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I. INTRODUCTION
A. Engagement

1. I have been retained by counsel for [llumina, Inc. as an expert witness
in the above-captioned proceeding. I have been asked to provide an opinion
regarding the patentability of certain claims in U.S. Patent No. 11,840,730
(“the *730 patent”) (EX1001). The face of the patent identifies Molecular Loop
Biosciences, Inc. (“Molecular Loop”) as the assignee. I have been asked to
provide a discussion of the meaning of certain words and phrases in the claims of
the *730 patent, to provide a description of the state of the art of the technology
described in the *730 patent, to analyze the disclosure of the *730 patent and the
applications to which it claims priority, and to analyze various references that I
understand are prior art to this patent.

B. Background and Qualifications

2. I received my B.S. in Molecular Biology from Carnegie Mellon
University in 1993 and received my Ph.D. in Genetics from Case Western Reserve
University in 1998. After completion of my Ph.D., I joined the Whitehead Institute
Center for Genome Research of MIT (WICGR) and became involved in efforts to
finalize the work of the Human Genome Project, mainly through working on
technologies and applications to discover DNA variation in the human genome.

3. My research interest over the past 25 years has been in large-scale

genomics research and its application to human medical and population genetics. 1
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have played a central role in the development of methods for generating and
analyzing data using SNP genotyping and next generation sequencing for both
cancer and medical genetics studies. My research on the haplotype structure of the
human genome provided an important foundation for the International Human
HapMap Project. I have directed our center’s execution in flagship large-scale
projects including the Human HapMap, the 1000 Genomes Project, The Cancer
Genome Atlas, The Trans-omics for Precision Medicine (TOPMed) Project, and
the All of Us Research Program. I have served as the Chief Genomics Officer of
the Broad Institute and have led the Institute’s Genomics Platform, a 250-person
organization that operates as one of the largest sequencing centers in the world and
continually explores, validates, optimizes, and implements new technologies,
methods, and analysis tools to meet the needs of the scientific community.

4. My lab has had a particular focus on cancer and diagnostics. We have
been a major data producer for The Cancer Genome Atlas (TCGA). The TCGA is
funded by the National Cancer Institute and the National Human Genome Research
Institute and was initiated in 2005 to characterize over 10,000 tumor samples
across 20 types of tumors. This initiative has been one of the largest and most
comprehensive research programs for the field of cancer genomics. I have been
heavily involved with TCGA since its conception in various ways. Over the past

twenty years, I have been a Principle Investigator for TCGA grants, authored at
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least TCGA 15 manuscripts, and served on the Executive and Steering committee.
In addition, we have conducted research on cell-free tumor DNA sequencing
projects. As part of this work, we have helped developed and have implemented
methods for gene panel and genome sequencing of cell-free tumor DNA. As of
2023, my lab has produced genomic profiles for over 10,000 cell-free tumor DNA
samples.

5. During the Covid-19 pandemic, I led the development and execution
of a commercial-scale diagnostic testing and viral surveillance activity that served
all of New England and other states, ultimately producing nearly 38 million Covid-
19 PCR diagnostic tests and sequencing of over 100,000 covid viral sequences. In
recognition, I was named “Bostonian of the Year” in 2020.

6. Currently, I am Executive Vice President, Platforms and Scientific
Execution at the Broad Institute of Harvard and MIT, a position I have held since
September 2023. I am a co-author on more than 200 publications in the fields of
cancer genomics and human genetics, and have been designated as a “Highly
Cited Researcher” by Clarivate from 2014-2022.

9. My Curriculum Vitae is attached as Exhibit A.

C. Compensation

7. I am being compensated for my time at the rate of $900 per hour for

my work in connection with this matter. I am being reimbursed for reasonable and
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customary expenses associated with my work in this investigation. This
compensation is not dependent in any way on the contents of this Declaration, the
substance of any further opinions or testimony that I may provide, or the ultimate
outcome of this matter.

D. Information Considered

8. My opinions are based on my years of education, research, and
experience, as well as my investigation and study of relevant materials. In forming
my opinions, I have considered the materials I identify in the attached Exhibit List.

9. I may rely upon these materials and/or additional materials to respond
to arguments raised by Molecular Loop. I may also consider additional documents
and information in forming any necessary opinions—including documents that
may not yet have been identified by me or provided to me.

10. My analysis of the materials produced in this investigation is ongoing,
and I will continue to review any new material as it is provided. This report
represents only those opinions I have formed to date. I reserve the right to revise,
supplement, and/or amend my opinions stated herein based on new information

and on my continuing analysis of the materials already provided.
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II. LEGAL STANDARDS FOR PATENTABILITY

11.  Certain basic legal principles have been explained to me by counsel
for [llumina. Below, I have recorded these legal standards as they were explained
to me.

12.  Tunderstand that for an invention claimed in a patent to be found
patentable, it must be, among other things, new and not obvious from what was
known before the invention was made. I understand the information that is used to
evaluate whether an invention is new and not obvious is generally referred to as
“prior art” and can include patents and printed publications.

13. T understand that in this proceeding [llumina has the burden of
proving that the challenged claims are unpatentable over the prior art by a
preponderance of the evidence. I understand that “a preponderance of the
evidence” is evidence sufficient to show that a fact is more likely true than it is not.

14. I understand that there are two ways in which prior art may render a
patent claim unpatentable. First, the prior art can be shown to “anticipate” the
claim. Second, the prior art can be shown to have made the claim “obvious” to a
person of ordinary skill in the art.

A.  Priority Date of Patents and Printed Publications

15. Tunderstand that a patent or published patent application will be prior

art if its effective filing date is before the earliest effective filing date of the
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claimed invention. A printed publication will be prior art if it was publicly
available before the earliest effective filing date of the claimed invention. |
understand that in this proceeding, the information that may be evaluated to show
unpatentability is limited to patents and printed publications.

16. I understand that the effective filing date of a claim in a patent or
published patent application is the actual filing date of the application, unless the
applicant claims priority to an earlier filed application that supports the claimed
subject matter in the manner required by 35 U.S.C. § 112. In that case, the date of
the earlier filed application is the effective filing date.

17.  Tunderstand that Section 112 requires the patent’s specification to
contain a sufficient written description of the claimed invention to demonstrate that
the applicant actually possessed the invention as of the filing date. In considering
whether this written description requirement is met, [ understand that I should
consider the written description from the viewpoint of a person of ordinary skill in
the art. I also understand that I should consider whether this person of ordinary
skill would have recognized that the written description describes the full scope of
the claimed invention and that the inventor actually possessed that full scope as of

the claimed effective filing date.
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B. Anticipation

18. I understand that, for a patent claim to be “anticipated” by the prior
art, each and every requirement of the claim must be found, expressly or
inherently, in a single prior art reference as recited in the claim.

19. T understand that claim limitations that are not expressly described in
a prior art reference may still be there if they are “inherent” to the thing or process
being described in the prior art.

20. Tunderstand that if a reference incorporates other documents by
reference, the incorporating reference and the incorporated reference(s) should be
treated as a single prior art reference for purposes of analyzing anticipation.

21. Tunderstand that to be anticipatory, a reference must not only
explicitly or inherently disclose every claimed feature, but those features must also
be “arranged as in the claim.” Differences between the prior art reference and a
claimed invention invoke the question of obviousness, not anticipation.

C. Obviousness

22. T understand that a claimed invention is not patentable if it would have
been obvious to a person of ordinary skill in the field of the invention at the time
the invention was made. I understand that in determining whether a patent claim is
obvious, one must consider the following four factors: (i) the scope and content of
the prior art, (i1) the differences between the prior art and the claims at issue, (iii)

Petitioner Illumina, Inc.
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the knowledge of a person of ordinary skill in the pertinent art; and (iv) objective
factors indicating obviousness or non-obviousness, if present (such as commercial
success or industry praise).

23. T understand the objective factors indicating obviousness or non-
obviousness may include: commercial success of products covered by the patent
claims; a long-felt need for the invention; failed attempts by others to make the
invention; copying of the invention by others in the field; unexpected results
achieved by the invention; praise of the invention by those in the field; the taking
of licenses under the patent by others; expressions of surprise by experts and those
skilled in the art at the making of the invention; and the patentee proceeded
contrary to the accepted wisdom of the prior art. I also understand that any of this
evidence must be specifically connected to the invention rather than being
associated with the prior art or with marketing or other efforts to promote an
invention.

24.  Tunderstand that that a patent challenger needs to articulate reasoning
for combining known elements. Such reasoning can be based on, for example,
design considerations, market demands, looking to solutions to related problems in
related fields, and on the “ordinary innovation” and creativity that would be

applied by a person of ordinary skill in the art.
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25. In addition, I understand that the obviousness inquiry should not be
done in hindsight, but must be done using the perspective of a person of ordinary
skill in the relevant art as of the effective filing date of the patent claim.

III. BACKGROUND INFORMATION ABOUT THE °730 PATENT
A.  The Prosecution History of the *730 Patent

26. 1 have reviewed the file history of the *730 patent (EX1002-EX1004).
I understand that there have been three applications which have been prosecuted:
the first application, 13/266,862 (“’862 application™), was filed in March 2012; the
second application, 15/231,687 (“’687 application™), was filed in August 2016; the
third application, 16/952,764 (‘“°764” application), was filed in November 2019.
The *730 patent issued from the third application.

27.  During the prosecution of the first application, 13/266,862, the
Applicant focused on claims directed toward molecular inversion probes (MIPs)
for over 10 years. See, e.g., EX1002, 122-28, 643-49, 1042-49, 1654-55, 1704-05,
1922-23,2041-42. In June 2024, the Applicant amended the claims to require that
each MIP has a “unique differentiator tag sequence,” and that is the first time that
element has appeared in the 862 Application. Id., 2152. The application is still
being examined. There has not been an office action since the Applicant added

that limitation to the 862 Application.
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28. The *687 application was filed as a continuation in 2016, and was
initially directed to using unique differentiator tags. EX1003, 33-34. There were
numerous office actions where the Examiner rejected the pending claims, followed
by numerous amendments and arguments in response by the Application. The
main issues had to do with what it meant for a tag to be unique, and whether that
was taught in the prior art. See, e.g., id., 428-45, 516-37, 859-77, 985-1005, 1124-
53, 1219-48. For example, the Examiner found the term “unique differentiator
tag” indefinite because it was unclear what the tag had to be unique relative to. Id.,
428-30; also id., 516-18, 1124-26. The Examiner also found that the claims were
unpatentable based on several prior art references directed to various techniques
for tagging nucleic acids (e.g., using sample identifiers or gene-specific
identifiers). Id., 430-45; also id., 518-37, 859-77, 985-1005, 1127-53, 1219-48.

29. Inresponse to the rejections, the Applicant’s arguments focused on
what the term “differentiator tags” meant. The Applicant argued that the invention
required each nucleic acid molecule to be tagged with a unique tag such that no
other nucleic acid molecule had the same tag. See, e.g., id., 1177. For example,
the Applicant stated that “the present claims require a unique barcode sequence
per each individual target nucleic acid molecule” when differentiating prior art
where a tag with a particular identifier was attached to multiple target molecules.

1d., 1177; see, e.g., id., 1177-78 (Applicant arguing art taught associating “the

Petitioner Illumina, Inc.
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same barcode” with multiple target molecules, associating “the same barcode for
each fragment coming from the same library,” or using tags to identify samples or
cell types). The inventor, Dr. Porreca, also filed a declaration to support these
arguments. Id., 1165-68.

30. In October 2020, the Applicant amended the pending claims of
the *687 application to include a step for “correcting” errors or bias for the first
time. EX1003, 1258. That language ultimately issued as the claims of the *730
patent. Two of the elements the Applicant added were: (i) “introducing a set of
differentiator tags, wherein members of said set of differentiator tags are associated
with members of said plurality [of target nucleic acid molecules from more than
one locus of origin], such that one or more of said loci of origin are associated with
more than one differentiator tag;” and (ii) to further require the method to include
the step of “correcting for errors or bias. . . by collapsing target:differentiator tag
combinations observed more than once into a single count.” EX1003, 1258. The
Examiner, in response to this amendment, indicated in an interview “it was
improper to switch inventions” and that the “originally filed claims did not provide
for such limitations and thus the instant claims were a distinct invention.” Id.,
1274.

31. In November 2020, the Applicant filed the 764 application with

claims that included a “correcting” step. EX1004, 356-58. The Examiner,
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however, still rejected the claims for being obvious over three prior art references.
1d., 866-72; see also id., 994-1002. Additionally, the Examiner found that the
specification did not teach the “correcting” step and therefore rejected the claims
for lack of written description. Id., 861-62; see also id., 987-91.

32. On March 4, 2021, the Applicant submitted another declaration from
Dr. Porreca. EX1004, 964-67. In the declaration, Dr. Porreca stated that none of
the prior art disclosed that “each individual nucleic acid molecule is tagged with a
unique differentiator tag,” and that such tags were a “distinguishing feature of
[his] claims.” Id., 965. The Examiner was not persuaded by Applicant’s
arguments and issued a final rejection. Id., 982-1003.

33. The Applicant appealed to the PTO Board. See, e.g., EX1004, 1071
(citing Porreca Decl. 96-12 (EX1004, 965-66)), 1057; also id., 1146. After
briefing and argument, the Board reversed the Examiner’s rejection. The Board
found that the claims were not obvious over the prior art references and that the
specification disclosed the “correcting” step. EX1004, 1175-82, 1189-92.
Following the Board’s decision, the Examiner allowed the claims and the 730
patent issued. Id., 1195.

B. Technical Field

34. The 730 patent generally relates to a method of nucleic acid

sequencing which uses tags or barcodes to correct for errors or bias.
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C. Level of Ordinary Skill in the Art

35. T understand that the claims of a patent are to be reviewed from the
point of view of a hypothetical person of ordinary skill in the art at the time of the
filing of the patent.

36. I understand that Illumina has taken the position that a person of
ordinary skill in the art (“POSA” or “skilled person”) at the relevant time frame
would have been a person with a (i) Ph.D. in molecular biology, genetics,
bioinformatics, or a related field, and at least two years of experience in high-
throughput sequencing technologies or (i1) Master’s degree in one of the same
fields with at least four years of experience in high-throughput sequencing
technologies. Based on my knowledge and experience, | agree with the definition
proposed by Illumina. I further note that the description of a POSA is
approximate, and that varying combinations of education and practical experience
also could be sufficient.

37.  Well before May 2009, my level of skill in the art was at least that of
a person of ordinary skill in the art in the field of the 730 patent, as discussed
above. I am qualified to provide opinions concerning what a person of ordinary
skill in the art would have known and understood at that time. In preparing this
declaration, I have considered the issues from the perspective of a hypothetical

person of ordinary skill in the art at the relevant timeframe.
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D.  Priority Date

38. T understand that the *730 patent claims priority back to four
provisional applications. See EX1006; EX1007; EX1008; EX1009.

39. The first provisional application, Provisional Application No.
61/174,470 (“°470 provisional”), was filed on April 30, 2009. See generally
EX1006. The second provisional application, Provisional Application No.
61/178,923 (“°923 provisional”), was filed May 15, 2009. See generally EX1007.
Neither the 470 provisional or the *923 provisional disclose differentiator tags or
unique identifiers. The *470 provisional also does not disclose correcting for errors
or bias. Further, neither the 470 provisional or the *923 provisional disclose
correcting for errors or bias by “collapsing target.differentiator tag
combinations... into a single count,” as required by claims 1-8, or “recognizing
target/differentiator tags having the same sequence as being derived from the same
input molecule,” as required by claim 9. Accordingly, I do not believe that
the *470 provisional or the 923 provisional adequately support the subject matter
that is claimed by the *730 patent.

40.  The third provisional application, Provisional Application No.
61/179,358 (“’358 provisional”), was filed May 18, 2009. See EX1008. As the
earlier provisional applications do not support the claimed subject matter, |

understand that the filing date of the 358 provisional is the earliest date to which
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the *730 patent could potentially claim priority. Therefore, I have employed this
priority date in my analysis.

IV. TECHNICAL BACKGROUND
A. DNA and Genetic Mutations

41. Deoxyribonucleic acid (DNA) is a molecule which carries genetic
information and instructions for the development and function of organisms. It is
often referred to as the blueprint for life.

42. DNA is made of building blocks called nucleotides. There are four
different nucleotides for DNA: adenine (A), thymine (T), guanine (G), and
cytosine (C). Ribonucleic acid (RNA) has the same bases except that thymine is
replaced with uracil (U). The order (i.e., sequence) of these nucleotides conveys
information to the organism. This information can provide instructions on how to
create certain proteins or how cells should operate.

43. In an organism, each DNA molecule includes two strands of DNA
that are bonded to each other. One DNA strand is comprised of numerous
nucleotides. The two strands are held together by bonds between the nucleotides.
For instance, A binds with T and G binds with C. These units (A-T and G-C) are
referred to as “base pairs.” Each strand is complementary to the other. The two

strands twist together, giving DNA its double helical structure.
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44.  The backbone of a DNA molecule is made up of sugar phosphates.
The DNA molecule has a directionality or orientation determined by which carbon
atom of the sugar-ring is bonded to the phosphate atom in the backbone. One end
of the DNA molecule is referred to as the 3” (three prime) end, the other is the 5°
(five prime) end. When a strand of DNA is copied, it is synthesized in the 5° to 3’
direction.

45. A segment of DNA can be considered a gene. A gene may encode
instructions for, for example, making a particular protein. The length of human
genes can vary and can be comprised of a couple hundred to more than two million
base pairs.

46. The human genome is made up of 23 pairs of chromosomes. For each
pair of chromosomes, one comes from the mother and one from the father. Each

chromosome includes many genes. The location of a gene can be referred to as a
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locus, and it can be identified using a numbering system. For example, the primary
genes relating to eye color are located near 15q13.1, which is the 15th
chromosome, the long arm (q), region 1, band 3, sub-band 1.

47. By sequencing an organism’s DNA, genetic traits or abnormalities can
be identified. Some abnormalities are known to be associated with disease.

48.  Each cell of an organism includes a complete copy of its DNA.
Cellular DNA can be extracted from a tissue sample obtained, for instance, in a
tissue biopsy.

49.  DNA can also be found circulating in the bloodstream. DNA in the
bloodstream is referred to as “cell-free DNA” or “circulating DNA.” As cells die
naturally in the body, their DNA can be released into the bloodstream. Tumor
cells also shed DNA into the bloodstream which can be referred to as circulating
tumor DNA. Additionally, fetal cells can shed DNA into the maternal bloodstream
which can be referred to as maternally-circulating fetal DNA or maternally-
circulating placental DNA.

50.  When cells replicate, the DNA in the cell is also replicated in a
process called DNA synthesis. The two strands of each DNA molecule separate
and nucleotides are added to each strand to synthesize new complementary strands.

If there is an error during DNA synthesis, this may cause a genetic mutation. One
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type of genetic mutation is a single nucleotide variant where one nucleotide was
substituted incorrectly. This is the most common type of genetic mutation.

51.  Other examples of genetic mutations include instances where a
nucleotide is deleted, or conversely where a nucleotide is added. Deletion and
insertion mutations can affect more than one nucleotide. A large segment of a
chromosome with multiple genes may be affected. Shorter deletion and insertion
mutations which affect less than 50 nucleotides are referred to as “indels.” Larger
events affecting more than 50 nucleotides are generally referred to as “structural
variants.”

52.  The effect of a genetic mutation depends on the type of mutation as
well as the gene that has been mutated. Many mutations may have no consequence
on the function of the organism. For instance, a single nucleotide substitution may
not impact the coding of the protein. Mutations may also occur in a non-coding
region of the genome, which is a region that does not code for proteins. On the
other hand, mutations or genetic variations can contribute to severe diseases and
genetic illnesses. Most disease-causing variations are “coding” and occur within
the genetic portion of the genome.

53.  Another type of genetic variation is “copy number variation” or
“CNV.” The genome includes segments of DNA which repeat a certain number of

times (i.e., it includes multiple “copies” of the segment). CNV refers to when
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there are an abnormal number of copies of the segment. One example of CNV is
aneuploidy where there are an abnormal number of chromosomes. Trisomy 21, for
instance, is one example of aneuploidy in which there are three copies of
chromosome 21 instead of two. Trisomy 21 is commonly referred to as Down
Syndrome.

54. CNV is also commonly associated with cancer. Gains and losses of
DNA are prevalent in cancer and are a consequence of various molecular processes
that lead to chromosomal instability and ultimately contribute to tumorigenesis by
affecting the regulation and/or dosage of genes of multiple genes at the same time.
EX1033(Chiang), 99.

B. Next-Generation Sequencing

55.  Inthe mid-2000s, the industry experienced a dramatic shift when
several new techniques for DNA sequencing were developed. These “next
generation” sequencing methods quickly gained popularity as an alternative to
traditional Sanger-based sequencing. “Next-Gen” technologies, also called
“Massively Parallel Sequencing,” made it possible to produce millions of
sequencing reads in a single instrument run (compared to hundreds with “first
generation” approaches). It also allowed multiple DNA samples to be sequenced
in a single run, which is a process referred to as “multiplex sequencing.” Because

of this advancement, Next-Gen technologies were widely adopted by 2009. They
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had already reduced the cost of sequencing by over two orders of magnitude and
had greatly improved efficiency.

56. The power and availability of these Next-Gen platforms led to a
reimagining of what could be possible in extracting biological findings and clinical
insights through generation of large amounts of sequence data. By May 2009,
there were two major platforms that used the sequencing by synthesis method,
including Illumina and Roche 454 sequencing.

