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1. A method for sequencing an enriched nucleic acid

sequence of interest, the method comprising:

a) obtaining a nucleic acid fragment ligated to a partial
duplex adaptor, wherein the nucleic acid fragment
comprises a nucleic acid sequence of interest, wherein
the partial duplex adaptor comprises a first adaptor
sequence, and wherein the partial duplex adaptor com-
prises a first strand and a second strand, wherein the
first strand is longer than the second strand:

b) 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 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 more oligo-
nucleotide 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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d) amplifying the one or more oligonucleotide extension
products using a first primer that anneals to a comple-
ment 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. wherein products of the amplify-
ing comprise a 3' end with sequence complementary to
a sequence on a surface;

e) annealing a strand of the products of the amplifying to
the sequence on the surface using the 3' end with
sequence complementary to the sequence on the sur-
face; and

) sequencing the enriched nucleic acid sequence of
interest on a massively parallel sequencing platform.
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1. A method for sequencing an enriched nucleic acid

sequence of interest, the method comprising:

a) 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 frag-
ments, wherein the nucleic acid fragment comprising
the nucleic acid sequence of interest comprises a first
adaptor sequence, wherein the one or more oligonucle-
otides 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 1s non-complementary to
the nucleic acid sequence of interest;

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 com-
prising sequence complementary to the first adaptor
sequence at a first end, sequence complementary to the
nucleic acid sequence of interest, and the second adap-
tor sequence at a second end:
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¢) 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 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

d) sequencing the amplified products comprising the
enriched nucleic acid sequence of interest on a mas-
sively parallel sequencing platform.
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é‘.&ﬁ PO Statements About Motivation To Combine

Tecan’s Sur-Reply

[Petitioner] assumes there 1s a motivation to combine

where none exists.

Tecan'’s Sur-Reply

Not once does Shapero suggest that MARA can or should be

used with any other instrument than its arrays.

Tecan’s Sur-Reply at 2, 6. Demonstrative Exhibit - Not Evidence
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MARA: a novel approach for highly multiplexed
locus-specific SNP genotyping using
high-density DNA oligonucleotide arrays

Michael H. Shapero*, Jane Zhang, Ann Loraine, Weiwei Liu, Xiaojun Di,

Guoying Liu and Keith W. Jones

Affymetrix, Inc., Genotyping Research, 3380 Central Expressway, Santa Clara, CA 95051, USA

Received October 8, 2004; Revised November 10, 2004; Accepted November 24, 2004

ABSTRACT

We have d !l dal pecific DNA target
preparation method for highly multiplexed single
nucleotide polymorphism (SNP) genotyping called
MARA (Multiplexed Anchored Runoff Amplification).
The approach uses a single primer per SNP in
conjunction with restriction enzyme digested,
adapter-ligated human genomic DNA. Each primer
is d of 1 seq at the 5’ end fol-
lowed by locus-specific sequence at the 3’ end.
Following a primary reaction in which locus-specific
products are generated, a secondary universal amp-
lification is carried out using a generic primer pair
corresponding to the oligonucleotide and genomic
DNA adapter sequences. Allele discrimination is
achieved by hybridization to high-density DNA oligo-
nucleotide arrays. Initial multiplex reactions contain-
ing either 250 primers or 750 primers across nine DNA
samples demonstrated an average sample call rate of
~95% for 250- and 750-plex MARA. We have also eval-
uated >1000- and 4000-primer plex MARA to genotype
SNPs from human chromosome 21. We have identi-
fied a subset of SNPs corresponding to a primer con-
version rate of ~75%, which show an average call rate
over 95% and concordance >99% across seven DNA
samples. Thus, MARA may potentially improve the
throughput of SNP genotyping when coupled with
allele discrimination on high-density arrays by allow-
inglevels of multiplexing during target generation that
far exceed the capacity of traditional multiplex PCR.

INTRODUCTION

Long before the completion of the human genome sequence,
it was clear that sites of genetic variation could be used as
markers to identify disease segregation patterns among fam-
ilies (1). This approach led to the identification of a number of
genes involved in rare. monogenic disorders. With the com-
plete sequence now ¢ able (2.3). attention has turned to the
challenge of identifying common disease genes. Although
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-1 MARA (Multiplexed Anchored Runoff Amplification).
The approach uses a single primer per SNP in

tiate correct and mumul genotype calls. Traditionally, stand-
ard multiplex PCR is difficult to design and enable at levels
beyond several dozen loci per reaction (8). Even with careful
optimization of input reagents (9) and efforts to minimize non-
specific primer dimers (10), multiplex PCR is not a routine
laboratory technique. A number of alternative approaches to
standard multiplex PCR have been described over the years.
These include the use of universal primer sequences added
to the ends of locus-specific sequences (11), the use of PCR
suppression in which one target-specific primer is used in
conjunction with a primer common to adapters present on
all DNA fragments (12.13) and the use ol amide spheres
with covalently attached primers for solid-phase PCR ampli-
fication (14). While these methods do improve multiplexing
levels as compared with standard approaches, none of the
described methods has demonstrated reactions >100-plex
and thus are still of moderate utility for a high-throughput

*To whom correspondence should be addressed. Tel: +1 408 731 5171; Fax: +1 408 481 0422; Email: michael_shapero@affymetrix.com

Nucleic Acids Research, Vol. 32 No. 22 © Oxford University Press 2004; all rights reserved
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INTRODUCTION

There are a multitude of genotyping methodologies for
SNPs that have been described over the years (5-7). These
approaches can vary in terms of how alleles are discriminated.
e.g. the use of nucleic acid hybridization with short oligonu-
cleotide probes alone or in combination with enzymes such
as DNA polymerases or DNA ligases. Additionally, these
approaches can vary in the nature of both the assay formats
and labeling and detection strategies. However, many cur-
rently used approaches share a common feature in that
there is a requirement for an amplification of the region har-
boring the polymorphism prior to actual genotyping. PCR
significantly increases the copy number of the sequence to
be genotyped, thereby effectively reducing the complexity
of the target sequences and improving the ability to differen-
tiate correct and incorrect genotype calls. Traditionally, stand-
ard multiplex PCR is difficult to design and enable at levels
beyond several dozen loci per reaction (8). Even with careful
optimization of input reagents (9) and efforts to minimize non-
specific primer dimers (10), multiplex PCR is not a routine
laboratory technique. A number of alternative approaches to
standard multiplex PCR have been described over the years.
These include the use of universal primer sequences added
to the ends of locus-specific sequences (11), the use of PCR
suppression in which one target-specific primer is used in
conjunction with a primer common to adapters present on
all DNA fragments (12,13) and the use of acrylamide spheres

(16), it is limited in practice by the requirement for large
quantities (25 pg) of input genomic DNA and, therefore, is
not well suited for high-throughput analysis. Thus, one of the
continuing challenges in SNP genotyping is the development
of molecular methods capable of amplifying locus-specific
SNPs in a highly multiplexed manner.

evenly spaced SNPs are used (4,17,18). In order to leverage
the power of SNPs in genetic studies, novel target preparation
methods need to be developed that, when combined with
methods for allele discrimination, allow rapid and accurate
genotypic information at a fraction of the cost of current
approaches. High-density arrays provide a method for allele
discrimination and have been used successfully for SNP dis-

EX1006 at 1 (right col.)
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MARA: a novel approach for highly multiplexed
locus-specific SNP genotyping using
high-density DNA oligonucleotide arrays

Michael H. Shapero*, Jane Zhang, Ann Loraine, Weiwei Liu, Xiaojun Di,
Guoying Liu and Keith W. Jones

Affymetrix, Inc., Genotyping Research, 3380 Central Expressway, Santa Clara, CA 95051, USA

Received October 8, 2004; Revised November 10, 2004; Accepted November 24, 2004

ABSTRACT
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moe s renestes)  DNA samples. These results suggest that MARA may serve as
meemet el tame e farget preparation method for highly multiplexed locus-
Mw‘i“ specific SNP genotyping that far exceeds the capacity of stand-
pmiimsimt)  ard traditional multiplex PCR. When coupled with a method
s imteasl  for allelic discrimination such as high-density array hybrid-
ariesenosiitl  ization, this method provides access to large numbers of locus-

o] gpectfic SNPs 1in a single reaction and thus may facilitate the
use of SNPs in genome-wide association studies.
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inglevels of multiplexing during target gene
These include the use of universal primer sequences added
to the ends of locus-specific sequences (11). the use of PCR
suppression in which one target-specific primer is used in

far exceed the capacity of traditional multi;

INTRODUCTION

Long before the completion of the human genome sequence,
it was clear that sites of genetic variation could be used as
markers to identify disease segregation patterns among fam-
ilies (1). This approach led to the identification of a number of
genes involved in rare. monogenic disorders. With the com-
plete sequence now ilable (2.3). attention has turned to the
challenge of identifying common disease genes. Although

conjunction with a primer common to adapters present on
all DNA fragments (12.13) and the use of acrylamide spheres
with covalently attached primers for solid-phase PCR ampli-
fication (14). While these methods do improve multiplexing
levels as compared with standard approaches, none of the
described methods has demonstrated reactions >100-plex
and thus are still of moderate utility for a high-throughput

*To whom correspondence should be addressed. Tel: +1 408 731 5171; Fax: +1 408 481 0422; Email: michacl_shapero@affymetrix.com
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a2 Patent Application Publication o) Pub. No.: US 2005/0142577 Al

Jones et al. (43) Pub. Date: Jun. 30, 2005
(54) METHODS FOR GENOTYPING SELECTED (60y  Provisional application No. 60/493,085, filed on Aug,
POLYMORPHISM 3, 2003,
(75) Inventors: Keith W. Jones, Sunnyvale, CA (US); Publication Classification
Michael H. Shapero, Redwood City,
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Altn, CA(US) (52) USB.CL i 435/6; 435/91.2
Correspondence Address: (57) ABSTRACT

AFFYMETRIX, INC

ATTN: CHIEF IP COUNSEL, LEGAL DEPT.
3380 CENTRAL EXPRESSWAY

SANTA CLARA, CA 95051 (US)

Methods for genotyping polymorphisms using a locus spe-
cific primer that is complementary (o a region near a selected
polymorphism are deseribed. Methods for synthesizing
pools of locus specific primers that incorporate some degen-

(73)  Assignee:  Affymetrix, Inc., Santa Clara, CA erate positions are also disclosed. A plurality of different

(21) Appl. No.: 10/912,445 sequence caplure pmhcs are synlhusi:ﬂ_cd simultanunusly‘
using degenerate oligonucleotide synthesis. The sequence of

(22) Filed: Aug. 5, 2004 the locus specific regions of the capture probes are related in
that they have some bases that are identical in each sequence

Related U.S. Application Data in the plurality of sequences and positions that vary from one

locus specific region to another. The sequences are selected
(63) Continuation-in-part of application No. 10/264,945, based on proximity to a polymorphism of interest and
filed on Oct. 4, 2002, because they conform to a similar sequence patiern.

Ex. 1011.
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a2 Patent Application Publication () Pub. No.: US 2005/0142577 Al
Jones et al. (43) Pub. Date: Jun. 30, 2005

FIELD OF THE INVENTION

[0002] The invention relates to enrichment and amplifica-
tion of a collection of target sequences from a nucleic acid
sample and methods of analyzing amplified product. In
some embodiments target sequences are amplified by exten-
sion of a locus-specific primer followed by amplification of
the extended locus-specific primer with a generic pair of

QIAGEN Exhibit 1011

Page 1
T

Ex. 1011 at 8.
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o United StatesI [0075] (C) Multiplexed Locus Specific Genotyping

a2 Patent Applid
Jones et al.
(54) METHODS FOR GEN/
POLYMORPHISM

(75) lnventors: Keith W. Jon|
Michael H. S|
CA (US); Steg
Alto, CA (US]

1P COU!

3380 CENTRAL EXPRI
SANTA CLARA, CA 95}
(73) Assignee: Affymetrix, I
(1) Appl No:  10/912,44
(22) Filed: Aug. 5, 3
Related U.S. App|

part of 3

(63) Continuation-in-pas
filed on Oct. 4, 2002.

[0076] Generally, the invention provides methods for
highly multiplexed locus specific amplification of nucleic
acids and methods for analysis of the amplified products. In
preferred embodiments the amplified targets prepared using
Multiplexed Anchored Runoff Amplification (MARA) are
analyzed to determine the genotype of SNPs. In some
embodiments the invention combines the use of capture
probes that comprise a common sequence and a locus-
specific region with adaptor-modified sample nucleic acid;
the adaptor comprises a second common sequence. The
capture probes are extended to produce copies of the sample
DNA that contain common priming sequences flanking the
target sequence. The copies are amplified with a generic set
of primers that recognize the common sequences. The
amplified product may be analyzed by hybridization to an
array of probes.

[0080] A second embodiment of the methods is illustrated
in FIG. 2. Capture probes are designed with a locus specific
region (LS1 or LS2) and a common sequence (Al) as in
FIG. 1. In this embodiment the capture probes further
comprise a tag sequence that is unique for each species of
capture probe designed. (For a description of tags and tag
probes, see, U.S. Ser. No. 08/626,285.) The capture probes
are aftached to the array through hybridization of the tag
sequence to a substantially complementary tag probe
sequence that is attached to the array. The tag probes may be
attached to the array in discrete locations. Different species
of tag probes are present at different discrete, spatially
addressable locations. Adaptor-ligated genomic DNA is
hybridized to the array so that the capture probes hybridize
to target sequences in the sample. The capture probes are
extended as in FIG. 1 to incorporate the target sequence and
common sequence A2, The extended capture probes are
released and amplified using primers Al and A2. The
amplified product may then be analyzed by, for example,
hybridization to an array. Information about the region of
interest can be determined by analysis of the hybridization

pattern. The amplified sample may be analyzed by any
method known in the art, for example, MALDI-TOF mass

QIAGEN Exhibit 1011
Page 1

Ex. 1011 at 15-16; see also, Ex. 1121 (Metzker Decl.) 1 35; POR at 14-16.

spec, capillary electrophoresis, OLA, dynamic allele specific
hybridization (DASH) or TaqMan® (Applied Biosystems,
Foster City, Calif.). For other methods of genotyping analy-
ses see Syvanen, Nature Rev. Gen. 2:930-942 (2001) which
is herein incorporated by reference in its entircty.
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and labeling and detection strategies. However, many cur-
rently used approaches share a common feature in that
there is a requirement for an amplification of the region har-
boring the polymorphism prior to actual genotyping. PCR
significantly increases the copy number of the sequence to
be genotyped, thereby effectively reducing the complexity
of the target sequences and improving the ability to differen-
tiate correct and incorrect genotype calls. Traditionally, stand-
ard multiplex PCR is difficult to design and enable at levels
beyond several dozen loci per reaction (8). Even with careful
optimization of input reagents (9) and efforts to minimize non-
specific primer dimers (10), multiplex PCR is not a routine
laboratory technique. A number of alternative approaches to

Ex. 1006.6-7

Although the cost of whole genome sequencing is
decreasing and the throughput of the NGS platforms is
Increasing, it is nonetheless often more practical and cost-
effective to select genomic regions of interest for sequencing
and analysis. Target enrichment is a commonly employed
strategy in genomic DNA sequencing in which genomic
regions of interest are selectively captured from a DNA
sample before sequencing. Focused target enrichment is an
important tool especially in the fields of study where
sequencing of a large number of samples 1s necessary (e.g.
population-based studies of disease markers or SNPs), mak-
ing whole genome sequencing cost-prohibitive. Similarly,
mmprovements have been made that enable IDNA libraries to
be made from nucleic acid from fewer number of cells, but
these are bound by the limitations of the efficiency of]
ligation reactions.

