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Foresight’s Challenges

3
IPR2023‐00224 Petition at 18
IPR2023‐00317 Petition at 16

Reference(s)Challenge
Leary§ 103
Leary + Ley§ 103
Leary + Chan + Liao§ 103

Reference(s)Challenge
Forshew§ 102
Forshew + Wagle§ 103
Wagle + Chan§ 103

IPR2023‐00224 IPR2023‐00317

U.S. 11,384,394 U.S. 11,408,033
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Forshew

4

Citation 18 is Leary (EX1002)

Citation 35 is Wagle (EX1033)

EX1030 (Forshew) at 8, 9, 10
IPR2023‐00224 POR at 33
IPR2023‐00317 POR at 71
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Claim 1

5
EX1001 ‘394 Patent at claim 1 
EX1001 ‘033 Patent at claim 1

capture probes

U.S. 11,384,394 U.S. 11,408,033
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Construction of Capture Probes

6
IPR2023‐00224 POR at 16‐18
IPR2023‐00224 Petition at 21

Patent Owner Petitioner

“encompass[es] at least 
PCR primer capture probes 
and solution‐based 
hybridization capture probes”

“a nucleic acid sequence that 
hybridizes to target DNA, either in 
solution or on a solid support, so 
that one can physically capture 
and isolate the target DNA”
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Absent lexicography or disavowal, we do not depart from the plain meaning of
the claims.

Luminara and Phillips

7

Phillips v. AWH Corp., 415 F.3d 1303, 1312‐13 (Fed. Cir. 2005) (en banc)
IPR2023‐00224 POR at 17

We have frequently stated that the words of a claim are generally given their
ordinary and customary meaning. We have made clear, moreover, that the
ordinary and customary meaning of a claim term is the meaning that the term
would have to a person of ordinary skill in the art in question at the time of the
invention, i.e., as of the effective filing date of the patent application.

Luminara Worldwide v. Liown Elecs., 814 F.3d 1343, 1353 (Fed. Cir. 2016)
IPR2023‐00224 POR at 16‐17
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Polymerase Chain Reaction (PCR)

8 IPR2023‐00224 Petition at 13; POR at 21‐22; Sur‐Reply at 3

PCR primers
copy
DNA
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Capture Probes

9

IPR2023‐00224 Petition at 14; POR at 21‐22; Sur‐Reply at 3

Wagle’s [capture probe] approach enriches by isolating the targets
and removing them from non-targeted nucleic acids in the sample. Forshew’s
[PCR primer] approach copies the targets and thereby enriches them over non-
targeted nucleic acids. Quackenbush ¶183.

IPR2023‐00317 Petition at 48
IPR2023‐00224 Sur‐Reply at 3
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Dr. Quackenbush

10
EX2018 (Quackenbush Trans.) at 168:4‐169:1

IPR2023‐00224 POR at 18‐19

EX2018 (Quackenbush Trans.) at 166:10‐167:17

Q. And I just want to know, have you ever seen the term “PCR primer
capture probe” used in the literature?

A. So for clarity in my presentation, I refer to them as “PCR primer
capture probes” in addition to “capture probes” and also “PCR capture
probes,” I believe, although I don’t recall seeing that in the literature,
although it may appear. I’m not sure. We could easily do a PubMed
search and see.

Q. Okay. Is the term “PCR primer capture probe” something that you
see commonly used in the literature?

A. So I don’t believe the term “PCR capture probe” occurs in the
literature. …
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Mamanova

11
EX1007 (Mamanova) at 115, 112

IPR2023‐00224 POR at 17‐18; Sur‐Reply at 2

HYBRID CAPTURE
On-array capture
The principle of direct selection is well-established: a
shotgun fragment library is hybridized to an
immobilized probe, nonspecific hybrids are removed by
washing and target DNA is eluted.

***
In-solution capture

***
The principle difference between the Agilent and
NimbleGen solution capture products is the nature of
the capture probes: the NimbleGen product uses 60-90-
mer DNA capture probes, whereas the Agilent one uses
150-mer RNA capture probes.



DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Mertes

12
EX1006 (Mertes) at 375

IPR2023‐00224 POR at 18, 22, 24, 78
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Mertes

13
EX1006 (Mertes) at 377

IPR2023‐00224 Petition at 12
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Dr. Quackenbush

14 EX2018 at 142:18‐143:15; IPR2023‐00224 POR at 18

Q. Is it fair that you view Mertes as a reliable source for
understanding what the skilled artisan understood about hybrid
capture and PCR in the January 2013 time frame?

A. Mertes is one piece of the puzzle.
Part of the reason I cite to Mertes and Mamanova is they provide

complementary sources of information.
The biomedical literature is vast, tens of thousands of papers

published every year. I pulled out two as representatives.
But I wouldn’t want to reply on any particular limitation laid out.

I’m not using these as primary references to argue or to present the
case for obviousness in the case of the ‘394 patent but rather really
to provide background on capture technology.

This is in the “Background” section of my report.
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Mertes’s Seven Metrics  Mamanova’s Seven Parameters

15
EX1006 (Mertes) at 380; EX1007 (Mamanova) at 111 

IPR2023‐00224 POR at 25‐26

There are several enrichment approaches, each with unique
advantages and disadvantages. Here we describe our
experiences with leading target-enrichment technologies, the
optimizations that we have performed and typical results that
can be obtained using each. We also provide detailed protocols
for each technology so that end users can find the best
compromise between sensitivity, specificity and uniformity for
their particular project.

***
Several approaches to target enrichment have been developed
(Fig. 1), and there are several parameters by which the
performance of each can be measured, which vary from one
approach to another: (i) sensitivity, or the percentage of the
target bases that are represented by one or more sequence reads;
(ii) specificity, or the percentage of sequences that map to the
intended targets; (iii) uniformity, or the variability in sequence
coverage across target regions; (iv) reproducibility, or how
closely results obtained from replicate experiments correlate; (v)
cost; (vi) ease of use; and (vii) amount of DNA required per
experiment, or per megabase of target.
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Foresight’s Founder

16
EX2181 at 203

IPR2023‐00224 Sur‐Reply at 8
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Dr. Quackenbush

17
IPR2023‐00224 EX1020 (Quackenbush Dec.) ¶77

IPR2023‐00224 POR at 20

77. When hybrid capture baits are contacted with the nucleic acid
sample (the “pool”), the baits hybridize to the sequences of interest.
This hybridization results in a “catch” of nucleic acids bearing the
targeted sequences, which are “caught” through the hybridization of
strand-to-strand base-pairing. The catch is then pulled down or
fished out using beads that bind the biotin that was incorporated into
the baits, and the catch can then be amplified using PCR before
sequencing, for example using NGS workflows. Ex. 1005 (Gnirke) at
183; Fig. 1 (reproduced below). See also Ex. 1006 (Mertes 2011) at
374 (“By selective recover[y] and subsequent sequencing of genomic
loci of interest, costs and efforts can be reduced significantly
compared with whole-genome sequencing.”)
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Examiner Zhang

18
EX2025 at 3

IPR2023‐00224 POR at 20
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Dr. Quackenbush

19
EX2018 (Quackenbush Trans.) at 115:17‐117:8

IPR2023‐00224 POR at 19‐20

Q. In PCR, the capture doesn’t take place simply by virtue of the
primer hybridizing to the target DNA. Is that correct?

A. So I’m not sure where in the patent it’s explicitly stated that
capture has to occur at the point of hybridization. In fact, it would
be hard for me to think of any technology where capture would
simply occur the moment hybridization occurred.

...
If one -- in the same way that if one used hybridization capture

probes, the simple act of hybridizing wouldn’t provide you a
purified sample. Those have to be extracted from solution in some
way.
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Claim 1

20
EX1001 ‘394 Patent at claim 1 

IPR2023‐00224 POR at 23

U.S. 11,384,394
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Leary / Chan / Liao

21
EX1002 (Leary) at 4, Fig. 4(B)

IPR2023‐00224 POR at 30‐31, 79

Leary’s detection method is PCR
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Forshew

22
EX1030 (Forshew) at Fig. 1(B)

IPR2023‐00317 POR at 70

Three rounds of PCR
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Forshew

23
EX1030 (Forshew) at Table 2 (excerpted)

IPR2023‐00317 POR at 69‐70
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Wagle

24
EX1033 (Wagle) at 91

IPR2023‐00317 POR at 71

***
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DeRienzo And Quackenbush

25
EX2157 (Quackenbush Publication) at 320‐21

IPR2023‐00317 POR at 62
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Dr. Quackenbush

26
EX2188 (Quackenbush Trans.) at 123:22‐124:16

IPR2023‐00317 Sur‐Reply at 14‐15

Q. So if you had chosen to use solution-phase hybridization capture
probes for the process described under the validation of SNV by Sanger
sequencing, how would you go about doing that?