57.  Since the mid-2000s, Next-Gen sequencing platforms have employed
diverse sequencing biochemistry, but they generally follow a similar workflow of
preparing a library of nucleic acids for sequencing, sequencing the nucleic acids,
and analyzing the sequence reads.

1. Library Preparation

58.  Library preparation refers to the process of preparing nucleic acids for
sequencing. Library preparation is generally accomplished by the fragmentation of
DNA, followed by ligation of appropriate adaptor sequences to one or both ends of
the DNA fragments, and finally, amplification of the fragments to generate copies.
The specification of the *730 patent acknowledges that there were several known
methods of library preparation. See, e.g., EX1001, 5:53-6:37.

59. The DNA is first fragmented because Next-Gen techniques typically

operate on shorter segments of DNA than Sanger-based sequencing. Sanger-based
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sequencing could read segments of DNA of 500 to 800 nucleotides. Depending on
the platform, the early versions of Next-Gen techniques could generate sequence
reads that are 50 to 150 nucleotides (nts) or base pairs (bp) in length. Computer
algorithms are used to align and assemble the shorter reads to reconstruct the DNA
sequence.

60. Following fragmentation, adaptors are added to the DNA fragments
via a ligation reaction. An adaptor sequence is an oligonucleotide (artificially
synthesized DNA molecule) attached to a nucleic acid molecule to make
manipulation of the molecule easier (e.g., easier to attach the molecule to a surface
or to create a ring).

61. The companies that made Next-Gen sequencers typically sold kits that
scientists could use to add the appropriate adapters and tags to prepare a sample for
sequencing. These kits also were manufactured and sold by third parties. It was
within the skill of a POSA to perform the sample preparation, and to make
modifications to the sample preparation process to fit the needs or goals of the
desired sequencing analysis.

62. The nucleic acid molecules are then subjected to multiple rounds of
amplification to generate enough material for sequencing. Amplification is a
process for making copies of the original nucleic acid molecules in a sample.

Library preparation typically includes one or more amplification steps. One
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common, well-known amplification technique was polymerase-chain reaction or
PCR. The 730 patent also acknowledges that PCR was a known method of
amplification. See, e.g., EX1001, 70:55.

63. PCR creates copies of DNA fragments exponentially as illustrated

below:
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EX1034, 1.

64. During amplification, a double stranded DNA molecule is first
denatured resulting in two individual DNA strands. Short oligonucleotides called
primers are added that bind to the individual strands and provide a starting point
for the synthesis of a complementary strand. An enzyme called DNA polymerase
is added that helps to add nucleotides to the primer and synthesize a
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complementary DNA strand. This process turns one double-stranded DNA
molecule into two double-stranded DNA molecules. The process is repeated many
times, creating many copies. Amplified nucleic acids are often referred to as
amplicons.

2. Sequencing Process

65.  After the library is prepared, the nucleic acid molecules are
sequenced. As I explained above, there were several known methods to sequence
nucleic acids in May 2009, including the [llumina and Roche 454 Next-Gen
sequencing platforms. The specification of the 730 patent also identifies
[llumina’s sequencing platform as one which was known in the art. See, e.g.,
EX1001, 72:45-46.

66. Next-Gen platforms used a technique called sequencing-by-synthesis.
EX1017(Bentley), 546-48. That process allowed Next-Gen systems to read the
sequence of single-stranded template DNA molecules by synthesizing a strand of
DNA complementary to each template.

67.  After the library was prepared it would be added to a sequencing
machine, for example, [llumina’s Genome Analyzer (which incorporated Solexa
technology). The template DNA molecules in the sample would be spread out
inside of the machine. Illumina’s platform used flow cells while the 454 platform

used beads, but the processes were analogous. For each template DNA molecule,
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the machine would generate colonies containing multiple copies of that molecule.
The clonal amplification steps of the 454 and Illumina platforms can be seen in the

figure below as (a) and (b), respectively.
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EX1014, 4.

68.  Following the clonal amplification step, nucleotides are “read out” as
they are incorporated. The 454 platform made use of a single fluorescent indicator,
while Illumina made use of nucleotides (A, C, G, and T) that each fluoresce a
different color. Nucleotides are added to the complementary strand one-by-one.
Each time a nucleotide is added, a laser or other light source is pulsed to read the
color of the fluorescent molecule, revealing the nucleotide that was added. This
process allows for the determination of the sequence of the synthesized

complementary strand, and therefore, of the template strand as well. EX1014,

1139.
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69. The sequencing process is illustrated in the figure below. The black
square is a flat surface, and a different nucleic acid is attached to the surface under
each circle. At each cycle, one nucleotide is added. A laser is pulsed and the color
of the light is measured. The system reads the color of the light and determines the

base that was added.

Cyclic array sequencing

(>1 06 reads/array)
Cycle 1 Cycle 2 Cycle 3

What is base 1? What is base 2? What is base 3?

EX1014, 1136. In the figure above, the top left nucleic acid has the sequence A-G-
T, while the bottom left nucleic acid has the sequence T-A-A.

3. Analysis of Sequence Reads

70.  After the sequence of each fragment is read, computer algorithms are
used to align and assemble the reads to reconstruct the original DNA sequence. An

illustration of the reconstruction process is below.
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EX1035, 4.

71.  Sequence reads can be compared to a “reference sequence” to identify
mutations. Reference sequences can be generated from DNA taken from a healthy
person or be a composite of DNA from multiple people. For instance, if the
sequence read does not match the reference sequence, that may indicate the
presence of a mutation (it could also indicate the presence of an amplification or
sequencing error).

72.  Multiple sequence reads may also be used to generate a consensus
sequence for a particular sample of DNA. The consensus sequence is derived by
by determining which nucleotide occurs most frequently at each position in the
sequence. At each position, there can be a consensus base call. This is illustrated

in the figure below.
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Read 1 BMACGGTGCAAAATGCCGCGTTAGATC|C[TCGCGCGCT
Read 2 CGGTGCAAAATGCCGCGTTAGATC|G[TCGCGCGCTT
Read 3 GTGCAAAATGCCGCGTTAGATC|C[TCGCGCGCTTAT

GTGCAAACTGCCGCGTTAGATC|ICITCGCGCGCTTAT
TGCAAAATGCCGCGTTAGATCGTCGCGCGCGTAT!
GCAAAATGCCGCGTTAGATC|IGTCGCGCGCTTATAC
AAAATGCCTCGTTAGATCICITCGCGCGCTTATACGC
AAATGCCGCGTTAGATC|IGITCGCGCGCTTATACGCC
ATGCCGCGTTAGATC CGITCGCGCGCTTATACGCCGC
TGCCGCGTTAGATC|GITCGCGCGCTTATAAGCCGCT
TGCCGCGTTAGATC|C[TCGCGCGCTTATACGCCGCT

Consensus DMACGGTGCAAAATGCCGCGTTAGATCIGITCGCGCGCTTATACGCCGCT.

Current Opinion in Genetics & Development

Viewing sequence alignments. A schematic diagram of the viewing alignments of 35-base reads derived from a diploid DNA sample, and the
resulting consensus, in the style of the gap4 program for sequence alignment and viewing [23] (http://staden.sourceforge.net). The gap4 viewer
contains extensive editing and viewing features, including the ability to view quality scores, traces and sequence differences. The schematic
shows errors that are distributed randomly (one each of C, T, G and A in blue) and excluded from being true base-calls because they are isolated
examples of a base call, different from all the other calls at that position in other reads that contribute to the consensus. In one position (boxed),
there are multiple incidences of two base-calls. The consensus quality value is low (grey shading) because of high representation of two
base-calls, and this indicates the presence of a heterozygous position, with both base-calls being true. In addition to the use of majority voting
and the consensus quality value to make the call, and depending on the sequencing chemistry used, there may be a quality value for each

base of each read (see text).

EX1017(Bentley), 550.

73.  Sequence reads may also be analyzed to detect copy number. As I
explained above, copy number refers to segments of the genome which repeat a
certain number of times. Copy number can be analyzed by comparing the number
of sequence reads which map to a region of the genome to the number expected to
map in a “normal” genome. Ifthe copy number differs from the “euploid”
expectation genome, that is indicative of copy number variation or “CNV.”

74.  Finally, the analysis of the sequence reads may involve comparing
mutation frequencies, copy number, or total amount of sequence reads from a
sample to a reference sample (also called a control sample). The reference sample
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may be from a healthy patient or a patient with a particular disease. In both
scenarios, comparing a sample to a reference sample can facilitate diagnosing
disease.

4. Errors and Bias

75. It was well-known that errors could be introduced in the amplification
and sequencing steps. Amplification copies the sequence by generating a strand
that 1s complimentary to the sequence. In this process, a nucleotide may be
incorrectly incorporated in the complementary strand. For instance, if the
nucleotide in the original strand was a “T,” then an “A” should be added to the
complementary strand. If a “C” was added to the complementary strand instead,
then the sequence read would show that a “G” was in the position where the “T”
should be. This would be considered an amplification error.

76.  Further, the sequencing step can also introduce error. Sequencing by
synthesis is a sequencing technique which, similar to amplification, occurs by
adding nucleotides to a complementary strand. Thus, a nucleotide may also be
incorrectly incorporated in the complementary strand in the sequencing step.
Alternatively, the nucleotides may be correctly incorporated in the complementary
strand, but mis-read by the sequencing machine. This would also be considered a

sequencing error.
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77.  The amplification step can also introduce bias. Amplification occurs
at random so not every nucleic acid molecule is amplified the same number of
times. Some molecules may be over- or under-amplified. For example, an original
sample may have one Fragment A and one Fragment B. After amplifying the
fragments, there may be 8 copies of Fragment A and only 5 copies of Fragment B.
Fragment A was over-amplified. Here, counting the copies of the fragments would
not accurately capture the nucleic acid molecules that were originally in the
sample. As a result, the sequencing reads will be skewed. This is commonly
referred to as amplification bias. This concept is described in many articles from
before May 2009. EX1025, 8966 (noting the presence of “skewing” in studies
“due to unequal amplification (PCR bias)”); EX1018, [0002], [0089];
EX1010(Chee), 10:11-14; EX1012(McCloskey), [0005] (“skewing [] can arise
from PCR amplification™), [0003]; EX1018(Lexow), [0002] (“in an amplification
process one target molecule in a sample may be copied more times than another
target molecule”).

78.  Identifying true, biologic genetic variations is more difficult when
there are errors or bias. For example, it can be difficult to distinguish an error from
a point mutation. It also can be difficult to count the number of copies of a
sequence when there is amplificaiton bias. Various techniques had been developed

by 2009 to address errors and bias.
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C. Adding Tags to Nucleic Acids
79. By the early 2000s, it was well-known that nucleic acids could be
labeled with a oligonucleotide “tag” that included a sequence encoding information
about the nucleic acid. Tags were also referred to as “barcodes” or “identifiers.”
80. Tags could be ligated onto the end of a nucleic acid like adaptors.
Chee shows an example of a nucleic acid molecule (labeled region of interest) with
a tag (labeled unique identifier) and two adaptors (labeled amplification sites),

which is reproduced below.

101

EX1010(Chee), Fig. 1. The amplification sites allow sequencing primers to attach
to the nucleic acid to start synthesis of a complementary strand.

81. The Lexow reference shows examples where a tag can contain a
variety of different identifiers, including a unique identifier corresponding to the
DNA fragment, a molecule identifier corresponding to the class of the molecule,
and a sample identifier corresponding to the sample (e.g., patient). EX1018,

[0028]-[0029].
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EX1018, Figs. 1 and 2. In the figures above, the 1s and Os are different
oligonucleotide sequences. Id., [0044].

82. McCloskey also discloses tags that include a unique identifier
(barcode) corresponding to the molecule and a batch-stamp corresponding to the

sample. This is shown in the figure below.

barcode sticky end
TP PP,
TC
GTAGC
/]

batch-stamp

EX1012(McCloskey), Fig. 3.
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83.  Bignell shows that tags can include sample identifiers. A nucleic acid
with a tag and several adaptors is shown below.

v Ganomis
?5 5P ;

e

5P aaquenicing priming site

EX1013(Bignell), Fig. 5.

84.  Prior to May 2009, it was known to use tags that included an identifier
corresponding to the sample, and to apply the same tag to every nucleic acid in a
sample. This could allow samples to be mixed, while allowing each sequenced
nucleic acid to be associated with its sample. During multiplex sequencing, the
sample identifier tag allows each fragment to be associated with its sample.
EX1018, [0029]; EX1013(Bignell), 1:24-28, 9:53-58; EX1029, [0007], [0014]. It
was also known that the identifier could correspond to a class of molecules or a
particular gene.

85. It was a known use of tags to apply a different, unique identifier to
every nucleic acid in a sample prior to amplification. Use of such unique molecule
identifiers could allow each nucleic acid, and any copies of that nucleic acid to be

(114

tracked. For example, Chee teaches that “‘unique’... identifiers are associated
with individual molecules in the starting sample[,] [and] [t]herefore, any

amplification products of these initial individual molecules bearing the unique

identifier are assumed to be ‘identical by descent.”” EX1010(Chee), 5:31-36.
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McCloskey teaches that adding a “barcode” to a nucleic acid “can uniquely
identify a target nucleic acid” and it “provide[s]... a unique identity to each target
nucleic acid in the sample prior to amplification.” EX1012(McCloskey), [0021].
Lexow teaches that “individual molecules... can be tracked throughout an analysis
procedure by using a molecular tag that is unique to each specific molecule.”
EX1018, [0005].

86.  Not only were the many uses of unique tags in DNA sequencing
processes well-known, but the process of making tags with unique sequences had
been known for over a decade. In the late 1990s, Sydney Brenner described
multiple techniques for creating unique barcodes and attaching them to nucleic
acids prior to amplification of a sample. Brenner described using the barcodes to
sort the amplified sample and group nucleic acids that originated from the same
molecule. EX1019, Abstract; EX1020, 1665-68.

V. ANALYSIS OF THE 730 PATENT
A. Overview of the 730 Patent

87.  The *730 patent generally describes a method of correcting for errors
or bias in the nucleic acid sequencing workflow. The challenged *730 claims
recite the known feature of adding unique tags in the nucleic acid sequencing

workflow and utilizing known methods to correct for errors or bias.

Petitioner Illumina, Inc.
Ex.1005, p. 33



IPR2024-01419 Declaration of Dr. Gabriel

88.  These concepts were well-known to those of ordinary skill in the art at
the time, and these terms are not used in a manner inconsistent with the
understanding of a person of ordinary skill.

B. Construction of Terms Used in the 730 Patent Claims

1. “Set of Differentiator Tags” / “Set of Unique Differentiator
Tags”

89. Claim 1 recites “set of differentiator tags” and claim 9 recites “set of
unique differentiator tags.” These two terms both refer to a set of prepared nucleic
acids where each nucleic acid has a unique sequence. EX1001, 28:53-57.

90. The specification provides several descriptions of differentiator tags.
Those descriptions show that the sequence of each differentiator tag is inherently
unique such that each target molecule has a different differentiator tag and is
uniquely identifiable. For example, the specification describes “associating unique
sequence tags (referred to as differentiator tag sequences) with individual target
molecules... These tags are useful to distinguish independent target molecules from
each other.” EX1001, 28:25-32. The specification also states that “a
‘differentiator tag sequence’... identifies a unique, independently isolated nucleic
acid.” Id., 28:53-57.

91. Applicant applied this same definition during prosecution to
distinguish the claims from cited prior art that disclosed use of tags. During
prosecution, the Applicant argued that the Examiner rejected the claims over prior
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art that showed use of sample tags. E.g., EX1003, 1028 (“Ronaghi reports tags to
identify the BAC clone from which a sequence was obtained in order to aid
sequence assembly of adjacent fragments in the genome. Ronaghi uses a unique
pentamer to identify all the clones from a given BAC.”); also id., 1176-78. The
Applicant also argued that the Examiner rejected the claims over prior art that used
probes that had a unique sequence corresponding to particular genes, such that
every copy of the gene in the original sample would have the same unique
sequence. E.g., EX1003, 1027-28 (“Pourmand is directed to locus detection...
There is one tag per locus, and the tags are used to track the locus. The barcode
identifies the specific gene... Furthermore, the examples provided by Pourmand
confirm that... all candidate probes have the same tag sequence for a given locus
or genome and each locus or genome has a different and distinct tag.”).

92. To distinguish the art, the Applicant amended the claims and
explicitly argued that the claims require every molecule in the sample to have a
different, unique tag. EX1003, 1266 (“Thus, in contrast to the present invention,
Ronaghi reports batch tagging wherein more than one originating nucleic acid
molecule shares the same tag. Ronaghi' s methods of batch tagging are well suited
to identifying a library but one of skill in the art would have found no suggestion to

modify the tags to be unique to each molecule...”). Applicant’s amendment to get
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around the sample- and gene- specific tags is below. This claim language
eventually became claim 1 of the 730 patent:

68. (Currently Amended) A method for correcting for errors or bias introduced during nucleic

acid analysis workflowidentifteation, the method comprising the steps of:

obtaining a biological sample comprising a plurality of target nucleic acid molecules

from more than one locus of origin;

introducing a set of differentiator tags, wherein members of said set of differentiator tags

are associated with members of said plurality. such that one or more of said loci of origin are

associated with more than one differentiator tag;

amplifying each of the plurality of waiquely tagged target nucleic acid molecules to
generate ampliconsef-each-uniquely-tagged-target-nuclete-acid-meleetle;

sequencing the amplicons obtained in said amplifying step to obtain sequence reads of

each of the amplicons, wherein each of the sequence reads comprises a target nucleic acid
molecule sequence and a differentiator tag sequence; and

correcting for error or bias introduced during said workflow by collapsing target:differentiator

tag combinations observed more than once into a single count:-and

EX1003, 1258.

93. The Applicant submitted a declaration from first-named inventor Greg
Porreca about the scope of these claims. Dr. Porreca stated “[a] distinguishing
feature of the claims in my patent application is that each individual nucleic acid
molecule is tagged with a unique differentiator tag prior to any amplification or

sequencing steps.” EX1004, 965. He also stated that “[e]ach differentiator tag has
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its own unique sequence so that each individual target nucleic acid molecule is
tagged, and therefore associated, with a differentiator tag.” Id., 964.

94.  On appeal to the Board, the Applicant made it explicit that each
differentiator tag was unique and that no two molecules could have the same tag:

The Examiner’s Answer, at page 37, states that the claims do not
require a different tag on every single molecule and therefore
Appellant’s brief and declaration of Dr. Porreca are not arguing
limitations of the claim. The Examiner is simply wrong and is not

reading either the claim or the Porreca declaration correctly.

EX1004, 1146.

95. Tunderstand that the inventor’s and the Applicant’s statements about
“differentiator tags” inform “the meaning of the claim language by demonstrating
how the inventor understood the invention and whether the inventor limited the
invention in the course of prosecution, making the claim scope narrower than it
would otherwise be.” Phillips v. AWH Corp., 415 F.3d 1303, 1317 (Fed. Cir.
2005).

2. “Locus of Origin”

96. Claims 1 and 9 use the terms “locus of origin.” In the field of
genetics, a “locus” refers to a fixed location on a chromosome which contains a
gene or other genetic marker. This is consistent with the 730 specification, which

describes a genetic loci as a location on the genome that can correspond to
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heritable disorders. EX1001, 3:2-20, 3:43-47, 66:3-11; also id., 31:50-42:12
(Table 1).

97. The *730 patent provides examples of genetic loci in Table 1.

EX1001, 31:50-42:12. An excerpt from Table 1 is below.

TABLE 1l-coatinued

Target Nucleic Acids

Gene Gene Chromosome
name D Degcription Gene aliases CMIM RefSeqGene map pesition
ATRX 546 alpha SHS; XH2,; XNP; ATRZ2; 300022 NG_008838.1 Xgl3.1-
thalassemia/mental SFM1; RADS4; g21.1
retardation syndrome MRXHF1; RAD54L;
X-linked (RADS54 ZNF-HX; MGC2094;
homelog, $. cereviglae) ATRX
ARSA 410 arylsulfatase A MLD; ARSA 607574 NG_00%260.1 229l3.31-
gter;
22g13.33
PSAP 5660 Precsaposin GLBA; SAP1; FLJ00245; 176801 NG_008835.1 10g21-
MGC110993; PSAP qz2
BTD 686 Biotinidase BTD 60901¢ NG_008019.1 3p25
HLCS 2141 holocarboxylase HCS; HLCS 609018 NC_000021.7 21gz22.1;
gynthetase (biotin- 21g22.13
(propriconyl-Coenzyme
A-carboxylase (ATP-
hydrelysing)) ligase)
BLM 641 Bloom gyndrome, BS; RECQ2; RECQLZ; 604610 NG_007272.1 15g2e.1
RecQ helicase-like RECQL3; MGC126616 ;
MGC131618;
MGC131620; BLM
ASPA 442 asgpartoacylase ASP; ACY2,; ASPA 608034 NG_008399.1 17pter-P13
{Canavan disease)
CFTR 1080 cystic fibrosis CF; MRP7; ABC35; 602421 NC_000007.12 7g3l.2

transmembrane
conductance regulator
(ATP-binding cassette
sub-family <,

member 7}

ABCCT; CEFTR/MRE;
THR-CFTR; dJ760C5.1;
CFTR

A POSA would have understood that the “locus of origin” of a nucleic

acid refers to the location on a chromosome which contains the sequence that

encodes for a given nucleic acid molecule.
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99.  Claim 1 specifies that “one or more of said loci of origin are
associated with more than one differentiator tag.” This means that for at least one
locus, the sample includes multiple nucleic acid molecules from that locus, and
each nucleic acid molecule from that locus is associated with a different
differentiator tag.