Several approaches to target enrichment have been devel-
oped which vary from one another in terms of sensitivity,
specificity, reproducibility, uniformity, cost and ease of use.
The target enrichment methods commonly employed today|
can be divided into three major categories, each with its
distinct advantages and disadvantages: 1) PCR-based meth-
ods; 2) capture-by-hybridization, i.e. on-array or in-solution
hybrid capture, and 3) capture-by-circularization, i.e.
molecular inversion probe-based methods.

The PCR-based methods employ highly parallel PCR
amplification, where each target sequence in the sample has
a corresponding pair of unique, sequence-specilic primers.
The simultaneous use of numerous primer pairs makes
multiplex PCR impractical due to high level of non-specific
amplification and primer-primer interactions. Recently
developed microdroplet PCR technology (Tewhey ot al.,
2009) in which each amplification reaction is physically|

Ex. 1001 Col.1:23-Co0l.2:30
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(16), it is limited in practice by the requirement for large
quantities (25 pg) of input genomic DNA and, therefore, is
not well suited for high-throughput analysis. Thus, one of the
continuing challenges in SNP genotyping is the development
of molecular methods capable of amplifying locus-specific
SNPs in a highly multiplexed manner.

There 1s a need for improved methods for selective target
enrichment that allow for low-cost, high throughput capture
of genomic regions of interest without specialized instru-
mentation. Additionally, there 1s also a need for high efhi-
ciency nucleic acid library generation. The methods of the
invention described herein fulfills these needs.

Ex. 1006 at 2 of 9 Left Col.

Ex.1001, Col.2:25-30

‘012 Patent

General

The methods of the invention can be used 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. A multiplicity of target regions of interest are
envisioned: for example, the regions of iterest can represent
all known coding regions, the entire exome, selected regions

Ex.1001, Col.2:25-30
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cmasweran | Methods of Amplification

The methods, compositions and Kits described herein can
be useful to generate amplification-ready products for down-
stream applications such as massively parallel sequencing
(1.e. next generation sequencing methods), generation of
+...|libraries with enriched population of sequence regions of
- |interest, or hybridization platforms. Methods of amplifica-
““ltion are well known in the art. Suitable amplification reac-
flons can be exponential or 1sothermal and can mclude any
DNA amplification reaction, including but not limited to

Ex. 1001 at 28:64-29:5.
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In some embodiments, the amplification 1s exponential,
Wy e.g. in the enzymatic amplification of specific double
» United States Patent o run o stranded sequences of DNA by a polymerase chain reaction
i (PCR). In other embodiments the amplification method i1s
5 linear. In other embodiments the amplification method 1s
1sothermal.
Downstream Applications
An mmportant aspect of the invention is that the methods
and compositions disclosed herein can be efficiently and
cost-effectively utilized for downstream analyses, such as
next generation sequencing or hybridization plattorms, with
minimal loss of biological material of interest. The methods
of the present invention can also be used in the analysis of
genetic information of selective genomic regions of interest
15 (e.g., analysis of SNPs or other discase markers) as well as
genomic regions which may interact with the selective
region of interest.
Sequencing

(21) Appl. No.: 15471

(22) Filed: Mar. 28, 2017

(65) Prior Publication Data
US 2017/0298345 A1 Oct. 19, 2017
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(58) Field of Classification Search
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uz United States Patent (10} Patent No.: (]
Amorese et al. 451 Date of Patent:

Genetic Analysis

The methods of the present invention can be used in the
analysis of genetic information of selective genomic regions
of interest as well as genomic regions which may interact

| with the selective region of interest. Amplification methods

as disclosed herein can be used in the devices, kits, and
methods known to the art for genetic analysis. such as, but

] not limited to those found in U.S. Pat. Nos. 6,449,562,

6.287,766, 7,361.468, 7,414,117, 6,225,109, and 6,110.709.
In some cases. amplification methods of the present inven-
tion can be used to amplify target nucleic acid of interest for
DNA hybridization studies to determune the presence or
absence of polymorphisms. The polymorphisms, or alleles,
can be associated with diseases or conditions such as genetic
disease. In other cases the polymorphisms can be associated
with susceptibility to diseases or conditions, for example,

Ex. 1001 at 30:41-56.




Methods Of Analysis Identified For
Shapero’s MARA

00000
QIAGEN

Demonstrative Exhibit - Not Evidence



11114 Syvanen 2001 (Ex. 1012)

QIAGEN

Ex. 1012 at 1.

ACCESSING GENETIC VARIATION:
GENOTYPING SINGLE NUCLEOTIDE
POLYMORPHISMS

Ann-Christine Syvinen

Understanding the relationship between genetic variation and biological function on a genomic
scale is expected to provide fundamental new insights into the biology, evolution and
pathophysiology of humans and other species. The hope that single nucleotide
polymorphisms (SNPs) will allow genes that underlie complex disease to be identified, together
with progress in identifying large sets of SNPs, are the driving forces behind intense efforts to
establish the technology for large-scale analysis of SNPs. New genotyping methods that are

high throughput, accurate and cheap are urgently needed for gaining full access to the
S 1P UL U 5. DU R S
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REVIEWS

Reaction principle format,
separation step

Detection method Name (company)

Hybridzation with Said-phase

indiect colormatic Genetic bit analysis

slele-specific probes |5

microfitre plate

SNPit, SNPstre:
(Orchid Biosci

Primer oligo base
extension (PROBE),
MassEXTEND (Sequenom)|

Solid-phase

Multiplex minisequencing,

microparticies

Mass ¥ SNaPshot (Applied
Biosystems)

Primer extension and 'tag’
microarays: SNPcode
{Orchid Bioscences),

Sold-phase

GeneFlex (Affymetracj

microamays

High-density
3 oligonucieofid armays,
GeneChp (Affymetrng

Single nucksotida

§"-nuclease assay,
rescnance energy TagMan™ assay
transfer (Apphed Biosystems)

primer extansion

Solution-phase

Fluorescence
polarization

Roling Grole ampliication,
Sniper {Molecular Staging.,
AP Biotech)

Enzymatic cleavage | it S

Cl
Pyrosequencing
{Pyrosequencing AB)

Figure 1| ‘Modular’ design of some of the assays for SNP genotyping. Coioured arrows are used to show the reaction
principles, assay format and detection methods that make up a particular genotyping method. For exampie, the TaqMan™ assay
involves hybridization with allele-specific oigonucieotides, a solution-phase assay and detection by fluorescence resonance
energy transfer. The figure ilustrates principles for assay design, and the list of assays is not intended to be comprehensive.

to be more robust and to provide more specific allele
distinction than ASO hybridization”, these methods
have been multiplexed, automated and adapted to vari-
ous detection strategies, and they provide most of the

All methods used for genotyping SNPs in large
diploid genomes depend on PCR amplification of the
genomic regions that span the SNPs before the actual
genotyping reaction. The PCR provides the required
sensitivity and specificity for distinguishing between
heterozygous and homozygous SNP genotypes in large,
complex genomes. The difficulty of designing and car-
rying out multiplex PCR reactions is an important fac-
tor that limits the throughput of the current SNP-geno-
typing assays. In the following sections, these methods
are discussed in more detail. TABLE 2 summarizes some
of their features.

and the secondary structure of the target sequence****
(80X 1). However, it is difficult to predict, a priori, the

reaction conditions or the s
that will allow the optimal di

uence of the ASO probe
tion between two alle-

les that differ at a single nucleotide position using ASO

These p

blished

must be

Hybridization methods

‘The thermal stability of a hybrid between an ASO probe
and its SNP-containing target sequence is not only
determined by the stringency of the reaction conditions,
but also by the nucleotide sequence that flanks the SNP

empirically and separately for each SNP. Consequently,
there is no single set of reaction conditions that would
be optimal for genotyping all SNPs, which makes the
design of multiplex assays based on hybridization with
ASO probes an almost impossible task.

A widely known approach to circumvent the diffi-
cult problem of assay design is to carry out multiplex
ASO hybridization reactions on microarrays that carry
tens or even hundreds of ASO probes for each SNP to
be analysed. The probes include all possible sequences at
the sites of the SNP and a stretch of nucleotide sequence
that flanks the SNP*. It becomes feasible to have large
numbers of ASO probes per SNP when high-density
arrays are used that can carry up to 10° probes cm~, and
that can be manufactured with sophisticated light-
directed combinatorial synthesis*’. In the GeneChip
assay (Affymetrix), a computer algorithm is then used

All methods used for genotyping SNPs in large
diploid genomes depend on PCR amplification of the
genomic regions that span the SNPs before the actual
genotyping reaction. The PCR provides the required
sensitivity and specificity for distinguishing between
heterozygous and homozygous SNP genotypes in large,
complex genomes. The difficulty of designing and car-
rying out multiplex PCR reactions is an important fac-
tor that limits the throughput of the current SNP-geno-
typing assays. In the following sections, these methods
are discussed in more detail. TABLE 2 summarizes some
of their features.

NATURE REVIEWS | GENETICS

Ex. 1012 at 4.

VOLUME 2 | DECEMBER 2001 [ 933

Demonstrative Exhibit - Not Evidence




QIAGEN

Syvanen (Ex. 1012)

Table 2 | Features of SNP-genotyping methods

Method

Hybridization methods
Reverse dot blot®®
GeneChip microarrays™
DASH#

PNA* and LNA* probes
TagMan**™

Molecular Beacons®*
Allele-specific PCR
Intercalating dye®”
FRET primers®!52
AlphaScreen®

Primer extension
SNPstream, GBA®®

Multiplex minisequencing,

SNaPshot®"!
Pyrosequencing’>"

Most significant advantage

Widely used
Multiplexing possible
Very high probe density

Inexpensive labelling method

Specific as ASO probes
Simplicity of assay
Simplicity of assay
Real-time PCR assay

Inexpensive labelling method

Simplicity of assay
Detects specific product
Accurate genotyping
Inexpensive and robust

Multiplexing capacity

Sequencing of up to 50 bases

Disadvantage
Limited genotype discrimination
Prone to non-specific background

High failure rates*"*?

, EXpensive
Complex design rules

Not widely available

Expensive probes

Expensive probes

Requires optimization
Non-specific products detected
Expensive primers

Expensive probes

Similar reagents as in PCR
Multiple detection steps

Size separation step

Expensive, difficult to multiplex

Special feature

Precursor to microarrays

High-tech manufacturing process®
Dedicated instrument

Innovative chemical design
Quantitative real-time PCR
Versatile stem-loop structure

Accurate quantification'*
Universal FRET primers
Applicable to ASO hybridization

Automated high-throughput process

Compatible with capillary DNA
sequencers

Dedicated instrument

Ex. 1012 at 5.
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Ex. 1012 at 8.

REVIEWS

ACCESSING GENETIC VARIATION
GENOTYPING SINGLE NUCLEOT]
POLYMORPHISMS

Ann-Christine Syviinen

Understanding the relationship between genetic variation and biclogical function on
scale is expected to provide fundamental new insights into the biclogy, evolution ang
pathophysiclogy of humans and other species. The hope that single nuclectide
potymorphisms (SMPs) will allow genes that underie complex disease to be identifief
with progress in identifying large sets of SMPs, are the driving forces behind intence|
establish the technology for large-scale analysis of SNPs. New genotyping methodg
high throughput, accurate and cheap are urgently needed for gaining full access to
abundant genetic variation of organisms.

A2 © 2001 Macmillan Magazines Ltd

QIAGEN Exhibit 1012
Page 1

In the pyrosequencing (Pyrosequencing AB)
method, primer extension is monitored by enzyme-
mediated luminometric detection of pyrophosphate,
which is released on incorporation of deoxynucleotide
triphosphates’>”. The genotype of a SNP is deduced
by sequential addition and degradation of the
nucleotides using apyrase in a dedicated instrument
that operates in a 96-well or 384-well microtitre plate
format™. Using pyrosequencing, short 30-50-bp
sequences of DNA that flank a SNP can be deter-
mined. A limitation of the method is that the sequen-
tial identification of bases prevents genotyping of
several SNPs per reaction in diploid genomes.
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Ex. 1012 at 10-11.

REVIEWS

ACCESSING GENETIC VARIATION:
GENOTYPING SINGLE NUCLEOTIDE
POLYMORPHISMS

Ann-Christine Syvinen

Understanding the relstionship betwesn genetic variation and biclogical function on a genomic
scale is expected to provide fundamental new insights into the biclogy, evelution and
pathophysiclogy of humans and other species. The hope that single nuclectide:
polymorphisms (SNPs) will allow genes that underfie complex disease to be identified, together
wiith progress in identifying large 5ets of SNPs, are the driving forces behind intense efiorts to
estabiish the technology for large-scae analysts of SNPs. New genotyping methods that are
high throughput, accurate and cheap are urgently needed for gaining full access to the
abundant genetic variation of onganisms.

NPs a in
s of the gename, and have no direct
n the phenotype of an individual.

