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DIGITAL MEASUREMENRNTS FROM TARGETED SEQUENCING

FIELD OF THE INVENTION

0881 The present feachings relate to the use of targeted nucleie acid
sequencing that results in digital measurements for gene expression and copy number

variation.

CROSS-REFERENCE TO RELATED APPLICATIONS

[Baa2] This application claims the benefit of U.S. Provisional Application
Ser. No. 62/034,043, filed Aogust 6, 2014, which is herein incorporated by reference

in its entirety for all purposes.

BACKGROUND OF THE INVENTION

[0883] Molecular methods that provide digital counts of a specific nucleic
acid(s) arc of interest fo the research and chinical conuounity. These methods can be
used to discretely measure gene expression {digital gene expression or DGE) or copy
number variation (CNV), The precision measurements that can be obtained by digital
readouts provides higher confidence in data compared to microarray technology and
allows researchers to identify smaller differences between samples or similarly,
differences within subsets of cells such as in a tumor biopsy as well as determining
cell to cell variations.

[0084] However there is still a need for different methods for selective
target quantitation that allow for high thvoughput analysis of tanscriptome and
genomic regions of interest without specialized instrumentation.  The methods,
compositions and kits disclosed herein fulfill these needs and provide related

advantages.

SUMMARY OF THE INVENTION

0885] In one aspect, disclosed is a method for guantitating a plurality of
specific nucleic acids within a plurality of nucleic acids comprising: a. generating a
sequencing hibrary of a plurality of probe extension products, wherein each probe
extension product can be derived from extending a probe complementary to and

hybridized to a prebe target region within a specific nucleic acid sequence ; b.
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sequencing the library comprising the plorality of probe extension products to
generate sequence data for the plorality of probe extension products; and ¢. counting
cach of the aligned sequences, wherein the number of alignments indicates the
qguantity of each of the corresponding specific nucleic acid molecules, within the
plurality of nucleic acids.

[0886] In one aspect, disclosed in a method for quantitating a plurality of
spectfic nucleic acid molecules in a composition comprising: a. gencrating & plurality
of probe extension products, wherein each probe extension product comprises a probe
sequence that is complementary o a probe target region within a specific nucleic acid
molecule; b. sequencing the plorality of probe cxtension products to generate s
sequence for cach of the phluality of probe extension products; ¢. aligning the
sequence of each of the phuality of probe extension products to a reference sequence
database, wherein the reference sequence database comprises probe sequences; and d.
determining the sumber of alignments for the sequence of cach probe extension
product with a sequence in the reference sequence database, wherein the mumber of
alignments indicates the quantity of each of the specific nucleic acid molecule that the
probe of the probe extension product is complementary to.

10647] In one aspect, disclosed is a method for guantitating a plurality of
specific nucleic acids within a plurality of nucleic acids comprising: a. gencrating a
sequencing library of a plurality of probe extension products, wherein g¢ach probe
extension product comprises a first adapter attached to the 5° end of cach probe
extension product, wherein each probe extension product can be derived from
extending a probe complementary to and hybridized {0 a probe target region within a
specific nucleic acid sequence; b. sequencing the library t¢ generate sequence data for
the plurality of probe extension products; and ¢. identifying the presence of the probe
sequence within the sequence data and counting each probe sequence within the
plurality of probe extension prodects, wherein the number of probes counted indicates
the quantity of each of the plurality of specific nucleic acid molecules within the
phurality of nucleic acids.

{80881 In one aspect, disclosed 1s a method for guantitating a plurality of
specific nucleic acid molecules comprising: a. generating a plorality of probe
extension products, wherein cach probe extension product comprises (i) 2 fivst adapter

, and (11) a probe sequence complementary fo to a probe target region within a specific

[
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nucleic acid molecule; b, sequencing the phurality of probe extension products to
generate sequence data comprising a scquence for cach of the plurslity of probe
extension products; ¢. identifying the presence of the probe sequence of cach probe
extension product within the sequence data; and d. deternuning the number of each of
the probe sequences within the plurality of probe extension products, wherein the
number of cach of the probe sequences indicates the quantity of cach of the plurality
of specific nucleic acid molecules to which each of the probes sequeunces is
complementary to.

{8389] In one aspect, disclosed 1s a method for guantitating a plurality of
specific nucleic acids within a plorality of nucleic acids comprising: a. appending a
first adaptor sequence to a 5 end of a plurality of nucleic acids; b, hybridizing a
plurality of probes, wherein each probe is complementary to a probe target region
within a specific nucleic acid within the plurslity of specific nucicic acids; ¢.
extending cach probe into the appended first adaptor sequence to generate a plurality
of probe extension products having the first adaptor sequence and a second adaptor
sequence; d. gencrating a sequencing Hbrary comprising the phurality of probe
extension products; ¢. sequencing the library, wherein sequence data is obtained for
cach of the plurality of probe extension products; f aligning the sequence data for
each of the plorality of probe extension products to a pre-determined sequence within
a reference copy of a probe database, wherein said pre-determined sequence is
spectfic to cach probe; and g coumting each probe sequence aligned to its pre-
determined sequence, wherein the number of counts for each probe specific for its
specific mucleic acid indicates the quantity of cach of the specific mucleic acids
molecules within the plurality of specific nucleic acids within the plurality of nucleic
acids.

[Ba18] In one aspect, disclosed 1s a method for quantifying a plurality of
specific nocleic acid molecules within a plurality of nacleic acid molecules
comprising: a. appending a first adaptor sequence {6 a 57 end to cach of a plorality of
nucleie acid molecules; b, hybridizing a plorality of probes to the plarality of specific
nucleic acid molecules, wherein each probe is complementary to a probe target region
within a specific mucleic acid molecule; ¢. extending cach probe into the appended
first adaptor sequence to generate a plurality of probe extension products having the

first adaptor sequence and a second adapior sequence to produce a plurality of probe
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extension products; d. sequencing the plurality of probe extension products to
generate sequence data  for cach of the plurality of probe extension products; ¢
aligning the sequence for cach of the plurality of probe extension products to a pre-
determined sequence within a reference copy of a probe database, wherein said pre-
determined sequence is specific to each probe; and £ determining the number of each
probe sequence aligned to its pre-delermined sequence, wherein the number indicaics
the quantity of the specific mucleic acids molecule to which the probe i
complementary to.

{8011} In one aspect, disclosed 1s a method for guantitating a plurality of
specific nucleic acids within a plurality of nucleic acids comprising: a. extending a
phurality of hybridized probes, wherein cach probe 1s complementary to a probe targe
region within a specific nucleic acid within the phorality of specific nucleic acids and
cach probe has a 5° first adaptor; b. appending a sccond adapior sequence to the
double-stranded end of the plurality of probe extension products to generate a
sequencing Hbrary; ¢. sequencing the Hibrary, wherein sequence data can be obtained
for each of the phuality of probe extension products; and 4. counting each probe
sequence corresponding to cach probe target region, wherein the number of counts for
cach probe specific for its specific nucleic acid indicates the guantity of each of the
specific nucleie acids molecules within the plurality of specific nucleic acids within
the phurality of nucleic acids.

