other innovative approaches for the detection of
somatic muiations have been reviewed (29-32). A general problem with these
methods is that it is difficult or impossible to independenily 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.

It is another object of the present invention to provide molecular
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 of genetic sequences. A biological sample comprising nucleic acid
template molecules is diluted to form & set of assay samples. The teroplate

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 determine a first number
of assay samples which contain the selected genetic sequence and a second
number of assay samples which coniain a reference genetic sequence. The
first mumber is then compared o 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 sequénces.
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
coniain 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 &
quenching agent at 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'.

4 second type of molecular baacon 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
agent af the opposite 5’ or 3' end. The loop consists of 19-20 base pairs and
has a'T, of 54-56°C. The stem consisis of 4 base pairs having a sequence 5'-
CACG-3.

Ancther embodiment provides the two types of molecular beacon
probes, either mixed together or provided in a divided container as a kit.
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The invention thus provides the art with the mesns to obtain
quantitative assessments of particular DNA or RNA sequences in mixed
populations of sequences using digital (binary) signals.

BRIEF DESCRIPTION OF THE DRAWING:

5 FIG. 1. Schemiic of experimental design. (A) The basic two steps involved:
PCR on diluted PNA samples is followed by addition of fluorescent probes

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

BA7 which discrimina{e between WT and mutant alleles and subsequent
a2

configuration, fluoresence from a dye at the 5' end of the oligonucleotide
10 probe is quenched by a Rabeyl group at the 3' end. Upon hybridization to a
template, the dye is sepdgated from the quencher, resulting in increased
fluorescence. Modified Marras ef al. . (C) Oligonucleotide design.
Primers F1 and R1 are used to }mplify the genomic region of interest. Primer
INT is used to produce single sttgnded DNA. from the original PCR products
15 during a subsequent asymmetric step (see Materials and Methods).

whether it is WT or mutant at the §ueried codons. MB-GREEN is a
Molecular Beacon which preferentially difects the WT PCR product.

Gly12Ser and Gly12Asp, there were apparently two ofsgore alleles of mutant

c-Ki-Ras for every WT allele; hoth these tumors were ancuploid.

FIG. 3. Detecting Dig-PCR products with MB-RED. Specific Fiuorescence
30 /Units of representative wells from an experiment employing colorectal cancer




é:ells with Gly12Asp or Glyl3Asp 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
flnorescence values <3500 had no PCR product of the correct size while welis
with flucrescence 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 BINA from normal cells. Each of these registered positive with
MB-RED and the RED/GREEN ratios 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.e., fluorescence <3500 fluorescence units.),
The other 288 wells contained diiyted DNA from the steol sample prepared
by alkaline extraction. (Rubeck et &L, 1998, BioTechniques 25:588-592.)
Those registering as positive with MB-REL) were colored either red or green,
depending on their RED/GREEN ratios, Thage registering negative with
MB-RED were colored white. PCR products froin 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 resuliant products
have a progortion of the analyte sequence which is detectable by the detection
means chosen. At its limit, single terplate 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 raethod 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 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 vsed 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, 315, 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 mfill be the overall assay. Over-difution will also lead to
a loss of economy, as many samples will be analyzed and provide ne signal,
A particulady preferred degree of dilution is to a point where each of the assay
samples has on average one-half of n template. The dilution can be performed
from more concentrated samples. Aliematively, dilute sonrces of template
nucleic acids con be used. AN of the samples may contain amplifﬁble
template molecules. Desirably each assay sample prior to amplification will
contain less than a hundred or less than ten template molecules.

Digital ampfification can be used to detect mutations present at
relafively 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
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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%, ie, 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 cedon 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/GREEN ratios). 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 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 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 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 fo amplify a
reference transcript expressed constitutively as well as primers specific for the
experimental transcript. One photoluminescent probe would then be used to
detect PCR products from the reference transcript and a second
photoluminescent probe used for the test transcript. The 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 measore of gene
expression. Another group of examples involves the investigations of allelic
status when two mutations are observed upon sequence enalysis 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. Qther potential applications of Digital Amplification are
listed in Table 1, When the goal is the quantitation of the proportion of two
relatively common alleles 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
real time PCR methods include their simplicity and the ability to analyze
multiple samples simulianeously. 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 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 & template molecule. This is the same as ¢ne half of the diluted samples
having one template molecule. This can be empirically determined by
amplification. Bither the analyte (sclected genetic sequence) or the reference
genetic sequence can be used for this determination. If the enalysis methed
being used can detect analyte when present at a level of 20%, then one must
dilute such that a significant number of diluted assay samples contain more
than 20% of analyte. If the analysis method being used requires 100% analyte
to detect, then dilution down fo the single template molecule level will be
frequired.

To achieve a dilution to approximately & single template molecule
level, one can dilute such that between 0.1 and 0.9 of the assay samples. yield
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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 amaplification method requires analysis of a large number
of samples 10 get meaningful results. Preferably at least ten diluted assay
samples are amplified and analyzed. More preferably at least 15, 20, 25, 30,
40, 50, 75, 100, 500, or 1000 diluted assay samples are amplified and
analyzed. As in any method, the accuracy of the determination will improve

as the number of 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
the method an in sity, 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 methad 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 lymphomeas can be detected as 2 measure of the efficacy of
therapy. Gene amplifications are characteristic of certain disease states.
These can be measured using digitel amplification. Alteratively spliced
forms of a transcript can be detected and quantitated relative to other forms of
the frenscript using digital amplification on cDNA made from mRNA.
Similarly, using cDNA made from mRNA one can deteemine relative levels
of transcription of two different genes. One can use digital amplification to
distinguish begween a situation where one allele carries two mutations and one
mu¢ation is carried on each of two alleles in an individual. Allelic imbalances
often result from a disease state. Thése can be detecied using digital
amplification.
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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. Preferred sources include stool, blood, and lymph nodes.
Preferably the biological sample is 2 cell-free lysate,

10
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Molecular beacon probes according fo 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 fo an

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

excitation encrgy as a photon of light. Such processes include fluorescence,
which denotes emission accompanying descent from an excited state with
paired elecirons (a "singlet" state) or unpaired electrons (a "triplet" state)
to a lower state with the same multiplicity, i.e., a quantum-mechanically
“allowed” transition. Photoluminescence also includes phosphorescence
which denotes emission eccompanying descent from an excited triplet or
singlet staie to a lower staie of different multiplicity, .., 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 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 photoluminescence lifetimes, or even as
changes in the polarization (anisotropy) of phofoluminescence. Skilled
practitioners will recognize that instrumentation for the measurement of
these varied photoluminescent responses are Jmown. The particular
ratiometric methods for the analysis of quenching in the instant examples
should not be construed as limiting the invention to any pariicular 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 means of analysis of the amplified dilution samples,
other techniques can be used as well. These include sequencing, gel

12
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TagMan™ (dusal-Iabeled fluorogenic) probes (Perkin Elmer Corp JApplied
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,

EXAMPLE 1

Step 1: PCR smplifications. 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 P-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 "one-half
genome equivalent” of DNA. To defermine the amount of DNA
corresponding to one-half genome equivalent, DNA samples were serially
diluted and tested via PCR. The amount that yielded amplification
producis 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 foilowing temperatires: denaturation at 94° for one min; 60 cycles
of 94° for 15 sec, 55° for 15 sec., 70° for 15 seconds; 70° for five minuies.
Reactions were read immediately or stored at room temperature for up to

36 hours before fluorescence analysis.

13




EXAMPLE2

Step Z: Fluorescence anelysis. 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,S0, 6.7 mM MgCl,, 10 mM (-mercaptocthanol, 1 mM dATP, 1 mM

5 dCTP, 1 mM dGTP, 1 mM TTP, 6% DMSO, 5 uM primer INT, 1 uM
MB-GREEN, 1 uM MB-RED, 0.1 units/ul Platinum Taq polymerase. 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 fluoréscence in wells without template

10 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

15 minute; and 60° for five minutes. The plaies were then {ncubated at room
temperaturé for ten to sixty minutes and fluorescence measured as

described above. Specific fluorescence was defined as the difference in
fluorescence béfore and after the asymmetric amplification. RED/GREEN

ratios were defined as the specific fluorescence of MB-RED divided by

20 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 probes to discriminate between WT and mutant sequences under our

SOTT LG ISBETISh

conditions could not be reliably determined from experiments in which
25 they were tested by hybridization to relatively short complementary single
siranded oligonucleotides, and that actual PCR products had to be used for

validation.

EXAMPLE 3

QOligonucleotid and DNA sequencing. Primer FI:
SO}MP S-CATGTTCTAATATAGTCACATTTICA-3, Primer RI:
G2/ 5 TCTGAATTAGOYGTATCGTCAAGG-3;  Primer  INT:

14

S
Page 284 of 1237 ( )




5
10
e}
3
i
fo
I 15
73
j7]
i}
»
DA
!
&
[uk
i:-‘j
3
20
25

Page_ 285 of 1237

5'"-TAGCTGTATCGTCAAGGCAC-3"; MB-RED:
3'-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabeyl-35
M B - G R E E N

5'-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabeyl-3".
Molecular Beacons {33,34) were synthesized by Midland Scientific and
othier 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 vsing
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 WAas
5 .CATTATTITTATTATAAGGCCTGC-3". Sequencing was performed
using fluorescently-labeled ABI Big Dye teyminators and an ABI 377

auntomated sequencer.

EXAMPLE 4

Principies nnderlying experiment. The experiment is 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 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 technigues could be used to assess their presence. Fluorescent
probe-based technologies, which can be performed on the PCR products
“in sits” (i.e., in the same wells) are particularly well-suited for this
application (31, 33-40). We chose o 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

15
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fluorescent dye at the 5' end and a quenching agent (Dabcyl) 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 Dabeyl group and the fluorescent dye. Afier 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 complementary 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 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 WT PCR product that is
queried for mutations. Mutations within the corresponding sequence of the
PCR product should significantly impede its hybridization to the MB probe
(33,34). MB-RED has a loop region that is complemtentary 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 quericd by MB-GREEN. Both MB
probes are used together to simultaneously detect the presence of a PCR
product and its mutational status.

