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 UNITED STATES PATENT AND TRADEMARK OFFICE

 
Commissioner for Patents

United States Patents and Trademark Office
. P.O.Box 1450

Alexandria, VA 22313-1450
www. uspto.gov

 
THIRD PARTY REQUESTER'S CORRESPONDENCE ADDRESS ~ Date:

LIFE TECHNOLOGIES CORPORATION _ MAILED
ATTN: IP DEPARTMENT

5791 VAN ALLEN WAY: | JUL 03 2013 -
CARLSBAD, CA 92008 CENTRAL REEXAMINATION UNIT

EX PARTE REEXAMINATION COMMUNICATION TRANSMITTAL FORM

REEXAMINATION CONTROL NO.: 90012894

PATENT NO.: 6440706

ART UNIT : 3991

Enclosed is a copy of the latest communication from the United States Patent and Trademark
Office in the above identified ex parte reexamination proceeding (37 CFR 1.550(f)).

Wherethis copy is supplied after the reply by requester, 37 CFR 1.535, or the timeforfiling a

reply has passed, no submission on behalf of the ex parte reexamination requester will be
acknowledged or considered (37 CFR 1.550(g)).

Page 709 of 1224



Page 710 of 1224

Control No. Patent For Which Reexamination
ar . R tedEx Parte Reexamination Interview 90/012,894 .440.706.

Summary - Pilot Program for Waiverof Art Unit

Patent Owner’s Statement 3901
-- The MAILING DATEof this communication appears on the cover sheet with the correspondenceaddress.--

All participants (USPTO official and patent owner):

(1) Karen Ward, CRU

(2) Franklin Wolfe, 19724

Date of Telephonic Interview: June 27, 2013.

The-USPTOofficialrequested waiver of the patent owner’s statement pursuantto the pilot program for waiverof
patent owner's statement in ex parte reexamination proceedings.*

[-] The patent owner agreed to waiveits right to file a patent owner’s statement under 35 U.S.C. 304 in the event
reexamination is ordered for the above-identified patent.

[_] The patent owner did not agree to waiveits rightto file a patent owner’s statement under 35 U.S.C. 304 atthis
time.

The patent owneris not required to file a written statementof this telephone communication under 37 CFR 1.560(b) or
otherwise. However, any disagreementas to this interview summary must be brought to the immediate attention of

the USPTO, and no later than one month from the mailing date of this interview summary. Extensions of time are
governed by 37 CFR 1.550(c).

*For more information regarding this pilot program, see Pilot Program for Waiver of Patent Owner's Statementin Ex
Parte Reexamination Proceedings, 75 Fed. Reg. 47269 (August 5, 2010), available on the USPTO Website at
http:/Awww.uspto. gov/patents/law/notices/2010.jsp.

x] USPTO personnel were unable to reach the patent owner.

The patent owner may contact the USPTO personnelat the telephone number provided belowit the patent owner
decides to waive the rightto file a Patent owner’s statement under 35 U.S.C. 304.

/Karen Ward/ 571-272-7932

Signature and telephone numberof the USPTO official who contacted or attempted to contact the patent owner.

cc: Requester(if third party requester)

 
U.S. Patent and Trademark Office ; PaperNo.
PTOL-2292 (08-10) Ex Parte Reexamination Interview Summary - Pilot Program for Waiver ofPatent Owner's Statement
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Enclosedis a copy of the latest communication from the United States Patent and Trademark
Office in the above identified ex parte reexamination proceeding (87 CFR 1.550(f)).

Wherethis copy is supplied after the reply by requester, 37 CFR 1.535, or the timeforfiling a
reply has passed, no submission on behalf of the ex parte reexamination requester will be
acknowledged or considered (37 CFR 1.550(g)).

PTOL-465 (Rev.07-04)
Page 712 of 1224



Page 713 of 1224

Application/Control Number: 90/012,894 Page 2

Art Unit: 3991

Request for Ex Parte Reexamination

A request for ex parte reexamination of claims 1-12, 14-16, 19-32, 38-44, 46-48

and 51-64 of U.S. Patent 6,440,706 wasfiled on June 17, 2013 by a third party

requester.

Decision on Request

A substantial new question of patentability (SNQ) affecting claims 1-12, 14-16,

19-32, 38-44, 46-48 and 51-64 of U.S. Patent 6,440, 706 is raised by the request for ex

parte reexamination.

Scope of the Claims

In reexamination, patent claims are construed broadly. In re Yamamoto, 740 F.2d

1569, 1571, 222 USPQ 934, 936 (Fed. Cir. 1984) (claims given "their broadest

reasonable interpretation consistent with the specification"). The independent claims

subject to reexamination read as follows:

1. A method for determining the ratio of a selected genetic sequencein a population of
genetic sequences, comprising the stepsof:

diluting nucleic acid template molecules in a biological sample to form 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 the selected genetic sequence and a
second numberof assay samples which contain a reference genetic sequence;

comparing the first number to the second numberto ascertain a ratio which
reflects the composition of the biological sample.

38. A method for determining the ratio of a selected genetic sequence in a population of
genetic sequences, comprising the stepsof:
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Application/Control Number: 90/012,894 Page 3

Art Unit: 3991

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

analyzing the amplified molecules in the assay samples of the set to determine a
first number of assay samples which contain the selected genetic sequence and a
second numberof assay samples which contain a reference genetic sequence, wherein
at least one-fiftieth of the assay samplesin the set comprise a number(N) of molecules
suchthat 1/N is larger than the ratio of selected genetic sequencesto total genetic
sequences required to determine the presenceof the selected genetic sequence;

comparing the first number to the second numberto ascertain a ratio which
reflects the composition of the biological sample.

Claim Interpretation

The biological sample of claim 1 can either be comprised of cells, tissues, bodily

fluids, etc. or cell free, as recited in dependent claims 6 and 24. In either case, nucleic

acids are distributed throughout the sample. Therefore any processin which the

sample is diluted is considered "diluting nucleic acid template molecules in a biological

sample.” The “ratio of a selected genetic sequence’is interpreted as the ratio of the

selected genetic sequence to the reference genetic sequence.

With regard to the limitation in claim 38 “the assay samplesin the set comprise a

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

sequencesto total genetic sequences required to determine the presence of the

selected genetic sequence,” it is impossible to ascertain a value for N becausethis

numbercan only be determined after the method has been performed. The "plain

English" meaning ofthis limitation is that, for example, if the selected sequenceis

presentin the biological sample at a level of 1 copy in 50, then the assay samples

should contain at least 50 total copies (“selected” + “reference”) of the genetic sequence

to ensure a reasonable likelihood that there is a selected genetic sequence presentin

the sample to be amplified and detected. This assumesthat a single copy of a

sequenceis sufficient to be detected after amplification and detection, which may or

may not be true, depending on experimental conditions (how many amplification cycles,

detection method used,etc.). It appears that this information can only be derived ex
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Art Unit: 3991

postfacto, or at least after preliminary experiments have been performed with similar

biological samples. For purposesofinterpreting the priorart, if a reference showsthat a

selected genetic sequence was detected in an assay sample, then clearly that assay

sample contained enough template nucleic acid molecules to enable detection of the

selected genetic sequence and this claim limitation is met, whetheror not “N”is

specifically disclosed.

Documents Submitted by Requester

Li et al., "Amplification and analysis of DNA sequencesin single human
sperm and diploid cells." Nature 335(6189):414-7 (1988)

Zhang etal., "Whole genome amplification from a single cell: implications
for genetic analysis." PNAS USA, 89(13):5847-51 (1992)

Jeffreys et a/., "Amplification of human minisatellites by the polymerase
chain reaction: towards DNAfingerprinting of single cells." Nucl. Acids.
Res., vol 16, no. 23, pages 10953-10971 (1988)

Kalinina et a/., "Nanoliter scale PCR with TaqMan detection," Nucl. Acids.
Res. vol 25, 1999-2004 (1997)

Chouet al., "Prevention of pre-PCR mis-priming and primer dimerization
improves low-copy-number amplifications," Nucleic Acids Res., 20(7):
1717-1723 (April 11, 1992)

Burg, et al., "Direct and sensitive detection of a pathogenic protozoan,
Toxoplasma gondii, by polymerase chain reaction." J. Clin. Microbiol. 27,
1787-1792 (1989)

Trumperet al., "Single-Cell Analysis of Hodgkin and Reed-Sternberg Cells:
Molecular Heterogeneity of Gene Expression and p53 Mutations," Blood, 87 :
3097-3115 (1993)

Kanzler et a/., "Molecular Single Cell Analysis Demonstrates the Derivation
of Peripheral Blood-Derived Cell Line (L 1236) From the Hodgkin/Reed-
Sternberg Cells of a Hodgkin's LymphomaPatient,” Blood, 87:3429-3436
(1996)

Gravel et al., "Single-cell analysis of the t(14; 18)(q32;q21) chromosomal
translocation in Hodgkin's disease demonstrates the absenceofthis

Page 715 of 1224



Page 716 of 1224

Application/Control Number: 90/012,894 Page 5

Art Unit: 3991

translocation in neoplastic Hodgkin and Reed-Sternberg cells," Blood
91(8):2866-74 (Apr 15, 1998)

Marcucci et al., "Detection of Unique ALLA.(MLL) Fusion Transcripts in
Normal Human Bone Marrow and Blood: Distinct Origin of Normal versus
Leukemic ALL 1 Fusion Transcripts," Cancer Res, 58:790-793. (February 15,
1998)

Flint et al., "NR2A Subunit Expression Shortens NMDA Receptor Synaptic
Currents in Developing Neocortex," J. Neurosci., 17(7):2469-2476 (April 1,
1997)

Ponten et al., "Genomic analysis of single cells from human basalcell cancer
using laser-assisted capture microscopy," Mutation Research Genomics 382,
45-55 (1997)

Review of the ‘706 patentfile shows that Li and Zhang werecited in an information

disclosure statement but not applied in any rejection. None of the other references

were considered during prosecution.

Requester’s Proposed SNQs

Requester proposes 24 SNQs (summarized in Request, pp. 1-2).

1. Requester considers claims 1-3, 7-11, 14-16, 19, 21, 22, 27 and 32

unpatentable over Li (proposed SNQs1 and4).

Li discloses a method in which a ratio of genetic sequences (B-globin) was

obtained from a tissue culture flask containing co-cultured cells (the biological sample)

of an individual homozygousfor the B° allele (“selected genetic sequence,” which

causessickle cell anemia) and anotherindividual homozygousforthe B” allele (normal,

“reference genetic sequence”). The nucleic acid template molecules, contained within

the cultured cells, were diluted by isolating single cells from the culture. Thirty seven

single cells (assay samples) were lysed, and the released DNA was subjected to

polymerase chain reaction (PCR) to amplify the portion of the globin gene containing
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the sickle cell mutation. Amplified DNA was hybridized with allele specific probes. It

wasfound that 19 of the samples contained the normal allele, 12 contained the sickle

cell allele, and 6 samples did not hybridize with either probe. These numerical values

were “compared,” which inherently ascertains a ratio between the two values (19:12).

See pp. 414-415, Fig. 1.

In another experiment(p. 415, Fig. 2), the biological sample was semen obtained

from a subject heterozygous for a polymorphism in the LDLr gene. Eighty individual

sperm cells were lysed and the DNA subjected to PCR followed by hybridization with

allele specific probes. A total of 55% of sperm cells (“assay samples”) gave a

hybridization signal. It was found that 22 assay samples contained oneallele and 21

samples contained the other, a ratio of 22:21. Either allele can be considered the

“selected genetic sequence”orthe “reference genetic sequence.”

A reasonable examiner would considerthe disclosure of Li important in

determining whether claims 1-3, 7-11, 14-16, 19, 21, 22, 27 and 32 are patentable.

Accordingly, Li raises a SNQ regarding claims 1-3, 7-11, 14-16, 19, 21, 22, 27 and 32.

2. Requesterconsiders claims 38, 39, 46 and 51 unpatentable over Zhang

(proposed SNQ 14).

Zhang discloses a method similar to that of Li. In Zhang’s method (p. 5847), a

biological sample (semen) wasdiluted into 18 assay samples by selecting and isolating

18 single sperm cells. Each cell was lysed and the released DNA waspre-amplified by

repeated primer extension reactions with a set of random 15-merprimers (primer-

extension preamplification, or PEP). The PEP process was estimated to produceat

least 30 copies of every sequence capable of amplification (p. 5848, col. 1). After PEP,

aliquots of each sample were subjected to a two-step hemi-nested PCR processto

determine the genotypeat each of 12 different loci. PCR wasfirst performed using a

first pair of primers designed to amplify the genetic sequenceof interest, then an aliquot

of the sample was removed and subjected to a second PCR using one primerfrom the
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first pair and a second primerinternal to the previously amplified sequenceofinterest.

The second set of primers were chosenso that the two possible alleles would produce

amplified fragments of different lengths. This method ensuresspecificity of the PCR

andallows discrimination between the two reaction products (hence,alleles presentin

the template molecules) by gel electrophoresis of the final PCR product to determine

fragmentlength (p. 5847, col. 2). Each of the 12 loci were successfully amplified in at

least 15 of the 18 sperm cells (assay samples; see Table 2). The genotype of each cell

wasdeterminedfor twoloci (results for 9 cells shown in Fig. 3). Each of the two APOC2

alleles was foundin 9 cells, the expected 1:1 ratio for this heterozygous sperm donor.

Similarly, analysis of the sex linked STS gene/pseudogene showedthat9 cells carried

an X chromosomeand 8 carried a Y chromosome(the 18" cell did not yield detectable

STS sequence). Independent assortment of these two loci was also observed (p. 5848,

col. 2).

A reasonable examiner would consider the disclosure of Zhang importantin

determining whetherclaims 38, 39, 46 and 51 are patentable. Accordingly, Zhang

raises a SNQ regarding claims 38, 39, 46 and 51.

3. Requester considers claims 4-6, 12, 20, 23-26, and 28-31 unpatentable over

Li in combination with one or more of Zhang, Jeffreys, Kalinina, Chou, Burg,

Trumper, Kanzler, Gravel, Marcucci, Flint and Pontén (proposed SNQs2, 3 and 5-

13).

Li and Zhang are discussed above.

Jeffreys discloses methodsfor amplification of human minisatellite DNA for the

purposeof producing DNAfingerprints of individuals. In one method, a biological

sample is split into multiple assay samples by isolating single cells, then analyzed in

much the same wayas in Li and Zhang (pp. 10955-10956). In an alternative method,

isolated (cell free) DNA wasdiluted into multiple assay samples, each containing 6 pg

DNA. This amount was estimated to be equivalent to the amount of DNAin a single
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cell. It was concluded that single DNA molecules could befaithfully amplified (pp.

10960-10962). In the experiment shownin Fig. 4, each assay sample was subjected to

PCR with 4 sets of primers (in a single reaction), the primers designed to amplify two

alleles for each of 2 minisatellites. Successful amplification was obtained, with a mean

failure rate of 638%perallele per reaction, equating to an estimated 0.46 successful

amplification events per 6 pg sample (becausestatistically one would not expect the

template sequence to be present in every sample; p. 10961).

Kalinina discloses a method for PCR amplification and detection using TaqMan

probes. Samplesdiluted to contain approximately 1 template molecule are subjected to

TaqMan PCRin sealed capillary tubes containing a few nanoliters of reactants, then

presence of PCR productis determined by measuring the probe fluorescence (entire

document, see especially p. 2000). The method is considered especially useful for

assays meantto determine the presence or absence of PCR product(i.e. not

quantitative analysis; p. 2004, last paragraph).

Choudiscloses a method for “hot start? PCR. The method uses a wax barrier to

separate one or more PCR componentsfrom the remainderof the reactants until heatis

applied to melt the wax (entire document). This method reduces amplification due to

mispriming and primer oligomerization, and is said to be especially useful for PCR with

a sample containing a low numberof template molecules (p. 1722, col. 1).

Burg discloses a method for PCR detection of a single cell of Toxoplasma

gondii. Cells are lysed and PCRis performed for 60 cycles (p. 1790, col. 1; Fig. 4).

Trumperisolated single cells from lymph nodes of patients diagnosed with

Hodgkin's disease. Cells were lysed, cDNA was producedbyreversetranscription and

PCR performed on the cDNA (see methods, pp. 3098-3100). One cell was found to

have a mutation in exon 7 of the p53 gene, at a known "hot spot."
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Kanzler isolated single cells from bone marrow of patients diagnosed with

Hodgkin's disease (p. 3429). PCR analysis identified three gene rearrangements

(abstract). Kanzler suggests, “Using tumor clone-specific primers ... residual tumor

cells may be detected after therapy” (p. 3434,col. 2).

Gravel used single cell PCR analysis to determine the presence or absence of a

chromosomaltranslocation, t(14;18)(q32;q21), in cells from bone of patients diagnosed

with Hodgkin’s disease (see methods, pp. 2866-2868).

Marcucci discloses a chromosome segmentwhichis subject to partial tandem

duplication, which is a commondefect found in acute myeloid leukemia.

Flint used single cell reverse transcription and PCR to study gene expression in

developing neocortex tissues (abstract).

Pontén performed single cell PCR on cells derived from a single tumor and

showedthat the tumor contained multiple p53 mutations. Some cells contained more

than one mutation of the p53 gene (see overview on p. 52).

A reasonable examiner would consider the disclosure of Li, in combination with

one or more of Zhang, Jeffreys, Kalinina, Chou, Burg, Trumper, Kanzler, Gravel,

Marcucci, Flint and Pontén, important in determining whetherclaims 4-6, 12, 20, 23-26,

and 28-31 are patentable. Accordingly, Li in combination with one or more of Zhang,

Jeffreys, Kalinina, Chou, Burg, Trumper, Kanzler, Gravel, Marcucci, Flint and Pontén

raises a SNQ regarding claims 4-6, 12, 20, 23-26, and 28-31.

4. Requester considers claims 40-44, 47, 48 and 52-64 unpatentable over

Zhang in combination with one or more of Li, Kalinina, Chou, Burg, Trumper,

Kanzler, Gravel, Marcucci, Flint and Pontén (proposed SNQs 15-24).
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Eachreferenceis discussed above.

A reasonable examiner would consider the disclosure of Zhang in combination

with Li, Kalinina, Chou, Burg, Trumper, Kanzler, Gravel, Marcucci, Flint and Pontén

important in determining whether claims 40-44, 47, 48 and 52-64 are patentable.

Accordingly, Zhang in combination with Li, Kalinina, Chou, Burg, Trumper, Kanzler,

Gravel, Marcucci, Flint and Pontén raises a SNQ regarding claims 40-44, 47, 48 and

52-64.

Conclusion

In view of the analysis above, the requestfor reexamination is GRANTED.

Claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 of US Patent 6,440,706 will be

reexamined.

Duty to Disclose

The patent owneris reminded of the continuing responsibility under 37 CFR

1.565(a) to apprise the Office of anylitigation activity, or other prior or concurrent

proceeding, involving Patent No. 6,440,706 throughout the course of this reexamination

proceeding. The third party requesteris also remindedof the ability to similarly apprise

the Office of any suchactivity or proceeding throughoutthe course of this reexamination

proceeding. See MPEP §§ 2207, 2282 and 2286.

Waiver of Right to File Patent Owner Statement

In areexamination proceeding, Patent Owner may waivethe right under 37

C.F.R. 1.530 to file a Patent Owner Statement. The waiver document must contain a

statement that Patent Ownerwaivesthe right under 37 C.F.R. 1.530 to file a Patent

OwnerStatementand proof of service in the mannerprovided by 37 C.F.R. 1.248, if the

request for reexamination was madebya third party requester (see 37 C.F.R 1.550(f)).
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Amendmentin Reexamination Proceedings

Patent owneris notified that any proposed amendmentto the specification and/or

claimsin this reexamination proceeding must comply with 37 CFR 1.530(d)-(j), must be

formally presented pursuant to 37 CFR 1.52(a) and (b), and must contain any fees

required by 37 CFR 1.20(c).

Service of Papers

After thefiling of a request for reexamination by a third party requester, any

documentfiled by either the patent ownerorthe third party requester must be served on

the other party (or parties where two or morethird party requester proceedings are

merged) in the reexamination proceeding in the manner provided in 37 CFR 1.248. See

37 CFR 1.550/(f).

Correspondence

Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to BRUCE CAMPELL whosetelephone numberis 571-

272-0974. The examiner can normally be reached on Monday- Thursday from 8:00 to

5:00. The examiner can also be reached on alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Deborah Jones, can be reached on 571-272-1535. The fax phone number

for the organization wherethis application or proceeding is assigned is 571-273-9900.

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).
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All correspondencerelating to this ex parte reexamination proceeding should be
directed:

By EFS: Registered users may submit via the electronic filing system EFS-Webat

htips://efs.uspto.gov/efile/myportal/efs-registered

By Mail to: Mail Stop Ex Parte Reexam
Central Reexamination Unit

Commissioner for Patents

United States Patent & Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

By FAX to: (571) 273-9900
Central Reexamination Unit

By hand: Customer Service Window
Randolph Building
401 Dulany Street
Alexandria, VA 22314

/Bruce Campell/
Patent Reexamination Specialist
Central Reexamination Unit 3991

Conferee:

/Padmashri Ponnaluri/

Patent Reexamination Specialist
CRU-3991

/Deborah D Jones/

Supervisory Patent Examiner, Art Unit 3991
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Control No. Patent Under Reexamination

90/012,894 6,440,706 BIE
Order Granting / Denying Request For

. : Examiner Art Unit
Ex Parte Reexamination

BRUCE CAMPELL 3991

--The MAILING DATEof this communication appears on the cover sheet with the correspondence address--

The request for ex parte reexamination filed 17 June 2013 has been considered and a determination has
been made. Anidentification of the claims, the references relied upon, and the rationale supporting the
determination are attached.

Attachments: a)L_] PTO-892, b)X] PTO/SB/08, c)L_] Other:

1. The request for ex parte reexamination is GRANTED.

RESPONSE TIMES ARE SET AS FOLLOWS:

For Patent Owner's Statement (Optional): TWO MONTHSfrom the mailing date of this communication
(37 CFR 1.530 (b)). EXTENSIONS OF TIME ARE GOVERNED BY37 CFR1.550(c).

For Requester's Reply (optional): TWO MONTHSfrom the date of service of any timelyfiled
Patent Owner's Statement (37 CFR 1.535). NO EXTENSION OFTHIS TIME PERIOD IS PERMITTED.
lf Patent Owner does notfile a timely statement under 37 CFR 1.530(b), then no reply by requester
is permitted.

2.[_] The request for ex parte reexamination is DENIED.

This decision is not appealable (35 U.S.C. 303(c)). Requester may seek review by petition to the
Commissioner under 37 CFR 1.181 within ONE MONTHfrom the mailing date of this communication (37
CFR 1.515(c)). EXTENSION OF TIME TO FILE SUCH A PETITION UNDER37 CFR 1.181 ARE
AVAILABLE ONLYBY PETITION TO SUSPEND OR WAIVE THE REGULATIONS UNDER

37 CFR 1.183.

In due course, a refund under 37 CFR 1.26 (c ) will be made to requester:

a) L] by Treasury checkor,

b) L] by credit to Deposit Account No. , or

c) L] by credit to a credit card account, unless otherwise notified (35 U.S.C. 303(c)).

/Bruce Campell/

Patent Reexamination Specialist
Central Reexamination Unit 3991

 
cc:Requester ( if third party requester

U.S. Patent and Trademark Office

PTOL-471 (Rev. 08-06) Office Action in Ex Parte Reexamination Part of Paper No. 20130725

Page 724 of 1224



Page 725 of 1224

EXHIBIT 2



Page 726 of 1224

Doc code: IDS PTO/SB/08a (01-10)
Doc description: Information Disclosure Statement (IDS) Field Approvedfor use through 07/31/2012. OMB 0651-0031

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 contains a valid OMB control number.
 

 

 

 

   
     

    

 

 

Application Number Unknown

INFORMATION DISCLOSURE Filing Date June 17, 2013
STATEMENT BY APPLICANT - ;
(Not for submission under 37 CFR 1.99) First Named Inventor|Bert Vogelstein

Art Unit Unknown

Examiner Name Unknown

Sheet 4 of 2 Docket Number LT00831 REX

U.S.PATENTS
Examiner Cite Patent Kind Issue Date Nameof Patentee or Applicant of Pages, Columns,Lines, Where
Initial* No Number Code! cited Document Relevant Passages or Relevant Figures

Appear       
 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Cite Publication Kind Publication Date Nameof Patentee or Applicant of Pages, Columns, Lines, Where
Initial* No Number Code’ cited Document Relevant Passages or Relevant

Figures Appear    
 

FOREIGN PATENT DOCUMENTS       
 

 

 

 

 

Examiner Cite Foreign Country Kind Publication Nameof Patentee or Pages,Columns,Lines where T
Initial* No Document Code” Code" Date Applicant of cited Relevant Passages or Relevant

Number Document Figures Appear

NON-PATENT LITERATURE DOCUMENTS

Examiner Cite Include nameof the author (in CAPITAL LETTERS),title of the article (when appropriate), title of the item (book, T
Initial* No magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country

where published.

mA ci BURG,J. L. etal., "Direct and Sensitive Detection of a Pathogenic Protozoan, Toxoplasma
Al gondii, by Polymerase Chain Reaction", Journal of Clinical Microbiology, Vol. 27, No. 8, 1989,

1787-1792

c2 CHOU, QUIN et al., "Prevention of pre-PCR mis-priming and primer dimerization improves

IBC low-copy-number amplifications", Nucleic Acids Research, Vol. 20, No. 7, Oxford University
Press, 1992, 1717-1723
 

c3 FLINT, ALEXANDERC. etal., "NR2A Subunit Expression Shortens NMDA Receptor Synaptic

B.C. Currents in Developing Neocortex", The Journal of Neuroscience, Vol. 17, No. 7, 1997, 2469-
ue 2476

 
 

c4 GRAVEL, SYLVIA etal., "Single-Cell Analysis of the t(14;18)(q32;q21) Chromosomal
Translocation in Hodgkin's Disease Demonstrates the Absence of This Translocation in

  

 

IB.C/ Neoplastic Hodgkin and Reed-Sternberg Cells", Blood, Vol. 91, No. 8. 1998, 2866-2874
c5 JEFFREYS, ALEC et al., "Amplification of human minisatellites by the polymerase chain

BOS reaction. towards DNAfingerprinting of single cells", Nucl. Acids Res., Vol. 16, No. 23, 1988,
10953-10971 

nr | C6 KALININA, OLGA et al., "Nanoliter Scale PCR with TaqMan Detection", Nucleic Acids
/8.G./ Research, Vol. 25, No. 10, 1997, 1999-2004  

cT KANZLER, H et al., "Molecular single cell analysis demonstrates the derivation of a peripheral
blood-derived cell line (L1236) from the Hodgkin/Reed-Sternberg cells of a Hodgkin's    

  

 
 

    
IB. lymphoma patient", Blood, Vol. 87, No. 8, 1996, 3429-3436

cs MARCUCCI, GUIDO et al., "Detection of Unique ALL1 (MLL) Fusion Transcripts in Normal

BC/ Human Bone Marrow and Blood: Distinct Origin of Normal versus Leukemic ALL1 Fusion
1d td Transcripts", Cancer Research, Vol. 58, 1998, 700-793

cg PONTEN, FREDRIK et al., "Genomic analysis of single cells from human basalcell cancer
im] using laser-assisted capture microscopy", Mutation Research Genomics, Vol. 382, No. 1-2,
B.C 1997, 45-55 

Page 726 of 1224



Page 727 of 1224

Doc code: IDS PTO/SB/08a (01-10)
Doc description: Information Disclosure Statement (IDS) Field Approvedfor use through 07/31/2012. OMB 0651-0031

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 contains a valid OMB control number.
 

 

 

 

   
 

Application Number Unknown

INFORMATION DISCLOSURE Filing Date June 17, 2013
STATEMENT BY APPLICANT - ;
(Not for submission under 37 CFR 1.99) First Named Inventor|Bert Vogelstein

Art Unit Unknown

Examiner Name Unknown

Sheet 2 of 2 Docket Number LT00831 REX

    
    

 

c10 TRUMPER, LORENZ H. etal., "Single-Cell Analysis of Hodgkin and Reed-Stemberg Cells:
     
 

 

BC] Molecular Heterogeneity of Gene Expression and p53 Mutations", Blood, Vol. 81, No. 11
uw 1993, 3097-3115

EXAMINER SIGNATURE

Examiner Signature /Bruce Campell/ Date Considered 08/12/2013    
*EXAMINER: Initial if reference considered, whether or notcitation 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.  ' See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. Enter the office that issued the document, by
the two-letter code (WIPO Standard ST.3). 3 For Japanese patent documents, the indication of the yearof the reign of the Emperor must
precede the serial numberof the patent document.
* Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicantis to
place a check markhere if English language translation is attached.

 
 

Page 727 of 1224



Page 728 of 1224

 

Reexamination Application/Control No. Applicant(s)/Patent Under
Reexamination

         
90012894 Reexamination

C1 
Requester Correspondence Address: [] Patent Owner Third Party

LIFE TECHNOLOGIES CORPORATION
ATTN: IP DEPARTMENT

5791 VAN ALLEN WAY

CARLSBAD, CA 92008

LITIGATION REVIEW [Xx] /BC/ 06/27/2013
examiner initials date

Case Name DirectorInitials

 
Esoterix Genetic Laboratories, Llc et al v. Life Technologies

U.S. District - North Carolina Middle 1:12cv1173

COPENDING OFFICE PROCEEDINGS

TYPE OF PROCEEDING

1. none 
Page 728 of 1224U.S. Patent and Trademark Office DOC. CODE RXFILJKT



Page 729 of 1224

 

Application/Control No. Applicant(s)/Patent Under
Reexamination

Search Notes 90012894 6,440,706 B1 ETAL.

Examiner Art Unit

BRUCE CAMPELL 3991                       
CPC- SEARCHED

poSymbotCECCiatte|Examiner
a

CPC COMBINATION SETS - SEARCHED

poSymbotCECCiatte|Examiner
a

US CLASSIFICATION SEARCHED

Class——Glass___Suolass_Bale___Examiner_|

SEARCH NOTES

Search Notes|__—~Date__—*|_—Examiner_|
reviewed prosecution history of 09/613,826google: gene amplification in 7/M12/137/24/13|/BC//BC/
cancer review

INTERFERENCE SEARCH

US Class/ US Subclass / CPC Group
CPC Symbol

 
 

U.S. Pat&PAged’FARMERDitice Part of Paper No. : 20130715



Page 730 of 1224

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. CONFIRMATIONNO.   

90/012,894 06/17/2013 6,440,706 B1 LT00831 REX 8442

Ban otf ues

Banner & Witeof, Ltd [oe
Attorneys for client 001107 CAMPELL, BRUCER
1100 13th Street N.W.

sie ao PRN
Washington, DC 20005-4051 3991

MAIL DATE DELIVERY MODE

11/27/2013 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.

Page 730 of 1224
PTOL-90A (Rev. 04/07)



Page 731 of 1224

 
UNITED STATES PATENTAND TRADEMARK OFFICE

Corarnissioner for Patents
United States Patent and Trademark Office

P.O. Box1450
Alexandria, VA 22313-1440wunUSPTO. gow

DO NOT USEIN PALM PRINTER

(THIRD PARTY REQUESTER'S CORRESPONDENCE ADDRESS)

LIFE TECHNOLOGIES CORPORATION

ATTN: IP DEPARTMENT

5791 VAN ALLEN WAY

CARLSBAD,CA 92008

EX PARTE REEXAMINATION COMMUNICATION TRANSMITTAL FORM

REEXAMINATION CONTROL NO. 90/012,894. 

PATENT NO. 6,440,706 B71. 

ART UNIT 3997.

Enclosed is a copy of the latest communication from the United States Patent and Trademark
Office in the above identified ex parte reexamination proceeding (37 CFR 1.550(f)).

Wherethis copy is supplied after the reply by requester, 37 CFR 1.535,orthe timeforfiling a
reply has passed, no submission on behalf of the ex parte reexamination requester will be
acknowledgedor considered (37 CFR 1.550(g)).

PTOL-465 (Rev.07-04)
Page 731 of 1224



Page 732 of 1224

Control No. Patent Under Reexamination

90/012,894 6,440,706 B1E

Office Action in Ex Parte Reexamination Examiner Art Unit
BRUCE CAMPELL 3991

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address --

aL] Responsive to the communication(s)filed on . bL] This action is made FINAL.
cL] A statement under 37 CFR 1.530 has not beenreceived from the patent owner.

A shortened statutory period for responseto this action is set to expire 2 month(s) from the mailing date of this letter.
Failure to respond within the period for responsewill result in termination of the proceeding and issuance of an ex parte reexamination
certificate in accordancewith this action. 37 CFR 1.550(d). EXTENSIONS OF TIME ARE GOVERNED BY37 CFR1.550(c).
If the period for responsespecified aboveis less than thirty (80) days, a response within the statutory minimum ofthirty (30) days
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1. XxX] Notice of References Cited by Examiner, PTO-892. 3. CT] Interview Summary, PTO-474.

2. CT] Information Disclosure Statement, PTO/SB/08. 4. CT] .

Part I| SUMMARY OF ACTION

ta. Claims 1-12, 14-16, 19-32,38-44,46-48 and 51-64 are subject to reexamination.

1b. Claims 13,77,18,33-37,45,49,50 are not subject to reexamination.

2. Claims shave been canceledin the present reexamination proceeding.

Claims sare patentable and/or confirmed.

Claims 1-12, 14-16, 19-32, 38-44, 46-48, 51-64 are rejected.

Claims ___ are objectedto.

The drawings, filed on are acceptable.

The proposed drawing correction, filed on has been (7a)L] approved (7b)L] disapproved.

XI

XI

O

O

XI

O

O

O

O

3

4

5.

6

7

8 Acknowledgment is madeofthe priority claim under 35 U.S.C. § 119(a)-(d) or (f).

a)LJ All 6) Some* c)L] None of the certified copies have

| been received.

2c] not been received.

3L] beenfiled in Application No.

4c] beenfiled in reexamination Control No.

5L] been received by the International Bureau in PCT application No.

* See the attached detailed Office action foralist of the certified copies not received.

9. CL] Since the proceeding appearsto be in condition for issuance of an ex parte reexamination certificate 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.

10. [] Other:
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Ex Parte Reexamination

Detailed Non-Final Office Action

This is a reexamination of U.S. Patent 6,440,706, issued August 22, 2002. A

Request pursuant to 37 CFR 1.510 for ex parte reexamination of claims 1-12, 14-16,

19-32, 38-44, 46-48 and 51-64 of U.S. Patent 6,440,706 wasfiled on June 17, 2013 by

a third party requester. An Order granting the request was mailed August 28, 2013.

Patent Owner Statement

No patent owner statement has been received.

Status of the Claims

Claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 of U.S. Patent 6,440,706 are

subject to reexamination.

Scope of the Claims

In reexamination, patent claims are construed broadly. In re Yamamoto, 740 F.2d

1569, 1571, 222 USPQ 934, 936 (Fed. Cir. 1984) (claims given "their broadest

reasonable interpretation consistent with the specification"). The independentclaims

subject to reexamination read asfollows:

1. A method for determining the ratio of a selected genetic sequencein a population of
genetic sequences, comprising the stepsof:

diluting nucleic acid template molecules in a biological sample to form 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 the selected genetic sequence and a
second numberof assay samples which contain a reference genetic sequence;
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comparing the first number to the second numberto ascertain a ratio which
reflects the composition of the biological sample.

38. A method for determining the ratio of a selected genetic sequence in a population of
genetic sequences, comprising the stepsof:

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

analyzing the amplified molecules in the assay samples of the set to determine a
first number of assay samples which contain the selected genetic sequence and a
second numberof assay samples which contain a reference genetic sequence, wherein
at least one-fiftieth of the assay samplesin the set comprise a number(N) of molecules
suchthat 1/N is larger than the ratio of selected genetic sequencesto total genetic
sequences required to determine the presenceof the selected genetic sequence;

comparing the first number to the second numberto ascertain a ratio which
reflects the composition of the biological sample.

Claim Interpretation

The biological sample of claim 1 can either be comprised ofcells, tissues, bodily

fluids, etc. or cell free, as recited in dependent claims 6 and 24. In either case, nucleic

acids are distributed throughout the sample. Therefore any processin which the

sampleis diluted is considered "diluting nucleic acid template molecules in a biological

sample.” The “ratio of a selected genetic sequence”is interpreted as the ratio of the

selected genetic sequence to the reference genetic sequence.

With regard to the limitation in claim 38 “the assay samples in the set comprise a

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

sequencesto total genetic sequences required to determine the presence of the

selected genetic sequence,”it is impossible to ascertain a value for N becausethis

numbercan only be determined after the method has been performed. The "plain

English" meaning ofthis limitation is that, for example, if the selected sequenceis

presentin the biological sample at a level of 1 copy in 50, then the assay samples

should contain at least 50 total copies (“selected” + “reference”) of the genetic sequence
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to ensure a reasonable likelihood that there is a selected genetic sequence presentin

the sample to be amplified and detected. This assumes that a single copy of a

sequenceis sufficient to be detected after amplification and detection, which may or

may not be true, depending on experimental conditions (how many amplification cycles,

detection method used, etc.). It appears that this information can only be derived ex

postfacto, or at least after preliminary experiments have been performed with similar

biological samples. For purposesofinterpreting the priorart, if a reference showsthat a

selected genetic sequence was detected in an assay sample, then clearly that assay

sample contained enough template nucleic acid molecules to enable detection of the

selected genetic sequence and this claim limitation is met, whether or not “N”is

specifically disclosed.

With regard to "a polymerase whichis activated only after heating,” as recited in

claims 20 and 52, the specification does not disclose a polymerase which requires heat

to become capable of catalytic activity. This limitation is interpreted to mean that the

polymerase is separated from oneor morereactants until heat is applied, thereby

bringing enzyme and reactants in contact and allowing polymerization to begin.

Documents Submitted by Requester

Li et al., "Amplification and analysis of DNA sequencesin single human
sperm and diploid cells."Nature 335(6189):414-7 (1988)

Zhang et al., "Whole genome amplification from a single cell: implications
for genetic analysis." PNAS USA, 89(13):5847-51 (1992)

Jeffreys et a/., "Amplification of human minisatellites by the polymerase
chain reaction: towards DNAfingerprinting of single cells." Nucl. Acids.
Res., vol 16, no. 23, pages 10953-10971 (1988)

Kalinina et a/., "Nanoliter scale PCR with TaqMan detection," Nucl. Acids.
Res. vol 25, 1999-2004 (1997)

Chou et al., "Prevention of pre-PCR mis-priming and primer dimerization
improves low-copy-number amplifications," Nucleic Acids Res., 20(7):
1717-1723 (April 11, 1992)

Page 735 of 1224



Page 736 of 1224

Application/Control Number: 90/012,894 Page 5

Art Unit: 3991

Burg, et al., "Direct and sensitive detection of a pathogenic protozoan,
Toxoplasma gondii, by polymerase chain reaction." J. Clin. Microbiol. 27,
1787-1792 (1989)

Trumperetal., "Single-Cell Analysis of Hodgkin and Reed-Sternberg Cells:
Molecular Heterogeneity of Gene Expression and p53 Mutations,” Blood, 87 :
3097-3115 (1993)

Kanzler ef a/., "Molecular Single Cell Analysis Demonstrates the Derivation
of Peripheral Blood-Derived Cell Line (L 1236) From the Hodgkin/Reed-
Sternberg Cells of a Hodgkin's LymphomaPatient,” Blood, 87:3429-3436
(1996)

Gravel et al., "Single-cell analysis of the t(14; 18)(q32;q21) chromosomal
translocation in Hodgkin's disease demonstrates the absenceofthis
translocation in neoplastic Hodgkin and Reed-Sternberg cells," Blood
91(8):2866-74 (Apr 15, 1998)

Marcucci et al., "Detection of Unique ALLA.(MLL) Fusion Transcripts in
Normal Human Bone Marrow and Blood: Distinct Origin of Normal versus
Leukemic ALL 1 Fusion Transcripts," Cancer Res, 58:790-793. (February 15,
1998)

Flint et al., "NR2A Subunit Expression Shortens NMDA Receptor Synaptic
Currents in Developing Neocortex," J. Neurosci., 17(7):2469-2476 (April 1,
1997)

Ponten et al., "Genomic analysis of single cells from human basal cell cancer
using laser-assisted capture microscopy,” Mutation Research Genomics 382,
45-55 (1997)

Documents Cited by Examiner

M Schwab, “Amplification of oncogenes in human cancercells.” Bioessays 20(6): 473-
479 (1998)

Claim Rejections — 35 U.S.C. §§ 102 and 103

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections underthis section madein this Office action:
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A personshall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than oneyearprior to the date of application for patent in
the United States.

The following is a quotation of 35 U.S.C. 103(a) which forms the basis forall

obviousnessrejections setforth in this Office action:

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

Claims 1-3, 7-9, 15, 16, 19, 21, 22, 27, 32, 38-41, 47, 48, 51, 53, 54, 59 and 64

are rejected under 35 U.S.C. 102(b) as being anticipated byLi.

Li discloses a methodin whicha ratio of genetic sequences (B-globin) was

obtained from a tissue culture flask containing co-cultured cells (the biological sample)

of an individual homozygousfor the B° allele (“selected genetic sequence,” which

causessickle cell anemia) and anotherindividual homozygousfor the 8” allele (normal,

“reference genetic sequence”). The nucleic acid template molecules, contained within

the cultured cells, were diluted by isolating single cells from the culture. Thirty seven

single cells (assay samples) were lysed, and the released DNA wassubjectedto

polymerase chain reaction (PCR) to amplify the portion of the globin gene containing

the sickle cell mutation. Amplified DNA was hybridized with allele specific probes. It

wasfound that 19 of the samples contained the normalallele, 12 contained the sickle

cell allele, and 6 samples did not hybridize with either probe. These numerical values

were “compared,” which inherently ascertains a ratio between the two values (19:12).

This experiment (pp. 414-415, Fig. 1) meets all the limitations of claim 1.

In another experiment (p. 415, Fig. 2), the biological sample was semen obtained

from a subject heterozygous for a polymorphism in the LDLr gene. Eighty individual

sperm cells were lysed and the DNA subjected to PCR followed by hybridization with

allele specific probes. A total of 55% of sperm cells (“assay samples”) gave a

hybridization signal. It was found that 22 assay samples contained one allele and 21
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samples contained the other, a ratio of 22:21. Either allele can be considered the

“selected genetic sequence”or the “reference genetic sequence.” Therefore this

experiment also meetsall the limitations of claim 1.

With regard to claim 2, the fact that the selected genetic sequences were

detected in some of the assay samples showsthat the additional claim limitation was

met(see claim interpretation above).

Claim 38 is essentially the same as claim 2, except it does not require the dilution

step recited in claim 1, and only 1/50 (rather than 1/10) of the assay samples must

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. Therefore claim 38, being broader,is anticipated for the

same reasons asclaim 2.

With regard to claim 3, 84% and 55% of assay samples produced detectable

amplification product in Figs. 1 and 2, respectively.

With regard to claims 7-9 and 39-41, Li discloses a third experiment in which the

numberof assay samples (individual sperm cells) was greater than 100 (pp. 415-416,

Table 1).

With regard to claims 15, 16, 47 and 48, amplified DNA in the assay samples

washybridized with 2 or moreallele specific probes.

With regard to claims 19, 21, 22, 51, 53 and 54, the experiments described in

Figs. 1 and 2 each useda single pair of PCR primers. Fig. 1 used 50 cycles of PCR

amplification.

With regard to claims 27, 32, 59 and 64,it is arbitrary which sequenceis the

"selected" sequence and whichis the "reference" sequence. In Fig. 1, one of the

detected sequencesis the 6” (wild type) globin sequence, meeting the limitationsof

claims 27 and 59. In the third experiment described on pp. 415-416, sequencesfrom

two different chromosomeswere detected, meeting the limitations of claims 32 and 64.
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Claims 1, 2, 7, 14, 19, 27, 32, 38, 39, 46, 51, 59 and 64 are rejected under 35

U.S.C. 102(b) as being anticipated by Zhang.

Zhang discloses a method similar to that of Li. In Zhang’s method (p. 5847), a

biological sample (semen) wasdiluted into 18 assay samples by selecting and isolating

18 single sperm cells. Each cell was lysed and the released DNA waspre-amplified by

repeated primer extension reactions with a set of random 15-merprimers (primer-

extension preamplification, or PEP). The PEP process wasestimated to produceat

least 30 copies of every sequence capable of amplification (p. 5848, col. 1). After PEP,

aliquots of each sample were subjected to a two-step hemi-nested PCR processto

determinethe genotype at each of 12 different loci. PCR wasfirst performed using a

first pair of primers designed to amplify the genetic sequence ofinterest, then an aliquot

of the sample was removed and subjected to a second PCR using one primerfrom the

first pair and a secondprimerinternal to the previously amplified sequence ofinterest.

The second set of primers was chosensothat the two possible alleles would produce

amplified fragments of different lengths. This method ensures specificity of the PCR

andallows discrimination between the two reaction products (hence,alleles presentin

the template molecules) by gel electrophoresis of the final PCR product to determine

fragment length (p. 5847, col. 2). Each of the 12 loci were successfully amplified in at

least 15 of the 18 sperm cells (assay samples; see Table 2). The genotype of eachcell

wasdeterminedfor twoloci (results for 9 cells shown in Fig. 3). Each of the two APOC2

alleles was foundin 9 cells, the expected 1:1 ratio for this heterozygous sperm donor.

Similarly, analysis of the sex linked STS gene/pseudogene showedthat9 cells carried

an X chromosomeand 8 carried a Y chromosome(the 18" cell did notyield detectable

STS sequence). Independent assortment of these two loci was also observed (p. 5848,

col. 2). Therefore the method of Zhang anticipates claim 1.

With regard to claim 2, the fact that the selected genetic sequences were

detected in some of the assay samples showsthat the additional claim limitation was

met(see claim interpretation above).

Claim 38 is essentially the same as claim 2, except it does not require the dilution

step recited in claim 1, and only 1/50 (rather than 1/10) of the assay samples must
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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. Therefore claim 38, being broader,is anticipated for the

same reasons asclaim 2.

With regard to claims 7 and 39, the number of assay samples(individual sperm

cells) was greater than 10 (18).

With regard to claims 14 and 46, amplified DNA in the assay samples was

analyzed by gel electrophoresis.

With regard to claims 19 and 51, while there are two amplification steps, each

amplification employs a single pair of primers.

With regard to claims 27, 32, 59 and 64, it is arbitrary which APOC2allele is the

"selected" sequence and whichis the "reference" sequence. Absent evidenceto the

contrary, each of the STS sequences is assumedto be wild type (one for the X

chromosome,the other for the Y chromosome), meeting the limitations of claims 27 and

59, as well as claims 32 and 64. Furthermore, with regard to claims 32 and 64, the

APOC2 locus is on chromosome 19 (p. 5848,col. 2).

Claims 4-6 are rejected under 35 U.S.C. 103(a) as being unpatentable over

either one of Li or Zhang as applied to claim 1, furhter in view of Jeffreys.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

biological sampleis cell free.

Jeffreys discloses methods for amplification of human minisatellite DNA for the

purposeof producing DNAfingerprints of individuals. In one method, a biological

sampleis split into multiple assay samples byisolating single cells, then analyzed in

much the same wayas in Li and Zhang (pp. 10955-10956). In an alternative method,

isolated (cell free) DNA wasdiluted into multiple assay samples, each containing 6 pg
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DNA. This amount was estimated to be equivalent to the amount of DNA in a single

cell. It was concluded that single DNA molecules could be faithfully amplified (pp.

10960-10962). In the experiment shownin Fig. 4, each assay sample was subjected to

PCR with 4 sets of primers (in a single reaction), the primers designed to amplify two

alleles for each of 2 minisatellites. Successful amplification was obtained, with a mean

failure rate of 63%perallele per reaction, equating to an estimated 0.46 successful

amplification events per 6 pg sample (becausestatistically one would not expect the

template sequenceto be present in every sample; p. 10961).

lt would have been obvious to oneof ordinary skill in the art to modify the method

of Li or Zhang by obtaining DNA from a cell free sample, then diluting it into multiple

assay samples which each contain approximately as much DNAasa single cell, as

taught by Jeffreys. One would have been motivated to do this in order to analyze DNA

from sources which do not contain intact cells (e.g. forensic samples) and/or to

eliminate the labor intensive processofisolating single cells. With regard to claims 4

and 5, Jeffreys estimates that with one genome equivalent of DNA per sample, about

46% of PCRs were successful. One would be motivated to ensure that every sample

yielded a successful PCR,to avoid wasting time and reagents. It would have been

obvious to increase (e.g. double or triple) the amount of DNA in each sample to ensure

that each PCR yielded an amplification product, which wouldstill be less than 10

genomeequivalents per sample, or less than 10 reference sequence template

molecules per sample (in the case of a gene having a single copy per haploid genome).

Thus the invention as a whole wasclearly prima facie obvious to one of ordinary skill in

the art at the time the invention was made.

Claims 12 and 44 are rejected under 35 U.S.C. 103(a) as being unpatentable

overeither one of Li or Zhang as applied to claims 1 and 38 andfurtherin view of

Kalinina.

Li and Zhang are relied on as described above. Together, the references teach a

method in which a cell free biological sampleis diluted into a plurality of assay samples

containing the DNA in an amountequivalent to a single cell, DNA from each assay
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sample is amplified, the presence or absenceof two different DNA sequencesis

determined, and the relative frequency (ratio) of the two sequencesis determined.

Neither Li nor Zhang disclose a method wherein amplification and analysis are

performedin the same receptacle.

Kalinina discloses a method for PCR amplification and detection using TaqMan

probes. Samplesdiluted to contain approximately 1 template molecule are subjected to

TaqMan PCRin sealed capillary tubes containing a few nanoliters of reactants, then

presence of PCR productis determined by measuring the probe fluorescence (entire

document, see especially p. 2000). The methodis considered especially useful for

assays meant to determine the presence or absence of PCR product(i.e. not

quantitative analysis; p. 2004, last paragraph).

It would have been obviousto one of ordinary skill in the art to modify the method

of Li or Zhang by conducting nanoliter scale TaqMan PCRin a sealed capillary as

taught by Kalinina. One would have been motivated to do this in view of the readily

apparent advantages of doing so. Nanoliter scale PCR would reduce the amount (and

cost) of reagents required, and fluorescence detection would eliminate the need for

radioactive probes (Li method) or gel electrophoresis (Zhang method). Kalinina

suggests that the process could be automated (abstract), and explicitly states that the

method should be useful to determine the presence or absence of PCR productin

samples diluted to contain approximately one template molecule (p. 2004). Thus the

invention as a whole wasclearly prima facie obvious to one of ordinary skill in the art at

the time the invention was made.

Claims 20 and 52 are rejected under 35 U.S.C. 103(a) as being unpatentable

overeither one of Li or Zhang as applied to claims 1 and 38 andfurther in view of Chou.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the
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two sequencesis determined. Li and Zhang do not disclose a method wherein the DNA

polymeraseis activated after heating.

Choudiscloses a method for “hot start” PCR. The method uses a wax barrier to

separate one or more PCR componentsfrom the remainderof the reactants until heat is

applied to melt the wax (entire document). This method reduces amplification due to

mispriming and primer oligomerization, and is said to be especially useful for PCR with

a sample containing a low numberof template molecules (p. 1722, col. 1).

It would have been obviousto one of ordinary skill in the art to modify the method

of Li or Zhang by using the hot start PCR method. One would have been motivated to

do so in orderto increasethe specificity of the PCR as taught by Chou. Thus the

invention as a whole wasclearly prima facie obvious to one of ordinary skill in the art at

the time the invention was made.

Claims 23 and 55 are rejected under 35 U.S.C. 103(a) as being unpatentable

overeither one of Li or Zhang as applied to claims 1 and 38 and further in view of Burg.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the PCR

is performed for 60 cycles.

Burg discloses a method for PCR detection of a single cell of Toxoplasma gondii.

Cells are lysed and PCRis performed for 60 cycles (p. 1790, col. 1; Fig. 4).

lt would have been obvious to oneof ordinary skill in the art to modify the method

of Li or Zhang by performing the PCR for 60 amplification cycles. One would have been

motivated to do so, given the knowledge that this methodis effective for detecting target

DNA sequencesfrom a single cell as taught by Burg. Thus the invention as a whole

wasclearly prima facie obvious to oneof ordinary skill in the art at the time the invention

was made.
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Claims 24, 29, 30, 56, 61 and 62 are rejected under 35 U.S.C. 103(a) as being

unpatentable over either one of Li or Zhang as applied to claims 1 and 38 andfurtherin

view of Trumper.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

biological sample is derived from stool, blood or lymph nodes, nor do they disclose a

method wherein the template molecules to be amplified are on cDNA..

Trumperisolated single cells from lymph nodes of patients diagnosed with

Hodgkin’s disease. Cells were lysed, cDNA wasproducedbyreverse transcription and

PCR performed on the cDNA (see methods, pp. 3098-3100). One cell was found to

have a mutation in exon 7 of the p53 gene, at a known "hot spot.” This mutation is

considered to be a "rare exon sequence"asrecited in claims 29 and 61.

It would have been obvious to oneof ordinary skill in the art to use the method of

Li or Zhang to study cells from lymph nodetissue, for example to determine the

percentage of Hodgkins cells having the p53 mutation found by Trumper. In this case,

the mutant p53 sequence would be the selected genetic sequence and the wild type

sequence would be the reference sequence. This is exactly the type of analysis

suggested by Li, which states,“the ability to study DNA sequencesin individual diploid

cells will make it possible to study cell-to-cell variation in developmental processes

involving DNA rearrangementsor other genetic alterations. It is also likely that analysis

of messenger RNAsin single cells would be possible if efficient reverse transcription

could be carried out before PCR wasinitiated” (p. 417, col. 2). Thus the invention as a

whole wasclearly prima facie obvious to one of ordinary skill in the art at the time the

invention was made.

Page 744 of 1224



Page 745 of 1224

Application/Control Number: 90/012,894 Page 14

Art Unit: 3991

Claims 31 and 63 are rejected under 35 U.S.C. 103(a) as being unpatentable

overeither one of Li or Zhang as applied to claims 1 and 38 and furtherin view of

Pontén.

Li, Zhang are relied on as described above; together they teach a method for

measuring the relative number(ratio) of cells in a sample which have a mutation in the

p53 gene. Neither Li nor Zhang teach a method in which the selected genetic sequence

and the reference genetic sequence each comprise a different mutation.

Pontén performed single cell PCR oncells derived from a single tumor and

showed that the tumor contained multiple p53 mutations. Some cells contained more

than one mutation of the p53 gene (see overview on p. 52).

lt would have been obvious to oneof ordinary skill in the art to modify the method

of Lior Zhang by performing PCR with multiple primer sets capable of amplifying

different portions of the p53 gene knownto contain mutation-prone sequencesof

interest, as disclosed by Pontén. As noted above,it is arbitrary which sequenceis the

"selected" sequence and whichis the "reference" sequence. One would have been

motivated to determinethe relative abundance (ratio) of p53 mutations in tumors to

investigate, for example, possible correlations between different p53 mutations and

tumor phenotype (invasiveness, susceptibility to anti-cancer drugs,etc.). Thus the

invention as a whole wasclearly prima facie obvious to one of ordinary skill in the art at

the time the invention was made.

Claims 10, 11, 25, 28, 42, 43, 57 and 60 are rejected under 35 U.S.C. 103(a) as

being unpatentable over either one of Li or Zhang as applied to claims 1 and 38 and

further in view of Kanzler.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

biological sample is derived from blood or bone marrow of a leukemia or lymphoma
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patient who hasreceived anti-cancer therapy. Li and Zhang also do not disclose a

method wherein the number of assay samplesis greater than 500 or 1,000, nora

method wherein the selected genetic sequenceis part of a sequence which is amplified

during neoplastic development.

Kanzler isolated single cells from bone marrowof patients diagnosed with

Hodgkin’s disease (p. 3429). PCR analysis identified three gene rearrangements

(abstract). Kanzler suggests, “Using tumor clone-specific primers ... residual tumor

cells may be detected after therapy” (p. 3434,col. 2).

It would have been obvious to oneof ordinary skill in the art to use the method of

Li or Zhang to study cells from bone marrow of a Hodgkin’s lymphomapatient who has

received anti-cancer therapy as suggested by Kanzler. In this case, one or more of the

rearranged DNA sequencesnoted by Kanzler would be the selected genetic

sequence(s) and the wild type sequence(s) would be the reference sequence, and the

analysis would determine the percentage(ratio) of cancerous cells remaining after

therapy. Ideally, there should be no cancerouscells remaining after therapy, but every

cell cannot be tested. It is readily apparent that the more cells are tested and found to

be non-cancerous,the greaterthe likelihood that all cancerous cells have been

eradicated by the anti-cancer therapy. It would therefore be obvious to increase the

numberof cells analyzed to 500, 1,000 or more,as recited in claims 10, 11, 42 and 43.

This type of analysis is suggested by Li, which states, “the ability to study DNA

sequencesin individual diploid cells will make it possible to study cell-to-cell variation in

developmental processes involving DNA rearrangementsor other genetic alterations"

(p. 417, col. 2). Thus the invention as a whole wasclearly prima facie obvious to one of

ordinary skill in the art at the time the invention was made.

Claims 26 and 58 are rejected under 35 U.S.C. 103(a) as being unpatentable

overeither one of Li or Zhang as applied to claims 1 and 38 and furtherin view of

Gravel.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples
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containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

selected genetic sequenceis a translocatedallele.

Gravel used single cell PCR analysis to determine the presence or absence of a

chromosomaltranslocation, t(14;18)(q32;q21), in cells from bone of patients diagnosed

with Hodgkin’s disease (See methods, pp. 2866-2868).

It would have been obvious to oneof ordinary skill in the art to use the method of

Li or Zhang to search for chromosomaltranslocations as was done by Gravel. In this

case, the wild type (non-translocated) sequence would be the reference sequence, and

the analysis would determine the percentage(ratio) of cells in a sample having the

translocation. This type of analysis is suggested by Li, which states,“the ability to study

DNA sequencesin individual diploid cells will make it possible to study cell-to-cell

variation in developmental processes involving DNA rearrangements or other genetic

alterations" (p. 417, col. 2). There would have been a reasonable expectation of

success,since Gravel had already used single cell PCR to detect a translocation. Thus

the invention as a whole wasclearly prima facie obvious to one of ordinary skill in the

art at the time the invention was made.

Claims 28 and 60 are rejected under 35 U.S.C. 103(a) as being unpatentable

overeither one of Li or Zhang as applied to claims 1 and 38 andfurtherin view of

Schwab.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

selected genetic sequence is one whichis amplified during neoplastic development.