0812] In one aspect, disclosed is a method for quantitating a plorality of
specific nucleic acid molecules comprising: a. extending a plurality of probes,
wherein each probe is hybridized to a probe target region within a specific nucleie
acid molecule within the plurality of specific nucleic acid molecules and each probe
has a first adaptor at its 57 end to generate a plurality of extension products; b.
appending a second adaptor to the double-stranded end of the plurality of probe
gxtension products; ¢, sequencing the plurality of  probe extension products to
generate sequence data for cach of the probe extension products; and d. determining
the mumber of each probe that hybridized to a probe target region, wherein the
pumber  indicates the gquantity of each of the specific nucleic acid molecules
comprising the probe target region.

10813] In one aspect, disclosed is a method for guantitating a plurality of

specific nucleie acids within a plurality of mucleic acids comprising: a. hybridizing a
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phurality of probes, wherein each probe is complementary to a probe target region
within a specific nocleic acid within the plurality of specific nucleic acids and cach
probe has a 57 first adaptor; b. extending each probe to generate a plurality of probe
extension products having the first adaptor sequence; ¢. appending a sccond adaptor
sequence to the double-stranded ond of the plurality of probe extension products; d.
generating 8 scquencing library comprising the plurafity of probe extension products;
¢. sequencing the hibrary, wherein sequence data can be obtained for each of the
phurality of probe extension products; f aligning the sequence data for each of the
phurality of probe extension prodacts to a pre-determined sequence within a probe
database, wherein said pre-detormined sequence is specific to each probe; and g
comding cach probe sequence aligned to the probe target region, wherein the mumber
of counts for each probe specific for its specific nocleic acid indicates the quantity of
cach of the specific nucleic acids molecules within the plurality of specific nucleic
acids within the plorality of ucleic acids.

[0814] In one aspect, disclosed is a method for quantitating a plurality of
specific nucleie acid molecules in a composition comprising: a. hybridizing a plurality
of probes to a probe farget region within a specific nucleic acid molecule, wherein
cach probe has a first adaptor at its 57 cod; b. cxtending cach probe to gencrate a
plurality of probe oxtension products comprising the first adaptor sequence; ¢
appending a second adaptor sequence to the double-stranded end of the plurality of
probe extension products; d. sequencing the plurality of probe extension products to
generate sequence for each of the plurality of probe extension products; e. aligning the
sequence for each of the phwality of probe extension prodocts to a pre-determined
sequence within a probe database, wherein said probe database comprises a plorality
of pre-detormined sequences, wherein each pre-determined sequence is specific to a
probe; and . determining the mumber of alignments for the sequence of cach probe
gxtension product to a pre-determined sequence within the sequencing database,
wherein the number of of alignments indicates the guantity of cach of the specific
nucleic acids molecules to which the probe hybridizes to.

{B015] In some embodiments, the sequence data or sequenced phurality of
probe exiension producis comprise at least one of a forward read, an index read and 2
reverse read. In some embodiments, the reverse read comprises the probe targe

region. In some embodiments, specificity that ecach probe has annealed to its
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respective probe target region sequence within 1ts respective specific nueleic acid can
be verified. In some embodiments, the sequence data or sequenced plurality of probe
extension products can be mapped to coordinates of a genome or a transcriptome
database and/or the sequence data or sequenced plurality of probe extension products
can be aligned to a reference copy of a probe database to verify intended probe
anncaling and oxtension. In some cmbeodiments, the sequence daia or sequenced
phurality of probe extension products can be mapped to coordinates of a genome or 2
transcriptome database. In some embodiments, the reverse read or the forward read
comprises the probe target region. In some embodiments, the sequence data or
sequenced plorality of probe extension products for the forward and reverse reads can
be mapped for the plurality of specific nucleic acids and the sequence data or
sequenced plurality of probe extension products for the index read can identify at least
one of the barcode sequence and the n-random sequence. In some embodiments, the
combination of the forward read map coordinates and the index read n-random bascs
determine PCR. duplicates for each probe extension product and sequences having the
same forward read coordinates and the same p-random base sequence can be
identified as duplicates, consolidated and counted as 2 single specific nucleic acid
molecule; and wherein sequences with the same forward read coordinates but
different n-random base sequences can be each counted as a distinet specific nucleic
acid molecuic.

{0316} In some cmbodiments, the forward reads and corresponding
reverse reads can be pair end aligned. In some embodiments, following duplicate
consolidation, the nomber of reverse reads or forward reads counted for each probe
sequence generates a value that represents the number of molecuoles for each starting
specific nucleic acid molecule within the plurality of specific nucleic acids. In some
embodiments, the genome is selected from the group consisting of & mammalian,
bacterial, viral, rickettsial or plant genome or transcriptome. In some embodiments,
the plurality of specific nucleic acids have undergone end repair prior to appending
the first adaptor. In some embodiments, the end repair is blunt end repair. In some
embodiments, the probe can be extended by a polymerase selected from the group
consisting of a DNA polymerase, an RNA polymerase or a reverse {ranscriptase.

160171 Io some embodiments, prior 1o gencrating the sequencing library

the phurality of probe extension products can be amplified or optionally are amplified.

on
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In some embodiments, the probe extension product can be treated with a restriction
endonuciease or undergoes blunt end/end repair prior to addition of the second
adaptor. In some cmbodiments, wherein extension of the probe extension product
further comprises addition of a fivst adaptor. In some embodiments, amplification of
the probe extension product further comprises attachment of a flow cell sequence to
cach end of the amplification product. In some embodiments, the restriction
endonucicase freated probe extension product yields a forward read with a conunon
end. In some embodiments, the sequence data or sequenced plurality of probe
extension products can be mapped to coordinates of a genome or transcriptome to
verify intended probe anncaling and cxtension. In some embodiments, the sequence
data or sequenced plurality of probe extension products can be aligned 1o a reference
copy of a probe database to verify ntended probe annealing. In some embodiments,
reverse read sequences or the forward read sequences can be binned and counted
according to which probe scquence they represent, wherein the rumber of times cach
probe is represented can be a measure of the nomber of times the starting specific
nucleic acid molecule is present i the original sample. In some embodiments, the
forward read comprises at lcast a portion of the specific nucieic acid sequence that can
mclude at least 4, at feast 5, at least 6, at least 7, at {east 8, at least 9, at least 10, at
feast 11, at least 12, at least 13, at Jeast 14, at least 15, at least 16, at lcast 17, at least
18, at least 19, at least 20, or at least 25 bases of the specific nucleic acid sequence.
{0818] in some embodiments, the first adaptor scquence or the second
adaptor sequence comprises at least one of an index sequence prining site, an index
nucleotide sequence, an n-random nucleotide sequence, a forward read priming site,
and a reverse read priming site, and combinations thereof In some embodiments, the
second adaptor sequence or the first adaptor sequence comprises at least one of a
forward read priming site, & reverse read priming site and a binker sequence, and
combinations thereof. In some embodiments, the 57 first adaptor can be common to

N

cach probe extension product. In some embodiments, the 57 tail sequence can include
a second adaptor sequence. In some embodiments, amplification of the probe
extension product yields attachment of a flow ccll sequence to each end of the
amplification product.

