(12) STANDARD PATENT (11) Application No. AU 2014377537 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Amplicon preparation and sequencing on solid supports

International Patent Classification(s)
C12Q 1/68 (2006.01)

Application No: 2014377537 (22) Date of Filing: 2014.12.18
WIPO No: WO15/108663

Priority Data

Number (32) Date (33) Country
61/928,368 2014.01.16 us
Publication Date: 2015.07.23

Accepted Journal Date: 2021.02.25

Applicant(s)
lHlumina, Inc.

Inventor(s)
Xu, Hongxia;Aravanis, Alex;Lin, Shengrong

Agent / Attorney
WRAYS PTY LTD, L7 863 Hay St, Perth, WA, 6000, AU

Related Art
WO 9844151 A1




wo 2015/108663 A 1[I I N0 0O OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date

(10) International Publication Number

WO 2015/108663 Al

23 July 2015 (23.07.2015) WIPOI|PCT

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
CI12Q 1/68 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. o HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
PCT/US2014/071263 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(22) International Filing Date: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
18 December 2014 (18.12.2014) SD, SE, SG, SK, SL, 8M, ST, 8V, 8Y, TH, TJ, TM, TN,

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English

) (84) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of regional protection available). ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
61/928368 16 January 2014 (16.01.2014) US TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(71) Applicant: ILLUMINA, INC. [US/US]; 5200 Illumina DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Way, San Diego, California 92122 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Tnventors: XU, Hongxia; 499 Tllinois Street, Suite 210, SM, TR), OAPL (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

San Francisco, California 94158 (US). ARAVANIS, Alex;
499 Illinois Street, Suite 210, San Francisco, California
94158 (US). LIN, Shengrong; 34568 Willbridge Terrace,
Fremont, California 94555 (US).

Agents: MOORE, Brent C. et al.; 5200 llumina Way,
San Diego, California 92122 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

(54) Title: AMPLICON PREPARATION AND SEQUENCING ON SOLID SUPPORTS

1, Target enrichment (30 min)

B to vapture

i

o sample

whi. anig avd e

Raphif molifplen PO o
“.,

/%, Clonal amplification (35 mm’*}:

Tatget caphire ani slustering

Figure 1

2. Incubats (10 min) s,

Bivge-atranded, singleadapter, tagst

S

Lonsmmabls: Pro-desded

weith vapnre primers

i Tavtory o during
%‘i\ s prep}

4. Bequencing {(+- 4.5 h) 3

46 cycles in 1h §
Wloyelssindhh

Turnaround time
=25t06h

(57) Abstract: The present disclosure relates to the field of molecular biology and more specifically to methods for capturing, ampli -

fying and sequencing target polynucleotides on a solid surface.



WO 2015/108663 PCT/US2014/071263

AMPLICON PREPARATION AND SEQUENCING ON SOLID SUPPORTS

BACKGROUND

[0001] The present disclosure relates generally to methods and compositions for nucleic acid
amplification and sequencing and, more specifically to capture and sequencing of target

polynucleotides on a solid support.

[0002] As the information encoded in a polynucleotide (e.g., DNA or RNA) is of paramount
importance to medicine and life science, there exists a need to sequence a polynucleotide rapidly
and inexpensively. At present, commercial sequencing techniques require sample and library
preparation, both of which are laborious. Furthermore, readouts are slower than desired for

many applications. Therefore, throughput is limited and cost is relatively high.

[0003] Thus, there exists a need for more rapid and efficient methods for preparing and
sequencing target polynucleotides. The present disclosure satisfies this need and provides

related advantages as well.

SUMMARY OF EMBODIMENTS

[0004] The disclosure provides a method for amplicon preparation. The method includes: (a)
contacting a nucleic acid sample including a plurality of target polynucleotides with at least one
primer under conditions sufficient for hybridization, the at least one primer containing an
adapter; (b) amplifying by polymerase chain reaction (PCR) the plurality of target
polynucleotides to produce a plurality of amplicons; (c) directly contacting a plurality of target
specific capture primers immobilized on a solid support with the plurality of amplicons under
conditions sufficient for hybridization to produce a first plurality of immobilized amplicons, the
solid support further including a plurality of universal capture primers; (d) extending the
plurality of target specific capture primers to produce a plurality of immobilized extension
products complementary to the target polynucleotides; (e) annealing the plurality of universal
capture primers to the plurality of the immobilized extension products, and (f) amplifying by
PCR the plurality of immobilized extension products to produce a second plurality of
immobilized amplicons, wherein the population of immobilized amplicons includes a uniformity

of 85% or more. The method can be used with 10 ng or less input nucleic acid and can further
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include sequencing the second plurality of immobilized amplicons. The method also
can be used for determining the presence of a gene associated with a disorder or
disease, including a cancer associated gene. Cell free DNA also can be employed in
the method of the disclosure.

[0004a] The disclosure further provides a method for amplicon preparation,
comprising: (a) contacting a nucleic acid sample comprising a plurality of target
polynucleotides with at least one primer under conditions sufficient for hybridization,
said at least one primer containing an adapter; (b) amplifying by multiplex
asymmetrical polymerase chain reaction (PCR) said plurality of target
polynucleotides to produce a plurality of single-stranded amplicons; (c) directly
contacting a plurality of target specific capture primers immobilized on a solid
support with said plurality of amplicons under conditions sufficient for hybridization
to produce a first plurality of immobilized amplicons, said solid support further
comprising a plurality of universal capture primers, wherein said contacting
comprises a substantially unpurified plurality of single-stranded amplicons; (d)
extending said plurality of target specific capture primers to produce a plurality of
immobilized extension products complementary to said first plurality of immobilized
amplicons, wherein said immobilized extension products comprise an adapter portion
complementary to said universal capture primers; (e) annealing said plurality of
universal capture primers to said plurality of immobilized extension products, and (f)
amplifying by PCR said plurality of immobilized extension products to produce a
second plurality of immobilized amplicons, wherein said second plurality of
immobilized amplicons comprises a uniformity of 85% or more.

[0004b] The disclosure further provides a method of determining the presence
of a cancer associated gene, comprising: (a) contacting a nucleic acid sample
comprising a plurality of target polynucleotides with at least one primer under
conditions sufficient for hybridization, said at least one primer containing an adapter;
(b) amplifying by multiplex asymmetrical polymerase chain reaction (PCR) said
plurality of target polynucleotides to produce a plurality of single-stranded amplicons;
(c) directly contacting a plurality of target specific capture primers specific to one or
more different cancer associated genes immobilized on a solid support with said
plurality of single-stranded amplicons under conditions sufficient for hybridization to
produce a first plurality of immobilized amplicons, said solid support further

comprising a plurality of universal capture primers, wherein said contacting
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comprises a substantially unpurified plurality of single-stranded amplicons; (d)
extending said plurality of target specific capture primers to produce a plurality of
immobilized extension products complementary to said first plurality of immobilized
amplicons, wherein said immobilized extension products comprise an adapter portion
complementary to said universal capture primers; (¢) annealing said plurality of
universal capture primers to said plurality of immobilized extension products; (f)
amplifying by PCR said plurality of immobilized extension products to produce a
second plurality of immobilized amplicons, wherein said second plurality of
immobilized amplicons comprises a uniformity of 85% or more, and (g) sequencing
said second plurality of immobilized extension products to determine the presence or
absence of a cancer associated gene.

[0004c] The disclosure further provides a method of detecting a nucleic acid
sequence variant, comprising: (a) contacting a nucleic acid sample comprising a
plurality of target polynucleotides with gene specific forward and reverse primers
under conditions sufficient for hybridization, each species of said gene specific
forward primer comprising a unique sequence index and an adapter; (b) amplifying by
multiplex asymmetrical polymerase chain reaction (PCR) said plurality of target
polynucleotides to produce a plurality of single-stranded amplicons; (¢) directly
contacting a plurality of target specific capture primers immobilized on a solid
support with said plurality of amplicons under conditions sufficient for hybridization
to produce a first plurality of immobilized of amplicons, said solid support further
comprising a plurality of universal capture primers wherein said contacting comprises
a substantially unpurified plurality of single-stranded amplicons; (d) extending said
plurality of target specific capture primers to produce a plurality of immobilized
extension products complementary to said first plurality of immobilized amplicons,
wherein said immobilized extension products comprise an adapter portion
complementary to said universal capture primers; (¢) annealing said plurality of
universal capture primers to said plurality of said immobilized extension products; (f)
amplifying by PCR said plurality of immobilized extension products to produce a
second plurality of immobilized amplicons, wherein said second plurality of
immobilized amplicons comprises a uniformity of 85% or more; (g) sequencing said
second plurality of immobilized amplicons, and (h) eliminating random sequence
errors for one or more target polynucleotide by comparing three or more nucleotide

sequences at a variant position for a target polynucleotide species, wherein said target
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polynucleotide species are identified by said unique sequence index to thereby
determine a true nucleotide sequence variant in said one or more target
polynucleotides.

[0005] The disclosure further provides a method for increasing detection sensitivity of
a nucleic acid sequence variant. The method includes: (a) contacting a nucleic acid
sample including a plurality of target polynucleotides with gene specific forward and
reverse primers under conditions sufficient for hybridization, each species of the gene
specific forward primer including a unique sequence index and an adapter; (b)
amplifying by polymerase chain reaction (PCR) the plurality of target polynucleotides
to produce a plurality of amplicons; (c) directly contacting a plurality of target
specific capture primers immobilized on a solid support with the plurality of
amplicons under conditions sufficient for hybridization to produce a first plurality of
immobilized of amplicons, the solid support further including a plurality of universal
capture primers; (d) extending the plurality of target specific capture primers to
produce a plurality of immobilized extension products complementary to the target
polynucleotides; (e) annealing the plurality of universal capture primers to the
plurality of the immobilized extension products; (f) amplifying by PCR the plurality
of immobilized extension products to produce a second plurality of immobilized
amplicons, wherein the second plurality of immobilized amplicons includes a
uniformity of 85% or more; (g) sequencing the second plurality of immobilized
amplicons, and (h) eliminating random sequence errors for one or more target
polynucleotide by comparing three or more nucleotide sequences at a variant position
for a target polynucleotide species, wherein the target polynucleotide species are
identified by the unique sequence index to thereby determine a true nucleotide
sequence variant in the one or more target polynucleotides. The method can detect a
mismatch rate of 0.3% or less for a variant nucleotide position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is a schematic showing exemplary steps in the preparation and
sequencing of amplicons on a solid support.

[0007] Figure 2 shows a comparison of the sequencing uniformity and the sequencing
depth for two different input amounts of nucleic acid for a multiplex 100 cycle

sequencing run of genomic DNA.
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[0008] Figure 3 shows a comparison of the sequencing uniformity and the sequencing depth
for four different input amounts of nucleic acid for a multiplex 50 cycle sequencing run of DNA

obtained from formalin-fixed, paraffin embedded tissue.

[0009] Figure 4 shows a comparison of the sequencing uniformity and the sequencing depth

for 10 ng of cell free DNA isolated from 1 ml of plasma for a multiplex sequencing run.

[0010] Figure 5 is a schematic exemplifying the use of unique molecular barcodes or
nucleotide indices to distinguish true nucleotide variants over random nucleotide sequencing

CIrors.

[0011] Figure 6 shows a comparison of nucleotide mismatch rates with (right) and without

(left) the use of unique molecular barcode correction.

[0012] Figure 7 is a schematic showing a one step incorporation of an index into a target
polynucleotide through a target specific amplification primer where the index is downstream of a

sequencing primer binding site.

[0013] Figure 8 is a schematic showing a two step incorporation of an index into a target
polynucleotide through a sequencing primer where the index is upstream of the sequencing

primer binding site.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] This disclosure is directed to methods for the rapid and efficient preparation and
sequencing of target polynucleotides. The methods include polymerase chain reaction (PCR)
amplification of target polynucleotides, direct immobilization to a solid support, clonal
amplification and sequencing. They can be employed individually or utilized together in an
integrated procedure that allows rapid sample-to-answer amplicon sequencing. The integrated
method is particularly useful because amplicon library preparation is unnecessary, thereby
eliminating inefficiencies related to ligation. Other particularly useful attributes of the integrated
method for sequencing include, for example, eliminating the need for amplicon purification and

additional enrichment steps following PCR, allows for rapid hybridization step for amplicon
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immobilization, and can be utilized with very small amounts of input nucleic acid while

achieving high quality sequencing results.

[0015] In one specific embodiment, the methods of the disclosure employ multiplex PCR of
a population of target polynucleotides where one primer contains an adapter that is
complimentary to an oligonucleotide immobilized on a solid support. The amplified population
of target polynucleotides are immobilized onto a solid support without first being subjected to a
purification step. Immobilization is by hybridization to target specific capture oligonucleotides
that have been pre-seeded onto the solid support. The adapter end of the amplified population of
target polynucleotides are annealed to the immobilized complimentary oligonucleotides and the
complimentary oligonucleotides are used as a primer in an extension reaction to yield produce a
population of double strand target polynucleotides. Following clonal amplification the target

polynucleotide colonies are subjected to multiplex sequencing consisting of 35 cycles or more.

[0016] As used herein, the term “plurality” refers to a population of two or more different
polynucleotides or other referenced molecule. Accordingly, unless expressly stated otherwise,
the term “plurality” is used synonymously with population. A plurality includes 2, 3, 4, 5, 6, 7,
8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90 or a 100 or more different members of the population. A
plurality also can include 200, 300, 400, 500, 1000, 5000, 10000, 50000, 1x10°, 2x10°, 3x10°,
4x10°, 5x10°, 6x10°, 7x10°, 8 x10°, 9x10°, 1x10° 2x10°% 3x10°, 4x10°, 5x10° 6x10°,
7x10°, 8x10°, 9x10° or 1x10’, or more different members. A plurality includes all integer

numbers in between the above exemplary population numbers.