100. The Applicant added the locus of origin terms in response to the
Examiner’s finding that “the claims encompass the same unique tag on every
sequence on a sample.” EX1003, 1263. The Examiner had found that the claims
were unpatentable over prior art that used probes that had a unique sequence
corresponding to particular genes, such that every copy of the gene in the original
sample would have the same unique sequence. E.g., EX1003, 1027-28 (Applicant
distinguishing the claims from Pourmand, a prior art reference, arguing that
“Pourmand is directed to locus detection... There is one tag per locus, and the tags
are used to track the locus. The barcode identifies the specific gene... Furthermore,
the examples provided by Pourmand confirm that... all candidate probes have the
same tag sequence for a given locus or genome and each locus or genome has a
different and distinct tag.”).

101. Inresponse, the Applicant amended the claims to specify that the
target nucleic acids come from more than one locus of origin, and that “one or

more of said loci of origin are associated with more than one differentiator tag.”
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EX1003, 1258. The Applicant stated that the limitation was added “to make clear
that target nucleic acids (loci) may be associated with more than one tag.” Id.,
1263. According to the Applicant, the loci of origin language clarified that each
molecule in the starting sample was associated with a different unique
differentiator tag, even if multiple molecules were from the same genetic locus of
origin. Id.

102. The language of Claim 9 is similar but not identical to Claim 1.
Claim 9 specifies that the “unique differentiator tags are randomly associated with
members of said plurality of nucleic acids, such that any given tag is uniquely
associated with one locus of origin.” This language excludes the use of tags that
are applied to multiple loci, such as sample identifiers. The language requires that
each differentiator tag be associated with just one target nucleic acid from one
locus of origin.

3. “Consensus Base Call”

103. Claim 2 recites “determining a consensus base call for the target
nucleic acid molecule sequences.” A POSA would have been familiar with what a
consensus base call is, as that term was used in the art prior to May 2009. Its
ordinary meaning in the art referred to using multiple sequencing reads of the same

molecule to determine the nucleotide (base) at each position of a sequence.
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104. The ’730 patent does not define or describe what a “consensus base
call” is. Instead, it appears to use the term consistent with its ordinary meaning.

105. When sequencing DNA, it was common to make multiple reads of the
same segment of DNA. In that context, the multiple reads can be used to detect
and correct errors caused by amplification or sequencing. For some positions in
the DNA sequence, there can be differences in the nucleotide (or base) that is
identified at that position. Scientists resolve those inconsistencies to come up with
a single “consensus” base call for that nucleotide. See, e.g., EX1017(Bentley), 549
(“multiple reads from the same sample can be aligned and used to derive a
consensus base-call at each position”); EX1014, 1142. For example, the figure
below demonstrates how the alignment of several sequence reads can be used to
generate a consensus sequence, showing the consensus base call “G” at the bottom

of the vertical rectangle.
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Figure 2

Read 1 BMACGGTGCAARAATGCCGCGTTAGATC|C[rcecececeT
Read 2 CGGTGCAAAATGCCGCGTTAGATC|GITCGCGCGCTT
Read 3 GTGCAAAATGCCGCGTTAGATC|C[TCGCGCGCTTAT
GTGCAAACTGCCGCGTTAGATC|C[TCGCGCGCTTAT
TGCAAAATGCCGCGTTAGATC|GTCGCGCGCGTA TIA]
GCAAAATGCCGCGTTAGATC|GTCGCGCGCTTATAC
AAAATGCCTCGTTAGATC|C[FTCGCGCGCTTATACGC
AAATGCCGCGTTAGATC|GTCGCGCGCTTATACGCC
ATGCCGCGTTAGATC|GITCGCGCGCTTATACGCCGC

TGCCGCGTTAGATC TCGCGCGCTTATACGCCGCT

c

G

G
TGCCGCGTTAGATC|GITCGCGCGCTTATAAGCCGCT

Cc

G

Consensus WMCGGTGCAAAATGCCGCGTTAGATC TCGCGCGCTTATACGCCGCT.

Current Opinion in Genetics & Development

EX1017(Bentley), 550.
106. The multiple reads can be combined to reach a single “consensus”
sequence for the DNA segment. This is shown in the bottom row of Figure 2 of

the Bentley article (reproduced above).

VI. IDENTIFICATION OF THE PRIOR ART
107. Exhibit 1010 (“Chee”) is a copy of U.S. Patent No. 9,085,798 titled

“Nucleic Acid Constructs and Methods of Use.” It claims the benefit of
Provisional Application No. 61/174,442 which was filed on April 30, 2009. 1
understand that Chee is prior art to the challenged claims since the provisional
application provides support for the claims in Chee.

108. Exhibit 1012 (“McCloskey”) is a copy of U.S. Patent Publication No.

2007/0020640 titled “Molecular Encoding of Nucleic Acid Templates for PCR and
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Other Forms of Sequence Analysis.” It was filed on July 15, 2007. I understand
that McCloskey is prior art to the challenged claims.

109. Exhibit 1013 (“Bignell”) is a copy of U.S. Patent No. 8,053,192 titled
“Methods for Indexing Samples and Sequencing Multiple Polynucleotide
Templates.” It was filed on February 4, 2008. I understand that Bignell is prior art
to the challenged claims.

110. Exhibit 1015 (“Gahan”) is a copy of a publication titled “Circulating
Nucleic Acids in Plasma and Serum.” It was published in the Annals of New York
Academy of Sciences in 2008. I understand that Gahan is prior art to the
challenged claims.

111. Exhibit 1017 (“Bentley”) is a copy of a publication titled “Whole-
Genome Re-Sequencing.” It was published in Science Direct’s Current Opinion in
Genetics & Development in October 2006. I understand that Bentley is prior art to
the challenged claims.

112. Exhibit 1033 (“Chiang”) is a copy of a publication titled “High-
Resolution Mapping of Copy-Number Alterations with Massively Parallel
Sequencing.” It was published in Nature Methods in January 2009 and was
published online November 30, 2008. I understand that Chiang is prior art to the

challenged claims.
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VII. ANALYSIS OF THE PRIOR ART AND °730 CLAIMS
A.  Chee Anticipates Claims 1-4 and 9
1. Overview of Chee

113. Chee describes a method of identifying and correcting errors or bias
that can arise during the workflow of nucleic acid sequencing. EX1010(Chee),
1:44-58, 2:14-20. For instance, Chee explains that the invention “addresses three
primary sources of error encountered in conventional synthetic biology and
analysis of nucleic acids in biological samples—that is, errors in nucleic acid
synthesis errors introduced in amplification of the original nucleic acid starting
materials, and/or errors in sequence identification or determination caused by
limitations of analytical methods.” Id., 10:21-28; also id., 1:43-47.

114. Chee states that its method can be used in several applications. See,
e.g.,5:3-5,10:21-28, 12:17-22, 8:6-11, 1:11-12. One application its method can be
used for is the analysis of synthetic nucleic acids (i.e., in “synthetic biology”).
EX1010(Chee), 5:3-5. Another application is the analysis of biological samples,
such as DNA. Id., 11:51-54; also id., 5:3-5 (“‘diagnostic methods™). As Chee
explains, its method can be used with the analysis of “naturally-occurring nucleic
acids (e.g., DNA or RNA or fragments thereof that are isolated from a sample).”
Id., 11:51-54. Thus, Chee’s techniques can be used to analyze both biological and

synthetic nucleic acid samples.
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115. Chee’s method involves creating “a set of nucleic acid constructs,
wherein the constructs of the set comprise an ROI, a unique identifier, and an
amplification site.” EX1010(Chee), 2:34-38; also id., 10:41-46, 3:11-16, 4:1-3,
5:27-36. Chee provides the following example of a construct, shown below, where

each labeled region is a sequence of nucleic acids. Id., Fig. 1 (below).

101

Chee shows the construct can include multiple unique identifiers and additional
amplification sites. Id., Figs. 1-5. The constructs comprising the ROI, unique
identifier, and amplification site are created prior to amplification. Id., 5:27-36,
21:61-64, Fig. 7.

116. One component of Chee’s construct is an ROI, which is a “region of
interest.” EX1010(Chee), 2:12. Chee typically uses the term ROI or region of
interest to refer to a specific target nucleic acid (e.g., a DNA fragment) present in
an initial sample. Id., 4:1-3. An ROI “can be isolated from a natural... source.”
Id., 3:51-55.

117. Each of Chee’s constructs has a “unique identifier.” Chee explains
that a “unique identifier” is an “identifier unique to the individual construct.”
EX1010(Chee), 2:21-23. Chee further explains that “the unique identifier is
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associated with a construct, not the ROI.” Id., 2:23-25. This means that each
construct has a different unique identifier—regardless of the nucleic acid ROI. If
the initial sample contains multiple nucleic acid molecules with the same or
substantially the same sequence (e.g., because a blood sample contained multiple
copies of the person’s DNA), each molecule will have a different unique identifier.
As aresult, Chee’s “set of constructs comprises at least two constructs with
substantially the same ROI and different unique identifiers.” Id., 2:36-38. This
would happen if the starting sample has multiple nucleic acids that correspond to
the same segment of DNA.

118. Chee shows that each construct has “one or more amplification sites
to allow amplification of the construct and/or the ROL.” EX1010(Chee), 2:28-30.
One example that Chee provides is a construct with two amplification sites
“flanking the ROI and the unique identifier,” such as the one shown above in
paragraph 115. Chee explains that “amplification sites” are regions which are
complementary to primers used in amplification reactions, such as PCR.
EX1010(Chee), 13:33-37, 13:40-41. Amplification sites are included in the
construct so that both the “unique identifier and the ROI” are amplified in an
amplification reaction. /d., 2:67-3:3.

119. Following amplification, Chee “[sequences] the complete constructs

[Jto confirm both the ROI and the unique identifier of a particular construct.”
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EX1010(Chee), 14:3-5. Thus, Chee describes a method in which both the ROI and
unique identifier are sequenced.

120. Chee also explains that the practice of its method may employ
conventional techniques with sequencing technology “which are within the skill of
those who practice in the art.” EX1010(Chee), 8:6-11. I understand that Chee
incorporates by reference several references which describe these “conventional
techniques,” including a laboratory manual, titled “Genetic Variation: A
Laboratory Manual.” EX1010(Chee), 8:18-37 (citing “Genetic Variation: A
Laboratory Manual” (EX1016)).! This manual describes several techniques for
different aspects of the nucleic acid workflow. For instance, Chapter 9 provides
protocols titled “Preparing Genomic DNA from Whole Blood: Small- and Mid-
Scale Extraction” and “Preparing DNA from Blood: Large-Scale Extraction.”
EX1016, 103-06, 120-28. Additionally, Part 3 of the manual is titled “Copy
Number and Complex Variation Analysis” and provides several chapters
describing techniques for analyzing copy number variation. EX1016, ix; see

generally id., 221-53.

'T am one of the editors of this manual. The manual was published and publicly
available prior to May 2009.
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2. Chee was Sufficiently Described in the ’442 Provisional
Application

121. T understand that for Chee to be entitled to the priority of its
provisional application (EX1011), at least one claim of the patent must have
written description support in the provisional. I have reviewed the *442
provisional and found that at least Claims 1 and 2 in the issued Chee patent were
sufficiently described by the *442 provisional. Below, I identify passages of the
provisional that map to each claim element.

a) Chee’s Claim 1
(1) Preamble
122. The preamble of Chee’s claim 1 specifies “/a] method for determining

the sequences of a set of nucleic acid targets.” There is support in the *442
provisional for the preamble. For instance, the *442 provisional states that
“complete constructs are sequenced to confirm both the ROI and the unique
identifier.” EX1011, [00080]; see also id., [00048], [00061], [00081]. A
“complete construct” consists of a ROI (i.e., the nucleic acid target). Determining
the sequences of complete constructs therefore refers to “determining the
sequences of a set of nucleic acid targets.”

(2) tagging each individual nucleic acid

target in a set of nucleic acid targets to

create a set of tagged constructs, with: (a)

at least one unique identifier

oligonucleotide that distinguishes the
tagged construct from other tagged
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constructs in the set, wherein the at least
one unique identifier oligonucleotide is
not part of the nucleic acid target; and (b)
at least one amplification site;

123. There is support in the *442 provisional for this limitation. See, e.g.,
[0008]-[0009], [00012], [00017], [00022], [00024], [00027], [00055]-[00057],
[00060], [00069]-[00070], [00076]. For instance, the 442 provisional states that
each construct comprises a “unique identifier,” EX1011, [0009], which “is
associated with a construct, not the ROL,” id., [0008]. The *442 provisional also
states that “the different constructs have unique identifiers.” Id., [00027]. Further,
the *442 provisional teaches that the constructs are added to a sample of isolated
nucleic acids containing the ROI. Id., [00069]; see also id., [00017].

124. A person of ordinary skill in the art would have understood that
adding the constructs, each having a unique identifier, to a sample of target nucleic
acids would serve the function of “tagging each individual nucleic acid target in a
set.” In turn, this would “create a set of tagged constructs.” See, e.g., [00024].
Additionally, because the constructs have different unique identifiers, a person of
ordinary skill in the art would have understood that the unique identifiers could be
used to “distinguish[] the tagged construct from other tagged constructs.”

125. Finally, the *442 provisional states that the “constructs comprise one

or more amplification sites.” EX1011, [0008]; see also id., [00012], [00022].
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(3) amplifying the set of tagged
constructs; and

126. There is support in the *442 provisional for this limitation. A person
of ordinary skill in the art would have understood that a construct with a unique
identifier and a ROI comprises the “tagged construct.” Thus, a person of ordinary
skill in the art would have understood that “amplifying the constructs comprising a
unique identifier and a ROI” means “amplifying the set of tagged constructs.”

127. The 442 provisional teaches amplifying constructs with both the
unique identifier and the ROI. For instance, the 442 provisional states that the
“constructs allow the unique identifier and the ROI to be selectively amplified.”
EX1011, [00012]; see also id. [00021]-[00022], [00059]-[00060], [00076]-
[00079].

(4) determining the sequences of the
amplified set of tagged constructs
comprising the unique identifier

oligonucleotides and the nucleic acid
targets.

128. There is support in the 442 provisional for this limitation. For
instance, the ’442 provisional teaches that the “complete constructs are sequenced
to confirm both the ROI and the unique identifier.” EX1011, [00080]; see also id.,
[00048], [00061], [00081]. It also teaches that the “master set [of constructs] is

amplified prior to the sampling and sequencing.” Id., [00059].
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b) Claim 2

129. Claim 2 depends on claim 1 and further recites “wherein the nucleic
acid targets are isolated from a biological sample.” There is support in the 442
provisional for this claim. For instance, the 442 provisional states that the
constructs can be “used in quantitative analysis of nucleic acids derived from a
biological sample.” EX1011, [00069].

3. Chee Describes the Elements of Independent Claims 1 and 9
of the 730 Patent

130. It is my opinion that Chee anticipates claims 1 and 9. Claim 1
(EX1001) is exemplary and reproduced below.

1. A method for correcting for errors or bias introduced during nucleic
acid analysis workflow, the method comprising the steps of:

obtaining a biological sample comprising a plurality of target nucleic
acid molecules from more than one locus of origin;

introducing a set of differentiator tags, wherein members of said set of
differentiator tags are associated with members of said plurality, such that
one or more of said loci of origin are associated with more than one
differentiator tag;

amplifying each of the plurality of tagged target nucleic acid
molecules to generate amplicons;

sequencing the amplicons obtained in said amplifying step to obtain
sequence reads of each of the amplicons, wherein each of the sequence reads
comprises a target nucleic acid molecule sequence and a differentiator tag
sequence; and
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correcting for error or bias introduced during said workflow by
collapsing target:differentiator tag combinations observed more than once
into a single count.

a) Preamble

131. The preamble of claims 1 and 9 specify “[a] method for correcting for
errors or bias introduced during nucleic acid analysis workflow.”

132. Chee discloses a method for correcting for errors or bias introduced
during a nucleic acid analysis workflow, such as during amplification or when
sequencing.

133. As I explained above, Chee explains that its method “addresses three
primary sources of error encountered in conventional synthetic biology and
analysis of nucleic acids in biological samples—that is, errors in nucleic acid
synthesis errors introduced in amplification of the original nucleic acid starting
materials, and/or errors in sequence identification or determination caused by
limitations of analytical methods.” EX1010(Chee), 10:21-28; see also id., 1:43-47,
10:11-14. Chee describes several ways to correct these errors and bias.

134. Chee can correct for bias introduced during amplification processes.
For instance, Chee teaches that “the methods of the invention can identify technical
bias in, e.g., amplification, as the unique identifier will be amplified with the ROI
of each construct and thus the number of starting molecules can be inferred by

association of each initial ROI present in a sample with its unique identifier.”
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EX1010(Chee), 10:41-46; see also id., 10:11-14. Chee recognizes that
amplification bias results in the sample having more copies of certain nucleic acids
than others, which makes it difficult to determine how many copies of each were in
the original sample. Chee explains that use of the unique identifiers solves that
problem because copies of the same nucleic acid can be identified. By “tak[ing]
into account potential areas of technical bias, including bias in amplification,”
Chee’s methods allow for “the quantification of the molecules [to] be corrected to
reflect this manner of bias.” EX1010(Chee), 23:53-64; see also id., 9:18-21.

135. Chee’s methods can detect and correct errors such as sequencing
errors. Chee explains that technical errors can arise whenever complementary
strands of DNA are synthesized (e.g., during the sequencing step), and that those
errors can be corrected by comparing the sequence reads of multiple molecules
with the same unique identifier. EX1010(Chee), 9:29-39. Using these reads, “a
consensus sequence can be determined.” Id., 14:39-50. As Chee explains,
“sequencing error... can be overcome by sequencing multiple instances of the
same ROI (i.e. identical by descent).” Id., 10:54-59. The errors are “overcome”
because Chee can correct them.

136. Chee’s ’442 provisional also describes this subject matter. E.g.,

EX1011, [00025], [00060], [00056], [000131].
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b)  “obtaining a biological sample comprising a
plurality of target nucleic acid molecules from
more than one locus of origin”

137. Claims 1 and 9 specify the above limitation, which Chee teaches.

138. Chee teaches that its method can be used in the analysis of “nucleic
acids derived from a biological sample.” EX1010(Chee), 12:17-22. Such a
biological sample may include “naturally-occurring nucleic acids (e.g., DNA or
RNA or fragments thereof that are isolated from a sample).” Id., 11:51-54. For
example, nucleic acids are naturally present in blood. Chee’s Figure 7 also shows
that each sample comprises “a plurality of target nucleic acid molecules.” Id.,
21:61-64, Fig 7 (700).

139. Chee also teaches that the sample comprises target nucleic acids from
“more than one locus of origin.” For instance, Chee explains that its method “is
especially useful for very complex sequencing sets or sequencing of nucleic acids
having highly related sequences in different regions.” EX1010(Chee), 5:24-26;
see id., 11:56-60. A person of ordinary skill in the art would have understood that
the analysis of nucleic acid molecules “in different regions” refers to nucleic acid
molecules at different loci of origin on a genome.

140. Chee describes using its methods for clinical or diagnostic purposes.
EX1010(Chee), 11:60-63. When sequencing for a clinical or diagnostic purpose,

clinicians would have been looking for sequence variants that were known to
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correspond to certain diseases. Examples of such tests from prior to May 2009
include testing gene panels for hereditary diseases such as hearing loss or
hypertrophic cardiomyopathy. See, e.g., EX1032, 654 (“16 different genes are
implicated in the pathogenesis of hypertrophic cardiomyopathy”). In addition to
clinical tests, other applications such as forensics depended on analysis of multiple
loci across the genome to try to match an unknown sample with potential matches.

141. A person of ordinary skill in the art would have understood that
Chee’s method can be used for several purposes which normally involve obtaining
and analyzing target nucleic acid molecules from multiple loci.

142. For instance, Chee explains that its method can be used when there
are “large number of sequences that need to be determined, such as genomic
sequencing.” EX1010(Chee), 9:40-42. Chee’s method can be used “[w]hen the
starting nucleic acid is quite large, e.g., a genome or a complex mixture of nucleic
acids.” Id., 11:56-60. A person of ordinary skill in the art would have understood
that these types of “genomic sequencing” analyses would use samples that
included nucleic acid molecules from multiple loci of origin.

143. Chee discloses that its technique for “genomic sequencing” can be
used to identify “polymorphisms[,] mutations,” or “a rare sequence variant.”
EX1010(Chee), 9:42-52. In general, Chee’s sequencing method could be used for

“discovery research, diagnostic use, clinical use or other development techniques.”
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Id., 11:60-63. A person of ordinary skill in the art would have understood that
such diagnostic and clinical use, such as detecting polymorphisms, mutations, and
sequence variants, would have involved obtaining and analyzing nucleic acids
from multiple loci of origin across the genome.
) Claim 1: “introducing a set of differentiator

tags wherein members of said set of

differentiator tags are associated with members

of said plurality, such that one or more of said

loci of origin are associated with more than one
differentiator tag”

144. Claim 1 specifies the above limitation, which Chee teaches.

145. Chee explains that the unique identifiers and amplification sites are
separately synthesized, and it describes several processes for creating them.
EX1010(Chee), 11:12-38. The identifiers and amplification sites are added to a
sample containing the target nucleic acids ROIs. The identifiers and amplification
sites are ligated to the ROIs, forming the constructs. /1d., 2:34-38, 2:65-3:9, 3:61-
63. As Chee states, “the unique identifier and amplification regions are added to
the individual fragments.” Id., 4:1-3; see also id., 12:17-22, Fig. 7 (702).