{6619] In some embodiments, the index read comprises at least 5, at least

6, at least 7, at least 8, at least 9, at least 10, af feast 11, at least 12, at least 13, at least
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14, or at least 15 bases of index nucleotide sequence and the n-random base sequence.
In some embodiments, the index read comprises at least 4, at least 5, at least 6, at least
7, at least 8, at least 9, or at least 10 bases of the n-random bases and the index
nucleotide sequence. In some embodiments, the index read comprises at least 4, at
feast S, at feast 6, at least 7, at least 8, at least 9, or at least 10 bases of the n-random
bascs and optionally, the index nucleotide sequence. In some embodiments, the n-
random base nucleotide sequence comprises at least 1, at least 2, at least 3, at least 4,
at least 5, at least 6, at least 7, at least §, at least 9, or at least 10 nucleotides. In some
embodiments, the index nuclectide sequence further comprises a barcode sequence,

168261 In some embodiments, the reverse read comprises at least one of 2
probe sequence and a portion of a specific nucleic acid sequence and the combination
thereof. In some embodiments, the reverse read comprises at leastl$, at least 20, at
feast 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 55, or at
least G0 bases of probe sequence. In some embodiraents, the reverse read comprises at
fcast 4, at least 5, at least 6, at least 7, at least §, at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, or at least 20 bases of specific nucleic acid
sequence 37 to the probe sequence.

{66211 Tn a further aspect, disclosed is a composition of probe extension
prodocts produced and/or amplified by the disclosed methods.

[6822] In yet a further aspect, the plurality of nucieic acids can be derived
from a sample selected from the group consisting of a tissue, an organ, a single cell, a
tumor, a specimen of an organic fluid taken from a patient, freely civculating nucleic
acids, a fungus, a prokaryotic organism, and 3 virus. In some ombodiments, the
patient can be known or suspected of having a tumor. In some embodiments, the
organic fluid contains at least ove civculating twumor cell (CTC) or a disseminated
tamor cell (CTD). In some embodiments, the patient can be known or suspected of
having a viral infection that can be a commmonicable infection or a communicable
discase.

{8023] In some embodiments compositions of the present disclosure
cimprise a plarality of nucleic acid molecules. In some embodiments, each probe
extension product is an extension product of a probe complementary to a probe targe

region within a specific mucleic acid molecule.
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{80241 In yet a further aspect, disclosed 18 a kit for digital measurement of
nucleic acid molecules comprising at feast one or more of! an oligonucieotide adapior;
a probe complementary o & portion of a probe farget region sequence; @ primer
complementary 1o said adaptor sequence; a primer complementary to a portion of the
probe sequence; a ligase; a polymerase; and instructions for use of the kit In yet a
further aspect, disclosed is a kit for digital measurement of nucleic acid molecules
comprising one o7 more aspects of the present disclosure.

[0825] In some embodiments, methods, compositions, and kits of the
present disclosure comprise one or more aspects disclosed i Li er of 2012,
Bivinformatics. 28(10):1307-1313; Bellos ef «l 2014, Nucleic Acids Res.
42(20):015%; Jiang ef al. 2015, Nucleic dcids Res. 43(6):239; X3 et ¢l 2011, FProc.
Natl, Acad. Sci. 108(46):1128-1136; Fromer and Purcell. 2014, Cwrr. Profoc. Hum.
Genet, 81:7.21.1-7.23.21; Sathirapongsasuti ef gl 2011, Bioinformatics. 31{1511-8;
Krumm e af 2012, Genome Res. 22(8):1525-1532; Plaguol er af 2012

Rioinformatics. 28(21):2747-2754.

INCORPORATION BY REFERENCE

16026} All publications, patents, and patent applications mentioned in this
specification are herein incorporated by reference to the same oxtont as if cach
individual publication, patent, or patent application was specifically and individoally
ndicated to be incorporated by reference.

{80271 Pending  applhications

USSN 61/903,826 and LSSN 61/989,1

entirely herein.

BRIEF DESCRIPTION OF THE BRAWINGS

{6628] A better understanding of the novel features and advantages of
the disclosed invention can be obtained by reference to the following description
that sets forth illustrative embodiments, in which the principles of the disclosed
mvention are wtilized, and the accompanying drawings of which:

{8029] Figure 1 i3 a flow chart illustrating embodiments of Lbrary
generation disclosed herein using gDNA.

1603061 Figure 2 is a flow chart Ulustrating cmbodiments of Lbrary

generation disclosed herein using cDNA.

9
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{80314 Figure 3 is a flow chart illustrating cmbodiments of hbrary
generation disclosed herein using double-stranded gDNA.

160321 Figure 4 is a flow chart Ulustrating cmbodiments of Lbrary
generation disclosed herein using double-stranded gDNA.

[84633] Figure § illustrates embodiments disclosed herein for constructing
3 sequencing library and regions of sequencing reads.

{88341 Figure 6 illustrates embodiments disclosed herein for removing
duplicate reads from scquencing data. Figure 6A- forward read, Figure 6B- index
read, Figure 6C- reverse read.

0835] Figure 7 illustrates embodiments disclosed herein for identifying
the regions sequenced to obtain sequence data: Figure 7A- forward read, Figure 7B-
index read, Figare 7C- reverse read.

{6436} Figure 8 illustrates embodiments disclosed herein for identifying
the regions sequenced to obtain sequence data: Figure 8A- Probe containing sequence
read, Figure 8B- Specific mucleic acid sequencing read, Figure 3C- indexing
sequencing read comprising at least one of an index base read and an n-random base
read or 2 combination thereof

{60371 Figure 9 graphically illustrates embodiments disclosed herein for
generation of sequencing libraries and subsequent digital quantification.

60381 Figure 18 graphically iHustrates embodiments disclosed herein for
using a sequencing lbrary for NGS scguencing and analyzing sequence data for
digital quantification.

{B039] Figure 11 graphically illustrates the plot of gene abundance at the
RNA level in a pancl of 95 genes in chromosomal order. Genes colored red are
significantly dowunregulated, and geues colored green are significantly upregulated.
Exror bars reflect the standard deviation in both the DNA and RNA data,

{B{40] Figure 12 graphically illostrates the plot of measured levels for all
genes in the 509 gene panel sorted in chromosomal order. Genes with copy nomber
changes are colored green. Error bars are reflective of combined variation in the probe

counts of the sample and control datasets.

16
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DETAILED DESCRIPTION

{0041} This disclosure describes a method for targeted nuocleic acid
sequencing resulting i digital measurements.  Examples of where these digital
measurements are uscful are in digital gene expression and copy number variation.
Starting material can be nucleic acid, DNA, RNA, ¢cDNA, or double stranded cDNA,
The disclosed methods, compositions and ks deseribe utilizing a coraplementary

probe hybridized to s probe targel region 0 gonersio probe exionsion produois

3

dertved from the probe target rogion.

The probe extension products are used for
target erwichment and Hbwwary generation proceeding high throughpat sequencing.
Analysis of the sequencing data provides digital measurcments of transeriptome gene
exXpression or gonomue DINA copy number variation,

{0421 Targeting probes are hybridized to a specific nucleic acid and
extended with a polymerase using the NuGEN Ovation Target Enrichment Kit.
Paired end sequencing can be performed on the resulting curiched library. Reads are
mapped to the genome or transcriptome and PCR duplicate reads are identified
tdescribed iIn patent application USSN 61/903,826). Probe sequences are then
counted for how many times they appear in the de-duplicated sequencing datasct as g
measure of the number of copics of the original nucleic acid that were present in the
starting sample. Using probe sequence covnts instead of random sequence simplifics
copy number analysis because precisely the same sequences are being assessed across
differcut samples for cach digital measurement. This can serve to normalize for such
factors as gene length, which can change between samples duc to alternative exon
asage, as well as reducing known problems with sequencing read mapping to the
ENOME OF ranscriptome.

{60431 The methods of the disclosed fnvention can be used with various
applications for genetic sample analysis including but not lmited to RNA-Seq
analysis, digital gene expression, genotyping, copy number variation determination
and whole genome amplification.