[0017] As used herein, the term “target polynucleotide” is intended to mean a polynucleotide
that is the object of an analysis or action. The analysis or action includes subjecting the
polynucleotide to copying, amplification, sequencing and/or other procedure for nucleic acid
interrogation. A target polynucleotide can include nucleotide sequences additional to the target
sequence to be analyzed. For example, a target polynucleotide can include one or more adapters,
including an adapter that functions as a primer binding site, that flank(s) a target polynucleotide
sequence that is to be analyzed. A target polynucleotide hybridized to a capture oligonucleotide
or capture primer can contain nucleotides that extend beyond the 5' or 3' end of the capture

oligonucleotide in such a way that not all of the target polynucleotide is amenable to extension.
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In particular embodiments, as set forth in further detail below, a plurality of target
polynucleotides includes different species that differ in their target polynucleotide sequences but
have adapters that are the same for two or more of the different species. The two adapters that
can flank a particular target polynucleotide sequence can have the same sequence or the two
adapters can have different sequences. Accordingly, a plurality of different target
polynucleotides can have the same adapter sequence or two different adapter sequences at each
end of the target polynucleotide sequence. Thus, species in a plurality of target polynucleotides
can include regions of known sequence that flank regions of unknown sequence that are to be
evaluated by, for example, sequencing. In cases where the target polynucleotides carry an
adapter at a single end, the adapter can be located at either the 3' end or the 5' end the target
polynucleotide. Target polynucleotides can be used without any adapter, in which case a primer

binding sequence can come directly from a sequence found in the target polynucleotide.

[0018] As used herein, the term “directly” when used in reference to contacting a plurality of
capture primers is intended to mean that the contacting material is applied to the plurality of
capture primers without a significant intervening purification step following a referenced
procedure. Significant intervening purification steps include those procedures that are intended
to reduce the complexity of cellular components, including reducing the presence of primers,
enzymes and unamplified or incorrectly amplified templates following an amplification reaction,
for example. Significant intervening purification steps is not intended to include modification of
buffers, precipitation of the sample nucleic acids and other minor nucleic acid manipulation

procedures.

[0019] As used herein, the term “capture primers” is intended to mean an oligonucleotide
having a nucleotide sequence that is capable of specifically annealing to a single stranded
polynucleotide sequence to be analyzed or subjected to a nucleic acid interrogation under
conditions encountered in a primer annealing step of, for example, an amplification or
sequencing reaction. Generally, the terms “nucleic acid,” “polynucleotide” and
“oligonucleotide” are used interchangeably herein. The different terms are not intended to
denote any particular difference in size, sequence, or other property unless specifically indicated

otherwise. For clarity of description the terms can be used to distinguish one species of nucleic
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acid from another when describing a particular method or composition that includes several

nucleic acid species.

[0020] As used herein, the term “target specific” when used in reference to a capture primer
or other oligonucleotide is intended to mean a capture primer or other oligonucleotide that
includes a nucleotide sequence specific to a target polynucleotide sequence, namely a sequence
of nucleotides capable of selectively annealing to an identifying region of a target
polynucleotide. Target specific capture primers can have a single species of oligonucleotide, or it
can include two or more species with different sequences. Thus, the target specific capture
primers can be two or more sequences, including 3, 4, 5, 6, 7, 8, 9 or 10 or more different
sequences. The target specific capture oligonucleotides can include a target specific capture
primer sequence and universal capture primer sequence. Other sequences such as sequencing

primer sequences and the like also can be included in a target specific capture primer.

[0021] In comparison, the term “universal” when used in reference to a capture primer or
other oligonucleotide sequence is intended to mean a capture primer or other oligonucleotide
having a common nucleotide sequence among a plurality of capture primers. A common
sequence can be, for example, a sequence complementary to the same adapter sequence.
Universal capture primers are applicable for interrogating a plurality of different polynucleotides
without necessarily distinguishing the different species whereas target specific capture primers

are applicable for distinguishing the different species.

[0022] As used herein, the term “index” when used in reference to a nucleotide sequence is
intended to mean a unique nucleotide sequence that is distinguishable from other indices as well
as from other nucleotide sequences within polynucleotides contained within a sample. A
nucleotide index can be a random or a specifically designed nucleotide sequence. An index can
be of any desired sequence length so long as it is of sufficient length to be unique nucleotide
sequence within a plurality of indices in a population and/or within a plurality of polynucleotides
that are being analyzed or interrogated. A nucleotide index of the disclosure is useful, for
example, to be attached to a target polynucleotide to tag or mark a particular species for
identifying all members of the tagged species within a population. Accordingly, an index is

uscful as a barcode where different members of the same molecular species can contain the same
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index and where different species within a population of different polynucleotides can have

different indices.

[0023] As used herein, the term “immobilized” when used in reference to a nucleic acid is
intended to mean direct or indirect attachment to a solid support via covalent or non-covalent
bond(s). In certain embodiments of the disclosure, covalent attachment can be used, but
generally all that is required is that the nucleic acids remain stationary or attached to a support
under conditions in which it is intended to use the support, for example, in applications requiring
nucleic acid amplification and/or sequencing. Typically, oligonucleotides to be used as capture
primers or amplification primers are immobilized such that a 3' end is available for enzymatic
extension and at least a portion of the sequence is capable of hybridizing to a complementary
sequence. Immobilization can occur via hybridization to a surface attached oligonucleotide, in
which case the immobilised oligonucleotide or polynucleotide can be in the 3' -5' orientation.
Alternatively, immobilization can occur by means other than base-pairing hybridization, such as

the covalent attachment set forth above.

[0024] As used herein, the term “solid support” is intended to mean any insoluble substrate
or matrix to which nucleic acids can be attached, such as for example, latex beads, dextran beads,
polystyrene surfaces, polypropylene surfaces, polyacrylamide gel, gold surfaces, glass surfaces
and silicon wafers. The surface can be any desirable shape including, for example, planar,
spherical or porous suitable for a particular application. For example, the solid support can be a
planar glass surface. The solid support also can be mounted on the interior of a flow cell to allow

the interaction with solutions of various reagents.

[0025] In certain embodiments the solid support can comprise an inert substrate or matrix
which has been chemically functionalized, for example, by the application of a layer or coating
of an intermediate material having reactive groups that permit covalent attachment to
polynucleotides. The intermediate material can be directly or indirectly attached to the solid
support via covalent or non-covalent bonds. By way of non-limiting example for non-covalent
attachment to a solid support, such supports can include polyacrylamide hydrogel layers on an
inert substrate such as glass. In such embodiments the polynucleotides can be covalently

attached directly to the intermediate layer (for example, a hydrogel) but the intermediate layer
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can itself be non-covalently attached to other layers of the substrate or matrix (for example, a

glass substrate).

[0026] The disclosure provides a method for amplicon preparation. The method includes: (a)
contacting a nucleic acid sample having a plurality of target polynucleotides with at least one
primer under conditions sufficient for hybridization, the at least one primer containing an
adapter; (b) amplifying by polymerase chain reaction (PCR) the plurality of target
polynucleotides to produce a plurality of amplicons; (c) directly contacting a plurality of target
specific capture primers immobilized on a solid support with the plurality of amplicons under
conditions sufficient for hybridization to produce a first plurality of immobilized amplicons, the
solid support further having a plurality of universal capture primers; (d) extending the plurality
of target specific capture primers to produce a plurality of immobilized extension products
complementary to the target polynucleotides; (¢) annealing the plurality of universal capture
primers to the plurality of the immobilized extension products, and (f) amplifying by PCR the
plurality of immobilized extension products to produce a second plurality of immobilized
amplicons, wherein said second plurality of immobilized amplicons comprises a uniformity of

85% or more.

[0027] The method of amplicon preparation of the disclosure integrates one or more features
that increases the sample quality of the target polynucleotide or interrogation product thereof to
enable a rapid and efficient multi-step process for the preparation of clonal populations of
immobilized target polynucleotides. Each preparation procedure results in a ready-to-use
plurality of target polynucleotides that can be employed in any of the procedures described

herein.

[0028] A method of the disclosure for amplicon preparation includes contacting a nucleic
acid sample having a plurality of target polynucleotides with at least one primer under conditions

sufficient for hybridization. The at least one primer can contain an adapter.

[0029] A nucleic acid sample can originate from any desired source including eukaryotic or
prokaryotic sources as well as synthetic sources. In certain embodiments, the nucleic acid
sample source will originate from a organism of interest and include genomic deoxyribonucleic

acid (DNA). For example, the sample can originate from a human source where genetic
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information is desirable for diagnostic or therapeutic purposes. Similarly, the sample can
originate from domestic or farm animal sources where genetic information also is desirable for
diagnostic or therapeutic purposes. Other sources for a nucleic acid sample include, for example,
bacteria, yeast, fungi, rodents and the like. Given the teachings and guidance provided herein,
those skilled in the art will understand that any source of nucleic acid can be used in the methods

of the disclosure.

[0030] A target polynucleotide includes any desired nucleic acid to be interrogated. In this
regard, a target polynucleotide includes, for example, genomic DNA, cDNA, cell free DNA
(cfDNA), ESTs, mRNA, hnRNA, rRNA, tRNA, snRNA, mitochondrial DNA and synthetic
DNA or RNA. In particular embodiments, the target polynucleotides are genomic DNA and the

interrogation is applicable for diagnostic information or therapeutic intervention.

[0031] Accordingly, the term “polynucleotide” refers to deoxyribonucleic acid (DNA) and
ribonucleic acid (RNA). The term should be understood to include, as equivalents, analogs of
either DNA or RNA made from nucleotide analogs and to be applicable to single stranded (such

as sense or antisense) and double stranded polynucleotides.

[0032] The target polynucleotide molecules can originate in double-stranded DNA (dsDNA)
form (e.g. genomic DNA fragments, PCR and amplification products and the like) or can have
originated in single-stranded form, as DNA or RNA, and been converted to dSDNA form. By
way of example, mRNA molecules can be copied into double-stranded cDNAs suitable for use in
the method of the disclosure using standard techniques well known in the art. The precise

sequence of the target polynucleotide molecules can be known or unknown.

[0033] The nucleic acid sample can be an initial sample of unenriched genomic DNA. As an
example of genomic DNA useful as a nucleic acid sample, a human genome consists of
approximately 3.1 billion bases of sequence. Exemplary size estimates for other genomes that
can be used in the methods of the disclosure are about 2.7 Gbp (mouse), 2.8 Gbp (rat), 1.7 Gbp
(zebrafish), 165 Mbp (fruitfly), 13.5 Mbp (S. cerevisiae), 390 Mbp (fugu), 278 Mbp (mosquito)
or 103 Mbp (C. elegans). Those skilled in the art will recognize that genomes having sizes other
than those exemplified above including, for example, smaller or larger genomes, can be used in a

method of the disclosure.
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[0034] In a particular embodiment, the target polynucleotide molecules are DNA molecules.
More particularly, the target polynucleotide molecules represent the entire genetic complement
of an organism, and are genomic DNA molecules which include both intron and exon sequences
(coding sequence), as well as non-coding regulatory sequences such as promoter and enhancer
sequences. Particular sub-sets of polynucleotide sequences or genomic DNA can also be used,
such as particular chromosomes. Yet more particularly, the sequence of the target
polynucleotide molecules or a portion thereof can be a target sequence. Still yet more
particularly, the target polynucleotide molecules are genomic DNA molecules, for example, from
human, mammalian, bacterial, fungal or plant genomic DNA as exemplified previously.
Accordingly, the disclosure provides a method employing a plurality of polynucleotides wherein

the plurality of target polynucleotides include a plurality of genomic nucleic acids.

[0035] In certain embodiments, the target polynucleotides correspond to genomic DNA
obtained from a subject having or suspected of having a disorder or disease. In other
embodiments, the target polynucleotides correspond to genomic DNA obtained from a subject
suspected of having a disorder or disease. Yet in other embodiments, the target polynucleotides
correspond to genomic DNA obtained from a subject where there is no indication of having a
disorder or disease. In the former embodiment, the methods of the disclosure can be used, for
example, to confirm the presence of the disorder or disease. In the latter two embodiments, the
methods of the disclosure can be used, for example, to determine the likelihood or prevalence of

a disorder or disease.

[0036] The disorder or disease being tested can be any disorder or disease that can be
genetically determined or assessed for prevalence or likelihood. Such disorders or diseases
include all genetically inherited disorders or discases as well as all disorders or diseases that can
be caused by, or correlated with, a genetic alteration or a specific gene allele. Genetic alterations
include, for example, one or more nucleic acid mutations. Such diseases or disorders are well
known to those skilled in the art. For example, there are more than 19,000 known genes
associated with genetic disorders or diseases (see, for example, GENECARDS, Weizmann
Institute of Science, date of access January 6, 2014. URL: genecards.org/cgi-

bin/listdiseasecards.pl?type=full. The presence or absence of any or all of these genes or genetic

10
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mutations in a subject can be assessed employing, for example, genomic DNA from that subject

in the methods of the disclosure.

[0037] Exemplary genetically inheritable disorders or diseases include cancer, Cystic
Fibrosis, Down Syndrome, Duchenne Muscular Dystrophy, Hemophilia, neurofibromatosis, Tay-
Sachs disease, Alzheimer, Parkinson's disease, Huntington's disease, Achondroplasia, Alpha-1
Antitrypsin Deficiency, Antiphospholipid Syndrome, Autism, Autosomal Dominant Polycystic
Kidney Disease, Charcot-Marie-Tooth, Cri du chat, Crohn's Disease, Dercum Disease, Duane
Syndrome, Factor V Leiden Thrombophilia, Familial Hypercholesterolemia, Familial
Mediterranean Fever, Fragile X Syndrome, Gaucher Disease, Hemochromatosis, Hereditary
Spherocytosis, Holoprosencephaly, Klinefelter syndrome, Marfan syndrome, Myotonic
Dystrophy, Noonan Syndrome, Osteogenesis imperfect, Phenylketonuria, Poland Anomaly,
Porphyria, Polycystic Kidney Disease, Primary Ciliary Dyskinesia, Progeria, Retinitis
Pigmentosa, Rett Syndrome, Severe Combined Immunodeficiency (SCID), Sickle cell disease,
Spinal Muscular Atrophy, Thalassemia, Trimethylaminuria, Turner Syndrome, Variegate

Porphyria, Velocardiofacial Syndrome, WAGR Syndrome and Wilson Disease.