—

(1171 AT,

#2 © 2001 Macmillan Magazines Ltd
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Future trends

In practice, the requirement of a PCR amplification step
to achieve sensitive and specific SNP genotyping is the
principal factor that limits the throughput of assays today.
Multiplex PCR amplification of more than ten DNA
fragments is difficult to carry out reproducibly owing to
the generation of spurious amplification products®**"#%,
Recently,a PCR strategy based on a single universal PCR
primer for amplification of a reduced representation of
the human genome that avoids the problem of carrying
out multiplex PCR was applied to SNP discovery and val-
idation'". Similar generic amplification strategies could
also be devised for genotyping panels of known SNPs to
circumvent multiplex PCRs with locus-specific primers.
Another suggested approach for avoiding non-specific
primer interactions during multiplex PCR is to carry out
the amplifications with primers immobilized at physically
distinct locations in ‘polonies’ (PCR colonies)'", gel
pads'"” or using microelectronic arrays'?’. SNP genotyp-
ing by mini-sequencing® or pyrosequencing” would be
compatible with these formats.
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REVIEWS

ACCESSING GENETIC VARIATION:
GENOTYPING SINGLE NUCLEOTID
POLYMORPHISMS

Ann-Christine Syviinen

Understanding the relationship between genetic variation and biological function on a gen
scale is expecied to provide fundamental new insights into the biciogy, evolution and
pathophysislogy of iumans and other species. The hope that single nuclectide
potymorphisms (SNPs) will allow genes that underdie complex disease to be identified. togdg
with progress in identifying large sets of SNPs, are the driving forces behind infense efforts|
estabish the technology for large-scale analysis of SNPs. Mew genotyping methods that af
high throughput. accurate and cheap are urgenthy needed for gaining full access to the
abundant genetic variation of organismes.

£2 © 2001 Macmillan Magazines Ltd

Despite the numerous technical advances in
detection and multiplexing strategies, no technique
clearly represents a breakthrough. It is difficult to
predict which, if any, existing SNP-genotyping tech-
nology will facilitate the required 100- or 1,000-fold
increase in throughput required for whole-genome
SNP analysis in sample collections of relevant size.
The next generation technology for SNP analysis
should avoid the PCR amplification step, and the
technology could be based on the analysis of single
DNA molecules, which would allow direct determi-
nation of the haplotypes formed by the SNPs. Such

{ futuristic candidate technologies might derive from a
{ further development of the system for haplotyping

by carbon nanotube atomic force microscopy

«:| probes'” or a further refinement of the microscopic
i| technology that has recently allowed direct optical
<] mapping of the whole Escherichia coli genome'*".

Hopefully, future SNP-genotyping technology will be

i{ more elegant than the incremental and brute-force

expansion of existing technologies in the way that the
Sanger sequencing method has been exploited for

genome sequencing. One thing is certain — once
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i I a nt S Theavailability of several plant genomes has already allowed for
é'l:!ﬂ'liﬁ:";!ﬁ"éﬂ,;; addressing a few important questions: How are the plant genomes

organized? How do they evolve? And which genes are specific to
each species?

MNGSTsprovide a number of new opportunities such as seguenc-
ing several individual genomes within a species to answer
questions about genetic diversity at a previously unimaginable
scale. The technologies open the way to using sequencing as
a genotyping fool. NGSTs also provide transcriptome data with
considerably increased depth. Changes in genome structure and
sequence modifications in different cells and tissues during devel-
opment or in response to environmental cues can be investigated.
some of these questions have been recently addressed [6,7,71,72].
In the next sections we focus on what we have leamed from anal-
vsis of the few available plant genomes and recent developments
induced by the widespread use of NG5Tsin plant biology laborato-
res.

i) ... 348388

356-363
ross WABS6-104 (0. sax

. H. Baimey, M. Wopereis (Cotonou, Bes
R R . 364373

374382

383.389

390398

399406,

Available online at

X* ScienceDirect
www.sciencedirect.com

I\
|
0168-9452

LI

Ex. 1007 at 7.

Demonstrative Exhibit - Not Evidence



QIAGEN

Delseny (Ex. 1007) - Advantages over Array

DIANJ .
d SCIENCE

October 2010

Vol. 179, Issue ¢

Abstracted/indexed in: Biological Abstracts; Eisevier BIOBASE/Curreni Awareness in Biological Sciences; Chemical Abstracts-

Current Contents (Life Sciences}; Current C: . Biology Er
covered in the abstract and citation database SCOPUS'. Full text available on ScienceDirect®.

CONTENTS

Reviews
Opinion on the possible role of flavonoids as ene
1. Hernandez, F. Van Breusegem (Barcelor
Acquisition or utilization, which is more
X.Wang.J. Shen, H. Liso (Guangzhou, Bei
Ribosamal composition and control of leaf de
JHM. Schippess, B. Mueller-Roeber (Potsdam- "o, ermany)

escape valves: Novel tools for nature’s Swiss army knife?
ent, Belgium)

shancing phosphorus efficiency in modern crops?

ini)

Original research articles
Improvement of nced phioem exudation techniue o estimate phloem concentration and turgor pressure in tomato
. Najls, G.Vercambre, M. Genard (Avignon, France)

and of expressed ESTs in date palm leaves affected by ease
i.N. Ladouce, R. Hadhri, J. Grima-Pettenati, N, Drira, R. Gargouri-Bouzi ‘olosan, France) ...
e of susy cellc tiva L)

K. Ozawa, F.Taksiwa (Ibaraki, Japan)
and mapping of genes related to caffeaylquinic acid synthesis in Cynara cardunadis L

€. Comino, A.Moglia. Y. Dolzhenko, E. Portis, . Lanteri (Tarino, ltaly)

of defiense proteins in latex of milkweeds by digestive proteases of Manarch butterflies, Danaiis ple.vippus L. A potential

. D.P.Souza, T.C.L. Portela, ) A. Guimaraes. S.V.F. Madeira, C.D.T. Freitas (Fortaleza, Brasilia, Brazil) ..

cation of a novel hybeid upregulated long non-protein coding RNA in maize seedling roots

uo. Y. Yao, H. Peng, Q. Sun, Z. Ni (Beijing

l)mudﬂ resistance inan interspecific backeross population of rice (Oryza spp.) derived from the cross WABS6-104 (0. sativa) X CG 14
J

X wu, Beijing, PR China)
Lignification mu related parameters in copper-exposed Matricariac n amomilla toots: Role of H,0, and NO in this process

1 iruz, B. Klejdus, F. Stork, R. Marchiosi, 0. Ferrarese-Filho (Kosice, Slovak Republic; Olomoue, Brno, Czech Republic:
azil)

of gene order in the chromosome region containing 3 TERMINAL FLOWER 1 bomolog in apricot and peach reveals
microsymleny 4cToss angiosperms

H T. Zhebentyayeva, B.Olukolu, D. Wilde. G.L_ Rei
tance signature of the leucine-rich repeat recepto
ng. X.Sun. D. Tian, S. Yang, ). Ding (Nanjing.

bbott (Clemson, SC; Athens, GA, USA)
se genes in four plant species
ngang, China)

Available online at

X* ScienceDirect
www.sciencedirect.com

Sciences): PASCAL M; EMbiology. 4y,

207301

302-306

307315,

348355

356-363

364-373

374382

383.389

390398

399406,

Plant Scier

An Ifternational Journal of
Experimental Plant Biology

Ex. 1007 at 8.

4.3. Population structure, genetic diversity and genotyping

morphisms (SNPs). SMPs are the most abundant variants. Their
discovery initially relied on classical sequencing of PCR frag-
ments and re-sequencing by hybridization. A core collection of

becauselnﬂem and repeats can rm-t be in \restlg ated u hgbr idization
technlgues_ They will zoon be overwhelmed by new data result-
ing from NGSTs. Re-sequencing of three accessions of Arabidopsis
[the reference Col-0 accession and two highly divergent accessions,

Bur-0 and Tsu-1) by use of lllumina technology has been reported
[113]. In fact, thiz re-zequencing is part of a much larger project,

* % * %
Sofar, genotyping has involved mostly microsatellites, a tech-

nology with limited resolutionand requiringmuch time and human
resources. The ultimate resolution is at the base-pair level and
NGSTsnow open the possibility to genotype aline by sequencingit,
provided areference genome is available. This strategy hasrecently

beenillustrated in rice [125]: in total 150 RILs derived from a cross
between 93-11 x Nipponbare, (the two indica and japonica rice
reference genomes) were re-seguenced with use of the lllumina
maching and the barcode technology. With this multiplexing, the
sequencing of the 150 lines could thus be completed in two runs. In
all, 1,500,000 SMNPswere detected and the authors could map =5000
recombination points (33.8 per lineg, on average). This resolution is
-35 x higher than that available with use of classical markers. The
time of acquisition of data is 20x faster than with previous meth-

ods. Suchan aEEruach can substitute for the gen uﬂeingmicruarra!

strategy because of its higher resolution.
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4. 4. Targetled sequencing

For many applications, it is sufficient to re-sequence DNA frag-
ments. So far, many targeted sequencing projects have addressed
comparative seguencing of 8 locys in different, more or less closely
related species. With the intensification of sequencing, more sam-
ples can be compared. As an example, the organisation of the
Adhl locus across nine cultivated and wild rice genomes has been
reported [126]. These species have differentiated during the last
153-20 My. A total of 46 genes and 4 pseudogenes were identified,
with 38 belongingto 8 multigene families. Analysis of each of these
families revealed lineage-specific gain and loss of gene members.
Transposable elements had a clear role in mediating replacement of
intergenic space, gene disruption and gene movement. Similar con-
clusions were drawn from a study of the agronomically important
MONOCULMYT locus, which controls tiller number [127].

Because many genomes contain large amounts of repeti-
tive sequencez and transpozable elements, selecting relevant
portions might be of interest. Thiz selection is particularly impor-
tant in medicine, in which =zequencing the same locus in a
large range of patientz iz am important target. Thiz finding has
led_to the development of methods to capture the desired
zequences [128]. These approaches will certainly be applied in
plants to aszess the genetic diversity associated with a num-
ber of genes contributing to important agronomic traitz, one of
the main goals of the intermational Generation Challenge Pro-
gram, http:/fwww_generationcp.org/subprogramme2.php) [129].
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— Massively Parallel Sequencing:
Massively Paralle Sequencing: The Next Big Thing in Genetic Medicine
The Next Big Thing in Genetic Medicine
Tracy Tucken!" Marco Marra, ' and Jan M. Friedman'? Tracy Tucker,»™ Marco Marra,? and Jan M. Friedman!?
] (] *
Massively parallel sequencing has reduced the cost and increased  costs of df
the throughput of genomic sequencing by more than three orders  sequencing
of magnitude, and it seems likely that costs will fall and g date, byl . N . N N
u-murxf:pm_ improne cvn mor 3{-; et e e, il . -ty Massively parallel sequencing has reduced the cost and increased  costs of data storage and analysis. Massively parallel
e cause o mary diseass of ko eiology turouge s, P! %3 ic i ; p . p ) P " .
et s e e, wbostone] - the throughput of genomic sequencing by more than three orders  sequencing has had little impact on dinical diagnostics
s 2 i s s i s 1o e soenng§ - OF magnitude, and it seems likely that costs will fall and o date, but with the promise of the $1000 genome close
entirely new diagnostic capabilities, massively parallel sequencing ~ eTeTogeng 5 5 . L | =
2 ing in clinical applica-  novel mut i fi ' M 7= = =
s e ] STOUBPUS ITprove even Mot In fhe next few vears, CAMAT at hand,” it seems only a matter of time before massively
tine climical use of massvely parallel sequencing will equire  massive use of massively parallel sequencing ovide a way to identi . i . : . -
bighes avutay, bt wars o sk penoome s of s, o of o] — - Y ~ — E‘: logy th Y —_ u]'fmy parallel sequencing becomes routinely available in clinical
and improvements in the functionality, speed, and ease of use of  cancer gen) g cause of many diseases mnknown ol rough sim = .
data analysis software. In addition, substantial enhancements in 1 oo N . N K laboratories.
Iaboxatory compute nfrastructus, dats sorage, and dats sanster o e undd neous screening of thousands of loci for pathogenic mutations i ) i i
e G sl Bionatoy ool sl e e0 0B . : T _ - Massively parallel sequencing will allow simultaneous
E’raining to use the sequence data :r'fc;:.mv. and appm];lnalc ing can be and bY SEUENCINE hlﬂlﬂ,g'lll'_al SpeCImens for the EETIONMIC SIgMa- N
methods will need to be developed to deal with the incidental This ey & N Bg & ae i i i i1 i
incovery o pasnogenic musasions st sarmne o ncermn e Parale se tures of novel infectious agents. In addition to providing these screening for mutations in hundreds of lod in genetically
ical significance. Massively parallel sequencing has the potential o clinical§ . . . . = s i i
i et v el entirely new diagnostic capabilities, massively parallel sequencing  heterogeneous disorders, whole-genome screening for
but the vast amount of personal genomic data produced will  ethical iss = =
T o s, pekf - may also replace arrays and Sanger sequencing in dinical applica-  novel mutations, and sequence-based detection of novel
mannes tions where they are currently being used. pathogens that cause human disease. In addition,
s bty o i e S Routine dinical use of massively parallel sequencing willrequire  massively parallel sequencing will permit clinical applica-
IMNA sequencls was frsd 2ESl:I'l axim and Gl ]ary-hased, . N , i _ . B . B
an Saner <t al, I 1977 Subsequent Vs © p] higher accuracy, better ways to select genomic subsets of interest, tion of our expanding knowledge of pharmacogenetics,
interest. Tl & 5, . X ] 2 . . . - = = . =
T e naer of magnitude At 0. mf @M improvements in the functionality, speed, and ease of use of  cancer genetics, epigenetics, and complex traits. As with
rams, and bivinformatics have provided more automa-  PPMe! &0 iis soft it : : i . s - . - s .
fon aced ii:'hagl ﬁ;m}:;;hp:é Sevpmldxqjﬁ“?.}- 5’1;12,: prosch fl.iata ETEIYL“ ":E“f-f: :dd“‘”"r;;h‘t:‘"“al E’"h;‘;fm:"“;" any new clinical test, analysis of clinical utility will have
sequencng metl Ve come available in the amm "_‘m‘ll E’ 'I'I'I m"_‘h ]]’E a 5 m a" a a"s_ E‘r . N .
couple of years, allowing lagerscale production of rory comp ' 28<s to be undertaken and dear standards and guidelines will
geromic sequence, and the number of human genomes  Massively capacity will be needed to handle the extremely large data sets . .
sequenced with such instrumentation is now increasing  This sectid o A K need to he put in plﬂ.CE before mas SI\FEI.V pal-auel sequenc-
rapidly )  avllable § produced. Clinidans and laboratory personnel will require :
As the cost of massively parallel sequencing falls, it ~more deta L A A ing can bE rou ﬁndv foﬂed.
o e ol inatersnabm et wdn] - training to use the sequence data effectively, and appropriate A - : :
cost: These incude nol it the masively parlldl by syt methods will need to be developed to deal with the incidental This review describes currently available massively
sequencing machines themselves, but also the associated ~ (bp) (Figur . . .
"Department of Medical Genetics, University of British Columbia, Vancouver, British Colun djkmelﬁ Mpaﬂ"‘jge"ic mutﬂtiﬂ"ka"d varia"tkﬂfu"f_mﬂi" CIin- parallEl SEC]UE nﬂ.ng plﬂtfﬂrms and thElr pCltEl'Itlﬂl lmpa{:t
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to transform the practice of medical genetics and related fields, of technical issues that pertain to dinical laboratories and
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increase the responsibility of genetidsts to ensure that the infor-  parallel sequencing can be incorporated into routine clin-
mation obtained is used in a medically and sodally responsible  jea] care.
manner.
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Whole-genome sequending is not yet practical in the
clinical setting, and it is likely that massively parallel