{88441 Unless otherwise specified, terms and symbols of biochemistry,
nucleic acid chemistry, molecular biology and molecular genetics follow those of
standard treaties and texts in the field, for example, Sambrook et al, Molecular
Cloning: A Laboratory Manual, 2.sup.nd Edition (Cold Spring Harbor Laboratory,

1989); Komberg and Baker, DNA Rephication, Second Edition (W.H. Freeman, New

I
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York, 1992); Gaits, ed., Ohigonucleotide Synthesis: A Practical Approach (IRL Press,
Oxford, 1984); Lehninger, Biochemistry, Second Edition {Worth Publishers, New
York, 1975} Eckstein, ed., Oligonucleotides and Analogs: A Practical Approach
(Oxford University Press, New York, 1991); and the like.

[6845] As used herein and in the appended claims, the singular forms "a,”
"an,” and "the" include piural referents uvnless the context clearly dictates otherwise.
Thus, for example, reference to "a polymerase” can refer to one agent or 1o mixtures
of such agents, and reference to "the method” includes reference to equivalent steps
and/or methods known 1o those skilled in the art, and so forth,

{6846} Additionally, to facilitate understanding, disclosed are a number of
terms as defined heremn.

10647} The term "adaptor”, as used herein, can refer fo an oligonucleotide
of known sequence, the attachment of which {o a specific nocleie acid sequence or &
target polynucleotide strand of interest enables the generation of amphification-

ready products of the specific nucleic acid or the target polynucieotide strand of
he specific nucleie acld samples can be fragmented or not prior o the
addition of at least one adaptor

1848] Various adaptor desigos are envisionad which sre suitable for

generation of ampiification-ready products of specific sequence regions/strands of

rr4

imerest.

>

or example, when doeuble stranded adaptors are used, the two strands of the

adaptor  can he  selfcomplementary, nown-complomentary  or  partinlly
complomontary. Adaptors can comtain af least a partdal forward sequence primdog
site and & random sequence,

0849] In some embodiments, adaptors comprise an additional identifier
sequence, o.g., a barcode sequence. As used herein, the torm "barcode” can refer 1o a
known nucleic acid sequence that allows some featare of a polynucleotide with which
the barcode is associated to be identified. In some embodiments, the feature of the
polynucleotide to be identified can be the sample from which the polymucleotide is
derived. A barcode can, for example, comprise @ nucleic acid sequence that when
joined to a target polynucleotide can serve as an identifier of the sample from which
the target polynucleotide was derived. In some embodiments, barcodes are at least 3,
4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, or more nucleotides in length. In some

embodiments, barcodes are shorter than 10, 9, 8, 7, 6, 5, or 4 nucleotides m length. In
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some embodiments, each barcode in a plurality of barcodes differ from every other
barcode in the plurality at at least three nucleotide positions, such as at least 3, 4, 5, 6,
7, 8,9, 10, or more positions. In some embodiments, barcodes associated with some
polymucleotides are of different length than barcodes associated with other
polynucleotides, Barcodes can be of sufficient length and comprise sequences that are
sufficiently different to allow the identification of samples based on barcodes with
which they are associated. In some cmbodiments, both the forward and reverse
adapter can comprise at least one of a plurality of barcode sequences. In some
embodiments, the first and second adaptor comprises at least one of a plurality of
barcode sequences. fn some embodiments, each reverse adapter comprises at least one
of & plurality of barcode sequences, wherein cach barcode sequence of the pluraliy of
barcode sequences differs from every other barcode sequence in the plurality of
barcode sequences. Tn some embodiments, both the first adapter and the second
adapter comprise at least one of a plumality of barcode sequences. In some
embodiments, barcodes for second adapter oligonuclectides are  selected
independently from barcodes for first adapter oligonucleotides. In some embodiments,
first adapter oligonucleotides and second adapier oligonuciectides having barcodes
arc paited, such that adapters of the pair comprise the same or different one or more
barcodes. In some embodiments, the methods of the invention further comprise
identitying the sample from which a target polynucleotide can be derived based on the
harcode sequence to which the target polynucieotide is joined. A barcode can, for
example, comprise a mucleic acid sequence that when joined to a target polynucieotide
serves as an identifier of the sample from which the target polyauclectide was derived.

U Appending of an adaptor{ «3 at the desired end of the sequence

rogion(s) of interest unilizing ligation can be suitable for carrving out the disclosed

¥

maethods, Various Hgation modalities are envisioned, dependent on the choice of

nucleic acid, nocleie acid moditving enzyies and the resalting ligatable end of the

...‘

-
i

nuclete acid. For example, when a blunt end product comprising the target

4

bhnt end Hgation can be suitable

fogt

(4]

region/sequence of inderest can be generated, b
Alternatively, where the cleavage can be carried out ssing a resiviction enzyme of
known sequence specificity, leading to the generation of cleavage sties with known
sequence overhangs, suitabie ends of the adaptors can be designed to enable

hybridization of the adaptor to the cleavage siie of the soguence region of intorest

13
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and subseqguent higation, Ligation alse can refer 1o any joining of two muclkeic acid

R

1 4 - 1

moeloceles  that results W 2 siogle nucleie acd sequences that can be fuwther

modified to obtain the sequence of the nucleie acids o guestion,

mothods for officient and rapid Hgation of adaptors are commercially available and
are known i the art.

[0051] As used herein, the torms “amplifyiog”, “amplification” and to
“amplify” a specific nucleic acid as used herein, can refer to a procedure wherein
multiple copies of the nucleic acid sample of interest are generated, for example, in
the form of DNA copies. Many methods and protocols are known in the art to amphfy
nucleic acids, such as ¢.g., PCR and qPCRL

{8652] As used herein, the term “cDDNA” as used hercin, can refer to
complementary BNAL The DNA can be synthesized in a reaction catalyzed by the
CREYINes reverse transeriptase and DINA polyrerase from a messenger RNA (mBNA}
tempiste.

{B053] As used herein, the term “complementary” as used herein, can refer
to complomentarity to all or only 10 a portion of a sequence. The number of
pucleotides i the hybridizable sequence of a specific oligonucleontide primer oy
prabe can be such that stringency conditions used 0 hybridize the oligonucleootide
primer or probe can prevent excessive vandom non-specific hj’%}!‘idié’iti&}si The
nursber of nucleotides o the hybridizing portion of the cligoenuclestide primer or

probe can be at least gs groat as the defined sequence on the farget polynucleotide

that the oligonuciootide primer or probe hybridizes to, namely, at least §, at least o,

[
[

7, at least 8, at least 9, at least 10, at least i feast 12, at least 13, at least
2 b, b, 2 b,

e

14, at lvast 153, at feast abowt 20, and can be from sbowt & io about 10 ¢r § o abaut
12 of 12 1o abowt 200G nucleonides, usually abowt 20 1o about 58 nucleotides. The
target polynucleotide/oligonncieotide can be lavger than the oligomuclootide primex,
primers or probe.

[6654] As used herein, the term “denaturing™ as used herein, can refer o
the separation of double stranded mucleic acid into single strands. Denaturation can be
achieved using any of the methods known in the art including, bot not limited to,
physical, thermal, and/or chemical denaturation.

{0055] As used herein, the acronym “FFPE” as used hercin deonotes

Formalin-Fixed, Paraffin Embedded. FFPE is a method used in preservation of a

14
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tissue sample in which the sample can be fixed in a formalin solution coupled with
application of a wax referred to as paraffin.