Practicel 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 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 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 imporiant of these conditions involved the vse
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
10 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) wonld
generate a substantial and roughly equal smount 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 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 be
revealed. Though this 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
humsan cancers, To detect all twelve mutations as well as the WT sequence
with individual Molecular Beacons would require 13 different probes.
Inclusion of such & large number of MB probes would raise the background
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fluorescence and cost of the assay. We therefore atiempted to develop a
single probs 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
siem 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-GREEN probe), we found that 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 Ioop 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

faciliteting 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 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 of the 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 ft;r fluoreseence
analysis showed that the RED/GREEN ratios were dependent on the
relative fraction of mutant genes within the template population (Fig. 2).
Thus, the DNA from cells containing one mutant ¢-Ki-Ras allele per every
two WT c-Ki-Ras allele yielded a RED/GREEN ratio of 1.5 (Gly12Arg
mutation) while the cells containing three mutant c-Xi-Ras alleles per WT
allele exhibited a ratio of 3.4 (Gly12Asp). These data suggested that wells
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containing only mutant alleles (no WT) would yield ratios in excess of 3.0,
with the exact value dependent on the specific mufation.

Though this 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 incloding
an excess of a single internal primer (primer INT in Fig. 1C) at the time of
addition of the MB probes,

EXAMPLE S

Amalysis of DNA from tumor cells. The principles and practical
considerations described above were illlusirated with DNA from two
colorectal cancer cell lines, one with a mutation in c-Ki-Ras codon 12 and
the other in codon 13. Represeniative 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 mutstion, 64% of the positive wells
exhibited RED/GREEN ratios 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
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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. The ratios of WT to mutant PCR products determined
from the Digital Ampliﬁcaﬁonfassay was also consistent with the fraction
of mutant alleles inferred from direct sequence analysis of genomic DNA
from the two tumor lines (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
¢-Ki-Ras gene mutations, we expecied that 1% to 10% of the c-Ki-Ras
genes purified from stool would be mutant. We therefore set up a 384 well
Digital Amplificatio xperimént. As positive controls, 48 of the wells
cor{tained 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 supgested 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 ¢-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
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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 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 coniained 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 12A!a mutation (not shown).
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CLATMS

. A method for determining the ratio of a selected genetic
séquence 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 plerality of assay samples;
amplifying the template molecules within the assay samples to form

a population of amplified molecules in the assay samples of the set;

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

determine a first number of assay samples which contain the selected

10 genetic sequence and a second number of assay samples which contain a
e reference genetic sequence;
;‘g comparing the first number to the second number o ascertain a ratio
!L*:; which reflects the composition of the biological sample.
ﬁj 2. The method of claim 1 wherein the step of diluting is
AL 15 performed until at least one-tenth of the assay samples in the set comprise
(1]
) a number (N) of molecules such that 1/N is larger than the ratio of selected
; arg
l:g genetic sequences (o fotal gemetic sequences required for the step of
3; analyzing to determine the presence of the selected genetic sequence.
u
L3 3, The methed of claim 1 wherein the step of diluting is
20 performed unti! 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 subjecied to a polymerase chain reaction and each assay sample

25 contains less than 10 nucleic acid template molecules containing the

reference genetic sequence.

Page 294 of 1237




i

Page 295 of 1237

10

15

5. The method of claim 1 wherein the step of diluting is
performed until all of the assay samples yield an amplification product
when subjected to a polymerase chain reaction and each assay sample
contains less than 100 nucleic acid template molecules containing the

reference genetic sequence.

6. ‘The method of claim 1 wherein the biological sample is cell-
free.

7. The method of claim 1 wherein the number of assay samples
within the set is greater than 10.

8. The method of claim 1 whergin the number of assay samples
within the sei is greater than 50,

9. The methed of claim 1 wherein the number of assay samples
within the set is greater than 100.

10.  The method of claim 1 wherein the number of 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 methed 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 cEiE 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 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 clgim.1 wherein the step of analyzing employs
hybridization to ai least one nucleic acid probe.

25
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16.  The method of claim I 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 photoluminescent dye.

18.  The method of claim 13 wherein the molecular bescon probe
detects a wild-type selected genetic sequence beiter 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 I wherein the step of amplifying employs

a polymerase which is activated only after heating.

21, Themethod of claim 1 wherein the step of amplifying employs
at least 40 cycles of heating and cocling,

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 employs
at least 60 cycles of heating and cooling.

24.  The method of claim 1 wherein the biological sample is
selected from the group consiﬁg of stool, bload, and Iymph nodes.

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.

26




Py
i
ls&
A
w0
! <
)
b

inl.

[

10

15

20

Page 297 of 1237

25

28.  The method of claim,1 wherein the selected genetic sequence
is within an amplicon which is amplified doring neoplastic development.

29.  The noethod of CEi_m_-,l wherein the selected genetic sequence

is @ rare exXon 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 cDNA of a first transcript and the reference

genetic sequence is present on a cDNA of a second transcript.

31.  Themethod 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 | 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 siructure having a
photofuminescent dye at one of the 5' or 3' ends and a quenching agent at
the opposite 5' or 3' end, wherein the lcop consists of 16 base pairs,
whercin the loop has & T,, of 50-51°C and the stern consists of 4 base pairs
having a sequence 5-CACG-3'.

34,  The probe of clai\nfB wherein 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
detecis 2 autant genetic sequence better than a wild-type genetic sequence.

% 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

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 and the stem consists of 4 base pairs

having a sequence 5-CACG-3"

e
37 A pair of molecular 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 base pairs having a T, of 50-51°C and the stem consists of
4 base pairs having a sequence 5-CACG-3'; and

& 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 §' 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.

-,
/é 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

assay samples of the set;

analyzing the amplified molecules in the assay samples of the set to
determine a first number of assay samples which contain the selected
genetic sequence and a second number of assay samples which contain a
reference genetic sequence, wherein at least one-fifiieth 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 tequired to determine the presence of the selecied genetic

sequence;
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comparing the first number to the second number to ascertain a ratio
which refiects 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 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 amplifying and the
step of analyzing are performed on assay samples in the same receptacle.

45.  The method of ¢laim 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 structure having a photoluminescent dye

at one of the 5' or 3' ends and a quenching agent at the opposite §' or 3' end.

46.  The method of claim 38 wherein the step of analyzing employs
gel electrophoresis.

47.  'The method of claim 3§ wherein the step of analyzing employs

hybridization to at least one Tnucleic 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 photoluminescent dye.
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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 mutant selected

genctic sequence.

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

52. The method of claim 38 wherein the step of amplifying
employs a polymerase which is activated only after heating.

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

54. The method of claim 38 wherein the step of amplifying
employs at least S0 cycles of heating and cooling.

55. The method of claim 38 wherein the step of amplifying
employs at least 60 cycles of heating and cooling.

56.  The method of claim 38 wherein the template molecules are
obtained from a body sample selected from the group consisting of stool,
blood, and lymph nodes.

57.  The method of claim 38 wherein the template molecules are
obtained from a body sample of a leukemia or lymphorna patient who has
received anti-cancer therapy, said body sample being selected from the

gronp 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 clai’rg 38 wherein the selected genetic sequence
is a wild-type allele.

60.  The method of claisx 38 wherein the selecied 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 genstic sequence

is a rare exon sequence.

62.  The method of claim 38 wherein the nucleic acid template
molecules comprise cDNA of RNA transcripis and the selected genetic
sequence is present on a cDNA of a first transcript and the reference

genetic sequence is present on a cDNA of a second transcript,

63.  The method of claim 38 wherein the selected genetic sequence
comprises a first mutation and the reference genetic sequence comprises a

second mutiation,

64.  The method of claim 38 wherein the selected genetic sequence

—
and the reference genetic sequernce are on distinct chromosomes.
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n o Nucleotide and/or Amino Acid Sequence Submission.

O Computer Readable Copy.
(W} Paper Copy (identical to computer copy).
a Statement verifying identity of above copies.
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NEW UNITED STATES UTILITY PATENT APPLICATION

under 37 CF.R. 1.53b)
Pege 2 Atty. Bocket No. 01207.00631
12 Calculation of Pees:
L . BRESFOR v cdy .ot ) BXCESSCLAMS | FEE ] AMOUNTDUR

Basic Filing Pe (37 C.F.R. § 1.16{a)) $690.00

Total Claims in Excess of 20 (37 C.F.R. § 1.16{c)) 44 18.00 $792.00

Independent Clalms in Excess of 3 (37 C.FR. § 1.16(b)) 2 78.00 $156.00

Multiple Dependent Claims (37 CER. § 1.16(d)) 0 260.00 £0.00

Subtotal - Filing Pez Due $1,638.00

REDUCE BY (%) | (§)
5 Reduction by 50%, if Small Entity (37 CE.R. §8 1.9,1.27, 1.28) (4] $819.00
’l%% TOTAL FILING FEE DUE $819.00
jea Assipnment Recordation Pee (if applicable) (37 C.ER. § 1.21(h) 0 l 40.00 $0.00
W loiknrore - e L o $819.00
gg 13. PAYMENT is:
i' (] incInded in the amount of the GRAND TOTAL by our enclosed check. A general authorization under 37
5 C.PR. § 1.25(b), second sentence, is hereby given to credit or debit our Deposit Account No. 19.0733 for
) the instant filing end for any other fees during the pendency of this application under 37 CE.R. §§ 1.16,
‘. 1.17 and 1.18.
PR
[ B not inchided, but deferred under 37 CER. § 1.53(D).
% 14. All comrespondence for the attached application should be direeted to:
Banner & Witcoff, Ltd.
1001 G Street, N.W.

Washington, D. C. 20001-4597
Telephone: (202) 508-91G0
Facsimile: (202) 508-9259 }

15. Other; . 2

Date: __ Snly 11,2000 By

/ i ‘/“ A f ¥
arah A. Kagan / d
Reg. No. 32,141

SAK/ amn

—_ P - P
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H o

COMMISSIONER FOR FATENTS
UpSTED STATES PATENT AND TRAZEMARK OFFICE
WasHNGTRN, D.C. PO23

Unriep States Patent anp Trapemasig OFFIGE

LRl gov
i APPLICATIONNUMBER | FILING/RECEIPT DATE |  FIRSTMAMEDAPPLICANT | ATTORNEY DOCKET NUMBER |
09/613,826 07/11/2000 Kenneth W. Kinzler 01107.00031
FORMALITIES LETTER
Banner & Witcoff Lid e
Banner & Wiarr T T U

Washington, DG 20001-4597

Date Mailed: 11/01/2000

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.63(b)
Filing Date Granted

An application number and filing date have bsen accorded to this application. The ltem(s) indicated below,

however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which te file all

required items and pay any fess required below io avoid abandonment. Extensions of ime may be obtsined
. by filing & pelition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o Thae siatutory basic filing fee is missing.