* * * * *

sequencing will initially be used to sequence selected
genomic regions. Potential applications, which are dis-
cussed in more detail below, include testing many different
loci for mutations simultaneously in a patient with a genet-
ically heterogeneous disease or screening a large number of
samples for mutations in a set of candidate genes. The latter

1s made possible by molecular “barcoding,” which involves
adding a short DNA sequence tag that is unique to a partic-
ular patient to every DNA fragment made from that patient’s
sample. Several patient samples can then be pooled and
sequenced together, and the sequences obtained from
each patient can be separated bioinformatically.*’

Ex. 1013 at 4-5.
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Massively Parallel Sequencing:
The Next Big Thing in Genetic

Tracy Tucker,!* Marco Marra,’* and Jan M. Friedman'-*

Massively parallel sequencing has reduced the cost and increased  costs of data storage and analysis. Massively parallel
the throughput of genomic sequencing by more than three orders  sequencing has had little impact on clinical diagnostics

Medicine

of magnitude, and it seems likely that costs
throughput improve even more in the next few yd
ssively parallel sequencing will provide a wa

un

ery of pathogenic mutations and v
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Targeted sequending requires substantial up-front prepa-
ration to select the DNA segments of interest. PCR_with
modifications to permit higher multiplexing is one useful
way to do this. Examples of some available methods
are shown in Figures 6A-6C. Such methods have been
used to amplify hundreds of selected exons from a DNA
sample. "%

Alternatively, targeted regions can be obtained by direct
hybridization to oligonucleotide arrays containing probes
complementary to the regions of interest. The array is

This section provides a brief overview of commercially
available massively parallel sequencing platforms. For
more detailed discussion of massively parallel platforms,
readers are referred to recent reviews.*!"

The lllumina Genome Analyzer, which uses “sequencing
by synthesis”'"'? to produce single reads of 75+ basepairs
(bp) (Figure 2), can currently generate about 17 gigabases
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then denatured, and the fragments obtained can be ampli-
fied or directly sequenced, depending on the depth of
hybridization (Figure 6D). This method has been successful
on a large number of target regions with both the 454 FLX
Sequmcerm and the I[llumina Genome Analyzer.“'“
Several other novel methods have recently been developed
to enrich segments of interest.”**’ However, any enrich-
ment strategy is unlikely to be effective for all genomic
applications, highlighting the importance of further devel-
opment of enrichment techniques.
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Massively Parallel Sequencing:

Massively parallel sequencing has reduced the cost and increased
the throughput of genomic sequencing by more than three orders
of magnitude, and it seems likely that costs will fall and
throughput improve even more in the next few years. Clinical
use of massively parallel sequencing will provide a way to identify
the cause of many diseases of unknown etiology through simulta-
neous screening of thousands of loci for pathogenic mutations
and by sequencing biological specimens for the genomic signa-
tures of novel infectious agents. In addition to providing these
entirely new diagnostic capabilities, massively parallel sequencing
may also replace arrays and Sanger sequencing in clinical applica-
tions where they are currently being used

Routine clinical use of massively parallel sequencing will require
higher accuracy, better ways to select genomic subsets of interest,
and improvements in the functionality, speed, and case of use of
data analysis software. In addition, substantial enhancements in
laboratory computer infrastructure, data storage, and data transfer
capacity will be needed to handle the extremely large data sets
produced. Clinicians and laboratory  personnel will - require
training to use the sequence data effectively, and appropriate
methods will need to be developed to deal with the incidental
discovery of pathogenic mutations and variants of uncertain clin-
ical significance. Massively parallel sequencing has the potential
to transform the practice of medical genetics and related fields,
but the vast amount of personal genomic data produced will
increase the responsibility of geneticists to ensure that the infor-
mation obtained is used in a medically and socially responsible
manner.

Introduction

DNA sequencing was first described by Maxim and Gilbert!
and Sanger et al. in 1977.% Subsequent improvements to
the Sanger method have increased the efficiency and accu-
racy more than three orders of magnitude. At each step,
more sophisticated DNA sequencing instruments, pro-
grams, and hioinformatics have provided more automa-
tion and higher throughput. Several massively parallel
sequencing methods have become available in the last
couple of years, allowing larger-scale production of
genomic sequence, and the number of human genomes
sequenced with such instrumentation is now increasing
rapidly*

As the cost of massively parallel sequencing falls, it
becomes feasible for smaller laboratories to adopt this tech-
nology, although doing so involves substantial initial
costs. These include not just the massively parallel
sequencing machines themselves, but also the associated
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Interpretation of Data

Six billion base pairs of DNA per patient are a lot of data to
interpret. Computers and software can help—in fact, they
are essential—but dinical interpretation of genome
sequence data will always require a well-trained and expe-
rienced genetics professional. As a practical matter, only
a subset of a person’s genome can actually be examined
for variants that cause or predispose to disease. This subset
may either be selected before sequencing is done with
a technique like those described in the previous section
or, if whole-genome sequencing is performed, bioinfor-

* * * * *

The subset examined for a particular patient may be
different under different circumstances. If the goal is to
obtain genotypes ofa comprehensive set of single-nucleotide
polymorphisms (SNPs), copy-number variants (CNVs), and
other structural variants (5Vs) for disease prediction, it would
make most sense to focus on these polymorphic regions. If
thegoal istoidentify a sequence mutation in an unidentified
locus, sequencing all exons and adjacent promoter regions
may be most informative. If the goal is to survey a mormwe
limited subset of loci for rare sequence mutations and copy

pplications in Clinical Genetics Labs: Improvements
n Current Diagnostic Capabilities

nger sequencing has been used dinically in conjunction

ith PCR for more than a decade toidentify sequence muta-
ions and other variants of selected Mendelian disease
enes, but wider application of sequencing to clinical
esting has been limited by cost and throughput. More
ecently, many clinical genetics laboratories have adopted
rray genomic hybridization as a means of detecting copy
umber changes that cause intellectual disability and other
irth defects. Here we consider how massively parallel
equencing could be used to perform these and other forms
f genetic testing that are currently available clinically more
ost effectively and with higher throughput.

number changes that are known to produce a genetically
heterogeneous condition such as autism, a more targeted

approach may be optimal. In other circumstances, such as

Ex. 1013 at 7.
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Recognizing Disease Predisposing and Protective Factors
Massively parallel sequencing has distinct advantages as
a means of recognizing variants that may predispose to,
or protect against, the development of common complex
diseases. SNP arrays, even those with millions of features,
provide genotypes of only a small fraction of the variants
present in an individual. In contrast, massively parallel
sequencing could provide complete information on all
SNPs and other disease-associated variants that are present.
This may be especially important in people whose origin is
not from a population for which the tag-SNPs on most
genotyping arrays provide optimal coverage. In addition,
massively parallel sequencing could detect rare variants
as well as the common ones for which genotyping chips
are designed, and rare variants may be especially important
in recognizing people with predispositions to developing
certain complex diseases.***

racy more than three orders of magnitude. At each step,
more sophisticated DNA sequencing instruments, pro-
grams, and hioinformatics have provided more automa-
tion and higher throughput. Several massively parallel
sequencing methods have become available in the last
couple of years, allowing larger-scale production of
genomic sequence, and the number of human genomes
sequenced with such instrumentation is now increasing
rapidly*

As the cost of massively parallel sequencing falls, it
becomes feasible for smaller laboratories to adopt this tech-
nology, although doing so involves substantial initial
costs. These include not just the massively parallel
sequencing machines themselves, but also the associated

that involves several rounds of template denaturation,
primer annealing, and extension (Figure 1).° This ap-
proach can achieve read lengths of ~1 Kb and high accura-
cies at a cost of about $500 per megabase (Mb).”

Massively Parallel Sequencing Platforms
This section provides a brief overview of commercially
available massively parallel sequencing platforms. For
more detailed discussion of massively parallel platforms,
readers are referred to recent reviews.* !

The HNlumina Genome Analyzer, which uses “sequencing
by synthesis”' "% to produce single reads of 75+ basepairs
(bp) (Figure 2}, can currently generate about 17 gigabases
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Cancer genomes are very heterogeneous because of the
genetic instability and clonal evolution that characterize
tumor development. Moreover, most tumors are composed
of several different types of cells, some of which may not be
part of the malignant clone. Consequently, mutations
involved in tumor development or progression may be
present in only a small fraction of the cellsand may be missed
with array studies and PCR-based assays of whole-tumor
DNA.Massively parallel sequencingcouldaccurately measure
cancer-associated genetic alterations thatoccurin only asmall
fraction of the cellstested because theindependent amplifica-
tion and sequencing of millions of different DNA fragments
from each specimen permits the accurate detection of rare
sequences if the depth of coverage is sufficient.

* * * %

Identification of Structural Variants

Structural variants (5Vs) include copy number wvariants
(CNVs) as well as inversions and other chromosomal rear-
rangements that do not involve a change in copy number.
Most CNVs occour as benign polymorphisms, but pathogenic
CNVs have recently been found to be the most frequent recog-
nizabhle cause of intellectual disability and some other birth
defects.**** Array genomic hybridization is now used dlini-
cally to detect such pathogenic CNVs, but this technology
does not detect balanced 5Vs. Other CNVs are involved in
modulation of complex traits”” and disease susce ptibilit}r.ﬁﬁ'm
Massively parallel sequencing can reliably identify both
balanced and unbalanced SVs* and provides much higher
resolution than is possible with aray genomic hybridization,
permitting better genotype-phenotype correlation.

Ex. 1013 at 8.
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Simultaneous Screening for Mutations at Multiple Loci

Some conditions that are seen frequently by clinical geneti-
cists may be caused by M endelian mutations of manydozens
or hundreds of different geneticloci. Examplesinclude intel-

* % * %

Massively parallel sequencing could provide the oppor-
tunity to test hundreds or even thousands of candidate
loci simultaneously. This could be done by whole-genome
sequencing and selective bioinformatic analysis or by
sequencing candidate regions selected by array capture or
one of the other methods of targeted amplification
described above (Figure 6).
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Mutation Detection in Mendelian Disease

Massively parallel sequencing could be used to sequence
very large as well as smaller Mendelian disease genes fully,
covering all exons as well as the associated 5/, 3', and in-
tronic sequences. This improved coverage could increase
the sensitivity of mutation detection over current methods,
which often employ a screening technigue such as SSCP
prior to sequencing and limit the segments sequenced to
the exons that are most frequently affected by mutations
or, at best, just to the exons and the immediately
surrounding bases.™**** However, the capacity of current
massively parallel sequencing platforms is too great for effi-
dent sequencing of mostsingle genes. For example, asingle
lane on an [llumina flow cell would provide more than 68 x
coverage of the entire genomic segment containing the
DMD gene (MIM #300377) in a male. A solution to this
problem would be to pool DNA samples from several family
members or from unrelated patients that have been
prepared by locus-specific PCR and barcoded so that the
DMA from each individual can be distinguished .’
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I.  PETITIONER FAILS TO DEMONSTRATE A MOTIVATION TO Q. You're not disputing, are you,

COMBINE
that by 2010, whether for actual clinical

Petitioner’s arguments are almost entirely based on conclusory statements.
diagnostic applications or for research

See Paper 22. 2 (*[B]y 2010, scientists were genotyping using NGS.”). None of
applications, groups of people, scientists

Petitioner’s cited references (i.e.. Shapero. Delseny. and Syvinen) include such . ) .
were genotyplng using next generation

broad statements. and Petitioner fails to identify evidence in the record to support its .
seguencing, are you?

allegations that a POSA would combine the prior art to arrive at the claimed methods. , .
h. I am not disputing that.

Ex. 1120 at 2.
Ex. 1120 at 367.
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This Review focuses on commercially available tech-
nologies from Roche/454, Illumina/Solexa, Life/APG
and Helicos BioSciences, the Polonator instrument and
the near-term technology of Pacific Biosciences, who
aim to bring their sequencing device to the market in
2010. Nanopore sequencing is not covered, although
interested readers are directed to an article by Branton
and colleagues®, who describe the advances and remain-
ing challenges for this technology. Here, I present a tech-
nical review of template preparation, sequencing and
imaging, genome alignment and assembly, and current
NGS platform performance to provide guidance on how
these technologies work and how they may be applied
to important biological questions. I highlight the appli-
cations of human genome resequencing using targeted
and whole-genome approaches, and discuss the progress

VOLUME 11 [ JANUARY 2010 | 31
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Cenome enrichment

Despite the substantial cost reductions assoclated with
NG5 technolegies In comparison with the automated
Sanger method®™, whole-genome sequencing is stll an
expensive endeavour (see below). An Interim solution
to this problem may be to wse NGS platforms to target
specific reglons of Interest. This strategy can be used to
examine all of the exons in the genome, specific gene
families that constitute known drug targets or megabase-
slze regions that are implicated in disease® or pharma-
cogenetics effects™ through genome-wide association
studies. The concept of targeting specific regtons of the
genome 15 well established, with PCR being the most
widely used method, albett on a small scale. PCE coupled
with Sanger sequencing ts suttably matched for analysing
a2 handful of candidate genes™, but coupling PCR with
high-throughput NGS platforms for targeting strategles
Is not practical, as sample preparation would reguire
handling tens of thousands of primers individually or
in large multiplex groups to meet the needs of a single
Instrument mn. A recent article by Frazer and colleagues
in codlaboration with RalnDance Technologies reported
the simultaneus amplification of 3,976 products using
microdroplet PCR technology®. Here, a microfludic
device creates aqueous picolitre- volume droplets of for-
ward- and reverse-targeting primers in an ol solution.
The primer droplets that are targeted to different regions
of the genome merge with separate plcolitre droplets
that contain fragmented genomic DNA and associated
PCR reagents, and these mixed droplets are thermal
cycled In a single tube (FIG. B2l The authors reported an
E4% capture efficlency with 90% of the targeted bases
showling uniform coverage using the microdroplet
PCH method sequenced with elther the Roche/454 or
[Humina’Sodexa platform®.