{0656] As used herein, the phrase “genomic DNA™ as used herein, can
refer to chromosomal DNA, abbreviated as gDNA for genomic deoxyribonucleic
acid. gDMA includes the genetic material of an organism.

{08571 As used herein, the term “genome” as used hercin, can refer to
sequences, cither DNA, RNA or ¢DNA derived from a patiend, a tissue, an organ, a
single cell, a tumor, a specimen of an organic thud taken from a patient, freely
circulating pucleic acid, a fongus, a prokaryotic organism and a virgs, A
“transcriptome” as used herein, can be all RNA sequences that can reflect a partial or
entire expressed genome of an organiso

0338 As used herein, the term "kit" can refer to any system for
delivering materials. In the context of reaction assays, such delivery systems can
nclude elements allowing the storage, transport, or delivery of reaction coraponents
such as oligonucleotides, buffering components, additives, reaction enhancers,
enzymes and the like in the appropriate containers from one location to another
commonly provided with written mstructions for performing the assay. Kits can
mclude one or more enclosures or boxes containing the relevant reaction reagents and
supporting materials, The kit can comprise two or more separate containers wherein
cach of those containers includes a portion of the total kit components. The containers
can be delivered to the intended recipient together or separately.

{80591 As used herein, the phrase “nucleic acid (NA)-modifying enzyme”
as used herein, can refer to a DNA-specific modifying enzyme. The NA-modifying
enzyme can be selected for specificity for double-stranded DNA. The enzyme can be
a duplex-specific endonuclease, a blunt-end frequent cutter restriction enzyme, oF
other restriction enzyme. Examples of blunt-end cutters can include Dral or Smal.
The NA-modifying enzyme can be an enzyme provided by New England Biolabs.
The NA-medifying enzyme can be a homing endonuclease (a homing endonuclease
can be an endomuclease that does not have a stringently-defined recogmition
sequence). The NA-modifying enryme can be a nicking endonuclease (a nicking
endonucicase can be an endonuclease that can cleave only one strand of DNA ina
double-stranded DNA substrate). The NA-moditying enzyme can be a high fidelity

endonuclease (a high fidelity endonuciease can be an enginecred endonuclease that
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has less Ustar activity” than the wildtype version of the endonuclease). In some
cmbodiments, the NA-modifying enzyme can be a sequence and duplex-specific,
DNA modifving enzyme.

[Bi60] As used herein, the phrases “micleic acid fragment” and “specific
nucleie acid” are used interchangeably and as used herein, can refer to a portion of a
nmucleic acid sample. The nucleic acids in the mput sample can be fragmented into a
population of fragmented nucleic acid molecules or to polyoucleotides of one or more
specific size range(s}. The fragments can have an average length from about 10 to
about 10,000 nucleotides, from about 50 to abouwt 2,000 nucleotides, from abouwt 100-
2,500, 10-1,000, 10-800, 10-500, 30-500, 30-250, or 50-150 nucleotides in length.
The fragments can have an average leongth less than 10,000 nucleotide, less than 5,000
mucleotides, less than 2,500 nucleotides, less than 2,000 nucleotides, less than 1,000
mucleotides, less than 500 nucleotides, such as less than 400 nucleotides, less than 300
nucleotides, less than 200 nucleotides, or less than 130 mucleotides.

0861} As used herein, the phrase "specific nucleic acid sequence” or
"specific sequence” as used herein, can be a polynucleotide sequence of interest, for
which digital measurement and/or quantitation is desired, including but not limited to
a nucleic acid fragment. The specific soquence can be known or not known, in ferms
of its actual sequence. A "emplate”, as used herein, can be a polynucleotide that
contains the specific nucleic acid sequence. The terms ™ specific sequence,” ™ specific

14

nucleie acid sequence,” " specific nucleotide sequence,” "regions of interest,” or
"sequence of mterest” and, variations thereof, are used interchangeably.

108621 As wsed herein, the phrases "qualified nucleic acid” and “qualifies
the target nucieic acid fragment” as used berein, can refer {o a fragment of 2 gDNA or
RNA sequence that is: 1) an acceptable template for a DNA polymerase, i.c. the
template can be free of cross-links or inhibitors to the DNA polymerase, or i) the
template has a modification including, but not imited to, attachment at the 5" and/or 3’
end a polypucleotide scquence at least one of a barcode, an adaptor, a sequence
complementary to a primer and so on such that the fragment can be modified for
purposes of quantitation, amplification, detection or to other methods known to one of
skill in the art of gDNA and ¢cDNA sequence analyses. The presence of inhibitors can
be the result of using gDNA obtained from a tissuc sample that had undergone

fixation n a FEFPE preparation.
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{88631 As used herein, the term “oligonucicotide” can refer to a
polynuclestide chain, less tham 200 residues long, e.g., between 15 and 10

nuclontides  lomg, but can alse encompsss  longer polypuclestide  chains.
Cligonucleondes can be single-or double-stranded. As used in this invention, the
term "ohigonucleotide” can be used interchangeably with the terms “primer”, “probe”
and "adaptor”.

80641 "PCR" 15 an abbreviation of term "polymuerase chain reaction,” the
nucleic acids amplification technology used in all methods of the present invention,
and which was originally discovered and described by Mallis K. B. et al, U.5. Pat.
No. 4,683,195 and Mullis K. B, U.S. Pat. No. 4,683,202, In some embodiments, PCR
cmiploys two oligonucleotide primers for cach strand that are designed such as
extension of one primer provides a template for another primer in the next PCR cyele.
Either one of a pair of oligonucleotide primers can be named herein as a "forward” or
"reverse” primer with the purpose of distinguishing the oligonucleotide prumers in
discussion. A PCR can consist of repetition {(or cycles) of (i) a denaturation step
which separates the strands of a double stranded nucleic acid, followed by (i) an
annealing step, which allows primers to anneal to positions flanking a sequence of
interest; and then (1) an extension step which extends the primers ina 5" to ¥
direction thereby forming a nucleic acid fragment complementary to the target
sequence. Each of the above steps can be conducted at a different temperature using
an automated thermoeceycler. The PCR cycles can be ropeated as often as desired
resulting in an exponential accumulation of a target DNA fragment whose termini are
asually defined by the 3" ends of the primers used. Certain exceptions to this rule can
apply, inclading those described heorein. Particular temperatures, incubation time at
cach step and rates of change between steps depend on many factors well-known to
those of ordinary skill in the Art and the examples can be found in numerous
published protocols, for example, McPherson M. L et al. (1991 and 1995} and the
like. Although conditions of PCR can vary in a broad vange, a double-stranded target
nucleic acid can be denatared at temperature >90°C, primers can be annealed at a
temperatare in the range 50-75°C, and the extension can be performed in the range
72-78°C

10865] The phrase "quantitative PCR" or “gPCR”, as used hercin, can

refer t0 a PCR designed to measure the abundance of one or more specific target
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sequences in a sample. Quantitative measurements can be made using one or more
reference micleic acid sequences that can be assayed separately or together with a
target nucleic acid. Techniques for quantitative PCR are well known i the art and
they are exemplified in the following mamuscripts that are mcorporated herein by
reference: Go Z. et al (2003} J. Chin. Microbiol., 41:4636-4641; Becker-Andre M. and
Hahibrock K. (1989) Nucleic Acids Res., 17:9437-9446; Freoman W. M. ¢t al {1999}
Biotechniques, 26:112-122, 124-125; Lutfalla G, and Uze G. (2006) Methods
Enzymeol, 410:386-400; Clementi M. et al {1993) PCR Methods Appl. 2:191-196;
Diviacco S. et al {1992) Gene, 122:313-320.