A. Again, there are a variety of different ways one could hypothetically
do that. Ultimately, whatever one did one would have to do targeted
PCR on whatever was captured to allow the Sanger sequencing reactions
all to start at the same place because all would have to have primer
sequences introduced at the same location.

So it would be an additional step, after which one would have to do
targeted PCR with specific primers, but all the methods would rely on
nucleic acid hybridization through complementary base-pairing.
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Mr. West

27
EX1222 (West Trans.) at 170:18‐171:7

IPR2023‐00224 Sur‐Reply at 6‐7

Q. Do you remember being asked whether you ever tried to use PCR
primers to capture DNA for sequencing?

A. That’s not what I remember thinking the question was at the time.
I’ve seen a preliminary draft transcript of the session and now
understand that the question did include that term, “capture.”

And so I guess I would clarify that PCR is not a capture process. It
makes copies of DNA, and that in PCR, it wouldn’t be usual that the
original molecule that created all the copies doesn’t even end up in the
result at all. All you end up with is the copies.

And so I don’t consider PCR to be a capture process, and I wouldn’t
use that term.
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Antedation

28
EX2032 (West), EX2033 (MacQuitty), EX2034 (Zeman)

IPR2023‐00224 POR at 39‐76

John West
Founding Chief Executive Officer of Personalis (now retired)
Co-Inventor of ’394 and ’033 patents

Jonathan MacQuitty
Chairman of Personalis’s Board of Directors (2011-2022)
Board Member of 15 prominent life science companies

Doug Zeman
Associate Director of Scientific Computing and 
Information Technology at Personalis

80+ Over 80 supporting and corroborating exhibits
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Exemplary Conception Corroboration

29

IPR2023‐00317 POR at 14‐23
EX2112 Slides 3, 4, 5; EX2109 Slides 2, 3; EX2046 Slide 14

EX2032 (West Dec.) ¶¶54, 55, 57, 92, 93, 97, 125, 127
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In an IPR, the petitioner bears the ultimate burden of persuasion on
invalidity, which never shifts to the patent owner. However, when a
patent owner attempts to antedate an asserted prior art reference, the
patent owner takes on a temporary burden of production. Once that
burden is met, the burden shifts back to the petitioner.

Medtronic 68 F.4th 1298

30

Medtronic, Inc. v. Teleflex Innovations SARL, 68 F.4th 1298, 1303 (Fed. Cir. 2023)
IPR2023‐00224 Sur‐Reply at 20
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An asserted prior art reference can be antedated based on a
constructive reduction to practice by a showing of
(1) conception prior to the filing date of the asserted reference and
(2) reasonably continuous diligence from just before the date the
asserted reference was filed until the date that the patent owner filed
its priority application.

Medtronic 86 F.4th 902

31

Medtronic, Inc. v. Teleflex Innovations SARL, 86 F.4th 902, 906 (Fed. Cir. 2023)
IPR2023‐00224 Sur‐Reply at 24
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Burroughs

32

Burroughs Welcome v. Novopharm, Inc., 40 F.3d 1223, 1230 (Fed. Cir. 1994)
IPR2023‐00224 Sur‐Reply at 23

The Burroughs Wellcome inventors claim conception of these
inventions prior to the NIH experiments, based on the draft British
patent application. That document is not itself a conception, for
conception occurs in the inventors’ minds, not on paper. The draft
simply corroborates the claim that they had formulated a definite and
permanent idea of the inventions by the time it was prepared.
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For conception, we look not to whether one skilled in the art could
have thought of the invention, but whether the alleged inventors
actually had in their minds the required definite and permanent idea.

Burroughs

33

Burroughs Welcome v. Novopharm, Inc., 40 F.3d 1223, 1232 (Fed. Cir. 1994)
IPR2023‐00224 Sur‐Reply at 23
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Importantly, the law does not impose an impossible standard of
independence on corroborative evidence by requiring that every
point of a reduction to practice be corroborated by evidence having
a source totally independent of the inventor; indeed, such a standard
is the antithesis of the rule of reason.