Schwabis a review article which summarizes what was known about gene

amplification in different types of cancerat the time the invention was made(entire
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document). For example, “Amplified MYCN has been found only in more aggressive

variants of neuroblastoma, whereit connotes a dire prognosis. Clinically, it has

emerged as a powerful independent markerto predict poor patient outcome”(p. 475,

col. 2). Regarding amplification of ERBB2 in breast cancer, “amplification was found to

be a significant predictor of both overall survival and time to relapse and appears to be

superiorto all other prognostic parameters exceptfor positive lymph nodes”(p. 476.

Col. 1).

It would have been obvious to oneof ordinary skill in the art to use the method of

Li or Zhang to search for amplified oncogene sequences suchas thosedisclosed by

Schwab. In this case, the wild type (unamplified) sequence would be the reference

sequence, and the analysis would determine the percentage(ratio) of cells in a sample

having the amplified version. This type of analysis is suggested by Li, which states, “the

ability to study DNA sequencesin individual diploid cells will make it possible to study

cell-to-cell variation in developmental processesinvolving DNA rearrangements or other

genetic alterations" (p. 417, col. 2). One would have been motivated to do so to help

predict the prognosis for patients, to search for metastatic cells in surrounding tissues,

to conduct basic research in oncogenesis, etc. Thus the invention as a whole was

clearly prima facie obvious to one of ordinary skill in the art at the time the invention was

made.

Documents Not Relied Upon

Flint used single cell reverse transcription and PCRto study gene expressionin

developing neocortex tissues. Flint is cumulative to Trumper, which also utilizes single

cell RT-PCR.

Marcucciis cited in the request as disclosing an amplicon whichis amplified

during neoplastic development, as recited in claims 28 and 60. However Marcucci

discloses a chromosome segmentwhichis subject to partial tandem duplication, which

is acommondefect found in acute myeloid leukemia. Since the duplication is only
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partial and results in a different gene product (see p. 790), this cannotfairly be

characterized as gene amplification.

Conclusion

Claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 are rejected. Claims 13, 17,

18, 33-37, 45, 49 and 50 are not subject to reexamination.

Extensions of Time

Extensions of time under 37 CFR 1.136(a) will not be permitted in these

proceedings becausethe provisions of 37 CFR 1.136 apply only to "an applicant” and

not to parties in a reexamination proceeding. Additionally, 35 U.S.C. 305 requires that

reexamination proceedings "will be conducted with special dispatch" (37 CFR 1.550(a)).

Extension of time in ex parte reexamination proceedings are provided for in 37 CFR

1.550(c).

Patent owneris notified that any proposed amendmentto the specification and/or

claimsin this reexamination proceeding must comply with 37 CFR 1.530(d)-(j), must be

formally presented pursuant to 37 CFR 1.52(a) and (b), and mustcontain any fees

required by 37 CFR 1.20(c).

In order to ensurefull consideration of any amendments,affidavits or

declarations, or other documents as evidenceof patentability, such documents must be

submitted in responseto this Office action. Submissions after the next Office action,

whichis intendedto be a final action, will be governed by the requirements of 37

CFR 1.116,after final rejection and 37 CFR 41.33 after appeal, which will be strictly

enforced.

Duty to Disclose
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The patent owneris remindedof the continuing responsibility under 37 CFR

1.565(a) to apprise the Office of anylitigation activity, or other prior or concurrent

proceeding, involving U.S. Patent No. 6,440,706 throughout the courseofthis

reexamination proceeding. The third party requester is also reminded of the ability to

similarly apprise the Office of any such activity or proceeding throughout the courseof

this reexamination proceeding. See MPEP §§ 2207, 2282 and 2286.

Correspondence

Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to BRUCE CAMPELL whosetelephone numberis

(571)272-7064. The examiner can normally be reached on Monday- Thursday from

8:00 to 5:00. The examiner can also be reached on alternate Fridays.

If attempts to reach the examinerby telephone are unsuccessful, the examiner's

supervisor, Deborah Jones, can be reached on 571-272-1535. The fax phone number

for the organization where this proceeding is assigned is 571-273-9900.

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).

All correspondencerelating to this ex parte reexamination proceeding should be

directed:

By EFS: Registered users may submit via the electronic filing system EFS-Webat

httos-//efs.usoto.cov/efile/myportal/efs-reaistered 
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By Mail to: Mail Stop Ex Parte Reexam
Central Reexamination Unit

Commissioner for Patents

United States Patent & Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

By FAX to: (571) 273-9900
Central Reexamination Unit

By hand: Customer Service Window
Randolph Building
401 Dulany Street
Alexandria, VA 22314

/Bruce Campell/
Patent Reexamination Specialist
Central Reexamination Unit 3991

/Padmashri Ponnaluri/

Patent Reexamination Specialist
Central Reexamination Unit 3991

/Deborah D Jones/

Supervisory Patent Examiner, Art Unit 3991
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For: DIGITAL AMPLIFICATION

RESPONSIVE AMENDMENT TO OFFICE ACTION

U.S. Patent and Trademark Office

Customer Service Window

Randolph Building
401 Dulany Street
Alexandria, VA 22314

Commissioner:

This paper is in response to the Non-Final Office Action mailed November 27, 2013

(“Office Action’). Johns Hopkins University (“the Patent Owner’) respectfully requests

reconsideration of the rejections made in the Office Action in view of the following remarks.

Amendments to the Claimsare reflected in the Listing of Claims, which begins on page

2 ofthis paper.

Remarksbegin on page 9 ofthis paper.

Conclusion begins on page 30 ofthis paper.
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LISTING OF THE CLAIMS

Please amendthe following claimsas indicated by the status identifier. Patent claims

under reexamination but not amendedare indicated as “original.” Patent claims not subject to

reexamination are not shown.

1. (Original) A method for determiningthe ratio of a selected genetic sequence in a

population of genetic sequences, 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 samplesofthe set;

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

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

assay samples which contain a reference genetic sequence;

comparing the first numberto the second numberto ascertain a ratio whichreflects the

composition of the biological sample.

2. (Original) The method of claim 1 wherein the step of diluting is performed until at

least one-tenth of the assay samples in the set comprise a number (N) of molecules such that 1/N

is larger than theratio of selected genetic sequencesto total genetic sequences required for the

step of analyzing to determine the presenceofthe selected genetic sequence.

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

between 0.1 and 0.9 of the assay samples yield an amplification product when subjected to a

polymerase chain reaction.

4. (Original) The method of claim 1 wherein the step of diluting is performed until all of

the assay samples yield an amplification product when subjected to a polymerase chain reaction

and each assay sample contains less than 10 nucleic acid template molecules containing the

reference genetic sequence.
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5. (Original) The method of claim 1 wherein the step of diluting is performed until all of

the assay samples yield an amplification product when subjected to a polymerase chain reaction

and each assay sample contains less than 100 nucleic acid template molecules containing the

reference genetic sequence.

6. (Original) The method of claim 1 wherein the biological sample is cell-free.

7. (Original) The method of claim 1 wherein the numberof assay samples within the setis

greater than 10.

8. (Original) The method of claim 1 wherein the numberof assay samples within the setis

greater than 50.

9, (Original) The method of claim 1 wherein the numberof assay samples within the set is

greater than 100.

10. (Original) The method of claim 1 wherein the numberof assay samples within theset

is greater than 500.

11. (Original) The method of claim 1 wherein the numberof assay samples within theset

is greater than 1000.

12. (Original) The method of claim 1 wherein the step of amplifying and the step of

analyzing are performed on assay samplesin the samereceptacle.

13. (Not subject to reexamination)

14. (Original) The method of claim 1 wherein the step of analyzing employsgel

electrophoresis.

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

16. (Original) The method of claim 1 wherein the step of analyzing employs

hybridization to at least two nucleic acid probe.

17. (Not subject to reexamination)

18. (Not subject to reexamination)

19. (Original) The methodof claim 1 wherein the step of amplifying employsa single pair

of primers.

20. (Original) The method of claim 1 wherein the step of amplifying employs a

polymerase whichis activated only after heating.

21. (Original) The method of claim 1 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

22. (Original) The method of claim 1 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

23. (Original) The method of claim 1 wherein the step of amplifying employsat least 60

cycles of heating and cooling.

24. (Original) The method of claim 1 wherein the biological sample is selected from the

group consisting of stool, blood, and lymph nodes.

25. (Original) The method of claim 1 wherein the biological sample is blood or bone

marrow of a leukemia or lymphomapatient who hasreceived anti-cancertherapy.

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

27. (Original) The method of claim 1 wherein the selected genetic sequenceis a wild-

type allele.

28. (Original) The method of claim 1 wherein the selected genetic sequence is within an

amplicon which is amplified during neoplastic development.

29. (Original) The method of claim 1 wherein the selected genetic sequenceis a rare exon

sequence.

30. (Original) The method of claim 1 wherein the nucleic acid template molecules

comprise cDNA of RNAtranscripts and the selected genetic sequenceis present on a cDNA of a

first transcript and the reference genetic sequence is present on a cDNA ofa secondtranscript.

31. (Original) The method of claim 1 wherein the selected genetic sequence comprises a

first mutation and the reference genetic sequence comprises a second mutation.

32. (Original) The method of claim 1 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.

33-37. (Not subject to reexamination)

38. (Currently amended) A method for determiningthe ratio of a selected genetic

sequencein a population of genetic sequences, comprising the steps of:

amplifying template molecules in a biological sample within a set comprising a plurality

of assay samples to form a population of amplified molecules in each of the assay samplesof the

set;

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

numberof 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
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assay samples in the set comprise a number (N) of molecules such that 1/N is larger than the ratio

of selected genetic sequencesto total genetic sequences required to determine the presence of the

selected genetic sequence;

comparing the first number to the second numberto ascertain a ratio whichreflects the

composition of the biological sample.

39. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 10.

40. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 50.

41. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 100.

42. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 500.

43. (Original) The method of claim 38 wherein the numberof assay samples within the

set is greater than 1000.

44. (Original) The methodof claim 38 wherein the step of amplifying and the step of

analyzing are performed on assay samplesin the samereceptacle.

45. (Not subject to reexamination)

46. (Original) The method of claim 38 wherein the step of analyzing employs gel

electrophoresis.

47. (Original) The methodof claim 38 wherein the step of analyzing employs

hybridization to at least one nucleic acid probe.
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48. (Original) The methodof claim 38 wherein the step of analyzing employs

hybridization to at least two nucleic acid probe.

49, (Not subject to reexamination)

50. (Not subject to reexamination)

51. (Original) The method of claim 38 wherein the step of amplifying employsa single

pair of primers.

52. (Original) The methodof claim 38 wherein the step of amplifying employs a

polymerase whichis activated only after heating.

53. (Original) The methodof claim 38 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

54. (Original) The method of claim 38 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

55. (Original) The method of claim 38 wherein the step of amplifying employsat least 60

cycles of heating and cooling.

56. (Original) The method of claim 38 wherein the template molecules are obtained from

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

57. (Original) The method of claim 38 wherein the template molecules are obtained from

a body sample of a leukemia or lymphomapatient whohas received anti-cancer therapy, said

body sample being selected from the group consisting of blood and bone marrow.

58. (Original) The method of claim 38 wherein the selected genetic sequenceis a
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translocatedallele.

59. (Original) The method of claim 38 wherein the selected genetic sequenceis a wild-

type allele.

60. (Original) The methodof claim 38 wherein the selected genetic sequence is within an

amplicon which is amplified during neoplastic development.

61. (Original) The method of claim 38 wherein the selected genetic sequenceis a rare

exon sequence.

62. (Original) The method of claim 38 wherein the nucleic acid template molecules

comprise cDNA of RNAtranscripts and the selected genetic sequenceis present on a cDNA of a

first transcript and the reference genetic sequenceis present on a cDNAofa secondtranscript.

63. (Original) The method of claim 38 wherein the selected genetic sequence comprises a

first mutation and the reference genetic sequence comprises a second mutation.

64. (Original) The method of claim 38 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.
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Remarks

Claims 1-12, 14-16, 19-32, 38-44, 46-48, and 51-64 are pending and subject to re-

examination of U.S. Patent No. 6,440,706 (“the ‘706 patent’’). Claims 13, 17, 18, 33-37, 45, 49,

and 50 are not subject to reexamination.

Claim 38 has been amendedherein for purposes ofclarity, by providing proper

antecedentbasis for the last three words of the claim. Support for the amendment can be found

throughout the specification, for example, at Col. 2, lines 4-11; Col. 4, lines 12-33; and Col. 6,

lines 45-49 of the “706 patent. The scope ofthe claim is not enlarged by this amendment, and no

new matter is added.

I, Overview

U.S. Patent No. 6,440,706 issued on August 27, 2002. The issued claimsof the ‘706

patent are directed to methods for determining the composition of a biological sample as a

whole. In particular, the methods determinethe ratio of a selected genetic sequence in a

population of genetic sequencesin the biological sample. Col. 1, lines 65-67 of the ‘706 patent.

The thrust of the invention is to separate or isolate the components of a mixed population of

genetic sequences downto a level where each of the genetic sequences are morereadily detected.

Forthis reason, the disclosed methodsare particularly useful for the detection of a rare or non-

predominant genetic sequence within a mixed population of genetic sequences.

In the disclosed methods, the population of genetic sequences are contained within

nucleic acid template molecules that are obtained from a biological sample. The specification

discloses that the biological samples:

which can be usedas the starting material for the analyses may be from any
tissue or body sample from which DNA or mRNAcanbeisolated. Preferred
sources include stool, blood, and lymph nodes. Preferably the biological sample is
a cell-free lysate.

Col. 6, lines 45-49 of the ‘706 patent (emphasis added). The specification does not teach that the

claimed method be performed on “individual cells” or “single cells,” but rather is concerned with
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the detection of genetic sequences within a mixed population of genetic sequences without

requiring the isolation of single cells as was described in the priorart.

The specification teaches that the nucleic acid template molecules obtained from the

biological sample are diluted to form a set comprising a plurality of assay samples. Figure 1A;

Col. 2, lines 7-11 of the ‘706 patent. The nucleic acid template molecules in each of the assay

samples are then amplified, and the amplified molecules are analyzed to determine the numberof

assay samples acrossthe set that contain the selected genetic sequence and the numberof assay

samples acrossthe set that contain a reference genetic sequence. Col. 2, lines 11-15 of the ‘706

patent. By comparing the two numbers,the ratio of the selected genetic sequenceto the

population of sequences can be determined, whichratio reflects the composition ofthe biological

sample as a whole. Col. 2, lines 15-17 of the ‘706 patent.

It is critical that the analysis step in the described methodsis performedacrossthe set of

assay samples, and therefore, this ratio provides information with respect to the composition of

the population of genetic sequencesin the biological sample, as a whole. This type of analysis is

different from, and provides very different information from, an analysis of a single intact cell of

the biological sample.

II. Novelty

A. Liet al. (1988, Nature 335(6189):414-17)

Claims 1-3, 7-9, 15, 16, 19, 21, 22, 27, 32, 38-41, 47, 48, 51, 53, 54, 59 and 64 were

rejected under §102(b) as allegedly anticipated by Li et al. (1988, Nature 335(6189):414-17;

“L1”). Claims 1 and 38 are independent claims. Claims 2, 3, 7-9, 15, 16, 19, 21, 22, 27, and 32

depend directly or indirectly from claim 1, and claims 39-41, 47, 48, 51, 53, 54, 59, and 64

depend directly or indirectly from claim 38. Claim 1 and claims dependent on claim 1 will be

discussedfirst, and then claim 38 and claims dependent on claim 38 will be discussed.

To anticipate a claim, the cited reference must disclose each and every elementof the

claims. Verdegaal Bros. v. Union Oil Co., 814 F.2d 628, 631 (Fed. Cir. 1987). Here, Li does not

anticipate the claims because Lifails to disclose each elementof the claims.

10
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Claims 1-3, 7-9, 15, 16, 19, 21, 22, 27, and 32 

Claim 1 includes four steps. The first step requires the dilution of nucleic acid template

molecules in a biological sample to form a set comprising a plurality ofassay samples. The

second step requires amplifying the template molecules within each ofthe assay samples to form

a population of amplified molecules in the assay samples of the set. The third step requires

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. Andthe final step requires comparingthefirst

numberto the second numberto ascertain a ratio which reflects the composition ofthe biological

sample.

The Office Action first cites Li’s experiment with lymphocytes described at Pages 414-

415 as anticipating claim 1. Office Action, Page 6. In this lymphocyte experiment, Li made an

artificial mixture of tissue culture cells from two individuals and then micromanipulated the

mixture to isolate individual cells. The individual cells were separately lysed, and their nucleic

acids were used in amplification reactions and analyzed. With respectto the first step of claim 1,

the Office Action asserts that Li discloses that the “nucleic acid template molecules, contained

within the cultured cells, were diluted by isolating single cellsfrom the culture.” Office Action,

Page 6 (emphasis added).

The Patent and Trademark Office, in a re-examination, must construe claims using the

broadest reasonable interpretation consistent with the specification. In re Yamamoto, 740 F.2d

1569, 1571 (Fed. Cir. 1984) (emphasis added). The Office Action erred in the construction of

the dilution step of claim 1 whichrecites “diluting nucleic acid template molecules in a

biological sample to form a set comprising a plurality of assay samples.” The preposition “in”

refers to the nucleic acid template molecule. Thatis, “in” denotes where the nucleic acid

template molecules are obtained or derived from, rather than into what the moleculesare diluted.

The specification is clear and not only supports, but mandatesthis construction. Relevant

portions of the specification include, but are not limited to, the following:

Figure 1A showing that isolated DNA template moleculesare diluted.

11
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Thusthere is a need in the art for methods for accurately and quantitatively detecting
genetic sequences in mixed populations of sequences. Col. 1, lines 59-61 of the “706
patent.

It is an object of the present invention to provide methods for determining the presence
of a selected genetic sequence in a population of genetic sequences. Col. 1, lines 65-67
of the ‘706 patent.

Thefirst numberis then compared to the second numberto ascertain a ratio which
reflects the composition of the biological sample. Col. 2, lines 15-17 of the ‘706 patent.

The invention thus provides the art with the meansto obtain quantitative assessments of
particular DNA or RNA sequences in mixed populations of sequences using digital
(binary) signals. Col. 2, lines 48-51 of the ‘706 patent.

The method requires analyzing a large number of amplified products simply and
reliably. Techniques for such assessments were developed, with the output providing a
digital readout of the fraction of mutant alleles in the analyzed population. Col. 4, lines
8-12 of the “706 patent.

Desirably each assay sample prior to amplification will contain less than a hundred or
less than ten template molecules. Col. 4, lines 31-33 of the ‘706 patent.

Digital amplification can be used to detect mutations present at relatively low levels in
the samples to be analyzed. Col. 4, lines 34-35 of the ‘706 patent.

In one preferred embodiment each diluted sample has on average one half a template
molecule. Col. 5, lines 40-41 of the ‘706 patent.

Thus, it is clear that the specification clearly aims to quantify the proportion of two

genetic sequencesrelative to each other in a mixed population of genetic sequencesin a

biological sample. The biological sampleis the starting material from which the nucleic acid

template molecules containing the genetic sequencesare obtained, and the “set comprising a

plurality of assay samples” is produced by diluting the nucleic acid template molecules of the

biological sample into different assay samples.

The step of “diluting nucleic acid template molecules in a biological sample”is

understood by one ofskill in the art as a step in whichisolated nucleic acid template molecules,

obtained from a biological sample, are diluted by a process of placing the nucleic acid template

molecules from the biological sample in a larger volumeof liquid. Shendure Declaration at

paragraph 10. This is the plain meaning of the phrase. Moreoverthis understanding is consistent

12

Page 774 of 1224



Page 775 of 1224

with the teachings of the specification. See, for example, Col. 9, lines 24-27 of the ‘706 patent

(“Principles underlying experiment. The experimentis outlined in FIG. 1A. First, the DNA is

diluted into multiwell plates so that there is on average, one template molecule per two wells,

and PCRis performed.”). Based on the specification, the assay samplesare notisolated cells or

DNAreleased from single isolated cells.

The Patent and Trademark Office’s construction of the term “diluting” as encompassing

single cell micromanipulation followed by lysis is inconsistent with the teachings of the

specification. There is no discussion in the patent of performing a single cell analysis. In fact,

the use of a single cell in performance of the method runs contrary to preferred embodiments

discussed in the specification. The specification contemplates a preferred dilution level where

half of the assay samples have one template molecule. Col. 5, lines 40-43 of the ‘706 patent.

This level of dilution could not be achieved by single cell micromanipulation and lysis of

lymphocytes. Shendure Declaration at paragraph 11. “A claim interpretation that excludes a

preferred embodiment from the scope of the claim israrely, if ever, correct.” On-Line Techs.,

Inc. v. Bodenseewerk Perkin-Elmer GmbH,386 F.3d 1133, 1138 (Fed. Cir. 2004). Thus a proper

construction of claim 1, step 1, fails to encompasssingle cell isolation and subsequentlysis.

Moreover,if one posits that the lysis step alone is a dilution, without considering the

single cell micromanipulation, that too would not fulfill step 1. Simply lysing a singlecell,

whethera diploid or a haploid cell, would not yield from that cell a set comprising a plurality of

assay samples as recited in the claims. Thus this construction is also unsupported and untenable.

Therefore, Li fails to disclose dilution of nucleic acid template molecules that are in a

biological sample in order to form a set comprising a plurality of assay samples, as recited in

claim 1, step 1. Because Lifails to disclose the generation of a set comprising a plurality of

assay samples containing diluted nucleic acid template molecules, Li also fails to disclose the

second step (“amplifying the template molecules within each ofthe assay samples’’) and the third

step (“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”’) of claim 1. The fourth step of claim

1 involves “comparing the first number to the second number”from the third step. Therefore,
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because Lifails to disclose the third step of claim 1, Li also fails to disclose the fourth step of

claim 1.

The Patent and Trademark Office similarly asserts that Li’s experiment with single

human sperm anticipates claim 1. Office Action, Pages 6-7. In that experiment, individual

sperm were micromanipulated and lysed, and the lysates were subjected to amplification. For

the same reasons as with the lymphocyte experiment, Li’s experiment with isolated sperm fails

to disclose step 1 of claim 1. Li does not dilute nucleic acid template molecules to form a set

comprising a plurality of assay samples. Rather, the assay samples in Li each comprise DNA

sequences from a single sperm cell that has been lysed. Because Lifails to disclose a set

comprising a plurality of assay samples containing diluted nucleic acid template molecules, Li

also fails to disclose the remaining steps of claim 1.

Claims 2, 3, 7-9, 15, 16, 19, 21, 22, 27, and 32 dependdirectly or indirectly from claim 1,

and must therefore incorporate all of the limitations of claim 1. Therefore, these claims are novel

over Lifor at least the same reasons discussed above with respect to claim 1. The Patent Owner

respectfully requests that the rejection of claims 1-3, 7-9, 15, 16, 19, 21, 22, 27, and 32 under 35

U.S.C. § 102(b) based on Li be withdrawn.

Claims 38-41, 47, 48, 51, 53, 54, 59, and 64 

The Office Action asserts that Li discloses the limitations of claim 38 because“the

selected genetic sequences were detected in some of the assay samples.” Office Action, Page 7.

The Patent Ownerrespectfully disagrees with this assertion.

Claim 38 includes three steps. Thefirst step requires amplifying template molecules in a

biological sample 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. The second step requires analyzing

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

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

which contain a reference genetic sequence, wherein at least one-fiftieth of the assay samples in

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

genetic sequencesto total genetic sequences required to determinethe presenceofthe selected
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genetic sequence. The third step requires comparingthe first numberto the second numberto

ascertain a ratio whichreflects the composition of the biological sample.

The recitation of “amplifying template molecules in a biological sample within a set

comprising a plurality of assay samples” in step 1 of claim 38 requires that the nucleic acid

template molecules be obtained from a biological sample as a whole, rather than portions thereof

(e.g., single cells). As taught in the specification, each of the assay samples is prepared

identically from the biological sample such that each sample differs only by the statistical

fluctuations inherent in the sampling of the template molecules to make the assay samples. Col.

4, lines 59-63 of the ‘706 patent. The specification describes the assay samples as being

prepared in parallel. Col. 9, 24-30; Col. 11, lines 4-6 of the ‘706 patent. The specification

further teaches that the determined ratios of numbers of assay samples are dependent on the

relative fraction of mutant genes within the template population of the biological sample. Col.

11, lines 14-17 of the ‘706 patent. Thus, consistent with the specification, claim 38, step 1, is

directed to analysis of a biological sample as a whole by amplification of nucleic acid template

molecules in a set comprising a plurality of assay samples. Whenthe ratio is ascertained among

the entire set of assay samples,it reflects the composition of the biological sample as a whole,

rather than determining the composition of each assay sample individually.

Moreover, claim 38 recites amplifying template molecules from a biological sample within a

set comprising a plurality of assay samples. This recitation requires that the template molecules are

obtained from a single biological sample. Moreover, as taught in the specification each of the assay

samples are prepared identically from that biological sample such that they differ only by the

statistical fluctuations inherent in the sampling of the template molecules to make the assay samples.

Col. 4, lines 59-63. The specification describes the assay samples as replicate wells. Col. 11, lines

4-6. The specification further teaches that the determined ratios of assay samples are dependent on

the relative fraction of mutant genes within the template population of the biological sample. Col.

11, lines 14-17. Thus, consistent with the intention manifested in the specification, claim 38, step 1,

is directed to analysis of a single biological sample by amplification of a set of assay samples that are

replicates of each other. Whentheratio is ascertained it reflects the composition of the single

biological sample of nucleic acid template molecules.
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Lifails to disclose step 1 of claim 38 because Lifails to disclose a set comprising a

plurality of assay samples comprising template molecules obtained or derived from a biological

sample. Li’s assay samples use 1) nucleic acid sequences from single cells isolated from a

mixture of two homogenouscell lines that had been co-cultivated or 2) nucleic acid sequences

from individual sperm isolated from a semen sample(i.e., the assay samples are not

representative of a biological sample as a whole). Li does not describe a biological sample

comprising a population of template molecules that are separated, as described in the

specification. Construction of claim 38 consistent with the specification requires a biological

sample as a whole as the source of the nucleic acid template molecules.

BecauseLifails to disclose the generation of a set comprising a plurality of assay

samples containing nucleic acid template molecules from a single biological sample, Li fails to

disclose the first step (“amplifying the template molecules in the assay samples”) and the second

step (“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”’) of claim 38. The third step of claim

38 involves “comparingthe first number to the second number” from the secondstep.

Therefore, because Li fails to disclose the third step of claim 38, Li also fails to disclose the third

step of claim 38.

Claims 39-41, 47, 48, 51, 53, 54, 59, and 64 depend directly or indirectly from claim 38,

and therefore, incorporate all of the limitations of claim 38. These claims are novel over Li forat

least the same reasons discussed above with respect to claim 38. Accordingly, the Patent Owner

respectfully requests that the rejection of claims 38-41, 47, 48, 51, 53, 54, 59, and 64 under 35

U.S.C. § 102(b) based on Li be withdrawn.

B. Zhanget al. (1992, PNAS 89(13):5847-51)

Claims 1, 2, 7, 14, 19, 27, 32, 38, 39, 46, 51, 59 and 64 were rejected under §102(b) as

allegedly being anticipated by Zhanget al. (1992, PNAS 89(13):5847-51; “Zhang’”’). The Patent

Ownerrespectfully traverses this rejection.

Zhang describes a method for producing amounts of DNA fromasingle cell that may be
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used for multiple sequence analyses, the methods using an initial amplification step of DNA

from a single cell, followed by dilution of the amplification product, and a second amplification

with different primers to analyze a particular sequence. See, e.g., Zhang, Page 5847, Col. 1, first

paragraph. As acknowledged by the Office Action, Zhang,like Li, isolated individual human

sperm and then lysed the single, isolated sperm to yield nucleic acid molecules from the single

isolated sperm. Office Action, Page 8. Zhang did not dilute nucleic acid template molecules in a

biological sample (i.e., obtained or derived from a tissue or body sample) and instead separated

and lysed a single sperm to acquire template molecules.

Asdescribed in detail above for Li, a proper construction of claim 1, step 1 does not

encompasssingle cell isolation and subsequent lysis. Therefore, Zhang,like Li, fails to disclose

step 1 of claim 1 because Zhang isolated single sperm andthen lysed the individual sperm, rather

than diluting nucleic acid template molecules in a biological sample. As noted above, simply

lysing a single isolated sperm doesnot yield a set comprising a plurality of assay samples as

recited in the claims. Similarly, as described above for Li, Zhang fails to disclose step 1 of claim

38 which requires a single biological sample as a whole as the source of the nucleic acid

template molecules in a set comprising a plurality of assay samples.

Because Zhangfails to disclose the generation of a set comprising a plurality of assay

samples containing nucleic acid template molecules from a single biological sample as a whole,

Zhangalso fails to disclose the remaining steps of claims | and 38.

Claims 2, 7, 14, 19, 27, 32, 39, 46, 51, 59, and 64 depend from Claims 1 and 38 and

incorporateall the limitations of those claims. Therefore, the claims are novel over Zhangfor at

least the same reasonsas discussed above for independent claims 1 and 38. The Patent Owner

respectfully requests that the rejection of claims 1, 2, 7, 14, 19, 27, 32, 38, 39, 46, 51, 59, and 64

under 35 U.S.C. § 102(b) based on Zhang be withdrawn.

Il. Nonobviousness

A. Li or Zhang, in view ofJeffreys et al. (1988, Nucleic Acids Research

16(23):10953-71)

Claims 4-6 were rejected under § 103(a) as allegedly being obviousovereither Li or
17
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Zhang and further in view ofJeffreys et al. (1988, Nucleic Acids Research 16(23):10953-71;

Jeffreys”). The Patent Ownertraversesthis rejection.

All three of the rejected claims are dependent on claim 1. Claims 4 and 5 further recite

dilution until all assay samples yield an amplification product (both claims), and that each assay

sample contains less than 10 (claim 4) or less than 100 nucleic acid template molecules

containing the reference sequence (claim 5). Claim 6 recites that the biological sampleis cell-

free.

Li and Zhang are both cited as disclosing micromanipulation ofsingle cells into separate

assay samples, amplification of DNA from eachcell, determination of the presences or absence

of two different DNA sequences, and the determination of a ratio of the two sequences. Office

Action, Page 9. The Office Action acknowledges that Li and Zhangfail to disclose a biological

samplethat is cell free. Jeffreys is cited as disclosing dilution of DNA fromacell-free sample.

The Office Action first cites an experimentin Jeffreys in which single cells were isolated

and then analyzed similar to the methods of Li and Zhang. Office Action, Page 9. Next, the

Office Action cited an experiment in which “isolated (cell free) DNA wasdiluted into multiple

assay samples, each containing 6 pg of DNA.” Office Action, Pages 9-10. The Office Action

asserts that each assay sample was amplified with four sets of primers to amplify twoalleles for

minisatellites, and successful amplification was obtained with an estimated 0.46 successful

amplification events per 6 pg sample. The Office Action concludesthat it would have been

obvious to combine Li or Zhang with Jeffreys in order to analyze DNA from sources which do

not contain intact cells and/or to eliminate the labor intensive processofisolating single cells.

Office Action, Page 10.

To establish a proper primafacie case of obviousness, the following criteria must be

established: (1) the prior art reference, or references when combined, must disclose or suggest

all the claim limitations (See In re Vaeck, 947 F.2d 488 (Fed. Cir. 1991)); (2) the Patent Office

must provide an apparent reason to combine the known elementsin the claims (See KSR

International Co. v. Teleflex Inc., 550 U.S. 398 (2007)); and (3) there must be a reasonable

expectation of success in combining the teachingsof the reference(s) (See id.). Here, the Office

Action hasnot established a primafacie case of obviousness because the cited references do not
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disclose or suggestall of the claim limitations and oneofordinary skill in the art would not have

been motivated to combinethe cited references.

Asdiscussed above, both Li and Zhangfail to disclose each of the steps of claims 1 and

38. For example, both Li and Zhangat least fail to disclose or suggest step 1 of claim 1 — the

dilution of nucleic acid template molecules in a biological sample. Clearly, the first experiment

by Jeffreys does not cure the deficiencies of Li and Zhang becauseit too uses the same single

cell analysis. With respect to the second experiment, although Jeffreys does discuss PCR from 6

or 60 pg of genomic DNA (Figure 4), this experiment was performed merely as a proof of

conceptthatit is possible to achieve faithful amplification of nucleic acids from isolated single

cells. Jeffreys, Page 10960, last paragraph. In addition, none ofthe references disclose or

suggest a set comprising a plurality of assay samples comprising nucleic acid template molecules

obtained or derived from a biological sample as taught in claims 1| and 38.

Oneofordinary skill in the art would not be motivated to combine Jeffreys with either Li

or Zhang to meetthe limitation of any of claims 4-6. The combination has been made

improperly using hindsight knowledge gained from the present invention. It is impermissible to

use the claimed invention as an instruction manualor “template” to piece together the teachings

of the prior art so that the claimed invention is rendered obvious. /n re Fritch, 972 F.2d 1260,

1266 (Fed. Cir. 1992). Further, this proposed combination would have destroyed the intended

purpose of each of Li and Zhang. Zhang and Li disclose micromanipulation of isolated single

cells or sperm to form individual assay samples. This micromanipulation method serves to

ensure that all chromosomes within a single cell or sperm remain together throughout the

analysis of the cell or sperm. Thus, Zhang discloses the typing of individual sperm cells for 12

loci (Table 2) located on multiple chromosomes. Li focuses on the benefits of a single cell

analysis to achieve accurate measurements of genetic distances of less than 1 cM (Li, Page 416,

Col. 2, lines 7-11), to genetically map species that cannot be bred or have long generation times

(Li, Page 417, sentence spanning Col. 1 and 2). Li also focuses on the benefit of a single cell

analysis for studying cell-to-cell variations in development(Li, Page 417, Col. 2, lines 12-15).

The single cell analysis of Li or Zhangis intentional. In fact, Zhang actually teaches

away from using a cell-free sample. Zhang, Page 5850, Col. 2, lines 60-70. Specifically, Zhang
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expresses concern overthe potential for sampling errors, particularly in the context of small, cell-

free, forensic or ancient DNA samples. Therefore, it would not have been obvious to modify the

intentional single cell analysis, as the rejection proposes, by using cell-free samples. This

proposed modification would destroy the information that Li and Zhang weretrying to collect

regarding each individualcell or sperm. Shendure Declaration at paragraph 12. If a proposed

modification to an invention would render invention being modified unsatisfactory forits

intended purpose,then there is no suggestion or motivation to make the proposed modification.

See MPEP§ 2143.01, citing Jn re Gordon, 733 F.2d 900, 221 USPQ 1125 (Fed. Cir. 1984).

Jeffreys also fails to disclose the specific limitation of claims 4 and 5 wherein all samples

yield an amplification product. Although the Office Action asserts that it would have been

obviousto one of ordinary skill in the art to double ortriple the amount of DNAto achievethis

recitation, this assertion is not supported by the facts. Although the asserted motivation was to

save time and reagents, doublingor tripling the amount of DNA wouldnot be possible in the

case of rare forensic samples (part of the asserted motivation.) Moreover, doubling andtripling

would contradict the very purpose of primary references Li and Zhang, who scrupulously worked

to have just one cell’s DNA in each sample. Shendure Declaration at paragraph 13. Thus, one

of ordinary skill in the art would not have been motivated to combine Jeffreys with Li or Zhang

or to increase the amount of DNA template.

Forat least these reasons, claims 4-6 are not obvious over Li, Zhang, and Jeffreys. The

Patent Ownerrespectfully requests that this rejection under 35 U.S.C.§ 103(a) be withdrawn.

B. Lior Zhang, in view of Kalininaet al. (1997, Nucleic Acids Research 25:1999-2004
 

Claims 12 and 44 wererejected under § 103(a) as allegedly being obviousovereither Li

or Zhang and further in view of Kalininaet al. (1997, Nucleic Acids Research 25:1999-2004;

“Kalinina”’). Claims 12 and 44 are dependent on claims 1 and 38, respectively, and both claims

12 and 44 further recite that the amplification and analysis is performed in the samereceptacle.

Li and Zhang are both cited as disclosing the dilution of a cell free biological sample into

a plurality of assay samples (Office Action, Page 10), amplification of DNA from each sample,

determination of the presences or absence of two different DNA sequences, and determination of
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a ratio of the two sequences. Office Action, Pages 10-11. The Office Action acknowledges that

Li and Zhang fail to disclose a method wherein amplification and analysis are performed in the

same receptacle. The Office Action cites Kalinina as disclosing amplification and analysis of

single molecules of template DNA in the samereceptacle.

The Office Action has not established a primafacie case of obviousness becausethe cited

referencesfail to disclose or suggest all of the claim limitations. Asan initial matter, neither Li

nor Zhangdisclose the dilution of a cell free biological sample as asserted by the Office Action

here. Rather, as described above and as acknowledged by the Office Action (See, e.g, Office

Action, page 9), Li and Zhang disclose micromanipulation of single cells into separate assay

samples. This micromanipulation method wasintentional and serves to ensurethatall

chromosomeswithin a single cell or sperm remain together throughout the analysis of the cell or

sperm. Although Kalinina discloses the dilution of genomic DNA to 0-42 pg, it would not have

been obvious to modify the methods of Li and Zhang to conduct the methods on a nanoliter scale

as asserted by the Examiner.

The Office Action’s combination of referencesis the result of selective extraction of

portions of references with the benefit of hindsight, using the subject claims as a model. It is

improperfor the Patent and Trademark Office to use the claim as a framework and to employ

individual naked parts of separate prior art references as a mosaic to recreate a facsimile of the

claimed invention. See W.L. Gore & Assoc. v. Garlock, 721 F.2d 1550, 1552-53 (Fed. Cir.

1983). To do so “‘is to fall victim to the insidious effect of a hindsight syndrome wherein that

whichonly the inventor taught is used against its teacher.” /d. at 1553. Again, the proposed

combination would have destroyed the intended purpose of each of Li and Zhang, which disclose

micromanipulation of isolated single cells or sperm to form individual assay samples. This

micromanipulation method serves to ensure that all chromosomeswithin a single cell or sperm

remain together throughout the analysis of the cell or sperm. Thus, the single cell analysis of Li

or Zhangis intentional and essential to the intended purpose. As noted above, Zhang actually

teaches away from using a cell-free sample, expressing concern overthe potential for sampling

errors, particularly in the context of small, cell-free, forensic, or ancient DNA samples. Zhang,

Page 5850, Col. 2, lines 60-70. Therefore, it would not have been obvious to modify the

intentional single cell analysis, as the rejection proposes, by using cell-free samples in a single
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receptacle. This proposed modification would destroy the information that Li and Zhang were

trying to collect regarding each cell or sperm.

Forat least these reasons, claims 12 and 44 are not obvious over Li, Zhang, and Kalinina.

The Patent Ownerrespectfully requests that this rejection under 35 U.S.C. § 103(a) be

withdrawn.

C. Li or Zhang, in view of Chou et al. (1992, Nucleic Acids Research 20(7):.1717-23

Claims 20 and 52 stand rejected under § 103(a) as being obviousover either Li or Zhang

and further in view of Chouet al. (1992, Nucleic Acids Research 20(7):1717-23; “Chow’).

Claims 20 and 52 depend from claims 1 and 38, respectively, and further recite the use of a heat-

activatable polymerase.

Li and Zhang are both cited as disclosing micromanipulation ofsingle cells into separate

assay samples, amplification of DNA from eachcell, determination of the presence or absence of

two different DNA sequences, and the determination ofa ratio of the two sequences. Office

Action, Pages 11-12. The Office Action acknowledged that Li and Zhangfail to disclose a

method in which the DNA polymeraseis activated after heating. Chouis cited as disclosing a

heat-activatable polymerase.

The Office Action has not established a primafacie case of obviousness becausethe cited

referencesfail to disclose or suggestall of the claim limitations. As discussed above, both Li

and Zhangfail to disclose or suggest each of the steps of claims 1 and 38. Both Li and Zhang at

least fail to disclose step 1 of claim 1 — the dilution of nucleic acid template molecules in a

biological sample. In addition, none of the references disclose a set comprising a plurality of

assay samples comprising template molecules obtained or derived from a biological sample as

required in step 1 of claims 1 and 38. Choufails to cure the deficiencies of these references as

Chou fails to disclose or suggest the dilution and/or amplification of template molecules in a

biological sample within a set comprising a plurality of assay samples.

Forat least these reasons, claims 20 and 52 are not obvious over Li, Zhang, and Chou.

Therefore, the Patent Owner respectfully requests that this rejection under 35 U.S.C.§ 103(a)

should be withdrawn.
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D. Li or Zhang, in view of Burg et al. (1989, J. Clin. Microbiol. 27:1787-92 

Claims 23 and 55 were rejected under § 103(a) as allegedly being obviousovereither Li

or Zhang and further in view of Burgetal. (1989, J. Clin. Microbiol. 27:1787-92; “Burg’’).

Claims 23 and 55 depend from Claims 1 and 38, respectively, and further recite at least 60 cycles

of heating and cooling.

Li and Zhang are both cited as disclosing micromanipulation ofsingle cells into separate

assay samples, amplification of DNA from eachcell, determination of the presence or absence of

two different DNA sequences, and the determination ofa ratio of the two sequences. Office

Action, Page 12. The Office Action acknowledgesthat Li and Zhangfail to disclose a method

wherein the PCRis performed for 60 cycles. Burgis cited as disclosing at least 60 cycles of

heating and cooling to amplify DNAof a single cell of Toxoplasma.

The Office Action has not established a primafacie case of obviousness becausethe cited

referencesfail to disclose or suggest all of the steps of claims 1 and 38. Both Li and Zhangat

least fail to disclose step 1 of claim 1 — the dilution of nucleic acid template molecules in a

biological sample. In addition, neither of the references discloses a set comprising a plurality of

assay samples with template molecules obtained or derived from a biological sample as required

in step 1 of claims 1 and 38. Burg fails to cure the deficiencies of these references as Burg fails

to disclose or suggest the dilution and/or amplification of template molecules in a biological

sample within a set comprising a plurality of assay samples.

Forat least these reasons, claims 23 and 55 are not obvious over Li, Zhang, and Burg.

The Patent Ownerrespectfully requests that this rejection under 35 U.S.C. § 103(a) be

withdrawn.

 

Claims 24, 29, 30, 56, 61 and 62 were rejected under § 103(a) as allegedly being obvious

over either Li or Zhang, and further in view of Triimperet al. (1993, Blood 81:3097-115;

“Trumper’’). These dependent claimsrecite a biological sample whichis stool, blood, or lymph

nodes (claims 24 and 56), a selected sequence whichis a rare exon (claims 29 and 61), and the

template molecules are cDNA molecules (claims 30 and 62).
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Li and Zhang are both cited as disclosing micromanipulation ofsingle cells into separate

assay samples, amplification of DNA from eachcell, determination of the presence or absence of

two different DNA sequences, and the determination ofa ratio of the two sequences. Office

Action, Page 13. The Office Action acknowledgesthat Li and Zhangfail to disclose a method

wherein the biological sample is derived from stool, blood, or lymph nodesor a method wherein

the template molecules to be amplified are cDNA. Triimperis cited as disclosing analysis of

isolated single cells from lymph nodes followed by RT-PCRto detect a p53 mutation.

The Office Action has not established a primafacie case of obviousness becausethe cited

referencesfail to disclose or suggest all of the steps of claims 1 and 38. Both Li and Zhangat

least fail to disclose step 1 of claim 1 — the dilution of nucleic acid template molecules in a

biological sample. In addition, neither of the references discloses a set comprising a plurality of

assay samples with template molecules obtained or derived from a biological sample as required

in step 1 of claims 1 and 38. Trimperfails to cure the deficiencies of these references as

Trumperfails to disclose the dilution and/or amplification of nucleic acid template molecules in

a biological sample within a set comprising a plurality of assay samples. Rather, Trimper,like Li

and Zhang, involves the analysis of isolated single cells.

For at least these reasons, claims 24, 29, 30, 56, 61 and 62 are not obvious over the

teachings of Li, Zhang, and Triimper. The Patent Ownerrespectfully requests that this rejection

under 35 U.S.C. § 103(a) be withdrawn.

F._ Lior Zhang, in view of Ponteénet al. (1997, Mutation Research Genomics 382:45-55
 

Claims 31 and 63 were rejected under § 103(a) as allegedly being obviousovereither Li

or Zhang and further in view of Ponténet al. (1997, Mutation Research Genomics 382:45-55;

“Pontén”). Claims 31 and 63 depend from claims 1 and 38, respectively, and recite that the two

analyzed sequences comprisea first and a second mutation.

Li and Zhang are both cited as disclosing micromanipulation ofsingle cells into separate

assay samples, amplification of DNA from eachcell, determination of the presence or absence of

two different DNA sequences, and the determination ofa ratio of the two sequences. Office

Action, Page 14. The Office Action acknowledgesthat Li and Zhangfail to disclose a method in
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whichthe selected genetic sequence andthe reference genetic sequence comprise a different

mutation. Pontén is cited as disclosing single cell PCR analysis of tumorcells and detection of

two different point mutations in p53.

The Office Action has not established a primafacie case of obviousness becausethe cited

referencesfail to disclose or suggest all of the steps of claims 1 and 38. Both Li and Zhangat

least fail to disclose step 1 of claim 1 — the dilution of nucleic acid template molecules in a

biological sample. In addition, neither of the references teaches a set comprising a plurality of

assay samples comprising template molecules obtained or derived from a biological sample as

required in step 1 of claims 1 and 38. Pontén fails to cure the deficiencies of Li and Zhang as

Pontén neither discloses or suggests the dilution and/or amplification of template molecules in a

biological sample within a set of a plurality of assay samples. Pontén, like Li and Zhang,

involvesthe analysis of isolated single cells.

Sinceall three references utilize a single cell isolation technique, none of them disclose

or suggest the dilution of nucleic acid templates from a biological sample to form a plurality of

samples, nor amplification of a template from the biological sample within a set comprising a

plurality of assay samples for the reasons discussed above.

Forat least these reasons, claims 31 and 63 are not obvious over Li, Zhang, and Pontén.

Therefore, the Patent Ownerrespectfully requests that this rejection under 35 U.S.C. § 103(a) be

withdrawn.

G. Li or Zhang, in view of Kanzler et al. (1996, Blood 87:3429-36

Claims 10, 11, 25, 28, 42, 43, 57 and 60 were rejected under § 103(a) as allegedly being

obvious overeither Li or Zhang and further in view of Kanzleret al. (1996, Blood 87:3429-36;

“Kanzler”’). Claims 10, 11, 25, and 28 depend directly or indirectly from claim 1, and claims 42,

43, 57, and 60 dependdirectly or indirectly from claim 38. Claims 10, 11, 42 and 43 recite the

use of sets of assay samplesof at least 500 or at least 5000 samples. Claims 25 and 57 recite

blood or bone marrow of a leukemia or lymphomapatient who received anti-cancer therapy.

Claims 28 and 60 recite a selected genetic sequence which is within an amplicon amplified

during neoplastic development.
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Li and Zhangare again cited as disclosing micromanipulation of single cells into separate

assay samples, amplification of DNA from eachcell, determination of the presence or absence of

two different DNA sequences, and the determination ofa ratio of the two sequences. Office

Action, Page 14. The Office Action acknowledgesthat Li and Zhangfail to disclose a method in

whichthe biological sample is derived from blood or bone marrow of a leukemia or lymphoma

patient whohas received anti-cancer therapy. The Office Action also acknowledgesthat Li and

Zhangfail to disclose a method wherein the numberof assay samples is greater than 500 or 1000

or wherein the selected genetic sequenceis part of a sequence that is amplified during neoplastic

development. Kanzleris cited as disclosing, like Li and Zhang,single cell analysis.

The Office Action has not established a primafacie case of obviousness becausethe cited

references taken together fail to disclose or suggest all of the steps of claims 1 and 38. Each of

the three referencesat least fails to disclose or suggest step 1 of claim 1 — the dilution of nucleic

acid template molecules in a biological sample because each ofthe references utilizes a single

cell isolation technique. In addition, none of the references disclose or suggest a set comprising

a plurality of assay samples comprising template molecules obtained or derived from a biological

sample as required in step 1 of claims 1 and 38 for the samereason.

For at least these reasons, claims 10, 11, 25, 28, 42, 43, 57 and 60 are not obvious over

Li, Zhang, and Kanzler. The Patent Ownerrespectfully requests that this rejection under 35

U.S.C. § 103(a) be withdrawn.

H. Li or Zhang, in view of Gravelet al. (1998, Blood 91(8):2866-74

Claims 26 and 58 wererejected under § 103(a) as allegedly being obviousovereither Li

or Zhang and further in view of Gravelet al. (1998, Blood 91(8):2866-74; “Gravel”). Claims 26

and 58 depend from claims 1 and 38, respectively, and further recite that the selected sequenceis

a translocated allele.

Li and Zhangare again cited as disclosing micromanipulation of single cells into separate

assay samples, amplification of DNA from eachcell, determination of the presence or absence of

two different DNA sequences, and the determination ofa ratio of the two sequences. Office

Action, Pages 15-16. The Office Action acknowledges that Li and Zhangfail to disclose a
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methodin which the selected genetic sequenceis a translocated allele. Gravel, like Li and

Zhang,is cited as disclosing a single cell analysis, but for the detection of a chromosomal

translocation in cells from bone of patients diagnosed with Hodgkin’s Disease.

The Office Action has not established a primafacie case of obviousness becausethe cited

references taken together fail to disclose or suggest all of the steps of claims 1 and 38. Each of

the three referencesat least fails to disclose or suggest step 1 of claim 1 — the dilution of nucleic

acid template molecules in a biological sample because each referenceutilizes single cell

micromanipulation, which does not meet the requirement for claim 1 step 1 as discussed in detail

above. In addition, none of the references disclose a set comprising a plurality of assay samples

comprising template molecules obtained or derived from a biological sample as required in step

1 of claims 1 and 38.

Forat least these reasons, claims 26 and 58 are not obvious over Li, Zhang, and Gravel.

Therefore, the Patent Ownerrespectfully requests that this rejection under 35 U.S.C. § 103(a) be

withdrawn.

lL Li or Zhang, in view of Schwabet al. (1998, Bioessays 20(6):473-79

Claims 28 and 60 were rejected under § 103(a) as allegedly being obviousovereither Li

or Zhang, and further in view of Schwab (1998, Bioessays 20(6):473-79; “Schwab”). Claims 28

and 60 depend from claims 1 and 38, and additionally, they recite an amplicon whichis

amplified during neoplastic development.

Li and Zhangare again cited by the Office Action as disclosing micromanipulation of

single cells into separate assay samples, amplification of DNA from each cell, determination of

the presence or absence of two different DNA sequences, and the determination ofa ratio ofthe

two sequences. Office Action, Pages 16. The Office Action acknowledgesthat Li and Zhang

fail to disclose or suggest a method in whichthe selected genetic sequenceis onethat is

amplified during neoplastic development. Schwabis a reviewarticle cited for disclosing

amplification of certain markers as prognostic markers for cancer.

The Office Action has not established a primafacie case of obviousness becausethe cited

references taken together fail to disclose or suggestall of the steps of claims 1 and 38. As
27
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discussed in detail above, Li and Zhangat least fail to disclose or suggest step 1 of claim 1 — the

dilution of nucleic acid template molecules in a biological sample — because each reference

utilizes single cell micromanipulation, which does not meet the requirement for claim 1 step 1 as

discussed in detail above. In addition, Li and Zhangfail to disclose or suggest a set comprising a

plurality of assay samples comprising template molecules obtained or derived from a biological

sample as required in step 1 of claims 1 and 38. Schwabfails to cure the deficiencies of Li and

Zhang because Schwab merely discloses the presence of amplification of certain markers

associated with cancer and fails to disclose particular methodsfor the dilution and/or

amplification of nucleic acid template molecules in a biological sample within a set comprising a

plurality of assay samples.

In addition, the proposed combination of references by the Patent and Trademark Office

suggests determining the “percentage (ratio) of ce//s in a sample having the amplified version”

(emphasis added). But the claims are directed to determining the ratio of genetic sequences in a

population of genetic sequencesof a biological sample. This is distinct from a cell-by-cell

analysis.

The Office Action also posits a hypothetical experiment in which the wild-type sequence

is the sequencethat is not amplified in neoplastic development. This experiment would notyield

any useful result. The same product would be amplified from the wild-type sequence and from

the selected sequence because the selected genetic sequence is “within the amplicon,”i.e., it does

not span the amplicon breakpoint. Shendure Declaration at paragraph 14.

For at least these reasons, claims 28 and 60 are not obvious over Li, Zhang, and Schwab.

The Patent Ownerrespectfully requests that this rejection under 35 U.S.C.§ 103(a) be

withdrawn.
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CONCLUSION

Forat least the reasons set forth above,all claims in this reexamination are patentable and

should be confirmed. Therefore, the issuance of a Reexamination Certificate confirming the

patentability of all claims is respectfully requested. The absence of additional comments

regarding the Office Action does not signify the Patent Owner’s agreement with or concession of

any characterization or requirement. If the Examinerbelieves a telephone conference would

expedite prosecution of this application, please telephone the undersigned at 202 824 3000.

No fees are believed to be due with respectto the filing of this response. However,

should any such fees be due, the Commissioneris hereby authorized to charge any such fees in

connection with this paper to Deposit Account No. 190733.

Respectfully submitted,

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

Dated: 27 January 2014

Banner & Witcoff, Ltd.
Customer No. 11332
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CERTIFICATE OF SERVICE

The undersignedcertifies that, in accordance with 37 C.F.R. § 1.550(f) and concurrently

with the electronic filing of this request to the United States Patent and Trademark Office, a

complete copy of this Responsive Amendmentto Office Action and declaration underrule 132,

has been mailedvia first class mail on January 27, 2014 to the third party requester:

Life Technologies Corporation
Attn: IP Department
5791 Van Allen Way
Carlsbad, CA 92008

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

Dated: 27 January 2014

Banner & Witcoff, Ltd.
Customer No. 11332
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inte Ex Parte Reexamination:

US. Patent No. 6,440,706

Control No. 90/012,894

Reesam Filing Date: Rine 17, 2043

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit 3991

Boeket No, 001 107,00989

Confirmation No: 8442NeedaeNaNeOtaNeeae
Examiner: Brace R. Campell

For DIGITAL AMPLIFICATION

bo

Lee

DECLARATION OF JAY SHENDURE

Myname is Jay Shendure. { make this declaration based on my personal

knowledge. Tam over 21 and otherwise competent to make this declaration.

fam currently an Associate Professor in the Department of Genome Sctences at

the University of Washimeton School af Medicine in Seattle, Washington. have

held this position since 2011. Prior to that | was an Assistant Professor in the

Department of Genome Sciences at the University of Washington. | held this

position from 2007 to 2011. ] arn also an Affliate Professor with the Division of

Human Biologyat the Fred Hutchinson Cancer Research Center m Seattle,

Washington; a position IT have held since 2010. A copy of my Curriculum vitaeis

attached as Exhibit A.

fl obtained my M.D. from Harvard Medical School in Boston, Massachusetts in

2007 and, previous to that, obtained my Ph.D. in Genetics from Harvard

University in 2005.

US2008 3303529 2
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As can be gleaned frorm my Curriculumvitae, | have been engagedin genetics

and genomics research since about 1995. My current research is focused on the

development of new technologies for genomics and molecular biolog

Throughout my career I have followed new developments in the field by reading

of the scientific literature, active research, andinteractions with colleagues,

Because of mytraining and experience, | consider myself knowledgeable in

various aspects of genomics, technology development, and nucleic acid

sequencing, This includes technologies that are nsed to analyze DNA sequences

and variations in DNA sequences.

i have been informed that Johns Hopkins University (HU) owns US. patent

6,440,706 6° 706 patent’) and has heensedit to Esoterix Genehtes Laboratories

(EGL), a subsidiary of Laboratory Corporation of America Holdings (LabCorp)

CEsoterix)}, and to Exact Sciences.

Ihave never beon employed ty JHUor by EGL, LabCorpor Exact Sciences,

I have reviewed the ’706 patent, including origmal claims 1-12, 14-16, 19-32, 38-

44, 46-48, 51-64, attached as Exhibit B, the re-examination office action mailed

November 27, 2013, and the cited references:

* YLiefal, “Amplification and analysis of DNA sequences in single haman
sperm and diploid cells,” Nature 335(6189}.414-7 (1988),

* hang ef al, “Whole genome amplification froma sing“ece47Ape

i:

unplications for genetic analysis,” PNAS USA &9(13):5847-51 4992);

* Jeffreys ef al, “Amplification of human minisatellites by thebolymerasechainreaction: towards DNA fingerprinting ofsingle celis,” Nuel, Actes.
Res, 16(23): 10953-10971 (1988).

~3.
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§. The statements that [make include my opinions and the bases for them. Although

wet

pene hw

lambeing compensated for mytime in preparing this declaration, the apirions

are my own, and J have no stake in the outcome of the reexamination proceeding.

Mycompensation does not depend in any way on the outcome ofthere-

examination.

Lunderstand that obviousness is assessed fromthe standpoint ofthe bypothetical

person of ordinary skill in the relevant art. | believe that such a person would

have training in molecular biclegy technignes, such as PCR and related laboratory

procedures, having a bachelor’s degree in biological or chemical sciences, and

have at least three years of experience in a laboratory, or alternatively have a

Master’s degree in a biological or chemical sciences and have at least one year of

laboratory experience.

. Dihiting pucleic acid template molecules would be understood by one of skill m the

art as a step in which nucleic acid template molecules are diluted by a process of

placing thern in a larger volume of Liquid.

. The specification contemplates a preferred duution level where half ofthe diluted

samples have one template molecule. Col. 9, ines 40-44. This level of dilution

could not be achieved by single cell micromanipulation and lysis of lymphocytes.

. Liand Zhang taught genetic analysis of single cells. It would not have been chvious

to modify their methods by asing cell-free samples because this would largely

destroy the linkage within and entirely destroythe linkage between chromosomes in a

US2008 3305329 2

Page 795 of 1224



Page 796 of 1224

14,

single cell, Conventional methods for DNA preparation fragment genomic DNA

considerably, such that the ability to assess recombination rates bepween two loci (the

contemplated goal of LD would be destroyed, except at very short distances.

Additionally such fragmentation would entirely destroy the ability to assess

independent assortment of chromosomes, as was actually tested by Li. A

hypothetical modification of the methods ofLi and Zhang to use a cell-free sample

without the isolation of single cells would destroy the information that Li and Zhang

were trying to collect.

.do not think that it would have been obvious ta one of ordinary skill in theart to

double or triple the amount of DNAused in the PCR reactions described by Jeffreys

in order tg save time and reagents because doubling or tripling the amount of DNA

would not be possible in the case of rare forensic samples, for example, where the

amount of DNAis rated. Moreover, doubling and tripling the amount of DNA

used in the PCRreactions would contradict the purposes of Li and Zhang, who

scrupulously worked to have the DNA from only a single cell in each PCR reaction.

iunderstand that the Patent and Trademark Office proposes that one could detect

genonuc amplificationif one selected a genetic sequencethat is within an amplicon

that is amplified during neoplastic development, as recited in claims 28 and 60.