[0066] The torm “portion”, as used hergin, can refer to less than the total
length of a nucleic acid sequence, a nucleic acid sequence fragment, a specific nucleic
acid sequence, a specific nucleie acid fragment, a probe, a primer and the ke, A
portion can be less than about 50 to about 2,000 nmuclectides, from about 106-2,500,
10-1,000, 10-8040, 10-500, 20-250, or 20-150 nucleotides in length.

{8067} The term primer”, as used herein, can refer to  an
oligonmucleotide, generally with a free 3' hydroxyl groop, that can be capable of
hybridizing or anoecaling with a template (such as a specific polynucleotide, targe
DNA, target RNA, a primer extension product or a probe extension product) and
can be also capable of promoting polymerization of a polymucleotide
complementary o the template. A primer can confain a non-hybridizing sequence
that constifutes a tail of the primer. A primer can still be hybndizing to & target
even though its sequences are not fully complementary to the target.

{B068] The primers utilized herein can be oligonucleotides that are
cuploved i an extension reaction by a polymerase along a polynuclootide
teroplate, such as i PCR, gPCR, an cxtension teaction and the like. The
oligonucleotide primer can be a synthetic polynucleotide that can be single
stranded, containing a sequence at its 3'-end that can be capable of hybridizing
with a sequence of the target polynucleotide.

{80691 The 3' region of the primer that hybridizes with the specific
nucleic acid can comprise at least 80%, preferably 90%, more preferably 95%, most
preferably 100%, complementarity to a sequence or to a primer binding site.

160701 The term, “tail sequence” can refer to a non-bybridizing sequence

adjacent to and 57 of a primer ov probe sequence. The term “probe extension product”

I8
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can refer to a DNA fragment resulting from the hybridization of a probe and template
directed synthesis imitiated from the probe, ¢.g., within a specific nucleic acid
sequence. The probe can be extended by a polymerase indo an adaptor sequence, if
present and appended to the specific nucleie acid. The resulting probe extension
prodoct can have both a first adaptor, e.g., the adaptor appended to the specific
nucleic acid sequence and a sccond adaptor, e.g., found within the tail sequence of the
primer or probe.

{80714 A random primer,” as used herein, can be a primer that comprises
a sequence that can be designed not necessarily based on a particular or to a specific
sequence 1 a sample, but rather can be based on a statistical expectation (or an
cnpirical observation} that the sequence of the random primer can be hybridizable
(under a given set of conditions} to one or more sgquences in the sample. A random
primer can be an oligonucleotide or to a popuiation of oligonucleotides comprising a
random  scquence(s) in which the vucleotides at a given position on the
oligonucleotide can be any of the four nucleotides, or any of a selected group of the
four nucleotides (for example only three of the four nucleotides, or only two of the
four nucleotides). As used herein, the notation “n-random oligonucleotide™ can refer
to at least zero, at least one, at least two, at least three, at least four, at least six, at
least eight, at least nine, at least 10 and so on, bases within an adaptor or a priming
site.

{08721 A “random vucleotide” and “n-random nucleotide sequence,” as
used herein, can be a nucleotide that can comprise a sequence within an adaptor or
primer that can be designed not necessarily based on a particular or to a specific
sequence 1 a sample, but rather can be based on a statistical expectation (or an
empirical observation) that the adaptor or primer having the random nucleotide can be
hybridizable {(onder a given set of conditions) to one or more sequences i 8 primer,
an adapter or a sample. A random cligonocleotide can be an oligonucleotide or a
population of oligonucicotides comprising a random sequence(s) in which the
nucleotides at a given position on the oligonucleotide can be any of the four
nucleotides, or any of a selected group of the four nocleotides (for example only three
of the four nucleotides, or only two of the four nuclectides or only one of the
nucleotides). As used herein, the notation “n-random oligonuclentide”™ can refer to at

feast zere, at least one, at least two, at least three, at least four, at least six, at least

i
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seven, af least eight, at least nine, at least 10 and so on, bases within an adaptor or a
primer.

{66731 The term, "sample" as used herein, can refer to any substance
containing or presumed to contain a nucleic acid of interest, and thus includes a
sample of nucleic acid, cells, organisms, tissue, fluids {e.g., spinal fluid or lymph
fiuids), organic fluid taken from a patient, and sample including but pot limited to
biood, plasma, serum, urine, tears, stool, respiratory and genitourinary tracts, saliva,
fragments of different organs, tissue, blood cells, circnlating tumor cell (CTC) or a
disseminated tumor cell (CTD), bone, samples of in vitro cell cultures or specimens
that bave been suspected to contain nucleic acid molecules.

{0674] The phrase, “communicable infection,” and “conununicable
disease,” can refer {o infections and diseases transmittable from person to person;
animal-to-animal, animal to iman, or lmiman to animal direct contact or incidental
contact by virtue of proximity.

108751 The term “PCR duplicate”, as used herein, can vefer to any
sequencing read that is derived from the same original nucleic acid molecule and so,
the same primer/probe extension product sequence, as another sequencing read and is
thercfore not representative of a unique nucleic acid molecule.

10376} The term “probe”, as used herein, can refer to an oligonucleotide
sequence. The probe can be complementary to a probe target region. The probe
sequence complorsendary o the probe farget rogion can be less than about 208
residoes long, between about 15 and 10 nucleotides {ong, but can alse be intended
to encompass longer polynucleotide chains. Probe target reglons can be single-or
double-stranded.  The probe target region provides a hybridization site for a
complementary probe that undergoes extension using a polymerase.

{6877] The term “probe target region”, as used herein, can refer to a region
within a genomic or transcriptomic database or within a genome or transcriptome
sequence to which a probe has been designed. The region may extend beyond the
specific complementary region and include flanking regions of the genome or
transcriptome.  The aligned probe sequence to its probe target region can provide
verification of the specificity of probe anncaling and so too the probe extension

product and thus the specific nucleic acid molecule being counted.
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[0878] The probe target reglon is within a specific mucleic acid sequence.
The probe target region can be about 500 residucs long and can also be between abowut

1"

80 and 1000 residues. As used hercin, the term "probe target rogion” can be used

mierchangeably with the term “probe hybridization site” and “probe annealing site”.

{64791 The term “verified probe” or “verified probe sequence”, as used
herein, can refer to the sequence of the probe that has been verified to be present and
hybridized to the tatended specific target nucleic acid from the resulting sequencing
data,

[B6836] Reference will now be made in detail to exemplary embodiments
of the disclosed invention. While the disclosed methods and compositions will be
described in conjunction with the exemplary embodiments, it will be understood that
thess excemplary embodiments are not intended to imit the disclosed invention, Un
the conirary, the disciosed mvention is intended to cucompass alternatives,
modifications and equivalents, which can be incladed i the spirit and scope of the
disclosed invention.

