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

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

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

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

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

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

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

 
Date of Service: ;or

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

 

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

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

[| Firm or
Individual Name
 

Address

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

_v|b. Copending reexamination Control No. Concurrent requests in related patents 6440706 & 7015015
[_] c. Copending Interference No.

|v d. Copendinglitigation styled:

 

 

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

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

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

/Ashita A. Doshi/ 6/17/13

Authorized Signature Date

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

 

| For Patent Owner Requester

 
“v For Third Party Requester
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Ex Parte Reexamination of Examiner: To Be Assigned
U.S. Patent No. 7,824,889

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 UNDER37 C.F.R. §1.510

Mail Stop Ex Parte Reexam
Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DearSir:

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

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

of claims 1-22 of U.S. Patent No. 7,824,889 entitled "DIGITAL AMPLIFICATION"

("the '889 patent"). The '889 patent indicates on its face thatit 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:

e 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 ofthe entire patent including the front face, drawings, and

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

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

reexamination certificate issued in the patent as Exhibit 1;

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

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

shownin the accompanying Certificate of Service;

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

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

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

pursuant to $1.34.

ii
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1 IDENTIFICATION OF CLAIMS FOR WHICH REEXAMINATIONIS

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 1-22 of U.S. Patent No. 7,824,889 to Vogelstein et al. ("the

'889 patent"), and currently assigned to The Johns Hopkins University. The '889 patent

issued on November2, 2010, with a priority date of August 2, 1999.

Reexamination of claims 1-22 is requested in view of one or more of the

references applied herein. The SNQslisted in Table II are based on the applied

references cited herein and summarized in Table I below. The proposedrejections for

each SNQ are summarized in Table ITI below.
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Table I: Summary of References Applied!

Originally
Art|Originally| Relied On

Reference Under: Cited? Or
Discussed?

" "

BISCHOFF 102(B)/
Bischoffet al., 103

Hum MolGenet. 4(3):395-9 (Mar 1995)

"KALININA"_ NIN 102(B)/
Kalinina et al., 103

Nucleic Acids Res. 25(10):1999-2004 (May 1997)

"ZTHA "NG 102(B)/
Zhang et al, 103

PNASUSA,89(13):5847-51 (July 1, 1992),

"Ty"
. 102(B)/

Liet al, 103
Nature. 29;335(6189):414-7 (Sep 29, 1988)

"RUA Ir"UANO 102(B)/
Ruano et al., 103

Nucleic Acids Res. 17(20):8392 (Oct 25, 1989)

Table Il: Summary of SNQs

SNQ No. I: Bischoff anticipates claims 1, 5, 8-15, 19, 20 & 22 under 35 U.S.C.
§ 102(b)

Claims 2-3 of the '889 patent are obvious under 35 U.S.C. § 103(a)
over Bischoff in view of Kalinina

Claims 4, 6 & 7 of the '889 patent are obvious under 35 U.S.C.§
103(a) over Bischoff in view of Zhang

 

  
 

 

Claims 16, 17 & 20 of the '889 patent are obvious under 35 U.S.C.
§ 103(a) over Bischoff in view of Li

    
Claims 18, 20 & 21 of the '889 patent are obvious under 35 U.S.C.
§ 103(a) over Bischoff in view of RuanoIT

 
' Applied references that are newly cited in this request are listed on the attached form

SB/08A (Exhibit 2).
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Table HI

Proposed Rejections

Proposed Rejection No.1: Bischoff anticipates claims 1, 5, 8-15, 19, 20 & 22
under 35 U.S.C. § 102(b)

 

 

Proposed Rejection No.2: Claims 2-3 of the '889 patent are obvious under 35
U'S.C. § 103(a) over Bischoff in view of Kalinina

Proposed Rejection No.3: Claims 4, 6 & 7 of the '889 patent are obvious under 35
U'S.C. § 103(a) over Bischoff in view of Zhang

Proposed Rejection No.4: Claims 16, 17 & 20 of the '889 patent are obvious under
35 U.S.C. § 103(a) over Bischoff in view of Li

  
Proposed Rejection No.5: Claims 18, 20 & 21 of the '889 patent are obvious under

35 U.S.C. § 103(a) over Bischoff in view of Ruano IT

 
I. CONCURRENT LITIGATION AND REEXAMINATION

PROCEEDINGS: THE CLAIMS OF THE '889 PATENT ARE GIVEN

THEIR BROADEST REASONABLE INTERPRETATIONIN

REEXAMINATION, UNLIKE THE STANDARDS APPLICABLEIN
THE CONCURRENT LITIGATION

The '889 patent is presently involvedin 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 Ion Torrent Systems, Inc., Case No. 12-1173 (filed

October 31, 2012)).

The claims of the '889 Patent do not need to be "interpreted" in any particular

manner to be found unpatentable overthe priorart (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
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and emphasizesthat 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

in the specification." Jn re Bass, 314 F.3d 575, 577 (Fed. Cir. 2002) (citing Jn re

Yamamoto, 740 F.2d 1569, 1571 (Fed. Cir. 1984)); see also 37 C.F.R. § 1.555(b). Giving

claims their broadest reasonable construction "serves the public interest by reducing the

possibility that claims, finally allowed, will be given broader scopethan is justified." Jn

re Yamamoto, 740 F.2d at 1571. "Construing claims broadly during prosecution is not

unfair to the applicant(or, in this case, the patentee), because the applicant has the

opportunity to amendthe claims to obtain moreprecise claim coverage." In re Am. Acad.

ofSci. Tech Ctr., 367 F.3d 1359, 1363 (Fed. Cir. 2004) (citing Yamamoto, 740 F.2d at

1571-72).

While district courts interpret claim language in issued patents in light of the

specification, prosecution history, prior art and other claims,this is not the mode of claim

interpretation to be applied during examination, including reexamination. During

examination, the claims must be interpreted as broadly as their terms reasonably allow.

"The USPTOusesa different standard for construing claims than that used by district

courts; during examination the USPTO mustgive claimstheir broadest reasonable

interpretations." MPEP § 2111.01 (citing Am. Acad. ofSci. Tech Ctr., 367 F.3d at 1363).

The words of the claim must be given their plain meaning unless the applicant has

provideda clear definition in the specification. Jn re Zletz, 893 F.2d 319, 321, 13

U.S.P.Q.2d 1320, 1322 (Fed. Cir. 1989). "[I]n proceedings before the PTO, claims in an
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application are to be given their broadest reasonable interpretation consistent with the

specification . . . as it would be interpreted by one ofordinary skill in the art." Jn re

Cortright, 165 F.3d 1353, 1359 (Fed. Cir. 1999) (citing In re Bond, 910 F.2d 831, 833

(Fed. Cir. 1990)). Thus, in the analysis and discussion presented below,the identified

claimsare given their broadest reasonable interpretation.

Becausethe standards of claim interpretation used in the courts in patent litigation

are different from the claim interpretation standards used in the Office in claim

examination proceedings (including reexamination), any claim interpretations submitted

herein for the purpose of demonstrating an SNQare neither binding upon Requester in

any litigation related to the '889 patent, nor do such claim interpretations necessarily

correspond to the construction of claims underlegal standards that are mandated to be

used by the Courts in litigation. See 35 U.S.C. § 314; see also MPEP § 2686.04 II

(determination of a SNQ is made independently of a Court's decision on validity because

of different standards of proof and claim interpretation employed by the District Courts

and the Office); In re Trans Texas Holdings Corp., 498 F.3d 1290 (Fed. Cir. 2007), at

1297-98; In re Zletz, 893 F.2d at 322.

The interpretation and/or construction of the claims in the '889 patent presented

either implicitly or explicitly herein should not be viewedas constituting, in whole or in

part, Requester's own interpretation and/or construction of such claims, but instead

should be viewed as constituting an interpretation and/or construction required by the

standards applicable in the reexamination context and by Patent Owner's use of broad

(and often expansive and undefined) terminology in the claims. Furthermore, Requester

expressly reservesthe right to present its own interpretation of such claimsat a later time
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during the related litigation, which interpretation may differ, in whole orin part, from

that presented herein.

Tl. SUMMARY OF THE CLAIMS

U.S. Patent No. 7,824,889 (the '889 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 stepsof:

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

analyzing the amplified molecules in the assay samples of the set
to determine a first number of assay samples which contain a selected
genetic sequence on a first chromosomeand a second numberof assay
samples which contain a reference genetic sequence on a second
chromosome, wherein between 0.1 and 0.9 of the assay samples yield an
amplification product;

comparing the first number of assay samples to the second number
of assay samples to ascertain 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 the selected genetic sequence
and the reference genetic sequence are non-polymorphic markers.

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

6. The method of claim 1 wherein the selected genetic sequenceis
a non-polymorphic marker.
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7. The method of claim 1 wherein the reference genetic sequence is
a non-polymorphic marker.

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

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

10. 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 selected genetic sequence.

11. 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 reference genetic sequence.

12. The method of claim 1 wherein between 0.1 and 0.6 of the

assay samples yield an amplification product as determined by
amplification of the selected genetic sequence.

13. The method of claim 1 wherein between 0.1 and 0.6 of the

assay samples yield an amplification product as determined by
amplification of the reference genetic sequence.

14. The method of claim 1 wherein between 0.3 and 0.5 of the

assay samples yield an amplification product as determined by
amplification of the selected genetic sequence.

15. The method of claim 1 wherein between 0.3 and 0.5 of the

assay samples yield an amplification product as determined by
amplification of the reference genetic sequence.

16. The method of claim 1 wherein the set comprises at least 500
assay samples.

17. The method of claim 1 wherein the set comprises at least 1000
assay samples.

18. The method of claim 1 wherein the amplified molecules in
each of the assay samples in the first and second numbers of assay
samples are homogeneoussuchthat the first number of assay samples do
not contain the reference genetic sequence and the second numberofassay
samples do not contain the selected genetic sequence.

19. A method for determining an allelic imbalancein a biological
sample, comprising the stepsof:
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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 samplesofthe 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 chromosomeand a second numberof 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 betweenthefirst
chromosomeand the second chromosomein the biological sample.

20. The method of claim 19 wherein between 0.1 and 0.9 of the

assay samples yield an amplification product.

21. The method of claim 20 wherein between 0.1 and 0.9 of the

assay samples yield a homogeneous amplification product.

22. The method of claim 19 wherein the biological sample is
blood.

IV. PROSECUTION HISTORY OF THE '889 AND PARENT '706 PATENT

During prosecution ofthe '889 patent, no prior art was applied against the '889

claims (except for the claims of the parent patent No. 6,440,706 in a double-patenting

rejection).” The references provided and addressedin this reexamination request present

substantial new questions of patentability because, amongother things, they teach one or

more elements of the '889 claims, and either anticipate or render these claims obvious.

Although no art was applied against the '889 claims, during the prosecution ofthe

parent patent (U.S. 6,440,706, hereafter the ‘706 patent, for which Requesteris

concutrently requesting reexamination) art was applied to the claims. For the purposes of

> Prosecutionhistory ofthe '889 patent, Office Action mailed Dec. 29, 2009, at page 2
(Exhibit3).
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patentability in this reexamination, the '706 claims were substantially similar to the '889

claims. Generally speaking, claims of both the '706 and '889 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 contains one sequence and a second numberof assay samples that

contains a different sequence; and (4) comparing the numbersof assay samples. The '706

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

reflects the composition of the biological sample, whereas the '889 claims generally

require that the comparing is performedto ascertain an allelic imbalance.

During original prosecution of the '706 claims, the PTO rejected the '706 claims

as obviousover a reference by Lapidusetal.” in view of a publication by Ruano (“Ruano

I”). In particular, the PTO found that Lapidus taughtall steps of '706 claims except for

an initial set/forming/diluting step, whereas RuanoI taught single-molecule dilution, and

it would have been obvious to combine Lapidus and RuanoI to arrive at the claimed

method.” In response, the '706 applicants argued that neither Lapidus nor RuanoI

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 numberof assay
samples containing a genetic sequence. Since the numbers of

> Lapiduset al.. U.S. Pat No 5,928,870 (Exhibit 5).
* Ruanoetal., PNASvol. 87 pp. 6296-6300, August 1990 (Exhibit 6). A different

publication by Ruanoet al., (Ruano II) is being applied as a secondary referencein this request.
° '706 patent prosecution history, Office Action issued April 12, 2001, at page 6 (Exhibit 4)
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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 groundsthat the closest prior art

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

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 priorart (i.e., forming a set of a plurality

of assay samples, for example by dilution). In contrast to Lapidus, the primary references

and mostof the secondary references applied herein do teach determining a numberof

assay samples.

Vv. SUBSTANTIAL NEW QUESTIONS OF PATENTABILITY 

This section demonstrates how the applied prior art references, either alone orin

combination raise substantial new questions ("SNQs") of patentability with respect to

each claim of the '889 patent for which reexamination is sought. Ex parte reexamination

of claims 1-22 of the '889 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 SNQsofpatentability is set forth immediately below. A detailed

explanation of the pertinence and manner of applying the cited prior art to each claim for

which reexamination is sought is presented in Section VI below.

6

7 '706 patent prosecution history, Amendmentdated July 12, 2001, at page 12 (Exhibit 4).
'706 patent prosecution history, Supplemental Notice of Allowability mailed March 26,

2002, at page 2 (Exhibit 4).

10
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A. SNO No. 1: Bischoff anticipates claims 1, 5, 8-15, 19, 20 & 22 under 

35 U.S.C.§102(b

Bischoff* was published in March 1995 andis thuspriorart to the '889 patent

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

broadest reasonable interpretation of the claims, Bischoff discloses methods that meet all

of the limitations of the methodsof claims 1, 5, 8-15, 19, 20 & 22.

SNQ No.1 based on Bischoff is new for at least two reasons: (i) Bischoffis

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 wasnot before the original Examiner.

SNQ No. | based on Bischoff is substantial at least because Bischoff teachesall

aspects of claims 1, 5, 8-15, 19, 20 & 22 and squarely anticipates these claims. In

contrast, during the original prosecution of the '889 patent no art was found to anticipate

the claims.

Thus, a substantial new question of patentability based on Bischoffaloneis raised

with respect to claims 1, 5, 8-15, 19, 20 & 22.

* Bischoffet al., Single cell analysis demonstrating somatic mosaicism involving I Ip in a
patient with paternal isodisomy and Beckwith-Wiedemann syndrome. Hum MolGenet. 4(3):395-
9 (Mar 1995), which formsprior art to the '889 patent under 35 U.S.C. § 102(b) (Exhibit PA-1).
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B. SNOQ No. 2: Claims 2-3 of the '889 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

May15, 1997 andispriorart to the '889 patent under 35 U.S.C. § 102(b). Kalininais

newly cited in the present request.

Bischoff and Kalinina together raise a new question of patentability as to claims 2

and 3 because they were neither cited nor considered during the prosecution of the '889

patentor its parent '706 patent.

Bischoff and Kalinina together raise a substantial question of patentability

because it would have been obviousto those of ordinary skill in the art to practice the

methods of claims 2 and 3 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 obviousare 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 and3.

C. SNO No. 3: Claims 4, 6 and 7 of the '889 patent are obvious under 35

U.S.C. § 103(a) over Bischoff in view of Zhang

Bischoffhas been discussed above in SNQ No. 1. Zhang’? waspublished on July

1, 1992 andisprior art to the '889 patent under 35 U.S.C. § 102(b).

°—Kalinina et al., Nanoliter scale PCR with TaqMan detection. Nucleic Acids Res.
25(10):1999-2004 (May 15, 1997), forming priorart to the '889 patent under 35 U.S.C. § 102(b)
(Exhibit PA-2).
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Bischoff and Zhang together raise a new question of patentability as to claims 4, 6

& 7 at least because Bischoff was neither cited nor considered during the prosecution of

the '889 patent. Zhang was not discussed or relied on during original prosecution

although it was cited by the applicants.

Bischoff and Zhang togetherraise a substantial question of patentability because

it would have been obviousto those of ordinary skill in the art to practice the methods of

claims 4, 6, and 7 in light of the combined teachings of Bischoff and Zhang. Exemplary

rationales as to why Bischoff's and Zhang's combined teachings would have rendered the

claims obviousare 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 Zhangis

raised with respect to claims 4, 6 and 7.

D. SNO No. 4: Claims 16, 17 and 20 of the '889 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 andis priorart to the '889 patent under 35 U.S.C. § 102(b).

Although cited by the applicants, Li was not discussedor relied on 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

‘0 Zhanget al., Whole genome amplificationfrom a single cell: implicationsfor genetic
analysis. PNAS USA, 89(13):5847-51 (July 1, 1992), forming prior art under 35 U.S.C. § 102(b)
to the '889 patent (Exhibit PA-3).

Li et al., Amplification and analysis ofDNA sequences in single human sperm and
diploid cells. Nature. 29;335(6189):414-7 (Sep 29, 1988), which formspriorart to the '& patent
under 35 U.S.C. § 102(b) (Exhibit PA-4).
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examiner would also have rejected the claims of the’ 889 patent, which are similar to the

rejected claims of the '105 application.

Bischoff and Li together raise a new question of patentability as to claims 16, 17

and 20 at least because Bischoff was neither cited nor considered during the prosecution

of the '889 patent. Also, Li was not specifically considered during original prosecution

although it was cited by the applicants.

Bischoff and Li togetherraise a substantial question of patentability becauseit

would have been obviousto those of ordinary skill in the art to practice the methods of

claims 16, 17 and 20 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 obviousare 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 16, 17 and 20.

E. SNO No. 5: Claims 18, 20 and 21 of the '889 patent are obvious under
35 U.S.C.§103(a) over Bischoff in view of Ruano IT

Bischoff has been discussed above in SNQ No. 1. Ruano II' was published on

October 25, 1989 andisprior art to the '889 patent under 35 U.S.C. § 102(b). RuanoIT is

newly cited in the present request.

‘2 Ruano etal., Nucleic Acids Res. 17(20):8392 (Oct 25, 1989), which formspriorart to the
'889 patent under 35 U.S.C. § 102(b) (Exhibit PA-S).
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Bischoff and RuanoII together raise a new question of patentability as to claims

18, 20 and 21 because they were neither cited nor considered during the prosecution of

the '889 patent.

Bischoff and RuanoII raise a substantial question of patentability becauseit

would have been obviousto those of ordinary skill in the art to practice the methods of

claims 18, 20 & 21 in light of the combined teachings of Bischoff and RuanoII.

Exemplary rationales as to why Bischoff's and RuanoII's combined teachings would

have rendered the claims obviousare presented in moredetail in the next section

applying the art to the claims.

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

is raised with respect to claims 18, 20 and 21.

VI. MANNER OF APPLYING THE CITED PRIOR ART AND PROPOSED

REJECTIONS

A. Proposedrejection 1: Bischoff anticipates claims 1, 5, 8-15, 19, 20 and
22 under 35 U.S.C.§102(b

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

Independentclaim 1 is anticipated by Bischoff.’ To provide a quick orientation

to the Examiner, this section presents an introductory high-level overview ofthe steps

of the claims and broadly maps Bischoff's experiments onto each of these steps. A more

detailed application of Bischoff's teachings to each claimed step, showing the details

‘8 Bischoffet al., Single cell analysis demonstrating somatic mosaicism involving I Ip in a
patient with paternal isodisomy and Beckwith-Wiedemann syndrome. Hum MolGenet. 4(3):395-
9 (Mar 1995), which formsprior art to the '889 patent under 35 U.S.C. § 102(b) (Exhibit PA-1).
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of how Bischoff performed each step with specific cites to Bischoff's relevant

disclosure is presented in the next section.

Generally, the independent method claims (claim 1 and 19) of the '889 patent

recite four steps: (1) distributing template molecules from a biological sample to form a

set of assay samples(recited in claim 19 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 "selected genetic sequence" and a second

number of assay samples that contain a "reference genetic sequence;" and (4) comparing

the two numbersof assay samples to ascertain an allelic imbalance in the biological

sample.

Bischoff anticipates both independent claims of the ‘889 patent and many of the

dependent claims as well. Bischoff suspected that part of the 11p arm on maternal

chromosome11 waslost in a subset of cells in a patient suffering from Beckwith-

Wiedemann syndrome. To resolve this question, Bischoff performedall steps of

independentclaims 1 and 19 of the '889 patent, as follows.

“* Distributing and/or set-forming step (recited in claim 19 but not claim 1 

« This step involves "distributing template moleculesfrom a biological
sample to form a set comprising a plurality ofassay samples."

" Bischoffstarted 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.

“* Amplifying step

« This step involves "amplifying the template molecules within the assay
samples toform a population ofamplified molecules in the assay samples
ofthe set."

16
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Bischoff subjected each of his six single-cell assay samples to a random-
primed whole-genomeamplification reaction that amplified the template
molecules in the single cells (a "PEP" reaction, explained in the next
section).

“* Analyzing/determining step

This step involves "analyzing the amplified molecules ... to determine a
first number ofassay samples which contain a selected genetic sequence
on afirst chromosome and a second number ofassay samples which
contain a reference genetic sequence on a second chromosome."

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

Bischoff counted the numberofsingle-cell samples containingafirst
allele of interest, thereby "determining afirst number ofassay samples
which contain a selected genetic sequence on afirst chromosome."

Bischoff also counted the number of samples containing a secondallele of
interest, thereby "determining a second numberofassay samples which
contain a reference genetic sequence on a second chromosome."

Bischoff chose various different combinationsofalleles as the "selected"

and "reference genetic sequence," as described further in the "comparing"
step below.

“* Comparing step

14

This step involves "comparing thefirst number ofassay samples to the
second number ofassay samples to ascertain an allelic imbalance... in
the biological sample," where claim 19 also specifies that the allelic
imbalance is "between thefirst chromosome and the second chromosome"

Bischoff suspected that part of the "p" arm on maternal chromosome11
waslost in a subset of cells. To resolve this question, Bischoff made
various comparisons each using different combinationsof "selected" and
"reference" sequence:

Specifically, Bischoff examined two loci on the 11p arm of chromosome 11 (i.e., the
HBBand D11S8904loci), one locus on the opposite arm 11q of chromosome 11 (i.e., the CD3D
locus), and one locus on chromosome 21 (the INFARlocus).

Page 24 of 1365
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Comparison 1 (between two non-homologous chromosomes,
chromosomes11 and 21) A comparison between maternalalleles on
two non-homologous maternal chromosomes11 and 21 as follows:

« Bischoff compared the number of assay samples containing:

- a "selected genetic sequence on afirst chromosome"in thetoatt

form of a maternal allele at a locus on the "p" arm of
chromosome 11

- a "reference genetic sequence on a second chromosome"in the
form of the maternalallele at a locus on chromosome21.

+ Bischoff compared twodistinct 11p loci (HBB and D11S904) to a
single locus on chromosome 21 (INFAR).

Comparison 2 ("intra-locus,"" two homologousalleles on the
suspect "p" arm of chromosomepair 11) Bischoff suspected that
part of the 11p arm waslost on maternal chromosome 11. To ascertain
if that were so, he compared the numberofcells containing a maternal
allele on the suspect "p" arm of maternal chromosome 11 with the
numberofcells containing the corresponding paternalallele on
paternal chromosome11.

+ Bischoff compared the numberof assay samples containing:

- a "selected genetic sequence on afirst chromosome"in the
form of a maternalallele at an 11p locus(i.e., a locus on the

p" arm of maternal chromosome11), and

- a "reference genetic sequence on a second chromosome"in the
form of the paternalallele at the same 11p locus on paternal
chromosome11.

+ Bischoff made this comparison at each of two distinct 11p loci
(HBB and D11S904).

Comparison3 ("intra-locus," two homologousalleles on the non-
suspect "q" arm of chromosomepair 11) Bischoff compared the
numberofcells containing a maternalallele on the non-suspect "q"
arm of maternal chromosome 11 with the numberofcells containing
the corresponding paternal allele on paternal chromosome11.

« Bischoff compared the number of assay samples containing:

- a "selected genetic sequence on afirst chromosome"in the
form of one maternalallele at the 11q locus CD3D (i.e., a locus
on the non-suspect "q" arm of maternal chromosome 11), and

- a "reference genetic sequence on a second chromosome"in the
form of the paternal CD3Dallele on paternal chromosome11.

18
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e Comparison 4 ("intra-locus," two homologousalleles on non-
suspect chromosomepair 21) Bischoff compared the numberofcells
containing a maternalallele on maternal chromosome 21 with the
numberofcells containing the corresponding paternalallele on
paternal chromosome21.

« Bischoff compared the number of assay samples containing:

- a "selected genetic sequence on afirst chromosome"in the
form of one maternalallele at the locus INFAR on maternal

chromosome 21 and

- a "reference genetic sequence on a second chromosome"in the
form of the paternal INFARallele on paternal chromosome21.

2. Detailed explanation of the pertinency and mannerof applying
Bischoff to independentclaim 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 opposedto validity, a preamble which merely recites an "intended use”

doesnot limit the claim in any way.’

But even if the preamble were limiting (whichit is not), Bischoff discloses

“determining an allelic imbalance in a biological sample’ underthe broadest reasonable

interpretation. The '889 patent does not expressly define "allelic imbalance," beyond

giving one example of a PCR application in whichallelic imbalance using “[q]uantitative

'S Rowe v. Dror, 112 F.3d 473, 478, 42 USPQ2d 1550, 1553 (Fed. Cir. 1997) (preamble's
recitation of an intendeduse is not a limitation).
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analysis with non-polymorphic markers” using two probes that recognize sequences from

different chromosomesis used. See Col. 5: 63-65. However, the claimsof a related

patent No. 7,915,015 which wasfiled as a continuation of the '889 patent makes clear that

allelic imbalanceis not restricted to non-polymorphic markers. In particular, claim | of

the ‘015 patent is directed to a method of determining allelic imbalance by comparing the

numberof assay samples containinga first allelic form and a secondallelic form of a

marker.'® Because the ‘015 patent and the ‘889 patent share the samespecification,

under the broadest reasonable interpretation "allelic imbalance" must also encompass

imbalances between different (e.g., polymorphic) allelic forms of a single marker.

Requester will therefore proceed on the premise that assay samples in whichat least a

subset of diploid cells have lost one of a pair of two alleles have an "allelic imbalance”

underthe broadest reasonable interpretation.'”

Bischoff "determin|[ed] an allelic imbalance"as recited in 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 BWSpatients had anallelic imbalancein

'© USS.Pat. No. 7,915,015, claim 1, reciting a " for determining an allelic imbalance...
comprising ... determin[ing] first number of assay samples which containafirst allelic form of a
marker and a second numberof assay samples which contain a secondallelic form of the
marker,” and comparing the two numbers. (Exhibit 7).

'7 See, e.g., Brenneret al., Chromosome 9p Allelic Loss andp16/CDKN2in Breast Cancer
and Evidence ofpl6 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 andallelic imbalance were considered significant only
if the signal intensity of one allele was diminished by approximately one-half or more ofits
normal intensity in relation to the remainingallele").

‘8 Bischoff, Abstract.
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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 unbalancedtranslocation 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,"”° Thus, in some BWSpatients, both chromosomes11 carry the same ‘isodisomic’

11p region, and within this 11p region each chromosomecarries a copy ofan allele

inherited from the father (referred to as the "paternal allele” herein), and neither

chromosomecarries a copy of a correspondingallele inherited from the mother

("maternalallele"). Bischoff diagrams how this uniparental inheritance occurs in Figure

3, reproduced below.

'° Bischoff, Abstract.
© Bischoff, page 398, left col., top paragraph. See also Fig. 3. depicting paternal isodisomy

of the 11p arm ("PAT UPD 11p") as arecombinant chromosomepair 11, where both
homologous chromosomeshave a "p" arm derived from the father, and neither has a "p" arm
derived from the mother.
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Figure 3. Diggram showing somatic recombination resuling in mosaicism
far paternal isodisamy of 1p. Mote tha: the recombinations would bead bo a
population of cells with maternal isodisemythat is presumably lehal and 3
population of celis that are apparently sarmal by molecular analysis but
eonisin bath recombinas! chromosunes.

For convenience, the chromosomethat harbors maternal alleles in all genomic

regions outside 11p shall be designated the maternal chromosome,andthe other

chromosomethatis entirely paternal in origin shall be designated the paternal

chromosome. Within the isodisomic portion of the 11p region, both the paternal and

maternal chromosomesof chromosomepair 11 each carry a copy ofthe paternalallele,

and neither carries a copy of the maternalallele (see bottom of Figure 3 above, the

“PAT”and “UPD 11p” chromosomes).

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 isodisomy (loss of

22
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maternal 11p alleles) is relevant to this request — as explained below, Bischoff

checkedfor maternalallelic loss using the claimed methods. *!

Because Bischoff's paternal isodisomy involved a loss of maternalalleles that

were originally present on the "p" arm of chromosome 11, paternal isodisomyis an

"allelic imbalance” under the broadest reasonable interpretation. Bischoff concluded that

the isodisomy waspresent in only a subset of cells, because he observed "somatic

mosaicism"”’ in which somecells in the patient sample were isodisomic and hadlost

maternalalleles within the 11p region, but other cells in the sample were genetically

123
normal and showed "normalbiparental 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 asa preferred biological sample in the '889 patent.”°

*! Although Bischoffalso checked for disomy of paternalalleles, 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 chromosomes11, 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 chromosome11 (at loci
D11S904 and HBB), Bischoff therefore inferred that in these cells, the 11p arm foundto be
present on the maternal chromosome 11 by karyotype analysis must have been derived from the
paternal chromosome,andthat the patient thus had two 11p regions both derived from the father.

* Bischoff, Abstract
3 Bischoff, Abstract
Bischoff, Abstract.
°° Bischoff, page 396,right col., last paragraph.
°6 1889 patent, col. 6, lines 57-62.
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Becauseanallelic loss in a subset of blood cells in a sampleis an "allelic

imbalance in a biological sample" under the broadest reasonable interpretation, Bischoff's

identification of partial paternal isodisomyis 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 o

amplified molecules in each of the assay samples of the set,
wherein the template molecules are obtained from a biological
sample”

Under the broadest reasonable meaning, Bischoff discloses the amplifying step

recited in claim 1.

Bischoffstarted with "template molecules ... obtainedfrom a biological sample"

as recited in claim 1. First, Bischoff took a "blood sample" from his patient,”’ which

is explicitly recognized as a "preferred" biological sample in the '889 patent.”*

From this biological sample, Bischoff generated "a set comprising a plurality of

assay samples" containing the "template molecules" by isolating "single blood

129
lymphocytes"” 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

27
Bischoff, page 396, right col., last paragraph.

*8 '889 patent, col. 6, lines 57-62.
* Bischoff, page 396,right col., last paragraph.
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"°° Thus, each reaction tubemedia and then placed into separate reaction tubes.

contained a single-cell assay sample containing genomic template. Bischoff made

and analyzeda setofsix single-cell assay samples.”!

Using the genomeofeachisolated cell as a source of template molecules,

Bischoff next performed "[w]hole genome amplification ... on [his] single cell [assay

132
sample]s,""* in the form of a primer extension preamplification (PEP) reaction ofthe

"> Under the broadest reasonable interpretation, the PEPwhole genome.

amplification procedure resulted in "amplifying template molecules" by generating

randomly-amplified fragments of the original genomic template molecules. Bischoff

explained that his PEP procedure wasa form of "[w]hole genome amplification"

which "allows for amplification of very small amounts of genetic material"”’ present

in single-cell samples. Bischoff used the PEP amplification procedure developed by

Zhanget al., which Zhang explained was an amplification method.*° In addition, the

art recognized PEP as an amplification reaction used to "amplify" genomic DNA, and

morespecifically recognized PEPas a type of "random PCR."*” Thus, underthe

30

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

* Bischoff, Abstract.
> Bischoff, sentence bridging pages 396-397.
** Bischoff, Abstract.
*> Bischoff, page 397, sentence bridging left andrightcols.
© Zhanget al., Whole genome amplificationfrom a single cell: implicationsfor genetic

analysis. PNAS USA, 89(13):5847-51 (1992) (Exhibit PA-3), forming prior art under 35 U.S.C.
§ 102(b) to the '889 patent. Zhang is used herein as a secondary reference in some proposed
rejections, and is also used as a primary reference in the concurrently-requested reexamination of
related patent No 6,440,706.

°7 See, e.g., Cheungef al., PNASvol. 93 no. 25, pages 14676-14679 (Dec. 1996) (Exhibit
9), at page 14676,left col., first paragraph (explaining that PEP "uses a random 15-merto prime
Taq DNA synthesis frequently throughout the genome, [and] has been used to amplify genomic
DNAfrom aslittle 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
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broadest reasonable interpretation, Bischoff "ampliflied| template molecules within a

set comprising a plurality ofassay samples"as recited in claim 1.

Finally, Bischoff "form[ed] a population ofamplified molecules in each ofthe

assay samples ofthe set." Tn particular, Bischoff analyzed the PEP amplification

products to check for the presence of eachallele at four loci of interest. As shown in

Table 2,** Bischoff successfully detected PEP amplification products of eachlocus,

thereby showing that PEP amplification indeed had successfully generated "a population

ofamplified molecules" in each assay sample.

Accordingly, Bischoff discloses "amplifving template molecules within a set

comprising a plurality ofassay samples to form a population ofamplified molecules in

each ofthe assay samples ofthe set, wherein the template molecules are obtainedfrom a

biological sample."

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

Under the broadest reasonable meaning ofthe claim terms, Bischoff performed a

step of "analyzing the amplified molecules in the assay samples ofthe set" as recited in

claim 1.

Underthe broadest reasonable interpretation, "analyzing the amplified molecules

in the assay samples ofthe set" encompassesanalysis of aliquots of the amplified

molecules by a secondary amplification reaction and electrophoresis.

Abstract (explaining that DNAofsingle cells "was amplified by at least 50-fold with a random-
PCRtechnique, viz., primer extension preamplification").

