UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

INTEGRATED DNA TECHNOLOGIES, INC.,
Petitioner,

V.

TECAN GENOMICS, INC.,
Patent Owner

Case IPR2025-00015
Case IPR2025-00016
U.S. Patent Nos. 10,036,012 and 10,876,108

DECLARATION OF CARLOS D. BUSTAMANTE, PH.D.

Tecan Ex. 2021, Page 1 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



TABLE OF CONTENTS

I.  BACKGROUND AND QUALIFICATIONS .....cccoiiiieieeerieeieeee e 6
II.  MATERIALS CONSIDERED ......cooiiiiiiieiieeieeeeeee e 11
[II. LEGAL STANDARDS .....ooioiiieeeeeee ettt s 11
IV. TECHNICAL BACKGROUND .....ccoooiitiietiieieecieeeee e 13
A.  Genetic INfOrmation .........oocveeieiiieiniie e 13
B.  Nucleic Acid SEqUENCING ......covcviiiiiieiieeiieeiee ettt 17
1. Pre-NGS Technologies for Sequencing...........ccceeevveeeeecieeiniiieeeniieeeieeens 17
2. Next Generation SEQUENCING........cccueeeriurieerrieeeeieeeeireeeeireeesreeeesreeeesaneeas 21
C. Target ENrichment ...........cccoooiiiiiiiiieie e e 24
1. PCR-based Target Enrichment Methods ...........cccooovviiiiiiiiiciiiicieecees 26
2. Capture-by-Hybridization ...........cccccceeeviiiieeniiieeiieeeee e 29
3. Capture-by-CirculariZation...........ccceeeecuiieeriiireeiiieeeiee e e e sveeeeeree e 30
V. THE PERSON OF ORDINARY SKILL IN THE ART .....c.ccceevrnieirennne. 32
VI. THE PATENTED INVENTIONS ......ooooiioieeeeeeee e 34
A. The Claims of the 012 Patent..........c.ccooeviiieiiieeieeee e 35
B.  The Claims of the 108 Patent...........cccccuveeeiiiiiiiiiieeee e 39
C. Relevant Prosecution HiStOTY........cccoevuieeviiieriiieiiiecieeciee e 42
VIL. MEYER L.ttt ettt st s 45
A.  The Specific Issues Addressed by Meyer........cccccevvieeciiieeiieeeeiee e 47
B.  Meyer Relies on the General Method for Sequencing the Coral
TTANSCTIPLOMIE ...eeieiviieeiiieeeiee e et e ettt e ettt e et eeeeaeeestaeeeesaseeeesbaeeeessaeessseeeensneeas 49
C. Meyer Also Included a Modified Method as an Addendum to the Paper...54
VIII. MEYER FAILS TO DISCLOSE THE CLAIMED INVENTIONS .............. 58

A.  “amplifying the one or more oligonucleotide extension products . . . to
enrich for the nucleic acid sequence of interest” (’012 patent) / “amplifying the
one or more oligonucleotide extension products . . . thereby enriching the nucleic

acid sequence of interest” (C108 PAtENL) ......cccvveeeevieeeiiii e 59
1. The Disclosed Protocols Do Not Provide for Enrichment.......................... 60
2. The Purpose of and Results from Meyer Reinforce that it Does Not
Disclose ENrichment..........c.oooiiiriiiiiiieeiieeieeeceieeeee e e 67

Tecan Ex. 2021, Page 2 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



B.  “wherein the nucleic acid fragment comprises a nucleic acid sequence of
interest” (012 patent) / “wherein the nucleic acid fragment comprising the
nucleic acid sequence of interest” (108 patent)........cccccveevveeeieeriiieeiiieeiieeieene 75

C. Meyer Fails to Disclose the Other Limitations of the Independent Claims79

D. It Would Not Have Been Obvious to Modify Meyer to Practice the Missing
Claim LAMItAtIONS ...covviiruiiiiiiiieiieriteete ettt ettt 79

IX. CONCLUSION ....ooiiiiiiiiiiiiieteeeee e s e 80

Tecan Ex. 2021, Page 3 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



I, Carlos D. Bustamante, declare as follows:

1. I have been retained by Patent Owner, Tecan Genomics, Inc. (“Tecan”)
as an expert witness in this inter partes review.

2. As part of my assignment, I have been asked to review Petitioner
Integrated DNA Technologies, Inc. (“IDT”)’s petition for inter partes review and to
provide my opinions regarding positions taken by IDT.

3. For this assessment, I have considered IDT’s allegations that a person
of ordinary skill in the art would not consider claim 1 of U.S. Patent No. 10,036,012
(“the ’012 patent”) and claim 1 of U.S. Patent No 10,876,108 (“the 108 patent”) to
be novel over Meyer (EX1006). Because | have determined that a POSA would
consider the independent claims to be novel over Meyer, I have also concluded that
a POSA would find the challenged dependent claims of the *012 and *108 patents to
be novel for at least the same reasons. As such, I will not address the novelty of the
dependent claims of challenged patents.

4. I have also considered IDT’s allegations that the challenged claims
would have been obvious in light of Meyer. 1 have found no reasons to support
IDT’s claim that the claim limitations of the independent claims would have been
obvious over Meyer. Because IDT fails to provide support for its claim that the
independent claims are obvious, I have also concluded that IDT has failed to

demonstrate obviousness of the dependent claims for the same reason.
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5. In assessing novelty and obviousness, I have considered the contents of
the 012 and *108 patents, the file histories of the patents and related patents, prior
art publications, the two petitions for inter partes review, and the Declaration of
Peter A. Sims, Ph.D. (EX1085)—a declaration that IDT relies on to support its
claims. I have considered the prior art relied on by Petitioner in its Petition: Meyer
(EX1006), Siebert (EX1007), Caruccio (EX1008), Bronner (EX1009), and Kelly
(EX1010). I have also relied on my own experiences as a person of ordinary skill in
the art as of the effective filing date of the 012 and 108 patents (January 26, 2012).

6. As explained further below, I disagree with IDT’s assessment. Meyer
does not anticipate or render obvious the challenged claims of the 012 and *108
patents. In large part, IDT’s petitions are premised on an incorrect assumption that
a technique used specifically to address a sequencing read artifact issue specific to
the 454 sequencing platform has the same features as the single primer enrichment
methods claimed in the 012 and *108 patents. The method disclosed by Meyer was
a solution for ensuring adequate representation of all sequences in the sequencing
data of the coral transcriptome, not for the selective enrichment of targeted
sequences. This misapplication of Meyer is evident in how Meyer fails to disclose

or teach the claimed inventions.
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I. BACKGROUND AND QUALIFICATIONS

7. In this section, I summarize my educational background, career history,
publications, and other relevant qualifications.

8. I have extensive experience in the interface of computational and
biological sciences, as well as its application in medicine, agriculture, and
evolutionary biology, spanning a career of over 25 years in the field. In 1997, 1
graduated magna cum laude, highest honors, with a Bachelor of Arts in Biology from
Harvard University. Then, in 2001, I earned both my M.S. in Statistics and Ph.D. in
Biology from Harvard University. From 2001 to 2002, I served as a postdoctoral
researcher in mathematical genetics at the University of Oxford funded by a
Marshall-Sherfield Scholarship.

0. I am currently an adjunct professor of Biomedical Data Science,
Genetics, and (by courtesy) Biology at Stanford University where I have served
since 2010. I also served as the Inaugural Chair of the Department of Biomedical
Data Sciences from 2015-2019.

10. I am a named inventor on numerous relevant patents and patent
publications, including: U.S. Publication No. 2015/0360194 (“Enrichment of DNA
Sequencing Libraries from Samples Containing Small Amounts of Target DNA”);
U.S. Publication No. 2015/0232834 (“Partitioning of DNA Sequencing Libraries

into Host and Microbial Components”); and U.S. Publication No. 2014/0045705
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(“Techniques for Determining Haplotype by Population Genotype and Sequence
Data”)—all of which are now issued patents. 1 have also completed numerous
projects with the NIH, such as: Inferring Multiple-SNP Disease Association with
DNA Resequence Data (NIH/NIMH, 2008-2012); Population Genetic Inferences
from Dense Genotype Data (NIH/NHGRI, 2010-2013); and Methods for High-
Resolution Analysis of Genetic Effects on Gene Expression (NIH, 2013-2016).

11. In 2002, I joined Cornell University as an Assistant Professor in the
Department of Biological Statistics and Computational Biology and Department of
Statistical Sciences. 1 later became an Associate and Full tenured Professor at
Cornell University, and also served as the Associate Director of the Cornell Center
for Comparative and Population Genomics. At Cornell, my work primarily focused
on population genetics and agricultural genomics.

12. I am the founder of Galatea Bio, Inc. and serve as President, CEO, and
Board Member of the company. I served as a venture partner at Fidelity’s early stage
biotechnology group, F-Prime Capital, where the company was incubated during my
tenure, and retain a venture partner title while serving as an operator of Galatea Bio.
[ am also the Principal and Chairman of CDB Consulting Group, Inc., an
internationally recognized consulting firm, providing data science and genomics

expertise in the areas of medicine, agriculture, and biology. I serve as a Board

Tecan Ex. 2021, Page 7 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



observer at Embark Veterinary, a company I advised at CDB Consulting and where
F-Prime Capital is an investor.

13. I am also the founder of Arc-Bio (formerly IdentifyGenomics and
BigData Bio) and now part of Cantata Bio. 1 served as chair of its Scientific
Advisory Board and board member until the company was merged into Cantata Bio.
Further, I was on the Board of Directors of Etalon Diagnostics and Eden Roc
Sciences, two companies I helped start.

14. Thave served on the advisory boards of various other corporations, non-
profit entities, and government organizations. For example, [ am currently a member
of the scientific advisory boards at the following companies: Fauna Bio and Cantata
Bio. I was also a member of the National Advisory Council to the National Human
Genome Research Institute at the National Institutes of Health and remain on the
Scientific Advisory Board of NHGRI Center for Research on Genomics and Global
Health. I was also the Co-Chair of the PAGE Analysis Working Group, the ClinGen
Ancestry and Diversity Working Group, and the ClinGen Complex
Disease/Polygenic Risk Score working group.

15. T have served on the Editorial Boards of numerous publications in the
field, including PLoS-Genetics, American Journal of Human Genetics, Human

Biology, Genome Research, Molecular Biology and Evolution, and Bioinformatics.

Tecan Ex. 2021, Page 8 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



16. 1 have authored or co-authored over 250 articles and publications,
including: Evolution and Functional Impact of Rare Coding Variation from Deep
Sequencing of Human Exomes, 337 SCIENCE 6090 (2012); Native American gene
flow into Polynesia predating Easter Island settlement., 583(7817) NATURE 572-577
(2020); Deconvoluting complex correlates of COVID-19 severity with a multi-omic
pandemic tracking strategy, NAT COMMUN (2022), Polygenic risk score portability
for common diseases across genetically diverse populations, 18(1) HUM GENOMICS
93 (2024); Neural ADMIXTURE for rapid genomic clustering, 7 NAT COMPUT SCI.
621-629 (2023); Validating and automating learning of cardiometabolic polygenic
risk scores from direct-to-consumer genetic and phenotypic data: implications for
scaling precision health research, 16(1) HuM GENoMICS 37 (2022); Human
Demographic History Impacts Genetic Risk Prediction across Diverse Populations,
107(4) AMJ HUM GENET. 788-789 (2020); Fast and Cost-Effective Genetic Mapping
in Apple Using Next-Generation Sequencing, 4 G3 1681 (2014); Achieving High-
Sensitivity for Clinical Applications Using Augmented Exome Sequencing, 7
GENOME MED. 71 (2015); A4 Research Roadmap for Next-Generation Sequencing
Informatics, 8 SCI1. TRANSL. MED. 335 (2016); Data Mining of Digitized Health
Records in a Resource-Constrained Setting Reveals that Timely Immunophenotyping
is Associated with Improved Breast Cancer Outcomes, 18(1) BMC CANCER 933

(2018); Genetic Analyses of Diverse Populations Improves Discovery for Complex
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Traits, 570 NATURE 514 (2019); Structural Variation Detection by Proximity
Ligation from Formalin-Fixed, Paraffin-Embedded Tumor Tissue, 21(3) J.
MOLECULAR DIAGNOSTICS 375 (2019), Sequencing Y Chromosomes Resolves
Discrepancy in Time to Common Ancestor of Males versus Females, 341 SCIENCE
562 (2013); and Punctuated bursts in human male demography inferred from 1,244
worldwide Y-chromosome sequences, 48 NAT GENET. 593 (2016).

17. For my work in the field, I have received several honors and
fellowships. These honors and fellowships include: the MacArthur “Genius” Award
(2010), a Marshall-Sherfield Scholarship to Oxford (2001-2002), the Stanford Prize
in Population Genetics and Society (2016); the Cornell Provost Award for
Distinguished Research (2008); a Sloan Research Fellowship in Molecular Biology
(2007-2009); and a Howard Hughes Medical Institute Graduate Research
Fellowship (1999-2001).

18. A copy of my curriculum vitae, attached as Exhibit A, contains further
details on my education, experience, publications, and the other qualifications
allowing me to render an expert opinion in this matter.

19. 1 am being compensated my standard rate of $800 per hour, plus
expenses. My compensation is in no way dependent on the content of my testimony

or upon the outcome of this proceeding.
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20. In the past five years, | have testified as an expert witness in three
matters: (1) Foundation Medicine Inc v. Guardant Health, Inc., IPR2019-00634
(P.T.A.B.); (2) TwinStrand Biosciences, Inc. v. Guardant Health, Inc., C. A. 21-1126-
GBW-SRF (D. Del.); and (3) State v Pease, 88-10 (D. Mont.).

II. MATERIALS CONSIDERED

21. In formulating the opinions in this declaration, I have relied on over 25
years of work experience and knowledge regarding bioinformatics, genomics, and
nucleic acid sequencing. I also considered the documents cited in this declaration.

III. LEGAL STANDARDS

22. I have been informed by counsel for Tecan of certain legal standards,
and I have applied these standards in rendering my opinions.

23.  When I say in this Declaration “I understand,”  mean that “I understand
from counsel for Tecan in this [PR.”

24.  Tunderstand that to prove anticipation or obviousness in an inter partes
review, it is the Petitioner’s ultimate burden to prove anticipation or obviousness by
a preponderance of the evidence.

25. I understand that the question of whether the claims of a patent are
anticipated or obvious is considered from the perspective of a person of ordinary

skill in the art (the “POSA™).
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26. I understand that the POSA is a legal construct representing a
hypothetical individual with the same level of skill as the typical practitioner of the
art at issue. I understand that courts consider a non-exhaustive list of factors,
including (1) the educational level of the inventor; (2) type of problems encountered
in the art; (3) prior art solutions to those problems; (4) rapidity with which
innovations are made; (5) sophistication of the technology; and (6) educational level
of active workers in the field. I understand that it is not appropriate to consider the
level of skill possessed by the inventor in defining the POSA.

27. I understand that whether a patent claim is anticipated or obvious is
ascertained at the relevant time period, which in this proceeding I understand to
mean before January 26, 2012.

28. I understand that a prior art reference anticipates a patent claim if the
prior art reference discloses subject matter within the scope of the claim, for all of
the claim limitations.

29. I understand that an obviousness analysis involves ascertaining the
scope and content of the prior art, the background and experience of a POSA, the
differences between the claimed invention and the prior art, and whether there are
additional factors present that may nevertheless weigh against obviousness such as
unexpected results attributable to the invention actually claimed. I also understand

that the obviousness analysis is based on the knowledge possessed by one of

Tecan Ex. 2021, Page 12 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



ordinary skill in the art at the time when the invention was made and that the use of
hindsight is impermissible.

30. I understand that for a prior art reference, or a combination of
references, to render a claimed invention obvious, the POSA must have had a
motivation to modify or combine the references to arrive at the claimed invention. [
also understand that separate from having a motivation to modify or combine, the
POSA must have also had a reasonable expectation of success in modifying or
combining the references to arrive at the claimed invention.

31. Tunderstand that for a dependent claim to be anticipated or obvious, the
independent claim from which that claim properly depends must be anticipated or
obvious as well.

IV. TECHNICAL BACKGROUND
A. Genetic Information

32.  All living organisms possess a genetic code, a chemical information
system that contains the biological instructions required for an organism’s
development and function. Because an organism’s genetic code dictates its
biological functions, such as which proteins are produced, when they are produced,
and where they are produced, understanding the composition and regulation of an
organism’s genetic information is essential to understanding biological function

generally.
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33. An organism’s genetic information is contained in deoxyribonucleic
acids (“DNA”) and ribonucleic acids (“RNA”). These nucleic acids are made of a
chemically defined subunit termed a “base,” which defines the identity of the nucleic
acid. For example, canonical DNA is composed of four bases: adenine (A), cytosine
(C), guanine (G) and thymine (T). By organizing these bases into discrete linear
sequences, nucleic acids can serve as an information system wherein the
composition and order of the bases reflect a set of biological instructions that can be
read by other cellular machinery.

34. Discrete sets of encoded information (such as the structure of a given
protein) are retained in discrete regions termed “genes,” which are contained within
a cell’s DNA. The totality of a cell’s DNA is referred to as a cell’s “genome.” DNA
is organized in a helical structure composed of two intertwined strands. At a given
location in the genome, each DNA strand is a “complement” of the opposite DNA
strand to which it is associated, which allows for both strands of DNA to contain the
same genetic information—the first sequence information contained in the
“template” strand and the same sequence information mirrored in the complement
strand. As I describe in further detail in subsequent sections, the complementary
nature of nucleotides such as DNA is an integral phenomena harnessed by nucleotide

sequencing technology.
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35. DNA s a molecule that encodes an organism’s genetic blueprint. DNA
contains all of the information required to build and maintain an organism. Nearly
all of the cells within a single organism include exactly the same DNA. When
required for actionable use within the cell, the genetic information contained in DNA
is converted into RNA and then disseminated throughout the cell.

36. Like DNA, RNA is composed of nucleotides containing discrete bases:
three bases—adenine (A), cytosine (C), and guanine (G)—shared with DNA and an
additional base, uracil (U), corresponding to the thymine (T) base observed in DNA.

37. The genetic information contained in genes is converted to messenger
RNA (mRNA) by an enzyme known as RNA polymerase during a process called
transcription. mRNA is designed to efficiently traffic information from the DNA to
sub-regions of the cell for processing into proteins. The entirely of a cell or
organism’s mRNA, including the genetic information contained therein, is referred
to as its “transcriptome.”

38. The structure of mRNA is critical for its function (such as during
transcription, processing, translation, and eventual degradation). Notably, the
mRNA structure includes:

a. The “5' Cap.” Atthe 5’ end of the mRNA, there is a modified nucleotide cap,

known as the 5’ cap. This cap is linked to the mRNA via a unique 5' to 5’

triphosphate linkage. The 5' cap is crucial for the stability of the mRNA and
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plays an important role in the initiation of translation. It also protects the
mRNA from degradation by exonucleases.

. The coding sequence of the mRNA. The central region of the mRNA
molecule contains the coding sequence which carries the genetic information
encoded in the form of codons. Each codon specifies a particular amino acid.
This sequence is read by the ribosome in the 5’ to 3’ direction during the
process known as translation. The ribosome assembles a protein based on the
mRNA coding sequence.

. The polyA tail. The polyA tail is a long chain of adenine nucleotides that is
added to an mRNA molecule during RNA processing to increase the stability
of the molecule. Immediately after a gene in a eukaryotic cell is transcribed,
the new RNA molecule undergoes several modifications known as RNA
processing. These modifications alter both ends of the primary RNA
transcript to produce a mature mRNA molecule. The processing of the 3" end
adds a polyA tail to the RNA molecule. The polyA tail can be between 100
and 250 bases long. The polyA tail makes the RNA molecule more stable and
prevents its degradation. Additionally, the polyA tail allows the mature
mRNA molecule to be exported from the nucleus and translated into a protein

by ribosomes in the cytoplasm.
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39. Complementary DNA (cDNA) is a form of DNA that is synthesized
from an mRNA template in a process called reverse transcription. cDNA is DNA
that is complementary to the mRNA and thus contains only the exonic sequences of
the gene—those sequences that code for protein. This makes cDNA especially
useful in genetic studies because it represents the expressed genes in a cell, tissue,
or organism, excluding introns and regulatory sequences found in genomic DNA.

40. In addition to studying the typical sequences of nucleic acids,
researchers are also interested in atypical sequences. Accidental alterations in an
organism’s genetic sequence, termed “mutations,” are associated with and often
drive numerous diseases. For example, single base changes in an organism’s DNA,
known as “single nucleotide polymorphisms” (SNPs), can result in major
downstream changes in protein expression and function, and in some cases can be
the main driver of disease, such as sickle cell anemia. In additional cases known as
“complex diseases,” multiple SNPs or similar mutations throughout the genome
combine to drive or exacerbate a disease state.

B. Nucleic Acid Sequencing
1. Pre-NGS Technologies for Sequencing

41.  Given the role of the genetic code in governing biological function,
developing methods of identifying genetic sequences in various biological contexts

has been a primary goal of scientific research. Early methods focused on DNA
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sequencing and technical methods for “reading out” the nucleotide composition of
individual DNA strands. Early sequencing methods were time- and resource-
consuming and were not suited to scalable applications. These limitations made
sequencing large polynucleotides a technical challenge and genomes, basically
infeasible. This issues were somewhat ameliorated by the advent of large scale-
cloning and/or the parallel sequencing of many regions of DNA that would then be
assembled together into a “working draft” of the genome.

42.  One of'the first sequencing methods, “Sanger Sequencing,” also known
as the chain termination method, was developed by Frederick Sanger in 1977.
Before the advent of Polymerase Chain Reaction (“PCR”) technology, Sanger
Sequencing was performed directly on purified DNA templates, typically from
cloned DNA fragments. Sanger Sequencing involved the enzymatic synthesis of
DNA strands and their controlled termination using dideoxynucleotides (“ddNTPs”).

43.  There were major challenges and limitations to this approach. The need
to clone and grow bacterial cultures to obtain sufficient DNA for sequencing made
the process cumbersome and slow. The quality and length of the sequence reads
were limited by the efficiency of the cloning process and the resolution of the
electrophoresis gel. The method was also less sensitive and less scalable compared

to later techniques that utilized PCR for amplification, making it challenging to
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sequence very small amounts of DNA or conduct large-scale sequencing projects
efficiently.

44.  The advent of PCR revolutionized Sanger Sequencing. Through PCR,
researchers were able to take nucleic acid samples and amplify those samples
without the need to clone and grow bacterial cultures. For DNA samples, PCR
consists of three main “phases,” dictated in part by the temperature of the reaction
mixture: denaturing, annealing, and extending. The denaturation phase separates the
double-stranded DNA into single strands. The annealing phase allows for primers
to bind to the single-stranded DNA to direct polymerase loading and facilitate the
start of the nascent strand. The extension phase allows the polymerase to extend the
nascent strand from the primer through the addition of nucleotides complementary
to those on the template strand. Completion of all three steps constitutes one PCR
“cycle,” after which a copy of the template strand has been produced. By running a
series of PCR cycles, the original DNA sample can be exponentially amplified, as
the strands produced in each PCR cycle can then serve as template strands in the
following cycle. See EX2001.0001.

45.  Another innovation to Sanger Sequencing was its automation through
platforms such as the ABI 3730 DNA Analyzer, which transformed the landscape of
genetic analysis by integrating advanced automation and fluorescence-based

detection technologies. Sequencing samples were prepared in a mix that included
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the purified DNA template, a sequencing primer, DNA polymerase, and a mixture of
regular ANTPs alongside specially dye-labeled dideoxynucleotides (“ddNTPs”).
Each type of ddNTP, which terminates DNA chain elongation upon incorporation,
was tagged with a distinct fluorescent dye. This labeling allowed for the
simultaneous identification of each nucleotide during the sequencing process,
despite the reactions occurring in a single tube. The data collected from the ABI
3730 was processed using software that translated the signals into a readable
sequence displayed as a chromatogram, which could be interpreted to identify the
DNA sequence. This automated system reduced the manual effort involved in
sequencing and increased both throughput and accuracy.

46. Sanger Sequencing was limited to sequencing a single DNA molecule
at a time in a sequencing reaction. Even with the advent of automated Sanger
Sequencing, this structural aspect of Sanger Sequencing limited its sequencing
throughput, making sequencing at scale both costly and logistically challenging. For
example, completion of the Human Genome Project took approximately 13 years
and 2.7 B USD, while the National Human Genome Research Institute estimated
that sequencing a second human genome using the Sanger Sequencing methods
available in 2003 would cost another 50 M USD. See EX2002.0001, 06. These
technical limitations rendered general application of Sanger Sequencing to large or

complex genomic sequencing tasks extremely expensive and time consuming,

Tecan Ex. 2021, Page 20 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



limiting genome-scale activity (in the US at least) to a dozen or so nationally-
designated sequencing centers funded through large infrastructure grants from NIH,
DOE, and the like.

2. Next Generation Sequencing

47.  Coinciding with the completion of the Human Genome Project in the
early 2000s, great scientific and public interest in a deeper understanding of the
genome led to the commercial development of more affordable and scalable
techniques for genomic assessment. These efforts resulted in a series of novel
technologies and methods collectively termed “Next-Generation Sequencing
(‘NGS”) Technologies.” EX2003.0001. As compared to traditional sequencing
methods such as Sanger Sequencing, NGS technologies were characterized as
cheaper, more efficient, and capable of assessing both larger genetic samples and
longer portions of the genome in high fidelity. As compared to prior methods, NGS
sequencing was defined in part by its “massively parallel” nature—i.e. its ability to
process tens of thousands to millions of DNA sequences at the same time. Most
NGS technologies utilized a “sequencing-by-synthesis (SBS)” strategy.