{88811 In some cmbodiments, disclosed herein are methods and
compositions for the quantitation of specific nucleic acid sequences of interest from 2
sample comprising a plurality of mucleic acids. The methods described herem can
amphify specific nucleic acid sequences using a conventional adaptor, seguence
specific probe target region probes, polymerase and ligation enzymes and ligation.
The methods can further enable digital measurcment of at least a first specific nucleic
acid sequence derived from a transeriptome or genomic DNA,

{8082} Digital gene expression has been performed multiple ways, with
cach having significant drawbacks, thus making a new methodology important for
performing proper digital counting of nucleic acid molecules. The current methods
for digital nucleic acid counting can inclade digital PCR, high throughput sequencing
and hybridization based counting as performed by the Nanostring n-counter system.

[BO83] Digital PCR can be performed by diluting the starting nucleic acid
material to the point of obtaiming one copy per PCR vessel, etther in a well in a plate
or an enudsion droplet. End Point PCR can be performed for a given set of target
primers and the number of wells or droplets that are positive for an amplification
event can be counted. The main drawbacks to this method are the problem of

obtaining exactly one copy of target nucleic acid per vessel based on the Poisson
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distribution, and also the reaction can be very hmited to a small number of targets per
nucleic acid sample that can be interrogated (low nltiplex capability).

1084} The v-counter system of Nanostring wtilizes a probe hybridization
scheme with single molecule resolation to count input nucleie acids by measuring
floorescent signals. The major drawbacks to this technology are the low multiplexing,
due to the fluorcscent tags that must be used, and the inability to target different
regions on the same molecule. For example, duc to the size of the fluorescent tags
ased, the n-counter system can be unable to interrogate the presence of two exons
within the same RNA transcript,

[0885] High throughput scquencing can be considered an excellent method
for digital counting of nucleic acid molecules, but it too suffers from major
drawbacks. For both genomic DNA as well as RNA counting, the mucleic acids can
be randomly sheared prior to sequencing. This random shearing can introduce bias
mte the basc compesition of the target, resulting in uncven amplification or
sequencing of a given target of interest.  The major source of ambiguity In counting
nucleic acid fragments can be based on the methods aurrently use to count. That s,
for a given gene of interest (or genomic target region), the number of sequencing
reads obtained vwst be normalized by the size of the target region so that targets of
different sizes, which would therefore necessarily generate different pumbers of
sequencing reads, can be compared to cach other.  The ambiguity occurs because the
size of a target region is not necessarily fixed between samples since different length
1soforms of the same gene exist at varying abundances. This can be most casily seen
in the case of RNA sequencing, but applics equally to genomic DNA.

16086} In RNA sequencing, gene counis can be expressed as RPKM or
FPKM {recads/fragments per thousand million or fragments per thousand million
depending on the type of data generated. The sequencing data coumts can be
determined by the pumber of reads (or fragments in the case of paired end
sequencing), the size of the target RNA (in kilobases), and the number of total
sequencing reads (in millions). The problem Hes i measuring the size of the target
RMA; one size is assumed across all samples. However, it is well known that through
aliernative exon usage, the size of RNA can differ by up {o many kb of sequence
between different samples, thus potentially altering the size varisble in the

RPEM/FPKM measurement between two samples. The changes in size measurement

N2
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for one gene additionally effect the RPKM/FPEM measurements for all genes in the
sample as for a fixed number of sequencing reads, sltering the size of onc gene
through aliernative exon usage will change the nuaber of reads from other genes.
Just as described with RNA sequencing, genomic DNA counting can suffer from
similar problems when taking into account partial duplications and deletions, which
alter the size of the target region of interest between samples.

{BGR7Y In some embodiments, disclosed herein are methods and
compositions for the digital measurement of specific nucleic acid sequences from a
sample having a phuality of nocleic acids. The nuecleic acids can be DNA, or RNA.
The nucleic acids can be single or double stranded. The DNA can be genomic DNA,
cDINA, a DNA/RNA hybrid or any combination thereof. In some ershodiments, the
nucleie acids in an nput sample can be double stranded DNA. In some embodiments,
the method includes fragmenting nucleic acids in an input sample to gencrate nucleic
acid fragmerds. In some cmbodiments, the sample is vot fragmented.  In some
embodiments, fragmentation of the nucleic acids can be achieved through methods
known in the art or described herein for fragmenting nuecleic acids that can include,
but are not limited to, physical (ie. sonication), and/or cnzymatic (i.c. restriction
enzyme freatment) fragmentation reactions.

[0488] Physical fragmentation methods can  include necbuhzation,
sonication, and/or hydrodynamic shearing. In some cmbodiments, the fragmentation
can be acconplished mechanically comprising subjecting the nucleic acids in the
mput sample to acoustic sonication. In some embodiments, the fragmentation
comprises treating the nocleic acids in the input sample with one or more enzymes
under conditions suitable for the one or more enrymes to generate double-stranded
nucleic acid breaks. Exanples of enzymues useful in the generation of nucleic acid or
polynucleotide fragments can include sequence specific and non-sequence specific
nucleases. Non-limiting examples of nucleases can include DNase 1, Fragmentase,
restriction endonucleases, variants thercof, and combinations thereof. Reagents for
carrying out enzymatic fragmentation reactions are commercially available {e.g., from

New England Biolabs). For example, digestion with DPNase 1 can indoce random

N . ~ - o ~
double-stranded breaks in DNA in the absence of Mg and in the presence of Mn
In some embodiments, fragmentation comprises treating the nucleic acids in the jopmt

sample with one or more restriction endomucieascs. Fragmentation can produce



WO 2016/022833 PCT/US2015/044065

fragments having §' overhangs, 3" overhangs, bhunt ends, or a combination thereof. In
some embodiments, such as when fragmentation comprises the use of one or more
restriction endonucleases, cleavage of sample poelyonuclectides leaves overhangs
having a predictable sequence.

[6489] In some embodiments, the pucleic acids in the input sample can be
fragmented into a population of fragmented nucleic acid molecules or o
polyoucleotides of one or more specific size range(s). In some embodiments, the
fragments can have an average length from about 10 to about 10,000 nucleotides. In
some embodiments, the fragments can have an average length from about 50 to about
2,000 onucleotides. In some embodiments, the fragments can have an average length
from about 106-2,500, 10-1,000, 10-800, 10-500, 50-500, 50-230, or S50-150
mucleotides. In some embodiments, the fragments can have an average length less
than 10,000 nucleotide, such as less than 5,000 nucleotides, less than 2,500
nucleotides, fess than 2,500 nucleotides, less than 1,000 oucleotides, less than 300
mucleotides, such as less than 400 nucleonides, less than 300 nucleotides, less than 200
nucleotides, or less than 150 nmucleotides.