146. The unique identifiers correspond to the “differentiator tags” and each
nucleic acid molecule in the sample is associated with one of the unique identifiers.

147. Chee’s ’442 provisional also describes this subject matter. E.g.,

EX1011, [0007]-[0009], [00011], [00017], [00068].
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148. Chee describes several such techniques for creating the unique
identifiers it uses. One method is synthesizing the unique identifiers to have
specific, “pre-defined” sequences. EX1010(Chee), 11:18-20 (“a diverse but pre-
defined set of sequences can be synthesized and attached to the ROIs™). This
technique would be labor intensive, but would result in a set of completely unique
identifiers. This process might be used when the number of molecules to be tagged
is relatively small. Chee also describes a second method where unique identifiers
are created such that each is generated by randomly adding bases until a certain
length is reached. Id., 11:14-18. This method would be less expensive, and it
might be used when a relatively larger number of identifiers is needed, and if oligo
synthesis capacity is limited.

149. Chee states that “the term ‘unique’ as used herein does not necessarily
mean absolutely unique but rather having an extremely high probability of being
unique.” EX1010(Chee), 9:60-63. When the unique identifiers are created by
randomly adding bases, there is a chance that the same sequence could be
synthesized twice. After creating a large number of identifiers, a subset is selected,
and the result is a set of identifiers that has a high probability of being unique. As
Chee states, it creates “a large excess of possible identifiers relative to the ROIs in
a given set,” which makes the chances of having one unique identifier associated

with more than one nucleic acid “extremely low.” Id., 9:54-60; see id., 11:36-38.
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150. Although Chee states that “unique... does not necessarily mean
absolutely unique,” EX1010(Chee), 9:60-63, Chee discloses both use of identifiers
that are absolutely unique and use of identifiers that are only unique with a high
probability. A person of ordinary skill in the art would have recognized that Chee
discloses both types of identifiers, and either one could be used in Chee’s method.
The choice of which type of identifier is left the person or team designing the
analysis procedure. In other words, a person of ordinary skill in the art would have
understood Chee to disclose a method that uses identifiers that are absolutely
unique.

151. Chee recognizes that various parameters of its method will be adjusted
or changed by the scientists implementing it. For example, Chee notes that people
implementing its method can choose the appropriate number of identifiers to
achieve their purpose, and explains that in practice, the “numbers of constructs in
sets of the invention will depend on the current technology and the ultimate
purpose of the set analysis.” EX1010(Chee), 2:62-64.

152. Chee’s 442 provisional also describes this subject matter. E.g.,
EX1011, [0007]-[0009], [00011], [00055], [00057], [00064], [00066], [00074].

153. Each nucleic acid molecule in the sample is associated with a different
unique identifier. Chee states that each individual construct has its own unique

identifier allowing it to be “uniquely identifiable.” EX1010(Chee), 2:10, 2:21-28.
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Each construct also has one ROI, which is a nucleic acid molecule from the
starting sample. The result is that each nucleic acid molecule in a starting sample
is part of its own construct and with its own unique identifier. As Chee explains:

It is a feature of the invention that the different constructs have
unique identifiers, including constructs that may have the same ROI,
so the specific, correct ROIs can be distinctly identified and
distinguished from the other constructs in the set. In essence, the
‘unique’ (i.e. unique for a construct comprising a particular ROI)
identifiers are associated with individual molecules in the starting
sample. Therefore, any amplification products of these initial
individual molecules bearing the unique identifier are assumed to be

‘identical by descent’.

EX1010(Chee), 5:27-36.

154. In the passage above, Chee states that “the ‘unique’ (i.e., unique for a
construct comprising a particular ROI) identifiers are associated with individual
molecules in the starting sample.” EX1010(Chee), 5:31-33. In other words, no
two nucleic acids in the starting sample will be associated with the same unique
identifier.

155. Chee explains that the initial sample may include multiple nucleic
acids from the same region of a genome. Chee states that its method can create
multiple constructs that have “substantially the same ROI” but different unique

identifiers. EX1010(Chee), 2:34-38 (“two constructs with substantially the same
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ROI and different unique identifiers”), 2:38-43 (describing 5 or 10 such
constructs). By “substantially the same ROI,” Chee means nucleic acids from the
same locus of origin on the genome (e.g., because the sample naturally included
multiple copies of the same DNA). These nucleic acids would have the same or
overlapping sequences. Because each nucleic acid molecule is part of its own
construct, each one is associated with a different unique identifier. Any copies
made of it can be identified. This allows an original molecule, and any copies
made of it, to be identified and traced throughout the sequencing process.
EX1010(Chee), 10:41-46, 24:1-4.

156. Chee’s ’442 provisional also describes this subject matter. E.g.,
EX1011, [0007]-[0009], [00011], [00027], [00029], [00055]-[00056], [00060]-
[00061].

d) Claim 9: “introducing a set of unique
differentiator tags wherein members of said set
of differentiator tags are randomly associated
with members of said plurality of target nucleic

acid molecules, such that any given tag is
uniquely associated with said locus of origin”

157. Claim 9 specifies the above limitation, which Chee teaches. During
prosecution, Applicant made clear that “differentiator tags” must be unique.
Therefore, including the word “unique” in this claim therefore does not add

meaning to the term “differentiator tag.” Chee’s unique identifiers are “unique
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differentiator tags” for the same reason they are “differentiator tags” as discussed
above with respect to claim 1.

158. This limitation is similar to claim 1, but further requires that the “set
of differentiator tags are randomly associated with members of said plurality of
target nucleic acid molecules.” The differentiator tags in Chee, referred to as
“unique identifiers,” do not have a region that specifically targets a ROI, and each
unique identifier is able to attach to any nucleic acid in the sample. See
EX1010(Chee), 4:1-3, 11:12-18. Chee also discusses how to create random
identifiers, and statistically select identifiers so that the probability that any two
constructs having the same identifier is small. /d., 11:26-38. Therefore, a person
of ordinary skill in the art would have understood that the tags randomly associate
with the target nucleic acid molecules.

159. This limitation also further requires that “any given tag is uniquely
associated with said locus of origin.” Each of Chee’s unique identifiers is
associated with one ROI, and therefore, each is associated with just one locus of
origin. Chee explains that “[i]t is a feature of the invention that the different
constructs have unique identifiers, including constructs that may have the same
ROIL.” EX1010(Chee), 5:27-31; also id., 5:31-36, Fig. 1. This means that every

ROI will be uniquely associated with a unique identifier.
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160. Chee’s 442 provisional also describes this subject matter. E.g.,
EX1011, [00017], [00027].
e) “amplifying each of the plurality of tagged

target nucleic acid molecules to generate
amplicons”

161. Claims 1 and 9 specify the above limitation, which Chee teaches.

162. Chee teaches that the tagged target nucleic acid molecules are
amplified to generate an amplified sample. The amplified nucleic acids can be
called amplicons. For instance, Chee explains that “[t]hese constructs allow the
unique identifier and the ROI to be selectively amplified using conventional, two-
primer amplification techniques such as the polymerase chain reaction (PCR).”
EX1010(Chee), 2:65-3:3; see id., 13:20-61, 13:33-37 (“‘each unique molecule now
has a small number of identical copies each containing an ROI and the unique
identifier”), 21:64-67. Chee explains that its constructs can “compris[e] a single
amplification site positioned to allow amplification of the ROI and the unique
identifier.” Id., 3:10-17.

163. Figure 7, below, depicts how tagged nucleic acid molecules (i.e., the
ROI and the unique identifier, marked as 701) are amplified (marked as 704) to

generate amplicons (marked as 703). See EX1010(Chee), Fig. 7 (below).
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700

Optional
Support

702 Construction of nucleic acid regions of interest
<~ | Associated with unique identifiers

Y {Unigque
identifier

704 | Amplification

164. Chee’s ’442 provisional also describes this subject matter. E.g.,

EX1011, [00012]-[00013], [00076]-[00078].

f) “sequencing the amplicons obtained in said
amplifying step to obtain sequence reads of
each of the amplicons, wherein each of the
sequence reads comprises a target nucleic acid

molecule sequence and a differentiator tag
sequence”

165. Claims 1 and 9 specify the above limitation, which Chee teaches.

166. Chee teaches that the “amplicons obtained in said amplifying step” are
sequenced. Chee states that “complete constructs are sequenced to confirm both
the ROI and the unique identifier of a particular construct.” EX1010(Chee), 14:3-
10; also id., 14:42-59. Chee describes analyzing the sequence of both the ROI and

unique identifier. Id., 9:25-39, 14:42-50.
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167. Chee depicts this process in Figure 7, and states that “[t]he sequence
is then determined 706 for the pool of amplified constructs 705.” EX1010(Chee),
21:67-22:1. Figure 7 shows that the amplicons obtained in the amplification step
are sequenced and the sequence reads comprise the region of interest sequence and
the unique identifier sequence. The sequencing step in Figure 7 is titled
“Sequencing Determination of Regions of Interest And Unique Identifiers.” See

EX1010(Chee), Fig. 7 (below).

700
Optional
Support

702 Construction of nucleic acid regions of interest
<~ | Associated with unique identifiers

704 | Amplification

- Sequence Determination of Regions of Interest
706 /' And Unique Identifiers [

168. Further, Chee teaches that “each of the sequence reads comprises a
target nucleic acid molecule sequence and a differentiator tag sequence.” In
Chee’s method, “complete constructs are sequenced to confirm both the ROI and

the unique identifier of a particular construct.” EX1010(Chee), 14:3-5. A person
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of ordinary skill in the art would have understood that sequencing the ROI (i.e.,
target nucleic acid molecule) and the unique identifier (i.e., differentiator tag)
would generate sequence reads comprising the sequences of both the ROI and the
unique identifier.
169. Chee’s ’442 provisional also describes this subject matter. E.g.,
EX1011, [00055], [00080], [00083].
g) Claim 1: “correcting for error or bias
introduced during said workflow by collapsing

target:differentiator tag combinations observed
more than once into a single count”

170. Claim 1 specifies the above limitation, which Chee teaches.

171. Chee’s method can detect and correct for errors and bias caused by the
amplification and sequencing processes. EX1010(Chee), 10:41-57, 23:51-59.

172. Chee describes how its methods can identify and correct bias in
several places. Chee recognizes that “technical bias” can be introduced when
amplifying the original sample, which can “skew” the final sample.
EX1010(Chee), 9:18-21; see id., 10:36-46. As I noted above, this can result in the
final sample including more copies of a particular construct as compared to other
constructs.

173. Chee explains that the unique identifiers allow it to determine how
many of each molecule was present in the initial sample. EX1010(Chee), 10:41-

46. Chee uses the unique identifiers to determine that two sequenced constructs

Petitioner Illumina, Inc.
Ex.1005, p. 65



IPR2024-01419 Declaration of Dr. Gabriel

are “identical by descent,” by which Chee means they are copies of (or descended
from) the same construct from the original sample. Id., 5:27-36, 14:42-50. This
use of unique identifiers allows Chee to “correct” the “quantification of the
molecules” to fix the bias. Id., 23:59-64. By correcting the quantification, Chee
means that where it reads multiple sequences with the same unique identifier, it
only counts those as one instance of the ROI (not multiple instances). This
“collapses” multiple reads into one count.

174. The process is described in the following two passages from Chee:

In addition, the methods of the invention can identify technical bias
in, e.g., amplification, as the unique identifier will be amplified with
the ROI of each construct and thus the number of starting molecules
can be inferred by association of each initial ROI present in a

sample with its unique identifier.

EX1010(Chee), 10:41-46.

Improved Quantification of ROIs

Methods to determine the relative amounts of nucleic acids from a
sample often require amplification methods in order to have enough
material to carry out the desired testing. Conventional methods do not
take into account potential areas of technical bias, including bias in
amplification of certain sequences. By creating constructs comprising
the nucleic acids directly isolated from a sample, bias due to
subsequent manipulation of the molecules can be identified by
determining the amounts of constructs with unique identifiers. Thus, if
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a nucleic acid is either over-represented or under-represented due to
amplification bias, the number of molecules comprising unique
identifiers will also be over-represented or under-represented, and the
quantification of the molecules can be corrected to reflect this

manner of bias.

EX1010(Chee), 23:50-64; see also id., 9:5-9, 24;1-8.

175. The *730 patent shows that its method performs the “collapsing” step
by counting the number of unique tags associated with each sequence (and
ignoring duplicates) to determine the number of times a sequence appeared in the
original sample. EX1001, 30:48-51, 72:63-73:5. That same process is shown by
Chee.

176. Chee describes how its methods can identify and correct errors in
several places. Chee observes that errors can be introduced when synthesizing
copies of nucleic acids, and that such errors can be overcome (corrected):

The second class of errors addressed by the constructs and methods of
the invention includes errors that are introduced from the enzymatic
amplification used to increase the amount of shorter nucleic acid
fragments created through chemical synthesis. In addition, error can
be introduced as a result of sequencing error; this can be overcome by
sequencing multiple instances of the same ROI (i.e. identical by

descent).

EX1010(Chee), 10:50-57.
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177. Chee explains that those errors can be corrected by sequencing
multiple copies of the same original molecule and comparing them.
EX1010(Chee), 9:34-39, 10:54-57, 14:39-50. Chee can identify multiple copies of
the same original molecule using the unique identifier. /d., 10:54-57, 14:39-50.
Chee describes using the well-known concept of a consensus sequence or a
consensus base call to correct any such errors. As Chee explains:

Multiple instances of the same molecule can be sequenced, and the
ROI of an individual parent construct can be identified by its unique
identifier, as molecules with identical identifiers arise via
amplification of the same original construct. Thus, a variation in the
sequence of a single copy of a construct is most likely to be a
synthesis or sequencing error if it differs from a consensus sequence
derived from multiple clonal copies of the construct, which are

identified as identical by descent via the shared unique identifier.

EX1010(Chee), 14:42-50.

178. It was well-known to those in the art that deriving a consensus
sequence involved considering sequencing reads from multiple overlapping copies
of a DNA sequence to come up with a single sequence for the DNA segment.
Sometimes errors can arise from amplification or sequencing. For a particular
base, if one sequencing read is different than the other reads for that base, the
errant read is likely an error. That process is described in a 2006 article by David

Bentley, and depicted in the figure below:
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Figure 2
Read 1 MACGGTGCAAAATGCCGCGTTAGATC|C[TCGCGCGCT
Read 2 CGGTGCAAAATGCCGCGTTAGATC|GITCGCGCGCTT
Read 3 GTGCAAAATGCCGCGTTAGATC|[CITCGCGCGCTTAT

Consensus

BMCGGTGCAAAATGCCGCGTTAGATC|IGITCGCGCGCTTATACGCCGCT.

GTGCAAACTGCCGCGTTAGATC|ICTCGCGCGCTTAT
TGCAAAATGCCGCGTTAGATCGTCGCGCGCGTAT!
GCAAARAATGCCGCGTTAGATC|IGITCGCGCGCTTATAC
AAAATGCCTCGTTAGATCICITCGCGCGCTTATACGC
AAATGCCGCGTTAGATCGITCGCGCGCTTATACGCC
ATGCCGCGTTAGATC|IGITCGCGCGCTTATACGCCGC
TGCCGCGTTAGATC|GITCGCGCGCTTATAAGCCGCT

TGCCGCGTTAGATC CCITCGCGCGCTTATACGCCGCT

Current Opinion in Genetics & Development

EX1017(Bentley), 550.

179. Chee’s ’442 provisional also describes this subject matter. E.g.,

EX1011, [00027], [00055], [00058]-[00060], [00083].

h)

Claim 9: “correcting for error or bias
introduced during said workflow by
recognizing target/differentiator tags having the
same sequence as being derived from the same
input molecule”

180. Claim 9 specifies the above limitation, which Chee teaches. Chee

describes a method of “correcting for error or bias introduced during said

workflow,” as I discussed above with respect to claim 1.

181.

This limitation is similar to claim 1, but the limitation differs slightly

in that it requires “recognizing target/differentiator tags having the same sequence

as being derived from the same input molecule.” Chee recognizes constructs with

the same unique identifier as being “identical by descent.” For instance, Chee
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explains that “any amplification products of these initial individual molecules
bearing the unique identifier are assumed to be ‘identical by descent.’”
EX1010(Chee), 5:27-36. A person of ordinary skill in the art would have
understood that the phrase “identical by descent” referred to amplified constructs
which originated from the same initial construct or as “being derived from the
same input molecule.” Thus, the amplified constructs share the same unique
identifier and should theoretically share the same ROI sequence. A person of
ordinary skill in the art would have understood that differences in the ROI
sequences among molecules that are “identical by descent” indicate error or bias.
Chee also explains that “sequence differences between molecules with the same
ROI can be identified as technical errors.” EX1010(Chee), 9:29-34.

182. Chee teaches that the sequences of constructs that are “identical by
descent” can be compared to correct for error and bias by creating, for instance, a
consensus sequence. Chee explains that a “consensus sequence [is] derived from
multiple clonal copies of the construct, which are identified as identical by descent
via the shared unique identifier.” EX1010(Chee), 14:46-50.

183. Chee’s ’442 provisional also describes this subject matter. E.g.,

EX1011, [00027], [00059]-[00061], [00083].
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4. Claim 2

184. Claim 2 depends on claim 1 and further recites “wherein said
correcting step further comprises collapsing all sequence reads comprising a same
differentiator tag into a single read before determining a consensus base call for
the target nucleic acid molecule sequences.”

185. Chee teaches this limitation. As I explained above with respect to
claim 9, Chee teaches that sequencing errors “can be overcome by sequencing
multiple instances of the same ROIL.” EX1010(Chee), 10:54-57. Chee’s method
for correcting errors includes generating a “consensus sequence derived from
multiple clonal copies of the construct, which are identified as identical by descent
via the shared unique identifier.” EX1010(Chee), 14:46-50. The concept of
“identical by descent” means that the sequence reads comprise the same unique
identifier (i.e., “differentiator tag”). Therefore, a person of ordinary skill in the art
would have understood that Chee describes “collapsing all sequence reads
comprising a same differentiator tag into a single read” to determine a consensus
base call at each position in the “target nucleic acid molecule sequences.”

186. Chee’s ’442 provisional also describes this subject matter. E.g.,

EX1011, [00061], [00083].
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5. Claim 3

187. Claim 3 depends on claim 2 and further recites “further comprising
the step of determining the presence of a sequencing or amplification error based
upon a number of said differentiator tag sequences.”

188. Chee teaches this limitation. As I explained above with respect to
claim 2, Chee describes “determining the presence of a sequencing or
amplification error based upon a number of said differentiator tag sequences”
since sequence reads with the same unique identifier (i.e., “differentiator tag”) are
compared to identify and correct the error. EX1010(Chee), 14:46-50; also id.,
9:29-34, 14:57-59.

189. Chee teaches that amplification can introduce errors and bias. See,
e.g., EX1010(Chee), 9:25-34 (discussing the “limitations of the amplification”
technology), 10:21-28 (addressing “errors introduced in amplification”), 10:36-46
(“technical bias). Chee explains that “the methods of the invention can identify
technical bias in, e.g., amplification, as the unique identifier will be amplified with
the ROI of each construct and thus the number of starting molecules can be
inferred by association of each initial ROI present in a sample with its unique
identifier.” EX1010(Chee), 10:42-46. This means that, after amplification, the
number of different unique identifiers associated with each ROI can be counted to

provide information on the number of each ROI that was present in the initial

Petitioner Illumina, Inc.
Ex.1005, p. 72



IPR2024-01419 Declaration of Dr. Gabriel

sample. A person of ordinary skill in the art would have understood that this
method corrects for amplification error based on “a number of differentiator tag
sequences.”

190. Similarly, Chee explains that “if a nucleic acid is either over-
represented or under-represented due to amplification bias, the number of
molecules comprising unique identifiers will also be over-represented or under-
represented, and the quantification of the molecules can be corrected to reflect this
manner of bias.” EX1010(Chee), 23:59-64; also id., 23:65-16 (discussing
amplification and error rates). A person of ordinary skill in the art would have
understood that this 1s another method that identifies and corrects for amplification
error based on “a number of differentiator tag sequences.”

191. Chee’s ’442 provisional also discloses this subject matter. E.g.,
EX1011, [00058], [00060], [00083].

6. Claim 4

192. Claim 4 depends on claim 1 and further recites “said biological
sample is selected from the group consisting of blood and biopsy tissue.”

193. Chee teaches this limitation. As I explained above, Chee incorporates
by reference several references which describe these “conventional techniques,”
including a laboratory manual, titled “Genetic Variation: A Laboratory Manual.”

EX1010(Chee), 8:18-37 (citing “Genetic Variation: A Laboratory Manual”
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(EX1016)).> This manual describes several techniques for different aspects of the
nucleic acid workflow, including the analysis of blood samples and fixed tissue
samples. For instance, Chapter 9 provides protocols titled “Preparing Genomic
DNA from Whole Blood: Small- and Mid-Scale Extraction” and “Preparing DNA
from Blood: Large-Scale Extraction.” EX1016, 103-06, 120-28. Chapter 9 also
provides a protocol titled “Preparing DNA from Fixed Tissue: Extraction and
Whole-Genome Amplification.” EX1016, 110-113.