(Reexamination office action at page 17, first full paragraph.) The Patent and

Trademark Office further proposes that one would ase a wild-type of that sequenceas

areference sequence. [do nat believe that such an experiment would be operable for

detecting or quantifying amplifications associated with the neoplastic development

~4u
LIS20G8 5305829 2
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because both the amplified sequence and the wild-type reference sequence would

have the same nucleic acid sequence and, thas, would not be distinguishable from

each other using the method of claims 28 and 60.

. 1am also aware that the Patent and Trademark Office proposed that this same

modification would have been motivated by LPs suggestion to studycell-to-cell

variations involving DNArearrangements and genetic alterations. [do not agree. A

ratio of cells is not the same as a ratio of genetic sequences in a population of genetic

sequences, These ratios can be different and provide different information.

i declare that all statements made herein of my own knowledge are true and that

all statements made on information and belief are believed ta be true: and further

that these statements are made with the knowledge that willfulfalse statements

are punishable by fine or imprisonment, or both, under $1001 of Title 18 of the

United States Code and that such willful false statements may jeopardize the

validity of the claims or the patent.

  

ts
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Jay Shendure, MD, PhD

Updated January 18, 2014

Current Position

Associate Professor

Department of Genome Sciences
University of Washington
School of Medicine

Foege Building S-250, Box 355065
3720 15th Ave NE

Seattle WA 98195-5068

Contact information

E-mail

Lab website:

Office phone: (2

 
 

Education

es 2007 M.D., Harvard Medical School (Boston, Massachusetis}
es 2005 Ph.D. in Genetics, Harvard University (Cambridge, Massachusetts)

Research Advisor: George M. Church
Thesis entitled “Multiniex Genome Sequencing and Analysis”

* 71996 A.B., summa cum laude in Molecular Biology, Princeton University (Princeton, NJ}
Research Advisor: Lee M. Silver

Professional Experience

» 2011-Present Associate Professor (with tenure)
Department of Genome Sciences, University of Washington, Seattle, WA

« 2010—Present Affiliate Professor

Division of Human Biology, Fred Hutchinson Cancer Research Center, Seattle, WA
» 2007 —- 2074 Assistant Professor

Department of Genome Sciences, University of Washington, Seattle, WA
* 71998 — 2007 Medical Scientist Training Program (MSTP) Candidate

Department of Genetics, Harvard Medical Schoal, Boston, WA
* 1997 — 1998 Research Scientist

Vaccine Division, Merck Research Laboratories, Rahway, NJ
s 1996 — 1997 Fulbright Scholar fo India

Department of Pediatrics, Sassoon General Hospital, Pune, India

Honers and Awards

» 2014 HudsonAlpha Prize for Life Sciences
HudsonAlipha institute for Blotechnolagy

« 2013 FEDERApris
Federation of Dutch Medical Scientific Societies

« 2013 NIH Director's Pioneer Award

National institutes of Health
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2012

2010

2008

2008

2007

2006

1998

1996

1996

1996

1996

1992

2014 — Present

2011 — Present

20171 — Present

2010 - Present

2009 — Present

2009 — 2012

2012 — Present

2012 — Present

2009 —~ 2012

2012 — Present

2009 — Present

2011 — Present

Other Activities

Jay Shendure, MD, PhD

Gurt Stern Award

American Society of Human Genetics
Lowell Milken Young investigator (2010-2013)

Prostate Cancer Foundation

Science in Medicine NewInvestigator Lecture
University of Washington

3° Annual Tomorrow's Pis

Genome Technology Magazine
James Tolbert Shipley Prize

Harvard Medical School

TR2S Young Innovator Award
MALT. Technology Review

Medical Science Training Program Fellowship
National Institutes of Health

Fulbright Scholarship
U.S. State Department

summa cum laude

Princeton University
Honorary Major in Anthropology

Princeton University
Sigma Chi Book Award for Molecular Blology Senior Thesis ("The Genetics ofAlcohol
Consumption: QTLs Affecting Ethanol Consumption in Inbred Mice’)

Princeton University
Senior Prize for Best Thesis in Anthropology “Homuncull, Polyps and the Generation of
Beings: interpreting Theory Change in Biotogy’)

Princeton University
Phi Bela Kappa

Princeton University
National Merit Scholar

Solon High School

Editorial Boards, Gonsortium Leadership & Scientific Advisory Boards

Editorial Board of Human Molecular Genetics

Editorial Board of Human Genetics

Editorial Board of Biotechniques
Editorial Advisory Board of Genome Biology
Editorial Board of Genome Research

Associate Editor of American Journal of Hurnan Genetics

Member, Autism Sequencing Consortiurn {ASC}
Steering Committee, NHYGR/ Centers for Mendeilan Genomics (CMG}
Steering Committee, NHLBI Exome Sequencing Project (ESP}

Scientific Advisory Board, Department of Energy - faint Genome Institute (DOE-JG?}
Technology Development Advisory Group, International Barcode of Life (iBOL}
External Advisory Committee, Genomics and Pathology Services at Washington Universily
in St Louis (GPS @ WUSTL

No
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« 2012 - Present

» 2011

» 2009 — Present

» 2009

» 2009 — 2012

Jay Shendure, MD, PhD

Facully of 1000 (F 1000}, Medical Genetics
Guest Editor, Genome Biology (special issue on exome sequencing}
Member, Fred Hutchinson / University of Washingion Cancer Consortium
Program Committee, American Association for Cancer Research, 101st Annual Meeting
Convener, NHLBI Exome Sequencing Project (ESP) Family Studies Working Group

Cammercial Advisory Roles

s 2013 — Present

s 2013 — Present

s 2013 — Present

s 2013 — Present

s 2010 — Present

s 2010 — Present

s 2009 — Present

« 2069 — Present

* 2012

* 2010 ~ 2011

¢ 2068 — 2009

« 2006

e 2004 — 2005

Faculty Administra

* 2013 —- 2014

* 2012-2013

* 2008 — 2013

* 2011-2012

* 2010-2071

= 2008 — 2009

* 2010

* 2009

* 2009

* 2008 — 2009

Reviewer fad hac}

Scientific Advisory Board of ingenuity Systems
Scientific Advisory Board of Rubicon Genomics
Scientific Advisory Board of GenePeeks
Scientitic Advisory Board of Geng
Consuliant to Ariosa Diagnostics
Scientific Advisory Board of Adaptive Biotechnologies
Scientific Advisory Board of Good Start Genetics
Scientific Advisory Board of Stratos Genomics
Consultant to Merck Research Laboratories

Scientific Advisory Board of Halo Genamics
Consuliant to Complete Genomics
Consultant to Highland Capital Pariners
Consultant to Agencourt Biosciences

tive Responsibilities (University of Washington}

Chair, Serninar Series Cormmittee (Genorne Sciences)
Co-chair, Scientific Discovery Subcommittes for Curriculum Renewal
Member, Faculty Search Committee (Medical Genetics)
Member, Faculty Search Committee (Gename Sciences)
Member, Faculty Search Committee (Gename Sciences)
Member, Faculty Search Committee (Gename Sciences)
Co-organizer, Symposium & Panel Discussion — “New Discoveries in Medicine:
implications for the Cost and Quality of American Healthcare.” (Genome Sciences}
Organizer, Deparimental Retreat (Genome Sciences}
Member, UW. "Two Years to Two Decades” (2y2d} initiative, Discovery focus group
Member, Serninar Series Cornmittee (Genorne Sciences)

Nature Analytical Chemistry
Science Bioinformatics

Cell Biotechniques
New England Journal of Medicine BMC Genomics
Nature Genetics

Nature Bictechnolog
Nature Medicine

Nature Methods

Cell Stem Cell

y Cellular & Molecular Biology Letters
Genomics

Human Mutation

Nature Reviews Genetics Mammalian Genome

Science Transiational Medicine Nature Protocols

3
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Jay Shendure, MD, PhD

Proceedings of the National Academy of Sciences Neuron
PLoS Genetics

Genome Research

Nucleic Acids Research

PLoS Computational Biclogy
American Journal of Human Genetics Trends in Genetics

Genome Biology Genetics in Medicine

Grant Review & Other Service

# 2013

® 2013

® 2013

= 2011

= 2011

= 2016

= 2009

= 2009

= 2009

* 2008

Grant reviewer, National Institute of Child Health and Human Development Special
Emphasis Panel for U01 Male Contraceptive Development Program
Abstract reviewer, 63" Annual Meeting of American Society of Human Genetics
Grant reviewer, The Wellcome Trust

Grant reviewer, W. M. Keck Foundation

Grant reviewer, Lasker Clinical Research Scholars Program
Grant reviewer, UK Medical Research Council, Molecular and Cellular Medicine Board

Grant reviewer, National Science Foundation

Grant reviewer, NIH ARRA Challenge Granis (Genes, Genomes and Genetics IRG}
Grant reviewer, Ontario Research Fund (GL2 Competition}
Grant reviewer, Genome BritishColumbia

Postdoctoral Fellows Trained (University of Washington)

« 2014 —- Present

« 2013 - Present

« 2012 - Present

« 20171 —- Present

« 2009 ~ 2013

« 2009 - 2013

= 2007 — 2009

Ron Hause, PhD.

dacob Kitzman, Ph.D.

Martin Kircher, Ph.D.

Stephen Salipante, M.D., Ph.D.
Jerrod Schwartz, Ph.D. (current position: Googlex)
Brian O’Roak, Ph.D. Goint trainee with Evan Eichler: current position: Assistant Professor,
Department of Molecular & Medical Genetics, Oregon Health & Science University)
Emily Turner, Ph.D. (current position: Seniar Scientist, Genetics & Solid Turnors,
Department of Laboratory Medicine, University of Washington)

Graduate Students Trained (University of Washington)

® 2013 — Present

® 2012 — Present

» 2011 — Present

» 2010 — Present

» 2010 — Present

® 2009-2013

* 2009 — 2012

® 2007 — 2072

« 2007 — 2042

Aaron McKenna (Genome Sciences)
Matthew Snyder (Genome Sciences}
Joshua Burton (Genome Sciences}
Akash Kumar (Medical Scientist Training Program, Genome Sciences)
Andrew Adey (Molecular & Cellular Biology}
Jacob Kitzman (Genome Sciences: dissertation entitled “New technologies for sequencing
and interpreting genomes”; current position: Postdoctoral Fellow, Shendure Lab)
Joseph Hiatt (Medical Scientist Training Program, Genome Sciences; dissertation entitled
“Molecular iagging to overcome limifations of massively parallel sequencing’: current
position: completing medical school)
Sarah Ng (Genome Sciences; dissertation entitled “Next Generation Mendelian Genetics’;
current position: Research Fellow, Insttute of Molecular and Cell Biolagy, Singapore}
Rupali Patwardnan (Genorne Sciences; dissertation entitled “Massively parallel functional
dissection of regulatory elements”, current position: Software Engineer, Facebook}
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Vijay Ramani
Seungsoc Kim
Jason Klein

Hugh Haddox
Aaron McKenna

Greg Findlay
Matthew Snyder
Jorgen Nelson
Elyse Hope
Meara Davies

Josh Burton

Jenny Wagner
Andrew Adey
David Young
Akash Kumar

Jacob Kitzman

Keisha Carison

Jarrett Egerston
Matthew Maurano

Joseph Hiatt
Sayer Herrin
Rupali Patwardhan
Sarah Ng

Jay Shendure, MD, PhD

Genome Sciences

Genome Sciences

MSTP program
Molecular & Cellular Biclogy
Genome Sciences

MSTP program
Genome Sciences

Genome Sciences

Genome Sciences

Molecular & Cellular Biology
Genome Sciences

Genome Sciences

Molecular & Cellular Biology
MSTP program
MSTP program
Genome Sciences

Genome Sciences

Genome Sciences

Genome Sciences

MSTP program
Genome Sciences

Genome Sciences

Genome Sciences

Rotation Studenis Supervised (University of Washington}

Winter 2074

Winter 2074

Summer 2013

Spring 2013
Winter 2013

Summer 2012

Spring 2012
Winter 2072

Winter 2072

Fall 2014

Winter 2011

Winter 2011

Fall 2009

Summer 2009

Summer 2009

Spring 2009
Winter 2009

Winter 2009

Fall 2008

Summer 2008

Winter 2008

Winter 2008

Fall 2007

Graduate Student Committees (in addition to trainees)

® 2013 — Present

® 2013 — Present

s 2012 - Present

s 2012 -Present

s 2012 -Present

» 2011 -—Present

s 2010 — Present

s 2010 — Present

s 2010-2013

s 2010-2013

s 2010-2013

« 2009 — 2013

* 2008 — 2013

* 2009 — 2012

«¢ 2047-2012

* 2009 — 2012

« 2011

# 2010

# 2008 — 2010

# 2008 — 2010

Jorgen Neison
David Young
Niklas Krumm

Andrew Laszia

Benjamin Vernot
Jennifer Andrie

Russell Berg
Leslie Emery
Peter Sudmant

Thomas White

Benjamin Whidcdon
Gailyn Spurrell
Alan Rubin

Joshua Bishop
Lucas Gray
Kyle Minch
Sung Hang
Carlos Araya
Steven Josefowicz

Kevin Schutz
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UW

UW.

UW.

UW.

UW.

UW.

UW,

UW.

UW,

UW,

UW,

UW,

UW,

UW,

UW,

UW,

UW

UAW

UAW.

UW

. Genome Sciences

Genome Sciences

Genome Sciences

Physics
Genome Sciences

Genome Sclences

Molecular & Cellular Biology
Genome Sciences

Genome Sciences

Molecular & Cellular Biology
Genome Sciences

Genome Sciences

Genome Sciences

Electrical Engineering
Biochemistry
Molecular & Cellular Biology

. Neurobiology and Behavior

. Genome Sciences

immunology
. Genome Sciences

On

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Adviser:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

Advisor:

David Baker

Stan Fields

Evan Eichler

Jens Gundlach

Josh Akey
Josh Akey
Lalita Ramakrishnan

Josh Akey
Evan Eichier

Peter Neison

Richard Palmiter

Mary-Claire King
Phil Green

Eric Kiavins

Alan Weiner

David Sherman

Willam Catterall

Stanley Fields
Sasha Rudensky
Stan Fields
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Jay Shendure, MD, PhD

s 2008 — 2010 Marcia Paddock UW. Immunology Advisor: Andy Scharenberg

Other Trainee Committees

« 2010—Present Michael Cho, M.D. KOS Advisory Commitiee Advisor: Ed Silverman

Courses Taught

e 2012-2013 CONJOINT 5117 — “Genetic Anatomy” (University of Washington)
Medical schoo! 1°year elective; co-taught w/ Marshall Horwitz and John Clark

s 2012-2013 HUBIO 554 — “Genetics” (University of Washington)
Medical school 2" year pre-clinical curriculum; co-chaired with Heather Mefford

e« 2008 - 2013 GENOME 550 ~ “Methods and Lagic in Genetics” (University of Washingtan}
Graduate seminar course; co-taughi with Bob Waterston

® 2010-2012 GENOME 373 - “Genome informatics” (University of Washington}
Undergraduate lecture course; co-taught with Jim Thomas or Elhanan Borenstein

¢ 2001 ~— 2003 “Principles of Pharmacology” (Harvard Medical School}
Teaching assistant, 1° year medical school course

Other Teaching or Quireach Activities

* Dec 2013 Guest session leader for BIOL 485 “Senior Seminar in Cellular, Molecular and

Developmental Biology” (UW)
« Nov 2013 Keynote speaker, UW Postdoc Association Symposium
* Nav 2013 Speaker, Pacific Science Center “Science Café” series
® Oct 2013 Guest session leader for MCB 517 “The Developmental Basis of Human Disease’ (UW)
® Aug 2013 Co-organizer, UW Center for Mendelian Genomics (CMG) Data Analysis Workshop
® Jul 2072 Speaker, UW Genome Sciences summer research internship program
» Jun 2013 Guest session leader for MEBI 590 "Biomedical and Health Informatics Lecture Series”

(UW)
* Apr 2013 Guest speaker, UW MSTP Dinner/Recruliment meeting
* Apr 2013 Guest session leader for EP] 590 “Introduction to Laboratory Methods in Population

Research” (UW)
* Oct 2012 Speaker, Seattie Sequencing Interest Group
» Jul 2042 Speaker, “Science on Tap” series
» Jul 2012 Speaker, UW Genome Sciences summer research internship program
» Apr 2012 Guest session leader for GENOME 580 “Ethics in Biomedical Research and Teaching’

(UW)
* Apr 2014 Guest session leader for GENOME 580 “Ethics in Blomedical Research and Teaching”

GUW)
* Apr 2011 Guest session leader for EP] 590 “Introduction to Laboratory Methods in Population

Research” (UW)
= Oct 2010 Lecturer for Medical Genetics “Introduction tio Hurnan & Medical Genetics” course (UW)
» Apr 2010 Moderator for UW Genome Sciences 2010 Panel Discussion on "New Discoveries in

Medicine: implications for the Cost and Quality of American Healthcare"
« Nov 2009 Panelist for Lasker Foundation / UW Dent. of Genome Sciences Round Table: “Personal

Genomes: Promise or Hype?"
» Sep 2009 Panelist for "The Two Body Question and Faculty with children” at HHMI Future Faculty

Workshop
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Jay Shendure, MD, PhD

Apr 2009 Guest session leader for GENOME 580 “Ethics in Blornedical Research and Teaching’
(UW)

Apr 2008 Guest speaker, UW MSTP Dinner/Recruliment meeting
Apr 2009 Guest session leader for EP] 590 “Introduction to Laboratory Methods in Population

Research” (UW)
Feb 2009 Guest speaker, Rainier Scholars program (UW)
dul 2008 Talk at StarNet 2008 Summer Workshop, UW Genome Sciences Education Outreach
Jul 2008 Talk at “Wednesdays at the Genome” UW Genome Sciences Public Lecture Series
Oct 2008 Ghalk Talk Workshop, UW Women in Genome Sciences (WIGS)
May 2008 Guest session leader for GENOME 580 “Ethics in Biomedical Research and Teaching’

(UW)

Active Patents & Published Patent Applications

Polany fluorescent in situ sequencing beads (issued; 7,425,431}
Sequence tag directed subassembly of short sequencing reads inte long sequencing reads (issued:
$383,345}
Massively parallel contiquity mapping (application; 20130203605)
Methods for retrieval of sequence-verified DNA constructs (application; 20120283110}
Nanogrid rolling circle DNA sequencing (application; 20090018024)
Multiplex decoding of sequence tags in barcodes (application; 20080269068)
Wobble sequencing (application; 20070207482}
Nucleic acid memory device (application; 20100099080}

Peer-Reviewed Research Articles (“ denotes equal contributors; * denotes corresponding author(s)

1.

10.

Melo JA, Shendure J, Pociask K, Silver LM". identification of sex-specific quantitative trait loci controlling
alcohol preference in C57BL/ 6 mice. Nature Genetics 1996 Jun; 13(2):147-53.
Shendure J”, Melo JA‘, Pociask K, Derr R, Silver LM". Sex-restricted non-Mendelian inheritance of mouse
chromosome 11 in the offspring of crosses between C57BL/6J and (CS7BL/8J x DBA/ZJ)F1 mice.
Mammalian Genome 1998 Octh9(10}:812-5.
Peirce JL*, Derr R*, Shendure J, Kolata T, Silver LM”. A major influence of sex-specific loci an alcohol
preference in CS7BV/6 and DBA/2 inbred mice. Mammalian Genome 1998 Dec:9(12):942-8.
Liang X*, Munshi S, Shendure J, Mark G 3rd, Davies ME, Freed DC, Montefiori DC, Shiver JW. Epitope
insertion into variable loops of HIV-1 gp120 as a potential meansto improve immunogenicity of viral
envelope protein. Vaccine 1999 Jul 16:17(22):2862-72.
Aach J*, Bulyk ML, Church GM*, Comander J, Derti A, Shendure J*. Computational comparison of two
draft sequences of the human genome. Nature 2001 Feb 15;409(6822):856-9.
Badarinarayana V, Estep PW 3rd, Shendure J, Edwards J, Tavazoie S, Lam F, Church GM". Selection

Nov; 19(1 1}: 1060-5.
Weber G*, Shendure J*, Tanenbaum DM, Church GM, Meyerson M”. Identification of foreign gene
sequences by transcript filtering against the human genome. Nature Genetics 2002 Feb;30(2):141-2.
Shendure J, Church GM". Computational discovery of sense-antisense transcription in the human and
mouse genomes. Genome Biology 2002 Aug 22;3(9):RESEARCHO044, _
Mitra RD, Butty VL, Shendure J, Willams BR, Housman DE, Church GM”. Digital genotyping and
haplotyping with polyrnerase colonies. ProceedingsoftheNationalAcademyofsciences 2003 May
13;700(10):5926-31. ;
Zhu J*, Shendure J’, Mitra RD, Church GM". Single molecule profiling of alternative pre-mRNA splicing.
Science 2003 Aug 8:301(5634):836-8.
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. Mitra RD, Shendure J, rein J,eeyeeOlejnik, ChurchGM Fiuorescent in situ sequencing

| Shendure Je Porreca Gi* Reppas NB, Lin x, MoCutcheon JP, Rosenbaum AM, Wang MD, Zhang K,
Mitra RD, Church GM. Accurate Multiplex Polany Sequencing of an Evolved Bacterial Genome. Science
2005 Sep 9;309(5741):1728-32.

. Zhang K"Zhu J, Shendure a, Porreca GA, Aach JD, Mitra RD, Church GM". Polony haplotyping of

. Turner DJ, Shendure J, Porreca 6, Church G, Green P, Tyler-Smith C,“Hurles MEY Assaying
chromosomiail inversions by single-molecule haplotyping. Nefure Methods 2006 Junm3(6):439-45.
Moskowitz f, Kim JB, Moore M, Wolf C, Peterson MA, Shendure J, Norbrega M, Yokota Y, Berul C, izumo
S, Seidman JG*, Seidman CE, A Genetic Pathway Including Id2, ToxS, and Nkx2-5 Required for Cardiac

Porreca GJ", Zhang K*, Li JB, Xie B, Austin D, Vassallo SL, LeProust EM, Peck BJ, Emig CJ, Dahl F, Gao
Y, Church GM", Shendure J*”. Multiplex Amplification of Large Sets of Human Exons. Nature Methods
2007 Now:4(17):93 7-6.
Higgins AW, Alkuraya FS, Bosco AF, Brown KK, Bruns GA, Donovan DJ, Eisenman R, Fan Y, Farra CG,
Ferguson HL, Gusella JF, Harris DU, Herrick SR, Kelly C, Kim HG, Kishikawa 3S, Korf BR, Kulkarni S, Lally
E, Leach NT, Lemyre E, Lewis J, Ligon AH, Lu W, Maas RL, MacDonald ME, Moore SD, Peters RE,
Quade BJ, Quintero-Rivera F, Saadi i, Shen Y, Shendure J, Willamson RE, Morton CC". Characterization
of apparently balanced chromosamai rearrangements from the developmental gename anatomy project.
American Journal of Human Genetics 2008 Mar82(3):7 12-22.

Turner EM, Lee©, as 55, Nickerson DA, Shendure J”. 3Mocateeae exon capture and library-free
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Eichler EE, Barnshad M, Nickerson DA, Shendure J”. Targeted capture and massively parallel sequencing

Vasia V, Ng SB, TurnerEH,Shendure J*, Hahn SH". Next generation sequence analysis for mitochondrial
disorders. Genome Medicine 2009 Oct 23:1(10):100.

3. Ng $8*, Buckingham KI’, Lee C, Bigham AW, Tabor HK, Dent KM, Huff CD, Shannon PT, Jabs EW,
Nickerson DA, Shendure J, Bamshad MJ". Exome sequencing identifies the cause of a mendelian

_ Hiatt JB*", Patwardhan RP*, Turner EH, Lee C, Shendure J*. Parallel, tag-directed assemblyof locally
derived short sequence reads. Nature Methods 2010 Feb: 7(2):119-22.

. Thomas JH", Emerson RO, Shendure J. Extraordinary molecular evolution in the PRDM9 fertility gene.

. Roach JC*, Glusman G*, Smit AP*, Huff CD*, Hubley R, Shannon PT, Rowen L, Pant KP, Goodman N,
Bamshad M, Shendure J, Ormanac R, Jorde LB*, Hood L”, Galas DU. Analysis of Genetic Inheritance in a
Family Quartet by Whole-Genome Sequencing. Science Apr 30;328(5978):636-9.

. Cooper GM", Goode DL, Ng SB, Sidow A, Bamshad MJ, Shendure J, Nickerson DA. Single-nuctleotide
evolutionary constraint scores highlight disease-causing mutations. Nature Methods 2010 Apr 7(4):250-1.

. Yang F, Babak T, Shendure J, Disteche CM”. Global survey of escape from X inactivation by RNA-
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WS". A three-dirnensional model of the yeast genome. Nature 2010 May 20;465(7296):363-7.

8

Page 805 of 1224



Page 806 of 1224

32.

40.

At.

42.

43.

44,

45.

46.7

Jay Shendure, MD, PhD

Nq SB*, Bigham AW*, Buckingham KJ, Hannibal MC, McMillin MJ, Gildersieeve HI, Beck AE, Tabor HK,
Cooper GM, Mefford HC, Lee C, Turner EH, Smith JD, Rieder MJ, Yoshiura Ki, Matsurnato N, Ohta T,
Niikawa N, Nickerson DA, Bamshad MJ", Shendure fa Exome sequencing identiies MLL2 mutations as a
cause of Kabuki syndrome. NatureGenetics 2010 Sep;42(9}:790-3,

.Rios J, Stein &, Shendure J, Hobbs HH", Cohen JC". Identification by whole-genome resequencing of
gene defect responsible for severe hypercholesterclemia. Human Molecular Genetics 2010 Nov
15:19(22):4313-8.

 

. Sudmant PH*, Kitzman JO*, Antonacci F, Alkan C, Malig M, Tsalenko A. Sampas N, Bruhn L, Shendure J;

1000 Genomes Project, Eichler EE*. Diversity of human copy numbervariation and multicopy genes.
. Adey AY Morrison HG*, Asan’, Xun X%*, Kitzman JQ, Turner EH, Stackhouse B, Mackenzie AP, Caruccio

NC, Zhang X", Shendure J”. Rapid, low-input, low-bias construction of shotgun fragment libraries by high-
density in vitro transposition. Genome Biology 2010 Dec $:19(12):R119.

. Kitzman JO*, Mackenzie AP, Adey A, Hiatt JB, Patwardhan RP, Sudmant PH, Ng SB, Alkan C, Qiu R,

Biotechnology 20711 Jan;29(1):59-63.
. Muthappan V*, Lee A*, Lamprecht T, Akileswaran L, Dintzis 5, Lee C, Magrini V, Mardis E, Shendure J,
Van Gelder R®. Biome representational in silico karyotyping. Genome Research 2011 Apn2i(4):626-33.

. Gallagher LA, Shendure J, Manoil C*. Genome-Scale Identification of Resistance Functions in

. O'Roak BU, Deriziotis P,‘LeeC, Vives L, Schwartz JJ, Girirajan S, Karakoo E,“Mackenzie AP, Ng SB, Baker
C, Rieder MJ, Nickerson DA, Bernier R, Fisher SE, Shendure J”, Eichler EE”. Exome sequencing in
sporadic autism spectrum disorders identifies severe de nove mutations. Nature Genetics 20414
Jur43{6}:585-9.
Hannibal MC*, Buckingham KJ*, Ng SB*, Ming JE, Beck AE, McMillin MJ, Glidersieeve HI, Bigham AW,
Tabor HK, Mefford HC, Cook J, Yoshiura K, Matsumoto T, Matsumoto N, Miyake N, Tonoki H, Naritomi K,
Kaname T, Nagai T, Ohashi H, Kurosawa K, Hou JW, Ohta T, Liang D, Sudo A, Morris CA, Banka 53, Black
GC, Clayton-Smith J, Nickerson DA, Zackai EH, Shaikh TH, Donnai D, Nitkawa N, Shendure J, Bamshad
Mu". Spectrum of MLL2 (ALR) mutations in 110 cases of Kabuki syndrome. American Journal of Medical
Genetics 2011 Jub i55A(7):15171-6.
Cosart T", Beja-Pereira A”, Chen S, Ng SB, Shendure J, Luikart G. Exorne-wide DNA capture and next

 

Regalado ES, Guo DC, Vilamizar C, Avidan N, Giichrist D, McGillivray B, ClarkeL, Bernier F, Santos-
Cortez RL, Leal SM, Berioli-Aveila AM, Shendure J, Rieder MJ, Nickerson DA; NHLBI GO Exome
Sequencing Project, Milewicz DM”. Exorne Sequencing identifies SMAD3 Mutations as a Cause of Familial

Kumar A, While TA, Mackenzie AP.‘Clegg N, Lee C, Dumpit RF, Coleman |, Ng SB, Salipante SJ, Rieder
MJ, Nickerson DA, Corey E, Lange PH, Morrissey C, Vessella RL, Nelson PS", Shendure J”. Exome
sequencing identifies a spectrum of mutation frequencies in advanced and lethal prostate cancers.
Proceedings of the National Academy of Sciences 2011 Oct 11;108(41):17087-92.
Ventura M, Catacchio CR, Alkan C, Marques-Bonet T, Sajladian S, Graves TA, Hormozdiari F, Navarro A,

Malig M, Baker ©, Lee &, Turmer ER, Chen L, Kidd JM, Archidlacono N, Shendure J, Wilson RK, Eichler

 

Research 2071 Oct; 24(10): 1640-9.
George RD", MeVicker G, Diederich R, Ng SB, Mackenzie AP, Swanson WJ, Shendure J*, Thomas JH".
Trans genomic capture and sequencing of primate exomes reveals new targets of posilive selection.

Fairfield H, Gilbert GJ, Barter M, Corrigan RR, Curtain M, Ding Y, D'Ascenzo M, Gerhardt DJ, He C, Huang
W, Richmond T, Rowe L, Probst FJ, Bergstrom DE, Murray SA, Bull C, Richardson J, Kile BT, Gutl, Hager
Jd, Sigurdsson S, Mauceli £, Di Palma F, Lindblad-Toh K, Cunningham ML, Cox TC, Justice MJ, Spector
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MS, Lowe SW,Albert T, Donahue LR, Jeddeich J, Shendure J, Reinhoidt LG". Mutation discovery in mice
by whole exome sequencing. GenomeBiology 2011 Sep 14:12(9}):R86.
Deng X, Hiatt JB, Nguyen DK, Ercan 5, Sturgill D, Hiller LW, Schlesinger F, Davis CA, Reinke VJ,
Gingeras TR, Shendure J, Waterston RH, Oliver B, Lieb JD, Disteche CM". Evidence for compensatory
upregulation of expressed X-linked genes in mammais, Caenorhabditis slegans and Drosophila
melanogaster. Nature Genetics 2011 Oct 23;43(12):1179-85.
Hondewicz BD, Schwedhelm KV, Kas A, Tasch MA, Rawlings C, Ramchurren N, Mcintosh M, D'Amico LA,
Sanda S, Standifer NE, Shendure J, Stone B". Discovery of T cell antigens by high-throughput screening
of synthetic minigene libraries. PLoSOne 2012:7(1 j:e29949.

. Riviére JB*, van Bon BW", Hoischen A, Kholmanskikh 53, O'Roak BJ, Giissen C, Giisen S, Sullivan CT,
Christian SL, Abdul-RahmanOA, Atkin JF, Chassaing N, Drouin-Garraud V, Fry AE, Fryns JP, Gripp KW,
Kempers M, Kleefstra T, Mancini GM, Nowaczyk MJ, van Ravenswaaijj-Aris CM, Roscioli T, Marble M,
Rosenfeld JA, Siu VM, de Vries BB, Shendure J, Verioes A, Veltman JA, Brunner HG, Ross ME, Pilz DT",
Dobyns WB". De nove mutations in the actin genes ACTB and ACTG1 cause Baraitser-Winter syndrome.
NatureGenetics 2012 Feb 26;44(4):440-4, 51-2.
Patwardhan RP*, Hiatt JB*, Witten DM, Kim MJ, Smith RP, May D, Lee C, Andrie JM, Lee SI, Cooper GM,
Ahituy N”, Pennacchio LA”, Shendure J”. Massively parallel functional dissection of mammalian enhancers
in vive. Nature Biotechnology 2012 Feb 26:30(3):265-70.

. Adey A, Shendure JF Ultra-low-input, tagmentation-based whole-genome bisulfite sequencing. Genome
Research 2072 Jun;22(8}:1 139-43.
O'Roak BJ, Vives L, Girtrajan S, Karakoc E, Krumm N, Coe BP, Levy R, Ka A, Lee C, Smith JD, Turner
EH, Stanaway IB, Vernot B, Malig M, Baker C, Reilly B, Akey JM, Borenstein E, Rieder MJ, Nickerson DA,
Bernier R, Shendure J*, Eichler EE*. Sporadic autism exomes reveal a highly interconnected protein
network of de nove mutations. Nature 2012 Apr 4;485(7397):246-50.
Tabor HK, Stock J, Brazg T, McMillin MJ, Dent KM, Yu JH, Shendure J, Bamshad MJ. Informed consent
for whole genome sequencing: A qualiative analysis of participant expectations and perceptions ofrisks,
benefits, and harms.AmericanJournalofMedicalGenetics(A) 2012 Apr 24.
Bernier FP, Caluseriu O, Ng S, Schwartzentruber J, Buckingham KJ, Innes AM, Jabs EW, Innis JW,
schuette JL, Gorski JL, Byers PH, Andelfinger G, Siu V, Lauzon J, Fernandez BA, McMillin M, Scott RH,
Racher H; FORGE Canada Consortium, Majewski J, Nickerson DA, Shendure J, Bamshad MJ®,
Parboosingh JS*. Haploinsufficiency of SF2B4, a Carnponent of the Pre-mRNA Spliceosomal Complex,
Causes Nager Syndrome. AmencanJournalofHumanGenetics 2012 May 4;90(5}):925-33.
Kitzman JO*, Snyder MW, Ventura M, Lewis AP, Qiu R, Simmons LE, Gammill HS, Rubens CE, Santillan
DA, Murray JC, Tabor HK, Barmshad MJ, Eichler EE, Shendure J*. Noninvasive whole-genome
sequencing of a human fetus. Science Translational Medicine 2012 Jun G:4(137):137ra76.

 

 

. Boileau C*, Guo DC, Hanna N, Regalado ES, Detaint D, Gong L, Varret M, Prakash SK, LI AH, d'Indy H,
Braverman AC, Grandchamp B, Kwartler CS, Gouya L, Santos-Cortez RL, Abifadel M, Leal SM, Muli C,
Shendure J, Gross MS, Rieder MJ, Vahanian A, Nickerson BDA, Michel JB; National Heart, Lung, and
Biood Institute (NHLBI) Go Exome Sequencing Project, Jondeau G, Milewicz DM". TGFB2 mutations
cause familial thoracic aortic aneurysms and dissections associated with mild systemic features of Marfan
syndrome. Naiure Genetics 2012 Jul §:44(8):916-921.
Riviere JB, Mirzaa GM, O’Roak BJ, Beddaouil M, Alcantara D, Conway RL, St-Onge J, Schwartzentruber
JA, Gripp KW, Nikkel SM, Worthylake T, Sullivan CT, Ward TR, Butler HE, Kramer NA, Albrecht B, Armour
CM, Armstrong L, Caluseriu ©, Cytrynbaum C, Drolet BA, Innes AM, Lauzon JL, Lin AE, Mancini GM,
Meschino WS, Reagin JD, Saggar AK, Lerman-Sagie T, Uyanik G, Weksberg R, Zirn B, Beaulieu CL;
Finding of Rare Disease Genes (FORGE) Canada Consortium, Majewski J, Bulman DE, O'Driscall M,
Shendure J, Graham JM Jr, Boycott KM, Dobyns WB". De novo germline and postzygotic mutationsin
AKTS, PIKSR2 and PIK3CA cause a spectrum of related megalencephaly syndromes. NatureGenetics
2012 Jun 24:44(8):934-40,
Schwartz JJ", Lee C, Shendure J”. Accurate gene synthesis with tag-directed retrieval of sequence-
verified DNA molecules. Nature Methods 20712 Sep;9(9):913-5.
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Eide NC*, Child SJ, Eickbush MT, Kitzran JO, Rogers KS, Shendure J, Geballe AP, Malik HS".
Poxviruses deploy genamic accordions to adapt rapidly against host antiviral defenses. Celf 2012 Aug
17;150(4):831-41,
Meyer M** Kircher M*, Gansauge MT, Li H, Racimo F, Mallick S, Schraiber JG, Jay F, Priifer K, de Filippo
CG, Sudmant PH, Alkan C, Fu @, Do R, Rohland N, Tandon A, Stebauer M, Green RE, Bryc K, Briags AW,
Stenzel U, Dabney J, Shendure J, Kitzman J, Hammer MF, Shunkov MV, Derevianko AP, Patterson N,
Andrés AM, Eichler EE, Slatkin M, Reich B® Kelso J, Paabo 8". A high-coverage genome sequence from
an archaic Denisovan individual. Science 2012 Oct 12:338(6104):222-6,

. Pater M, Fernandez-Cuesta L, Sos ML, George J, Seidel D, Kasper LH, Plenker D, Leenders F, Sun R,
Zander T, Menon R, Koker M, Dahmen i, Miller C, DI Cerbo V, Schildhaus HU, Alimdller J, Baessmann|,

Becker C, de Wilde 8, Vandesompele J, BShm D, Ansén 5, Gabler F, Wilkening |, Heynck 5, Heuckmann
JIM, Lu X, Carter SL, Cibulskis K, Banerji S, Getz G, Park KS, Rauh D, Gritter C, Fischer M, Pasqualucci
L, Wright G, Wainer Z, Russell P, Petersen |, Chen Y, Stoelben E, Ludwig C, Schnabel P, Hoffmann H,
Muley T, Brockmann M, Engel-Riedel W, Muscarella LA, Fazio VM, Groen H, Timens W, Stetsma H,
Thunnissen E, Smit E, Heideman DA, Snijders Pl, Cappuzzo F, Ligorio C, Damiani S, Field J, Solberg 5,
Brustugun OT, Lund-iversen M, Sanger J, Clement JH, Soltermann A, Moch H, Weder W, SolomonB,
Soria JC, Vaildire P, Besse B, Brarnbila E, Brambilla C, Lantuejoul S, Lorimier P, Schneider PM, Haliek M,
Fao W, Meyerson M, Sage J, Shendure J, Schneider R, Bittner R, Wolf J, NOrmberg P, Perner S,
Heukamp LC, Brindle PK, Haas 3, Thomas RR integrative genome analyses identify key somatic driver
mutations of small-cell lung cancer. NatureGenetics 2012 Oct44(10}:1104-10.

. Campbell CD, Chong JX, Malig M, Ko A, Dumont BL, Han L, Vives L, O’Roak BU, Sudmant PH, Shendure
J, Abney M, Ober C, Eichler EE”. Estimating the human mutationrate using autozygosity in a founder
population. Nature Genetics 2012 Nov;44(41}:1277-81.
Horani A*, Druley TE", Zariwala MA, Patel AC, Levinson BT, Van Arendonk LG, Thornton KC, Giacalone
JC, Albee Ad, Wilson KS, Turner EH, Nickerson DA, Shendure J, Bayly PV, Leigh MW, Knowles MR,
Brody SL, Dutcher SK, Ferkol TW*. Whole-Exome Capture and Sequencing Identifies HEATR2 Mutation as
a Cause of Primary Cilary Dyskinesia. AmericanJournalofHumanGenetics 2012 Oct 5:91(4):685-93.
Stone B*, Rieck M, Rawlings CA, Kas A, Shendure J, Jones H, Buckner JH. Identification of novel HLA
class li target epitopes for generation of donor-specific T regulatory cells. Clinical immunology 2012
Nov; 145(2}: 183-60.
Schwartz JJ, Lee C, Hiatt JB, Adey A, Shendure J*. Capturing native long-range contiguity by in situ library

413;109(46):18749-84,
. Loeb GB*, Khan AA*, Canner D, Hiatt JB, Shendure J, Darnell RB, Leslie CS, Rudensky AY”.
Transcriptome-wide miR-155 Binding Map Reveals Widespread Noncanonical MicroRNA Targeting.
Molecular Cell 2012 Nav 6.

. O’Roak BJ, Vives L, Fu W, Egertson JB, Stanaway IB, Phelps iG, Carvill G, Kumar A, Lee C, Ankenman K,
Munson J, Hiatt JB, Turner EH, Levy R, O'Day DR, Krumm N, Coe BP, Martin BK, Borenstein E, Nickerson
DA, Mefford HC, Doherty BD, Akey JM, Bernier R, Eichier EE” Shendure J". Multiplex Targeted
Sequencing Identifies Recurrently Mutated Genes in Autism Spectrum Disorders. Science 2012 Dec
21;338(8114):16 19-22.

_Fu W", O'Connor TD, Jun G, Kang HM, Abecasis G, Leal SM, Gabriel S, Altshuler D, Shendure J,
Nickerson DA, Bamshad MJ: NHLBI Exome Sequencing Project, Akey JM®. Analysis of 6,515 exomes
reveals the recent origin of most human protein-coding variants. Nature 2013 Jan 10;493(7431):216-20.

. McMillin MJ, Below JE, Shively KM, Beck AE, Gildersleeve HI, Pinner J, Gogola GR, Hecht JT, Grange
DK, Harris DJ, Earl DBL, Jagadeesh 3, Mehta SG, Robertson SP, Swanson JM, Faustman EM, Mefford HC,
Shendure J, Nickerson DA, Bamshad Mu" University of Washington Center for Mendelian Genomics.
Mutations in ECEL1 cause distal arthrogryposis type 5D. AmericanJournalofHumanGenetics 20123 Jan
10;92(4}:150-6.
Knowles MR®, Leigh MW, Ostrowski LE, Huang L, Carson JL, Hazucha MJ, Yin W, Berg JS, Davis SD, Dell
SD, Ferkal TW, Rosenfeld M, Sagel SD, Mila CE, Olivier KN, Turner EH, Lewis AP, Bamshad MJ,
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Nickerson DA, Shendure J, Zariwala MA™: Genetic Disorders of Mucociliary Clearance Consortium. Exome
sequencing identifies mutations in CCDC114 as a cause of primary ciliary dyskinesia. AmericanJournalof
HumanGenetics 20123 Jan 10;92(1}:99-106.
Below JE, Earl DL, Shively KM, McMillin MJ, Smith JD, Turner EH, Stephan MJ, Al-Gazali LI, Hertecant JL,
Chitayat BD, Unger S, Cohn DH, Krakow D, Swanson JM, Fausiman EM, Shendure J, Nickerson DA,
Barnshad MJ"; University of Washington Center for Mendelian Genomics. Whole-genome analysis reveais
that mutations in inositol polyphosphate phosphatase-like 1 cause opsismodysplasia. American Journal of
HumanGenetics 20123 Jan 10:92(1}:137-43.
Hiait JB", Pritchard CC, Salipante SJ, O’Roak BU, Shendure J”. Single molecule molecular inversion
probes for targeted, high-accuracy detection of low-frequency variation.GenomeResearch 2013
May;23(5):643-54.

. Starita LIM”, Pruneda JN*, La RS, Fowler DM, Kim Hd, Hiatt JB, Shendure J, Brzovic PS, Fields s* Kievit
RE®. Activity-enhancing mutations in an £3 ubiquitin ligase identified by high-throughput mutagenesis.
ProceedingsoftheNationalAcademyofSciences 2013 Apr 2;110(14):E 1263-72.
Deng X, Berletch JB, Ma W, Nguyen DK, Hiatt JB, Noble WS, Shendure J, Disteche CM”. Mammalian X
uprequiation is associated with enhanced transcription initiation, RNA hall-iife, and MOF-mediated H4kK16
acetylation. Developmental Cell 2013 Apr 18:25(4):55-68.

. Marneros AG*, Beck AE*, Turner EH*, McMillin MJ, Edwards Md, Field M, de Macena Sobreira NL, Perez

AB, Fortes JA, Lampe AK, Giovannucci Uziell ML, Gordan CT, Plessis G, Le Merrer M, Amiel J,
Reichenberger E, Shively KM, Cerrato F, Labow BI, Tabor HK, Smith JD, Shendure J, Nickerson DA,
Bamshad MJ* University of Washington Center for Mendelian Genomics. Mutations in KCTD1 cause
scalp-ear-nipple syndrome. American Journal of Human Genetics 2013 Apr 4;92(4):621-6.
Ng BG, Buckingham Ku, Raymond K, Kircher M, Turner EH, He M, Smith JD, Eroshkin A, Szybowska M,
Losfeld ME, Chong JX, Kozenko M, LIC, Patterson MC, Gilbert RD, Nickerson DA, Shendure J, Bamshad
MJ: University of Washington Center for Mendelian Genomics, Freeze HH". Mosaicisrn of the UBP-
galaciose transporter SLC35A2 causes a congenital disorder of glycosylation. AmericanJournalofHurnan
Genetics 2013 Apr 4:92(4):632-6.
Carvil GL, Heavin SB, Yendie SC, McMahan JM, O'Roak BJ, Cook J, Knan A, Dorschner MO, Weaver M,

Calvert 5, Malone 3, Wallace G, Stanley T, Sye AM, Bleasel A, Howell KB, Kivity S, Mackay MT,
Rodriguez-Casere V, Webster R, Korczyn A, Afawi Z, Zelnick N, Lerman-Sagie T, Lev D, Maller RS, Gill D,
Andrade DM, Freeman JL, Sadieir LG, Shendure J, Berkovic SF, Scheffer IE", Mefford HC*. Targeted
resequencing in epileptic encephalopathies identifies de novo mutations in CHD2 and SYNGAP 1. Nature
Genetics 2013 Jub45(73:825-30.
Salipante Su*, Sengupta DU, Rosenthal C, Costa G, Spangler J, Simms EH, Jacobs MA, Miller Si,
Hoogestraat DR, Cookson BT, McCoy C, Matsen FA, Shendure J, Lee CC, Harkins TT, Hoffman NG*.
Rapid 165 rRNA Next-Generation Sequencing of Polymicrobial Clinical Samples for Diagnosis of Complex
Bacterial Infections. PLoSOne 2013 May 29;8(5):e65226.
Fitzgerald LM*, Kumar A*, Boyle EA, Zhang Y, Mcintosh LM, Kolb S, Stott-Miller M, Smith T, Karyadi D,
Ostrander EA, Hsu L, Shendure J*, Stanford JL®. Germiine Missense Variants in the BTNL2 Gene Are
Associated with Prostate Cancer Susceptibility. Cancer Exidemiol Biomarkers Prev. 2013 Sep;22(9):1520-
8

 

. Thompson O, Edgley M, Strasbourger P, Flilbotte 5, Ewing B, Adair R, Au V, Chaudry |, Fernando L, Hutter
H, Kieffer A, Lau J, Lee N, Miller A, Raymant G, Shen B, Shendure J, Taylor J, Turner E, Hillier L,
Moerman DG", Waterston RH™. The Million Mutation Project: A new approach to genetics in Caenorhabditis
elegans. Genome Research 2013 Octh23a(10}):1749-62.
Bradnam KR”, Fass JN*, Alexandrov A, Baranay P, Bechner M, Birol i, Boisvert S, Chapman JA, Chapuis
G, Chikhi R, Chitsaz H, Chou WC, Corbell J, Del Fabbro C, Docking TR, Durbin R, Earl , Emrich S,
Fedotov P, Fonseca NA, Ganapathy G, Gibbs RA, Gnerre S, Godzaridis E, Goldstein 5S, Haimel M, Hall G,
Haussler D, Hiatt JB, Ho lY, Howard J, Hunt M, Jackman SD, Jaffe DB, Jarvis E, Jiang H, Kazakov 5S,
Kersey PJ, Kitzman JO, Knight JR, Koren 3, Lam TW, Lavenier D, Laviolette F, LiY, Liz, Liu B, Liu Y, Luo
R, Maccailum |, Macmanes MD, Maillet N, Melnikov S, Naquin 0, Ning 4, Otto TD, Paten B, Paulo O5,
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92.
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Phillippy AM, Pina-Martins F, Place M, Przybyiski D, Qin X, Qu C, Ribeiro FJ, Richards 5, Rokhsar DS,
Ruby JG, Scalabrin 5, Schatz MC, Schwartz DC, Sergushichev A, Sharpe T, Shaw Ti, Shendure J, Shi ¥,
Simpson JT, Song H, Tsarev F, Vezzi F, Vicedomini R, Vielra BM, Wang J, Warley KC, Yin S, Yiu SM,
Yuan J, Zhang G, Zhang H, Zhou 5S, Korf IF*. Assemblathon 2: evaluating de novo methods of ganame
assembly in three vertebrate species. Gigascience 2013 Jul 22:2(7):10.
Buchovecky CM, Turley SD, Brown HM, Kyle SM, McDonald JG, Liu B, Pieper AA, Huang W, Katz DM,

Russell DW,Shendure J, Justice Mu". A Suppressor screen in ae mutant mice implicates cholesterol

Genetics 2013 Sep-45(9).1021-8.
Nuttle X, Huddleston J, O’Roak BJ, Antonacci F, Fichera M, Romano C, Shendure J, Eichler EE". Rapid
and accurate large-scale genotyping of duplicated genes and discovery of interlocus gene conversions.

. Su0 BC, Regalado E, Casteel DE, Santos-Coriez RL, Gong L, Kim JU, Dyack S, Horne SG, Chang G,
Jondeau G, Boileau C, Coselli JS, LiZ, Leal SM, Shendure J, Rieder MJ, Bamshad MJ, Nickerson DA;
GenTAC Registry Consortium; National Heart, Lung, and Blood institute Grand Opportunity Exome
Sequencing Project, Kir C, Milewicz DM". Recurrent Gain-of-Function Mutation in PRKG1 Causes

$;93(2):398-404.
Taylor SD, Ericson NG, Burton JN, Profla TA, Silber JR, Shendure J, Bielas JH*. Targeted Enrichment and
High-Resolution Digital Profiling of Mitochondrial DNA Deletions in Human Brain. Aging Celi 2014
Feb; 13(1):29-38.
Adey A® Burton JN*, Kitzman JO*, Hiatt JB, Lewis AP, Martin BK, Qiu R, Lee C, Shendure J”. The

8500746 1):207-11.
Laurie MT, Bertout JA, Taylor SD, Burton JN, Shendure JA, Bielas JH*, Simultaneous digital quantification
and fluorescence-based size characterization of massively parallel sequencing Hbraries. Biotechniques
2013 Aug 55(2):61-7.
Carvill GL, Regan BM, Yendle SC, O’Roak BU, Lozovaya N, Bruneau N, Burnashev N, Khan A, Coak J,
Geraghty E, Sadieir LG, Turner SJ, Tsai MH, Webster R, Ouvrier R, Damiano JA, Berkovic SF, Shendure
J, Hildebrand MS, Szepetowski P, Scheffer IE”, Mefford HC*. GRIN2A mutations cause epilepsy-aphasia
spectrum disorders. Nature Genetics 2013 Aug 11.

. Knowles MR®, Ostrowski LE, Loges NT, Hurd T, Leigh MW, Huang L, Wolf WE, Carson JL, Hazucha Mu,
Yin W, Davis SB, Dell SD, Ferkol TW, Sagel SD, Olivier KN, Jahnke C, Olbrich H, Werner C, Raidt J,
Walmeier J, Pennekamp P, Dougherty GW, Hiel] R, Gee HY, Otte EA, Halbritter J, Chaki M, Diaz KA,
Braun DA, Poraih JD, Schueler M, Baktai G, Griese M, Turner EH, Lewis AP, Bamshad MJ, Nickerson DA,
Hildebrandt F, Shendure J, Omran H, Zariwala MA”. Mutations in SPAG1 Cause Primary Ciliary
Dyskinesia Associated with Defective Outer and inner Bynein Arms. American Journal of Human Genetics
2013 Oct 3:93(4):7 11-20.

Burton JN®, Adey A, Patwardhan RP, Qiu R, Kitzman JO, Shendure v. Chromosome-scale scaffolding of

 

ZTEEeENts

Deo: 31(12):1119-2B.
. Losfeld ME, Nq BG, Kircher M, Buckingham KJ, Turner EH, Eroshkin A, Smith JD, Shendure J, Nickerson

DA, Bamshad MJ: University of Washington Center for Mendelian Genomics, Freeze HH”. A new
congenital disorder of glycasylation caused by a mutation in SSR4, the signal sequence receptar 4 protein
of the TRAP complex. Human Molecular Genetics 2013 Nov 13. [Epub ahead of print]
Boissel 5, Jariour J, Astrakhan A, Adey A, Gouble A, Duchateau P, Shendure J, Stoddard BL, Cerio MT,
Baker D, Scharenberg AM”. megaTALs: a rare-cleaving nuclease architecture for therapeutic genome
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. Prifer K, Racimo F, Patterson N, Jey F, Sankarararnan S, Sawyer 3S, Heinze A, Renaud G, Sudmant PH,
de Filippo C, LEH, Mallick 5S, Dannemann M, Fu Q, Kircher M, Kuhiwim M, Lachmann M, Meyer M,
Ongyerth M, Slebauer M, Theunert C, Tandon A, Moorjani P, Pickrell J, Mullikin JC, Vohr SH, Green RE,

Hellmann |, Johnson PL, Blanche H, Cann H, Kitzman JO, Shendure J, Eichler EE, Lein ES, Bakken TE,
Golovanova LV, Doronichev VB, Shunkov MV, Derevianko AP, Viola B, Slatkin M", Reich D*, Kelso J,
Paabo S*. The complete genome sequence of a Neanderthal frorn the Altai Mountains. Nature 20174 Jan
2, 505(748 1):43-9.
He 2, O’Roak BJ, Smith JD, Wang G, Hooker 5S, Santos-Cortez RL, LEB, Kan M, Krurmm N, Nickerson DA,
Shendure J, Eichler EE, Leal SM”. Rare-variant extensions of the transmission disequilibrium test:

 

. Tuz K*, Bachmann-Gagescu R*, O'Day DR*, Hua K, Isabella CR, Phelps |G, Stolarski AE, O'Roak BJ,
Dempsey JC, Lourenco C, Alswaid A, Bénnemann CG, Medne L, Nampoothiri S, Stark Z, Leventer RJ,
Topgu M, Cansu A, Jagadeesh S, Bone 5, Ishak GE, Glass [A, Shendure J, Neuhauss SC, Haldernan-
Englert CR, Doherty 0", Ferland RJ”. Mutations in CSPP1 Cause Primary Cilla Abnormalities and Joubert

2014 Jan 2;94(4}:62-72.
. Rehman AU*, Santos-Cortez RL*, Morell RU*, Drummond MC, Ito T, Les K, Khan AA, Basra MA, Wasif N,

Ayub M, AH RA, Raza Si University of Washington Center for Mendelian Genomics, Nickerson DA,
Shendure J, Bamshad M, Riazuddin 5, Billington N, Khan SN, Friedman PL, Griffith Ad, Ahmad W,
Riazuddin S, Leal SM*, Friedman TB*. Mutations in TBC1D24, a Gene Associated With Epilepsy, Also
Cause Nonsyndromic Deafness DFNB&6. AmericanJournalofHumanGenetics 20714 Jan 2:94(1}:144-52.

Reviews, Perspectives and Book Chapters

1.

2.

MOO
£O

Ko)

10.

11.

12.

13.

14.

Shendure fi, Mitra RD, Varma C, aren GM" Advanced sequencing technologies: methods and goais.
2006. 7.8.4 7.8.22.
Shendure J, Porreca GJ, Church GM. Polony Sequencing, in Kim 3, Tang H, Mardis ER, eds. Genome

Sequencing oeandaioe 2008.
 

Shendure J Thebeginning of the end for microarrays”? Nature Methods. 2008 Jul5(7):585-7.
Shendure J*, Ji H". Next generation DNA sequencing. Nature Biotechnology 2008 Oct:26(10):1135-45.
Turner EH, No SBS, Nickerson DA, Shendure J. Methods for genomic partitioning. Annual Reviews in
Genomics and Human Genetics. 2009; 10:263-84.

ISESE

2009 Jun 25:360(263:2781-3.
Shendure J. Journal club. A geneticist discusses a way to assess the effects of disease-causing gene
mutations. Nature 2010 Jan 28;463(7280):405.

Mamanova iL, Coffey AS, Scott GE, Kozarewa|, Turner EH, Kumar A, Howard E, Shendure J, Turner DU*.
igartua C. Turner EH, Ng SB. Hodges E, Hannon Gu, BhattacharieeA, Rieder MA, Nickerson DA.
Shendure J”. Targeted enrichment of specific regions in the human genome by array hybridization.
Current Protecois in Human Genetics 2010 Jul; Chapter 18: Unit 18.3.
Ng SB", Nickerson DA, Bamshad MJ, Shendure J. Massively parallel sequencing and rare disease.
Human Molecular Genetics 2010 Oct 15;19(R2):R1 19-24.
Kumar A, Shendure J, Neison PS". Genome interrupted: sequencing of prostate cancer reveals the

 

 

Cooper GM", Shendure J". Needles in siacks of needies: finding disease-causal variants in a wealth of
genomic data. Nature Reviews Genetics 2011 Aug 18:12(9):628-40.
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15. Shendure J. Next-generation hurnan genetics. Genome Biology 2011 Sep 14:12(9):408.

16. Bamshac Mu*, Ng SB, Bigham AW, Tabor HK, Emond MJ, Nickerson DA, Shendurew Exome
27: 4 21 4):745-55.

17. Nelson FK, Snyder M, Gardner AF, Hendrickson CL, Shendure JA, Porreca GJ, Church GM, Ausubel FM,
Ju J, Kieleczawa K, Slatko BE. Introduction and Historical Overview of DNA Sequencing. Current Protocals
in Molecuiar Biology 2011 Oct Chapter 7: Unit?.0.

18. Shendure JA, Porreca GJ, Church GM, Gardner AF, Hendrickson CL, Kieleczawa J, Slatko BE. Overview

9540133}: 1331843.
20. Duan Z*, Andronescu M, Schutz K, Lee C, Shendure J, Fields S, Noble WS, Blau CA. A genome-wide 3C-

method for characterizing the three-dimensional architectures of genomes. Methods 2012 Nov:58(3):277-
88.

21. Bamshad MJ*, Shendure JA, Vaile DB, Harnosh A, Luoski JR, Gibbs RA, Boerwinkle E, Lifton RP, Gerstein
M, Gunel M, Mane S, Nickerson DA; on behalf of the Centers for Mendelian Genomics. The Centers for
Mendelian Genomics: A new large-scale initiative to identify ihe genes underlying rare Mendelian
conditions. American Journal of Medical Genetics {A} 2012 Jub 158A(7):1523-1525.