EX2004.0001-02. SBS leveraged the sequential nature of genomic information to
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assess each nucleotide in a sequence in order. Polymerases were coupled to a
signaling output that allowed for the identification of the incorporated nucleotide.

48. Compared to traditional sequencing methods, early NGS technology
afforded researchers several benefits. Due to their design, NGS systems allowed
researchers to sequence thousands of reads in tandem in an automated manner,
increasing both the platform capacity and the depth and coverage of the generated
sequencing data. This made genetic sequencing both cheaper and more scalable as
compared to prior methods. The parallel sequencing paradigm allowed researchers
to sequence multiple genes and assess millions of variants simultaneously, while
reducing the required DNA input and, due to the scaled approach, decreasing
sequencing times. These factors led to an overwhelming increase in the amount of
sequencing data generated in the course of research and a deeper understanding of
the structure and content of many genomes across species. EX2003.0001.

49.  Pyrosequencers, such as the 454 sequencers, were among some of the
first set of platforms that harnessed this “second generation” sequencing technology.
[Nlumina produced the most commercially successful sequencing instruments in this
class, which also included Ion Torrent, Helicos, and ABI/Lifetech SOLiD (among
others). Over time, NGS sequencers improved on their ability to process longer read
lengths, which resulted in a “third generation” of sequencers, which included

Nanopore and PacBio sequencers.
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50. As of January 26, 2012, the industry had largely shifted from first
generation NGS to second generation platforms, with third generation NGS on the
horizon. At the time, NGS platforms exhibited a higher error rate than Sanger
Sequencing per read. Id. Additionally, compared to traditional methods, many NGS
methods generated significantly shorter individual sequencing reads, while long-
read sequencing approaches remained expensive and resource intensive. Id. These
limitations complicated the application of NGS technology.

51.  The 454 Sequencer exemplified many of the early problems with NGS
platforms. The 454 Sequencer relied on the use of light sensors to detect reactions
specific to a given nucleotide in order to read sequences. This method, however,
was notorious for its high sequencing error rate. EX2003.0001, see also
EX2005.0005, 07-08. This issue was particularly pronounced when sequencing
homopolymer regions (large stretches of repeating mononucleotides).
EX2006.0003, see also EX2007.0004. In instances where multiple consecutive
identical nucleotides were present, multiple nucleotides could erroneously be
incorporated into the reaction at once (rather than just one), increasing the
corresponding light signal generated, which affected the calibration of the sequencer,
resulting in sequence misreads. EX2003.0009. Additionally, the platform design of
measuring light from individual reactions limited its throughput -capacity.

EX2003.0005, 09. Due to its highly specialized design, the platform required
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technical expertise and expensive reagents and components. EX2008.0002. Further,
the error rates and patterning characteristics of the platform necessitated the
development of specialized data analysis techniques that relied on specific
mathematical algorithms. EX2006.0003. These issues ultimately led to [llumina
overtaking the NGS market with Roche announcing the discontinuation of the 454
Sequencer in 2013 since they could no longer compete commercially given the
technical limitations of the system. EX2009.0001.

52. In addition to these limitations, the sheer volume of genetic material
that could now be sequenced exacerbated issues with being able to isolate specific
regions of genetic material for analysis. EX2004.0003-04. To resolve this issue
(among other issues), methods were developed to narrow the window of genomic
assessment, such as through “targeted enrichment.”

C. Target Enrichment

53. The inherent size and complexity of the genome has presented
longstanding issues when attempting genetic sequencing. Often, researchers and
clinicians are interested in select regions of the genome, such as those known to be
associated with particular diseases or looking to compare a tumor DNA to normal
DNA to detect changes in specific genes, that are minute in size compared to the
genome as a whole. Sequencing methods can struggle to sequence smaller regions

of interest in an efficient manner while ensuring sufficient signal (region of interest)
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to noise (signal from other genomic regions) ratios in the sequencing data and
minimizing off-target effects (reactions at other regions of the genome outside the
area of interest), all of which are necessary to generate accurate sequencing data.

54.  In order to minimize these issues, NGS pipelines were integrated with
targeted enrichment approaches designed to enrich a genomic region of interest
relative to the rest of the genome prior to sequencing. As understood in the art, the
term “enrichment” means to selectively increase the proportion of one part of a
sample or reaction mixture over other portions of the sample or reaction mixture.
See, e.g., 2020; 2010 (describing the use of various prior art target enrichment
methods to enrich for target regions). Targeted enrichment methods sought to
amplify the nucleotides corresponding to the region of interest while removing or
minimizing those reflecting unwanted regions of the genome, thereby enriching the
amount corresponding to the signal of the region of interest relative to the rest of the
genomic sample.

55. As of the priority date of the 012 and ’108 patents, three major
categories of target enrichment methods existed: polymerase chain reaction (PCR)-
based methods, capture-by-hybridization, and capture-by-circularization. See

EX1001.0016 (1:39-46). Each is discussed in further detail below.
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1. PCR-based Target Enrichment Methods

56. PCR-based target enrichment methods, as the name suggests, employed
PCR to enrich regions of interest from a nucleotide sample prior to sequencing. See
EX1001.0016 (1:46-50). Primer pairs were designed to target a specific region in a
nucleotide sample such that the region was amplified by PCR, while nucleotide
sequences outside of the region defined by the primer pair were not amplified. The
method could be scaled combining groups of primer pairs that targeted discrete
regions to amplify multiple target regions simultaneously, a method termed
“multiplex PCR.” Id. Multiplex PCR was useful for targeting small-to-medium-
sized genomic regions. PCR-based enrichment was often quicker and more cost-
effective than hybridization-based capture approaches but was generally suitable for
smaller genomic regions due to limitations in multiplexing capacity and primer
design. See EX1001.0016 (1:51-53).

57. PCR approaches required that sequences within or near the region of
interest were known such that primer pairs could be designed to target the region,
often precluding true exploratory studies. See EX1001.0016 (1:46-50).
Additionally, primers were often not 100% specific to the primer target sequence
(the exact complementary sequence of the primer) and could bind to genomic or
complimentary DNA with similar, but not exact, sequence homology. See

EX1001.0016 (1:51-53). When sequencing regions of a genome, this issue led to
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off-target binding to similar sequences outside the region of interest, both generating
confounding sequence products that made sequencing interpretation difficult (or
impossible) and sequestering primers that would otherwise bind to the actual target
sequence. Further, because both the genome and transcriptome are characterized by
frequent repetitive sequences, primers designed to target a sequence in a region of
interest could inadvertently bind to the same sequence elsewhere in the genome,
leading to further off-target binding. 2011.0002. As such, primer-based enrichment
methods were often characterized by low specificity and high sequencing
background noise.

58.  In addition to the specificity issues discussed above, PCR-based target
enrichment methods suffered from design issues that limited their scalability. See
EX1001.0016 (1:51-53). PCR-based target enrichment methods employed highly
parallel PCR amplification, which required that each target sequence corresponded
to a pair of unique, sequence-specific primers. See EX1001.0016 (1:48-53). While
possible to pool primer pairs together, multiplexing faced several issues. For
example, different primer pairs sometimes required different amplification
parameters (i.e., temperature and duration settings that facilitate efficient
amplification).  See EX1001.0016 (1:51-53). These diverse amplification
parameters were difficult, if not impossible, to uniformly account for in a given PCR

as the amplification conditions were often set and held consistent throughout the
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PCR cycles. Additionally, pooling multiple primer pairs in the same PCR reaction
compounded the issues with primer specificity, as previously discussed. Similarly,
pooling multiple samples could lower primer sensitivity on a per-sample basis, as
multiple samples competed for primer pairs. Moreover, the introduction of more
and varied primers exacerbated the issue of primer dimers, a phenomenon wherein
primers bind and amplify each other rather than the true primer target sequence,
generating unwanted PCR byproducts and sequestering primers, thereby lowering
amplification efficiency. 2012.0001.

59. In part to address these limitations of multiplex target enrichment by
PCR, researchers developed an enrichment method known as “microdroplet-based
PCR enrichment” (“microdroplet PCR”) which could be performed using
microfluidic devices. See EX1001.0016 (1:53-58). Microdroplet PCR required the
generation of small solution droplets that contained discrete primer pairs designed
for the genomic regions of interest. /d. Fragmented DNA samples and PCR reaction
mix components could then be introduced into the droplets via a microfluidic chip,
which maintained the individual integrity of the primer droplets, generating
thousands of discrete PCR reactions while maintaining primer-pair separation.
Following targeted enrichment, the droplets could be broken to mix the enriched

products into a general solution for sequencing.
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60. Microdroplet PCR demonstrated comparable accuracy and coverage to
singleplex PCR sequencing while limiting issues with primer specificity and primer-
primer interactions characteristic of other multiplex PCR-based target enrichment
methods. However, microdroplet PCR required highly sophisticated, specific
instrumentation to run. See EX1001.0016 (1:58-63). Further, microdroplet PCR
required large numbers of primer pairs when enriching for multiple regions of
interest. Id.

2. Capture-by-Hybridization

61. The second major category of enrichment methods was capture-by-
hybridization. See EX1001.0016 (1:39-46). Like the PCR-based methods discussed
above, capture-by-hybridization sought to generate samples containing primarily the
genomic region of interest while limiting the presence of extraneous genetic
information. Unlike the PCR-based methods, which seek to amplify the signal of
the region of interest by copying the region of interest, capture-by-hybridization
methods utilize long oligonucleotide chains, termed “probes,” that are designed to
hybridize directly to sequences that define, overlap substantially with, or are in close

proximity to the region of interest. See EX1001.0016 (1:64-66). The probes could
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then be selectively isolated, allowing the genomic regions of interest to be physically
separated from the unwanted genetic material. See EX1001.0016 (1:64-2:4).

62. As capture-by-hybridization relied on target-specific probes to
sequester targets for sequencing, capture-by-hybridization was less susceptible to
background noise generated by off-target sequencing as compared to PCR-
enrichment methods. Capture-by-hybridization approaches required larger amounts
of sample input than PCR-based methods. See EX1001.0016 (2:4-10). Additionally,
capture-by-hybridization required complex probes designed to bind the region of
interest, and the capture and selection design necessitated lengthy and complicated
workflows as compared to PCR-based methods. Id. While the probe design of
capture-by-hybridization allowed for theoretically large-scale amplicon panels, the
size of capture-by-hybridization panels was limited by the higher costs associated
with individual nucleotide probes. Id. Additionally, capture-by-hybridization
methods were characterized as biased towards repetitive sequence elements present
in the genome, which could lead to their over-representation in corresponding
sequencing data. 2013.0001.

3. Capture-by-Circularization

63. The third major category of enrichment methods was capture-by-
circularization. See EX1001.0016 (1:39-46). Capture-by-circularization methods

utilized linear nucleotide probes designed such that both ends of the probes
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hybridized at or near adjacent regions in a genomic region of interest. See
EX1001.0016 (2:11-16). When properly hybridized, the region between the
hybridized regions bound by both ends of the probe could then be copied into the
probe while joining the two ends of the probe to create a circle, a process termed
“gap fill polymerization.” Id. Probe circularization allowed for the selective
enrichment of circularized probes by filtering out linear probes and probes that did
not circularize properly. Following selection, circularized probes could be re-
linearized and the copied region of interest could be further amplified by PCR. See
EX1001.0016 (2:16-18).

64. Due to the multiple hybridization approach, capture-by-circularization
was highly specific for the target region of interest. However, capture-by-
circularization probes exhibited a lack of consistent binding to the desired target
region of interest, resulting in a variable amount of sequence coverage. See
EX1001.0016 (2:18-24). Further, the large size of the probes limited the amount of
sequencing real estate for the sequences of interest in a given sequencing read, as
regions of the probes themselves often took up a sizable portion of the generated

sequencing read.

Tecan Ex. 2021, Page 31 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



V.  THE PERSON OF ORDINARY SKILL IN THE ART

65. I understand that Petitioner proposes the following definition for a
person of ordinary skill in the art (“POSA”):

Because the ’012 patent is directed to library preparation and data
interpretation methods for NGS, the POSA could have had academic
training in any of a variety of fields that used NGS, including chemistry,
molecular biology, biochemistry, or medicine. EX1085.9122. The
POSA would have a PhD or equivalent training in one of those fields
and several years of work experience (or commensurately less
education and more work experience). EX1085.9122. The POSA
further would have had specific experience with implementing and
designing library preparation methods for 454 and Illumina, the leading
NGS platforms in 2012. EX1085.9[123. This would have included
specific experience with, and understanding of, the sequences
contained in adaptors for 454 and Illumina sequencing at the priority
date, and the chemistry used to attach those adaptors to DNA fragments
prior to sequencing. EX1085.9123.

Petition, 25 (same for the 108 patent). I disagree with Petitioner’s proposed level
of education and specific experiences.

66. Petitioner’s requirement that the POSA possess a Ph.D. with several
years of work experience in the related field exceeds the ordinary skill in the art.
The claims of the 012 and *108 patents are directed to methods for sequencing an
enriched nucleic acid sequence of interest. The methods describe a series of steps
for targeting a sequence of interest in a nucleic acid sample, enriching for that
sequence of interest, and sequencing the amplified products using an NGS platform.
There is no reason to require that the POSA possess a Ph.D. to practice the claimed

methods. In my experience, lab technicians and graduate students regularly perform
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methods such as these in various laboratory environments. These individuals often
possess B.S. or M.S. degrees. Recognizing that a person holding a Ph.D. in a field
related to molecular biology is likely to possess more work experience in the relevant
technology than individuals with a B.S. or M.S. degree, it makes sense that a POSA
holding a B.S. or M.S. degree would also have approximately three-to-five years of
experience working in a molecular biology laboratory. It does not make sense,
however, to set the bar as high as to require a Ph.D. and several years of additional
work experience on top of that.

67. Additionally, Petitioner’s requirement that the POSA have had “specific
experience with ... designing library preparation methods for 454 and Illumina
sequencing” exceeds the ordinary skill in the art. While the ordinary skill in the art
may include making modifications to protocols to optimize specific experimental
results, requiring that the POSA have experience designing library preparation
methods would exclude all but inventors of library preparation methods. In my
experience, many of the practitioners of the claimed methods do not have experience
designing entire library preparation methods, nor is that skill set necessary to
practice the claimed inventions. Instead, in my experience, a POSA would have had
routine experience with DNA sequencing methods (including next-generation
sequencing which was the dominant mode at the time) and a working knowledge of

how these sequencing methods worked in order to troubleshoot experiments—not
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an intimate knowledge as to how to innovate known library preparation methods to
design for new ones.

68. Under either definition of a POSA, I possessed the relevant
qualifications as of January 26, 2012. See supra, q11-18.

VI. THE PATENTED INVENTIONS

69. Titled “Compositions and Methods for Targeted Nucleic Acid Sequence
Enrichment and High Efficiency Library Generation,” the 012 and *108 patents are
broadly directed to “methods, compositions and kits for targeted nucleic acid
sequence enrichment in a nucleic acid sample and for high efficiency nucleic acid
library generation for next generation sequencing (NGS).” EX1001.0001;
EX1002.0002. The patents are specifically directed to methods “for the selective
enrichment of a plurality of defined target sequences from complex DNA with a set
of common primers and adaptors, thus circumventing the need for multiplex PCR
and multiple primer pairs.” EX1001.0018 (6:12-16); EX1002.0018 (6:14-18). The
methods improve on the prior art by creating “a simple, low cost, high throughput
system for target enrichment and library preparation.” EX1001.0018 (6:25-27);

EX1002.0018 (6:27-29).
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A. The Claims of the 012 Patent

70.  The claimed inventions of the 012 patent are defined in 22 claims. The

sole independent claim of the 012 patent, claim 1, is reproduced below:

Claim

Element Claim Language

A method for sequencing an enriched nucleic acid sequence of
I[pre] | interest, the method comprising:

obtaining a nucleic acid fragment ligated to a partial duplex adaptor,

wherein the nucleic acid fragment comprises a nucleic acid sequence
of interest,

I[a] wherein the partial duplex adaptor comprises a first adaptor sequence,
a and

wherein the partial duplex adaptor comprises a first strand and a
second strand,

wherein the first strand is longer than the second strand;

annealing one or more oligonucleotides in solution to the nucleic acid
sequence of interest in the nucleic acid fragment ligated to the partial
duplex adaptor,

wherein the one or more oligonucleotides comprise

1[b] a 3’ portion with at least 10 bases designed to be

complementary to the nucleic acid sequence of interest and

a 5' tail portion comprising a second adaptor sequence that is
non-complementary to the nucleic acid sequence of interest;

extending the one or more oligonucleotides annealed to the nucleic
acid sequence of interest in the nucleic acid fragment ligated to the
partial duplex adaptor with a polymerase, thereby generating one or
1[c] more oligonucleotide extension products comprising

sequence complementary to the first adaptor sequence at a first
end,
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Claim

Element Claim Language

sequence complementary to the nucleic acid sequence of
Interest, and

the second adaptor sequence at a second end;

amplifying the one or more oligonucleotide extension products using

a first primer that anneals to a complement of the first adaptor
sequence and

a second primer that anneals at its 3’ end to a complement of
the second adaptor sequence to enrich for the nucleic acid
sequence of interest,

1[d]

wherein products of the amplifying comprise a 3’ end with sequence
complementary to a sequence on a surface;

annealing a strand of the products of the amplifying to the sequence
1[e] on the surface using the 3’ end with sequence complementary to the
sequence on the surface; and

sequencing the enriched nucleic acid sequence of interest on a
1f] massively parallel sequencing platform.

71.  The 012 patent contains 21 dependent claims, which are reproduced

below:
Claim Claim Language
5 The method of claim 1, wherein the nucleic acid fragment comprises

genomic DNA.

The method of claim 1, wherein the nucleic acid fragment comprises
3 | cDNA.

The method of claim 1, wherein the nucleic acid fragment comprises
4 |RNA.
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Claim Claim Language

The method of claim 1, wherein the first adaptor sequence and the
second adaptor sequence are distinct from each other.

The method of claim 1, wherein the one or more oligonucleotides
6 comprise more than one oligonucleotide, and wherein the second
adaptor sequence is common to the more than one oligonucleotides.

The method of claim 1, wherein the first adaptor sequence, the second

7 adaptor sequence, or both comprise barcode sequence.

The method of claim 7, wherein the barcode sequence is at least 8
8 nucleotides in length.
9 The method of claim 7, wherein the barcode sequence is 12

nucleotides in length.

The method of claim 1, wherein the obtaining comprises obtaining a
plurality of nucleic acid fragments ligated to a partial duplex adaptor,
10 wherein each partial duplex adaptor of each nucleic acid fragment of
the plurality of nucleic acid fragments comprises a barcode, and
wherein each barcode is unique.

The method of claim 1, wherein the nucleic acid fragment ligated to

1 the partial duplex adaptor is double-stranded prior to step b).

The method of claim 11, further comprising denaturing the nucleic
acid fragment ligated to the partial duplex adaptor prior to step b),
12 thereby generating a single-stranded nucleic acid fragment
comprising the nucleic acid sequence of interest ligated to the first
adaptor sequence.

The method of claim 1, wherein the polymerase is a DNA

13 polymerase.

The method of claim 1, wherein the first strand of the partial duplex

14 adaptor 1s ligated to a 5’ end of the nucleic acid fragment.
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Claim Claim Language

The method of claim 1, wherein the second strand of the partial

15 duplex adaptor is ligated to a 3’ end of the nucleic acid fragment.
The method of claim 1, further comprising fragmenting a nucleic
acid, thereby generating a nucleic acid fragment; and purifying the

16 nucleic acid fragment prior to obtaining the nucleic acid fragment
ligated to the partial duplex adaptor in step a).

The method of claim 1, further comprising performing bridge

17 amplification of the annealed strand after step e).

The method of claim 1, wherein the sequencing comprises use of four

18 labeled reversible terminators.

The method of claim 1, wherein the sequencing comprises
19 semiconductor sequencing.
The method of claim 1, further comprising fragmenting a nucleic
0 acid, thereby generating a nucleic acid fragment; and performing end

repair on the nucleic acid fragment prior to obtaining the nucleic acid
fragment ligated to the partial duplex adaptor in step a).

The method of claim 1, wherein the nucleic acid fragment of the
nucleic acid fragment ligated to the partial duplex adaptor in step a) is
21 obtained by performing reverse transcription on an RNA fragment
prior to obtaining the nucleic acid fragment ligated to the partial
duplex adaptor in step a).

The method of claim 1, wherein each end of the nucleic acid fragment

22 is ligated to a partial duplex adaptor.
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B.
72.

The Claims of the *108 Patent

The claimed inventions of the 108 patent are defined in 19 claims. The

sole independent claim of the 108 patent, claim 1, is reproduced below:

Claim
Element

Claim Language

I[pre]

A method for sequencing an enriched nucleic acid sequence of
interest, the method comprising:

annealing one or more oligonucleotides in solution in a reaction
mixture to the nucleic acid sequence of interest in a nucleic acid
fragment,

wherein the reaction mixture comprises a plurality of nucleic acid
fragments,

wherein the nucleic acid fragment comprising the nucleic acid
sequence of interest comprises a first adaptor sequence,

wherein the one or more oligonucleotides comprise

a 3’ portion with at least 10 bases designed to be
complementary to the nucleic acid sequence of interest and

a 5’ tail portion comprising a second adaptor sequence that is
non-complementary to the nucleic acid sequence of interest;

1[b]

extending the one or more oligonucleotides annealed to the nucleic
acid sequence of interest in the nucleic acid fragment comprising the
first adaptor sequence with a polymerase, in the reaction mixture,
thereby generating one or more oligonucleotide extension products
comprising

sequence complementary to the first adaptor sequence at a first
end,

sequence complementary to the nucleic acid sequence of
interest, and

the second adaptor sequence at a second end;
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Claim

Element Claim Language

amplifying the one or more oligonucleotide extension products, in the
reaction mixture, using

a first primer that anneals to the complement of the first
adaptor sequence and

1[c] a second primer that anneals at its 3’ end to a complement of
the second adaptor sequence,

thereby enriching the nucleic acid sequence of interest, by generating
amplified products comprising the enriched nucleic acid sequence of
interest; and

sequencing the amplified products comprising the enriched nucleic
acid sequence of interest on a massively parallel sequencing platform.

1[d]

73. The ’108 patent contains 18 dependent claims, which are reproduced

below:
Claim Claim Language
5 The method of claim 1, wherein the nucleic acid fragment comprises

genomic DNA.

The method of claim 1, wherein the nucleic acid fragment comprises
3 | cDNA.

The method of claim 1, wherein the first adaptor sequence and the

S second adaptor sequence are distinct from each other.
The method of claim 1, wherein the plurality of nucleic acid
6 fragments comprises the first adaptor sequence, and wherein the first

adaptor sequence is common to the plurality of nucleic acid
fragments.
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Claim Claim Language

The method of claim 1, wherein the one or more oligonucleotides
7 comprises more than one oligonucleotide, wherein the second adaptor
sequence is common to the more than one oligonucleotide.

The method of claim 7, wherein the first adaptor sequence and/or the

8 second adaptor sequence comprise a barcode sequence.
The method of claim 7, further comprising denaturing double-
9 stranded nucleic acid fragments prior to step a).
The method of claim 1, wherein the polymerase is a DNA
10 polymerase.
The method of claim 1, wherein the sequencing comprises the use of
1 four labeled reversible terminators.
The method of claim 11, wherein the sequencing comprises
12 semiconductor sequencing.
The method of claim 1, wherein the sequencing comprises nanopore
13 sequencing.
" The method of claim 1, wherein each of the plurality of nucleic acid

fragments comprises the first adaptor sequence at a 5’ end.

The method of claim 1, further comprising fragmenting nucleic acids
15 prior to step a), thereby generating the plurality of nucleic acid
fragments.

The method of claim 1, further comprising ligating the first adaptor
sequence to a nucleic acid fragment in the plurality of nucleic acid

16 fragments prior to step a), thereby generating the nucleic acid
fragment comprising the first adaptor sequence.
The method of claim 1, wherein the amplified products comprise a 3’
17 end with sequence complementary to a sequence on a surface.
18 The method of claim 1, further comprising annealing a strand of the

products of the amplifying to the sequence on the surface using the 3’
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Claim Claim Language
end with sequence complementary to the sequence on the surface
prior to step d).
19 The method of claim 1, wherein the surface is a surface of a flow cell.

C. Relevant Prosecution History

74. 1 understand that the patents at issue, the 012 Patent and the ’108
Patent, are part of a larger patent family containing additional related patents. 1|
understand that the prior assignee of the patents at issue, NuGEN, filed the first
application in the patent family, U.S. Provisional Patent Application No. 61/591,241
on January 26, 2012. EX1001.0001; EX1002.0001. I understand that NuGEN
subsequently filed U.S. Patent Application No. 13/750,768 (“the *768 application™),
on January 25, 2013. EX1001.0001; EX1002.0001. I understand that U.S. Patent
Application No. 13/750,768 issued as U.S. Patent No. 9,650,628 (“the 628 patent™)
on May 16, 2017. See EX1001.0001; EX1002.0001.