Applicant must submit $ 680 fo comnplete the basic filing fee and/or file a small entity statemant claiming
such status (37 CFR 1.27).

e Total additionsal claim fes(s) for this application is $946.
s 3782 for 44 totet claims over 20,
u $156 for Z independent claims over 3 .

e The osth or deciaration is missing.

A properly signsd cath or doclaration in complience with 37 CFR 1.63, Identifying the epplication by the
above Applicefion Number end Filing Dale, Is required,

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

¢ The balance diss by applicant is § 1766.

A capy of this notice MUST be vefstrned with the reply.

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

PART 3 - OFFICE COPY
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE #’3
In re Application of
Bert Vogelsiein 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 Paris of Application (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 Bxcess (44) 396.00
Independent Claims over Three (2) 80.00

Surcharge for subsequent filing 65.00

of executed Declaration
TOTAL FILING FEE $896.00
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In the ovent any variance exists between the amount cnclosed and the Petent Office

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

Respectfully submifted,
Date: December 12, 2000 By: aMM« G,\ZGQWN
Sargh 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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LARATION FOR PATENT APF. ATION

m'5ma

d inventor, we hereby declare that:

{ . N
Gur residc t office address and citizenship are as stated below next to our names;

- m
Webelievew ¢ the,{r‘i’ginal, first and joint inventors of the subject matter which is claimed and for which a
patent is sought on the  vention entitled DIGITAT. AMPLIFICATION, the specification of which

is atta_ned hereto.
B was filed on July 11, 2000 as Application Serial Number (9/613,826 and was amended on if

applicable).
a was filed under the Patent Cooperation Treaty (PCT) &nd accorded International Application

No. filed and amended on (if any).

We hereby state that we‘{ave reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred 10 above.

We hereby acknow!gdge the duty to disclose information which is material to patentability in accordance with
Title 37, Code of FederalRegulations, §1.56(a). .

Prior Foreign Application(s)
We hereby claim foreign priority benefits under Tille 35, United States Code, §119 of any foreign application(s)
for patent or inventor's certificats listed below and have also identified below any foreign application(s) for patent or
inventor's certificate having a filing date before that of the application on which priorijy is claimed:

Date of Filing
(day month year)

Date of Issue
{day rmonth yeer)

Pricrity Claimed

Country Under 35 U.S.C, 119

Application No.

Prior United States Provisional Applleation(s)
We hereby claim priority benefits under Tile 35, United States Code, §119(e)(1) of any U.S, provisional
application listed below:

- Date of Filing Priority Claimed
U.S. Provisiona! Application No. (day month year) Under 35 U.S.C. §119(e)(1)
60/146,792 02 August 1999 Yes

below and, insofar as the subj
application in the manner provided
to disclose material information as

. Prior United States Application(s)
We hereby cloiin the benefit under Title 35, United States Code, §120 of any United States application(s) listed

ect matter of each of the claims of this epplication is not disclosed in the prior United States
by the first paragraph of Title %5, United States Code, §112, we acknowledge the duty
defined in Title 37, Code of Federsl Regulations, §1.56(2) which occurred between

the filing date of the prior application and the national or PCT international filing date of this application:

Application Serial No.

Dete of Filiag
(Day, Month, Vear)

Stafus — Patented,
Pending, Abandoned

BANNER & WCOFF, LTD.
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Power of Atterney

. pm!ly and severally, as our attomeys with full power of sobstitation and sevacation, ta prosecute

this applica ss in the Patent and Trademark Office connecled hc:ew:lh the following attomeys and ageats, their
registratioh numbe. 3 heir names:
AUTHERR, Robext F. HOSCHEIT, Dale H. 42,065
BANNER, Donald W. IWANICK], John P, 38,266
BANNER, Mark T. JACKSON, Thomas H, 35316
BANNER, Pamels L KAGAN, Sargh A. 30,969
BECKETT, Wiliam W. 18,262 KATZ, Robert S. 28,175
BODNER, Yordan 42,338 KLEIN, Wifliam J. 37,210
BUROW, Scott A. 231 KRAUSE, Joseph P. 33,761
CALLAHAN, JomesV, 20,095 LINEK, Emest V. 29,822 RESlS Robert H. 32,168
CHANG, Steve § 42,402 MALONE, Dale A. 32,155 RIVARD, Paul M. 43,446
COHAN, Gregory 1. 40,959 MANNAVA, Ashok K. 45301 SCHAD, Steve P, 32,550
COOPERMAN, Marc S. 34,143 McDERMOTT, PeterD. 29,411 SHANAHAN, Micheel H. 24,438
CURTIN, Joseph P. A5 McKEE, Christopher L. 32,384 SHIFLEY, Charles W, 28,042
DAWSON, Joln R 39,504 McKIE, Edward F. 17,335 SKERPON, Joseph M. 29,864
DEMOOR, Laura 1. 39,654 MEDLOCK, Nina L, 29,673 STOCKLEY,D. J. 34,257
EVANS, ThomasL. 35,805 MEECE, Timothy C, 38,553 VAN ES, . Pieter 37,746
FEDOROCHKOQ, Gary D. 35,508 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, Busan 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 pondence snd telephone com should be addressed to:

Banner & Witcoff, Lid,

Customer Mumber: 22907

1001 G Straet, N,W., 1ith Floor
Washington, D.C. 200014597

Tel: (202) 508-2100

Fax: (202) 508-9299 /

We hegeby declare that all statements made herein of our own knowledge are true and that all made on i
end belief are believed to be true; and further (hat these statements were made with the knowlcdgc,eh/ willful false statements and the
\ike 30 made are punishable by fine or imgrisonment, or both, under Section 1001 of Title 18 of the United States Code and that such

£

willful false ts may jeopardize tfie validity of the epplication or eny patent issuing thereon.
/
// M @/——\ s / /
. _,
Signature £ L paté__ ] 7280
Full Notfip of Filst Inven j Bext ] {
- Famity Neme Pirgt Given Name Second Given Name
Residence. L Citizenship_United States
Post 0@’“ Al i
8i .+« Date l l l .)‘6/(90
TFull Name of S¢ 4T i Kenneth
- Famity Name Firat Given Name Second Gwen Name
Roeg’dgm__ﬁzlAmMuwhnL Citlzetiship_1nited States
ffice Address_._ 1403 Halkirk Way, RelAlr, Marylaod 21815

& WCOFF, LyD. Attorney Docket No. 01107.060031

M‘X Pagc 2
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Unirep Stares Parent anp Tranevark OFricE
— . COMMISEIONER FOR FATENTS
Uspren Staves Patear AND TRAOEMARK OFFICE

VasrINGToN, D.C, 2OR3(

wwwtsplopod
| APPLICATIONNUMBER |  FILING/RECEIFTDATE | FRSTNAMEDAPPLICANT | ATTORWEY DOCKETNUMBER |
09/613,826 07/11/2000 Kenneth W. Kinzler 01107.00031
P FORMALITIES LETTER
Banner & Witeoff Lid 2 5 S
1001 G Street N W B 'Wmmm?;mﬂ L
Washington, DC 20001-4597 e 1 5E

,gﬁ' Date Malled: 11/01/2000

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 GFR 1.83(b)
Flfing Dale Granted

An application aumber and filing date have been accorded to this application, The item(s) indicated below,
howsaver, are missing. Applicant is given TWO MONTHS from the date of this Nolice within which to file ait
required ftems and pay any fees required balow o avaid abandanment. Extensions of time may be obtained
by filing a petition accompanied by the extension fae under the provisions of 37 CFR 1.136(a).

e The statulory basic filing fee is missing,
Applicant must submit $ 690 fo complete the basic filing fee and/or file a small entity statement claiming

such ststus {37 CFR 1.27).
« Total additional claim fea(s) for this application is $948.
a $792 for 44 totel claims over 20.
& $166 for 2 independent clalms over 3 .
e The osth or decleration is missing.
A propearly slgned oath or declarafion In compliance with 37 CFR 1.63, idsnitifying the application by the
above Application Numbsr and Filing Dale, is required.
e To avold abandonment, & late filing fee or oath or daclaration surcharge as sel forth in 37 CFR 1.16(9)
of $130 for a non-small entity, must bs submitted with the missing items identifiad in {his letiar.

e The balance due by applicant Is $ 1788.

190733 | 89613825

A copy of ihis notice MUST be refurned with the reply.

Vhaod

Customer Service Center
Initizl Patent Examination Division (703) 308-1202
PART 2 - COFY TO BE RETURNED WITH RESPONSE

12/19/2000 SBUDNE  OBO0DOYT

=2
file://CAAPPS\PreExam\correspondence\2_B.xm] b= bt o 10/31/00
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of
Bert Vogelstein et al. Atm: Application Branch
Serial No. 09/613,826

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

INFORMATION DISCLOSURE STATEMENT

The Honorable Commissioner
of Patents and Trademarks
Washington, D.C. 20231
Sir: ‘

In accordance with 37 C.RR. §§ 1.97 and 1.98, enclosed is a PTO Form-1449 listing
documents for consideration by the Examiner during the prosecution of the subject application
and a copy of ‘gacil of the identified documents. It is believed no fee is required to make this a
complete and tf;nely filing. However, if a fee is required, please charge our Deposit Account No.
19-0733.

Consideration of this information is respectfully requested.

Respectfully submitted,

Date: December 12, 2000 By: &MA&‘L@L

Sarah A. Kagan N
Regisiration No. 32,141

Banner & Witcoff, Lid.

1001 G Strect, 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 of the file History. No additional information is
available.