Fleming

34

Fleming v. Escort Inc., 774 F.3d 1371, 1377 (Fed. Cir. 2014)
IPR2023‐00224 Sur‐Reply at 24
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Conception

35
EX1001 at title page

IPR2023‐00224 Sur‐Reply at 21

All inventors, even those who contribute to only one claim or one
aspect of one claim of a patent, must be listed on that patent.

Vapor Point LLC v. Moorhead, 832 F.3d 1343, 1348‐49 (Fed. Cir. 2016)
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Exemplary Diligence

36
EX2032 (West Dec.) ¶¶327, 399

IPR2023‐00224 POR at 61‐76

May 2012 November 2012
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Exemplary Diligence

37
EX2032 (West Dec.) ¶¶34‐35, 325‐409

IPR2023‐00224 POR at 61‐76

May ‘12 June July Aug. Sep. Oct. Nov. Dec. Jan. ‘13

Bartha hired May 1
Conception by May 8
Lease space for lab

Luo hired June 18
Lab construction

EX2043
EX2047
EX2048
EX2049
EX2050
EX2051
EX2052
EX2053
EX2054‐2056

In‐house sequencing

EX2057
EX2058
EX2059
EX2060
EX2061
EX2062
EX2063
EX2064
EX2065

EX2066
EX2067
EX2068
EX2069
EX2070
EX2071
EX2072
EX2074

Lab construction completed
HiSeq‐2000 installed

EX2075
EX2076
EX2077
EX2078
EX2079
EX2080
EX2081
EX2082

EX2083
EX2084
EX2085
EX2086
EX2087
EX2088
EX2089

Custom capture probe 
libraries ordered

EX2090
EX2091
EX2092
EX2093
EX2094
EX2095
EX2096
EX2097
EX2098

Capture probe libraries received

Continued work on 
Accuracy Program

EX2099
EX2100
EX2101
EX2102
EX2103
EX2111

EX2104
EX2105
EX2106

Communications with 
Patent Counsel
Continued work

EX2108

Communications with 
Patent Counsel

Patent Application Filed
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Claim 1 Of The ’394 Patent

38 EX1001 ‘394 Patent at claim 1

whole genome sequencing
(WGS)

U.S. 11,384,394
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TI Group Automotive

39

TI Group Automotive Sys. v. VDO N.Am., 375 F.3d 1126, 1139 (Fed. Cir. 2004)
IPR2023‐00224 Sur‐Reply at 10

Our validity analysis is a two-step procedure: The first step
involves the proper interpretation of the claims. The second step
involves determining whether the limitations of the claims as
properly interpreted are met by the prior art.
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Construction of Whole Genome Sequencing

40
IPR2023‐00224 Institution Decision at 19‐23

IPR2023‐00224 POR at 5‐6; Reply at 5

Board & Patent Owner Petitioner

“a non‐targeted approach 
to generating sequencing 
reads and mapping those 
reads back to a reference 
genome (rather than a 
genome subset)”

“a non‐targeted approach to 
sequencing all or almost all 
of a genome”
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Q. Now, we’ve talked a lot about whole-genome sequencing.
When did you first become familiar with whole-genome
sequencing?

A. So it’s hard to answer that question because the term has
taken on many different flavors of meaning.

Dr. Quackenbush

41
EX2018 (Quackenbush Trans.) at 155:15‐22

IPR2023‐00224 POR at 8‐9
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Leary 2010 Leary 2012

42
EX2183 (Leary 2012) at Title, 8
IPR2023‐00224 Sur‐Reply at 9

EX1002 (Leary 2010) at 1, 5
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Dr. Quackenbush

43
EX2018 (Quackenbush Trans.) at 216:3‐19

IPR2023‐00224 Sur‐Reply at 9

Q. Are you familiar with the SOLiD sequencing platform?

A. Yes. The SOLiD sequencer was developed by Applied
Biosystems. An it used -- rather than sequencing by synthesis, it
was technology based on sequencing by ligation in which a series of
probes -- I think they were four bases in length -- were hybridized to
and ligated -- hybridized to DNA and ligated together to produce a
signal.