[0038] Exemplary cancers include breast cancer, bladder cancer, colon cancer, colorectal
cancer, gastric cancer, gastrointestinal stromal tumor, inflammatory myofibroblastic tumor,
kidney cancer, leukemia, lymphoma, lung cancer, retinoblastoma, skin cancer including
melanoma, prostate cancer, neurofibromatosis, ovarian cancer, rhabdomyosarcoma and thyroid

cancer.

[0039] One useful source of genomic DNA from a subject to determine the presence,
absence or predisposition of a genetic disorder or disease includes cfDNA. Cell free DNA is
well known in the art. For example, in addition to the well known presence of fetal nucleic acids
in the maternal circulation, it is also well known in the art that other nucleic acids can be isolated
and amplified from serum. In this regard, Mulcahy et al., LANCET 348: 628 (1996), Cancer and
Mutant DNA in Blood Plasma, reviewed, inter alia, several reports that showed the presence of
circulating DNA in the plasma (Chen et al.) and serum (Narwoz et al.) of cancer patients and
also pointed out that the occurrence of freely circulating genetic material with increased amounts

having been described in subjects with cancer as well as autoimmune diseases. Moreover, the
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finding of cell free circulating DNA also is not unique to disease states. Emanuel and Pestka,
GATA 10(6):144-146 (1993), Amplification of Specific Gene Products from Serum describe the
presence of free DNA in serum of healthy individuals and in amounts sufficient to perform
genetic analysis by PCR. In addition, Shapiro, Determination of Circulating DNA Levels in
Patients with Benign or Malignant Gastrointestinal Disease, Cancer 51(11):2116-20 (1983),
report that serum DNA concentration is markedly elevated in malignancy and moderately

clevated in benign gastrointestinal disease.

[0040] Accordingly, the disclosure provides a method for determining the presence of a
cancer associated gene. The method includes: (a) contacting a nucleic acid sample including a
plurality of target polynucleotides with at least one primer under conditions sufficient for
hybridization, the at least one primer containing an adapter; (b) amplifying by polymerase chain
reaction (PCR) the plurality of target polynucleotides to produce a plurality of amplicons; (c)
directly contacting a plurality of target specific capture primers specific to one or more different
cancers immobilized on a solid support with the plurality of amplicons under conditions
sufficient for hybridization to produce a first plurality of immobilized amplicons, the solid
support further comprising a plurality of universal capture primers; (d) extending the plurality of
target specific capture primers to produce a plurality of immobilized extension products
complementary to the target polynucleotides; (¢) annealing the plurality of universal capture
primers to the plurality of the immobilized extension products; (f) amplifying by PCR the
plurality of immobilized extension products to produce a second plurality of immobilized
amplicons, wherein the population of immobilized amplicons includes a uniformity of 85% or
more, and (g) sequencing the second plurality of immobilized extension products to determin the
presence or absence of a cancer associated gene. The plurality of target polynucleotides can be

10 ng or less input nucleic acid and the input nucleic acid can be cfDNA.

[0041] The target polynucleotide molecules can be treated chemically or enzymatically either
prior or subsequent to any of the methods described herein. In the methods described herein, the
nucleic acid samples can be fragmented or can be used without fragmentation. The samples can
be subjected to an amplification prior to use, for example a whole sample amplification

technique such as random primer extension.
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[0042] The plurality of target polynucleotides can be contacted with at least one primer.
Figure 1, panel 1, illustrates an exemplary configuration where each member in a plurality of
target polynucleotides is contacted and hybridized to a pair of primers for amplification by
polymerase chain reaction (PCR). As described further below, the target polynucleotides can be
hybridized to a single primer when asymmetric PCR is desired. As illustrated in Figure 1, panel
1, at least one primer also contains an adapter that can be used in, for example, downstream
procedures. Accordingly, the disclosure provides a method of amplification using two primers
and resulting in exponential amplification. One or both primers can contain an adapter. Also
provided is a method of amplification wherein a plurality of target polynucleotides is amplified
using one primer, resulting in asymmetrical amplification. The one primer can contain an

adapter.

[0043] Generally amplification reactions employ two primers, often denoted forward and
reverse primers. Amplification primers are typically single stranded polynucleotide structures.
They can also contain a mixture of natural or non-natural bases and also natural and non-natural
backbone linkages, provided, at least in some embodiments, that any non-natural modifications
do not permanently or irreversibly preclude function as a primer. Amplification primers have the
ability to anneal to a template polynucleotide strand during conditions of an extension or
amplification reaction and to act as an initiation point for the enzymatic synthesis of a new

polynucleotide strand complementary to the annealed template strand.

[0044] Primers can additionally include non-nucleotide chemical modifications, for example,
to facilitate covalent attachment of the primer to a solid support if desirable. Certain chemical
modifications can themselves improve the function of the molecule as a primer or can provide
some other useful functionality, such as providing a cleavage site that enables the primer (or an
extended polynucleotide strand derived therefrom) to be cleaved from a solid support. Useful
chemical modifications can also provide reversible modifications that prevent hybridization or

extension of the primer until the modification is removed or reversed.

[0045] The primers can be designed such that the 5' ends and the 3' ends carry a region of
known sequence. The known sequence can be an universal sequence as the term is used herein

and therefore have a common sequence among a plurality of oligonucleotides. Alternatively, for
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example, it can be a known, but unique sequence among a plurality of oligonucleotides. A
universal sequence at can serve as a convenient site for the hybridization of a primer to enable
the amplification of multiple different sequences using a single primer pair complementary to the
universal sequence. Further, a universal sequence also can serve as an adapter complementary
to, for example, a capture primer and allow immobilization of the adapter containing
polynucleotide to the capture primer in embodiments where the capture primer is attached to a
solid support. Figure 1, panel 1, illustrates a universal sequence as an adapter as the thick
portion on the bottom primers. The top primers also are illustrated as containing a sequence that
does not hybridize with the target polynucleotide. This region can be a universal or other
sequence and can have known or unknown sequence if it is a sequence other than a universal

sequence.

[0046] In one embodiment, following hybridization of the at least one primer, the plurality of
target polynucleotides can be subjected to amplification by, for example, PCR. The PCR
amplification can be performed with a forward and reverse primer as illustrated in Figure 1,
panel 1, to result in exponential amplification of the target polynucleotides. The PCR
amplification also can be performed with one primer to result in asymmetric or linear
amplification of the target polynucleotides. Asymetric amplification is useful to produce single
stranded amplicons of the plurality of target polynucleotides. The product of an amplification
reaction described herein is referred to as an amplicon. Accordingly, amplification of a plurality
target polynucleotides will produce a plurality of amplicons having the same nucleotide sequence

has their template.

[0047] Although exemplified herein with general reference to PCR amplification reactions,
given the teachings and guidance provided herein, those skilled in the art will know that other
methods for amplifying nucleic acids, including various different types of PCR methods, are
amendable to being used in the amplification steps disclosed herein. For example, amplification
reactions that employ hybridization of an oligonucleotide to the target polynucleotide are useful
in the amplification steps disclosed herein because they can include an adapter, for example, to
allow hybridization to a capture primer. Such other amplification reactions, including different
types of PCR methods include, for example, multiplex PCR, digital PCR (dPCR), dial-out PCR,
allele-specific PCR, asymmetric PCR, helicase-dependent amplification, hot start PCR, ligation-
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mediated PCR, miniprimer PCR, multiplex ligation-dependent probe amplification (MLPA),
nested PCR, quantitative PCR (qPCR), reverse transcription PCR (RT-PCR), solid phase PCR,
ligase chain reaction, strand displacement amplification (SDA), transcription mediated
amplification (TMA) and nucleic acid sequence based amplification (NASBA), as described in
U.S. Patent No. 8,003,354.

[0048] Multiplex methods for polynucleotide interrogation are particularly useful methods
for manipulating and analyzing pluralities of target polynucleotides because they allow
interrogation of many different species of target polynucleotides in a single reaction. Multiplex
methods include, for example, multiplex amplification and multiplex sequencing. Other

multiplex nucleic acid interrogation methods are well known in the art.

[0049] With exemplary reference to multiplex-PCR the multiplex amplification consists of
multiple primer sets within a single target polynucleotide mixture to produce amplicons of
varying sizes that are specific to different target polynucleotide sequences. By targeting
multiple, different target polynucleotides simultaneously, sequence information can be obtained
on a plurality of target polynucleotides from a single amplification reaction that otherwise would
require several times the reagents and more time to perform. Annealing temperatures for each of
target specific primer sets can be optimized to work correctly within a single reaction, and
amplicon sizes (i.c., base pair length) can be the same or different length. Multiplexing kits for
PCR are available commercially and are well known in the art. The number of different target
polynucleotide species can vary depending on the desired application. For example, multiplex
amplification can be performed on 25, 50, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250,
260, 270, 280, 290, 300, 320, 340, 360, 380, 400, 450, 500, 600, 700, 800, 900, 1000 or more
different species of target polynucleotides. Multiplex amplification also can be performed on a
plurality of target polynucleotides corresponding to any integer within the above range. Thus,
the disclosure also provides a plurality of target polynucleotides having the above number or a
larger number of different members of target polynucleotides, including a plurality of target

polynucleotides having 200 or more different nucleotide sequences.

[0050] Accordingly, the disclosure provides a method of amplification of a plurality of target

polynucleotides wherein the method includes multiplex amplification. The multiplex
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amplification can be multiplex PCR. The disclosure also provides a method of multiplex

amplification having a multiplexcity of 180 or more different target polynucleotide species.

[0051] Other suitable methods for amplification of nucleic acids can include oligonucleotide
extension and ligation, rolling circle amplification (RCA) (Lizardi et al., Nat. Genet. 19:225-232
(1998)) and oligonucleotide ligation assay (OLA) (See generally U.S. Pat. Nos. 7,582,420,
5,185,243, 5,679,524 and 5,573,907; EP 0 320 308 B1; EP 0 336 731 B1; EP 0 439 182 B1; WO
90/01069; WO 89/12696; and WO 89/09835,) technologies. As a non-limiting example of
primer extension and ligation primers that can be specifically designed to amplify a nucleic acid
of interest, the amplification can include primers used for the GoldenGate assay (Illumina®, Inc.,

San Diego, CA) as exemplified by U.S. Pat. No. 7,582,420 and 7,611,869.

[0052] Exemplary isothermal amplification methods that can be used in a method of the
present disclosure include, but are not limited to, Multiple Displacement Amplification (MDA)
as exemplified by, for example Dean et al., Proc. Natl. Acad. Sci. USA 99:5261-66 (2002) or
isothermal strand displacement nucleic acid amplification exemplified by, for example U.S. Pat.
No. 6,214,587, each of which is incorporated herein by reference in its entirety. Another non-
PCR-based methods that can be used in the present disclosure include, for example, strand
displacement amplification (SDA) which is described in, for example Walker et al., Molecular
Methods for Virus Detection, Academic Press, Inc., 1995; U.S. Pat. Nos. 5,455,166, and
5,130,238, and Walker et al., Nucl. Acids Res. 20:1691-96 (1992) or hyperbranched strand
displacement amplification which is described in, for example Lage et al., Genome Research
13:294-307 (2003). Isothermal amplification methods can be used with the strand-displacing Phi
29 polymerase or Bst DNA polymerase large fragment, 5'->3' exo™ for random primer
amplification of genomic DNA. The use of these polymerases takes advantage of their high
processivity and strand displacing activity. High processivity allows the polymerases to produce
fragments that are 10-20 kb in length. As set forth above, smaller fragments can be produced
under isothermal conditions using polymerases having low processivity and strand-displacing
activity such as Klenow polymerase. Additional description of amplification reactions,
conditions and components are set forth in detail in the disclosure of U.S. Patent No. 7,670,810,

which is incorporated herein by reference in its entirety.
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[0053] Another nucleic acid amplification method that is useful in the present disclosure is
Tagged PCR which uses a population of two-domain primers having a constant 5' region
followed by a random 3' region as described, for example, in Grothues et al. Nucleic Acids Res.
21(5):1321-2 (1993). The first rounds of amplification are carried out to allow a multitude of
initiations on heat denatured DNA based on individual hybridization from the randomly-
synthesized 3' region. Due to the nature of the 3' region, the sites of initiation are contemplated
to be random throughout the genome. Thereafter, the unbound primers can be removed and

further replication can take place using primers complementary to the constant 5' region.

[0054] The above exemplary amplification methods can be employed to amplify one or more
target polynucleotides, including a plurality of target polynucleotides. The target
polynucleotides can be amplified in solution or immobilized on a solid support to produce a

plurality of amplicons free in solution or a plurality of amplicons immobilized to a solid support.