22. Tabor HK*, Murray JC, Gammill HS, Kitzman JO, Snyder MW, Ventura M, Lewis AP, Giu R, Simmons LE,

Rubens CE, Santilan MK Eichler EE, when EY, Bamshad Mu, Shendure J. Non-invasive fetal genome

 

Oct: 158A(10).2382-4.
23. Shendure J", Aiden EL*. The expanding scope of DNA sequencing. Nature Biotechnology 2012

Nov:30(4 1): 1084-94.
24. Shendure J”. 2072 Curt Stern Award address. AmericanJournalofHumanGenetics 2013 Mar

7;92(3):340-4,
25. Snyder MW, Simmons LE, Kifzman JO, Santillan DA, Santiian MK, Gammill HS* Shendure J”.

Noninvasive fetal genome sequencing: a primer. Prenatal Diagnosis 2013 Jun;33(63:547-54.
26. Milewicz DM", Regalado ES, Shendure J, Nickerson DA, Guo DC. Successes and challenges of using

whole exome sequencing to identify novel genes underlying an inherited predisposition for thoracic aortic
27, Wang Q, Gul, AdeyA Radiwimmer B, Wang W, Hovestadt V. Bahr M. Wolf S, Shendure J, Ells R, Plass

C, Weichenhan 0”. Tagmentation-based whole-genome bisulfite sequencing. Nature Protocols 2013
Oct8(10}:2022-32.

28. Krurnm N, O’Roak BJ, Shendure J, Eichler EE. A de novo convergence of autism genetics and molecular

Active Research Support

TDPTHGOO7817 (NIH/OD) 09/23/13 — O7/31/18
interpreting genetic variants of uncertain significance (Shendure)
This project aims to develop novel experimental and computational paradigms for predicting the functional
consequences of all possible single residue variants in clinically significant genes, thereby informing the
interpretation of variants newly observed in patients.
Role: Pi

 

ETOP2013 (DOE/JG} PO/O1/13 ~ 09/30/15
cESE ETES AASSENEEaEEENSEEEEEAEN

The goals of this project include the implementation and further development of dial-out PCR and other
technologies for synthetic biclogy at the DOE’s Joint GenomeInsitute.
Role: Fl
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TROTHGOO6768 (NIH/NHGRD 04/01/42 — 3/31/15
Massivelyparallel,invivofunctionaltestingofrequiatoryelements (MPI: Ahituy, Shendure)
The major goal of this project is to develop novel, multiplexed assays thal can easily be adopted by other
researchers to clone and simultaneously test tens-of-thousands of candidate requiatory slements for their in
vivo functional potential.
Role: FE (MPI award)

{US54HG006493 (NIH/NHGRI} 42/05/44 - 11/30/15
UWCenterforMendelianGenomics (MPI: Bamshad, Nickerson, Shendure}
The goal of the proposed researchis io establish the UW Center for Mendelian Genomics (UW-CMG)that wil
apply exome sequencing and analysis to discover the candidate genes and sequence variants underlying rare
Mendelian disorders and other human health-related Mendelian phenotypes.
Role: PE (MPI award}

TROIHGO06283 (NIH/NHGRI 08/15/14 — 07/31/14
Massively parallel contiguity mapping (Shendure}
The aim of this grant is fo develop massively parallel methodsthat faciitate the recovery of contiguity
information in genomic DNA at various scales, thereby facilitating high-quality de novo genome assembly and
haplotype-resoived human genome sequencing.
Role: Pi

 

TREICAT60080 (NCI/NIH) O7/O1/14 — 06/30/14
Ultrasensitive identification and precise quantitation of low frequency somatic mutations by molecular
 

AA

The goal of the proposed research will be to develop novel, robust molecular technologies for sensitively and
specifically identifying low frequency mutations in the context of genetically heterogeneous, stromally
contaminated cancer samples.
Role: Pl

TROICAIG0674-014A71 (NIH/INCH 06/06/12 - 03/31/17
ClonallyExpandedMutationsidentifyCancerPrecursorsinChronicinflammation (MPI: Loeb, Brentnall)
The major goal of this project is to develop better methods for identifying early cancers with greater ease and
atless cost using siate-of-the-art DNA sequencing technology that can be rapidly commercialized for
translation to patient care settings.
Role: Co-investigator

{ROIMH101221-07 (NIH/NIMH) 08/01/13 — 06/30/97
Sporadic Mutations and Autism Spectrum Disorders (Eichier)
The major goal of this project is to identify ganes responsible for autism specirumdisorder (ASD) and
developmental delay.
Role: Co-Investigator

 

SFARI 19 1889EE (Simons Foundation) OVON12 — 12/31/43
Whole Exome Sequencing of Simons Simplex Catlection Quads (Eichiler}
The goal of this project is to complete exome sequencing of the Simons Simplex Collection,
Role: Co-investigatar

 

Completed Research Support

5U54A1057141-O8REV (NIH/NIAID) OBOUV11 — 02/28/44

16
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NW Research Center for Excellence in Blodefense and Emerging Infectious Diseases (Miler)
The major goal is to develop and implement methods for the whole genome sequencing and epidemiological
analysis of clinical isolates of gram-negative bacteria at unprecedented speed and lowcost.
Role: Pi of Developmental Project

 

University of Washingion Cystic Fibrosis Foundation 10/01/14 — O9/GG/13
Studying Cystic Fibrosis Infections Using Massively Paralel Sequencing Technology (Shendure}
We test the hypotheses that CF P. aeruginosa populations are highly diverse, and that population composition
is stable in the absence of overt changes in symptoms. We will measure diversity using whole genome
sequencing of isolate pools to measure allelic variation. We will aiso test the hypothesis thai the abundance of
variant alleles changes ai the onset of exacerbations, during antibiotic treatment, and upon restoration of the
“well” state.

Role: Pi

 

TRO11TAGO39700 (NEH/NIMH} 05/01/11 — 04/30/16
Next Generation Mendelian Genetics in Familial Alzheimer Disease (Brkanac)
The goal of this proposal is to apply nove! analytic approaches to identify families in which Alzheimer disease
{AD} is likely to have a single gene eticlogy and to ulllize next generation sequencing technologies to find
these genes.
Role: Co-investigator

 

TROVHL110879-07 (NIH/NHLBI) O9/01/141 - 05/31/15
investigating bacterial-host interactions driving CF Pulmonary Exacerbations (MPI: Bruce, Singh)
The major goal is to test the hypothesis that at the onset of exacerbations, changes in the cornpasiicn of
infecting P. aeruginosa populations elicit host responses leading fo lung inflammation and injury.
Role: Co-investigator

 

5SROINSO69719 (NIH/NINDS) 04/04/10 — 03/31/14
Next Generation Gene Discovery in Neurogenetics (Raskind)}
This proposal seeks to perform massively parallel whale exome sequencing and array comparative genamic
hybridization to identify candidate genes for Mendelian neurogenetics disorders.
Role: Co-investigator

 

W81XWH-10-1-0589 (Department of Defense) 07/01/10 — 08/44/43
Global Characterization of Protein Altering Mutations in Prostate Cancer (Shendure}
The goal of this proposal is to perform comprehensive identification of protein-coding alterations in both
primary and metastatic prostate tumors.
Role: Pi (synergy award with Nelson at FHCRC}

 

5PO1TCA078902 (NIH/NCI) 02/04/09 —- 01/31/14
identification of Canine Minor Histocormpatabilty Antigens (Storb}
The major goal of this subproject is to develop a navel genomics-driven approach for identifying minor
histocompatabilly antigens in a canine transplantation model.
Role: Pl of Project 1

 

SRCO2ZHGO05608 (NIH/NHGRI) 09/36/08 ~ 08/37/12
Next Generation Mendelian Genetics (MPI: Bamshad, Nickerson, Raskind, Shendure)
The goal of this proposal is to sequence and identify the candidate genes responsible for more than 20
Mendelian diseases/disorders.

Role: Pi (MPI award}

 

penn |
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5UCZHL102926 (NIH/NHLBH 09/30/09 ~ 06/30/12
NorthwestGenomicsCenter (MPI: Green, Nickerson, Rieder, Shendure}
The goal of the Northwest Genomics Centeris io apply next-generation exome sequencing to medically
relevant DNA sampie cohorts selected by the NHLBI.
Role: Pi (MPI award)

SROTHLOS4976 (NIH/NHLBD 09/36/08 - 06/30/12

Themajor goal of this project is to develop a high-throughput pipeline for the comprehensive capture and high-
throughput sequencing of all protein-coding sequences in individual human genomes.
Role: PI(MPI award)

Young Investigator Award (Prostate Cancer Foundation} DA/D1/10 - 03/31/43
Methods&ToolsforNext-GenerationAnalysisofProstateCancerGenomes(Shendure}
The aim of this grant is to develop and deploy methods that enable the efficient characterization of primary and
metastatic prostate cancer genomes in large numbers of samples.
Role: Fl

SUB54A1057 141-065 7880509 (NIH/NIAID) 09/12/09 ~- D2/29/12
Massivelyparallelgenomesequencingofantibiotic-resistantemergingpathogens (Shendure)
The goal of this proposal is io sequence the genomes of over 1,000 aniibiotic-resistant bacterial strains
representing emerging pathogens.
Role: Pl

TR21HGOG47T4S (NIH/NHGRI O7/23/08 — 06/30/10
MolecularToolsforGenomePartitioning (Shendure)
The major goal of this project is to develop and optimize methods for selective capture of gene families or long
contigueus genomic regions.
Role: Fl

5ROINSOG69605 (NEH/NINDS} 02/18/10 ~ 02/14/14

Theaimofthis granttoidentifynovel candidate genes and pathways for epilepsy through a combination of
genome-wide approaches including array comparative genomic hybridization and exome sequencing.
Role: Co-investigatar

5SROTHGO04348 (NIH/NHGRI} OFT — 06/30/12
AdvancesinComputationalGeneFinding (Kor?)
The goal of the proposed research will be to use fosmid-pool-based sequencing to provide contiquity
informative validation data for the Assemblathon competition for de novo genome assemblies of the snake,
parrot and cichlid genomes.
Role: Co-investigator

2P50HG003233 (NIH/NHGRI) 05/0 1/09 — 04/30/14
Genter for the Epigenetics of Common Human Disease (Feinberg)
The major goal of the UWcornponent of this program is to develop and apply technology for large-scale
targeted profling of DNA methylation in epidemiclogical samples.
Role: Co-investigator

 

SROTHD0G5285 (NIH/NICHD) 09/30/09 — 08/34/12
Genomic identification of Autisrn Loci (Eichler)
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The aim of this grant is to explore the hypothesis that autism is caused by highly-penetrant, rare mutations
using emerging technologies that screen regions for autism-specific copy-number variation (CNV) mutations
and exanic point mutations.
Role: Co-investigator

TRCOZHGCOS921 (NIH/NHGRI} 08/20/16 - O1/31/42
A Genome-wide Mutation Resource for C. elegans (Watersion)
The aim of this grant is to construct a cormmunity resource of several thousand chemically mutagenized C.
elegans strains that have been whole genome sequenced.
Role: Co-investigator

 

SFARI 1971889 (Simons Foundation} TZ/OT/NG — 11/30/14
Exome Sequencing of Simons Simplex Cailection (SSC) Trios (Eichler}
The goai of this project is to perform exome sequencing of 400 SSC autism trias in collaboration with Matt
State at Yale University to discover pathogenic SNPs associated with disease.
Role: Co-investigator

 

TRCO2ZCA1483 17 (NEH/INCH 09/30/08 — 09/29/11
Aninfrastructureforcancervirusdiscoveryfromnext-generationsequencingdata (Meyerson)
The aim of this grant is to develop automated pipelines for identifying virus-derived sequences in next
generation sequencing data from ail public sources by computational subtraction.
Role: Co-investigator

IRCIAGOS5S68 1 (NIH/NIA} 09/30/09 — 09/28/44
MutationalCloninginFamilialDementiaandAlzheimer’sDisease (Raskind)
The goal of this proposal is to apply whole exome sequencing in well-characterized pedigrees to identify
functional mutations leading to familial dementia and/or Alzheimer’s disease.
Role: Co-investigator

TRCO2ZCA148232 (NIH/NCH 09/30/09 -~ 09/29/14
ApplicationofRiboTag-seqgtoExplorationofTumorMicroenvironments(Morris)
The aim of this grant is to develop and apply methods for tagging of ribosome-associaied RNAs to study cell-
type specific gene expression in complex tissues.
Role: Co-investigator

TIO1BX000531 (Depariment of Veterans Affairs) 10/07/08 — 09/30/13
GeneticRiskFactorsforParkinson'sDisease (Zabetian)
The major goal of this project is to validate findings from an ongoing genome-wide association study on PD
using next generation sequencing and brain/CSF proteamic analyses.
Role: Consultant

invited Talks or Workshops

dan 2014 Keynote speaker, UCLA Genter for Neurobehavioral Genetics Annual Retreat (Los Angeles,
CA)

Deo 2013 Workshop participant, NCI Center for Cancer Genamics Think Tank (Bethesda, MD)
Nov 2013 Speaker, NIH / NCi innovative Molecular Analysis Technologies (MAT) Grantee Meeting

(Bethesda, MD}
Oct 2013 invited speaker, FederaDAG: Next Generation DNA Sequencing: impact on clinical care and

society (Utrecht, Netherlands}
Oct 2013 invited seminar, Niimegen Centre for Molecular Life Sciences (Niimegen, Netherlands)
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Oct 2913

duly 2043

July 2043

June 2013

May 2013

May 2013

Apr 2013
Apr 2013
Mar 2013

Mar 2013

Mar 20713

Feb 2013

Jan 2013

Dec 2012

Nov 2012

Nov 2012

Nov 2012

Nov 2012

Nov 2012

Oct 2012

Sep 2012
Sep 2012

Aug 2012
Jul 2012

Jun 2092

Jun 2072

Jun 2012

May 2012
May 2012
Apr 2012
Apr 20712
Apr 2012
Mar 2012

Mar 2072

Feb 2072

Participant & speaker, NHGRI Sequencing Network Meeting (Washington DC)
invited seminar, Fred Hutchinson Cancer Research Center, Computational Biology Seminar
Series (Seattle, WA)
lovited speaker, The Human Genetics & Genomics Gordon Research Conference, Bryant
University (Smithfield, RI
Keynote speaker, Functional Genomics Data Society (FGED) 15th International Conference
(Seattle, WA)
invited seminar, Department of Cellular and Molecular Medicine, University of California, San
Diego (San Diego, CA}
invited seminar, McKusick-Nathans institute of Genetic Medicine, Johns Hopkins University
Schoal of Medicine (Baltimore, MD)
invited seminar, institute far Genomics & Systems Bialogy, University of Chicago (Chicago, iL}
Speaker, NIH / NHGRI Advanced Sequencing Technology Grantee Meeting (San Diego, CA}
invited seminar, HudsonAlpha institute for Biotechnology (Huntsville, AL)
invited seminar, Seminars in integrative Genomics, Vanderbilt University (Nashville, TN}
Plenary speaker, 2013 Annual Meeting of the Association of Biomolecular Resource Facilities
(Palm Springs, CA)
Plenary speaker, Advances in Genome Biology and Technology (AGBT) (MarcIsland, FL)
Keynote speaker, The Eleventh Asia Pacific Bioinformatics Conference (Vancouver, BC}
invited seminar, Dept. of Molecular and Medical Genetics, Oregon Health & Science University
(Portland, OR}
invited speaker, CSHL Personal Genomes meeting (Cald Spring Harbor, NY)
invited participant in closing symposium, 62" Annual Meeting of American Society of Human
Genetics, “Human Genetics 2012 and Beyond: Present Progress and Future Frontiers” (San
Francisco, CA}
invited session moderator & speaker, 62" Annual Meeting of American Society of Human
Genetics, “Genomic Approaches to Mendelian Disorders” (San Francisco, CA}
Curt Stern Award: Presentation and Lecture, 62" Annual Meeting of American Society of
Hurnan Genetics (San Francisco, CA}
inviled speaker, institute of Translational Health Sciences ‘Omics Workshop - “Lessons Learned
and the Path Forward” University of Washington, South Lake Union (Seattle, WA)
Participant & speaker, NHGRI Sequencing Network Meeting (Houston, TX}
lnviled speaker, Nature Genetics "Genornics of Common Disease” meeting (Washington DC}
Workshop co-organizer & attendee,” |mplicating Sequence Variants in Human Disease”
(Washington DC)
invited speaker, 42rd Annual Meeting of the Environmental Mutagen Society (Seattle, WA)
invited speaker, 1000 Genomes Community Meeting (Ann Arbor, MD
invited seminar, Department of Pathology, University of Washington (Seattle, WA}
invited speaker, ESHG European Human Genetics Conference 2012 (Nurnberg, Germany)
lnviled seminar, UCLA Molecular Biology Institute (Los Angeles, CA)
Grand Rounds, Division of Hematology, University of Washington Medical Center (Seatile, WA)
invited seminar, institute for Systems Biology (Seattle, WA)
invited speaker, Chemical & Engineering News Webinar
invited seminar, NIH / NHGRI Division of Intramural Research (Bethesda, MD}
Speaker, NIH / NHGRI Advanced Sequencing Technology Grantee Meeting (San Diego, CA}
Distinguished Lecture Series, Duke University Program in Genetics and Genomics (Chapel Hdl,
NG}
Co-organizer & speaker, NIH / NIDDK “Workshop on Rare Syndromic Body Fat Disorders-What
Gan They Teach Us?” (Bethesda, MD}
invited seminar, Program in Medical & Population Genetics, Broad Institute of M.LT. and
Harvard (Carnbridge, MA}
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Feb 2072

dan 2012

Jan 2012

Dec 2071

Oct 2071

Oct 2014

Oct 2011

Sep 2074
Sep 2011

Jul 20714

Jul 2074

Jul 201714

Apr 20171

Mar 20711

Feb 2014

Jan 2011

Dec 2010

Dec 2010

Dec 2010

Nov 2010

Nov 2010

Nov 2010

Get 2010

Oct 2010

Sep 2010
Jul 2070

dul 2040

Jul 2010

dul 20418

Jul 2070

dul 2040

Jun 2010

May 2010

May 2010

Jay Shendure, MD, PhD

inviled seminar, Division of Genetics, Brigham and Women’s Hospital, Harvard Medical School
(Boston, MA}
invited seminar, Cystic Fibrosis Seminar Series, Seattle Children's Research Institute /
University of Washington (Seatile, WA)
Grand Rounds, Department of Pathology, Brigham and Women’s Hospital, Harvard Medical
School (Baston, MA)
invited seminar, Department of Biology, University of Pennsylvania (Philadelphia, PA}
Guest speaker, Fred Hutchinson Cancer Research Center, 8th Human Biology Division Retreat
(Seattle, WA}
Keynote address, “Tne Genome and Beyond’, BioTechniques Virtual Symposium
Chair & organizer, IPAM (institute for Pure & Applied Mathematics): Mathematical and
Computational Approaches in High-Throughput Genornics; Workshop |: Next-generation
Sequencing Technology and Algorithms for Primary Data Analysis (Los Angeles, CA)
lnvited speaker & session chair, Beyond the Genome 2011 (Rockville, MD}
invited speaker, NHLBI Symposium: Genomics: Gene Discovery and Clinical Applications for
Cardiovascular, Lung, and Blood Diseases (Bethesda, MD)
Workshop speaker, lumina Sequencing Expert Panel 2071 (Woodinville, WA)
invited speaker, “Revolution of Genome Science’, 9" International Workshop on Advanced
Genomics (Tokyo, Japan}
invited speaker, University of Tokyo, “Cutting Edge of Human Genome Science”, 4"
Symposium of the IMSUT & RCAST Global COE (Tokyo, Japan)
invited seminar, Princeton University and Lewis-Sigier institute, Quantitative and Computational
Biology seminar series (Princeton, NJ)
invited speaker, Genome 10K Workshop (Santa Cruz, CA)
invited seminar, Stanford University, Frontiers in Biclogy Seminar Series (Palo Alto, CA)
lovited seminar, institute for Molecular Medicine, UT Houston (Houston, TX}
invited speaker, Numina Webinar
lnviled seminar, UCSF Biomedical Sciences Seminar Series (San Francisco, CA)
invited seminar, Amgen, Molecular and Computational Toxicology Serninar Series (Seattle, WA)
inviled speaker, Arnerican Heart Association, Scientific Sessions 2016, “Whole Genome
Sequencing and integrative Genomics” session (Chicago,IL}
invited speaker, American Heart Association, Scientific Sessions 2010, “Whole Exome
Resequencing: Methods and Early Findings” session (Chicago, IL)
invited session moderator & speaker, 60" Annual Meeting of American Society of Human
Genetics, “Exome Sequencing and Human Genetics” (Washington DC}
invited seminar, Department of Global Health, University of Washington, Pathobiology Seminar
Series (Seattle, WA)
invited speaker, Beyond the Genome 2010 (Baston, MA)
invited speaker, Prostate Cancer Foundation, 17th Annual Scientific Retreat (Washington DC)
lnviled speaker, liumina PNW User Group Meeting (Seattle, WA)
invited speaker, BioC 2010 (Geatiie, WA)
Workshop attendee, Planning the Future of Genomics: Foundational Research and Applications
in Genomic Medicine,NHGRI (Warrenton, VA)
invited speaker, 13th International MGED Meeting (Boston, MA}
invited speaker, Merck (Bastion, MA)
Evening fecture, 51st Annual Short Course on Medical and Experimental Mammalian Genetics,
The Jackson Laboratory (Bar Harbor, ME)
invited seminar, PNWProstate Cancer SPORE Seminar Series (Seattle, WA)
Colloquium co-convener & speaker, American Society for Microbiology 110" General Meeting,
“Uitra-Deep Sequencing in Infectious Diseases” (San Diego, CA)
invited speaker, University of Washington, Computational Molecular Biclogy Spring Symposium
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May 2010

May 2010

May 2010
Apr 2010
Jan 2010

Jan 2010

Dec 2009

Dec 2009

Qet 2009

Sep 2009
Sep 2009
Aug 2009
Aug 2009

Jun 2009

May 2009
Mar 2009

Mar 2009

Feb 2009

Feb 2009

Dec 2008

Oct 2008

Sep 2008
Sep 2008
Sep 2008
Aug 2008
Mar 2008

Mar 2008

Mar 2008

Feb 2008

Feb 2008

Nov 2007

Nov 2007

Sep 2007

May 2007
Mar 2007

Mar 2007

Feb 2007

Feb 2007

Jay Shendure, MD, PhD

(Seattle, WA)
invited seminar, University of Washington, Department of Medical Genetics Seminar Series
(Seattle, WA)
Session co-chair & speaker, The Biology of Genomes, Cold Spring Harbor Laboratories, “High
Throughput Genomics & Genetics” (Cold Spring Harbor, N'Y}
Workshop participant, NIH Director's “Big Think” Meeting (Bethesda, MD}
invited speaker, 4" international Conference on Primate Genomics (Seattle, WA)
invited seminar, Washington University in St. Louis, Department of Genetics (St. Louis, MO}
invited seminar, University of Chicago, Department of Human Genetics (Chicago, IL}
invited speaker, Simons Foundation, workshop on sequencing (New York City, NY}
invited speaker, Cardiovascular Center Breakfast Club, University of Washington (Seattle, WA)
Pienary speaker, 59" Annual Meeting of American Society of Human Genetics (Honolulu, H1)
inviled speaker, Grand Rounds in Laboratory Medicine, University of Washington (Seattle, WA)
invited speaker, CSHL Personal Genomes meeting (Cold Spring Harbor, NY)
invited speaker, oMERGE Network Steering Commities meeting (Seattle, WA}
inviled seminar, McDermott Center, Excellence in Human Genetics Lecture Series, UT
Southwestern (Dallas, TX)
inviied speaker, Genomic Tools and Technologies Summit, Cambridge Healthtech Institute
(San Francisco, CA)
invited speaker, Northwest institute of Genetic Medicine, 2009 Retreat (Seattle, WA}
invited seminar, University of Michigan, Center for Translational Pathology (Ann Arbor, MD
invited speaker, Next-Generation Sequencing meeting, Cambridge Healthtech Institute (San
Diego, CA)
invited speaker, Advances in Genome Biology and Technology (AGBT) (Marco Island, FL)
invited speaker, Advances in Genome Biology and Technology (AGBT}, pre-meeting warkshap
(Marco Island, FL)
invited seminar, Puget Sound Blood Center Research (Seattle, WA)
invited speaker, Discovery2Diagnostics conference (San Diego, CA}
New investigator Science in Medicine Lecture, University of Washingion (Seattle, WA}
Keynote address, institute for Systems Biclogy, Annual Retreat (Seabeck, WA)
invited speaker, Nature Genetics “Genomics of Common Disease” meeting (Cambridge, MA)
invited seminar, BC Cancer Agency, Genome Sciences Centre (Vancouver, BC)
invited seminar, Fred Hutchinson Cancer Research Center, Computational Biclogy Working
Group Seminar Series (Seattle, WA)
inviled seminar, University of Washington, Department of Medical Genetics Seminar Series
(Seattle, WA)
invited speaker, Joint GenomeInstitute (JGI} User 3° Annual Meeting (Walnut Creek, CA)
invited speaker, Association of Biomolecular Resource Facililies (ABRF} Annual Meeting (Salt
Lake City, UT)
Plenary speaker, Advances in Genome Biology and Technology (AGBT) (Marco island, FL)
invited seminar, Stanford University, Frontiers in Biology Seminar Series (Palo Alico, CA}
invited speaker, 1 Annual Parallel Sequencing Genomics Meeting, Stanford Genome
Technology Center, Stanford University (Palio Alto, CA)
invited seminar, Fred Hutchinson Cancer Research Center, Program in Prostate Cancer
Research Seminar Series, (Seattle, WA)
invited speaker, Stanford Genome Technology Center, Stanford University (Palo Alto, CA}
inviled seminar, institute for Molecular Pediatric Sciences, University of Chicago (Chicago, iL}
lnvited speaker, Next Generation Sequencing: Applications and Case Studies, Cambridge
Healthtech Institute (San Diego, CA}
invited seminar, Department of Genetics, University of Pennsylvania (Philadelphia, PA}
invited seminar, Department of Bioengineering, University of Calfornia, Berkeley (Berkeley, CA)
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Feb 2007

Feb 2007

Feb 2007

Feb 2007

Jan 2007

Jan 2007

Jan 2007

Jan 2007

Mar 2006

Jay Shendure, MD, PhD

inviled seminar, Division of Genetics, Brigham and Women’s Hospital, Harvard Medical School
(Boston, MA}
invited seminar, Department of Pathology, Massachusetts General Hospital, Harvard Medical
Schoal (Boston, MA)
invited seminar, Departrnent of Genome Sciences, University of Washington (Seattle, WA)
inviied seminar, Broad Institute of M.LT. and Harvard (Cambridge, MA}
invited seminar, Department of Molecular & Cell Biclogy, University of California, Berkeley
(Berkeley, CA}
lnviied seminar, National Human Genome Research Instituie, National Institutes of Health
(Bethesda, MD}
Workshop speaker, Workshop on Systems Biology and information Medicine in a Gichal
Society, Princeton University (Princeton, NJ}
inviled seminar, institute for Systems Biclogy (Seattle, WA)
invited seminar, Biological Physics & Biophysical Chemisiry Seminar, State University of New
York, Stony Brook (Stony Brook, NY)

bo Ge

Page 820 of 1224



Page 821 of 1224

Exhibit 8

 
Please amend the following claims as indicated by the status identifier. Patent claims

under reexamination but not amended are indicated as “original.” Patent claims not subject to

reexamination are not shown.

i, (Original) A method for determining the ratio of a selected genetic sequence ina

population of genetic sequences, comprising the steps of:

diluting rucleic acid ternplate molecules in a biological sample to form a set comprising a

plurality of assay samples;

amplifying the termplate molecules within the assay samples to form a population of

amplified molecules in the assay samples ofthe set;

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

numberof assay sarnples which contain the sclocted genetic sequence and a second nurnber of

assay samples which contain a reference genetic sequence;

comparing the first numberto the second numberto ascertain a ratio which reflects the

compositionof the biological sample.

2. (Original) The method of claim 1 wherein the step of diluting is performed until at

ieast one-tenth of the assay sarnpics in the set comprise a number (N) of molecules such that 1/N

is larger than the ratio of selected gerictic sequences to total genetic sequences required for the

step of analyzing to determine the presence ofthe selected genetic sequence.

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

between 0.1 and 0.9 of the assay samples yield an amplification product when subjected to a

polymerase chain reaction.

4, (Original) The method of claim 1 whereinthe step of dilating is performed until all of

the assay samples yield an amplification product when subjected to a polymerase chain reaction

and each assay sample contains less than 10 nucleic acid template molecules containing the

reference genetic sequence.
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5. (Original) The method of claim 1 whereimthe step of diluting is performed until all of

the assay samples yield an arnplification product when subjected to a polymerase chain reaction

and each assay sample contains less than 100 nucleic acid template molecules containing the

reference genetic sequence.

6. (Original) The methodof claim 1 wherein the biological sampleis cell-free.

7, (Original) The method of claim 1 wherein the number of assay samples within the set is

greater than 10.

&. (Original) The method of claim | wherein the numberof assay samples within the set is

greater than 50.

9, (Original) The method of claim 1 wherein the mimberof assay samples withinthe set is

greater than 100.

10. (Original) The method of claim 1 wherein the mumber of assay samples within the set

is greater than 500.

11. (Orginal) The method of clairn 1 wherein the number of assay sarnples within the set

is greater than 1000.

2. (Original) Phe method of claim 1 wherein the step of amplifying andthe step of

analyzing are performed on assay samples in the same receptacle.

13. (Not subject to reexamination)

14. (Original) The method of claim | wherein the step of analyzing employs gel

electrophoresis.

15. (Original) The rncthodof claim 1 wherein the step of analyzing employs

ho
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hybridization to at least one nucicic acid probe.

16. (Original) The method of claim 1 wherein the step of analyzing employs

hybridization to at least two nucleic acid probe.

i7. (Not subject to reexamination)

18. (Not subject to reexamination}

19. (Original) The method of claim 1 wherein the step of amplifying employs a single pair

of primers.

20. (Original) The method of claim | wherein the step of arnplifying employs a

polymerase which is activated only after heating.

21. (Qnginal} The method of claim | wherein the step of amplifymg employsat feast 40

cycles of heating and cooling.

22. (Original) The method of claim 1 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

23. (Original) The method of claim | wherein the step of arnplifying employs at least 60

cycles of heating and cooling.

24. (Onginal} The method of claim1 whereimthe biological sample is selected fromthe

group consisting of stool, blood, and lymph nodes.

25, (Original) The method of claim 1 wherein the biological sample is blood or bone

rnarrowof a leukemia or lyraphornapatient who has receivedanti-cancer therapy.

26. (Original) The method of claim | wherein the sclected genetic sequence is a

Ge
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translocated alicte.

27. (Original) The methodof claim | wherein the selected genetic sequence is a wild-

type allele.

2. (Original) The method of claim 1 wherein the selected genetic sequence is within an

amplicon which is amplified during neoplastic development.

29. (Original) The method of claim | wherein the selected genetic sequence is a rare exon

SCqucnce.

30. (Onginal) The method of clairn 1 wherein the nucicic acid template molecules

comprise CDNA of RNA transcripts and the selected genetic sequence is present on a cDNA ofa

first transcript and the reference genetic sequence is present on a CDNA of a secondtranscript.

31. (Original) The method of clairn 1 wherein the selected genetic sequence comprises a

first mutation and the reference genetic sequence comprises a second mutation.

32. (Original) The method ofclaim | wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.

33-37. (Not subject to reexamination)

38, (Currently amended) A method for determining the ratio of a selected genetic

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

amplifying ternplate molecules in_a biological sarmple within 4 set coraprising a plurality

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

set;

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

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

assay samples which contain a reference genetic sequence, whereinat least one-fiftteth of the
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assay samples in the set comiprise a number (N) of molecules such that 1/N is larger than the ratio

of selected genetic sequences to total genetic sequences required to determinethe presence ofthe

selected genetic sequence;

comparing the first number to the second nurnber to ascertain aratio which reflects the

composition of the biclogical sample,

39, (Ongmal) The method of claim3% wherein the numberof assay samples within the

set is greater than 10.

40. (Original) The method of clairn 38 wherein the number of assay sarnples within the

set is greater than 50.

41. (Original) The method of claim 38 wherein the number ofassay samples within the

set is greater than 100.

42. (Original) The method of clair38 wherein the numberof assay samples within the

set is greater than 500.

43. (Original) The method of clairn 38 wherein the number of assay sarnples within the

set is greater than 1000.

44. (Original) The method of claim 38 wherein the step of amplifying and the step of

analyzing are performed on assay samples in the same receptacle.

AS. (Not subject to reexamination)

46. (Origmal) The method of claim 38 wherein the step of analyzing ermnploys gel

electrophoresis.

47, (Original) Phe methodof claim 3% wherein the step of analyzing employs

hybridization to at least one mucieic acid probe.
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48. (Original) The method of claim 38 whereinthestep of analyzing employs

hybridizationto at least two nucleic acid probe.

Ag, (Not subject to reexamination)

50. (Not subject to reexamination)

51, (Original) The method of claim 38 wherein the step of amplifying ernploys a single

pair of primers.

52. (Orginal) The methodof claim 38 wherein the step of amplifying employs a

polymerase which is activated only after heating.

53. (Original) The method of claim 38 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

54, (Original) The method of claim 38 whereinthe step of amplifying employsat least 50

cycles of heating and cooling.

55. (Orginal) The methodof claim 38 wherein the step of amplifying employsat least 60

cycies of heating and cooling.

56. (Original) The method of claim 38 wherein the ternplate molecules are obtained from

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

57, (Origmal) The method of claim 38 wherein the template molecules are obtamed from

a body sample ofa leukernia or lymphoma patient who has received anti-cancer therapy, said

bady sample being selected from the group consisting of bleed and bone marrow.

58. (Original) The method ofclaim 38 wherein the selected genetic sequence is a
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translocated allele.

59. (Original) Phe method of claim 38 wherein the selected genetic sequence is a wild-

type allele.

~
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60. (Original) The method of claim 38 wherein the sclected genetic sequence is within an

araplicon which is amplified during neoplastic development.

61. (Original) The method of claim 38 wherein the selected genetic sequenceis a rare

exon sequence,

62. (Ongmal) The method of claim38 wherein the nucleic acid template molecules

comprise CDNA of RNAtranscripts and the selected genetic sequence is present on a cDNA of a

first transcript and the reference genetic sequence is present on a CDNA ofa second transcript.

63. (Qriginal) The method of claim 38 wherein the sclected genetic sequence comprises a

first mutation and the reference genetic sequence comprises 2 second mutation.

64, (Original) The method of claim 38 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.
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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 839 of 1224



Page 840 of 1224

Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01-10)
Approvedfor use through 07/31/2012. OMB 0651-0031

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 90012894

Filing Date 2013-06-17

INFORMATION DISCLOSURE [55 \a-ca mony

STATEMENT BY APPLICANT |... ES
( Not for submission under 37 CFR 1.99)
  
Examiner Name Bruce R. Campell  
Attorney Docket Number | 001107.00989 

 

 

  
 

 

U.S.PATENTS Remove

. . . . Pages,Columns,Lines where
Examiner Cite Patent Number Kind Issue Date Name of Patentee or Applicant Relevant Passages or Relevant
Initial No Code’ of cited Document .

Figures Appear

1

If you wish to add additional U.S. Patentcitation information pleaseclick the Add button. Add

U.S.PATENT APPLICATION PUBLICATIONS Remove
 

Examiner

Initial*

Kind|Publication

Code) Date

Publication

Number
Nameof Patentee or Applicant

Cite No of cited Document
Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear
   
 

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

FOREIGN PATENT DOCUMENTS Remove
 

    
 

 

 

 Nameof Patentee or Pages,Columns,Lines
Examiner] Cite|Foreign Document Country Kind|Publication Applicant of cited where Relevant Ts
Initial* No|Number? Code2 j Code4| Date PP Passages or Relevant

Document .
Figures Appear

1 LI

If you wish to add additional Foreign Patent Documentcitation information please click the Add button Add

NON-PATENT LITERATURE DOCUMENTS Remove

. : Include name of the author (in CAPITAL LETTERS},title of the article (when appropriate),title of the itemExaminer] Cite . . :

Initials" |No (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS

EFS Web 2.1.1

publisher, city and/or country where published.

fage 840 of 1224

 

 



Page 841 of 1224

 

Application Number 90012894 

Filing Date 2013-06-17 

INFORMATION DISCLOSURE First Named Inventor 

STATEMENT BY APPLICANT
ha Art Unit | 3991

( Not for submission under 37 CFR 1.99)
 

Examiner Name Bruce R. Campell
   

Attorney Docket Number | 001107.00989 

 
Defendants Life Technologies Corporation, Applied Biosystems, LLC, and lon Torrent Systems,Inc.'s Preliminary Non-
Infringement and Patent invalidity Contensions pursuant to Local Rule 103.3, filed in Case No. Case No. 1:12-CV-1173
on August 22, 2013

Deposition of Michael Metzker, Ph.D., dated Gctober 25, 2013

Declaration of Michael Metzker, Ph.D. executed September 27, 2013

BAKERetal., "Male Mice Defective in the DNA Mismatch Repair Gene PMS2 Exhibit Abnormal Chromosome
Synapsis in Meiosis," Cell, vol. 82, 309-319, July 28, 1995

BISCHOFFet al., "Single cell analysis cemonstrating somatic mosaicism involving 11p in a patient with paternal
isodisomy and Beckwith-Wiedemann syndrome," Human Molecular Genetics, 1995, vol. 4, no. 3, 395-399

BRISCOet al., "Detection and quantitation of neoplastic cells in acute lymphoblastic leukaemia, by use of teh
polymerase chain reaction," British Journal of Haematology, 1991, 79, 211-217

DREESENetal., "Preimplantation genetic diagnosis of spinal muscular atrophy," Molecular Human Reproduction, vol.
4, no. 9, pp. 881-885, 1998

FLINT et al., "NR2A Subunit Expression Shortens NMDA Receptor Synaptic Currents in Developing Neocortex," The
Journal of Neuroscience, April 1, 1997, 17{7):2469-2476

GAYNORet al., "Use of Flow Cytometry and RT-PCRfor Detecting Gene Expression by Single Cells," BioTechniques,
vol. 21, no. 2 (1996)

GRAVELet al., "Single-Cell Analysis of the t(14;18)(q32;q21} Chromosomal Translocation in Hodgkin's Disease
Demonstrates the Absence of This Translocation in Neoplastic Hodgkin and Reed-Sternberg Cells," Blood, 1998,
91:2866-2874

GREWALet al., "The mutation properties of spinal and bulbar muscular atrophy disease alleles," Neurogenetics (1998
1:249-252

  
EFS Web 2.1.17298 841 of 1224

 



Page 842 of 1224

 

Application Number 90012894 

Filing Date 2013-06-17 
INFORMATION DISCLOSURE First Named Inventor 

STATEMENT BY APPLICANT
ha Art Unit | 3991

( Not for submission under 37 CFR 1.99)
 

Examiner Name Bruce R. Campell
   

Attorney Docket Number | 001107.00989 

 
JEFFREYSetal., "Complex gene conversion events in germline mutation at human minisatellites," Nature Genetics,
vol. 6, February 1994

JENA et al., "Amplification of genes, single transcripts anc cDNAlibraries from one cell and direct sequence analysis
of amplified products derived from one molecule," Journal of Immunological Methods 190 (1996) 199-213

KUNSTet al., "The effect of FMR1 CFF repeat interruptions on mutation frequency as measured by sperm typing,” J.
Med. Genet., 1997; 34:627-631

LEEFLANGet al., "Single sperm analysis of the trinucleotide repeats in the Huntington's disease gene: quantification
of the mutation frequency spectrum," Human Molecular Genetics, 1995, vol. 4, no. 9, 1519-1526

LEVINSONet al., "Molecular Characterization of Transgene-induced Immunodeficiency in B-less Mice Using a Novel
Quantitative Limiting Dilution Polymerase Chain Reaction Method," J. Exp. Med, vol. 178, July 1993, 317-329

LI et al., "Amplification and analysis of DNA sequencesin single human sperm anddiploid cells," Nature, vol. 335,
September 29, 1988

LIA et al., "Somatic instability of the CTG repeat in mice transgenic for the myotonic dystrophy region is age dependent
but not correlated to the relative intertissue transcription levels and proliferative capacities," Human Molecular
Genetics, 1998, vol. 7, no. 8, 1285-1291

LIU et al., "Efficiency and accuracy of polymerase-chain-reaction assay for cystic fibrosis allele F508 in single cell,”
The Lancet, vol. 339, May 16, 1992

SHEEHYetal., "Concurrent evolution of regions of the envelope and polymerase genes of human immunodeficiency
virus type 1 observed during Zidovudine (AZT) therapy," Journal of General Virology, (1996), 76, 1071-1081

SIMMONDSet al., "Human immunodeficiency virus-infected individuals contain provirus in small numbers of peripheral
mononuclear cells and at low copy numbers," Journal of Virology, February 1990, vol. 64, no. 2, p. 864-872

STARKet al., "Single-cell PCR performed with neurofibroma Schwanncells reveals the presence of both alleles of the
neurofibromatosis type 1 (NF1} gene," Hum Genet (1995) 96:619-523

  
EFS Web 2.1.17a9© 842 of 1224

 



Page 843 of 1224

 
 

Application Number 90012894 

Filing Date 2013-06-17 
INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
First Named Inventor 

ha Art Unit | 3991
( Not for submission under 37 CFR 1.99)
 

Examiner Name Bruce R. Campell
 
  
Attorney Docket Number | 001107.00989 

SYKESet al., "Quantitation of Targets for PCR by Use of Limiting Dilution," BioTechniques,vol. 13, no. 3 (1992)

ZHANGet al., "Whole genome amplification from a single cell: Implications for genetic analysis," Proc. Natl. Acad. Sci.,
vol. 89, pp. 5847-5851, July 1992

ZHANGet al., "Selection for Specific Sequencesin the External Envelope Protein of Human Immunodeficiency Virus
Type 1 upon Primary Infection," Journal of Virology, June 1993, vol. 67, no. 6, p. 3345-3356

Exhibit 4.1 (Baker)

Exhibit 4.10 (Levinson)

Exhibit 4.11 (Li 1988)

Exhibit 4.12 (Lia)

Exhibit 4.13 (Liu)

Exhibit 4.14 (Munier)

Exhibit 4.15 (Sheehy)

Exhibit 4.16 (Simmonds)

  
EFS Web 2.1.17a9@ 843 of 1224

 



Page 844 of 1224

 

 

 

INFORMATION DISCLOSURE
 

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

Application Number 90012894

Filing Date 2013-06-17

First Named Inventor

Art Unit [3991  Examiner Name Bruce R. Campell  
Attorney Docket Number | 001107.00989 

 Exhibit 4.17 (Stark)

Exhibit 4.18 (Sykes)

Exhibit 4.19 (Zhang 1992)

Exhibit 4.2 (Bischoff)

Exhibit 4.20 (Zhang 1993)

Exhibit 4.21 (Flint)

Exhibit 4.22 ((Gaynor}

Exhibit 4.23 (Jena)

Exhibit 4.3 (Brisco)

Exhibit 4.4 (Dreesen)

Exhibit 4.5 (Gravel)

 
EFS Web 2.1.17a9© 844 of 1224

  



Page 845 of 1224

 
 

Application Number 90012894 

Filing Date 2013-06-17 
INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor

Art Unit | 3991
 

 

Examiner Name Bruce R. Campell
 
  
Attorney Docket Number | 001107.00989 

Exhibit 4.6 (Grewal)

Exhibit 4.7 (Jeffreys)

Exhibit 4.8 (Kunst)

Exhibit 4.9 (Leeflang)

Exhibit 5.1 (Baker)

Exhibit 5.10 (Levinson)

  
If you wish to add additional non-patentliterature documentcitation information please click the Add button Add

EXAMINER SIGNATURE

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

[_] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

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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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.

[_] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

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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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).
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Art Unit: 3991

Ex Parte Reexamination

Detailed Final Office Action

This is a reexamination of U.S. Patent 6,440,706, issued August 22, 2002. A

Request pursuant to 37 CFR 1.510 for ex parte reexamination of claims 1-12, 14-16,

19-32, 38-44, 46-48 and 51-64 of U.S. Patent 6,440,706 wasfiled on June 17, 2013 by

a third party requester. An Order granting the request was mailed on August 28, 2013.

A non-final Office action was mailed on November 27, 2013. Patent Ownerfiled a

responseincluding a declaration of Jay Shendure on January 27, 2014.

Status of the Claims

Claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 of U.S. Patent 6,440,706 are

subject to reexamination. Claim 38 has been amendedin the responsefiled on January

27, 2014.

Scope of the Claims

In reexamination, patent claims are construed broadly. In re Yamamoto, 740 F.2d

1569, 1571, 222 USPQ 934, 936 (Fed. Cir. 1984) (claims given "their broadest

reasonable interpretation consistent with the specification"). The independentclaims

subject to reexamination read as follows:

1. A method for determining the ratio of a selected genetic sequencein a population of
genetic sequences, comprising the stepsof:

diluting nucleic acid template molecules in a biological sample to form 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 the selected genetic sequence and a
second numberof assay samples which contain a reference genetic sequence;
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comparing the first number to the second numberto ascertain a ratio which
reflects the composition of the biological sample.

38. (amended) A method for determining the ratio of a selected genetic sequence in a
population of genetic sequences, comprising the steps of:

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

analyzing the amplified molecules in the assay samples of the set to determine a
first number of assay samples which contain the selected genetic sequence and a
second numberof assay samples which contain a reference genetic sequence, wherein
at least one-fiftieth of the assay samplesin the set comprise a number(N) of molecules
suchthat 1/N is larger than the ratio of selected genetic sequencesto total genetic
sequences required to determine the presenceof the selected genetic sequence;

comparing the first number to the second numberto ascertain a ratio which
reflects the composition of the biological sample.

Claim Interpretation

The biological sample of claim 1 can either be comprised of cells, tissues, bodily

fluids, etc. or cell free, as recited in dependent claims 6 and 24. In either case, nucleic

acids are distributed throughout the sample. Therefore any processin which the

sample is diluted is considered "diluting nucleic acid template molecules in a biological

sample.” The “ratio of a selected genetic sequence’is interpreted as the ratio of the

selected genetic sequenceto the reference genetic sequence. “Template molecule”is

not explicitly defined in the ‘706 patent specification. Absent any definition, “template”is

interpreted to mean the sequences capable of amplification in the assay.

Patent Owner argues (Responsefiled January 27, 2014, pp. 9-13) that the

“biological sample”refers to isolated nucleic acids and that the claims exclude methods

in which single cells are analyzed, as in the Li and Zhang references. This argumentis

not persuasive becauseit is not supported by the specification or the claims. Claim 1

requires “diluting nucleic acid template moleculesin a biological sample” and claim 24

recites that the biological sample is stool, blood or lymph nodes,whichare clearly not
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isolated nucleic acids. The claims do not recite a step in which nucleic acids are

purified in any waypriorto dilution. Patent Ownercites the ‘706 patent specification,

whichrecites, “Biological samples which can be usedasthestarting material for the

analyses may be from any tissue or body sample from which DNA or mRNA can be

isolated,” but does not explain why this precludes the use of semenor cultured cells (as

disclosedin Li, pp. 414-415 and Zhang, p. 5847) as starting material for analyses. The

‘706 patent does not require that “assay samples” consist of purified nucleic acids;

“assay sample”is not defined atall in the specification. Therefore there is no reason

whya groupofsingle cells isolated from a biological sample cannot be construed as a

set of assay samples. Patent Owneris correct in stating that the quoted portion of the

specification does not require isolation of single cells, but neither is such a step

excluded. Patent Ownerattempts to proveits point by quoting 8 sections from the

specification (Response, p. 12), but does not explain how they exclude the methods of

Li and Zhang; thefirst 7 citations clearly do not and the eighth is only describing a

preferred embodiment. Regarding the eighth citation, a more complete quotation is, "In

one preferred embodiment each diluted sample has on average onehalf a template

molecule. This is the same as one half of the diluted samples having one template

molecule.” In the case of Zhang analyzing sperm cells for sequencesspecific for X and

Y chromosomes, approximately half of the cells (assay samples) should contain the X

template and half the Y template, so even this preferred embodiment can be met by

methodsin whichsingle cells are isolated. Patent Owner’s argumentthat “a claim

interpretation that excludes a preferred embodiment from the scope ofthe claim is

rarely, if ever, correct” is not persuasive because Examiner’s broad interpretation does

not exclude the preferred embodiment. A particular embodiment appearing in the

written description may not be read into a claim whenthe claim languageis broader

than the embodiment (MPEP 2111.01 (II).

With regard to the limitation in claim 38 “the assay samples in the set comprise a

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

sequencesto total genetic sequences required to determine the presenceofthe

selected genetic sequence,”it is impossible to ascertain a value for N becausethis
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numbercan only be determined after the method has been performed. The "plain

English" meaning of this limitation is that, for example, if the selected sequenceis

presentin the biological sample at a level of 1 copy in 50, then the assay samples

should contain at least 50 total copies (“selected” + “reference”) of the genetic sequence

to ensure a reasonable likelinood that there is a selected genetic sequence presentin

the sample to be amplified and detected. This assumesthat a single copy of a

sequenceis sufficient to be detected after amplification and detection, which may or

may not be true, depending on experimental conditions (how many amplification cycles,

detection method used,etc.). It appears that this information can only be derived ex

postfacto, or at least after preliminary experiments have been performed with similar

biological samples. For purposesofinterpreting the priorart, if a reference showsthat a

selected genetic sequence was detected in an assay sample, then clearly that assay

sample contained enough template nucleic acid molecules to enable detection of the

selected genetic sequence andthis claim limitation is met, whether or not “N”is

specifically disclosed.

With regard to "a polymerase whichis activated only after heating,” as recited in

claims 20 and 52, the specification does not disclose a polymerase which requires heat

to become capable of catalytic activity. This limitation is interpreted to mean that the

polymerase is separated from one or more reactants until heat is applied, thereby

bringing enzyme and reactants in contact and allowing polymerization to begin.

Documents Submitted by Requester

Li et al., "Amplification and analysis of DNA sequencesin single human
sperm and diploid cells." Nature 335(6189):414-7 (1988)

Zhang etal., "Whole genome amplification from a single cell: implications
for genetic analysis." PNAS USA, 89(13):5847-51 (1992)

Jeffreys et a/., "Amplification of human minisatellites by the polymerase
chain reaction: towards DNAfingerprinting of single cells." Nucl. Acids.
Res., vol 16, no. 23, pages 10953-10971 (1988)
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Kalinina et a/., "Nanoliter scale PCR with TaqMan detection," Nucl. Acids.
Res. vol 25, 1999-2004 (1997)

Chouet al., "Prevention of pre-PCR mis-priming and primer dimerization
improves low-copy-number amplifications," Nucleic Acids Res., 20(7):
1717-1723 (April 11, 1992)

Burg, et al., "Direct and sensitive detection of a pathogenic protozoan,
Toxoplasma gondii, by polymerase chain reaction." J. Clin. Microbiol. 27,
1787-1792 (1989)

Trumperet al., "Single-Cell Analysis of Hodgkin and Reed-Sternberg Cells:
Molecular Heterogeneity of Gene Expression and p53 Mutations," Blood, 87 :
3097-3115 (1993)

Kanzler et a/., "Molecular Single Cell Analysis Demonstrates the Derivation
of Peripheral Blood-Derived Cell Line (L 1236) From the Hodgkin/Reed-
Sternberg Cells of a Hodgkin's LymphomaPatient,” Blood, 87:3429-3436
(1996)

Gravel et al., "Single-cell analysis of the t(14; 18)(q32;q21) chromosomal
translocation in Hodgkin's disease demonstrates the absenceofthis
translocation in neoplastic Hodgkin and Reed-Sternberg cells," Blood
91(8):2866-74 (Apr 15, 1998)
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45-55 (1997)

Documents Cited by Examiner

M Schwab, “Amplification of oncogenes in human cancercells.” Bioessays 20(6): 473-
479 (1998)

http://en.wikipedia.org/wiki/Semen_analysis, downloaded 4/17/2014 (“Wikipedia”)
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Chemistry 43(5): 752-758 (1997)
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The following is a quotation of the appropriate paragraphsof 35 U.S.C. 102 that

form the basis for the rejections underthis section madein this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than oneyearprior to the date of application for patentin
the United States.

The following is a quotation of 35 U.S.C. 103(a) which forms the basis forall

obviousnessrejections setforth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as setforth in
section 102 ofthistitle, if the differences between the subject matter sought to be patented and the prior art
are such that the subject matter as a whole would have been obviousat the time the invention was made to
a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not be
negatived by the manner in which the invention was made.

Claims 1-3, 7-9, 15, 16, 19, 21, 22, 27, 32, 38-41, 47, 48, 51, 53, 54, 59 and 64

are rejected under pre-AlA 35 U.S.C. 102(b) as being anticipated byLi.

Li discloses a method in whicha ratio of genetic sequences (B-globin) was

obtained from a tissue culture flask containing co-cultured cells (the biological sample)

of an individual homozygousfor the 8° allele (“selected genetic sequence,” which

causessickle cell anemia) and anotherindividual homozygousforthe B” allele (normal,

“reference genetic sequence”). The nucleic acid template molecules, contained within

the cultured cells, were diluted by isolating single cells from the culture. Thirty seven

single cells (assay samples) were lysed, and the released DNA was subjected to

polymerase chain reaction (PCR) to amplify the portion of the globin gene containing

the sickle cell mutation. Amplified DNA was hybridized with allele specific probes. It

wasfound that 19 of the samples contained the normal allele, 12 contained the sickle

cell allele, and 6 samples did not hybridize with either probe. These numerical values

were “compared,” which inherently ascertains a ratio between the two values (19:12).

This experiment (pp. 414-415, Fig. 1) meets all the limitations of claim 1.

In another experiment(p. 415, Fig. 2), the biological sample was semen obtained

from a subject heterozygous for a polymorphism in the LDLr gene. Eighty individual

sperm cells were lysed and the DNA subjected to PCR followed by hybridization with

Page 871 of 1224



Page 872 of 1224

Application/Control Number: 90/012,894 Page 8

Art Unit: 3991

allele specific probes. A total of 55% of sperm cells (“assay samples”) gave a

hybridization signal. It was found that 22 assay samples contained oneallele and 21

samples contained the other, a ratio of 22:21. Either allele can be considered the

“selected genetic sequence”orthe “reference genetic sequence.” Therefore this

experiment also meetsall the limitations of claim 1.

With regard to claim 2, the fact that the selected genetic sequences were

detected in some of the assay samples showsthat the additional claim limitation was

met (see claim interpretation above).

Claim 38 is essentially the same as claim 2, exceptit does not require the dilution

step recited in claim 1, and only 1/50 (rather than 1/10) of the assay samples must

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. Therefore claim 38, being broader,is anticipated for the

same reasons asclaim 2.

With regard to claim 3, 84% and 55% of assay samples produced detectable

amplification product in Figs. 1 and 2, respectively.

With regard to claims 7-9 and 39-41, Li discloses a third experiment in which the

numberof assay samples (individual sperm cells) was greater than 100 (pp. 415-416,

Table 1).

With regard to claims 15, 16, 47 and 48, amplified DNA in the assay samples

washybridized with 2 or moreallele specific probes.

With regard to claims 19, 21, 22, 51, 53 and 54, the experiments described in

Figs. 1 and 2 each useda single pair of PCR primers. Fig. 1 used 50 cycles of PCR

amplification.

With regard to claims 27, 32, 59 and 64,it is arbitrary which sequenceis the

"selected" sequence and whichis the "reference" sequence. In Fig. 1, one of the

detected sequencesis the 6" (wild type) globin sequence, meeting the limitationsof

claims 27 and 59. In the third experiment described on pp. 415-416, sequences from

two different chromosomeswere detected, meeting the limitations of claims 32 and 64.
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Claims 1, 2, 7, 14, 19, 27, 32, 38, 39, 46, 51, 59 and 64 are rejected underpre-

AIA 35 U.S.C. 102(b) as being anticipated by Zhang.

Zhang discloses a method similar to that of Li. In Zhang’s method (p. 5847), a

biological sample (semen) wasdiluted into 18 assay samples by selecting and isolating

18 single sperm cells. Each cell was lysed and the released DNA waspre-amplified by

repeated primer extension reactions with a set of random 15-merprimers (primer-

extension preamplification, or PEP). The PEP process was estimated to produceat

least 30 copies of every sequence capable of amplification (p. 5848, col. 1). After PEP,

aliquots of each sample were subjected to a two-step hemi-nested PCR processto

determine the genotypeat each of 12 different loci. PCR wasfirst performed using a

first pair of primers designed to amplify the genetic sequenceof interest, then an aliquot

of the sample was removed and subjected to a second PCR using one primerfrom the

first pair and a second primerinternal to the previously amplified sequenceofinterest.

The second set of primers was chosen sothat the two possible alleles would produce

amplified fragments of different lengths. This method ensures specificity of the PCR

andallows discrimination between the two reaction products (hence,alleles presentin

the template molecules) by gel electrophoresis of the final PCR product to determine

fragmentlength (p. 5847, col. 2). Each of the 12 loci were successfully amplified in at

least 15 of the 18 sperm cells (assay samples; see Table 2). The genotype of each cell

wasdeterminedfor twoloci (results for 9 cells shownin Fig. 3). Each of the two APOC2

alleles was foundin 9 cells, the expected 1:1 ratio for this heterozygous sperm donor.

Similarly, analysis of the sex linked STS gene/pseudogene showedthat9 cells carried

an X chromosomeand8carried a Y chromosome(the 18" cell did not yield detectable

STS sequence). Independent assortment of these two loci was also observed (p. 5848,

col. 2). Therefore the method of Zhanganticipates claim 1.

With regard to claim 2, the fact that the selected genetic sequences were

detected in some of the assay samples showsthat the additional claim limitation was

met (see claim interpretation above).
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Claim 38 is essentially the same as claim 2, exceptit does not require the dilution

step recited in claim 1, and only 1/50 (rather than 1/10) of the assay samples must

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. Therefore claim 38, being broader, is anticipated for the

same reasons asclaim 2.

With regard to claims 7 and 39, the number of assay samples(individual sperm

cells) was greater than 10 (18).

With regard to claims 14 and 46, amplified DNA in the assay samples was

analyzed by gel electrophoresis.

With regard to claims 19 and 51, while there are two amplification steps, each

amplification employs a single pair of primers.

With regard to claims 27, 32, 59 and 64,it is arbitrary which APOC2allele is the

"selected" sequence and whichis the "reference" sequence. Absent evidence to the

contrary, each of the STS sequences is assumedto be wild type (onefor the X

chromosome,the other for the Y chromosome), meeting the limitations of claims 27 and

59, as well as claims 32 and 64. Furthermore, with regard to claims 32 and 64, the

APOC2 locus is on chromosome19 (p. 5848,col. 2).