8 Bischoff, Table 2, page 397.
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The '889 patent does not expressly define “analyzing the amplified molecules in

the assay samplesofthe set." Instead, the '889 broadly allows any analytical method of

choice, stating that “[a]lthough the working examples demonstrate the use of molecular

beacon probesas the meansofanalysis of the amplified dilution samples, other

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

hybridization using other types of probes, including TaqMan™(dual-labeled

39
» Hence,fluorogenic) probes. . . , pyrene-labled probes, and other biochemicalassays.

the broadest reasonable interpretation of “analysis” would encompassanalysis by means

of a secondary marker-specific PCR amplification followed by analysis of amplification

products by gel electrophoresis, as Bischoff did.

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 PCRreaction.”” The purpose

ofthe locus-specific analysis was "to determine the [parental] chromosome11 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 D11S904 wereselected for analysis...

3° «8R9 patent, Col. 7, lines 30-37,
“Bischoff, Abstract, see also page 385, last paragraph of Introduction (Locusspecific

amplification was performed to determine the chromosome 11 origins in the preamplified [PEP
products of] individualcells").

“| 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 wrappedin plastic
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[as well as two other] informative markers located outside of the BWS region, CD3D on

11q23 and INFARon 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 whereoneofthe steps is a secondary amplification reaction.”

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

samples ofthe set.”

iv) Bischoff’s analysis involved both "determinf[ing] 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” and
"comparingthe first number... to the second numberof assay
samples to ascertain an allelic imbalance"

Bischoff analyzed his samples in several ways, each of which "determine[s] a

first number ofassay samples which contain a selected genetic sequence onafirst

and exposed to Kodak XARfilm for 2-16 h at - 80°C"); see also following section titled "Post-
PEP PCR("Eachspecific locus was amplified [and analyzed] as described above"), and Fig. 2.

Bischoff, paragraph bridging pages 397-398.
“Bischoff, page 396.
‘S  '889 patent, col. 7, lines 30-37. ("Although the working examples demonstrate the use of

molecular beacon probes as the meansof analysis of the amplified dilution samples, other
techniques can be used as well. These include sequencing ... [and] other biochemical assays.")
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chromosome and a second number ofassay samples which contain a reference genetic

sequence on a second chromosome" and “compar{ed] thefirst number... to the second

numberto ascertain an allelic imbalance"as recited in claim 1.

The ‘889 patent does not provide an explicit definition of “selected genetic

sequenceon afirst chromosome"or reference genetic sequence on a second

chromosome". Applicant used one molecular beacon probeto detect the presence of

mutations in c-Ki-Ras at codons 12 and/or 13 and a separate molecular beacon probe to

target a portion of the c-Ki-Ras gene that is not knownto be mutated in cancers.*° Under

the broadest reasonable interpretation, a "selected genetic sequence" can be anyfirst

allelic sequence which Bischoff used for comparison, whereas a "reference genetic

sequence" can be any secondallelic sequence. This limitation also requires that the

“selected genetic sequence” and the “reference sequence”are onafirst and second

chromosome, respectively. Because the specification of the ‘889 patentis silent as to

whatit meansto be on a first and second chromosome,the plain meaning prevails under

the broadest reasonable interpretation.*’ Underthis interpretation, the maternal and

paternalalleles at a single locus can be used as a "selected" and "reference" sequence

respectively, since the maternal and paternal chromosomesbearing this locus are two

different—albeit homologous--chromosomes. This interpretation is supported in

independent claim 19, which relates to determining an allelic imbalance "between"a first

chromosomecarryinga first allelic form of a marker and a second chromosomecarrying

a secondallelic form of the marker. Because two different sequences on non-

“© '889 patent, col .10, lines 16-54.
“7 In re Bass, 314 F.3d 575, 577 (Fed. Cir. 2002).
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homologous chromosomesare not normally alleles of each other, "allelic imbalance"is

normally between two homologous chromosomesbearingsister alleles.

Bischoff suspected that his blood sample contained an allelic imbalance in which

a subsetofcells in his biological sample hadlost 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 paternalalleles at various different loci on chromosome11

and not on chromosome11. In particular, Bischoff assayed for the presence of a

maternal and paternalallele at the following loci:

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

2. one locus on the opposite arm "q" of chromosome11,
specifically the CD3D locus; and

3. one locus on chromosome21 (the INFARlocus)

As discussed below, Bischoff determined a first number and a second number of

assay samples containing a selected and referenceallele of interest, and ended up

comparing these numberswith 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 selected genetic sequence on a
first chromosome and a second number ofassay samples which
contain a reference genetic sequence on a second
chromosome"

Bischoff determined the presenceof all maternal and paternalalleles at these loci

and noted these down in Table 2, reproduced below.

“8 The analysis of both loci are redundant over each other, and Requester will focus mainly
on the D11S904 locus going forward.
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Table 2. Molecular analysis af single cells

Lacus Location Mather Father Single cells {nterpreiation*

1 2 4 4 5 6

HBB i1pts.s 2 12 lj 42 1200420°4 il PID: 1.5.8;
NBD: 23,4

Bi SSG4 Npld-ph3 24 13 1} id 14 4 it Kl PID: 1,4.8,
NBD; 23.4

chap 123 23 13 1,2 12 12 12 iQ 12 NBD
INFAR 21422.1 3 12 23 24 23 23 23 23 NBD

®PHS = paternal isodisomy, NBD = sormat biparental disomy, numbers comespond to individual single cells.
Numbers represent afleles at each locus.

Table 2 indicates the identity ofall alleles found in each of Bischoff's six single-

cell samples. 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 mothercarried 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 numberedalleles 1, 2, 3 and 4. In particular, the father carried D11S904

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 HBBlocus,

the father carried HBBalleles 1 and 2, the mother carried HBBalleles 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 CD3Dalleles 2 and 3, the mother carried CD3Dalleles 1 and 3
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and the patient inherited allele 2 from his father and allele 1 from his mother. For the

INFARlocus, the father carried INFARalleles 1 and 3, the mother carried INFARalleles

1 and 2 andthe patient inherited allele 3 from his father and allele 2 from his mother.

Bischofffirst determined by karyotype analysis thatall cells carried a maternal

chromosome11 and a paternal chromosome11, both appearing to have an intact 11p arm

(“High-resolution chromosomeanalysis revealed a normal 46, XY karyotype.”””) But

single-cell PCR simultaneously indicated that some cells were apparently missing

maternalalleles within the 11p arm of maternal chromosome11 (at loci D11S904 and

HBB). Bischoff therefore inferred that in these cells, the 11p arm foundto be present on

the maternal chromosome 11 by karyotype analysis must have been derived from the

paternal chromosome,andthat the patient thus had two 11p regions both derived from

the father.

Thus, under the broadest reasonable interpretation, Table 2 disclosesa first

number of assay samples containing a selected genetic sequence and a second numberof

assay samples containing a reference genetic sequenceat each locus that Bischoff

analyzed. Each ofthe single cells constitutes an assay sample as described previously,

above. Eachallele can be treated as a "selected" or a "reference" sequence in

downstream comparisons. Treating for example the maternally-inherited D11S904allele

as the “selected genetic sequence”and the paternally-inherited D11S904allele as the

reference genetic sequence, there are 3 assay samples containing the selected genetic

sequence and 6 assay samples containing the reference genetic sequence. Alternatively,

treating the paternally-inherited D11S904 allele (designated D11S904allele 1 in Table 2)

” Bischoff, page 398 (“Clinical history”).
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as the “selected genetic sequence” and the maternally-inherited D11S904allele

(designated D11S904allele 4 in Table 2) as the reference genetic sequence, there are 6

assay samples containing the selected genetic sequence and 3 assay samples containing

the reference genetic sequence.

Bischoff expressly determined the first and second numbers of assay samplesat

each locus. Regarding the 11p loci HBB and D11S904, Bischoff noted that "[t]hree of

six cells showed paternal disomy[i.e., fvo paternal and no maternalalleles| with ... two

11p markers" HBB and D118904.” Bischofffurther explained that in "cells numbered1,

5 and 6 ... only the paternalallele" was detected at either 11p locus HBB and D11S904

whereas "[n]Jormal biparental inheritance [ofboth maternal andpaternalalleles] 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 inheritancein all

single cells" at these markers, i.e., all six assay samples contained the maternal allele and

all six samples also contained the paternalallele of these markers.”

Regardless of which loci (HBB, D11S904, CD3D, and/or INFAR)are chosen, the

results in Table 2 disclose the determination of a first number of assay samples

containing a selected genetic sequence and a second numberof assay samples containing

a reference genetic sequence.

50
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.

$1
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(b)  Bischoff's analysis involved "comparing thefirst number... to
the second number ofassay samples"

Bischoff also explicitly comparedthe first and second numberof assay samples.

For the purposes of Comparison 1 (between two non-homologous

chromosomes)identified in the overview section,” Bischoff determinedthat only three

of the six cell samples ("afirst number ofassay samples") contained "a selected genetic

sequence on afirst chromosome"in the form of the maternally-inherited allele at the

D11S8904 locus (designated D11S904 allele 4 in Table 2) on the suspect "p" arm of

maternal chromosome 11, while all six samples (a "second number") contained "a

reference genetic sequence on a second chromosome"in the form of maternally-inherited

allele INFAR (INFARallele 3 in Table 2) on maternal chromosome 21 and compared

these two numbers:

- Bischoff explained that "[t]hree of six cells showed paternal disomy[i.e.,
presence oftwo paternal and absence ofmaternalalleles| with ... two 11p
markers" HBB or D11S904, whereas "informative markers located outside of

the BWSregion ... INFAR on chromosome 21, demonstrated normal
biparental inheritance[7.e., presence ofboth maternal andpaternalalleles] in
all single cells with no intensity differences betweenalleles."”*

- Bischoff again noted that in "cells numbered 1, 5 and 6... only the paternal
allele" was detected at either 11p locus (7.e., HBB and D11S904) whereas
"[nJormal biparental inheritance [of both the maternal and paternalalleles] was
detected in cells 2, 3 and 4 with the 11p markers andin all single cells ... for the
chromosome 21 marker, INFAR"”>

- Bischoff elsewhere noted again that "paternal isodisomyof 11p [i.e., presence
oftwo paternal and absence ofmaternalalleles at I lp loci HBB or DI1S904]
wasdetected in cells 1, 5 and 6 and normal biparental inheritance [of'a maternal
andpaternalallele] of 11p in cells 2, 3 and 4.""°

°° See Subsection (VI)(A)(1) above.
“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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In the absenceofany allelic imbalance, one would have expected that each ofthe six

samples would have shown a maternalallele at 11p loci such as HBB and D11S904, but

Bischoff only foundthe maternalallele to be present in a subsetof cells (cells 2-4).°”

For the purposes of Comparison 2 ("intra-locus," two homologousalleles on

the suspect "p" arm of chromosomepair 11) identified in the overview section,

Bischoff determined that three of the six cell samples ("a first number ofassay samples")

contained "a selected genetic sequence on afirst chromosome"in the form of the

maternally-inherited allele at the D11S904 locus on the suspect "p" arm of maternal

chromosome11 (designated as D11S904 allele 4 in Table 2). In contrast, all six samples

(a "second number") contained "a reference genetic sequence on a second chromosome"

in the form ofthe 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 oftwo paternal and absence ofmaternalalleles| with ... two 11p
markers" HBB and D11S904 (also implicitly indicating that the remaining three
cells showed both maternal and paternalalleles as normal)”*

- Bischoff again noted that in "cells numbered 1, 5 and 6... only the paternal
allele" was detected at either 11p locus (7.e., HBB and D11S904) whereas
"[nJormal biparental inheritance [ofboth the maternal andpaternal HBB or
DI1S904 alleles] was detected in cells 2, 3 and 4 with the [same] 11p
markers."””

- Bischoff elsewhere noted again that "paternal isodisomyof 11p [i.e., presence
oftwo paternal and absence ofmaternalalleles at I lp loci HBB or DI1S904]
wasdetected in cells 1, 5 and 6 and normal biparental inheritance [of'a maternal
andpaternalallele] of 11p in cells 2, 3 and 4."°°

°7 See Bischoff, page 397, Table 2).
8 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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For the purposes of Comparison 3 ("intra-locus," two homologousalleles on

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

Bischoff determinedthat all six cell samples ("a first number ofassay samples")

contained "a selected genetic sequence on afirst chromosome"in the form of the

maternally-inherited allele at the CD3D locus on the non-suspect "q" arm of maternal

chromosome 11 (designated CD3Dallele 2 in Table 2), and also thatall six samples (a

"second number ofassay samples") similarly contained "a reference genetic sequence on

a second chromosome"in the form ofthe paternally-inherited CD3Dallele (designated

CD3Dallele 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 [ofboth
the maternal andpaternalalleles] in all single cells with no intensity
differences betweenalleles."®!

- Bischoff again noted that "[n]ormal biparental inheritance [ofboth the maternal
andpaternal CD3D alleles] was detected in ... all single cells with the 11q
marker, CD3D."~

For the purposes of Comparison 4 ("intra-locus," two homologousalleles on

non-suspect chromosomepair 21) identified in the overview section, Bischoff

determinedthatall six cell samples ("afirst number ofassay samples") contained "a

selected genetic sequence on afirst chromosome"in the form of the maternally-inherited

allele at the INFAR locus on maternal chromosome 21 (designated INFARallele 3 in

Table 2), and also that all six samples (a "second number") similarly contained "a

reference genetic sequence on a second chromosome"in the form of the paternally-

61

62 Bischoff, page 398, left col., top paragraph, and Table 2.
Bischoff, page 397, left col., second paragraph , and Table 2.
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inherited INFAR allele on paternal chromosome 21 (designated INFARallele 2 in Table

2), and compared these two numbers:

Bischoff explained that "informative markers located outside of the BWS
region, ... [such as] INFAR on chromosome 21, demonstrated normal
biparental inheritance [ofboth the maternal andpaternal INFARalleles] in all
single cells with no intensity differences between alleles."

Bischoff again noted that "[nJormal biparental inheritance [ofboth the maternal
andpaternal INFARalleles| was detected in ... all single cells ... for the
chromosome 21 marker, INFAR."™

Therefore, whether or not the "first chromosome” and “second chromosome”can

be homologousto each other (as in comparisons 2-4, but not in comparison 1), Bischoff

"compare[ed] thefirst 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 selected and reference

sequence, Bischoff "ascertain[ed] an allelic imbalance" in the form ofa 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") syndrometo

determine the genetic event underlying the patient's condition.” Bischoff noted that

some BWSpatients had an allelic imbalance in the form of "partial paternal isodisomy of

11p"® Partial paternal 11p isodisomy (which Bischoffalso referred to as ‘uniparental

disomy' or UPD)is a condition involving an aberrant unbalancedtranslocation of a

63

64

65

66

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

region. In addition, the isodisomyin Bischoff's particular patient also "involve[ed] loss

11607
of the maternal 11p region in somecells,"”’ Thus both the paternal and maternal

chromosomesof a chromosomepair each carry a copy ofthe paternalallele, and neither

carries a copy of the maternalallele, of any locus located within the isodisomic portions

of the chromosomes.

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 thefirst genetic aspect of isodisomy (loss of

maternal 11p alleles) is relevant to this request — as explained below, Bischoff

determined maternalallelic loss using the claimed methods. ©

Because paternal 11p isodisomy involvesloss of maternalalleles that were

originally present on the "p" arm of chromosome11, paternal isodisomy is an "allelic

imbalance" under the broadest reasonable interpretation. Bischoff concluded the

isodisomy waspresentin only a subset of cells because he observed "somatic

mosaicism"” in which somecells in the patient sample were isodisomic and hadlost the

67
Bischoff, page 398, left col., top paragraph. See also Fig. 3. depicting paternal isodisomy

of the 11p arm ("PAT UPD 11p") as arecombinant chromosomepair 11, where both
homologous chromosomeshave a "p" arm derived from the father, and neither has a "p" arm
derived from the mother.

°° Although Bischoff also checked for disomy of paternalalleles, 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 chromosomes11, 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 chromosome11 (at loci
D11S904 and HBB), Bischoff therefore inferred that in these cells, the 11p arm foundto be
present on the maternal chromosome 11 by karyotype analysis must have been derived from the
paternal chromosome,andthat the patient thus had two 11p regions both derived from the father.

°° Bischoff, Abstract
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maternalallele, 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 maternalalleles

whereascells 2-4 have normal biparental distribution (NBD)at 11p and show oneallele

from eachparent.” In particular, "[t]wo populations of cells were detected, a population

of cells with normal biparental inheritance for chromosome 11 and a population ofcells

with partial paternal isodisomyof 11p."”

Becauseanallelic loss in a subset of cells in a sample is an "allelic imbalance”

under the broadest reasonable interpretation, Bischoff's partial paternal isodisomyis 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 ofamplified

molecules." In fact, if the claim is to be found valid, the "amplification product" of the

7 Bischoff, Abstract
1 Bischoff, page 397, Table2.
® Bischoff, Abstract.
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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 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 analyzingstep.

Asdiscussed above, Bischoff performed two separate and successive

amplification reactions. Thefirst amplification reaction was a whole-genome "PEP"

amplification reaction that amplified the genomic template molecules in order "to form a

population ofamplified molecules in each ofthe assay samples." The second

amplification reaction was a locus-specific PCR reaction doneas part of "analyzing" the

PEP-amplified molecules. Thus, under the broadest reasonable meaning, Bischoff's

secondary locus-specific amplification generates the "amplification product" mentioned

in the analyzing step, which is separate and distinct from the "population of amplified

molecules” generated by PEP whole-genomeamplification 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 (loci). Requester notes that dependent claim 10, whichis necessarily

included within the scope of base claim 1, clarifies that between 0.1 and 0.9 of the assay

samples yield an amplification product "as determined by amplification of the selected

genetic sequence.” Solely for the purposesof this reexamination, Requester will proceed
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on the premise that by amplifying a "selected genetic sequence"in 0.5 (i.e., between 0.1

and 0.9) of his assay samples as explained below, Bischoff necessarily anticipates

dependent claim 10 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 of both the maternal and paternalalleles "in cells 2, 3 and 4 with the [same]

11p markers."” Taking the maternal D11S904allele as the "selected genetic sequence

on afirst chromosome," Bischoff foundthat only three ("qa first number") of six single-

cell assay samples apparently containedthis allele. Thus, three ofsix (Z.e., 0.5) assay

samples yielded an amplification product of the selected genetic sequence. Taking the

maternalallele at the 11p locus HBBasthe "selected genetic sequence onafirst

chromosome," yields the sameresult: three of six (7.e., 0.5) assay samples were found to

contain the selected genetic sequence. Because 0.5 is between 0.1 and 0.9, "between 0.1

and 0.9 ofthe 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 ofthe assay samples

nm

yield[ed| an amplification product™ as recited in claim 1.

73
Bischoff, page 397, left col., second paragraph.
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3. Detailed explanation of the pertinency and mannerof applying
Bischoff to independent claim 19

Independentclaim 19 is substantially identical to independent claim 1, with only

the following differences:

e Claim 19 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 Incontrast to claim 1, claim 19 does not require that amplification takes

place in "each" assay sample;

e Incontrast to claim 1, claim 19 does not require that "between 0.1 and 0.9

of the assay samples yield an amplification product" of a selected or

reference sequence;

e Claim 19 explicitly specifies that the allelic imbalance is betweenthe first

chromosome(which bears the selected sequence) and the second

chromosome (whichbears the reference sequence)

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

Asexplained with respect to claim 1 in Section (VID(A)(2)(a), Bischoff discloses a

"methodfor determining an allelic imbalance in a biological sample,"as also recited in

claim 19.
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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-formingstep 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

micromanipulation, single blood lymphocytes were isolated."In particular,

"[p]eripheral blood lymphocytes (uncultured) from the patient with BWS were

individually visualized ... and micromanipulatedfirst into a wash droplet of DNA-free

growth media andthen 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

each tube contained a single-cell assay sample. Accordingly, each tube contains nucleic

acid template molecules from one peripheral blood lymphocyte. Bischoff thereby

discloses "distributing nucleic acid template moleculesfrom a biological sample toform

a set comprising a plurality ofassay 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; "

Asexplained with respect to claim 1 in Section (VI)(A)(2)(i/), Bischoff discloses

a "amplifying the template molecules within the assay samples toform a population of

amplified molecules in the assay samples ofthe set," as also recited in claim 19.

74

75 Bischoff, sentence bridging pages 396-397.
Bischoff, page 398, right col., section titled "Single cell micromanipulation and PEP."
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iv) Bischoff discloses "analyzing the amplified molecules in the assay
samples of the set”

Asexplained with respect to claim 1 in Section (VI)(A)(2)(ii/), Bischoff discloses

"analyzing the amplified molecules in the assay samples ofthe set," as also recited in

claim 19.

v)  Bischoff's analysis involved both "determinfing] 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” and
"comparingthe first number... to the second numberof assay
samples to ascertain an allelic imbalance ... in the biological
sample.”

Asexplained with respect to claim 1 in Section (VI)(A)(2)(7v), Bischoff's analysis

involved both "determinfing] a first number ofassay samples which contain a selected

genetic sequence on afirst chromosome and a second numberofassay samples which

contain a reference genetic sequence on a second chromosome"and "comparingthefirst

number... to the second number ofassay samples to ascertain an allelic imbalance... in

the biological sample," as also required by claim 19.

vi) Bischoff's purpose was to ascertain an allelic imbalance "between
the first chromosome and the second chromosome"

In contrast to claim 1, claim 19 additionally specifies that the allelic imbalance is

"betweenthefirst chromosome andthe second chromosome," which wasnotspecified in

claim 1. Under the broadest reasonable interpretation, this indicates that the first and

second chromosomescan be homologoussister chromosomes of a chromosomepair, at

least because sequences on non-homologous chromosomesare not normally alleles of
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each other and thus an "allelic" imbalance does not normally exist "between" non-
 

homologous chromosomes.

Bischoff ascertained an allelic imbalance "between thefirst chromosome and the

second chromosome "asrecited in claim 19. For example in Comparison2 ("intra-

locus," two homologousalleles on the suspect "p" arm of chromosomepair 11)

identified in the overview section, Bischoff determined that three cell samples(7.e., "a

first number") contained the maternally-inherited allele at the D11S904 locus, situated on

the suspect "p" arm of maternal chromosome 11 (7.e., "a first chromosome"). In contrast,

all six samples (a "second number") contained the paternally-inherited D11S904 allele on

paternal chromosome11 (i.e., "a second chromosome"), and compared these two

numbers.

Byascertaining that an allelic imbalance existed between twosister alleles at the

D11S904 locus, one situated on a "first chromosome" in the form of a maternal

chromosome andthe otherallele situated on a "second chromosome"in the form of a

homologous paternal chromosome,Bischoff thereby ascertained that an allelic imbalance

existed betweenthe first and second chromosomes.

Bischoff therefore ascertained an allelic imbalance "between thefirst chromosome

and the second chromosome,"as recited in claim 19.

76
See, e.g., Bischoff, page 398, left col., top paragraph, and Table 2
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4. Detailed explanation of the pertinency and mannerof applying
Bischoff to claims 5 and 22

Dependent claim 5 recites the method of claim 1 "wherein the biological sample

isfrom blood." Dependent claim 22 recites the method of claim 19 "wherein the

biological sample isfrom blood.”

Asexplained above, Bischoff anticipates base claims 1 and 19. 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

presentin the patient, a ... blood sample wasobtained for single cell analysis. By

7
micromanipulation, single blood lymphocytes wereisolated ...").

Accordingly, Bischoff anticipates claims 5 and 22 as well as base claims | and 19.

5. Detailed explanation of the pertinency and mannerof applying
Bischoff to claims 8-15 and 20

Dependentclaims 8-15 all recite the method of claim 1 wherein a specified

subportion of the assay samples "yield an amplification product." Dependent claim 20

recites the method of claim 19 wherein a specified subportion of the assay samples "yield

an amplification product." Under the broadest reasonable interpretation, Bischoff

anticipates these claims.

i) Anticipation of claims 8-15

Dependent claims 8 and 9 specify that "between 0.1 and 0.6" (claim 8) or

"between 0.3 and 0.5" (claim 9) "ofthe assay samples yield an amplification product,"

without specifying what particular template sequence the amplification productis

generated from. Dependent claims 10, 12 and 14 specify that "between 0.1 and 0.9"

77
Bischoff, page 396, right col., last paragraph (
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(claim 10) or "between 0.1 and 0.6" (claim 12) or "between 0.3 and 0.5" (claim 14) "of

the assay samples yield an amplification product as determined by amplification ofthe

selected genetic sequence." Dependent claims 11, 13 and 15 specify that "between 0.1

and 0.9" (claim 11) or "between 0.1 and 0.6" (claim 13) or "between 0.3 and 0.5" (claim

15) "ofthe assay samples yield an amplification product as determined by amplification

ofthe reference genetic sequence."

Asdiscussed in the application of Bischoff to base claim 1 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 must necessarily be separate and distinct from the "population of

amplified molecules" of the amplifying step for this claim to be valid, at least because

claim | 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.

Asalso discussed above, Bischoff performed two separate and successive

amplification reactions. Thefirst amplification reaction was a whole-genome "PEP"

amplification reaction that amplified the genomic template molecules in order "to form a

population ofamplified molecules in each ofthe assay samples." The second

amplification reaction was a locus-specific PCR reaction, performed as part of

"analyzing" the PEP-amplified molecules. Thus under the broadest reasonable meaning,
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Bischoff's secondary locus-specific amplification is an analytical procedure that generates

"an amplification product" as mentioned in the analyzing step, which is separate and

distinct from the "population of amplified molecules" generated by PEP whole-genome

amplification in the preceding amplifying step.

Bischoff analyzed his PEP amplification products by a secondary analytical locus-

specific PCR reaction, and morespecifically analyzed the maternal D11S904allele

(D11S904allele 4 in Table 2) on chromosome 11, which he suspected waslost in a

subset of cells. Bischoff found that only three ("afirst number") of six single-cell assay

samples yielded a (secondary) amplification product of the maternal HBBallele. In

particular, Bischoff found in "cells numbered 1, 5 and 6 ... only the paternalallele"

showeda (secondary) amplification product at the D11S904 locus whereas "[n]ormal

biparental inheritance”- i.e., presence of both the maternal and paternal alleles - was

detected "in cells 2, 3 and 4."’° Thus,0.5 (i.e., three of six) assay samples yielded "an

amplification product” of the maternal D11S904allele.

Claims 8 and 9 specify that "between 0.1 and 0.6" (claim 8) or "between 0.3 and

0.5" (claim 9) "ofthe assay samples yield an amplification product" without specifying

what particular template sequence the amplification product is generated from. Because

these claims allow "an amplification product" to be amplified from any particular

sequenceincluding Bischoff's maternal D11S904allele, and because Bischoff saw

maternal D11S904 amplification product in 0.5 of his assay samples, Bischoff anticipates

claims 8 and 9 in addition to base claim 1.

78
Bischoff, page 397, left col., second paragraph.
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Dependent claims 10, 12 and 14 specify that "between 0.1 and 0.9" (claim 10) or

"between 0.1 and 0.6" (claim 12) or "between 0.3 and 0.5" (claim 14) "ofthe assay

samples yield an amplification product as determined by amplification ofthe selected

genetic sequence." Bischoff made various comparisons between his maternal D11S904

allele and other sequences, thereby treating the maternal D11S904allele as a "selected

genetic sequence." Because Bischoff saw maternal D11S904 amplification product in 0.5

of his assay samples, where 0.5 is "between 0.1 and 0.6" (claim 8) or "between 0.3 and

0.5" (claim 9), Bischoff anticipates these claims in addition to base claim 1.

Dependent claims 11, 13 and 15 specify that "between 0.1 and 0.9" (claim 11) or

"between 0.1 and 0.6" (claim 13) or "between 0.3 and 0.5" (claim 15) "ofthe assay

samples yield an amplification product as determined by amplification ofthe reference

genetic sequence." Bischoff made various comparisons between various sequences and

his maternal D11S904allele, thereby treating the maternal D11S904 allele (D11S904

allele 4 in Table 2) as a "reference genetic sequence" under the broadest reasonable

interpretation. Because Bischoff saw maternal D11S904 amplification product in 0.5 of

his assay samples, Bischoff anticipates these claims in addition to base claim 1.

Accordingly, Bischoff anticipates dependent claims 8-15 in addition to base claim 1.

ii) Anticipation of claim 20

Claim 20 recites the method of independent claim 19, "wherein between 0.1 and

0.9 ofthe assay samples yield an amplification product."

Although base claim 19 recites that "a population ofamplified molecules"is

generated in the amplifying step, dependent claim 20 specifies that a certain portion of

samples yield "an amplification product" instead of referring back to the "amplified
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molecules" recited in the amplifying step of base claim 19. Thus base claim 19 does not

contain any prior recitation of "an amplification product" that is recited in dependent

claim 20, such that the "amplification product" recited in dependent claim 20 can be

separate and distinct from the "population ofamplified molecules" generated in the

amplifying step of base claim 19

Asalso discussed above, "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. Analyzing the products ofhis

secondary locus-specific amplification reaction, Bischoff found that three ("qa first

number") of six single-cell assay samples yielded a secondary amplification product of

the maternal HBBallele. Thus, 0.5 (7.e., three of six) assay samples yielded "an

amplification product" of the maternal HBBallele.

Claim 20 specifies that "between 0.1 and 0.9 ofthe assay samples yield an

amplification product" without specifying what particular template sequence the

amplification product is generated from. Because claim 20 allows "an amplification

product" to be amplified from any particular sequence including Bischoff's maternal

HBBallele, and because Bischoff saw maternal HBB amplification product in 0.5 of his

assay samples, Bischoff anticipates claim 20 in addition to base claim 19.

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

Dependent claim 2 recites the method of claim 1, wherein "the step ofamplifying

employs real-time polymerase chain reactions." Dependentclaim 3 recites the method of
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claim 2 "wherein the real-time polymerase chain reactions comprise a dual-labeled

fluorogenic probe." Both claimsare obviousover Bischoff in view of Kalinina.”

Asdiscussed above, Bischoff anticipates base claim 1, by isolating single cells

and performs a locus-specific amplification step. This amplification increases the amount

of DNA sequenceofinterest 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

compris[ing] a dual-labeledfluorogenic probe" as required by claims 2 and 3. The

analysis method used in Kalinina is the well-known TaqMan® assay, in which dual-

labelled TaqMan” probesare included within the amplification reaction mixture during

the amplification procedureitself, and hybridize in real-time to a cognate amplification

product as it is being generated. The probe used in Kalinina contains 6-

carboxyfluorescein on the 5’ end of the probe and 6-carboxytetramethylrhodamineon an

internal nucleotide.*’ Both of these moieties are fluorogenic.*' The '889 patent explicitly
2

recognizes that TaqMan”probes are "dual-labeled fluorogenic probes,"® and are usedin

real-time PCRreactions.**

”  Kalinina et al., Nanoliter scale PCR with TaqMan detection. Nucleic Acids Res.
25(10):1999-2004 (May 15, 1997), forming priorart to the '889 patent under 35 U.S.C. § 102(b)
(Exhibit PA-2).

*°  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:rhodamine
(F/R) ratio varied from ~1.0 to 2.0 in samples containing PCR product.”)

*2 '889 patent, col. 7, lines 34-35.
8S '889 patent, col. 5, lines 22-25.
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In Kalinina's TaqMan® assay, PCR amplification of a sequenceofinterestis

performed in the presence of an oligonucleotide probe labeled with a fluorescent reporter

and a quencher molecule.** As amplification progresses, the dual-labeled probewill

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

by Taq polymerase,resulting in an increase in fluorescence ofthe reporter.®” The

TaqMan” probe assay has the advantages of being moresensitive than conventional

probe assays andbetter able to "detect PCR product derived from single template

86
molecules," such as Bischoff's amplification products.

It would have been obvious to combineuseofthe TaqMan”assay described in

Kalinina to detect the loci of interest described in Bischoff, underat least the following

rationales:

Obviousness: Known Elements and Predictable Result

Under 35 U.S.C. § 103, where a claim "simply rearranges old elements with each

performing the same function it had been knownto perform’ and yields no more than

what one would expect from such an arrangement, the combination is obvious.” ASR

Intl. Co. v. Teleflex, Inc., 550 U.S. 398, 417 (2007), quoting Sakraida v. Ag. Pro., Inc.,

425 US. 273, 282 (1976).

Kalinina indicates that her methods are designed to "detect single starting

template molecules," just as Bischoff's were as well (e.g., Bischoff's methods were

intended to detect the presence of a single template sequence molecule in the form of a

“4 Id.
8 Id.

“© Kalinina at page 2003.
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paternal 11p allele).*’ Kalinina's TaqMan” assay wasspecifically designed and

optimized for use in single-molecule PCR assays such as Bischoff's. Both Bischoff and

Kalinina both amplified and analyzed amplification products from a single template

molecule.

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

interest and the secondto detect and analyze the amplified products. Performing two

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" as

recited in claim 2. 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 moreefficient, 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 ‘889

patent. Kalinina's data also indicated that Kalinina's TaqMan® amplification reaction

wassensitive and efficient enough to always yield an amplification product from diploid-

genome samples such as Bischoff's underthe right conditions. For example, Table 1 in

87

88 Kalinina, Abstract.
Kalinina, Table 1. PCR reactions "were scoredas positive if the maximum F/Rratio

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
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Kalinina showsthat for a small capillary diameter (25 or 50 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 is slightly less than that of Bischoff, whose assay

samples each contained | diploid genome(i.e., the equivalent of 2 haploid genomes).