And this was done sequentially with primers that differed in
length to create different offsets for the former hybridizations.

That’s my best recollection of the technology today. There could
be details that I’ve gotten wrong, since that technology has been off
the market for quite some time.



DEMONSTRATIVE EXHIBIT – NOT EVIDENCE

Leary 2010

44

EX1002 (Leary) at 1
EX2031 (Furneaux Dec.) ¶94

IPR2023‐00224 POR at 7; Sur‐Reply at 13
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Dr. Quackenbush

45
EX2188 (Quackenbush Trans.) at 206:19‐208:1

IPR2023‐00224 Sur‐Reply at 13

Q. How does having the 1.4-kilobase separation help the Leary
protocol versus if they had just sheared the DNA strands down to
strands around 50-kilobases long?

A. If they’re only 50 bases long?

Q. Yeah, 50 bases long. Thank you.

A. So, you know, think about it, right. You’ve got a place in the
genome where the two chromosomes are broken, right. They would
have to do a lot more sequencing of smaller fragments to get the
same physical coverage of the genome.

***
So they would have had to do 28 times more sequencing. …
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Dr. Quackenbush

46
EX2188 (Quackenbush Trans.) at 198:17‐199:3

IPR2023‐00224 Sur‐Reply at 14

Q. Do you agree with Dr. Furneaux that Leary’s mate pairs
likely overlapped?

A. So it says, “the data presented in Leary confirms that
the mate-paired tags in Leary are very likely overlapping to
a very significant degree.”

So I would concur that they overlap. I don’t know what
Dr. Furneaux is referring to when he says “a very
significant degree.”
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Dr. Quackenbush

47
EX2188 (Quackenbush Trans.) at 202:20‐203:2

IPR2023‐00224 Sur‐Reply at 14

Q. What degree do you think that Leary’s mate pairs
overlapped by?

A. I haven’t done that calculation.
So -- I haven’t done that calculation. So I don’t know.
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Dr. Furneaux

48
EX2031 (Furneaux Dec.) ¶100

IPR2023‐00224 POR at 7
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At best, Leary sequenced only 53‐60% of the genome.

49
EX1225 (Quackenbush Dec.) ¶66
IPR2023‐00224 Sur‐Reply at 14

Dr. Quackenbush
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Leary / Chan / Liao

50
EX1009 (Liao) at 92

IPR2023‐00224 POR at 77‐78

Leary’s “PARE”
Chan’s “cancer genome scanning” not whole genome sequencing

Liao
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Ley

51
EX1012 (Ley) at 71

IPR2023‐00224 POR at 36
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Ley

52
EX1012 (Ley) at 70

IPR2023‐00224 Petition at 15, 57

Our results strongly support the notion that hypothesis-driven (for
example, candidate gene-based) examination of tumour genomes by
PCR-directed or capture-based methods is inherently limited, and
will miss key mutations.

We performed 98 full runs on the Illumina Genome Analyser to
achieve the targeted level of 90% diploid coverage as determined by
coverage of the high-quality SNP set.

EX1012 (Ley) at 67
IPR2023‐00224 Sur‐Reply at 11
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Mertes

53
EX1006 (Mertes) at 382

IPR2023‐00224 POR at 11
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Blighe

54
EX2155 (Blighe) at 230

IPR2023‐00224 POR at 12
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Sathirapongsasuti And Quackenbush

55
EX2158 (Quackenbush Publication) at 2648

IPR2023‐00224 POR at 12
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Sims (2014)

56
EX2022 (Sims) at 121

IPR2023‐00224 POR at 13
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Foresight’s Founders

57
EX2023 at 2969

IPR2023‐00224 POR at 13‐14
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Belden and Polaris

58

Polaris Indus. v. Artic Cat, Inc., 882 F.3d 1056, 1069 n.4 (Fed. Cir. 2018)
IPR2023‐00224 Sur‐Reply at 16

[O]bviousness concerns whether a skilled artisan not only could
have made but would have been motivated to make the
combinations or modifications of prior art to arrive at the claimed
invention.

[M]erely stating that a particular placement of an element is a
design choice does not make it obvious.