Custom-designed oligonudeotide microarrays and
solutbon-based hybridization strategles have also been
used for targeting reglons of Interest. For example, Roche!
NimbleGen® oligonuclectide microarrays have been
designed o provide complementary sequences for solid-
phase hybridization to enrich for exons™® or contlgsous
stretches of genomic reglons®*™ (G, &bl The BCM-
HGSC® and Cold Spring Harbor Laboratory® groups
reparted capture efficiencles of 65-77% (Roche 454
platiorm} and 53% ([llumina‘Solexa platform), respec-
tively, with targeied exons being covered by at least one
NGS read. Recently, the BCM-HGSC group reported
=»90% capture efficlency with at least 10 base cover-
age (Roche/454 and Life/ APG platforms) by chip optl-
mization that decreases the number of probes in higher
coverage reglons while Increasing those In kow coverage
reglons (F. A Gibbs, personal communication).

Cither groups have captured specific genomic reglons
by using solution-based hybridization methods, such as
molecular inversion probes (MIPs)™ ™ and botinylated
RMNA capiure sequences™ [FIC. Bl Shendure, Church and
colleagues” were the first group to use MIPs 1n exon
targeting by designing specific oligonudeotide ends
that flank the exons of Interest. However, In duplicate
experiments only 200 of the targets were captured and
even fewer exon regions {11%) were found in both data

Mext-generation sequencing applications

The production of large numbers of low-cost reads
makes the NG5 platforms described above useful for
many applications. These Include varlant discovery
by resequencing targeted reglons of interest or whole
genomes, de novo assemblies of bactertal and lower
eukaryotlc genomes, cataloguing the transcriptomes of
cells, tHssues and organisms (ENA-seq ), genome-wide
profiling of eplgenetic marks and chromatin structure
using other seq-based methods (ChIP-seq, methyl-
seq and DNase-seq)*, and species classification and/
or gene discovery by matagenamics studies™. With this
meany applications, which platform is best sulted for a
given blological experiment? For example, the Ilumina/
Sobexa and Life/ APG platforms are well sulted for van-
ant discovery by reseguencing human genomes because
glgantic volumes of high-quality bases are produced
per mun (TABLE 1]. Furthermore, the Hellcos BioSclences
platform 1s well suited for applications that demand
quantitative Information in RNA-seq™ or direct RNA
sequencing. as It segquences RNA templates directly
without the neaed to convert them into cDNAS™. TARLE |
provides an overview of NG5S technologles, Instrumsent
performance and cost, pros and cons, and recommen-
dations for bological applications; however, the rapid
pace of technokogical advances tn the field could change
this iInformation in the near future. Readers are directad
b several excellent reviews on BNA-seq®, ChIP-seq®
and metagenomics™.

Ex. 1025 at 11
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Massively parallel sequencing has reduced the cost and increased  costs

the throughput of genomic sequencing by more than three orders  sequ
of magnitude, and it seems likely that costs will fall and o da
throughput improve even mote in the next few years. Clinical g 1|
use of massively parallel sequencing will provide a way to identify .yl
the cause of many diseases of unknown etiology through simulta- |
neous screening of thousands of loci for pathogenic mutations Mal
and by sequencing biological specimens for the genomic signa-
screet
hetery
novel
pathd
massi
genomic subsets of interest,  tion

and impr lity, speed, and ease of use of

data analysis software. In addition, substantial enhancements in
laboratory computer infrastructure, data storage, and data transfer 3
capacity will be needed to handle the extremely large data sets
produced. Clinicians and laboratory personnel will require
training to use the sequence data effectively, and appropriate

data produced will
he responsibility of geneticists to ensure that the infor-  parall
btained is used in a medically and socially responsible e o

Introduction ?f:"g'
DNA sequencing was first described by Maxim and Gilbert' i

2 lary-H
and Sanger et al. in 1977.7 Subsequent improvements to wsuall
the Sanger method have increased the efficiency and accu- interd

racy more than three orders of magnitude. At each step,

more sophisticated DNA sequencing instruments, pro- (h.at

grams, and bicinformatics have provided more automa- primg
. . o proad
tion and higher throughput. Several massively parallel cies

sequencing methods have become available in the last
couple of years, allowing larger-scale production of
genomic sequence, and the number of human genomes  Massj
sequenced with such instrumentation is now increasing  This
rapidly.* availg

As the cost of massively parallel sequencing falls, it more|
becomes feasible for smaller laboratories to adopt this tech-  reade}
nology, although doing so involves substantial initial Th
costs. These include not just the massively parallel by sy}
sequencing machines themselves, but also the associated  {bp)
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Mutation Detection in Mendelian Disease

Massively parallel sequencing could be used to sequence
very large as well as smaller Mendelian disease genes fully,
covering all exons as well as the associated 5', 3', and in-
tronic sequences. This improved coverage could increase
the sensitivity of mutation detection over current methods,
which often employ a screening technigue such as S5CP
prior to sequencing and limit the segments sequenced to
the exons that are most frequently affected by mutations
or, at best, just to the exons and the immediately
surrounding bases. ™ #*%* However, the capacity of current
massively parallel sequencing platforms is too great for effi-
dent sequencing of most single genes. For example, asingle
lane on an [llumina flow cell would provide more than 68 x
coverage of the entire genomic segment containing the
DMD gene (MIM #300377) in a male. A solution to this
problem would be to pool DNA samples from several family
members or from unrelated patients that have been
prepared by locus-specific PCR and barcoded so that the
DNA from each individual can be distinguished .*’
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What level of enrichment does the
patent require that the library
preparation methodology achieve?

A. There's no --

MS. CIPRIANO: Objection to
form.

A. There's no specific level of

enrichment that's outlined.

Ex. 1120 at 160.
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0. We have 3 situation whers we As a bilostatisticlian or somebody

. . : . who worked with raw data from a Illumina
created a library using a single primer.

L. Okay. sequencer from prior to 2012, would you

0 2And only 25 percent of the say that that data, which was only

fragments that get created that get read e e

on the Illumina sequencer are really what used?

you want. h. That's not what I said.
A. Okay. You can, certainly, use it and you
0. And 75 percent are not what might be able to interpret it and there

you want . might be situations where the sample is
A. Okay. so precious that you are willing to have

only a couple percent, right.

Ex. 1120: 71:22-72:10

Ex. 1120: 73:9-20.
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Q). We have a sifuation where we
created a hbrary using a single pnmer.
A Okay. 09:42:10
Q. And only 25 percentofthe  09:42:11
frazments that get created that get read 00:42:14
on the Illuming sequencer are really what 09:42:18

you want. 094220

A Okay 094221

Q. And 75 percent are not what  09:42:22
You want. 09-42:23

A Okay 094224

Q. Would you zay that that would 09:42:25
be characteristic of "a relatively high 09:42:27
rate” of off-target hybndization, as Dr. (@:42:30
Brooks was talking about in Paragraph 147 09:42:34
A Anpd agam just to clarify, 09:421:390
25 percent are on target, 75 percent are 09:42:42
off target? 09-42:42

Q. Comect. 09:42:42

A That's the readout fom the 09:42:43
expeniment? 09424

Q. Cormect. 094245

A Twould say that's ahigh  09:42:45
degres of off target. 094247

Q. Okay. "That's a high degrea 09:41:40
of off target penod"? 09:42:51

A Yes 00:42:52

Ex. 1120 at 71-73.

Demonstrative Exhibit - Not Evidence

As a3 biostatistician or somebody  09:43:08
who worked with raw data from a Dlomina $9:43:09
sequencer from prior to 2012, would you 09:43:12
say that that data, which was only 09:43:13
25 parcent of what you want, can'tbe  09:43:15
used? 094318

A That's not what I said 09-43:19

You can, certainly, use it and you 09:43:20
might be able fo interpret if and there 09:43:22
might be simations where the sample is 09:43:23
=0 precions that vou are willing to have 00:43:28
only a couple percent, right. 094333

We did 2 lot of work in ancisnt DNA 00:43:34
sequencing where that was the case. We've 09:43:38
done work in other simations where, you 09:43:39
know, the minority of the sample is what 09:43:42
you want. 09.43:44
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Dr. Bustamante (Ex. 1120) Neandertal Enrichment

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

(). DBut these authors pre-2010  11:48:42
didn’t run from the lills and say, ah, I 11:48:43
11:435:48
[Ilumina sequencer to sequence this, even 11:48:49
though some of the stuff I'm puthng on  11:48:52
the machine mught only be 4 percent of 11:48:33
what I want -- 96 percent 15 garbage and 11:48:56
4 percent 15 what I want? They dadn’t 11:49:00
run for the hills, did thev? 11:49:01

A. AsTvestated i1n my 11:49-02
testimony, there are some biological 11:49:04
questions that are so mnteresting that 11:49:06
yvou are absolutely wnlhng to throw many 11:49:07]
resources at the problem. This1sthe 11:49:10

team that won the Nobel Pnze forthus  11:49:13
Pagz= 150

can't use why NG5S, I have to use an

A Draft Sequence of the

Neandertal Genome

RESEARCH ARTICLE

Ex. 1120 at 169.

collagen to allow a direct date. The thrd bone,
Vi33.26, comes from layer G (sublayer unknown)
and has not been previously used for large-scale
DNA sequencing. It was directly dated to 44450 +
550 years B.P. (OxA-V-2291-18, uncalibrated).
Sequencing library construction. A total of
nine DNA extracts were prepared from the three
bones (table $4) using procedures to minimize
laboratory contamination that we have devel-
oped over the past two decades (22, 47). Samples
of each exfract were used to construct Roche/454
sequencing libraries that carry the project-specific
tag sequence 5-TGAC-3' in their 3'ends. Each
library was amplified with the primers used n the
454 sequencing emulsion PCR process. To esti-
mate the percentage of endogenous Neandertal
DNA in the extracts, we carried out sequencing
uns using the 454 Life Sciences GS FLX plat-
form and mapped the reads against the human,
chimpanzee, rhesus, and mouse genomes as well
as all nucleotide sequences m GenBank. DNA
sequences with a significantly better match to the
primate genomes than to any of the other sources
of sequences were further analyzed. Mitochon-
drial DNA contammation from modem humans
was estimated by primer extension capture (46)
using six biotinylated primers that target inform-
ative differences between human and Neandertal
mtDNA (45), followed by sequencing on the GS
FLX platform. Extracts that contained more than
1.5% hominin DNA relative to other DNA were
used to construct further libraries. These were sim-
ilarly anatyzed to assess the percentage of hominin
DNA and, if found suitable, were used for pro-
duction sequencing on the 454 Life Sciences GS
FLX/Titanium and Humina GAII platforms.
Enrichment of Neandertal DNA. Depend-
ing on the extract, between 95 and 99% of the
DNA sequenced in the libraries was derived from
nonprimate organisms, which are presumably
derived from microbes that colonized the bone
after the death of the Neandertals. To improve the
ratio of Neandertal to microbial DNA, we iden-
tified restriction enzymes that preferentially cut
bacterial DNA sequences in the libraries and treated
the libranes with these t increase the relative

proportion of Neandertal DNA in the libranes
(SOM Text 1). Such enzymes, which have recog-
nition sites rich in the dinucleotide Cp(G, allowed
a 4- to 6-fold increase in the proportion of Nean-
dertal DNA in the libraries sequenced. This is
expected to bias the sequencing against GC-rich
regions of the genome and is therefore not suit-
able for amriving at a complete Neandertal genome
sequence. However, for producing an overview of
the genome at about one-fold coverage, it drasti-
cally increases the efficiency of data production
without unduly biasing coverage, especially m
view of the fact that GCrich sequences are over-
represented in ancient DNA sequencing libraries
(23, 45) so that the restriction enzyme treatment
may help to counteract this bias.

Sequencing platforms and alignments. In
the mitial phase of the project, we optimized
DNA extraction technology and library construc-
tion[e.g., (47)] Ina second phase, we camied out
production sequencing on the 454 Life Sciences
GS FLX platform from the bones Vi33.16 and
Vi33.26 (0.5 Gb and 0.8 Gb of Neandertal se-
quence, respectively). In the third phase, we
camied out production sequencing on the [llumina/
Solexa GAIl platform from the bones Vi33.16,
Vi33.25, and Vi33.26 (12 Gb, 1.3 Gb, and 1.5Gb,
respectively) (table $4). Each molecule was se-
quenced from both ends (SOM Text 2), and bases
were called with the machine learning algorithm
Ibis (48). All reads were required to carry comect
clean-room tags, and previous data where these tags
were not used (40, 42) were not ncluded in this
study. Except when explicitly stated, the analyses
below are based on the largest data sets, generated
on the Numina platform. In total, we generated 5.3
Gb of Neandertal DNA sequence from about 400
mg of bone powder Thus, methods for extracting
and sequencing DNA flom ancient bones are now
efficient enough to allow genome-wide DNA
sequence coverage with relatively minor damage
to well-preserved paleontological specimens.

The dominant type of nucleotide misincorpora-
tion when ancient DNA is amplified and sequenced
1s due to deamination of cytosine residues (25). This

causes C to T transitions in the DNA sequences,

$Z0Z ‘91 wqundag uo 510 20ua10s sy sdiy woyy paprojumo]

Ex. 1102 at 2.

Demonstrative Exhibit - Not Evidence




sssss Bustamante (Ex. 1120) Re Enrichment Levels

0. So these people sequenced on 15:30:37
a massively parallel platform, as 15:30:40 ° Testimony AbOUt Results Presented
reported in the literature, even though 15:30:42 .
there was only 65 -- at the low end 15:30:44 In MetZker EX' 1025 at 11
65 percent of on target, right? 15:30:47
A. Yes. 15:30:53
Q. Okay. And then if we go down, 15:30:53
the sentence continues. And I'll just -- 15:30:56
it continues after the last paren. So 15:31:00
" (Roche/454 platform) and 53% 15:31:03

(Illumina/Solexa platform), respectively, 15:31:09

with targeted exons being covered by at 15:31:12
least one NGS read." 15:31:15
Do you see that? 15:31:17
4. I do. 15:31:17
Q. So, when somebody enriched 15:31:18

for an Illumina platform, they, actually, 15:31:23
reported data, even useful data, even 15:31:26

though the percent of on-target reads was 15:31:30

53 percent, right? 15:31:35
A. With, one single read, right. 15:31:39
Whether you can draw any inference 15:31:40

from a single NGS read is an open 15:31:42

Page 324

Ex. 1120 at 324.