It would have been obviousto use Kalinina's amplification methodsin a single-

cell amplification procedure as taught by Bischoff. It should be noted that Bischoff's

determinedallelic imbalance by comparing numbersofeach allele at a single locus of

interest. Kalinina's TaqMan® assays were designed for exactly such analysis. Bischoff

compared multiple different combinationsoffirst and second allelic forms of a single

marker, where each independent comparison was informative ofallelic imbalance. At

least some of these comparisons were limited to comparingalleles at a single locus(e.g.,

the D11S904 locus at 11p) to check for a difference in numbersof assay samples

indicative ofan allelic imbalanceat 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 (whichis 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 obviousto perform Kalinina's

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
reasonedthat the sensitivity of the TaqMan assay could be improvedto enable detection of single
starting molecules if reaction volumes were reduced").

*° Bischoff, page 397,left col., ("In cells 1, 5 and 6, the 11p markers, HBB and D 11 $904,
revealed the presence of only the paternal allele [but not the maternalallele at the samelocus]...
paternal isodisomy of 11p was detected in cells 1,5 and 6 and normalbiparental inheritance of
11p in cells 2, 3 and 4.")
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TaqMan” assays in a multiplexed format on Bischoff's single-cell samples if a skilled

worker wished to analyze multiple loci within a single cell.

Thus, a person using Kalinina's amplification method on a single 11p locus would

have arrived at the same conclusion as Bischoff, based on the sameresult (i.e., that an

allelic imbalance existed because the number of samples containing a maternal 1 1p allele

were less than the number of samples containing an 11p paternal allele). The '889 claims

therefore embody a merely predictable substitution of Kalinina's TaqMan® amplification

procedure for Bischoff's PEP amplification procedure on Bischoff's single-cell samples.

Therefore, it would have been obviousto the skilled person to have used the

TaqMan®assaysto analyze the single cells and loci of 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 TaqMan®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. Furthermore, the '889 patent acknowledges that

TaqMan® probes were commercially available by the priority date of the '706 patent, and

that a skilled person would have been able to routinely implementthe assay in Bischoff's

system to obtain predictable results.”” While Bischoff used a more complicated

procedure in order to analyze multiple loci on a single cell (a PEP amplification followed

by locus-specific PCRreaction, and overnight autoradiography) than Kalinina’s TaqMan®

procedure, it would have been obviousto amplify different single loci using TaqMan®

°° '889 patent, col. 7, lines 32-37 ("Although the working examples demonstrate the use of
molecular beacon probes as the meansof analysis ... other techniques can be used as well. These
include ... hybridization with other types of probes, including TaqManTM (dual-labeled
fluorogenic) probes (Perkin Elmer Corp./Applied Biosystems, Foster City, Calif.),”).
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probesto arrive at the same results. Thus, claims 2 and 3 would have been primafacie

obviousto one of ordinary skill in the art at the time of invention.

Obviousness: Reasons to Combine

Althougha reason to use Kalinina's TaqMan”assay to generate Bischoff's single-

genomeassay samplesis not required, an apparent reason to combine the known

elements as claimed may be evidenced by the teachings of the references themselves,

issues in the technicalarea, or the skill in the art. KSR, 550 U.S. at 418. Here, strong

reasons to combine are directly provided by the references themselves.

Kalinina explicitly teaches the many advantages of TaqMan” assays, including

that the "assay involves fluorescence measurements that can be performed without

opening the PCRtube,” and, as a result, "the risk of carry-over contaminationis greatly

reduced."”! In particular, Kalinina details use of an improved PCR technique that would

eliminate the need for the gel 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 singlecell (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 TaqMan®to arrive at the same

results. It would have been primafacie obviousto one of ordinary skill in the art to

modify the PCR methodtaught by Bischoff to use the TaqMan” single-tube PCR assays

described in Kalinina to perform the amplification and detection/analysis of DNA

sequencesin cells with predictable results.

*!  Kalininaat page 1999.
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Obviousness: Known Technique to Improve Known Method

KSR and the MPEPprovide 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 improvementto 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

"3 Bischoff used a more complicatedreducethe risk of carry-over contamination.

amplification-and-analysis 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 TaqMan®to arrive at the same

results. Therefore, it would have been obviousto one of skill in the art to use the single

tube assay techniques in Kalinina to improve the base assays of Bischoff with predictable

results.

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

claims 2-3 obvious.

Cc. Proposed rejection 3: Bischoff renders claims4, 6 and 7 obvious
under 35 U.S.C. § 103(a) in view of Zhang

Dependentclaims4, 6 and 7 recite the method of claim 1, "wherein the selected

genetic sequence"or "the reference genetic sequence" or both sequences togetheris/are

"non-polymorphic" marker(s). Although "non-polymorphic"is not defined in the '889

°° See MPEPat §2143(C).
°° Kalininaat page 1999.
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patent, during original prosecution the PTO took the view that a markeris "non-

polymorphic"if different "allelic forms" of the marker do not exist.”* Underthis

interpretation, claims 4, 6 and 7 are rendered obvious by the combination of Bischoff and

Zhang.”

Bischoff anticipates base claim 1, whereas Zhang used single-cell PCRjustlike

Bischoff using non-polymorphic markersas his "selected" and "reference" genetic

sequences. Requester is concurrently applying Zhangas an anticipatory reference against

substantially similar claims in a concurrent reexamination of a related patent No.

6,440,706 and the Examineris referred to that concurrent request for a detailed

explanation of how Zhang mapsonto the substantially similar claims of the related '706

patent. Like Bischoff, Zhangisolated single cells from a biological sample, amplified

differentalleles at multiple loci in each cell,”’ and compared counts ofdifferentalleles,

thereby amplifying, analyzing and comparinga first and second numberof assay samples

as required by claim 1. In addition, Zhang also amplified and compared "non-

polymorphic" markers. Specifically, Zhang amplified and compared a "selected genetic

sequence"in the form of "the STS gene on the X chromosome," and a "reference genetic

sequence"in the form of "the STS pseudogene on the Y chromosome"to "determine the

presence of the X or Y chromosome," and demonstrated that the "segregation pattern of

... the X and Y chromosomes" showed "independent assortment of the sex

94

2). 95

'889 prosecution history, Non-final Rejection mailed June 11, 2010, at page 4. (Exhibit

Zhang et al., Whole genome amplificationfrom a single cell: implicationsfor genetic
analysis. PNAS USA, 89(13):5847-51 (1992) (Exhibit PA-3), forming prior art under 35 U.S.C.
§ 102(b) to the '889 patent.

°° Zhang, page 5848,right col., second-last paragraph.
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chromosomes."”’ Alternatively, the STS pseudogene on the Y chromosomecould be

treated as the “selected genetic sequence” and the STS gene on the X chromosomecould

be treated as the “reference genetic sequence”of the claims, arriving at the sameresult.

Zhang explains that the STS gene and the STS pseudogeneare two different

genes at two different loci on the X and Y chromosomesrespectively.”* Only one “allelic

form" of each of these genes was present in Zhang's cells, which would be the case in

cells derived from any male individual. Likewise, Bischoff's cells were derived from a

male patient with one X and one Y chromosome,” such that both these genes (the X-

linked STS gene and the Y-linked STS pseudogene) were "non-polymorphic" underthe

broadest reasonable interpretation.

It would have been obviousto assess genetic imbalance relating to the X and Y

chromosomesby using Bischoff's single-cell PCR format with Zhang's suggested non-

polymorphic markers (the X-linked STS gene and the Y-linked STS pseudogene), as

explained below.

Obviousness: Reasons to Combine

Although a reason to combine Bischoff with Zhangis not required, an apparent

reason to combine the known elements as claimed may be evidencedby the teachings of

the references themselves, issues in the technical area, or the skill in the art. KSR, 550

U.S. at 418. Here, reasons to combineare directly provided by the references

themselves. Bischoff demonstrated the feasibility of assessing genetic imbalanceas an

97

98 Zhang, page 5848, right col., second-last paragraph.
Zhang, page 5849, Legendfor Fig. 3 (“The upper and lowere STS bandsrepresent the Y

chrosomome-linked (153 bp) and X chromosome-linked (144 bp) genes, respectively.. .).
*° Bischoff, page 398, right col., "Clinical history" section ("High resolution chromosome

analysis revealed a normal 46,XY karyotype”).
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underlying cause of diseases such as the Beckwith-Wiedemann syndromeby single-cell

PCR. Various disorders such as Turner's syndrome are caused by an underlying genetic

imbalance dueto a loss of a sex chromosome. Zhang used two suitable non-polymorphic

markers on the X and Y chromosomesfor assessing sex-linked genetic imbalance. Thus,

one of ordinary skill would have had ample reason to combinethe teachings of Bischoff

and Zhangin orderto assess genetic imbalancerelating to the X and Y chromosomes.

Accordingly, Bischoff renders claims 4, 6 and 7 obviousin view of Zhang.

D. Proposed rejection 4; Bischoff renders claims 16, 17 and 20 obvious
in view of Li under 35 U.S.C. § 103(a)

Dependent claims 16 and 17 recite the method of claim 1, "wherein the set

comprises at least" 500 (claim 16) or 1000 (claim 17) "assay samples." Dependent claim

20 recites the method of claim 19, "wherein between 0.1 and 0.9 ofthe assay samples

yield an amplification product."

Underthe broadest reasonable interpretation, Bischoff renders claims 16-17 and

: : : - 100
20 obvious in view ofLi. Bischoff anticipates base claims 1 and 19 as explained

previously. Li teaches or suggests single-cell PCR on greater than 500 or greater than

1000 assay samples, as recited in claims 16-17 respectively. Li also teaches single-cell

PCRin which between 0.1 and 0.9 of the assay samples yield an amplification product, as

recited in claim 20.

Specifically, Li teaches the method of single-cell PCR on both haploid (sperm)

and diploid cells and made and analyzeda sets of single-cell assay samples by single-cell

' Ti et al., Amplification and analysis ofDNA sequencesin single human sperm anddiploid
cells, Nature. 29;335(6189):414-7 (1988), which formsprior art to the '889 patent under 35
U.S.C. § 102(b) (Exhibit PA-4).
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PCR, and checked for imbalance inallelic representations in the form of segregation

101
distortion in haploid cells.” Thus, both Bischoff and Li relate to the amplification and

genotyping ofsingle cells, in order to discover genetic imbalancesin a biological sample,

under the broadest reasonable interpretation.

i)  Obviousness of claims 16-17

In prosecution of a pending continuation of the '889 patent, the PTO recently

found that Li would have renderedit obvious to use a set of500 or 1000 assay samples

when amplifying and analyzing single-cell samples,'°’ just as Bischoff did. In

particular, the PTO foundthat:

Li expressly suggested analyzing 500 assay samples (page 416,
last paragraph), and that it would have been prima facie obvious
... to distribute 500, or even 1000 individual sperm [samples]
and assay according to Li's technique. One would have been
motivated to do so because Li stated (page 416,first paragraph of
"Discussion"): A significant advantage of the approach described
here is that a large number of meiotic products can be examined
from a single individual allowing determination of the
recombination frequency ... Li's express contemplate[ion] [sic?]
of 500 individual meiotic events certainly renders claim 63
obvious, and, by simple extrapolation, ... [other claims] which
merely require more assay samples(i.e., 1000).

The PTO focused on Li's express teachings that determination of recombination

frequency requires a large numberof samples to get statistically significant results,

‘0! 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
Examineris referred to the request filed in that reexamination for a detailed description of Li's
teachings.

‘© 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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because recombination happensat a rate of 1% per million basepairs.'°* Li also teaches

that his single-cell PCR methodsare 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 obviousto 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

Bischoff. Thus, dependent claims 16 and 17 are primafacie obvious over Bischoffin

view of Li.

ii) Obviousness of claim 20

Dependentclaim 20 recites the method of claim 19, "wherein between 0.1 and 0.9

ofthe assay samples yield an amplification product." Bischoff anticipates claim 19 using

'®" Li, "Discussion" bridging pages 416-417 ("To date there have been no practical methods
for accurate measurementof genetic distances of less than 1 cM. A significant advantage ofthe
approach describedhereis 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 sameor 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 numberof 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 andincreasing the efficiency of
amplification of both loci stmultaneously will be required for the highest resolution ...").

'*' Li, page 417,left col., first paragraph.
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a random whole-genome amplification method (PEP) to amplify sequencesofinterest as

well as other irrelevant sequencesin his single-cell assay sample, and analyzed the

samples by means of a secondary locus-specific PCR reaction with gel electrophoresis

and autoradiography. Li teaches an alternative and more straightforward method of

single-cell amplification and analysis, which yields amplification products in "between

0.1 and 0.9 ofthe assay samples" as required by claim 20. In particular, Li amplified

both alleles at a single locus (specifically, the globin gene) in single diploid-cell samples

using a single set of primers and analyzed the products by hybridization with labeled

"allele-specific oligonucleotide probes (ASO) which can distinguish between [the] two

"1° Li found that this particular methodology showed a smallsacrifice inalleles.

efficiency over Bischoff's methods — in particular, "[o]ut of the 37 cells analysed" 84% of

these samples hybridized with probes, indicating that Li's methodology was successful.'°°

Because 84% (i.e., 0.84) is "between 0.1 and 0.9 ofthe assay samples," L1's amplification

& analysis methodology would have yielded amplification products in "between 0.1 and

0.9 ofthe assay samples" as required by claim 20.

It would have been obviousto use Li's single-primer-pair amplification & analysis

methods in Bischoff's single-cell analysis, under variousrationales, as follows:

Obviousness: Known Elements and Predictable Result

Under 35 U.S.C. § 103, where a claim "simply rearranges old elements with each

performing the same function it had been knownto perform’ and yields no more than

what one would expect from such an arrangement, the combination is obvious.” ASR

' Li, page 414, right col., top paragraph (“Eachindividual cell was delivered into a PCR
tube containing ... PCR buffer ... and a set ofPCR primers that amplify the informative region
of the globin gene ... 50 cycles of amplification were performed”).

'6" Li, page 414, right col., top paragraph.
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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 primafacie obviousto detect allelic loss at the D11S904

locus, as taught by Bischoff, using a single-primer-pair amplification format & analysis

as taught by Li instead of Bischoff's PEP amplification and subsequent analysis. When

considering obviousness of a combination of known elements, the operative question is

"whether the improvement is more than the predictable use ofprior art elements

accordingto their established functions." KSR, 550 U.S. at 398; MPEP § 2141. Here, the

methods of 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.

Li's single-primer-pair PCR differed marginally from Bischoff's PEP

amplification methodin that Bischoff's "whole genome" method amplified multiple

alleles from multiple loci from a single cell sample whereas Li's method amplified only a

single locus of interest per sample. It would have been self-evident, however, to use Li's

amplification methods on multiple single-cell samples to allow analysis of any numberof

loci. Perhaps more importantly, multiple-locus analysis is not relevant to the claimed

methodsor to Bischoff's determination ofallelic imbalance per se. Bischoff compared

multiple different combinations of selected and reference sequences, where each

independent comparison was informative of allelic imbalance. At least some of these

comparisons were between maternal and paternalalleles at a single locusto assessallelic

imbalance. This is not surprising, since "allelic imbalance" can refer to an imbalance

between maternal and paternalalleles within same locus. Not surprisingly, Bischoff
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compared the maternal and paternalalleles at a single 11p locus(e.g., the D11S904 locus

at 11p) to determine whether a difference in counts existed between the twoalleles, and

based onthe difference concludedthatan allelic imbalanceexisted at that locus.'””

Although Bischoffalso followed up this conclusion by analyzing multiple different loci

both inside and outside the imbalanced 11p portion of the genome, these comparisons

were redundantover each other and merely served to locate the metes and boundsofthe

imbalanced genomic region (which was found to be limited only to the "p" arm of

chromosome11 and did not extend to the "q" arm of chromosome11 or to other

chromosomessuch as chromosome 21). Thus, a person using Li's amplification method

on a single 11p locus would havearrived at the same results as Bischoff. The '889 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 bythe references themselves. Both

Bischoff and Li relate to the amplification and detection ofalleles at a locus ofinterest.

Bischoff used PEP whole-genome amplification followed by a locus-specific

amplification with a single primerpair just as Li did. Li's method performedthe single-

locus amplification withoutfirst using a PEP whole-genome amplification step, which

was unnecessary to determineallelic imbalance. When analyzinglocifor allelic

'\” Bischoff, page 397,left col., ("In cells 1, 5 and 6, the 11p markers, HBB and D11S904,
revealed the presence of only the paternal allele [but not the maternalallele at the samelocus]...
paternal isodisomy of 11p was detected in cells 1,5 and 6 and normalbiparental inheritance of
11p in cells 2, 3 and 4.")
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imbalance, it would thus have been obviousto one of ordinary skill to use Li's single-

primer-pair PCR in Bischoff's single-cell analysis as being simpler, quicker and easier.

Thus, dependent claims 16, 17 and 20 are primafacie obvious over Bischoff in

view of Li.

E. Proposed rejection 5: Bischoff renders claims 18, 20 and 21 obvious
in view of Ruano II under 35 U.S.C. § 103(a)

Dependent claim 18 recites the method of claim 1 "wherein the amplified

molecules in each ofthe assay samples in thefirst and second numbers ofassay samples

are homogeneoussuch that thefirst number ofassay samples do not contain the

reference genetic sequence and the second numberofassay samples do not contain the

selected genetic sequence." Dependent claim 20 recites the method of claim 19, "wherein

between 0.1 and 0.9 ofthe assay samples yield an amplification product." Dependent

claim 21 recites method of claim 20 "wherein between 0.1 and 0.9 ofthe assay samples

yield a homogeneous amplification product." Bischoff anticipates base claims 1 and 19,

as discussed above. In addition, Bischoff renders claims 18, 20 and 21 obvious in view

of RuanoII'°* underthe broadest reasonableinterpretation.

In particular, Bischoff anticipates base claims 1 and 19 by teaching the use of

single-cell PCR to distinguish between two polymorphicalleles 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

PCRin order to determine whetherindividualcells in his biological sample hadlost an

‘08 Ruano etal., Nucleic Acids Res. 17(20):8392 (Oct 25, 1989), which formsprior art to the
'889 patent under 35 U.S.C. § 102(b) (Exhibit PA-S).
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11p maternalallele (i.e., an allele on the "p" arm of maternal chromosome 11) and had

thereby switched from a heterozygousallelic state to a hemizygousallelic state in which

only the paternal allele was retained at this locus.

RuanoII teaches an amplification method which yields "amplified molecules"

(claim 18) or an "amplification product" (claims 20 and 21) that meets the requirements

of claims 18, 20 and 21. RuanoII teachesallele-specific PCR as an alternative

amplification methodthat differentiates between two polymorphicalleles at a single

locus.

Specifically, Ruano II used two different primer pairs in two separate PCR

reactions, each pair capable of selectively amplifying only oneallele and notthe other.

RuanoII studied a sample that was heterozygousat the globin genelocus, usingafirst

primerpair 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, RuanoII states “the polymorphism definingthe allele

is at the 3’ end of one of the two primers ... The presence or absenceofproduct after

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

site tt 109 In Figure 1(b) showsthe 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 correspondingallele, 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 differentallelic

' RuanoII, page 8392,first paragraph.
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templates (in Ruano's words, the amplification product was 'hemizygous' in content). In

particular, RuanoII noted that "[w]hereas product amplified with 'GR="[7.e., non-allele-

specific primer] is heterozygous, GR1I ASA [allele-specific amplification] product is

hemizygous[i.e., showing oneallele rather than the usual two] for the upper band (-) and

110
GR3 ASAproduct is hemizygousfor 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 shownin Figure 1(d). As a result, Ruano II could determine the

allelotype of the globin locus "according to presence or absence ofa ... [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 RuanoII, “Homozygote

“A”sets the phase of one chromosomein “B”as 1,-; other chromosomeis 3,+, which is

inherited by “I” (homozygous3,+) through “G”. Therefore, the haplotypesare 1,- and

3,+.”'!> Ruano's primers were designedto distinguish between twodifferent

polymorphicalleles that contained differing numbers of dinucleotide repeats

(specifically, one allele had two "TG" repeats and the other allele had three such

RuanoII, page 8392, third paragraph, and Fig. 1(b).
RuanoII, page 8392, third paragraph, and Fig. 1(b).
Ruano II, page 8392, second paragraph.
Ruano II, page 8392, second paragraph.
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114
repeats. Bischoff similarly analyzed polymorphic loci that were also "dinucleotide

repeat markers."""°

WhereasBischoff anticipates base claims 1 and 19, RuanoII's allele-specific

amplification meets the added limitations of dependent claims 18, 20 and 21. RuanoII's

allele-specific amplification yields "amplified molecules" (claim 18) or "amplification

product" (claims 21) which is "homogeneous" as required by claims 18 and 21, and in

particular is homogenous"such that thefirst number ofassay samples do not contain the

reference genetic sequence and the second numberofassay samples do not contain the

selected genetic sequence"as further specified by claim 21. In addition, when applied to

Bischoff's single-cell samples, RuanoII's amplification methods would only generate an

amplification product in "between 0.1 and 0.9 ofthe assay samples" as required by claim

20. In particular, amplification of a maternalallele in the 11p region would only produce

an amplification product in half the assay samples, whereas amplification of a paternal

allele at the same locus would product an amplification productin all the assay samples.

Because RuanoII's methods would amplify the maternal and paternal alleles in separate

reactions on separate samples, amplification of maternal and paternalalleles at an 11p

locus would generate an amplification product in about 0.75 of the assay samplesoverall,

i.e., between 0.1 and 0.9 of the assay samples.

It would have been obviousto assess allelic imbalance using Bischoff's single-cell

PCRstrategy using allele specific primers as taught by Ruano II, where such primers

"4 RuanoII, Fig. 1(b) legend (indicating that the GR1 primer sequence was
GCTTTTCAC(TG):TCAand the GR3 primer sequence was AGCTTTTCAC(TG):TCAA).

‘5 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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would amplify only a single allele, thereby producing a "homogenous" product as

required by claims 18 and 21, under variousrationales below.

Obviousness: Known Elements and Predictable Result

Under 35 U.S.C. § 103, where a claim "simply rearranges old elements with each

performing the same function it had been knownto perform’ and yields no more than

what one would expect from such an arrangement, the combination is obvious.” ASR

Intl. Co. v. Teleflex, Inc., 550 U.S. 398, 417 (2007), quoting Sakraida v. Ag. Pro., Inc.,

425 U.S. 273, 282 (1976).

It would have been primafacie obviousto detect allelic loss at the D11S904

locus, as taught by Bischoff, using an allele-specific amplification format as taught by

RuanoII 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 improvementis more than the predictable use of prior art

elements accordingto 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.

RuanoII's allele-specific PCR differed marginally from Bischoff's PEP

amplification methodin that Bischoff's "whole genome" method amplified multiple

alleles from multiple loci from a single cell sample whereas RuanoII's method amplified

only oneallele per sample. It would have been self-evident, however, to use RuanoII's

amplification methods on multiple single-cell samples to allow analysis of any numberof

loci. Perhaps more importantly, multiple-locus analysis is not relevant to the claimed
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methodsor to Bischoff's determination ofallelic imbalance per se. The term "allelic

imbalance"at least sometimesrefers to an imbalance between maternal and paternal

alleles within a single locus underthe broadest reasonable interpretation. Not

surprisingly, Bischoff's determination ofallelic imbalance was accordingly based on

comparing the maternal and paternal alleles at a single 11p locus (either HBB or

D118904).''® Although Bischoff also followed up this conclusion by analyzing multiple

different loci both inside and outside the imbalanced 11p portion of the genome,these

were redundantover each other and merely served to define the metes and boundsofthe

imbalanced genomic region (which was found to be limited only to the "p" arm of

chromosome11 and did not extend to the "q" arm of chromosome11).

By using two separate allele-specific PCR reactions on two separate cells (one

primerpair specific for the maternalallele and the other pair specific for the paternal

allele) on a significant number of samples, a person using RuanoII's amplification

method would havearrived at the same results as Bischoff. The '889 claims therefore

embody a merely predictable use of prior-art elements.

Obviousness: Reasons to Combine

Although a reason to combine Bischoff with RuanoII is not required, an apparent

reason to combine the known elements as claimed may be evidencedby the teachings of

the references themselves, issues in the technical area, or the skill in the art. KSR, 550

U.S. at 418. Here, reasons to combine are evidenced by the references themselves. Both

Bischoff and RuanoII relate to the amplification and detection ofalleles at a locus of

6 Bischoff, page 397,left col., ("In cells 1, 5 and 6, the 11p markers, HBB and D11S904,
revealed the presence of only the paternal allele [but not the maternalallele at the samelocus]...
paternal isodisomy of 11p was detected in cells 1,5 and 6 and normalbiparental inheritance of
11p in cells 2, 3 and 4.")
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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.

In contrast, RuanoII's method differentiated between alleles of indistinguishable size (as

shownFig. 1(b) of Ruano), and can be practiced on other similarly-sized alleles. When

analyzing loci with identically-sized alleles, it would have been obviousto one of

ordinary skill to use RuanoII's allele-specific PCR in Bischoff's single-cell analysis to

determineallelic imbalance.

Thus, dependent claims 18, 20 and 21 are primafacie obvious over Bischoff in

view of RuanoII.

Vil. CONCLUSION

Claims 1-22 of the '889 patent are anticipated under 35 U.S.C. § 102(b) over

Bischoff, or alternatively rendered obvious over Bischoff. Accordingly, reexamination of

claims 1-22 of the '889 patent is respectfully requested.

VIII CONCURRENT LITIGATION AND REEXAMINATION

PROCEEDINGS

The '889 patent is presently involvedin 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,

"7 Bischoff, Figs. 1 and 2.
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Applied Biosystems, LLC, and Ion 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, havingits principle place of business at 5791 Van Allen Way, Carlsbad, CA,

92008. Undersigned counselstates that it is acting on behalf of the real party in interest

either in a representative capacity pursuant to C.F.R. §1.34(a), or under any power of

attorney provided herewith.

Please send all correspondenceto 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 Commissioneris 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 Commissioneris

authorized to charge any additional fees or credit any overpayment to Deposit Account

No. 50-3994, as well as any andall other fees that have been or may be required from

Requester, referencing Docket No. LT00831 REX 2.

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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E INVENTION CHNICAL FIELD OF T rape dei

Thi
 

is invention 's related to diagnostic genetic analyses. In
particular it relates to detection of genetic changes and gene
expression.

BACKGROUNDOF THE INVENTION

in classical genetics, only nrutations of the germ-line were
considered nmportant for understanding dis . With the

realizationthat somatic naxtations are the primary cause of
cancer, and my also play a role in aging, newgenetic prin-
cipleshave arisen. These discoveries have provided a wealthof new opportunities for patient management as well as for

basic research into the pathogemesis of neoplasia. However,
many of these opportunities hinge upon detection of a smallaunberof mutant-containing calls among a large excess of
normal cells. Examples include the detection of neoplastic
cells in urine, steo}, and gsputum ofpationts with cancers of the

dder, colorectum, and tung, respectively. Such detection
bas been shown in some cases to be possible at a slage when
the primary tumors are still curable and the patients asymp-
tomatic. Mutant sequences from the DNA of neoplashe cells
have also been found im the blood of cancer patients. The
detection ofresidual disease in lymph nodes or surgical mar-
gins maybe usefulin predicting whichpatients right benefit
most from further therapy. From 4 basic research standpoint,
analysis ofthe early effects ofcarcinogensis often dependent
on the ability to detect small populations of mutantcells.

 

i)

 

   
   

   

Because ofthe importance of this issue in so many settings,
manyuselid techniques have been developedforthe detection
of mutations. DNA sequencingis 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-
specitic oligonucleotides can sometimes be used to detect
routations present ina rainor proportion of thecells analyzed,
but the signal to noise ratio distinguishing mutant and wild-
type OWT) ternplates is variable. The use of miutarit-specific
primers orthe digestion ofpolymerase cham reaction (PCR)
products with specilic restriction endonucleases are
extremely sensitive methods for detecting such mutations, but
itis dificult to quantitate the fraction of mutant moleculesin
the starting population with these techniques. Other innova-
tive approaches for the detection of somatic mutations have

neeeen reviewed, A general problem with these methods is thattis difficult or impossible to independently confirm the exist-
ence of any nuutations 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 97 of 1365

  

 
  

 

w

ww a

iM &

2
UMMARYOF THE INVENTION

 ect of the present invention to provide methods 
   

  

for determin ng the presence ofa selected genetic sequence in
a population of genetic sequences.

Tt is another object of the present invention to provide
molecular beacon probes usefal in the methodof the inven-
tion.

These and other objects of the invention are achieved by

providng amethodfor determining the presence ofa selected
 

genetic sequence ina population of genetic sequences. A
biological sample conmpnsing nucleic acid template mol-ecules 7 diluted to form a set of assaysarnples. The template
molecules within the assay samples are amplified to form a
population of amphfed molecules in the assay sanuples of the
set. The amplified molecules in the assay samples ofthe set
are then analyzed to determine a first number of assay
samples which contain the selected genetic sequence and a
second number ofassay samples which contain a reference
ronetic sequence. The first numberis then compared to the
second mumiber to ascertain a ratio which reflects the compo-

sition ofthe biological sample.Another embodiment ofthe invention is a method fordeter-

miming the ratic ofa selected genetic sequence in a population

of geenetic sequences. Teraplate molecules within a set com-
prising a pluvalty of assay sarnples are amph hed 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 satnples which contathe selected genetic sequence

and a second numberofassay sarnples which contain a ref-
erence genetic sequence. At least one-fiftieth of the assaysamples in the set comprise a numberN) of molecules such
that 1/Nis larger than theratio of selected genetic sequences
to total genetic sequences required to determine the presence
of the selected genetic sequence. The first mamber is com-
paredto the second mumberto ascertain a rahe whuchreflects
the composition of the biological sample.

According to another embodiment of the tivention, a

molecular beacon probe is provided. ft comprises an ollgo-
nucleotide with a stem-loop stric ture havinga photoluminescent dye at one ofthe5' or3' ends and a quenching agent at the

eS’ or 3' end. The loop consists of 16 base pairs which
asaT,,, of50-S1(C. Thestem consists of4 base pairs having

a sequence 3'-CACG-3',
A second type of molecular beacon probe is provided im

another embodiment. It comprises an oligomuceotide with a
stem-loop structure having a photoluminescent dye at one of

ids and a quenching agent at the opposite 5 or 3"
end. The loop consists of 19-20 base pairs and has a T,, of

Kk”. The stem consists of 4 base pairs having 4
sequence S'-CACG-3.

Another embodimentat provideses the twooeofbeacon p
contat s

The inventionthus provides the ar
quantitative assessments of part
sequences in mixed populations
(binary) signals.
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nwith the means to obtainjonlar DNA or RNA

of sequences using digital

BRIEF DESCRIPTION OFTHE©DRAWINGS

 
PIGS. PA, 1B, iC. Schematic of experimental design.

(FIG. TA} TI involved: PCR on difuted DNA
sataples is followed byaddition of fuorescent probes which
discriminate between WT and mutant alleles and subsequent
fmorometry. (PIG, 15) Principle of molecular beacon analy-
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sis. Inthe stem-loop contiguration, fluorescence froma dye at
the S' end of the chgonucleotide probe is quenched by a
Dabcyl group at the 3' end. Upon hybridizationto a template,
the dye is separated fromthe quencher, resulting in incre
finorescence. Modified from Marras et al. (PIG. IC) Ob
nucleotide design. Primers Fl and R1 are used to amplify the
genomic region of interest. Primer INT is used to produce
single stranded DNAfrom 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 PCE product, whether itis WT or mutant at the
quened codons. MB-GREEN is a Molecular Beacon which
preferentially detects the WT PCR product.

PUG. 2. Discrimination between WTand mnitant PCR prod-

ucts by Molecular Beacons. Ten separate PCRR products, each
generated from -—25 genome equivalents of genomic DNA of
celis containing the indicated nvitations of c-Ki-Ras, were
analyzed with the Molecular Beacon probes described in the

iext. Representative examples of the PCRX products used for
Molecular Beacon analysis were purified and directly
sequenced. Inthe cases with Gly l2Cys (SEQ IDNO: 11) and
Gh

 

 

  

 

 

 

 

yizArg (SEO TD NO: 10) mutations, contaminating non-
ceils within the tumor presumably accounted for

2SerABEQ 1D

 
neoplastic
the relatively lowratios. fn the cases with Gly.
NO: 8) and Glyl2Asp GEQ ID NO: 12} f

ently two or more aalleles of mutant o-KiRas for every WT
allele (SEQ ID NO: 7); both these tumors were aneuploid.
Analysis of the Ghyi 3Asp mutation is also shown (SEQ ID
NO: 9).

PUG, 3. Detecting Dag-PCR products with MB-RED. Spe-
cific Finuorescence Units of representative wells from an
experiment employing colorectal cancer cells with Glv12Asp
or Glyi3Asp mutations of the c-Ki-Ras gene. Wells with
values >10,000 are shaded yellow. Polyacrylamide gel efec-
irophoretic analyses of the PCR products from selected wells
are shown. Wells with tnorescence vahies <3500 bad no PCR

product of the correct we while wells with fluorescencevalues >10,000 SPUalways contained PCR products of 129
bp. Non-specific products wonerated during the large number
ofcyeles required for Dig-PCR didnot alfect the fhiorescence
analysis.Mi and M2are molecular weight markers used to
determinethesize of tra

pairs).
FiG. 4. Discriminating WYP from mutant PCR. products

obtained in Dig-PCR. RED/GREENratios were determined
frora the finorescence of MB-RED and MB-GREEN

described tn Materials andaMetbods. The wells shownare the
sameas those illustrated in PIG. 3. The sequences of PCE.
products from the indicated wells: were determined as

‘tibed in Materials and Methods. The weils with RED/

P ratios >3.0 each contained mutant sequences while
with RED/GREEN ratios of -1.4 contained WT

os. WT ¢-Ki-Ras (SEQ ID NO: 7), Glyl2Asp (SEQ13)}, and Glvi3Asp SEQ ID NO: 9) were analyzed.
. 8, Dig-PC“Rof DNA from a stool sataple. The 384wells sed|in the experiment are displayed, Those colored

blue contamed 25 genome equivalents of DNA from normal
cells, Each oftheseregistered positive with MB-RED and the
RED/GREENratios were 1.04/-0.1 (mean +/-1 standard
deviation). The wells colored yellow contained no template
DNA and each was negative with MB-RED(Le., fluorescence
<3500 fluorescence units.). The other wells contained diluted

DNA from the stool sample. Those registering as positive
with MB-REDwere colored eitherred or green, depending on
ther 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
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DETALCED DESCRIPTION OF THE INVENTION

The method devised bythe resetmrventors involves ssperately amplifyimg small numbers of template moleculesthat the resultant products have a proportion ofthe analyte
sequence which is detectable by the detection means chosen.
Atits limit, single template moleentes can be amplified so that
the products are completely mutant or completely wild-type

(WT). The homogeneity of these amplification products
takes them trivial fo distinguish through existingng techniques.