The following page(s) 1of 2 PTO -1449 of paper number 4 is/are
missing from the United States Patent and Trademark Office’s original
copy of the file history. No additional information is available

[[] The foltowing checked item(s) below of paper number

isfare missing from the United States Patent and Trademark Office’s
original copy of the file history. No additional information is available
[ ] PTO 1449

PTO 892

PTO 948

PTO 1474

Asgsignment

Cover page

NN

Additional comments:




. Sheet2 of 2
. | PTO-1449 (Modified) ATTY. DOCKET NO. SERIAL NUMBER
. : 01107.00031___smer, 09/613,826
U.S. DEPARTMENT OF COMMERCE 7 1R -
PATENT AND TRADEMARK OFFICE APFLICANT
RIFORMATION DISCLOSURRE STATEMENT =
BY APPLICANT FILING DATE OUP ART UNST
July 11,2000 /&’37
pet
1.8, PATENT DOCUMENTS
EXAMINER DOCUMENT SUB FILING
| __INITIAL NUMBER DATE NAME CLASS | CLASS | DATE
FOREIGN PATENT DOCUMENTS
EXAMINER DOCUMENT SUB T
INITTAL NUMBER DATE COUNTRY CLASS | CLASS

DATE CONSIDERED ?/ & 10’
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PATENT APPLICATION

¢
IN THE UNITBD STATES PATENT AND TRADEMARK OFFICE
In re application of:

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

-a

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

R e

Filed: July 11, 2000 Docket No. 01107.00031

PFor: DIGITAL AMPLIFICATION

RECEIVED
INFORMATION DISCLOSURE STATEMENT
MAR 0 8 2001
Assistant Commissioner for Patents TECH GENTER 1600/2000

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-1449 identifying information for consideration by the Examiner. A copy
of each of the items of information is enclosed.

Applicants do not waive eny rights to take appropriate action to establish patentability
over the listed documenis should they be applied as a reference against the claims of the present
application,

Consideration of the cited information and makiné the seme of record in the prosecution
of the sbove-noted application are respectfully requested. Should the Patent and Trademark
Office determine that a fee is required, please charge our Deposit Account No. 19-0733.

Respectfuolly submitted,

BANNER & WITCOFF, LTD.

arah A. Kagan

Registration No. 32,141

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

8 2001

R 1600/2800

Sheet_1 of L
PTO-1449 (Modified) ATTY. DOCKET NO. SERIALNUMBER 07 £1392¢
U., DEPARTMENT OF COMMERCE 01107.00031 IBA R ECH
PATENT AND TRADEMARK OFFICE
APPLICANTS
PQI Bert Vogelatein, ef al, WAR O
INFORMATION DISCLOSURE STA :
BY APJLICANT FILING DATE GROUP ART UNIT
July 11, 2000 o TECH CENTE
7
U.8. PATENT DOCUMENTS
EXAMINER |  DOCUMENT SUB | FILING
RNITIAL NUMBER DATE NAME _ crass | crass | bpame
% 5670325 9/1997 Lapidus, et of, SIS S
5,928,870 /1999 Lapidus, ef af, —_—1 =
6,020,137 22000 Lepidus, et a). — 1 =
6,141,496 11/2000 Brown, etal, et
. QTHER DOCUMENTS (Inchuding Author, Tisle Date, Pertnent Pages, Bt
Darrea G. MONCKTQN, et at, “Minisstellte “Isasllcle” Disorimination in Peeudohomozygotes by Single Molocule PCR
. Genom . 465-467, 1991

Pal 1
4

ic Amplification of Single DNA

a

W. NAVIDY, f al., “Using PCR in Preimp;;}u’zi
816-849, 1991

Q‘:fmaﬁc Digeass Dingr

v

is", Humen R

Vol. 6, No. 6, pp.

Vol. 335, September 39, 1988 pp 46441

Hornigus L, et al., “Amplification and Analygis ofDNA\S&lwccs in Single Human Sperm end Diploid Cells”, Noturs,

Remon PARSONS, et al.,, “Mismatch Repair Deficleacy in Pheno
Muy 5,1995 pp 28 —7%0

ically Normat Human Cells”,

Science, Vol. 268,

Sclence USA, Vol. 89, pp. 5847-5851, Jaly 1992

Lin ZHANG, ¢ al.,, “Whole Genome Amplification from a Single Cell: lm;hat\lons for Genstic Analysis", Proc, National

David STDRANSKY, &t al., “Clonal Exgpansion of p53 Mutant Cells is
- Noture, Febmary 27,1992 vel. 355", op Blb~%41 &

Asgociated w\ithgnin Tumour Prograsaion”,

Akec ] Yo et al, “Mutation Processen st Human Minisatellites®, Bl horesi

Forensic Science Intemational, Vol. 66, pp. 129-141, 1994

\,
X 1317-1535 1995

C. SCHMTTT, el al., “High Sensitive DNA Typing Approaches for the Analysis of Forensic Ev}dqnce
Nested Varisble Number of Tandem Repeats (VMTR) Amplification and a Shart Tandem Repaats (STR) Polymorphisnt™,

Comparison of

Paul M. LIZARDI, et al., " Single-Mol

Amplification’ ,Nuﬁchneﬁﬂ, Vul ID,Juy 1998 pA 225 AR L

le Counting Using Izothermal Rolling-Circle

URBF Y I EE oS | WEX| ¥

EXAMINER DATE CONSIDERED

st

W RS

idered, Includa copy of this form with next

{ ¥

EXAMINER: Initie! ¢itation if reference was conslde:ed. me lme thmugh citstion if not in conformance to MPEP 609 and not
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f,‘ hi4 UNITED STATE. EPARTMENT OF COMMERCE

United States Patent and Trademark Cffice
Bravgs OF

Address:  COMBAISSIONER OF PATENTS AND TRADEMARKS
Waeshington, D.C, 20231

| APPLICATIONND. | FILNGDATE | FIRST NAMED INVENTGR [ ATvORNEY DOCKETNO. |
Q2/613, 828 9771t /01 VOGELSTEIN E 01147, 000zt
[ o0z=2%07 HMz2/0412 | EXAMINER |
BANNER & WITCOFF SIEW, J
1003 & STREET N W
SUITE 1100 [ amtunr |  eaPER NUMBER |
WASHINGTON DL 20008 1654 (‘7
DATE MAILED: gas1zsn1

Please find below and/or atteched an Office communleation concerning this application or
proceeding.

Commlaaloner of Patents and Trademarks

PTO-50C {Aev.11/00) 1 Fila Copy
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Application No, Applicant(s)

00/813,826 VOGELSTEIN ET AL.
Office Action Summary Eraoa YT

Joffray Slew 1656

— The MAILING DATE of this communlcation appears on the cover shest with the corragpondence eddress --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY 1S SET TO EXPIRE 3 MONTH(S) FROM

THE MAILING DATE OF THIS COMMUNICATION.

- Evansions of time may be avallabls under the provislons of 37 CFR 1.138 (2). (n no event, however, may e reply ba mely filsd

aflor SIX (6) MONTHS from the maliing dafe of this comenunication.

H the perod for teply epeciled abava la laes than thirty (30) days, e reply within the statulory minimum of thisly (30) days will be considered timely.

1 NO period far roply e speaiiled abive, tha maximum statutory perlod will apply and will explre S1X (8) MONTHS frem the maling dala of this communicatjon,
Fallure to reply within the sl or extended partod for ceply will, by staiute, cause the apphostion to becoms ABANDONED (35 U.5.C. § 133).

Any reply reoalved by the Office tatsr then (hroe montha afier the malling dale of this cammunication, even if timeky flad, may redyca any

earmad palent larm edjustment. Sea 37 CFR 1,704(h).

Status
X Responsive to communication(s) filed on 07 March 2001 .
2e)[ ] This action is FINAL. 2b)® This action Is non-final.

30 since this application is In condition for allowance except for formal malters, prosecution as to the mernts is
closed In accordance wiih the praclice under Ex parle Quayle, 1835 C.D. 11, 453 0.G. 213.
Disposition of Claims
&R claim{s) 1-64Is/are pending in the application.
4a) Of the above claim(s) Is/are withdrawn from consideration.
51 claim(s) Is/are allowed.
6)fX Clalm(s) 1-84 Isfare rejected,
7)1 Claim(s) ____ls/are objected to.
81 Claims _____are subject to restriction and/or eleclion requirement.

Application Papers
o) The specification Is objected to by the Examiner.
10)[] The drawing(s) filed on jsfare objected to by the Examiner.
11)[] The proposed drawing comection flled on is; a)[] approved b)(]disapproved.
42)J The oath or daclaration Is objected fo by the Examiner.

Priority under 35 U.8.C. § 119
13)] Acknowledgment is made of & claim for forelgn priority under 35 U.8.C. # 118(a)-(d) or (f).
a)J Al b1 Some * c)[] None of:
1[0 Certified coples of the priority documnents have been received,
201 Ceriified cogles of (he priority documents have been recsived in ApplicationNo. ___ .

3] Copies ofihe ceriified coples af the priority documenis have bosn recelved in this National Stage
application from the inlernational Bureau (PCT Rule 17.2(a)).
* Sas the attached detallad Office actior for a list of the certifled copies not received.,

14 Acknowiedgemant Is made of a claim for demestic priority under 35 U.8.C. § 118(e).

Attechmeni{s)
15) Nelice of References Gited (PTO-892) 18) E] Interview Summary (PTO-413) Paper Na(s). .
18) [] wotice of Diaftspereon’s Patent Drawing Review (PTO-248) 19) ] wotice of Informa Patent Application (PTO-152)
in E tnformation Disclosure Statemant(s) (PTO-1449) Paper No(s) 44 & 20) Other: notica to comply .
Patont and Tredemurk Ofics
ﬁ"o-:ﬂﬁ (R‘e'v. 01-01) Office Acllon Summeary Pent of Paper No. &




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(z)(1) and (a)(2). However,
this application fails to comply with the reqlfirements of 37 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 FORTH IN THIS OFFICE
ACTION IN WHICH TO COMPLY WITH THE SEQUENCE RULES, 37 CFR 1.821 - 1.825.
Fuailure to comply with these requirements will result in ABANDONMENT of the application
under 37 CFR 1.821(g). Extensions of time may be obtained by filing & petition accompanied by
the extension fee under the provisions of 37 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
copy of the ettached 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 Repor. '

Information Disclosure Staterent

2. The listing of references in the specification is not a proper information disclosure
statement. 37 CFR 1.98(b) requires = list of all patents, 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. " Therefors, unless

Page 325 of 1237




Application/Control Number; 09/613,826 Page 3
Art Unit: 1656

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

considered.

Specification

3. In the Brief Description of the Drawings Figure 1 ig referred to but no Figure 1 exists in
the Drawings. The specification should be emended 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 (sec page 14 line 30 & 31). Appropriate correction is required (see also Notice to

comply).

Claim Rejections - 35 USC § 112

The following is & quotation of the second paragraph of 35 U.8.C. 112:

The spevification ahall conclude with one of miore claims partioularly pointing out and distinctly claiming the
subject matter which the 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.
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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 sample at the start of the
assay is essential to the invention. Such a step would be critical because it is unclear as to how

otherwise the initial concentration would be achieved without testing by PCR.