75.  Tunderstand that NuGEN filed U.S. Patent Application No. 15/471,785
(“the *785 application™) as a continuation of the *768 application on March 28, 2017.
EX1001.0001. I understand that the *785 application issued as the 012 Patent on
July 31, 2018. Id.

76. Tunderstand that NuGEN filed U.S. Patent Application No. 16/017,340

(“the *340 application™) as a continuation of the 785 application on June 25, 2018.
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EX1002.0001. T understand that the 340 application issued as the 108 Patent on
December 29, 2020. Id.

77. I understand that the *012, *108, and *628 Patents all claim priority to
Provisional Application No. 61/591,241, which was filed on January 26, 2012.
EX1001.0001; EX1002.0001.! T further understand that, for purposes of this
proceeding, Petitioner does not dispute that the priority date as reported on the faces
of the 012 and 108 Patents is January 26, 2012. Petition, 28.

78. I understand that one issued raised by Petitioner is the notion that the
Examiner reviewing the ’785 application did not consider prior art where the
extension step occurred as part of a PCR reaction. Petition, 22-24. 1 have been asked
to review the prior art references cited during prosecution to assess whether any
disclose an extension step that occurred as part of a PCR reaction. Based on my
review, there are at least two that do: U.S. Patent Publication No. 2003/0232348
(“Jones 2003,” provided as EX1039) and U.S. Patent Publication No. 2012/0309002

(“Link 2012,” provided as EX2014).

'Tunderstand that the 012 and *108 patents share a common specification. Because
of this, I sometimes cite to one of the two specifications herein. To the extent

relevant, those references apply equally to the other patent.
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79.  The Examiner relied on three specific disclosures from Jones 2003 to
argue that it taught the claimed extension step: Figure 3, paragraph 94, and paragraph
129. 2019.0006. Paragraph 94 discloses that the “capture probes are extended in
the presence of polymerase and dNTPs.” EX1039.0019, [0094]. As explained
above, polymerase and dNTPs are commonly used in PCR to extend a
complementary strand. See supra, §942-44. Nothing in Jones 2003 suggests that
PCR would not be performed for extension here. Further, paragraph 129 describes
an example (“multiplexed anchored runoff amplification”) where Applied
Biosystems’ AmpliTaq Gold polymerase was used with Taq Gold Buffer, dNTPs,
and TE buffer to extend capture probes. EX1039.0023, [0129]. AmpliTaq Gold
polymerase and Taq Gold Buffer were well known components of PCR reactions—
including extension through PCR—before the publication of Jones 2003. See, e.g.,
2015.0002; 2016.0003. TE buffer was also a commonly used solution to help protect
nucleic acids as they undergo PCR. See 2017.0009-10. Based on the disclosed
reagents, I understand Example 1 of Jones 2003 to disclose an extension step that
occurred as part of a PCR reaction. I am not aware of another type of extension
reaction that Jones would have done using these reagents.

80. Additionally, Jones discloses that for extension, “the reaction was
incubated at 95° C for 6 min followed by 26 cycles of 95° C for 30 sec, 68° C for

2.5 min (decreasing 0.5° C on each subsequent cycle) and 72° C for 1 min, then to
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4° C.” EX1039.0023, [0129]. This protocol illustrates multiple cycles of
denaturing, annealing, and extension, what would be commonly understood to be
PCR. See supra, q942-44.

81. The Examiner also referred to Link 2012 as “pertinent to applicant’s
disclosure” in an office action rejecting the proposed claims of the ’768 parent
application on July 15, 2015. 2019.0015-16. Link is a patent publication directed
to a “method for preparing a droplet for multiplex chemical reactions.” 2014.0015.
Link discloses that in certain embodiments of the claimed inventions, ‘“the
amplification reaction is the polymerase chain reaction.” 2014.0010, [0050]. Link
explains that “[t]o effect amplification, primers are annealed to their complementary
sequence within the target molecule. Following annealing, the primers are extended
with a polymerase so as to form a new pair of complementary strands. The steps of
denaturation, primer annealing and polymerase extension can be repeated many
times (i.e., denaturation, annealing and extension constitute one cycle; there can
be numerous cycles) to obtain a high concentration of an amplified segment of a
desired target sequence.” 2014.0010, [0051] (modified). This disclosure is of
extension occurring as part of a PCR reaction.

VII. MEYER

82.  As I explain further below, Meyer discloses bespoke modifications to

standard protocols to resolve known sequencing issues that arose when sequencing
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entire samples on the 454 sequencing platform. Meyer does not concern nor address
the enrichment of targeted sequences.

83.  As noted by Meyer, prior to the study, limited genetic databases were
available as resources for researchers in the field. EX1006.0002. To assist in
addressing this issue, Meyer sought to develop a sequencing method for de novo
transcriptome assembly, wherein a transcriptome is constructed from sequencing
data from scratch without referencing a pre-existing reference transcriptome, using
the 454 sequencing platform. Id. As explained above, the transcriptome is the full
range of mRNA expressed by an organism. See supra, 437. These mRNA transcripts
are what Meyer sought to sequence.

84. Meyer applied its method to sequence larval Acropora millepora (“A.
millepora”) coral samples and used the resulting sequencing data to construct a de
novo A. millepora transcriptome. Meyer selected A. millepora for a proof-of-
concept application of its method in part due to its status as an emerging model
organism for which some pilot characterization had been conducted, but for which a
comprehensive transcriptomic assessment was lacking. Id. Meyer hoped that this
method would be applied generally to characterize the transcriptomes of

uncharacterized emerging model organisms by “generat[ing] catalogs of genes and

genetic markers.” See EX1006.0001.
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A.  The Specific Issues Addressed by Meyer

85. Meyer’s sequencing method is specialized for use with the 454
sequencing platform. Accordingly, it sought to address several issues with the
platform that reduced the quality of the resulting sequencing data and limited the
viability of subsequent sequence analysis. As noted by Meyer, the 454 sequencing
platform struggled to process homopolymers? longer than 8 nucleotides, which
resulted in errors that threw off the calibration of the device, leading to sequencing
misreads. See EX1006.0009. This issue was due to the structural design of the 454
platform, which resulted in signal broadening that prevented accurate base calling
during sequencing and led to lower representation of the homopolymer regions in
the resulting sequencing dataset. See supra, 451. This issue was particularly
problematic when used for transcriptome sequencing (as in Meyer). This is because
the polyA tails present on the 3’ ends of mRNA transcripts are long homopolymers
and therefore transcriptome sequencing on 454 platforms was structurally biased
away from the accurate sequencing of the 3’ ends of transcripts.

86. Meyer also sought to address issues with adaptor concatenation during

sample preparation and sequencing. Adaptor concatenation (also referred to as

2 A homopolymer is a polynucleotide sequence that contains the same repeating

nucleotide, such as AAAAAAA or TTTTTTT.
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primer dimers) is a phenomenon where adaptors attach to each other rather than to a
DNA fragment, resulting in a lower final sequencing yield due to adaptor
sequestration or over-representation of attached adaptors that lack the actual DNA
insert sequence. See supra, §58.

87. In order to address these issues, Meyer included certain features in its
sequencing method focused on specific sequencing library preparation steps. First,
to address the issue with homopolymers arising from polyA tails present on the
mRNA transcripts, Meyer introduced a custom (preset) cDNA primer containing a
“broken-chain” region that converted one thymine to a cytosine in the middle of the
poly-thymine sequence. See EX1006.0012-13. This was designed to facilitate
incorporation of the polyA tail® into the reverse-transcribed ¢cDNA in order to
“minimize the potential for 454 sequencing problems in this homopolymer stretch”
by limiting the length of the resulting homopolymer sequence to less than 8
nucleotides. Id. Second, Meyer sought to limit the effects of adaptor concatenation
by “(1) sequencing all fragments from an internal end, so that any concatenated

adaptors encountered will tend to be found at the end of the read; and (2) avoiding

3 Highlighted in bold and italics in the following primer sequence provided by
Meyer (see EX1006.0012-13):

(AAGCAGTGGTATCAACGCAGAGTCGCAGTCGGTACTTTTTTCTTTTTTV)
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the over-amplification that can contribute to adaptor concatenation.”  See
EX1006.0009.

B.  Meyer Relies on the General Method for Sequencing the Coral
Transcriptome

88. The Meyer sequencing method used to sequence the A. millepora
transcriptome using the 454 sequencing platform, which for clarity I refer to as the
“general method,” is disclosed in Figure 1, reproduced below. See EX1006.0002-

03; see also EX1006.0012-14.
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5'end tag 3 end tag cDNA synthesis and amplification (SMART)
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CAP CAP

Fragmentation by sonication
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Figure |

Digram of cDNA synthesis and 454 library preparation procedures. Three fragment types are produced by sonica-
tion: 5, internal, and 3". Ligation with the partially double-stranded adaptors A and B produces, for each fragment type, certain
adaptor configurations that will be amplified (above the '+'), and others that will be suppressed (below the '+') during the sub-
sequent amplification. The procedure preferentially amplifies constructs that are appropriate for 454 sequencing (shown inside
box).

EX1006.0003.

Tecan Ex. 2021, Page 49 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



89. Meyer applied the general method as follows. RNA samples, in this
case larval 4. millepora samples exposed to several different treatments designed to
model stress environments, were first generated by RNA extraction to isolate the
RNA from the tissue sample. See EX1006.0012. Full RNA strands including the
polyA tail were reverse transcribed into cDNA. See EX1006.0012-13, see also
EX1085.99147-48. Meyer modified a standard protocol (SMART protocol) for

cDNA synthesis to interrupt the polyT chain. See EX1006.0012-13.

RNA B N i WS
5" end tag 3" end tag
— I i ——
CAP CAP
EX1006.0003.

90. The cDNA samples were next fragmented by a sonication procedure
designed to produce random fragments approximately 300—400 nucleotides in
length. Id. The fragmentation process produced a mix of 5’ fragments that contained
the cap region, internal fragments, and 3’ fragments that contained the cap region

and the broken-chain region, pictured below.
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5 end fragments Internal fragments  3'end fragments
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EX1006.0003.

91. At this point in the process, Meyer estimated that for every 3" end
fragment, there were 8 internal fragments and one 5’ end fragment. See
EX1006.0009.7

92. Two partial-duplex adaptors containing discrete primer sequences, “A”
and “B,” were then ligated randomly to the fragments. See EX1006.0013. The cap
regions were designed such that ligation could not occur at the end containing the
cap region, resulting in only one adaptor ligating to the end fragments rather than

two. Id. Meyer intentionally relied on this method to ensure that later sequencing

4 To arrive at this estimate, Meyer assumed that the average length of the transcript
was 2,200 nucleotides and divided that average by the observed average length of
the raw reads, which was 232 nucleotides. Doing so mathematically yields
approximately 9.48 fragments per strand. Based on Meyer’s estimate that the 3’ end
fragments comprised 10% of raw reads, it appears that Meyer rounded up to infer
that there were 10 fragments per strand. Meyer offers no explanation for assuming

2,200 nucleotides as the average length of the transcripts. See EX1006.0002, 09.
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started at the internal sequences rather than at the capped ends (as a means of

reducing primer dimer issues). See EX1006.0009.

Ligation to adaptors: == B ™=a= bar-code
Z M = MEN

%QZI

EX1006.0003.

I:Jl
7

93.  The ligation design implemented in Meyer was also designed to ensure
that subsequent sequencing could be conducted using a single primer (primer B)
while maintaining appropriate read orientation. See EX1006.0013. This is achieved
by utilizing a PCR suppression approach during the amplification step that follows
adaptor ligation. Id. The adaptors were designed such that fragments with the same
adaptors on both ends would interact with each other. /d. This interaction prevented

primer binding and therefore subsequent amplification.
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94. To account for the capped fragments (both end fragments), Meyer
utilized a mix of three primers, “A primer,” “B primer,” and “A +CAP primer” that
annealed to the A adaptor, B adaptor, and cap regions respectively to generate
extension products of the fragments. Id. The A +CAP primer included the A primer
sequence at its 5’ end, which allowed for extension products from the A +CAP primer
to contain the A primer sequence as well. Id. Extended fragments were then
amplified using the A and B primers. /d. Amplification occurred in an unbiased
manner, as all non-PCR-suppressed fragments were amplified by the A and B
primers. Id. The amplified and suppressed fragments, respectively, are shown
below.

Ligation to adaptors: A == B ™=gm bar-code

@ @ @ Sequencing with B
— = = Ampliication| ~Cmme=—r——wtm 5
[ e — =':= [ | P
[ m—
—:<:r::|I E:> 3
——=== nternal
+ + + -
= == = PCR suppression
& = = Ny o ﬁﬁ ﬁﬁ ﬁ ﬁﬁ

EX1006.0003.
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95. Entering exponential amplification, the relative population of
fragments remained the same as what Meyer expected: one 5’ end fragment, 8
internal strands, and one 3’ end fragment per strand. See supra, §91.

96. Using this method, Meyer sequenced a single A. millepora sample on
the 454 sequencing platform, producing 628,649 sequencing reads. See
EX1006.0002. To evaluate whether the general method suffered from the
homopolymer sequencing read errors that concerned Meyer, Meyer compared the
number of raw reads containing the broken chain T-primer sequence to the total
number of raw reads. See EX1006.0003, 09. Meyer determined that 98,276 reads
of 628,649 total raw reads contained the broken chain T-primer (roughly 16% of
total raw reads). Id. Meyer compared this number to his estimate of 10%, noting
that the read results were “slightly more than the expectation.” Id. Based on this
comparison, Meyer stated that the “comparison suggests that the 3’ ends of
transcripts were well-represented in our dataset, confirming the effectiveness of this
solution for overcoming the homopolymer problem.” 1d.

C. Meyer Also Included a Modified Method as an Addendum to the
Paper

97. Inaddition to the general method of Meyer described above, Meyer also
describes a “modified method” that is based on the general method but “includes
minor modifications . . . recently developed to reduce the number of manipulations

required, improve reproducibility, and to further reduce adaptor concatenation.” See
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EX1006.0014. The modified method was not used to produce any of the data
disclosed in Meyer. EX1006.0019 (“the version of the protocol shown here includes
minor modifications from that used for preparing coral larval cDNA.”).

98. Meyer includes a schematic of this method in additional file 4, which

is reproduced below:
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Exponential amplification

Sequencing from the fragmentation points using primer B

EX1006.0020.
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99.  Asshown above, the modified method largely follows the same scheme
as the general method illustrated in Figure 1. Specifically, the cDNA synthesis,
sample prep, normalization, fragmentation, and adaptor ligation steps are maintained
in both methods. See EX1006.0020-24. The methods vary substantively following
the ligation step, where the modified method extends the ligated fragments using 4
primers rather than the 3 primers used in the general method. See EX1006.019-20.

100. Two of the primers, the A and B primers, are kept from the general
method, while the other two primers are new to the modified method: an “A
+halfswitch” primer designed to bind to the 5’ cap region, and an “A +TRSAC”
primer designed to bind to the broken-chain region located in the 3’ end fragments.
Id. Both the A +halfswitch and A +TRSAC primers have the A primer sequence

contained at the 5" end of the primer. /d. The four primers are shown in the following

image.
F‘HCFE;'.'ith primers
- =)
ey A+haliswitch
=) A+TrsaC
EX1006.0020.

101. The primary modification to the extension products is that the 3’

fragment extension products generated by the modified method do not contain the
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cap region, as the cap region is located downstream of the broken-chain region
bound by the A +TRSAC primer. /d.

102. Despite the variation in primers, and therefore the extension product
composition, the modified method retains the general workflow of the general
method. See EX1006.0025. All extension products are amplified in an unbiased
manner using the standard A and B primers, where all fragments are amplified or
suppressed depending on the primer sequences located at both ends of the fragments.

EX1006.0020, 25. This process is reflected in the below diagram.
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EX1006.0020.

103. Meyer reports no specific data from using the modified method.
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VIII. MEYER FAILS TO DISCLOSE THE CLAIMED INVENTIONS

104. I have compared the independent claims of the 012 and 108 patents
with Meyer and determined that Meyer fails to disclose several of the claim
limitations required by both patents.

105. As explained below, for claim 1 of the 012 patent, Meyer fails to at
least disclose a “nucleic acid fragment”/“nucleic acid sequence of interest” and
“amplifying the one or more oligonucleotide extension products . . . to enrich for the
nucleic acid sequence of interest.” For my analysis below, I have focused on these
missing disclosures; however, these missing disclosures also mean that Meyer fails
to disclose any of the remaining steps of claim 1 given that all the steps require either
the nucleic acid fragment, the nucleic acid sequence of interest, enriching for the
nucleic acid sequence of interest, or a combination thereof. This means that Meyer
fails to disclose: (a) obtaining a nucleic acid fragment; (b) annealing one or more
oligonucleotides in solution to the nucleic acid sequence of interest; (¢) extending
the one or more oligonucleotides annealed to the nucleic acid sequence of interest;
(d) amplifying the one or more oligonucleotide extension products; (¢) annealing a
strand of the products of the amplifying; and (f) sequencing the enriched nucleic acid
sequence of interest.

106. As explained below, for claim 1 of the *108 patent, Meyer fails to at

least disclose a “nucleic acid fragment”/“nucleic acid sequence of interest” and
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“amplifying the one or more oligonucleotide extension products ... thereby
enriching the nucleic acid sequence of interest.” For my analysis below, I have
focused on these missing disclosures; however, these missing disclosures also mean
that Meyer fails to disclose any of the remaining steps of claim 1 given that all the
steps require either the nucleic acid fragment, the nucleic acid sequence of interest,
enriching for the nucleic acid sequence of interest, or a combination thereof. This
means that Meyer fails to disclose: (a) annealing one or more oligonucleotides . . . to
the nucleic acid sequence of interest; (b) extending the one or more oligonucleotides
annealed to the nucleic acid sequence of interest; (c) amplifying the one or more
oligonucleotide extension products; and (d) sequencing the amplified products
comprising the enriched nucleic acid sequence of interest.

107. Because Meyer fails to disclose these Ilimitations, it is my
understanding that Meyer does not anticipate the independent claims of the 012 and
"108 patents. It is also my understanding that Meyer therefore cannot and does not
anticipate any of the dependent claims of the 012 and *108 patents.

A.  “amplifying the one or more oligonucleotide extension

products . .. to enrich for the nucleic acid sequence of interest” (012

patent) / “amplifying the one or more oligonucleotide extension

products . .. thereby enriching the nucleic acid sequence of interest”
(’108 patent)

108. Meyer does not disclose the enrichment of a nucleic acid sequence of

interest.
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1. The Disclosed Protocols Do Not Provide for Enrichment

109. Meyer discloses two protocols for preparing fragmented cDNA for
amplification and sequencing. See supra, 9988, 97. 1 refer to the protocol Meyer
relies on throughout the bulk of the publication as the “general method.” See

EX1006.0003. Meyer discloses that method in Figure 1, which is reproduced below:
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Diagram of cDNA synthesis and 454 library preparation procedures. Three fragment types are produced by sonica-
tion: 5', internal, and 3", Ligation with the partially double-stranded adaptors A and B produces, for each fragment type, certain
adaptor configurations that will be amplified (above the '+'), and others that will be suppressed (below the '+') during the sub-

sequent amplification. The procedure preferentially amplifies constructs that are appropriate for 454 sequencing (shown inside
box).

EX1006.0003.
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110. At no point does the general method disclose enriching a nucleic acid
sequence of interest (neither does the modified method). As explained above, the
general method of Meyer begins by reverse transcribing the RNA strand into cDNA.
See supra, §89. As part of reverse transcription, cap primers are introduced to the
termini of the cDNA strands. I/d. Meyer discloses the use of the Clontech SMART
protocol for reverse transcription, which was a standard protocol at the time. See id.
This protocol converts the RNA strand into a cDNA strand; it does not enrich the
strand or any portion of it. See id.

111. Meyer discloses that after reverse transcription of the cDNA strand, the
strand is fragmented. See supra, 490. Meyer discloses that fragmentation can occur
through various methods, but that in this instance, sonication was used. Id.
Sonication does not enrich the fragmented nucleic acid.

112. Meyer discloses that after fragmentation, there are three types of

fragments: (1) 5’ end fragments, (2) internal fragments, and (3) 3’ end fragments. /d.

5 end fragmenis Internal fragments 3’ end fragments

[ s — R Ss— S S— — |

EX1006.0003. Starting from the 5’ end, the 5’ end fragment includes the cap primer
(blue), an orange sequence (that while not disclosed, is likely a guanine-rich region

used for the ligation of the cap primer to the 5’ end), and the original nucleic acid

Tecan Ex. 2021, Page 61 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



sequence. The internal fragments contain just the original nucleic acid sequence.
The 3' end fragment contains the original nucleic acid sequence, the broken chain T-
primer sequence (green), and a second cap primer (blue). According to Meyer’s
estimates, there is roughly one 5’ end fragment, eight internal fragments, and one 3’
end fragment for each transcript. See supra, 91.

113. Meyer discloses that two different adaptors are randomly ligated to the
various fragments, adaptors A and B. See supra, 992. The cap primers at the ends
of the 5’ and 3’ end fragments block adaptor ligation. At this point, there are four
sets of fragments: one set of 5’ end fragments ligated to one adaptor, two sets of
internal fragments ligated to adaptors at each end of the fragment, and one set of 3’
end fragments ligated to one adaptor. See supra, 492, see also EX1006.0003. No
enrichment occurs at this step.

114. In each set of internal fragments, there are two arrangements. In one
arrangement, the adaptors ligated at each end of the fragment are different. For the
other, the ligated adaptors are the same. [Id. This distinction is critical because
Meyer utilizes PCR suppression. Through PCR suppression, fragments ligated to
two same adaptors bend into a hairpin configuration, which prevents their
amplification. See supra, 94, see also EX1006.0003.

115. Of note, Meyer discloses that before amplification, all fragments

undergo extension. See supra, 494, see also EX1006.0003, 0013. For the end
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fragments, Meyer uses a special primer where one end of the primer corresponds to
the cap primer sequence and the other end contains a primer A sequence. See supra,
994. The extension products created through the use of these primers are flanked
either by two different or same primer sequences. See supra, 494, see also
EX1006.0003. To the extent the sequences are the same, PCR suppression occurs.
See EX1006.0003. No targeted enrichment occurs during extension.

116. Meyer discloses that the four kinds of fragments that are not PCR
suppressed enter exponential amplification. See supra, Y93-94. The internal
fragments—while having the primer A and B sequences on opposite sides from each
other—are essentially the same fragment type because of how Meyer discloses that
primer B is used for sequencing. See supra, 493. That is reflected in the following

depiction from Meyer:

Sequencing with B
L]

T 5

=

[ m—— e R

L-—]

EX1006.0003. While the depictions of Meyer simplify the number of internal
fragments, it is important to note that at this point, there remain eight internal

fragments for every 3' end fragment. See supra, 991, 95.
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117. Meyer discloses that amplification occurs through the use of the
standard 454 primers A and B. See supra, 994. As disclosed by Meyer, all of the
fragment types are flanked by the same primers. This configuration is of importance
here because it reflects that Meyer did not bias the amplification of one fragment
over the other fragments through the use of the primer sets. If Meyer was instead
seeking to rely on the amplification primers to enrich for certain fragments, Meyer
would need to differentiate the primer sequences of the nucleic fragment containing
the sequence of interest from that of other fragments, such as by only having one
primer sequence (or its complement) contained on the other fragments. That is not
the case here. Meyer discloses the exact opposite of primer biasing, meaning that
Meyer does not disclose the use of specific primers during amplification to enrich
for target sequences.

118. As a result, the general method of Meyer does not disclose a method
for sequencing an enriched nucleic acid sequence of interest because no enrichment
occurs.

119. I understand that Petitioner relies on the other protocol disclosed in
additional file 4 of Meyer (which I refer to as the “modified method”). Meyer
discloses that the modified method “includes minor modifications that we have
recently developed to reduce the number of manipulations required, improve

reproducibility, and to further reduce adaptor concatenation.” EX1006.0014.
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Additional file 4 discloses that “the version of the protocol shown here includes
minor modifications from that used for preparing coral larval cDNA.”
EX1006.0019. Of relevance here is that Meyer discloses the use of a primer
complementary to the broken chain T-primer sequence of the 3’ end fragment instead
of the cap primer. Meyer includes a schematic of this method in additional file 4,

which is reproduced below:

see,,, RNA prn et AAAAAMANRAL

cDNA synthegis and amplification by SMART protoce!
I 1
\\/7
“cap’- primer "broken chain® T-primer
.'_‘_. I'_‘_'I

;'_.'
"cap’- primer

Normalization, fragm elr'rret.-'on by sonication or nebulization
| L

1 L 1 I 1 | m— ]

barcade
Ligation to pseudo-double-stranded adaplors: as=—— a+d; Isuppression tag
[

5' end fragments Internal fragments 3' end fragments

= =
— S

P
3) ) PBC R w ith primers
H LR
mp (\+hallswilch
PCR suppression =) A+TrsaC
Y
El':po nential am pliﬂ cation

Sequencing from the fragmentation points using primer B

EX1006.0020.

Tecan Ex. 2021, Page 65 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



120. As shown above, the modified method appears to generally follow the
same scheme as the general method illustrated in Figure 1 up through the ligation of
the adaptors to the fragments. At that point, the modified method uses the “A
+TRSAC” primer for the 3’ end fragment. See supra, §999-101. Meyer discloses
that the “A +TRSAC” primer contains at its 3’ end the “sequence of the 3'-portion of
the broken chain cDNA synthesis primer.”” EX1006.0020. As shown in the
additional file 4 schematic, the extension step still results in the same kinds of
fragments. The differences are that in the modified method the cap primer sequence
is missing from the 3’ end fragment extension products. See supra, §101.