The method requires analyzing a large number ofamplitied
products simply and reliably. Techniques for such assess-
ments were developed, with the output providing a digital
readout ofthe frachon of mutant alleles mthe analyzed popu-

 

 

 
 
 

 2 biological saraple is diluted to a point at which a
practically usable number of the dihited szamples contain a
proportion of the selected genetic sequence (analyte) relative
to total template molecules such that the analyzing techniqne
being used can detect the analyte. A practically usable num-

ber of diluted samples will depend on cost of the analysismethod, Typicallyit would be desirablethatat leastoe ofthe

 

 

 

 

diluted sanyples have a detectable prportson of analyte. AtMo, Ws, Ao, 95, Ve, Ys, "Ao, 465, or So 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 leadto a loss of economy, 35 many
samples will be an:alyzed and provide no signal. A particu-
larly preferred degree ihution is to a point where each of
the assay sampless has on average one-halfof a template. The
dilution can be performed from more concentrated samples.
Alternatively, dihite sources of template micleie acids can be

used. All of the samples may contain amphifiable tenrplate
molecules. Desirably each. assay sample prior to amplifica-
tion wil ess than a hundred or jess than ten template
molecules.

Digttal amplification can be used to detect mutati
present at relatively lowlevels in the samples to be anabyzer
The Jimait of detection is defined bythe number of wells that
can be analyzed andthe intrinsic mutation rate ofthe poly-
merase used for arnplification. 384 well PCR plates are com-
mercially available and 1536 well plates are on the horizon,
theoretically allowing sensitivities for nvutation detectionat
the 0.1%level. } Iso possible that Digital Amplification
can be performed in microarray format, potentially increas-
ing the sensitivity by another order of magnitude. This sen-
sitivity may ulimately be henited by polymerase errors. The
effective errorrate in PCR as performed under our conditions

jas 1.1%, four out of 351 PCR products derived from

DNA sequenceaippeared io contam a mmiation by RED
GREENratio criteria, However, any individual mutation

(such asa Gto {transversionat 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 KRED/GREENratios). Determining the
sequence of the putative mutants in the positive wells, by
direct sequencing as performed here or by any ofthe other

techniques, provides unequivocal validation of a prospective
mutation: a significant fraction of the mutations found im
tndividual wells should beidentical ifthe ummation occurred

in vivo. Significance can be established through ngorou
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statistical analysis, as positive signals should be distributed
according to Poisson probabihties. Moreover, the error rate i

particular Digital Amplification experiments can be preciselydetermined through performance of Digital Amplification on.DNA templates from normal <cells,

 
 

 

Digital Ampliticationts as easily applied to RI-PCR prod-
ucts generated from RNA templatesas itis to genomic DNA.
For example, the fraction ofalternatively spliced or mutant
transcripts from a gene can be« determined using pho-

tohuminescent probes specific for each of the POR products
generated, Similarly, Digital Amphfication can be used to
quantitate relative levels of gene expression within an KNA

population. For this amplification, each well would contaim
primers which are used to amplify a reference transcript
expressed constitutively as well as primers specific for the

experimental transcript. One photohiminescent probe would
thenbe usedto detect PCR products frorn the referencetran-

script and a second photohunines t probe usedHor the test
transeript. The aumberofwells in whichthetest trans:
amplified divided by the number of wells in whichthe refer-
ence transcnpt

  
 

 

 

 

 

   

 

 gene expression. Another group of examples mvolves the
investigations of allelic status when two mutations are

 observed upon sequence analysis of standard DNAsample.
‘To distinguish whether one variant is present in cach allele
(vs. both occurring in one allele}, cloning of PCEproductsis
generally performed. The approach described here would

simplify the analysis by elirnuinating 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 alfeles, techniques such as
these employing TagMan and real time PCR provide an
excellent alternative to use ofmolecular beacons. Advantages
of real time PCR methods include their simplicity and the
ability to analyze multiple samples simultaneously. However,
Digital Amplification mayprove usetul fortheseapplications
when the expected differences are small, (e.g., only ~2-fold,
such as occurs with allelic imbalances.)

  

 ior

   
 

TABLE 1 

Potgotial Applications of Dig-PCR.  

sormal or
translocated
 

 (DNA or RNA)  

  

 
  

Determine presence sequencewithin

amplification amplicon

Determine fraction of—minor
} exons 

products

Changes in
gene  levels ofexpres

ssion of twogenes ie:

  flest
mutation

mutations in the same
allele
Quantitative
with non-p
morphic markers

 

parker
sequence

Ailelic
imbalance

analysis
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The ultimate utility of Digital Amplification les in its
ability to convert the intrinsically exponential nature of PCR
to a linear one. it should therebyprove useful for experiments
requiring the mvestigation of individualalleles, rare variants/
mutations, or quantitative analysis of PCR products.

In one preferred embodiment cach diluted sample has on
average one haifa template molecule. Thisis the sameas 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

ata level of 20%, then one must dilate such that a significantnumberof diluted assay samples contain more than20%of

 

 

 

 

  

 
analyte. HW the analysis method being used requires 100%
analyte to detect, then difution down to the single template 

 molecule level will be required.
‘fo achieve a dilation to approximately a single termplate

molecule level, one can dilute such that between 0.1 and 0.9
of the assay saruples yield an amplification product. Mor
preferably the dilntion will be to between G.1 and 6.6, more
preferablyto between 0.3 and 0.5 ofthe assaysamples yield-
ing an amplification product.

The digital amplification method requires analysis of a

large number ofsamples to g imeaningtal results. Preferably
at least ten diluted assay samples are amplified and analyzed.
More preferably at least 15, 20, 25, 30, 40, 50,75, 106, 560,
or 1000 dihited assay samples are amplitied and analyzed. As
im any method, the accuracy of the determination will
ixaprove as the number of saraples increases, up to a point.

Because a hetge number of samples must be analyzed, it is
esirable to reduce the manipulative steps, especially sampletransfer stey 38 it is preiferredthat the steps of amplifying

and analyzing are performed 1in the sarne receptacle. This
makes the methodan in sith, or “one-pot” method.

The mumber of different situations in which the digital
amplificahon method will find application is large. Some of

these are Hsted in Table ih As shown in the examples, the
method can be usedto 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 bindingtoa wild-typeprobe can be used as
an indicator of the presence of one or more mutations. Chro-
mosotnal translocations which arecharacteristic ofleukemias

or lymphomas can be detectedas a measure of the efficacy of
therapy. Gene amplifications are characteristic ofcertain dis-

These can be measured using digital amphifica-

tion. AHernatively spliced forms of a transeript can be
detected and quantitated relative to other forms of the traa-

script using digital amplilication on cDNA made from
LNA. Simifariy, us g cDNA made from mRNA one canune relative iovels of transcription of two different

genes. One can use digital amplification to distinguishbetween 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 sampies which can be usedas thestarting mate-

nal for the analyses may be from any issue or body sample
from which DNA or mRNAcan be isolated. Preferred sources
include stool, blood, and lymph nodes. Preferably the bio-
logical sanxpleis a cell-free lysate.

“Molecular beacon probes according to the present tnven-
tion can utilize any photoluminescent moiety as a detectable
moiety. Typically these are dyes. Often these are Muorescent
dyes. Photohuninescence is any process in which a material is
excited by radiation such as light, is raised to an excited

 a
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 electronic or vibronic state, and subsequently re-emits tha
excitation energyas a photonof light. Such processes include
fluorescence, which denotes emission accompanyingdescent

from an excited state with pairedelectrons(a “singlet”state)
or unpaired electrons (a °‘tripiet” slate} to a lower state with
the same multiplicity, ie, a quantum-mechanically
“allowed”transition. Photohurainescencealso includes phos-

ch denotes emission accompany’ escent
triplet or singlet state to a lower state of

different multiplicity,Le., a gnauimechanically “forbid-
den”transition. Compared to “alHlowed” transitions, “forbid-
den” transitions are associated with relatively longer excited
state hletimes.

    

 

 
__ the quenchingofphotoluminescence maybe analyzed by
variety of methods which vary primanly interms of signal

sransduc tion. Quenching maybe transducedas changes tn the
intensity of photohuminescence or as changes in the ratio of
photchiminescence 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 tustrumenia-n for the measurement of hese varie-d phototuminescent

onses are known. The pat ticular ratiometric methods tor
the analysis of quenchingin the instant examples showld not

 
 

  
 

be constiued as limiting the invention to any particular form
ofsignal transduction. Ratiometric measnrements of photo-

   

haminescence intensity can inclide the measurement of
changes in intensity, phateluminescence lifetimes. or even
polarization (anisotropy).

 

Although the working examples demonstrate the use of
molecular beacon probes as the means of analysis of the
amphiified dilution samples, other techniques can be used
well. These inclide sequencing, gel electrophoresis, hybrid-
ivabon with other types of probes, inchiding TagMan™™
(dual-labeled fluorogenic) probes (Perkin Elmer Corp./Ap-
pied 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 spectlic exariples which are pro-
vided herein for purposes of illustration only, and are not
intended to lumit the scope of the invention.

 
 

EXAMPLE few.

Ste i; PCR amplifications. The optimal conditions for PCR

scribed in this section were determined by varying the
arameters described in the Results. PCR was performed im
ul vohimes in 96 well polvpropvienc PCR plates (RPD.

‘The composition ofthe reactions was: 67 mMTris, pH 8.8,

BgS  
 “EOfa.

 

16.6 mM NELSO,, 6.7 mM MgCl, 10 mM B-mercapto-
ethanol, | mM dATP. | mM dCTP, tmMdGTE1tmMTTE
6% DMSO, 1 uMprimer Fi. L uM primer R1, 0.05 units/ul
Platinum Tag polymerase (Life Technoslogies, Inc.}, and
“one-half genome equivalent” of DNA. To determine the

amount of DNA comespo ndingto otie-halfgenome eqtiva-
lent, DNA samples were serially diluted and tessee viaPCR. The amount‘hat yielded amplification products inhalf the wells, usually ~1 pe of total DNA, was ehmedvod as
“one-half genome eqnivalent” and used in each well of
subsequent Digital Amphfication experiments. Fifty ul
fietit mineral of (Siama M-3516) was addedto each well
andreactions performed ina HybAid Thermal cyclerat the
following temperatures: denaturation at 94° for one. min;
50 cycles of 94° for 15 sec, 55° for 15 sec., 70° for 15
seconds; 70° for five minutes. Reactions were read imme-
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chately or stored at rooxn temperature for wp to 36 hours
before Duorescetice analys

EXAMPLE2

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

following composition was added to each well: 67 mM
Tris, pH 8.8, 16.6 mMNHSG), 6.7 mM MgCh, 10 mM
B-mercaptoethanol, iomM darBP i mM dCTP, 1 mM
dGTP, M TTP, 6% DMSO, 5 uMprimer INT, 1 uM
MB-GREEN, 1 uM MB-RED, 0.1 units/ol Platinum Tag
polymerase. The plates were centrifiged for 20 seconds at
6000 ¢ and fhnorescence readal excitation/emission wave-
lengths of 485 nm/530 am for MB-GREEN and 530
an/390 orn tor MB-RED. This fluorescence in wells with-

out tenmplate was typically 10,000 to 20,000 fhiorescence
“units”, with about 75% emanating from the Huorometer
background and the remamder from the MB probes. The
plates were then placed in a thermal cycler for asymmetric
amplification at the following temperatures: 94° for one
numute; 10-15 cycles of 94° for 15 sec, 35° for 15 sec., 70°
for 15 seconds; 60° for five minutes. ’

 
 

 
 

 

 
 

The plates were then
incubated at room temperature for at least 20 minutes ar d
fluorescence reasured as sribed above. The fluores-

cence readings obtained were stable for several hours. Spe-
citic uorescence was defined as the difference in Tuores-

cence before and alter the asymmetric amplification.RED/
GREEN ratios were defined as the specific fhiorescence of
MB-REDdivided by that of MB-GREEN. RED/GREEN
ratios were normalized to the ratio exhibited bythe positive
comrols (25 genome equivalents of DNA from normal
cells, as defined in Materials and Methods). We found that
the abilitty of MBprobes to discriminate between WT and
rutant sequences under our conditions could not be reli-
ably determined from experiments in which they were
tested by hybridization to relatively short complementary
single stranded oligonucleotides, and that actual PCR
products had to be used for validation.

 

   

 

 

 
 

EXAMPLE3

onucleotides and DNA sequencing.
ID

NO:
1)

 ‘CTAATATAGTCACATTTTICA- 3? >

 
(SEG ID NG:

NT <
3)

 
CIGCTGAABATGACTGCETS -Dabeyl-3';

(SEQ ID NO; 5}

GREER:
MB.
qe Ten esTASH
 SCTGSTG orescein-CACGSGA “3TG-fabeyl-2'.

Molecular Beacons (33,34) were synthesized by Midland
Scientific and other cligonucleoides were syntl d by
Gere Link (Phomwood,NY}. All were dissolved at 50 uMin
TE (0 mMTris, 9H 8.0/ 1 mM EDTA) andkept frozen and

ip the dark until use. PCR products were purified using
OlAguick PCR purification kits (Qiagen}. In the relevantexperiments described in the text, 20% ofthe product from
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Siingle wells was used for gel elecoctrophoresis and 40% was
used for each sequencing reaction. The primer used forequencing was S.CATTATTTPTATTATAAG:GCCTGC-3'

‘ D ND: 6). Sequencing was performed using fuores-

abeled ABI Big Dye terminators and an ABI 377equencer,

 

  

EXAMPLE 4

Principles underlying experiment. The experiment is ont-
lined in FIG. 2A. 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 pres
rmutant and WT sequence using floor:

 
 

ent probes.
As the PCR products resulting from the amplification of

single template molecules should be homogeneous in

sequence, a variety ot standard techniques could be used to
assess their presence. Fluorescent probe-based technologies,

which can be performned onthe PCR produc s “im sita”’ Ge. pn
he same wells) are particularly well- tor this applicaion. Wechose to oxplore the utility atone such technology,

involving Molecular Beacons (VU8), for this purpose. MB

probes are oligonucleotides with stem-loop structures that
contain a Huorescent dye at the S end and a quenching agent
(Dabcy) at the 3' end GIG. 18). The degree of quenching viafhuoreccense euergy resonance transieris inversely propor-
dional to the 6” power of the distance between the Dabey!
group and the flnorescent dye. Afier heating and cooling, MB
probesreform a stem-loop structure which qnuenchesthe fluo-

 

 
  

 
  

 

   

 
 

 
 

 rescent signal frora the dye. Ifa PCR product whose sequence
is complementary to the loop sequence is present during the
heating/coolingcycle, hybridization of the MBto onestrand
of the PCR product will increase the distance between the
Dabeyl and the dye, resulting in increased fluorescence.

A schematic of the oligomncleotides used for Digital
Amphifications shown in FIG. 1C. Two wimodified oligo-
nucleotides are used as primers for the PCR reaction. Two
MB probes, each labeled with a different fuorophore, are
used to detect the PCR products. MB-GREEN has a loop

region that is complementaryto 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 ofit to the MB probe. MB-
RED has a loop region that is complementaryto a differen

portion of the PC R product, one not expected to be mutant. }t
thussshould produceasiienal whenever a well contains a PCRproduct, whether that product is WT or mutant in the regionsoeriodby MB-GRE. N Both MBprobes are used together
to simultaneoussty 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, thefirst step involves amplification fromsingle
ieniplate molecules. Most protocols for amplification from
sraali numbers of template molecules use a nesting proce-
dure, wherein a product resulting from oneset of primers ts
used as template in a second reaction employing internal
primers. As many applications of digital amplification are

expected to reqnire hundreds omreousands of separate ampli-
Rcatiogs, such nesting would be converient and conid Jead

to contamination problems. Hence, conditions were soughtthat would achieve robust amoplificasi 1 without nesting. The
most important of these conditions involved the use of a
polymerase that was activated only after heating and opti-
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mized concentrations of dNTP’s, primers, butfer compo-
nents, and temperature. The condifions specified im Examples
1-3 were defined after individually optimizing each ofthese
components and proved suitable for amplific 1 ofseveral

different hurnan genomic JENA sequences. Thongh the time
required for PCR was not particularly long (~2.5 hr), the
number of cycles used was high and excessive compared tto
the number ofcycles required to amplifythe “average”single
template molecule. The large cycle number was necessary
because the template in some wells oght not begin to be
amplified until severai PCR cycles had been completed. The
large numberofcycles ensured that every well (act simplythe
average well) would generate a substantial and roughly equal
amount of PCR product ifa template molecule were present
within if.

The second step in Fig 1A involves the detection of these
PCR. products. It was necessary to considerably modity the
standard MB probe approach in order Tor it to function effi-

cently in Digital Amplitication applications. Theoretically,
one separate ME probe could be usedto detect each specific
mutahon that might occur within the quened 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 conld
obviousty be used effectively in some situations, it becomes
complex when several different mutations are expected to
oecnr within the same queried sequence. For example, in the

c-Ki-Ras gene exanyple explored here, twelve different base
substitutions resulting in missense mutations could theorett-
cally oc apd at least seven of
these are observedin naturaily-occurring human cancers. To
detect all twelve mutations as well ag the W pence with

individual Molecular Beacons would require 13 different
probes. Inclusion of sucha large number ofMB probes would
not orly raise the background fhiorescence but would be
expensive, We therefore attempted to develop a single probe
that would react with W “quences better than any mutant
sequence within the queried sequence. We found that the
length ofthe loop sequence, its melting temperature, and the
length and sequence of the stem were each important in

determining theefficacy of such probes. Loops ranging from
14 to 26 bases and stems rangingfrom 4 to 6 bases, as well as
cumerous sequence variations of both stems and loops, were

tested daringthe optimizatifon procedure. For discrimination

 

  

 

 

 

 

  

eur within codons 12 and 13,
 

 
 

 
 
 

 

  

 
 

 
 temand that a“16 base pair sop. ofm50-Si=° , and a 4 bp bystem, of sequence:5 We“AC 03optimal. PorMB-REDrobe thesarne stem, witha|

foop of Tm 54-56=° , proved optimal. |
loop si
and MB-R}

probe is
segnences, with a
such discrimination.

9.201by
Phe differences in the

ges and melting temperatures between MB-GREEN
 

  

EDP) probes reflected the factthat only the GREEN
gned to discriminate between closely related

shorter region of homology facilitating

 

 

  Examples of s obtained in replicate wells contain-
ing DNA templates from colorectal tumor cells with ranta-

ee

tions ofc-Ki-Ras are shown in PAG. 2. fp this experiment, filty

copies ofgenomic DNA equivalents were dihitediinto ‘cachtion. Bach of six testedrantant

fhnorescence that were si gaiicantly inIs G.5
» 3.4 to the nruta pared to 1.0 in normal DNA:

p<O0.0001 in each case, Stadent’s t-fest). The reproducibility
ofthe ratios can be observed in this figure. Direct DNA

 

   ratios ofReDVGREER
excess ofthe ratio obtained with DNA trom normal c 
 
  

  

 sequenctig ofthe PCR products used for fuorescence analy-
sis showed that the RED/GREEN ratios were dependent on
the relative fraction of mutant genes within the template
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popniation (FIG. 2). Thus, the DNA from cells containing one
mutant C-Ki-Ras allele per every two WT o-Ki-Ras allele

iclded a RED/GREEN ratio of 1.5 GGly12Arg mutation)
while the cells containing three mutant c-Ki-Ras alleles per
WTallele exhibited a ratio of 3.4 (Gly12Asp). These data
suggested that wells containing only natant alleles (Gao WT}
would yield ratios i excess of 3.0, with the exact value

dependent on the specific mutation.
Though this mode is the most convenient for many apph-

cations, we found it useful to add the MB probes afler the
PCR-amplification was complete (FIG. 1). This allowed us to
use a standard multiwell plate Muorometer to sequentially
analyze a large mumber of multiwell plates contaming pre-
formed PCR products and bypassed the requirement for mul-
tiple real time PCE instruments. Additionally, we found that
the fluorescent signals obtained conld be considerably
enhancedif several cycles of asymmetric, lmear amplifica-
hon were performedin the presence of the MB probes. Asyim-
metric amplification was achieved by inchiding an excess of

asiigie internal primer (primer INTin FUG. IC) at the time of
addition of the ME probes.

 

  

 
  

 
 

 

  
 

EXAMPLE 5

Analysis of DNA from tumor cells. The principles and
practical considerations described above was demonstrated
with DNA from two colorectal cancer cel] lines, one with a
mutation in c-Ki-Ras codon 12 and the other in codon 13.

Representative examples of the MB-RED fvoresCOnce Vaal-
ues obttained aaree shown |ip FIG. 3. There®WAS 4

 

 

 
  

 
  than 333500 SPU. Gel1s lacteccheeses of 127 st
onstrated that all positive wells, but no neg:

 

 
tained PCE.products ofthe expected size (F
GREENtnorescence ratios ofthe positive wells are shown in

 
HIG. 4. Again, a hiphasie distribution was observed.
experiment with the tamor containing a Gly 12.Asp mu
64% ofthe positive wells exhibited RED/GREEN ratios in

excess of 3.0 while the other 36%ofthe positive wells exhib-
ited ratios ranging from 0.8 to 1.1. In the case of the timor
with the Gly sp mutation, 34°ofthe positive wells exhib-
ited REPMGREEN ratios >3.0 while the other positive wellsyielded ratios ranging trom 0.9 to 1.1. The PCR products
from 16 positive wells were used as sequencing templates
(FIG, 4}. All the wells yieldinga ratio in excess of 3.0 were

in the

 2x 
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found to contain mutant c-Ki-Ras fragments of the expected
segnence, while WT sequence was foundin the other PCR
products. The presence of homogeneous WT or mutant
sequence contirmed that the amplification products were usu-
ally derived fromsingle template molecules. The ratios ofWT
to mutant PCR products determined fromthe Dhgttal Amph-
fication assay was also consistent with the fraction ofmutant
alleles inferred from direct sequence analysis of genomic
DNA fromthe two tumor Hnes (IG. 2).

 

 

 

Pnenal Analysis of DNAfromstool. As a more practical
example, we analyzed the DNA fromstool specimens from
colorectal cancer patients. A representative result of such an
experiment is Ulustrated in FIG. 3. Fromprevious analyses of
stool specimens from patients whose tumors contained c-Ri-

Ras gene PutaHons, we expected that 1% to 10%of thec-Ki-Ras genes punfied from stool would be mutant. Wetherefore ot up a 384 well Digital Amphification experiment.
AS po ys, 48 of the w contained 25 genome
equivalents of DNA{(defined iineesals and Methods) frommnormal cells.Another 48 wells served as negative controls (no
DNA template added}. The other 288 wells contained anappropriate difution of stool D IA. MB-REDdnorescence
indicated that 102 of these 288 experimental wells containedPCEproducts (mean +/+s.d. of 47,0004/-18,000 SPU} whilethe other 186 wells did not @6004/-1500 SEU}. he RED/
GREE 102 positive wells Suggested that fiveranging from

IN ratios of the I

contained mutant c-Ki-Ras genes, with re
“be other 97 wells exhibited 1raios ranging from

rol
2.bto 3.4.7

0.7 to 1.2, identical to those observed in the positive co
wells, To determine the nature of the nmuitant c-Ki-Ras genes

imthe five positive wells fromstool, the PCR products were
directly sequenced. The four wells exhibiting RED/GREEN
ratios in excess of 3.0 were completely composed of mutant
c-Ri-Ras sequence (1G. $33). The sequence ofthree ofthese
PCE. products revealed Gly {2 Ala mutations (GOT to GCTat
coden 12), while the sequenceofthe fourth indicateda silent
C to T transition at the third position of codon 13. This
transition presumably resulted from a PCRexror during the

first productive cycle ofampli tion froma a WT template.The well with a ratio of 2.1 contained a ~1:1 mix of WTand

Gly 1 2Ata mutant sequences. Thus 3.9%(4/102) of the c-Ki-
Ras alleles present in this stool sample contamed a Glyl2 Ala
mutation. The mutant alleles in the stool presumably arose

from the colorectal cancer ofthe patient, as direct sequencitng
of PCR products generated from DNA ofthe cancer revealed
the identical Glyl2Ata mutation Got shown}
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<i60> NUMBER OF SEQ ID NOS; 15

 
 homo sapiens
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SEQ ID WO 4
NGTR: 27

TYPE: DNA
ORGANISM: homo sapiens

 

 
 

 

 

  
LENGTH
TYPE:

ORGANISM: homo sapiensVvVVWV 
<400> SEQUENCE: 5

gacgggaget gytggegtag oytg

 
 

“<210> SEQ ID NO 6
<2il> LENGTH: 24
<21i2> TYPE: D

<2i3> ORGANT homo sapiens

<400Q> SEQUENCE: 6

Cattattttt attataagge ctor

<210> SEQ ID NO 7?
Ni
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<211L>
<21Z>
<21i3> homo sapiens
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O> SEO ID NO 14
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The invention claimedis:

1. A method for determini: 2g an allehc imbalance in a
biological sample, comprising the steps of:

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

  

 

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

on a first

mples
cond

which contain a selected genetic seoquence
chrornosome and a second nurmber of assay sa

which contain a reference genetic sequence on as
chromosome, wherein between 0.1 and 0.9 ofthe <

samples yield an amplification product;
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second
imbal-

 
comparing the first sumber of assay samples to the

number of assay samples to ascertam an alleic
ance in the biological sample.

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

3. The methodofclaim 2 wherein thereal-time polymerase
chain reactions comprise a dual-labeled fluorogenic probe.

4. The method of claim 2 wherem the selected genetic
sequence and the reference genetic sequence are non-poly-
rorphic markers.

5. The method of claim i wherein the biological sample is
from blood.

6. The method of claim } wherein the selected cenetic

Sequence is a non-polymorphic marker.
. The method of claim f wherein the reference genetic

sequenceis 4 non-polymorphic mar
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8. The method of claim 1 wherein between 0.1

the assay samples yield an armplification product.
9. The method of claim I wherein bepween 6.3 and 0.5 of

the assay samples yield an ampiification product.
10. The method of claim I wherembetween O.1 and 0.9of

the assay samples yield an amplification8 product as. deter-rined by amplification of the selected genetic sequence.
11. The method of claim 1 wherein be—ween G.1 and 0.9 of

the assay samples yield an ampHtication product as deter-
mined by amplification ofthe reference genetic sequence.

12. The method of claim 1 wherein between 0.1 and 0.6 of

the assay samples yield an amphfication product as deter-
mined by aeplificats 1 of the selected genetic sequence.

13. The method of claim I wherein between 0.1 and 6.6 of

the assay samples vield an amplification product as deter-
ined by amplitica of the reference genetic sequence
14. The method of claim 1 wherein between0.3 and G. 50of

the assay samples yield an amplification product as deter-
niined by amplification of the selected genetic sequence.

15. The method of claim 1 wherein between 0.3 and 0.5 of

the assay samples vield an amplification productcl as deter-
niined by amplification of the reference genetic sequence.

16. The method of claim 1 wherein the set comprises at
seas 500 assay samples. The method of ¢

east+ 1600 assay samples

1 and 0.6 of

 
 

 

  

 

  

 m 1 wherein the set comprises at

18. The methodofclaim wherein the arsplified molecnies
in each of the assay samples in the first and second numbers
of assay samples are homogeneoussuchthat the first mumber
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of assay samples do not contain the reference genetic
sequence and the second aumber of assay samples do nat
contain the selected genetic sequence.

1%. A method for determining an aHelic imbalance im a
biological saniple, coraprising the steps aff

distributing nucleic acid template molecules troma bio~
logical sample to form a set comprising a plurality of
assay sataples;

amplifying the template molecules within the assay

samples to form a population of amplified molecules in
the assay samples oftheset;

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

which contain a selected genetic sequence on a frst
chromosome and a second nuraiber of assay samples
which contain a reference genetic sequence on a second
chromosome;

comparing the first number of as‘say satpt : ‘number of assay samples to asceriaman allelic imbal-ance betweenthe first chromosome and the secondchro-
mosomein the biological sample.

28. The method ofclaim 19 wherein between 0.1 and 0.9 of

the assay samples yield an amplification product.
24. The method ofclaim20 wherein between @.1 and 0.9 of

the assay samples yield a homogeneous amplification prod-
uct,

22. The methodofclaim 19 wt

 

 

ples of
 

 

   

  

 

erein the biological sample
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f statemenis may jeopardizethevalidity of the application or any patant issued thereon

2. h ay 4

/Garah A. Kagan/ 12 March 2010
Signature Date

 

Sarah A. Kagan
Typed or printed name

 

Terminal disclaimer fee under 37 CFR 1.20(d} inclidad.

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

“Statement under 37 CFR 3.72(5)is required if terminal disclaimeris signed by the assignee (owner).
§ Form PTO/SE/S6 may be used for making this certification. See MPEP § 324.

 
 

quired by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public whichis fo fils (and by the USPTO
jatity is governed by 35 U.S.C. 122 and 37 CFR 1.14 and 1.14. This collection is estimated to take 12 minutes to complete,

including gat mitting the completed application form to fhe USPTO. Time will vary depending upon the vidual case 8
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 :
and Trademark Office, US. Departrnent of Commerce, P.O. Box 1450, Alexandria, VA 22373-1450. DO NOT SEND FEES OR COMPLETED Fc
ADDRESS. SEND TG: GCommissionarfor Patants, P.O, Box 1450, Alexandria, VA 22343-1480,

This collection of information is rec
fo process) an al  

  

  
  
 
 

   
  

f you need assistance in completing the form, call 1-800-PTO-919S and select option 2
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSP.O. Box 450

Alexandria, Virginia 22313-1450
 

www.uspto.gov

11/709,742 7824889 1637 9200

NVQAL40
Correspondence Address/Fee Address Change

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

The address of record for Customer Number 11332 is:

11332

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

Suite 1200

Washington, DC 20005-4051

PART 1 - ATTORNEY/APPLICANT COPY

page 1 of 1

Page 108 of 1365
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UNITED STATES DEPARTMENT OF COMMERCE

United States Vatent and TrademarkOfficeAddress: COMMISSIONER FOR PATENTS
P.O. Box 1450

Alexandria, Virginia 22313-1450www.uspto.g:

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKETNO. CONFIRMATION NO.

11/709,742 11/02/2010 7824889 001107.00638 3875

 
22907 7590 10/13/2010

BANNER & WITCOFF, LTD.
1100 13th STREET, N.W.
SUITE 1200

WASHINGTON, DC 20005-4051

ISSUE NOTIFICATION

The projected patent numberandissue date are specified above.

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

The Patent Term Adjustment is 659 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM)at (571)-272-4200.

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

Bert Vogelstein, Baltimore, MD;
Kenneth W. Kinzler, BelAir, MD;

Page 109 of 1365
IR103 (Rev. 10/09)
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Page | of 1

UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSP.O. Box 1450

Alexandria, Viginia 22313-1450wwe.uspto.gov

COACAO CONFIRMATION NO.3875
Bib Data Sheet

 
FILING OR 374(c)

SERIAL NUMBER DATE GROUP ART UNIT|ATTORNEY
DOCKET NO.

42 02/23/200711/709,7 RULE 1637 001107.00638
APPLICANTS

Bert Vogelstein, Baltimore, MD;
Kenneth W. Kinzler, BelAir, MD;

* CONTINUING DATA 2288888888888tee

This application is a CON of 10/828,295 04/21/2004 ABN
which is a DIV of 09/981,356 10/12/2001 PAT 6,753,147
which is a CON of 09/613,826 07/11/2000 PAT 6,440,706
which claims benefit of 60/146,792 08/02/1999

* FOREIGN APPLICATIONS RRREKEKERRERRREREKKEKRER

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

Foreign Priority claimed CJ yes CD no
. STATEOR| SHEETS|TOTAL  [|INDEPENDEN

B5USC 119 (2-d) conditions CI yes CY no OY met after COUNTRY|DRAWING|CLAIMS CLAIMS
MD 7 48 5

Allowance

Examiner's Signature Initials

ADDRESS

DIGITAL AMPLIFICATION

FILING FEE |FEES: Authority has been given in Paper
RECEIVED _|No. to charge/credit DEPOSIT ACCOUNT

for following: C) 1.18 Fees ( Issue )

C) Other

Q) Credit

Page 110 of 1365

 

 



Page 111 of 1365

FAR! D~ FEE(S) LKANSIVEIL LAL

 Cémplete andsendthis form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissionerfor Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

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

CURRENT CORRESPONDENCE ADDRESS(Note: Use Block 1 for any changeof address) Note: "A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, mustave its own certificate of mailing or transmission.

22907 7590 07/27/2010 c fi Mail Tertificate of Mailing or TransmissionBANNER & WITCOFF, LTD. I hereby certify that this Fee(s) Transmittal is being deposited with the United
8 1 i ith i for first cl il i |tates Postal Service with sufficient postage forfirst class mail in an envelope1100 13th STREET, N.W. addressed to the Mail Stop ISSUE FEE address above, or bein ’ facsimileSUITE 1200 transmitted to the USPTO (571) 273-2885, on the date indicated below.