[0055] The input amount for a plurality of target polynucleotides in an amplification reaction
can range from micrograms (p1g) to nanograms (ng) or lower. In some embodiments, the starting
amount for a plurality of target polynucleotides can be, for example, 100 pg or more of input
nucleic acid. The starting amount also can be, for example, 10, 20, 30, 40, 50, 60, 70, 80 or 90
ug of input nucleic acid. In other embodiments, the starting amount of input nucleic acid can be
in the nanogram range, including the low nanogram range. In such embodiments, the starting
amount for a plurality of target polynucleotides can be, for example, 100 ng or less of input
nucleic acid. The starting amount also can be, for example, 90, 80, 70, 60, 50, 40, 30, 20 or 10
ng or less of input nucleic acid. In other embodiments, the starting the starting amount for a
plurality of target polynucleotides can be, for example, 9, 8, 7, 6, 5, 4, 3, 2, or 0.5 ng or less of
input nucleic acid. The starting amount also can be any amount in between the above exemplary
amounts. Accordingly, the disclosure provides a method wherein a plurality of target
polynucleotides includes 10 ng or less input nucleic acid for an amplification reaction. Further,
the plurality of target polynucleotides can be 1 ng input nucleic acid or 1 ng or less input nucleic

acid for an amplification reaction.

[0056] In some embodiments, a plurality of immobilized target specific capture primers are

contacted with a plurality of amplicons under conditions sufficient for hybridization. The target
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specific region of the target specific capture primers can be designed to anneal to one or more
regions of a target polynucleotide. The hybridized target polynucleotide capture primers will

become immobilized through the target specific capture primer.

[0057] Figure 1, panel 2, exemplifies a plurality of target specific capture primers
immobilized to a solid support. In this illustration, the target specific capture primers are longer
than other capture primers immobilized to the solid support. Those skilled in the art will
understand that it is inconsequential whether the target specific capture primers are longer,
shorter or of the same length as other capture primers that are immobilized to the solid support.
Rather, any capture primer will have a sequence necessary to perform its function. Target
specific capture primers function to anneal, either selectively or specifically, to its target
polynucleotide. Other capture primers such as certain universal capture primers function to

anneal to a known sequence such as an adapter, primer binding site or other known sequence.

[0058] Each member within a plurality of target specific capture primer can have the same
target specific sequence or a different target specific sequences. In the former embodiment, a
plurality of target specific capture primers will anneal to and capture a plurality of the same
species of target polynucleotides. In the latter embodiment, a plurality of target specific capture
primers will anneal to and capture a plurality of different species of target polynucleotides.
Generally, the target specific region of a capture primer is designed to be complementary to the
same region for a particular member of a plurality of target polynucleotides. However, the target
specific region also can be designed to be complementary to different nucleotide sequences
within a particular target polynucleotide. Accordingly, given the teachings and guidance
provided herein, those skilled in the art will understand what composition of members are to be

included in a plurality of target specific capture primers are needed for a particular application.

[0059] The plurality of target specific capture primers can be large or small. Those skilled in
the art will understand that a plurality of target specific capture primers will contain at least one
target specific capture primer for each target polynucleotide that is desired to be captured. A
plurality can also include multiple target specific capture primers to the same target
polynucleotide species, including multiple target specific capture primers for some or all target

polynucleotides species within a plurality of target polynucleotides. Accordingly, the disclosure
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provides a plurality of target specific capture primers that includes 2, 3, 4, 5,6, 7, 8, 9, 10, 20,
30, 40, 50, 60, 70, 80, 90, 100 or 200 or more different members of the population. A plurality
of target specific capture primers also can include, for example, 300, 400, 500, 1000, 5000,
10000, 50000, 1x10°, 2x10°, 3x10°, 4x10°, 5x10°, 6x10°, 7x10°, 8 x10°, 9x10°, 1x10°,
2x10°%, 3x10°, 4x10°, 5x10° 6x10° 7x10° 8x10° 9x10°or 1x10’, or more different
members. A plurality of target specific capture primers also can include all integer numbers in
between the above exemplary population numbers. Accordingly, the disclosure provides a

plurality of target specific capture primers having 200 or more different nucleotide sequences.

[0060] The plurality of target specific capture primers can be immobilized to a solid support
as illustrated in Figure 1, panel 2. The plurality of target specific capture primers also can be
used free in solution and subsequently immobilized to a solid support by, for example,
hybridization to a capture primer having a universal sequence complementary to a second region

on the target specific capture primer.

[0061] In the specific embodiment where the plurality of target specific capture primers are
first immobilized to a solid support as exemplified in Figure 1, panel 2, the target specific
capture primers can be attached directly to the solid support as illustrated. Alternatively, the
target specific capture primers can be generated on the solid support from universal capture
primers. In this regard, the thicker portion of the capture primers represent a universal sequence
that are pre-seeded to a solid support. A target specific capture primer or a plurality of target
specific capture primers having a complimentary region to the universal primer can be, for
example, annealed to the universal capture primer and then extended to produce the full length
target specific capture primer or plurality of target specific capture primers as illustrated in

Figure 1, panel 2.

[0062] Embodiments employing immobilized target specific capture primers are useful
because they allow for normalization of a plurality of amplicons. For example, the solid support
can be generated so that it contains a standard copy number of each species of target specific
capture primers, thus, allowing capture of a standard copy number of target polynucleotides or
amplicons thereof. The standard copy number of target specific capture primers can vary and

can be designed so that a standard copy number of both abundant and rare target polynucleotide
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species are captured at equal frequency. In other embodiments, the different species of target
specific capture primers are not standardized and can be immobilized in any desired ratio,
including random. Given the teachings and guidance provided herein, those skilled in the art
will know whether a standardized copy number, including an equal number copy number, or

other ratio of different species of target specific capture primers are desirable for a particular use.

[0063] In addition to having a plurality of target specific capture primers, a solid support also
can include a plurality of other types of capture primers as illustrated in Figure 1, panel 2. The
plurality of capture primers can have the same or different sequences. Figure 1, panel 2,
illustrates two pluralities of universal capture primers (filled and stippled thick sections of
vertical oligonucleotide). In this exemplary embodiment, one plurality of universal capture
primers is complementary to the adapter added to the plurality of target polynucleotides. The
universal capture primers are useful for capturing, for example, a plurality of target
polynucleotides or amplicons thereof containing the adapter. The universal capture primers also
are useful, for example, for performing bridge amplification as illustrated in Figure 1, panel 3,
and described further below. A solid support can contain 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 or more

different pluralities of universal capture primers.

[0064] Thus, the disclosure provides a plurality of target polynucleotides and/or amplicons
thereof having an adapter that is complementary to a plurality of universal capture primers. The
solid support can include a first, second or larger number of different pluralities plurality of
universal capture primers. Also provided is a plurality of target specific capture primers further
having a universal capture primer region. The universal capture primer region can have a

nucleotide sequence corresponding to a first or second plurality of universal capture primers.

[0065] Accordingly, in some embodiments, the methods of this disclosure include providing
a solid support having a plurality immobilized target specific capture primers. In some

embodiments, providing a solid support includes immobilizing the target specific capture primer
onto the solid support. In some embodiments, the plurality of target specific capture primers are

immobilized directly onto the solid support.

[0066] In some embodiments, the target specific capture primer is assembled on the solid

support in one or more steps. In some embodiments, the immobilization of a target specific
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capture primer includes immobilizing a universal capture primer onto the solid support. In
certain embodiments, the immobilization of the target specific capture primer further includes
converting the immobilized universal capture primer into the target specific capture primer. In
certain embodiments the immobilization of the target specific capture primer further includes
annealing a splint oligonucleotide with the universal capture primer, wherein the splint
oligonucleotide includes a universal region complementary to a universal region of a target
specific capture primer and a target specific region complementary to a target specific region in a
target nucleotide. In certain embodiments, the immobilization of the target specific capture
primer further includes extending the universal capture primer to produce a target specific

capture primer.

[0067] In some embodiments, the target specific capture primer is immobilized in
combination with other target specific capture primers. In some embodiments, the target specific
capture primer includes a plurality of target specific capture primers. In some embodiments, the
plurality of target specific capture primers includes only two types of target specific capture
primers. For example, the target specific capture primers include either one of two universal
capture regions, such as P5 or P7 regions and one target specific region. A P35 region includes
the nucleotide sequence 5’- AATGATACGGCGACCACCGA-3’. A P7 region includes the
nucleotide sequence 5’-CAAGCAGAAGACGGCATACGA-3’. In certain embodiments, the
oligonucleotide is the reverse complement of the P5 region sequence (“anti-P5”: 5°-
TCGGTGGTCGCCGTATCATT-3’) or the P7 region sequence (“‘anti-P7”: 5°-
TCGTATGCCGTCTTCTGCTTG-3’) capture primer. In certain embodiments, the
oligonucleotide can hybridize with Illumina® capture primers P5 (paired end) (5'-
AATGATACGGCGACCACCGAGAUCTACAC-3") or P7 (paired end) (5'-
CAAGCAGAAGACGGCATACGA(8-0x0-G)AT-3"). In certain embodiments, the
oligonucleotide can hybridize with the reverse complement of the Illumina® capture primer
P5(paired end) ("anti-P5(paired end)": 5'-GTGTAGATCTCGGTGGTCGCCGTATCATT-3") or
P7(paired end) ("anti-P7(paired end)": 5'-ATCTCGTATGCCGTCTTCTGCTTG-3").

[0068] In other embodiments the plurality of target specific capture primers includes a
population of different members. In certain embodiments, the population of target specific

capture primers can include more than 10, 100, 1,000, 10,000, 100,000, 1,000,000, 10,000,000
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different members. In certain embodiments, the target specific capture primers differ in the
sequences included in the target specific capture regions. In certain embodiments, the target

specific capture primers target different target polynucleotides.

[0069] In some embodiments of this disclosure, the immobilized target specific capture
primer includes a plurality of immobilized target specific capture primers and the target

polynucleotide includes a plurality of target polynucleotides.

[0070] In some embodiments, essentially all immobilized capture primers are target specific
capture primers. In other embodiments, the target specific capture primer is immobilized in
combination with universal capture primers. In certain embodiments, an excess of target specific
capture primers is immobilized. In certain embodiments, the excess of target specific capture
primers over universal capture primers is greater than 2:1, 3:1, 5:1, 10:1, 50:1, 100:1, 500:1,
1,000:1, 10,000:1, 50:000:1 or 100,000:1. In certain embodiments, an excess of universal
capture primers is immobilized. In certain embodiments, the excess of universal capture primers
over target specific capture primers is greater than 2:1, 3:1, 5:1, 10:1, 50:1, 100:1, 500:1,
1,000:1, 10,000:1, 50:000:1 or 100,000:1.

[0071] In certain embodiments directed to determining the presence, absence or
susceptibility of a genetic disorder or disease, the plurality of target specific capture primers can
be directed to one or more genes associated with such genetic disorders or diseases. Such
genetic disorders or diseases include any of those exemplified previous or well known in the art.
For example, a plurality of target specific capture primers can be directed to two or more
disorders to detect the presence, absence or susceptibility of multiple different disorders or
diseases. Thus, a panel of target specific capture primers can be utilized to detect multiple
different diseases. The panel can include members within a plurality of target specific capture
primers that are specific to 2, 3,4, 5,6,7,8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or 200 or

more genes associated with different or the same genetic disorder or disease.

[0072] By way of exemplification with reference to a panel of genes associated with cancer,
a plurality of target specific capture primers can include any combination of the following cancer
associated genes, including all combinations and/or permutations: AKT1, CTNNBI, FLT3,
KRAS, PTPN11, SRC, ALK, EGFR, GNAS, MLH1, RB1, STK11, ATM, ERBB2, HNF1A,
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MPL, RAD50, TP53, BRAF, ERBB4, IDH1, NRAS, RET, VHL, BRCA1, FBXW7, JAK3,
PIK3CA, SMAD4 , CDHI, FGFR2, KIT, PTEN, SMARCBI1, ABLI, CSFIR, GNA11,
JAK2, NOTCHI1, SMO, APC, FGFR1, GNAQ, KDR, NPM1, CDKN2, FGFR3, HRAS, MET
and/or PDGFRA.

[0073] Accordingly, the disclosure provides a method for determining the presence of a
cancer associated gene wherein a plurality of target specific capture primers include two or more
different nucleotide sequences selected from the following genes: AKT1, CTNNBI, FLT3,
KRAS, PTPN11, SRC, ALK, EGFR, GNAS, MLHI, RB1, STK11, ATM, ERBB2, HNF1A,
MPL, RAD50, TP53, BRAF, ERBB4, IDH1, NRAS, RET, VHL, BRCA1, FBXW7, JAK3,
PIK3CA, SMAD4, CDH1, FGFR2, KIT, PTEN, SMARCB1, ABL1, CSF1R, GNA11, JAK2,
NOTCHI1, SMO, APC, FGFR1, GNAQ, KDR, NPM1, CDKN2, FGFR3, HRAS, MET and
PDGFRA. The plurality of target specific capture primers can be nucleotide sequences for each
of the following genes: AKT1, CTNNBI, FLT3, KRAS, PTPN11, SRC, ALK, EGFR, GNAS,
MLHI1, RB1, STK11, ATM, ERBB2, HNF1A, MPL, RAD50, TP53, BRAF, ERBB4, IDH1,
NRAS, RET, VHL, BRCA1, FBXW7, JAK3, PIK3CA, SMAD4, CDH1, FGFR2, KIT, PTEN,
SMARCBI, ABL1, CSFIR, GNA11, JAK2, NOTCHI1, SMO, APC, FGFR1, GNAQ, KDR,
NPM1, CDKN2, FGFR3, HRAS, MET and PDGFRA.

[0074] In some embodiments, a plurality of amplicons is directly applied or contacted to a
plurality of target specific capture primers following an amplification procedure including, for
example, directly contacting a plurality of target specific capture primers immobilized to a solid
support. Accordingly, the plurality of amplificons can be applied to a plurality of capture
primers without a significant intervening purification step and can be a partially or substantially
unpurfied plurality of amplicons. In this embodiment, the plurality of amplicons can therefore
include in the mixture cellular components, including a high ration of cellular components,

primers, amplification enzymes and unamplified or incorrectly amplified polynucleotides.