121. As with the general method, the modified method does not disclose any
enrichment of a sequence of interest. The generation of extension products does not
enrich for the sequences. See supra, 9100-101, see also EX1006.0020. The random
application of the adaptors—and their use in PCR suppression—does not lead to
selective enrichment of any target sequences. See supra, §999-102, see also
EX1006.0020. As such, a POSA following the modified method enters the
“exponential amplification” step without any targeted enrichment having occurred.

122. As with the general method, the use of universal primers to amplify all
extension products does not enrich any specific product because both universal
primers flank all products. See supra, 102, see also EX1006.0020. There is no

primer biasing that could result in enrichment. /d.
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123. The fact that Meyer does not disclose the sequencing of an enriched
nucleic acid sequence of interest is not surprising given the purpose of Meyer. Meyer
discloses a “method for deep transcriptome sequencing in a single 454 sequencing
run” where “[t]he single 454 sequencing run employed in this study produced more
than 600,000 sequencing reads, allowing the identification of ~11,000 genes and
~30,000 SNPs.” EX1006.0012. This disclosure means that the method of Meyer
allowed for the authors to cast a broad net sequencing as many reads as possible.
That is the exact opposite of targeting a sequence of interest and enriching for just
that sequence.

2. The Purpose of and Results from Meyer Reinforce that it
Does Not Disclose Enrichment

124. T understand that Petitioner argues that Meyer discloses a method for
sequencing an enriched nucleic acid sequence of interest through the targeting of the
broken chain T-primer sequence disclosed in additional file 4. Petition, 45. To claim
that Meyer discloses any sort of enrichment through that process represents a
fundamental misunderstanding of Meyer. Meyer discloses that one major challenge
in sequencing the entire transcriptome in one 454 pyrosequencing run is that the 454

sequencing platform suffers from calibration issues caused by homopolymer
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regions. See supra, §85. This issue was well known in the art at the time. See supra,
I51.

125. While any sequence could have homopolymer regions, Meyer focused
specifically on the polyA tail at the 3’ end of the coral transcriptome. See supra,
1484, 87. Meyer discloses a fix for the 454 sequencing of the polyA tail: disrupting
the homopolymer chain “by simply interrupting the poly-T region with a single C.”
See supra, 487. This interruption created what Meyer described as the “broken chain
T-primer.” EX1006.0009. According to Meyer, “[t]he purpose of the ‘broken chain’
T-primer is to reduce read artifacts during 454 pyrosequencing, which may get
thrown out of calibration by too strong of a light signal produced from a long
mononucleotide stretch (such as polyT or polyA).” EX1006.0019.

126. Meyer evaluates this approach by comparing the raw reads obtained
through the general method with what Meyer expected to see. In the “Results”
section, Meyer discloses that a “cDNA sample was prepared from coral larvae as
illustrated in Figure 1, and sequenced using the 454 GS-FlIx platform. This single
sequencing run produced 628,649 reads, with an average sequence length of 232
bases.” EX1006.0002. In the “Discussion” section, Meyer discloses that a “single
copy of this ‘broken-T’ adaptor was found in 98,276 of the raw reads (16% of the
total), slightly more than the expectation (~10%) based on average read length (232

bp) and assuming an average transcript size of 2,200 bp.” EX1006.0009. Although
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Meyer does not expressly state that raw read data specific to the broken-T adaptor is
the same raw read data reported earlier in the publication with respect to the general
method, a POSA would have understood that Meyer was referring to the same data
set. For example, the average read length of 232 bp reported here is the same as the
average sequence length Meyer reported in the “Results” section. Additionally,
98,276 raw reads is approximately 15.6% of the total 628,549 raw reads reported in
the “Results” section, also meaning that over 84% of the sequencing data obtained
are not from the 3’ end fragment.

127. Meyer then compares the number of raw reads containing the broken
chain T-primer sequence to Meyer’s expectation. EX1006.0009. As disclosed by
Meyer, that expectation assumes that the average transcript size is 2,200, and that
with an average read length of 232 bp, each transcript would have been fragmented
into approximately 10 fragments, where the 3’ end fragment is one of ten. See
EX1006.0009.

128. As explained above, the modified method uses a primer that is
complimentary to the broken chain T-primer, but Meyer discloses the use of the
broken chain T-primer in both the general method and the modified method reported
in additional file 4. See supra, §987-88, 98-99. It appears that Petitioner conflates

these two and mistakes the raw read data that Meyer reported from using the general
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method as somehow demonstrating enrichment of the 3" end fragment through the
use of the modified method. There are several issues with Petitioner’s assumptions.

129. First, as explained, Meyer reports the raw read data from using the
general method, which does not use a complimentary to the broken chain T-primer
sequence for generating extension products. Meyer fails to disclose any raw reads
from using the modified method. See EX1006.0019 (noting that “the version of the
protocol shown here includes minor modifications from that used for preparing coral
larval cDNA”) and EX1006.0002 (noting the “cDNA sample was prepared from
coral larvae as illustrated in Figure 1,” “sequenced using the 454 GS-FIx platform,”
and that “[t]his single sequencing run produced 628,649 reads, with an average
sequence length of 232 bases”).

130. Second, even had Meyer disclosed the raw reads obtained from using
the modified method, that disclosure would not show enrichment. Meyer makes
clear throughout the publication that when a homopolymer region is sequenced, the
454 platform can be thrown off calibration, leading to read artifacts. See supra, 985.
Read artifacts are errors in the sequencing data that can reduce the reliability of the
sequencing results. Reducing the number of read artifacts increases the number of
reads that can be reliably attributed to specific regions and genes of the
transcriptome. That increase, however, does not mean that there are more sequences

in the sequencing population than there might have otherwise been. It only means
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that more of the sequences already in that population are properly represented in the
sequencing data. In other words, the relative population of the sequences remain the
same.

131. Third, even if we accept Petitioner’s flawed assumption that the raw
read data reported in Meyer can be used to determine whether enrichment occurred,
the data reported does not demonstrate so. As explained above, Meyer’s assumption
that the 3’ end fragments would comprise roughly 10% of the overall read fragments
is based on two variables: average transcript length and average read length. Meyer
estimated the average transcript length. Assuming that Meyer based this average on
the transcript lengths observed through the general method, the distribution data
reported by Meyer raises serious concerns as to whether 2,200 bp is a fair average
or subjected to outliers that drive the average up. Meyer reported the “[s]ize

distribution of assembled sequences after assembly and contig joining” in Figure 2:
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EX1006.0004 (modified). As can be seen, the distribution data is far from normally
distributed (i.e., the standard or “Bell” curve distribution with an equal number of
observations above and below “average” or “mean” value such that ~2/3 of the data
1s within 1 standard deviation of the mean, 95% within 2 standard deviations, 99%
within 3 standard deviations, etc.). This “Bell” curve is the type of distribution that
is well summarized by the “mean” or average value, with the mode (“most common
observation class”) and median (“midpoint” of the distribution such that half of the
observations are below and half are both) being about the same “central tendency”
or summary statistic. Instead, the data is highly skewed with the modal number of
transcripts at the very shortest lengths (e.g., <500 bp bin). In other words, there are
considerably fewer sequences to the right of 2,200 bp (the column reflecting 2,200
bp has been colored red), but the sequences to the right span a greater range of

lengths (from 2,200 to ~8,000 bp), thus artificially raising the average over where it
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would be with a normal or standard distribution. Because this data is not normally
distributed, it would be inaccurate to simply rely on the average as the sole measure
of “central tendency.” If anything, it is more appropriate to rely on the median (half
way point) or mode (most frequent observation). With a right skewed distribution
such as this, the median is almost always smaller than the mean. That Meyer did not
do so emphasizes how Meyer’s expectation is not meant to reflect a statistically
rigorous calculation but instead just a “back-of-the-envelope” guesstimate of what
the data might be showing.

132. Looking at this distribution, I would expect that on average, the
transcript lengths, would be less than 2,200 bp (and maybe even far less). I would
also expect the median to be less than 2,200 bp given the skewed distribution
(meaning half the transcripts would be less than 2,200 bp). While it is hard to
calculate without the full data set, it is not unreasonable to conclude that the median
would be less than the mean given the skewed nature of the distribution (consistent
with an exponential distribution). This is key because had Meyer assumed 1,000 bp,
then Meyer would have estimated that the 3’ end fragments would be present in 23%
of reads. Had Meyer assumed 2,000 bp, then Meyer would have estimated that 3’
end fragments would be present in almost 12% of reads. Therefore, it is unclear if
there is any actual difference between the sequencing reads containing the broken

chain T-primer sequence and what should have been expected.

Tecan Ex. 2021, Page 73 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



133. Transcript lengths can also vary per study. As demonstrated in other
publications, the reported average transcript length for 4. millepora varies (e.g., one
recent publication reported that the average transcript length was 1,818 bp).
2018.0004. If Meyer had instead assumed that the average transcript length was
1,818 bp, Meyer would have expected that the 3" end fragment would comprise
roughly 13% of the overall read fragments.’

134. Because of such variation in the average transcript length—and the
impact on how many fragments are in one transcript—a POSA would have been
cautious to not overextrapolate as to the meaning of any comparisons of that
expectation to actual data. That is why Meyer describes the 16% of total raw reads
containing the broken-T adaptor as just “slightly more than the expectation.” See
EX1006.0009.

135. All together, Meyer discloses methods for sequencing the entirety of a

transcriptome in one sequencing run and obtaining sequencing results representative

> Meyer assumed the average read length was 232 bp based on the raw reads obtained
through the general method. To estimate the expected percentage of 3’ end fragments
in the total raw read data where the average transcript length was 1,818 bp, a POSA
would perform the following calculation (consistent with how Meyer did):

1/(1818/232) =1/7.8362 = 0.1276.
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of the sequences. Neither the general method nor the modified method of Meyer
disclose a process for enriching sequences of interest.
B.  “wherein the nucleic acid fragment comprises a nucleic acid

sequence of interest” (012 patent) / “wherein the nucleic acid fragment
comprising the nucleic acid sequence of interest” (’108 patent)

136. Another key deficiency of Meyer is that it does not disclose a “nucleic
acid fragment” or a “nucleic acid sequence of interest” as required by the claims of
the 012 and 108 patents.

137. The “nucleic acid fragment” must contain a “nucleic acid sequence of
interest.” The plain language of claim 1 of the 012 patent defines the “nucleic acid
fragment” as “compris[ing] a nucleic acid sequence of interest.” EX1001.0033. The
same is true for claim 1 of the *108 patent. EX1002.0033. A POSA reading these
claims would understand that if there is no sequence of interest, then there is no
“nucleic acid fragment” as required by the claims. In reviewing the specification
and prosecution history of both patents, I have not seen any disclosures to the
contrary. Because the inquiry turns then on whether there is a “sequence of interest,”
I have focused my analysis on whether Meyer discloses such a sequence. It does
not.

138. I understand that Petitioner advances a claim construction argument
that applies the patents’ definition of “targeted sequence” to “sequence of interest.”

Petition, 26. For purposes of these proceedings, I have been instructed to analyze
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“sequence of interest” understanding it to mean “a polynucleotide sequence of
interest, for which enrichment is desired.”

139. Under that construction, Meyer fails to disclose a polynucleotide
sequence for which enrichment is desired (as there is none). I understand that
Petitioner points to the broken chain T-primer as a “sequence of interest.” Petition,
45. A POSA would not have applied that term to the broken chain T-primer because
a POSA would have not desired its enrichment.

140. Meyer discloses that “[t]he methods described here for deep sequencing
of the transcriptome should be widely applicable to generate catalogs of genes and
genetic markers in emerging model organisms.” EX1006.0001. As explained by
Meyer, “[t]he characterization of the larval transcriptome for this widely-studied
coral will enable research into the biological processes underlying stress responses
in corals and evolutionary adaptation to global climate change.” EX1006.0001.
Meyer expresses no interest in the polyA tail of the transcriptome, aside for the
problem it causes in sequencing the 3’ end fragments of the transcriptome: “Because
454 sequencing does not efficiently process homopolymer regions greater than 8 bp
in length, the polyA tails at the 3’ ends of intact transcripts present a problem, and
would be expected to result in under-representation of the 3’ ends of transcripts.”
EX1006.0009. In other words, Meyer’s focus on the polyA tail is born out of the

issues it causes in sequencing the 3’ ends of the transcriptome.

Tecan Ex. 2021, Page 76 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



141. As with Meyer, a POSA seeking to perform deep sequencing of the
entire transcriptome in one sequencing run would have no interest in enriching the
polyA tail, the reverse transcribed polyT tail, or even the broken chain T-primer. The
polyA tail is a non-coding region of the transcriptome, meaning that there are no
associated genes or genetic markers. See supra, §38. Based on the reasons disclosed
by Meyer for using either the general or modified methods, it would appear that
Meyer is interested in sequencing every other region of the transcriptome but the
polyA tail.

142. This view is shared by Petitioner’s expert witness, Dr. Sims. In
explaining how the SMART protocol works, Dr. Sims notes that the “standard Cap
Primer contains at its 3’ end a polyT sequence complementary to the polyA tail of

299

the mRNA, ending in a ‘degenerate nucleotide,”” which is used “to ensure that the
Cap Primer only facilitates primer extension when it anneals to the interior 5’ end of
the polyA tail, thereby omitting most of the polyA tail.” EX1085.9148. Dr. Sims
explains that “[b]ecause the sequence of the polyA tail is not of interest and can also
cause sequencing errors, it is desirable to minimize the extent to which it is included
in the resulting cDNA.” EX1085.9148.

143. It appears that this recognition that the polyA tail is “not of interest” is

the reason why Dr. Sims instead discusses the “sequence regions near 3’ polyA tails.”

See EX1085.9144. Expanding the “sequence of interest” to apply to the sequence
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regions of the 3’ end fragment, however, destroys the distinction that the patents
make between a “nucleic acid fragment” and a “sequence of interest.” Instead, it
would treat the “sequence of interest” as the “nucleic acid fragment.” That is
contrary to what the 012 and ’108 patents disclose. See supra, §70. As such, a
POSA would not have considered the 3’ end fragment to be a “sequence of interest”
as claimed in the patents.

144. It is also important to consider the context in which the patents refer to
“sequence of interest.” Both patents are directed to methods for sequencing. A
POSA would understand that the desire to enrich for a specific sequence is so that
the targeted sequence can then be sequenced and its sequencing data used for some
purpose. Meyer’s lack of interest in the sequencing of the polyA tail is apparent by
the cleaned sequencing reads that Meyer deposited in the NCBI’s SRA database. See
EX1006.0016 (disclosing that the cleaned sequencing reads were deposited in the
SRA database with accession number SRA003728). Meyer deposited 301,457 reads
into the database. Of those reads, only 1,747 reads contain the full broken chain T-
primer sequence (CGCAGTCGGTACTTTTTTCTTTTTT)—Iless than 1% of the
total clean reads. A POSA reviewing this contemporaneous data would not have
understood Meyer to be interested in the sequencing of the broken chain T-primer

sequence when more than 99% of the deposited clean reads are to other sequences.
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C.  Meyer Fails to Disclose the Other Limitations of the Independent
Claims

145. As explained above, each limitation of the independent claims of the
’012 patent and > 108 patent is conditional on the presence of a “sequence of interest,”
a “nucleic acid fragment,” and/or an amplification step that results in enrichment of
the sequence of interest. Because Meyer fails to disclose these claim elements,
Meyer fails to disclose any of the limitations of the independent claims.

D. It Would Not Have Been Obvious to Modify Meyer to Practice the
Missing Claim Limitations

146. I understand that Petitioner argues that Meyer renders obvious the
independent claims. Petitioner’s arguments, however, do not address modifications
of Meyer that would address the specific missing limitations identified herein.
Because Meyer does not disclose the “amplify ... to enrich” or “sequence of interest”
limitations, as explained above, and Petitioner does not point to any other prior art
that would cure these defects, I disagree with Petitioner and Dr. Sims that the
challenged independent claims are obvious.

147. Because the independent claims are not obvious over Meyer, it is my

understanding that the dependent claims cannot be either.
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IX. CONCLUSION

148. In summation, Meyer fails to disclose the selective enrichment of a
sequence of interest, thus failing to anticipate or render obvious the independent
claims of the 012 and ’108 patents. Because Meyer fails to anticipate or render
obvious the independent claims of the 012 and *108 patents, Meyer necessarily fails
to do the same for the dependent claims of the patents.

149. I declare under penalty of perjury that the foregoing is true and correct.

Dated: January 29, 2025 By: ﬁ

Carlos D. Bustamante, Ph.D.
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Name: Prof. Carlos D. Bustamante, Ph.D.

Current positions: Founder, President, and Chief Executive Officer, Galatea Bio, Inc.
Principal and Chairman, CDB Consulting Group, Inc.
Adjunct Professor of Biomedical Data Science, Stanford University
Venture Partner, F/Prime Capital Partners
Entrepreneur-in-Residence, University of Miami Herbert Business School

Updated: December 1, 2024

Business Contact information

Galatea Bio, Inc. Direct: +1-607-280-3233

14350 Commerce Way Email: Carlos.Bustamante@galatea.bio
Miami Lakes FL 33014 cdbustam@stanford.edu

Assistant:  sa.sheng@galatea.bio

Personal Statement

For the past two decades, | have led a multidisciplinary team working on problems in genetics of
human health and disease. Much of our research has focused on genomics technology, data science,
and its application in medical and basic sciences. My first academic appointment was at Cornell
University’s College of Agriculture and Life Sciences. There, much of our work focused on population
genetics of human health and nutrition motivated by a desire to improve the foods we eat as the basis
of health. | moved to Stanford in 2010 to focus on enabling clinical and medical genomics on a global
scale. | have been focused on reducing health disparities in genomics broadening representation of
understudied groups in large genomic consortia, particularly minority groups from the U.S., the
Americas, and Africa. My work has empowered decision-makers to utilize genomics and data science
in the service of improving human health and wellbeing. In the next phase of my career, | will focus
on opportunities for bringing these technologies to consumer and patients, directly, where this work
can have the greatest impact.

| am the Founder, President, and Chief Executive Officer of Galatea Bio, Inc. a company focused on
the use of human genomics to power discovery for biopharma. This company was formed while | was
a Professor at Stanford and a Venture Partner with Fidelity’s early-stage biotechnology and
healthcare group, F-Prime Capital Partners. | have a strong interest in building new academic and
business units including non-profits and companies. | was the Inaugural Chair of Stanford Medicine’s
Department of Biomedical Data Science—the first new department that the University had started in
14 years. | serve as an advisor to the US federal government, private companies, startups, and non-
profits in the areas of pharmaceutical products, computational genomics, population and medical
genetics, intellectual property protection, and business strategy.

Education

Harvard University, Cambridge, MA B.A. 1997 Biology, magna cum laude with highest
honors

Harvard University, Cambridge, MA M.S. 2001 Statistics

Harvard University, Cambridge, MA Ph.D. 2001 Biology

University of Oxford, Oxford, UK Post-doc 2001-2 Mathematical Genetics
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Visiting Lecturer, Department of Business Technology University of Miami Herbert
School of Business, Coral Gables, FL

Professor, Department of Biomedical Data Sciences, Stanford University
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Investigator, Chan Zuckerberg Initiative (CZI) Biohub

Inaugural Chair, Department of Biomedical Data Science, Stanford University
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Professor, Department of Biological Statistics and Computational Biology and
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Assistant Professor, Department of Biological Statistics and Computational Biology

and Department of Statistical Sciences, Cornell University

Associate Director, Cornell Center for Comparative and Population Genomics

Visiting Scholar, NSF Institute for Pure and Applied Mathematics, Los Angeles

Corporate Leadership

04/21-present
04/21-present
01/19-present
01/16-present
06/18-06/22
02/15-12/21

02/14-06/16
02/15-12/21

06/16-12/21
01/19-12/22

Chairman of the Board, Galatea Bio

Director, Provaxus, Inc.

Board observer, Embark Veterinary, Inc. (Boston, MA)

Principal and Chairman, CDB Consulting Group (Miami, FL)

Director, Etalon Diagnostics (Palo Alto, CA)

Founder, Director, and Chair of Scientific Advisory Board, Arc-Bio, LLC:

formerly Big Data Bio LLC (Boston, MA) and Identify Genomics (Menlo Park, CA)
Founder, Director, and Chair of Scientific Advisory Board, Identify Genomics LLC
(Menlo Park, CA)

Director, Liberty Biosecurity (Washington, DC)

Director, Eden Roc Sciences LLC (Birmingham, M)

Board observer, Genomics PLC (Oxford, UK)
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06/15-12/20

02/11-12/15
02/11-12/15
01/11-12/14
06/10-12/14
11/09-12/20

Chair, ClinGen Complex Disease Working Group

Co-Chair, ClinGen Ancestry and Diversity Working Group

Co-Chair, PAGE Analysis Working Group

Chair, ClinGen Informatics Working Group

Member, ClinGen Steering Committee

Member, National Human Genome Research Institute (NHGRI) Council
National Institutes of Health Council of Councils

External Evaluation committee NIDDK T2D GENES project

Scientific Advisory Board, Slim Initiative for Genomic Medicine in the Americas
Scientific Advisory Board, NHGRI Center for Research on Genomics and Global
Health
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Advisor, Pivotal Biosciences (San Francisco, CA)

Scientific and Business Advisory Boards, Awakens, Inc. (Berkeley, CA)
Scientific and Business Advisory Boards, Fauna Bio, Inc. (San Francisco, CA)
Scientific Advisory Board, LunaDNA, Inc. (San Diego, CA)

Scientific Advisory Board, Embark Veterinary (Boston, MA)

Scientific Advisory Board, Etalon Diagnostics (Menlo Park, CA)
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Fellow, WebShield, Inc. (San Francisco, CA)
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Scientific Advisory Board, 23andme “Roots into the Future” (Mountain View, CA)
Scientific Advisory Board, National Geographic Genographic Project (Washington,
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Scientific Advisory Board, Personalis, Inc. (Menlo Park, CA)

Scientific Advisory Board, InVitae (San Francisco, CA)

Medical Advisory Board, Med-Tek (Miami, FL)

Scientific Advisory Board, Mubadala Healthcare (Abu Dhabi, UAE)

Scientific Advisory Board, Nature Source Genetics (lthaca, NY)

Fellowships and Honors

2017
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2016
2011-2016
2008
2007-2009
2001-2002
1999-2001
1997-1998

University of Miami Distinguished Presidential Scholar
Chang-Zuckerberg Biohub Investigator

Stanford Prize in Population Genetics and Society

2010 John D. & Catherine T. MacArthur Fellow

Cornell Provost Award for Distinguished Research

Sloan Research Fellowship in Molecular Biology
Marshall-Sherfield Fellowship

Howard Hughes Medical Institute Graduate Research Fellowship
National Science Foundation Graduate Research Fellowship

Editorial Boards

2013-2016
2013-2016
2010-2020
2008-2017
2008-2012
2005-2009

Evolution Section Editor, PLoS-Genetics

Editorial Board, American Journal of Human Genetics
Editorial Board, Human Biology

Editorial Board, Genome Research

Editorial Board, Molecular Biology and Evolution
Editorial Board, Bioinformatics

Other Experience and Professional Memberships

2009-present

Member, The Center for Academic Research and Training in Anthropogeny (UCSD)

2015-2017 Co-Chair (2015), Chair (2017), Gordon Conference on Human Genetics and
Genomics
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2012-2014 Co-Chair, Conference on Genomics and Health Disparities
2012-2015 Organizer, Cold Spring Harbor Biology of Genomes Conference
2012-2014 Organizer, Meeting of the Society for Molecular Biology and Evolution
2004-2005 Fellow of NSF Institute for Pure and Applied Mathematics
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10.1186/s40246-024-00664-y. PMID: 39218908; PMCID: PMC11367857.

Gouveia MH, Bentley AR, Leal TP, Tarazona-Santos E, Bustamante CD (+), Adeyemo AA,
Rotimi CN, Shriner D. Unappreciated subcontinental admixture in Europeans and European
Americans and implications for genetic epidemiology studies. Nat Commun. 2023 Nov

7;14(1):6802. doi: 10.1038/s41467-023-42491-0. PMID: 37935687; PMCID: PMC10630423.

Serrano JG, Orddiiez AC, Santana J, Sanchez-Canadillas E, Arnay M, Rodriguez-Rodriguez
A, Morales J, Velasco-Vazquez J, Alberto-Barroso V, Delgado-Darias T, de Mercadal MCC,
Hernandez JC, Moreno-Benitez MA, Pais J, Ringbauer H, Sikora M, McColl H, Pino-Yanes
M, Ferrer MH, Bustamante CD*+, Fregel R*. The genomic history of the indigenous people
of the Canary Islands. Nat Commun. 2023 Aug 15;14(1):4641. doi: 10.1038/s41467-023-
40198-w. PMID: 37582830; PMCID: PMC10427657.

Co-mentor and senior author / group leader for my lab where trainee was senior author of the
paper. | co-led, financed, and jointly oversaw this project from conception to publication with
Rosa Fregel, my former trainee.

Mantes AD, Montserrat DM, Bustamante CD+, Gird-I-Nieto X, loannidis AG+. Neural
ADMIXTURE for rapid genomic clustering. Nat Comput Sci. 2023 Jul;3(7):621-629. doi:
10.1038/s43588-023-00482-7. Epub 2023 Jul 6. PMID: 37600116; PMCID: PMC10438426.