WASHINGTON,DC 20005-4051

 {Depositor's name)

(Signature)

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

11/709,742 02/23/2007 Bert Vogelstein 001107.00638 3875
TITLE OF INVENTION: DIGITAL AMPLIFICATION

 
  

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE|PREV. PAID ISSUE FEE TOTALFEE(S) DUE DATE DUE

YES $0 sonhohQGGoneenonprovisional oobiiee| 510 $300 10/27/2010
Ea +1010

WOOLWINE, SAMUEL C 1637 435-091200

 

 
 

 (37 2. For printing on the patent front page,list
(1) the namesof up to 3 registered patent attorneys |!Banner&Witcoff,ltd
or agents OR,alternatively,

(2) the nameof a single firm (having asa membera 2
registered attorney or agent) and the namesofup to
2 registered patent attorneys or agents. If no nameis 3
listed, no name will be printed.

|. Change of correspondenceaddressorindication of "Fee Address"
CFR 1.363).

() Change ofcorrespondence address (or Change of Correspondence
Address form PTO/SB/122)attached.

C) "Fee Address"indication (or "Fee Address"Indication form
PTO/SB/47; Rev 03-02 or morerecent) attached. Use of a Customer
Numberis required.

 

 

  
   

. ASSIGNEE NAME ANDRESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE:Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has beenfiled for
recordation as set forth in37 CFR 3.11. Completion of this form is NOTa substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE:(CITY and STATE OR COUNTRY)

The Johns Hopkins University Baltimore, MD

lease check the appropriate assignee category or categories (will not be printed on the patent): () Individual & Corporation or otherprivate group entity LJ Government

a. The following fee(s) are submitted: 4b. Paymentof Fee(s): (Please first reapply any previously paid issue fee shown above)
2Y Issue Fee CJ A checkis enclosed.
4 Publication Fee (No small entity discount permitted) | Paymentbycredit card. Form PTO-2038 is attached.
(} Advance Order - # of Copies (XI The Directoris hereby authorized to charge the required feels), any deficiency,or credit anyns overpayment, to Deposit Account Number _190 733 enclose an extra copy ofthis form).

. Change in Entity Status (from status indicated above)

Qa. Applicant claims SMALL ENTITYstatus. See 37 CFR 1.27. X b. Applicant is no longer claiming SMALL ENTITYstatus. See 37 CFR 1.27(g)(2).
OTE: The Issue Fee and Publication Fee(if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assigneeorother party interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature /Sarah A. Kagan/ Date__23 September2010  

Typed or printed name Sarah A. Kagan Registration No. 32141
   

his collection of information is required by 37 CFR 1.311. The information is required to obtain orretain a benefit by the public whichis to file (and by the USPTO toprocess)1 application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. T 1is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
ibmitting the completed application form to the USPTO.Timewill vary de ending uponthe individual case. Any comments on the amountoftime you require to completeis 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.ox 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,lexandria, Virginia 22313-1450.

nder the Paperwork Reduction Act of 1995, no personsare required to respondto a collection of information unlessit displays a valid OMB control number.

TOL-85 (Rev. 08/07) Rpprevetiforfusesbrough 08/3 1/2010. OMB0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Title of Invention: DIGITAL AMPLIFICATION

a

Utility under 35 USC 111(a) Filing Fees

Sub-Total in

USD(S$)
Description Fee Code Quantity

Basic Filing:

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Utility Appl issue fee 1501 1510 1510

1 300 300Publ. Fee- early, voluntary, or normal 1504
Page 112 of 1365
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_ . Sub-Total in

Total in USD (S$) 1810
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Electronic AcknowledgementReceipt

International Application Number: Bd

Title of Invention: DIGITAL AMPLIFICATION

First Named Inventor/Applicant Name: Bert Vogelstein

Customer Number: 22907

Sarah Anne Kagan.

Attorney Docket Number: 001107.00638

Paymentinformation:

 
Submitted with Payment

Payment was successfully received in RAM $1810

RAM confirmation Number 9444

Deposit Account 190733

File Listing:

Document gs File Size(Bytes)/ Multi Pages
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104832

Issue Fee Payment (PTO-85B) 00638IFpayment.pdf 77975 efa56435 17c08423f5ffe8b8751 22e}

Fee Worksheet (PTO-875) fee-info.pdf
aa2c24956faf6334397affb79a292c5267 132}

al7

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

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

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.

 
Page 115 of 1365



Page 116 of 1365

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

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

BANNER & WITCOFF, LTD. WOOLWINE, SAMUEL C
1100 Ih STREET, NW,
SUITE 1200 1637

WASHINGTON, DC 20005-4051 DATE MAILED:07/27/2010

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATIONNO.

11/709,742 02/23/2007 Bert Vogelstein 001107.00638 3875
TITLE OF INVENTION: DIGITAL AMPLIFICATION

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

YES $0nonprovisional $755 $300 $1055 10/27/2010

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED.—THIS

STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS

PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLYTO THIS NOTICE:

I. Review the SMALL ENTITYstatus shown above.

If the SMALL ENTITYis shown as YES,verify your current If the SMALL ENTITYis shown as NO:
SMALLENTITYstatus:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shownabove, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITYstatus before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITYstatus, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above,or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenancefees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 116 of 1365 Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and sendthis form, together with applicablefee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for PatentsP.O. Box 1Alecandvia Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE(if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.
CURRENT CORRESPONDENCE ADDRESS(Note: Use Block 1 for any changeof address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, mustave its own certificate of mailing or transmission.

 

22907 7590 07/27/2010
Certificate of Mailing or Transmission

BANNER & WITCOFF, LTD. I hereby certify that thisFee(s) Transmittal is being deposited pith the UnitedStates Postal Service with sufficient postage for first class mail in an envelope
1100 13th STREET, N.W. addressed to the Mail Stop ISSUE FEE address above, or being facsimile
SUITE 1200 transmitted to the USPTO (571) 273-2885, on the date indicated below.
WASHINGTON, DC 20005-4051 (Depositor's name)

(Signature)

(Date)

APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATIONNO.

11/709,742 02/23/2007 Bert Vogelstein 001107.00638 3875
TITLE OF INVENTION: DIGITAL AMPLIFICATION

 

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

nonprovisional $755 $300 $1055 10/27/2010

EXAMINER ART UNIT CLASS-SUBCLASS

WOOLWINE, SAMUEL C 1637 435-091200

1. Change of correspondence addressor indication of "Fee Address" (37
CFR 1.363).

Lj Change of correspondence address (or Change of CorrespondenceAddress form PTO/SB/122) attached.

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

2. For printing on the patentfront page,list  
(1) the names of up to 3 registered patent attorneys
or agents OR,alternatively,  
(2) the name ofa single firm (having as a member a 2
registered attorney or agent) and the namesof up to
2 registered patent attorneys or agents. If no nameis 3
listed, no namewill be printed.

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

PLEASE NOTE:Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has beenfiled for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : LV individual LJ Corporation or other private group entity (J Government

4a. The following fee(s) are submitted: 4b. Paymentof Fee(s): (Please first reapply any previously paid issue fee shown above)
L] Issue Fee LIA checkis enclosed.

_] Publication Fee (No small entity discount permitted) Lj Paymentby credit card. Form PTO-2038 is attached.
LY Advance Order - #of Copies [_J The Directoris hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number (enclose an extra copy ofthis form).

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

LY a. Applicant claims SMALL ENTITYstatus. See 37 CFR 1.27. LI b. Applicant is no longer claiming SMALL ENTITYstatus. See 37 CFR 1.27(g)(2).
  

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown bythe records of the United States Patent and Trademark Office.

Authorized Signature Date
  

  
Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public whichis to file (and by the USPTOto process)

an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR Li14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, andsubmitting the completed application form to the USPTO. Time will v. epending uponthe individual case. Any comments on the amountof time you require to completethis form and/or suggestions for reducing this burden, should be sent peeChief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit displays a valid OMBcontrol number.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATIONNO.

 
11/709,742 02/23/2007 Bert Vogelstein 001107.00638 3875

BANNER & WITCOFF, LTD. WOOLWINE, SAMUEL C
1100 Ih STREET, NW,
SUITE 1200 1637

WASHINGTON, DC 20005-4051 DATE MAILED:07/27/2010

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

The Patent Term Adjustmentto date is 407 day(s). If the issue fee is paid on the date that is three monthsafter the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 407 day(s).

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

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

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

Page 118 of 1365 Page 3 of 3
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Notice of Allowability

Application No. Applicant(s)

11/709,742 VOGELSTEIN ET AL.
Examiner Art Unit

SAMUEL C. WOOLWINE 1637

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

1. K] This communication is responsive to Applicant responsesfiled 07/12/2010 and 07/13/2010.

2. XJ Theallowedclaim(s)is/are 39-41,43,48-54,57-63,65-67 and 69. 

3. L] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)O All b)L)Some* c)L1None ofthe:

1. LF Certified copies of the priority documents have been received.

2. C1 Certified copies of the priority documents have been received in Application No.

3. [] Copiesof the certified copies of the priority documents have been receivedin this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE?”of this communicationto file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTH PERIODIS NOT EXTENDABLE.

4. (] A SUBSTITUTE OATH OR DECLARATIONmust be submitted. Note the attached EXAMINER’S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) 7 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) [1] hereto or 2) [] to Paper No./Mail Date .

(o) (1 including changes required by the attached Examiner's Amendment / Commentorin the Office action of
Paper No./Mail Date .

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

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

Attachment(s)
1. [] Notice of References Cited (PTO-892)

2. [] Notice of Draftperson's Patent Drawing Review (PTO-948)

3. [X] Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date 06/25/2010

4. (J Examiner's Comment Regarding Requirement for Deposit
of Biological Material

/Samuel Woolwine/

Primary Examiner, AU 1637 
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-0

(PBN199)of 1365 Notice of Allowability

5. CJ Notice of Informal Patent Application

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

7. KJ Examiner's Amendment/Comment

8. [J] Examiner's Statement of Reasons for Allowance

9. [J Other .

Part of Paper No./Mail Date 20100715

 



Page 120 of 1365

Application/Control Number: 11/709,742 Page 2

Art Unit: 1637

ALLOWANCE

The rejection under 35 USC 112, 1st paragraph madein the Office action mailed

06/11/2010 is moot per the cancellation of the affected claims and amendmentof

remaining claims to correct claim dependency.

The objection to the drawings/specification is withdrawn in view of Applicant's

amendmentto the specification submitted 07/12/2010. Applicant's supplemental

amendmentto Table 1 submitted 07/13/2010 is noted.

Claims 39-41, 43, 48-54, 57-63, 65-67 and 69 are allowed.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to SAMUEL C. WOOLWINE whosetelephone numberis

(571)272-1144. The examiner can normally be reached on Mon-Fri 9:00am-5:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Gary Benzion can be reached on (571) 272-0782. The fax phone number

for the organization wherethis application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 11/709,742 Page 3

Art Unit: 1637

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197(toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

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

/Samuel Woolwine/

Primary Examiner, AU1637
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) Group Art Unit: 1637

Bert VOGELSTEINetal Examiner: Woolwine, Samuel C.

Serial No. 11/709,742 Confirmation No. 3875

Filed: February 23, 2007 Atty. Dkt. No. 001107.00638

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 amendmentfiled yesterday, July 12, 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 ofthis paper.

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

Application No. 11/709,742
Attorney Docket No. 001107.00638

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

of record.

 

Application

Table 1. Potential Applications of Dig-PCR

Example Probe 1 Detects:
 Basesubstitution

mutations
Chromosomal
translocations

Gene amplifications

Alternatively spliced
products

Cancer gene mutationsin stool, blood, lymph nodes

Residual leukemiacells after therapy (DNA or
RNA

Determine presence or extent of amplification

Determine fraction of alternatively spliced
transcripts from same gene (RNA)

mutant or WTalleles

normal or
translocated alleles

sequence within
amplicon

minor exons

Probe 2 Detects:

WTPCRproducts

translocatedallele

sequence from another part
of same chromosome arm

common exons

 Changes in gene
expression

Allelic discrimination

Determinerelative levels of expression of two genes

Two different mutantalleles sau
vs.

both mutations in the sameallele

first transcript

first mutation

reference transcript

second mutation

 Allelic Imbalance

Page 128 of 1365

 
Quantitative analysis with non-polymorphic markers

 
marker sequence marker from another
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Attorney Docket No. 001107.00638

Remarks

Amendments

The amendmentto the table is simply for increased clarity andis still supported at pages

8-9.

Respectfully submitted,

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

Date: July 13, 2010

Banner & Witcoff, Ltd.
Customer No. 22907
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) Group Art Unit: 1637

Bert VOGELSTEINetal Examiner: Woolwine, Samuel C.

Serial No. 11/709,742 Confirmation No. 3875

Filed: February 23, 2007 Atty. Dkt. No. 001107.00638

For: DIGITAL AMPLIFICATION

RESPONSE AND AMENDMENT

U.S. Patent and Trademark Office

Customer Service Window, Mail Stop Amendment
Randolph Building
401 Dulany Street
Alexandria, VA 22314

Sir:

Please consider the amendment and remarks responsive to the non-final office action

mailed June 11,2010. Please charge any necessary fees to our deposit account no. 19-0733.

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

e Amendmentsto the claims begin on page6 ofthis paper.

e Remarks begin on page 11 of this paper.
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IN THE SPECIFICATION

Application No. 11/709,742
Attorney Docket No. 001107.00638

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

of record.

 

Application

Table 1. Potential Applications of Dig-PCR

Example Probe 1 Detects: 
Basesubstitution

mutations
Chromosomal
translocations

Gene amplifications

Alternatively spliced
products

Cancer gene mutationsin stool, blood, lymph nodes

Residual leukemiacells after therapy (DNA or
RNA

Determine presence or extent of amplification

Determine fraction of alternatively spliced
transcripts from same gene (RNA)

Probe 2 Detects:

mutant or WTalleles WTPCRproducts

translocated allele

sequence from another part
of same chromosome arm

common exons

normalor
translocated alleles

sequence within
amplicon

minor exons
 

Changes in gene
expression

Allelic discrimination

Determine relative levels of expression of two genes

Two different-aHeles ssxutated mutations on one

allele vs. one of the two mutations in each of two
alleles

first transcript reference transcript

first mutation second mutation

 
Allelic Imbalance

 
Quantitative analysis with non-polymorphic markers

 
Please replace the paragraph beginning on page4,line 16:

 
marker from another

chromosome
marker sequence

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

involved: PCR on diluted DNA samples is followed by addition of fluorescent probes which

discriminate between WT and mutantalleles and subsequent fluorometry. (Fig. 1B) Principle 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 a/. (Fig. 1C) Oligonucleotide design. Primers F1 and R1 are used to amplify the
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genomic region of interest. Primer INT is used to produce single stranded DNA from the

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

MB-REDis a Molecular Beacon which detects any appropriate PCR product, whether it is WT

or mutant at the queried codons. MB-GREENis a Molecular Beacon whichpreferentially

detects the WT PCR product.

Please replace the paragraph beginning page5, 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 ofcells

containing the indicated mutations of c-Ki-Ras, were analyzed with the Molecular Beacon probes

described in the text. Representative examples of the PCR products used for Molecular Beacon

analysis were purified and directly sequenced. In the cases with Gly12Cys (SEQ ID NO: 11)

and Gly12Arg (SEQ ID NO: 10) mutations, contaminating non-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 apparently two or morealleles of mutant c-Ki-Ras

for every WTallele (SEQ ID NO: 7); both these tumors were aneuploid. Analysis of the

Gly13Asp mutation is also shown (SEQ ID NO: 9).

Please replace the paragraph beginning page5, 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-GREENas described in

Materials and Methods. The wells shown are the same as those illustrated in Fig. 3. The
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sequences of PCR products from the indicated wells were determined as described in Materials

and Methods. The wells with RED/GREENratios >3.0 each contained mutant sequences while

those with RED/GREENratios of ~1.0 contained WT sequences. WT c-Ki-Ras (SEQ ID NO:

7), Gly12Asp (SEQ ID NO: 13), and Gly13Asp (SEQ ID NO: 9) were analyzed.

Please replace the paragraph beginning page6,line 5.

Fig. 5. Dig-PCR of DNA from a stool sample. The 384 wells used in the experimentare

displayed. Those colored blue contained 25 genome equivalents of DNA from normalcells.

Eachofthese registered positive with MB-RED and the RED/GREENratios were 1.0 +/- 0.1

(mean +/- 1 standard deviation). The wells colored yellow contained no template DNA and

each wasnegative with MB-RED(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/GREENratios. Those registering negative

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

automated sequence analysis. The sequence of WT c-Ki-Ras in well K1 (SEQ ID NO: 7), and

mutant c-Ki-Ras in wells C10, E11, M10, and L12 (SEQ ID NO: 14), and well F21 (SEQ ID NO:

15) were analyzed.

Please replace the paragraph beginning on page 14, line 5.
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Oligonucleotides and DNA sequencing. Primer F1:

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

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

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

5’-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabcyl-3’ (SEQ ID NO: 4); MB-GREEN:

5’-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3’ (SEQ ID NO: 5). Molecular

Beacons(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 mMTris,

pH 8.0/ 1 mM EDTA)andkept frozen andin 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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IN THE CLAIMS

Please substitute the following claim set for those currently or record:

1-38. (Cancelled)

39. (Previously Presented) A method for determining anallelic imbalance in a biological

sample, comprisingthe steps of:

amplifying template molecules within a set comprising a plurality of assay samples to

form a population of amplified molecules in each of the assay samples of the set, wherein the

template molecules are obtained from a biological sample;

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

numberof assay samples which contain a selected genetic sequence onafirst chromosomeand a

second numberof assay samples which contain a reference genetic sequence on a second

chromosome, wherein between 0.1 and 0.9 of the assay samples yield an amplification product;

comparing the first number of assay samples to the second numberof assay samplesto

ascertain an allelic imbalance in the biological sample.

40. (Previously Presented) The method of claim 39 wherein the step of amplifying

employs real-time polymerase chain reactions.

41. (Previously Presented) The method of claim 40 wherein the real-time polymerase

chain reactions comprise a dual-labeled fluorogenic probe.

42. (Cancelled)
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43. (Previously Presented) The method of claim 39 wherein the selected genetic

sequence and the reference genetic sequence are non-polymorphic markers.

44. (Cancelled)

45. (Cancelled)

46. (Cancelled)

47. (Cancelled)

48. (Currently amended) The methodof claim 39 e=4$ wherein the biological sample is

from blood.

49. (Previously Presented) The method of claim 39 wherein the selected genetic

sequence is a non-polymorphic marker.

50. (Previously Presented) The method of claim 39 wherein the reference genetic

sequence is a non-polymorphic marker.

51. (Currently amended) The method of claim 39 e=4$ wherein between 0.1 and 0.6 of

the assay samples yield an amplification product.

52. (Currently amended) The method of claim 39 e=4$ wherein between 0.3 and 0.5 of

the assay samples yield an amplification product.

53. (Previously Presented) The method of claim 39 wherein between 0.1 and 0.9 ofthe

assay samples yield an amplification product as determined by amplification of the selected

genetic sequence.
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54. (Previously Presented) The methodof claim 39 wherein between 0.1 and 0.9 ofthe

assay samples yield an amplification product as determined by amplification of the reference

genetic sequence.

55. (Cancelled)

56. (Cancelled)

57. (Previously Presented) The method of claim 39 wherein between 0.1 and 0.6 ofthe

assay samples yield an amplification product as determined by amplification of the selected

genetic sequence.

58. (Previously Presented) The method of claim 39 wherein between 0.1 and 0.6 ofthe

assay samples yield an amplification product as determined by amplification of the reference

genetic sequence.

59. (Previously Presented) The method of claim 39 wherein between 0.3 and 0.5 ofthe

assay samples yield an amplification product as determined by amplification of the selected

genetic sequence.

60. (Previously Presented) The method of claim 39 wherein between 0.3 and 0.5 ofthe

assay samples yield an amplification product as determined by amplification of the reference

genetic sequence.

61. (Currently amended) The method of claim 39 e#43 wherein the set comprisesat least

500 assay samples.

62. (Currently amended) The method of claim 39 e#43 wherein the set comprisesat least

1000 assay samples.
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63. (Previously Presented) The method of claim 39 wherein the amplified molecules in

each of the assay samplesin the first and second numbers of assay samples are homogeneous

suchthat the first number of assay samples do not contain the reference genetic sequence and the

second numberof assay samples do not contain the selected genetic sequence.

64. (Cancelled)

65. (Previously Presented) A method for determining an allelic imbalance in a biological

sample, comprisingthe 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 samplesoftheset;

analyzing the amplified molecules in the assay samples ofthe set to determinea first

numberof assay samples which contain a selected genetic sequence on a first chromosome and a

second numberof assay samples which contain a reference genetic sequence on a second

chromosome;

comparing the first number of assay samples to the second numberof assay samplesto

ascertain an allelic imbalance betweenthe first chromosomeand the second chromosomein the

biological sample.

66. (Previously Presented) The method of claim 65 wherein between 0.1 and 0.9 of the

assay samples yield an amplification product.
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67. (Previously Presented) The method of claim 66 wherein between 0.1 and 0.9 of the

assay samples yield a homogeneous amplification product.

68. (Cancelled)

69. (Currently amended) The method of claim 65 e#6$ wherein the biological sample is

blood.

10
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Remarks

Amendments

Theclarifying amendmentto the table is supported at pages 8-9.

The specification has been amended to properly recite Figures 1A, 1B, 1C in the Brief

Description of the Drawings.

The specification was further amendedto reference the sequencelisting for each

disclosed sequence in Figures 2, 4, and 5 and in Example 3. The references for the Figures were

inserted in the Brief Description of the Drawings.

New matter

Claims rejected for new matter are cancelled by the above amendment. Applicants do

not, however, agree with the U.S. Patent and Trademark Office’s position regarding the scope of

the disclosure supporting the claims. In particular, the Table provides an example of various

embodiments in a column headed “examples.” The U.S. Patent and Trademark Office has

erroneously interpreted the disclosed invention as limited to the examples provided. Applicants

reserve the right to pursue the cancelled subject matter in other applications.

Respectfully submitted,

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

Date: July 12, 2010

Banner & Witcoff, Ltd.
Customer No. 22907

1]
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Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria,
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requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
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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.
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enforcement agency,if the USPTO becomes awareof a violation or potential violation of law or regulation.
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Application No. Applicant(s)

11/709,742 VOGELSTEIN ETAL.

Office Action Summary Examiner Art Unit

SAMUEL C. WOOLWINE 1637 So
-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, may a reply be timelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.

- If NO period forreply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended period for replywill, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
eamed patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 12 March 2010.
2a)L] This action is FINAL. 2b)X] This action is non-final.

3)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 39-41,43 and 45-69 is/are pending in the application.

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

5)X] Claim(s) 39-41,43,49, 50,53,54,57-60,63 and 65-67is/are allowed.

6)X] Claim(s) 45-48,51,52,55,56,61,62,64,68 and 69is/are rejected.
7)L] Claim(s)__ is/are objectedto.

8)L] Claim(s)____ are subject to restriction and/or election requirement.

 

 

 

Application Papers

9)X] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 18 June 2008is/are: a)[_] accepted or b)[X] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)LJAll b)L_] Some*c)L] Noneof:

1.L] Certified copies of the priority documents have been received.
2.L] Certified copies of the priority documents have beenreceived in Application No.

3.L] Copies ofthe certified copies of the priority documents have been receivedin this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action foralist of the certified copies not received.

 

Attachment(s)

1) C] Notice of References Cited (PTO-892) 4) C] Interview Summary (PTO-413)
2) [J Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) EX] Information Disclosure Statement(s) (PTO/SB/08) 5) LJ Noticeof Informal Patent Application

PaperNo(s)/Mail Date 03/05/2010. 6) C] Other:
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DETAILED ACTION

Status

Applicant's responsefiled 03/12/2010 is acknowledged. In view of the terminal

disclaimerfiled 04/16/2010, the double-patenting rejection madein the Office action

mailed 12/29/2009 is withdrawn.

The examinerhas identified some new issues with regard to the application and

the claims, and new objections and rejections are set forth below. Therefore, this Office

action is NON-FINAL.

Claims 39-41, 43, 49, 50, 53, 54, 57-60, 63, 65-67 are allowed. Claims 48, 51,

52, 61, 62 and 69 would be allowable but for their partial dependence from rejected

claims 45 and 68.

Specification & Drawings

Page 14 of the specification asfiled displays nucleic acid sequences. Figures 2,

4 and 5 also display nucleic acid sequences.

As noted in MPEP 2422.01, any unbranched nucleic acid sequence having 10

nucleotides or more, and specifying at least 4 nucleotides (i.e. nucleotides other than

"n"), fall within these definitions. In addition, MPEP 2422.02 states: "...when a

sequence is presented in a drawing, regardless of the format or the mannerof

presentation of that sequence in the drawing, the sequence muststill be included in

the SequenceListing and the sequence identifier (“SEQ ID NO:X”) must be used,

either in the drawing orin the Brief Description of the Drawings."

In addition, 37 CFR 1.821(d) requires:
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"Where the description or claims of a patent application discuss a sequencethat

is set forth in the “SequenceListing” in accordance with paragraph (c) of this section,

reference must be madeto the sequenceby use of the sequenceidentifier, preceded by

“SEQ ID NO:”in the text of the description or claims, even if the sequenceis also

embeddedin the text of the description or claims of the patent application.”

Therefore, the specification and drawings are objected to until such amendments

are madeto include the appropriate SEQ ID NOs alongside the displayed nucleotides

sequences.

Claim Rejections - 35 USC § 112

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

The specification shall contain a written description of the invention, and of the manner and process of
making and usingit, in such full, clear, concise, and exact terms as to enable any personskilled in the
art to whichit pertains, or with whichit 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 45-48, 51, 52, 55, 56, 61, 62, 64, 68 and 69 are rejected under 35

U.S.C. 112, first paragraph, asfailing to comply with the written description requirement.

The claim(s) contains subject matter which was not described in the specification in

such a way as to reasonably conveyto oneskilled in the relevantart that the

inventor(s), at the time the application wasfiled, had possession of the claimed

invention. This is a NEW MATTERrejection.

Unless clearly stated otherwise, nothing in the examiner's explanation below

should be construed as providing support for an amendment. Any amendments to the

claims should be clearly supported by the disclosureasfiled and so indicated by

Applicant.
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Independentclaims 45 and 68 are drawn to methods "for determining an allelic

imbalance" comprising determining "a first number of assay samples which contain a

first allelic form of a marker and a second numberof assay samples which contain a

secondallelic form of the marker". It is noted that claims 45 and 68 in their current form

resulted from an amendmentfiled 06/30/2009. To support "anallelic imbalance"in

claim 45, Applicant cites to Table 1, application #7 (see page 13 of the amendmentfiled

06/30/2009). To support "afirst allelic form of a marker" in claim 45, Applicant cites to

Table 1, application #6, in particular the term "allelic discrimination". It is respectfully

asserted that: 1) Applicant is combining two separate applications of digital PCR, which

combination does not appearin the disclosureasfiled, and 2) application #6 from Table

1 does not determine an allelic imbalance. Moreover, there is no disclosure in the

specification asfiled for determining an allelic imbalance by measuring twodifferent

"allelic forms" of a marker. The only disclosure of determining an allelic imbalance is by

assaying a first marker on one chromosome, and a second marker from another

chromosome(see Table 1, application #7). This says nothing about twoallelic forms of

a single marker. In fact, Table 1 clearly indicates that the markers used to determine

allelic imbalance are non-polymorphic. Hence there could be no "first allelic form" and

"second allelic form", since this would mean the markeris polymorphic.

Based on page 3, paragraph 2 of the specification as filed, and Table 1,

application #7,it is clear that the mannerin which allelic imbalance is determined is as

follows: the numberof assay samples producing an amplification product for a non-

polymorphic maker on one chromosome(e.g. chromosome4) is compared to the
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numberof assay samples producing an amplification product for a non-polymorphic

marker on another chromosome(e.g. chromosome7). In this hypothetical example,if

20 out of 100 assay samples gave an amplicon for the marker on chromosome4, but

only 10 out of 100 assay samples gave an amplicon for the marker on chromosome7,

the conclusion would bethat there is an imbalance between those markers(e.g. a

deletion of one copy of chromosome7 the portion thereof that contains the marker; or

an extra copy of chromosome4 or a duplication of a portion thereof that contained the

marker).

This is entirely different than what is happening in Table 1, application #6.

Incidentally, this is an appropriate place to point out that there appears to be an errorin

Table 1. A minimal explanation of this application of digital PCR is found beginning at

the last full sentence of page 8 through thefirst full sentence of page 9 of the

specification asfiled. As stated there, one can use the method to determine “allelic

status" where two mutations are present, by distinguishing whether one variant

(mutation) is presentin each allele (i.e. maternal and paternal allele) versus both

mutations occurring in the sameallele. Of course this only applies to diploid organisms.

Note howeverthat Table 1, application #6 ("Allelic discrimination") reads: "Two different

alleles mutated vs. one mutation in each of two alleles." This statement is erroneous,

because each option describes the samesituation: if there is one mutation in each of

two alleles, then two different alleles are mutated. It would appearthat the statementin

the table should read "Twodifferent alleles mutated vs. both mutations in the same

allele", or some similar language. Applicant is advised to amend Table 1 based on the
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statement at pages 8-9 of the specification. The embodiment described as "Allelic

discrimination" in Table 1, and discussed at pages 8-9 of the specification can be

understood schematically as follows:

Locus X has two mutations: one at

position y and oneatpositionz.

Maternal allele Paternal allele

Both mutations in the

¥ same allele

z

One mutation in

¥ eachallele

z

This is not what the disclosure asfiled refers to as "Allelic imbalance". Rather,

this is what the disclosureasfiled refers to as "Allelic discrimination" (Table 1) or

determining the “allelic status" (page 8, last full sentence). Moreover,it is not

understood howthis application of digital PCR would be achieved by comparing the

numberof assay samples positive for "a first allelic form of a marker" (or as more

correctly stated in Table 1, a "first mutation") with the number of assay samples positive

for "a secondallelic form of a marker" (or as in Table 1, a "second mutation"). Indeed,

one would expect the two numbers to be the same. Thatis, given the first scenario
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(both mutations present in the sameallele), one would expect the numberof assay

samples positive for the mutation at position y, and the numberof assay samples

positive for the mutation at position z, to be the same. The sameis true of the second

scenario (one mutation in each allele). What would distinguish the two situationsis this:

in the first scenario (both mutations in the sameallele), the same assay samples

positive for the mutation at position y would be positive for the mutation at position z

(assuming that an individual nucleic acid molecule is not broken or sheared between

positions y and z, which would be a function of the distance between y and z and the

mannerin which the nucleic acid is handled). However, in the second scenario (one

mutation in eachallele), while there would still be an equal number of assay samples

positive for each mutation, one would expect that any individual assay sampleis not

positive for the mutation at y and positive for the mutation at z (this is assuming the

sample wasdiluted to the extent that any individual assay sample contains no more

than one copyof any individual nucleic acid target, which is the whole basis of digital

PCR). Hence, the application wherein digital PCR is used for "Allelic discrimination"

(Table 1) or determining “allelic status" (page 8, last full sentence) would not be based

on comparing numbers of assay samples, but would instead rely on determining which

samples werepositive for a "first mutation" and a "second mutation". Unfortunately, the

examiner does not see any disclosure of this procedurein the application asfiled.

Although the examiner has been able to determine how one would perform allelic

discrimination using digital PCR, the application as filed does not disclosethis.
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Application/Control Number: 11/709,742 Page 8

Art Unit: 1637

Therefore, independent claims 45 and 68, and all claims dependenttherefrom,

are rejected as new matter, and the examineris not able to recommend a mannerof

claiming embodiments drawnto “allelic discrimination” or determining “allelic status" as

discussed above.
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Art Unit: 1637

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to SAMUEL C. WOOLWINE whosetelephone numberis

(571)272-1144. The examiner can normally be reached on Mon-Fri 9:00am-5:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Gary Benzion can be reached on (571) 272-0782. The fax phone number

for the organization wherethis 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/

Examiner, Art Unit 1637
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APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
   

11/709,742 (02/23/2007 Bert Vogelstein 001107.00638
CONFIRMATIONNO.3875

22907 POA ACCEPTANCELETTER

BANNER & WITCOFF, LTD.

1100 18th STREET, NW. INOUE
SUITE 1200 000000041 164977
WASHINGTON, DC 20005-4051

Date Mailed: 04/16/2010

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Powerof Attorneyfiled 03/12/2010.

The Powerof Attorney in this application is accepted. Correspondencein this application will be mailed to the
above address as provided by 37 CFR 1.33.

/amwise/

 

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

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) Group Art Unit: 1637

Bert VOGELSTEINetal Examiner: Samuel Woolwine

Serial No. 11/709,742 Confirmation No. 3875

Filed: February 23, 2007 Atty. Dkt. No. 001107.00638

For: DIGITAL AMPLIFICATION

RESPONSE TO OFFICE ACTION

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 Office Action mailed December 29, 2009, applicants submit a terminal

disclaimer over the cited patent. It is respectfully submitted that this overcomes the double

patenting rejection and puts the application in condition for allowance.

No extension oftime fee is believed due in connection with this response. However,

should the Patent and Trademark Office determine that any additional fee is required, please

charge our Deposit Account No. 19-0733.

Respectfully submitted,

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

Date: March 12, 2010

Banner & Witcoff, Ltd.
Customer No. 22907

Page 168 of 1365



Page 169 of 1365

PTO/SB/26 (12-07)
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TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 001107.00638

In re Application of: VOGELSTEIN ET AL.

Application No.: 11709742

Filed: 23 February 2007

For. DIGITAL AMPLIFICATION

The owner*, The Johns Hopkins University , of 100 percentinterest 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 patentis 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 thatit and the prior patent are commonly owned. This
agreementruns with any patent granted on the instant application and is binding uponthe grantee, its successorsor assigns.