194. A POSA would have understood the conventional techniques
described in the Genetic Variation Manual are the type of technique that Chee
would have used to acquire “nucleic acids in biological samples.” EX1010(Chee),
10:24.

195. The 442 provisional also incorporates by reference the Genetic
Variation Manual. See EX1011, [00050].

B. Chee Renders Obvious Claims 1-4, 7, and 9
1. Claims 1 and 9

196. As I explained above in section VII.A.3, Chee discloses every element
of independent claims 1 and 9. I understand that Patent Owner may argue that

Chee’s unique identifiers are different than the claimed “differentiator tags” based

2T am one of the editors of this manual.
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on Chee’s statements that its unique identifiers “need not be absolutely unique” or
that unique “does not necessarily mean absolutely unique but rather having an
extremely high probability of being unique.” EX1010(Chee), 9:60-63, 11:22-25.
Although it is my opinion that Chee discloses absolutely unique identifiers, if it did
not, a person of ordinary skill in the art would have found it obvious to configure
Chee so that they were absolutely unique.

197. Even if Chee’s unique identifiers were not unique, Chee at least
suggests that its identifiers could be absolutely unique.

198. Prior to May 2009, it was within the skill of those in the art to select
appropriate parameters to be used to achieve the purpose of the intended analysis,
and Chee explicitly recognizes that. EX1010(Chee), 2:62-64, 8:17-18, 8:67-9:3,
13:5-13, 19:51-56. Chee states that unique identifiers need only have a high
probability of being unique because the method will work but will have some small
amount of error. The errors would arise because Chee uses the unique identifiers
to group the constructs and determine which ones are copies of the same molecule
from the starting sample. EX1010(Chee), 10:41-57, 14:42-52. That grouping
allows Chee to correct for bias and to correct sequencing errors. If two nucleic
acid molecules in the starting sample got the same unique identifier, Chee would
be unable to accurately determine if skewing occurred and might incorrectly

determine a consensus sequence. A person of ordinary skill would have
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recognized that configuring Chee to use identifiers that are absolutely unique
would avoid any such errors when grouping constructs. A POSA would have been
motivated to use, or try using, identifiers that are absolutely unique to ensure that
no two nucleic acid ROIs in a starting sample were associated with the same
identifier.

199. A person of ordinary skill in the art would have had a reasonable
expectation of success in implementing absolutely unique identifiers in Chee’s
method as using absolutely unique identifiers would not alter Chee’s method. It
would only eliminate the chance that two “unique identifiers” would be the same,
which Chee recognizes is already extremely low. Techniques for synthesizing
unique identifiers were known and within the skill of those in the art. See
EX1010(Chee), 11:12-38; EX1019(Brenner), 3:36-65, 7:18-35, 10:41-49.

200. A person of ordinary skill in the art would have been motivated to use
absolutely unique identifiers if the number of nucleic acids in a sample was
relatively small, or if accuracy was extremely important. Chee teaches two
methods of creating unique identifiers. A person of ordinary skill in the art would
have been obvious to at least try using Chee’s pre-defined method to generate
absolutely unique identifiers.

201. Therefore, it would have been obvious to a person of ordinary skill in

the art to configure the “unique identifiers” in Chee to be absolutely unique.
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2. Claim 2

202. Claim 2 depends on claim 1 and further recites “wherein said
correcting step further comprises collapsing all sequence reads comprising a same
differentiator tag into a single read before determining a consensus base call for
the target nucleic acid molecule sequences.”

203. Chee teaches this limitation. Therefore, Chee renders obvious claim 2
for the same reasons it anticipates claim 2, which I explained above.
See § VILLA 4.

3. Claim 3

204. Claim 3 depends on claim 2 and further recites “further comprising
the step of determining the presence of a sequencing or amplification error based
upon a number of said differentiator tag sequences.”

205. Chee teaches this limitation. Therefore, Chee renders obvious claim 3
for the same reasons it anticipates claim 3, which I explained above.

See § VILLA.S.

4. Claim 4

206. Claim 4 depends on claim 1 and further recites “said biological
sample is selected from the group consisting of blood and biopsy tissue.”

207. Chee teaches this limitation. As I explained above, Chee incorporates
by reference several references which describe these “conventional techniques,”

including a laboratory manual, titled “Genetic Variation: A Laboratory Manual.”
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EX1010(Chee), 8:18-37 (citing “Genetic Variation: A Laboratory Manual”
(EX1016)).> This manual describes several techniques for different aspects of the
nucleic acid workflow, including the analysis of blood samples and fixed tissue
samples. For instance, Chapter 9 provides protocols titled “Preparing Genomic
DNA from Whole Blood: Small- and Mid-Scale Extraction” and “Preparing DNA
from Blood: Large-Scale Extraction.” EX1016, 103-06, 120-28. Chapter 9 also
provides a protocol titled “Preparing DNA from Fixed Tissue: Extraction and
Whole-Genome Amplification.” EX1016, 110-113. It therefore would have been
obvious to a person of ordinary skill in the art to use these conventional, well-
known techniques for extracting DNA from blood and tissue samples with Chee’s
methods.

5. Claim 7

208. Claim 7 depends on claim 1 and further recites “further comprising
the step of determining the copy number of a genomic region or transcript in a
patient from whom the sample is obtained.”

209. Ireviewed the *730 patent to analyze its disclosure of “copy number.”
The *730 patent seems to indirectly refer to “copy number” when it explains that

“aspects of the invention relate to methods for detecting nucleic acid deletions or

3 T am one of the editors of this manual.
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insertions in regions containing nucleic acid sequence repeats.” EX1001, 55:49-
51. The *730 patent explains that this aspect of the invention may be useful in
analyzing the “[i]nstability in the length of genomic regions that contain high
numbers of repeat sequences,” which “has been associated with a number of
hereditary and non hereditary diseases and conditions.” Id., 55:56-59. One
example it provides is cancer. The *730 patent explains that cancer “has been
associated with microsatellite instability (MSI) involving an increase or decrease in
the genomic copy number of nucleic acid repeats at one or more microsatellite loci
(e.g., BAT-25 and/or BAT-26).” EX1001, 56:54-58. This is the only time

the 730 patent mentions “copy number.”

210. The *730 patent provides no information for how to determine the
“copy number of a genomic region.” It only provides that there “are currently
many sequencing-based assays for determining the number of nucleic acid repeats
at a particular locus and identifying the presence of nucleic acid insertions or
deletions,” but that “such techniques are not useful in a high throughput multiplex
analysis.” EX1001, 56:58-63. Thus, a person of skill in the art would have
understood that it should rely on knowledge that was known in the art to determine
“the copy number of a genomic region.”

211. As I explained above, the concept of “copy number variation”

(“CNV?) refers to an abnormal number of copies of a segment of DNA. An
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example of CNV that was known by May 2009 included Trisomy 21 (i.e., Down
syndrome). It was also known by May 2009 that CNV is commonly associated
with cancer. Thus, a person of ordinary skill in the art would have understood that
“determining the copy number of a genomic region” could be for diagnostic or
clinical purposes.

212. Chee’s methods could be used for “discovery research, diagnostic use,
clinical use or other development techniques.” 1d., 11:60-63; see also id., 9:42-52
(discussing identification of polymorphisms, mutations, and rare sequence
variants).

213. AsIexplained above, Chee incorporates by reference several
references which describe these “conventional techniques,” including a laboratory
manual, titled “Genetic Variation: A Laboratory Manual.” EX1010(Chee), 8:18-
37 (citing “Genetic Variation: A Laboratory Manual” (EX1016)).* This manual
states that “[t]he ability to discover and measure changes in chromosome copy
number is becoming critical to our understanding of the differences between
normal and disease states.” EX1016, xvi. This is consistent with how “copy

number” determination was recognized by the field at that time. See, e.g.,

4T am one of the editors of this manual.
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EX1014, 1143 (explaining that an “[i]mportant application[]” of next-generation
sequencing was identifying “copy number variation”).

214. Chee also explains its invention is a method for detecting and
correcting bias. A person of ordinary skill in the art would have been familiar with
these conventional techniques for analyzing copy number and would have known
that copy number analysis can be impacted by bias, such as bias introduced during
amplification and sequencing. See, e.g., EX1033(Chiang), 101 (explaining that
copy number analysis “may reflect inherent biases in the sample preparation or
sequencing procedures” and providing one approach to mitigate these biases). A
person of ordinary skill in the art would therefore have been motivated to use
Chee’s methods for “determining the copy number of a genomic region” to
mitigate bias and for clinical or diagnostic purposes. It would have been within the
skill of a person of ordinary skill in the art to determine copy number using Chee’s
methods. Chee describes techniques for accurately quantifying the number of
molecules that appear in an original sample. EX1010(Chee), 23:50-64. A skilled
person would have recognized that technique allowed for accurately determining
the number of times a particular sequence appeared in the sample.

215. Further, a person of ordinary skill in the art would have had a
reasonable expectation of success in “determining the copy number of a genomic

region” using Chee’s methods. The Genetic Variation manual that Chee
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incorporates by reference also provides information on how to analyze and
determine copy number. Part 3 of the manual is titled “Copy Number and
Complex Variation Analysis” and provides several chapters describing techniques
for analyzing copy number variation. EX1016, ix; see generally id., 221-53.

C. Chee and Gahan Render Obvious Claims 5-6 and 8
1. 730 Patent Claims 5-6 and 8

216. Claims 5, 6, and 8 specify that the sample includes nucleic acids from
bacteria or a virus, from a tumor, or from a fetus or placenta. Those claims are
reproduced below.

5. The method of claim 1, wherein said plurality of target nucleic acid
molecules comprises bacterial or viral nucleic acids isolated from said

biological sample.

6. The method of claim 1, wherein said plurality of target nucleic acid

molecules are circulating tumor nucleic acid molecules.

8. The method of claim 1, wherein said plurality of target nucleic acid
molecules are maternally-circulating fetal or placental nucleic acid

molecules.

217. The additional limitations of these claims are not novel, as they all
were known sources of nucleic acids prior to May 2009. The *730 patent states

that its methods can be used when analyzing DNA from the listed sources, but
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the 730 patent does not describe these elements as having any impact on its
methods or being of any significance to .

2. Overview of Gahan

218. Gahan is a publication containing a report on the fifth international
conference on circulating nucleic acids in plasma and serum, during which recent
developments in the analysis of circulating nucleic acids were discussed.
EX1015(Gahan), 1. Gahan provides an overview of circulating nucleic acids and
describes how circulating nucleic acids may be isolated and used for diagnostic
purposes. Gahan states that DNA circulates in and can be isolated from the whole
blood, serum, plasma. EX1015(Gahan), 1.

219. Gahan references “[m]any studies [which] have shown the successful
application of CNAPS [(circulating nucleic acids in plasma and serum)] in the
diagnosis and monitoring of cancer and in prenatal diagnosis, as well as in other
diseases.” EX1015(Gahan), 3. Gahan also states that “[t]he ability to isolate,
quantify, and analyze these molecules has led to the identification of specific
nucleic acid fragments related to particular disorders such as diabetes, cancer,
myocardial infarction, and stroke, thereby permitting their early diagnosis.”
EX1015(Gahan), 1.

220. One diagnostic purpose is in fetal medicine. Gahan explains that

“[t]he analysis of maternal plasma for DNA has been exploited in the early
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identification of a range of maternal complications such as preeclampsia and
intrauterine growth retardation, as well as in fetal disorders including Rhesus
incompatibility, and B-thalassemia.” EX1015(Gahan), 3 (internal citations
omitted); also id., 2 (“fetal DNA”). Additionally, Gahan reports that “[s]everal
studies have shown that the sex of the fetus could be determined using fetal DNA
in maternal plasma, many of which have used the presence or absence of Y
chromosome markers.” Id., 3-4.

221. Gahan also teaches that analyzing circulating nucleic acids can
provide diagnostic information in oncology and other diseases. Gahan explains
that “the 1dentification of certain fragments of circulating DNA can be used not
only as an early diagnostic marker (e.g., in breast, lung, head and neck, and
gastrointestinal tumors), but also as a means of following changes during therapy
(as in the case of melanoma).” EX1015(Gahan), 4. Gahan also states that
“[c]irculating DNA and RNA have been useful as markers of nononcogenic
disorders such as trauma, stroke, autoimmune disease, and diabetes mellitus.” /d.

3. A Person of Ordinary SKkill in the Art Would Have

Practiced Chee to Analyze Nucleic Acids According to
Conventional Techniques

222. A person of ordinary skill in the art would have understood that
Chee’s method could be used to analyze nucleic acid molecules using conventional

techniques. As I explained above, Chee incorporates by reference several
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references which describe these “conventional techniques,” including a laboratory
manual, titled “Genetic Variation: A Laboratory Manual.” EX1010(Chee), 8:18-
37 (citing “Genetic Variation: A Laboratory Manual” (EX1016)).° This manual
describes several techniques for different aspects of the nucleic acid workflow,
including the analysis of blood samples and fixed tissue samples. For instance,
Chapter 9 provides protocols titled “Preparing Genomic DNA from Whole Blood:
Small- and Mid-Scale Extraction” and “Preparing DNA from Blood: Large-Scale
Extraction.” EX1016, 103-06, 120-28. As explained for claim 4 above, a POSA
would have found it obvious to obtain Chee’s biological samples from a patient’s
blood, consistent with the Genetic Variation Manual’s teaching of conventional
methods for doing so.

223. A POSA would have known that different types of nucleic acids
circulate in blood, and that these types of nucleic acids can be specifically studied.
That conventional knowledge is reflected in Gahan, which discusses various types
of DNA and RNA in blood or other plasmas.

224. A person of ordinary skill in the art in May 2009 would have known
that it was useful to sequence DNA circulating in blood for diagnostic purposes.

For example, Gahan states such analysis allows for the identification of any nucleic

> | am one of the editors of this manual.
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acids “related to particular disorders such as diabetes, cancer, myocardial
infarction, and stroke, thereby permitting their early diagnosis.” EX1015(Gahan),
1. Such analysis of DNA from patient blood samples was routine. It was also
well-known that circulating nucleic acids from blood samples could be analyzed
for several diagnostic purposes, including for fetal medicine as well as the
diagnosis of cancer and other diseases. A POSA would have been motivated to
isolate the different types of nucleic acids circulating in blood and analyze them
using Chee’s method. Such analyses would have included the diagnostic purposes
described in Gahan.

4. Claim 5

225. Claim 5 depends on claim 1 and further recites “wherein said plurality
of target nucleic acid molecules comprises bacterial or viral nucleic acids isolated
from said biological sample.”

226. Chee and Gahan teach this limitation. A person of ordinary skill in
the art would have known that bacteria and viruses can be found in human
biological samples and that bacteria and viruses have nucleic acid molecules,
including DNA and RNA. A person of ordinary skill in the art would have known
that bacterial or viral nucleic acids from a human biological sample could be

analyzed for diagnostic or clinical purposes. See, e.g., EX1032, 649 (“arenavirus
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in transplantation patients”); id. (“microflora present in the human oral cavity”);
id., 654 (human immunodeficiency virus (“HIV?)).

227. A person of ordinary skill would have understood that a patient’s
blood can include nucleic acids from viruses. Gahan states that viral nucleic acids
can be extracted from human biological samples and analyzed using a “QIAamp
Ultrasens Virus Kit.” EX1015(Gahan), 3. A person of ordinary skill in the art
would have known that such a kit can be used to extra viral RNA from blood and
that such RNA could be analyzed to identify certain diseases (e.g., HIV). A person
of ordinary skill in the art would have been motivated to perform conventional
analyses using Chee’s methods, such as sequencing nucleic acids from viruses that
are circulating in blood.

3. Claim 6

228. Claim 6 depends on claim 1 and further recites “wherein said plurality
of target nucleic acid molecules are circulating tumor nucleic acid molecules.”

229. Chee and Gahan teach this limitation. As I explained above, Chee
teaches analyzing nucleic acids obtained from a blood sample. A person of
ordinary skill in the art would have understood that a blood sample contains
circulating nucleic acid molecules. A person of ordinary skill in the art would have
also known that tumor cells shed DNA into the bloodstream. Gahan, for instance,

explains that “[c]ells releasing these forms of DNAs could include tissue-based
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cells related to . . . tumors.” EX1015(Gahan), 2; also id. (referring also to “cancer-
related DNA” from “cancer cells” or “tumors”).

230. A person of ordinary skill in the art would have understood that, if a
tumor is present, the nucleic acid molecules in blood samples can comprise
circulating tumor nucleic acid molecules. See, e.g., EX1032, 654 (“detection of
mutations in tumor cells . . . in the circulation”). Gahan reports that analyzing
circulating nucleic acids can identify breast cancer and lung cancer tumors,
amongst other types of cancer. EX1015(Gahan), 4. Thus, a person of ordinary
skill in the art would have been motivated to use Chee’s methods to screen for
DNA from tumors.

6. Claim 8

231. Claim 8 depends on claim 1 and further recites “wherein said plurality
of target nucleic acid molecules are maternally-circulating fetal or placental
nucleic acid molecules.”

232. Chee and Gahan teach this limitation. As I explained above, Gahan
teaches that fetal DNA from maternal blood, specifically blood plasma, can be
analyzed. For instance, Gahan reports that “[s]everal studies have shown that the
sex of the fetus could be determined using fetal DNA in maternal plasma, many of
which have used the presence or absence of Y chromosome markers.”

EX1015(Gahan), 3-4; also id., 2. This means that a maternal blood sample
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comprises circulating fetal cells which can be analyzed, such as to determine the
sex of the fetus. Thus, a person of ordinary skill in the art would have been
motivated to use Chee’s methods to screen fetal DNA.

D. Bignell and McCloskey Render Obvious Claims 1, 4-6 and 9
1. Overview of Bignell

233. Bignell describes methods for tagging nucleic acids in samples and
sequencing them, for example using the Illumina sequencing platform. Bignell’s
tags include a sample identifier so that every nucleic acid can be associated with
the correct sample. For instance, Bignell teaches that “[t]he invention relates to
methods for indexing samples during the sequencing of polynucleotide templates,
resulting in the attachment of tags specific to the source of each nucleic acid
sample such that after a sequencing run, both the source and sequence of each
polynucleotide can be determined.” EX1013(Bignell), 1:24-28.

234. Bignell teaches that this method is that is useful for Next-Gen
sequencing techniques. For instance, Bignell explains that the “[m]ethods of the
invention are especially useful for the parallel sequencing of a large number of
relative[ly] small samples in the same experiment.” EX1013(Bignell), 8:21-23.
This type of experiment is referred to as multiplex sequencing, in which nucleic

acids from multiple samples are sequenced simultaneously. Bignell teaches that

Petitioner Illumina, Inc.
Ex.1005, p. 89



IPR2024-01419 Declaration of Dr. Gabriel

sequencing can be performed using the “Illumina Genome Analyser.”
EX1013(Bignell), 45:48-50; also 43:48-50 (“Solexa/lllumina cluster station™).

235. Bignell teaches that its method can be used to sequence biological
samples, such as DNA. For instance, Bignell explains that “[i]n a particular
embodiment, the primary polynucleotide molecules are DNA molecules.”
EX1013(Bignell), 8:4-5. Bignell teaches that its method can be used to analyze
DNA in “complex genomes (e.g., human genomes)” as well as “less complex
genomes, such as those of bacteria, viruses, mitochondria, and the like.” Id., 1:29-
32; see also id., 8:15-16 (“human genomic DNA molecules™), 8:47-53.

236. Bignell explains that its method adds unique tags to samples of target
nucleic acid molecules from different sources. Bignell teaches “target nucleic
acids from a plurality of sources can be tagged with a unique, identifiable sequence
of nucleic acid bases.” EX1013(Bignell), 6:36-40. Bignell refers to the unique tag
sequence as a “sample specific tag.” Id., 9:48-52. Bignell explains that “a sample
specific tag is a nucleic acid sequence tag which is attached to each of the target
molecules of a particular sample, the presence of which is indicative of or is used
to identify the sample or source from which the target molecules were isolated.”
Id. Further, “[t]he tag is not itself formed by part of the target nucleic acid

molecule.” Id., 9:44-46. Bignell teaches that the tag is generally “a synthetic
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sequence of nucleotides which is added to the target as part of the template
preparation step.” Id., 9:46-48.

237. Bignell teaches that the “sample specific tag sequence” can be
incorporated with the target nucleic acid during the library preparation step. For
instance, Bignell teaches that the sample specific tag sequence can be a part of the
adaptor. EX1013(Bignell), 9:62-65, 4:40-48 (“sample specific tagged adaptor”™).
Bignell explains that the tags are incorporated with the target nucleic acids by
ligating the tagged adaptor to the target nucleic acid. Id., 4:40-42, 5:5-7, 9:59-62;
see also id., 12:38-40 (“Ligation methods are known in the art and utilize standard
methods”)..

238. The sample specific tags can be incorporated with the target nucleic
acid before the target nucleic acid molecules are amplified. EX1013(Bignell),
4:40-53, 5:5-20. The sample tags are also amplified, so they can be analyzed to
determine “the sample or source from which the target molecules were isolated.”
1d., 9:48-52. Because different samples have different tags, Bignell teaches that
the “sample specific tag sequence differentiates amplified nucleic acids originating
from different samples.” Id., 4:10-18. Following amplification, the tagged nucleic
acid molecules are pooled with molecules from other samples, and sequenced. /d.,
4:19-29. The sequence reads can then be associated with a particular sample based

on the sample specific tag sequence. Id., 3:56-59, 6:40-43. Bignell demonstrates
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in an example that “the tag sequence could unambiguously determine the source of
the sample.” Id., 48:11-13.