Claims 4-6 are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable

overeither one of Li or Zhang as applied to claim 1, further in view of Jeffreys.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

biological sampleis cell free.

Jeffreys discloses methods for amplification of human minisatellite DNA for the

purposeof producing DNAfingerprints of individuals. In one method, a biological

sample is split into multiple assay samplesby isolating single cells, then analyzed in
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much the same wayas in Li and Zhang (pp. 10955-10956). In an alternative method,

isolated (cell free) DNA wasdiluted into multiple assay samples, each containing 6 pg

DNA. This amount was estimated to be equivalent to the amount of DNAin a single

cell. It was concluded that single DNA molecules could befaithfully amplified (pp.

10960-10962). In the experiment shownin Fig. 4, each assay sample was subjected to

PCR with 4 sets of primers(in a single reaction), the primers designed to amplify two

alleles for each of 2 minisatellites. Successful amplification was obtained, with a mean

failure rate of 638%perallele per reaction, equating to an estimated 0.46 successful

amplification events per 6 pg sample (becausestatistically one would not expect the

template sequence to be present in every sample; p. 10961).

It would have been obvious to one of ordinary skill in the art to modify the method

of Li or Zhang by obtaining DNA from a cell free sample, then diluting it into multiple

assay samples which each contain approximately as much DNAasa single cell, as

taught by Jeffreys. One would have been motivated to do this in order to analyze DNA

from sources which do not contain intact cells (e.g. forensic samples) and/or to

eliminate the labor intensive processof isolating single cells. With regard to claims 4

and 5, Jeffreys estimates that with one genome equivalent of DNA per sample, about

46% of PCRs were successful. One would be motivated to ensure that every sample

yielded a successful PCR,to avoid wasting time and reagents. It would have been

obviousto increase (e.g. double or triple) the amount of DNA in each sample to ensure

that each PCR yielded an amplification product, which would still be less than 10

genomeequivalents per sample, or less than 10 reference sequence template

molecules per sample (in the case of a gene having a single copy per haploid genome).

Thus the invention as a whole wasclearly prima facie obvious to one of ordinary skill in

the art at the time the invention was made.

Claims 12 and 44 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over either one of Li or Zhang as applied to claims 1 and 38 and furtherin

view of Kalinina.
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Li and Zhang arerelied on as described above. Together, the references teach a

method in which a cell free biological sampleis diluted into a plurality of assay samples

containing the DNA in an amountequivalent to a single cell, DNA from each assay

sample is amplified, the presence or absence of two different DNA sequencesis

determined, and the relative frequency (ratio) of the two sequencesis determined.

Neither Li nor Zhang disclose a method wherein amplification and analysis are

performedin the same receptacle.

Kalinina discloses a method for PCR amplification and detection using TaqMan

probes. Samplesdiluted to contain approximately 1 template molecule are subjected to

TaqMan PCRin sealed capillary tubes containing a few nanoliters of reactants, then

presence of PCR productis determined by measuring the probe fluorescence (entire

document, see especially p. 2000). The method is considered especially useful for

assays meantto determine the presence or absence of PCR product(i.e. not

quantitative analysis; p. 2004, last paragraph). Kalinina discusses “conventional”

TaqMan assays,which also allow amplification and analysis to be performed in the

samereceptacle, in reviewing the state of the art (p. 1999).

It would have been obvious to one of ordinary skill in the art to modify the method

of Li or Zhang by conducting TaqMan PCRin a sealed receptacle as taught by Kalinina.

One would have been motivatedto dothis in view of the readily apparent advantagesof

doing so. Nanoliter scale PCR would reduce the amount (and cost) of reagents

required, and fluorescence detection (by either conventional or nanoliter scale assay)

would eliminate the need for radioactive probes (Li method) or gel electrophoresis

(Zhang method). Kalinina suggests that the process could be automated (abstract), and

explicitly states that the method should be useful to determine the presence or absence

of PCR product in samples diluted to contain approximately one template molecule (p.

2004). Thus the invention as a whole wasclearly prima facie obvious to one of ordinary

skill in the art at the time the invention was made.
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Claims 20 and 52 are rejected underpre-AlA 35 U.S.C. 103(a) as being

unpatentable over either one of Li or Zhang as applied to claims 1 and 38 and furtherin

view of Chou.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the DNA

polymeraseis activated after heating.

Choudiscloses a methodfor “hot start” PCR. The method uses a wax barrier to

separate one or more PCR componentsfrom the remainderof the reactants until heatis

applied to melt the wax (entire document). This method reduces amplification due to

mispriming and primer oligomerization, and is said to be especially useful for PCR with

a sample containing a low numberof template molecules (p. 1722, col. 1).

lt would have been obvious to one of ordinary skill in the art to modify the method

of Li or Zhang by using the hot start PCR method. One would have been motivated to

do so in orderto increase the specificity of the PCR as taught by Chou. Thus the

invention as a whole wasclearly prima facie obvious to one of ordinary skill in the art at

the time the invention was made.

Claims 23 and 55 are rejected underpre-AlA 35 U.S.C. 103(a) as being

unpatentable overeither one of Li or Zhang as applied to claims 1 and 38 and further in

view of Burg.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the PCR

is performed for 60 cycles.
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Burg discloses a method for PCR detection of a single cell of Toxoplasma gondii.

Cells are lysed and PCRis performed for 60 cycles (p. 1790, col. 1; Fig. 4).

It would have been obvious to one of ordinary skill in the art to modify the method

of Li or Zhang by performing the PCR for 60 amplification cycles. One would have been

motivated to do so, given the knowledgethat this methodis effective for detecting target

DNA sequencesfromasingle cell as taught by Burg. Thus the invention as a whole

was Clearly prima facie obvious to oneof ordinary skill in the art at the time the invention

was made.

Claims 24, 29, 30, 56, 61 and 62 are rejected under pre-AlA 35 U.S.C. 103(a) as

being unpatentable over either one of Li or Zhang as applied to claims 1 and 38 and

further in view of Trumper.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

biological sample is derived from stool, blood or lymph nodes, nor do they disclose a

method wherein the template molecules to be amplified are on cDNA..

Trumperisolated single cells from lymph nodes of patients diagnosed with

Hodgkin's disease. Cells were lysed, cDNA was producedbyreversetranscription and

PCR performed on the cDNA (see methods, pp. 3098-3100). One cell was found to

have a mutation in exon 7 of the p53 gene, at a known "hot spot." This mutation is

considered to be a "rare exon sequence"asrecited in claims 29 and 61.

It would have been obvious to oneof ordinary skill in the art to use the method of

Li or Zhang to study cells from lymph nodetissue, for example to determine the

percentage of Hodgkins cells having the p53 mutation found by Trumper. In this case,

the mutant p53 sequence would be the selected genetic sequence andthe wild type

sequence would bethe reference sequence. This is exactly the type of analysis

suggested by Li, which states,“the ability to study DNA sequencesin individual diploid
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cells will make it possible to study cell-to-cell variation in developmental processes

involving DNA rearrangementsor other genetic alterations. It is also likely that analysis

of messenger RNAsin single cells would be possible if efficient reverse transcription

could be carried out before PCR wasinitiated" (p. 417, col. 2). Thus the invention as a

whole wasclearly prima facie obvious to one of ordinary skill in the art at the time the

invention was made.

Claims 31 and 63 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable overeither one of Li or Zhang as applied to claims 1 and 38 and furtherin

view of Pontén.

Li, Zhang are relied on as described above; together they teach a method for

measuring the relative number(ratio) of cells in a sample which have a mutation in the

p53 gene. Neither Li nor Zhang teach a method in which the selected genetic sequence

and the reference genetic sequence each comprise a different mutation.

Pontén performed single cell PCR on cells derived from a single tumor and

showedthat the tumor contained multiple p53 mutations. Somecells contained more

than one mutation of the p53 gene (see overview on p. 52).

It would have been obviousto one of ordinary skill in the art to modify the method

of Lior Zhang by performing PCR with multiple primer sets capable of amplifying

different portions of the p53 gene knownto contain mutation-prone sequences of

interest, as disclosed by Pontén. As noted above,it is arbitrary which sequenceis the

"selected" sequence and whichis the "reference" sequence. One would have been

motivated to determinethe relative abundance (ratio) of p53 mutations in tumors to

investigate, for example, possible correlations betweendifferent p53 mutations and

tumor phenotype (invasiveness, susceptibility to anti-cancer drugs, etc.). Thus the

invention as a whole wasclearly prima facie obvious to oneof ordinary skill in the art at

the time the invention was made.
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Claims 10, 11, 25, 28, 42, 43, 57 and 60 are rejected underpre-AlA 35 U.S.C.

103(a) as being unpatentable over either one of Li or Zhang as applied to claims 1 and

38 and further in view of Kanzler.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

biological sample is derived from blood or bone marrow of a leukemia or lymphoma

patient who has received anti-cancer therapy. Li and Zhang also do notdisclose a

method wherein the number of assay samples is greater than 500 or 1,000, nora

method wherein the selected genetic sequenceis part of a sequence which is amplified

during neoplastic development.

Kanzler isolated single cells from bone marrow of patients diagnosed with

Hodgkin's disease (p. 3429). PCR analysis identified three gene rearrangements

(abstract). Kanzler suggests, “Using tumor clone-specific primers ... residual tumor

cells may be detected after therapy” (p. 3434,col. 2).

It would have been obvious to oneof ordinary skill in the art to use the methodof

Li or Zhang to study cells from bone marrow of a Hodgkin’s lymphomapatient who has

received anti-cancer therapy as suggested by Kanzler. In this case, one or more of the

rearranged DNA sequencesnoted by Kanzler would be the selected genetic

sequence(s) and the wild type sequence(s) would be the reference sequence, and the

analysis would determine the percentage(ratio) of cancerouscells remaining after

therapy. Ideally, there should be no cancerouscells remaining after therapy, but every

cell cannot be tested. It is readily apparent that the more cells are tested and found to

be non-cancerous, the greaterthe likelihood that all cancerouscells have been

eradicated by the anti-cancer therapy. It would therefore be obviousto increase the

numberof cells analyzed to 500, 1,000 or more,as recited in claims 10, 11, 42 and 43.

This type of analysis is suggested byLi, which states,“the ability to study DNA

sequencesin individual diploid cells will make it possible to study cell-to-cell variation in
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developmental processes involving DNA rearrangementsor other genetic alterations"

(p. 417, col. 2). Thus the invention as a whole wasclearly prima facie obvious to one of

ordinary skill in the art at the time the invention was made.

Claims 26 and 58 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over either one of Li or Zhang as applied to claims 1 and 38 and furtherin

view of Gravel.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

selected genetic sequenceis a translocatedallele.

Gravel used single cell PCR analysis to determine the presence or absence of a

chromosomaltranslocation, t(14;18)(q32;q21), in cells from bone of patients diagnosed

with Hodgkin’s disease (see methods, pp. 2866-2868).

It would have been obvious to oneof ordinary skill in the art to use the methodof

Li or Zhang to search for chromosomal translocations as was doneby Gravel. In this

case, the wild type (non-translocated) sequence would be the reference sequence, and

the analysis would determine the percentage (ratio) of cells in a sample having the

translocation. This type of analysis is suggested by Li, which states, “the ability to study

DNA sequencesin individual diploid cells will make it possible to study cell-to-cell

variation in developmental processes involving DNA rearrangementsor other genetic

alterations" (p. 417, col. 2). There would have been a reasonable expectation of

success, since Gravel had already used single cell PCR to detect a translocation. Thus

the invention as a whole wasclearly prima facie obvious to one of ordinary skill in the

art at the time the invention was made.
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Claims 28 and 60 are rejected under pre-AlA 35 U.S.C. 103(a) as being

unpatentable over either one of Li or Zhang as applied to claims 1 and 38 and furtherin

view of Schwab.

Li and Zhang are relied on as described above. Each reference discloses a

method in which a biological sampleis diluted into a plurality of assay samples

containing a single cell, DNA from each cell is amplified, the presence or absenceof

two different DNA sequencesis determined, and the relative frequency(ratio) of the

two sequencesis determined. Li and Zhang do not disclose a method wherein the

selected genetic sequence is one whichis amplified during neoplastic development.

Schwabis a review article which summarizes what was known about gene

amplification in different types of cancerat the time the invention was made(entire

document). For example, “Amplified MYCN has been found only in more aggressive

variants of neuroblastoma, whereit connotes a dire prognosis. Clinically, it has

emerged as a powerful independent markerto predict poor patient outcome”(p. 475,

col. 2). Regarding amplification of ERBB2 in breast cancer, “amplification was found to

be a significant predictor of both overall survival and time to relapse and appearsto be

superiorto all other prognostic parameters except for positive lymph nodes”(p. 476.

Col. 1).

It would have been obvious to oneof ordinary skill in the art to use the methodof

Li or Zhang to search for amplified oncogene sequences suchas those disclosed by

Schwab. In this case, the wild type (unamplified) sequence would be the reference

sequence, and the analysis would determine the percentage(ratio) of cells in a sample

having the amplified version. This type of analysis is suggested by Li, which states, “the

ability to study DNA sequencesin individualdiploid cells will make it possible to study

cell-to-cell variation in developmental processes involving DNA rearrangementsor other

genetic alterations" (p. 417, col. 2). One would have been motivated to do so to help

predict the prognosis for patients, to search for metastatic cells in surrounding tissues,

to conduct basic research in oncogenesis, etc. Thus the invention as a whole was

clearly prima facie obvious to one of ordinary skill in the art at the time the invention was

made.
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Response to Arguments

Patent Owner’s remarks and the Shendure declaration, submitted on January 27,

2014, have been considered but are not found persuasive.

§ 102(b) rejection over Li

Patent Owner’s arguments regarding the scope of the claims (Response,pp. 11-

13) have been addressedin the “claim interpretation” section above; no further

commentis deemed necessary.

With regard to claims 1-3, 7-9, 15, 16, 19, 21, 22, 27 and 32, Patent Owner

argues (Response, pp. 12-14) that Li does not dilute nucleic acid template molecules,

citing the Shendure declaration (¢ 10). This argumentis not persuasive because each

of the two experiments reported by Li included a dilution step. The caption of Fig. 1

discloses, “After washing three times single cells were selected from a cell suspension

(1-3 X 10° ml")...Each single cell sample wasdelivered into a 0.5 ml plastic microfuge

tube containing 10 ul autoclaved distilled water.” Thus each microfuge tube contained

an assay sample of 1 diploid genome(contained within a cell, until the cells were lysed)

at a concentration of 100 diploid genomesper ml. This is at least a 10,000 fold dilution

from the suspension (biological sample) containing 1-3 X 10° diploid genomes(cells)

per ml. The caption of Fig. 2 discloses, “0.5 ml semen was mixed with 3 ml of 40%

sucrose,” whichis clearly a dilution, then following purification, "[S]ingle sperm were

isolated in the same wayasindividual diploid cells using a sperm suspension at a

concentration of 1 X 10° ml™," whichis a 1,000fold dilution to single cells at a

concentration of 100 cells (haploid genomes) per ml. The Shendure declaration cites

the ‘706 patent specification co. 9, lines 40-44 and states that this level of dilution

cannot be achieved bysingle cell micromanipulation andlysis of lymphocytes (411).

The declaration is not persuasive since the cited limitations are not in the present

claims, and becauseit makes no attempt to explain why Li’s proceduresare not“diluting
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nucleic acid template molecules in a biological sample” as recited in claim 1. Moreover

declarant’s opinion is not supported by any objective evidence.

With regard to claims 38-41, 47, 48, 51, 53, 54, 59 and 64, Patent Owner argues

(Response, pp. 15-16) that claim 38 requires that nucleic acid be isolated in bulk from

the biological sample, then diluted into assay samples. This argumentis not persuasive

becauseit is not supported by the plain languageof the claim, which contains no step

for extracting (or purifying or isolating) template nucleic acids from the biological

sample. Furthermore, the claim as amended now recites that the template molecules

are “in a biological sample" and the biological sample can contain whole cells, as

discussed above. Li starts with biological samples (cell suspensions) and creates sets

of assay samples(individual cells) therefrom, then amplifies the nucleic acids within the

set of assay samples. Patent Ownerpoints to Example 4 as supportfor its position, but

this is not persuasive becauseit is improperly reading limitations from the specification

into the claim and also because the ‘706 patent clearly states, “specific examples...are

provided herein for purposesofillustration only, and are not intendedto limit the scope

of the invention”(col. 7, lines 54-56).

Patent Owner’s argument (Response,p. 16) that the 22 individual sperm cells

(assay samples)isolated from the semen(biological sample) are not representative of

the biological sample as a whole is not persuasive absent any explanation of why

Patent Ownerbelievesthis to be the case. This argument also doesnotrelate to the 37

diploid cells isolated from cell culture in the other experiment reported byLi.

§ 102(b) rejection over Zhang

Patent Owner argues(p. 17) that Zhang did notdilute the biological sample. This

argumentis not persuasive because Zhang sorted individual sperm cells into microtiter

plate wells containing 5 ul of solution (200 cells per ml). Since sementypically contains

about 15,000,000 cells per ml (see Wikipedia, p. 2), this is a dilution of the biological

sample.
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Patent Ownerreiterates the arguments made regarding the rejection overLi

(Response, p. 17), which are not persuasive for the reasons stated above.

§ 103 rejection over Li or Zhang, in view of Jeffreys

Patent Ownerreiterates the arguments made regarding the rejections over Li and

Zhang (Response,p. 19), which are not persuasive for the reasons stated above.

Patent Owner’s argument (Response,p. 19) that the experiment reported in

Jeffreys Fig. 4 is “merely...a proof of concept” is not persuasive becausea referenceis

relevantforall it discloses (MPEP 2123). Patent Owner's assertion that Jeffreys does

not disclose or suggest a set comprising a plurality of assay samples comprising nucleic

acid template molecules obtained or derived from a biological sampleis incorrect. The

data in Fig. 4A were generated by dividing human DNA(biological sample) into 16

aliquots containing 6 pg DNA(a set of assay samples), which were each subjected to

PCR amplification with allele-specific primers.

Patent Owner’s allegation of hindsight (Response,p. 19) is not persuasive

absent any further explanation. The experiment disclosed in Jeffreys Fig. 4 uses the

first 3 steps of the claimed method. Thefinal step of the method is simply data analysis,

which Li and Zhang show were well knownin the art. Patent Ownerfurther argues

(Response, pp. 19-20), citing the Shendure declaration (¥ 12), that combining the

references would destroy the information Li and Zhang weretrying to obtain, pointing to

gene mapping and preimplantation genetic diagnostic applications described in the

references. Patent Owner has again failed to considerall that the references teach.

The experiment depicted in Li Fig.1 is a method for determining the relative abundance

of normal andsickle cell anemia cells in a mixed population of cells. One skilled in the

art would recognize that this is the same as, or analogousto, “determining the ratio of a

selected genetic sequence in a population of genetic sequences”as recited in the

claims. Jeffreys showed that diluting bulk DNA into samples equivalentto a single

genomecould also produce usable results (i.e. successfully amplify a single copy of a

DNA sequence). Jeffreys’ “cell free” method can be applied to the sickle cell anemia
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experiment of Li because answering that particular question does not require

maintaining chromosomallinkages as argued by Patent Owner. Oneof ordinary skill in

the art would immediately recognize the advantages (savingsin time and labor) of

avoiding the isolation of single cells, and would also recognize the general applicability

of the method, i.e. the relative proportionsof cell types “A” and “B” in a population of

cells could be readily determined by the methodof Jeffreys, so long as genetic markers

for “A” and “B” were available.

Patent Owner's argument (Response, p. 20) regarding increasing the amount of

template nucleic acids in each assay sample (claims 4 and 5) is not persuasive. The

rejection does notstate that the Jeffreys method would be useful for “rare” samples as

alleged by Patent Owner and the Shendure declaration (¢ 13). The rejection states that

one “would have been motivated to do this in order to analyze DNA from sources which

do not contain intact cells.” Furthermore, evenif there were a limited amountofstarting

material, the primer-extension preamplification (PEP) method of Zhang provides a

meansfor increasing the amountof starting DNA available for analysis (Zhang p. 5850,

col. 2).

§ 103 rejection over Li or Zhang in view of Kalinina

Patent Ownerreiterates (Response,p. 21) its arguments regarding Li and Zhang

(use of single cells, alleged failure to dilute samples), which are not persuasive for the

reasonscited above. Patent Ownerfurther argues hindsight (p. 21). This argumentis

not persuasive. Li and Zhang each performed amplification (PCR) using microfuge

tubes in a thermal cycler. Claims 12 and 44 simply require that analysis of the amplified

products be performedin the same receptacle as amplification. Kalinina discloses two

methodsfor doing so. Oneis the “conventional” TaqMan assay described at p. 1999,

col. 1, which could be used with the single cell lysates of either Li or Zhang. The other

is Kalinina’s nanoliter scale method, which could be used with aliquots of Zhang’s pre-

amplified DNA. Patent Owner does not explain why application of these known

analytical methods to the samples prepared by Li and Zhang would only be obviousin
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hindsight. Patent Owner's argument (Response,pp. 21-22) regarding “teaching away”

from using cell free samples is not persuasive because the TaqMan methodsdisclosed

by Kalinina can be used with samples prepared from single cells as done by Li and

Zhang.

§ 103 rejection over Li or Zhang in view of Chou

Patent Owner argues (Response,p. 22) that Chou does not cure the

“deficiencies” of Liand Zhang. Since Li and Zhang are not deficient, other than failing

to teach the hot start PCR method of Chou, for the reasons discussed above, this

argumentis not persuasive.

§ 103 rejection over Li or Zhang in view of Burg

Patent Owner argues (Response,p. 23) that Burg does not cure the

“deficiencies” of Li and Zhang. Since Li and Zhangare not deficient, other than using

fewerthan 60 cycles of PCR,for the reasons discussed above, this argumentis not

persuasive.

§ 103 rejection over Li or Zhang in view of Tramper

Patent Owner argues (Response,p. 24) that Trumper does not cure the

“deficiencies” of Liand Zhang. Since Li and Zhang are not deficient for the reasons

discussed above, this argumentis not persuasive.

§ 103 rejection over Li or Zhang in view of Pontén

Patent Owner argues (Response, pp. 24-25) that Pontén doesnotcure the

“deficiencies” of Liand Zhang. Since Li and Zhang are not deficient for the reasons

discussed above, this argumentis not persuasive.
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§ 103 rejection over Li or Zhang in view of Kanzler

Patent Owner argues (Response,pp. 25-26) that Kanzler does not cure the

“deficiencies” of Liand Zhang. Since Li and Zhang are not deficient for the reasons

discussed above, this argumentis not persuasive.

§ 103 rejection over Li or Zhang in view of Gravel

Patent Owner argues (Response, pp. 26-27) that Gravel does not cure the

“deficiencies” of Liand Zhang. Since Li and Zhang are not deficient for the reasons

discussed above,this argumentis not persuasive.

§ 103 rejection over Li or Zhang in view of Schwab

Patent Owner argues (Response,pp. 27-28) that Schwab doesnot cure the

“deficiencies” of Liand Zhang. Since Li and Zhang are not deficient for the reasons

discussed above, this argumentis not persuasive. Patent Ownerfurther arguesthat the

claims are directed to determining the ratio of genetic sequencesin a population of

genetic sequencesof a biological sample, whichis distinct from a cell-by-cell analysis.

This argumentis not persuasive because determining the percentageofcells ina

biological sample that have an amplified gene will yield “a ratio which reflects the

composition of the biological sample,” whichis all the claims require. Patent Owner

arguesthatit is impossible to determine whether a genetic sequence is amplified using

a probethat hybridizes within the amplified sequence,citing the Shendure declaration

(14). This is incorrect. For example, Gelmini discloses a method for determining

whether the c-erbB-2 oncogeneis amplified, using quantitative TaqMan PCR with a

probebinding within the c-erbB-2 oncogene(entire document). Gelmini also teaches

that other methods for quantitative PCR are knownin the art (p. 752).
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Conclusion

Claims 1-12, 14-16, 19-32, 38-44, 46-48 and 51-64 are rejected. Claims 13, 17,

18, 33-37, 45, 49 and 50 are not subject to reexamination.

Extensions of Time

THIS ACTION IS MADE FINAL.

A shortened statutory period for responseto this action is set to expire 2 months

from the mailing date of this action.

Extensionsof time under 37 CFR 1.136(a) do not apply in reexamination

proceedings. The provisions of 37 CFR 1.136 apply only to "an applicant” and notto

parties in a reexamination proceeding. Further, in 35 U.S.C. 305 and in 37 CFR

1.550/(a), it is required that reexamination proceedings "will be conducted with special

dispatch within the Office.”

Extensions of time in reexamination proceedings are provided forin 37

CFR 1.550(c). A request for extension of time must befiled on or before the day on

which a responseto this action is due, and it must be accompanied bythe petition fee

set forth in 37 CFR 1.17(g). The merefiling of a request will not effect any extension of

time. An extension of time will be granted only for sufficient cause, and for a reasonable

time specified.

Thefiling of a timely first responsetothis final rejection will be construed as

including a request to extend the shortenedstatutory period for an additional month,

which will be granted evenif previous extensions have been granted. In no event

however, will the statutory period for response expire later than SIX MONTHSfrom the

mailing date of the final action. See MPEP § 2265.

Duty to Disclose
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The patent owneris remindedof the continuing responsibility under 37 CFR

1.565(a) to apprise the Office of anylitigation activity, or other prior or concurrent

proceeding, involving U.S. Patent No. 6,440,706 throughout the courseofthis

reexamination proceeding. The third party requesteris also reminded of the ability to

similarly apprise the Office of any such activity or proceeding throughout the courseof

this reexamination proceeding. See MPEP §§ 2207, 2282 and 2286.

Correspondence

Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to BRUCE CAMPELL whosetelephone numberis

(571)272-0974. The examiner can normally be reached on Monday- Thursday from

8:00 to 5:00. The examiner can also be reached on alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Deborah Jones, can be reached on 571-272-1535.

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).

All correspondencerelating to this ex parte reexamination proceeding should be

directed:

By EFS: Registered users may submit via the electronic filing system EFS-Webat
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By Mail to: Mail Stop Ex Parte Reexam
Central Reexamination Unit

Commissioner for Patents

United States Patent & Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

By hand: Customer Service Window
Randolph Building
401 Dulany Street
Alexandria, VA 22314

/Bruce Campell/
Patent Reexamination Specialist
Central Reexamination Unit 3991

/Padmashri Ponnaluri/

Patent Reexamination Specialist
Central Reexamination Unit 3991

/Deborah D Jones/

Supervisory Patent Examiner, Art Unit 3991
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Control No. Patent Under Reexamination

90/012,894 6,440,706 B1E

Examiner Art Unit AIA (First Inventor to
BRUCE CAMPELL File) Status

3991 No

Office Action in Ex Parte Reexamination

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--

aX Responsive to the communication(s)filed on 1/27/2014 .
LIA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiled on

b. BX] This action is made FINAL.

c.[_] A statement under 37 CFR 1.530 has not beenreceived from the patent owner.

A shortened statutory period for responseto this action is set to expire 2 month(s) from the mailing date ofthis letter.
Failure to respond within the period for response will result in termination of the proceeding and issuance of an ex parte reexamination
certificate in accordance with this action. 37 CFR 1.550(d). EXTENSIONS OF TIME ARE GOVERNED BY37 CFR 1.550(c).
If the period for response specified aboveis less than thirty (80) days, a responsewithin the statutory minimum ofthirty (80) days
will be considered timely.

Part] THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. x Notice of References Cited by Examiner, PTO-892. 3. CT] Interview Summary, PTO-474.

BX] Information Disclosure Statement, PTO/SB/08. 4.0 .

SUMMARYOF ACTION

Claims 1-72, 14-16, 19-32,38-44,46-48 and 51-64 are subject to reexamination.

Claims 13,77,18,33-37,45,49 and 50 are not subject to reexamination.

Claims ___ have been canceled in the present reexamination proceeding.

Claims ____ are patentable and/or confirmed.

Claims 1-72, 14-16, 19-32,38-44,46-48 and 51-64 are rejected.

Claims ____s are objectedto.

The drawings, filed on are acceptable.

The proposed drawing correction, filed on has been(7a) CT approved (7b) Cc disapproved.

XI

XI

O

O

x

O

O

O

O Acknowledgment is made of the priority claim under 35 U.S.C. § 119(a)-(d) or(f).

a) CAI b) [J Some* c)[ None of the certified copies have

1 (1 been received.

2 [J not been received.

3 LC] been filed in Application No.

4 TC been filed in reexamination Control No.

5 CL] been received by the International Bureau in PCT application No.

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

9. [] Since the proceeding appearsto be in condition for issuance of an ex parte reexamination certificate 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 0.G. 213.

10. [] Other:

 
cc: Requester (if third party requester)U.S. Patent and Trademark Office

PTOL-466 (RayPBs 1224 Office Action in Ex Parte Reexamination Part of Paper No. 20140421
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Notice of References Cited Examiner Art Unit

U.S. PATENT DOCUMENTS

Date
MM-YYYY

Document Number
Country Code-Number-Kind Code

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

US-

2© ©

 
FOREIGN PATENT DOCUMENTS

Document Number Date

Country Code-Number-Kind Code MM-YYYY Country
Classification

 
NON-PATENT DOCUMENTS

Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

http://en.wikipedia.org/wiki/Semen_analysis, downloaded 4/17/2014

S Gelmini et al., “Quantitative polymerase chain reaction-based homogeneousassay with fluorogenic probes to measurec-
erbB-2 oncogene amplification.” Clinical Chemistry 43(5): 752-758 (1997) 

|

U

Pe
*A copyof this referenceis not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYYformat 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. 20140421
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Approvedfor use through 07/31/2012. OMB 0651-0031

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.
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Defendants Life Technologies Corporation, Applied Biosystems, LLC, and lon Torrent Systems,Inc.'s Preliminary Non-
Infringement and Patent invalidity Contensions pursuant to Local Rule 103.3, filed in Case No. Case No. 1:12-CV-1173
on August 22, 2013

Deposition of Michael Metzker, Ph.D., dated Gctober 25, 2013

Declaration of Michael Metzker, Ph.D. executed September 27, 2013
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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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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.

[_] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

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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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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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /B.C,/ 

Application Number 90012894 

Filing Date 2013-06-17 

INFORMATION DISCLOSURE First Named Inventor 

STATEMENT BY APPLICANT
ha Art Unit | 3991

( Not for submission under 37 CFR 1.99)
 

Examiner Name Bruce R. Campell
   

Attorney Docket Number | 001107.00989 

 Supplemental Joint Claim Construction Statementfiled in Civil Action No. 12-cv-1173-CCE-JEP on October 28, 2013
(filed with exhibits A, B, and C)

Defendants’ Responsive Claim Construction Brieffiled in Case No. 1:12-CV-1173 on November 26, 2013

Deposition of David Sherman, Ph.D., dated October 17, 2013

Supplemental Joint Claim Construction Statement Exhibit C filed in Civil Action No. 12-cv-1173-CCE-JEP on October
28, 2013 (filed with Supplemental Joint Claim Construction Statementfiled in Civil Action No. 12-cv-1173-CCE-JEP on
October 28, 2013)

Plaintiffs’ Responsive Claim Construction Brief filed in filed in Civil Action No. 12-cv-1173-CCE-JEP on November26,
2013

Plaintiffs’ Proposed Construction of Disputed Terms, Supporting Evidence, and Rebuttal Evidence Exhibit B, filed in
filed in Civil Action No. 12-cv-1173-CCE-JEP on October 28, 2013 (filed with Supplemental Joint Claim Construction
Statementfiled in Civil Action No. 12-cv-1173-CCE-JEP on October 28, 2013)

Declaration of David H. Sherman in Support of Esoterix Genetic Laboratories’ Claim Construction Brief filed in Civil
Action Nos. 12-cv-411-CCE-JEP and 12-cv-1173-CCE-JEP, executed September 27, 2013

Defendants’ Opening Claim Construction Brieffiled in Case No. 1:12-CV-1173 on November 5, 2013

Exhibit A filed in Civil Action No. 12-cv-1173-CCE-JEP on October28, 2013 (filed with Supplemental Joint Claim
Construction Statementfiled in Civil Action No. 12-cv-1173-CCE-JEP on October 28, 2013)

Plaintiffs’ Opening Claim Construction Brief filed in Civil Action No. 12-cv-1173-CCE-JEP on November 5, 2013

  
If you wish to add additional non-patentliterature documentcitation information please click the Add button Add
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Application Number 90012894 

Filing Date 2013-06-17 
INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor

Art Unit | 3991
 

 

Examiner Name Bruce R. Campell
 
  
Attorney Docket Number | 001107.00989  EXAMINER SIGNATURE

 Examiner Signature iBruce Campell/ Date Considered 04/18/2014

*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 90012894 

Filing Date 2013-06-17 

INFORMATION DISCLOSURE First Named Inventor 

STATEMENT BY APPLICANT
ha Art Unit | 3991

( Not for submission under 37 CFR 1.99)
  
Examiner Name Bruce R. Campell  
Attorney Docket Number | 001107.00989 

 
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
anyindividual 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.

[_] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[_] Acertification statementis not submitted herewith.
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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Application Number 90012894 
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( Not for submission under 37 CFR 1.99)
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 Exhibit 5.11 (Li 1988)

Exhibit 5.12 (Lia)

Exhibit 5.13 (Liu)

Exhibit 5.14 (Munier)

Exhibit 5.15 (Sheehy)

Exhibit 5.16 (Simmonds)

Exhibit 5.17 (Stark)

Exhibit 5.18 (Sykes)
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Exhibit 5.20 (Zhang 1993)
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( Not for submission under 37 CFR 1.99)
  
Examiner Name Bruce R. Campell  
Attorney Docket Number | 001107.00989 

 Exhibit 5.21 (Flint)

Exhibit 5.22 (Gaynor)

Exhibit 5.23 (Jena)

Exhibit 5.3 (Brisco)

Exhibit 5.4 (Dreesen)

Exhibit 5.5 (Gravel)

Exhibit 5.6 (Grewal)

Exhibit 5.7 (Jeffreys)

Exhibit 5.8 (Kunst)

Exhibit 5.9 (Leeflang)

Exhibit 6.1 (Baker)
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Application Number 90012894

Filing Date 2013-06-17

First Named Inventor

Art Unit [3991
Examiner Name Bruce R. Campell

Attorney Docket Number | 901 107.00989 

 Exhibit 6.10 (Levinson)

Exhibit 6.11 (Li 1988)

Exhibit 6.12 (Lia)

Exhibit 6.13 (Liu)

Exhibit 6.14 (Munier)

Exhibit 6.15 (Sheehy)

Exhibit 6.16 (Simmonds)

Exhibit 6.17 (Stark)

Exhibit 6.18 (Sykes)

Exhibit 6.19 (Zhang 1992)

Exhibit 6.2 (Bischoff)

 
EFS Web 24417292 912 of 1224

  



Page 913 of 1224

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /B.C./

Application Number 90012894

Filing Date 2013-06-17

 

 

 

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99)

First Named Inventor

Art Unit | 3991
 

  
Examiner Name Bruce R. Campell

Attorney Docket Number | 001107.00989
  
 

Exhibit 6.20 (Zhang 1993)

Exhibit 6.3 (Brisco)

Exhibit 6.4 (Dreesen)

Exhibit 6.5 (Gravel)

Exhibit 6.6 (Grewal)

Exhibit 6.7 (Jeffreys)

Exhibit 6.8 (Kunst)

Exhibit 6.9 (Leeflang)

  
If you wish to add additional non-patentliterature documentcitation information please click the Add button Add

EXAMINER SIGNATURE

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

1 See Kind Codes of USPTO Patent Documents at 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 90012894 

Filing Date 2013-06-17 

INFORMATION DISCLOSURE First Named Inventor 

STATEMENT BY APPLICANT
ha Art Unit | 3991

( Not for submission under 37 CFR 1.99)
  
Examiner Name Bruce R. Campell  
Attorney Docket Number | 001107.00989 

 
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.

[_] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inve Ex Parte Reexammation of

LS. Patent No. 6,440,706 Examiner: Bruce R. Campell

Issued: August 27, 2002
Art Unit: 399]

Reexam Control Ne. 90/912,894

Reexam Filing Date: fune 17, 2013 Confirmation No.: 8442

For: DIGITAL AMPLIFICATION

NOTIFICATION OF ACTION EXTENSION OF STAY) IN CONCURRENT
LITIGATION

Mail Stop Ex Parte Reexam
Atta: Central Reexamination Unit

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Examiner:

Third-Party Requester hereby provides notice that the Court, upon mutual request

by both parties, has extended the stay of the concurrent litigation proceeding at least until

September 29, 2014 (Ascterix Genetic Laboratories, LLC v. Life Technologies

Corporation (Civil Action No. t:12-cv-01173-CCE-FIEP}}. A copy of the Court Order

extending the stay is attached.

Dated: 5/13/14 Respectfully submitted,

By:_/AshitaDoshy
Ashita A. Doshi

Reg, No. 37,327

Life Technologies Corporation
S791 Van Allen Way
Carlsbad, California 92008
(760) 845-2798
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From ECFOncimd.uscourts.gov [maito:ECF@ncmd.uscourts.gov]
Sent: Tuesday, April 29, 2014 11:00 AM
Ta: ecf@ncmd. uscourts.qav
Subject: Activity In Case 1:12-cv-01173-CCE-JEP ESOTERIX GENETIC LABORATORIES, LLC et alv. LIFE
TECHNOLOGIES CORPORATION, et al Order
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=3NOTE TO PUBLIC ACCESS USERS*** Indicial Conference of the United States
policy permits attorneys of record and parties In a case (inclading pro se INigants) te
receive one free electronic copyof all documents fled electronically, W receipt is required
by howor directed by the fler. PACER aecess fees apply to all other users. To avoid later
charges, download a copy of each document during this first viewing. However, if the
referenced document is a transcript, the free copy and 3@ page fimit do not apply.

U.S. Udstrict Court

North Carolina Middle District

Notice of Electronic Filing

The following transaction was entered on 4/29/2014 at 2:00 PM EST and filed on 4/29/2014
ESOTERIX GENETIC LABORATORIES, LLC et alv. LIFE

TECHNOLOGIESCHeeAHON et alCase Number: [1 2-ov-0) 173-0CEI

Piler:

Document

Namber:

Case Name:

Nodocurnent attached

Docket Text:

TEXT ORDER: Consistent with the request of the parties, (see Doc, 87}, the stay in
this case is extended through September 29, 2014. The parties shall confer in
August 2014 and shall, no later than August 28, 2014, inform the Court of the
Status of the patent re-examinations, in a ioint submission if possible. Te the
extent the partics agree that the stay should be extended or alowed to expire,
they will inform the Court in the status report. To the extent they do not agres,
each party may file a brief no longer than ten pages supporting Ns postion. SO
ORDERED. Signed by JUDGE CATHERINE C. EAGLES on April 28, 20474.
(EAGLES, CATHERINE}

i:12-ey-01173-CCE-JEP Notice has been electronically mated ta:
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Ex Parte Reexamination: Group Art Unit: 3991

U.S. Patent No. 6,440,706 Docket No. 001107.00989

Control No. 90/012,894 Confirmation No: 8442Neeeeeeeeeeee
Reexam Filing Date: June 17, 2013 Examiner: Bruce R. Campell

For: DIGITAL AMPLIFICATION

RESPONSIVE AMENDMENTTO FINAL OFFICE ACTION

U.S. Patent and Trademark Office

Customer Service Window

Randolph Building
401 Dulany Street
Alexandria, VA 22314

Sir:

This paperis in responseto the final Office Action mailed May 9, 2014.

Amendments to the Claimsare reflected in the Listing of Claims, which begins on page

2 ofthis paper.

Remarks/Argumentsbegin on page 9 ofthis paper.
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IN THE CLAIMS

Please amendthe following claims as indicated by the status identifier. Patent claims

under reexamination but not amendedare indicated as “original.” Patent claims not subject to

reexamination are not shown.

1. (Amended) A method for determiningthe ratio of a selected genetic sequence in a

population of genetic sequences, comprisingthe stepsof:

diluting isolated nucleic acid template molecules[in] isolated 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 determineafirst

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 biological sample.

2. (Original) The method of claim 1 wherein the step of diluting is performed until at

least one-tenth of the assay samples in the set comprise a number (N) of molecules such that 1/N

is larger than the ratio of selected genetic sequencesto total genetic sequences required for the

step of analyzing to determine the presenceof the selected genetic sequence.

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

between 0.1 and 0.9 of the assay samples yield an amplification product of at least one of the

selected and reference genetic sequences when subjected to a polymerase chain reaction.

4. (Original) The method of claim 1 wherein the step of diluting is performed until all of

the assay samples yield an amplification product when subjected to a polymerase chain reaction

and each assay sample contains less than 10 nucleic acid template molecules containing the

reference genetic sequence.
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5. (Original) The method of claim 1 wherein the step of diluting is performed until all of

the assay samples yield an amplification product when subjected to a polymerase chain reaction

and each assay sample contains less than 100 nucleic acid template molecules containing the

reference genetic sequence.

6. (Original) The method of claim 1 wherein the biological sample is cell-free.

7. (Original) The method of claim 1 wherein the numberof assay samples within the setis

greater than 10.

8. (Original) The method of claim 1 wherein the numberof assay samples within the setis

greater than 50.

9, (Original) The method of claim 1 wherein the numberof assay samples within the set is

greater than 100.

10. (Original) The method of claim 1 wherein the numberof assay samples within theset

is greater than 500.

11. (Original) The method of claim 1 wherein the numberof assay samples within theset

is greater than 1000.

12. (Original) The methodof claim 1 wherein the step of amplifying and the step of

analyzing are performed on assay samplesin the samereceptacle.

13. (Not subject to reexamination)

14. (Original) The method of claim 1 wherein the step of analyzing employsgel

electrophoresis.
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15. (Original) The methodof claim 1 wherein the step of analyzing employs hybridization

to at least one nucleic acid probe.

16. (Original) The method of claim 1 wherein the step of analyzing employs

hybridization to at least two nucleic acid probe.

17-18. (Not subject to reexamination)

19. (Original) The methodof claim 1 wherein the step of amplifying employsa single pair

of primers.

20. (Original) The method of claim 1 wherein the step of amplifying employs a

polymerase whichis activated only after heating.

21. (Original) The method of claim 1 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

22. (Original) The method of claim 1 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

23. (Original) The method of claim 1 wherein the step of amplifying employsat least 60

cycles of heating and cooling.

24. (Original) The method of claim 1 wherein the biological sample is selected from the

group consisting of stool, blood, and lymph nodes.

25. (Original) The method of claim 1 wherein the biological sample is blood or bone

marrow of a leukemia or lymphomapatient who hasreceived anti-cancertherapy.

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

27. (Original) The method of claim 1 wherein the selected genetic sequenceis a wild-

type allele.

28. (Original) The method of claim 1 wherein the selected genetic sequence is within an

amplicon which is amplified during neoplastic development.

29. (Original) The method of claim 1 wherein the selected genetic sequenceis a rare exon

sequence.

30. (Original) The method of claim 1 wherein the nucleic acid template molecules

comprise cDNA of RNAtranscripts and the selected genetic sequenceis present on a cDNA of a

first transcript and the reference genetic sequence is present on a cDNA ofa secondtranscript.

31. (Original) The method of claim 1 wherein the selected genetic sequence comprises a

first mutation and the reference genetic sequence comprises a second mutation.

32. (Original) The method of claim 1 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.

33-37. (Not subject to reexamination)

38. (Twice amended) A method for determiningthe ratio of a selected genetic sequence in

a population of genetic sequences, comprisingthestepsof:

distributing cell-free nucleic acid template molecules from a biological sample to form a

set comprising a plurality of assay samples;

amplifying the nucleic acid template molecules [within a set comprising a plurality of assay

samples] to form a population of amplified molecules in [each of the] individual assay samples of

the set;

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

5
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numberof assay samples which contain the selected genetic sequence and a second numberof

assay samples which contain a reference genetic sequence, wherein at least one-fiftieth of the

assay samples in the set comprise a number (N) of molecules such that 1/N is larger than the ratio

of selected genetic sequencesto total genetic sequences required to determine the presence of the

selected genetic sequence;

comparing the first number to the second numberto ascertain a ratio whichreflects the

composition of the biological sample.

39. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 10.

40. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 50.

41. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 100.

42. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 500.

43. (Original) The method of claim 38 wherein the numberof assay samples within the

set is greater than 1000.

44. (Original) The methodof claim 38 wherein the step of amplifying and the step of

analyzing are performed on assay samplesin the samereceptacle.

45. (Not subject to reexamination)

46. (Original) The method of claim 38 wherein the step of analyzing employs gel

electrophoresis.
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47. (Original) The methodof claim 38 wherein the step of analyzing employs

hybridization to at least one nucleic acid probe.

48. (Amended) The methodof claim 38 wherein the step of analyzing employs

hybridization to at least two nucleic acid [probe] probes.

49-50. (Not subject to reexamination)

51. (Original) The method of claim 38 wherein the step of amplifying employsa single

pair of primers.

52. (Original) The methodof claim 38 wherein the step of amplifying employs a

polymerase whichis activated only after heating.

53. (Original) The methodof claim 38 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

54. (Original) The method of claim 38 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

55. (Original) The method of claim 38 wherein the step of amplifying employsat least 60

cycles of heating and cooling.

56. (Original) The method of claim 38 wherein the template molecules are obtained from

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

57. (Original) The method of claim 38 wherein the template molecules are obtained from

a body sample of a leukemia or lymphomapatient whohas received anti-cancer therapy, said

body sample being selected from the group consisting of blood and bone marrow.

Page 928 of 1224



Page 929 of 1224

58. (Original) The method of claim 38 wherein the selected genetic sequenceis a

translocatedallele.

59. (Original) The method of claim 38 wherein the selected genetic sequenceis a wild-

type allele.

60. (Original) The methodof claim 38 wherein the selected genetic sequence is within an

amplicon which is amplified during neoplastic development.

61. (Original) The method of claim 38 wherein the selected genetic sequenceis a rare

exon sequence.

62. (Original) The method of claim 38 wherein the nucleic acid template molecules

comprise cDNA of RNAtranscripts and the selected genetic sequenceis present on a cDNA of a

first transcript and the reference genetic sequenceis present on a cDNAofa secondtranscript.

63. (Original) The method of claim 38 wherein the selected genetic sequence comprises a

first mutation and the reference genetic sequence comprises a second mutation.

64. (Original) The method of claim 38 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.
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Remarks

Status of claims

Claims 1-12, 14-16, 19-32, 38-44, 46-48, and 51-64 are pending and subject to re-

examination. Claims 1, 3, 38, and 48 are amended.

Claims 13, 17, 18, 33-37, 45, 49, and 50 are not subject to re-examination.

Amendments do not expand the scope of the patent claims

The amendedclaims do not enlarge the scope of the patent claims because they each

includeall limitations of an issued patent claim.

Clams 1| and 38 are amended to clarify the nucleic acid template molecules previously

recited. Claim 38 has been amendedto include an additionalinitial step. Claim 3 has been amended

to add a clarifying recitation regarding the amplification products produced. Claim 48 is amended to

correct a grammatical error. No claim recitations have been removed, obviated, or vitiated.

Therefore all claims are narrower than at least one patent claim.

Support for amendments

The amendmentto claim 1 to recite isolated nucleic acid template molecules is supported

at col. 6, lines 45-49. The amendmentto claim 3 is supportedat col. 3, lines 27-32, at col. 4, lines

12-32, and col. 6, lines 3-8. The amendmentto claim 38 to recite distribution ofcell-free nucleic

acid template molecules is supported at col. 4, lines 12-32 and col. 6, lines 45-49.

All amendments are supported fully by the specification and do not add new matter

Interview

Wethank the re-examination examiners for agreeing to the interview scheduled for July

10, 2014.
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1. Novelty

a. Li (Nature 225:414-417, 1988)

Claims 1-3, 7-9, 15, 16, 19, 21, 22, 27, 32, 38-41, 47, 48, 51, 53, 54, 59 and 64 stand

rejected under §102(b) as anticipated by Li. Claims 1 and 38 are the only independent claims of the

rejected claim set.

The Patent and Trademark Office cites Li’s experiment with lymphocytes described at

pages 414-415 as anticipating claim 1. (Final office action at page 7.) Li micromanipulated an

artificial mixture oftissue culture cells from twoindividuals to isolate individual cells. The

individual cells were separately lysed, their nucleic acids templates amplified and analyzed. Li does

not teach dilution of isolated nucleic acid template molecules that are isolated from a biological

sample in order to form a set comprising a plurality of assay samples, as recited in claim 1, step 1, as

amended.

Moreover, Li does not teach step 4 of claim 1. Li does not teach any comparison ofthe

numberof assay samples of a selected genetic sequence to a reference genetic sequence to ascertain a

ratio which reflects the composition of the biological sample. With the benefit of hindsight

knowledge gained from the present invention, the Patent and Trademark Office may have produced

such a comparisonorratio, but Li did not teach it. Li was merely showing that: DNA contamination

wasinsignificant, and no sample hybridized with both probes(indicating that a single cell only was

introduced into each tube, and that DNA from lysed cells present in the co-cultivation mixture did

not adhereto individual cells.) Page 414,col. 2, lines 21-26.

The Patent and Trademark Office similarly asserts that Li’s experiment with single human

sperm anticipates claim 1. Individual sperm were micromanipulated, their nucleic acids released,

and amplified. For the same reasons as with the lymphocyte experiment, this teaching of Li does not

discloseall limitations of claim 1 as amended. Li does not teach diluting isolated nucleic acid

template molecules isolated from a biological sample to form a plurality of assay samples,as recited

in claim 1, step 1.

Li also does not anticipate independent claim 38 because Li does not teach distributing

10
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cell-free nucleic acid template molecules to form a set comprising a plurality of assay samples,as

recited in step 1. Li’s multiple assays are formed by distribution of whole cells, rather than cell-free

nucleic acid template molecules. Li therefore does not disclose distributing cell-free nucleic acid

template molecules to form a set comprising a plurality of assay samples.

For these reasons, none of independent claims 1 and 38 or their dependent claims 2-3, 7-9,

15, 16, 19, 21, 22, 27, 32, 39-41, 47, 48, 51, 53, 54, 59 and 64 are anticipated by Li.

Please withdraw this rejection.

b. Zhang (Proc. Natl. Academy Sciences USA 89:5847-51, 1992)

Claims 1, 2, 7, 14, 19, 27, 32, 38, 39, 46, 51, 59 and 64 stand rejected under §102(b) as

anticipated by Zhang. Zhang,like Li, separated human sperm andthen lysed single, isolated sperm

to yield nucleic acid molecules. Thus, as for Li, Zhang fails to teach step 1 of claim 1 (diluting

isolated nucleic acid template molecules isolated from a biological sample) as amended. Similarly,

as for Li, Zhang fails to teach step | of claim 38 which requires distribution of cell-free nucleic acid

template molecules from a biological sample to form a set comprising a plurality of assay samples.

None of dependentclaims 2, 7, 14, 19, 27, 32, 39, 46, 51, 59 and 64 are anticipated by

Zhangfor at least the same reasonsas for independent claims 1 and 38.

Please withdraw this rejection.

2. Non-obviousness

a. Li or Zhangin view of Jeffreys (Nucleic Acid Research 16:10953-71, 1988)

Claims 4-6 stand rejected under §103(a) as obvious over either Li or Zhang and further in

view of Jeffreys. All three of the rejected claims are dependent on claim 1.

Claims 4 and5 recite dilution until all assay samples yield an amplification product, and

that each assay sample contains less than 10 (claim 4) or less than 100 (claim 5) nucleic acid

template molecules containing the reference sequence. Claim 6 recites that the biological sample is

11
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cell-free.

Li and Zhang are both cited as teaching micromanipulation of single cells into separate

assay samples. Both fail to teach dilution of isolated nucleic acid template molecules as recited in

step | of claim 1.

Jeffreys is cited as teaching dilution of DNA fromacell-free sample.

To establish a proper primafacie case of obviousness, the following criteria must be

established: (1) the prior art reference, or references when combined, mustdisclose or suggest all the

claim limitations (See In re Vaeck, 947 F.2d 488 (Fed. Cir. 1991)); (2) the Patent Office must provide

an apparent reason to combine the known elements in the claims (See KSR International Co.v.

Teleflex Inc., 550 U.S. 398 (2007)); and (3) there must be a reasonable expectation of success in

combining the teachings of the reference(s) (See id.) However, it is impermissible to use the

claimed invention as an instruction manual or “template” to piece together the teachings of the prior

art so that the claimed invention is rendered obvious. /n re Fritch, 972 F.2d 1260, 1266 (Fed. Cir.

1992).

Contrary to the assertion of the Patent and Trademark Office, it would have not have been

obvious to combine Jeffreys with either Li or Zhang to meet the limitations of any of claims 4-6.

The combination has been made improperly using hindsight knowledge obtained from the present

invention. The proposed combination would have destroyed the intended purpose of each of Li and

Zhang. Zhang and Li both teach micromanipulation ofisolated, single cells or sperm to form

individual assay samples. This micromanipulation method serves to ensure that all chromosomes

within a cell or sperm remain together throughout the assay in a single assay sample. For example,

Zhang teaches typing individual sperm cells for 12 loci (Table 2) located on multiple chromosomes.

Li focuses on the benefits of a single cell analysis to achieve accurate measurements of genetic

distances of less than 1 cM,(page 416, col. 2, lines 7-11) to genetically map species that cannot be

bred or have long generation times (page 417, sentence spanning col. 1 and 2). Similarly, Li teaches

the benefit of single-cell analysis for studying cell-to-cell variations in development. (Page 417,col.

2, lines 12-15). The focus on the benefits of single-cell analysis would have led one of ordinary skill

in the art away from combining Li or Zhang’s teachings with Jeffreys’ technique using a cell-free

sample. Jeffreys’ technique would have obviated the advantages that Li and Zhang taught for their

12
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single-cell methods by separating the chromosomesofa single sperm orcell and mixing them with

the chromosomesof other sperm orcells.

Zhang explicitly articulates concerns associated with using a cell-free sample. Page 5850,

col. 2, lines 60-70. Zhang expresses concern over samplingerrors, particularly in the context of

small,cell-free, forensic or ancient DNA samples.

Thus one of ordinary skill in the art would not have intentionally destroyed the primary

references’ intentional functional “linkage” of chromosomes(i.e., keeping a single cell’s set of

chromosomestogether in a single assay sample) by diluting cell-free nucleic acid templates as the

rejection proposes. This proposed modification would destroy the information that Li and Zhang

were trying to collect. January 27, 2014 declaration of Jay Shendure, MD, PhD, (“Shendure

Declaration’) at 412.

Jeffreys also does not teach the specific limitation of claims 4 and 5 in which each sample

yields an amplification product. Jeffreys teaches thatonly 46% of PCR reactions were successful.

Although the Patent and Trademark Office asserts that it would have been obvious to one of ordinary

skill in the art to double ortriple the amount of DNAto achievethis recitation, this is not supported

by the facts. Although the Patent and Trademark Office’s asserted motivation was to save time and

reagents, doubling or tripling the amount of DNA would not be possible in the case of rare forensic

samples (part of the Patent and Trademark Office’s asserted motivation). Moreover, doubling and

tripling would contradict the very purpose of primary references Li and Zhang, who scrupulously

worked to have just one cell’s DNA in each sample. Shendure Declaration at 413. Thus one of

ordinary skill in the art would not have been motivated to combine Jeffreys with Li or Zhangorto

increase the amount of DNA template in each sample.

Please withdraw this rejection

b. Li or Zhang in view of Kalinina (Nucleic Acid Research 25:1999-2004, 1997)

Claims 12 and 44 stand rejected under §103(a) as obviousovereither Li or Zhang and

further in view of Kalinina. Claims 12 and 44 are dependent on claims 1| and 38, respectively.

Claims 12 and 44 further recite amplification and analysis in the same receptacle.

13
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Li and Zhang teach analysis of single cells, not dilution of isolated template molecules

from a biological sample, or distribution of cell-free nucleic acid template molecules from a

biological sample to form a plurality of assay samples, as recited in claims | and 38, respectively.

Kalininais cited to teach amplifying and analyzing in the same receptacle single molecules of

template DNA

It is improper for the Patent and Trademark Office to use the claims as a framework and to

employ individual naked parts of separate prior art references as a mosaic to recreate a facsimile of

the claimed invention. See W.L. Gore & Assoc. v. Garlock, 721 F.2d 1550, 1552-53 (Fed. Cir. 1983).

The combination of Kalinina with the methods of Li and Zhang doesnot in any event

remedy the deficiencies of Li and Zhang. Kalinina does not suggest comparing two different

numbers of two different template molecules by determining a numberof assay samples. The Patent

and Trademark Office’s combination of reference teachingsis the result of selective extraction of

portions of the references with the benefit of hindsight, using the subject claims as a model.

Please withdraw this rejection.

Cc. Li or Zhang in view of Chou (Nucleic Acids Research 20: 1717-23, 1992)

Claims 20 and 52 stand rejected under §103(a) as obviousovereither Li or Zhang and

further in view of Chou. Claims 20 and 52 depend from claims | and 38 , respectively, and further

recite use of a heat-activatable polymerase. Chouis cited as teaching a heat-activatable polymerase.

Chou does not, however, remedy the deficiencies of Li or Zhang in teaching the elements of

independent claims | and 38 from which claims 20 and 52 depend. Noneofthe three references

teaches the dilution and/or distribution of isolated or cell-free nucleic acid template molecules from a

biological sample to form a set comprising a plurality of assay samples.

Please withdraw this rejection.

14
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d. Li or Zhangin view of Burg (J. Clin. Microbiol. 27:1787-92, 1989)

Claims 23 and 55 stand rejected under §103(a) as obviousovereither Li or Zhang and

further in view of Burg. Claims 23 and 55 depend from claims | and 38 respectively and further

recite at least 60 cycles ofheating and cooling. Burgis cited as teaching at least 60 cycles of heating

and cooling to amplify DNA of a single cell of Toxoplasma. Burg does not, however, remedy the

deficiencies of Li or Zhang in teaching the elements of independent claims 1 and 38, in particular, in

step 1. None of the three references teaches the dilution and/or distribution of isolated or cell-free

nucleic acid template molecules to form a set comprising a plurality of assay samples.

Please withdraw this rejection.

e. Li or Zhang in view of Triimper (Blood 8/:3097-4115, 1993)

Claims 24, 29, 30, 56, 61 and 62 stand rejected under §103(a) as obvious overeither Li or

Zhang and further in view of Triimper. These claims, dependent on claims | and 38, further recite a

biological sample whichis stool, blood, or lymph nodes (claims 24 and 56), a selected sequence

whichis a rare exon (claims 29 and 61), and the template molecules are cDNA molecules (claims 30

and 62).

Trtimperis cited as teaching lysis of isolated cells from lymph nodes followed by RT-PCR

to detect a p53 mutation.