[0075] In other embodiments, a plurality of amplicons can be purified, either partially or
completely, prior to contacting a plurality of target specific capture primers. Such nucleic acid

purification procedures are well known to those skilled in the art and include, for example,
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precipitation, filtration and chromatography to remove cellular components such as

macromolecules, salts and the like.

[0076] The conditions sufficient for hybridization of a plurality of target specific capture
primers including, for example, a plurality of target specific capture primers immobilized on a
solid support, can have an incubation or annealing period ranging from minutes to an hour or
more. Shorter hybridization times are useful for efficiently proceeding to any subsequent step or
steps in an integrated procedure. In some embodiments, the hybridization time can be, for
example, 60 minutes or less. The hybridization time also can be, for example, 50, 45, 40, 35, 30,
25,20,19, 18,17, 16, 15, 14, 13, 12, 11 or 10 minutes or less. The hybridization also can be, for
example, shorter than 10 minutes including 9, 8, 7, 6 or 5 minutes for example. The
hybridization time additionally be any period in between the above exemplary time periods.
Accordingly, the disclosure provides a method wherein conditions sufficient for hybridization
include incubation or annealing time of target specific capture primers to amplicons or other

polynucleotides for 10 minutes or less.

[0077] In some embodiments, a plurality of amplicons can be double stranded prior to
contacting to a plurality of target specific capture primers. To allow for annealing and capture
by the target specific capture primers the plurality of amplicons can be denatured by, for
example, high temperature or chemical reagents that that reduce Tm to separate the two strands
of a double stranded polynucleotide. Stand separation, including partial strand separation, can be
performed, for example, prior to or simultaneous with contacting a plurality target specific
capture primers. In other embodiments, the plurality of amplicons can be single stranded. In
such single strand embodiments a strand separation step is unnecessary, but can be usefully

employed to remove secondary structures within the single strand.

[0078] Following amplicon capture by annealing to a target specific capture primer
immobilized on a solid support to produce an immobilized plurality of amplicons, for example,
the immobilized plurality of amplicons can be partially double stranded and partially single
stranded. As illustrated in Figure 1, panel 3, the left most immobilized amplicon is hybridized to
a target specific capture probe and the non-complementary regions remain single stranded. An

immobilized amplicon including an immobilized plurality of amplicons can be made double
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stranded by enzymatic extension from the target specific capture primer. Such a double stranded
extension product is illustrated in the middle immobilized amplicon of Figure 3, panel 3.
Extension reactions are well known in the art and are exemplified further below and in the

Examples.

[0079] In a next step according to a particular embodiment of the present disclosure, the
immobilized plurality of amplicons can undergo further procedures. Such further procedures
include amplification or sequencing, for example. In certain embodiments, the first plurality of
immobilized amplicons are amplified using any of the previously described methods or other
methods well known in the art to generate a second plurality of immobilized amplicons. When
immobilized on a solid support, one particularly useful amplification procedure includes bridge
amplification. As illustrated in Figure 1, panel 3, the double stranded or partially double
stranded amplicons produced from an extension reaction, for example, are denatured and the
immobilized strand annealed to a universal capture primer through hybridization to an adapter as
exemplified. The resulting structure is immobilized at both ends to create a bridge and the
universal capture primer can be extended and then amplified using, for example, a universal
primer region contained in the target specific capture primer. This second universal capture
primer can be different than the first universal primer complementary to the adapter sequence.
The strand that is not immobilized can, for example, be washed away. Accordingly, the method

of the disclosure provides an amplification method that includes bridge amplification.

[0080] The bridge amplification methods described herein result in a uniform cluster or
colony number for amplicons within a plurality. Cluster uniformity is illustrated in Figures 2 and
3, and described further below in the Examples. Accordingly, the disclosure provides a method
of amplification of an immobilized polynucleotides wherein the uniformity includes 80, 81, 82,

83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94 or 95 or more at 0.1 mean.

[0081] In bridge amplification, for example, suitable conditions are applied to the
immobilized single stranded extension product, including an immobilized plurality of single
stranded extension products, such that the single stranded extension product anneals to an
immobilized universal capture primer to form a complex in the form of a bridge structure.

Suitable conditions such as neutralising and/or hybridising buffers are well known in the art (See
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Sambrook and Russell, Molecular Cloning, A Laboratory Manual, third edition, Cold Spring
Harbor Laboratory Press (2001)); Ausubel et al., Current Protocols in Molecular Biology, John
Wiley and Sons, Baltimore, Md. (1998)). The neutralizing and/or hybridizing buffer can then be

removed.

[0082] Next by applying suitable conditions for extension an extension reaction is
performed. The amplification oligonucleotide of the complex is extended by sequential addition
of nucleotides to generate an extension product complementary to the single stranded
polynucleotide molecule. The resulting duplex is immobilised at both ends such that each strand

s immobilised.

[0083] Suitable conditions such as extension buffers/solutions comprising an enzyme with
polymerase activity are well known in the art (See Sambrook et al., supra; Ausubel et al. supra) .
This bridge amplification technique can be carried out as described, for example, in US

7,115,400 and US 2005/0100900 Al, the contents of which are incorporated herein by reference.

[0084] Examples of enzymes with polymerase activity which can be used in the present
disclosure are DNA polymerase (Klenow fragment, T4 DNA polymerase) , heat-stable DNA
polymerases from a variety of thermostable bacteria (such as Taq, VENT, Pfu, or Tfl DNA
polymerases) as well as their genetically modified derivatives (TaqGold, VENTexo, or Pfu exo) .
A combination of RNA polymerase and reverse transcriptase can also be used to generate the
extension products. Particularly the enzyme can in these and related embodiments have strand
displacement activity, more particularly the enzyme can be active at a pH of about 7 to about 9,
particularly pH 7.9 to pH 8.8, yet more particularly the enzymes are in certain exemplary

embodiments Bst or Klenow.

[0085] The nucleoside triphosphate molecules used are typically deoxyribonucleotide
triphosphates, for example dATP, dTTP, dCTP, dGTP, or are ribonucleoside triphosphates for
example ATP, UTP, CTP, GTP. The nucleoside triphosphate molecules can be naturally or non-

naturally occurring.

[0086] After the hybridization and extension steps, the support and attached nucleic acids

can be subjected to denaturation conditions. A flow cell can be used such that, the extension
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buffer is generally removed by the influx of the denaturing buffer. Suitable denaturing buffers
are well known in the art (See Sambrook et al., supra; Ausubel et al. supra). By way of example
it is known that alterations in pH and low ionic strength solutions can denature nucleic acids at
substantially isothermal temperatures. Formamide and urea form new hydrogen bonds with the
bases of nucleic acids disrupting hydrogen bonds that lead to Watson-Crick base pairing. In a
particular embodiment the concentration of formamide is 50% or more. These result in single
stranded nucleic acid molecules. If desired, the strands can be separated by treatment with a
solution of very low salt (for example less than 0.01 M cationic conditions) and high pH (>12) or
by using a chaotropic salt (e.g. guanidinium hydrochloride) . In a particular embodiment a strong
base is used. A strong base is a basic chemical compound that is able to deprotonate very weak
acids in an acid base reaction. The strength of a base is indicated by its pKb value, compounds
with a pKb value of less than about 1 are called strong bases and are well known to one skilled in
the art. In a particular embodiment the strong base is Sodium Hydroxide (NaOH) solution used at

a concentration of from 0.05 M to 0.25 M, particularly 0.1 M.

[0087] Following the hybridization, extension and denaturation steps exemplified above, two
immobilised nucleic acids will be present, the first containing a sequence the same as the first
template single stranded polynucleotide molecule (that was initially immobilised) and the second
being a nucleic acid complementary thereto, extending from one of the immobilised capture
oligonucleotides. Both the immobilized strands are then able to initiate further rounds of
amplification by subjecting the support to further cycles of hybridization, extension and
denaturation. Thus the amplification proceeds from a single strand to a duplex, one duplex to
two duplexes, two duplexes to four duplexes etc. throughout the cycles of annealing, extension

and denaturation.

[0088] It can be useful to perform optional washing steps in between each step of the
amplification method. For example an extension buffer without polymerase enzyme with or
without ANTP' s could be applied to the solid support before being removed and replaced with
the full extension buffer.
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[0089] Such further rounds of amplification can be used to produce a nucleic acid colony or
cluster having multiple immobilized copies of the single stranded polynucleotide sequence and

its complementary sequence.

[0090] The initial immobilization of an amplicon means that the extension product can
hybridize with universal capture primers located at a distance within the total length of the
template polynucleotide molecule. Once more copies of the immobilized extension products and
its complement have been synthesized by carrying out further rounds of amplification, i.e. further
rounds of hybridization, extension and denaturation, then the boundary of the nucleic acid colony

or cluster being generated will be able to be extended further.

[0091] Accordingly, a method of the present disclosure allows the generation of a second
plurality of immobilized amplicons or polynucleotide colonies from a first plurality multiple
immobilized single stranded amplicons and that the density of these colonies can be controlled

by altering the proportions of universal capture primers immobilized on a solid support.

[0092] In one particular aspect, a method of the disclosure is used to prepare clustered arrays
of nucleic acid colonies, analogous to those described in US 7,115,400, US 2005/0100900 Al,
WO 00/18957 and WO 98/44151, by solid-phase amplification.

[0093] Clustered arrays formed by the methods of the disclosure are suitable for use in
applications usually carried out on ordered arrays such as micro-arrays. Such applications by
way of non-limiting example include hybridization analysis, gene expression analysis, protein
binding analysis, sequencing, genotyping, nucleic acid methylation analysis and the like. The
clustered array can be sequenced before being used for downstream applications such as, for
example, hybridization with fluorescent RNA or binding studies using fluorescent labeled

proteins.

[0094] As illustrated in Figure 1, panel 4, the disclosure also encompasses methods of
sequencing amplified nucleic acids generated by solid-phase amplification. Thus, the disclosure
provides a method of nucleic acid sequencing including amplifying a plurality of immobilized

extension products using solid-phase amplification as described above and carrying out a nucleic
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acid sequencing reaction to determine the sequence of the whole or a part of at least one

amplified nucleic acid strand produced in the solid-phase amplification reaction.

[0095] In certain embodiments, the methods disclosed herein for obtaining the sequences of
a plurality of different target polynucleotides can be performed in a sequential or integrated
fashion that result in short start-to-finish times. For example, using the methods described
herein, the sequence of a plurality of target polynucleotides can be determined in 3 hours or less
for 50 sequencing cycles. The start-to-finish times also can be, for example, 2.9, 2.8, 2.7, 2.6 or
2.5 hours or less for 50 sequencing cycles. The integrated method includes, for example, starting
with 10 ng or less of input nucleic acid; amplifying a plurality of target polynucleotides to
produce a plurality of amplicons; capture of the plurality of amplicons to produce a first plurality
of immobilized amplicons; amplifying the first plurality of immobilized amplicons to produce a
second plurality of immobilized amplicons, and sequencing the amplicons for at least 50
sequencing cycles. Those skilled in the art will understand that the start-to-finish time for
obtaining the sequences for a plurality of target polynucleotides will be similarly efficient, but
longer when more sequencing cycles are performed. For example, 50 sequencing cycles takes
about 2 hours and can result in an overall start-to-finish time of about 2 hours 50 minutes
whereas 150 sequencing cycles takes about 4.5 hours and can result in an overall start-to-finish

time of between about 5-6 hours.

[0096] Sequencing can be carried out using any suitable sequencing technique. A particularly
useful method is one wherein nucleotides are added successively to a free 3" hydroxyl group,
resulting in synthesis of a polynucleotide chain in the 5' to 3' direction. The nature of the
nucleotide added can be determined after each nucleotide addition or at the end of the
sequencing process. Sequencing techniques using sequencing by ligation, wherein not every
contiguous base is sequenced, and techniques such as massively parallel signature sequencing
(MPSS) where bases are removed from, rather than added to the strands on the surface are also

within the scope of the disclosure.

[0097] For example, one useful sequencing method is sequencing-by-synthesis (SBS). In
SBS, extension of a nucleic acid primer along a nucleic acid template (e.g. a target nucleic acid

or amplicon thereof) is monitored to determine the sequence of nucleotides in the template. The
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underlying chemical process can be polymerization (e.g. as catalyzed by a polymerase enzyme).
In a particular polymerase-based SBS embodiment, fluorescently labeled nucleotides are added
to a primer (thereby extending the primer) in a template dependent fashion such that detection of
the order and type of nucleotides added to the primer can be used to determine the sequence of

the template.

[0098] As described further below, flow cells provide a convenient solid support for housing
amplified DNA fragments produced by the methods of the present disclosure. One or more
amplicons in such a format can be subjected to an SBS or other detection technique that involves
repeated delivery of reagents in cycles. For example, to initiate a first SBS cycle, one or more
labeled nucleotides, DNA polymerase, etc., can be flowed into/through a flow cell that houses
one or more amplified nucleic acid molecules. Those sites where primer extension causes a
labeled nucleotide to be incorporated can be detected. Optionally, the nucleotides can further
include a reversible termination property that terminates further primer extension once a
nucleotide has been added to a primer. For example, a nucleotide analog having a reversible
terminator moiety can be added to a primer such that subsequent extension cannot occur until a
deblocking agent is delivered to remove the moiety. Thus, for embodiments that use reversible
termination, a deblocking reagent can be delivered to the flow cell (before or after detection
occurs). Washes can be carried out between the various delivery steps. The cycle can then be
repeated n times to extend the primer by n nucleotides, thereby detecting a sequence of length n.
Exemplary SBS procedures, fluidic systems and detection platforms that can be readily adapted
for use with amplicons produced by the methods of the present disclosure are described, for
example, in Bentley et al., Nature 456:53-59 (2008), WO 04/018497; US 7,057,026; WO
91/06678; WO 07/123744; US 7,329,492; US 7,211,414; US 7,315,019; US 7,405,281, and US
2008/0108082, cach of which is incorporated herein by reference.