B)  Claims 1-32 & 38-64 Inck rejected under 35 U.8.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 of the term consists” is confissing 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 of the sequence, Proper Markush language is required.

D)  Claim 2 is confusing because it is unclear as to whether each sample of the

fraction of one out ten are to contain N molecules.

"
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Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S:C. 103(a) which forms the basis for all

obviousness rejections aet forth in this Office action:

(2) A patent may not be obtained though the invention is not identicelly disclosed or described es set forth in
section 102 of this title, if the differences between the subjeot matter songht to be patented and the prior art are
guch that the subject matter as a whole would have been obvicus at the time the invention was made to & person
having ordinsry skill in the art to which seid subject metter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

This application cutrently names joint inventors. In considering patentability of the
claims under 35 U.S.C. 103(a), the examiner presumes that the subject maiter of the various
claims was commonly owned at the time any inventions covered therein were made absent any
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out
the inventor and invention dates of each claim that was not commonly owned at the time a later
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c)

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

5. Claims 1,3,4-11,14-16 & 19-32 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Lapidus et al (US5,928,870 July 27, 1999) in view of Ruano et al (PNAS vol. 87 pp. 6296-

63000 August 1990).
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Lapidus et al teach a method of determining the subpopulation of genomicaily
transformed cells such as in stool samples by enumerating number molecules of a target
sequence and comparing with a number of molecules of a reference genomic sequence (see
whole doc. esp. col.2 lines 58-66). They teach statistical difference leads to differences in
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 col, 11 lines18-51 & 40-45). They teach that one probe is to wild type genome (see col.. 5
lines 40-46). They test malignant cells and the method would be useful for precancerous cells in
humans and colorectal cancer (see col. 5 ling30-35). They teach that method would be useful for
studying patients (see col. 6 line 17-20).

Lepidus et al do not teach dilution to one half genomic equivalent in samples.

Ruano et al teach single molecule dilution (SMD) in which genomic DNA concentration
i8 one haploid equivalent per aliquot (see whole doc. esp. pp. 6296 & Fig. 3).

One of ordinary skill would have been motivated to apply Ruano et al SMD method to
Lepidus et al’s comparison method in order to determine Actual allele concentrat";on ratios.
Ruano et al state that SMD method avoids the empirical optimization of amplification conditions
and allows resolution of ambiguous arrangement of polymorphic markers by isolating into
definitive haplotypes. Tt would have been prima facie obvious to apply Ruano et al’s dilution
method to Lapidus et al’s method in order to accurately determine allele ratios.

Moreover, it would have been prima facie obvious to further optimize the assay
conditions as in the increasing the number of PCR cycles or increasing the dilution schema to

achieve single molecule dilution in order to #ffectively amplify from haploid equivalent.
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6. Claims 12,13,17 & 18 are rejected under 35 U.S.C. 103(g) as being unpatentable over
Lapidus et al (US85,928,870 July 27, 1999) in view of Ruano 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 Ruano et al are described previousty,

Lapidus et al do not teach molecular beacons.

Tyagi et 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 of ordinary skill would have been motivated to apply Tyagi et al’s molecular
beacons to the combined invention of Lapidus and Ruano et al’s enumeration method in order to
accurately monitor detection over real time. It would have been prima facie obvious to apply
Tyagi et al’s probes which would allow detection of the different sequences in Lapidus and

Ruano &t al's method in order to achieve accurate quantification.

SUMMARY
Claims 33-37 are free of the prior art but rejected under 112 second paragraph. There is

nio prior art that teach or suggest a molecular beacon probe thht,ims 2 loop consisting of 16 base ’

pairs and having & Tm of 50-51C and the stem consisting of bACG sequence.
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The closest prior art is Tyagi et al (US5,925,517) who teach & molecular beacon which
hag 15 base pair loop but & Tm of approximately 40C (Tm=[(A+T)x2C + (G+C) x4C](see PCR
essential Data page 53 1993) 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 of the gtem which
selates to the functioning of the opening and closing of the hairpin during hybridization.

Claims 2 & 38-64 is free of the prior art but rejected under 112 second paragraph.
Applicant is 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 one fiftieth 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 of analyzing to

determine presence of selected genetic sequence.

CONCLUSION

Any inquiry concerning this communication or ear'lier communications from the
examiner should be directed to Ieffrey Siew whose telephone number is (703) 305-3886 and
whose e-mail address is Jeffrey. Siew@uspto.gov. However, the office cannot guarantee security
through the e-mail syst.em 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.
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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 number is
(703) 308-0196.

Papers related to this epplication 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) 308-4556 or (703) 308-4242.

s £
Jeffrey Siew

April 7, 2001
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The Honorable Commissioner
of Patents and Trademarks
Washington, D.C. 20231
Sir: .

In accordance with 37 C.F.R. §§ 1.97 and 1.98, enclosed is a PTO Form-1449 listing
documents for consideration by the Examiner during the prosecution of the subject application
and a copy of each of the identified documents. It is believed no fee is required to make this a
complete and timely filing. However, if a fee is required, please charge our Deposit Account No.
19-0733.

Consideration of this information is respectfully requested.

Respectfully submitted,

Date: December 12, 2000 By: ﬁgiﬂ\a[(@\

Sarah A. Kagan N
Registration No. 32,141

Banner & Witcoff, Ltd.

1001 G Sweet, N.W., Eleventh Floor !
Washington, D.C. 20001-4597 I
(202) 508-9100
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) g a
) Group Art Unit: 1656 j

Bert Vogelstein, et. al. /Zj
) Examiner: J Siew

Serial No. 09/613,826 ) 7 / 1§ /(
)

Filing Date: July 11, 2000 ) Docket No. 01107.00031

For: DIGITAL AMPLIFICATION

NDMENT RECEIVED

JUL 1 7 2001

. o
@S;;;ﬁn;;fggfggggg or Patents TECH CENTER 1600/2900

Sir:

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

IN THE CLAIMS

Please add new claims 65-69.
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photoluminescent dye at one of the 5° or 3’ ends and a quenching agent at the opposite 5
or 3"¢nd, 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 dstects

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

67. (New) Th&ymolecular beacon probe of claim 65, wherein the probe detects
a mutant sucleic acid better than a wild-type nucleic acid,
68. (New) A moleculay’beagon probe comprising:

an oligonucleotide compyising a %fem and a loop structure and having &
photoluminescent dye at one of{the 5° or 32¥nds and a quenching agent at the opposite 5’
or 3° end, wherein the loop comprises 19-20 bade pairs and has a Tm of 54-56°C, and

wherein the stem comprises 4 base pairg having a sbguence 5°-CACG-3’.

i?/

69. (New) _A pair of molecular beacon probes comiprising:
a first oligonucleotide comprising a first st and a firyf loop structure and having
a photoluminescent dye at one of the 5’ or 3’ ends and a quenchiny agent at the opposite
5* or 3’ end, wherein the first loop comprises 16 base pairs and has a Tm of 50-51°C, and
wherein the first stem comprises 4 base pairs having a sequence 5’-CACG-3; and

a second oligonucleotide comprising a second stem and a second loopstructure
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¢ of the 5* or 3" ends and a quenching agent at
the opposite 5* or 3° end, wherein fhe S Ioop comprises 19-20 base pairs and has a

I Tim of 54-56°C, and wherein the skcond-§tem comprises

e pairs having a sequence
5-CACG-3". \

IN THE SPECIFICATION

Please replace the paragraph beginning on page 4, line 5, with the following

paragraph. T

F:IG. 14, 1B, IC/ , Schematic of experimental design. (A) The basic two steps involved:
PCR on diluted DNA samples is followed by addition of fluorescent probes which
discriminate between WT and mutant alleles and subsequent 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

& incrensed fluorescence. Modified from Marras ef al. . (C) Oligonucleotide design.
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 Methods). MB-RED is a Molecular
Beacon which detects any appropriate PCR. product, \-Nhethar it is WT or mutant af the
queried codons. MB-GREEN is a Molecular Beacon which preferentially detects the WT
PCR product.

——

) y
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},l’l@as&replace the peragraph beginning on page 14, ling 29 with the following paragraph.

Oligonucleotides and DNA sequencing, Primer F1:
5".CATGTTCTAATATAGTCACATTTTCA-3’ (SEQ ID NO: 1); Primer R1:
5".TCTGAATTAGCTGTATCGTCAAGG-3’ (SEQ ID NO: 2); Primer INT:
5’-TAGCTGTATCGTCAAGGCAC-3’ (SEQ ID NO: 3); MB-RED:
5*-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabeyl-3' (SEQ ID NO: 4);

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

1D 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) and kept frozen and in the dark until

use. PCR products were purified using QIAquick PCR purification kits (Qiagen). In the

O\; relevant experiments described in the text, 20% of the product from single wells was used

for gel electrophoresis and 40% was used for each sequencing reaction. The primer used
for sequencing was 5’-CATTATTTTT ATTATAAGGCCTGC-3’ (SEQ ID NO: 6).
Sequencing was performed using fluorescently-labeled ABI Big Dye terminators and an

ABI 377 automated sequencer.

JRVES N

SEQUENCE LISTING
Please enter the enclosed paper copy of the Sequence Listing after the claims. A

37 § CFR 1.821(¢). The content of the paper and computer readable copy of the
4

%

- e ~
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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

The invention is directed to a method for determining the ratio of a selected
genetic sequence in a population of genetic sequences. Nucleic acid template molecules
in a biological sample are diluted to form a set comprising & 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 detetmine 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 and the second number are compared to ascertain a ratio that
reflects the composition of the biological sample (claim 1).

The invention is also drawn to & method for determining the ratio of a selected
genetic sequence in a population of genetic sequences, Template molecules within a sct
which comprises & 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 & first number of assay samples
which contain the selected genetic sequence and a second umber of assay samples which

contain a reference genetic sequence. At least one-fiftieth of the assay samples in the set
' 5




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. 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 oligomucleotide with a stem-loop structure having a photoluminescent
dye at one of the 5' or 3’ ends and & 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 of 4 base pairs
end 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 Ty, of 54-56°C (claim 36),

The invention also is drawn to a pair of molecular beacon probes comprising a
first and second probe. This first probe comprises an oligonucleotide with a stem-loop
structure having a photoluminescent dye at one of the 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 stemn consists of 4 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 agent at the opposite
5’ or 3* end. The loop consists of 19-20 base pairs and has a Tr, of 54-56°C. The stemn

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 2

6
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proper information disclosure statemnent (IDS), The listing of references in the
specification is not intended as the TDS for the application. Applicants have made two
submissions on Form PTO-1449, in compliance with 37 CFR 1.98(b) on December 15,
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 of PTO-
1449, as this has been retnmed to applicant, albeit entirely crossed out. No explanation is
provided for the failure to congider the references. A new set of references is included in
case these were lost in PTO handling. Li et al. is not included with this response, but will
be gent in a separate mailing. Applicants recognize that the two lists of references 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-1449 indicating

consideration of each reference.