2. Overview of McCloskey

239. McCloskey describes a method of preparing samples by adding tags to
each nucleic acid molecule in the sample. McCloskey explains that the tags allow
its method to identify and correct errors and bias stemming from amplification,
including “skewing.” See, e.g., [0005], [0021], [0106]. For instance, McCloskey
explains that PCR amplification can “result in a skewed yield of PCR products
such that there is a high degree of redundancy for a small portion of the original
genome sequence.” EX1012(McCloskey), [0003]. McCloskey teaches that, “[i]n
response to the challenges of PCR redundancy and contamination associated with
PCR amplification of limited amounts of DNA template, genomic DNA fragments
were labeled with molecular sequence barcodes and ‘batch-stamps’ prior to PCR
amplification.” Id., [0093]; see also id., [0005], [0021], [0027]. Additionally,
McCloskey teaches that its method “also allows for the analysis of mutations
arising during PCR amplification.” Id., [0106]; also id., [0063] (“PCR errors”).

240. McCloskey refers to its tags as “bar-coded oligonucleotides.”
McCloskey explains that each “bar-coded oligonucleotide” can have a “sequence

providing a random barcode.” EX1012(McCloskey), [0021]. McCloskey teaches

Petitioner Illumina, Inc.
Ex.1005, p. 92



IPR2024-01419 Declaration of Dr. Gabriel

that “[t]he term ‘random barcode’ refers to an arbitrary sequence that can uniquely
identify a target nucleic acid in an experiment.” Id.

241. McCloskey also explains that each “random barcode” is unique to a
target nucleic acid molecule and that the length of the barcode sequence may be
increased to ensure that each barcode sequence is unique. For instance,
McCloskey explains that “[sJome applications will require a larger pool of random-
sequence barcodes if more independently derived sequences are required.”
EX1012(McCloskey), [0101]. McCloskey demonstrates that random barcode
sequences with 13 nucleotides can be used which provide about “1.6x10° different
codes.” Id. McCloskey teaches that the sequences of random barcodes can be
even longer—up to 30 nucleotides. Id., [0021]. This would yield over 1x10'®
possible barcodes and would further increase the probability that every nucleic acid
molecule is associated with a unique barcode.

242. McCloskey teaches that in addition to a “random barcode” sequence,
each “bar-coded oligonucleotide” can also include “a predetermined nucleic acid
sequence providing a batch-stamp or experiment verification information.”
EX1012(McCloskey), [0027]. McCloskey explains that “a batch-stamp may
identify a sample, a patient, and/or an analysis date.” Id. A person of ordinary
skill in the art would therefore have understood that a “batch-stamp” includes a

sample tag.
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243. McCloskey teaches that the tags (i.e., “bar-coded oligonucleotides™)
are added to the target nucleic acid molecules prior to amplification. For instance,
McCloskey explains that “nucleic acid molecules (e.g., genomic DNA fragments)
are labeled with distinct sequence tags prior to PCR amplification.”
EX1012(McCloskey), [0005]; also id., [0033] (“the bar-coded target nucleic acid
molecule 1s amplified”). McCloskey teaches that doing so permits “correcting for
skewing that can arise from PCR amplification or the cloning of products.” /d.,
[0005]. McCloskey also teaches that its method “allows for the analysis of
mutations arising during PCR amplification,” id., [0106], as well as “PCR error,”
id., [0063]. Following amplification, the tagged nucleic acid molecules are
sequenced, and McCloskey provides an example of such sequencing results. /d.,
[0034], [0063].

244. McCloskey teaches that, in one embodiment of the invention, the tag
sequences are on a “hairpin linker” which is added to the target nucleic acid
molecules. See, e.g., McCloskey, [0010]; also id., [0092] (“genomic DNA
fragments were labelled with molecular sequence barcodes and ‘batch-stamps’
prior to PCR amplification by including these molecular labels in the hairpin linker
sequence (FIG. 3) that is used in hairpin-bisulfite PCR”). A person of ordinary
skill in the art would have recognized that McCloskey’s use of the hairpin structure

was a design choice and would have understood that McCloskey’s methods could
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also be used with a traditional oligonucleotide design where the random barcode is
on a linear structure.

245. McCloskey explains that its method can be used in sequencing DNA
from biological samples. For instance, McCloskey explains that its invention may
be used for biomedical purposes. EX1012(McCloskey), [0006]. McCloskey also
teaches that its invention is “useful in diagnosis and prognosis of some cancers”
and other human diseases, including “chronic myelogenous leukemia and
scleroderma.” Id., [0007]; see also id., [0103] (“fragile X syndrome™).
McCloskey also explains that the samples of target nucleic acid molecules can be
“clinical samples,” id., [0019], and that sample tags (“batch-stamps”) can be used
to identify ““a patient,” id., [0027]. McCloskey further teaches that its method can
be used to analyze biological samples, such as “[h]Juman genomic DNA [that] was
isolated from blood.” Id., [0045].

246. McCloskey further explains that “the barcoding method thus provides
a definitive solution to the problem identified previously . . . in which multiple
amplified sequences are derived from a single original molecule when template
DNA is limited in amount or of poor quality.” EX1012(McCloskey), [0106]. The
method described by McCloskey would be particularly useful in sequencing

experiments involving a small quantity of DNA, circulating DNA in blood
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samples, or other preserved and/or degraded clinical samples in which the amount
of DNA might be compromised.

3. A Person of Ordinary SKkill in the Art Would Have Modified
Bignell to Incorporate Elements Shown in McCloskey

247. A person of ordinary skill in the art would have considered making
modifications to the methods described by McCloskey based on Bignell.

248. McCloskey teaches methods of preparing a sample for sequencing
which allows for the individual nucleic acid molecules to be identified and traced
during the sequencing workflow. EX1012(McCloskey), [0002], [0106].
McCloskey, however, does not describe techniques for the sequencing step of the
nucleic acid workflow. Those techniques were known in the art, as McCloskey
notes. Id., [0034] (“[m]ethods... for... sequencing are standard in the art™).
Therefore, a person of ordinary skill in the art who was interested in implementing
McCloskey’s method would have looked to other references describing known
sequencing technologies.

249. One reference describing sequencing technologies was Bignell.
Bignell provides a method for sequencing using Next-Gen sequencing techniques.
EX1013(Bignell), 17:12-27, 41:51-61, 46:45-47:3, 6:36-43. For instance, Bignell
explains that the “[m]ethods of the invention are especially useful for the parallel

sequencing of a large number of relative[ly] small samples in the same
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experiment.” Id., 8:21-23. Bignell explains how sequencing can be performed
using the “Illumina Genome Analyser.” Id., 45:48-50.

250. A person of ordinary skill in the art would have been motivated to
combine McCloskey specifically with a Next-Gen sequencing technique, such as
the ones described in Bignell. As I explained above, by early 2009, Next-Gen
sequencing technologies were widely adopted because they provided sequencing
methods which were both cost-effective and highly efficient. See, e.g., EX1014,
1135. Next-Gen sequencing technologies have been praised for “undeniably
reinvigorating this field” and creating “the incentive for developing entirely new
strategies for DNA sequencing.” Id. It made sequencing more affordable and
available for all types of experiments and analyses. Thus, a person of ordinary
skill in the art would have been motivated to implement a Next-Gen sequencing
technique, such as the technique described by Bignell, with McCloskey’s method.

251. Bignell’s method includes a number of amplification steps. As I
explained above, a person of ordinary skill in the art would have known that the
amplification process typically introduced bias or errors. See
EX1012(McCloskey), [0003]; EX1025, 8966; EX1018, [0002]. Such bias could
come from making more copies of some nucleic acids than others. Errors could
arise when there were mutations that occurred during the copying or synthesis

processes. McCloskey teaches that its method of adding unique barcodes to each
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nucleic acid molecule provides a way to identify and correct for errors and/or bias
introduced by amplification. EX1012(McCloskey), [0005]. A person of ordinary
skill in the art would have therefore recognized that incorporating McCloskey’s
unique barcodes with Bignell’s method of Next-Gen sequencing would have
provided a solution to errors and/or bias caused by the amplification steps.

252. Further, a person of ordinary skill in the art would have recognized
that McCloskey and Bignell describe analogous and compatible tagging
techniques. Both McCloskey and Bignell explain that adding sample tags to
nucleic acid molecules provides the advantage of being able to identify and track
the original sample of the nucleic acid molecules. EX1012(McCloskey), [0027];
EX1013(Bignell), 1:24-28, 3:54-59. Additionally, both McCloskey and Bignell
teach that the sample tags are incorporated with the nucleic acid molecules before
they are amplified and then used in subsequent steps. EX1012(McCloskey),
[0005], [0009]; EX1013(Bignell), 4:40-53, 5:5-20. They also both teach that the
sample tags can be incorporated with adaptors. EX1012(McCloskey), [0009]
(“third sequence”); EX1013(Bignell), 9:62-65, 4:40-48. Further, both describe
methods for the nucleic acid sequencing workflow using DNA samples.
EX1012(McCloskey), [0005], [0045]; EX1013(Bignell), 7:25-26, 8:4-5.

253. A person of ordinary skill in the art would have had a reasonable

expectation of success in combining the “random barcode sequence” described by
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McCloskey on the adaptor described by Bignell. Bignell explains that the adaptors
may serve different functions and that “[a]dditional sequence elements may be
included.” EX1013(Bignell), 11:65-12:9; also id., 9:62-67. Bignell teaches that
the sequence of the adaptors “may be selected by the user” based on the desired
function. Id. Bignell also shows that multiple tags can be added to a target DNA
molecule without compromising the read length of the target nucleic acid, because

a sequencer can read the target nucleic acid and tag sequences separately.
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EX1013(Bignell), Fig. 3; also id., 17:36-39, 6:61-7:3.

254. McCloskey teaches that a tag can include both a “random barcode”
sequence and a “batch-stamp” sequence, which refers to a sample specific
sequence. EX1012(McCloskey), [0046], [0027]. Therefore, a person of ordinary
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skill in the art would have understood that the adaptors described in Bignell could
be modified to additionally include a “random barcode” sequence, like the ones
described by McCloskey.

255. A person of ordinary skill in the art would have also been familiar
with techniques for creating and attaching unique identifiers to nucleic acid
molecules in a sample, as those techniques were well-known. EX1010(Chee),
5:31-36; EX1019(Brenner), 3:36-65, 7:18-35, 10:41-49. Thus, a person of
ordinary skill in the art could have employed known techniques to modify Bignell
to use tags that included sample identifiers (as taught by both Bignell and
McCloskey) and also McCloskey’s unique barcode.

256. In the mid-2000s, multiple people invented techniques for using tags
to track individual nucleic acids in a sample. For example, both Chee and the 730
patent show that different people independently developed the same improvement
to the prior art to solve a known problem. Chee invented techniques for using
unique identifiers to correct for errors and bias at least a few weeks or months
before the *730 patent’s provisional applications were filed. That shows that those
in the art at that time would have been motivated to combine McCloskey’s tags
that include unique barcodes with the tagging methods described in Bignell.

257. Therefore, a person of ordinary skill in the art would have been

motivated to combine McCloskey’s “random barcode” sequence with Bignell’s
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Next-Gen sequencing technique and would have reasonably expected for the
combination of McCloskey and Bignell to work.

4. Bignell and McCloskey Describe the Elements of
Independent Claims 1 and 9 of the *730 Patent

258. It is my opinion that Bignell in combination with McCloskey renders
claims 1 and 9 obvious. Claim 1 (EX1001) is exemplary and reproduced below.

1. A method for correcting for errors or bias introduced during nucleic
acid analysis workflow, the method comprising the steps of:

obtaining a biological sample comprising a plurality of target nucleic
acid molecules from more than one locus of origin;

introducing a set of differentiator tags, wherein members of said set of
differentiator tags are associated with members of said plurality, such that
one or more of said loci of origin are associated with more than one
differentiator tag;

amplifying each of the plurality of tagged target nucleic acid
molecules to generate amplicons;

sequencing the amplicons obtained in said amplifying step to obtain
sequence reads of each of the amplicons, wherein each of the sequence reads
comprises a target nucleic acid molecule sequence and a differentiator tag
sequence; and

correcting for error or bias introduced during said workflow by
collapsing target:differentiator tag combinations observed more than once
into a single count.

a) Preamble
259. The preamble of claims 1 and 9 specify “[a] method for correcting for
errors or bias introduced during nucleic acid analysis workflow.”
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260. Bignell discloses a method for a nucleic acid workflow. As I
explained above, Bignell teaches a method of sequencing nucleic acid molecules,
such as DNA, using Next-Gen sequencing techniques. See, e.g., EX1013(Bignell),
17:12-27, 45:48-50. Bignell teaches a method of using unique sample tags to
facilitate “multiplex sequencing.”

261. McCloskey discloses a method for correcting for error or bias
introduced during a nucleic acid analysis workflow. EX1012(McCloskey), [0002].
As I explained above, McCloskey teaches that the amplification step in the nucleic
acid sequencing workflow can introduce errors and bias. For instance, McCloskey
explains that PCR amplification can “result in a skewed yield of PCR products
such that there is a high degree of redundancy for a small portion of the original
genome sequence.” Id., [0003].

262. McCloskey explains that its methods can correct for errors and bias
introduced during the amplification process. McCloskey teaches that “[i]n
response to the challenges of PCR redundancy and contamination associated with
PCR amplification of limited amounts of DNA template, genomic DNA fragments
were labeled with molecular sequence barcodes and ‘batch-stamps’ prior to PCR
amplification.” EX1012(McCloskey), [0093]. McCloskey explains that
“IbJarcoding permits . . . correcting for skewing that can arise from PCR

amplification or the cloning of products.” Id., [0005]. Additionally, McCloskey
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teaches that its method “allows for the analysis of mutations arising during PCR
amplification,” id., [0106], as well as “PCR error,” id., [0063].
b)  “obtaining a biological sample comprising a

plurality of target nucleic acid molecules from
more than one locus of origin”

263. Claims 1 and 9 specify the above limitation, which Bignell and
McCloskey teach.

264. Bignell teaches that its method can be used to analyze biological
samples, such as DNA molecules. For instance, Bignell explains that “[i]n a
particular embodiment, the primary polynucleotide molecules are DNA
molecules,” such as “human genomic DNA molecules.” EX1013(Bignell), 8:4-16.
Bignell’s examples also use DNA from “human samples.” 26:10-13.

265. Bignell also shows that the sample comprises target nucleic acids
from “more than one locus of origin.” For instance, Bignell explains that its
methods can be used to analyze “human genomes,” as well as “less complex
genomes, such as those of bacteria, viruses, mitochondria, and the like.”
EX1013(Bignell), 1:29-32. Bignell explains that samples can include DNA
“molecules [that] represent the entire genetic complement of an organism, and are
genomic DNA molecules.” Id., 8:5-10. Bignell also teaches that its methods can
be used with “particular sub-sets of polynucleotide sequences or genomic DNA,

such as... particular chromosomes.” Id., 8:10-13. Thus, a person of ordinary skill
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in the art would have understood that analyzing genomes implicates the analysis of
nucleic acid molecules from multiple loci.

266. McCloskey also teaches its method involves “obtaining a biological
sample,” such as “naturally-occurring” DNA molecules. EX1012(McCloskey),
[0018]. For instance, McCloskey teaches that its method used “DNA samples
[which] were obtained from blood” to analyze the “[hJuman genomic DNA [that]
was isolated from blood.” Id., [0045]. McCloskey also demonstrates an example
where the sample is taken from the “FMRI1 locus” on the genome. Id., [0043].

267. Further, McCloskey teaches that the sample comprises target nucleic
acids from “more than one locus of origin.” For instance, McCloskey teaches that
its methods can be used to analyze “genomic DNA fragments,” which refers to
DNA fragments which exist at any location on the genome. EX1012(McCloskey),
[0005]. McCloskey explains that its invention may be used for biomedical
purposes or forensic purposes. Id., [0006]. McCloskey also explains that its
invention is useful for the “diagnosis and prognosis of some cancers” and other
human diseases, including “chronic myelogenous leukemia and scleroderma.” Id.,
[0007]; see also id., [0103] (“fragile X syndrome™). McCloskey also explains that
the samples of target nucleic acid molecules can be “clinical samples,” id., [0019],
and that sample tags (“batch-stamps”) can be used to identify “a patient,” id.,

[0027]. As I explained above, a person of ordinary skill in the art would have
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understood that using McCloskey’s methods for these purposes implicate the
analysis of target nucleic acids from multiple loci.
) Claim 1: “introducing a set of differentiator
tags wherein members of said set of
differentiator tags are associated with members
of said plurality, such that one or more of said

loci of origin are associated with more than one
differentiator tag”

268. Claim 1 specifies the above limitation, which Bignell and McCloskey
together teach.

269. Bignell describes a method where tags are added to nucleic acids in a
sample. For instance, Bignell teaches “target nucleic acids from a plurality of
sources can be tagged with a unique, identifiable sequence of nucleic acid bases.”
EX1013(Bignell), 6:36-40; see id., 7:59-64. Bignell teaches that the tag is
generally “a synthetic sequence of nucleotides which is added to the target as part
of the template preparation step.” Id., 9:46-48. Further, Bignell explains that “[a]
nucleic acid sequence tag characteristic of the source is attached to each of the
target molecules in each isolated sample before the sample is immobilized for
sequencing.” Id., 9:41-44.

270. Bignell also teaches that these tags allow for the nucleic acids in one
sample to be differentiated from the nucleic acids in another sample. For instance,
Bignell explains that “a sample specific tag is a nucleic acid sequence tag which is

attached to each of the target molecules of a particular sample, the presence of
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which is indicative of or is used to identify the sample or source from which the
target molecules were isolated.” EX1013(Bignell), 9:48-52; see also id., 13:16-22,
13:32-35, 21:18-22.

271. Finally, Bignell teaches that the tag sequence can be incorporated in
the adaptor. EX1013(Bignell), 9:62-65 (“tags are on the adaptor™), 4:40-48
(“sample specific tagged adaptor™), 9:59-10:4, 10:23-26. Bignell also teaches that
the sequence of the adaptors “may be selected by the user such that the desired
sequence elements are ultimately included.” /1d., 11:65-12:9.

272. As I explained above in § VII.D.3, a person of ordinary skill in the art
would have modified the adaptors in Bignell to incorporate the molecule-specific
unique barcodes in McCloskey.

273. McCloskey teaches a method in which tags are introduced and
associated with each nucleic acid molecule in a sample. See, e.g.,
EX1012(McCloskey), [0005], [0009]. For instance, McCloskey describes a
method of synthesizing and adding (i.e., introducing) “bar-coded oligonucleotides”
to a sample of nucleic acids. Id., [0046]; see also id., [0047] (“[t]hese steps allow
for the extension of the annealed oligo onto the genomic template, resulting in a
bar-coded template for subsequent amplification™).

274. McCloskey refers to the tags as “bar-coded oligonucleotides.”

EX1012(McCloskey), [0021]. McCloskey’s barcodes can be comprised of four
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parts. These four parts include: a “first sequence” that is an adaptors or primer, id.,
[0020], [0022], a “second sequence” called a “random barcode” that will “uniquely
identify a target nucleic acid in an experiment,” id., [0021], a “third sequence” that
is another adaptor or primer, id., [0020], [0022], and a “fourth sequence” called a
“batch-stamp” that identifies a sample or a patient, id., [0027].

275. McCloskey teaches that “[t]he term ‘random barcode’ refers to an
arbitrary sequence that can uniquely identify a target nucleic acid in an
experiment.” EX1012(McCloskey), [0021]. In other words, no two nucleic acids
in the starting sample will be associated with the same barcode. McCloskey
reports the results of experiments where every nucleic acid was given a unique
barcode. Id., [0053], [0063]. Thus, a person of ordinary skill in the art would have
understood that “random barcodes” in McCloskey meet the “differentiator tags”
element of the claims.

276. McCloskey also teaches that “one or more of said loci of origin are
associated with more than one differentiator tag.” McCloskey explains that each
“random barcode” is unique to a target nucleic acid molecule and that the length of
the barcode sequence may be increased to ensure that each barcode sequence is
unique. For instance, McCloskey explains that “[s]Jome applications will require a
larger pool of random-sequence barcodes if more independently derived sequences

are required,” EX1012(McCloskey), [0101], and explains that the sequence for the
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random barcodes may be up to 30 nucleotides. /d., [0021]. McCloskey teaches
that random barcodes with 13 nucleotides can be used which provides about
“1.6x10° different codes™ and that “the probability that two of [the cloned PCR
products] would be different genomic fragments labeled with identical barcodes is
only 0.0031.” Id., [0101].

277. McCloskey also teaches that the sequences of random barcodes can be
even longer—up to 30 nucleotides. Id., [0021]. This would yield over 1x108
possible barcodes and would further increase the probability that every nucleic acid
molecule is associated with a unique barcode. Thus, as I explained above, a person
of ordinary skill in the art would have understood they could synthesize a longer
barcode sequence to further increase the probability that each nucleic acid
molecule is associated with a unique barcode.