Co-mentor and senior author / group leader for my lab where trainee was senior author of the
paper. | co-led, financed, and jointly oversaw this project from conception to publication with
Alex loannidis, my trainee.

Zhou W, Kanai M, Wu KH, Rasheed H, Tsuo K, ..., Bustamante CD, ... Meta-analysis
Initiative: Powering genetic discovery across human disease. Cell Genom. 2022 Oct
12;2(10):100192. doi: 10.1016/j.xgen.2022.100192. PMID: 36777996; PMCID: PMC9903716.

Consortium paper where | was a senior author / group leader for my lab contributing data and
methods to the paper. | co-led, financed, and jointly oversaw my groups participation in this
project from conception to publication
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2022

246. Lopez-Pineda A, Vernekar M, Moreno-Grau S, Rojas-Mufioz A, Moatamed B, Lee MTM,
Nava-Aguilar MA, Gonzalez-Arroyo G, Numakura K, Matsuda Y, loannidis A, Katsanis N,
Takano T, Bustamante CD. Validating and automating learning of cardiometabolic polygenic
risk scores from direct-to-consumer genetic and phenotypic data: implications for scaling
precision health research. Hum Genomics. 2022 Sep 8;16(1):37. doi: 10.1186/s40246-022-
00406-y. PMID: 36076307

245.  Parikh VN, loannidis AG, Jimenez-Morales D, Gorzynski JE, De Jong HN, Liu X, Roque J,
Cepeda-Espinoza VP, Osoegawa K, Hughes C, Sutton SC, Youlton N, Joshi R, Amar D,
Tanigawa Y, Russo D, Wong J, Lauzon JT, Edelson J, Mas Montserrat D, Kwon Y, Rubinacci
S, Delaneau O, Cappello L, Kim J, Shoura MJ, Raja AN, Watson N, Hammond N, Spiteri E,
Mallempati KC, Montero-Martin G, Christle J, Kim J, Kirillova A, Seo K, Huang Y, Zhao C,
Moreno-Grau S, Hershman SG, Dalton KP, Zhen J, Kamm J, Bhatt KD, Isakova A, Morri M,
Ranganath T, Blish CA, Rogers AJ, Nadeau K, Yang S, Blomkalns A, O'Hara R, Neff NF,
DeBoever C, Szalma S, Wheeler MT, Gates CM, Farh K, Schroth GP, Febbo P, deSouza F,
Cornejo OE, Fernandez-Vina M, Kistler A, Palacios JA, Pinsky BA, Bustamante CD*, Rivas
MA*, Ashley EA*. Deconvoluting complex correlates of COVID-19 severity with a multi-omic
pandemic tracking strateqy. Nat Commun. 2022 Aug 30;13(1):5107. doi: 10.1038/s41467-
022-32397-8. PMID: 36042219

244,  Gimbernat-Mayol J, Dominguez Mantes A, Bustamante CD+, Mas Montserrat D, loannidis
AG. PLoS Comput Biol. 2022 Aug 25;18(8):e1010301. doi: 10.1371/journal.pcbi.1010301.
Archetypal Analysis for population genetics. eCollection 2022 Aug. PMID: 36007005

Co-mentor and senior author / group leader for my lab where trainee was senior author of the
paper. | co-led, financed, and jointly oversaw this project from conception to publication with
Alex loannidis, my trainee.

243.  Liu YC, Hunter-Anderson R, Cheronet O, Eakin J, Camacho F, Pietrusewsky M, Rohland N,
loannidis A, Athens JS, Douglas MT, lkehara-Quebral RM, Bernardos R, Culleton BJ, Mah
M, Adamski N, Broomandkhoshbacht N, Callan K, Lawson AM, Mandl K, Michel M,
Oppenheimer J, Stewardson K, Zalzala F, Kidd K, Kidd J, Schurr TG, Auckland K, Hill AVS,
Mentzer AJ, Quinto-Cortés CD, Robson K, Kennett DJ, Patterson N, Bustamante CD,
Moreno-Estrada A, Spriggs M, Vilar M, Lipson M, Pinhasi R, Reich D. Ancient DNA reveals
five streams of migration into Micronesia and matrilocality in early Pacific seafarers. Science.
2022 Jul;377(6601):72-79. doi: 10.1126/science.abm6536. Epub 2022 Jun 30.
PMID: 35771911

Consortium paper where | was a senior author / group leader for my lab contributing data and
methods to the paper.

242. Nieves-Colon MA+, Badillo Rivera KM+, Sandoval K+, Villanueva Davalos V, Enriquez
Lencinas LE, Mendoza-Revilla J, Adhikari K, Gonzalez-Buenfil R, Chen JW, Zhang ET,
Sockell A, Ortiz-Tello P, Hurtado GM, Condori Salas R, Cebrecos R, Manzaneda Choque JC,
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Manzaneda Choque FP, Yabar Pilco GP, Rawls E, Eng C, Huntsman S, Burchard E, Ruiz-
Linares A, Gonzalez-José R, Bedoya G, Rothhammer F, Bortolini MC, Poletti G, Gallo

C, Bustamante CD+, Baker JC*, Gignoux CR*+, Wojcik GL*+, Moreno-Estrada A*+. Clotting
factor genes are associated with preeclampsia in high-altitude pregnant women in the
Peruvian Andes. Am J Hum Genet. 2022 Jun 2;109(6):1117-1139. doi:
10.1016/j.ajhg.2022.04.014. Epub 2022 May 18. PMID: 35588731

Co-mentor and senior author / group leader for my lab where three trainees were co-senior
author of the paper. | co-led, co-financed, and jointly oversaw this project from conception to
publication with Julie Baker.

241.  Preston CG, Wright MW, Madhavrao R, Harrison SM, Goldstein JL, Luo X, Wand H, Wulf B,
Cheung G, Mandell ME, Tong H, Cheng S, lacocca MA, Pineda AL, Popejoy AB, Dalton K,
Zhen J, Dwight SS, Babb L, DiStefano M, O'Daniel JM, Lee K, Riggs ER, Zastrow DB,
Mester JL, Ritter DI, Patel RY, Subramanian SL, Milosavljevic A, Berg JS, Rehm HL, Plon
SE, Cherry JM, Bustamante CD*, Costa HA*; Clinical Genome Resource (ClinGen). ClinGen
Variant Curation Interface: a variant classification platform for the application of evidence
criteria from ACMG/AMP guidelines. Genome Med. 2022 Jan 18;14(1):6. doi:
10.1186/s13073-021-01004-8.PMID: 35039090

2021

240. Venkataraman GR, DeBoever C, Tanigawa Y, Aguirre M, loannidis AG+, Mostafavi H,
Spencer CCA, Poterba T, Bustamante CD+, Daly MJ, Pirinen M, Rivas MA. Bayesian model
comparison for rare-variant association studies. Am J Hum Genet. 2021 Dec
2;108(12):2354-2367. doi: 10.1016/j.ajhg.2021.11.005. Epub 2021 Nov 24.PMID: 34822764

Collaborative paper where | was a senior author / group leader for my lab contributing data
and methods to the paper.

239. FuR, Gillen AE, Grabek KR+, Riemondy KA, Epperson LE, Bustamante CD*+, Hesselberth
JR, Martin SL*. Dynamic RNA Regqulation in the Brain Underlies Physiological Plasticity in a
Hibernating Mammal. Front Physiol. 2021 Jan 18;11:624677. doi:
10.3389/fphys.2020.624677. eCollection 2020.PMID: 33536943

Collaborative paper where | was a senior author / group leader for my lab contributing data
and methods to the paper. | co-led, financed, and jointly oversaw this project from conception
to publication with Sandy Martin, and my trainee, Katherine Grabek.
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238. loannidis AG+, Blanco-Portillo J, Sandoval K+, Hagelberg E, Barberena-Jonas C, Hill AVS,
Rodriguez-Rodriguez JE, Fox K, Robson K, Haoa-Cardinali S, Quinto-Cortés CD, Miquel-
Poblete JF, Auckland K, Parks T, Sofro ASM, Avila-Arcos MC+, Sockell A+, Homburger JR+,
Eng C, Huntsman S, Burchard EG, Gignoux CR+, Verdugo RA, Moraga M, Bustamante
CD*+, Mentzer AJ, Moreno-Estrada A*+. Paths and timings of the peopling of Polynesia
inferred from genomic networks. Nature. 2021 Sep;597(7877):522-526. doi: 10.1038/s41586-
021-03902-8. Epub 2021 Sep 22.PMID: 3455225.

Co-mentor and senior author / group leader for my lab where trainees were first author and
senior author of the paper. | co-led, financed, and jointly oversaw this project from conception
to publication with Alex loannidis, my trainee and Andres Moreno-Estrada, my former trainee.

237. Lopez Pineda A+, Pourshafeie A+, loannidis A+, Leibold CM, Chan AL, Bustamante CD+,
Frankovich J, Wojcik GL+. Discovering prescription patterns in pediatric acute-onset
neuropsychiatric syndrome patients. J Biomed Inform. 2021 Jan;113:103664. doi:
10.1016/j.jbi.2020.103664. Epub 2020 Dec 28.PMID: 33359113

Co-mentor and senior author / group leader for my lab where trainees were first author and
senior author of the paper. | led, financed, and oversaw this project from conception to
publication with G. Wojcik, my trainee at the time the project was initiated.

2020

236. Martin AR, Gignoux CR, Walters RK, Wojcik GL, Neale BM, Gravel S, Daly MJ, Bustamante
CD+*, Kenny EE+*. Human Demographic History Impacts Genetic Risk Prediction across
Diverse Populations. Am J Hum Genet. 2020 Oct 1;107(4):788-789. doi:
10.1016/j.ajhg.2020.08.020. PMID: 33007199

Co-mentor and senior author / group leader for my lab where trainees were first author and
senior author of the paper. | led, financed, and oversaw this project from conception to
publication with E. Kenny, my trainee at the time the project was initiated.

235. Gorzynski JE, De Jong HN, Amar D, Hughes CR, loannidis A, Bierman R, Liu D, Tanigawa
Y, Kistler A, Kamm J, Kim J, Cappello L, Neff NF, Rubinacci S, Delaneau O, Shoura MJ, Seo
K, Kirillova A, Raja A, Sutton S, Huang C, Sahoo MK, Mallempati KC, Montero-Martin G,
Osoegawa K, Jimenez-Morales D, Watson N, Hammond N, Joshi R, Fernandez-Vina M,
Christle JW, Wheeler MT, Febbo P, Farh K, Schroth G, Desouza F, Palacios J, Salzman J,
Pinsky BA, Rivas MA, Bustamante CD*, Ashley EA*, Parikh VN*. High-throughput SARS-
CoV-2 and host genome sequencing from single nasopharyngeal swabs. medRxiv. 2020 Jul
29:2020.07.27.20163147. doi: 10.1101/2020.07.27.20163147. Preprint. PMID: 32766602

234. loannidis AG+, Blanco-Portillo J, Sandoval K+, Hagelberg E, Miquel-Poblete JF, Moreno-
Mayar JV, Rodriguez-Rodriguez JE, Quinto-Cortés CD, Auckland K, Parks T, Robson K, Hill
AVS, Avila-Arcos MC+, Sockell A+, Homburger JR+, Wojcik GL+, Barnes KC, Herrera L,
Berrios S, Acufia M, Llop E, Eng C, Huntsman S, Burchard EG, Gignoux CR+, Cifuentes L,
Verdugo RA, Moraga M, Mentzer AJ, Bustamante CD*+, Moreno-Estrada A*+. Native
American gene flow into Polynesia predating Easter Island settlement. Nature. 2020
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Jul;5683(7817):572-577. doi: 10.1038/s41586-020-2487-2. Epub 2020 Jul 8. PMID: 32641827

Co-mentor and senior author / group leader for my lab where trainees were first author and
senior author of the paper. | co-led, financed, and jointly oversaw this project from conception
to publication with Alex loannidis, my trainee and Andres Moreno-Estrada, my former trainee.

233. Venkataraman GR, Pineda AL+, Bear Don't Walk Iv OJ, Zehnder AM, Ayyar S, Page RL,
Bustamante CD*, Rivas MA*. FasTag: Automatic text classification of unstructured medical
narratives. PLoS One. 2020 Jun 22;15(6):e0234647. doi: 10.1371/journal.pone.0234647.
eCollection 2020. PMID: 32569327

Co-mentor and senior author / group leader for my lab where trainee was co-first author. | co-
led, financed, and jointly oversaw this project from conception to publication with Manuel
Rivas.

232. Popejoy AB+, Crooks KR, Fullerton SM, Hindorff LA, Hooker GW, Koenig BA, Pino N, Ramos
EM, Ritter DI, Wand H, Wright MW, Yudell M, Zou JY, Plon SE, Bustamante CD*, Ormond
KE*; Clinical Genome Resource (ClinGen) Ancestry and Diversity Working Group. Clinical
Genetics Lacks Standard Definitions and Protocols for the Collection and Use of Diversity
Measures. Am J Hum Genet. 2020 Jul 2;107(1):72-82. doi: 10.1016/j.ajhg.2020.05.005.
Epub 2020 Jun 6. PMID: 32504544

Co-mentor and senior author / group leader for my lab where trainee, Alice Poopejoy, was
first author. | co-led, financed, and jointly oversaw this project from conception to publication
with Kelly Ormond. | was also PI of the parent grant for ClinGen that financed this study.

231.  Abel HJ, Larson DE, Regier AA, Chiang C, Das |, Kanchi KL, Layer RM, Neale BM, Salerno
WJ, Reeves C, Buyske S; NHGRI Centers for Common Disease Genomics, Matise TC,
Muzny DM, Zody MC, Lander ES, Dutcher SK, Stitziel NO, Hall IM. Mapping and
characterization of structural variation in 17,795 human genomes. Nature. 2020
Jul;583(7814):83-89. doi: 10.1038/s41586-020-2371-0. Epub 2020 May 27.PMID: 32460305

Consortium paper where | was a senior author / group leader for my lab contributing data and
methods to the paper. | was also MPI of the grant that financed this work.

230. Verdugo RA, Di Genova A, Herrera L, Moraga M, Acuia M, Berrios S, Llop E, Valenzuela
CY, Bustamante ML, Digman D, Symon A, Asenjo S, Lépez P, Blanco A, Suazo J, Barozet E,
Caba F, Villalon M, Alvarado S, Caceres D, Salgado K, Portales P, Moreno-Estrada A+,
Gignoux CR+, Sandoval K+, Bustamante CD+, Eng C, Huntsman S, Burchard EG, Loira N,
Maass A, Cifuentes L. Development of a small panel of SNPs to infer ancestry in Chileans
that distinguishes Aymara and Mapuche components. Biol Res. 2020 Apr 16;53(1):15. doi:
10.1186/s40659-020-00284-5. PMID: 32299502

Consortium paper where | was a senior author / group leader for my lab contributing data and
methods to the paper.

229. ICGC/TCGA Pan-Cancer Analysis of Whole Genomes Consortium. Pan-cancer analysis
of whole genomes. Nature. 2020 Feb;578(7793):82-93. doi: 10.1038/s41586-020-1969-6.
Epub 2020 Feb 5. PMID: 32025007
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Consortium paper where | was a senior author / group leader for my lab contributing data and
methods to the paper.

228. Grabek KR, Cooke TF, Epperson LE, Spees KK, Cabral GF, Sutton SC, Merriman DK, Martin
SL*, Bustamante CD*. Genetic variation drives seasonal onset of hibernation in the 13-lined
ground squirrel. Commun Biol. 2019 Dec 20;2:478. doi: 10.1038/s42003-019-0719-5.
eCollection 2019. PMID: 31886416

227.  Avila-Arcos MC+, McManus KF, Sandoval K+, Rodriguez-Rodriguez JE, Villa-Islas V, Martin
AR, Luisi P, Pefaloza-Espinosa RI, Eng C, Huntsman S, Burchard EG, Gignoux CR,
Bustamante CD*+, Moreno-Estrada A*+. Population History and Gene Divergence in Native
Mexicans Inferred from 76 Human Exomes. Mol Biol Evol. 2020 Apr 1;37(4):994-1006. doi:
10.1093/molbev/imsz282. PMID: 31848607

Co-mentor and senior author / group leader for my lab where trainees were first author and
senior author of the paper. | co-led, financed, and jointly oversaw this project from conception
to publication with Maria Avila-Arcos, my trainee, and Chris Gignoux and Andres Moreno-
Estrada, my former trainees.

226. Nie A, Pineda AL, Wright MW, Wand H, Wulf B, Costa HA, Patel RY, Bustamante CD, Zou
J. LitGen: Genetic Literature Recommendation Guided by Human Explanations. Pac Symp
Biocomput. 2020; 25:67-78. PMID: 31797587

Collaborative paper where | was a senior author / group leader for my lab contributing data
and methods to the paper.

225. Nieves-Colon MA+, Pestle WJ, Reynolds AW, Llamas B, de la Fuente C, Fowler K, Skerry
KM, Crespo-Torres E, Bustamante CD+*, Stone AC*. Ancient DNA reconstructs the genetic
legacies of pre-contact Puerto Rico communities. Mol Biol Evol. 2020 Mar 1; 37(3)611-626.
doi: 10.1093/molbev/msz267. Epub 2019 Nov 9. PMID: 31710665

Collaborative paper where | was a senior author / group leader for my lab contributing data
and methods to the paper. | co-led, financed, and jointly oversaw this project from conception
to publication with Maria Nieves-Colon, a joint trainee with Anne Stone who was her main
supervisor.

2019

224.  Musharoff S, Shringarpure S, Bustamante CD+*, Ramachandran S*. The inference of sex-
biased human demography from whole-genome data. PLoS Genet. 2019 Sep
20;15(9):e1008293. doi: 10.1371/journal.pgen.1008293. eCollection 2019 Sep. PMID:
31539367

223. Lopez M, Choin J, Sikora M, Siddle K, Harmant C, Costa HA, Silvert M, Mouguiama-Daouda
P, Hombert JM, Froment A, Le Bomin S, Perry GH, Barreiro LB, Bustamante CD, Verdu P,
Patin E, Quintana-Murci L. Genomic Evidence for Local Adaptation of Hunter-Gatherers to
the African Rainforest. Curr Biol. 2019 Sep 9;29(17):2926-2935.e4. doi:
10.1016/j.cub.2019.07.013. Epub 2019 Aug 8. PMID: 31402299
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Collaborative paper where | was a senior author / group leader for my lab contributing data
and methods to the paper.

222.  Genetic analyses of diverse populations improves discovery for complex traits.
Wojcik GL+, Graff M, Nishimura KK, Tao R, Haessler J, Gignoux CR, ... , Bustamante CD+,
Caberto C, Canizales-Quinteros S,..., Kooperberg C, Le Marchand L, Loos RJF, Matise TC,
North KE, Peters U, Kenny EE, Carlson CS. Nature. 2019 Jun;570(7762):514-518. doi:
10.1038/s41586-019-1310-4. Epub 2019 Jun 19. PMID: 31217584

Collaborative paper where | was a senior author / group leader for my lab contributing data
and methods to the paper. My trainee, Genevieve Wojcik, was first author of the Nature
paper on behalf of PAGE consortium. | was also MPI of the grant that financed this work.

221. Bucio D, Ormond KE, Hernandez D, Bustamante CD*+, Lopez Pineda A*+. A genetic
counseling needs assessment of Mexico. Mol Genet Genomic Med. 2019 May;7(5):e668.
doi: 10.1002/mgg3.668. Epub 2019 Apr 1. PMID: 30938092

Collaborative paper where | was a senior author / group leader for my lab contributing data
and methods to the paper. My trainee, Aturo Lopez, was senior author.

220. Fregel R, Orddriez AC, Santana-Cabrera J, Cabrera VM, Velasco-Vazquez J, Alberto V,
Moreno-Benitez MA, Delgado-Darias T, Rodriguez-Rodriguez A, Hernandez JC, Pais J,
Gonzéalez-Montelongo R, Lorenzo-Salazar JM, Flores C, Cruz-de-Mercadal MC, Alvarez-
Rodriguez N, Shapiro B, Arnay M, Bustamante CD. Mitogenomes illuminate the origin and
migration patterns of the indigenous people of the Canary Islands. PLoS One. 2019 Mar
20;14(3):e0209125. doi: 10.1371/journal.pone.0209125. eCollection 2019.

PMID:30893316

219.  Gignoux CR+, Torgerson DG, Pino-Yanes M, Uricchio LH, Galanter J, Roth LA, Eng C, Hu D,
Nguyen EA, Huntsman S, Mathias RA, Kumar R, Rodriguez-Santana J, Thakur N, Oh SS,
McGarry M, Moreno-Estrada A+, Sandoval K+, Winkler CA, Seibold MA, Padhukasahasram
B, Conti DV, Farber HJ, Avila P, Brigino-Buenaventura E, Lenoir M, Meade K, Serebrisky D,
Borrell LN, Rodriguez-Cintron W, Thyne S, Joubert BR, Romieu I, Levin AM, Sienra-Monge
JJ, Del Rio-Navarro BE, Gan W, Raby BA, Weiss ST, Bleecker E, Meyers DA, Martinez FJ,
Gauderman WJ, Gilliland F, London SJ, Bustamante CD+, Nicolae DL, Ober C, Sen S,
Barnes K, Williams LK, Hernandez RD, Burchard EG. An admixture mapping meta-analysis
implicates genetic variation at 18921 with asthma susceptibility in Latinos. J Allergy Clin
Immunol. 2019 Mar;143(3):957-969. doi: 10.1016/j.jaci.2016.08.057. Epub 2018 Sep 7.
PMID: 30201514

Collaborative paper where | was a senior author / group leader for my lab contributing data
and methods to the paper

218. LiQ, Zhao K, Bustamante CD, Ma X, Wong WH. Xrare: a machine learning method jointly
modeling phenotypes and genetic evidence for rare disease diagnosis. Genet Med. 2019
Sep;21(9):2126-2134. doi: 10.1038/s41436-019-0439-8. Epub 2019 Jan 24. PMID: 3067503

Collaborative paper where | was a senior author / group leader for my lab contributing data
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2018
217.

215.

214.

213.

212.

211.

210.

209.

and methods to the paper

Troll CJ, Putnam NH, Hartley PD, Rice B, Blanchette M, Siddiqui S, Ganbat JO, Powers MP,
Ramakrishnan R, Kunder CA, Bustamante CD, Zehnder JL, Green RE, Costa HA. Structural
Variation Detection by Proximity Ligation from Formalin-Fixed, Paraffin-Embedded Tumor
Tissue. J Mol Diagn. 2018 Dec 31. pii: S1525-1578(18)30172-7. doi:
10.1016/j.jmoldx.2018.11.003. [Epub ahead of print] PMID: 30605765

Lin M, Siford RL, Martin AR, Nakagome S, Modller M, Hoal EG, Bustamante CD, Gignoux
CR, Henn BM. Rapid evolution of a skin-lightening allele in southern African KhoeSan. Proc
Natl Acad Sci U S A. 2018 Dec 26;115(52):13324-13329. doi: 10.1073/pnas.1801948115.
Epub 2018 Dec 10. PMID: 30530665

Huddart R, Fohner AE, Whirl-Carrillo M, Wojcik GL, Gignoux CR, Popejoy AB, Bustamante
CD, Altman RB, Klein TE. Standardized Biogeographic Grouping System for Annotating
Populations in Pharmacogenetic Research. Clin Pharmacol Ther. 2018 Dec 1. doi:
10.1002/cpt.1322. PMID: 30506572

Jha AR, Davenport ER, Gautam Y, Bhandari D, Tandukar S, Ng KM, Fragiadakis GK,
Holmes S, Gautam GP, Leach J, Sherchand JB, Bustamante CD, Sonnenburg JL.
Gut microbiome transition across a lifestyle gradient in Himalaya. PLoS Biol. 2018 Nov
15;16(11):€2005396. doi: 10.1371/journal.pbio.2005396. eCollection 2018 Nov. PMID:
30439937

Popejoy AB, Ritter DI, Crooks K, Currey E, Fullerton SM, Hindorff LA, Koenig B, Ramos EM,
Sorokin EP, Wand H, Wright MW, Zou J, Gignoux CR, Bonham VL, Plon SE, Bustamante
CD; Clinical Genome Resource (ClinGen) Ancestry and Diversity Working Group (ADWG).
The clinical imperative for inclusivity: Race, ethnicity, and ancestry (REA) in genomics.