Belden Inc. v. Berk‐Tek LLC, 805 F.3d 1064, 1073 (Fed. Cir. 2015)
IPR2023‐00224 Sur‐Reply at 14‐15
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‘394 Patent Claims 17 & 18

59
EX2018 (Quackenbush Trans.) at 245:1‐16

IPR2023‐00224 Sur‐Reply at 13

Dr. Quackenbush
And [Leary] is a very cost-effective strategy of identifying translocations.

Because rather than having to sequence every base, she relies on this additional
information about the length of the fragments.

Really smart because it lets you find these things very, very efficiently.
Because they don’t end at the same place, she can narrow down where they are,
which is what allows her to design her PCR capture probes and perform her
subsequent analysis.

So she optimized for physical coverage because she’s looking for
translocations. If she wanted to optimize for other types of mutation or
polymorphism detection, she could have chosen a different strategy.
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‘394 Patent Claims 17 & 18
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EX2018 (Quackenbush Trans.) at 95:10‐13, 96:3‐97:4

IPR2023‐00224 POR at 34‐35

Dr. Quackenbush
Q. For what people would call sequencing a genome in 2013, how many
times would you do it?
A. It depends on your application.

***
Q. For sequencing an entire genome, a whole-genome sequencing. Would
someone say 10 X would be sufficient for whole-genome sequencing?
A. So it would depend on your application. …

So the depth of coverage is going to depend on your application. …
And again, it’s going to depend on your particular application.
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‘394 Patent Limitation 1(f) And Claim 19
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EX1001 ‘394 Patent at claim 1(f), 19
IPR2023‐00224 POR at 33‐34, 35‐36

(1)
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Leary Does Not Teach Or Suggest ‘394 Patent Limitation 1(f) Or Claim 19
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EX1002 (Leary) at 4, Fig. 4
IPR2023‐00224 POR at 33‐34, 35‐36

IPR2023‐00224 Petition at 41‐44, 53‐54
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‘033 Patent Limitation 1(d)

63 EX1001 ‘033 Patent at claim 1

U.S. 11,408,033
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No Motivation Based On Wagle And Chan
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IPR2023‐00317 POR at 77

IPR2023‐00317 Sur‐Reply at 23‐26

In other words, Wagle did not repeat steps (b)-(c) because of the
sample type and also because it was an interrogation of tumor tissue
to personalize cancer treatment (as opposed to tumor monitoring
over time) and did not require repeating.

No motivation to modify Wagle to repeat steps (b)-(c) on:
(1) Subsequently obtained tumor samples; or
(2) Plasma samples that included cell-free tumor DNA.

IPR2023‐00317 Petition at 67
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No Motivation For (1) Subsequently Obtained Tumor Samples
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EX2152 at 2

IPR2023‐00317 POR at 78

EX1030 (Forshew) at 1
IPR2023‐00317 POR at 78

Forshew:
“Biopsies are invasive and costly and only provide a snapshot of
mutations present at a given time and location.”

Foresight’s Founders:
“Analysis of ctDNA has the potential to revolutionize detection and
monitoring of tumors. Noninvasive access to malignant DNA is
particularly attractive for solid tumors, which cannot be repeatedly
sampled without invasive procedures.”
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No Motivation For (1) Subsequently Obtained Tumor Samples
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EX1030 (Forshew) at Fig. 4

IPR2023‐00317 Sur‐Reply at 24

Forshew
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No Motivation For (2) Cell‐Free Tumor DNA
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EX2185 at 305

IPR2023‐00317 Sur‐Reply at 25

EX1030 (Forshew) at 1; IPR2023‐00317 POR 
at 70

Foresight’s Founders in 2015:
“Tumors continually shed DNA into the blood where it can be
detected as circulating tumor DNA (ctDNA). Although this
phenomenon has been recognized for decades, techniques that are
sensitive and specific enough to robustly detect ctDNA have only
become available recently.”

Forshew:
“Circulating DNA is fragmented to an average length of 140 to 170
base pairs (bp) and is present in only a few thousand amplifiable
copies per milliliter of blood, of which only a fraction may be
diagnostically relevant.”
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The Scientist
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EX2001 at 1‐2

IPR2023‐00224 POR at 1, 81‐82

***
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TRACERx
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EX2153

IPR2023‐00224 POR at 82

***
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AstraZeneca

70
EX2156

IPR2023‐00224 POR at 82

***