 

In making the above disclaimer, the owner doesnotdisclaim 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
patentis presently shortened by any terminal disclaimer,” in the event that said prior patentlater:

expires for failure to pay a maintenancefee;
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;
hasall claims canceled by a reexamination certificate;
is reissued; or
is in any mannerterminated prior to the expiration ofits full statutory term as presently shortened by any terminal disclaimer.

Checkeither box 1 or 2 below,if appropriate.

1. [| For submissionson behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empoweredto act on behalf of the business/organization.

| hereby declare that all statements made herein of my own knowledgeare true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledgethatwillful 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 mayjeopardize 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/ 12 March 2010
Signature Date

 

Sarah A. Kagan
Typed or printed name

 

202 824 3000

Telephone Number

 

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

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

*Statement under 37 CFR 3.73(b) is required if terminal disclaimeris 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 whichistofile (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 amountof 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 FORMSTOTHIS
ADDRESS. SEND TO: Commissionerfor 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,
pursuantto the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submissionrelated 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
abandonmentof 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 ofInformation Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Departmentof Justice to determine whether
disclosure of these records is required by the Freedom ofInformation Act.
A record from this system of records maybedisclosed, 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 maybe disclosed, as a routine use, to a Memberof
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Memberwith respect to the subject matter of the
record.

A record in this system of records maybe disclosed, as a routine use, to a contractor of the
Agency having needfor the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records maybe disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.
A record in this system of records maybe disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuantto
the Atomic Energy Act (42 U.S.C. 218(c)).
A record from this system of records maybe disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, underauthority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of recordsforthis
purpose,and anyother relevant(/.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations aboutindividuals.

A record from this system of records maybe disclosed,as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuantto 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record wasfiled in an application which
became abandonedorin which the proceedings were terminated and which application is
referenced byeither a published application, an application open to public inspection or an
issued patent.
A record from this system of records maybe disclosed, as a routine use, to a Federal, State,
or local law enforcement agency,if the USPTO becomes awareofa violation or potential
violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Title of Invention: Digital amplification

First Named Inventor/Applicant Name: Bert Vogelstein

Attorney Docket Number: 001107.00638

Utility under 35 USC 111(a) Filing Fees

Sub-Total in

USD(S$)

ee
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Electronic AcknowledgementReceipt

International Application Number: Bd

Title of Invention: Digital amplification

First Named Inventor/Applicant Name: Bert Vogelstein

Customer Number: 22907

Sarah Anne Kagan.

Attorney Docket Number: 001107.00638

Paymentinformation:

 
Submitted with Payment

Payment was successfully received in RAM $140

RAM confirmation Number 2439

Deposit Account 190733

File Listing:

Document| gs File Size(Bytes)/ Multi Pages
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Oath or Declarationfiled oridec00638.pdf
56a216139c5 708ddb0208be63e2fc3fbb59)

6518c

Oath or Declarationfiled recognition00638.pdf
a750f65 14789373c8561 958718581 18e2c38}

1f19

Information:

Amendment/Req. Reconsideration-After
Non-Final Reject response00638.pdf 6878 1 bbb8ff7c932233abc71 dd8c83e4.a84

3de4b

Information:

176717

Terminal Disclaimer Filed TD00638.pdf
b8d453c5dbb9874d7b33c07adbf342f88eal

95d23

Information:

Fee Worksheet (PTO-875) fee-info.pdf
9cc8f5803a9b7daabbfdcdb820663de04a9)

359b7

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

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

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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i i
JOINT DELARATION FOR PATENT APPL. CATION

“Asthe below named inventor, we hereby declare that:

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

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

0 is attached hereto.

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

0 wasfiled under the Patent Cooperation Treaty (PCT) and accorded International Application
No.filedCsand amended onww(fray).

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

Wehereby acknowledge the duty to disclose information whichis material to patentability in accordance with
Title 37, Code of Federal Regulations, §1.56(a). .

Prior Foreign Application(s)
Wehereby claim foreign priority benefits underTitle 35, United States Code, §119 ofany 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 whichpriority is claimed:

gs Date ofFiling Date of Issue Priority Claimed
Application No. (day month year) (day month year) Under 35 U.S.C. §119

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

application listed below:

es ses Date ofFiling Priority Claimed
U.S. Provisional Application No. (day month year) Under 35 U.S.C. §119(e)(1)

60/346,792 02 August 1999 Yes

Prior United States Application(s)
Wehereby claim the benefit underTitle 35, United States Code, §120 of any United States application(s) listed

below and, insofar as the subject matter of each ofthe claimsofthis application is not disclosed in the prior United States
application in the manner provided bythefirst paragraph ofTitle 35, United States Code, §112, we acknowledge the duty
to disclose material information as definedin Title 37, Code of Federal Regulations, §1.56(a) which occurred between
the filing date of the prior application and the national or PCT internationalfiling date of this application:

Application Serial No. DateofFiling Status — Patented,
Pp" . (Day, Month, Year) Pending, Abandoned

  
 
 

 
  

 

 
 

 

  

 
    

BANNER & Wricorr, LD. Attorney Docket No. 01 107.0003 1age
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Power of Attorney

And weherebyappoint, both jointly arid severally, as our attomeys with fullpower of substitution aiid revocation,toprosecute’ ~~
this application and to transactall business in the Patent and Trademark Office connected herewith the following attomeys and agents, their
registration numbers beinglisted after their names:

ALTHERR,Robert F. 31,810 HOSCHEIT,Dale H. 19,090 PATEL,BinalJ. 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,StephenS. 35,316
BANNER,Pamela I. 33,644 KAGAN,Sarah A. 32,141 PETERSON, ThomasL. 30,969
BECKETT,William W. 18,262 KATZ, Robert S. 36,402 POTENZA,Joseph M. 28,175
BODNER,Jordan 42,338 KLEN,William J. 43,719 PRATT,ThomasK. 37,210
BUROW,Scott A. 42,373 KRAUSE,Joseph P. 32,578 RENK,ChristopherJ. 33,761
CALLAHAN,James V.—.20,095 LINEK,Ernest V. 29,822 RESIS, Robert H. 32,168
CHANG,Steve S 42,402 MALONE,Dale A. 32,355 RIVARD,Paul M. 43,446
COHAN,Gregory J. 40,959 MANNAVA,AshokK. 45,30] SCHAD,SteveP. 32,550
COOPERMAN,Marc 8. 34,143 McDERMOTT,PeterD. 29,411 SHANAHAN,Michael H. 24,438
CURTIN,Joseph P. 34,571 McKEE,ChristopherL. 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,NinaL. 29,673 STOCKLEY,D.J. 34,257
EVANS,ThomasL. 35,805 MEECE,Timothy C. 38,553 VAN ES,J. Pieter 37,746
FEDOROCHKO,Gary D. 35,509 MEEKER,Frederic M. 35,282 WITCOFF,Sheldon W. 17,399
FISHER,William J. 32,133 MILLER,CharlesL. 43,805 WOLFFE,Franklin D. 19,724
GLEMBOCK],Christopher R.38,800 MITRIUS,Janice V. 43,808 WOLFFE,Susan A. 33,568
HANLON,Brian E. 40,449 MORENO,Christopher P. 38,566 WRIGHT,Bradley C. 38,061
HEMMENDINGER,Lisa M. 42,653 NELSON,Jon O. 24,566
HONG,Patricia E. 34,373, NIEGOWSKI, James A. 28,331

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

Weherebydeclare thatall statements made herein of our own knowledgearetrue andthatall statements made oninformation
andbeliefare believed to be true; and further that these statements were made with the knowledge that willful false statements and the
like so madeare punishable by fine or imprisonment, or both, under Section 3001 of Title 18 of the United States Code and that such
willful false statements may jeopardize the validity of the application or any patent issuing thereon.

f

t “). or

Signature, (( s & Date. ze O
Full NameofFitst Inventor. LZ\Vogelstein Ber

S& Family Name First Given Name econd Given NameResidence__ Baltimore, Maryland Citizenship__UnitedStates==

   

. Family Name First Given Name Second Given Name
‘Residence. i Citizenship__United States
Post Office Address___1403HalkirkWay,BelAir,Maryland2101SNN
 

a
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) Group Art Unit: 1637

Bert VOGELSTEINetal Examiner: Samuel Woolwine

Serial No. 11/709,742 Confirmation No. 3875

Filed: February 23, 2007 Atty. Dkt. No. 001107.00638

For: DIGITAL AMPLIFICATION

RECOGNITION OF PRACTITIONERS OF RECORD UNDER37 C.E.R.§ 1.32(c)(3)

U.S. Patent and Trademark Office

Customer Service Window

Randolph Building
401 Dulany Street
Alexandria, VA 22314

Sir:

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

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

identified application:

Lisa M. Hemmendinger 42,653

William J. Fisher 32,133
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Application No. 11/709,742
Attorney Docket No. 001107.00638

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

Respectfully submitted,

BANNER & WITCOFF, LTD.

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

Date: March 12, 2010

Banner & Witcoff, Ltd.
Customer No. 22907
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Doc code: IDS PTO/SB/08a (01-10)
eye . . . Approvedfor use through 07/31/2012. OMB 0651-0031

Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

 

 

 

 

  
  
Application Number 11709742

Filing Date 2007-02-23

INFORMATION DISCLOSURE First Named Inventer|VOGELSTEIN, Bert

STATEMENT BY APPLICANT Art Unit | 1637
( Not for submission under 37 CFR 1.99)

Examiner Name WOOLWINE, SamuelC.

Attorney Docket Number | 901 107.00638 

 

U.S.PATENTS [Remove] 

  
 

Examiner] Cite Kind Nameof Patentee or Applicant Pages,Columns,Lines where
ae ie Patent Number Issue Date . Relevant Passages or RelevantInitial No Code’ of cited Document ;

Figures Appear
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If you wish to add additional U.S. Patentcitation information pleaseclick the Add button. Add 
U.S.PATENT APPLICATION PUBLICATIONS [Remove]

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

 

Examiner Cite No Publication Kind|Publication Nameof Patentee or Applicant
Initial* Number Code'} Date of cited Document

   
 

If you wish to add additional U.S. Published Application citation information please click the Add button]Add|
FOREIGN PATENT DOCUMENTS [Remove]
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Examiner] Cite|Foreign Document Country Kind|Publication Applicant of cited where Relevant Ts
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Application Number 11709742 

Filing Date 2007-02-23 
INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor|VOGELSTEIN, Bert

Art Unit [ 1637
Examiner Name WOOLWINE, Samuel C.

Attorney Docket Number | 901 107.00638

 

  
  
 

Newton, PCR Essential Data, pages 51-52, 1995 
If you wish to add additional non-patentliterature documentcitation information please click the Add button

EXAMINER SIGNATURE

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). * For Japanese patent documents,the indication of the year of the reign of the Emperor must precede the serial numberof the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ° Applicant is to place a check mark here if]
English language translation is attached.
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Application Number 11709742 

 

 

 

Filing Date 2007-02-23

INFORMATION DISCLOSURE First Named Inventor|VOGELSTEIN, Bert
STATEMENT BY APPLICANT Art Unihae nit | 1637
( Not for submission under 37 CFR 1.99)

Examiner Name WOOLWINE, Samuel C.
   

Attorney Docket Number | 001107.00638 

 
CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to makethe 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 thefiling 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 signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[-] 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.

Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[_] 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.

Name/Print 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 whichis 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: Commissionerfor 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 abandonmentof 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
Departmentof Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
requestinvolving an individual, to whom the record pertains, whentheindividual has requested assistance from the
Memberwith 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 GSAaspart 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 otherrelevant(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 wasfiled 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 awareof a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Title of Invention: Digital amplification

First Named Inventor/Applicant Name: Bert Vogelstein

Attorney Docket Number: 001107.00638

Utility under 35 USC 111(a) Filing Fees

Sub-Total in

USD(S$)

ee
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Description Fee Code Quantity 
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Sub-Total in

Description Fee Code Quantity USD(S)

Miscellaneous:

Total in USD (S$)
 Submission- Information Disclosure Stmt 1806 jie|
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Electronic AcknowledgementReceipt

7150524

11709742

3875

Application Number:

International Application Number:

Confirmation Number:

Title of Invention:

First Named Inventor/Applicant Name:

Customer Number:

Filer Authorized By:

Attorney Docket Number:

Receipt Date:

Filing Date:

Time Stamp:

Application Type:

Paymentinformation:

Submitted with Payment

Payment Type

Payment was successfully received in RAM

RAM confirmation Number

Deposit Account

Authorized User

Digital amplification

OO

190733

 
File Listing:

Document| gs File Size(Bytes)/ Multi Pages
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409382

NPL Documents newtonreference.PDF
fc9d7340a941 7decO8ae29b1 950fbd3bce7

; ; 612163
Information Disclosure Statement(IDS)

Filed (SB/08) ids.PDF ce5a6895 803 3bba72128eff04al7 1lacdc18
2b3c

Information:

AU.S. Patent Number Citation ora U.S. Publication Number Citation is required in the Information Disclosure Statement(IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Messageif
youare citing U.S. References. If you chose not to include U.S. References, the imageof the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
Documents or Non PatentLiterature will be manually reviewed and keyed into USPTO systems.

Fee Worksheet (PTO-875) fee-info.pdf
05aa1 cSaf2b582a937237eedeef4403a3d0

5e5d

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

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

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

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

11/709,742 02/23/2007 Bert Vogelstein

22907 7590 12/29/2009

BANNER & WITCOFF, LTD.
1100 13th STREET, N.W.
SUITE 1200

WASHINGTON,DC 20005-4051

001107.00638

 
CONFIRMATIONNO.   

3875

EXAMINER

WOOLWINE, SAMUEL C

ART UNIT

1637

MAIL DATE

12/29/2009

PAPER NUMBER

DELIVERY MODE

PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

11/709,742 VOGELSTEIN ETAL.

Office Action Summary Examiner Art Unit

SAMUEL C. WOOLWINE 1637 So
-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, may a reply be timelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.

- If NO period forreply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended period for replywill, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
eamed patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 12 October 2009.
2a)L] This action is FINAL. 2b)X] This action is non-final.

3)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 39-41,43 and 45-69 is/are pending in the application.

4a) Of the above claim(s) 45-47, 55, 56,64 and 68 is/are withdrawn from consideration.

 

 
5)L] Claim(s)____ is/are allowed.

6)X] Claim(s) 39,48,51,52,61,62,65,66 and 69is/are rejected.
7)L] Claim(s)__ is/are objectedto.

8)L] Claim(s)____ are subject to restriction and/or election requirement.

Application Papers

9)L] The specification is objected to by the Examiner.
10)L] The drawing(s) filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

 

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)LJAll b)L_] Some*c)L] Noneof:

1.L] Certified copies of the priority documents have been received.
2.L] Certified copies of the priority documents have beenreceived in Application No.

3.L] Copies ofthe certified copies of the priority documents have been receivedin this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action foralist of the certified copies not received.

 

Attachment(s)

1) Xx] Notice of References Cited (PTO-892) 4) C] Interview Summary (PTO-413)
2) [1] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date._
3) IX] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice ofInformal Patent Application

Paper No(s)/Mail DateSeeContinuationSheet. 6) C] Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06 Office Action Summary Part of Paper No./Mail Date 20091222
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Continuation Sheet (PTOL-326) Application No. 11/709,742

Continuation of Attachment(s) 3). Information Disclosure Statement(s) (PTO/SB/08), Paper No(s)/Mail Date
02/23/2007; 12/18/2008;04/22/2009.

Page 189 of 1365



Page 190 of 1365

Application/Control Number: 11/709,742 Page 2

Art Unit: 1637

DETAILED ACTION

Election/Restrictions

Applicant's election of GroupI, claims 39-41, 43, 49, 50, 53, 54, 57-60, 63, 65-67

and claims 48, 51, 52, 61, 62 and 69in part,in the reply filed on 10/12/2009is

acknowledged. Because applicant did not distinctly and specifically point out the

supposederrors in the restriction requirement, the election has been treated as an

election without traverse (MPEP § 818.03(a)).

Claims 45-47, 55, 56, 64 and 68 are withdrawn from further consideration

pursuant to 37 CFR 1.142(b) as being drawnto a nonelected invention, there being no

allowable generic or linking claim. Election was made withouttraverse in the reply filed

on 10/12/2009.

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 impropertimewise extension ofthe “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 notidentical, 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 obviousover,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 /n 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 overcomean actualor provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly ownedwith this application, or claims an invention made asa result of
activities undertaken within the scopeofa joint research agreement.
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Application/Control Number: 11/709,742 Page 3

Art Unit: 1637

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

Claims 39, 48, 51, 52, 61, 62, 65, 66 and 69 are rejected on the ground of

nonstatutory obviousness-type double patenting as being unpatentable overclaims 1, 3,

10, 11, 24, 28, 38, 42, 43, 56, 60, and 64 of U.S. Patent No. 6,440,706. Although the

conflicting claims are notidentical, they are not patentably distinct from each other

because the only differences between the issued claims and the instant claims are

differences in scope.

For example, with regard to instant claims 39 and 65, both issued claims 1 and

38 disclose amplifying multiple assay samples derived from a biological sample, and

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

containing a selected genetic sequence and a second numberof assay samples

containing a reference genetic sequence. Issued claims 1 and 38 also disclose

comparing the first number to the second numberto "ascertain a ratio which reflects the

composition of the biological sample". Issued claim 64 discloses that the selected

genetic sequence and reference genetic sequenceare on distinct chromosomes.

With regard to instant claims 39 and 66, issued claim 3 discloses that between

0.1 and 0.9 of the assay samples yield an amplification product.

With regard to instant claims 48 and 69, issued claims 24 and 56 disclose that

the sample is from blood.

With regard to instant claims 51 and 52, issued claim 3 discloses an overlapping

range. As discussed at MPEP 2144.05(I): "In the case where the claimed ranges
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Application/Control Number: 11/709,742 Page 4

Art Unit: 1637

“overlap orlie inside ranges disclosed by the prior art” a prima facie case of

obviousnessexists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976); In re

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

With regard to instant claims 61 and 62, issued claims 10, 11, 42 and 43 disclose

the numberof assay samplesis greater than 500, or greater than 1000.

The issued claims do not expressly disclose ascertaining “allelic imbalance".

However, issued claims 28 and 60 disclose that the selected genetic sequence one

which is "amplified during neoplastic development". It is asserted that this represents,

in fact, a form of “allelic imbalance" since whatever markers have been "amplified during

neoplastic development" would be out of balance with the rest of the genome.

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to SAMUEL C. WOOLWINE whosetelephone numberis

(571)272-1144. The examiner can normally be reached on Mon-Fri 9:00am-5:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Gary Benzion can be reached on (571) 272-0782. The fax phone number

for the organization wherethis application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 11/709,742 Page 5

Art Unit: 1637

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197(toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

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

/Samuel Woolwine/

Examiner, Art Unit 1637
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Application/Control No. Applicant(s)/Patent Under
Reexamination

11/709,742 VOGELSTEIN ETAL.
Notice of References Cited Examiner Art Unit

U.S. PATENT DOCUMENTS

Document Number
Country Code-Number-Kind Code

 
FOREIGN PATENT DOCUMENTS

Document Number Date tp gs
Country Code-Number-Kind Code MM-YYYY Country Classification

 
*A copyof this referenceis not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US orforeign.
U.S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20091222
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

 
BIB DATA SHEET

CONFIRMATIONNO.3875

SERIAL NUMBER FILINGor. 371(c) GROUP ARTUNIT ATTORNEY DOCKET
11/709,742 02/23/2007 001107.00638
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APPLICANTS

Bert Vogelstein, Baltimore, MD;
Kenneth W. Kinzler, BelAir, MD;
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This application is a CON of 10/828,295 04/21/2004 ABN
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DETAILED ACTION

Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

I. Claims 39-41, 43, 49, 50, 53, 54, 57-60, 63, 65-67, and claims 48, 51, 52,

61, 62, and 69 in-part, drawnto analysis of a selected genetic sequence

on a first chromosome,and a reference genetic sequence on a second

chromosome,classified in class 435, subclass6.

I. Claims 45-47, 55, 56, 64, 68, and claims 48, 51, 52, 61, 62, and 69 in-part,

drawnto analysis ofa first allelic form of a marker and a secondallelic

form of a marker, classified in class 435, subclass6.

The inventions are distinct, each from the other becauseof the following reasons:

Inventions | and II are directed to related processes(in that there are steps

commonto both). The related inventions are distinct if: (1) the inventions as claimed are

either not capable of use together or can have a materially different design, mode of

operation, function, or effect; (2) the inventions do not overlap in scope, i.e., are

mutually exclusive; and (3) the inventions as claimed are not obvious variants. See

MPEP § 806.05(j). In the instant case, the inventions as claimed are not capable of use

together. The methodsof| clearly require that the "selected genetic sequence"is on a

first chromosomeand the "reference genetic sequence" is on a second chromosome,

whereas the methodsofII require analyzingafirst allelic form of a marker and a second

allelic form of a marker, which by definition must be on the same chromosome. For

example, the allelic forms of the IL-1B -511 SNP are on chromosome2, becausethe IL-
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1B geneitself is on chromosome2 (see figure 1 and last paragraph, page 1519 of

Loughlin et al, Arthritis & Rheumatism 46(6):1519-1527, June 2002). Furthermore, the

inventions as claimed do not encompassoverlapping subject matter, since the methods

of | require the "selected genetic sequence" and the "reference genetic sequence”to be

on different chromosomes, while the methodsof II would require the analysis offirst and

second allelic forms of a marker, which cannot be on different chromosomes. In
 

addition, Applicant, in citing support for comparing genetic sequenceson "distinct

chromosomes"in the preliminary amendment of 02/14/2008, referred to Table 1, last

line. Table 1, last line of parent patent US 6,440,706 refers to "non-polymorphic

markers". If a marker hasallelic forms, as in the methodsofII, the marker cannot, by

definition, be "non-polymorphic". Finally, there is nothing of record to show them to be

obvious variants. Hence | and Il are patentably distinct processes.

Restriction for examination purposes as indicated is proper becauseall these

inventions listed in this action are independentor distinct for the reasons given above

and there would be a serious search and examination burden if restriction were not

required because oneor moreofthe following reasons apply:

(a) the inventions have acquired a separate status in the art in view of their

different classification;

(b) the inventions have acquired a separate status in the art dueto their

recognized divergent subject matter;
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(c) the inventions require a different field of search (for example, searching

different classes/subclassesor electronic resources, or employing different

search queries);

(d) the prior art applicable to one invention would notlikely be applicable to

anotherinvention;

(e) the inventionsarelikely to raise different non-prior art issues under 35 U.S.C.

101 and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must

include(i) an election of a invention to be examined even though the requirement

maybetraversed (37 CFR 1.143) and(ii) identification of the claims encompassing

the elected invention.

The election of an invention may be madewith or without traverse. To reserve a

right to petition, the election must be madewith traverse. If the reply does notdistinctly

and specifically point out supposederrors in the restriction requirement, the election

shall be treated as an election without traverse. Traversal must be presented at the time

of election in order to be considered timely. Failure to timely traverse the requirement

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after

the election, applicant must indicate which of these claims are readable on the elected

invention.

If claims are addedafter the election, applicant must indicate which of these

claims are readable upon the elected invention.
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Should applicant traverse on the ground that the inventions are not patentably

distinct, applicant should submit evidenceoridentify such evidence now of record

showing the inventions to be obvious variants or clearly admit on the record thatthis is

the case. In either instance,if the examinerfinds one of the inventions unpatentable

overthe prior art, the evidence or admission may be usedin a rejection under 35 U.S.C.

103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected

invention, the inventorship must be amendedin compliance with 37 CFR 1.48(b) if one

or more of the currently named inventors is no longer an inventorof at least one claim

remaining in the application. Any amendmentof inventorship must be accompanied by

a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to SAMUEL WOOLWINE whosetelephone numberis

(571)272-1144. The examiner can normally be reached on Mon-Fri 9:00am-5:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Gary Benzion can be reached on (571) 272-0782. The fax phone number

for the organization wherethis application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197(toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

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

/Samuel Woolwine/

Examiner, Art Unit 1637
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) Group Art Unit: 1637

Bert VOGELSTEINetal Examiner: Samuel Woolwine

Serial No. 11/709,742 Confirmation No. 3875

Filed: February 23, 2007 Atty. Dkt. No. 001107.00638

For: DIGITAL AMPLIFICATION

ELECTION AND 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 Office Action mailed June 5, 2009, applicants elect claim group III for

examination in this application. Claim group III includes claims 39-48. Applicants amend the

group ITI claims below and add additional claims. Applicant believes that claims 39-48 would

continue to constitute a single invention that does not require an initial step of diluting (as in

claim group II) andis not directed to cancer detection per se (as in claim group I). In addition,

new claims 49-64 also fall within the same claim group as claims 39-48. New claims 65-69 fall

within claim group II. Claims of group I have been cancelled from this application.

Please amendthe application as follows:

Amendmentsto the claims begin on page 2 ofthis paper.

Amendmentsto the specification begin on page 9 ofthis paper.
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IN THE CLAIMS

Please substitute the following claim set for those currently or record:

1-28. (Cancelled)

29-38. (Canceled)

39. (Currently amended) A method for determining #e 

 e an allelic imbalance in a bed biological sample,

comprising the steps of:

amplifying template molecules within a set comprising a plurality of assay samples to

form a population of amplified molecules in each of the assay samples of the set, wherein the

template molecules are obtained from a bteed biological sample;

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

numberof assay samples which contain a selected genetic sequence on a first chromosome and a

second numberof assay samples which contain a reference genetic sequence on a second

chromosome, wherein a 

 
0.9 of the assay samples yield an amplification product;

comparing the first number of assay samples to the second numberof assay samples to

ascertain an allelic imbalance in a the bleed biological

sample.
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40. (Previously Presented) The method of claim 39 wherein the step of amplifying employsreal-

time polymerase chain reactions.

41. (Previously Presented) The method of claim 40 wherein the real-time polymerase chain

reactions comprise a dual-labeled fluorogenic probe.

42. (Cancelled)

43. (Currently amended) The method of claim 39 wherein the selected genetic sequesnees

sequence and the reference genetic sequence are non-polymorphic markers.

44. (Cancelled)

45. (Currently amended) A method for determining anallelic imbalance in #e 
 
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 determinea first

numberof assay samples which contain the seleeted-sen=p R+e- a first allelic form of a 

 marker and a second numberof assay samples which contain a teferesee-sen=p
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secondallelic form of the marker, wherein between 0.1 and 0.9 of the assay samples yield an

 amplification product a

 
comparing the first number to the second numberto ascertain an allelic imbalance in @

the biological sample; and 

 identifying an allelic imbalancein the biological sample besed-e

46. (Previously Presented) The method of claim 45 wherein the step of amplifying employsreal-

time polymerase chain reactions.

47. (Previously Presented) The method of claim 46 wherein the real-time polymerase chain

reactions comprise a dual-labeled fluorogenic probe.

48. (Currently amended) The method of claim 39 or 45 wherein the biological sample is from

blood.

49. (New) The methodof claim 39 wherein the selected genetic sequenceis a non-polymorphic

marker.
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50. (New) The method of claim 39 wherein the reference genetic sequence is a non-polymorphic

marker.

51. (New) The method of claim 39 or 45 wherein between 0.1 and 0.6 of the assay samples yield

an amplification product.

52. (New) The method of claim 39 or 45 wherein between 0.3 and 0.5 of the assay samples yield

an amplification product.

53. (New) The method of claim 39 wherein between 0.1 and 0.9 of the assay samples yield an

amplification product as determined by amplification of the selected genetic sequence.

54. (New) The methodof claim 39 wherein between 0.1 and 0.9 of the assay samples yield an

amplification product as determined by amplification of the reference genetic sequence.

55. (New) The method of claim 45 wherein between 0.1 and 0.9 of the assay samples yield an

amplification product as determined by amplification ofthe first allelic form of the marker.

56. (New) The method of claim 45 wherein between 0.1 and 0.9 of the assay samples yield an

amplification product as determined by amplification of the secondallelic form ofthe

marker.
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57. (New) The methodof claim 39 wherein between 0.1 and 0.6 of the assay samples yield an

amplification product as determined by amplification of the selected genetic sequence.

58. (New) The method of claim 39 wherein between 0.1 and 0.6 of the assay samples yield an

amplification product as determined by amplification of the reference genetic sequence.

59. (New) The methodof claim 39 wherein between 0.3 and 0.5 of the assay samples yield an

amplification product as determined by amplification of the selected genetic sequence.

60. (New) The methodof claim 39 wherein between 0.3 and 0.5 of the assay samples yield an

amplification product as determined by amplification of the reference genetic sequence.

61. (New) The method of claim 39 or 45 wherein the set comprises at least 500 assay samples.

62. (New) The method of claim 39 or 45 wherein the set comprises at least 1000 assay samples.

63. (New) The methodof claim 39 wherein the amplified molecules in each of the assay samples

in the first and second numbersof assay samples are homogeneoussuchthatthe first number

of assay samples do not contain the reference genetic sequence and the second numberof

assay samples do not contain the selected genetic sequence.
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64. (New) The method of claim 45 wherein the amplified molecules in each of the assay samples

within the first and second numbers of assay samples are homogeneoussuchthatthe first

numberof assay samples do not contain the secondallelic form of the marker and the second

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

65. (New) 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 samplesoftheset;

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

numberof assay samples which contain a selected genetic sequence on a first chromosome and a

second numberof assay samples which contain a reference genetic sequence on a second

chromosome;

comparing the first number of assay samples to the second numberof assay samples to

ascertain an allelic imbalance betweenthe first chromosomeand the second chromosomein the

biological sample.

66. (New) The methodof claim 65 wherein between 0.1 and 0.9 of the assay samples yield an

amplification product.
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67. (New) The method of claim 66 wherein between 0.1 and 0.9 of the assay samplesyield a

homogeneous amplification product.

68. (New) 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 samplesoftheset;

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

numberof assay samples which contain a first allelic form of a marker and a second numberof

assay samples which contain a secondallelic form of the marker;

comparing the first number of assay samples to the second numberof assay samples to

ascertain an allelic imbalance betweenthefirst allelic form and the secondallelic form in the

biological sample.

69. (New) The method of claim 65 or 68 wherein the biological sample is blood.
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IN THE SPECIFICATION

Please substitute the following paragraphsat the indicated locations:

At page 7, paragraph 1:

The biological sample is diluted to a point at which a practically usable numberof 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 numberofdiluted 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 economicalwill 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 empfebte amplifiable template molecules. Desirably each assay sample prior to

amplification will contain less than a hundredor less than ten template molecules.

At the paragraph spanning pages 16 and 17:

The second step in Fig 1A involves the detection of these PCR products. It was

necessary to considerably modify the standard MBprobeapproachin orderfor 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. Thoughthis strategy could

obviously be used effectively in somesituations, it becomes complex when several different
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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

numberof MBprobes would not only raise the background fluorescence but would be

expensive. Wetherefore attempted to develop a single probe that would react with WT

sequencesbetter than any mutant sequence within the queried sequence. We foundthat 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

WTand mutant sequences (MB-GREENprobe), we foundthat a 16 base pair loop, of melting

temperature (Tm) 50-51—°, and a 4 bp stem, of sequence 5’-CACG-3’, were optimal. For

MB-REDprobes, the same stem, with a 19-20 bp loop of Tm 54-56= °, proved optimal. The

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

probesreflected the fact that only the GREEN probeis designed to discriminate between closely

related sequences, with a shorter region of homologyfacilitating such discrimination.

At page 19, paragraph 1

Analysis of DNA from tumorcells. The principles and practical considerations described above

was demonstrated with DNA from two colorectal cancercell lines, one with a mutation in

c-Ki-Ras codon 12 andthe other in codon 13. Representative examples of the MB-RED

fluorescence values obtained are shown in Fig. 3. There wasa clear biphasic distribution, with

“positive” wells yielding values in excess of 10,000 specific fluorescence units (SFU, as defined

in Materials and Methods) and “negative” wells yielding values less than 3500 SFU. Gel

electrophoreses of 127 such wells demonstrated that all positive wells, but no negative wells,

contained PCR products of the expected size (Fig. 3). The RED/GREENfluorescenceratios of

10
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the positive wells are shown in Fig. 4. Again, a biphasic distribution was observed. In the

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

RED/GREENratios in excess of 3.0 while the other 36% ofthe positive wells exhibited ratios

ranging from 0.8 to 1.1. In the case of the tumor with the Gly13Asp mutation, 54% ofthe

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

ranging from 0.9 to 1.1. The PCR products from 16 positive wells were used as sequencing

templates (Fig. 4). All the wells yielding a ratio in excess of 3.0 were found to contain mutant c-

Ki-Ras fragments of the expected sequence, while WT sequence was found in the other PCR

products. The presence of homogeneous WT or mutant sequence confirmedthat the

amplification products were usually derived from single template molecules. The ratios of WT

to mutant PCR products determined from the Digital A sex Amplification assay

wasalso consistent with the fraction of mutantalleles inferred from direct sequence analysis of

 

genomic DNAfrom the two tumorlines (Fig. 2).