Because Triimper taughtisolating single cells, it does not remedythe deficiency of Li and

Zhang, whoalso taught isolating single cells. None of the references teach diluting isolated nucleic

acid template molecules isolated from a biological sample, or distributing cell-free nucleic acid

template molecules from a biological sample, as recited in independent claims 1 and 38. Thus the

combination of references does not render anyof claims 24, 29, 30, 56, 61 and 62 obvious due to

failure to teach or suggest a non-single cell, nucleic acid analysis.

Please withdraw this rejection.
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f. Li or Zhang in view of Pontén (Mut. Res. Genomics 382:44-55, 1997)

Claims 31 and 63 stand rejected under §103(a) as obviousovereither Li or Zhang and

further in view of Pontén. Claims 31 and 63, dependent on claims 1 and 38, respectively, further

recite that the two analyzed sequences comprisea first and a second mutation. Pontén is cited as

teaching single-cell PCR analysis of tumor cells and detection of two different point mutations in

p53, at codon 245 and at codon 266. Sinceall three cited references used a single-cell isolation

technique, none of them teaches or suggests the dilution of isolated nucleic acid templates from a

biological sample to form a plurality of samples, nor the distribution of cell free nucleic acid

templates from a biological sample to form a plurality of assay samples. Such single-cell methods as

taught by the references are antipodal to the claimed method. The claimed methods would not have

been obvious.

Please withdraw this rejection.

g. Li or Zhang in view of Kanzler (Blood §7:3429-36, 1996)

Claims 10, 11, 25, 28, 42, 43, 57 and 60 stand rejected under §103(a) as being

unpatentable over either Li or Zhang and further in view of Kanzler. Claims 10, 11, 42 and 43 are

dependent on claims | and 38 andfurther recite use of sets of assay samples of at least 500 or at least

1000 samples. Claims 25 and 57 are dependent on claims | and 38 and further recite blood or bone

marrow of a leukemia or lymphomapatient who received anti-cancer therapy as the biological

sample. Claims 28 and 60 are dependent on claims | and 38 and further recite a selected genetic

sequence which is within an amplicon amplified during neoplastic development.

Kanzleris cited as teaching, like Li and Zhang,single-cell analysis. Kanzler taught

micromanipulation of single cells. Kanzler does not remedythe deficiencies of Li and Zhang. None

of the three references teach diluting isolated nucleic acid template molecules isolated from a

biological sample or distributing cell-free nucleic acid template molecule from a biological sample to

form a plurality of assay samples.

Please withdraw this rejection.
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h. Li or Zhang in view of Gravel (Blood 9/:2866-74, 1998)

Claims 26 and 58 stand rejected under §103(a) as being unpatentable overeither Li or

Zhang and further in view of Gravel. These claims depend from claims | and 38, respectively, and

further recite that the selected sequenceis a translocatedallele.

Gravel, like Li and Zhang,is cited as teaching a single-cell analysis. Thus Gravel does not

cure the defect of Li and Zhang in teaching the methodsof independent claims | and 38, particularly

the first steps of each of them.

Thus Gravel’s analysis of a translocated allele in combination with Li or Zhang are not

sufficient to render the subject matter of dependent claims 26 and 58 obvious. Noneof the

references, alone or in the asserted combination teaches or suggests the dilution of isolated nucleic

acid template molecules isolated from a biological sample or the distribution of cell-free nucleic acid

template molecules from a biological sample to form a plurality of assay samples.

Please withdraw this rejection.

1. Li or Zhang in view of Schwab (Bioessays 20:473-479, 1998)

Claims 28 and 60 stand rejected under §103(a) as being unpatentable overeither Li or

Zhang and further in view of Schwab.

Claims 28 and 60 depend on claims | and 38, respectively. Additionally, they recite an

amplicon which is amplified during neoplastic development. Schwabis cited for teaching amplified

MYCNand ERBB2 as prognostic markers. However, the combinations of cited teachings would not

render the claimed invention obvious. Li and Zhang teach single-cell analysis. They do not teach

step | of either claim 1 or claim 38, as amended, because they both employa step of single-cell

dilution or distribution. The Schwabreference does not remedy the basic deficiency of the primary

references.

Please withdraw this rejection.
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Respectfully submitted,

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

Dated: July 9, 2014

Banner & Witcoff, Ltd.
Customer No. 11332
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ATTN: IP DEPARTMENT

5791 VAN ALLEN WAY

CARLSBAD,CA 92008

EX PARTE REEXAMINATION COMMUNICATION TRANSMITTAL FORM

REEXAMINATION CONTROL NO.90/012,894. 

PATENT NO. 6,440,706 _B7. 

ART UNIT 3997.

Enclosedis a copy of the latest communication from the United States Patent and Trademark
Office in the above identified ex parte reexamination proceeding (87 CFR 1.550(f)).

Wherethis copy is supplied after the reply by requester, 37 CFR 1.535, or the timeforfiling a
reply has passed, no submission on behalf of the ex parte reexamination requester will be
acknowledged or considered (37 CFR 1.550(g)).

PTOL-465 (Rev.07-04)
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Control No. Patent Under Reexamination

 Ex Parte Reexamination Interview Summary| 90/012,894 6,440,706 Bt
Examiner Art Unit

BRUCE CAMPELL 3991
 

All participants (USPTO personnel, patent owner, patent owner’s representative): 

(1) BRUCE CAMPELL (3) Sarah Kagan, Joseph Skerpon

(2) Deborah Jones, Padmashri Ponnaluri (4) Kathryn Wade, Tina McEwan 
 

Date of Interview: 10 July 2014

Type: a)L] Telephonic b)[_] Video Conference
c)X] Personal (copy given to: 1)[-] patent owner—2)[_] patent owner’s representative)

Exhibit shown or demonstration conducted: d)L] Yes  e)X No.
If Yes, brief description:

Agreementwith respect to the claims f)-] was reached. g)X] was notreached. h)L] N/A.
Any other agreement(s) are set forth below under“Description of the general nature of what was agreedto...”

Claim(s) discussed: ail.

Identification of prior art discussed: Li, Zhang, Jeffreys.

Description of the general nature of what was agreed to if an agreement was reached, or any other comments:
Discussed the amendmentfiled 7/9/2014. It was agreed that the amendments,if entered, overcome the 102 rejections
over Li and Zhang. Amendment alone appears insufficient to overcome 103 rejection over Li, Zhang and Jeffreys(as
presently applied to claims 4-6, but would be applicable to all claims in combination with other references of record), since
Jeffreys discloses every physical step of the method of claim 1. Exrs will fully consider PO's submission after final. PO
intends to file evidence (declaration) to support argument of non-obviousness..

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would renderthe claims
patentable, if available, must be attached. Also, where no copy of the amendments that would renderthe claims
patentable is available, a summary thereof must be attached.)

A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION MUST INCLUDE PATENT OWNER’S

STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. (See MPEP § 2281). IF A RESPONSE TO THE
LAST OFFICE ACTION HAS ALREADY BEEN FILED, THEN PATENT OWNERIS GIVEN ONE MONTH FROMTHIS
INTERVIEW DATE TO PROVIDE THE MANDATORY STATEMENT OF THE SUBSTANCEOF THE INTERVIEW

(37 CFR 1.560(b)). THE REQUIREMENT FOR PATENT OWNER’S STATEMENTCAN NOTBE WAIVED.
EXTENSIONS OF TIME ARE GOVERNEDBY37 CFR 1.550(c).

/Bruce Campell/ /Padmashri Ponnaluri/ /Deborah Jones/
Patent Reexamination Specialist Patent Reexamination Specialist Supervisory Patent Reexamination
Central Reexamination Unit 3991 Central Reexamination Unit 3991 Specialist 

Central Reexamination Unit 3991

  
cc: Requester(if third party requester)

U.S. Patent and Trademark Office

PTOL-474 (RayP2913 1224 Ex Parte Reexamination Interview Summary Paper No. 20140711



Page 948 of 1224

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. CONFIRMATIONNO.   

90/012,894 06/17/2013 6,440,706 B1 001107.00989 8442

Ban otf ae

Banner & Witeof, Ltd [oe
Attorneys for client 001107 CAMPELL, BRUCER
1100 13th Street N.W.

sie ao PRN
Washington, DC 20005-4051 3991

MAIL DATE DELIVERY MODE

07/22/2014 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.

Page 948 of 1224
PTOL-90A (Rev. 04/07)



Page 949 of 1224

 
UNITED STATES PATENTAND TRADEMARK OFFICE

Corarnissioner for Patents
United States Patent and Trademark Office

P.O. Box1450
Alexandria, VA 22313-1440wunUSPTO. gow

DO NOT USEIN PALM PRINTER

(THIRD PARTY REQUESTER'S CORRESPONDENCE ADDRESS)

LIFE TECHNOLOGIES CORPORATION

ATTN: IP DEPARTMENT

5791 VAN ALLEN WAY

CARLSBAD,CA 92008

EX PARTE REEXAMINATION COMMUNICATION TRANSMITTAL FORM

REEXAMINATION CONTROL NO. 90/012,894. 

PATENT NO. 6,440,706 Bi E. 

ART UNIT 3997.

Enclosed is a copy of the latest communication from the United States Patent and Trademark
Office in the above identified ex parte reexamination proceeding (37 CFR 1.550(f)).

Wherethis copy is supplied after the reply by requester, 37 CFR 1.535,orthe timeforfiling a
reply has passed, no submission on behalf of the ex parte reexamination requester will be
acknowledgedor considered (37 CFR 1.550(g)).
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Control Number Patent Under Reexamination

Action Examiner Art Unit AIA (First Inventor to File)

--The MAILING DATEof this communication appears on the cover sheet with the correspondence address--

THE PROPOSED RESPONSE FILED 09 July 2014 FAILS TO OVERCOME ALL OF THE REJECTIONSIN THE
FINAL REJECTION MAILED 09 May 2014. Therefore, unless a timely appealis filed, or other appropriate action
by the patent owneris taken to overcomeall of the outstanding rejection(s), this ex parte reexamination proceeding
WILL BE TERMINATED and a Notice ofIntent to Issue Ex Parte Reexamination Certificate will be mailed in due

course. Anyfinally rejected claims, or claims objected to, will be CANCELLED.

THE PERIOD FOR RESPONSEIS EXTENDED TO RUN 4 MONTHS FROM THE MAILING DATE OF THE FINAL REJECTION.

(Extensions of time are governed by 37 CFR 1.550(c))

1. LJ Appellant's Brief is due two months from the date of the Notice of Appealfiled on (or within the extended
period for responsesetforth above, whicheveris later). See 37 CFR 1.191(d) and 37 CFR 1.192(a).

2. X] The proposed amendment(s)will not be entered because:
(a) &X they raise new issues that would require further consideration and/or search (see NOTEbelow):
(o) (J) theyraise the issue of new matter (see NOTEbelow):
(c) CJ they are not deemedto place the proceedingin better form for appeal by materially reducing or simplifying

the issues for appeal; and/or
(d) CJ they present additional claims without canceling a corresponding numberoffinally rejected claims.
NOTE: See Continuation Sheet

. LJ Patent owner's proposed responsefiled has overcome thefollowing rejection(s):

. LJ The proposed new or amendedclaim(s) would be allowable if submitted in a separate, timely filed
amendmentcanceling the non-allowable claim(s).

. LJ Anaffidavit(s)/declaration(s) under 37 CFR 1.130(b) was/werefiled on .

. CJ The a)L) affidavit/declaration, b)[] exhibit, or c)[] request for reconsideration has been considered but does
NOT overcomethe rejection(s) because: __.

. DJ The affidavit/declaration or exhibit will NOT be considered becauseit is not directed SOLELYto issues which
were newly raised by the Examinerin the final rejection.

. KX] For purposesof Appeal, the proposed amendment(s) a)X] will not be entered or b)[_] will be entered and an
explanation of how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is (or will be) as follows:
Claim(s) patentable and/or confirmed:
Claim(s) objected to:
Claim(s) rejected: 1-12, 14-16, 19-32,38-44,46-49 and 51-64
Claim(s) not subject to reexamination: 13,17, 18,33-37,45,49,50

9. [] The drawing correctionfiled on a)L] has b)_] has not been approved by the Examiner.

10. [] Note the attached Information Disclosure Statement(s), PTO-1449, Paper No(s)

11. [J Other:

Bruce Campell
Primary Examiner
Art Unit: 3991

cc: Requester (if third party requester
U.S. Patent and Trademark Office

PTOL-467 (Rev. 08-13) Ex Parte Reexamination Advisory Action Part of Paper No. 20140718
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Continuation Sheet (PTO-467) Reexam Control No.

Continuation of 2. (d) NOTE: The proposed amendment would have overcome the § 102 rejections over Li and Zhang.
Howeverfurther consideration is required because the § 103 rejection over Li or Zhang in combination with Jeffreys,
presently applied to claims 4-6, could render the claims obvious because Jeffreys performs the "diluting," "amplifying"
and "analyzing" steps recited in claims 1 and 38. Patent Owner's response doesnot explain why it would not have been
obvious to use this method to determine the ratio of genetic sequencesin a population of sequence, given the fact that
Jeffreys showed that PCR could detect target sequencesin a "genome equivalent" (6 pg) of DNA obtained by diluting
bulk DNA. It is noted that in the interview of 7/10/2014 Patent Owner indicated thatit intends to submit evidence

(declaration) addressing this question..

/Bruce Campell/
Patent Reexamination Specialist

/Padmashri Ponnaluri/

Patent Reexamination Specialist

/Deborah Jones/

Supervisory Patent Reexamination Specialist
Central Reexamination Unit 3991
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DO NOT ENTER: /B.C./

IN THE CLAIMS

Please amendthe following claims as indicated by the status identifier. Patent claims

under reexamination but not amendedare indicated as “original.” Patent claims not subject to

reexamination are not shown.

1. (Amended) A method for determiningthe ratio of a selected genetic sequence in a

population of genetic sequences, comprisingthe stepsof:
 

diluting isolated nucleic acid template molecules[in] isolated 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 determineafirst

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 biological sample.

2. (Original) The method of claim 1 wherein the step of diluting is performed until at

least one-tenth of the assay samples in the set comprise a number (N) of molecules such that 1/N

is larger than the ratio of selected genetic sequencesto total genetic sequences required for the

step of analyzing to determine the presenceof the selected genetic sequence.

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

between 0.1 and 0.9 of the assay samples yield an amplification product of at least one of the

selected and reference genetic sequences when subjected to a polymerase chain reaction.

4. (Original) The method of claim 1 wherein the step of diluting is performed until all of

the assay samples yield an amplification product when subjected to a polymerase chain reaction

and each assay sample contains less than 10 nucleic acid template molecules containing the

reference genetic sequence.
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5. (Original) The method of claim 1 wherein the step of diluting is performed until all of

the assay samples yield an amplification product when subjected to a polymerase chain reaction

and each assay sample contains less than 100 nucleic acid template molecules containing the

reference genetic sequence.

6. (Original) The method of claim 1 wherein the biological sample is cell-free.

7. (Original) The method of claim 1 wherein the numberof assay samples within the setis

greater than 10.

8. (Original) The method of claim 1 wherein the numberof assay samples within the setis

greater than 50.

9, (Original) The method of claim 1 wherein the numberof assay samples within the set is

greater than 100.

10. (Original) The method of claim 1 wherein the numberof assay samples within theset

is greater than 500.

11. (Original) The method of claim 1 wherein the numberof assay samples within theset

is greater than 1000.

12. (Original) The methodof claim 1 wherein the step of amplifying and the step of

analyzing are performed on assay samplesin the samereceptacle.

13. (Not subject to reexamination)

14. (Original) The method of claim 1 wherein the step of analyzing employsgel

electrophoresis.
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15. (Original) The methodof claim 1 wherein the step of analyzing employs hybridization

to at least one nucleic acid probe.

16. (Original) The method of claim 1 wherein the step of analyzing employs

hybridization to at least two nucleic acid probe.

17-18. (Not subject to reexamination)

19. (Original) The methodof claim 1 wherein the step of amplifying employsa single pair

of primers.

20. (Original) The method of claim 1 wherein the step of amplifying employs a

polymerase whichis activated only after heating.

21. (Original) The method of claim 1 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

22. (Original) The method of claim 1 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

23. (Original) The method of claim 1 wherein the step of amplifying employsat least 60

cycles of heating and cooling.

24. (Original) The method of claim 1 wherein the biological sample is selected from the

group consisting of stool, blood, and lymph nodes.

25. (Original) The method of claim 1 wherein the biological sample is blood or bone

marrow of a leukemia or lymphomapatient who hasreceived anti-cancertherapy.

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

27. (Original) The method of claim 1 wherein the selected genetic sequenceis a wild-

type allele.

28. (Original) The method of claim 1 wherein the selected genetic sequence is within an

amplicon which is amplified during neoplastic development.

29. (Original) The method of claim 1 wherein the selected genetic sequenceis a rare exon

sequence.

30. (Original) The method of claim 1 wherein the nucleic acid template molecules

comprise cDNA of RNAtranscripts and the selected genetic sequenceis present on a cDNA of a

first transcript and the reference genetic sequence is present on a cDNA ofa secondtranscript.

31. (Original) The method of claim 1 wherein the selected genetic sequence comprises a

first mutation and the reference genetic sequence comprises a second mutation.

32. (Original) The method of claim 1 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.

33-37. (Not subject to reexamination)

38. (Twice amended) A method for determiningthe ratio of a selected genetic sequence in

a population of genetic sequences, comprisingthestepsof:

distributing cell-free nucleic acid template molecules from a biological sample to form a

set comprising a plurality of assay samples;

amplifying the nucleic acid template molecules [within a set comprising a plurality of assay

samples] to form a population of amplified molecules in [each of the] individual assay samples of

the set;

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

5
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numberof assay samples which contain the selected genetic sequence and a second numberof

assay samples which contain a reference genetic sequence, wherein at least one-fiftieth of the

assay samples in the set comprise a number (N) of molecules such that 1/N is larger than the ratio

of selected genetic sequencesto total genetic sequences required to determine the presence of the

selected genetic sequence;

comparing the first number to the second numberto ascertain a ratio whichreflects the

composition of the biological sample.

39. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 10.

40. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 50.

41. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 100.

42. (Original) The method of claim 38 wherein the number of assay samples within the

set is greater than 500.

43. (Original) The method of claim 38 wherein the numberof assay samples within the

set is greater than 1000.

44. (Original) The methodof claim 38 wherein the step of amplifying and the step of

analyzing are performed on assay samplesin the samereceptacle.

45. (Not subject to reexamination)

46. (Original) The method of claim 38 wherein the step of analyzing employs gel

electrophoresis.
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47. (Original) The methodof claim 38 wherein the step of analyzing employs

hybridization to at least one nucleic acid probe.

48. (Amended) The methodof claim 38 wherein the step of analyzing employs

hybridization to at least two nucleic acid [probe] probes.

49-50. (Not subject to reexamination)

51. (Original) The method of claim 38 wherein the step of amplifying employsa single

pair of primers.

52. (Original) The methodof claim 38 wherein the step of amplifying employs a

polymerase whichis activated only after heating.

53. (Original) The methodof claim 38 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

54. (Original) The method of claim 38 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

55. (Original) The method of claim 38 wherein the step of amplifying employsat least 60

cycles of heating and cooling.

56. (Original) The method of claim 38 wherein the template molecules are obtained from

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

57. (Original) The method of claim 38 wherein the template molecules are obtained from

a body sample of a leukemia or lymphomapatient whohas received anti-cancer therapy, said

body sample being selected from the group consisting of blood and bone marrow.
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58. (Original) The method of claim 38 wherein the selected genetic sequenceis a

translocatedallele.

59. (Original) The method of claim 38 wherein the selected genetic sequenceis a wild-

type allele.

60. (Original) The methodof claim 38 wherein the selected genetic sequence is within an

amplicon which is amplified during neoplastic development.

61. (Original) The method of claim 38 wherein the selected genetic sequenceis a rare

exon sequence.

62. (Original) The method of claim 38 wherein the nucleic acid template molecules

comprise cDNA of RNAtranscripts and the selected genetic sequenceis present on a cDNA of a

first transcript and the reference genetic sequenceis present on a cDNAofa secondtranscript.

63. (Original) The method of claim 38 wherein the selected genetic sequence comprises a

first mutation and the reference genetic sequence comprises a second mutation.

64. (Original) The method of claim 38 wherein the selected genetic sequence and the

reference genetic sequence are on distinct chromosomes.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre Ex Parte Reexamination:

U.S. Patent No. 6,440,706

Control No. 90/012,894

Reexam Filing Date: June 17, 2013

Group Art Unit: 3991

Docket No. 001107.00989

Confirmation No: 8442NewNeeNeeNeeeeereeeee”
Examiner: Bruce R. Campell

For: DIGITAL AMPLIFICATION

PATENT OWNER’S INTERVIEW SUMMARY

Examiners Campell, Jones, and Ponnaluri graciously conducted an

interview with representatives of the patent owner andalicensee on July 10,

2014. During the interview the patent owner presented the various amendments

to the claims that were submitted on July 9, 2014. An advance copy of the

amendments had been provided to the examiners on July 7, for their review. The

following amendments were raised for comment:

L.

iL.

il.

IV.

Claim 1

1. Specify isolated nucleic acid template molecule is diluted
2. Clarify that nucleic acid template molecule is from a biological

sample
Claim 3—clarify that 0.1 to 0.9 of assay samples have at least one of
selected and reference templates amplified
Claim 38—add step of distributing cell-free nucleic acid template
molecule

Claim 48—correct grammar(singular/plural)

The patent owner indicated that the amendments distinguish the claims

over the references, particularly with regard to the rejections of certain claims for

anticipation and obviousness based on Li (Nature 225:414-417, 1988) and Zhang

(Proc. Natl. Academy Sciences USA 89:5847-51, 1992) and other claims for
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obviousness over Li or Zhang in view of Jeffreys (Nucleic Acid Research

16:10953-71, 1988).

The patent owner emphasized that different goals and purposes of the

prior art from the nonobvious goals and purposes of the claimed methods. In

almost all cases the prior art taught qualitative methods, whereas the claimed

methods are directed to quantitative methods. The prior art taught methods

involving a very small number of assay samples which were sufficient for the

qualitative determinations sought. The success ofthe prior art in their qualitative

determinations would not have motivated the ordinary skilled artisan (nor have

made obvious the changes needed) to change to a quantitative assessment based

on statistics or to change to a method involving large numbers of assay samples,

such as greater than 500 or 1000 assay samples.

The examiners suggested that the patent owner may improvethe record by

submitting declarations demonstrating that the claimed method is commercially

used and is consideredin the art as a breakthrough technology.

The patent owner acknowledges receipt of the Examiner’s Interview

Summary mailed July 22, 2014. The patent owner agrees with the report of the

proceedings, but not with the interpretation of the claims and the interpretation of

the priorart.

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

Dated: July 22, 2014

Banner & Witcoff, Ltd.
Customer No. 11332
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Ex Parte Reexamination: Group Art Unit: 3991

U.S. Patent No. 6,440,706 Docket No. 001107.00989

Control No. 90/012,894 Confirmation No: 8442Neeeeeeeeeeee
Reexam Filing Date: June 17, 2013 Examiner: Bruce R. Campell

For: DIGITAL AMPLIFICATION

RESPONSIVE AMENDMENT TO FINAL OFFICE ACTION

U.S. Patent and Trademark Office

Customer Service Window

Randolph Building
401 Dulany Street
Alexandria, VA 22314

Sir:

This paper respondsto the final Office Action mailed May 9, 2014, and the comments made

in the Advisory Action mailed July 22, 2014.

Amendments to the Claims are reflected in the Listing of Claims, which begins on page 2

of this paper.

Remarks/Arguments begin on page 9 of this paper.

Two declarations under rule 132 accompany this submission.

A notice of appeal accompanies this submission.
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IN THE CLAIMS

Please amend the following claimsas indicated by the status identifier. Patent claims under

reexamination but not amendedare indicated as “original.” Patent claims not subject to reexamination are

not shown.

1. (Amended) A method for determining the ratio of a selected genetic sequence in a

population of genetic sequences, comprising the steps of:

diluting isolated nucleic acid template molecules [in] isolated 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 samplesof theset;

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;

comparingthe first numberto the second numberto ascertain a ratio whichreflects the

composition of the biological sample.

2. (Original) The method of claim | wherein the step of diluting is performeduntilat least

one-tenth of the assay samples in the set comprise a number (N) of molecules such that 1/N is larger

than the ratio of selected genetic sequencesto total genetic sequences required for the step of

analyzing to determine the presence of the selected genetic sequence.

3. (Amended) The methodof claim 1 wherein the step of diluting is performed until between

0.1 and 0.9 of the assay samples yield an amplification product of at least one of the selected and

reference genetic sequences when subjected to a polymerase chain reaction.

4. (Original) The methodof claim 1 wherein the step of diluting is performed until all of the

assay samples yield an amplification product when subjected to a polymerase chain reaction and each

assay sample contains less than 10 nucleic acid template molecules containing the reference genetic

sequence.

5. (Original) The method of claim | wherein the step of diluting is performeduntil all of the
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assay samples yield an amplification product when subjected to a polymerase chain reaction and each

assay sample contains less than 100 nucleic acid template molecules containing the reference genetic

sequence.

6. (Original) The method of claim 1 wherein the biological sample is cell-free.

7. (Original) The method of claim 1 wherein the numberof assay samples within thesetis

greater than 10.

8. (Original) The method of claim 1 wherein the number of assay samples within theset is

greater than 50.

9. (Original) The method of claim 1 wherein the numberof assay samples within thesetis

greater than 100.

10. (Original) The method of claim 1 wherein the numberof assay samples within theset is

greater than 500.

11. (Original) The method of claim 1 wherein the numberof assay samples within theset is

greater than 1000.

12. (Original) The method of claim 1 wherein the step of amplifying and the step of analyzing

are performed on assay samples in the same receptacle.

13. (Not subject to reexamination)

14. (Original) The method of claim 1 wherein the step of analyzing employsgel

electrophoresis.

15. (Original) The method of claim | wherein the step of analyzing employs hybridization to

at least one nucleic acid probe.
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16. (Amended) The methodof claim 1 wherein the step of analyzing employs hybridization

to at least two nucleic acid [probe] probes.

17-18. (Not subject to reexamination)

19. (Original) The method of claim | wherein the step of amplifying employsa single pair of

primers.

20. (Original) The method of claim 1 wherein the step of amplifying employs a polymerase

whichis activated only after heating.

21. (Original) The method of claim 1 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

22. (Original) The method of claim 1 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

23. (Original) The method of claim 1 wherein the step of amplifying employsat least 60

cycles of heating and cooling.

24. (Original) The method of claim 1 wherein the biological sample is selected from the group

consisting of stool, blood, and lymph nodes.

25. (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.

26. (Original) The method of claim | wherein the selected genetic sequenceis a translocated

allele.

27. (Original) The method of claim | wherein the selected genetic sequenceis a wild-type

allele.
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28. (Original) The method of claim 1 wherein the selected genetic sequence is within an

amplicon whichis amplified during neoplastic development.

29. (Original) The method of claim 1 wherein the selected genetic sequenceis a rare exon

sequence.

30. (Original) The method of claim 1 wherein the nucleic acid template molecules comprise

cDNAofRNAtranscripts and the selected genetic sequenceis present on a cDNAofa first transcript

and the reference genetic sequence is present on a cDNAofa secondtranscript.

31. (Original) The method of claim 1 wherein the selected genetic sequence comprises a first

mutation and the reference genetic sequence comprises a second mutation.

32. (Original) The method of claim | wherein the selected genetic sequence and the reference

genetic sequenceare on distinct chromosomes.

33-37. (Not subject to reexamination)

38. (Twice amended) A method for determiningthe ratio of a selected genetic sequence in a

population of genetic sequences, comprising the steps of:

distributing cell-free nucleic acid template molecules from a biological sample to form a set

comprising a plurality of assay samples;

amplifying the nucleic acid template molecules [within a set comprising a plurality of assay

samples] to form a population of amplified molecules in [each of the] individual assay samples of the

set;

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

sequencesto total genetic sequences required to determine the presenceof the selected genetic

sequence;

comparingthe first numberto the second numberto ascertain a ratio which reflects the

Page 967 of 1224



Page 968 of 1224

composition of the biological sample.

39, (Original) The method of claim 38 wherein the numberof assay samples within the set is

greater than 10.

40. (Original) The method of claim 38 wherein the numberof assay samples within thesetis

greater than 50.

41. (Original) The method of claim 38 wherein the number of assay samples within the set is

greater than 100.

42. (Original) The method of claim 38 wherein the number of assay samples within the setis

greater than 500.

43. (Original) The method of claim 38 wherein the numberof assay samples within thesetis

greater than 1000.

44. (Original) The method of claim 38 wherein the step of amplifying and the step of

analyzing are performed on assay samples in the samereceptacle.

45. (Not subject to reexamination)

46. (Original) The method of claim 38 wherein the step of analyzing employsgel

electrophoresis.

47. (Original) The method of claim 38 wherein the step of analyzing employs hybridization to

at least one nucleic acid probe.

48. (Amended) The method of claim 38 wherein the step of analyzing employs hybridization

to at least two nucleic acid [probe] probes.

49-50. (Not subject to reexamination)
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51. (Original) The method of claim 38 wherein the step of amplifying employsa single pair of

primers.

52. (Original) The method of claim 38 wherein the step of amplifying employs a polymerase

whichis activated only after heating.

53. (Original) The method of claim 38 wherein the step of amplifying employsat least 40

cycles of heating and cooling.

54. (Original) The method of claim 38 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

55. (Original) The method of claim 38 wherein the step of amplifying employsat least 60

cycles of heating and cooling.

56. (Original) The method of claim 38 wherein the template molecules are obtained from a

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

57. (Original) The method of claim 38 wherein the template molecules are obtained from a

body sample of a leukemia or lymphomapatient who has received anti-cancer therapy, said body

sample being selected from the group consisting of blood and bone marrow.

58. (Original) The method of claim 38 wherein the selected genetic sequenceis a translocated

allele.

59. (Original) The method of claim 38 wherein the selected genetic sequenceis a wild-type

allele.

60. (Original) The method of claim 38 wherein the selected genetic sequence is within an

amplicon whichis amplified during neoplastic development.
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61. (Original) The method of claim 38 wherein the selected genetic sequenceis a rare exon

sequence.

62. (Original) The method of claim 38 wherein the nucleic acid template molecules comprise

cDNAofRNAtranscripts and the selected genetic sequenceis present on a cDNAofa first transcript

and the reference genetic sequenceis present on a cDNAofa secondtranscript.

63. (Original) The method of claim 38 wherein the selected genetic sequence comprisesa first

mutation and the reference genetic sequence comprises a second mutation.

64. (Original) The method of claim 38 wherein the selected genetic sequence and the

reference genetic sequenceare on distinct chromosomes.
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Remarks

Status of claims

Claims 1-12, 14-16, 19-32, 38-44, 46-48, and 51-64 are pending and subject to re-examination.

Claims 1, 3, 16, 38, and 48 are amended, as previously proposed but not entered. Claim 16 is additionally

amendedto correct a grammatical error.

Claims 13, 17, 18, 33-37, 45, 49, and 50 are not subject to re-examination.

Support for amendments

The amendmentto claim | to recite isolated nucleic acid template molecules is supported at

col. 6, lines 45-49, The amendmentto claim 3 is supported at col. 3, lines 27-32, at col. 4, lines 12-32,

and col. 6, lines 3-8. The amendmentto claim 38 to recite distribution of cell-free nucleic acid template

molecules is supported at col. 4, lines 12-32 and col. 6, lines 45-49.

All amendments are supported fully by the specification and do not add new matter.

Amendments do not expand the scope of the patent claims

The amended claims do not enlarge the scope of the patent claims because they each include

all limitations of an issued patent claim.

Clams 1 and 38 are amendedto clarify the nucleic acid template molecules previously recited.

Claim 38 has been amendedto include an additionalinitial step. Claim 3 has been amended to add a

clarifying recitation regarding the amplification products produced. Claims 16 and 48 are amended to

correct a grammatical error. No claim recitations have been removed, obviated, or vitiated. Therefore

all claims are narrowerthan at least one patent claim.
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1. Novelty

a. Li (Nature 225:414-417, 1988)

Claims 1-3, 7-9, 15, 16, 19, 21, 22, 27, 32, 38-41, 47, 48, 51, 53, 54, 59 and 64 stand rejected

under §102(b) as anticipated by Li. Claims 1 and 38 are the only independent claims of the rejected claim

set.

The Patent and Trademark Office cites Li’s experiment with lymphocytes described at pages

414-415 as anticipating claim 1. (Final office action at page 7.) Li micromanipulated an artificial

mixture oftissue culture cells from two individuals to isolate individual cells. The individual cells were

separately lysed, their nucleic acids templates amplified and analyzed. Li does not teach dilution of

isolated nucleic acid template molecules that are isolated from a biological sample in order to form a set

comprising a plurality of assay samples, as recited in claim 1, step 1, as amended.

Moreover, Li does not teach step 4 of claim 1. Li does not teach any comparison ofthe

numberof assay samples of a selected genetic sequence to a reference genetic sequence to ascertain a

ratio which reflects the composition of the biological sample. With the benefit of hindsight knowledge

gained from the present invention, the Patent and Trademark Office may have produced such a

comparison orratio, but Li did not teach it. Li was merely showing that: DNA contamination was

insignificant, and no sample hybridized with both probes (indicating that a single cell only was introduced

into each tube, and that DNA from lysed cells present in the co-cultivation mixture did not adhere to

individualcells.) Page 414, col. 2, lines 21-26.

The Patent and Trademark Office similarly asserts that Li’s experiment with single human

sperm anticipates claim 1. Individual sperm were micromanipulated, their nucleic acids released, and

amplified. For the same reasons as with the lymphocyte experiment, this teaching of Li does not disclose

all limitations of claim 1 as amended. Li does not teach diluting isolated nucleic acid template molecules

isolated from a biological sample to form a plurality of assay samples, as recited in claim 1, step 1.

Li also does not anticipate independent claim 38 because Li does not teach distributing cell-

free nucleic acid template molecules to form a set comprising a plurality of assay samples, as recited in

step 1. Li’s multiple assays are formed by distribution of whole cells, rather than cell-free nucleic acid

template molecules. Li therefore does not disclose distributing cell-free nucleic acid template molecules

10
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to form a set comprising a plurality of assay samples.

For these reasons, none of independentclaims 1 and 38 or their dependent claims 2-3, 7-9, 15,

16, 19, 21, 22, 27, 32, 39-41, 47, 48, 51, 53, 54, 59 and 64 are anticipated by Li.

Please withdrawthis rejection.

b. Zhang (Proc. Natl. Academy Sciences USA 89:5847-51, 1992)

Claims 1, 2, 7, 14, 19, 27, 32, 38, 39, 46, 51, 59 and 64 stand rejected under §102(b) as

anticipated by Zhang. Zhang, like Li, separated human sperm andthen lysed single, isolated sperm to

yield nucleic acid molecules. Thus, as for Li, Zhang fails to teach step 1 of claim 1| (diluting isolated

nucleic acid template molecules isolated from a biological sample) as amended. Similarly, as for Li,

Zhang fails to teach step 1 of claim 38 which requires distribution of cell-free nucleic acid template

molecules from a biological sample to form a set comprising a plurality of assay samples.

None of dependent claims 2, 7, 14, 19, 27, 32, 39, 46, 51, 59 and 64 are anticipated by Zhang

for at least the same reasons as for independent claims 1 and 38.

Please withdraw this rejection.

2. Non-obviousness

a. Li or Zhang in view ofJeffreys (Nucleic Acid Research 16:10953-71, 1988)

Claims 4-6 stand rejected under §103(a) as obvious over either Li or Zhang and further in view

of Jeffreys. All three of the rejected claims are dependent on claim 1.

Claims 4 and 5 recite dilution until all assay samples yield an amplification product, and that

each assay sample contains less than 10 (claim 4) or less than 100 (claim 5) nucleic acid template

molecules containing the reference sequence. Claim 6 recites that the biological sample is cell-free.

Li and Zhangare both cited as teaching micromanipulation of single cells into separate assay

samples. Both fail to teach dilution of isolated (or cell free) nucleic acid template molecules as recited in

step 1 of claim 1.

11
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Jeffreys is cited as teaching dilution of DNA fromacell-free sample.

To establish a proper primafacie case of obviousness, the following criteria must be

established: (1) the prior art reference, or references when combined, mustdisclose or suggestall the

claim limitations (See In re Vaeck, 947 F.2d 488 (Fed. Cir. 1991)); (2) the Patent Office must provide an

apparent reason to combine the known elementsin the claims (See KSR International Co. v. Teleflex Inc.,

550 U.S. 398 (2007)); and (3) there must be a reasonable expectation of success in combining the

teachings of the reference(s) (See id.) However,it is impermissible to use the claimed invention as an

instruction manualor “template” to piece together the teachings ofthe priorart so that the claimed

invention is rendered obvious. /n re Fritch, 972 F.2d 1260, 1266 (Fed. Cir. 1992).

Contrary to the assertion of the Patent and Trademark Office, it would not have been obvious

to combine Jeffreys with either Li or Zhang to meet the limitations of any of claims 4-6. The combination

has been made improperly using hindsight knowledge obtained from the present invention. The proposed

combination would have destroyed the intended purpose of each of Li and Zhang. Zhang and Li both

teach micromanipulation of isolated, single cells or sperm to form individual assay samples. This

micromanipulation methodserves to ensure that all chromosomes within a cell or sperm remain together

throughout the assay in a single assay sample. For example, Zhang teaches typing individual sperm cells

for 12 loci (Table 2) located on multiple chromosomes. Li focuses on the benefits of a single cell analysis

to achieve accurate measurements of genetic distances of less than | cM,(page 416,col. 2, lines 7-11) to

genetically map species that cannot be bred or have long generation times (page 417, sentence spanning

col. 1 and 2). Similarly, Li teaches the benefit of single-cell analysis for studying cell-to-cell variations in

development. (Page 417, col. 2, lines 12-15). The focus on the benefits of single-cell analysis would

have led one of ordinary skill in the art away from combining Li or Zhang’s teachings with Jeffreys’

technique using a cell-free sample. Jeffreys’ technique would have destroyed the advantages that Li and

Zhang taught for their single-cell methods by separating the chromosomesofa single sperm orcell and

mixing them with the chromosomesof other sperm orcells.

Zhang teaches away from cell-free sampling. Zhang explicitly articulates concerns associated

with using a cell-free sample. Page 5850, col. 2, Imes 60-70. Zhang expresses concern over sampling

errors, particularly in the context of small, cell-free, forensic or ancient DNA samples.

Thus one of ordinary skill in the art would not have intentionally destroyed the primary

12
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references’ intentional functional “linkage” of chromosomes(i.e., keeping a single cell’s set of

chromosomestogetherin a single assay sample) by diluting cell-free nucleic acid templates as the

rejection proposes. This proposed modification would have destroyed the information that Li and Zhang

were trying to collect. January 27, 2014 declaration of Jay Shendure, MD, PhD,(“Shendure

Declaration’’) at 712.

These reasons for not combining the references apply with equal force to the independent

claims, 1 and 38 as amended.

Jeffreys does not teach the specific limitation of claims 4 and 5 in which each sample yields an

amplification product. Jeffreys teaches that only 46% of PCR reactions on the diluted isolated DNA were

successful. Li and Zhang are not relevant in this regard because neither of them dilute isolated or cell-

free nucleic acid template molecules isolated from a biological sample, so perforce they do not teach a

degree of dilution. Although the Patent and Trademark Office asserts that it would have been obviousto

one of ordinary skill in the art to doubleortriple the amount of DNA to achievethis recitation,this is not

supported by the record. Although the Patent and Trademark Office’s asserted motivation was to save

time and reagents, doubling ortripling the amount of DNA would notbe possible in the case of rare

forensic samples (part of the Patent and Trademark Office’s asserted motivation). Moreover, doubling

and tripling would contradict the very purpose of primary references Li and Zhang, who scrupulously

worked to have just one cell’s DNA in each sample. Shendure Declaration at 13. Jeffreys similarly

wanted to have just one cell’s worth of DNA present per assay. Thus one of ordinary skill in the art

would not have been motivated to combine Jeffreys with Li or Zhang and then to increase the amount of

DNAtemplate in each sample.

Additionally, the Patent Owner provides evidence of secondary considerations of non-

obviousnessin the form of two declarations under 37 C.F.R. § 1.132. Evidence of commercial success,

long-felt but unsolved needs,failure of others, and unexpected results “may also serve to ‘guard against

slipping into use of hindsight’ and to resist the temptation to read into the prior art the teachings of the

invention in issue.” Graham v. John Deere, 383 U.S. 1, 36 (1966) (quoting Monroe Auto Equip. Co. v.

Heckethorn Mfg. & Supply Co., 332 F.2d 406, 412 (6th Cir. 1964). Furthermore, “such evidence must

always be considered in connection with the determination of obviousness.” [n re Fielder, 471 F.2d 640,

644) (C.C.P.A. 1973); see also, M.P.E.P. § 716.01(a).

13
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The declaration under rule 132 of Dr. Shih (Exhibit A), provides evidence of non-obviousness.

Dr. Shih’s declaration introduces evidence regarding the reception of the invention in the technological

art and adoption by commercial entities. The declaration demonstrates that those of skill in the art

consider digital PCR to be a significant advancein the art. Many articles havecited the original

publication of the invention. 415. Expensive machines have been developed by commercial vendors to

efficiently carry out the method. 25, 27, and 28. The method has been comparedto the prior

quantitative amplification method and the claimed method has been foundto yield results that are more

precise and less ambiguous. 417, 27. The method achievesa finer degree of quantitative discrimination.

4/21. The method achieves a higher degree of precision. 22. It makes possible the precise evaluation of

balance/imbalance between mutant and wild-type alleles. (20. Annual meetings have been organized on

the topic of digital PCR byat least three different organizations. §{]16, 17. The method solves a need in

the art: its precision is needed in the screening and detection of aneuploidy. 420, 21. It achieves the

long sought goal of non-invasive detection of Down syndrome. 418.

The declaration under rule 132 of Mr. Lapidus (Exhibit B) constitutes additional evidence of

the reception of the invention by one ofskill in the art at the time of the invention. Mr. Lapidus considers

digital PCR to be a brilliant innovation that made a tremendous impacton the field, particularly for

generating quantitative data concerning rare genetic sequences. § 11. At the time of the invention, Mr.

Lapidusand others skilled in the art were genuinely surprised by the success of the method. ¢ 11.

Furthermore, Mr. Lapidus notes that digital PCR addressed a previously unmet need as evidenced by

numerouspublicationsthat related to how to determine mutant to wild-type genetic ratios andthelike.

Noneofthese publications, however, described digital enumeration by spatial separation, as used in

digital PCR. {ff 11, 12. Additionally, Mr. Lapidus notes that digital PCR was a substantial improvement

over other methods in useat the time for determining the ratio of rare or mutant alleles. 13. Mr.

Lapidusis also aware of a number of companies that have marketed or are currently marketing products

for use in digital PCR. ¥ 14.

Thus, even if, arguendo, the combination of cited references properly formed a primafacie

case of obviousness, which the Patent Owner does not concede, the secondary considerations such as

commercial success, long-felt but unsolved needs, failure of others, and unexpected results indicate the

nonobviousness of digital PCR. The secondary considerations would outweigh a primafacie case of

obviousness.
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Please withdraw this rejection.

b. Li or Zhang in view of Kalinina (Nucleic Acid Research 25:1999-2004, 1997)

Claims 12 and 44 stand rejected under §103(a) as obvious over either Li or Zhang and further

in view of Kalinina, Claims 12 and 44 are dependent on claims 1 and 38, respectively. Claims 12 and 44

further recite amplification and analysis in the same receptacle.

Li and Zhang teach analysis of single cells, not dilution of isolated template molecules from a

biological sample, or distribution of cell-free nucleic acid template molecules from a biological sample to

form a plurality of assay samples, as recited in claims | and 38, respectively. Kalininaiscited to teach

amplifying and analyzing in the same receptacle single molecules of template DNA.

It is improperfor the Patent and Trademark Office to use the claims as a framework andto

employ individual naked parts of separate prior art references as a mosaic to recreate a facsimile of the

claimed invention. See W.L. Gore & Assoc. v. Garlock, 721 F.2d 1550, 1552-53 (Fed. Cir. 1983).

The combination of Kalinina with the methods of Li and Zhang does not in any event remedy

the deficiencies of Li and Zhang. Kalinina does not suggest comparing two different numbers of two

different template molecules by determining a numberof assay samples. The Patent and Trademark

Office’s combination of reference teachingsis the result of selective extraction of portions of the

references with the benefit of hindsight, using the subject claims as a model.

Please withdraw this rejection.

Cc. Li or Zhang in view of Chou (Nucleic Acids Research 20: 1717-23, 1992)

Claims 20 and 52 stand rejected under §103(a) as obvious over either Li or Zhang and further

in view of Chou. Claims 20 and 52 depend from claims 1 and 38 , respectively, and further recite use of

a heat-activatable polymerase. Chouis cited as teaching a heat-activatable polymerase. Chou doesnot,

however, remedy the deficiencies of Li or Zhang in teaching the elements of independent claims 1 and 38

from which claims 20 and 52 depend. Noneofthe three references teaches the dilution and/or

distribution of isolated or cell-free nucleic acid template molecules from a biological sample to form a set

comprising a plurality of assay samples.

15
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Please withdraw this rejection.

d. Li or Zhang in view of Burg (/. Clin. Microbiol, 27:1787-92, 1989

Claims 23 and 55 stand rejected under §103(a) as obvious over either Li or Zhang and further

in view of Burg. Claims 23 and 55 depend from claims 1 and 38 respectively and furtherrecite at least 60

cycles of heating and cooling. Burg iscited as teaching at least 60 cycles of heating and cooling to

amplify DNA ofa single cell of Toxoplasma. Burg does not, however, remedy the deficiencies of Li or

Zhang in teaching the elements of independent claims | and 38, in particular, in step 1. None ofthe three

references teaches the dilution and/or distribution of isolated or cell-free nucleic acid template molecules

to form a set comprising a plurality of assay samples.

Please withdraw this rejection.

€. Li or Zhang in view of Triimper (Blood 8/:3097-4115, 1993)

Claims 24, 29, 30, 56, 61 and 62 stand rejected under §103(a) as obvious over either Li or

Zhang and further in view of Tritmper. These claims, dependent on claims | and 38, furtherrecite a

biological sample whichis stool, blood, or lymph nodes (claims 24 and 56), a selected sequence whichis

a rare exon (claims 29 and 61), and the template molecules are cDNA molecules (claims 30 and 62).

Triimperis cited as teaching lysis of isolated cells from lymph nodes followed by RT-PCRto

detect a p53 mutation.

Because Triimpertaughtisolating single cells, it does not remedy the deficiency of Li and

Zhang, whoalso taught isolating single cells. None of the references teach diluting isolated nucleic acid

template molecules isolated from a biological sample, or distributing cell-free nucleic acid template

molecules from a biological sample, as recited in independent claims 1 and 38. Thus the combination of

references does not render any of claims 24, 29, 30, 56, 61 and 62 obvious dueto failure to teach or

suggest a non-singlecell, nucleic acid analysis.

Please withdraw this rejection.
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f. Li or Zhang in view of Pontén (Mut. Res. Genomics 382:44-55, 1997)

Claims 31 and 63 stand rejected under §103(a) as obvious over either Li or Zhang and further

in view of Pontén. Claims 31 and 63, dependent on claims | and 38, respectively, further recite that the

two analyzed sequences comprise a first and a second mutation. Pontén is cited as teaching single-cell

PCRanalysis of tumorcells and detection of two different point mutations in p53, at codon 245 and at

codon 266. Since all three cited references used a single-cell isolation technique, none of them teaches

or suggests the dilution of isolated nucleic acid templates from a biological sample to form a plurality of

samples, nor the distribution of cell free nucleic acid templates from a biological sample to form a

plurality of assay samples. Such single-cell methods as taught by the references are antipodal to the

claimed method. The claimed methods would not have been obvious.

Please withdraw this rejection.

g. Li or Zhang in view of Kanzler (Blood 87:3429-36, 1996)

Claims 10, 11, 25, 28, 42, 43, 57 and 60 stand rejected under §103(a) as being obvious over

either Li or Zhang and further in view of Kanzler. Claims 10, 11, 42 and 43 are dependent on claims1

and 38 and further recite use of sets of assay samples ofat least 500 or at least 1000 samples. Claims 25

and 57 are dependent on claims | and 38 and further recite blood or bone marrow of a leukemia or

lymphomapatient whoreceived anti-cancer therapy as the biological sample. Claims 28 and 60 are

dependent on claims 1| and 38 and further recite a selected genetic sequence which is within an amplicon

amplified during neoplastic development.

Kanzleris cited as teaching, like Li and Zhang, single-cell analysis. Kanzler taught

micromanipulation of single cells. Kanzler does not remedy the deficiencies of Li and Zhang. None of

the three references teach diluting isolated nucleic acid template molecules isolated from a biological

sample or distributing cell-free nucleic acid template molecule from a biological sample to form a

plurality of assay samples.

Please withdraw this rejection.

h. Li or Zhang in view of Gravel (Blood 91:2866-74, 1998)

17
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Claims 26 and 58 stand rejected under §103(a) as being obvious overeither Li or Zhang and

further in view of Gravel. These claims depend from claims | and 38, respectively, and further recite that

the selected sequenceis a translocated allele.

Gravel, like Li and Zhang,is cited as teaching a single-cell analysis. Thus Gravel does not

cure the defect of Li and Zhang in teaching the methods of independent claims 1 and 38, particularly the

first steps of each of them.

Thus Gravel’s analysis of a translocated allele in combination with Li or Zhangare not

sufficient to render the subject matter of dependent claims 26 and 58 obvious. Noneofthe references,

alone orin the asserted combination teaches or suggests the dilution of isolated nucleic acid template

molecules isolated from a biological sample or the distribution of cell-free nucleic acid template

molecules from a biological sample to form a plurality of assay samples.

Please withdraw this rejection.

1. Li or Zhang in view of Schwab (Bioessays 20:473-479, 1998)

Claims 28 and 60 stand rejected under §103(a) as being obvious overeither Li or Zhang and

further in view of Schwab.

Claims 28 and 60 depend on claims 1 and 38, respectively. Additionally, they recite an

amplicon which is amplified during neoplastic development. Schwabis cited for teaching amplified

MYCNand ERBB2 as prognostic markers. However, the combinationsofcited teachings would not

render the claimed invention obvious. Li and Zhang teach single-cell analysis. They do not teach step 1

of either claim 1 or claim 38, as amended, because they both employa step of single-cell dilution or

distribution. The Schwab reference does not remedy the basic deficiency of the primary references.

Please withdraw this rejection.

Conclusion

Forat least the reasons stated above and in the Shih Declaration and in the Lapidus

Declaration, and for the reasons stated in the previously submitted response and in the the previously
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submitted Shendure Declaration, all claims in this reexamination are patentable and should be confirmed.

Therefore, we request that the Patent and Trademark Office issue a certificate of reexamination

confirming the patentability of all clams. The absence of additional comments regarding the Office

Action does not indicate agreement with or concession of any characterization or requirement. If the

Examinerbelieves a telephone conference would expedite prosecution of this application, please

telephone the undersigned at 202 824 3000.

No additional fees are believed to be due with respect to the filing of this response. However,

should any such fees be due, the Commissioneris hereby authorized to charge any such fees in

connection with this paper to Deposit Account No. 19-0733.

Respectfully submitted,

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

Dated: September 8, 2014

Banner & Witcoff, Ltd.
Customer No. 11332
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Exhibit B

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Ex Parte Reexamination: Group Art Unit: 3991

U.S. Patent No. 7,915,015 Docket No. 001107.00988

Control No. 90/012,896 Confirmation No: 8361

Reexam Filing Date: June 17, 2013 Examiner: Bruce R. Campell

For: DIGITAL AMPLIFICATION
NeNmNeNeNeeeaeeeee”See”

DECLARATION OF STANLEY N. LAPIDUS

I, Stanley N. Lapidus, declare:

1. Iam the President, CEO, and Founder of SynapDx located at Four Hartwell Place,

Lexington, MA 02421.

2. Ihave a Bachelor of Science degree in Electrical Engineering from The Cooper Union for the

Advancement of Science and Art.

3. A true and correct copy of my curriculum vitae is attached to this Declaration as Exhibit 1.

4. Ihave beenretained as an expert consultant by Esoterix Genetic Laboratories in connection

with the reexamination of U.S. Patent No. 7,915,015 (the ‘015 patent).

5. Iam inventor on certain patents at issue in a relatedlitigation matter in the United States

District Court for the Middle District of North Carolina, Greensboro Division (Esoterix

Genetics Laboratories v. Life Technologies Corporation, Case No. 12-CV-411).

6. Laboratory Corporation of America is a minority investor in SynapDx.

7. Iwas a Founder and former President and CEO of Exact Sciences Corporation, and I

currently own a small numberof shares in Exact, which I purchased on the open market.

8. Ihave reviewed the ‘015 patent, including the claims, which I understandis related to

determining anallelic imbalanceofa first allelic form of a marker and a second allelic form

of a markerin a biological sample using a method generally referred to as digital polymerase

chain reaction (PCR), a term coined by Dr. Bert Vogelstein and Dr. Kenneth Kinzler and
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U.S. Patent No. 7,915,015

Control No. 90/012,896

Declaration datedAugust 25, 2014
Page 2 of3

adopted by the industry.

9. [have been actively engaged in the field of biotechnology research and development for over

27 years. I was recently elected to the College of Fellows of the American Institute of

Medicaland Biological Engineering, an organization whose Fellows aresaid to represent the
top 2% of the medical and biological engineering community.

10. I was conducting research in this area at the time that Drs. Vogelstein and Kinzler invented

andfirst presented their research on digital PCR.

11. Digital PCR wasa brilliant innovation that made a tremendous impactonthefield,

particularly for generating quantitative data concerning rare genetic sequences. When Drs.

Vogelstein and Kinzlerfirst described digital PCR,I, and others skilled in the art, were

genuinely surprised by the success of the method and even considered it to be an audacious

methodto try. Digital PCR was not obviousat the timeof its invention to those ofusskilled .

in the art. Researchers in this area immediately appreciated the significance of this invention

and its capabilities.

12. Digital PCR met a previously unmet need in the art. Many publications were directed to how
to determine mutant to wild-type genetic ratios and the like, but none suggested digital PCR,

which allowed for the quantification of rare sequences, including rare mutationsoralleles, in

a population of sequences, through the use of digital enumeration by spatial separation.

13. Digital PCR wasa substantial improvement over other methods usedat the time to determine

the ratio of mutant or rare sequences to wild type sequences in a sample. Methodsin use at

the time included cytometry, fluorescencein situ hybridization (FISH), counting,

amplification-refractory mutation system (ARMS), and gel-based methods. These methods

are distinctly different than digital PCR, which worked better than the methodsin use atthe

time Drs. Vogelstein and Kinzler invented digital PCR.

14. Digital PCRis still in use today. A number of companies have marketedor are currently

marketing products for use in digital PCR methods, including, for example, Life

Technologies.

15, All statements made herein of my own knowledgearetrue, and all statements made on
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U.S. Patent No. 7,915,015

Control No. 90/012,896

Declaration datedAugust 25, 2014
Page 3 of3

information and belief are believed to be true; and further that these statements were made

with the knowledge that willful false statements and the like so made are punishable by fine

or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, andthat

such willful false statements may jeopardize the validity of the patent.

Full Name of Declarant: STANLEY N. LAPIDUS

Declarant’s Signature:

Date: August 25, 2014
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Exhibit 1

Stanley N. Lapidus
7 Marston Drive

Bedford, NH 03110

slapidus@lanidx.com
+1 603 494 2832

~ yy ~ VPARAHN “ xPES sya Vd DESY SLSAEA Uae ware ross
SYNAHGN GOP. CVUS- Sr Sssany
Founder and CEO

Founderand leader of neurodevelopmentaldiagnostics testing laboratory

 
Founder, President, Chairman, BOD member
Foundedandled colorectal cancer early detection company

ok
04

ty
sedgeSY ao
2¥ ASES

QOyo 38
Wi LISy. LSS

Founder, President
Foundedandled pap smear diagnostic company.

 “hn G re La
.

Founder,Presiden
Foundedandled industrial machine-vision company

 
Founder President
Principal at contract engineering company
4ch 5 ss 5 x VS
Soest roey Aosloal Flostrsyies POSS. TH YSNAPTHVGWISAICAT SISCKrgwes LOSS. LOyS

Engineering Group Leader, Engineering Manager
Led and managed engineering team at nuclear medicine instrument manufacturer

 
Design Engineer,‘Engineering Group Leader
Designed and led design of nuclear medicine instrumentation
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Instructor,Harvard/MITofdivision of Health Sciences Technology, MIT Sloan
School of Management 2002-present

ResearchAssistant Professor, Department of Pathology, Tufts University School of
Medicine 1994-present

ss <
BOAFA A

Harvard School of Public Health Center for Cancer Prevention, Advisory Board
Member 1995-2000

EXACT Sciences, Director 1995-2006

Cooper Union School of Engineering, Advisory Board Member 1999-present

Precision Therapeutics Director 2001-2013

Harvard MITDivision of Health Sciences and Technology, Advisor 2001-present

Cooper Union Board of Trustees 2002-2012

Helicos Biosciences, Director 2003-2011

T2 Biosystems,Inc., Director 2008 - present

Advisory Board of Technology Fundof Boston Children’s Hospital 2009 - present

Daktari DX, Corp. Director 2009-present

Institutes of Medicine, Committee on the Evolution of Translational Omics 2011 -
2012

Fractyl Laboratories Director 2013-present

Patent Date invertor Fitte Subject Matter
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Number issued

1 4,093,857 6-Jun-78

4,281,249 28-Jul-81

4,570,217 11-Feb-86

4,581,762 83-Apr-86

5,143,627 1-Sep-92

5,185,084 9-Feb-93

5,240,606 31-Aug-93

5,266,495 30-Nov-93
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Lapidus, Stanley N.

Lapidus, Stanley N.

Allen; Bruce S. (East Kingston, NH),
Dunalvey; Michael R. (Needham, MA),
King; Bruce A. (Bolton, MA), DuPrie;
Harold J. (Andover, MA), Hudnall;
Richard E. (Nashua, NH), Lapidus;
Stanely N. (Bedford, NH), Gilbert; Daniel
R. (Dracut, MA), Carlson; Anne M.
(Wakefield, MA), Thakrar; Kiran (Salem,
NH), Doig; Robert C. (Salem, NH),
Kimerer; Brian S. (Reading, MA), Sirois;
AndrewF. (Lawrence, MA), Poirer; Bruce
A. (Bradford, MA), Hunt; Philip G. (Derry,
NH), Dziezanowski; Joseph J. (Brighton,
MA), Bromberg; Michael A. (Nashua,
NH), Brown; Michael (Salem, NH),
Friedel; Seymour A. (Merrimack, NH)

Lapidus; Stanley N. (Bedford, NH),
Dziezanowski; Joseph J. (Weare, NH),
Friedel; Seymour A. (Goffstown, NH),
Greenberg; Michael P. (Manchester, NH)

Lapidus; Stanley N. (Bedford, NH), Polk,
Jr.; Lewis T. (Bedford, MA), Farber;
Fredric L. (Chestnut Hill, MA), Barlas; J.
Morgan (Malden, MA), Hurley; Anne A.
(Carver, MA)

Lapidus; Stanley N. (Bedford, NH),
Kamen; Dean (Bedford, NH), Villeneuve;
Richard R. (Bedford, NH), Polk, Jr.; Lewis
T. (Bedford, MA)

Lapidus; Stanley N. (Bedford, NH), Polk,
Jr.; Lewis T. (Bedford, MA), Farber;
Fredric L. (Chestnut Hill, MA), Barlas; J.
Morgan (Malden, MA), Hurley; Anne A.
(Carver, MA)

Lapidus; Stanley N.