278. Further, McCloskey teaches that its random barcodes provides “a
unique identity to each target nucleic acid molecule in the sample prior to
amplification.” EX1012(McCloskey), [0021]. Consequently, a random barcode
“can uniquely identify a target nucleic acid.” Id. McCloskey demonstrates this is
its examples by showing that multiple nucleic acid molecules “had distinct barcode
regions,” id., [0053], even though the molecules all originated from the same
location on the genome: the FMR1 locus, id., [0043]. See also id., [0063]

(obtaining multiple sequences, “each of which had a unique barcode”). Therefore,
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McCloskey teaches that “one or more of said loci of origin are associated with
more than one differentiator tag.”
d) Claim 9: “introducing a set of unique
differentiator tags wherein members of said set
of differentiator tags are randomly associated
with members of said plurality of target nucleic

acid molecules, such that any given tag is
uniquely associated with said locus of origin”

279. Claim 9 specifies the above limitation, which Bignell and McCloskey
together teach. During prosecution, Applicant made clear that “differentiator tags”
must be unique. Therefore, including the word “unique” in this claim therefore
does not add meaning to the term “differentiator tag.” McCloskey’s unique
barcodes are “unique differentiator tags” for the same reasons they are
“differentiator tags.”

280. This limitation further requires that the “set of differentiator tags are
randomly associated with members of said plurality of target nucleic acid
molecules.” McCloskey’s random barcodes are “randomly associated” with target
nucleic acid molecules. See, e.g., EX1012(McCloskey), [0017]. McCloskey’s
method involves synthesizing the oligonucleotides for the random barcodes, id.,
0021], and then introducing them into a sample to attach to the target nucleic acid
molecules, id., [0017], [0046]-[0047]. Further, McCloskey’s “random barcodes”
do not have a region that specifically targets a nucleic acid, and each random

barcode is able to attach to any nucleic acid in the sample. McCloskey’s “random
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barcodes” are allowed to randomly associate with nucleic acids when added to a
sample. Therefore, a person of ordinary skill in the art would have understood that
the tags in McCloskey meet this claim element.

281. This limitation also further requires that “any given tag is uniquely
associated with said locus of origin.” McCloskey teaches that “[t]he term ‘random
barcode’ refers to an arbitrary sequence that can uniquely identify a target nucleic
acid in an experiment.” EX1012(McCloskey), [0021]. This means that the
random barcodes described by McCloskey are uniquely associated with a target
nucleic acid, so that every target nucleic acid will be uniquely associated with a
random barcode. Each nucleic acid is associated with one locus, and therefore, any
tag 1s uniquely associated with one locus of origin.

e) “amplifying each of the plurality of tagged

target nucleic acid molecules to generate
amplicons”

282. Claims 1 and 9 specify the above limitation, which Bignell and
McCloskey teach.

283. Bignell teaches that the tagged target nucleic acid molecules are
amplified to generate amplicons. For instance, Bignell explains that the “tagged
adaptor” sequence is added to the ends of the target nucleic acid molecule to form
a sample of “adaptor-target-adaptors.” EX1013(Bignell), 4:40-48. The sample of

“adaptor-target-adaptors” corresponds to “tagged target nucleic acid molecules.”
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Then the sample(s) of the “adaptor-target-adaptors” are amplified. 1d., 5:5-22; see
also id., 4:49-53, 12:65-13:15, 15:5-11, 15:14-15. Amplification “generate[s]
amplified nucleic acids from each sample.” Id., 5:17-20; see also id., 4:51-53;
10:16-19 (“amplified copies”).

284. McCloskey also teaches that the tagged target nucleic acid molecules
are amplified to generate amplicons. For instance, McCloskey describes
“amplifying the bar-coded target nucleic acid molecule... to produce an
amplification product.” EX1012(McCloskey), [0032]; see id., [0031], [0033],
[0035].

f) “sequencing the amplicons obtained in said
amplifying step to obtain sequence reads of
each of the amplicons, wherein each of the
sequence reads comprises a target nucleic acid

molecule sequence and a differentiator tag
sequence”

285. Claims 1 and 9 specify the above limitation, which Bignell and
McCloskey together teach.

286. Bignell teaches that its method involves a sequencing step, in which
the both the target nucleic acid molecule sequence and the tag sequence are read.
EX1013(Bignell), 6:61-7:3, 4:56-62, 5:25-30, 17:4-11, 17:36-39. For instance,
Bignell’s methods allow for the preparation of “a nucleic acid sample for a
sequencing reaction wherein both the target sequence and the tag sequence can be

determined.” EX1013(Bignell), 3:56-59. Bignell explains that the construct can
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be prepared so that “the tag sequence is adjacent to the target sequence, and the tag
and target are read in a single read.” Id., 6:66-7:3. Bignell also describes a process
where the tag and target can be read in separate reads. Id., 6:61-66.

287. McCloskey also teaches a method of “sequencing the amplicons,” in
which both the target nucleic acid molecule sequence and the tag sequence are
read. See, e.g., EX1012(McCloskey), [0063]. McCloskey teaches that the
“amplification products” can be sequenced, and that sequencing methods “are
known in the art.” Id., [0034]. McCloskey provides an example of a sequencing

of a “representative amplified product, MM22.” Id., [0051] (annotated below).

MM22:
5'ggatgcatttgagtq?ccacgccactgagtgca
cctctgcagaaatgggcgttctggeccctcgecgagge
agtgcgacctgtcaccgctcttcagccttceccgecce
tccaccaagcccgecgcacgcecccggeccgegegtetg
tctttcgacccggecacctecggeccggttececcagecage
gcgcatgcgcecgce | GCTCCCAGGCCACTTGAAGAGAG
A ACATGCCCCTCCT ACACCC CACTTTGAAGACA
TGCATGT 3'

288. McCloskey explains that “[t]he sequences [of MM22] in upper case
corresponds to the sequence of the bar-coded oligonucleotide,” including “the 5
nucleotides corresponding to the barcode (5° ACACCC 3°).”
EX1012(McCloskey), [0052]. I have annotated the sequence above to underline

the barcode sequence in red.
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289. McCloskey explains that “[t]he sequences [of MM22] in lower case is
the region complementary to FMR1 that was not represented in the bar-coded
oligonucleotide, starting with the rightward primer binding site (italicized.)”
EX1012(McCloskey), [0052]. I have annotated the sequence above to include blue
brackets around this region. A person of ordinary skill in the art would therefore
have understood that the lower case, non-italicized region is the region
complementary to FMR1 (i.e., the target nucleic acid molecule). A person of
ordinary skill in the art would further have understood that a sequence read of the
complementary region also provides the sequence read of the target nucleic acid
molecule.

290. Thus, Bignell and McCloskey’s combined method involves
sequencing the amplified products where “each of the sequence reads comprises a
target nucleic acid molecule sequence and a differentiator tag sequence.”

g) Claim 1: “correcting for error or bias
introduced during said workflow by collapsing

target:differentiator tag combinations observed
more than once into a single count”

291. Claim 1 specifies the above limitation, which Bignell and McCloskey
together teach.

292. As I explained above for the claim preamble, McCloskey’s method
can both detect and correct for errors and bias caused by the amplification and

sequencing processes. See EX1012(McCloskey), [0002].
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293. McCloskey teaches that using unique barcodes attached to each
molecule in the starting sample allows for “correcting for skewing that can arise
from PCR amplification.” EX1012(McCloskey), [0005]. A skilled person would
have understood that McCloskey corrects that skewing by determining that all
molecules with the same barcode correspond to the same starting molecule in the
sample. McCloskey states that identifying duplicate barcodes allows it to
determine that there are “multiple amplified sequences derived from a single
original molecule.” Id., [0093]. In McCloskey’s examples, McCloskey uses the
barcodes to ensure that it does not double count duplicate sequences in its analysis.
1d., [0053], [0063].

294. McCloskey’s barcodes allow it “to identify... redundant sequences
and to quantify accurately the proportion of cells carrying a particular sequence
variant by counting only distinctly tagged sequences.” EX1012(McCloskey),
[0093]; see id., [0106] (can “quantif[y] the relative abundance” of molecules).
McCloskey explains that the “ability to distinguish redundant from valid data is an
immensely powerful tool.” Id., [0053]. This process corrects for any bias
introduced by uneven amplification of the sample.

295. McCloskey’s method of identifying duplicates to prevent double
counting is the same technique that the *730 patent describes as “collapsing”

differentiator tags and targets. EX1001, 28:32-44. The *730 patent shows
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performing the “collapsing” step by counting only unique tags to determine the
number of times a sequence appeared in the original sample. Id., 30:48-52, 72:63-
73:2. The *730 patent shows that duplicates of a tag are identified but not included
in the count. /d. McCloskey shows doing the same thing and therefore teaches
“collapsing” duplicate “target:differentiator tag combinations... into a single
count.”
h)  Claim 9: “correcting for error or bias
introduced during said workflow by
recognizing target/differentiator tags having the

same sequence as being derived from the same
input molecule”

296. Claim 9 specifies the above limitation, which Bignell and McCloskey
together teach. McCloskey describes a method of “correcting for error or bias
introduced during said workflow,” as I discussed above with respect to claim 1.

297. This limitation is similar to claim 1, but the limitation differs slightly
in that it requires “recognizing target/differentiator tags having the same sequence
as being derived from the same input molecule.”

298. McCloskey teaches that using unique barcodes attached to each
molecule in the starting sample allows for “correcting for skewing that can arise
from PCR amplification.” EX1012(McCloskey), [0005]. McCloskey’s barcodes
allow it “to identify... redundant sequences and to quantify accurately the

proportion of cells carrying a particular sequence variant by counting only
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distinctly tagged sequences.” EX1012(McCloskey), [0093]; see id., [0106] (can
“quantif[y] the relative abundance” of molecules). McCloskey explains that the
“ability to distinguish redundant from valid data is an immensely powerful tool.”
1d., [0053]. This process corrects for any bias introduced by uneven amplification
of the sample.

299. A skilled person would have also understood that McCloskey corrects
that skewing by determining that all molecules with the same barcode correspond
to the same starting molecule in the sample. McCloskey states that identifying
duplicate barcodes allows it to determines that there are “multiple amplified
sequences derived from a single original molecule.” Id., [0093]. McCloskey
therefore teaches “recognizing” random barcodes that have the same unique

sequence as “being derived from the same input molecule.”

5. Claim 4

300. Claim 4 depends on claim 1 and further recites “wherein said
biological sample is selected from the group consisting of blood and biopsy
tissue.”

301. McCloskey teaches this limitation. For instance, McCloskey explains
its method can be used to analyze “[hJuman genomic DNA [that] was isolated from

blood.” EX1012(McCloskey), [0045].
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6. Claim 5

302. Claim 5 depends on claim 1 and further recites “wherein said plurality
of target nucleic acid molecules comprises bacterial or viral nucleic acids isolated
from said biological sample.”

303. Bignell teaches this limitation. For instance, Bignell explains its
method can be used to analyze “less complex genomes, such as those of bacteria,
viruses, mitochondria, and the like.” EX1013(Bignell), 1:29-32; also id., 8:47-53.

7. Claim 6

304. Claim 6 depends on claim 1 and further recites “wherein said plurality
of target nucleic acid molecules are circulating tumor nucleic acid molecules.”

305. McCloskey teaches this limitation. McCloskey teaches that its
method can be used to analyze biological samples, such as “[hJuman genomic
DNA [that] was isolated from blood.” EX1012(McCloskey), [0045]. As I
explained above, tumors cells shed DNA into the bloodstream which can be
referred to as “circulating tumor DNA.” McCloskey also teaches that its invention
is “useful in diagnosis and prognosis of some cancers” and it “provides methods to
assess the variations of methylation, and their quantification, in a heterogeneous
population of cancer cells and normal cells.” Id., [0007]. A person of ordinary
skill in the art would have understood that McCloskey’s methods for analyzing
blood also involve analyzing circulating tumor DNA.
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306. McCloskey further explains that “the barcoding method thus provides
a definitive solution to the problem identified previously . . . in which multiple
amplified sequences are derived from a single original molecule when template
DNA is limited in amount or of poor quality.” EX1012(McCloskey), [0106]. A
person of ordinary skill in the art would have understood that the method described
by McCloskey would be particularly useful in sequencing experiments involving a
small quantity of DNA, such as circulating tumor DNA.

E. Bignell, McCloskey, and Bentley Render Obvious Claim 2
1. Overview of Bentley

307. Bentley describes the advances in sequencing technology and how
they can be used to analyze whole genomes. EX1017(Bentley), 545. Bentley also
provides overviews of “[n]ew sequencing technologies,” including sequencing by
synthesis. Id., 546. Two available sequencing by synthesis systems were
[llumina’s Solexa system and the Roche 454 system. Id., 546, 548.

308. Bentley explains that Next-Gen sequencing, such as Illumina’s Solexa
system, can be used to generate a consensus sequence. /d., 549 (“multiple reads
from the same sample can be aligned and used to derive a consensus base-call at
each position™), 550 (Fig. 2). Bentley also explains that “errors” are “excluded

from being true base calls” and therefore are not included in the consensus
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sequence. Thus, the generation of a consensus sequence recognizes and corrects
for error.
2. A Person of Ordinary SKkill in the Art Would Have

Configured Bignell and McCloskey to Generate a
Consensus Base Call as Taught by Bentley

309. A person of ordinary skill in the art would have been motivated to
practice McCloskey and Bignell based on Bentley’s teachings.

310. McCloskey includes examples where errors were identified and
corrected. For instance, McCloskey explains that “[e]ach sequence was proofread
against the sequence trace” and that “errant base calling was corrected manually
before being presented here.” EX1012(McCloskey), [0098]. A person of ordinary
skill in the art would have understood that checking for errors improves the
accuracy of sequencing, and that conventional knowledge is reflected in
McCloskey, describes a process for identifying “errant base calling.” A skilled
person would have been motivated to look to other references that describe details
about conventional techniques for identifying and correcting errors.

311. One such reference is Bentley, which describes a method to recognize
and correct errors that arise during the nucleic acid sequencing workflow, by
generating a consensus base call or a consensus sequence. Bentley provides an

overview of this well-known technique for analyzing sequence reads and explains
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that a consensus base call can be generated with data from Next-Gen and
traditional Sanger sequencing technologies.

312. Figure 2, pictured below, demonstrates how the alignment of several
sequence reads can be used to generate a consensus sequence using data from

Next-Gen sequencing technologies. EX1017(Bentley), 550.

Figure 2
Read 1 MACGCGGTGCAAAATGCCGCGTTAGATC C|CITCGCGCGCT
Read 2 CGGTGCAAAATGCCGCGTTAGATC|GITCGCGCGCTT
Read 3 GTGCAAAATGCCGCGTTAGATC|CIPTCGCGCGCTTAT
GTGCAAACTGCCGCGTTAGATC|ICITCGCGCGCTTAT
TGCAAAATGCCGCGTTAGATC|GITCGCGCGCGTADIM
GCAAAATGCCGCGTTAGATCIGITCGCGCGCTTATAC
AAAATGCCTCGTTAGATC|CI[TCGCGCGCTTATACGC
AAATGCCGCGTTAGATC|GITCGCGCGCTTATACGCC
ATGCCGCGTTAGATC|GITCGCGCGCTTATACGCCGC
TGCCGCGTTAGATCIGITCGCGCGCTTATAAGCCGCT
TGCCGCGTTAGATC|C[TCGCGCGCTTATACGCCGCT
Consensus _ACGGTGCAAAATGCCGCGTTAGATCIETCGCGCGCTTATACGCCGCT...
Current Opsrion in Genetics & Development
Viewing sequence alignments. A schematic diagram of the viewing alignments of 35-base reads derived from a diploid DNA sample, and the
resulting consensus, in the style of the gap4 program for sequence alignment and viewing [23] (http://staden.sourceforge.net). The gap4 viewer
contains extensive editing and viewing features, including the ability to view quality scores, traces and sequence differences. The schematic
shows errors that are distributed randomly (one each of C, T, G and A in blue) and excluded from being true base-calls because they are isolated
examples of a base call, different from all the other calls at that position in other reads that contribute to the consensus. In one position (boxed),
there are multiple incidences of two base-calls. The consensus quality value is low (grey shading) because of high representation of two
base-calls, and this indicates the presence of a heterozygous position, with both base-calls being true. In addition to the use of majority voting
and the consensus quality value to make the call, and depending on the sequencing chemistry used, there may be a quality value for each
base of each read (see text).

313. Bentley explains that Figure 2 “shows errors that are distributed
randomly (one each of C, T, G and A in blue) and excluded from being true base-
calls because they are isolated examples of a base call, different from all the other

calls at that position in other reads that contribute to the consensus.” Id. This
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means that errors are recognized and are not incorporated in the consensus
sequence. Thus, a person of ordinary skill in the art would have been motivated to
generate a consensus sequence as taught by Bentley with the sequencing
techniques taught by McCloskey and Bignell as a method to identify and correct
for error.

314. Bentley also teaches that a consensus sequence can correct for errors
that stem from “misincorporation by the polymerase.” EX1017(Bentley), 548. A
person of ordinary skill in the art would understand that this includes errors that
were introduced by the incorrect addition of nucleotides during the synthesis
process, such as during PCR amplification. Bentley explains that this type of error
will generate “a high-confidence wrong base-call” which generally “will not affect
consensus base-calls.” Id.. Thus, the errors will be recognized as true errors with
“high-confidence” and will not be included in the consensus sequence.

315. McCloskey’s methods are also concerned about errors introduced
during the amplification step. For instance, McCloskey teaches that its method
“allows for the analysis of mutations arising during PCR amplification,”
EX1012(McCloskey), [0106], as well as “PCR error,” id., [0063]. A person of
ordinary skill in the art would therefore have been motivated to generate a

consensus sequence as taught by Bentley with McCloskey’s methods.
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316. Bentley also teaches that when “each sequencing template is clonal in
origin, high-quality base-calls are generated separately for each variant.”
EX1017(Bentley), 546. A person of ordinary skill in the art would have
understood that this means a consensus base call could be generated with copies of
the same molecule. Thus, a person of ordinary skill in the art would have had a
reasonable expectation of success in generating a “high-quality base-call” for the
molecules in McCloskey that have the same random barcode, since those
molecules are “clonal in origin.”

317. Finally, a person of ordinary skill in the art would have had a
reasonable expectation of success in generating a consensus sequence with data
from the sequencing techniques for Bignell and McCloskey. Bentley explains that
a consensus sequence could be generated with data from Next-Gen sequencing
technologies, such as Illumina’s Solexa system, as well as data from traditional
Sanger sequencing (referred to as “capillary sequencing”) using similar methods.
Bignell describes techniques that can be used with Illumina’s sequencer. A skilled
person would have been motivated to configure the combined system to generate
consensus sequences when the amplified products contained duplicates (amplified
nucleic acids with the same barcode). The ability to create consensus reads was a

feature of Illumina’s system, and it improved accuracy as Bentley explains.
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318. Bentley explains that “multiple reads from the same sample can be
aligned and used to derive a consensus base-call at each position.”
EX1017(Bentley), 549. This type of consensus analysis “provides high-confidence
base-calling.” Id. Accuracy of the consensus is measured using an algorithm
called “Phred” which “provides a numerical score (i.e. quality value) that is an
estimate of the probability of error for each base-call in a raw read.” Id.

319. Next-Gen sequencing technologies which use “[b]ase by base
sequencing,” such as Illumina’s Solexa system, also “provide[] information on the
raw data collected at each base.” EX1017(Bentley), 549. Like for traditional
Sanger sequencing, this enables the derivation of “quality values” that estimate the
probability of error for each base call. /d. Further, Bentley explains that
“[c]onsensus scoring and quality values can be used to call SNPs in the same way
as that developed for capillary sequence data (illustrated schematically in Figure
2).” Id.

320. Thus, a person of ordinary skill in the art would have configured
Bignell and McCloskey to generate a consensus sequence, and would have had a
reasonable expectation of success in doing so.

3. Claim 2

321. Claim 2 depends on claim 1 and further recites “wherein said

correcting step further comprises collapsing all sequence reads comprising a same

Petitioner Illumina, Inc.
Ex.1005, p. 123



IPR2024-01419 Declaration of Dr. Gabriel

differentiator tag into a single read before determining a consensus base call for
the target nucleic acid molecule sequences.”

322. As I explained above, Bentley teaches “determining a consensus base
call for the target nucleic acid molecule sequences” which involves “collapsing”
the sequence reads “into a single read.” Bentley explains that “multiple reads
from the same sample can be aligned and used to derive a consensus base-call at
each position,” EX1017(Bentley), 549, and illustrates this in Figure 2, below, id.,

550.