At the paragraph spanning pages 19 and 20:

Digital Analysis of DNA from stool. As a morepractical example, we analyzed the DNA from

stool specimensfrom 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. Wetherefore set up a 384 well Digital Am@s# 

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

equivalents of DNA (defined in Materials and Methods) from normalcells. Another 48 wells

served as negative controls (no DNA template added). The other 288 wells contained an

appropriate dilution of stool DNA. MB-REDfluorescenceindicated that 102 of these 288

experimental wells contained PCR products (mean +/- s.d. of 47,000 +/- 18,000 SFU) while the

other 186 wells did not (2600 +/- 1500 SFU). The RED/GREENratios of the 102 positive wells

suggested that five contained mutant c-Ki-Ras genes, with ratios ranging from 2.1 to 5.1. The

other 97 wells exhibited ratios ranging from 0.7 to 1.2, identical to those observed in the

1]
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positive control wells. To determine the nature of the mutant c-Ai-Ras genes in the five positive

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

RED/GREENratios in excess of 3.0 were completely composed of mutant c-Ki-Ras sequence

(Fig. 5B). The sequence of three of these PCR products revealed Gly12Ala mutations (GGT to

GCTat codon 12), while the sequenceof the fourth indicated a silent C to T transition at the

third position of codon 13. This transition presumably resulted from a PCR error duringthefirst

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-Rasalleles

presentin this stool sample contained a Gly12Ala mutation. The mutant alleles in the stool

presumably arose from the colorectal cancer ofthe patient, as direct sequencing of PCR products

generated from DNAofthe cancer revealed the identical Gly12Ala mutation (not shown).

12
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Remarks

Applicants make the amendmentto the claimsin order to describe the invention more

distinctly. As shown below, each amendmentand claim is supported by the application as

originally filed, and therefore does not add prohibited new matter to the application.

Amendmentsto the specification and to claim 43 merely correct obvious typographical

 

 

errors.

Claim No. Claim Recitation Specification Specification
Support Citation

39, 45 an allelic imbalance Allelic imbalances Sentence spanning
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biological sample

a selected genetic
sequenceona first
chromosomeand a

second number of

assay samples which
contain a reference

genetic sequence on a

 
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 anytissue or
body sample from
which DNAor

mRNAcan be

isolated. Preferred

sources includestool,

blood, and lymph
nodes. Preferably the
biological sample is a

sate.

Probe | detects

marker sequence;
Probe 2 detects

marker sequence from
another chromosome
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pages 10-11; See also
Table 1, last line

Page 11, lines 3-6

Table 1 
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39, 45

second chromosome

between 0.1 and 0.9

of the assay samples
yield an amplification
product;

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.

Page9, lines 26-28

 

4

4

51, 57-58

52, 59-60
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5

9

0

a first allelic form of a

marker

selected genetic
sequenceis a non-
polymorphic marker.

reference genetic
sequenceis a non-
polymorphic marker.

between 0.1 and 0.6

of the assay samples
yield an amplification
product.

0.3 and 0.5 of the

assay samples yield
an amplification
product.

between 0.1 and 0.9

of the assay samples
yield an amplification
product as determined
by the selected
genetic sequence.

Allelic discrimination

Quantitative analysis
with non-polymorphic
markers

Quantitative analysis
with non-polymorphic
markers

Morepreferably 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.

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 b

 
14

Table 1, application #
6.

Table 1, example # 7.

Table 1, example # 7.

Page9, line 28 to
page 10, line 1

Page 10, line 1

Page 9, lines 16-28 
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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
numberofdiluted

assay samples contain
more than 20% of

analyte. If the
analysis method being
used requires 100%
analyte to detect, then
dilution downto the

single template
molecule level will be

required.
To achieve a dilution

to approximately a
single template
molecule level, one
can dilute such that

between 0.1 and 0.9

of the assay samples
yield an amplification
product. 

54 between 0.1 and 0.9

of the assay samples
yield an amplification
product as determined
by the reference
genetic sequence.

 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

Page 9, lines 16-28
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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
numberofdiluted

assay samples contain
more than 20% of

analyte. If the
analysis method being
used requires 100%
analyte to detect, then
dilution downto the

single template
molecule level will be

required.
To achieve a dilution

to approximately a
single template
molecule level, one
can dilute such that

between 0.1 and 0.9

of the assay samples
yield an amplification
product. 

55 wherein between 0.1

and 0.9 of the assay
samples yield an
amplification product
as determined by the
first allelic form of the

marker.

 
Allelic discrimination;

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

Table 1, application #
6; Page 9, lines 16-28.
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56 between 0.1 and 0.9

of the assay samples
yield an amplification
product as determined
by the secondallelic

 
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
numberofdiluted

assay samples contain
more than 20% of

analyte. If the
analysis method being
used requires 100%
analyte to detect, then
dilution downto the

single template
molecule level will be

required.
To achieve a dilution

to approximately a
single template
molecule level, one
can dilute such that

between 0.1 and 0.9

of the assay samples
yield an amplification
product.

Allelic discrimination;
In one preferred
embodiment each

diluted sample has on
average one half a

Table 1, application #
6; Page 9, lines 16-28.
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61

form of the marker.

at least 500 assay
samples.

 
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
numberofdiluted

assay samples contain
more than 20% of

analyte. If the
analysis method being
used requires 100%
analyte to detect, then
dilution downto the

single template
molecule level will be

required.
To achieve a dilution

to approximately a
single template
molecule level, one
can dilute such that

between 0.1 and 0.9

of the assay samples
yield an amplification
product.

Morepreferably at Page 10, lines 5-6
least 15, 20, 25, 30, 
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40, 50, 75, 100, 500,

or 1000 diluted assay
samples are amplified
and analyzed. 

62 at least 1000 assay
samples.

Morepreferably at
least 15, 20, 25, 30,
40, 50, 75, 100, 500,

or 1000 diluted assay
samples are amplified
and analyzed.

Page 10, lines 5-6

 

63 wherein the amplified
molecules in each of

the assay samplesin
the first and second

numbers of assay
samples are
homogeneous such
that the first number

of assay samples do
not contain the

reference genetic
sequence and the
second numberof

assay samples do not
contain the selected

genetic sequence.

64 wherein the amplified
molecules in each of

the assay samples
within the first and

 If the analysis method
being used requires
100% analyte to
detect, then dilution
downto the single
template molecule
level will be required.

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.

The presence of
homogeneous WTor
mutant sequence
confirmed that the

amplification products
were usually derived
from single template
molecules.

If the analysis method
being used requires
100% analyte to
detect, then dilution

Page 9, lines 23-25;
Page 15, lines 1-3;
Page 19, lines 20-22.

Page 9, lines 23-25;
Page 15, lines 1-3;
Page 19, lines 20-22. 

second numbers of

Page 233 of 1365
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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

numberof assay
samples do not
contain thefirst allelic

form of the marker.

template molecule
level will be required.

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.

The presence of
homogeneous WTor
mutant sequence
confirmed that the

amplification products
were usually derived
from single template
 molecules.

65, 68 distributing nucleic The method devised Page6, lines 17-20;
acid template by the present Page 10, lines 3-4;
molecules from a inventors involves Page 7, lines 13-15
biological sample to separately amplifying
form a set comprising
a plurality of assay
samples;  small numbers of

template molecules so
that the resultant

products have a
proportion of the
analyte sequence
whichis detectable by
the detection means

chosen.

The digital
amplification method
requires analysis of a
large number of
samplesto get
meaningfulresults. 

20
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The dilution can be

performed from more
concentrated samples.
Alternatively, dilute
sources of template
nucleic acids can be

used. 

67

Page 235 of 1365

between 0.1 and 0.9

of the assay samples
yield a homogeneous
amplification product.  

21

If the analysis method|Page 9, lines 23-28.
being used requires
100% analyte to
detect, then dilution
downto the single
template molecule
level will be required.
To achieve a dilution

to approximately a
single template
molecule level, one
can dilute such that

between 0.1 and 0.9

of the assay samples
yield an amplification
product.
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No excess claim fees are believed to be due, because fewer independent and fewertotal

claims are presented here than were previously paid for. However,if fees are due, please charge

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

Respectfully submitted,

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

Date: June 30, 2009

Banner & Witcoff, Ltd.
Customer No. 22907
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11/709,742 VOGELSTEIN ETAL.

Office Action Summary Examiner Art Unit

SAMUEL WOOLWINE 1637 So
-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 7 MONTH(S) OR THIRTY (30) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, may a reply be timelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.

- If NO period forreply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended period for replywill, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
eamed patent term adjustment. See 37 CFR 1.704(b).

Status

1)L] Responsive to communication(s) filed on
2a)L] This action is FINAL. 2b)X] This action is non-final.

3)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-48 is/are pending in the application.

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

5)L] Claim(s)_____ is/are allowed.

6)L] Claim(s)___is/are rejected.
7)L] Claim(s) is/are objected to.

8)X] Claim(s) 1-48 are subjectto restriction and/or election requirement.

Application Papers

9)L] The specification is objected to by the Examiner.
10)L] The drawing(s) filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)LJAll b)L_] Some*c)L] Noneof:

1.L] Certified copies of the priority documents have been received.
2.L] Certified copies of the priority documents have beenreceived in Application No.

3.L] Copies ofthe certified copies of the priority documents have been receivedin this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action foralist of the certified copies not received.
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DETAILED ACTION

Election/Restrictions

Restriction to one of the following inventions is required under 35 U.S.C. 121:

I. Claims 1-28, drawn to methods for detecting cancer associated mutant

nucleic acids, classified in class 435, subclass 6.

I. Claims 29-38, drawn to methods for determining a ratio of a selected

genetic sequencein a population of genetic sequences requiring diluting a

sampleto form a set of assay samples,classified in class 435, subclass6.

Hl. Claims 39-48, drawn to methodsfor determining a ratio of a selected

genetic sequencein a population of genetic sequences requiring at least

one-fiftieth of the assay samples in a set of samples comprise a number

(N) of molecules such that 1/N is larger than the ratio of selected genetic

sequencesto total genetic sequences required to determine the presence

of the selected genetic sequence,classified in class 435, subclass 6.

The inventions are distinct, each from the other becauseof the following reasons:

Inventions|, Il and IIl are unrelated. Inventions are unrelated if it can be shown

that they are not disclosed as capable of use together and they havedifferent designs,

modesof operation, and effects (MPEP § 802.01 and § 806.06). In the instant case, the

different inventions each require limitations not required by the other inventions as

claimed, therefore having different designs.

Group| requires diluting "until at least one-tfiftieth of the assay samplesin the set

comprise a number(N) of molecules such that 1/N is larger than a ratio of the mutant
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nucleic acid to the wild-type nucleic acid required to detect the mutant nucleic acid ifit is

presentin the assay sample". This limitation is not required in GroupIl orIll. While

GroupIll requires "at least one-fiftieth of the assay samples in a set of samples

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

genetic sequencesto total genetic sequences required to determine the presenceof the

selected genetic sequence", it does not require making any dilutions as required by

GroupI.

GroupII requires "diluting nucleic acid templates...to form a set comprising a

plurality of assay samples", which is not required of Group III. Group II also requires

"analyzing the amplified molecules in the assay samples of the set to determinea first

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

numberof assay samples which contain a reference genetic sequence" and "comparing

the first number to the second numberto ascertain a ratio which reflects the

composition of the...sample". These limitations are not required for GroupI.

GroupIll requires "at least one-fiftieth of the assay samples in a set of samples

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

genetic sequencesto total genetic sequences required to determine the presenceof the

selected genetic sequence", which is not required by GroupIl. Group III also requires

"comparing the first number to the second numberto ascertain a ratio which reflects the

composition of the...sample", which is not required by GroupI.

Therefore, each Group requireslimitations not found in the other Groups.
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Restriction for examination purposes as indicated is proper becauseall these

inventions listed in this action are independentor distinct for the reasons given above

and there would be a serious search and examination burden if restriction were not

required because oneor moreofthe following reasons apply:

(a) the inventions have acquired a separate status in the art in view of their

different classification;

(b) the inventions have acquired a separate status in the art dueto their

recognized divergent subject matter;

(c) the inventions require a different field of search (for example, searching

different classes/subclassesor electronic resources, or employing different

search queries);

(d) the prior art applicable to one invention would notlikely be applicable to

anotherinvention;

(e) the inventionsarelikely to raise different non-prior art issues under 35 U.S.C.

101 and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must

include(i) an election of a invention to be examined even though the requirement

maybetraversed (37 CFR 1.143) and(ii) identification of the claims encompassing

the elected invention.

The election of an invention may be madewith or without traverse. To reserve a

right to petition, the election must be madewith traverse. If the reply does notdistinctly

and specifically point out supposederrors in the restriction requirement, the election
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shall be treated as an election without traverse. Traversal must be presented at the time

of election in order to be considered timely. Failure to timely traverse the requirement

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after

the election, applicant must indicate which of these claims are readable on the elected

invention.

If claims are addedafter the election, applicant must indicate which of these

claims are readable upon the elected invention.

Should applicant traverse on the ground that the inventions are not patentably

distinct, applicant should submit evidenceoridentify such evidence now of record

showing the inventions to be obvious variants or clearly admit on the record thatthis is

the case. In either instance,if the examinerfinds one of the inventions unpatentable

overthe prior art, the evidence or admission may be usedin a rejection under 35 U.S.C.

103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected

invention, the inventorship must be amendedin compliance with 37 CFR 1.48(b) if one

or more of the currently named inventors is no longer an inventorof at least one claim

remaining in the application. Any amendmentof inventorship must be accompanied by

a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to SAMUEL WOOLWINE whosetelephone numberis

(571)272-1144. The examiner can normally be reached on Mon-Fri 9:00am-5:00pm.
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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 wherethis 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/

Examiner, Art Unit 1637
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Filed: February 22, 2007
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)
)
)
) Examiner: M. Baughman
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)
) Atty. Dkt. No. 001107.00638
)
)For: DIGITAL AMPLIFICATION

INFORMATION DISCLOSURE STATEMENT

U.S. Patent and Trademark Office

Customer Service Window

Randolph Building
401 DulanyStreet
Alexandria, VA 22314

Sir:

In accordance with 37 C.F.R. §§ 1.97 and 1.98, enclosed is PTO Form-1449listing two

non-patent documents for consideration by the Examiner during the prosecution of the subject

application.

Respectfully submitted,

By_WANS’
Sarah A. Kagan

V Registration No. 32,141Date: April b , 2009
Banner & Witcoff, Ltd.
Customer No. 22907
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GroupArt Unit 1637
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Attorney Docket Number{001107.00638

OTHER PRIORART-- NON PATENT LITERATURE DOCUMENTS

Include nameof the author (in CAPITAL LETTERS), title of the article (when appropriate), title of
Examiner the item (book, magazine, journal, serial, symposium,catalog, etc.), date, page(s), volume-issue
Initials *

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

 

   
“EXAMINER:Initialif reference considered, whetherornotcitation is in conformance with MPEP 609.Drawline throughcitation if not in conformance
and not considered. Include copyof this form with next communication to applicant.

* Uniquecitation designation number(optional). ? Applicantis to place a check mark hereif English language Translationis attached.

Burden Hour Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needsofthe individual case. Any
comments on the amountof time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND TO:Assistant Commissioner for
Patents, Washington, DC 20231.
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Electronic AcknowledgementReceipt

5199716

Application Number: 11709742

International Application Number:

Confirmation Number:

Title of Invention: Digital amplification

First Named Inventor/Applicant Name: Bert Vogelstein

Customer Number: 22907

Sarah Anne Kagan./konnae berces

Filer Authorized By: Sarah Anne Kagan.

Attorney Docket Number: 001107.00638

Receipt Date: 22-APR-2009

Filing Date: 23-FEB-2007

Time Stamp: 16:06:35

Application Type: Utility under 35 USC 111)

 
Paymentinformation:

Submitted with Payment

File Listing:

Document gs File Size(Bytes)/ Multi Pages

Preliminary Amendment 1107Prelamdt638.pdf 921 abfcb4dfcff29509bb36074600e3da34al
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Information Disclosure Statement(IDS)
Filed (SB/08) 1107IDS638.pdf 1818c140e7eaad0b709429¢89725c66110e}

eaQec

Information:

This is not an USPTO supplied IDS fillable form

777046

NPL Documents 1stbrisco.pdf
c8d8da85bb809ec5c6760cd96 1685686039

ele0b

The pagesize in the PDF is too large. The pages should be 8.5 x 11 or A4.If this PDF is submitted, the pageswill be resized upon entry into the
Image File Wrapper and mayaffect subsequent processing

1570141

NPL Documents 2ndBrisco.pdf
480474e2b6e7f05 aa9487b56cf1 cd565a2b4

3409

The pagesize in the PDF is too large. The pages should be 8.5 x 11 or A4.If this PDF is submitted, the pageswill be resized upon entry into the
Image File Wrapper and mayaffect subsequent processing

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

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

New International Application Filed with the USPTO as a Receiving Office
If a new internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of ) Prior Group Art Unit: 1637

Bert VOGELSTEIN etal Prior Examiner: M. Baughman

Serial No. 11/709,742 Confirmation No. 3875

Filed: February 22, 2007 Atty. Dkt. No. 001107.00638

For: DIGITAL AMPLIFICATION 5

PRELIMINARY AMENDMENT

U.S. Patent and Trademark Office

Customer Service Window, Mail Stop Amendment
Randolph Building
401 Dulany Street
Alexandria, VA 22314

Sir:

Prior to the examination of the above-referenced application, please amend the

application as follows:

Amendmentsto the Specification begin on page 2 of this paper.

Remarks begin on page3 ofthis paper.
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Application No. 11/709,742
Attorney Docket No. 001107.00638

IN THE SPECIFICATION:

11.

Applicants respectfully request that the following Table 1 be added at page 9,after line

Table 1. Potential Applications of Dig-PCR

Application Example Probe 1 Detects: Probe 2 Detects:

Basesubstitution Cancer gene mutationsin stool, blood, lymph nodes
mutations

Chromosomal Residual leukemiacells after therapy (DNAor
translocations RNA) translocated alleles

Gene amplifications Determine presence or extent of amplification
amplicon of same chromosome arm

Determinefraction ofalternatively spliced
transcripts from same gene (RNA)

Determinerelative levels of expression of two genes
(RNA)

Two different alleles mutated vs. one mutation in
eachoftwo alleles

Quantitative analysis with non-polymorphic markers
chromosome

 
   

  
  
  
 

Alternatively spliced
products

Changes in gene
expression

Allelic discrimination

  
  
  Allelic Imbalance
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Application No. 11/709,742
Attorney Docket No. 001107.00638

Remarks

Please enter this amendmentprior to examination on the merits. The Table was omitted

inadvertently uponfiling, but is supported by the incorporation-by-reference in paragraph 1 of

page 1 of the specification. See, e.g, last page of Serial No. 60/146,792. No new matter is added

by this amendment.

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

Respectfully submitted,

Date: April tb, 2009

Banner & Witcoff, Ltd.
Customer No. 22907
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PTO/SB/06 (07-06)
Approved for use through 1/31/2007. 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 unlessit displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD|“pplication or Docket Number [Filing Date
Substitute for Form PTO-875 11/709,742 02/23/2007|LC] Tobe Mailed

APPLICATION AS FILED — PART| OTHER THAN

(Column 1) (Column 2) SMALL ENTITY [IK]—oR SMALL ENTITY
RATE @|_FEES)

37 CFR 1.16(a), (b), or (c

N f

/A

37 CFR 1.16(k), (i), or (m IA N/A N/A
ALC] EXAMINATION FEE

TOTAL CLAIMS -
37 CFR 1.16(i minus 20 =

INDEPENDENT CLAIMS J _
37 CFR 1.16(h minus 3 =

If the specification and drawings exceed 100

[APPLICATIONSIZE FEE sheets of paper, the application size fee due
(37 CER 1.16(s)) is $250 ($125 for small entity) for each. additional 50 sheets orfraction thereof. See

35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).

[_] MULTIPLE DEPENDENTCLAIM PRESENT(37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “O” in column 2.

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL

04/22/2009|acter PREVIOUSLY EXTRA FEE($) FEE($)
AMENDMENT PAID FOR

Total(37 CFR * i a“

Independent F ee
S
2 [_] Application Size Fee (37 CFR 1.16(s))

C] FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL

AFTER PREVIOUSLY EXTRA FEE($) FEE($)

KE AMENDMENT PAID FOR
gi ST
3 =a 37 CFR 1.16(h
Zz soe :
Wi Application Size Fee (37 CFR 1.16(s))

<x | FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* If the entry in column1 is less than the entry in column 2, write “O” in column 3. Legal Instrument Examiner:
** If the “Highest NumberPreviously Paid For’ IN THIS SPACEis less than 20, enter “20”. /GLORIA TRAMMELL/ ,
*** If the “Highest NumberPreviously Paid For’ IN THIS SPACEis less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

 
This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public whichistofile (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 uponthe individual case. Any comments on the amountof 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 TrademarkOffice, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TOTHIS
ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 andselect option 2.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: ) Confirmation No. 3875
)
) Prior Group Art Unit: 1637

Bert Vogelstein et al. )
) Prior Examiner: M. Baughman

Serial No.: 11/709,742 )
)

Filed: February 22, 2007 ) Atty. Dkt. No. 001107.00638
)

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 and 1.98, enclosed is PTO Form-1449listing a one

non-patent document for consideration by the Examiner during the prosecution of the subject

application.

Respectfully submitted,

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

Date: December 18, 2008

Banner & Witcoff, Ltd.
Customer No. 22907
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PTO/SB/08B(10-01)
Approved for use through 10/31/2002. OMB 0651-0031

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no personsare required to respondto a collection of informationunless it contains a valid OMBcontrol number

Substitute for form 1449A/PTO Complete if Known
:

INFORMATION DISCLOSURE eeeSS BOOT
STATEMENTBY APPLICANT Bert Vogelstein et al

Group Art Unit 1637

(use as many sheets as necessary) TBD

Attorney Docket Number 001107.00638

OTHER PRIORART-- NON PATENT LITERATURE DOCUMENTS

. Include nameof the author (in CAPITAL LETTERS), title of the article (when appropriate), title of
Examiner , the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue
Initials * . publisher, city and/or country where published.

P. J. SYKES, “Quantitation of Targets for PCR by Use of Limiting Dilution,” BioTechniques, (1992),
Vol. 13, No. 3, pp. 444-449 

 

 

ny

  
Examiner Date

Signature Considered

“EXAMINER: Initial if reference considered, whetheror notcitation is in conformance with MPEP 609. Drawline through citation if not in conformance
and not considered. Include copyof this form with next communication to applicant.

' Uniquecitation designation number(optional). 2 Applicant is to place a check markhereif English language Translation is attached.

Burden Hour Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needsofthe individual case. Any
comments on the amountof time you are required to complete this form should be sentto the Chief Information Officer, U.S. Patent and Trademark
Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND TO:Assistant Commissionerfor
Patents, Washington, DC 20231.
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Electronic AcknowledgementReceipt

Application Number:

International Application Number:

Confirmation Number:

Title of Invention:

First Named Inventor/Applicant Name:

Customer Number:

Filer Authorized By:

Attorney Docket Number:

Receipt Date:

Filing Date:

Time Stamp:

Application Type:

Paymentinformation:

Submitted with Payment

File Listing:

4484557

11709742

Digital amplification

Bert Vogelstein

22907

Sarah Anne Kagan./konnae berces

Sarah Anne Kagan.

001107.00638

18-DEC-2008

23-FEB-2007

16:01:55

Utility under 35 USC 111(a)

 
Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

; ; 178151
Information Disclosure Statement(IDS)

Filed (SB/08) IDS638.pdf a2dc3f081272d035 36d44e99fa06bafd7239
1b77
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This is not an USPTO supplied IDS fillable form

577978

NPL Documents Sykes638.PDF
b975e56deecd4a2a3be9a321cb1a53b2e0

d2ecc4

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating 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 internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

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

 
 
   

11/709,742 02/23/2007 Bert Vogelstein 001107.00638
CONFIRMATION NO.3875

22907 PUBLICATION NOTICE

BANNER & WITCOFF, LTD.

1100 18th STREET, NW. MOC
SUITE 1200 000000032393537
WASHINGTON, DC 20005-4051

Title:Digital amplification

Publication No.US-2008-0241830-A1

Publication Date:10/02/2008

NOTICE OF PUBLICATION OF APPLICATION

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

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

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

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

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

 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
A, (OX

Alexandria, Virginia 22313-1450
www.uspto.gov

APPLICATION FILING or GRP AR’

NUMBER 371(c) DATE UNIT FEE REC'D ATTY.DOCKET.NO TOTzz IND CLAIMS
11/709,742 02/23/2007 1637 1410 001107.00638

 
 
   

CONFIRMATION NO."3875
22907 UPDATEDFILING RECEIPT

BANNER& WITCOFF,LTD.

100fonSTREETNW HO00uN
WASHINGTON, DC 20005-4051

Date Mailed: 06/20/2008

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

Applicant(s)
Bert Vogelstein, Baltimore, MD;
Kenneth W.Kinzler, BelAir, MD;

Assignment For Published Patent Application
The Johns Hopkins University, Baltimore, MD

Powerof Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 10/828,295 04/21/2004 ABN
whichis a DIV of 09/981,356 10/12/2001 PAT 6,753,147
which is a CON of 09/613,826 07/11/2000 PAT 6,440,706
which claims benefit of 60/146,792 08/02/1999

Foreign Applications

If Required, Foreign Filing License Granted: 03/26/2008

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 11/709,742

Projected Publication Date: 10/02/2008

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

page 1 of 3

Page 261 of 1365



Page 262 of 1365

Title

Digital amplification

Preliminary Class

435

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

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

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

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

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

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as

page 2 of 3

Page 262 of 1365



Page 263 of 1365

set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

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

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

NOT GRANTED

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

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicationof: Group Art Unit: 1637

Bert Vogelstein,et al. Docket No. 001107.00638

Serial No. 11/709,742 Confirmation No: 3875

Filed: February 23, 2007 Examiner: TBA

For: DIGITAL AMPLIFICATION

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS 

U.S. Patent and Trademark Office

Customer Service Window

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

Dear Sir:

In response to the Notice to File Corrected Application Papers, dated April 10, 2008,

Applicants submit herewith seven (7) replacement drawing sheets including FIGS. 1A-5. The

period for responding to the Notice to File Corrected Application Papers expired on June 10,

2008, and thus a one-month extension of time is requested.

It is believed that all Patent and Trademark Office requirements have now been fully met

and it is respectfully requested that the above-identified patent application be forwarded for

examination.

Please charge the fee associated with this request and Trademark to Deposit Account No. |
19-0733. |

Respectfully submitte:

  Dated: June 16, 2008 By: 

 Sarah A. Kagan
Reg. No. 32,141

Banner & Witcoff, Ltd.
1100 13" Street, N.W., Suite 1200
Washington, D.C. 20005-4051
(202) 824-3000
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Replacement Sheet
Application No. 11/709,742

Filed February 23, 2007
Sheet 1 of 7

FIG. 1A
DNA

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

1QOOee
STEP 2 ADD FLUORESCENT PROBES

FLUOROMETRY

= NO’PCR PRODUCT

© = WILD TYPE PCR PRODUCT
@ = MUTANT PCR PRODUCT
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Replacement Sheet
Application No. 11/709,742

Filed February 23, 2007
Sheet 2 of 7

FIG.1B

FLUORESCENT D~e’ae”
NON-FLUORESCENT QUENCHER
 ZNFLUORESCENT DYE
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Replacement Sheet
Application No. 11/709,742

Filed February 23, 2007
Sheet 3 of 7
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Replacement Sheet
Application No. 11/709,742

Filed February 23, 2007
Sheet 4 of 7
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Replacement Sheet
Application No. 11/709,742

Filed February 23, 2007
Sheet 5 of 7
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11/709,742 02/23/2007 Bert Vogelstein 001107.00638
CONFIRMATIONNO.3875

22907 FORMALITIES LETTER

BANNER& WITCOFF,LTD.

1100 13th STREET, NW I0.49,000948000
SUITE 1200

WASHINGTON, DC 20005-4051

Date Mailed: 04/10/2008

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application numberandfiling date have been accordedto this application. The application is informal sinceit
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHSfrom the
date of this Notice within which to correct the informalities indicated below. Extensions of time may be obtained by
filing a petition accompanied by the extension fee underthe provisions of 37 CFR 1.136(a).

The required item(s) identified below mustbe timely submitted to avoid abandonment:

* Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

* The drawings must be reasonably free from erasures and mustbefree from alterations, overwriting,
interlineations, folds, and copy marks. See Figure(s) ALL.

* The drawings havea line quality that is too light to be reproduced (weightof all lines and letters must
be heavy enoughto permit adequate reproduction) or text thatis illegible (reference characters, sheet
numbers, and view numbers must be plain and legible) see 37 CFR 1.84(l) and (p)(1)); See Figure(s) 5.

Applicant is cautioned that correction of the above items may cause the specification and drawings page countto
exceed 100 pages.If the specification and drawings exceed 100 pages, applicantwill need to submit the required
application size fee.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450

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

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

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

/nfissha/

Office of Data Management, Application Assistance Unit (571) 272-4000,or (571) 272-4200, or 1-888-786-0101
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CONFIRMATION NO."3875
22907 FILING RECEIPT

BANNER& WITCOFF,LTD.

100fonSTREETNW Hm000004050940
WASHINGTON, DC 20005-4051

Date Mailed: 04/10/2008

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted onthis Filing Receipt, please
write to the Office of Initial Patent Examination's Filing Receipt Corrections. Please provide a copyof this
Filing Receipt with the changes noted thereon. If you received a "Notice to File Missing Parts" for this
application, please submit any corrections to this Filing Receipt with your reply to the Notice. When the
USPTO processesthereply to the Notice, the USPTO will generate anotherFiling Receipt incorporating the
requested corrections

Applicant(s)
Bert Vogelstein, Baltimore, MD;
Kenneth W.Kinzler, BelAir, MD;

Assignment For Published Patent Application
The Johns Hopkins University, Baltimore, MD

Powerof Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 10/828,295 04/21/2004 ABN
whichis a DIV of 09/981,356 10/12/2001 PAT 6,753,147
which is a CON of 09/613,826 07/11/2000 PAT 6,440,706
which claims benefit of 60/146,792 08/02/1999

Foreign Applications

If Required, Foreign Filing License Granted: 03/26/2008

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 11/709,742

Projected Publication Date: To Be Determined - pending completion of Corrected Papers

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
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Title

Digital amplification

Preliminary Class

435

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

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

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

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

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

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

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

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

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

NOT GRANTED

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

<110> Vogelstein, Bert
Kinzler, Kenneth W.

<120> DIGITAL AMPLIFICATION

<130> 01107.00195

<140> 11709742
<141> 2007-02-23

<150> 09981356
<151> 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
<211l> 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
<211l> 20
<212> DNA

<213> homo sapiens

<400> 3

tagctgtatc gtcaaggcac

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

<213> homo sapiens

<400> 4

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

<213> homo sapiens

<400> 5

cacgggagct ggtggcgtag cgtg

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

<213> homo sapiens

<400> 6

cattattttt attataagge ctgc

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

<213> homo sapiens

<400> 7

gctggtggcg ta

<210> 8

<211l> 12
<212> DNA

<213> homo sapiens

“<400> 8
gctagtggcg ta

<210> 9
<21i1> 12
<212> DNA

<213> homo sapiens

<400> 9

gctggtgacg ta

<210> 10
<211> 12
<212> DNA

<213> homo sapiens

<400> 10

gctcgtggceg ta

<210> 11
<211> 13
<212> DNA

<213> homo sapiens
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<400> 11
gcttgtggcce gta

<210> 12
<2l1l> 13

<212> DNA

<213> homo sapiens

<400> 12

gctgatgggc gta

<210> 13
<211l> 12
<212> DNA

<213> homo sapiens

<400> 13

gctgatggcg ta

<210> 14
<211l> 12
<212> DNA

<213> homo sapiens

<400> 14

gctgctggcg ta

<210> 15
<211> 12
<212> DNA

<213> homo sapiens

<400> 15

gctggtggtg ta
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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: M. Baughman

Serial No. 11/709,742 Confirmation No. TBAeedal
Filed: February 22, 2007 Atty. Dkt. No. 001107.00638

For: DIGITAL AMPLIFICATION

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 following claim set be entered prior to

examination on the merits. Please charge any necessary additional fee to our deposit accountno.

19-0733.
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Attorney Docket No. 004276.00007

CLAIMS

1. (original) A method for detecting a cancer-associated mutant nucleic acid that is present in a

patient sample at a low levelrelative to a corresponding’wild-type nucleic acid, the method

comprising:

diluting nucleic acids in a biological sample to form a set comprising a plurality of assay

samples;

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

performing an assay on the amplified molecules in each assay sample to determine whether a
cancer-associated mutation is present in at least one of the assay samples;

wherein the step of diluting in performed until at least one-fiftieth of the assay samples in the

set comprise a number(N)of molecules such that 1/N is larger than a ratio of the mutant nucleic

acid to the wild-type nucleic acid required to detect the mutant nucleic acidif it is present in the

assay sample.

2. (original) The method of claim | wherein the step of diluting is performed until between 0.1

and 0.9 of the assay samples yield an amplification product when subjected to a polymerase

chain reaction.

3. (original) The method of claim | wherein the step of diluting is performed until all of the

assay samples yield an amplification product when subjected to a polymerase chain reaction and

each assay sample contains less than 10 nucleic acid template molecules containing a reference

genetic sequence.

4. (original) The method of claim | whereinthe step ofdiluting is performed until all of the

assay samples yield an amplification product when subjected to a polymerase chain reaction and
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each assay sample containsless than 100 nucleic acid template molecules containing a reference

genetic sequence.

5. (original) The method of claim 1 wherein the biological sampleiscell-free.

6. (original) The method of claim 1 wherein the numberof assay samples within the set is greater

than 10.

7. (original) The methodof claim 1 wherein the numberof assay sampleswithin theset is greater
than 50.

8. (original) The method of claim 1 wherein the numberof assay samples within the set is greater

than 100.

9. (original) The method of claim 1 wherein the numberof assay samples within theset is greater

than 500.

10. (original) The method of claim 1 wherein the numberof assay samples within the set is

greater than 1000.

11. (original) The method of claim 1 wherein the step of amplifying and the step of analyzing are

performed on assay samples in the samereceptacle.