Demonstrative Exhibit - Not Evidence




11114 Dr. Bustamante (Ex. 1120) Re: Dr. Brooks (Ex.2026.37-38)

QIAGEN

Q. Alright. Let's go back to 0. So is there a number in 2011

Paragraph 16 of the Brooks Declaration. level of reads that you get that are on

. X . , t t that -- that 1d d d
Why in 2012 with single primer arge ab are at you EER | an
that you would not do in a massively
extension would you have expected only
parallel system?

50 percent of the reads to be target

A. It really depends on the
sequenced that you were interested in? biological question. So I would say that
L. I can only speculate as to for some problems -- and if you're going

why Dr. Brooks expected 50 percent. to get plenty of depth of coverage, you

can tolerate 50 percent of target. For
Q. Do you agree with him?
others, 50 percent off target might not
A. I'm not sure I would agree to
g be sufficient to draw good conclusions
50 percent. until -- you'd have to do more sequencing

in order to understand how well it's

Ex. 1120 at 279

working.

Ex. 1120 at 281

Demonstrative Exhibit - Not Evidence
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Dr. Bustamante: Predicting On Target Level
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CARLOS D. BUSTAMANTE, PhD.

there? 09:35:06
MS. CIPRIANO: Objection,  09:35:07

compound. 09:35:08

A Could you restate the 09:35:09
question? 09:35:10

Q. Sure 09:35:10

Do you have any idea quanfitatively 09:35:11
what he means by "relatively ugh off  09:35:13
target"? 09:35:17

A. Ican't read Dr. Brooks' mind. 09:35:18
I can't tell you what he had in mind when 09:35:21
he wrote that, in terms of quantitatively. 09:35:23

Q. Alnght Putting yourself 09:35:25
back in 2012, what is your estimation for 09:35:26
how much off target you're going to get? 09:35:31

A, AsIsad, it depends onthe 09:35:33
genome. It depends on the gene region. 09:35:35
It depends on a myriad of factors. It 09:35:39
could be high. 09:35:44

Q. So greater than 50 percent or 09:35:45
less than 50 percent? 09:35:48

A. It depends on the region of 09:35:49
interest. But, you know, it depends on  09:35:52

how many copies we're thinking about,  09:35:56
Page 64

Ex. 1120 at 64.

CARLOS D. BUSTAMANTE, Ph.D.
50 09:36:00

Q. So, agam,_ if we were taking 09-36:00
1 loci, do vou think that somebody --  09:36:02
would having a reference genome and using 09:36:03
09:36:06
primers, single primer, vou think it'sa 09:36:10

a computer program to design their

reasonable statement to believe that in  09:36:13
that situation, the primer designed by a 09:36:16
computer program with a reference genome 09:36:18
would bind off target to the fragment  09:36:20
50 percent of the time? 09-36:24
MS. CIPRIANO: Objection, 09:36:25
asked and answered. 09:36:26
A Ibelieve I've answered that 09:36:29
09:36:30
Q. Answer it again. 09:36:30
A It depends on the conditions. 09:36:31
Q. So sometimes it might band ~ 09:36:34
off target more than 50 percent of the  09:36:35
time, sometimes 1t might bind 90 percent 09:36:37
of the time? 09:36:40
MS. CIPRIANO: Objection,
form. 09:36:41
A Could vou simplify the 09:36:44

question.

09:36:41

Page 65
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CARLOS D. BUSTAMANTE, Ph D.

question for me? 09:36:45

Q. Well, you said, "it depends.” 09:36:45

Sometimes it would bind on target 09:36:47
90 percent of the fime, sometimes 1t~ 09:36:49
would bind 50 percent of the time; 15 09:36:51
that what you're saying? 09:36:53

A That'snotwhatIsaid. I  09:36:54
said, "It depends on the conditions."  09:36:55

It depends on the genome. 09:36:56

It depends on the gene region. 09:36:58

It depends on how many actual copies 09:37:00

09:37:03
09:37:04

there are in the genome, not how many
copies are annotated in the reference
genome. 09:37:07

There are some regions that are  09:37:07
very hard to sequence. There are other 09:37:08
regions that aren't so hard to sequence. 09:37:12
Some of the fime you'll get perfectly  09:37:13
good sequence from a single primer. 09:37:15
Sometimes you won't. It depends on the 09:37:19
conditions. 09:37:21

And, again, today looking back at  09:37:22
that, we know the technology works well 09:37:24
and you can program it well. So putting 09:37:26

Page 66

Ex. 1120 at 65

Demonstrative Exhibit - Not Evidence

Ex. 1120 at 66.




So is solution-phase better than solid? Not
necessarily. Given the low cost of sequencing,
tight specificity may not be that important. As
sequencing prices drop, “if half your reads map
someplace else, or aren’t directly mappable to
your region of interest, maybe you don't care—
you just throw them away,” says Zwick, who
adds the microarray probes might even help
coverage by capturing targeted sequences that
are much longer than the probes themselves.

Ex. 2029 at 3.

Demonstrative Exhibit - Not Evidence



2. Shapero On-Target/Enrichment Levels

Demonstrative Exhibit - Not Evidence



11111 Bustamante on: Possible Shapero Off Target Causes

Q. Well other than primer dimers 16:14:01
and off-target hybridization of the 16:14:03
single specific target primer, what else 16:14:08
would be contributing to a lack of 16:14:11
specificity in the library generation, as 16:14:13
described by Shapero Exhibit 10067 16:14:18

A_  In general. those are the 16:14:31
features that generally characterize 16:14:33
artifacts that would be concerning for 16:14:40
next generation sequencing. There could 16:14:44
be additional artifacts generated through 16:14:47
more nonspecific binding and sort of more 16:14:52
random priming. Although. again, there's 16:14:58
no necessary evidence of that in this  16:15:00
paper given the high affinity in the 16:15:02
readout through the array hybnidization  16:15:05

Ex. 1120 at 350. Demonstrative Exhibit - Not Evidence
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Bustamante (Ex. 1120) Re: Shapero Primer/Dimers

19
20
21
22
23
24
25

Q. So given, you know, the length 13:22:08
of the primers that are being used 1n the 13:22:10
13:22:14
13:22:16
possibly occur in the 250 plex? 13:22:18
A We can turn back to the 13:22:21

beginning of the paper where they give us 13:22:22
Page 228

250 flex. what are the possible size
ranges of primer dimers that could
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CARLOS D. BUSTAMANTE, PhD.
the sizes. 13:22:24

So, I believe, we're looking at 23 13:22:42
plus 25, so 48 base pairs. That would be 13:22:47
13.22.52
13:22:54

Q. So, if primer dimers were
formed between the primers, given the  13:22:5
lengths that they have, what are the  13:23:00
possible size ranges? 13:23:02

A We would expect them to 13:23:03
migrate at about a hundred base pairs, 13:23:05
right. They're below a hundred base  13:23:07
pairs. 13:23:08

Q. And m Figure 2(A), which1s  13:23:09
a gel of run of all the amplicons, do you 13:23:11
see a shred of evidence that there are  13:23:14
any primer dimers i this? 13:23:16

A TIdonot-- 13:23:18

MS. CIPRIANO: Objection to
form 132320

13:23:19

have reason to believe that.

A Tdonotseeaband AsI  13:23:20
said, I don't know where exactly they cut 13:23:2
off. Tt could be 1t's runoff. Tdon't 13:23:24
13:23-30

13:23:31
Page 220

But, agam, I believe, the focus

9 Q. Well. there's a hundred base 13:23:50

10 pair marker in there, right? 13:23:52

11 A And there's no band ata 13:23:52

12  hundred base pairs. 13:23:53

13 Q. Well. there 1s a hundred base 13:2353

14 | pair marker annotated in Figure 2(A).  1393:56

15 | night? 13:23:59

16 A And it's not very bright. So 13:23:39

17 Idon't know if thev've run the gel off 13:24:01

18 There is no hundred base pair band that I 13:24:04

19  see on the gel. 13:24:07

20 Q. Sovou think annotating a 13:24-11

21  hundred base pairs was just a phantom  13:24:13

22 thing that they just threw 1n there for 13:24:15

23 fun? 13:24:18

24 A No, they could have -- again, 13:24:18

25  wyou're asking me about whether there 1z 13:24:19

Page 230

1 CARLOS D. BUSTAMANTE, Ph.D.
2 ewidence m the gel for pnmer dimers. T 13:24:20
3 don't see evidence. But I also don't see 13:24:23
4  aband right at a hundred base parrand I 13:24:25
5 also believe in many ways 1f's not 13:24:28
6 relevant because the hybridization does  13:24:30
7 the work. 13:24:31

M
x

1120 at 228-229.

Ex. 1120 at 230-231.

Demonstrative Exhibit - Not Evidence

750 bp -
500 bp -

100 bp -

Figure 2. (A)250-plex 2° PCR products separated on a 2%, 1x TBE agarose gel.
(B) Negative control (no locus-specific primers) 2° PCR products separated on
a 2%, 1x TBE agarose gel. (C) p502 chip image using 250 primer-plex 2° PCR
products as target derived from input genomic DNA NA 10830 (D) p502 chip
image using negative control 2° PCR products as target derived from input
genomic DNA NA10830.

Ex. 1006; see also Metzker Decl. Ex.
1121 19 14-16




11114 PO Sur-Reply Argument 1) Re: Primer/Dimer

QIAGEN

Second, to the extent that any primer dimers remained in the solution. the data
as presented did not capture them. EXI11200228:7-13. As Dr. Bustamante
explained. the 100 bp ladder band (i.e.. the control) was entirely missing from the
gel. EX1120.0230:5-19. While the author’s annotation indicates where the band
was expected to be, the gel does not show the 100 bp control. The muissing control

suggests that there was an 1ssue with the portion of the gel where primer dimers

would have been expected. and Dr  Metzker concedes this possibility.

EX1120.0229:21-230:8; EX2213.0045:12-20.

PO Sur-Reply at 12

Demonstrative Exhibit - Not Evidence



QIAGEN

PO’s Cite To Dr. Metzker Testimony Re “Issue”

10

11

12

13

14

15

16

17

18

19

20

21

22

Yeah, so the data that you cite to in that
paragraph is the gel read in Figure 2A of the
publication. Correct?

Well, paragraph 14 is really responding to
the gel in Figure 2A in particular reference
to the lack of primer dimers in the gel, and
in refuting Dr. Bustamante's suggestion that
maybe the reason why he couldn't see primer
dimers in Figure 2A is because maybe they
just ran off the gel, which is kind of -- I
mean, it's possible, but not the way that the
data are presented.

Because the data are presented where

there are molecular weight markers, and I

Ex. 2213 at 45-46.

Demonstrative Exhibit - Not Evidence

would have expected -- and I say this in
paragraph 14 -- that if there were primer
dimers, they would be slightly under 100 base
pairs because sach primer is almost 48 base
pairs.

And I've run lots of PCRs and lots
of gels. Primer dimers are very prominent
when they're in a library, and what I'm
speaking to here is that Figure 2A does not
show any evidence whatscever of primer dimers
being created from the 250-plex MARA
reaction.

Thank vyou, Dr. Metzker.

S0 just to confirm the answer to my
guestion, the gel read is the only data that
you cite in that paragraph. Right?

With respect to the absence of primer dimers.
That's -- that's what I'm talking -- there's
other information in Figure 2A that also
speaks to on-target specificity. For

example, the size range of the expected

extension products are exactly what you --




11114 PO Sur-Reply Argument 2) Re: Primer/Dimers

QIAGEN

Sur-reply at 12.

First. before the reads were mun on the gel, Shapero used an exonuclease
digestion step to remove products other than the full-length extension products.
EX1006.0004. As a result, pnmer dimers and other partial sequences would have
been removed from the mixture. reducing the chance that any small fragments would

be seen on a gel.

Demonstrative Exhibit - Not Evidence
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Dr. Bustamante Re: Off Target Hybridization

10 Q. Well other than primer dumers 16:14:01 are shown in Figure 2A. Each of the nine genf:-mlic DNA
11 and off-target hybridization of the 16-14-03 samples used in MARA show a reproducible smear from

12 single specific target primer, what else 16:14:08

150 to 550 bp when the 250 locus-specific primers are present.
This result 1s consistent with the expected size distribution of

13 would be contributing to a lack of 16:14:11 products which ranges from 100 to 500 bp, with a mean size of
14  specificity in the library generation, as 16:14:13 287 bp. As shown in Figure 2B, the yield of secondary amp-
15 described by Shapero Exhibit 10067 16:14:18 Ex. 1006 at pg. 4 of 9.
16 A_  In general. those are the 16:14:31

17 features that generally characterize 16:14:33

18 artifacts that would be concerning for 16:14:40
19 next generation sequencing. There could 16:14:44
20 be additional artifacts generated through 16:14:47
21  more nonspecific binding and sort of more 16:14:53
22  random priming. Although. again there's 16:14:58
23 no necessary evidence of thatin this  16:15:00
24  paper given the high affinity in the 16:15:02

25  readout throu

the arrav hvbrnidization  16:15:05
Ex. 1120 at 350.

Demonstrative Exhibit - Not Evidence
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Cont’d Dr. Bustamante Ex. 1120 Re Off Target

Q. Well they actuallydidan  13:07:19
analysis of what they should expect 13:07:23
size-wise and this gel that theyran  13:07:26
shows that their PCR -- the PCR results 13:07:30
that they got were_ actually. consistent 13:07:33
with the amplicon sizes that they would 13:07:35
expect, which 1s also consistent with ~ 13:07:40
their primers priming on target, correct? 13:07:42
A_  It's absolutely consistent  13:07:45
with their primers priming on target and 13:07:47
could also be consistent with primers  13:07:50
priming off target and giving a size 13:07:52
distribution 1n the same range of 150 to 13:07:54
550 base pairs. which would be expected. 13:07:57
given the restriction digest that's being 13:07:59
done. And if there were homology, you 13:08:02
simply replicate those regions. 13:08:05

13
14
15
16
17
18
19
20
21
22
23
24
25

No. 2, what I said 1s what they're 13:09:03
reporting here 15 a size distribution  13:09:06
consistent with what they expected giving 13:09:0
a wide range of product lengths between 13:09:1(
150 to 500 base pairs consistent with ~ 13:09:14
on-target priming. 13:09:18

I'm happy to agree with the experts 13:09:19
that this 1s strong evidence of on-target 13:09:23
pruming. If you had off-target primmg, 13:09:26
you couldn't rule that out by looking at 13:09:28
the size distribution, because those  13:09:31
off-target products could well be within 13:09:32
this range that vou're gomg to hybridize 13:09:36

Ex. 1120 at 214.