Objections to the ification

The Office Action has objected to the spec{ﬁcation for reciting “Figure 1" in the
Brief Description of the Drawings, while no Figure 1 exists in the drawings. The
specification has been amended to properly recite Figure 1A, 1B, 1C in the Brief
Description of the Drawings.

The speciﬁcatién was further objected to for improper disclosure ofnucleotide
sequences. The sequences referenced in the Office Action (at page 14, 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 and computer readable form of the

Sequence Listing are submitted with this amendment,

The Reiection of Claitng 1-64 under 35 U.S.C. § 112

Claims 1-64 have been 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 the applicant regards as his invention.

A The rejected claims are allegedly incomplete for omitting essential steps. The
Office Action identifies the omitted steps as “serially diluting fo 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 amplifying step at line 3. Thus the only step that could
possibly be missing is diluting in claim 38. However, this step is neither essential nor
required. Claim 38 requires a certain conceniration of template which may, but need not,
be achieved by dilution, If samples are initially sufficienily dilute, no dilution is
required. Thus dilution is niot a necessary step.

The Office Action points to the specification af page 13, lines 17-19, to
demonstraté that claims 1-32 and 38-64 omit the essential steps of serially diluting and
testing via PCR. The citation is to example 1. The examples, however, are provided “for
purposes of illustration only, annd are not intended to limit the scope of the invention.”
(Page 13, lines 6-7.) Nothing in the example indicates that dilution is-essential, and as

discussed above, it is not.
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B. The Office Action agserts that the claims omit linear amplification by PCR, which
is allegedly a critical step of the invention, The PTO supports this assertion by citing the
specification at page 14, line i8 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:

gnalyzing 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 & 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 samples of the set are analyzed, but a

particular analysis method is not required.

Linear amplification can be performed as part of the step of anslyzing 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 amplified dilution
samples, other technigues can be used as well.” (Emphasis added, page 12, lines 29-31.)
Since linear amplification was taught to enhance the signal of molecular beacon probes,

9




which are not essential, clearly linear amplification is not essential either. Therefore, the
claimed method does not require linear PCR,

Nothing in the specification indicates that linear amplification by PCR is
essentinl. Rather, linear amplification by PCR is disclosed as an enhancement to the
analysis step when molecular beacon (MB) probes are used. The specification states,
“fluoreacent 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 of the
invention.

C. The Office Action asserts that the use of the term “consists” is confusing because
“[i]t cannot be determined whether the claim intends open or closed language for the
limitation of the sequence. Proper Markush language is required.” (Page 4, lines 14-15.)
Applicant’s respectfully traverse,

Each of claims 33, 36, and 37 recite “the stem consists of 4 base pairs baving 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 element set
forth in that clause.” Manesmann Demag Corp. v. Engineered Metal 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 present in claims 33, 36, and 37.

D. The Office Action asserts that “[c}laim 2 is confusing because it is unclear as to

whether each sample of the fraction of one out ten (sic) are to contain N molecules.”

10
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(Page 4, lines 16-17.) Applicant’s respectfully traverse.

The claim recites, “at least one-tenth of the assay samples in the set comnprise &
number (N) of molecules.” (Claim 2, lines 2-3.) The claim positively recites that at least
one out of ten of the assay samples in the set have a number (N) molecules, The claim is
not confusing or unclear, The language of the claim affirmatively answers the question
of the Office Action. Bach of the 1/10 fraction of samples comprise a number (N)
molecules, N is defined so that 1/N is larger than the ratio of selected genetic sequences
to total genetic sequences. Thus all of the 1/10 samples need not have the sgame number
of molecules, but a number that fits the definition. Nonetheless, if saraples are formed by
dilution, as in claim 2, the samples should have roughly identical numbers of molecules.

Withdrawal of the 35 U.5.C, §112 rejection of claims 1-64 is respectfully

requested as all claims are clear and definite.

Reiection of claims 1 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, and 18,  These rejections are respectfully traversed.

It is axiomatic that all elements of a claim must be taught or suggested by the
prior art for a prima facie case of obviousness to be proper. MPEP §2143. The present
rejection fails to fulfill this “all elements” rule and thus fails to present a prima Jacie case.

Claim 1 requires four steps: diluting, amplifying, analyzing, and comparing,

1




Neither Lapidus nor Ruano teach the step of analyzing or the step of compering as
specified in claim 1. Claim 1, steps 3 and 4, recite:
anelyzing 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 ratlo which reflects the composition of the
biological sample.
Emphasis added. The Office Action fails 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. Lapidus instead 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 of the present invention over Lapidus.
Digital amplification, as claimed, converts “the intrinsically expotniential nature of PCR to
alinear one.” Specification at page 8, lines 17-18, Thus the present invention eliminates
the quantitative bias which exponential amplification introduces into a nucleic acid
sample. Since neither Lapidus nor Ruano teach these elements of the 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 Ruano to allegedly render claims 12, 13, 17 and 18 obvious. (Claim 12 does

not employ a molecular beacon probe at all, 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 remedy the defect of the primary references. Again, the prima facie case

fails to teach all elements of the claimed invention and must therefore be withdrawn as

improper,

A speedy allowancs of all pending claims is respectfully requested.

Date: Tuly 12, 2001

BANNER & WITCOFF, LTD,
1001 G STReEET, NW
WASHINGTON, DC 20001
202-508-2 100

Page 349 of 1237 ——

Respectfully submitted,

By:
Sarah A. Kagan (¥
Registration No. 32,141
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Replacement paragraph beginning on page 4, lin 5.

FIG. 1A, 1B, 1C. Schematic of experimenta! design. (A) The basic two steps

involved: PCR on diluted DNA samples is followed by addition of fluorescent probes
which discriminate between WT and mutant alleles and subsequent 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 témplate, the dye is separated from the quencher,
resulting in increased fluorescence, Modified from Marras et al. . (C) Oligonucleotide
design. 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 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.

Replacement paragraph beginning on page 14, line 29.

Oligonucieotides and DNA sequenclng. Primer F1:
5-CATGTTCTAATATAGTCACATTTTCA-3’ (SEQ ID NO:; 1); Primer R1:
§-TCTGAATTAGCTGTATCGTCAAGG-3’ {SEQ ID NO: 2); Primer INT:
5-TAGCTGTATCGTCAAGGCAC-3’ (SEQ ID NO: 3); MB-RED:

14
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5"-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabeyl-3° (SEQ ID NO: 4);
MB-GREEN: 5*-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Debeyl-3' (SEQ
ID NO: 5). Molecular Beacons (33,34) were synthesized by Midland‘ Scientific and other
oligonucleatides were synthesized by Gene Link (Thornwood, NY). All were digsolved
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 sach sequencing reaction. The primer uged
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.

15
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Hl An Tnltial or substitule computer readable form (CRF) copy of the “Sequence Listing”.

An initigl or gubstitute paper copy of (he *Sequence Listing®, s well 8s an amendment direcling its entry
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A statement that the content of the paper and computer readsble copies are the samg and, where
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Patentin Softiware Program Supporl
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To Purchase Patentin Software.......c.... FTEIR 703-306-2600
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Bert Vogelstein, ef al. Group Art No. 1632

Serial No.: 09/613,826 Examiner: TBA

)
)
)
)
%
}  Docket No. 01107.00031

« Filed: July 11, 2000

For: DIGITAL AMPLIFICATION

INFORMATION DISCLOSURE STATEMENT

Assistant Commissioner for Patents
Washington, D.C. 20231

o Pursuant to 37 C.F.R. §1.56 and in compliance with 37 CF.R. §1.97, Applicants submit
herewith a Form PTO-1449 identifying information for consideration by the Examiner. A copy
of each of the items of information is enclosed. '

- Applicants do not waive any rights fo take appropriate action to establish patentability
over the 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 determine that a fee is required, please charge our Deposit Account No. 19-0733.

Respecifully submitted,

BANNER & WITCOFF, LTD.

Registration No. 32,141

1001 G Street, N.W.
Washington, D.C. 20001-4597
(202) 508-9100

v e
Dated: ) Z—,-'\‘;‘:,'O‘
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00/313,826 VOGELSTEIN ET AL,
Office Action Summary Examiner AT UK
Jeffrey Siew 1656

- The MAILING DATE of this cammunication appoars 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
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8tatus
1)0d Responslve to communication(s) filed on 12 July 2001 .
28)X] This action is FINAL. 2b)[1 This action is non-final.

30 sinca this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with {he practice under Ex parle Quayls, 1835 C.D. 11, 453 0.G. 213,

Disposltion of Claime
4B claim(s) 1-68 is/are pending In the application.
4g) Of the above claim(s) Isfare withdrawn from consideration.
55 Clalm(s) 1-84 isfare allowed.
8)J Claim(s) 65-89 Is/are rejected.
7O Glaim{s) ____ ls/are objected to.
8)[] clalm(s) _____ are subject to restriction and/or elaction requirement.

Application Papers
9)] The specification is objected to by the Examiner.
_ 1) The drawing(s) filed on Is/are: e)] accepted or b)[] objected to by the Examiner,
Applicant may not request that any objaction to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
11)0 The proposed drawing correction filed on is: &) eppraved b)[] disapproved by the Examiner.
I epproved, corrected drawings are required In reply fo this Office action.
12)[] The oath or declaration Is objecied to by the Examiner.
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Attachmend(s)

1) [ Noties of References Ciied (PTO-892)
2} [ Motice of Drafispersan's Patent Drawing Revisw (PTO-348)
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5) D Nolice of Informal Patent Applicatian (PTO-152)
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Application/Control Nuinber: 09/613,826 Page 2
Art Unit: 1656

DETAILED ACTION
Information Disclosure Statement

1. The IDS filed 12/15/00 was one page and IDS filed March 7,2001 was one page. Both were
signed and jntended to be mailed to 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 of March 7, 2001. It is unclear as to the purpose
applicant’s resubmission of these references but as the office has reviewed the references per
IDS March 7, 2001 and signed the PT(Q-1449 it is deemed adequately considered. A copy of

signed IDS March 7, 2001 will be regent with this mailing.