12. (original) The method of claim 1 wherein a molecular beacon probeis used in the step of

analyzing, wherein a molecular beaconprobe is an oligonucleotide with a stem-loop structure

having a photoluminescentdyeat one ofthe 5' or 3' ends and a quenchingagentat the opposite 5'

or 3' end.
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13. (original) The method of claim 1 wherein the step of analyzing employsgel electrophoresis.

14. (original) The method of claim 1 wherein the step of analyzing employs hybridization to at
least one nucleic acid probe.

15. (original) The method of claim 1 wherein the step of analyzing employs hybridizationto at

least two nucleic acid probe.

16. (original) The method of claim 13 wherein two molecular beacon probesare used, each

having a different photoluminescent dye.

17. (original) The method of claim 13 wherein the molecular beacon probedetects a wild-

type nucleic acid better than a mutant nucleic acid.

18. (original) The method of claim 1 wherein the step of amplifying employs a single pair of

primers.

19. (original) The method of claim 1 wherein the step of amplifying employs a polymerase

whichis activated only after heating.

20. (original) The method of claim 1 wherein the step of amplifying employsat least 40 cycles of

heating and cooling.

21. (original) The method of claim 1 wherein the step of amplifying employsat least 50 cycles of

heating and cooling.

22. (original) The method of claim 1 wherein the step of amplifying employsat least 60 cyclesof

heating and cooling.
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23. (original) The method of claim 1 wherein the biological sample is selected from the group

consisting of stool, blood, and lymph nodes.

24. (original) The method of claim 1 wherein the biological sample is blood or bone marrow of a

leukemia or lymphomapatient who has received anti-cancer therapy.

25. (original) The method of claim 1 wherein the mutant nucleic acidis a translocatedallele.

26. (original) The method of claim 1 wherein the mutant nucleic acid is within an amplicon

which is amplified during neoplastic development.

27. (original) The method of claim 1 wherein the mutant nucleic acid is a rare exon sequence.

28. (original) The method of claim | wherein the nucleic acids being analyzed comprise cDNA

of RNAtranscripts.

29. (New) A method for determining the ratio of a selected genetic sequence in a population

of genetic sequences from a blood sample, comprising the steps of:

diluting nucleic acid template molecules from a blood sample to form a set comprising a

plurality of assay samples;

amplifying the template molecules within the assay samples to form a population of

amplified molecules in the assay samples of the set; ,

analyzing the amplified molecules in the assay samplesof the set to determinea first

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

assay samples which contain a reference genetic sequence;

comparing the first number to the second numberto ascertain a ratio whichreflects the

composition of the blood sample.
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30. (New) The method of claim 29 wherein the step of amplifying employs real-time

polymerase chain reactions.

31. (New) The method of claim 30 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

32. (New) The method of claim 29 further comprising the step of:

identifying an allelic imbalancebased on the ratio ascertained.

33. (New) The method of claim 29 wherein the selected genetic sequencesandthe reference

genetic sequence are non-polymorphic markers.

34. (New) The method of claim 29 wherein the selected genetic sequence and the reference

genetic sequenceare on distinct chromosomes.

35. (New) A method for determining the ratio of a selected non-polymorphic markerina

population of genetic sequences in a biological sample, comprisingthe stepsof:

diluting nucleic acid template molecules in a biological sample to form a set comprising a

plurality of assay samples;

amplifying the template molecules within the assay samples to form a population of

amplified molecules in the assay samplesoftheset;

analyzing the amplified molecules in the assay samples ofthe set to determinea first

numberof assay samples which contain the selected non-polymorphic markerand a second

numberof assay samples which contain a reference non-polymorphic marker, wherein the

selected and reference non-polymorphic markers are on distinct chromosomes;

comparing the first number to the second numberto ascertain a ratio whichreflects the

composition of the biological sample; and

identifying an allelic imbalance basedontheratio ascertained.
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36. (New) The method of claim 35 wherein the biological sample is a blood sample.

37. (New) The method of claim 35 wherein the step of amplifying employsreal-time
polymerase chain reactions.

38. (New) The method of claim 37 whereinthe real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

39. (New) A method for determiningthe ratio of a selected genetic sequence in a population

of genetic sequences from a blood sample, comprisingthe stepsof:

amplifying template molecules within a set comprising a plurality of assay samples to

form a population of amplified moleculesin each of the assay samples of the set, wherein the

template molecules are obtained from a blood sample;

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

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

assay samples which contain a reference genetic sequence, wherein at least one-fiftieth of the

assay samples in the set comprise a number(N) of molecules such that 1/N is larger than the

ratio of selected genetic sequences to total genetic sequences required to determine the presence

of the selected genetic sequence;

comparing the first number to the second numberto ascertain a ratio whichreflects the

composition of the blood sample.

40. (New) The methodof claim 39 wherein the step of amplifying employs real-time

polymerase chain reactions.
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41. (New) The method of claim 40 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

42. (New) The methodofclaim 39 further comprising the stepof:

identifying an allelic imbalance based ontheratio ascertained.

43. (New) The method of claim 39 wherein the selected genetic sequences and the reference

genetic sequence are non-polymorphic markers.

44. (New) The method of claim 39 wherein the selected genetic sequence and the reference

genetic sequence are on distinct chromosomes.

45. (New) A method for determining the ratio of a selected non-polymorphic markerin a

population of non-polymorphic markers from a biological sample, comprising the
steps of:

amplifying template molecules within a set comprising a plurality of assay samples to

form a population of amplified molecules in each of the assay samples of the set , wherein the

template molecules are obtained from a biological sample;

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

numberof assay samples which contain the selected non-polymorphic markerand a second

numberof assay samples which contain a reference non-polymorphic marker, whereinat least

one-fiftieth of the assay samples in the set comprise a number (N) of molecules such that 1/N is

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

required to determine the presence of the selected non-polymorphic marker, wherein the

selected genetic sequence and the reference genetic sequence are on distinct chromosomes;

comparingthe first numberto the second numberto ascertain a ratio whichreflects the

composition of the biological sample; and

identifying an allelic imbalance based onthe ratio ascertained.
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46. (New) The methodof claim 45 wherein the step of amplifying employsreal-time

polymerase chain reactions.

47. (New) The methodof claim 46 wherein the real-time polymerase chain reactions

comprise a dual-labeled fluorogenic probe.

48. (New) The method of claim 45 wherein the biological sample is from blood.
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Remarks

Claim 29 recites a method in which a sample from bloodis tested to determinea ratio of

two genetic sequences. This is supported at page 11, lines 3-6:

Biological samples which can be used as the starting material for the
analyses may be from anytissue or body sample from which DNA
or mRNAcan be isolated. Preferred sources include stool, blood,

and lymph nodes. Preferably the biological sample is a cell-free
lysate. -

Support for claims 36, 39 and 48 (sample from blood) is similar.

Claim 30, dependent on claim29, recites real-time PCR. This is supported at page 9,line

6. Support for claims 37 and 40 and 46 (real-time PCR)is similar.

Claims 31 recites dual-labeled fluorogenic probes. This recitation is supported at page

12, lines 8-9. Support for claims 38 and 41 and 47 (probes) is similar.

Claim 32 recites identification of an allelic imbalance. This is supported at page 9,lines

9-11 and at the sentence spanning pages 10-and 11. Support for claims 35, 42, and 45 is similar.

Claims 33, 43, and 45 recite non-polymorphic markers. Such markers are supportedat

Table 1, last line.

Claim 34 recites that the two compared genetic sequencesare located on distinct

chromosomes. This is supported at Table 1, last line. Claim 44 is similarly supported.

10
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No new matter is addedto the application by these new claims.

Respectfully submitted,

Date: February 14, 2007 By: /Sarah A. Kagan/
Sarah A. Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
Customer No. 22907

11
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DIGITAL AMPLIFICATION

This application is a continuation of U.S. Application Serial Number

10/828,295 filed April 21, 2004, whichis a divisional of U.S. Application

Serial Number 09/98 1,356 filed October 12, 2001, now US Patent 6,753,147,

whichis a continuation of U.S. Application Serial Number 09/613,826filed

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.

The disclosure ofall priority applications is expressly incorporated herein.

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

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

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

TECHNICAL FIELD OF THE INVENTION

This inventionis related to diagnostic genetic analyses. In particularit

relates to detection of genetic changes and gene expression.

BACKGROUNDOF THE INVENTION

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

important for understanding disease. With the realization that somatic

mutationsare the primary cause of cancer, and mayalso playa role in aging,

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

of new opportunities for patient managementas 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 amonga large

excess of normalcells. Examples include the detection of neoplastic cells in

urine, stool, and sputum ofpatients with cancers of the bladder, colorectum,

and lung, respectively. Such detection has been shown in somecasesto be
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possible at a stage when the primary tumorsare still curable and the patients

asymptomatic. Mutant sequences from the DNAofneoplastic cells have also

been foundin the blood of cancerpatients. The detection ofresidual disease in

lymph nodesor surgical margins may be useful in predicting which patients

might benefit most from further therapy. Fromabasic research standpoint,

analysis of the early effects of carcinogensis often dependentontheability to

detect small populations of mutantcells.

Because of the importanceof this issue in so manysettings, many

useful techniques have been developedfor the detection of mutations. DNA

sequencing is the gold standard for the detection of germ line mutations,butis

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

Mutant-specific oligonucleotides can sometimes be used to detect mutations

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

distinguishing mutant and wild-type (WT) templatesis 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, butit is difficult to quantitate the

fraction of mutant moleculesin the starting population with these techniques.

Other innovative approachesfor the detection of somatic mutations have been

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

impossible to independently confirm the existence of any mutationsthat are

identified.

Thusthereis a need in the art for methods for accurately and

quantitatively detecting genetic sequences in mixed populations of sequences.

SUMMARYOF THE INVENTION

. It is an object of the present invention to provide methodsfor

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

genetic sequences.
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It is another object of the present invention to provide molecular

beacon probesuseful in the method ofthe invention.

These andotherobjects 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 samplesof the set. The amplified molecules

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

assay samples which contain the selected genetic sequence and a second

numberof assay samples which contain a reference genetic sequence. Thefirst

numberis then compared to the second numberto ascertain a ratio which

reflects the compositionof the biological sample.

Another embodimentof the invention is a method for determining the

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

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

amplified to form a population of amplified molecules in each of the assay

samples of the set. The amplified molecules in the assay samples ofthe set are -

analyzed to determinea first number of assay samples which contain the

selected genetic sequence and a second numberof assay samples which

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

in the set comprise a number(N) of moleculessuch that 1/N is larger than the

ratio of selected genetic sequencesto total genetic sequences required to

determine the presenceofthe selected genetic sequence. Thefirst numberis

comparedto the second numbertoascertain a ratio whichreflects the

composition of the biological sample.
According to another embodimentofthe 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
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agent at the opposite 5’ or 3’ end. The loop consists of 16 base pairs which

has a Ty of 50-5101C. 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 dyeat one of the 5’ or 3’ ends and a quenching

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

has a Ty, of 54-560C. The stem consists of 4 base pairs having a sequence 5’-

CACG-3’.

Another embodimentprovides the two types of molecular beacon

probes, either mixed together or provided in a divided containerasa kit.

The invention thus provides the art with the meansto obtain

quantitative assessments of particular DNA or RNA sequencesin mixed

populations of sequences using digital (binary) signals.

BRIEF DESCRIPTION OF THE DRAWINGS

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

PCR on diluted DNA samplesis followed by addition of fluorescent probes

whichdiscriminate between WT and mutantalleles 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 groupat the 3’ end. Upon hybridization toa

template, 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 genomicregionof interest. Primer

INT is used to produce single stranded DNAfrom the original PCR products

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

MB-REDis a Molecular Beacon which detects any appropriate PCR product,
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whetherit is WT or mutant at the queried codons. MB-GREENis a Molecular

Beacon whichpreferentially detects the WT PCR product.

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

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

equivalents of genomic DNAofcells containing the indicated mutations of

c-Ki-Ras, 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 Gly!2Arg mutations, contaminating non-neoplastic cells within

the tumor presumably accounted for the relatively low ratios. In the cases with

Gly12Ser and Gly12Asp, there were apparently two or morealleles of mutant

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

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

Units of representative wells from an experiment employing colorectal cancer

cells with Gly12Asp or Gly13Asp mutationsof the c-Ki-Ras gene. Wells with

values >10,000 are shaded yellow. Polyacrylamidegel electrophoretic

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

fluorescence values <3500 had no PCR productofthe correct size while wells

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

bp. Non-specific products generated during the large numberofcycles

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

molecular weight markers used to determinethe size of fragmentsindicated on

the left (in base pairs).

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

RED/GREENratios were determined from the fluorescence of MB-RED and

MB-GREENasdescribed in Materials and Methods. The wells shown are the
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sameasthoseillustrated in Fig. 3. The sequences of PCR products from the

indicated wells were determined as described in Materials and Methods. The

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

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

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

experimentare displayed: Those colored blue contained 25 genome

equivalents of DNA from normalcells. Each of these registered positive with

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

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

was negative with MB-RED(1.e., fluorescence <3500 fluorescence units.).

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

registering as positive with MB-RED were coloredeither red or green,

depending on their RED/GREENratios. Those registering negative with

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

used for automated sequenceanalysis.

DETAILED DESCRIPTION OF THE INVENTION

The method devised by the present inventors involves separately

amplifying small numbers of template molecules sothat the resultant products

have a proportion of the analyte sequence whichis detectable by the detection

meanschosen. 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 makesthem trivial to distinguish

through existing techniques.

The method requires analyzing a large number of amplified products

simply andreliably. Techniques for such assessments were developed, with

the output providing a digital readout of the fraction of mutant alleles in the

analyzed population.
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*
The biological sample is diluted to a point at whicha practically usable

numberof the diluted samples contain a proportionof the selected genetic

sequence (analyte) relative to total template molecules such thatthe analyzing

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

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

be desirable that at least 1/50 ofthe diluted samples have a detectable
proportion of analyte. At least 1/10, 1/5, 3/10, 2/5, 1/2, 3/5, 7/10, 4/5, or 9/10

of the diluted samples may havea 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 ofdilution is to a point whereeach ofthe assay

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

from more concentrated samples. Alternatively, dilute sources of template

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

less than a hundredorless than ten template molecules.

Digital amplification can be used to detect mutations presentat

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

defined by the numberof wells that can be analyzed andthe intrinsic mutation
rate of the polymerase used for amplification. 384 well PCRplates are

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

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

possible that Digital Amplification can be performed in microarray format,

potentially increasing the sensitivity by another order of magnitude. This

sensitivity may ultimately be limited by polymerase errors. The effective error

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

PCR products derived from WT DNA sequenceappeared to contain a mutation

by RED/GREENratiocriteria. However, any individual mutation (such as a
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G to T transversion at the second position of codon 12 of c-Ki-Ras), are

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

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

should yield high RED/GREENratios). Determining the sequenceofthe

putative mutants in the positive wells, by direct sequencing as performed here
or by any of the other techniques, provides 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 rigorousstatistical analysis, as positive

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

error rate in particular Digital Amplification experiments can be precisely

determined through performance of Digital Amplification on DNA templates

from normalcells.

Digital Amplification is as easily applied to RT-PCRproducts

generated from RNAtemplatesas it is to genomic DNA. For example, the

fraction ofalternatively spliced or mutanttranscripts from a genecan beeasily

determined using photoluminescentprobesspecific for each of the PCR

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

relative levels of gene expression within an RNA population. Forthis

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 forthe test transcript. The numberofwells in

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

expression. Another group of examples involvesthe investigationsofallelic

status when two mutations are observed upon sequenceanalysis of a standard

DNAsample. To distinguish whetheronevariant is present in each allele (vs.
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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. Whenthe goalis the quantitation of the proportion of two
relatively commonallelesor transcripts rather than the detectionofrare alleles,

techniques such as those employing TaqManandreal time PCR provide an

excellent alternative to use of molecular beacons. Advantagesofreal time

PCR methodsinclude their simplicity and the ability to analyze multiple

samples simultaneously. However, Digital Amplification may prove useful for

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

such as occurs with allelic imbalances.)

The ultimate utility of Digital Amplification lies in its ability to convert

the intrinsically exponential nature of PCRto a linear one. It should thereby

prove useful for experiments requiring the investigation of individualalleles,

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 onehalfof the diluted samples

having one template molecule. This can be empirically determined by

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

genetic sequence can be usedfor this determination. If the analysis method

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

dilute such that a significant numberofdiluted assay samples contain more

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

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

required.

To achievea dilution to approximately a single template molecule

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

an amplification product. More preferably the dilution will be to between 0.1
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and 0.6, more preferably to between 0.3 and 0.5 of the assay samplesyielding

an amplification product.

The digital amplification method requires analysis of a large numberof

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. Thusit is preferred that the steps of amplifying and analyzing

are performedin the same receptacle. This makes the methodanin situ, or

“one-pot” method.

The numberofdifferent situations in which the digital amplification

method will find application is large. Someof 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 tumorcells. As described in the

examples, a probe for a particular mutation need not be used, but diminution in

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

or more mutations. Chromosomaltranslocations which are characteristic of

leukemias or lymphomascan be detected as a measureof the efficacy of

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

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

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

transcript using digital amplification on cDNA made from mRNA. Similarly,
using CDNA made from mRNAonecan determinerelative 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 twoalleles in an individual. Allelic imbalances
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often result from a disease state. These can be detected using digital
amplification.

Biological samples which can be usedasthe starting material for the

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

can be isolated. Preferred sourcesinclude stool, blood, and lymph nodes.

Preferably the biological sample is a cell-free lysate.

Molecular beacon probes according to the present invention canutilize

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

Often these are fluorescent dyes. Photoluminescenceis 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.

Photoluminescencealso includes phosphorescence which denotes emission

accompanying descent from an excited triplet or singlet state to a lowerstate 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 bya variety of

methods which vary primarily in termsof signal transduction. Quenching may

be transduced as changesin the intensity of photoluminescence or as changes

in the ratio of photoluminescence intensities at two different wavelengths, or as

changes in photoluminescencelifetimes, or even as changesinthe polarization

(anisotropy) of photoluminescence. Skilled practitioners will recognize that

instrumentation for the measurementof these varied photoluminescent

responses are known.Theparticular ratiometric methods for the analysis of

quenching in the instant examples should not be construed aslimiting the

11
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invention to any particular form of signal transduction. Ratiometric

measurements of photoluminescenceintensity can include the measurementof

changesin intensity, photoluminescencelifetimes, or even polarization

(anisotropy).

Although the working examples demonstrate the use of molecular

beacon probesas the meansofanalysis of the amplified dilution samples, other

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

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

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

Calif), pyrene-labeled probes, and other biochemicalassays.

The above disclosure generally describes the present invention. A more

complete understanding can be obtained by reference to the following specific

examples which are provided herein for purposesofillustration only, and are

not intendedto limit the scope of the invention.

EXAMPLE1

Step 1: PCR amplifications. The optimal conditions for PCR described in this

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

PCR wasperformed in 7 ul volumes in 96 well polypropylene PCRplates

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

NH,SOq46.7 mM MgCl, 10 mM B-mercaptoethanol, 1 mM dATP, 1 mM

dCTP, 1 mM dGTP, 1 mM TTP, 6% DMSO,1 uM primer F1, 1 uM primer

R1, 0.05 units/ul Platinum Taq polymerase (Life Technologies, Inc.), and
“one-half genome equivalent” of DNA. To determine the amount of DNA

corresponding to one-half genome equivalent, DNA samples wereserially

diluted and tested via PCR. The amountthat yielded amplification products in

half the wells, usually ~1 pg of total DNA, wasdefined as “one-half genome

equivalent” and used in each well of subsequent Digital Amplification

experiments. Fifty ul light mineral oil (Sigma M-3516) was addedto each well

12
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and reactions performed in a HybAid Thermalcyclerat 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

fluorescenceanalysis.

EXAMPLE2

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

composition was added to each well: 67 mM Tris, pH 8.8, 16.6 mM NH4SOq,

6.7 mM MgCh, 10 mM £-mercaptoethanol, 1 mM dATP, 1 mM dCTP, 1 mM

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

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

for 20 seconds at 6000 g and fluorescenceread at excitation/emission

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

MB-RED.This fluorescence in wells without template was typically 10,000 to

20,000 fluorescence “units”, with about 75% emanating from the fluorometer

background and the remainder from the MBprobes. 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/GREENratios were

defined as the specific fluorescence of MB-RED divided by that of

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

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

defined in Materials and Methods). We foundthat the ability of MB probesto

discriminate between WT and mutant sequences under our conditions could

13
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not be reliably determined from experiments in which they were tested by

hybridization to relatively short complementary single stranded

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

EXAMPLE3

Oligonucleotides and DNA sequencing. Primer F1:

5’-CATGTTCTAATATAGTCACATTTTICA-3’; Primer R1:

5S’-TCTGAATTAGCTGTATCGTCAAGG-3’; Primer INT:

5’-TAGCTGTATCGTCAAGGCAC-3’; MB-RED:

5’-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabcyl-3’;

MB-GREEN:

5’-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3’.

Molecular Beacons were synthesized by Midland Scientific and other

oligonucleotides were synthesized by Gene Link. All were dissolved at 50 uM

in TE (10 mM Tris, pH 8.0/ 1 mM EDTA)and kept frozen andin the dark until

use. PCR products were purified using QIAquick PCRpurificationkits

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

from single wells was used for gel electrophoresis and 40% wasused 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.

EXAMPLE4

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

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

template molecule per two wells, and PCRis performed. Second,the

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

WTsequence using fluorescent probes.

14
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As the PCR products resulting from the amplification of single

template molecules should be homogeneousin sequence,a variety of standard

techniques could be usedto 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 theutility of one such technology, involving Molecular Beacons (MB),

for this purpose. MBprobesare oligonucleotides with stem-loop structures
that contain a fluorescent dye at the 5’ end and a quenching agent (Dabcyl) at

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

resonancetransfer is inversely proportional to the 6" powerofthe distance

between the Dabcy] group andthe fluorescent dye. After heating and cooling,

MBprobes reform a stem-loop structure which quenchesthe fluorescentsignal

from the dye. Ifa PCR product whose sequence is complementaryto the loop

sequenceis 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

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

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

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

complementaryto the portion of the WT PCR productthat 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 complementaryto a different portion of the PCR

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

whenever a well contains a PCR product, whether that product is WT or

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

together to simultaneously detect the presence of a PCR product andits

mutational status.
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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 productresulting from one set of primers is used as

template in a second reaction employing internal primers. As many

applications ofdigital amplification are expected to require hundredsor

thousands of separate amplifications, such nesting would be inconvenient and

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

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,

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 wasnot particularly long (~2.5 hr), the number of

cycles used was high and excessive compared to the numberof cycles

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

number was necessary because the template in some wells mightnot 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 withinit.

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

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

approachin orderforit to function efficiently in Digital Amplification

applications. Theoretically, one separate MB probecould be usedto detect
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each specific mutation that might occur within the queried sequence. By

inclusion of one MB corresponding to WT sequenceand another

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

revealed. Thoughthis strategy could obviously be used effectively in some

situations, it becomes complex whenseveral 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 notonly raise the background fluorescence

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

would react with WT sequencesbetter than any mutant sequence within the

queried sequence. Wefoundthat the length of the loop sequence, its melting

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

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

and stems ranging from 4 to 6 bases, as well as numerous sequence variations
of both stems and loops, were tested during the optimization procedure. For

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

found that a 16 base pair loop, of melting temperature (Tm) 50-510, and a 4

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

same stem, with a 19-20 bp loop of Tm 54-560, proved optimal. The

differences in the loop sizes and melting temperatures between MB-GREEN

and MB-REDprobesreflected the fact that only the GREEN probeis designed

to discriminate between closely related sequences, with a shorter region of

homologyfacilitating such discrimination.

Examplesofthe ratios obtained in replicate wells containing DNA

templates from colorectal tumorcells with mutations of c-Ki-Ras are shown in
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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 normalcells (1.5 to 3.4 in the mutants

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

The reproducibility of the ratios can be observedin this figure. Direct DNA

sequencing of the PCR products used for fluorescence analysis showedthat the

RED/GREENratios were dependent on the relative fraction of mutant genes

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

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

RED/GREENratio of 1.5 (Gly12Arg mutation) while the cells containing three

mutant c-Ki-Rasalleles per WTallele exhibited a ratio of 3.4 (Gly12Asp).

These data suggested that wells containing only mutantalleles (no WT) would

yield ratios in excess of 3.0, with the exact value dependenton the specific

mutation.

Thoughthis modeis the most convenient for many applications, we

found it useful to add the MBprobesafter 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 requirementfor

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

fluorescent signals obtained could be considerably enhancedif 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

MBprobes.

EXAMPLE5
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Analysis of DNA from tumorcells. The principles and practical

considerations described above was demonstrated with DNA from two

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

other in codon 13. Representative examples of the MB-REDfluorescence

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

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

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

yielding values less than 3500 SFU. Gel electrophoreses of 127 such wells

demonstrated thatall positive wells, but no negative wells, contained PCR

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

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

observed. In the experiment with the tumor containing a Gly12Asp mutation,

64% of the positive wells exhibited RED/GREENratios in excess of 3.0 while
the other 36% of the positive wells exhibited ratios ranging from 0.8 to 1.1. In

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

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

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

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

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

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

presence of homogeneous WTor mutant sequence confirmedthat the

amplification products were usually derived from single template molecules.

The ratios of WT to mutant PCR products determined from the Digital

Amplificationassay wasalso consistent with the fraction of mutantalleles

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 specimensfrom colorectal cancer patients. A

19

Page 320 of 1365



Page 321 of 1365

representative result of such an experimentis illustrated in Fig. 5. From
previous analyses of stool specimens from patients whose tumors contained

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

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

Amplificationexperiment. Aspositive controls, 48 of the wells contained 25

genomeequivalents 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/GREENratiosof 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 observedin 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/GREENratios in excess of 3.0 were completely composed of mutantc-

Ki-Ras sequence (Fig. 5B). The sequence of three of these PCR products

revealed Gly12Ala mutations (GGT to GCTat 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 PCRerror duringthefirst

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-Xi-Rasalleles present in this stool sample contained a

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

colorectal cancerof the patient, as direct sequencing of PCR products

generated from DNAofthe cancer revealedthe identical Gly12Ala mutation

(not shown).
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CLAIMS

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

present in a patient sampleat a low level relative to a corresponding wild-type

nucleic acid, the method comprising:

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

plurality of assay samples;

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

amplified molecules;

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

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

assay samples;

wherein the step of diluting in performed until at least one-fiftieth of the

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

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

acid required to detect the mutant nucleic acidif it is present in the assay

sample.

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

between 0.1 and 0.9 of the assay samples yield an amplification product when

subjected to a polymerase chain reaction.

3. The method of claim 1 wherein the step ofdiluting is performed until all of
the assay samples yield an amplification product when subjected to a

polymerase chain reaction and each assay sample contains less than 10 nucleic

acid template molecules containing a reference genetic sequence.

4. The method of claim | wherein the step of diluting is performed until all of

the assay samples yield an amplification product when subjected to a
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polymerase chain reaction and each assay sample contains less than 100

nucleic acid template molecules containing a reference genetic sequence.

5. The method of claim 1 wherein the biological sample is cell-free.

6. The method of claim | wherein the numberof assay samples within the set

is greater than 10.

7. The method of claim 1 wherein the number of assay samples within the set

is greater than 50.

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

is greater than 100.

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

is greater than 500.

10. The method of claim 1 wherein the numberof assay samples withintheset

is greater than 1000.

11. The method of claim 1 wherein the step of amplifying and the step of

analyzing are performed on assay samplesin the same receptacle.

12. The method of claim 1 wherein a molecular beacon probeis used in the

step of analyzing, wherein a molecular beacon probeis an oligonucleotide with

a stem-loopstructure having a photoluminescent dyeat one ofthe 5' or 3' ends

and a quenching agentat the opposite 5' or 3' end.
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13. The method of claim | wherein the step of analyzing employsgel

electrophoresis.

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

hybridization to at least one nucleic acid probe.

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

hybridization to at least two nucleic acid probe.

16. The method of claim 13 wherein two molecular beacon probesare used,

each having a different photoluminescent dye.

17. The method of claim 13 wherein the molecular beacon probe detects a

wild-type nucleic acid better than a mutant nucleicacid.

18. The method of claim 1 wherein the step of amplifying employsa single

pair of primers.

19, The method of claim | wherein the step of amplifying employs a

polymerase whichis activated only after heating.

20. The method of claim 1 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

21. The methodof claim 1 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

22. The method of claim 1 wherein the step of amplifying employsat least 60

cycles of heating and cooling.
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23. The method of claim 1 wherein the biological sample is selected from the

group consisting of stool, blood, and lymph nodes.

24. The methodof claim | whereinthe biological sample is blood or bone

marrow of a leukemia or lymphomapatient who hasreceived anti-cancer

therapy.

25. The method of claim | wherein the mutant nucleic acid is a translocated

allele.

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

amplicon whichis amplified during neoplastic development.

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

sequence.

28. The method of claim 1 wherein the nucleic acids being analyzed comprise

cDNAofRNAtranscripts.
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DIGITAL AMPLIFICATION

ABSTRACT

Theidentification of pre-defined mutations expected to be present in a

minorfraction of a cell population is importantfor a variety of basic research

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

chain reactionis transformedinto a linear, digital signal suitable for this

purpose. Single molecules can be isolated by dilution and individually

amplified; each productis then separately analyzed for the presence of

pre-defined mutations. The process providesa reliable and quantitative

measure of the proportion of variant sequences within a DNA sample.
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below and,insofar as the subject matter of each ofthe claimsofthis application is not disclosed in the prior United States
application in the manner provided bythefirst paragraph ofTitle 35, United States Code, §112, we acknowledgethe 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 intemationalfiling date of this application:
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this application and to transactall business in the Patent and Trademark Office connected herewith the following attorneys andagents, their
registration numbers being listed after their names:

ALTHERR,Robent F. 31,810 HOSCHEIT,Dale H. 19,090 PATEL,Binal 3. 42,065
BANNER,Donald W. 17,037 IWANICKJ, John P. 34,628 PATHAK,AjayS. 38,266
BANNER,Mark T. 29,888 JACKSON, ThomasH. 29,808 PAYNE,StephenS. 35,316
BANNER,Pamela1. 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. 45,30) SCHAD,Steve P. 32,550
COOPERMAN,Marc S. 34,143 McDERMOTT,PeterD. 29,411 SHANAHAN,Michael H. 24,438
CURTIN,Joseph P. 34,571 MCcKEE,Christopher L. 32,384 SHIFLEY, Charles W. 28,042
DAWSON,John R. 39,504. McKIE, Edward F. 17,335 SKERPON,Joseph M. 29,864
DEMOOR,Laura J. 39,654 MEDLOCK,Nina L. 29,673 STOCKLEY,D.J. 34,257
EVANS,ThomasL. 35,805 MEECE,TimothyC. 38,553 VAN ES,J. Pieter 37,746
FEDOROCHKO,Gary D. 35,509 MEEKER,Frederic M. 35,282 WITCOFF,Sheldon W. 17,399
FISHER,William J. 32,133 MILLER,Charles L. 43,805 WOLFFE,Franklin D. 19,724
GLEMBOCK], Christopher R.38,800 MITRIUS,Janice V. 43,808 WOLFFE,Susan A. 33,568
HANLON,BrianE. 40,449 MORENO,Christopher P. 38,566 WRIGHT,Bradley C. 38,061
HEMMENDINGER,Lisa M.42,653 NELSON,Jon O. 24,566
HONG,Paticia E. 34,373, NIEGOWSKI, James A. 28,33)

All correspondence and telephone communications should be addressedto:
Banner & Witcoff, Ltd. Customer Number: 22907
1001 G Street, N.W., 1 ith Floor Tel: (202) 508-9100
Washington, D.C. 20001-4597 Fax: (202) 508-9299

Wehereby declare thatall statements made herein of our own knowledgeare true and thatal] statements made on information
and beliefare believed to be true; and further that these statements were made with the knowledge that willful false statements andthe
like so madeare punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code andthat such

willful false statements may jeopardize Peni of the application or any patentissuing thereon.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicationof: )
) Prior Group Art Unit: 1637

Bert Vogelsteinet al. )
) Prior Examiner: M. Baughman

Serial No.: To Be Assigned )
)
)

3
Filed: February 2p, 2007 Atty. Dkt. No. 001107.00638

For: DIGITAL AMPLIFICATION

INFORMATION DISCLOSURE STATEMENT 

U.S. Patent and Trademark Office
CustomerService Window, Mail Stop Amendment
Randolph Building
401 Dulany Street
Alexandria, VA 22314

Sir:

In accordance with 37 C.F.R. §§ 1.97 and 1.98, enclosed is PTO Form-1449 listing

documents for consideration by the Examiner during the prosecution of the subject application.

All cited art was previously disclosed or cited in parent application Serial No. 10/828,295 filed

April 21, 2004. Copiesofthe cited art are available in the parent application.

Respectfully submitted,

Date: February 222007 By
Sarah A. Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
Customer No. 22907
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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: M. Baughman

Serial No. TBA

Filed: February of 2007 Atty. Dkt. No. 001107.00638
For:©DIGITAL AMPLIFICATION

TRANSMITTAL OF SEQUENCE LISTING

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 sequencelisting submitted on November 14, 2003 in parent Application Serial Number

09/981,356 for examination of the instant application. I believe the contents of the referenced

computer readable form and the paper copy of the sequencelisting submitted herewith are identical.

Respectfully submitted,

Date: February dd , 2007 By: Santh a. Ka
Sarah A. Kagan
Registration No. 32,141

Banner & Witcoff, Ltd.
Customer No. 22907
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<210> 1
<211> 26
<212> DNA

<213> homo sapiens

<400> 1

catgttctaa tatagtcaca

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

<213> homo sapiens

<400> 2
tctgaattag ctgtatcgtc

<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
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<220>
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<400> 10
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