Radiographic normalizing
system

Stepped scanner imaging
system

Man machine interface

Vision inspection system

Method and apparatusfor
preparingcells for
examination

Method and apparatusfor
control of flow through a
filter chamber by measured
chamber equilibration
pressure

Apparatus for preparing
cells for examination

Method and apparatusfor
controlled instrumentation

of particles withafilter
device

Uniformity correction for gamma
cameras

Whole-body gamma camera imaged
using step and repeat

Computer hardwarefor high-speed
graphics

A vision inspection system operable with
foreground illumination provides user
identification of selected regions of a
knownobject for later comparison to an
unknown object.

An apparatus and methodprovide
automatedcollection and transfer of

particles from a liquid suspension to a
glass slide for visual examination.

A method and apparatusfor the
controlled instrumentation processing of
cells and otherparicles withafilter
device measures a parameterof the flow
throughthe filter device of a fluid
carrying the particles.

An apparatus and method provide
automatedcollection and transfer of

particles from a liquid suspension to a
glass slide for visual examination.

A method and apparatusfor the
controlled instrumentation processing of
cells and otherparticles with a filter
device measures a parameterof the flow
throughthe filter device of a fluid
carrying the particles.
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10

11

12

13

14

15

16

17

18

5,269,918

5,670,325

5,741,650

5,928,870

5,952,178

6,010,909

6,020,137

6,100,029

6,143,529

6,146,828

14-Dec-93

23-Sep-97

21-Apr-98

27-Jul-99

14-Sep-99

4-Jan-00

1-Feb-00

8-Aug-00

7-Nov-00

14-Nov-00
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Lapidus; Stanley N. (Bedford, NH), Polk,
Jr.; Lewis T. (Bedford, MA), O'Lari; Arlen
M. (Chelmsford, MA)

Lapidus; Stanley N. (Bedford, NH),
Shuber; AnthonyP. (Milford, MA),
Ulmer; Kevin M. (Cohasset, MA)

Lapidus; Stanley N. (Bedford, NH),
Shuber; AnthonyP. (Milford, MA),
Ulmer; Kevin M. (Cohasset, MA)

Lapidus; Stanley N. (Bedford, NH),
Shuber; AnthonyP. (Milford, MA)

Lapidus; Stanley N. (Bedford, NH),
Shuber; Anthony P. (Milford, MA)

Lapidus; Stanley N. (Bedford, NH)

Lapidus; Stanley N. (Bedford, NH),
Shuber; Anthony P. (Milford, MA)

Lapidus; Stanley N. (Bedford, NH),
Shuber; Anthony P. (Milford, MA)

Lapidus; Stanley N. (Bedford, NH),
Shuber; AnthonyP. (Milford, MA)

Lapidus; Stanley N. (Bedford, NH),
Shuber; AnthonyP. (Milford, MA)

Clinical cartridge apparatus

Methodfor the detection of

clonal populations of
transformedcells in a

genomically heterogeneous
cellular sample

Methodsfor detecting
colon cancer from stool

samples

Methodsfor the detection

of loss of heterozygosity

Methodsfor disease

diagnosis from stool
samples

Method and apparatusfor
controlled instrumentation

of particles withafilter
device

Methodsfor the detection

of loss of heterozygosity

Methodsfor the detection
of chromosomal aberrations

Methodsfor improving
sensitivity and specificity of
screening assays

Methodsfor detecting
differences in RNA

expression levels and uses
therefor

A cartridge-like holder or carrier for
automatic operation with a specimen
processor has a frame for removable and
replaceable alignmentin operative
engagementwith the specimen
processorand has multiple supports,
each of which removably and replaceably
supports an implement such as a
container of a biological specimen having
cellular particles suspendedin a liquid, a
filter device for use in collecting cellular
particles from the liquid in the sample
container, a viewing screen onto which
the collected cellular particles can be
transferred from the filter device and,
further, an output container for receiving
the viewing screen with the cellular
particles thereon.

Methodsare provided for detecting the
presence of mutant sequencesin a
subpopulation of gene sequencesin a
biological sarnple.

The present invention provides methods
for screening for the presenceof a
subpopulation of cancerous or
precancerouscells in a heterogeneous
cellular sample, such as a stool sample.

Methodsare provided for detecting loss
of heterozygosity in a nucleic acid
sample.

The present invention provides methods
for preparing a stool sample in order to
screen for the presence of indicators of a
disease, for example a subpopulation of
cancerous or precancerouscells.

A method and apparatusfor the
controlled instrumentation processing of
cells and otherparticles with a filter
device measures a parameterof the flow
throughthe filter device of a fluid
carrying the particles.

Methodsare provided for detecting loss
of heterozygosity in a pooled nucleic acid
sample obtained from a patient
population.

Methodsare provided for detecting fetal
chromosomal aberrations by detecting
statistically-significant differences
between normal and aberrant
chromosomes.

Methodsof the invention comprise
assays for markers indicative of cancer or
precancer.

Methodsare disclosed for the detection

and diagnosis of disease by determining
differences in the number of RNA

molecules in a patient sample compared
to an expected number
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19

20

21

22

23

24

25

26

27

28

6,203,993

6,214,558

6,225,125

6,268,136

6,300,077

6,303,304

6,351,857

6,406,857

6,415,455

6,566,101

20-Mar-01

10-Apr-01

1-May-01

31-Jul-01

9-Oct-01

16-Oct-01

5-Mar-02

18-Jun-02

9-Jul-02

20-May-
03
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Shuber; AnthonyP. (Milford, MA),
Lapidus; Stanley N. (Bedford, NH),
Daley; George Q. (Weston, MA)

Lapidus; Stanley N. (Bedford, NH),
Shuber; AnthonyP. (Milford, MA)

Lapidus; Stanley N. (Bedford, NH)

Shuber; AnthonyP. (Milford, MA),
Lapidus; Stanley N. (Bedford, NH),
Radcliffe; Gail E. (Worcester, MA)

Shuber; AnthonyP. (Milford, MA),
Lapidus; Stanley N. (Bedford, NH)

Shuber; AnthonyP. (Milford, MA),
Lapidus; Stanley N. (Bedford, NH)

Slaon [sic, should be Sloan], Ill; Walker
M. (Berlin, MA), Lapidus; Stanley N.
(Bedford, NH)

Shuber; AnthonyP. (Milford, MA),
Lapidus; Stanley N. (Bedford, NH),
Radcliffe; Gail E. (Worcester, MA)

Slaon [sic, should be Sloan], Ill; Walker
M. (Berlin, MA), Lapidus; Stanley N.
(Bedford, NH)

Shuber; AnthonyP. (Milford, MA),
Lapidus; Stanley N. (Bedford, NH)

Methodsfor the detection
of nucleic acids

Methodsfor the detection
of chromosomal aberrations

Method and apparatusfor
controlled instrumentation

of particles withafilter
device

Methods for stool sample
preparation

Methodsfor the detection
of nucleic acids

Methodsfor disease

diagnosis from stool
samples

Stool specimencollector

Methodsfor stool sample
preparation

Stool specimencollector

Primer extension methods

for detecting nucleic acids

Methodsare providedfor identifying
nucleic acids. Methodsof the invention

are useful for identifying and analyzing
nucleic acids, especially variants of single
nucleotide polymorphisms, that are
indicative of disease or the

predisposition for disease.
Methodsare provided for detecting fetal
chromosomal aberrations by detecting
statistically-significant differences
between normal and aberrant
chromosomes

A method and apparatusfor the
controlled instrumentation processing of
cells and otherparticles with a filter
device measures a parameterof the flow
throughthefilter device of fluid carrying
the particles.
The present invention provides methods
for the preparation of stool samples to
increase the yield of relevant DNA, and
further provides methodsforisolating
and analyzing target DNA for
characteristics indicative of colorectal
cancer.

Methodsare providedfor identifying
nucleic acids. Methodsof the invention

are useful for identifying and analyzing
nucleic acids, especially variants of single
nucleotide polymorphisms, that are
indicative of disease or the

predisposition for disease.

The present invention provides methods
for preparing a stool sample in order to
screen for the presence of indicators of a
disease, for example a subpopulation of
cancerous or precancerouscells.

An apparatusfor obtaining a stool
specimen. The apparatus comprises a
housing, a collection bag, a slider to close
the collection bag and a drawstring to
movetheslider.

The present invention provides methods
for the preparation of stool samples to
increase the yield of relevant DNA, and
further provides methodsforisolating
and analyzing target DNA for
characteristics indicative of colorectal
cancer.

The invention provides an apparatus for
obtaining a stool specimen. The
apparatus comprises a housing, a
collection bag, a slider to close the
collection bag and a drawstring to move
the slider.

Methodsare providedfor selective
nucleic acid sequence detectionin single
base primer extension reactions of high
sensitivity. These methods are useful for
detecting small amounts of mutant
nucleic acid in a heterogeneousbiological
sample. These methodsare particularly
useful for identifying individuals with
gene mutationsindicative of early
colorectal cancer.
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29

30

31

32

7,269,560

7,491,498

7,666,593

7,897,345

30-Jan-07

17-Feb-09

23-Feb-10

1-Mar-11
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Lapidus; Stanley N (Bedford, NH), Buzby;
Philip Richard (Brockton, MA), Harris;
Timothy (Ocean County, NJ)

Lapidus; Stanley N (Bedford, NH), Buzby;
Philip Richard (Brockton, MA), Harris;
Timothy (Ocean County, NJ)

Lapidus; Stanley (Bedford, NH)

Lapidus; Stanley N (Bedford, NH), Buzby;
Philip Richard (Brockton, MA), Harris;
Timothy (Ocean County, NJ)

Short cycle methodsfor
sequencing polynucleotides

Short cycle methodsfor
sequencing polynucleotides

Single molecule sequencing
of captured nucleic acids

Short cycle methodsfor
sequencing polynucleotides

The invention provides methodsfor
sequencing a polynucleotide comprising
stopping an extension cycle ina
sequenceby synthesis reaction before
the reaction has run to near orfull

completion.
The invention provides methodsfor
sequencing a polynucleotide comprising
stopping an extension cycle ina
sequenceby synthesis reaction before
the reaction has run to near orfull

completion.

The invention provides methods and
devices for detecting, enumerating or
identifying target nucleic acid molecules
using immobilized capture probes and
single molecule sequencing techniques.

The invention provides methodsfor
sequencing a polynucleotide comprising
stopping an extension cycle ina
sequenceby synthesis reaction before
the reaction has run to near orfill

completion.
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DECLARATIONOF IE-MING SHIH

. My nameis Ie-Ming Shih. I makethis declaration based on my personal

knowledge. I am over 21 and otherwise competent to make this declaration.

I am currently the Richard W. TeLinde Distinguished Professor in the Department

of Gynecology and Obstetrics at the Johns Hopkins University Medical School in

Baltimore, MD. I have secondary appointments in the departments of Oncology

and Pathology. A copy of my Curriculum vitae is attached as Exhibit 1 that

details my training background and research experience.

As my Curriculum vitae indicates, I obtained my M.D. from Taipei Medical

University in Taiwan, obtained my Ph.D. in pathology from University of

Pennsylvania. Thereafter I finished my residency training in anatomic pathology

and did further clinical and research fellowships at the Johns Hopkins Medical

Institutions until I became a memberofthe faculty.

As can be gleaned from my Curriculum vitae, | have been engaged in medical

-|-
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research since about 1989. My current research is focused on cancer genes and

markers of gynecological cancers. Throughout my career I have followed new

developmentsin the field by reading of the scientific literature, active research,

and interactions with colleagues. Because of my training and experience,|

consider myself knowledgeable in various aspects of nucleic acid amplification.

This includes technologies that are used to analyze DNA sequencesand variations

in DNA sequences.

. In 2004 I co-authored a review article on digital PCR that appeared in Expert

Reviewsin Molecular Diagnostics, appended as Exhibit 3. I draw from that

review as well, as applications of digital PCR more current than at that time with

which I am familiar.

I have also been informed that Johns Hopkins University (JHU) owns U.S. patents

7,915,015 (“015 patent”) 7,824,889 (889 patent’) and 6,440,706 (°° 706

patent”) and has licensed them to LabCorp (Esoterix), and Exact Sciences.

. [have reviewed the ‘015 patent, the ‘889 patent, and the ‘706 patent, including

the otiginal claims and the amendmentsfiled July 9, 2014, (attached as Exhibit 2).

I have been asked to review and summarize the state of the digital PCR field. The

statements that I make include my reading and interpretation of the statements as

represented in the exhibits. The readings andinterpretations are my own,and I

have no stake in the outcome of the re-examination proceedings.

I understandthat the “digital PCR” methods described in the claimsof the three

subject patents involve (1) analysis of two different analytes and (2) comparing
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10.

11.

the numberof assay samples containing one of the analytes to the number of

assay samples containing the other analyte. While I understand that the inventors

coined and applied the term “digital PCR”to their methods, I understand that

manyin this field subsequently adopted the term “digital PCR” and use it more

broadly. I have attempted in this declaration to refer only to examples of digital

PCRthat share the two features stated above, rather than the broader usage.

Asanillustration of the different ways that the term is often used in thefield,

Dayet al., Methods 59:101-107, 2013, describes two types of digital PCR as

those which (1) calculate absolute abundance of a target sequence and those

which (2) obtain a relative abundance by comparing to an internal reference

sequence. Exhibit 12, paragraph spanning pages 101-102. Dayrefers to the latter

type as the more commonuse. Ibid. Thelatter type is what I understandis

described in the claims of the three subject patents.

The study of DNA sequencevariation is important for many areas of research. Prior

to digital PCR, conventional PCR did not allow the identification and quantification

of rare molecular genetic changes because conventional PCR amplifies a pool of

DNAtemplates from thestarting material. Digital PCR is useful for amplifying a

single DNA template from limiting dilution samples, therefore transforming the

exponential, analog signals from conventional PCRto linear, digital signals,

allowing statistical analysis of the PCR products. Digital PCR has been applied in

the quantification of muantalleles and detection ofallelic imbalancein clinical

specimens, providing a useful molecular diagnostic tool for cancer detection.

Exhibit 3, page 46, col. 2, text box. Digital PCR has also been appliedin the

-3-
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12.

13.

14.

15.

quantification of muantalleles and detection of allelic imbalance in fetal

abnormalities.

In 2004, in our review article, we noted twelve different examples in twelve

different scientific publications in the scientific literature in which digital PCR

had been used for molecular analysis of clinical samples. These involved

detection of cancer mutations, detection ofallelic imbalance, detection of loss of

heterozygosity, quantitative detection of tumor suppressor gene expression.

Exhibit 3, Table 1.

The digital PCR technique is especially powerful in experiments requiring

quantitative investigation of individual alleles in DNA samplesisolated from a

mixed cell population. Exhibit 3, page 46, col. 1, last full paragraph.

Vogelstein and Kinzler published their original scientific paper on digital PCR in

Proc. Natl. Acad. Sciences USA 96: 9236-9241 (1999). Exhibit 19. I understand

that the paper served asthe basis for the application underlying the three subject

patents, as its text and figures appear to have been incorporated entirely in the

application. Exhibit 18.

Recognition in the Art

According to Google Scholar™,the original digital PCR publication of inventors

Vogelstein and Kinzler, Proc. Natl. Acad. Sciences USA 96: 9236-9241 (1999),

has been cited in 532 scholarly publications in its archive from 2009-2014.

Exhibit 4. That is an indication of its unusually high impactin the scientific

community. According to the Altmetric™ score, this article was in the 88th
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17.
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percentile of a sample of the 1888361 tracked articles of a similar age published

within six weeks on either side in al journals. Exhibit 4, page 2.

I am aware of a numberofscientific conferences on digital PCR that have been

organized in the US and in Europe. One, put on by Cambridge Health Tech

Institute, October 6-8, 2014, the third annual such conference, describes digital

PCR as“creating waves across the diagnostic landscape”in its conference

announcement. Exhibit 5, emphasis added. One of the featured presentations at

last year’s conference wastitled “Use of digital PCR in Oncology: Changing the

paradigm for systemic therapy.” Exhibit 6, emphasis added. The organizers of

the 2013 digital PCR conference in San Diego, CA,stated that digital PCR “has

already shownpotential to be a disruptive technology in manyareas of

diagnostics.” Exhibit 7, emphasis added. The existence of these conferences as

well as the descriptions they use are indications of the high importanceofdigital

PCRin the scientific community.

Another conference, put on by an organization called Global Engage, will holdits

second annual event in Europe on “qPCR and digital PCR.” Exhibit 8. The first

such congress in 2013 reportedly had 150 attendees, and over 200 attendees are

expected in 2014. Global Engageindicatesthat “increasing numbersof real-time

PCRusers [are] purchasing digital PCR [machines] due to its reduction in cost,

absolute quantification, improved sensitivity, precision and greater robustness.”

Exhibit 8. This reflects the growing adoption of digital PCR (broadly used) in the

scientific and diagnostic communities.
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Hahnet al., Expert Rev. Mol. Diag. 9:613-621, 2009, describes non-invasive

detection of Down syndromeasa “long-sought goal.” It further teaches that

application of digital PCR or shot-gun sequencing to analysis ofcell-free fetal

DNA maybethe fulfillment of this goal. Exhibit 16, abstract, lines 1-3. Hahn

further refers to these techniques as providing a paradigm shift in prenatal

diagnosis. Exhibit 16, abstract lines 3-6.

Tsui et al., Current Opinion in Hematology 19: 462-468, 2012, reviews analyses

of fetal nucleic acid in maternal plasma. Exhibit 17. Tsui indicates that digital

PCRhas enabled high quantitative precision for maternal plasma DNA analyses.

Abstract, lines 7-9. Tsui further touts the importance of digital PCR in detecting

fetal monogenicdiseases, stating, “To obtain an analytical precision that would

allow discrimination of the small concentration differences between the mutant

and wild-type DNA,quantification based on molecular counting, such asdigital

PCR, has been employed. Exhibit 17, page 463, col. 2, lines 11-16. Tsui refers to

this as a “technically challenging” determination to which digital PCR has

provided one approachto address. See “Key Points” at Exhibit 17, page 463.

Advantages

A later review article than mine, by Vikova et al., Med. Sci. Monit. 16:RA85-91,

2010, describes digital PCR in Figure 2. Exhibit 9. Vikova indicates the

advantages of Digital PCR over real-time PCR. Vikovaasserts that “DigPCR

outperformsreal-time PCR in precision which is neededespecially in the

screening and detection of aneuploidy. Digital PCR has been provenaneffective
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approach in noninvasive prenatal diagnostics of trisomy 21.” Exhibit 9. RA87,

last paragraph, citations omitted. Vikovaalso asserts that for detecting

monogenic diseases the “advantage lies in the digital relative mutation dosage

approach. Effective quantification of allele frequency by digital PCR makes

possible the precise evaluation of balance/imbalance between mutant and wild-

typealleles.” Exhibit 9, RA88, first paragraph, citation omitted.

Lo et al., Proc. Natl. Acad. Sciences USA 104:13116-13121, 2007, explored the

use of digital PCR “to achieve finer degree of quantitative discrimination” than

possible with real-time PCR. Exhibit 10 at page 13116, col. 2, last paragraph.

The technique could successfully detect aneuploidy even whenthefetal fraction is

a minor population of a sample. Exhibit 10, page 13121, column1, lines 3-4.

Lun et al., Clin. Chem 54:1664-1672, 2008, demonstrated a higher degree of

precision of the digital PCR to real-time PCR for detection of amounts of X and Y

chromosomes using the ZEX/ZFYloci. Exhibit 11, page 1664, column1,

paragraph3.

Sedlak ef al., Expert Rev. Mol. Diag. 14:501-507, 2014, teaches that digital PCR

is superior to qPCR (quantitative or real-time PCR) for ratiometric assays.

Exhibit 15, page 504,col. 2, lines 43-46. Sedlak uses the assay to detect both

replicating viral DNA and chromosomally integrated viral DNA. Exhibit 15,

page 502,col. 2, first full paragraph.

Day emphasizesthe sensitivity and ability to achieve quantitation of rare variants

of digital PCR. Exhibit 12, page 102,first full paragraph. Daylists the positive
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attributes of digital PCR as including rare variant detection, estimating copy

numbervariation, minimal template requirements, ease of analysis, and

integration with next generation sequencing. Section 3, spanning pages 102-103.

Commercial Activities

It is my understanding that, a number of apparatus manufacturers have developed

products to carry out digital PCR. These include Fluidigm Corp. Life

Technologies, Bio-Rad Laboratories, and RainDance. These and other platforms

for PCR are compared in Table 1 of Day et al., Methods 59:101-107, 2013.

Exhibit 12.

Global Engage in announcingits digital PCR and qPCR conference, reported that

“the gene amplification market [is] predicted to grow to $1.9 billion by 2015.”

Exhibit 8. This predictionis not limited to digital PCR,or relative digital PCR,

but may nonetheless suggest substantial commercial activities.

Baker, Nature Methods 9:541-544, 2012 surveys the commercial digital PCR

offerings. Exhibit 13. The machines offered by Fluidigm and Life Technologies

can run either digital PCR or qPCR(real-time PCR). Exhibit 13, page 542-543,

spanning paragraph and page 543, second full paragraph. Digital PCR is more

accurate and less ambiguous but more expensive than qPCR. Exhibit 13, page

541, col. 3, last paragraph. The RainDance and Bio-Rad machines perform only

digital PCR but not qPCR. Exhibit 13, page 543, col. 2, last paragraph. Baker

comparesthe four instruments in Exhibit 13, Table 1.

Rochealso markets an apparatus which employs digital PCR for genotyping.
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Exhibit 14. The Light Cycler™ is used to detect JDH/ mutations. See Fig.4.

Although manydifferent techniques are part of the workflow, Roche describes the

digital PCR as the “all important second step” which “allowsrelative

quantification of mutant tumor cell DNA in a blood sample.” Page5,

“Conclusion,” col. 2, lines 3-5.

29. Ideclare that all statements (prepared by Sarah A. Kagan) made herein of my

own knowledgeare true and thatall statements made on information and belief

are believed to be true; and further that these statements are made with the

knowledgethat willful false statements are punishable by fine or imprisonment, or

both, under §1001 of Title 18 of the United States Code and that such willfulfalse

statements may jeopardize the validity of the claims or the patent.

oa

 
le-Ming Shih

August 6, 2014

Date
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Exhibit 1

  

le-Ming Shih

CURRICULUM VITAE

The Johns Hopkins University School of Medicine

(Typed Name): ie-Ming Shih (Date of this version}=April, 2074

DEMOGRAPHIC AND PERSONAL INFORMATION

Current Appoiniments

Professor, Department of Pathology with secondary appointment in the Departments of
Oncology (Cancer Biology Programm) and Gynecology/Obstetrics and, Johns
Hopkins Medical institutions

Faculty in the Graduate (Ph.D.) Program in Pathobiology, Johns Hopkins University
School of Medicine, Baltimore, Maryland

Faculty in the Institute for NanoBioTechnology (NBT), Johns Hopkins University

Parsonal Bata

Country of birth place: Dai-Chia Town, Tai-Chuan County, Taiwan
Nationalitycitizenship: United States of America

Contact information:

Address: 1550 Orleans Street, RM: 305, Baltimore, Maryland 21231
Office phone: 410-502-7774
Fax: 410-502-7943

E-mail: ishih@ihmi.edu, shihte@yahoo.com

  

EDUCATION AND TRAINING

Year Degree institution Discipline
1981-1988 M.D. Taipei Medical University Medicine
7989-17993 Ph.D. University of Pennsylvania Pathology
1993-1994 Postdoctoral Fellow The Wistar Institute Cancer Biology
7994-1997 Resident Johns Hopkins Hospital Pathology
1997-1998 Clinical Fellow Johns Hopkins Hospital Gynecologic Patholagy
1998-2000 Research Fellow Johns Hopkins Oncology Ctr. Cancer Genetics

 

PROFESSIONAL EXPERIENCE

2060-2001 instructor, Depariment of Pathalogy

1
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le-Ming Shih

Johns Hopkins Medical institutions, Baltimore, MD

2001-2003 Assistant Professor, Depariment of Pathology
Johns Hopkins Medicai institutions, Baltimore, MB

2003-2008 Associate Professor, Deparimenis of Pathology,
Oncology and Gynecology and Obstetrics
Johns Hopkins Medical institutions, Baltimore, MD

2008- Professor, Departments of Pathology, Oncology and
Gynecology/Obsietrics
Johns Hopkins Medical Institutlons, Baltimore, MD

2014- Richard W. Telinde Distinguished Professor
Department of Gynecology and Obstetrics
Jenns Hopkins University Scheai of Medicine

Co-director of the Female Malignancy Program,
Sidney Kimmel Cancer Center, Jchns Hopkins Medical
institutions, Baltimore, MD

RESEARCH ACTIVITIES

Peer-Reviewed Research Articles

Shih IM, Chiang HS, Yang LL, Wang TL. Antimotility effects of Chinese herbal medicines
on human sperm. J Formos Med Assoc, 89:466-9, 1990. PMID: 1977862

Valyi-Nagy |, Shih IM, Gyorfi T, Greenstein D, Eider DE, Herlyn M. Spontaneous and
induced differentiation of cultured human melanoma cells. int J Cancer, 54:159-165, 1993.
PMID: 8478142

Valyi-Nagy |, Hirka G, Jensen PJ, Shih IM, Juhasz i, Herlyn M. Undifferentiated
keratinocytes control growth, morphology, and antigen expression of normal melanacytes
throughcell-cell contact. Lab Invest, 69:152-159, 1993. PMID: 8350897

Juhasz |, Lazaurs GS, Murohy GF, Shih IM, Herlyn M. Development of pemphigus
vulgaris-like lesions in severe combined immunodeficient (SCID) mice reconstituted with
lymphocytes from patients. J Clin Invest, 92:2401-2407, 1993. PMID: 8227357

Mancianti ML, Gyorfi T, Shih IM, Valyi-Nagy |, Levengood G, Menssen HD, Halpern A,
Elder DE, Herlyn M. Grawth regulation of cultured hurnan nevus cells. J invest Dermatol,
100:2813-287S, 1993. PMID: 8440504

Shih iM, Herlyn M. The role of growth factors and their receptors in the development and
progression of melanoma. J invest Dermatol, 100:196S-2035, 1893. PMID: 8381840

Shih IM, Herlyn M. Autocrine and paracrine roles of growth factors in human melanoma.In
Vivo, 8113-124, 1994. PMID: 7519892
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10.

TH.

12.

13.

15.

16.

17.

18.

19.

20.

le-Ming Shih

Herlyn M, Shih IM. Interactions of melanocytes and melanoma cells with the
microenvironment, Pigment Cell Res, 7:847-88, 1994. PMID: 8066024

Shih IM, Elder DE, Sosicher D, Johnson JP, Herlyn M. Isolation and functional
characterization of the A3Z melanoma-associated antigens. Cancer Res, 54:2514-2520,
1994. PMID: 8162602

shih iM, Elder DE, Herlyn M. Regulation of Mel-CAM/MUC18 expression on melanocytes
of different stages of tumor progression by normal keratinocytes. Am J Pathoi, 145:837-
845, 1994. PMID: 7943174

Shih iM, Wang TL, Westra WH. Diagnostic and biologic implications of Mel-CAM
expression in spindle cell neoplasms. Clin Cancer Res, 2:569-575, 1996. PMID: 9816205

Shih iM, Kurman RJ. Expression of melanoma cell adhesion molecule in intermediate
trophobiast. Lab Invest, 75: 377-388, 1996. (with cover iHustratian) PMID: 8804361

Shih IM, Speicher D, Hsu MY, Levine E, Herlyn M. Melanoma cell-cell interactions are
mediated through heterophilic Mel-CAM/igand adhesion. Cancer Res, 57: 3835-3840,
1997, PMID: 9288796

Shih IM, Hsu MY, Palazzo JP, Herlyn M. The cell-cell adhesion receptor Mel-
CAM acis as a tumor suppressor in breast carcinama. Am J Pathal, 151:745-
751, 1997. PMID: 9284823

Shih IM, Kurman RJ. New concepts in trophobiastic growth and differentiation with
practical application for the diagnosis of gestational trophoblastic disease. Verh Disch Ges
Path, 84: 266-272, 1997. PMID: 9474880

shih IM, Schnarr RL, Gearhart JD, Kurman RJ. Distribution of cells bearing the HNK-1
epitope in the human placenta. Placenta, 18:067-674, 1997. PMIB: 9364602

Hu PJ, Shih IM, Hutchins GM, Hellmann DB. Polyarteritis nodosa of the pericardium:
antemoriem diagnasis in a pericardieciomy specimen. J Rheurnatal, 24:2042-2044, 1997,
PMID: 9330952

Shih iM, Kurman RJ. Ki-67 labeling index in the differential diagnosis of exaggerated
placental site, placental site trophoblastic tumor, and choriocarcinoma: a double
immunchistochemical staining technique using Ki-67 and Mel-CAM antibodies.
Human Pathol, 29:27-33, 1998. (with cover Hlustration} PMID: 9445136

Shih §M, Nesbit M, Herlyn M, Kurman RJ. A new Mel-CAM (CD146) specific monocional
antibody, MN-4, on paraffin embedded tissue. Mod Pathol, 14:7098-1106, 1998. PMID:
9831208

Shih IM, Kurman RJ. Epithelicid trophoblastic tumor --- a néaplasm distinct frorn
choriocarcinoma and placental site trophoblastic tumor simulating carcinoma. Am J Surg
Pathol, 22:1393-1403, 1998. PMID: 9808132
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31.
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Shih iM, Wang T-L, Wu T-C, Kurman RJ, Gearhart JD. Expression of Mel-CAM in
implantation site intermediate trophoblastic cell line, IST-1, limits its migration on uterine
smooth muscie celis. J Cell Sci, 1447: 2655-2664, 1998. PMID: 97071564

Shih IM, Kurman RJ. Immunohistochemical localization of inhibin-alpha in the human
placenta and gestational trophoblastic lesions. int J Gynecol Pathol, 16:144-156, 1999.
PMID: 10202672

Huang C-C, Kashima ML, Chen H, Shih IM, Kurman RJ, Wu T-C. HPVin situ hybridization
with catalyzed signal amplification and polymerase chain reaction in establishing cerebellar
metastasis of a cervical carcinoma. Human Pathol, 30:587-597, 1999.

Shih iM. The role of CD146 (Mel-CAM)in biology and pathology. J Pathol, 189:4-11,1999.
PMID: 10457481

Suzuki N, Nakayama J, Shik IM, Daisuke Aoki, Nozawa S, Fukuda MN. Expression of
traphinin, tastin and bystin by trophoblasis and endometrial celis in human placenta. Biol
Reprod, 60: 621-627, 1999. PMID: 10026108

Shih IM, Seidman JB, Kurman RJ. Placental site nodule and characterization of distinctive

types of intermediate trophoblast. Hum Pathol, 30:687-694, 1999. Qwith cover illustration}
PMID: 10374778

Shih iM, Yu J, He TC, Vogelstein B, Kinzer KW. The beta-catenin binding darain of AFC
gene is sufficient far tumor suppression. Cancer Res, 60:1671-1676, 2000. PMID:
10822298

Wang TL, Ling M, Shih IM, Pham T, Pai Si, Lu Z, Kurman RJ, Pardoll DBM, Wu TC.
intramuscular administration of E?-transfected dendritic cells generates the most potent
E/-specific anti-turnor immunity. Gene Therapy, 7:726-733, 2000.

Shih IM, Torrance C, Sokoil L, Chan DW, Kinzler KW, Vogelstein B. Assessing tumors in
living animals through measurement of urinary beta-human chorionic gonadotropin. Nature
Med, 6:711-714, 2000. PMID: 10835692

Koch MB, Shih IM, Weiss SW, Folpe AL. Microphthaimia transcription factor and
melanoma cell adhesion molecule expression distinguish desmoplastic/spindie cell
melanoma from morphologic mimics. Am J Surg Pathol, 25:58-64, 20017. PMID: 114745252

Shih IM, Kurman RJ. Editorial Placenial site trophoblastic tumor- past as prologue.
Gynecal Oncol, 82:413-414, 2001. PMID: 11520133

shih iM, Zhou W, Goodman S, Kinzler KW, Vogeistein B. Evidence that genetic instability
occurs at an early stage of colorectal tumorigenesis. Cancer Res, 61:818-822, 2001. PMID:
11221861

Shih iM, Wang TL, Traverse G, Romans K, Hamilton SR, Kingler KW, Vogelstein B. Top-
down morphogenesis of colorectal tumors. Proc Natl Acad Sci USA, 98:2640-2645, 2001.
PMID: 11226292
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Shih IM, Yan H, Speyrer BD, Shmookler BM, Sugarbaker PH, Ronnett BM. Molecular
genetic analysis of appendiceal mucinous adenomas in identical twins, including one with
pseudomyxoma peritonel. Am J Surg Pathol, 25:1095-1099, 2007. PMID: 11474297
Shih IM, Kurman RJ. The pathology of intermediate trophoblastic tumors and tumor-like
iesions. Int J Gynecol Pathol, 20:31-47, 20071. PMID: 11182077

Shih iM, Kurman RJ. Molecular basis of gestational trophoblastic diseases. Curr Mai
Madicine, 2:1-12, 2002. PMID: 11898845

Singer G, Kurman RJ, Chang H-W, Cho SKR, Shih IM. Diverse tumorigenic pathways in
ovarian serous carcinoma. Am J Pathol, 160:1223-1228, 2002. PMID: 11943707

Gerstein AV, Almeida TA, Ahaco G, Chess E, Shih IM, Buhler K, Planta K, Rubin MA,

Vellella R, Papadopoulos N. APC/CTNNB 7 (beta-catenin) pathway alterations in human
prostate cancers. Genes, Chromosomes & Cancer, 34:9-16, 2002. PMID: 17921277

Singer G, Kurman RJ, McMaster MT, Shih IM. HLA-G immunoreactivity is specific for
intermediate trophabiasi in gestational trophoblastic disease and can serve as a useful
marker in differential diagnosis. Am J Surg Pathol, 26:914-920, 2002. PMID: 12931159

Oldt R J, Kurman RJ, Shih IM. Molecular genetic analysis of placental site trophoblastic
tumors and epithelioid trophoblastic tumors confirms their trophoblastic origin. Am J Pathol,
167:1033-1038, 2002. PMID: 12213732

Hickman TN, Shik IM, Zacur HA, Kurman Rd, Diener-West M, Gearhart JD. Decreased

progesterone receptor expression in the intermediate trophoblastic cells of spontanecus
abortions. Fertil Steril, 77:1001-1005, 2002. PMID: 12009358

Chang H-W, AN SZ, Che SR, Kurman RJ, Shik IM. Detection of allelic imbalance in ascitic
supernatant by digital SNP analysis. Clin Cancer Res, $:2580-2585, 2002. PMID:
12171837

Ghang H-W, Yen C-Y, Liu S-Y, Singer G, Shih IM. Genotype analysis using human hair
shaft. Cancer Epidemiol Biomark Prev, 171:925-929, 2002. PMID: 12223440

Ghang H-W, Singer G, Cho SR, Sokoll L, Moniz F, Roden R, Zhang Z, Chan DW, Kurman
RJ, Shih IM. Assessment of plasma DNAlevels, allelic imbalance and CA 125 as
diagnostic tests for cancer. J Natl Can inst, 94:1697-1703, 2002. PMID: 12441325

Nowak MA, Komarova NL, Sengupta A, Jallepalli PV, Shih IM, Vogelstein B, Lengauer C.
The role of chromosomal instability in turnor initiation. Proc Nati Acad Sci USA, 99:16226-
76231, 2002. PMID: 12446840

Shih IM, Hsu M-Y, Oldt RJ Hl, Herlyn M, Gearhart JD, Kurman RJ. The role of E-cadherin
in the motility and invasion of implantation site intermediate trophoblast. Placenta, 23:706-
715, 2002. PMID: 12398810

Rai Ad, Zhang Z, Rosenzweig J, Shih IM, Pham T, Fung ET, Sokoll LJ, Chan DW.
Proteomic approaches to tumor marker discovery- identification of biomarkers for ovarian
cancer. Arch Pathol Lab Med, 126:1518-1526, 2002. PMID: 12456215
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Fregnant ER, Fires FR, Quezada RD, Shih IM, Vargas PA, de Aimeida OP. Calcifying
odontogenic cyst clinicopatholqoical features and immunchistochemical profile of 10
cases. J Oral Pathol Med, 32:463-170, 2003. PMID: 12581386

Singer G, Shih §M, Truskinovsky A, Umudum H, Kurman RJ. Mutational analysis of K-ras
segregates ovarian serous carcinamas into two types: Invasive MFSC (a low-grade tumor)
and conventional serous carcinoma (a high-grade tumor). int J Gynecol Pathol, 22:37-41,
2003. PMID: 12496696

Singer G, Oldt ard R, Cohen Y, Wang 6, Sidransky D, Kurman RJ, Shih IM. Mutations in
BRAF and KRAS Ras characterize the development of low-grade ovarian serous
carcinoma. J Natl Can inst, 95:484-486, 2003. PMID: 12644542

Pires FR, Shih iM, Perez DE, Almeida OP, Kowalski LP. Mel-CAM (CD146} expression in
parotid mucospidermoid carcinoma. Oral Oncol 39:277-281, 2003. PMID: 42618200

Buckhaults P, Zhang Z, Chen Y-C, Wang T-L, St. Croix B, Saha 3, Bardelli A, Morin FJ,
Polyak K, Hruban RH, Veiculescu VE, Shih IM. identifying tumor origin using a gene
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endomeirial carcinamas. Mod Pathol, 2013. PMID:23887303

Nik NN, Vang R, Shih IM, Kurman RJ. Origin and pathogenesis of pelvic (ovarian, tubal and
primary peritoneal) serous carcinoma. Ann Rev Pathal, 9:27-45, 2014. PMiD:23937438

Kuhn E, Seidman J, Ayhan A, Shih IM, Kurman RJ. Ovarian Brenner tumor: a morphologic
and immunohistochemical analysis suggesting an origin from fallopian tube epithelium. Eur
J Cancer, in press. PMID:24012099

Gao M, Uw RC, Herlinger AL, Yap K, Kim JW, Wang TL, Shih IM. Identification of NACT-
requiated genes in ovarian cancer. Am J Pathol, 184:133-140, 2014. PMID:24200849

Ardighieri L, Lonardi S, Moratto D, Facchelti F, Shih IM, Vermi W, Kurman RJ.
Characterization of the immune ceil repertoire in the normal fallopian tube- implications for
understanding ovarian carcinagenesis. Int J Gyn Cancer, in press.

Kuhn E, Bahadirii A, Shih §ML Frequent CCNE1 amplification in endometrial intraepithelial
carcinoma and uterine serous carcinoma. Mod Pathol, in press. PMID:24309323.

Ardighieri L, Zeppernick F, Hannibal CG, Vang R, Cope L, Junge J, Kiaer SK, Kurman RJ,
Shih IM. Mutational analysis of BRAF and KRASin ovarian atypical proliferative serous
(borderline} tumors and associated peritoneal implants. J Pathol, 232:16-22, 2074.
PMID:24307542

Wu RC, Syhan A, Maeda D, Kim KR, Clarke BA, Shaw P, Chiu MH, Rosen B, Shih IM,
Wang TL. Frequent somatic mutations of the telomerase reverse transcriptase promoterin
ovarian clear cell carcinoma but not in other major types of gynecologic malignancies. J
Pathol, 232:473-481, 2014. PMID:24338723. (corresponding author)

Kuhn E, Ayhan A, Bahadirli-Talbott, Zhao Chengquan, Shih IM. Molecular characterization
of undifferentiated carcinoma associated with endomeirioid carcinoma. Am J Surg Pathol,
38:660-665, 2074. PMID:24454 280

Maniar KP, Wang YH, Visvanathan K, Shih IM, Kurman RJ. Evaluation of microinvastion
and lymph node involvement in ovarian borderline/atypical proliferative serous tumors. A
morphologic and immunohistochemical analysis of 37 cases. Am J Surg Pathol, 38:743-755,
2014. PMID:2444 1661
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Zhang 8, Hou X, Yuan X, Shih IM, Zhang Z, Clarke R, Wang RR, Fu Y, Madhavan 5, Wang
Y, Yu G. AESAIC, a software suite for accurate identification of significant aberrations in
cancers. Bioinformatics, 30:491-433, 2014. PMID:24292941

Davidson 8, Abeler VM, Forsund M, Halth A, Yang Y, Kobayshi Y, Chen L, Kristensin GB,
Shih IM, Wang TL. Gene expression signatures of primary and metastatic uterine
igiomyosarcoma. Hum Pathol, 45:691-700, 2074. PMID:24435798

Yang Yi, Ahn JH, Lee KT, Shih IM, Choi JH. RSF-1 is a positive regulator of NF«B-induced
gene expression required for ovarian cancer chemoresistance. Cancer Res, 74:2258-2269,
2014, PMID:24566868

Radic N. Sharma R, Sharma R, Zampeila J, Dal L, Taylor MS, Hruban RH, lacobuzio-
Donahue GA, Maitra A, Torbenson MS, Goggins M, Shih IM, Duffield AS, Montgomery EA,
Gabrisison E, Netto GJ, Lotan TL, De Marzo AM, Westra WV, Binder ZA, Orr BA, Gallla GL,

Eberhart CG, Boeke JD, Harris CR, Burns KH. Long interspersed element-1 protein
expression is a halimark of many human cancers. Am J Pathol, 184:1280-1286, 2074.
PMID:24607009

Bettegowda C, Sausen M, Leary RJ, Kinde |, Wang Y, Agrawal N, Bartlett BR, Wang H,
Luber B, Alani RM, Antonarakis ES, Azad NS, Bardelli A, Bream H, Cameron JL, Lee CC,

Fecher LA, Gallia GL, Gibbs P, Le D, Giuntoli RL, Goggins M, Hogarty MD, Holdhoff M,
Hong SM, Jiao Y, Juhi HH, Kim JJ, Siravegna G, Laheru DA, Lauricella C, Lim M, Lipson
EJ, Marie SK, Netto GJ, Oliner KS, Olivi A, Olsson L, Riggins Gd, Sartore-Bianchi A,
Schmidt K, Shih | M, Oba-Shinjo SM, Siena 3S, Theodorescu D, Tie J, Harkins TT, Veronese
5, Wang TL, Weingart JD, Wolfgang CL, Wood LD, Xing D, Hruban RH, Wu J, Allen PJ,
Schmidt CM, Choti MA, Velculescu VE, Kinzer KW, Vogelstein B, Papadopoulos N, Diaz
LA, Jr: Detection of circulating tumor DNA in early- and late-stage human malignancies. Sci
Trans! Med 2074, 6:224ra24. PMID:24553385

Wu RC, Wang TL, Shih IM. The emerging roles of ARID1A in tumor suppression. Cancer
Biol Ther, 15:655-664, 20714. PMiD:246718703\

Kurman RJ, Shih IM. Discovery of a ceil: reflections on the checkered history of
intermediaie trophoblast and update on its nature and pathologic manifestations. int J Gyn
Pathol, June 4, Epub ahead of print, 2074. PMID:24901393

Sherman-Baust C, Kuhn E, Valle BL, Shih IM, Kurman RJ, Wang TL, Amano T, Ko MSH,
Miyoshi |, Araki Y, Lenrmann E, Zhang Y, Becker DG, Morin PJ. A genetically engineered
ovarian cancer mouse model based on fallopian tube transformation mimics human high-
grade serous carcinoma development. J Pathol, in press. PMID: 24652535

Guan B, Rahmanto YS, Wu RC, Wang Y, Wang Z, Wang TL, Shih IM. The roles of deletion
of Aridia, a tumor suppressor, in mouse ovarian tumorigenesis. J Natl Cancer Inst, June 4:
1067}. dot 10. 1093/inci/diut46 (July issue}. 2014. PMID:24899687

Chui MH, Wang Y, Wu RC, Seidman J, Kurman RJ, Wang TL, Shih IM. Loss of ALDHTA1
expression is an early event in the pathogenesis of ovarian high-grade serous carcinoma.
Mod Pathol, in press.
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Book Chapters

4. Shih IM, Mazur MT, Kurman RJ. Chapter 49: Gestational trophoblastic disease.
in Sternberg's Diagnostic Surgical Pathology. Edited by Stacey E. Mills. pp 2049-2070, Fifth
edition. Lippincott Willams & Wilkins Publishers, New York, 2009.

2. Shih IM, Mazur MT, Kurman Rd. Chapter 20: Gestational trophoblastic disease.
in Blaustein’s Pathology of Female Genital Tract. Edited by Robert J. Kurman. Sixth edition.
Springer-Verlag, New York, ppo1075-1135, 2011.

3. Shih IM, Sokoll L, Chan DY. Tumor markers of ovarian cancer. In “Tumor markers-

physiclogy, pathobiology and clinical applications” Edited by E.P. Diamandis et al. American
Association for Clinical Chemistry Press. Washington DC, First edition, po239-252, 2002.

4. Chang H-W, Shih IML Digital Single-Nucieotide polymorphism analysis for allelic imbalance.
in Methods inMolecularMedicine:PancreaticCancer(volume: 103). Edifed by G. H. Su,
Humana Press, Totowa, NJ, USA, op 137-142, 2004.

&. Yen, JM, Shih IM, Veiculescu VE, Wang TL. Amplification in DNA copy numbers as a
mechanism of acquired drug reisistance. In Gancer drug resistance. Edited by Teicher BA,
Human press, Totowa, New Jersey. op 537-840, 2006.

6. Shih IM, Kurman RJ. Ovarian serous carcinagenesis- a proposed model. In Molecular
Pathology of Gynecological Cancer. Edited by Giordano A, Bovicelli A, and Kurman RJ,
Humana press, Totowa, New Jersey. pp 17-28, 2006.

7. Shih IM, Kurman RJ. Pathogenesis of gestational trophoblastic lesions. in Molecular
Pathology of Gynecological Cancer. Edited by Giordano A, Bovicelll A, and Kurman RJ,
Humana press, Totowa, New Jersey. pp 157-166, 2006.

&. Sturgeon CM, Duffy MJ, Hofmann BR, Stenman U-H, Lila H, Brunner N, Chan DW, Sokoll L,
Babaian R, Bast RC, Bos! GJ, Dowell B, Esteva FJ, Haglund C, Harbeck N, Hayes DF, Holten-
Andersen M, Klee GG, Larnerz R, Looijenga LH, Molina R, Nielsen HJ, Rittenhouse H,
Semjonow A, Shih IM, Sibley P, Séiétormos G, Stephan C and Diamandis EP.
National Academy of Clinical Biochemistry Laboratory Medicine Practice Guidelines for Use of
Tumor Markers in Testicular, Prostate, Colorectal, Breast and Ovarian Cancers. American

Association for Clinical Chemistry press.

 

9. Jinawath N. Shih IM. Biclogy and Pathology of Ovarian Cancer. in Early Diagnosis of Cancer
series: Ovarian Cancer. Edited by Bristow R. and Armstrong D. (series editor: Yang, SC).
Elsevier, Amsterdam, Netherlands, pp17-32, 2009.

10. Guan B, Wang TL, Shih IM. Recent advances in cancer genomics and cancer-associaied
genes discovery. in: An Omics Perspective of Cancer. WCS Cho (ed), p11-29, Springer-Verlag,
New York, 2010.

11. Shih IM. Gestational trophoblastic iesians. in Gynecologic Pathology, a volume in the series
of Foundations in Diagnostic Pathology. Edited by Nucci MR, Oliva E. (Series editor: Goldblum
JR), po645-655. Elsevier Churchill Linvingstone, 2009.
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12, Park J. Shih IM, Wang TL. Targeting the Notch signaling pathwayin cancer stem ceils. In:
Cancer Stem Cells. Edited by Wiliam Farrar. pp128-137, Cambridge University Press
(CUUS6ES), 2009.

13. Sfakianos G P, Secorda AA, Shih IM. Chapter 13: Epithelial ovarian cancers: low malignant
potential and non-serous ovarian histolagies. in: Gynecologic oncology: clinical practice and
surgical allas. pp 237-256. McGraw-Hill Professional, New York, NY, 2012.

14. Kurman RJ, Bagby C. Shih IM. Chapter 37: Molecular diagnostics of gynecologic
neoplasms. In: Principles of Molecular Diagnostics and Personalized Cancer Therapy. Ed by
Tan D. Lippincott Willams & Wilkins.

15. Chen L, Tian Y, Yu G, Miler DJ, Shih IM, and Wang Y. Discriminant and network analysis
to study origin of cancer. In: Statistical Diagnostics of Cancer: Analyzing High Dimensional
Genetics and Genomics Data. Edited by Frank Emmoeri-Streib and Matthias Dehmer, Wiley-
Blackwell, 2042.

16. WHO classification of tumours of female reproductive organs. Ed by Kurman, Carcangiu,
Herrington, Young. 4" edition, WHO (IARC) press, Lyon, France, 2014.

Others

1. Shih IM. Placental site trophoblastic tumor. In Encyclopedia of Cancer, 2" edition, Springer-
Verlag, Editor: Manfred Schwab, Berlin and Heidelberg, GmbH & Co, 2009.
hito/Awww.springerreference.com/docsfeatured/978-3-540-47648-1_57715.himi

2. Ghen L, Xuan J, Gu J, Wang Y, Zhang Z, Wang TL, Shih IM. Integrative network analysis to
identify aberrant pathway networks in ovarian cancer. Pac Symp Blocomput, 31-42, 2072.

inventions, Patents, Copyrights

e US patent #6419896: Non-invasive approach for assessing tumorin living animals.
inventors: Vogelstein B, Kinzler WK and Shih I-M

e US patent #20110171741: DNA integrity assay (DIA) for cancer diagnostics, using
confocal fluorescence spectroscopy. Inventors: Tza-Hui Wang, Kelvin J. Liu, le-Ming
Shik

e U5 patent in process (11/604,183): Application of Rsf-1 expression to predict clinical
outcome in cancer patients. Inventors: Shih I-M and Wang T-L

e international patent in progress (PCT/US20038/01 1948): Detection of cancer by
measuring genomic DNA copy number and strand length in cell-free DNA. Inventors:
Shih +-M

Extramural Funding
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Current awarded Grants

41/2041 — 3/31/2016

TO/O1/2011 ~ 09/30/2016

OF/O1/2017 ~ 06/30/2016

D9/01/2017 - 08/30/2016

T2/ONV/2011 - 11/30/2014

le-Ming Shih

Notchs signaling in ovarian cancer
RO1 CA14&8826 (PI: TL Wang)
NCUNEH

Role: co-investigator; 0.5 calendar months
Purpose: To investigate the molecular mechanism of Notch3
signaling in the pathogenesis of ovarian high-grade serous
carcinoma.

Prevention af Ovarian High-Grade Serous Carcinoma by
Elucidating fis Early Changes
OCG100517 (Director: RJ Kurman; co-Director: |-M Shih}
Consortium Award, US Department of Defense (USAMRMC)},
Directed Medical Research Programs (CDMRP}
Role: Co-director and co-investigator; 3.0 calendar months
Furpose: To determine the origin and pathogenesis in the
development of ovarian high-grade serous carcinomas by
employing cancer genetics, cell biology, animal models and
epidemiologic studies through multi-institutional research effort.
The consortium includes five research projects and three cores.

Multiplexed Detection of Cell Free DNA Biomarkers for Cancer
ROT CA155305 (Pi: TZ Wang)
NCUNIH

Role: co-investigator, 1.0 calendar months
Purpose: To analyze the potential application of multiplexed
detection of cell free DNA as biomarkers for cancer detection.

Proteome characterization center: a genoproteomics pipeline for
cancer biomarker. Clinical Proteomic Technologies for Cancer
initiative.

UZ4CA160036 (PI: BD Chan)
NCUNIH

Role: co-investigator; 1.0 calendar months
Furpose: To identify, verify and characterize biomarkers for
ovarian cancer by combining genamics and proteomic
approaches. To establish the clinical proteomic technology center
and to validate, verify and characterized of ovarian cancer
biomarkers using genoproteomic approaches.

Tumor suppressar role of ARIDTA
R21 CA165807 (PE IM Shih}
NCUNIF

Role: principal investigator; 1.0 calendar months
Purpose: To determine the tumor suppressor roles of ARID(A and
its molecular mechanisms in developing gynecological cancer.

Recent Completed Research Grants
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12/07/2004 - 14/30/2012

4107/2008 ~ 1/31/2013

04/01/2007 - 01/37/2012

07/01/2002- 06/30/2007

O7/0 1/2008 - 06/30/2012

06/01/2009 ~— 05/31/2012
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Molecular Diagnostics for Malignant Effusion
2RO1 CAI03937 (Pi: I-M Shih}
NCUNIH

Role: principal investigator; 1.0 calendar monihs
Purpose: To study the functional role of NAC-1 in the
develooment of ovarian carcinoma.

The Raiss of HBXAP Gene in Ovarian Cancer

TRO CAT29080 (Pi: I-M Shih)
NGUNIH

Role: principal investigator; 1.0 calendar months
Purpose: To study the molecular mechanism of HBXAP
gene product in the progression of ovarian carcinoma.

Pathogenesis of Ovarian Serous Borderline Tumors
ROW CA116184 (Pi: R.J. Kurrman)
NCUNIH

Role: co-Director, project 1 leader; 0.5 calendar months
Purpose: To study the molecular genetic profiles of implants that
is assaciaied with ovarian serous borderline tumors. To develop
biomarkers to better diagnose the implant and correlate the
molecular genetic profiles and biomarker expression with clinical
behavior in patients.

Development of a New Technology in Analyzing Allelic
imbalance in Plasma DNA as a Tool for Early Cancer Detection
R2U/R33 CAST&2?7 (Pl: Shih}
NCIUNIH

Rale: principal investigator; 4.0 calendar months
Purpose: To develop an innovative molecular method to better
diagnose human cancer using cell-free circulating DNA in
patients.

Notch3 Signaling Pathway in the Ovarian Carcinoma
GOMC-113937 (Pi: TL Wang)
American Cancer Society
Role: co-investigator, 1.0 calendar month
Purpose: This project is to characterize the role of Notch3
signaling pathway in ovarian tumorigenesis and identify Notchs3
down-stream target genes in ovarian cancer,

High-throughput intracellular microrheciogy: a new tool for cancer
research

TRZICAT37686 (Pi: BD Wirtz/IM Shih)
NCUNIH

Role: Co-Pi

Purpose: To apply a high-throughput intracellular microrheclogy in
studying ovarian cancer
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OF/D1/2002- 06/30/2006

08/0 1/2003- 08/30/2004

T2/28/2005- 12/27/2006

10/01/2006 - 09/30/2007

H1/2068 - 12/31/2009

O1/O1/2009 — 12/31/2010
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Diverse Pathways in the Development of Ovarian Serous Tumors
OGO017 (Pr RJ Kurman}
US Department of Defense (USAMRMC}, Directed Medical
Research Programs (CDMRP}
Role: Project #1 leader; 3.0 calendar months
Purpose: To study the molecular pathways that is involved in the
development of different types of ovarian serous carcinoma by
using several new technologies including SAGE.

Molecular genetic changes in the development of cervical cancer
P50CA088252- SPORE (Pi: TC Wu)
NIH/NCI

Role: co-investigator; 1.0 calendar month
Purpose: The development project/pilct studyin this
SPORE of cervical canceris to investigate the DNA copy number
changes involved in the development of cervical cancer.

Marker Discovery for Ovarian Cancer
Research agreement
Developmental Center of Biotechnology, Taiwan
(Pi: Shih}
Role: principal investigator; 1.0 calendar month
Furpose: To identify biornarkers for potential use in ovarian
cancer diagnosis and therapy.

Characterization of Rsf-1 in human cancer

China Medical University, Taiwan
Research agreement
(Pi: Shih)
Role: principal investigator; no salary requested
Purpose: To study the molecular etiology of Ref-1 expression in
oral cancer in Tahwanese patients.

Notch3 signaling in the pathogenesis of ovarian cancer
Ovarian Cancer Research Foundation (OCRF, New York)
Individual Investigator Award (PI: T.L. Wang}
Role: co-investigator; 0.6 calendar month
Purpose: To characterize the Notch3 signaling pathway in the
tumor progression of ovarian cancer. Specifically, the proposal is
to determine how the Notch3 pathway goes awry in normal
ovaries and the molecular mechanisms in which Notch3 pathway
aberration contributes to ovarian cancer.

Screening of Chinese herbal medicine extracts in cancer therapy
Research Agreement (PE IM Shih)
China Medical University, Taichung city, Taiwan
Role: Principal: investigator

28
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12/71/2006 - 12/31/2007

O4/0 1/2008 - 03/37/2010

O7/01/2007 ~ 06/31/2008

07/01/2008 -12/3 1/2008

O7/O1/2009 — 06/40/2014
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Purpose: To screen candidate Chinese herbal extracts to inhibit
specific cancer-associaied targets for potential molecularly
targeted therapy.

Molecular Markers for Clinical Outcome Prediction

Oncotech, Inc.
Research Agreement (Ph Shih)
Role: principal investigator; 0.60 calendar month
Purpose: To assess the clinical potential of Rsf-1 and
NAC-7 immunonistochemisiry in predicting clinical outcome in
ovarian cancer patients.

Nanobiosensing Method for Point Mutation Detection of Cancer
TR2Z1CA120742 (PL: TZ Wang}
NCUNIF

Role: co-investigator; 0.60 calendar month
Purpose: To develop a nanoblosensing technical platform to
detect paint sequence mutation of Kras and Braf genes using a
relatively small arnount of DNA samples without PCR.

Characterization of Chromatin Remodeling Gene, Resf-1, in
Pathogenesis of Ovarian Cancer
Johns Hopkins-Weizmann Inst. (Fl: Shih}
Role: principal investigator; 0.60 calendar month
Purpose: To study the biological function of Rsf-1 gene in
the development of ovarian cancer.

identification and Characterization of Genomic Ampliifications in
Ovarian Serous Carcinoma

OC04-0060 (PE T.L. Wang)
US Department of Defense (USAMRMC}, Directed Medical
Research Programs (CDMRP}, New investigator Research award
Role: co-investigator, 1.0 calendar month
Purpose: To identify and characterize ovarian cancer
genome using digital karyatyping and SNP array.