Ex. 1120 at 215.

Demonstrative Exhibit - Not Evidence




3. POSA’s Alleged Disregard of SPE




11114 Siebert Ex. 1044/1101.2 & Ex. 1121.342-343

QIAGEN

We then mapped the PCR products by digestion with BamHI
and Pvull. The restriction enzyme pattern obtained is shown in
Figure 3. The release of common DNA fragments at 1.6 kb with
BamHI and 1.4 kb with Pvull from the larger of the two PCR
products was predicted from the known sequence. These data thus
verified the gene-specificity of the walk for all five adaptor-
ligated DNA libraries. The results also show that provisional
restriction maps of the unknown sequence can be obtained
without cloning.

We have found that the high speciﬁcity of the method described
is pnmanly due to the suppression effect of the adaptor/adaptor
pmner combination, although in some cases additionally having
an amine group on the lower strand uf the adaptor (vectorette
blocking) yielded better results.

Ex. 1044/1101 at 2; EX1121 at 342-343.

Fed Bl
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Q. And do you disagree with 16:04:56
Siebert's conclusion. which the editors  16:04:57
of Nucleic Acid Research allowed tobe  16:03:01
published, which says that the method and 16:05:05
the data that is supplied here shows that 16:05:08
the methodology had high specificity in  16:03:11
enriching or walking? 16:05:16

A Bemember, this is a paper that 16:05:18
has to do with genome walking where you're 16:05:21
trying to extend into an wnknown region  16:05:23
from a known regien. It's an exploratory 16:03:235
technique and there's really one product 16:05:29
that 1z being generated verzus, as we've 16:03:34
discussed. application i more of the  16:05:40
multiplex settng. 16:05:45

So, in the context as described 16:05:46
here for genome walking, this was 16:05:47
accurately descnbed i the paper. 16:05:53

Q. So, when it says, "lugh 16:05:54
specificity,” it's walking m the regron  16:05:57
they want it to walk i and not wallang  16:05:59
at high rates i other regions that they 16:06:02
don't want it to walk in. correct? 16:06:05

A For the example that they  16:06:07
describe and the particular gene that  16:06:09
they used to demonstrate the utility.  16:06:11




QIAGEN

Miura Ex. 2047 & Dr. Bustamante Ex. 1120

ABSTRACT

Motivation: In contrast with conventional PCR using a pair of specific
primers, some applications utilize asingle unigue primer in combination
with a common primer, thereby relying solely an the former for speci-
ficity. These applications include rapid amplification of cDNA ends
(RACE), adaptor-tagged competiive PCR (ATAC-PCR), PCR-
mediated genome walking and so forth. Since the primers designed
by conventional methods often fail to work in these applications, an
improved strategy is required, particularly, for a large-scale analysis.
Results: Based on the structure of ‘off-target’ products in the ATAC-
PCR, we reasoned that the practical determinant of the specificity of
primers may not be the unigueness of entire sequence but that of the
shortest 3'-end subsequence that exceeds a threshold of duplex sta-
bility. We termed such a subsequence as a 'specificity-determining
subsequence' (SD3S) and developed a simple algorithm to predict
the performance of the primer: the algorithm identfies the SD3S of
each primer and examines its unigueness in the target genome. The
primers designed using this algorithm worked much better than those
designedusing aconventional methodinboth ATAC-PCR and 5-RACE
experiments. Thus, the algorithm will be generally useful for improving
various PCR-based applications.

Availability: The sourcecode oftheprogram is available upon request
from the authors orcan be obtained from http/itolab .cb. k.u-tokyo.ac.jp/
GATC/S

Supplementary information: Supplementary data are available at
Bioinformatics online.

Contact: to @k.u-tokyo.ac.jp

These two sets of primers were used for the 5-RACE, and the
products were resolved by gel electrophoresis (Fg. 4A). Since 1t 1s
difficult to judge whether the 5-RACE has worked solely from the
clecrophoretic patterns, we cloned the products, mndomly picked
12 clones and sequenced them for identification. As summarized in
Figure 4B, the pnmers designed using the SDSS algonthm worked
strikingly better than those designed wsing the 3-end 12mer spe-
cificity aleorithm. More than 9086 of the products obtained using the
SDSS primers were derived from the bona fide targets (Fig. 4B).
Even in the cases where no distinet bands were observed on the gel,
bona fide targets with different ends were detected. These were
presumably due to truncated reverse transcniption. In contrast,
the purity of the products obtained by using the other primer set
was rather poor (~10%) (Fig. 4B). These results cleady demon-
strate the efficiency of the SDSS algorithm in designing primers for
RACE, particulardy for less abundant transcripts such as the 10
ORFs examined above.

Q. And Miura, actually. reports  16:22:42
that using the particular algorithm that 16:22:47
he has developed -- and thas 15 2005,  16:22:50

So, just a year after Shapero and, 16:22:54
at least, six years before the '012 and 16:22:57

'108 purported mventors filed their 16:23:01
application. he reports on designing 16:23:04
primers for single primer extension, 16:23:09

which are 90 percent specific, correct? 16:23:12
A In certain scenarios. 16:23:16

P L o P P T T | I e I

Ex. 2047 at 1.

Ex. 2047 at 6.
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Ex. 1120 at 357.
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Ex. 2050 at 3, 8.

[10]

Disclosure of Invention
Technical Problem

Therefore, the present inventors have developed a method capable of notably
improving upon the above problems. A low amplification efficiency is caused by in-
sufficient ligation between the restricted genomic DNA and cassette, and non-specific
amplification is attributed to PCR reaction by only cassette primers in stead of a com-
bination of the known region-specific primers and cassette primers. Thus, to amplify
the desired region only, amplification by only cassette primers should be inhibited, and
amplification by a combination of the known region-specific primers and cassette
primers should only be performed. By the present inventors, the restricted genomic
DNA fragment was treated with ddNTP, and ligated with a complementary cassette to
increase the efficiency of ligation between the genome and cassette and to prevent non-

specific amplification, thereby completing the present invention.

[63]

I L= = I

Step 2) is a step of modifying the 3'-OH end of the restricted DNA with a nucleotide
analogue. In the present invention, the 3'-OH end of genomic DNA is modified with
ddNTP for the prevention of further polymerization, non-specific amplification can be
remarkably reduced. For example, when the genomic DNA fragment having

Demonstrative Exhibit - Not Evidence
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Instead of amplifying the entire genome, directed amplification of selected portions of the
genome may be more appropriate for some applications. PCR is commonly used for amplification
of a single target sequence or a few sequences in parallel However, for high levels of parallelism,
a large number of separate amplification reactions must be performed.

As briefly noted previously, the so-called adaptor ligation method uses restriction endonu-
cleases to digest a genomic sample into fragments of a known distribution. Common adaptor
oligonucleotides are then ligated to the ends of the generated fragments. A subsequent PCR
amplification with a single pair of primers can be adjusted to preferentially amplify fragments
within a certain range of sizes. This way, a subset of the genome is amplified and a reduction
of sequence complexity is achieved.'™* A variant of the method uses adaptors, one common
primer, and a single specific primer per target sequence to achieve amplification of specific
genomic sequences 134135

If restriction digestion is carried out with type II S restriction enzymes, different end sequences
are produced for different fragments. This way, adaptor sequences can be selected to circularize a
certain population of fragments. These fragments can then be amplified and the procedure repeated,
allowing the selective amplification of a single fragment from a genomic DNA sample. *® This
method may also be multiplexed by using several adaptor sequences, but incompatibilities of end
sequences limit the extent to which this can be performed.

None of the methods above achieves the ideal goal of amplifying a large set of arbitrary
sequences without the production of undesired amplification products In the recently described
selector amplification method, restriction fragments are made single-stranded by heat denaturation,
circularized by hybridization to specific selector probes, and ligated to a common oligonucleotide,
thus incorporating a common sequence motif in the single-stranded circles formed from the selected
fragments. The selector probe end sequences are 10 to 20 ot m length to achieve specificity.
Furthermore, structure-specific cleavage, using the same mechanism as in the Invader assay, can
be utilized to remove a 5" portion of the fragment prior to ligation, allowing the creation of circles
of similar lengths. All circles can then be amplified by PCR using a single primer pair for multiplex
amplification for hundreds to thousands of selected fragments of interest ¥’

KNOWN VERSUS UNKNOWN VARIATIONS

The vast majority of techniques described here are applied to SNPs where sequence and mapping
information are known. Other methods are more adept at looking for sequence variants where exact
information is unavailable. For example, if a particular gene has been implicated in a given disease,
scanning the exons and promoters for variation could be desirable from a diagnostic point of view.

A number of methods can speed the search for such unknown sequence variants. Single-strand
conformation polymorphism (SSCP)."** denaturing gradient gel electrophoresis (DGGE),*® and
denaturing high performance liquid chromatography (dHPLC)*¥ are examples of such methods.
Although these three techmques can identify DNA fragments bearing sequence differences, the
position or nature of genetic change 1s difficult to characterize based on results of these methods
alone. Therefore, these methods are combined with or in fact replaced by sequencing techniques
to denive exact sequence information.

One further technological development that could drastically affect the way we approach
analysis of the genome 15 the emergence of powerful and economical sequencing techniques. Rather
than looking at single base positions, the strategy would involve decoding the entire genome or
extensive selected regions thereof. Complete information of the genetic sequence of an mdividual
would thus become available, obviating the need for genotyping specific single base positions.
Research activities aimed at achieving “$1000” genome sequencing'®® are under way, making
cataloguing entire genome sequence information in populations a foreseeable possibility. In the
meantime, many of the technologies described here will certainly assist in harvesting the fruits of
the human genome initiative and play key roles in biomedical research for years to come.

Ex. 2130 at 160, 163.

Demonstrative Exhibit - Not Evidence




11144 Bui Ex. 2138.1,2

QIAGEN

Methodology Open Access
Simple allele-discriminating PCR for cost-effective and rapid
genotyping and mapping

Minh Buil-2 and Zhongchi Liu*!

Abstract Currently, a large variety of techniques for high-through-
Background: Single nucleotide polymorphisms (SMNPs) are widely observed between individuals, | put SNP genotyping are available [7,8]. They can be

ecotypes, and species, serving as an invaluable molecular marker for genetic, genomic, ecological ETDUPES il“tc' fc"!—:f mﬂig flﬂf‘*;fs[ allele-specific hﬂblﬁdiza'
and evolutionary studies. Although, a large number of SNP-discriminating methods are currently | Uo™ 2!eie-specilic nucdeotide incorporation, aliele-spe-

. ) o . cific oligonuleotide ligation, and allele-specific invasive
available, few are suited for low-throughput and low-cost applications. Here, we describe a | jeavage. For example, the TagMan genotyping method

genotyping method named Simple Allele-discriminating PCR (SAP), which is ideally suited for the | [9] and the Amplifluor SNP HT genotyping System [10]
small-scale genotyping and gene mapping routinely performed in small to medium research or | are PCR-based, suitable for large scale high-throughput
teaching laboratories applications. Both methods, however, require expensive

. instrumentation and reagents such as synthetic oligonu-
cleotides labeled with different fluorescent dyes. Various
genome re-sequencing methods are also extremely power-
ful for large scale SNP-discrimination [11,12], vet are
impractical for assaying a selected set of SNPs in specific
genomic regions, and are usually beyond the reach of
small to medium sized laboratories with limited
TesOUrces.

Ex. 2138 at 1-2.
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Ex. 2135 at 9.

per completed genotype. As genotyping methods are
constantly evolving, and different laboratories will choose
different methods based on their throughput needs and
available equipment, we expect the cost of genotyping to
be lower in the future, but variable among laboratories.
The method we have developed serves several purposes,
minimizing costs while allowing for reasonably high-
throughput genotyping. Additional modifications will be
needed to further decrease costs, increase throughput to
allow for efficient amplification of a larger number of loci
in the multiplex PCR (e.g. Shapero et al. 2004), and facilitate
higher throughput genotyping (e.g. using a multiplex SNIP

assay format).
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Ex. 2169 at 1.

Sanger sequencing has a low (but non-zero) error rate
of around 107" to 10" for single calls (one error per
1,000-10,000 bases), but the accuracy for detecting het-
erozygous variants is much more difficult to assess and is
almost certainly context dependent to some extent. When it
comes to detection of a low level vanant, for example
mosalc or somatic mutation, the limit of detection in terms
of minor allele representation 1s only around 20% for Sanger
sequencing. Current NGS platforms have a somewhat
higher raw error rate of around 10~ to 10~ (depending on
read length), but this is easily offset by increasing read depth
(1.e. consensus accuracy). In tact the desired accuracy can
essentially be determined by altering the read depth
appropriately. In contrast to Sanger sequencing detection of
low level variants 1s basically limited by the raw error rate
and would be substantially below 0.1%.

Read depth, genome coverage and uniformity
The read depth or depth of coverage refers simply to the

number of imes a base 1s sequenced 1n a single run of the
machine. The required read depth vanes depending upon

Demonstrative Exhibit - Not Evidence
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Currently, the error rates of raw sequence data produced
by all of the massively parallel sequencing platforms are
higher than with 5anger sequencng, but the overall error
rate is reduced because of the high degree of sequendng
depth, typically 40-fold for a diploid genome, that is neces-
sary to achieve complete coverage with massively parallel

Ex. 1013 at 3.
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BASIC PROTOCOL 4

PCR AMPLIFICATION OF THE LIBRARY

After the libraries have been shown to be adapter ligated we typically amplify the DNA with
8 to 18 cycles of PCR to mcrease the quantity of the library, enrich for fully ligated
fragments, and tail fragments with the nucleotide sequences necessary for cluster
amplification. Excessive PCR cycling should be avoided as 1t can lead to bias in the hibrary
and can result in unusuoal size profiles when libraries are analyzed, for example, on an
Aglent Bioanalyzer chip. Over-amplification depletes the primer pool, resulting 1 an
accumulation of non-extended single stranded template, which after denaturation anneals at

Ex. 2155 at 15.