[0099] Other sequencing procedures that use cyclic reactions can be used, such as
pyrosequencing. Pyrosequencing detects the release of inorganic pyrophosphate (PPi) as
particular nucleotides are incorporated into a nascent nucleic acid strand (Ronaghi, et al.,
Analytical Biochemistry 242(1), 84-9 (1996); Ronaghi, Genome Res. 11(1), 3-11 (2001);
Ronaghi et al. Science 281(5375), 363 (1998); US 6,210,891; US 6,258,568 and US. 6,274,320,

cach of which is incorporated herein by reference). In pyrosequencing, released PPi can be
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detected by being immediately converted to adenosine triphosphate (ATP) by ATP sulfurylase,
and the level of ATP generated can be detected via luciferase-produced photons. Thus, the
sequencing reaction can be monitored via a luminescence detection system. Excitation radiation
sources used for fluorescence based detection systems are not necessary for pyrosequencing
procedures. Useful fluidic systems, detectors and procedures that can be adapted for application
of pyrosequencing to amplicons produced according to the present disclosure are described, for
example, in WIPO Pat. App. Ser. No. PCT/US11/57111, US 2005/0191698 A1, US 7,595,883,
and US 7,244,559, each of which is incorporated herein by reference.

[00100] Some embodiments can utilize methods involving the real-time monitoring of DNA
polymerase activity. For example, nucleotide incorporations can be detected through
fluorescence resonance energy transfer (FRET) interactions between a fluorophore-bearing
polymerase and y-phosphate-labeled nucleotides, or with zeromode waveguides (ZMWs).
Techniques and reagents for FRET-based sequencing are described, for example, in Levene et al.
Science 299, 682—686 (2003); Lundquist et al. Opt. Lett. 33, 1026-1028 (2008); Korlach et al.
Proc. Natl. Acad. Sci. US4 105, 1176-1181 (2008), the disclosures of which are incorporated

herein by reference.

[00101] Some SBS embodiments include detection of a proton released upon incorporation of
a nucleotide into an extension product. For example, sequencing based on detection of released
protons can use an electrical detector and associated techniques that are commercially available
from Ion Torrent (Guilford, CT, a Life Technologies subsidiary) or sequencing methods and
systems described in US 2009/0026082 A1; US 2009/0127589 A1; US 2010/0137143 A1; or US
2010/0282617 Al, each of which is incorporated herein by reference. Methods set forth herein
for amplifying target nucleic acids using kinetic exclusion can be readily applied to substrates
used for detecting protons. More specifically, methods set forth herein can be used to produce

clonal populations of amplicons that are used to detect protons.

[00102] Another useful sequencing technique is nanopore sequencing (see, for example,
Deamer et al. Trends Biotechnol. 18, 147-151 (2000); Deamer et al. Acc. Chem. Res. 35:817-
825 (2002); Li et al. Nat. Mater. 2:611-615 (2003), the disclosures of which are incorporated

herein by reference). In some nanopore embodiments, the target nucleic acid or individual
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nucleotides removed from a target nucleic acid pass through a nanopore. As the nucleic acid or
nucleotide passes through the nanopore, each nucleotide type can be identified by measuring
fluctuations in the electrical conductance of the pore. (U.S. Patent No. 7,001,792; Soni et al.
Clin. Chem. 53, 1996-2001 (2007); Healy, Nanomed. 2, 459-481 (2007); Cockroft et al. J. Am.
Chem. Soc. 130, 818—820 (2008), the disclosures of which are incorporated herein by reference).

[00103] Exemplary methods for array-based expression and genotyping analysis that can be
applied to detection according to the present disclosure are described in US Pat. Nos.7,582,420;
6,890,741; 6,913,884 or 6,355,431 or US Pat. Pub. Nos. 2005/0053980 A1; 2009/0186349 Al or
US 2005/0181440 A1, each of which is incorporated herein by reference.

[00104] The products of solid-phase amplification reactions wherein both forward and reverse
amplification oligonucleotides are covalently immobilized on the solid surface are so-called
bridged structures as described above. In order to provide more suitable templates for nucleic
acid interrogation procedures such as sequencing, for example, it can be useful to remove or
displace substantially all or at least a portion of one of the immobilized strands in the bridged
structure in order to generate a template which is at least partially single-stranded. The portion of
the template which is single-stranded will thus be available for hybridization to a sequencing
primer. The process of removing all or a portion of one immobilized strand in a bridged double-
stranded nucleic acid structure can be referred to herein as linearization, and is described in
further detail in WO07010251 and US20090118128, the contents of which are incorporated

herein by reference in their entirety.

[00105] Bridged template structures can be linearized by cleavage of one or both strands with
a restriction endonuclease or by cleavage of one strand with a nicking endonuclease. Other
methods of cleavage can be used as an alternative to restriction enzymes or nicking enzymes,
including inter alia chemical cleavage (e.g., cleavage of a diol linkage with periodate), cleavage
of abasic sites by cleavage with endonuclease (for example USER, as supplied by NEB, Ipswich,
MA, USA, part number M5505S), or by exposure to heat or alkali, cleavage of ribonucleotides
incorporated into amplification products otherwise comprised of deoxyribonucleotides,

photochemical cleavage or cleavage of a peptide linker.
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[00106] Following the cleavage step, regardless of the method used for cleavage, the product
of the cleavage reaction can be subjected to denaturing conditions in order to remove the portion
(s) of the cleaved strand (s) that are not attached to the solid support. Suitable denaturing
conditions, for example sodium hydroxide solution, formamide solution or heat, will be apparent
to the skilled reader with reference to standard molecular biology protocols (Sambrook et al .,
supra; Ausubel et al. supra). Denaturation results in the production of a sequencing template
which is partially or substantially single-stranded. A sequencing reaction can then be initiated by

hybridization of a sequencing primer to the single-stranded portion of the template.

[00107] A variety of solid supports are available for use in the methods of this disclosure. For
example, some embodiments, the solid support comprises a patterned surface suitable for
immobilization of capture primers in an ordered pattern. A “patterned surface” refers to an
arrangement of different regions in or on an exposed layer of a solid support. For example, one
or more of the regions can be features where one or more capture primers are present. The
features can be separated by interstitial regions where capture primers are not present. In some
embodiments, the pattern can be an x-y format of features that are in rows and columns. In some
embodiments, the pattern can be a repeating arrangement of features and/or interstitial regions.
In some embodiments, the pattern can be a random arrangement of features and/or interstitial
regions. In some embodiments, the capture primers are randomly distributed upon the solid
support. In some embodiments, the capture primers are distributed on a patterned surface.
Exemplary patterned surfaces that can be used in the methods and compositions set forth herein
are described in US Ser. No. 13/661,524 or US Pat. App. Publ. No. 2012/0316086 A1, each of

which is incorporated herein by reference.

[00108] In some embodiments, the solid support comprises an array of wells or depressions in
a surface. This may be fabricated as is generally known in the art using a variety of techniques,
including, but not limited to, photolithography, stamping techniques, molding techniques and
microetching techniques. As will be appreciated by those in the art, the technique used will

depend on the composition and shape of the array substrate.

[00109] The composition and geometry of the solid support can vary with its use. In some

embodiments, the solid support is a planar structure such as a slide, chip, microchip and/or array.
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As such, the surface of a substrate can be in the form of a planar layer. In some embodiments,
the solid support comprises one or more surfaces of a flowcell. The term “flowcell” as used
herein refers to a chamber comprising a solid surface across which one or more fluid reagents
can be flowed. Examples of flowcells and related fluidic systems and detection platforms that
can be readily used in the methods of the present disclosure are described, for example, in
Bentley et al., Nature 456:53-59 (2008), WO 04/018497; US 7,057,026; WO 91/06678; WO
07/123744; US 7,329,492, US 7,211,414; US 7,315,019; US 7,405,281, and US 2008/0108082,

cach of which is incorporated herein by reference.

[00110] In some embodiments, the solid support or its surface is non-planar, such as the inner
or outer surface of a tube or vessel. In some embodiments, the solid support comprises
microspheres or beads. By “microspheres” or “beads” or “particles” or grammatical equivalents
herein is meant small discrete particles. Suitable bead compositions include, but are not limited
to, plastics, ceramics, glass, polystyrene, methylstyrene, acrylic polymers, paramagnetic
materials, thoria sol, carbon graphite, titanium dioxide, latex or cross-linked dextrans such as
Sepharose, cellulose, nylon, cross-linked micelles and teflon, as well as any other materials
outlined herein for solid supports may all be used. “Microsphere Detection Guide” from Bangs
Laboratories, Fishers Ind. is a helpful guide. In certain embodiments, the microspheres are

magnetic microspheres or beads.

[00111] The beads need not be spherical; irregular particles may be used. Alternatively or
additionally, the beads may be porous. The bead sizes range from nanometers, i.c. 100 nm, to
millimeters, i.e. 1 mm, with beads from about 0.2 micron to about 200 microns being preferred,
and from about 0.5 to about 5 micron being particularly preferred, although in some

embodiments smaller or larger beads may be used.

[00112] The disclosure also provides in certain embodiments a flow cell having one or more
pluralities of capture primers immobilized thereto. One plurality can be a target specific capture
primer. The target specific capture primer can include a universal primer region. Another
plurality can be a universal capture primer. One or both of the above exemplary pluralities of

capture primers can be immobilized to the flow cell.
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[00113] Accordingly, the disclosure also relates to flow cells for the preparation of a plurality
of amplicon clusterswherein the flow cells contain a coating of one or more pluralities of
immobilized capture primers. Thus, a solid support as described herein can occur within or as a
part of a flow cell and the methods set forth herein can be carried out in a flow cell. The one or
more pluralities of capture primers can be coated over the whole of the flow cell surface rather
than in discreet locations that comprise different sequences in each small location. The flow cell
can be of a size of 1 cm” or greater whereby the whole 1 cm” or greater includes a coating of
multiple copies of capture primers for each of the one or more pluralities of capture primers. A
flow cell can be distinguished from, for example, a spotted array or photolithographically
synthesised array due to the fact that the oligonucleotides are attached to each and every surface;
top, bottom, walls and ends of the flow cell chamber, rather than being an array on a single
planar surface. However, if desired a flow cell that is used in a method set forth herein can have
surfaces with different reactivity for oligonucleotides such that the oligonucleotides are only
attached to one or a subset of the aforementioned surfaces or even to only a subset of regions

within these surfaces.

[00114] The flow cell can in certain embodiments be coated with three pluralities of capture
primers species of different sequence composition, namely two capture primer species and a
target specific capture primer as illustrated in Figure 1, panel 3. Further, the target specific
capture primer can include a universal primer region having the same sequence as one of the two
plurality of capture primers as illustrated in Figure 1, panel 3. The flow cell can in certain
embodiments be coated with no more than the three pluralities of capture primer species.
However, in other particular embodiments, the flow cell can further include one or more other
pluralities of capture primer species whether a universal capture primer, target specific capture
primer or other species of capture primer. The target specific capture primer can be present at a
lower concentration than the universal capture primer, for example at least 100, 1000 or 100,000
fold lower relative concentration. The two pluralities of universal capture primers can be present
at similar ratios to each other, for example, varying by less than a factor of two. Given the
teachings and guidance provided herein, those skilled in the art will know what configuration of
universal capture primers and target specific capture primers to immobilize on a flow cell to

achieve a desired result.
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[00115] The disclosure also provides a method for increasing detection sensitivity of a nucleic
acid sequence variant. The method includes: (a) contacting a nucleic acid sample including a
plurality of target polynucleotides with gene specific forward and reverse primers under
conditions sufficient for hybridization, each species of the gene specific forward primer
including a unique sequence index and an adapter; (b) amplifying by polymerase chain reaction
(PCR) the plurality of target polynucleotides to produce a plurality of amplicons; (c) directly
contacting a plurality of target specific capture primers immobilized on a solid support with the
plurality of amplicons under conditions sufficient for hybridization to produce a first plurality of
immobilized of amplicons, the solid support further including a plurality of universal capture
primers; (d) extending the plurality of target specific capture primers to produce a plurality of
immobilized extension products complementary to the target polynucleotides; (¢) annealing the
plurality of universal capture primers to the plurality of the immobilized extension products; (f)
amplifying by PCR the plurality of immobilized extension products to produce a second plurality
of immobilized amplicons, wherein the second plurality of immobilized amplicons comprises a
uniformity of 85% or more; (g) sequencing the second plurality of immobilized amplicons, and
(h) eliminating random sequence errors for one or more target polynucleotide by comparing
three or more nucleotide sequences at a variant position for a target polynucleotide species,
wherein the target polynucleotide species are identified by the unique sequence index to thereby

determine a true nucleotide sequence variant in the one or more target polynucleotides.

[00116] The methods described previously also can be employed to increase the detection
sensitivity of a nucleic acid sequence variant. In nucleic acid amplification and sequencing it is
important to distinguish sequencing errors resulting from polymerase infidelity in these
procedures, for example, from the authentic sequence. This distinction is especially important to
identify variant sequences that are naturally occurring in a sample. Distinguishing true sequence
variants over random nucleotide sequence errors can be accomplished by associating a unique
sequence barcode or index with each polynucleotide species within a plurality of target

polynucleotides.

[00117] Figure 5 illustrates attachment of a unique index for each target polynucleotide
species. Figure 5 shows a plurality of target polynucleotides (identified therein as “Template”).