Figure 2
Read 1 MACGGCGTGCAAAATGCCGCGTTAGATC CCITCGCGCGCT
Read 2 CGGTGCAAAATGCCGCGTTAGATC CIGITCGCGCGCTT
Read 3 CTGCAAAATGCGCCGCGTTAGATC|C|[PCGCGCGCTTAT
GTGCAAACTGCCGCGTTAGATC|ICITCGCGCGCTTAT
TGCAAAATGCCGCGTTAGATCGTCGCGCGCGTA_
GCAAAATGCCGCGTTAGATCIGITCGCGCGCTTATAC
AAAATGCCTCGTTAGATC|ICITCGCGCGCTTATACGC
AAATGCCGCGTTAGATC|GITCGCGCGCTTATACGCC
ATGCCGCGTTAGATC|GITCGCGCGCTTATACGCCGC
TGCCGCGTTAGATCGITCGCGCGCTTATAAGCCGCT
TGCCGCGTTAGATC|[C[TCGCGCGCTTATACGCCGCT
Consensus _ACGGTGCAAAATGCCGCGTTAGATCBTCGCGCGCTTATACGCCGCT...
Current Opsrvon in Genetics & Develcpment
Viewing sequence alignments. A schematic diagram of the viewing alignments of 35-base reads derived from a diploid DNA sample, and the
resulting consensus, in the style of the gap4 program for sequence alignment and viewing [23] (http://staden.sourceforge.net). The gap4 viewer
contains extensive editing and viewing features, including the ability to view quality scores, traces and sequence differences. The schematic
shows errors that are distributed randomly (one each of C, T, G and A in blue) and excluded from being true base-calls because they are isolated
examples of a base call, different from all the other calls at that position in other reads that contribute to the consensus. In one position (boxed),
there are muitiple incidences of two base-calls. The consensus quality value is low (grey shading) because of high representation of two
base-calls, and this indicates the presence of a heterozygous position, with both base-calls being true. In addition to the use of majority voting
and the consensus quality value to make the call, and depending on the sequencing chemistry used, there may be a quality value for each
base of each read (see text).
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Figure 2 shows that 11 reads are collapsed into one “consensus” read. The
consensus sequence includes the base call that appears most frequently. Errors are
“excluded from being true base-calls” and are therefore not incorporated in the
consensus sequence. Id., 550.

323. It would have been obvious to generate a consensus sequence, like
this consensus sequence taught by Bentley, for “all sequence reads comprising a
same differentiator tag.” Bentley teaches that when “each sequencing template is
clonal in origin, high-quality base-calls are generated separately for each variant.”
EX1017(Bentley), 546. A person of ordinary skill in the art would have
understood that this means a consensus base call (or sequence) could be generated
with copies of the same molecule.

324. McCloskey teaches generating and identifying copies of the same
molecule by introducing a “random barcode.” A random barcode can “uniquely
identify a target nucleic acid.” EX1012(McCloskey), [0021]. Therefore, a person
of ordinary skill in the art would have found it obvious to generate a consensus

base call with “all sequence reads comprising a same differentiator tag.”

4. Claim 3

325. Claim 3 depends on claim 2 and further recites “further comprising
the step of determining the presence of a sequencing or amplification error based

upon a number of said differentiator tag sequences.”
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326. As I explained above for McCloskey and Bignell, McCloskey uses
sequence reads with the same unique barcode (“differentiator tag”) to determine
the presence of “PCR errors,” EX1012(McCloskey), [0063], and “mutations [in the
DNA] arising during PCR amplification,” id., [0106]. McCloskey also explains
that “[b]arcoding permits . . . correcting for skewing that can arise from PCR
amplification or the cloning of products.” Id., [0005]. Thus, McCloskey teaches
claim 3.

327. Bentley and McCloskey also teach claim 3. Using Bentley’s
technique, a skilled person would have grouped amplified nucleic acids with the
same barcode and used them to determine a consensus sequence. Therefore, the
combination of Bignell, McCloskey, and Bentley also render claim 3 obvious.

F.  Bignell, McCloskey, and Gahan Render Obvious Claims 6 and 8

1. A Person of Ordinary SKkill in the Art Would Have
Practiced Bignell and McCloskey to Analyze Nucleic Acids
in Blood For Diagnostic Purposes

328. McCloskey teaches that its method can be used to analyze “[hJuman
genomic DNA [that] was isolated from blood.” EX1012(McCloskey), [0045]. A
person of ordinary skill would have known that different types of nucleic acids
circulate in blood, and that it was routine to study these types of nucleic acids. It

was also well-known that circulating nucleic acids from blood samples could be
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analyzed for several diagnostic purposes, including for fetal medicine as well as
the diagnosis of cancer and other diseases.

329. A person of ordinary skill would have known that it was useful to
sequence nucleic acids circulating in blood for diagnostic purposes. That
knowledge is reflected in Gahan, which explains that sequencing nucleic acids in
blood can allow for early diagnosis of certain diseases. EX1015(Gahan), 1.
Therefore, a person of ordinary skill would have been motivated to isolate the
different types of nucleic acids circulating in blood and analyze them using
Bignell’s and McCloskey’s method.

2. Claim 6

330. Claim 6 depends on claim 1 and further recites “wherein said plurality
of target nucleic acid molecules are circulating tumor nucleic acid molecules.”

331. McCloskey teaches that its method can be used to analyze “[hJuman
genomic DNA [that] was isolated from blood.” EX1012(McCloskey), [0045]. A
person of ordinary skill in the art would have understood that a blood sample
contains circulating nucleic acid molecules. A person of ordinary skill in the art
would have also known that tumor cells shed DNA into the bloodstream. Gahan,
for instance, explains that “[c]ells releasing these forms of DNAs could include

tissue-based cells related to . . . tumors.” EX1015(Gahan), 2.
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332. A person of ordinary skill in the art would have understood that, if a
tumor is present, the nucleic acid molecules in blood samples can comprise
circulating tumor nucleic acid molecules. See, e.g., EX1032, 654 (“detection of
mutations in tumor cells . . . in the circulation”). Gahan reports that analyzing
circulating nucleic acids can identify breast cancer and lung cancer tumors.
EX1015(Gahan), 4. Thus, a person of ordinary skill in the art would have found it
obvious to use McCloskey’s methods to analyze “circulating tumor nucleic acid

molecule[s],” for diagnostic purposes as described by Gahan.

3. Claim 8

333. Claim 8 depends on claim 1 and further recites “wherein said plurality
of target nucleic acid molecules are maternally-circulating fetal or placental
nucleic acid molecules.”

334. McCloskey teaches that its method can be used to analyze “[hJuman
genomic DNA [that] was isolated from blood.” EX1012(McCloskey), [0045]. As
I explained above, Gahan teaches that fetal DNA from maternal blood, specifically
blood plasma, can be analyzed. For instance, Gahan reports that “[s]everal studies
have shown that the sex of the fetus could be determined using fetal DNA in
maternal plasma, many of which have used the presence or absence of Y
chromosome markers.” EX1015(Gahan), 3-4. This means that a maternal blood

sample comprises circulating fetal cells which can be analyzed, such as to
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determine the sex of the fetus. Gahan also teaches that maternal blood plasma can
be analyzed to detect maternal complications, such as “fetal disorders.” Id., 3.
Thus, a person of ordinary skill in the art would have found it obvious to use
McCloskey’s methods to analyze “maternally-circulating fetal or placental nucleic
acid molecules,” as described by Gahan.

G. Bignell, McCloskey, and Chiang Render Obvious Claim 7
1. Overview of Chiang

335. Chiang teaches a method of detecting copy number using Next-Gen
sequencing techniques. EX1033(Chiang), 99 (discussing “High-resolution
mapping of copy number alterations with massively parallel sequencing”). Chiang
also explains that “copy number variants can be used for phenotypic mapping in
genome-wide association studies and have been linked to various diseases,”
including cancer. I/d. Chiang describes algorithms for determining copy number
using using massively parallel sequencing, and it tested those algorithms on an
[llumina Genome Analyzer sequencer. Id., 100-101. The authors found their
approach had over two times higher resolution than then-existing microarray
techniques. 1d., 102.

336. Chiang analyzes sequence reads from human cell lines derived from
tumor samples. EX1033(Chiang), 99, 100 (“tumor sample”), 101 (“tumor cell

lines”). The sequence reads were generated using [llumina’s Genome Analyzer.
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1d., 99, 101. Chiang reports that “copy number estimates from massively parallel
sequencing achieved greater sensitivity, higher dynamic range and greater
precision for mapping breakpoints than similar estimates based on microarray
hybridization.” Id., 99. Even so, Chiang recognizes that it “anticipate[s] that each
massively parallel sequencing platform may be susceptible to particular biases.”
Id., 102.

2. A Person of Ordinary Skill in the Art Would Have

Practiced Bignell and McCloskey to Determine Copy Number
Taught by Chiang

337. A person of ordinary skill in the art would have been motivated to
detect copy number with Next-Gen sequencing techniques. Chiang teaches a
method of detecting copy number using Next-Gen sequencing techniques.
EX1033(Chiang), 99 (discussing “High-resolution mapping of copy number
alterations with massively parallel sequencing”). A person of ordinary skill would
have understood that determining copy number was an “important application” of
next-generation sequencing. EX1014, 1143. Chiang explains that analyzing copy
number “can be used for phenotypic mapping in genome-wide association studies
and have been linked to numerous diseases” and that copy number is a “powerful
way to find cancer genes.” EX1033(Chiang), 99. Chiang also reports that “copy

number estimates from massively parallel sequencing achieved greater sensitivity,
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higher dynamic range and greater precision for mapping breakpoints than similar
estimates based on microarray hybridization.” /d.

338. A person of ordinary skill in the art would have also had a reasonable
expectation of success in detecting copy number according to Chiang using the
Next-Gen sequencing techniques taught by Bignell. Bignell teaches that
sequencing can be performed using the “Illumina Genome Analyser.”
EX1013(Bignell), 45:48-50. Chiang’s method uses sequencing data from
[llumina’s Genome Analyzer. EX1033(Chiang), 99.

339. A person of ordinary skill in the art would have also been motivated
to combine McCloskey’s method of correcting bias with Chiang. Chiang,
recognizes that there are “issues involved in identifying cancer copy-number
alterations using massively parallel sequencing.” EX1033(Chiang), 99. One issue
Chiang discusses is that the results may reflect “inherent biases in the sample
preparation or sequencing procedures.” Id., 101; see also id., 102 (“We anticipate
that each massively parallel sequencing platform may be susceptible to particular
biases”). McCloskey’s methods provides a solution for the issue presented by
Chiang. McCloskey explains that “[b]arcoding permits . . . correcting for skewing
that can arise from PCR amplification or the cloning of products.”
EX1012(McCloskey), [0005]. Additionally, McCloskey teaches that its method

“allows for the analysis of mutations arising during PCR amplification,” id.,
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[0106], as well as “PCR error,” id., [0063]. A skilled person would have also
recognized that McCloskey’s technique allowed for accurately determining the
number of times a particular sequence appeared in the sample.

340. Therefore, a person of ordinary skill in the art would have been
motivated to combine Chiang’s method of detecting copy number with Bignell and

McCloskey, and would have had a reasonable expectation of success in doing so.

3. Claim 7

341. Claim 7 depends on claim 1 and further recites “further comprising
the step of determining the copy number of a genomic region or transcript in a
patient from whom the sample is obtained.”

342. As I explained above, a person of skill in the art would have
understood that it should rely on knowledge that was known in the art to determine
“the copy number of a genomic region.” See 99 209-210.

343. Chiang teaches a method for “determining the copy number of a
genomic region or transcript in a patient from whom the sample is obtained.”
Chiang explains that the “the copy number of a genomic region” can be determined
by calculating the “copy-number ratio.” EX1033(Chiang), 100. The “copy-
number ratio equals the number of aligning reads from a tumor sample, divided by
the number from the corresponding matched normal sample.” Id. When the

“copy-number ratio deviates from 1,” that is indicative of copy number variation in
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that region of the genome. EX1033(Chiang), 100. Chiang also teaches that it
“developed a computational algorithm, called SeqSeq, to detect and localize copy
number alterations from massively parallel sequence data.” Id.

344. Chiang also teaches a method for detecting copy number using a
sample from a patient. Chiang explains that it analyzed “a collection of ~14
million aligned sequence reads from human cell lines.” Id., 99. Chiang’s
methods also analyze “tumor samples,” EX1033(Chiang), 100, 102, and “three
tumor cell lines (HCC1954, HCC1143 and NCI-H3247),” id., 101. A person of
ordinary skill in the art would have recognized that at least HCC1954 and

HCC1143 were tumor cell lines derived from human patients.

% sk ok
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I, Stacey Gabriel, do hereby declare and state, that all statements made
herein of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with
the knowledge that willful false statements and the like so made are punishable by

fine or imprisonment, under Section 1001 of Title 18 of the United States Code.

Executed on: September 30, 2024

Stacey E;agriel, Ph.D.
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Stacey Bolk Gabriel, Ph.D.
Legal name: Stacey Lynn Munsey
15 Manhattan Dr., Burlington, MA 01803
781- 254 -9469 (c) ~ Stacey@broadinstitute.org

Research and Leadership Experience

Broad Institute of MIT and Harvard (formerly Whitehead Institute Center for Genome
Research), 11/98 - Present

Executive Vice President, Head of Platforms and Scientific Execution, Broad Institute of Harvard
and MIT, 10/2024 - present

Oversee Broad Institute platform organization, inclusive of nine units (Genomics, Data
Science, Genomic Perturbation, Proteomics, Metabolomics, Development of Therapeutics,
Spatial Technologies, Imagining and Patient Engagement) totaling ~500 staff.

Set strategy, performance metrics, financial targets long term sustainability.

Continue activities of Chief Genomics Officer (previous role) including serving as Principal

Investigator on flagship programs.
Member of the Broad Institute Executive Leadership Team (C-suite membership)

Chief Genomics Officer, Broad Institute and Senior Director, Genomics Platform, Broad
Institute of Harvard and MIT, 5/2012 — 10/2024

Direct the Broad Institute’s largest platform, and the largest US genome center, comprising
>200 people dedicated to all sample handling, microarray, genotyping, and sequencing
and data management activities.

Responsible for $150M (average) annual budget for genomic activities, expanded to
>$600M annually with COVID-19 diagnostics.

Oversee all strategy, investment, execution of genomics-related activities.

Oversee technology development and evaluation and implementation of new technology
platforms.

Serve as Principal Investigator of flagship NIH program awards for All of Us Research
Program (>$230M cumulative), Gabriella Kids First Research Program (>60M cumulative),
NHLBI Trans-omics for Precision Medicine (>150M cumulative).

Member of the Broad Institute Executive Leadership Team, serving as Chair of
Professional Scientists.

Co-Director, Genome Sequence and Analysis Program and Medical and Population
Genetics Program, Broad Institute of Harvard and MIT, 1/2009 — 5/2012

Responsible for planning, execution and delivery of a portfolio of cancer and medical
sequencing projects as part of the NHGRI Genome Sequencing Program with a Center
budget total of ~$40M annually.

As Principal Investigator (PI), secured over $250M in other NIH awards aimed at large
scale genotyping and sequencing.
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e Direct the activity of cross-disciplinary teams, totaling 60 people, including project
managers, analysts, computational biologists and software engineers in the analysis of
next-generation sequence data as applied to an array of cancer genomics and medical
genetics projects.

e  Served as Co-chair of Data Production committee for the International 1000 Genome
Project, as well as serving as a member of the Executive and Steering committee for The
Cancer Genome Atlas.

Director, Genetic Analysis Platform, Broad Institute of Harvard and MIT, 5/2004 — 1/2009

e  Responsible for creating, scaling and directing the Genetic Analysis Platform of the Broad
Institute. The platform encompasses all production and data management activities
related to nucleic acid analysis (gene expression, genotyping, re-sequencing).

e At peak period (2006 — 2008) operated the platform with yearly revenue of $45 million,
overseeing a staff of 65 individuals (project managers, research scientists, software
engineers and computational biologists).

e  Key milestones included producing microarray data on over 1000,000 DNA samples over
an 18-month period.

e Directed data production for over 50 publications describing Genome-wide association
findings.

Associate Director, High Throughput Biology, Medical and Population Genetics Program,

Whitehead Institute Center for Genome Research, 5/2003 — 5/2004

e Inthis role spearheaded the expansion of SNP genotyping activity from targeted activity for
Human HapMap project to a centralized technology platform with dedicated activity in
technology development, large-scale production, data management and analysis.

e  Oversaw successful completion of the Whitehead’s contribution to the Human HapMap
Project ($10 M project).

Scientific Director, SNP genotyping / HapMap Program, Whitehead Institute Center for
Genome Research, 2/2002 — 5/2003

Responsible for all aspects of the center’s contribution to the International HapMap Project.
Oversaw a team of 15 technicians, analysts and software engineers.

Played active role in project design and quality control.

Served on International HapMap Project Steering committee.

Research Scientist, Program in Medical and Population Genetics, Whitehead Institute Center

for Genome Research, 11/98 — 2/2002

e Investigated the haplotype structure of the human genome. Research resulting in first
author Science publication, widely regarded as laying the foundation for the Human
HapMap Project.

e  Technical development and implementation of the first platforms to be used for large high
throughput SNP genotyping
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Graduate Student, Department of Genetics, Case Western Reserve University, Cleveland, OH,
1/94— 11/98 Advisor: Aravinda Chakravarti, Ph.D.
e Dissertation: “Genetic Dissection of Complex Human Disease”

Research Assistant, Department of Human Genetics, Chakravarti Lab, University of

Pittsburgh, Pittsburgh, PA, 5/92 — 1/94

e  Conducted lab work and phlebotomy in support of human genetic studies

Education and degrees

Doctor of Philosophy, Genetics. Case Western Reserve University, Department of Genetics,

1998.

Dissertation: “Hirschsprung disease: Genetic dissection of a complex phenotype.”

Advisor: Aravinda Chakravarti.

Bachelor of Science, Molecular Biology. Carnegie Mellon University, Pittsburgh, PA, 1993.

Peer Review and other Extramural Activities

February 2007 — December 2010

November 2008 — 2009
March 2008 — 2012

February 2009
March 2009

July 2009

July, 2009 - 2013
January 2010 — 2016
August 2011 — 2016

August 2012 — 2016
June 2015 - 2017

June 2016 — December 2020
July 2013 — Present
June 2019 — Present

Sept 2022 — Present

External Advisory Committee, NHLBI Resequencing
and Genotyping Service

Editorial Board, Human Genetics

External Advisory Committee, USC Epigenome
Center

NIH Genomics, Computational Biology and
Technology Study Section, Ad Hoc reviewer
Editorial Board, Genome Research

NHLBI Special Emphasis Panel

Standing Member, NIH Genomics, Computational
Biology and Technology Study Section

Member, Genome Canada Science and Industry
Advisory Committee

Member, Scientific Advisory Board, PAAR4KIDS,
St. Jude Research Hospital

Consultant, KEW Group

Member, Scientific Advisory Board, RainDance
Technologies

Expert Witness, Foundation Medicine

Expert Witness, Perkins Coie

Chair, Research Oversight Committee,
PERSPECTIVE Study, Genome Canada
Member, Scientific Advisory Board, Frederick
National Lab
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May 2023 — October 2024 Expert Witness, WilmerHale
July 2024 — Present Expert Witness, Sidley Austin LLP

Awards and Recognition

Most Influential Scientific Minds*, Thomas Reuters (2014, 2015)
*Highest ranking of researchers across disciplines

Highly Cited Researcher, Clarivate (2014 - 2021)

American Association of Cancer Research, Team Science Award (2020)
Bostonians of the Year, Boston Globe Magazine (2020)

ISI Highly Cited Researcher (Current)

Honorary Doctor of Science, Tufts University (2021)

Distinguished Alumni Award in Medicine, Case Western Reserve University School of Medicine
(2021)

Medal of Distinction, Barnard College, (2022)
Investigator of the Year, Massachusetts Society for Medical Research (2022)
Best Female Scientists in the World 2022, Ranking #22, Research.com (2022)

Publications (277 Total)

1. Jiang MZ, Aguet F, Ardlie K, Chen J, Cornell E, Cruz D, Durda P, Gabriel SB,
Gerszten RE, et al. Canonical correlation analysis for multi-omics: Application to cross-
cohort analysis. PLoS Genet. 2023 May 22;19(5):e1010517.

2. Seyerle AA, Laurie CA, Coombes BJ, Jain D, Conomos MP, Brody J, Chen MH,
Gogarten SM, Beutel KM, et al. Whole Genome Analysis of Venous Thromboembolism:
the Trans-Omics for Precision Medicine Program. Circ Genom Precis Med. 2023
Apr;16(2):e003532.

3. Sazonovs A, Stevens CR, Venkataraman GR, Yuan K, Avila B, Abreu MT, Ahmad T,
Allez M, Ananthakrishnan AN, Atzmon G, Baras A, Barrett JC, Barzilai N,et al. Large-
scale sequencing identifies multiple genes and rare variants associated with Crohn's
disease susceptibility. Nat Genet. 2022 Sep;54(9):1275-1283.

4. Siddle KJ, Krasilnikova LA, Moreno GK, Schaffner SF, Vostok J, Fitzgerald NA,
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10.

11.

12.

Lemieux JE, Barkas N, Loreth C, Specht I, Tomkins-Tinch CH, Paull JS, Schaeffer

B, Taylor BP, Loftness B, Johnson H, Schubert PL, Shephard HM, Doucette M, Fink
T, Lang AS, Baez S, Beauchamp J, Hennigan S, Buzby E, Ash S, Brown J, Clancy S,
Cofsky S, Gagne L, Hall J, Harrington R, Gionet GL, DeRuff KC, Vodzak ME, Adams
GC, Dobbins ST, Slack SD, Reilly SK, Anderson LM, Cipicchio MC, DeFelice MT,
Grimsby JL, Anderson SE, Blumenstiel BS, Meldrim JC, Rooke HM, Vicente G, Smith
NL, Messer KS, Reagan FL, Mandese ZM, Lee MD, Ray MC, Fisher ME, Ulcena MA,
Nolet CM, English SE, Larkin KL, Vernest K, Chaluvadi S, Arvidson D, Melchiono

M, Covell T, Harik V, Brock-Fisher T, Dunn M, Kearns A, Hanage WP, Bernard C,
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