Hum Mutat. 2018 Nov;39(11):1713-1720. doi: 10.1002/humu.23644. PMID:30311373

Cornejo OE, Yee MC, Dominguez V, Andrews M, Sockell A, Strandberg E, Livingstone D 3rd,
Stack C, Romero A, Umaharan P, Royaert S, Tawari NR, Ng P, Gutierrez O, Phillips W,
Mockaitis K, Bustamante CD, Motamayor JC. Population genomic analyses of the chocolate
tree, Theobroma cacao L., provide insights into its domestication process. Commun Biol.
2018 Oct 16;1:167. doi: 10.1038/s42003-018-0168-6. eCollection 2018. PMID:30345393

loannidis NM, Wang W, Furlotte NA, Hinds DA; 23andMe Research Team, Bustamante CD,
Jorgenson E, Asgari MM, Whittemore AS. Gene expression imputation identifies candidate
genes and susceptibility loci associated with cutaneous squamous cell carcinoma. Nat
Commun. 2018 Oct 15;9(1):4264. doi: 10.1038/s41467-018-06149-6. PMID:30323283

Gignoux CR, Torgerson DG, Pino-Yanes M, Uricchio LH, Galanter J, Roth LA, Eng C, Hu D,
Nguyen EA, Huntsman S, Mathias RA, Kumar R, Rodriguez-Santana J, Thakur N, Oh SS,
McGarry M, Moreno-Estrada A, Sandoval K, Winkler CA, Seibold MA, Padhukasahasram B,
Conti DV, Farber HJ, Avila P, Brigino-Buenaventura E, Lenoir M, Meade K, Serebrisky D,
Borrell LN, Rodriguez-Cintron W, Thyne S, Joubert BR, Romieu I, Levin AM, Sienra-Monge
JJ, Del Rio-Navarro BE, Gan W, Raby BA, Weiss ST, Bleecker E, Meyers DA, Martinez FJ,
Gauderman WJ, Gilliland F, London SJ, Bustamante CD, Nicolae DL, Ober C, Sen S,
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207.

206.
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204.

203.

Barnes K, Williams LK, Hernandez RD, Burchard EG. An admixture mapping meta-analysis
implicates genetic variation at 18921 with asthma susceptibility in Latinos. J Allergy Clin
Immunol. 2018 Sep 7. pii: S0091-6749(18)31274-0. doi: 10.1016/j.jaci.2016.08.057. PMID:
30201514

Lépez-Pineda A, Rodriguez-Moran MF, Alvarez-Aguilar C, Fuentes Valle SM, Acosta-
Rosales R, Bhatt AS, Sheth SN, Bustamante CD. Data mining of digitized health records in
a resource-constrained setting reveals that timely immunophenotyping is associated with
improved breast cancer outcomes. BMC Cancer. 2018 Sep 27;18(1):933. doi:
10.1186/s12885-018-4833-4. PMID: 30261931

Wojcik GL, Fuchsberger C, Taliun D, Welch R, Martin AR, Shringarpure S, Carlson CS,
Abecasis G, Kang HM, Boehnke M, Bustamante CD, Gignoux CR, Kenny EE. Imputation-
Aware Tag SNP Selection To Improve Power for Large-Scale, Multi-ethnic Association
Studies. G3 (Bethesda). 2018 Aug 21. pii: g3.200502.2018. doi: 10.1534/g3.118.200502.
PMID: 30131328

Cruz-Davalos DI, Nieves-Coldn MA, Sockell A, Poznik GD, Schroeder H, Stone

AC, Bustamante CD, Malaspinas AS, Avila-Arcos MC. In-solution Y-chromosome capture-
enrichment on ancient DNA libraries. BMC Genomics. 2018 Aug 14;19(1):608. doi:
10.1186/s12864-018-4945-x. PMID: 30107783

Wang B, Pourshafeie A, Zitnik M, Zhu J, Bustamante CD, Batzoglou S, Leskovec J.
Network enhancement as a general method to denoise weighted biological networks.
Nat Commun. 2018 Aug 6;9(1):3108. doi: 10.1038/s41467-018-05469-x. PMID: 30082777

Fregel R, Méndez FL, Bokbot Y, Martin-Socas D, Camalich-Massieu MD, Santana J, Morales
J, Avila-Arcos MC, Underhill PA, Shapiro B, Wojcik G, Rasmussen M, Soares AER, Kapp J,
Sockell A, Rodriguez-Santos FJ, Mikdad A, Trujillo-Mederos A, Bustamante CD. Ancient
genomes from North Africa evidence prehistoric migrations to the Maghreb from both the
Levant and Europe.. Proc Natl Acad Sci U S A. 2018 Jun 26;115(26):6774-6779. doi:
10.1073/pnas.1800851115. Epub 2018 Jun 12. PMID: 29895688

Waszak SM, Northcott PA, Buchhalter |, Robinson GW, Sutter C, Groebner S, Grund KB,
Brugiéres L, Jones DTW, Pajtler KW, Morrissy AS, Kool M, Sturm D, Chavez L, Ernst A,
Brabetz S, Hain M, Zichner T, Segura-Wang M, Weischenfeldt J, Rausch T, Mardin BR, Zhou
X, Baciu C, Lawerenz C, Chan JA, Varlet P, Guerrini-Rousseau L, Fults DW, Grajkowska W,
Hauser P, Jabado N, Ra YS, Zitterbart K, Shringarpure SS, De La Vega FM, Bustamante
CD, Ng HK, Perry A, MacDonald TJ, Hernaiz Driever P, Bendel AE, Bowers DC, McCowage
G, Chintagumpala MM, Cohn R, Hassall T, Fleischhack G, Eggen T, Wesenberg F,
Feychting M, Lannering B, Schuz J, Johansen C, Andersen TV, Rd6sli M, Kuehni CE,
Grotzer M, Kjaerheim K, Monoranu CM, Archer TC, Duke E, Pomeroy SL, Shelagh R, Frank
S, Sumerauer D, Scheurlen W, Ryzhova MV, Milde T, Kratz CP, Samuel D, Zhang J,
Solomon DA, Marra M, Eils R, Bartram CR, von Hoff K, Rutkowski S, Ramaswamy V,
Gilbertson RJ, Korshunov A, Taylor MD, Lichter P, Malkin D, Gajjar A, Korbel JO, Pfister SM.
Spectrum and prevalence of genetic predisposition in medulloblastoma: a retrospective
genetic study and prospective validation in a clinical trial cohort. Lancet Oncol. 2018
Jun;19(6):785-798. doi: 10.1016/S1470-2045(18)30242-0. Epub 2018 May 9. PMID:
29753700
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200.

199.

198.

197.

196.

195.

Muzzio M, Motti JMB, Paz Sepulveda PB, Yee MC, Cooke T, Santos MR, Ramallo V, Alfaro
EL, Dipierri JE, Bailliet G, Bravi CM, Bustamante CD, Kenny EE. Population structure in
Argentina. PLoS One. 2018 May 1;13(5):e0196325. doi: 10.1371/journal.pone.0196325.
eCollection 2018. PMID: 29715266

DeBoever C, Tanigawa Y, Lindholm ME, Mcinnes G, Lavertu A, Ingelsson E, Chang C,
Ashley EA, Bustamante CD, Daly MJ, Rivas MA. Medical relevance of protein-truncating
variants across 337,205 individuals in the UK Biobank study. Nat Commun. 2018 Apr
24;9(1):1612. doi: 10.1038/s41467-018-03910-9. PMID: 29691392

de Freitas PD, Mendez FL, Chavez-Congrains K, Galetti PM Jr, Coutinho LL, Pissinatti

A, Bustamante CD. Next-Generation Sequencing of the Complete Mitochondrial Genome of
the Endangered Species Black Lion Tamarin Leontopithecus chrysopygqus (Primates) and
Mitogenomic Phylogeny Focusing on the Callitrichidae Family. G3 (Bethesda). 2018 May
31;8(6):1985-1991. doi: 10.1534/9g3.118.200153. PMID: 29650540

de la Fuente C, Avila-Arcos MC, Galimany J, Carpenter ML, Homburger JR, Blanco A,
Contreras P, Cruz Davalos D, Reyes O, San Roman M, Moreno-Estrada A, Campos PF, Eng
C, Huntsman S, Burchard EG, Malaspinas AS, Bustamante CD, Willerslev E, Llop E,
Verdugo RA, Moraga M. Genomic insights into the origin and diversification of late maritime
hunter-gatherers from the Chilean Patagonia. Proc Natl Acad Sci U S A. 2018 Apr
24;115(17):E4006-E4012. doi: 10.1073/pnas.1715688115. Epub 2018 Apr 9. PMID:
29632188

Bhattacharya S, Li J, Sockell A, Kan MJ, Bava FA, Chen SC, Avila-Arcos MC, Ji X, Smith E,
Asadi NB, Lachman RS, Lam HYK, Bustamante CD, Butte AJ, Nolan GP. \Whole-genome
sequencing of Atacama skeleton shows novel mutations linked with dysplasia. Genome Res.
2018 Apr;28(4):423-431. doi: 10.1101/gr.223693.117. Epub 2018 Mar 22. PMID: 29567674

Schroeder H, Sikora M, Gopalakrishnan S, Cassidy LM, Maisano Delser P, Sandoval
Velasco M, Schraiber JG, Rasmussen S, Homburger JR, Avila-Arcos MC, Allentoft ME,
Moreno-Mayar JV, Renaud G, Gémez-Carballa A, Laffoon JE, Hopkins RJA, Higham TFG,
Carr RS, Schaffer WC, Day JS, Hoogland M, Salas A, Bustamante CD, Nielsen R, Bradley
DG, Hofman CL, Willerslev E. Origins and genetic legacies of the Caribbean Taino.

Proc Natl Acad Sci U S A. 2018 Mar 6;115(10):2341-2346. doi: 10.1073/pnas.1716839115.
Epub 2018 Feb 20. PMID: 29463742

Rappoport N, Toung J, Hadley D, Wong RJ, Fujioka K, Reuter J, Abbott CW, Oh S, Hu D,
Eng C, Huntsman S, Bodian DL, Niederhuber JE, Hong X, Zhang G, Sikora-Wohfeld W,
Gignoux CR, Wang H, Oehlert J, Jelliffe-Pawlowski LL, Gould JB, Darmstadt GL, Wang

X, Bustamante CD, Snyder MP, Ziv E, Patsopoulos NA, Muglia LJ, Burchard E, Shaw GM,
O'Brodovich HM, Stevenson DK, Butte AJ, Sirota M. A genome-wide association study
identifies only two ancestry specific variants associated with spontaneous preterm birth.
Sci Rep. 2018 Jan 9;8(1):226. doi: 10.1038/s41598-017-18246-5. PMID: 29317701

Lins LSF, Trojahn S, Sockell A, Yee MC, Tatarenkov A, Bustamante CD, Earley RL, Kelley
JL. Whole-genome sequencing reveals the extent of heterozygosity in a preferentially self-
fertilizing hermaphroditic vertebrate. Genome. 2018 Apr;61(4):241-247. doi: 10.1139/gen-
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2017-0188. Epub 2017 Dec 21. PMID: 29268023

194. Martin AR, Lin M, Granka JM, Myrick JW, Liu X, Sockell A, Atkinson EG, Werely CJ, Moller
M, Sandhu MS, Kingsley DM, Hoal EG, Liu X, Daly MJ, Feldman MW, Gignoux
CR, Bustamante CD, Henn BM. An Unexpectedly Complex Architecture for Skin
Pigmentation in Africans. Cell. 2017 Nov 30;171(6):1340-1353.e14. doi:
10.1016/j.cell.2017.11.015. PMID: 29195075

2017

193. GTEx Consortium. Genetic effects on gene expression across human tissues. Nature. 2017.
550(7675):204-213. doi: 10.1038/nature24277. PMID: 29022597

192. Cooke TF, Fischer CR, Wu P, Jiang TX, Xie KT, Kuo J, Doctorov E, Zehnder A, Khosla C, Chuong
CM, Bustamante CD. Genetic Mapping and Biochemical Basis of Yellow Feather Pigmentation in
Budgerigars. Cell. 2017. 171(2):427-439.€21.d0i:10.1016/j.cell.2017.08.016. PMID: 28985565

191. loannidis NM, Davis JR, DeGorter MK, Larson NB, McDonnell SK, French AJ, Battle AJ, Hastie TJ,
Thibodeau SN, Montgomery SB, Bustamante CD, Sieh W, Whittemore AS. FIRE:
functional inference of genetic variants that requlate gene expression. Bioinformatics. 2017.
doi: 10.1093/bioinformatics/btx534. PMID: 28961785

190.  Migicovsky Z, Sawler J, Gardner KM, Aradhya MK, Prins BH, Schwaninger HR, Bustamante
CD, Buckler ES, Zhong GY, Brown PJ, Myles S. Patterns of genomic and phenomic diversity
in wine and table grapes. Hortic Res. 2017. 4:17035. doi: 10.1038/hortres.2017.35.
eCollection 2017. PMID: 28791127

189. Patin E, Lopez M, Grollemund R, Verdu P, Harmant C, Quach H, Laval G, Perry GH, Barreiro
LB, Froment A, Heyer E, Massougbodiji A, Fortes-Lima C, Migot-Nabias F, Bellis G,
Dugoujon JM, Pereira JB, Fernandes V, Pereira L, Van der Veen L, Mouguiama-Daouda P,
Bustamante CD, Hombert JM, Quintana-Murci L. Dispersals and genetic adaption of Bantu-
speaking populations in Africa and North America. Science. 2017. 356(6337):543-546. doi:
10.1126/science.aal1988. PMID: 28473590

188. Holl HM, Brooks SA, Carpenter ML, Bustamante CD, Lafayette C. A novel splice mutation
within equine KIT and the W15 allele in the homozygous state lead to all white coat color
phenotypes. Anim Genet. 2017. 48(4):497-498. doi: 10.1111/age.12554. Epub 2017 Apr 5.
PMID: 28378922

187. Martin AR, Gignoux CR, Walters RK, Wojcik GL, Neale BM, Gravel S, Daly MJ, Bustamante
CD, Kenny EE. Human Demographic History Impacts Genetic Risk Prediction across
Diverse Populations. Am J Hum Genet. 2017. 100(4):635-649. Doi:
10.1016/j.ajhg.2017.03.004. Epub 2017 Mar 30. PMID: 28366442

186. Costa HA, Neal JW, Bustamante CD, Zehnder JL. Identification of a Novel Somatic Mutation
Leading to Allele Dropout for EGFR L858R Genotyping in Non-Small Cell Lung Cancer. Mol
Diagn Ther. 2017. (4):431-436. doi: 10.1007/s40291-017-0275-y. PMID: 28357677

185. McManus KF, Taravella AM, Henn BM, Bustamante CD, Sikora M, Cornejo OE. Population
genetic analysis of the DARC locus (Duffy) reveals adaptation from standing variation
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associated with malaria resistance in humans. PLoS Genet. 2017 13(3):e1006560. doi:
10.1371/journal.pgen.1006560. eCollection 2017 Mar. PMID:28282382

184. Shringarpure SS, Mathias RA, Hernandez RD, O'Connor TD, Szpiech ZA, Torres R, De La
Vega FM, Bustamante CD, Barnes KC, Taub MA; CAAPA Consortium. 2016. Using
genotype array data to compare multi- and single-sample variant calls and improve variant
call sets from deep coverage whole-genome sequencing data. Bioinformatics. 2017.
33(8):1147-1153. doi:10.1093/bioinformatics/btw786. PMID: 28035032.

2016

183. Bien SA, Wojcik GL, Zubair N, Gignoux CR, Martin AR, Kocarnik JM, Martin LW, Buyske S,
Haessler J, Walker RW, Cheng |, Graff M, Xia L, Franceschini N, Matise T, James R, Hindorff
L, Le Marchand L, North KE, Haiman CA, Peters U, Loos RJ, Kooperberg CL, Bustamante
CD, Kenny EE, Carlson CS; PAGE Study. 2016. Strategies for Enriching Variant Coverage in
Candidate Disease Loci on a Multiethnic Genotyping Array. PLoS One. 2016.
11(12):e0167758. doi: 10.1371/journal.pone.0167758. PMID: 27973554.

182. Mathias RA, Taub MA, Gignoux CR, Fu W, Musharoff S, O'Connor TD, Vergara C, Torgerson
DG, Pino-Yanes M, Shringarpure SS, Huang L, Rafaels N, Boorgula MP, Johnston HR,
Ortega VE, Levin AM, Song W, Torres R, Padhukasahasram B, Eng C, Mejia-Mejia DA,
Ferguson T, Qin ZS, Scott AF, Yazdanbakhsh M, Wilson JG, Marrugo J, Lange LA, Kumar R,
Avila PC, Williams LK, Watson H, Ware LB, Olopade C, Olopade O, Oliveira R, Ober C,
Nicolae DL, Meyers D, Mayorga A, Knight-Madden J, Hartert T, Hansel NN, Foreman MG,
Ford JG, Faruque MU, Dunston GM, Caraballo L, Burchard EG, Bleecker E, Araujo MI,
Herrera-Paz EF, Gietzen K, Grus WE, Bamshad M, Bustamante CD, Kenny EE, Hernandez
RD, Beaty TH, Ruczinski I, Akey J; CAAPA., Barnes KC. 2016. A continuum of admixture in
the Western Hemisphere revealed by the African Diaspora genome. Nat Comm 7:12522.
doi: 10.1038/ncomms12522. PMID: 27725671.

181. loannidis NM, Rothstein JH, Pejaver V, Middha S, McDonnell SK, Baheti S, Musolf A, Li Q,
Holzinger E, Karyadi D, Cannon-Albright LA, Teerlink CC, Stanford JL, Isaacs WB, Xu J,
Cooney KA, Lange EM, Schleutker J, Carpten JD, Powell IJ, Cussenot O, Cancel-Tassin G,
Giles GG, Maclnnis RJ, Maier C, Hsieh CL, Wiklund F, Catalona WJ, Foulkes WD, Mandal D,
Eeles RA, Kote-Jarai Z, Bustamante CD, Schaid DJ, Hastie T, Ostrander EA, Bailey-Wilson
JE, Radivojac P, Thibodeau SN, Whittemore AS, Sieh W. 2016. REVEL: An Ensemble
Method for Predicting the Pathogenicity of Rare Missense Variants. Am J Hum Genet. 2016
Oct 6;99(4):877-885. doi: 10.1016/j.ajhg.2016.08.016. PMID: 27666373.

180. Daneshjou R, Cavallari LH, Weeke PE, Karczewski KJ, Drozda K, Perera MA, Johnson JA,
Klein TE, Bustamante CD, Roden DM, Shaffer C, Denny JC, Zehnder JL, Altman RB. 2016.
Population-specific single-nucleotide polymorphism confers increased risk of venous
thromboembolism in African Americans. Mol Genet Genomic Med. 2016 Jun 21;4(5):513-
20. doi: 10.1002/mgg3.226. PMID: 27652279.

179. Kelley JL, Yee MC, Brown AP, Richardson RR, Tatarenkov A, Lee CC, Harkins TT,
Bustamante CD, Earley RL. 2016. The Genome of the Self-Fertilizing Mangrove Rivulus
Fish, Kryptolebias marmoratus: A Model for Studying Phenotypic Plasticity and Adaptations
to Extreme Environments. Genome Biol Evol. 2016 Aug 16;8(7):2145-54. doi:
10.1093/gbe/evw145. PMID: 27324916.
Prof. Carlos D. Bustamante, Ph.D. CV 16 December 2024
Tecan Ex. 2021, Page 97 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016




178.

177.

176.

175.

174.

173.

172.

171.

170.

169.

Homburger JR, Green EM, Caleshu C, Sunitha MS, Taylor RE, Ruppel KM, Metpally RP, Colan SD, Michels M,
Day SM, Olivotto |, Bustamante CD, Dewey FE, Ho CY, Spudich JA, Ashley EA. 2016. Multidimensional
structure-function relationships in human 3-cardiac myosin from population-scale genetic variation. Proc Natl
Acad Sci U S A. 2016 Jun 14;113(24):6701-6. doi: 10.1073/pnas.1606950113. PMID: 27247418.

Mendez FL, Poznik GD, Castellano S, Bustamante CD. 2016. The Divergence of Neandertal
and Modern Human Y Chromosomes. Am J Hum Genet 98(4):728-34. doi:
10.1016/j.ajhg.2016.02.023. PMID: 27058445.

Altman RB, Prabhu S, Sidow A, Zook JM, Goldfeder R, Litwack D, Ashley E, Asimenos G,
Bustamante CD, Donigan K, Giacomini KM, Johansen E, Khuri N, Lee E, Liang XS, Salit M,
Serang O, Tezak Z, Wall DP, Mansfield E, Kass-Hout T. 2016. A research roadmap for next-
generation sequencing informatics. Sci Transl Med 8(335):335ps10. doi:
10.1126/scitranslmed.aaf7314. Review. PMID: 27099173.

Poznik GD, Xue Y, Mendez FL, Willems TF, Massaia A, Wilson Sayres MA, Ayub Q,
McCarthy SA, Narechania A, Kashin S, Chen Y, Banerjee R, Rodriguez-Flores JL, Cerezo M,
Shao H, Gymrek M, Malhotra A, Louzada S, Desalle R, Ritchie GR, Cerveira E, Fitzgerald
TW, Garrison E, Marcketta A, Mittelman D, Romanovitch M, Zhang C, Zheng-Bradley X,
Abecasis GR, McCarroll SA, Flicek P, Underhill PA, Coin L, Zerbino DR, Yang F, Lee C,
Clarke L, Auton A, Erlich Y, Handsaker RE; 1000 Genomes Project Consortium,
Bustamante CD, Tyler-Smith C. 2016. Punctuated bursts in human male demography
inferred from 1,244 worldwide Y-chromosome sequences. Nat Genet 48(6):593-9. doi:
10.1038/ng.3559. Epub 2016 Apr 25. PMID: 27111036.

Shringarpure SS, Bustamante CD, Lange K, Alexander DH. 2016. Efficient analysis of large
datasets and sex bias with ADMIXTURE. BMC Bioinformatics 17:218. doi: 10.1186/s12859-
016-1082-x. PMID: 27216439.

Baharian S, Barakatt M, Gignoux CR, Shringarpure S, Errington J, Blot WJ, Bustamante CD,
Kenny EE, Williams SM, Aldrich MC, Gravel S. 2016. The Great Migration and African-
American Genomic Diversity. PLoS Genet 12(5):e1006059. doi:
10.1371/journal.pgen.1006059. eCollection 2016 May. PMID: 27232753.

Homburger JR, Green EM, Caleshu C, Sunitha MS, Taylor RE, Ruppel KM, Metpally RP,
Colan SD, Michels M, Day SM, Olivotto |, Bustamante CD, Dewey FE, Ho CY, Spudich JA,
Ashley EA. 2016. Multidimensional structure-function relationships in human B-cardiac
myosin from population-scale genetic variation. Proc Natl Acad Sci U S A 113(24):6701-6.
doi: 10.1073/pnas.1606950113. Epub 2016 May 31. PMID: 27247418.

Kelley JL, Arias-Rodriguez L, Martin DP, Yee MC, Bustamante CD, Tobler M. 2016.
Mechanisms underlying adaptation to life in hydrogen sulfide rich environments. Mol Biol
Evol. 2016 Jun 19. pii: evw145. PMID: 26861137.

Davis JR, Fresard L, Knowles DA, Pala M, Bustamante CD, Battle A, Montgomery SB.
2016. An Efficient Multiple-Testing Adjustment for eQTL Studies that Accounts for Linkage
Disequilibrium between Variants. Am J Hum Genet. 98(1):216-24. PMID: 26749306.

Cooke TF, Yee MC, Muzzio M, Sockell A, Bell R, Cornejo OE, Kelley JL, Bailliet G, Bravi CM,
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Bustamante CD, Kenny EE. 2016. GBStools: A Statistical Method for Estimating Allelic
Dropout in Reduced Representation Sequencing Data. PLoS Genet. 12(2):e1005631. PMID:
26828719.

168. Henn BM, Botigué LR, Peischl S, Dupanloup I, Lipatov M, Maples BK, Martin AR, Musharoff
S, Cann H, Snyder MP, Excoffier L, Kidd JM, Bustamante CD. 2016. Distance from sub-
Saharan Africa predicts mutational load in diverse human genomes. Proc Natl Acad Sci U S
A. 113(4):E440-9. PMID: 26712023.

167. Freedman AH, Schweizer RM, Ortega-Del Vecchyo D, Han E, Davis BW, Gronau I, Silva PM,
Galaverni M, Fan Z, Marx P, Lorente-Galdos B, Ramirez O, Hormozdiari F, Alkan C, Vila C,
Squire K, Geffen E, Kusak J, Boyko AR, Parker HG, Lee C, Tadigotla V, Siepel A,
Bustamante CD, Harkins TT, Nelson SF, Marques-Bonet T, Ostrander EA, Wayne RK,
Novembre J. 2016. Demographically-Based Evaluation of Genomic Regions under Selection
in Domestic Dogs. PLoS Genet. 2016 Mar 4;12(3):e1005851. doi:
10.1371/journal.pgen.1005851.

2015

166. Stevison LS, Woerner AE, Kidd JM, Kelley JL, Veeramah KR, McManus KF; Great Ape
Genome Project, Bustamante CD, Hammer MF, Wall JD. 2015. The Time Scale of
Recombination Rate Evolution in Great Apes. Mol Biol Evol. 2015 Dec 15. pii: msv331.
PMID: 26671457.

165. Valenzano DR, Benayoun BA, Singh PP, Zhang E, Etter PD, Hu CK, Clément-Ziza M,
Willemsen D, Cui R, Harel I, Machado BE, Yee MC, Sharp SC, Bustamante CD, Beyer A,
Johnson EA, Brunet A.

2015. The African Turquoise Killifish Genome Provides Insights into Evolution and Genetic
Architecture of Lifespan. Cell. 163(6):1539-54. PMID: 26638078.

164. Homburger JR, Moreno-Estrada A, Gignoux CR, Nelson D, Sanchez E, Ortiz-Tello P, Pons-
Estel BA, Acevedo-Vasquez E, Miranda P, Langefeld CD, Gravel S, Alarcén-Riquelme ME,
Bustamante CD 2015. Genomic Insights into the Ancestry and Demographic History of
South America. PLoS Genet. 11(12):e1005602. PMID: 26636962.