Elucidation of molecular alterations in precursor lesions of ovarian
serous carcinoma

OC080469 (Director: RU Kurman; Co-director: IM Shih)
Role: Co-director

Purpose: To establish ovarian cancer research consortiumsto
facilitate identity and characterize early lesions of ovarian cancer
through multiple institution collaborations
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Classroom Instruction (Johns Hapkins University School of Medicine}

2
Gynecological Pathology and laboratary/smail group, Pathology course for medical
students, 1994-

Graduate course in Pathobiology and Disease Mechanisms, Section of Ovarian Tumors,
2002-

Graduate course in Functional Anatomy (Female Reproductive Organ’), for graduate
students, Johns Hopkins University, 2006-
Graduate course in Pathobiology (Gynecological Pathology”) for graduate students,
Jenns Hopkins University, 2005-

Clinical instruction (the Jchns Hopkins Hospital)

2

g

Microscopic and gross teachings for medical students, residents and fellows rotating to
gynecologic pathology, 1999-
Didactic course on Gynecologic Pathology for residents and fellows, 2002-

GME course speaker

2
“Molecular pathways of ovarian cancer’. At the Current Concepts in the Multidiscipiinary
Management of Ovarian Cancer, the Sidney Kimmel Cancer Center and the office of
Continuing Medical Education, Johns Hopkins University, Baltimore, September, 2004.
“Malecular genetics and target-based therapy for low-grade serous cancers of the
ovary”. At the Current Concepts in the Multidisciplinary Management of Ovarian Cancer,
the office of Continuing Medical Education, Johns Hopkins University, Baltimore,
Sepiember, 2008.
“Gynecologic neoplasms- trophoblastic tumors and ovarian epithelial neoplasms”,
Symposium of the Taiwanese Association of Pathology, August 2006.

“Update in gestational trophoblastic disease”. Surgical Pathology Update, Leipzig,
Germany, June, 2007.

Mentoring

Research Fellows
&

2000-2002, Hsueh-Wei Chang, PhD, currently Chairman and Professor of the
Department of Biological Science and Environmental Biology, Kaohsiung Medical
University, Taiwan
2001-2003, Gad Singer, M.D., Professor at the Institute of Pathology, Baden,
Switzerland

2002-2004, Brant G. Wang, MD, PhD, research fellow; currently an attending pathologist
at the Washington Medical Center, Washington DC
2003-2004, Gudrun Poni, MD, assistant professor at the University of Vienna, Austria
2003-2004, Chung-Liang Ho, MD, PhD, Associate Professor, National Ghenug-Kunog
University School of Medicine, Tainan, Taiwan
2003, Ariane Aigelsreiter, MD, visiting research fellow, Austria
2003-2004, Reiko Dehari, MD, Visiting research fellow, Japan
2003-2004, Chih-Yi Hsu, MD, Visiting research fellaw, currently a faculty t the National
Yang-Ming University School of Mecicine/VGH -Taipeil, Taiwan
2004-2005, Tsung-Hsuan Lai, MD, Director of Reproductive Endocrinology and Infertility
division, Department of Ob and Gyn, Taipei Cathay General Hospital, Taipei, Taiwan

30
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e 2004-2006, Kentaro Nakaymna, MD, PhD, Associate Professor, Shimane National
University School of Medicine, Japan

e 2005-2007, Jim Sheu, PhD, Professor at the institute of Biomedical Sciences, National

Sun Yat-Sen University, Taiwan
@ 2005-2006, Ritu Salani, MD, Assistant Professor and atlending physician at the Ohio

State University Health System, division of Gynecologic Oncology
e 2007 and 2008, Ayse Ayhan, MD, PhD, attending/consulting pathologist at the Seire)

Mikatahara General Hospital, Hamamaisu, Japan
@ 2005-2007, Tsui-Lien Mao, MD, research fellow, currently an assistant professorat the

National Tatwan University College of Medicine, Taipei, Tahwan
« 2007, Artit Jinawath, MD, PhD, research fellow/visiting resident, Thailand
« 2006-2008, Natini, Jinawath, MD, PhD, research fellow, currently a medical cytogenetics

fellow ai the Johns Hopkins Hospital
® 2006-2008, Jung Hye Choi, PhD, Assistant Professor at Kyung Hee University, Seoul,

South Korea

® 2006-2008, Kuan-Ting Kuo, MD, Assistant Professor at the National Taiwan University
Hospital, Taipei, Tatwan

e 2007-2008, Siefanie Ueda, MD, Assistant Profession, Department of Obstetrics and
Gynecology, University of California al San Francisca, CA

® 2008-2010, Michelle Thiavile, PhD, Assistant Professor, Department of Bialogical
Science, Nicholls State University, Lauisiana

e® 2008-2010, Pradeep K. panuganti, MD, currently a resident in Texas Tech University of
Health Sciences

® 2010, Daichi Maeda, MD, PhD, Assistant Professor, Department of Pathology, University
of Tokyo, Japan

e 2010-2012, Stephanie Gaillard, Assistant Professor, Duke University
@ 2009-2012, Alex Stoeck, PhD, Research Scientist Leader, Merck Co.

# 2011-2012, Chen-Hsuan Wu, MD, Instructor, Kaohsiung Ghang Gung Memorial
Hospital, and Chang Gung University college of medicine, Kaohsiung, Taiwan

e 2072-2013, Laura Ardighieri, MD, a fellow at the Anatomia Patologicaat Spedali Civili
Brescia, italy

e 2009-2013, Elisabetta Kuhn, MD, staff scientist, International Agency for Research on
Cancer JARC), Lyon, France

@ 2007-2013, Bin Guan, PhD, NIDDK, NIH

@ 2012-2014, Tae Mogami, MD, PhD, Department of Gynecology, Yokolohoma City
University Medical Center, Japan

Graduate and Undergraduate Students Jiohns Hopkins University except Ms. Mahie}
e 2008-2012, KaiLee Yap, pathobiology oraduate student (thesis student}, currently a

postdoc fellow at the University of Chicago.
@ 2010-2012, Min Gao, exchange/visiting graduate student from Shandong University/Zilu

hospital, China.
e 2008-2010, Chen Xu, exchange/visiting graduate student from China Scholarship

council, currently attending physician in the Department of Urology, thefirst
affilated hospital, Sun Yat Sen University, China

e 2005- 2009, Joon Park, pathobiology graduate student thesis student), currently a
Senior Scientist, Samsung Advanced Institution for Technology, Seoul, South
Korea,

34
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2009-2010, Elizabeth Chen, currently medical student in Uniformed Services University
of Health Sciences, Bethesda, Maryland.

2007-2008, Vivek Murthy, currently a medical student al NYU.
2003-2005, Robert J. Oldt ill, currently a medical student at UMDNJ, NY.
2005, Jim M. Yen, MD, currently a medical resident at the Medical Center of the

University of South California, CA.
2005, Eric Cheng, currently a medical student at UMDNJ, NY.
2005, lena Neuberger, currently a medical student at UMDNJ, NY.
2007, Rebecca Bush, currently a medical student in Washington University School of

Medicine, MO.

2007, David Chu, currently a medical student in University of Pittsburg, PA.
2007, Mandy Mahle, Queens University of Charlotte, NC, currently, a Blochemisiry maiar
2007-2009, Kevin Lee, currently a medical student in Albany Medical College, NY.
2007-2008, Paul Markowiski, previously lab assistant, currently a medical student in
Robert Wood Johnson Medical School, NJ.

Marilina Mascara,visiting PhD student, Facultad de Farmacia Bioquimica, Catedra de
Immunologia, Buenos Aires, Argentina

Ph.D. Student Qualification Committec:
tJ

Ph.

MD/PhD candidates in Cellular & Molecular Medicine Graduate Program:
Saurubh Saha, Harith Ralagopalan, Chetan Bettego, Jordan Cummins
PhD candidaies in Cellular & Molecular Medicine Graduate Program:
ian Cheong, Cario Rago and Jihye Yun
Pharmacology Graduate Program:
Xin Huang, Meng Li, Kibem Kim
Pathobiology Graduate Program:
Yin Yeh, Shaaretha Pelly, Sophie Lin Zhirong; Kah Suan Lim: Byung-Hak Kang, Shu-

Han Yu

Graduate Board Exam, Department of Chemical and Molecular Engineering, Johns
Hopkins Univeristy:

Serving as the Chair of the Exam cammitiee for Melissa Thompson, CK Wang.

D. Student Thesis Committee:

Melissa Thampson, PhD candidate, Department of Chemical and Molecular
Engineering, Johns Hopkins University (Homewood campus), 2007- current
Melissa Landek, PhD candidate, Pathobiology Graduate Program, Johns Hapkins
Medical institutions, 2008

Hsin Chih Yeh, PhD candidate, Department of Bioengineering, Johns Hopkins
University, 2008
Christopher Puleo, PhD candidate, Depariment of Bioengineering, Johns Hopkins
University, 2009
Vasudev Bailey, PhD candidate, Depariment of Bioengineering, Johns Hopkins
University, 2070
Kelvin Liu, PhD candidate, Depariment of Bioengineering, Johns Hopkins University,
2011

Yi Zhang, PhD candidate, Department of Bioengineering, Jonns Hopkins University,
2013

Anfin
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Participation in mentoring Gynecologic Pathology Fellows (Johns Hopkins Hospital}:

&
2003 ~ 2005, Monica Srodon, MLD.

Staff pathologist
Greensboro Pathology Associates
Greensboro, NC

2004 — 2006, Sasid Movahedi-Lankarani, M.D.

Staff patholagist
Hospital Pathology Associates
St. Paul, MN

2006 — 2007, Dengfeng Cao, M.D., Ph.D.
Assistant Professor

Department of Pathology & Immunology
Washington University School of Medicine
St. Louis, MO

2006 — 2007, Kara Judson, M.D.

Attending pathologist
Lenox HH Hospital
New York, NY

2005 — Current, Anna Yemelyanova, M.D.
(Current Fellow)
2007 ~— Current, Thomas McConnell, M.D.

(Current Fellow)
2007 — 2008, Emanuela Veras, M.D.

Memorial Sloan-Kettering Cancer Center

Awards Received by Or. Shih’s Trainees

g
Collen’s Dream Foundation for ovarian cancer research award, 2074, Hiroyasu
Kashima, MD, research fellow

Keio University School of Medicine Young investigator Award, Japan, 2014,
Yusuke Kobayashi, research fellow
Young Investigator Award in Basic Science, Department of Pathology, JHU, 2014,
Fun Yuyu, postdoctoral fellow
Ovarian Cancer Research Foundation (OCRF} award, 2013, Fun Yuyu, postdoctoral
fellow

Oppo’s Foundation for Ovarian Cancer Young Investigator Award, 2013, Felix
Zeppernick, research fellow
Scholar-in-Training Award, American Association for Cancer Research, 2013, Ren-
Chin Wu, graduate student
HERA Research Award, 2013, Fnu Yuyu, PhD, research fellaw
Gollen’s Dream Foundation for ovarian cancer research award, 2013, Felix
Zeppernick, MD, research fellow
YW Loke Award, 2012, Yusuke Kobayashi, MD, PhD, research fellow, award from
international Federation of Placenta Assaciations

HERA Research Award, 2012, Elizabeth Kuhn, MD, research fellow

Scholar-in-Training Award, American Association for Cancer Research, 2011, Kai-
Lee Yap, graduate student
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» Ovarian Cancer Research Foundation (OCRF) Award, 2011, Bin Guan, PAD,
postdoctaral fellow

e American Society of Clinical Oncology Young Investigator Research Grant, 2011,
Stephanie Gaillard, MD, PhD, research fellow
Scholar-in-Training Award by Aflac, Inc., 2011, Kai-Lee Yap, PhD graduate student
HERA Research Award, 2011, Alex Stoeck, PhD, research fellow

Pathology Young investigator Award, 2011, Kai-Lee Yap, PhD graduate student
Pathology Young investigator Award, 2011, Elisabetla Kuhn, MD research fellow
Pathology Young Investigator Award, 2011, Alex Stoeck, PhD research fellow
international Society of Gynecologic Pathology Fellowship Award, 2011, Laura
Ardigheri, research fellow, 2014
HERA Research Award, 2016, Bin Guan, PhO, research fellow

UICC, ICRETT award. 2010, Marilina Mascard, visiting PhD student, Argentina
Pathology Young Investigater Award, 2010, Kai-Lee Yap, PhD graduate student
HERA Research Award, 2008, Stefanie Ueda, MD, research fellow

Pathology Department Young Investigator First Price Award in Basic Science,
2008, Joon Park, Johns Hopkins Medical institutions
HERA Research Award, 2007, Natini Jinawaih, MD, PhD, research fellow

« Provost's undergraduate research award, 2007, Chanont Vasoontara, Johns Hopkins
University

e Ovarian Cancer Research Fund (OCRF}, 2006, Ritu Salani, MD, research fellow
e est Abstract Award, 2006, Ritu Salani, MD, researchfellow, International Gynecologic

Cancer Sociely biannual meeting, Sania Monica
* Provost's undergraduate research award, 2006, Rebecca Busch, JHU undergraduate

student

e HERA Research Award, 2005, Kenlaro Nakayama, MD, PhD, research fellow
e First Place Award for Research Fellow in Basic Research, Johns Hopkins

Oncology, 2005, Jim Sheu, PhD, research fellow
e international Union Against Cancer Technology Transfer Fellowship, 2004,

Gudrum Pohi, MD, research fellow

es HERA Research Award, 2003, Brant Wang, MD, PhD, research fellow
s Yong investigator Award of the international Society of Gynecologic Pathologists,

2004, Gad Singer, MD, research fellow
° Howard Hughes Undergraduate Research Award, 2003, Robert J. Oldt Wi, JHU

undergraduate siudent
« Provost's undergraduate research award, 2002, Robert J. Oldt lll, JHU

undergraduate student

oe©&€©&&
@&@®&@®88
&

CLINICAL ACTIVITIES

Certification

e The American Board of Pathology -- Anatomic Pathology, 1997
e Medical Licensure: Maryland, 1997

Clinical Service Responsibilities (20% of total effort) at the Johns Hopkins Hospital

» Attending Fhysician- diagnostic pathology in routine gynecolagic specimens

34
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Consultant Pathoiogist- gynecologic pathology, specifically gestational trophoblastic
diseases (nationally and internationally)

ADMINISTRATIVE AND ORGANIZATIONAL ACTIVITIES

Administrative Appointments
@

Co-director, the Female Reproductive Cancer Program (in development), Kimmel
Cancer Center, Johns Hopkins Medical Institutions, 2011- current. Mainly Involved in

rogram development, research planning and educational activities.

Planning Cornmittee, the 7" Biennial Meeting of Asia-Pacific International Academy of
Pathology, 2009-2011
Johns Hopkins Oncology Center Tissue Core oversight committee, 2013-
Johns Hopkins Professar Promotion Committee, 20713~-
Symposium organizer, Johns Hopkins Annual Ovarian Cancer Symposium, 2009-
current

President of International Association of Chinese Pathologisis, 2006-2007; received the
Excellent Service Award, March 2, 2008

President of North American Taiwanese Medical Association-Baltimore chapter, 2006-
2008

Faculty promotion commities, Depariment of Pathology, Johns Hopkins Medical
institutions, 2004

PhD student qualification/jihesis commitiess, 2002-current
Pathology residency advisory committee, 2009-current

   

Editorial Board Appoiniments

e@@©@@@8@@8
Editor-in-Chief, Current Obstetrics and Gynecology Report (2012-)
Cancer Research (2013-2015)
The Journal of Pathology (2012-}
Guest Editor, Journal of Oncology special issue in ovarian cancer targeted therapy, 2011
international Journal of Gynecologic Pathology
iISRN Pathology
international Journal of Molecular Sciences (Molecular Pathology section}
Journal of the Formosan Medical Association

Frontiers in Women's Cancer

Journal Peer Review Activities

¢@©@¢@@@©©©@8@
Proceedings of National Academy of Science
Cancer Research

Clinical Cancer Research

Oncogene
Journal of Clinical Investigation
Journal of Biological Chemistry
international Journal of Cancer

Gynecologic Oncatogy
Cancer Letters

Modern Pathology
Placenta

The American Journal af Pathology
Laboratory investigation

35
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Hurnan Pathology
The Journal of Obstetrics and Gynecology Research
British Journal of Cancer

international Journal of Gynecologic Pathology
Gastroenterology
Annals of Oncology
American Journal of Obstetrics and Gynecology
international Journal of Gynecologic Cancer

Professional Societies Membership

e®&@©&@&&@&@&
American Association for Cancer Research, 2004-present
American Society for investigative Pathology, 2002-present
international Association of Gynecologic Patholagists, 1998-present
United States and Canadian Academy of Pathology, 1998-present
international Societyfor the Study of Trophoblastic Disease, 2000-present
Society for the Study of Reproduction, 2000-present
American Medical Association, 1998

international Federation of Placental Associations, 1996-present

Panelist in Study Sections and Grant Review Committees
8

National Institute of Health, National CancerInstitute, member of Omnibus- Cancer

Biclogy 1 study section, 2013
National Institute of Health, National CancerInstitute, member of P50 SPORE study
section, 20 12-

National Institute of Health, National Cancer institute, , Ad Hoc rember of Provocative

Question study section, 2012
National Institute of Health, National CancerInstitute, member of Cancer Molecular

Pathobiology Study section (CAMP), 2006-2011 (Recipient of “Brain Award” and
“Humanitarian Award”)
National Institute of Health, National Cancer Institute, Ad Hoc member of R15 Academic

Research Enhancement Award Study Section, 2071.
National Institute of Health, National Cancer Insiltute, site visit adviser, EDRN Early
Detection Network, Cancer Biomarkers Research Group, July 15, 2008
National Institute of Health, National CancerInstituie, member of ZRG1 Onc-L (1258
Cancer Diagnostic & Treatment Study Section, March 2005, October 2005, March 2006,
June 2006, February 2007 (member)
The Wellcome Trust, Landon, United Kingdarn, Research proposal reviewer, 1998 (Ad
Hoc}
National Institute of Health, National CancerInstitute, study section of IMAT, R217: “new
innovative technology in cancer’, 2002 (Ad Hoc)
israel Science Foundation GSF), Research proposal reviewer, 2004 (Ad Hoc}
US Department of Defense (USAMRMC/CDMRP) ovarian cancer research program,
member of the review committee, April, 2005 (Ad Hac}
Cancer Research UK, April 2005, July 2008 (Ad Hoc}
Netherlands Organization for Health Research and Development (ZonMw)}, Netherland,
grant proposal reviewerfar 80-007029-98-07041, March 2006 (Ad Hac}

Research Grants Council of Hong Kong, panel member and external reviewer, March
2006, December 2007
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US Department of Defense ovarian cancer research program-concept awards, member
of the review committee, April, 2006 (Ad Hoc}
Cancer Research UK, requested by the Translational Research in Clinical Triais
Committee, July 2006 (Ad Hoc}
U.S. Civilian Research Development Foundation, Arlington, Virginia, October 2006 (Ad
Hoc}
Swiss Nationals Science Foundation, Berne, Switzeriand, January, 2007 (Ad Hoc}
Kansas Masonic Foundation, Kansas Masonic Cancer Research Institute, 2007 (Ad
Hoc}
invited reviewer requested by the Ministry of Science & Technology, Life Sciences
Division, Israel, for Taiwanese israeli scientific and technological cooperation, 2007
invited reviewer requested by the Sheffield Hospital Charitable Trust Medical Research
Committees, UK, 2008

Maryland Industrial Partnerships (MIPS) Program, University of Maryland College Park,
2008

US Department of Defense (USAMRMC/CDMRP) ovarian cancer research pragram,
member of the review committee, April, 2009 (Ad Hoc}
American Insitute of Biological Sciences (AIBS), May, 2010 (Ad Hac)
Calgary Laboratory Services Health Services Research Funding Competition, June,
2010 (Ad Hac}
National Medical Research Council, Singapore, January 2011.

Organizer, chair and moderator in conference organizations
&

Chair Moderator, Poster Section in 4th Conference of the International Federation of

Placenia Associations. Tokyo, Japan, 1998.
Symposiumsection chair, Gestational trophoblastic disease. in XXVI International
Congress of the International Academy of Pathology, Montreal, Canada, September
2006.

Moderator, Pathobiology platform section, annual (the 97") meeting of the United States
and Canadian Academyof Patholagy (USCAP), Denver, Colorado, March 2008.
Symposium organizer, Ovarian Cancer Symposium- Elucidating Early Ovarian
Carcinogenesis: Implications for Early Detection and Treatment. Sponsored by
Department of Defense. Baltimore, Maryland, May 28-29, 2009.
Moderator, Gynecologic Pathologyplatform section, annual (the 99") meeting of the
United States and Canadian Academy of Pathology (USCAP), Washington DC, March
2070.

Moderator, Gynecologic Pathology platform section, annual (the 100") meeting of the
United States and Canadian Academy of Pathology (USCAP}, San Antonio, TX, March
2011.

Section convener, gynecologic pathology section, in the (scheduled) 7th Asia-Pacific
intjemational Acaderny of Patholagy, Taipei, Taiwan, May 20-24, 2011.

Advisory boards, committees and consultation groups

8

e

Scientific Advisory Committee, Ovarian Cancer Research Foundation (OCRF), New York,
2013-.

NCI Ovarian Task Force of Gynecologic Cancer Steering Committee, 2012-2015

37
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e international Society of Gynecologic Pathalogy/Worid Health Organization (WHO)
Nomenclature Committee for gynecological neoplasm, 2012

* External advisory board, Ovarian Cancer SPORE at Fox Chase Cancer Center, 2013
« International Society of Gynecologic Pathology Nomenclature Committee: Gesiational

traphoblastic disease subcammittee, 2011-
e Panelist of an NIH sponsored consensus meeting for ovarian barderline tumor, Bethesda,

2003

e Gommittes memberin the National Academy for Clinical Biochemistry-ovarian cancer
marker Laboratory Medicine Practice Guidelines Gumor markers). 2003

Ad Hos member in Award/Fellowship Commities

@ Wittgenstein Award, funded by the Austrian Science Fund (FWF), 2007

8 Moldovan Young Scientist Scholarship Program, United States Civillan Research &
Development Foundation, 2007

RECOGNITION

Awards and Honors

® The Best intern Award, McKay Memorial Hospital, Taiwan, 1988
® TeLinde Research Award, Division of Gynecologic Pathology, Depariment of Pathology,

the Johns Hopkins Hospital, 1996-1998
® Young Investigator Award, The 13th Rochester Trophoblast Conference, Banff, Canada,

1996

® Junior Achievement Award, NIH/FDA Chinese American Association and Washington
DG Chapter of Society of Chinese Bioscientists in America, 1998

& Young lnvestigator Award, international Society of Gynecolagical Pathologists, 2600.
& Clinician Scientist Award, Johns Hopkins University School of Medicine, 2002.

invited Talks and Panels

® invited Speaker, “Pathology of benign and malignant lesions of intermediate
trophoblast’. in 4" Conference of the Intemational Federation of Placental Associations.
Tokyo, Japan, 1998.

® invited Speaker“Molecular surrogates of tumor progression in bady fluids”. Bowling
Green State University, Ohio, 2001.

® invited Speaker, “Molecular Landscape of Ovarian cancer and its implication fer early
diagnosis”. Chang-Gung Memorial Hospital, Taiwan, 2002.

& invited Speaker, “Gestational trophoblastic diseases”, Taipei Medical University, Taiwan,
2002.

@ invited Speaker, “Molecular Landscape of Ovarian cancer’. National Cancer
instituie/NIH, 2002.

& invited Lecturer, “Gestational trophoblastic diseases”, Fathalogy Laboratory, National
Cancer instttute/NIH, 2002.

® invited Speaker, “Circulating tumor-released DNA as the markerfor early detection of
cancer’. Pathology Grand Round, MD Anderson Cancer Center, January 2003.

® invited Lecturer, “Pathology of gestational trophoblastic diseases”, MD Anderson Cancer
Center, January 2003.
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invited Speaker, Digital PCR and clinical applications”. At the 11" annual meeting of
“Nuciei acid-based technologies” Ballimare, June 2003.
inviied Speaker, “New technologies in exploring disorders of human implantation and
trophoblast”. Perinatology research branch, NICHD, Detroit, May, 2003.
Invited Speaker, “Pathology of intermediate trophoblastic lesions”. NICHD, Detroit, May,
2003.

invited Speaker, “Allelic imbalance in detecting ovarian and other types of cancer’. At
the 4th Principal Investigator Meeting of “Innovative Molecular Analysis Technologies
(MAT) Program” sponsored by NIH. San Diego, June 2003.
invited Speaker, “Molecular Genetic Markers for Cancer Detection in Blood”. At the
Cambridge HealthtechInstitute’s 11" Annual Molecular Medicine Tri-Conference, San
Francisco, March 2004.

invited Speaker, “Molecular pathways of ovarian cancer-transiational cancer research by
analyzing cancer genome’. Division of epidemiology and genetics, NCI NIH, Rockville,
Maryland, September 16, 2004.
invited Speaker, “DNA preparation for cancer genomic study-the pathologist's views”.
Lecture in the G.O.T. (Getting Optimal Targets) summit series, Genomic and Proteomic
Sample Preparation, Boston, May 3-4, 2005.
invited Speaker, “identification of novel genes for cancer therapy and diagnosis by
exploring cancer genome”. 10th Annual Meeting of Chinese Biopharmaceutical
Association, Rockville, Maryland, June 18, 2005.
Guest Speaker, “Exploring ovarian cancer genome- new insights and old challenges’.
Fox Chase Cancer Center, Philadelphia, Pennsylvania, August 9, 2005.
invited Speaker, “Relationship of serous borderline tumor and carcinoma’. The annua!
companion meeting of the International Association for Gynecolagic Fathologisis.
Atlanta, Georgia, Feb. 712, 2006.
invited Speaker, “identification of novel molecular targeis for ovarian cancer therapy”.
University of Osio. Oiso, Norway, Feb. 27, 2006.
invited Speaker, “Translating Ovarian Cancer Genome- New Genes for Prognostic
Prediction and Targeted Therapy”. Pathology Grand Round, University of British
Columbia, Vancouver, Canada, March 13, 2006.

invited Speaker, “Trophobdlastic tumors and tumor-like lesions”. Department of
Pathology, Vancouver Hospital, Canada, March 13, 2006.
inviled Speaker, “Gestational trophoblastic tumor-an intellectual Odyssey”. Second
investigative Pathology Conference, Cleveland Clinics, Cleveland, Ohio, June 3, 2006
invited Speaker, “Applications of HLA-G expression in the diagnosis of human neoplastic
diseases”. Forth International conference on HLA-G, Paris, France, July 12, 2006.
inviied Speaker, “Trophoblastic tumors- molecular classification and pathagenesis’.
Biennial Meeting of international Gynecological Cancer Society, Santa Monica, October
17, 2006.

invited Speaker, “Analyzing ovarian cancer genome- from gene discovery to therapeutic
targets”. Sloan Kettering Memorial Hospital, New York, December 11, 2006.
Distinguished Visiting Professor, “Ovarian cancer- molecular pathways, diagnostic
markers and therapeutic targets”. Pathology Grand Round, Emory University, March9,
2007.

Distinguished Visiting Professor, “New concept in ovarian cancer- the dualistic pathway
and its implications’. Pathology Grand Round, Yale University School of Medicine, April
19, 2007.
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invited Speaker, “Translational Research and New Diagnosis in Ovarian Cancer”. The
12" Taiwan Joint Cancer Conference (Gynecologic Oncology section), Taipei, Taiwan,
May 5, 2007.
invited Speaker, “Genomic analysis of ovarian cancer from marker discovery to
translational applications”. Taipei Medical University, Taipei, Taiwan, May 3, 2007.
invited Speaker, “Analyzing Ovarian Cancer Genomefor Marker Discovery”.
international Symposium on Biomarkers Discovery in Human Cancers, Tainan, Taiwan,
May 7, 2007.
invited Speaker, “Analyzing ovarian cancer genomefor therapeutic target discovery”.
12" annual meeting of SCBA, University of Maryland Shady Groove Conference Center,
MB, June 2, 2007.

invited Speaker, “Update in gestational trophoblastic disease”. Surgical Fathalogy
Update, Leipzig, Germany, June 15, 2007.
inviled Speaker, “The roles of NAC-1 in chernaresistance in ovarian carcinoma’. The
Montebello Conference, Norway, June 18, 2007.
invited Speaker, “Exploring ovarian cancer genome- from marker discovery to
therapeutic targeting”. Symposium of Toronto Ovarian Cancer Research
Network/University of Toronto Health Network, Toronto, Canada, November2, 2007.
invited Speaker, “Biological and clinical significance of Ref-1 gene amplification in
ovarian cancer’. Grand Round at the Cancer institute of New Jersey, April 2, 2008.
invited Speaker, “Analyzing cancer genome to identify new cancer-associaied genes in
ovarian cancer’. In the series of Molecular Pathology seminar, University of Maryland at
Baltimore, Baltimore, April 11, 2008.
invited Speaker, “Molecular etiology of drug resistance in ovarian cancer’. Symposium
on Ovarian Cancer Research, Medical University of South Caralina, Charleston, South
Carolina, May 2, 2008.
invited Speaker, “identifving new cancer genes through analyzing cancer genomics- Ref-
1 amplification in ovarian cancer’. National Health Research Institution, Taiwan, August
5, 2008.

invited Speaker, “Early detection and treatment of ovarian cancer: shifting from early
stage to minimal volume of disease based on a new modelof carcinogenesis”. 7"
Biennial Ovarian Cancer Symposium, Marsha Rivkin Center for Ovarian Cancer
Research, Charleston, Seattle, Washington, September 4-5, 2008
invited Speaker, “Functional genomic analysis of ovarian cancer’, in honor of Dr.
Meenhard Herlyn’s achievement in cancer research, The Wistar Institute, Philadeiphia,
PA, August 10, 2009
invited Speaker, “Notch3 signaling in ovarian cancer’, Institute of Genomic Medicine,
China Medical University, Taiwan, August 27, 2009
invited Speaker, “Targeted therapy in ovarian cancer’, Ovarian Cancer SPORE meeting,
Fox Chase Cancer Center, Philadelphia, PA, September 26, 2008
invited Speaker, 7" international Seminar at Lake Hamana- Surgical and Molecular
Patholagy of the Endormetrium, Placenta, and Ovary. “Pathology of gestational
trophobiastic diseases”, and “Molecular pathogenesis of ovarian cancer’, Hamamatsu,
Shizuoka, Japan, November 7, 8, 2008
invited Speaker, “Gestational traphoblastic diseases”, Grand Round in the Depariment
of Pathology, Memorial Sloan-Ketiering Cancer Center, New York, NY, December7,
2009

invited Speaker, “The origin and pathogenesis of epithelial ovarian cancer- a proposed
unifying theory”, Grand Round, Department of Gynecologic Oncology, MD Anderson
Cancer Center, Houston, TX, February 1, 2010
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invited Speaker, “Definition and characterization of low-grade and high-qrade ovarian
serous carcinomas”, 2" Annual European Gynecologic Oncology Congress, Athens,
Greece, February 12-13, 2010
invited Speaker, “Clear cell carcinoma of the ovary”, Gynecologic Pathology Specialty
Conference, United States & Canadian Academy of Pathology, 99" annual meeting.
Washington DC, March 20-26, 2010
invited Speaker, “Molecular pathology of ovarian clear cell carcinoma’, University of
Briish Columbia, Vancouver, Canada, June 24, 2016

invited Speaker, “The origin and pathogenesis of epithelial ovarian cancer- a proposed
unifying theory”, Fox Chase Cancer Center, Philadelphia, July 15, 2010
invited Speaker, “The origin and pathogenesis of epithelial ovarian cancer- a proposed
unifying theory”, Department of Pathology, Ghang-Gang Memorial Haspital at
Kaohsiung, Taiwan, August 12, 2010
invited Speaker, “The biolagical roles of NAC‘ in cancer pathogenesis’, Department of
Developmental Biology and Regeneration Medicine, Mount Sinai School of Medicine,
New York City, New York, September 2, 2010
invited Speaker, “Chromatin remodeling in ovarian cancer’, Department of Molecular
and Cellular Biology, Rutgers University, New Jersey, January 11, 2011
invited Speaker, “Genomic analysis of gynecological cancer”, National Cancer Research
Center, Tokyo, Japan, June 30, 2011
invited Keynote Speaker, “Ovarian cancer is an imported disease- fiction or fact’, The
10" annual meeting of targeted therapy in gynecolagic oncology, izumo, Shimane,
Japan, July 2, 2014
invited Keynote Speaker, “Pathogenesis of ovarian clear cell carcinoma’, The 10"
annual meeting of targeted therapy in gynecologic oncology, lzumo, Shimane, Japan,
July 2, 2014
invited Speaker, “Diagnosis of biological implication of serous tubal intraepithelial
carcinoma’, Chang-Kung Memorial Hospital, Kaohsiung, Taiwan, July 6, 20774
invited Speaker, “Ovarian cancer genetics~- latest insight’, The Boehringer Ingelheim
Conversations in Oncology, Vienna, Austria, October 28-29, 2011
invited Speaker, “Integrated molecular analysis of ovarian cancer’, Virginia Polyiechnic
institute and State University, Arlington, Virginia, February 22, 2012.
invited Speaker, “intertumoral heterogeneity- how many types of cancers do my patients
have?” In the symposium of “intratumoral and intertumoral heterogeneity in ovarian
cancer’, American Association for Cancer Research (AACR) annual meeting, Chicago,
April 2, 2012
invited Speaker, “Genomic landscape in gynecologic cancer and its biological and
translation implications”, Department of Pathology and Laboratory Medicine, University
of California at Irvine, April 16, 2012.
Lecture, “Molecular analysis of serous tubal intraepithelial carcinoma’, the 3° Johns
Hopkins Ovarian Cancer Symposium, Baltimore, Maryland, May 18, 2072.
invited Keynote Speaker, “Endometriosis-related ovarian cancer’, The 16" Korea-Japan,
the 2Korea-Talwan-Japan Joint Conference for Gynecological Pathology, Kumamoto
University, Kurnamoto City, Japan, May 26, 2012.
invited Speaker, “Genomic landscape in gynecologic cancer- a road map to new
therapeutics’, Bristol-Myers Squibb Lectureship, Kumamoto City, Japan, May 27, 2012.
inviled Speaker, “Genarnic landscape in gynecologic cancer- a road map ta new
therapeutics”, Kyoto University, Kyoto, Japan, May 29, 2072.
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@ invited Keynote Speaker, “Genomic analysis of gynecolagical cancer and their clinical
implications”, in annual meeting of Korean Division of International Association of
Pathologists, Seoul, South Korea, October 18, 2012.

® invited Speaker, “The tumor suppressor role of ARIDTA In human cancer’, Kyung Hee
University, Seoul, South Korea, October 18, 2012.

8 invited Speaker, “The tumor suppressorrole of ARID7A in human cancer’, Korean
National Cancer Center, Seoul, South Korea, October 19, 2012.

8 invited Speaker, “The origin of ovarian cancer- clear cell carcinoma’, International
Society of Gynecatogic Pathologists companion meeting of United States and Canadian
Association of Pathology annual meeting, Ballimore, Maryland, March 3, 2013.

& invited Speaker, “Genomic landscape of ovarian cancer andits translational
implications”, The Wistar Institute, Philadelphia, April 15, 2013.

® invited Speaker, “Molecular alterations in serous tubal intraepithelial carcinoma’, 4"
Ovarian Cancer Symposium, the Memorial Sloan Ketlering Cancer Center, New York,
May 15, 2013.

8 invited Speaker, “Emerging therapeutics in gynecclogic cancer’, China Mecical
University, Taichung, Taiwan, July 7, 2073

8 invited Speaker, “Bokhman’s dualistic model of endometrial carcinoma- revisited”,
Chang-Kung Memorial Hospital, Kaohsiung, Taiwan, July 8, 2013

8 invited Speaker, “Genomic analysis and pathogenesis of uterine carcinoma’, Taipei
Veterans General Hospital, Taipei, Taiwan, July 17, 2013.

® invited Speaker, “The Genomic landscape and origin of ovarian cancer’, The 18"
Taiwan Joint Cancer conference, Taipei, Taiwan, July 13, 2013.

& invited Lecturer, “The origin and pathogenesis of ovarian cancer’, The 2073 International
Diagnostic Pathology Course, Tokyo, Japan, July 14, 2073.

® invited Speaker, “Ovarian canceris an imported disease- fiction or fact?" Charite
Hospital (Mit campus), Berlin, Germany, September 17, 2013

& invited Lecturer, “Various topics in gynecologic pathology and oncology”, Nederland
Master Class in ovarian cancer. Berlin, Germany, September 12, 2013

® invited Lecturer, “Understanding the molecular mechanisms in the development of
chemoresistance in cancer”, Rush University Medical Center, Chicago, October 30,
2013

8 invited Speaker, “Ovarian cancer is an imported disease — translational implication and
beyond”, Ovarian Cancer SPORE meeting, MD Anderson Cancer Center, Houston, TX,
May 28, 2014

& invited Speaker, “Molecular pathogenesis of high-grade serous carcinoma’. Symposium
of the National Gynecologic Oncalogy Group (NGR, GOG). Chicago, July 9, 2014

OTHER NONPROFESSIONAL ACTIVITIES

 
2°He
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United States Patent 6,440,706

Vogelstein, et al. August 27, 2002

Digital amplification

Claims

What is claimedis:

1. A method for determining the ratio of a selected genetic sequence in a population of genetic
sequences, coraprising the steps of: diluting nucleic acid template molecules in a biological
sample to form a set comprising a plurality of assay samples; amplifying the template molecules
within the assay sarmples to form a population of amplified molecules in the assay samples ofthe
set; analyzing the amplified molecules in the assay samples of the set to determinea first number
of assay samples which contain the selected genetic sequence and a second number of assay
satmples which contain a reference genetic sequence; cornparing the first numberto the second
number to ascertain a ratio which reflects the composition of the biological sarnple.

2. The method of claim { whereinthe step ofdiluting is performed untl at least one-tenth ofthe
assay samples in the set comprise a nurnber (N) of molecules such that 1/Nis larger than the
ratio of selected genetic sequences to total genetic sequences required forthe step of analyzing to
determine the presence of the sclected genetic sequence.

3. The method of claim 1 whereinthe step ofdiluting is performed until between 0.1 and 0.9 of
the assay samples yicld an amplification product when subjectedto a polymerase chain reaction.

4. The method of claim 1 wherein the step of diluting is performed until all of the assay samples
yield an amplification product when subjected to a polymerase chain reaction and each assay
sample contains less than 10 mucleic acid template molecules containing the reference genetic
sequence.

5, The method of claim 1 wherein the step of diluting is performed until all of the assay samples
yield an amplification product when subjected to 4 polymerase chain reaction and each assay
sample contains less than 100 nucleic acid template molecules containing the reference genetic
sequence.

6, The method of claim ] wherein the biological sample is cell-free.

7. The method of claim | wherein the mumberof assay sarnples within the set is greater than 10.

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

9, The method of claim 1 wherein the number of assay sarnples withinthe set is greater than 100.
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10. The method of claim 1 wherein the numberof assay saroples within the set 1s greater than
500.

lt. The method of claim 1 whereimthe number ofassay samples within theset is greater than
1000.

12. The method of claim | wherein the step of amplifying andthe step of analyzingare4 . me & ww 2

performed on assay samples in the same receptacie.

13. The methad of claim 1 wherein a rnolecular beacon probeis usedin the step of analyzing,
wherein a molecular beacon probe is an oligonucleotide with a stem-loop structure having a
photolummescent dye at one of the 5 or 3’ ends and a quenching agent at the opposite 5S‘ or 3
end.

14. The methad of claim 1 wherein the step of analyzing ernploys gel clectrophoresis.

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

16. The method of claim 1 wherein the step of analyzing employs hybridizationto at least two
rucieic acid probe.

17. The method of claim 13 wherein two molecular beacon probes are used, cach having a
different photohuminescent dye.

18. The methed of claim 13 wherein the rnolecular beacon probe detects a wild-type selected
genetic sequence better than a mutant selected genetic sequence.

19, The method of claim | wherein the step of amplifying employs a single pair of primers.4 | mm & | av 2 d d

20. The method of claim 1 wherein the step of amplifying ernploys a polymerase whichis
activated onlyafter heating.

21. The method of claim | wherein the step of amplifying omploysat least 40 cycles of heating
and cooling.

22. The method of claim 1 wherein the step of arnplifying ernploysat least 50 cycles of heating
and cooling.

23. The method of claim 1 wherein the step of amplifying employsat least 60 cycles of heating
and cooling.

24, The method of claim 1 wherein the biological sampleis selected from the group consisting of
stool, blood, and lymph nodes.
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25. The method of claim 1 wherein the biological sample is blood or bone marrowof a leukemia
or lymphoma patient who has received anti-cancer therapy.

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

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

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

29. The method of claim | wherein the selected genetic sequenceis a rare exon sequence.

30. The method of claim 1 wherein the nucleic acid template molecules comprise CDNA of RNA
transcripts and the selected genetic sequence is present on a cDNA ofa first transcript and the
reference genetic sequence is present on a CDNAof a second transcript.

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

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

33. A molecular beacon probe comprising: an oligonucleotide with a stem-loop structure having
a photolurninescent dye at one of the S' or 3’ ends and a quenching agent at the opposite S' or 3’
end, wherein the loop consists of 16 base pairs, wherein the loop has a T.sub.mof 50-51 degree.
€. and the stem consists of 4 base pairs having a sequence S'-CACG-3'.

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

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

36. A molecular beacon probe comprising: an oligonucleotide with a stem-loop structure having
a photolurninescent dye at one of the S' or 3’ ends and a quenching agent at the opposite S' or 3’
end, wherein the loop consists of 19-20 base pairs, whereim the loop has a T.sub.m of 54-
56.degree. C. and the ster consists of 4 base pairs having a sequence S'-CACG-3',

37. A pair of molecular beacon probes comprising: a first molecular beacon probe whichts an
oligonucleotide with a stem-loop structare having a first photoluminescent dye at one of the ¥' or
3' ends and a quenching agent at the opposite 5’ or 3’ end, wherein the loop consists of 16 base
pairs having a T.sub.m of 30-31 degree. C. and the stem consists of 4 base pairs having a
sequence 3'-CACG-3'; and a second molecular beacon probe whichis an oligonucleotide with a
stern-loop structure having a second photolurminescent dye at one of the 5' or 3' ends and a
quenching agent at the opposite 5’ or 3’ end, wherein the loop consists of 19-20 base pairs having
a T.sub.mof 54-56.degree. C. and the stem consists of 4 base pairs having a sequence 3'-CACG-
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3'; wherein the first and the second photolurninescent dyes are distinct.

38. A method for determining the ratio of a selected genetic sequence in 3 population of genetic
sequences, comprising the steps of amplifying template molecules within a set comprising a
plurality of assay saraples to form a population of amplified molecules in each of the assay
samples of the set; analyzing the amplified molecules in the assay samples of the set to determine
a first number of assay samples which contain the selected genetic sequence and a second
number of assay samples which contain a reference genetic sequence, wherein at least one-
fifticth of the assay samples in the set cormprise a number (N)} of molecules such that 1/Nis
larger thanthe 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 number to ascertain a ratio which reflects the composition of the biological sample.

39, The method of claim 3% wherein the number of assay samples within the set is greater than
19.

40. The method of claim 38 wherein the number of assay samples within the set is greater than
30,

41, The method of claim 38 wherein the number of assay sarnples within the set is greater than
100.

42. The method of claim 38 wherein the number of assay samples within the set 1s greater than
500.

43. The method of claim 38 wherein the number ofassay sarnples within the set is greater than
1000.

44. The method of claim 38 wherein the step of amplifyme and the step of analyzing are
performed on assay samples in the same receptacle.

45. The method of claim 38 wherein a molecular beacon probe is used in the step of analyzing,
wherein a molecular beacon probe is an oligonucleotide with a stem-loop structure having a
photoluminescent dye at one of the 5’ or 3’ ends and a quenching agent at the opposite S' or 3’
end.

46. The method of claim 38 wherein the step of analyzing ermploys gel electrophoresis.

47, The method of claim 38 wherein the step of analyzing employs hybridization to at least one
nucleic acid probe.

48, The method of claim 38 wherein the step of analyzing employs hybridization to at least two
rrucicic acid probe.

49, The method of claim 45 wherein two molecular beacon probes are used, cach having a
different photoluminescent dye.
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30, The method of claim 45 wherein the molecular beacon probe detects a wild-type selected
zenetic sequence better than a mutant selected genetic sequence.oa

51. The method of claim 3% wherein the step of amplifying employs asingle pair of primers.

SRO

52. The method of claim 38 wherein the step of amplifying employs a polymerase whichis
activated only after heating.

53. The method of claim 3% wherein the step of amphfying employs at least 40 cycles of heating
and cooling.

54, The method of claim 38 wherein the step of amplifying employsat least 50 cycles ofheating
and cooling.

55. The method of claim 38 wherein the step of amplifying employs at least 60 cycles of heating
and cooling.

56. The method ofclaim 38 wherein the template molecules are obtained from a body sample
selected from the group consisting of stool, blood, and lymph nodes.

37. The method of claim 38 wherein the template molecules are obtained from a body sample of
a leukemia or lymphoma patient who has received anti-cancer therapy, said bodysample being
selected from the group consisting of blood and bone marrow.

58. The method of claim 38 whereinthe selected genetic sequence is a translocatedallele.

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

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

61. The method of claim 38 wherein the selected genetic sequence is 4 rare exon sequence.

62. The method of claim 38 wherein the nucicic acid template molecules comprise CDNA of
RNAtranscripts and the sclocted genetic sequence is present on a cDNAofa first transcript and
the reference genetic sequence is present on a cDNAofa secondtranscript.

63, The method of claim 38 wherein the selected genetic sequence comprises a first mutation and
the reference genetic sequence comprises a second mutation.

64, The method of claim 3% wherein the selected genetic sequence and the reference genetic
sequence are on distinct chromosomes.

Page 1046 of 1224



Page 1047 of 1224

United States Patent 7,824,889

Vogelstein, et al. November 2, 2016

Digital amplification

Claims

The invention claimed is:

1. A methodfor determining an allelic imbalance in a biological sample, comprising the steps of:
amplifying ternplate 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 determine a first numberof assay sarnples 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, wherein between 0.1 and 0.9 ofthe assay
samples yicld an amplification product; comparing the first number of assay sarnples to the
second number of assay sarnples to ascertain an allelic imbalance in the biological sample.

2. The method of claim | wherein the step of arnplifying 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 | wherein the biclogical sample is from blood.

6. The method of claim | wherein the selected genetic sequence is a non-polymorphic marker.

7, The methodof claim | wherein the reference genetic sequence is a non-polymorphic marker.

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

9. The methodof claim | wherein between 0.3 and 0.5 of the assay sarnples yield an
amplification product.

10. The method of claim 1 wherein between 0.1 and 0.9 of the assay samples yicld an
amplification product as determined by amplification of the selected genetic sequence.
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11. The method of claim 1 wherein between 0.1 and 0.9 of the assay samples yield an
amplification product as determined by arnplification 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 6.6 of the assay samples yield an
amplification product as determined by araplification of the reference genetic sequence.

14. The method of claim 1 wherem between 0.3 and 0.5 of the assay samples yield an
amplification product as determined by amplification ofthe sclected genetic sequence.

15. The method of claim 1 wherein between 0.3 and 0.5 ofthe assay samples yield an
amplification product as determined by armplification of the reference genetic sequence.

16. The methad 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 homogeneous suchthat the first number ofassay
samples do not contain the reference genetic sequence and the second numberof assay samples
do not contain the selected genetic sequence.

19. A rnethod for determining an allelic imbalance in a biological sarnple, comprising the steps
of: distributing nucleic acid template molecules from a biological sample to form a set
coraprising a plurality of assay sarnples; arnplifying the template molecules within the assay
samples to form a population of arnplified molecules in the assay samples of the set; analyzing
the amplified moleculesim the assay samples of the set to determine afirst mumber ofassay
samples which contain a selected genetic sequence on afirst chromosome and a second nuraber
of assay samples which contain a reference genetic sequence on a second chromosome;
comparing the first namber of assay sarnples to the second number ofassay samples to ascertain
an allelic imbalance betweenthe first chrornosome and the second chromosorne in 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 @.1 and 0.9 of the assay samples yield a
homogeneous amplification product.

22. The method of claim 19 wherein the biclogical sample is blood.
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United States Patent 7TSUSB18

Vogelstem , et al, March 29, 2011

Digital amplification

Chaiees

The invention claimed is:

1. A method for determining an allelic imbalance in a biological sarnple, comprising the stepsof:
amplifying ternplate molecules within a set comprising a plurality of assay samples to form a
population of amplified molecules in each ofthe assay samples ofthe set, wherein the template
rnolocules are obtained from the biological saraple; analyzing the amplified molecules in the
assay samples of the set to determine a first number of assay sarnples which contain a first allelic
form of a marker and a second numberof assay samples which contain a second allelic form of
the marker, whercin between 0.1 and 0.9 of the assay samples yield an arnplification product;
comparing the first number to the second number to ascertain an allelic imbalance in the
biological sample; and identifying anallelic imbalancein the biological sample.

2.Phe method of claim 1 wherein the step of amplifying employsreal-time polymerase chain
reactions.

3. The method of claim 2 whereinthe real-time polymerase chain reactions comprise a daal-
labeled fluorogenic probe.

4. The method of claim 1 wherein between 0.1 and0.9 of the assay saroples yield an
amplification product as determined by amplification of the first allelic form of the marker.

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

6. The methodof claim | wherein the amplified molecules in cach of the assay sammpics within
the first and second numbers of assay samples are homogeneous such that the first number of
assay samples do not contain the secondallelic formof the marker and the second number of
assay samples do not contain the first allelic form of the marker.

7, The methodof claim | wherein the sample is from blood.

8. A method for determining anallelic imbalancein a biological sample, coraprising the steps of:
distributing nucleic acid template molecules from a biological sample to form a set comprising a
plarality 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
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rnoiecules in the assay sarnples of the set to determine a first number of assay samples which
contain a first allelic form of a marker and a second number ofassay sarmples which contain a
second allelic form of the rnarker; cornparing the first number of assay samples to the second
number of assay samples to ascertain an allelic imbalance between the first allelic form and the
second allehe form in the biological sarnple.

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

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

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

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

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

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

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

16. The method of claim 8 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.

17. The method of claim 8 wherein between 6.1 and 0.9 of the assay samples yield an
amplification product as determined by amplification of the second allehe form of the marker.

18. The method of claim & wherein the arnplified molecules in each of the assay samples within
the first and second numbers ofassay samples are homogeneous suchthat the first numberof
assay samples do not contain the second allelic form of the marker and the second number of
assay samples do not contain the first allelic form of the marker.
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EN THE CLAIMS

Please amend the following claims as indicated bythe status identifier. Patent claims

under reexamination but not amendedare indicated as “original.” Patent claims not subject to

reexamination are not shown.

1. (Amended) A method for determining the ratio of a selected genetic sequence in a

population of genetic sequences, comprising the steps of:

diluting isolatednucleic acid template molecules [in] isolatedfroma biological sample to

form a set comprising a plurality of assay samples;

amplifying the teraplate molecules withinthe assay samples to form a population of

amplified molecules in the assay samyples ofthe set;

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

number of assay sarnples which contain the selected genetic sequence and a second number of

assay samples which contain a reference genctic sequence;

comparing the first numberto the second numberto ascertain a ratio which reflects the

composition of the biological sarnple.

2. (Orginal) The method of claim | wherethe step of diluting is performed until at

least one-tenth of the assay samples in the set comprise a number (N) of molecules such that 1/N

is larger than the ratio of selected genetic sequences to total genetic sequences required for the

step of analyzing to determine the presence ofthe selected genetic sequence.

3. (Amended) The method of claim 1 wheremthe step of dilating is performed until

between 0.1 and 0.9 of the assay samples yield an amplification product of at least one of the

selected and reference genetic sequences when subjected to a polymerase chain reaction.
 

4. (Onginal) The method of claim 1 wherein the step of diluting 1s performeduntil all of

the assay samples yicld an amplification product when subjected to a polymerase chain reaction

and cach assay sample contains less than 10 nucleic acid ternplate molecules containing the

reference genetic sequence.

ho
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5. (Original) The method of claim 1 wherein the step of diluting is performed until all of

the assay samples yield an arnplification product when subjected to a polymerase chain reaction

and each assay sample contains less than 100 nucleic acid template molecules containing the

reference genetic sequence.

6. (Original) The method of claim | wherein the biological sampleis cell-free.

7. (Original) The method of claim 1 wherein the number of assay samples withinthe set is

greater than 10.

8. (Originals The method of claim 1 wherein the number of assay samples within the setis

greater than 30.

%, (Original) The method of claim 1 wherein the numberofassay samples within the set 1s

greater than 100.

10. (Original) The method of claim 1 wherein the number of assay samples within the set

is greater than 500.

11. (Original) The method of claim 1 wherein the mumber of assay samples within the set

is greater than 1060.

12. (Original) The methodof claim | wherein the step of amplifying andthe step of

analyzing are performed on assay samples in the same receptacle.

13. (Not subject to reexamination)

14. (Original) The method of claim | wherein the step of analyzing employs gel

electrophoresis.

Ge
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15. (Original) The method of claim 1 wherein the step of analyzing employs hybridization

to at least one nucleic acidprobe.

16. (Origmal) The methodof claim 1 wherein the step of analyzing employs

hybridizationto at least two nucleic acid probe.

17-18. Not subject to reexamination)

19. (Original) The method of claim 1 wherein the step of amplifying employs a single pair

of primers.

20, (Original) The method of claim | wherein the step of amplifying employs a

polymerase which is activated onlyafter heating.

21. (Original) The method of claim | wherein the step of amplifying ernploys at least 40

cycles of heating and cooling.

22. (Criginal} Phe methodof claim | wherein the step of amplifying employs at least 50

cycles of heating and cooling.

23. (Qriginal) The methodof clair | wherein the step of amplifying employs at least 60

cycles of heating and cooling.

24, (Original) The method of claim 1 wherein the biological sample is selected from the

group consisting of stool, blood, and lymph nodes.

25. (Original) The method of claim | wherein the biological sample is blood or bone

marrowof a leukemia or lymphomapatient who has received anti-cancertherapy.

26. (Original) The method of claim | wherein the selected genetic sequence is a
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translocated alicte.

27. (Original) The methodof claim | wherein the selected genetic sequence is a wild-

type allele.

28. (Original) The method of claim 1 wherein the selected genetic sequence is within an

amplicon which is amplified during neoplastic development.

29. (Original) The method of claim | wherein the selected genetic sequence is a rare exon

SCqucnce.

30. (Original) The methodof claim 1 wherein the nucleic acid template molecules

comprise CONA of RNAtranscripts and the selected genetic sequenceis present on a CDNA ofa

first transcript and the reference genetic sequence is present on a CDNA of a second transcript.

31. (Original) The methodof claim 1 wherein the selected genetic sequence comprises a

first mutation and the reference genetic sequence comprises a second mutation.

32. (Ongimal) The rnethed of clairn 1 wherein the selected genetic sequence andthe

reference genetic sequence are on distinct chromosomes.

33-37. CNot subject to reexamination)

38. (Pwice amended) A methad for determining the ratio of a selected genetic sequence in

a population of genetic sequences, comprising the steps of:

distributing cell-free nucleic acid temnlate molecules from a biological sammle to form a  

 

amplifying the nucleic acid template molecules [within a set comprising a plurality of assay

samples] to form a population of amplified molecules in [each of the] individual assay samples of

the set;

analyzing the amplified molecules tn the assay samples of the set to determinea first

Page 1055 of 1224



Page 1056 of 1224

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-fittiethof the

assay samples in the set comprise a number (N} of molecules such that 1/N is larger than the ratio

ofsclected genetic sequences to total genetic sequences required to determine the presenceof the

selected genetic sequence;

comparing the first numberto the second numberto ascertain a ratio which reflects the

compositionof the biological sample.

39, (Original) The method of claim 38 wherein the number of assay sarnples within the

set is greater than 10.

40. (Original) The method of claim 38 wherein the numberofassay samples within the

set is greater than 30.

41. (Original) Phe methodof claim 3% wherein the numberof assay samples within the

set is greater than 100.

42. (Original) The method of clairn 38 wherein the number of assay samples within the

set is greater than S00.

43, (Origmal) The method of claim 38 wherein the number ofassay samples withinthe

set is greater than 1000.

44. (Original) The method of claim 38 wherein the step of amplifying and the step of

analyzing are performed on assay sarnples m the same receptacle.

45. (Not subject to reexamimation)

4, (Original) The method of claim 38 wherein the step of analyzing employs gel

electrophoresis.
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47, (Original) The method of clairn 38 wherein the step of analyzing employs

hybridization to at least one nucleic acid probe.

4&. (Amended) The method of clair 38 wherein the step of analyzing employs

hybridization to at least two mucieic acid [probe] probes.

49-50. (Not subject to reexamination}

51. (Original) The method of clairn 38 wherein the step of amplifying employs a single

pair ofprimers.

52, (Original) The method of claim 38 wherein the step of amplifying employs a

polymerase which is activated onlyafter heating.

53. (Original) The method ofclaim 38 wherein the step of amplifying ernploysat least 40

cycles of heating and cooling.

54, (Original) The methodof claim 38 wherein the step of amplifying employsat least 50

cycles of heating and cooling.

55. (Qnginal) The rnethod of clair 38 wherein the step of amplifying employsat least 60

cycles of heating and cooling.

56. (Original) The method of claim 38 wherein the ternplate molecules are obtained from

a body sampleselected from the group consisting ofstool, blood, and bymph nodes.

57. (Original) The method of claim 38 wherein the template molecules are obtained frorn

a body sample ofa Jeukernia or lymphoma patient who has received anti-cancer therapy, said

body sample being selected from the group consisting of blood and bone rnarrow.
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5%. (Original) The method of claim 38 wherein the sclocted genetic sequence is a

translocated allele.

59. (Original) The method of clarm 38 wherein the selected genetic sequence is a wild-

type allefe.

60. (Original) The method of claim 38 wherein the selected genetic sequence is within an

amplicon which is amplified during neoplastic development.

61. (Onginal) The rnethod of clair 38 wherein the sclocted genetic sequence is a rare

CXOM SCQUCTCE,

62, (Original) The method of claim 38 wherein the nucleic acid template molecules

cornprise cDNA of RNAtranscripts and the selected genetic sequence is present on a cDNA ofa

first transcript and the reference genetic sequence is present on a CDNA ofa secondtranscript.

63, (Origmal) The method of claim 38 wherein the selected genetic sequence comprises 4

first mutation and the reference genetic sequence cornprises a second mutation.

64, (Original) The method ofclaim 38 whercin the selected genetic sequence andthe

reference genetic sequence are on distinct chromosomes.

CH
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