THE FOLLOWING IS A NEW GROUND OF REIECTION NECESSITATED BY THE
AMENDMENT

Claisn Rejections - 35 USC § 112

2. The following is a quotation of the first paragraph of 35 U.5.C, 112:
The specifioation shall contain & writien description of the invenion, and of the manner and process of making
and using it, in quch full, clear, conéize, and exact terms as to éngble any person skilled in the art to which it
pertains, of with which it is most nearly connected, to make and use the same and shall set forth the best mode
contemplated by the inventor of carrying out his invention.
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 {o reasonably convey to one




Application/Control Numbers: 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 of the claimed invention. The specification describes molecular probes that are
consiating of 16 base pairs with & 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 speciﬁcatiém 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 & 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 of 35 U.8.C. 112:

The specification shall conclude with one ar more claims particularly pointing out and distinetly claiming the
subject matter which the applicant regards as his invention.

Claim 68 is rejected under 35 U.8,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 open it is unclear

as to whether the loop.is to be greater than 19 or greater than 20 base pairs.
Claim Rejections - 35 USC § 102

4. The following is a quotation of the appropriate paragraphs of 35 U.5.C. 102 that form the

basis for the rejections under this section made in this Office action:
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Art Unit: 1656

A pesson shall be entitled to a patent unleas —

(¢) the invention was described in a patent granted on en application for patent by another filed in the United
States before the invention thersof by the applicent for patent, or on an intermationsl application by another who
has fulfitfed the requirements of paragraphs (1), (2), and (4) of seotion 371(c) of this title before the invention
thereof by the applicant for patent.

Claim 65-67 are rejected under 35 U.S.C. 102(e) as being anticipated by Tyagi et al
(US5,925,517 March 14, 2000).

Tyagi et al who teach & molecular beacon with a stem comprising CACG (see col. 11
probe 3) but with a loop of Tm 50 Tm={(A+T)x2C + (G+C) x4C] (gee col. 12 SEQ ID NO:3).

Claims 66 & 67 refer to a property that is drawn to the intended use of the probe.

Upon recalculation of the loop for Tyagi et al’s probe 3, 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 & 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 closest prior artis Tyagi et al (US6,037,130) teach
molecular beacon with a stem compriging CACG (see col. 11 probe 3) but with 2 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 of the hairpin during hybridization.
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Claims 1-32 & 38-64 is allowable. Theré 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 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 one fiftieth 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 of enalyzing to determine presence of selected genetic sequence. The closest prior art is
Lapidus et 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 of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
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however, will the statutory period for reply expire later than STX MONTHS from the date of this

final action.

6. Any inquiry concerning this communication or earlier communications from the examiner
should be directed io Jeffrey Siew whose telephone number is (703) 305-3886 and whose e-
mail address is Jeffrey. Siew@uspto.gov. However, the office cannot guarantee gecurity
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 2.m. to 3
p.m, If attempts 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 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
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) 308-4556 or (703) 308-4242.

Do
Jeffrey Siew

September 20, 2001
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Application No. Appllcant(s}

09/613,826 VOGELSTEIN ET AL
Interview Summary Examlnar Art Unit

Jeffrey Slew 1656

All participants (applicant, applicant's repsesantative, PTO personnel).

(1) Jofirey_Siow, (@)
(2) Michslle Holmas-Son. (4) .

Date of Interview:

Type: a)[] Telephonic b)[] Video Conference
)1 Personal [copy glven to: 1)[] applicant 2)[1 applicant's representative)

Exhibit shown or demonstration conducted:  dj]Yes  e)[1 No.
If Yes, brief description: .

Claim(s) discussed: None .

Identification of prior art discussed:

Agresment with respect to the clalms )X was reached. g)[1 was notreached. h)1 N/A.

Substance of Interview Including description of the genersl nalure of what was agreed to if an egreement was
reached, or any other comments: applicant did not receive signed IDS of 1/23/02, office submitied, signed slready
considerad IDS .

(A fuller description, if necessary, and a copy of the emendments which the examiner agreed would render the claims
- allowable, If available, must be attached. Also, whare no copy of the amendments that weuld render the claims
sllowable le avallabie, a summary thereof must be attached.)

N3 It is not necessary for applicant to provide & separate record of the substance of the interview(f box is
chacked).

Unlese the paragraph above has been chacked, THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION
MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW. (See MPEP Ssction 713.04). If a reply to the last Office
actlon 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 Record of Interview requirements on
reverse side or on attached sheet.

Examiner Note: You must sign this form unless it is an M ] q""'/'v‘
Attachment to a signad Office action. Exariner's signature, if required

. U5, Pelan and Tredemerk Ofce

PTO-413 {Rev. 03- 88) interview Summary Paper No. 10.
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<110>

<120>
<130>
<140>
<141>
<150>
<151>
<160>
<170>
<210>
<211>
<212>
<213>
<400>

RAW SEQUENCE LISTING
PATENT APPLICATION: US/09/613,826

Input Set : aA:\sequencelist.S8T25.txt
Output Set: N:\CRF3\07242001\1613826,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: 1993%-08-02

NUMBER OF SEQ ID NOS: &

SOFTWARE: PatentIn version 3.0

SEQ ID NO: 1

LENGTH: 26

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE; 1

catgttctaa tatagtcaca ttttca

<210>
<211>
<212>
<213>
<400>

SEQ ID NO: 2

LENGTH: 24

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 2

tctgaattag ctgtatcgtc aagg

<210>
<211>
<212>
<213>
<400>

SEQ ID NO: 3

LENGTH: 20

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 3

tagctgtate gtcaaggcac

<210>
<211>
<212>
<213>
<400>

SEQ ID NWO: 4

LENGTH: 27

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 4 |

cacgggcectg ctgaaaatga ctgegtyg

<210>
<211>
<212>
<213>
<400>

SEQ ID HO: 5

LENGTH: 24

TYPE: DNA

ORGANISM: homo saplens
SEQUENCE: 5

cacgggagct ggtggcgtag cgtg

<210>
<211>
<212>
<213>
<400>

SEQ ID NO: 6

LENGTH: 24

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 6

cattattttt attataaggc ctgce

file://CACH3\Outhold\Ver1613826.him
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DATE: 07/24/2001
TIME: 11:12:16
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VERIFICATION SUMMARY
PATENT APPLICATION:

U8/09/613,828

Input Set : A:\peguencelist.ST25.txt

Output Set: W:\CRF3\07242001\1613826.raw

file://ICACIF3\Outhold\VsrI613826 htm
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File History Report

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

[X] The following page(s) 3 of 3 of paper number 11 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 of paper number
is/are missing from the United States Patent and Trademark Office’s
original copy of the file history. No additional information is available
PTO 1449

PTO 892

PTO 948

PTO 1474

Assignment

Cover page

OO0

Additional comments:;




<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>

e ReePoﬁ - Page 1 0f 3

b 15

B

@ 19
OIPE

RAW SEQUENCE LISTING DATE: 09/20/2001
PATENT APPLICATION: US/09/613,826 TIME: 17:06:04

Input Set : As\sequencelist.ST25.txt R E C E , VE D

Output Set: M:\CRF3\02202001\I1613826.xaw

APPLICANT: Vogelstein, Bert SEP 2 8 2001
Kinzler, Kenneth W. .
TITLE OF INVENTION: DIGITAL AMPLIFICATION

FILE REFERENCE: 01107.00031 TEC%{CENTER1600DQOO
CURRENT APPLICATION NUMBER: 09/613,826

CURRENT FILING DATE: 2000-07-11

PRIOR APPLICATION NUMBER: US 60/146,792 ' ED
PRIOR FILING DATE: 13%99-08-02 ER

NUMBER OF SEQ ID NOS: 6 E'N

SOFTWARE: PatentIn version 3.0

SEQ ID MNO: 1 .

LENGTH: 26

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 1

26 catgttotaa tatagtcaca ttttea 26

29 <210>
30 <211>
31 <212>
32 <213>
34 <400>

SEQ ID NO: 2

LENGTH: 24

TYPE: DMA .
ORGANISM: howmo sapiens
SEQUERCE: 2

35 tetgaattag ctgtatcgtc aagg 24

38 <210>
39 <211>
40 <212>
41 <213>
43 <400>

SEQ ID RO: 3

LEMGTH: 20

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 3

44 tagctgtatec gtcaaggcac 20

47 <210>
48 <211>
49 <212>
50 <213>
52 <400>

SEQ ID RO: 4

LENGTH: 27

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: 4

$3 cacgggcetg ctgaaaatga ctgcgtg 27

56 <210>
57 <2115
58 <212>
59 <213>
61 <400>

§2 cacgggagcet ggtggoegtag cgtg 24

65 <210>
66 <211>
67 <212>
68 <213>
70 <400>

71 cattattttt attataagge ctge . 24

file://CNCrENOuthold\Vsrl613826.him 9/20/01
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SEQ ID HO: 5

LENGTH: 24

TYPE: DHA

ORGANISM: homo sapiens
SEQUERCE: 5

SEQ ID NO: 6

LENGTH: 24

TYPE: DNA

ORGANISM: homo sapiens
SEQUENCE: €
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VERIFICRATION SUMMARY

DATE: 09/20/2001
PATENT APPLICATION: US/09/613,826

TIME: 17:06:05

Input Set : Ai\seguencellst.ST25.tzt
Output Set: N:\CRF3\09202001\X613826.raw

RECEIVED

SEP 2 8 2001
TECH CENTER 1600/2800

file://CACHNOuthold\WVsrI613826.him
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STATISTICE SUMMARY DATE :
PATENT APPLICATIOMN: US/09/613,0826 TIME;

Input Set : A:\seguencelist.ST25.txt
output Set: N:\CRF3I\09202001\1613826.xraw

Application Serial Number: US/09/613,8B26
Blpha or HWumeric: Numeric
Application Class:

Application File Date: 07-11-2000
Art Unit: OIPR

Software Application: Patentln
Total Number of Sequences: 6
Total Hucleotides: 145

Potal Amino Aclds: 0

Numbex of Errors: 0

Numbexr of Warnings: 0

Rumber of Correctionsg: 0

MESSAGE SUMMARY

file//CNCriNOuthold\Vsr1613826.htm
Page 377 of 1237
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17:06:05

Page3of 3

0£20/01




.. ."‘ ' O‘PEU R :H‘-‘&B&b&(
‘E -“
Lmorm , ECEIVED %E L
%, @g DEC 0.7 209, PATENT a
T mapes TECH CENTER 1600/29g

[N THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of )
) Group Ari 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
Waghington, D.C. 20231
Sir:
In response fo the Final Office Action mailed September 20, 2001, applicants

0” ) request entry of the following amendments and request reconsideration of the claims.