163. Costa HA, Leitner MG, Sos ML, Mavrantoni A, Rychkova A, Johnson JR, Newton BW, Yee
MC, De La Vega FM, Ford JM, Krogan NJ, Shokat KM, Oliver D, Halaszovich CR,
Bustamante CD. 2015. Discovery and functional characterization of a neomorphic PTEN
mutation. Proc Natl Acad Sci U S A. 112(45):13976-81. PMID: 26504226.

162.  Shringarpure SS, Bustamante CD. 2015. Privacy Risks from Genomic Data-Sharing
Beacons. Am J Hum Genet. 97(5):631-46. PMID: 26522470.

161.  Shannon LM, Boyko RH, Castelhano M, Corey E, Hayward JJ, McLean C, White ME, Abi
Said M, Anita BA, Bondjengo NI, Calero J, Galov A, Hedimbi M, Imam B, Khalap R, Lally D,
Masta A, Oliveira KC, Pérez L, Randall J, Tam NM, Trujillo-Cornejo FJ, Valeriano C, Sutter
NB, Todhunter RJ, Bustamante CD, Boyko AR. 2015. Genetic structure in village dogs
reveals a Central Asian domestication origin. Proc Natl Acad Sci U S A. 112(44):13639-44.

Prof. Carlos D. Bustamante, Ph.D. CV 18 December 2024
Tecan Ex. 2021, Page 99 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016




PMID: 26483491.

160.  Grubert F, Zaugg JB, Kasowski M, Ursu O, Spacek DV, Martin AR, Greenside P, Srivas R,
Phanstiel DH, Pekowska A, Heidari N, Euskirchen G, Huber W, Pritchard JK, Bustamante
CD, Steinmetz LM, Kundaje A, Snyder M. 2015. Genetic Control of Chromatin States in
Humans Involves Local and Distal Chromosomal Interactions. Cell 162(5):1051-65. PMID:
26300125.

159. Patwardhan A, Harris J, Leng N, Bartha G, Church DM, Luo S, Haudenschild C, Pratt M,
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25. Sutter NB, Bustamante CD, Chase K, Gray MM, Zhao K, Zhu L, Padhukasahasram B,
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Karlins E, Davis S, Jones PG, Quignon P, Johnson GS, Parker HG, Fretwell N, Mosher DS,
Lawler DF, Satyaraj E, Nordborg M, Lark KG, Wayne RK, Ostrander EA. A single IGF1 allele
is a major determinant of small size in dogs. Science. 2007;316(5821):112-5. PMCID:
2789551.

Pre-2006

23. Pollinger JP, Bustamante CD, Fledel-Alon A, Schmutz S, Gray MM, Wayne RK. Selective
sweep mapping of genes with large phenotypic effects. Genome Res. 2005;15(12):1809-19.
PMCID: 1356119.

22. Nielsen R, Williamson S, Kim Y, Hubisz MJ, Clark AG, Bustamante C. Genomic scans for
selective sweeps using SNP data. Genome Res. 2005;15(11):1566-75. PMCID: 1310644.

21. Clark AG, Hubisz MJ, Bustamante CD, Williamson SH, Nielsen R. Ascertainment bias in
studies of human genome-wide polymorphism. Genome Res. 2005;15(11):1496-502.
PMCID: 1310637.

20. Bustamante CD, Fledel-Alon A, Wiliamson S, Nielsen R, Hubisz MT, Glanowski S,
Tanenbaum DM, White TJ, Sninsky JJ, Hernandez RD, Civello D, Adams MD, Cargill M,
Clark AG. Natural selection on protein-coding genes in the human genome. Nature.
2005;437(7062):1153-7.

19. Dimmic MW, Hubisz MJ, Bustamante CD, Nielsen R. Detecting coevolving amino acid sites
using Bayesian mutational mapping. Bioinformatics. 2005;21 Suppl 1:i126-35.

18. Jensen JD, Kim Y, DuMont VB, Aquadro CF, Bustamante CD. Distinguishing between
selective sweeps and demography using DNA polymorphism data. Genetics.
2005;170(3):1401-10. PMCID: 1451184.

17. Williamson SH, Hernandez R, Fledel-Alon A, Zhu L, Nielsen R, Bustamante CD.
Simultaneous inference of selection and population growth from patterns of variation in the
human genome. Proc Natl Acad Sci U S A. 2005;102(22):7882-7. PMCID: 1142382.

16. Zhu L, Bustamante CD. A composite-likelihood approach for detecting directional selection
from DNA sequence data. Genetics. 2005;170(3):1411-21. PMCID: 1451173.

15. Nielsen R, Bustamante C, Clark AG, Glanowski S, Sackton TB, Hubisz MJ, Fledel-Alon A,
Tanenbaum DM, Civello D, White TJ, J JS, Adams MD, Cargill M. A scan for positively
selected genes in the genomes of humans and chimpanzees. PLoS Biol. 2005;3(6):e170.
PMCID: 1088278.

14. Dimmic MW, Sunyaev S, Bustamante CD. Inferring SNP function using evolutionary,
structural, and computational methods. Pac Symp Biocomput. 2005:382-4.

13. Shimizu KK, Cork JM, Caicedo AL, Mays CA, Moore RC, Olsen KM, Ruzsa S, Coop G,
Bustamante CD, Awadalla P, Purugganan MD. Darwinian selection on a selfing locus.
Science. 2004;306(5704):2081-4.

12. Williamson S, Perry SM, Bustamante CD, Orive ME, Stearns MN, Kelly JK. A statistical
characterization of consistent patterns of human immunodeficiency virus evolution within
infected patients. Mol Biol Evol. 2005;22(3):456-68.

11. Williamson S, Fledel-Alon A, Bustamante CD. Population genetics of polymorphism and
divergence for diploid selection models with arbitrary dominance. Genetics.

Prof. Carlos D. Bustamante, Ph.D. CV 32 December 2024
Tecan Ex. 2021, Page 113 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016



2004;168(1):463-75. PMCID: 1448126.

10. Sawyer SA, Kulathinal RJ, Bustamante CD, Hartl DL. Bayesian analysis suggests that most
amino acid replacements in Drosophila are driven by positive selection. J Mol Evol. 2003;57
Suppl 1:S154-64.

9. Gilad Y, Bustamante CD, Lancet D, Paabo S. Natural selection on the olfactory receptor
gene family in humans and chimpanzees. Am J Hum Genet. 2003;73(3):489-501. PMCID:
1180675.

8. Barrier M, Bustamante CD, Yu J, Purugganan MD. Selection on rapidly evolving proteins in
the Arabidopsis genome. Genetics. 2003;163(2):723-33. PMCID: 1462452.

7. Bustamante CD, Nielsen R, Hartl DL. Maximum likelihood and Bayesian methods for

estimating the distribution of selective effects among classes of mutations using DNA
polymorphism data. Theor Popul Biol. 2003;63(2):91-103.

6. Bustamante CD, Nielsen R, Sawyer SA, Olsen KM, Purugganan MD, Hartl DL. The cost of
inbreeding in Arabidopsis. Nature. 2002;416(6880):531-4.

5. Bustamante CD, Wakeley J, Sawyer S, Hartl DL. Directional selection and the site-
frequency spectrum. Genetics. 2001;159(4):1779-88. PMCID: 1461920.

4. Bustamante CD, Nielsen R, Hartl DL. A maximum likelihood method for analyzing

pseudogene evolution: implications for silent site evolution in humans and rodents. Mol Biol
Evol. 2002;19(1):110-7.

3. Nurminsky D, Aguiar DD, Bustamante CD, Hartl DL. Chromosomal effects of rapid gene
evolution in Drosophila melanogaster. Science. 2001;291(5501):128-30.

2. Bustamante CD, Townsend JP, Hartl DL. Solvent accessibility and purifying selection within
proteins of Escherichia coli and Salmonella enterica. Mol Biol Evol. 2000;17(2):301-8.
1. Jimenez JJ, Alvarez E, Bustamante CD, Yunis AA. Pretreatment with 1,25(0H)2D3 protects

from Cytoxan-induced alopecia without protecting the leukemic cells from Cytoxan. Am J
Med Sci. 1995;310(2):43-7.

Commentaries and non-peer reviewed publications (6)

248. Barnes KC, De La Vega FM, Bustamante CD, Gignoux CR, Kenny E, Mathias RA, Pasaniuc
B. Session Introduction: Overcoming health disparities in precision medicine. Pac Symp
Biocomput. 2023;28:181-185. PMID: 36540975.

216. De La Vega FM, Bustamante CD. Polygenic risk scores: a biased prediction? Genome Med.
2018 Dec 27;10(1):100. doi: 10.1186/s13073-018-0610-x. PMID: 30591078

155. Bustamante CD, Rasmussen M. 2015. Beyond the reference genome. Nat Biotechnol.
2015 Jun;33(6):605-6. doi: 10.1038/nbt.3249. No abstract available. PMID: 26057977 .

79. Bustamante CD, Henn BM. Human origins: Shadows of early migrations. 2010. Nature
468:1044-5.

78. De La Vega FM, Bustamante CD, Leal SM. Genome-Wide Association Mapping And Rare
Alleles: From Population Genomics To Personalized Medicine - Session Introduction. Pac
Symp Biocomput. 2011:74-5.
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24. Abecasis G, Tam PK, Bustamante CD, Ostrander EA, Scherer SW, Chanock SJ, Kwok PY,
Brookes AJ. Human Genome Variation 2006: emerging views on structural variation and
large-scale SNP analysis. Nat Genet. 2007;39(2):153-5.

Book Chapters

1.  Kulathinal R, Sawyer SA, Bustamante CD, Nurminsky DI, Ponce R, Ranz JM, Hartl DL.
Selective Sweep in the Evolution of a New Sperm-Specic Gene in Drosophila. In: Nurminsky D,
editor. Selective Sweeps: Springer; 2005.

2. Przeworksi M, Bustamante CD. Genetic signatures of Natural Selection. Encyclopedia of
Genetics. London, U.K.: Wiley & Sons; 2005.

3. Ramachandran S, Tang H, Gutenkunst R, Bustamante C. Genetics and Genomics of Human
Population Structure. In: Speicher MR, Motulsky AG, Antonarakis SE, editors. Vogel and
Motulsky's Human Genetics: Problems and Approaches. Hiedelberg: Springer; 2010. p. 589-
615.
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Research Support (Active)

1R43HG013628-01 (Bustamante, loannidis, Wall [C]) 09/19/2024 — 08/31/2025 NIH/NHGRI
Development and application of machine learning-based approaches for estimating disease risk in
diverse and admixed populations.

Major goal is to develop and apply machine learning-based approaches for estimating polygenic risk
scores across diverse global human populations.

Role: MPI

1R01MH133621 (Almasy, Bustamante, Glahn [C], Nicolini) 07/14/2023 — 05/31/2028 NIH/NIMH
Genetic Architecture of Early-Onset Psychosis in Mexicans

This project is designed to identify genetic mutations influencing risk for psychotic disorders,
particularly early onset psychosis (EOP), in Latino individuals living in Mexico.

Role: MPI

Research Support (Completed)

U41HG009649 (Bustamante [C]) 08/01/2017 — 07/31/2021 NIH

Clinical Genome Resource (ClinGen)

Major goal is to create a unified, public, and freely available database of genetic alterations relevant
to clinical care. Our ultimate goal is to empower clinicians, genetic counselors, and patients to make
informed decisions based on DNA testing.

Role: MPI

1U01HGO009080 (Bustamante [C]) 05/20/2016 — 03/31/2020 NIH

Center for Multi- and Trans-ethic Mapping of Mendelian and Complex Disease

Major goal is to accelerate the discovery of DNA variation relevant to health and disease by analyzing
data from over 225,000 ethnically and racially diverse patients that will undergo genome sequencing.
Of particular importance is ensuring we have powerful statistical methods for analyzing data from
underserved groups including U.S. minority populations. Achieving this goal requires expertise
across many domains of knowledge including: medical and population genomics, algorithm
development for disease mapping, and expertise in large-scale databases.

Role: MPI

5R24 HL117756-02 (Wu) 04/15/2014 — 03/31/2019 NIH/NHLBI
Biorepository of Human iPSCs for Studying Dilated and Hypertrophic Cardiomyopathy

The project seeks to create a bank of 600 iPSC lines created from cardiovascular patients and
distribute to the NHLBI community.

Role: Co-PI

1U54MD01724-01 (Cullen[C], Bustamante) 04/01/2016 — 03/31/2021 NIH/NIA
Stanford Precision Health for Ethnic and Racial Equity (SPHERE)

Major goal is to provide services to the different projects in the center as well as any other group in
the consortium. We already have a robust infrastructure including equipment, expertise, and
personnel for performing state-of-the-art genotyping, genome and exome sequencing,
transcriptomics, metabolomics, and microbiome characterization. These activities will be
implemented into the individual projects.

Role: Lab Core PI

1U24EB02367401 (Ashley) 12/12/2016 — 11/30/2022 NIH
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Stanford MoTrPAC Bioinformatics Center
Major goal is to manage the bioinformatics for the MoTrPAC Clinical Site
Role: Co-PI

1R01HG008150-01 (Montgomery) 08/01/2015 — 06/30/2018 NIH
Predicting casual non-coding variants in a founder population

The project seeks to develop methods for interpreting non-coding genetic variation: to provide a
Bayesian method for predicting causal variants from full genomes, to identify and validate a large set
of functional non-coding variants using CRISPR technology, and to predict disease-relevant traits
likely to be affected by each variant.

Role: Co-PI

1U24HG008956-01 (Matise [C], Bustamante) 01/14/2016 — 11/30/2019 NIH

NHGRI Genome Sequencing Program Coordinating Center

Major goal is to identify of relevant control sets for data sets coming through GSPCC, and on the use
of diverse trans-ethnic populations in boosting power, identifying novel causal variants, and
characterizing the genetic background of the common control resource.

Role: Subcontract Pl

10S-1642184 (Bustamante) 08/01/2016 — 07/31/2018 NSF

EAGER: Establishing the genetic basis of hibernation by building and utilizing a next-generation
genomics resource for the model hibernator, the thirteen-lined ground squirrel

Major goal is to establish a genetic basis for the hibernating phenotype in the 13-lined ground squirrel
by developing a high-quality genome resource for the species. Specifically, we will employ
quantitative trait loci analysis to identify genetic variants associated with hibernation to determine
whether hibernation-related traits are heritable.

Role: PI

UO1FDO004979 (Altman) 02/01/2015 - 03/31/2018 UCSF
UCSF-Stanford CERSI: Improving the Efficiency and Rigor of Pharmacovigilance (PV) at FDA
Role: Co-PI

4U01HG0074919-04 (Matise [C], Bustamante) 09/01/2013 — 05/31/2018 NIH/NHGRI
NHGRI PAGE Coordinating Center

The major goals of this study are to provide flexible support in data analysis, management, synthesis,
and dissemination, and program logistics, for the PAGE Il studies.

Role: Subcontract PI

4U01HGO007417 (Loos [C], Bustamante) 09/01/2013 — 05/31/2018 NIH/NHGRI
Diverse ancestry biobank to map biomedical traits and elucidate health disparities

The major goal of this project is to characterize the population architecture of differences in disease
burden among populations in a multi-ethnic cohort using common and rare coding variants. We will
also develop methods for disease mapping based on local ancestry information and will assess
aggregate effects of rare variants in the context of the PAGE Il network.

Role: Co-PI

66864T (Bustamante, Martin, PIs) 09/01/2011 — 08/31/2017 NIH/NIGMS
Genomic Origins and Admixture in Latinos (GOAL)
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The major goal of this project is to generate and analyze dense genotype data from 180 parent-
offspring triads of diverse Hispanic/Latino ancestry sampled in Miami, as well as sequence the
complete genomes of 30 H/L triads.

ED-9697-STS2 (Bustamante, Dermitzakis[C], Guigo, McCarthy) 08/01/2013 — 06/30/2016 NIH
Methods for High-Resolution Analysis of Genetic Effects on Gene Expression

The major goal of this project is to identify genetic effects on gene expression using GTEx data.
Specifically, we will provide statistical expression quantitative trait methodology, network methods for
detecting gene regulatory interactions, and bioinformatics methods for improving identification of
allele-specific expression.

0255-6424-4609 (Loos, Bustamante) 09/01/2013 - 05/31/2017 NIH/NHGRI
Diverse Ancestry Biobank to Map Biomedical Traits and Elucidate Health Disparities

The major goal of this project is to characterize the population architecture of differences in disease
burden among populations in a multi-ethnic cohort using common and rare coding variants. We will
also develop methods for disease mapping based on local ancestry information and will assess
aggregate effects of rare variants in the context of the PAGE Il network.

5943 (Matise) 09/01/2013 - 05/31/2017 NIH/NHGRI
NHGRI PAGE Coordinating Center

The major goals of this study are to provide flexible support in data analysis, management,
synthesis, and dissemination, and program logistics, for the PAGE Il studies.

2R01HG003229 (Clark, Bustamante, Nielsen, Pls) 01/01/2010 - 6/30/2013 NIH/NHGRI
Population Genetic Inferences from Dense Genotype Data

The major goals of this project are to develop methods for population genetic inference from next-
generation sequence data, including ascertainment bias correction, inference of natural selection, and
prediction of functionality for novel SNPs and CNVs in the human genome.

U01HG005715 (Bustamante, PI) 09/09/2010 — 06/30/2014 NIH/NHGRI
Population Structure Admixture and Selection across the 1000 Genomes Data Set

The main goals of the project are to develop novel approaches for characterizing population structure,
analyzing patterns of admixture, and localizing signatures of selection across the 2,500 samples
sequenced by the 1000 Genomes Project.

58-6631-0-100 (Bustamante, PI) 07/01/2010 — 01/07/2014 USDA
Identification of Genes Regqulating Major Agronomic Traits in Cacao Through Association and Linkage
Mapping Using Large Sequence Data Sets

The major goal of this project is provide analytical and bioinformatic support to the MARS-USDA
Theobroma cacao L. sequencing project, including SNP diversity and association mapping analysis of
cacao populations as well as gene expression analysis of diverse Theobroma species.

1R01GMO083606 (Bustamante, PI) 08/01/2007-07/31/2012  NIH/NIGMS
Association Mapping in Structured Populations

The major goal of this project is to develop novel statistical methods for association mapping in
structured populations and to use these methods to map several complex traits in ethnically diverse
African populations.

1R01MH084695 (Clark, Bustamante, Nielsen, Pls) 09/28/2008-07/31/2012 NIH/NIMH
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Inferring multiple-SNP disease association with DNA resequence data

The major goal of this project is to develop novel statistical methods for association mapping of
genetic variants underlying risk for complex disease, using resequenced DNA samples from cases
and controls.

DBI 0701382 (Purugganan, Pl, Bustamante, Co-PlI) 09/01/2007-08/31/2012 NSF/DBI
GEPR: The Evolutionary Genomics of Rice Domestication

The major goals of this project are to fine-map domestication genes and examine the role of
evolutionary selection in the origin of cultivated rice.

DEB 0516310 (Bustamante) 09/01/2005 — 08/31/2010 NSF
Computational Methods for Detecting Natural Selection using Comparative Population Genomic
Data

The major goal of this project is to develop novel population genetic methods for identifying genes
and genomic regions that are involved in adaptive molecular evolution through the comparison both
within and between species genomic variation data.

5U01HL084706 -03 (Clark, PI, Bustamante, Co-Pl) 06/15/2006 — 05/31/2010 NIH/NHLBI
Dimension Reduction Approaches for Genome-Wide Association Testing

The major goal of this project is to develop novel Bayesian shrinkage methods for genome-wide
association mapping and to apply these methods to genome-wide expression level and genotype
data from the 270 HapMap cell lines in order to map expression quantitative trait loci (eQTLs).

BIO 0948510 (Bustamante, PI) 08/15/2009-7/31/2011(NCE) NSF/DBI
Genome-wide diversity in village dogs: uncovering the history of dog domestication, the genetics of
natural dog populations, and consequences of artificial selection in breed dogs.

The major goals of this project are to develop population genetic methods for inferring the
evolutionary history of dog domestication from genotyping and sequencing data, and to determine the
impact of dog domestication on the genetic basis of complex traits in dogs.

DBI 0606461 (McCouch, PI, Bustamante, Co-Pl) 08/01/2006 — 07/31/2011(NCE) NSF/DBI
GEPR: Exploring the Genetic Basis of Transgressive Variation in Rice

The major goal of this project is to perform association mapping in rice (Oryza sativa) using 500
individuals genotyped at 10,000 SNPs in order to identify quantitative trait loci underlying 26
agronomic traits of interests.

1R01AI073368 (Stanhope, PI, Bustamante, Co-Pl)  05/1/2010-6/15/2011 NIH/NIAID
Evolutionary Genomics and Population Genetics of Pathogenic Streptococci

The major goal of this project is to reach a thorough understanding of the molecular specifics
correlated with adaptive differences within and between the pathogenic taxa of the genus
Streptococcus.

673446Z (Nickerson, PI, Bustamante, Co-Pl) 09/30/2009 - 06/30/2012 NIH
Northwest Genomic Center

The main goals of my subcontract on this project is to develop population genetic methods for
quantifying population structure from whole-genome exome data and estimate selection coefficients
on different categories of functional sites in the human genome.
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Educational and Outreach Activities

Post-doctoral fellows trained

1. Dr. Adam Auton, D. Phil. (10/2007—6/2009), Statistical Geneticist, 23andme

2. Dr. Maria Avila-Arcos, Ph.D. (05/2014—12/2017), Assistant Professor, National Autonomous

University of Mexico

Dr. Linda Boettger (Goodman), Ph.D. (1/2018 — 8//2018), Co-founder and CTO at Fauna Bio

Dr. Adam Boyko, Ph. D. (9/2005—8/2011), Associate Professor, Cornell University

Dr. Jake Byrnes, Ph. D. (9/2010—10/2011), Population Genomics Manager, Ancestry.com

Dr. Meredith Carpenter, Ph. D. (7/2011—1/2014), Chief Scientific Officer, ArcBio LLC

Dr. Jessica Chen, Ph.D. (3/2017 — 9/2019), Research Scientist, Genentech

Dr. Omar Cornejo, Ph. D. (8/2009—8/2013), Assistant Professor, Washington State University

Dr. Christopher DeBoever, Ph.D. (10/2016—4/2018), Vice President of Platform at Data4Cure,

Inc.

10.Dr. Matthew J. Dimmic, Ph. D. (3/2003—2005), Genomics and Data Science Lead, Monsanto

11.Dr. Anna Katharina Elmer, Ph.D. (4/2014—9/2014), Senior Scientist, ArcBio LLC

12.Dr. Rosa Lorenzo Fregel, Ph.D. (6/2014—8/2017), Assistant Professor Tenerife

13.Dr. Christopher Gignoux, Ph.D. (8/2013—2/2017), Associate Professor, University of Colorado

14.Dr. Ryan Gutenkunst, Ph. D. (1/2008—12/2008), Assistant Professor, University of Arizona

15.Dr. Katherine Grabek, Ph.D. (7/2014—8/2018), Co-founder and CSO at Fauna Bio

16.Dr. Simon Gravel, Ph.D. (10/2009—12/2012), Assistant Professor, McGill University

17.Dr. Ragan Hart, Ph.D. (9/2018—6/2019), Entrepreneur-In-Residence, F-Prime Capital

18.Dr. Brenna Henn, Ph. D. (12/2009—12/2012), Assistant Professor, SUNY Stony Brook

19.Dr. Patrick House, Ph. D. (9/2014—9/2015), Neuroscientist and writer

20.Dr. Aashish Jha, Ph.D. (9/2015—6/2019), Director of Bioinformatics, NomNomNow, Berkeley, CA

21.Dr. Alex loannidis, Ph.D. (9/2018—6/2022), Postdoctoral scholar, Stanford

22.Dr. Joanna Kelley, Ph. D. (8/2010—8/2013), Assistant Professor, Washington State University

23.Dr. Eimear Kenny, Ph. D. (10/2010—10/2012), Professor, Mount Sinai School of Medicine

24 .Dr. Jeffrey Kidd, Ph. D. (2/2010—12/2011), Associate Professor, University of Michigan School of
Medicine

25.Dr. Carolin Kosiol, Ph. D. (9/2006—1/2009), Bioinformatics Group Leader, University of Veterinary
Medicine (vetmeduni) Vienna, Austria

26.Dr. Tuuli Lappalainen (1/2013—12/2013), Professor, Department of Systems Biology, Columbia
University and Junior Investigator and Core Member, New York Genome Center

27.Dr. Arturo Lopez Pineda (1/2016—4/2019), CEO, Amphora Health, SA

28.Dr. Fernando Mendez, Ph.D., (7/2013 — 7/2017), Senior Scientist - Population Geneticist at Helix

29.Dr. Babak Moatamed Ph.D. (7/2020 — 3/2022), Director of Clinical Informatics, Galatea Bio, Inc.

30.Dr. Nilah Monnier loannidis, Ph.D. (9/2013—10/2019), Assistant Professor, U. California Berkeley

31.Dr. Andres Moreno Estrada, M.D./Ph. D. (3/2009—12/2014), Professor and Group Leader,
Langebio (Mexico)

32.Dr. Sonia Moreno Grau, Ph.D. (10/2020-1/2022), Director of Collaborations, Galatea Bio, Inc.