ALTERNATE PROTOCOL 6

SEQUENCING WITHOUT PCR

PCR amplification during library prep allows lower amounts of starting material to be used, Ex. 2155 at 19.
but infroduces bias (Quail et al |, 2012b). To eliminate this, we developed a PCR-free library
method (Kozarewa et al_, 2009). Here, full-length Illumina Y adapters are ligated directly to
A-tailed fragments. Since these adapters contain the full complement of sequencing primer

Note: Unnecessary PCR amplification steps will exacerbate amplification biases, and so Ex. 2155 at 18.
they should be avoided wherever possible.

Demonstrative Exhibit - Not Evidence
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Ex. 2155 at 2.

This dominance 15, however, quite a recent thing. In the last 5 years, we have seen the rnise
and fall of alternative sequencing technologies, some of which are still quite frequently used
today. For instance in 2005, the first of the next-generation DNA sequencers, 454°s GS20
(now Roche 454), became commercially available (Margulies et al., 2005). This method
revolutiomzed the paradigm of DNA sequencing. Instead of a single sequencing reaction
generating a smgle sequence, the 454 introduced massively parallel sequencing. The Roche
454 technology uses emulsion PCR to generate beads coated in amplicons that are denived
from single template molecules. About a million of these beads are then sequenced
parallel by pyrosequencing (Ronaghi et al | 1998). Images of the beads are analyzed to

Demonstrative Exhibit - Not Evidence
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Obviously, the best way to avoid bias during PCR is to
avoid library amplification by PCR altogether [6,21]. On
the other hand, PCR-free libraries require relatively large
amounts of input DNA and are thus impractical for
many sample types. Furthermore, there is no enrichment
of sequenceable fragments carrying adapters on both
ends, and the yield of such fragments is very sensitive to
variations in DNA quality and purity, which in turn can
affect the efficiency of end repair and adapter ligation.
We also note that preparing PCR-free libraries alone

Ex. 2042 at 11.

does not necessarily guarantee unbiased sequencing data
as significant bias is introduced elsewhere in the process.

Importantly, PCR-free protocols are not readily amen-
able to automation and are therefore not the best choice
as the default protocol in high-throughput sequencing
facilities such as the Broad Institute Genome Sequen-
cing Platform, where currently about 1,000 Illumina
sequencing libraries are made per week to support a
diverse portfolio of sequencing projects. Improved PCR
conditions like the one described here will likely satisfy
the vast majority of projects. Enhancing the coverage of
high-GC loci is critical for human genome and exome
sequencing in cancer and medical genetics, the major
sequencing applications in terms of bases generated.
Solving the loss of AT-rich loci remains a challenge, but
has less of an impact on human genome sequencing
and on the sequencing field as a whole. We expect that
PCR-free methods, which are invaluable and superior
for extreme base compositions at both ends of the %GC
spectrum, will be reserved for projects that are most
sensitive to base-composition bias and can supply input
DNA of sufficient quality and quantity.
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EX2211 at 4.

23

Documents D2-D4 all require a forward and a reverse primer to each target. None of the
documents D1-D4 relates to single primer extension, and therefore none of them are actually
closest prior art. The closest prior art would he a document relating to single primer
extension, which is different from regular PCR requiring a target-specific primer pair, and to
scaling single primer extension up to a multiplex reaction. There is no indication in any of the
prior art cited that the addition of Mg”* and MutS would be beneficial to single primer
extension reactions, let alone to upscaling these to a multiplex reaction. Thus the technical
problem to be solved over the prior art must be reformulated as providing an improved
multiplex polynucleotide amplification method that uses a single target-specific primer per

target region (i.e., a highly multiplex single primer extension reaction).
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it No Teaching Away or Skepticism

Brooks Declaration

14,  Based on my experience in the field, | was skeptical that the claimed methods would provide
efficient sequencing data. Because the claimed methods involve anncaling and extending a target-
specific primer to enrich a sequence of interest (rather than, for example, annealing a forward target-
specific and reverse target-specific primer pair at a sequence of interest and performing a polymerase
chain reaction with the forward target-specific and reverse tﬁrgct—speciﬁc primer), I thought the
technology would provide poor target specificity that is not consistent with enrichment worthy of high
quality sequencing data. I thought that the target-specific primers would bind to off-target sites at a
relatively high rate, leading to non-specific enriched nucleic acid sequences that would flood the
sequencing system and confound sequence analysis. I thought that in order to generate enriched -
sequences that would provide highly specific sequencing results, one would want to amplify a sequence
of intérest with, for example, a primer pair including a forward target-specific primer and reverse

target-specific primer in a polymerase chain reaction using the forward target-specific primer and

reverse target-specific primer for each sequence of interest.

EX2026 at 37, 14 Demonstrative Exhibit - Not Evidence



it No Teaching Away or Skepticism

Bustamante Transcript Bustamante Transcript
What lewvel of enrichment does the Q. In other words, even knowing
pa requirs A 1@ librar Jolng 1n that 5 percent of wha ou migh
preparation E odolog achieve? s onco he Illumina segqus er AZ 0
A. There's no -- going to be what you wanted, researchers

MS. CIPRIANO: Objection to did not run away from sequencing that on

an Illumina segquencer, correct?

form.
AL Az a first attempt at a
h, oo 1o - St Fd o 1 s o
B SREESSSE sEEES S Neanderthal draft gencome, that was
richmen at'"s outline: i I
EX1120.160:9-16. EX1120.163:19-164:3.
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Bustamante Transcript

Q. So is there a number in 2011

level of reads that you get that are on

target that are -- that you would do and
that you would not do in a massively

parallel system?

A, It really depends on the
biclogical question. So I would say that
for some problems -- and 1f you're going
to get plenty of depth of coverage, you
can tolerate 50 percent cof target For

others, 50 percent off target might not
be sufficient to draw good conclusions
until -- you'd have to do more sequencing
in order to understand how well it's

working.

EX1120 at 281:8-22.
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Bustamante Transcript

Q.  But the preparation of the
libraries is no different than the
preparation of the libraries as described “Substantial evidence supports the
in Shapero, right? Board's finding that other methods of
minimizing waste—a problem
undisputedly recognized by Nishida—
had existed before the date of the
Invention.”

Prior to putting it on the array,
prior to putting it on the Illumina

sequencer, those steps are identical.

A. I would -- I would say that

the MARA method, as d ribed, is one 955 F.3d 45, 55 (Fed. Cir. 2020).

]
M

3

K

of the broad

(D
=
0

SPET, as described

(D
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=)
o
I
(D
(D
9]

in this patent.

EX1120 at 265:7-17.
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Secondary Considerations Must Tie to Claimed

e Feature

“[TIhe Board's finding that the evidence relied on by
Ethicon to support its claims of commercial success,
Industry praise, and unexpected results did not
establish that any success, praise or unexpected
results were due to the [claimed] 85:15 VDF:HFP

coating, rather than to an unclaimed feature”
844 F.3d 1344, 1352 (Fed. Cir. 2017).
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s Industry Praise Directed to Library Preparation
Sl Technique and Multiplexing

As
explained by Barchi, the claimed technology’s “reliance on single primers, rather

than on primer pairs, greatly simplifies panel design, and allows higher levels of

multiplexing than PCR-based genotyping.” Id.

POR at 60.

Demonstrative Exhibit - Not Evidence

In a study
performed by ltalian and British research institutions, the researchers explained that
“[u]nlike other methods, [the claimed] technique allows for the execution of cost-
effective genotyping experiments while providing full control on target sites,” which
it attributed in part to the “high efficiency enrichment system™ and “the scalability
to tens of thousands of probes in a single reaction.” EX2107.9295; EX2068.0548.
It reported that the study “results suggest that [the claimed] SPET genotyping is a
very effective approach for genotyping a large number of loci,” and “suggest[ed]
that it might be a valuable tool for large-scale genotyping studies in virtually all

species.” EX2068.0550. .

POR at 61.




sssss Industry Praise - No Multiplexing Requirement

Bustamante Transcript

0. In fact, the claim= of the

'012 and '108 patent don't regquire

multiplexing at all, do they?

] - T T -
A There 12 -- none of the
imitations, specifically, regquire
nultipleXx1nog.
"9 =

Ex.1120 at 297:25-298:3.
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Ex.2170 at 31-32.

70. On information and belief, QIAGEN has been aware of Tecan Genomics’
proprietary enrichment technology and families of the Asserted Patents since 2013. In December
2013, NuGEN and QIAGEN entered into discussions related to QLAGEN"s potential acquisition
of NuGEN. As part of these discussions, QIAGEN performed extensive due diligence. As a result
of that formal due diligence, QIAGEN spoke to many senior-level employees at NuGEN and
reviewed various documents. As part of this due diligence, QLAGEN recerved unfettered access
to confidential information concerning NuGEN s research and development of technologies, its
entire IP portfolio, and any other trade secrets that NuGEN possessed.

RESPONSE: QIAGEN admits that NuGEN and QIAGEN entered into discussions related to

QIAGEN’s potential acquisition of NuGEN. QIAGEN demies that the discussions between
NuGEN related to QIAGEN's potential acquisittion of NuGEN began in December 2013.

QIAGEN admats that 1t performed some level of due diligence regarding acqusition of NuGEN.
QIAGEN admats that QIAGEN's due diligence involved discussions with QLAGEN emplovees
and reviewing various documents. QIAGEN denies that it received unfettered access to
confidential information concerning NuGEN's research and development of technologies, its
entire IP portfolio, and any other trade secrets that NuGEN possessed.” The remamning allegations

and characterizations are too vague and undefined in for example the claim of “fanulies of the
Asserted Patents™ and “Tecan enrichment technology™ for QLIAGEN to understand what 1s being

alleged and on that basis denies the allegations.
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Ovation Target Enrichment QIAseq Targeted DNA Panel Bustamante Transcript,
a . Ex. 1120 at 390:25-402:9
’ 5 4 - / X

and somple indexing

y « I,

Target enrichment by
Single Primer Extension

3 ( _________ ' ~
\ l Sample indexing and

amplificotion

¢ l Library construction with UM

>
o

\'s = .
¢ l Sequencingreody

library

gy S=2=h g_ﬁ__

UMI: Unique moleculor index  UP: Universal primer
Gene specific primer S5IF; Somple index primer
( ---------------- € FP: Forward primer

Ex.2107 at 207 (11302); Ex.1120 at 390:25-402:9.
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QIAGEN's 2018 Marketing Statements on QlAseq

Application Note

QlAseq™ SPE technology for lllumina®: Redefining amplicon
sequencing

Efficient coverage of both hotspots and entire CDS region

With SPE, you do not need fo setfle for hotspots. Instead, up to 20,000 primers can be pooled in
an individual pool of primers, resulting in maximum coverage of around 500 genes, regardless of

whether you are targeting hotspots, CDS, intronic regions, promoters, efc.

Ex.2148 at 1.

Uniform coverage by reducing the number of required primers and pools

SPE utilizes a reduced number of required primers resulting in highly uniform enrichment and

sequencing due to a reduction in primer dropouts (Figure 5).

Primer read depth [MTs)
1400
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200 — 0.2x mean
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N Bab ) a° \eJgPie) P 3

S AN R B (D S e S g \q@@b
Comprehensive cancer panel

Figure 5. Highly uniform enrichment and sequencing. In this experiment, 6000 SNPs were enriched from 20 ng of NA12878
DNA. Library was constructed for sequencing on a MiSeq®, with 4,000,000 reads generated. The panel achieved o uniformity
of 99.5% at 0.2x of mean coverage, and 96% at 0.5x of mean coverage.

Ex.2148 at 4.

Ex.2148 at 4.

Single primer extension (SPE) is a revolutionary approach that redefines amplicon-based enrichment
and sequencing. With SPE, each genomic region is fargeted by only one region-specific primer plus

a universal adapter primer that binds to sequences infroduced through library adapters (Figure 4).

— A— A—
— — —

Library

adupier

Figure 4. Primer design using single primer extension (SPE).
Amplicon-based enrichment is performed in a single reaction

regardless of the size of targeted regions.

Ex.2148 at 2.
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[0031] the present inventors have identified
a solution to increasing primer annealing extension efficiency while improving primer extension specificity via a combi-
nation of Mg2* at a concentration higher than in a typical PCR reaction and a MutS protein. This combination is especially
beneficial when a large number of very low concentrations of primers are used in single primer extension process to
enrich a large genomics region for sequencing analysis.

Ex.2210 at 5.

SUMMARY

In one aspect, the present disclosure provides a method
for performing a highly multiplex single primer extension
reaction, comprising;

a. extending at least about 1,000 different primers in a
single primer extension reaction using a plurality of target
nucleic acids as templates in the presence of (1) a MutS
protein, and (2) Mg>* at a minimum concentration of about
6 mM to generate extension products.

Ex.2210 at 6.
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Brooks Declaration

Bustamante Transcript

14,  Based on my experience in the field, | was skeptical that the claimed methods would provide
efficient sequencing data. Because the claimed methods involve anncaling and extending a target-
specific primer to enrich a sequence of interest (rather than, for example, annealing a forward target-
specific and reverse target-specific primer pair at a sequence of interest and performing a polymerase
chain reaction with the forward target-specific and reverse térgct—spcciﬁc primer), I thought the
technology would provide poor target specificity that is not consistent with enrichment worthy of high
quality sequencing data. I thought that the target-specific primers would bind to off-target sites at a
relatively high rate, leading to non-specific enriched nucleic acid sequences that would flood the
sequencing system and confound sequence analysis. | thought that in order to generate enriched -
sequences that would provide highly specific sequencing results, one would want to amplify a sequence
of intérest with, for example, a primer pair including a forward target-specific primer and reverse

target-specific primer in a polymerase chain reaction using the forward target-specific primer and

Q. Alright. Let's go back to
Faragraph 16 of the Brooks Declaration.
Why in 2012 with single primer
extension would you have expected only

50 percent of the reads to be target
zeguenced that you were interested in?
AL I can only speculate as to
why Dr. Brooks expected 50 percent.
Q. Do you agree with him?

A. I1'm not sure 1 would dgree o

reverse target-specific primer for each sequence of interest.

EX2026 at 37, 114.
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EX1120 at 279:6-16.
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