2

Claims 1-69 are pending in the application. Claims 1-64 are allowed, and claims 65-69

L
b .
M are rejected. No fees ave believed due to make this response filed timely. If any fee is
%{ due please change our Deposit Account No. 19-0733.

IN THE CLATMS

Please amend claims 33, 36-37, 65, and 68-69.
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33, (Amended) A molecular beacon probe comprising:

an oligonucieotide with a stem-loop structure having a photoluminescent dye at
one of the 57 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 & Tr 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 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, wherein the loop has 8 T of 54-56°C and the stem consists

of 4 base pairs having a sequence 5’~-CACG-3",

37. (Amended) A pair of molecular 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 & quenching
agent at the opposite 5° or 3’ end, wherein the loop consists of 16 bases having a Ty, 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' or 3’ ends and a
quenching agent at the opposite 5 or 3° end, wherein the loop consists of 19-20 bases

having a Ty, of 54-56°C and the stem consists of 4 base pairs having a sequence 5’-

CACG-3";

Page 379 of 1237




Page 380 of 1237

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
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 14-26 bases and has a Tm of 50-51°C, and

wherein the stem consiats 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
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 14-26 bases and has a Tm of 54-56°C, and

wherein the stem consists of 4-6 base pairs comprising a sequence 5’-CACG-3".

69. (Amended) A pair of molecular beacon probes comprising;

a first oligonucleotide comprising a first stem and a first loop structure and 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 first loop consists of 14-26 bases and has a Tm of 50-51°C, and
wherein the first stem consists of 4 base pairs having a sequence 5’-CACG-3"; and

a second oligonucleotide comprising a second stem and & second loop structure
and having a photoluminescent dye at one of the 5° or 3° ends and a quenching agent at

the opposite §° or 3’ end, wherein the second loop consists of 14-26 bases and has 2 Tm
3




of 54-56°C, and wherein the second stem consists of 4-6 base peirs comprising a

sequence 5°-CACG-3°.

The Invention

The invention is directed to methods for determining the ratio of a selected
genetic sequence in 2 population of genetic sequences.

The invention is also drawn to molecular beacon probes. The molecular beacon
probes can be used to execute the methods of the invention. The molecular beacon
probes comprise an oligonucleotide comprising a stem and a loop structure and have a
photoluminescent dye at one of the 5° or 3’ ends and a quenching agent at the opposite 5°

or 3’ end.

Th endm

Claims 33, 36-37, 65, and 68-69 have each been amended to recite that the loops
of the molecular beacon probes consist of a specified number of “bases” instead of “base
pairs.” The amendments are supporied by the specification and drawings of the
application as filed, The specification supports this amendment where it discloges the
sequence of two example molecular beacon probes: “MB-RED: 5’-Cy3’-
CACGGGCCTGCTGAAAATGACTGCGTG-Dabeyl-3’; MB-GREEN: 5°-Fluorescein-
CACGGGAGCTGGTGGCGTAGCGTG-Dabeyl-3"." (Page 15, lines 1-3.) Bach of the

molecular beacon probes has 2 §* 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 of the probe. The intervening
sequence of each probe forms the loop. The loop of each probe is not self-
complementary and therefore does not form base pairs. Thus the loop i3 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 stem-loop
structure of a molecular beacon probe, The stem portion of the structure, or bottom half,
is base paired, The loop, above the stem and at the top half of the probe, is not base
paired. Therefore the drawings also support that the loop should be measured in bases,
not base pairs, Thus the amendment to 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 of the cleims, The
amendments were not earlier introduced, as applicants were just became of this
inadvertent mistake.

Claim 65 has been amended to recite that the loop of the molecular beacon probe
“consists of 14-26 bases” instead of “comprises 16 base pairs.” Claim 65 has also been
amended to recite that the stem of 2 molecular beacon probe “consists of 4 base pairs”
instead of “comprises 4 base pairs.” These amendments are supported by the
specification where it is disclosed, “Loops sanging 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 of 4 base pairs are
supported in the specification. - The amendments therefore introduce no new matter and

5




do not require & new search. The amendments to claim 65 were not maade earlier asitis a
newly entered claim and applicants have firsi been made aware of its alleged
insufficlencies in the final rejection. The amendiments 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 of the 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 of 4-6
bases” instead of “comprises 4 base pairs.” These amendments are also supported by the
specification where it is digclosed, “Loops ranging from 14 to 26 bases and stems ranging
from 4 to 6 bases, as well ag numerous sequence variations of both stems and foops, 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 emendments therefore introduce 1o new matter and
do not require a new search. The amendments to claim 68 were not made earlier asitis a
newly entered claim and applicants have first been made aware of its 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 of a
pair of molecular beacon probes has a first loop that “consists of 14-26 bases” instead of
“comprises 16 base pairs” and a first stem that “consists of 4 base pairs” instead of
“comprises 4 base pairs.” Claim 69 has also been amended to recite that the second
oligonueleotide of the pair of molecular beacon pfobes has a second loop that “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 amendment is 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 of 4 to 6 base pairs are supported in the specification,
The amendments to claim 68 therefore introduce no new matter and do not require a new
search. Thease amendments were not made eatlier as it is a newly entered claim and
applicants have first been made aware of its 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 US.C. § 112

Claims 65-69 have been rejected under 35 U.8.C. § 112, first paragraph, as
contzining 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 of the claimed invention. Specifically, the 6fﬁce
Action alleges that the “specification lacks support for molecular beacon tha; has a loop
greater than 16 base pairs with Tm of 50-51°C and stem comprising 4 bage pairs 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.” (Paper 10, page 3, lines 5-7.) Applicants respectfully
traverse.

To satisfy the written description requirement, a patent specification must
describe the claimed invention in sufficient detail that one skilled in the ast can

7

Page 384 of 1237




reagonably conclude that the inventor had possession of the claimed invention. Vas-Cath,
Inc. v. Mahurkar, 935 F.2d. at 1563. Amended claims 65-69 are described in the
specification such that one of skill 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 & stem that “consists of 4 base
pairs™ or “consists of 4-6 base pairs.” The inventors clearly had possession of the
invention as recited in the amended claimg, The specification discloses that “[1joops
ranging from 14 to 26 bases and stems ranging from 4 to 6 bases, as well 2s numerous
sequence variations of both 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 stems consisting of 4-6 bases are of
the lengths that are optimum in prol:se design. Clearly the inventors had possession of the
invention as it is claimed. Withdrawal of this rejection to claims 65, 68, 69 and

dependent claims 66-67 is respectfully requested.

The Rejection of Claim 68 under 35 US.C. § 112

Claims 65-69 have been rejected under 35 U.S.C. § 112, second paragraph, as
being indefinite for failing to particularly point out end distinctly 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 nnder 35 U.S.C, §102(¢)
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 comptising CACG (see cal. 11 probe 3) and & loop of Tm 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
(U.S. 5,925,517). However, Tyagi et al,, U.8. 6,037,130, issued March 14, 2000, does
teach a molecular beacon probe (probe 3) at column 11. Applicents 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 element as set forth in the claim is found, either expreasly or inherently described,
in a single prior ari reference.” Verdegaal Bros. v. Union oil Co. of California, 814 F.2d
628, (Fed. Cir. 1987). Tyagi et al. do not teach each element as set forth in claims 65-67.

Claima 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 stem consists of 4 base
pairs having a sequence 5’-CACG-3.”” (Emphasis added.) Tyagi et al. do not teach a
molecular beacon probe with the limitation of a stem consisting of 4 base pairs. Tyagi et

9




al. teach a molecular beacon probe of SEQ ID NO: 3 that has the sequence “TMR-5-
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 3 base pairs comprising the sequence CACG. Thus
Tyagi et al. do not teach all the limitations of claim 65. Tyagi et al. do not teach a
molecular beacon probe with a stem consisting of 4 base pairs, Withdrawal of this

rejection to cleims 65 and dependent claims 66-67 is respectfully requested.

Respectfully submitted,

Date: December b, 2001 BMLMQLMM\’

Michelle Holmes-Son
Registration No. 47,660

Banner & Witcof, Ltd.
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 & quenching agent at the opposite §* or 3’ end, wherein the
loop consists of 16 bases [pairs], wherein the loop has a Tn, 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 photolumincscent 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 T of 54-56°C end the stem

consiats of 4 base pairg having a sequence 5"-CACG-3’,

37. (Amended) A pair of molecular 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
Ton of 50-51°C and the stem consists of 4 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 &

quenching agent at the opposite 5* or 3' end, wherein the loop consists of 19-20 bases

11
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[peirs] having a Ty 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.

65. (Amended) A molecular beacon probe comprising:

an oligonucleotide comprising & stem and a loop structure and 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 [comprises 16] consists of 14-26 baseg [pairs] and has & Tm
of 50-51°C, and wherein the stem [comprises] congists of 4 base pairs having a sequence

5’-CACG-3".

68. (Amended) A molecular beacon probe cominising:

an oligonucleotide comprising & stem and a loop structure and 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 [comprises 19-20] consists of 14-26 bases [pairs] and has a
Tm of 54-56°C, and wherein the stem [comprises] consists of 4-6 base pairs [having]

gomprising a sequence 5’-CACG-3’.

69. (Amended) A pair of molecular beacon probes comprisitg:

& first oligonucleotide comprising a first stem and a:fii foop structure and having

a photoluminescent dye at one of the 5’ or 3’ ends and a g e agent at the opposite

5 or 3’ end, wherein the first loop [comprises 16] consists offl ‘baseg [pairs] and has

12
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a Trn of 50-51°C, and wherein the first stem [comprises] congists of 4 base pairs having a
sequence 5°-CACG-3°; and

a second oligonucleotide comprising a second stem and a second loop structurs
and having a photoluminescent dye at one of the 5’ or 3’ e;xds and a quenching agent at
the opposite 5* or 3° end, wherein the second loop [comprises 19-20] copsists of 14-26
bases [pairs] and has a Tm of 54-56°C, and wherein the second stem [comprises] consists

of 4-6 base pairs [having] comprising a sequence 5’-CACG-3".

13
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