For purposes of illustration, the plurality consists of three members where one member is a true
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nucleotide variant (light star). A unique barcode is added to each member and the plurality is
amplified to result in three pluralities of amplicons each derived from the uniquely barcoded
original member. The origin of the three pluralities can be identified by sequencing and
identifying the barcode. A comparison of the members within each plurality shows the variant
occurring in each or most members. In contrast, one plurality of amplicons contains a member
having a sequence difference (dark star) compared to the remaining members of the amplicon
plurality. Because the majority of the members within this plurality do not contain that

nucleotide change its incorporation occurred by random error.

[00118] The above design also is applicable to identify true variants within a plurality of
different target polynucletides. As disclosed herein, a target polynucleotide species refers to
members of a plurality of target polynucleotides having the same sequence. In this embodiment,
cach target polynucleotide species is identified with the same unique index distinguishing that
target polynucleotide species from other target polynucleotide species (and vice versa). Thus,
target polynucleotides having the same sequence (i.¢., species members) have the same index.
Following amplification and sequencing species members can be identified by having the same
index and the occurrence of a true variant compared to random error can be determined based on

sequence comparison to other members within the plurality of species members.

[00119] Thus, the methods described previously can further include an index sequence within
a gene specific primer used to amplify a target polynucleotide. Each gene specific primer will
therefore contain a unique index that identifies its corresponding target polynucleotide.
Accordingly, a plurality of gene specific primers corresponding to a plurality of different target
polynucleotides can be employed to amplify the plurality of different target polynucleotides and
result in incorporation of the uniquely identifying index into each resulting amplicon species

within the plurality of amplicons thus produced.

[00120] The index can be a unique nucleotide sequence that is distinguishable from other
indices. It can also be distinguishable from other nucleotide sequences within plurality
polynucleotides either by sequence or location within the target polynucleotide. A nucleotide
index can be a random or a specifically designed nucleotide sequence. An index can be of any

desired sequence length so long as it is of sufficient length to be unique nucleotide sequence
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within a plurality of indices in a population and/or within a plurality of polynucleotides that are
being analyzed or interrogated. In some embodiments, an index is a polynucleotide or region
within a polynucleotide ranging from about 8-30 nucleotides. An index can be, for example, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides or

longer. For example, an index can be 35, 40, 45 or 50 nucleotides or longer.

[00121] Figure 7 illustrates one exemplary gene specific primer design to incorporate an index
into a target polynucleotide. In this embodiment, the index corresponds to the solid gray region
on the gene specific forward primer (GSF). Amplification with a primer pair corresponding to
the gene specific forward, containing the index, and a gene specific reverse primers as illustrated
therein incorporates the index into the amplicon. Figure 7 further illustrates continued
amplification follow index incorporation by asymmetric amplification and subsequent bridge
amplification and sequencing using a sequencing primer specific to a primer binding site also

introduced by the GSF.

[00122] Figure 8 illustrates another exemplary gene specific primer design to incorporate an
index into a target polynucleotide. In this embodiment, the index is incorporated in a second
amplification step. For example, the initial amplification is performed with a pair of gene
specific forward (GSF) and reverse (GSR) primers. One or both of the primers can contain a
universal sequence region such as a primer binding site for subsequent rounds of amplication. In
this embodiment, the index also corresponds to the solid gray region and, although it can be
included in either of the subsequent round primers, it is illustrated to be in the primer that binds
to the primer binding site incorporated by the GSF (SBS3 sequencing primer). Amplification
with a primer pair corresponding to the primer containing the index and a reverse primer as
illustrated therein incorporates the index into the amplicon. Figure 8 further illustrates continued
amplification follow index incorporation by asymmetric amplification and subsequent bridge
amplification and sequencing using a sequencing primer specific to a primer binding site also
introduced by the primer used in the subsequent round of amplification. This primer can also
contain a second primer binding site such that it is upstream of the index for sequencing in

tandem with the target polynucleotide.
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[00123]  Given the teachings and guidance provided herein, those skilled in the will know that
all of the methods disclosed herein also can be performed with unique indices incorporated into a
target specific capture primer to increase the detection sensitivity of nucleic acid sequence

variants.

[00124]  Accordingly, the methods of the disclosure provide a method for increasing detection
sensitivity of a nucleic acid sequence variant, wherein the plurality of target polynucleotides
includes 10 ng or less input nucleic acid. The method can have conditions sufficient for
hybridization to include incubation for 10 minutes or less. The method further includes detecting

a mismatch rate of 0.3% or less for a variant nucleotide position.

[00125] Also provided is a method for increasing detection sensitivity of a nucleic acid
sequence variant, wherein contacting step a nucleic acid sample having a plurality of target
polynucleotides includes a first round of PCR amplification with a first gene specific forward
and a reverse primers and a second round of PCR amplification with a second forward primer
complementary to a portion of the first gene specific forward primer, the second forward primer
including the unique sequence index and the adapter. The adapter can be complementary to a
plurality of universal capture primers. The universal capture primers can be immobilized to a

solid support.

[00126]  Further provided is a method for increasing detection sensitivity of a nucleic acid
sequence variant, wherein the amplification of the plurality of target polynucleotides includes
asymmetrical PCR. The amplification of the plurality of target polynucleotides also can includes

multiplex amplification. The multiplex amplification includes a multiplexicity of 180 or more.

[00127]  Yet further provided is a method for increasing detection sensitivity of a nucleic acid
sequence variant, wherein the solid support further includes a second plurality of universal
capture primers. Further, the plurality of target specific capture primers can further include a
universal capture primer region. The universal capture primer region can have a nucleotide
sequence corresponding to or complementary to the second plurality of universal capture

primers.

39



WO 2015/108663 PCT/US2014/071263

[00128]  Also provided is a method for increasing detection sensitivity of a nucleic acid
sequence variant, wherein the plurality of target specific capture primers include 200 or more
different nucleotide sequences. The method includes sequence variant detection within a
plurality of target polynucleotides include 200 or more different nucleotide sequences. The

plurality of target polynucleotides can be a plurality of genomic nucleic acids.

[00129] Additionally provided is a method for increasing detection sensitivity of a nucleic
acid sequence variant, amplification of immobilized extension products includes bridge

amplification. The method includes a solid support wherein the solid support can be a flow cell.

[00130] Further provided is a method for increasing detection sensitivity of a nucleic acid
sequence variant, wherein sequencing of a plurality of amplicons produced from an amplified
plurality of target polynucleotide includes 50 sequencing cycles. The method includes a start-to-

finish time of 3 hours or less.

[00131] It is understood that modifications which do not substantially affect the activity of the
various embodiments of this disclosure are also included within the definition of the disclosure
provided herein. Accordingly, the following examples are intended to illustrate but not limit the

present disclosure.

EXAMPLE I

Amplicon Preparation and Sequencing Procedure

[00132] This Example describes an integrated procedure for amplicon preparation and target

polynucleotide sequencing.

[00133] Briefly, sample genomic DNA was added to a PCR reaction mixture in a 100 pl total
volume containing 50 pl of KAPA 2X 2G multiplex PCR buffer (Kapa Biosystems, Wilmington,
MA), 0.5 uM of forward primer mix (F), 0.02 uM of reverse primer mix (R), 20 units of KAPA
2G Hot Start Enzyme (buffer (Kapa Biosystems, Wilmington, MA) and water. Amplification
was performed using the following PCR program: incubation at 95°C for 1 minute (min)
followed by 30 cycles of the following incubations: (1) 97°C for 5 seconds (sec); (2) 58°C for 45
sec; (3) 72°C for 1 min, and (4) hold at 4°C. The PCR products were subsequently sequenced

after immobilization and clustering to a flow cell as described below.
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[00134] Capture probe extension, targeted clustering of the above PCR products and

sequencing was performed using an MiSeq benchtop sequencer (Illumina, San Diego, CA).

[00135] For this procedure, a MiSeq kit cartridge (Illumina, San Diego, CA) was thawed in
water approximately 30 min before the automated MiSeq run and the heat block was turned on to
95°C. Additionally, an HFE tube (600 pl (Illumina, San Diego, CA)) was thawed on ice and a
solution of 0.1N NaOH 1 ml was prepared. PCR product (100 pl) was diluted with 400ul HT1
buffer (Illumina, San Diego, CA) in an eppendorf tube. Similarly, the capture probe templates
were prepared in 600 pl of HT1 buffer in a separate tube. Deionized water was added into the
heat block wells and the above two tubes were inserted into wells with slow shaking
(approximately 100 rpm) for 5 min. After the 5 min heat block incubation the tubes were placed
on the ice for at least 2 min. The thawed MiSeq cartridge was inverted several times to disperse
and re-settle the reagents down to the bottom. Reagents were loaded into the MiSeq cartridge as
follows: PCR product was transferred into the #17 tube in the cartridge; capture probes were
transferred into the #18 tube, HFE was loaded into into the #19 tube and 0.1N NaOH was added
into the #20 tube. The MiSeq cartridge, MiSeq FC (Illumina, San Diego, CA) and PR2
(Illumina, San Diego, CA) bottle to MiSeq was set up on the MiSeq sequencer and the
sequencing run process was started according to manufacturer’s recommendation. The prepared
samplesheet was loaded (Javelin v.51 chemistry) and the extension, targeted clustering and
sequencing run was initiated after flow check step according to manufacturer’s

recommendations.

[00136] Capture probe extension, targeted clustering of the above PCR products and

sequencing was also performed using a Genome Analyzer (Illumina, San Diego, CA).

[00137] For this procedure, the clustering and sequencing template was prepared by mixing
HT1 buffer with PCR product in a 8-tube strip (1 to 10 ul of PCR product with 19 to 10 ul of
HT1 buffer, respectively). Capture probes (3-500 pM) were prepared in another 8-tube strip. A
thawed ¢cBOT Paired End Cluster Plate v3 (Illumina, San Diego, CA) was placed onto cBOT
automated clustering system and the procedure for capture probe extension and amplification
was initiated using the run command (Run <Capture Probe Extension Amp LBH_ v#> recipe).

A set of standard Genome Analyzer (GA) sequencing reagents (Illumina, San Diego, CA) were
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thawed (IMX, LFN, CLM, SMX) and a whole tube content of the LFN was added into the IMX
tube, followed by addition of HDP36 into the same IMX tube. The contents were mixed well.
All reagents and buffers, including PR1, PR2, PR3 (Illumina, San Diego, CA), were placed onto
the GA at their designated positions followed by priming all lines with reagents using the GA
command <Prime v#> recipe. The flowcell and prism were cleaned with an ethanol wipe and
lens paper, respectively and the prism reinserted into the machine. The beam dump was lowered.
The flowcell was properly positioned on top of the prism and the manifold was slowly lowered.
Proper flow of reagent into the flowcell was confirmed by manually pumping 100 pl solution 5
(PR2) at an aspiration rate of 60 pul/min and a dispense rate of 2000 pl/min. Immersion oil (135
ul) was applied between the prism and flowcell. The instrument door was closed and the

sequencing run was started with the GA command Run <GA2 40cyle 10rows SR v&.3> recipe.

EXAMPLE 11

Sequence Quality Resulting from the Integrated Preparation and Sequencing Procedure

[00138] This Example describes a comparison of sequence uniformity and sequencing depth

using various concentrations and types of input nucleic acid.

[00139] The procedures described in Example I were employed to prepare amplicons from
populations of target polynucleotides and determine their sequence by multiplex sequencing.

Shown in Figure 2 are the results using 1ng and 10 ng of input genomic DNA.

[00140] Uniformity was calculated based on the clusters of each amplicon from
MiSeqReporter. The number of amplicons with clusters more than 0.1 mean, 0.2 mean, 0.3 mean
0.5 mean were counted. For example, at 0.2 mean, More than 80% of amplicons had more than

0.2 mean number of clusters.

[00141] For sequencing depth, the number of amplicons with more than 10/100/250/500
clusters were counted. For example, more than 80% of the amplicons had a coverage of at least
500x. Uniformity and coverage are the typical metrics people use to measure sequencing
quality. The results shown in Figure 2 demonstrated that a high sequencing quality can be

achieved using 1 ng and 10ng of genomic DNA.
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[00142]  Shown in Figure 3 are the results using four different amounts of DNA obtained from
formalin-fixed paraffin embedded tissue. The four different concentrations ranged from 1 ng to

50 ng as shown on in the figure.

[00143] The uniformity and sequencing depth results shown in Figure 3 further demonstrated
that a high sequencing quality can be achieved for a wide range of DNA obtained from
Formalin-fixed paraffin embedded tissues. The cluster PF (Passing Filter) density, which
indicates the number of clusters having a specified quality, was very good. Specificity is a
measurement of how many reads are accurate. More than 90% specificity was achieved in this

study.

[00144] Additional studies were performed using cell free DNA (cfDNA) extracted from
plasma from normal people as well as from cancer patient and obtained similar results. Shown

in Figure 4 are the results using 10 ng of cfDNA isolated from 1 ml of plasma.

[00145]  As with Figures 2 and 3, uniformity similarly was calculated based on the clusters of
cach amplicon from MiSeqReporter. The number of amplicons with clusters more than 0.1
mean, 0.2 mean, 0.3 mean 0.5 mean were counted. At 0.2 mean, more than 80% of amplicons

had more than 0.2 mean number of clusters.

[00146] Similarly, for sequencing depth, the number of amplicons with more than
10/100/250/500 clusters were counted. All of the amplicons had a coverage of at least 500x.
Additionally, the cluster PF density and other parameters shown in the table inset also were very
good. The results show a specificity of 93% was achieved, meaning that 93% of the clusters
align to the correct targets. These results additionally demonstrate that a high sequencing quality

can be obtained directly from cell free DNA isolated from plasma.
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Example I11

Detection Sensitivity Resulting from the Integrated Preparation and Sequencing Procedure

[00147] This Example shows the detection accuracy of single mutations within a population

of target polynucleotides.