33.Dr. Marina Muzzio, Ph. D. (8/2011—8/2013), Researcher, Instituto Multidisciplinario de Biologia
Celular (IMBICE), National Scientific and Technical Research Council (CONICET), Buenos Aires,
Argentina

34.Dr. Sean Myles, Ph.D. (1/2008—7/2010), Associate Professor, Dalhousie University

35.Dr. Badri Padhukasahasram, Ph. D. (9/2006—1/2008), Bioinformatics Scientist, lllumina, Inc.

36.Dr. Alice Popejoy, Ph.D. (11/2017 — 10/2021), Assistant Professor, U. of California Davis

37.Dr. Morten Rasmussen, Ph.D., (8/2013—7/2016), Director of Technology, ArcBio, LLC

38.Dr. Arindam RoyChoudhury, Ph. D. (7/2008—=8/2009), Assistant Professor, Columbia University

39.Dr. Anna Rychkova, Ph.D. (9/2013—04/2016), Scientist, Amgen Comparative Biology and Safety
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Sciences Department

40.Dr. Suyash Shringarpure, Ph.D. (9/2012—06/2016), Statistical Geneticist at 23andme

41.Dr. Karla Sandoval Mendoza, Ph.D. (4/2010—12/2014), Postdoctoral Scholar, Langebio (Mexico)

42.Dr. Martin Sikora, Ph. D. (7/2010—6/2014), Associate Professor and Group Leader, Center for
GeoGenetics, Copenhagen, Denmark

43.Dr. Elena Sorokin, Ph. D. (9/2015—2/28), Statistical geneticist at Ancestry DNA

44 .Dr. Scott Williamson, Ph. D. (6/2003—6/2006), deceased (was Assistant Professor at Cornell
University)

45.Dr. Genevieve Wojcik, Ph. D. (1/2014—9/2019), Assistant Professor, John Hopkins School of
Public Health

46.Dr. Keyan (Kevin) Zhao, Ph.D. (9/2007—12/2010), Staff Scientist, lonTorrent

47.Dr. Ashley Zehnder, DVM, Ph.D. (10/2016—8/2018), Co-founder and CEO at Fauna Bio

Graduate Students Trained

1. Abra Brisbin (Ph. D. Applied Math) (2006 — 2010, joint with J. Mezey), Assistant Professor of

Mathematics, University of Wisconsin-Eau Claire

Kasia Bryc (Ph. D. Biometry) (2006 — 2010), Population Geneticist, 23andMe

Thomas Cooke (Ph. D. Genetics) (2011—2017), Postdoc at Whitehead Institute

Helio Costa (Ph. D. Genetics) (2011—2015), Fellow in Molecular Clinical Genetics at Stanford

Roxana Daneshjou (M.D./Ph.D. Genetics) (2012—2014, joint w/ Russ Altman), MSTP student at

Stanford, completing medical training

Joe Davis (Ph. D. Genetics) (2012—2017, joint with S. Montgomery), Data Scientist at Cardinal

Analytx Solutions

7. Jeremiah Degenhardt (Ph. D. Biometry) (2005 — 2010), Senior Scientist in Bioinformatics, Onyx
Pharmaceuticals

8. Kirsten Eilertson (Ph. D. Statistics) (2007—2011), Assistant Professor, Penn State

9. Hong Gao (Ph. D. Genetics) (2004—2008), Senior Bioinformatics Scientist, lllumina, Inc.

10. Alex Han (Ph.D. Genetics) (2014—2020)

11. Ryan Hernandez (Ph. D. Biometry) (2003—2008), Associate Professor, UCSF

12. Julian Homburger (Ph. D. Genetics) (2014—2017, joint with E. A. Ashley), Data Scientist at Color
Genomics

13. Alex loannidis (Ph.D. Computational and Mathematical Engineering) (2013—2018), Postdoctoral
scholar, Stanford

14. Sandra Indarraga (M.S./Ph. D. Genetics) (2009—2011), self-employed

15. Emilia Huerta-Sanchez (Ph. D. Applied Math, joint with R. Durrett) (2005—2009), Assistant
Professor, UC Merced

16. Jeffrey Jensen (Ph. D. Genetics & Development, joint with C.F. Aquadro) (2002—2006), Head of
Laboratory and Professor, Ecole Polytechnique Federale de Laussane

17. Lin Lin (Ph. D. Computational Biology) (2006—2010), Postdoctoral Scholar, Harvard University

18. Kirk Lohmueller (Ph. D. Genetics & Development) (2005 - 2009, joint with A. G. Clark), Assistant
Professor, UCLA

19. Xin (Maria) Ma (Ph. D. Statistics) (2008—2011), Postdoctoral Scholar, Stanford University

20. Brian Maples (Ph.D. Biomedical Informatics) (2011-2014), Computational Data Scientist, Nuna,
Inc.

21. Alicia Martin (Ph.D. Genetics) (2011—2015), Assistant Professor, Mass General Hospital,
Harvard University

22. Kimberly McManus (M.S. Genetics) (2012—2015), Data Scientist, LinkedIn

23. Shaila Musharoff (Ph.D. Genetics) (2009—2015), Assistant Professor, Cornell University

24. Patricia Ortiz-Tello (M.D./Ph.D. Genetics) (2010—2016), independent
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25. Armin Pourshafeie (Ph.D. Physics) (2015—2019), Citadel

26. David Poznik (Ph.D. Biomedical Informatics) (2011—2015), Computational Biologist and
Population Geneticist, 23andme

27. Jessica Torres (Ph.D. Biomedical Informatics) (2014—2021)

28. Mark Wright (Ph.D. Genetics & Development) (2007—2010), 23andMe

29. Fouad Zakharia (Ph.D. Genetics) (2010—2012), Vice President, Morgan Stanley

30. Lan Zhu (M.S. /Ph.D. Biometry) (2002—2006), Associate Professor (tenured), Oklahoma State
University

Courses Taught

BIODS210: Configuration of the Health Care System and the Application of Big Data/Analytics
(F2016)

BTRY 407: Principles of Probability and Theoretical Statistics (F2007)

BTRY 694: Statistical inference in Population Genomics (S2004,52006, F2006, F2007, S2008,
F2010)

BTRY 484/684: Statistical Genomics (F2005, F2006)

BTRY 694: Statistical Inference in Evolutionary Genomics (S2005)

BTRY 384: Intro. Bioinformatics and Statistical Genomics (F2004, F2005)

BTRY 652: Computationally Intensive Statistical Inference (S2003)

CSRE 110: Comparative Studies of Race and Ethnicity (W2011, guest lecture)

GENE 210: Personalized Genomics (S2010, S2011, guest lecture)

GENE 203: Graduate Genetics (S2013, F2010, lectures on human genetics and genomics)

GENE 203: Graduate Genetics (F2011, primary lecturer)

GENE 202: Genetics for Medical Students (F2010, lectures on human population genetics)

GENE 209: Population Genetics (S2011, S2012, S2013, S2014)

Invited Conferences, Keynote Lectures, and Departmental Seminars (>175 total)

2024

1. CHDI's 19th Annual Huntington’s Disease Therapeutic Conference, Feb. 29, 2024; Palm Spring,

CA

2024 JP Morgan Taiwan Biotechnology Conference, Feb. 22, 2024; Taipei, Taiwan

2024 AAP/ASCI/APSA Annual Meeting, April 5-6; Chicago, IL

The Future of Biotechnology in Individualized Medicine Symposium, Scripps Research Institute,

May 14, 2024; La Jolla, CA

5. The Edison Family Center for Genome Sciences & Systems Biology 20" Anniversary Symposium,
Washington University School of Medicine, Oct. 17, 2024; St. Louis, MO

6. American Society of Human Genetics Oxford Nanopore Technologies Sponsored Session, Nov 6,

2024; Denver, CO,

Precision Medicine and Future of Genomics (PMFG 2024), Dec 3-5, 2024; Doha, Qatar

BN

~

N

23

. ABRCMS (Annual Biomedical Research Conference for Minoritized Scientists) 2023 Keynote
Speaker, Nov. 11, 2023; Phoenix, AZ

F/Prime, Foresite Capital, Pivotal Biosciences Al in Healthcare Conference 2023, Nov. 6, 2023;
San Francisco, CA

Al and Quantum Computing, Nov. 21, 2023; Miami, FL

WCPG (World Congress in Psychiatric Genetics), Oct. 11, 2023; 2023 Keynote Speaker,
Montreal, CA

Prof. Carlos D. Bustamante, Ph.D. CV 41 December 2024

Tecan Ex. 2021, Page 122 of 129
IDT, Inc. v. Tecan Genomics - IPR2025-00016

NN =

B w



5. Regeneron Research Center Keynote Speaker, Sept. 18, 2023; Terrytown, NY
6. Fidelity Biosciences Research Institute Post-Acute Infection Syndrome (PAIS) 2023 Conference,
Aug. 4, 2023; Newport, RI

7. Colombia Congress on Human Genetics Keynote Speaker, June 15, 2023; Medellin, Colombia

8. Gruter Institute Conference 2023, April 18, 2023; Lake Tahoe, NV

9. Stanford University Biostatistics Workshop, Sept. 28, 2023; Stanford, CA

2022

1. F/Prime Conference on Al and Healthcare, Nov. 14, 2022; London, UK

2. Cornell University, Nov. 4, 2022; Ithaca, NY

3. Harvard Medical School, Sept. 20, 2022; Boston, MA

4. Genetic Health Information Network Summit, Sept 14, 2022; Nashville, TN

5. Yale University, New Haven, CT

6. Fidelity Biosciences Research Institute Post-Acute Infection Syndrome (PAIS) 2022 Conference,
Aug. 11, 2022; Newport, RI

7. Pharmacogenetics Research Network (PGRN 2022), University of Colorado, June 5, 2022;

Aurora, CO
8. University of California, San Francisco; San Francisco, CA
9. Gruter Foundation, Mar 22, 2022; London, UK
10. Executive War College, April 29, 2022; New Orleans, LA
11.Post-Covid Summit 2022, April 19, 2022; Brussels, Belgium
12.Tec de Monterrey, Feb 2-4, 2022; Monterrey, Mexico

2021

1. University of Miami, Board of Trustees

2. Harvard University, Cambridge, MA

3. Stanford University Medical Grand Rounds, Stanford, CA
4. Johnson and Johnson, Inc.

5. Cambridge University, Cambridge, UK

2020
1. E.E. Just Lecture University of Chicago, Chicago, IL
2. Stanford University School of Law, Stanford, CA

2019

1. Etalon Diagnostic Leadership Retreat, Santa Rosa, CA

2. Helix Leadership Retreat, Menlo Park, CA

3. DRIFT Symposium, American Society of Human Genetics 2019, Houston, TX

4. NHGRI Workshop: Perspectives in Comparative Genomics & Evolution, Washington, D.C.

5. Human Genetics and Genomics Gordon Research Conference 2019, Closing Keynote, Waterville,
NH

6. Stanford Executive Summer Program, Stanford University Graduate School of Business

7. STAT+ Inaugural Event on Venture Capital in Pharma and Biotechnology, San Francisco, CA

8. RECOMB 2019 Keynote Speaker, Washington, D.C.

9. California Institute of Regenerative Medicine (CIRM) Conference on Brainstorming

Neurodegeneration” Keynote, San Francisco, CA
10. Nation Health Care Council (NHCC) Fellow’s Program 2019, Nashville, TN
11.Personalized Medicine World Conference 2019, Santa Clara, CA
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2018

Advances in Genome Biology and Technology Personalized Medicine Keynote, San Diego, CA
Genomic Medicine XI, San Diego, CA

Genetic Health Information Network Summit, Nashville, TN

Siriraj Hospital Genomics and Medicine Keynote, Bangkok, Thailand

NHGRI Town Hall, Stanford, CA

2018 Marshall Scholars’ Forum, Stanford, CA

Distributed18 (Blockchain in Healthcare) Conference, San Francisco, CA

Big Data in Biomedicine 18 (Blockchain organizer), Stanford, CA

Stanford Executive Summer Program, Stanford University Graduate School of Business
10 Broad Institute of Harvard/MIT Medical and Population Genomics, Cambridge, MA
11.Frontiers in Genomic Medicine Keynote, Sioux Falls, SD

12. American College of Medical Genetics Annual Meeting Keynote, Charlotte, NC
13.Vanderbilt University Medical Center Personalized Medicine Keynote, Nashville, TN
14.Colorado State University on Veterinary Electronic Health Records, Ft. Collins, CO

15. Pacific Symposium on Biocomputing (PSB 2018) Keynote, Hilo, HI

CoNoORrWN =

2017

1. Health 2.0 Keynote Speaker, San Francisco, CA

2. 2017 Distinguished Presidential Scholar, University of Miami, FL

3. CSHL’s Second Annual Double Helix Day, NY, NY

4. Stanford Symposium for Genomics & Personalized Medicine, Menlo Park, CA

5. Stanford Executive Summer Program, Stanford University Graduate School of Business
6. Big Data in Biomedicine Conference 2017, Stanford, CA

7. Stanford-China Cardiovascular Research and Medicine Symposium, Stanford, CA
8. FH 2017 Global Summit, Miami, FL

9. Genetic Health Information Network Summit, Nashville, TN

10.IMSS XXVI National Health Research Forum, San Luis Potosi, Mexico

2016

1. 2016 Darwin Day Keynote Speaker, University of lowa, lowa City, IA

2. University of lowa Medical School Distinguished Speaker, lowa City, IA

3. University of lowa Department of Biology Seminar, lowa City, IA

4. 2" Annual NIH-wide Pi Day Speaker, National Institutes of Health, Bethesda, MD
5. Personalized Medicine World Conference (PMWC 2016), Silicon Valley, CA

6. Rockefeller University Friday Seminar Speaker, New York, NY

7. UCSF Parnassus Institute for Human Genetics Seminar, San Francisco, CA

8. UCB Supernetwork Conference, London, UK

9. New York City Medical Examiner’s Office, NY, NY

10.SAP Sapphire 2016, Orlando, FL

11. Stanford Institute for Computational and Mathematical Engineering (ICME) Expo, Stanford, CA
12.Miami Children’s Hospital Speaker Series, Miami, FL

13. Stanford Pediatric Grand Rounds and Retreat Keynote Speaker, Stanford, CA

14.Big Data in Biomedicine Conference 2016, Stanford, CA

15.2016 CARDIA Conference Keynote Speaker, Napa, CA

16.Perspectives in Genomics Speaker, Cancun, Mexico

17.UCLA Institute for Pure and Applied Mathematics Seminar, Los Angeles, CA
18.Immunogenomics 2016, HudsonAlpha Institute, Huntsville, AL

19.Baylor College of Medicine Molecular & Human Genetics Seminar, Houston, TX
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2015

1. Cornell University Department of Biological Statistics and Computational Biology Seminar, Ithaca,

NY

Festival of Genomics, San Francisco, CA

3. Human Genome Variation and Complex Genome Analysis (HGV 2015) Conference, San
Francisco, CA

N

4. Member, Iconiq Capital Patients Like You Panel, San Francisco, CA

5. Invited lecture at San Francisco Mexican Museum, San Francisco, CA

6. Gordon Conference on Human Genetics and Genomics Speaker and Vice Chair, Newport, Rl

7. Inaugural lecture on “Genomics and Health Disparities” at the National Institutes of Health,
Bethesda, MD

8. Graduate Student invited Speaker, Department of Human Genetics, University of Chicago,

Chicago, IL

9. Keynote speaker, UCLA/IPAM “Latinos in Mathematics” conference, Los Angeles, CA

10.Panelist at “Big Data, Genomics, and Precision Medicine,” Tech Museum, San Jose, CA

11. University of Chicago Department of Genetics Seminar, Chicago, IL

12.Keynote speaker, “Human Genome Meeting 2015”, Kuala Lampur, Malaysia

13.Advances in Genome Biology and Technology (AGBT), Marco Island, FL

14.“Genomics and Sequencing Data Integration, Analysis and Visualization” Symposium, San
Francisco, CA

15. CIENCIAS—a forum for presenting science in Spanish, Stanford University, Stanford, CA

16.Plant and Animal Genome Conference, San Diego, CA

2014

TEDMED 2014 inaugural cohost and invited speaker, San Francisco, CA

2. New York Genome Center Seminar, New York, NY

3. MacArthur Foundation Fellows Forum, Chicago, IL

4. Why We Can'’t Wait: Conference to Eliminate Health Disparities, Chair and Speaker, Washington
D.C.

-

5. Human Genome Meeting on “Genome Variation and Human Health” (HUGO 2014), Geneva,
Switzerland

6. Universidad Nacional del Altiplano, Puno, Peru

7. lllumina Users Meeting, South San Francisco, CA

8. “1000 Genomes and Beyond” Community Meeting, Cambridge, UK

9. Thermo Fisher Next Generation Sequencing seminar, South San Francisco, CA

10. University of Minnesota / lllumina “Understanding Your Genome”, Minneapolis, MN

11.SAP Sapphire, Orlando, CA

12.Harvard Medical School Department of Genetics, Student-Invited Speaker, Boston, MA
13.Broad Institute of Harvard and MIT Medical and Population Genomics Seminar, Cambridge, MA
14.Advances in Genome Biology and Technology (AGBT) 2014, Marco Island, FL

15. University of California Riverside Department of Biology, Riverside, CA

2013

University of Miami Department of Human Genetics, Miami, FL

Willamette University Department of Biology, Portland, CA

Gordon Research Conference on Human Genetics and Genomics, Rl
Arizona State University, MTBI program, Phoenix, AZ

Society for Mathematical Biology (SMB) Keynote Speaker 2013, Phoenix, AZ
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6. 9" Molecular Biology of Hearing and Deafness Conference, Stanford, CA
7. 2013 Genome 10K Meeting Invited Speaker, Ft. Lauderdale, FL
8. Stanford/Oxford Big Data Conference, Stanford, CA

N

12

Memorial Sloan Kettering Presidential Invited lecture

Oxford-Stanford Conference on Big Data, Oxford, UK

lllumina Users Meeting, American Society of Human Genetics 2012

Royal Society 2012 Galton and Fisher Lecture invited speaker, London, UK

50" Anniversary of NIGMS DeWitt Stetten Jr. Lecture

UCSF Parnassus Seminar, San Francisco, CA

University of Helsinki Conference on Next-Generation Sequence Analysis

2012 Green Mountain Conference on Forensic DNA Keynote Speaker

2012 US/Indonesia Kavli Symposium (Solo, Indonesia)

10 University of Oxford Welcomme Trust Center for Human Genomics, Oxford, UK

11.Why We Can’t Wait: 2012 Conference on Genomics and Health Disparities, Miami, FL

12.Boston College Landmarks in Biology Seminar, Boston, MA

13.North Carolina State Department of Genetics, Raleigh, NC

14.University of North Carolina Conference on Genetics of the Peoples of Africa and the
Transatlantic African Diaspora, Chapel Hill, NC

15. University of California Davis, Davis, CA

16. University of California Berkeley, Berkeley, CA

17.Stanford University School of Law, Stanford, CA

CoNoORrWN =

2011
1. Institute for Pure and Applied Math Keynote Speaker, Los Angeles, CA
2. Society for Advancement of Chicanos and Native Americans in Science (SACNAS) 2011

conference, San Jose, CA

International Congress of Human Genetics 2011 Satellite Conference on Populations of the New
World

University of California, Santa Cruz

University of Washington, Genome Sciences

39 EMBO Conference on Host Genetics and Infectious Disease, Pasteur Institute
Human Genome Variation (HGV) Meeting 2011

American Genetic Association Meeting 2011

European Society of Human Genetics 2011

10 University of Oregon (student invited speaker)

11.MacArthur Fellows Meeting

12. Stanford University Medical Grand Grounds

13.Slim Initiative in Genomic Medicine in the Americas

14. Commonwealth Club of California

15.Broad Institute of Harvard/MIT (Population and Medical Genetics)
16.Yale University School of Medicine (Genetics)

17.Harvard University (Organismic and Evolutionary Biology)
18.Florida International University (Biology and Human Genetics)
19.2011 Genome 10K Conference

20.2011 Gordon Conference on Quantitative Genomics

21.U. California Berkeley (Computational Biology)

22.Advances in Genome Biology and Technology (AGBT)
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1. U. California San Francisco (Human Genetics)

National Science Foundation Invited Speaker

LifeTech Users Meeting 2011

Cold Spring Harbor Banbury Conference on “DNA and Human History”
CARTA Symposium on Evolution of Human Biodiversity (UCSD)
Princeton University Lewis Sigler Institute

UCLA Human Genetics Retreat Invited Speaker

Johns Hopkins University School of Medicine (Genetics)

Genetic Society of America (GSA) 2010 Model Organism Conference invited speaker
10 European Molecular Biology Lab (EMBL) Workshop

11.Institute Pasteur, Paris, France (Immunology)

12.Duke University Computational Biology Graduate Student Invited Speaker
13.Advances in Genome Biology and Technology (AGBT) 2010)
14.University of Alabama ALLELE Invited Speaker

15. Graduate University for Advanced Studies (Hayama, Japan)

©9°.\‘97.U":'>9’!\>.—"\>

2009

Plant and Animal Genome XVI Meeting Aquaculture Keynote speaker

Office of AIDS Research Workshop on “Genomic Analyses of HIV Infection”

Conservation Genetics (ConGen) Workshop Smithsonian Tropical Research Institute

University of Pennsylvania (Genetics)

University of Pennsylvania (Veterinary School)

University of Miami Miller School of Medicine (Human Genetics)

Mexican National Institute of Genomic Medicine (INMEGEN)

Inter American Development Bank (IADB) 50th Annual Meeting (Medellin, Colombia)

Broad Institute of Harvard and MIT Medical and Population Genetics Seminar Series

10 University of Massachusetts at Amherst (Biology)

11. University of Miami Miller School of Medicine, HIV Grand Rounds

12. University of Washington St. Louis School of Medicine and UW Genome Center

13.RECOMB 2009 Symposium Speaker

14. Stanford University School of Medicine (Genetics)

15.74th Cold Spring Harbor Symposia on Quantitative Biology

16. Pritzker School of Medicine University of Chicago (Human Genetics)

17.Society for Molecular Biology and Evolution 2009 Meeting (lowa State University)

18.Gordon Research Conference on Human Genomics invited speaker

19.NGS2009 Conference on Next Generation Sequencing: Challenges and Opportunities (Barcelona,
Spain)

20. American Society of Human Genetics (ASHG) 2009 Special Symposium Speaker

21.Columbia University Computational Biology Seminar Series

22.University of Indiana and University of Oregon NSF IGERT Invited Speaker

23.PABEW: Second Biological Evolution Workshop in (Porto Alegre, Brazil)

24 National Academy of Sciences Sackler Symposium “In the light of Evolution 1V”

CoNoORrWN =

2008
1. Plant and Animal Genome XVI Meeting
2. University of California Los Angeles (History and Language Seminar Series)
3. University of Washington (Genome Sciences)
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Gordon Conference on Molecular Evolution

Cornell University (Baker Institute for Animal Health)

University of Michigan (Biostatistics)

Harvard University (Anthropology)

Cornell University Plant Breeding and Genetics)

Stanford University (Biology)

10 Third International Conference on Primate Genomics

11.Cold Spring Harbor Biology of Genomes Meeting

12.70th Anniversary Celebration for Centro National de Investigacion en Cafe (CENICAFE) Bogota
(Colombia)

13. Miami Institute of Human Genomics

14.HGM 2008: HUGO's 13th Human Genome Meeting in Hyderabad, India

15.Banbury Conference on Kinship, Race, and Ancestry

16.Cold Spring Harbor Symposium on Personalized Genomics

17.NHGRI Workshop on “Ethics and the Study of Natural Selection”

18. American Society of Human Genetics (ASHG) 2008 Invited Speaker

19. Stanford University (Biology)

20.23andMe

21.Cornell-Weill School of Medicine (Pediatric Grand Rounds)

©ooNO oA
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Recomb Satellite Workshop
University of Arizona Ecology and Evolutionary Biology
American Institute of Biological Sciences Annual Meeting
NIH Workshop on Macaque Genetics
Society for Molecular Biology and Evolution 2007 Annual Conference
Banbury Conference on Domestication Genomics
National Association of Biology Teachers (NABT)
Konrad Lorenz Institute Workshop on Selective Sweeps

PN WN =N

N

00
Institute for Pure and Applied Math Short Program

University of Chicago

Universitat Pompeu Fabra

Arizona State University

Society for Molecular Biology and Evolution 2006 Annual Conference)
SNP Meetings 2006

American Society of Human Genetics ASHG 2006

Cornell Center for Vertebrate Genomics

»

NGO~ LON -

2005

1. Eastern Great Lakes Molecular Evolution Meeting invited speaker

2. Mathematical Biosciences Institute Conference on Evolutionary Genomics
3. Hunter College, invited speaker

2004
1. Max Planck Institute for Evolutionary Anthropology
2. Cornell University (Field of Genetics)
3. North Carolina State (Bioinformatics)
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Cornell University (Plant Biology)

University of Southern California (Computational Biology)
University of California Los Angeles (Human Genetics)
NSF Institute for Pure and Applied Mathematics

ETH Zurich (Student Invited Speaker)

. University of Bergen

10.Blackwell-Tapia Conference

11. University of Maryland (Ecology & Evolutionary Biology)

©ooNO oA

2001-2003

University California Los Angeles (Biology)
University California Los Angeles (Human Genetics)
University of Arizona (Biology)

California Institute of Technology (Biology)
University North Carolina Chapel Hill (Genetics)
Brown University (Biology)

Cornell University (Biometry)

University of California Berkeley

NGO~ WN =
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