[00148] A library was prepared and sequenced following the methods described herein using
1.65ng of DNA obtained from Horizon Diagnostics in a 201 multiplex format (201 plex). The
mutations listed in the following table were identified with the indicated frequency listed. This
DNA has been verified to have certain frequency of mutations by Horizon Diagnostics using
digital PCR. 1.65ng is approximately 500 haploid genome copies. At 1% rate, approximately 5
copies of mutant are present. Therefore, this method is sensitive enough to detect 5 copies of a

mutant in a population of diverse sequences.

Simultaneous detection of multiple mutants*

Gene Name Mutation Mutant Type Frequency verified  Frequency by

by digital PCR Javelin**
BRAF V600E A->T 10.5% 10%,11%
PI3KCA E545K G->A 9% 9%,9%
KRAS GI12D C->T 6% 6%,8%
EGFR L858R T->G 3% 3%,4%
EGFR T790M C->T 1% 1%,1%

*Reference genomic DNA with mutations are obtained from Horizon Diagnostics.

**Results from two independent experiments.
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EXAMPLE IV

Unique Molecular Indices for Determining True Sequence Variants from Errors

[00149] This Example describes the use of unique nucleotide indices to distinguish

sequencing errors from authentic variants in a target polynucleotide sequence.

[00150] Unique Molecular Barcodes (UMB) or indices of random nucleotides (10-15N) were
inserted between the sequencing primer region and the gene specific sequence region in the PCR
forward primer. UMBs were introduced into the template DNA by performing 2-4 cycles of PCR
with PCR primers with UMBs inserted. After 2-4 cycles, residual UMB primers were removed
using exonuclease 1 treatment and SPRI beads clean up. Additional 30-35 cycles of PCR were
performed using primers composed of universal adaptor sequence. Data analysis was performed
by comparing the sequence of reads with identical UMBs. Base call is determined by the
sequence of more than 70% of the UMBs. Only UMBs with more than 2 copies were considered
in the data analysis. As shown below, without considering the information from UMB in data
analysis, the noise brought by PCR and sequencing error can be as high as 0.24%. If information
from UMB is considered in the data analysis, all of the noise can be removed. And the observed

frequency of the actual mutant is much closer to the expected frequency of 0.05%.

Use UMB to distinguish signal from noise

Without UMB correction After UMB correction
(frequency) (frequency)

A* 99.718% 99.978%

C 0.024% 0.000%

T 0.001% 0.000%

G* 0.254% 0.032%

N 0.002% 0.000%

D 0.001% 0.000%

*Template DNA obtained by spiking in wild type (A) with PIK3CA H1045KR mutant (G)

genomic DNA. 0.05% variant ~10 moleucles (G) frequency was expected.
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[00151] In this regard, Figure 6 shows a comparison of nucleotide mismatch
rates with (right) and without (left) the use of unique molecular barcode correction.
Briefly, the mismatch rate for 20 positions around the expected mutation site was
shown with and without considering information from UMB in data analysis. As
shown in Figure 6, without UMB the results were included significant non-specific
noise. The noise can be as high as 0.15%. After considering the information from
UMB in data analysis, all of the noise was removed.

[00152] Throughout this application various publications have been referenced
within parentheses. The disclosures of these publications in their entireties, including
any GenBank and GI number publications, are hereby incorporated by reference in
this application in order to more fully describe the state of the art to which this
disclosure pertains.

[00153] Although the disclosure has been described with reference to the
disclosed embodiments, those skilled in the art will readily appreciate that the specific
examples and studies detailed above are only illustrative of the disclosure. It should
be understood that various modifications can be made without departing from the
spirit of the disclosure. Accordingly, the disclosure is limited only by the following
claims.

[00154] Throughout the specification and claims, unless the context requires
otherwise, the word “comprise” or variations such as “comprises” or “comprising”,
will be understood to imply the inclusion of a stated integer or group of integers but

not the exclusion of any other integer or group of integers.
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What is claimed is:

1. A method for amplicon preparation, comprising:

(a) contacting a nucleic acid sample comprising a plurality of target
polynucleotides with at least one primer under conditions sufficient for hybridization, said at
least one primer containing an adapter;

(b) amplifying by multiplex asymmetrical polymerase chain reaction (PCR) said
plurality of target polynucleotides to produce a plurality of single-stranded amplicons;

(c) directly contacting a plurality of target specific capture primers immobilized
on a solid support with said plurality of amplicons under conditions sufficient for
hybridization to produce a first plurality of immobilized amplicons, said solid support further
comprising a plurality of universal capture primers, wherein said contacting comprises a
substantially unpurified plurality of single-stranded amplicons;

(d) extending said plurality of target specific capture primers to produce a
plurality of immobilized extension products complementary to said first plurality of
immobilized amplicons, wherein said immobilized extension products comprise an adapter
portion complementary to said universal capture primers;

(e) annealing said plurality of universal capture primers to said plurality of
immobilized extension products, and

(f) amplifying by PCR said plurality of immobilized extension products to
produce a second plurality of immobilized amplicons, wherein said second plurality of

immobilized amplicons comprises a uniformity of 85% or more.

2. The method of claim 1, wherein said plurality of target polynucleotides

comprises 10 ng or less input nucleic acid.

3. The method of claim 1, wherein said conditions sufficient for hybridization

comprise incubation for 10 minutes or less.

4. The method of claim 1, wherein said directly contacting step (c) comprises an

unpurified first plurality of amplicons.

5. The method of claim 1, wherein said at least one primer comprises two

primers and at least one of said two primers contains said adapter.
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6. The method of claim 5, wherein said multiplex amplification comprises a

multiplexicity of 180 or more.

7. The method of claim 1, wherein said solid support further comprises a second

plurality of universal capture primers.

8. The method of claim 7, wherein said plurality of target specific capture

primers further comprise a universal capture primer region.

9. The method of claim 8, wherein said universal capture primer region has a

nucleotide sequence corresponding to said second plurality of universal capture primers.

10. The method of claim 1, wherein said plurality of target specific capture

primers comprise 200 or more different nucleotide sequences.

1. The method of claim 1, wherein said plurality of target polynucleotides

comprise 200 or more different nucleotide sequences.

12. The method of claim 1, wherein said plurality of target polynucleotides

comprise a plurality of genomic nucleic acids.

13. The method of claim 1, wherein said amplification of said immobilized

extension products comprises bridge amplification.

14. The method of claim 1, wherein said solid support comprises a flow cell.
15. A method of determining the presence of a cancer associated gene,
comprising:

(a) contacting a nucleic acid sample comprising a plurality of target
polynucleotides with at least one primer under conditions sufficient for hybridization, said at
least one primer containing an adapter;

(b) amplifying by multiplex asymmetrical polymerase chain reaction (PCR) said
plurality of target polynucleotides to produce a plurality of single-stranded amplicons;

(c) directly contacting a plurality of target specific capture primers specific to one
or more different cancer associated genes immobilized on a solid support with said plurality
of single-stranded amplicons under conditions sufficient for hybridization to produce a first

plurality of immobilized amplicons, said solid support further comprising a plurality of
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universal capture primers, wherein said contacting comprises a substantially unpurified
plurality of single-stranded amplicons;

(d) extending said plurality of target specific capture primers to produce a
plurality of immobilized extension products complementary to said first plurality of
immobilized amplicons, wherein said immobilized extension products comprise an adapter
portion complementary to said universal capture primers;

(e) annealing said plurality of universal capture primers to said plurality of
immobilized extension products;

(f) amplifying by PCR said plurality of immobilized extension products to
produce a second plurality of immobilized amplicons, wherein said second plurality of
immobilized amplicons comprises a uniformity of 85% or more, and

(g) sequencing said second plurality of immobilized extension products to

determine the presence or absence of a cancer associated gene.

16. A method of detecting a nucleic acid sequence variant, comprising:

(a) contacting a nucleic acid sample comprising a plurality of target
polynucleotides with gene specific forward and reverse primers under conditions sufficient
for hybridization, each species of said gene specific forward primer comprising a unique
sequence index and an adapter;

(b) amplifying by multiplex asymmetrical polymerase chain reaction (PCR) said
plurality of target polynucleotides to produce a plurality of single-stranded amplicons;

(c) directly contacting a plurality of target specific capture primers immobilized
on a solid support with said plurality of amplicons under conditions sufficient for
hybridization to produce a first plurality of immobilized of amplicons, said solid support
further comprising a plurality of universal capture primers wherein said contacting comprises
a substantially unpurified plurality of single-stranded amplicons;

(d) extending said plurality of target specific capture primers to produce a
plurality of immobilized extension products complementary to said first plurality of
immobilized amplicons, wherein said immobilized extension products comprise an adapter
portion complementary to said universal capture primers;

(e) annealing said plurality of universal capture primers to said plurality of said

immobilized extension products;
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(H amplifying by PCR said plurality of immobilized extension products to
produce a second plurality of immobilized amplicons, wherein said second plurality of
immobilized amplicons comprises a uniformity of 85% or more;

(g) sequencing said second plurality of immobilized amplicons, and

(h) eliminating random sequence errors for one or more target polynucleotide by
comparing three or more nucleotide sequences at a variant position for a target
polynucleotide species, wherein said target polynucleotide species are identified by said
unique sequence index to thereby determine a true nucleotide sequence variant in said one or

more target polynucleotides.

50



PCT/US2014/071263

WO 2015/108663

10f8

{dosd wdduwx
Buanp a0 405005 18
saoid wfules yae

BRNBAY-Bid (HUBMINRINTD

i

weliiey seydepw-gifng pepouns-ubog

&

e

k, {unu g1} sgegnou] 7

4

L aunbig

SESE

R o B

N

\ b gg) uonespndue puoiy g/

@amﬁw pp el uous 01 O wamsdiraas prdey xm

" 7 ephuey AER
& .
b m
oo SRR

sandns o) beg

o {unw pp) uswiyopus jebieg J




PCT/US2014/071263

WO 2015/108663

20f8

migound Bure  muoush Bunp g

#G57

2%
gEroaees
S

U Biohs
oy e o) yidsg Bunuanibag

mwoueh Hur e srwousl Bupg o

RO G LESW D MBSWI P MBSUI LD

e
R e R R S R e

SRS

el

R S e

una 2104 oo el Lor) Auiogun

x8id ¢ 10} basijy U0 uni 8jo9A2 001

o st
7.

o
§
£




PCT/US2014/071263

WO 2015/108663

30f8

Bl gddde Bus 3444~ Bung 3d440 Bu0S Gadde
iy ATy O Eii1

{usigl 0%) Udiag Zuiuanbss

S
\\-}}
S5

£

UTU BI040 DG U0 DESEY,

%06 UBY) BIow 81 Ayoyoedg,

AVSIGOS- 006 W0 58BURE IBISND Hd,
‘SrlsliUsdyg BIOW JO OM WO uoRBIUsRadEa,

Buy 3d44m Bug 944 - Bugl 3444 0 Bung 34449

VRO GG UROUW D0 UBEW 2D

Byttt
e

G
sh

{(nayd gog) Asuaopun

2w WL =gl UO wﬁ&mﬁm COe Uellind O 22UBULIC IOy

W
RN
=
S
W

R
¥y
13
adha



000000000000000000000000000000

Performance of human 420 plex on colon cancer cell Tree

DNA



WO 2015/108663 PCT/US2014/071263
50f8

]Sy
8

S

N
R ; G
. R
FENN 2o &
33 o :
= i
o =
d S
=

&
R
.
o
&
£
-
S
whad
L
&
"
&
-
O
-
S
hue?
o
=
-

L
o

e
=

POR

TE e
Fnn
S
WOn
2
g &
o0 ©
wdoed
g

DErCoaes

Templ




PCT/US2014/071263

WO 2015/108663

6 0of 8

‘paadie sem Asuenbay (03 weini (S008I0 (L~ %000 NG suuouad
{0} peiu J2v0LH YOI Ui () 8dAy pis bt Buppds Ag peuieiqo yNg sjeidws],

Aueuep ey D

mmww&wwwww@wmmwmm m wmww@ wmwmmwmm

Yooy Yoo e o o B A i B Apcioneiily \\\\\\\\\\\\\\\ @\mm@ m\w EN: S SO SO N SN SR S ST .
% 2 Y %
......................................... » \\\\\v\\\\\\\\\\\\\
Yl 0 v %
%
L. 4. . i
\\\\ G W 7

SLEOD A 3 O

......................................................................................... \z%ssg L0000

e(.\.x.

2 f)eik\\W\W\\s!s»\k
.............................................................................................. N\\w\\«ﬂw @Mc\w MW e iviee

MOL28LI00 QNN UM UOIID8LI00 QNG INoUY

Y000
O IR
%0L0
wwm L0

wmem

mm&

uoneuenb

aaoldul] pue |8AS] 9510U BsBBIoD Ajjuesiubis ueD ¢

7 LWy
Z, ERAR T EE S

L \Q&ii&\\w
i 94w




WO 2015/108663 PCT/US2014/071263
70f8

§
oy

2
»\\\
S
AN

PR,

IR

%,

e

i
Pt

]
3 8
2R
Tl

“

.,

4
is

AL

R

,\}\\\“
RIS
PN
ESS
S8
&%
[
N,
Tl

W
R
Y
h\\}\Q
¥
Pt
AN
R

7
i Bora
Gt

2
g L
i

s el

i
Sl

P

Ay,
i ey 0 4
R a e des

Y, Sl LY
et gve
Gt B e

5 %
Fu

e
L
7



PCT/US2014/071263

WO 2015/108663

8of8

i

& mamﬁmws& &mﬁﬁmmm@smﬁmxm;m&

iy

455 LEYE

@ y 73 BHSAD B

WL HOuag

11 ubissq ¥epul

\\ \\.\Q\“\\Y\\\\ 7
% & B e
\\\\\.\\
YW g .
“



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