{6856] In some embodiments, fragmentation of the nucleic acids can be
followed by end repair of the nucleic acid fragments. In some embodiments, non-
fragmented samples can ondergo end repair. End repair can include the generation of
biunt ends, non-blunt ends (e, sticky or cohesive ends), or single basc overhangs
such as the addition of a single dA oucleotide to the 3-cnd of the nucleic acid
fragments by a polymerase lacking 3-cxomuclease activity. End repair can be
performed using any number of enzymes and/or methods known in the art imchiding,
but not limited to, conunercially available kits such as the Ovation™ Uliralow NGS
Library System (NuGEN}. In somic embodiments, end ropair can be performed on
double stranded DNA fragments to produce blant ends wherein the double stranded
DNA fragments contain 5 phosphates and 3" hydroxyls. In some embodiments, the
double-stranded DNA fragments can be bhunt-end polished {or "end repaired™) to
produce DNMNA fragments having blunt ends, prior to being joined to adapters.
Generation of the bhunt ends on the double stranded fragments can be generated by
the use of a single strand specific DNA exonuclease such as for example cxonuclease
1, exonuclease 7 or a combination thereof fo degrade overhanging single stranded

ends of the double stranded products. Alternatively, the double stranded DNA



WO 2016/022833 PCT/US2015/044065

fragments can be blont ended by the use of a single stranded specific DNA
endonuclease, for cxample, but not limited to, mung bean endonuclease or Si
endonuciease. Alternatively, the double stranded products can be blunt ended by the
use of a polymerase that comprises single stranded exonuclease activity such as for
example T4 DNA polymerase, or any other polymerase comprising single stranded
exonuclease activity or a combination thereof o degrade the overhanging single
stranded ends of the double stranded products. In some cases, the polymerase
comprising single stranded exonuclease activity can be incubated in a reaction
mixture that does or does not comprise one or more dNTPs. In other cases, a
combination of single stranded nucleic acid specific exonucleases and one or more
polymerases can be used to blunt end the double stranded fragments gencrated by
fragmenting the sample comprising nucleic acids. In still other cases, the nucleic acid
fragments can be made blunt ended by filling in the overhanging single stranded ends
of the double stranded fragments. For example, the fragments can be incubated with a
polymerase such as T4 DNA polymerase or Klenow polymerase or a combination
thereot in the presence of one or more dNTPs to fill in the single stranded portions of
the double stranded fragments. Alternatively, the double siranded DNA fragments can
be made blunt by a combination of a single stranded overhang degradation reaction
using exonucleases and/or polymerases, and a fill-in reaction using one or more
polymerases in the presence of one or more dNTPs. Kits commercially available for
blunt end repair or end polishing also include NEB Quick Blunting™ Kit or
MNEBNext® End Repair Kit (New England Biolabs).

{80911 In some embodiments the fragmented specific nucleic acid can be
denatured into single-stranded nucleic acid fragments.  In some cmbodiments, the
nou-fragmented sample can be denaturcd into single-stranded nucleic acid strands.
Methods for denaturing double-stranded mucieic acid into single-stranded nucleic acid
are well known to one of skill in the art. Methods include but are not limited to heat
denataration, chemical denaturation and the like.

[0892] The methods described herein for quantitating specific nucleic acid
fragment seqoences or non-fragmented nucleic acid sample sequences can further
inchude appending at least a first adaptor to the puclecic acid fragments or non-
fragmented nucleic acid sample sequences gencrated by the methods described herein.

In some embodiments, the at least first adaptor can be a forward adaptor. Appending
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the at least first adaptor to the nueleic acid fragments or non-fragmented nucleic acid
sample sequences generated by methods described herein can be achioved using 2
ligation reaction Or a pruming reaction. In some embodiments, appendage of an at
least first adaptor to the nucleic acid fragments or non-fragmented nueleic acid sample
sequences comprises Hgation. In some embodiments, ligation of the at least first
adaptor to the mucleic acid fragments or non-fragmenied woucleic acid sample
sequences can be following cod repair of the mucleic acid fragments or nown-
fragmented nucleic acid sample sequences. In some embodiments, the Hgation of the
at least first adaptor to the nocleic acid fragments or non-fragmented nuecleic acid
sample sequences can be following generation of the nucleic acid fragments or non-
fragmented nucleic acid sample sequences without end repair of the nucleic acid
fragments or non-fragmented nucleic acid sample sequences.

[B393] The at least first adaptor can be any type of adaptor known in the
art inclading, but not fuatted fo, conventional duplex or double stranded adaptors in
which the adaptor comprises two complementary strands. Tn some embodiments, the
first adaptor can be a double stranded DNA adaptor. In some cmbodiments, the first
adaptor can be an oligonucicotide of known sequence and, thus, allow gencration
and/ot use of sequence specific primers for amplification and/or sequencing of any
polymucleotides to which the at least first adaptor(s) can be appended or attached. In
some embodiments, the first adaptor can be a conventional duplex adaptor, whergin
the first adaptor comprises sequence well known io the art. In some ershodiments, the
methods described herein can involve the use of a first duplex adaptor comprising
double stranded DNA of known sequence that can be blunt ended and can be coupled
o the double stranded nucleic acid fragments generated by the meothods described
herein in one orientation. In some embodiments, a first adaptor can be appended or
ligated to a library of nmuecleic acid fragments generated by the methods deseribed
herein such that each mucleic acid fragment in the Hbrary of nucleic acid fragments or
non-fragmented nucleic acid sanple in the library of non-fragmented nucleic acids
comprises the first adaptor ligated to one end. In some embodiments, the at least first
adaptor can be appended or Higated to a single-stranded nucleic acid fragment or a
non-fragmented nucleic acid sample sequences and can be incorporated inio a probe

extension product.

N2
et



WO 2016/022833 PCT/US2015/044065

{80941 Ligation of the at least fivst adaptor to the mucleic acid fragments or
noun-fragmented nucleic acid sample sequence generates a first adaptor specific
nucleic acid fragment coraplex or a first adaptor non-fragmented nucieic acid sample
sequence, a ligation product. In some embodiments, the first adaptor specific nucleic
acid fragment complex can be denatured. In some embodiments, a first adaptor non-
fragmented nucleic acid sample sequence can be denatured. Denaturation can be
achicved using any of the methods known in the art including, but not limited to,
physical, thermal, and/or chemical denaturation. fn some embodiments, denaturation
can be achieved wvsing thermal or heat denatoration. In some cmbodiments,

enaturation of the at least first adaptor specific nucleic acid fragment complex or the
at feast first adaptor non-fragmented mucleic acid sample sequence generates single
stranded mucleic acid fragments or non-fragmented mucleic acid sample sequence
comprising the at least first adaptor sequence at only the 5'end of the nucleic acid
fragmeunts or non-fragmenied nucleic acid sample sequence as depicted, for exanple,
m Figure |

{88551 In some embodiments, the nucleic acid fragments or non-
fragmenied nucleic acid sample sequences comprising first adaptor sequence
appended to cithor the 5' end or both the 5" and 3' end can be denatured fo generate
single stranded mucleic acid fragments or npon-fragmented nucleic acid sample

1

sequence comprising first adaptor sequence appended to cither the 5' end or both the
5 and 3’ end. o some embodiments, the methods of the present invention described
hervein can be used to generate a plurality of single stranded nucleic acid fragments or
non-fragmented nucleic acid sample sequence comprising first adaptor sequence
appended to cither the §' end or both the 5" and 3' end. In some cmbodiments, an
oligonucleotide probe comprising at a fivst end scquence complementary to a probe
target region sequence of interest present in a single stranded specific nucleie acid and
at a second end sequence from a second adaptor, wherein the second adaptor seqoence
1s not compicmentary to the probe target region can be anncaled to the single stranded
specific nucleic acid fragments or non-fragmented nucleic acid sample sequence. In
some embodiments, the second adaptor sequence can be sequence from a reverse
adaptor.

16096] Io somc embodiments, the probe target region sequence of interest

can be present in one or more of the single stranded specific nucleic acid fragments or
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non-fragmented nucleic acid sample sequences. In some embodiments, different or
distinct probe target region sequences of intercst can be present in one or more of the
stngle stranded mucleic acid fragmeunts or non-fragmented nucleic acid sanple
sequences. In some embodiments, one or more oligonucleotides can comprise
sequence complementary to the same sequence of interest present in one or more
single stranded nucleic acid fragmenis or von-fragmented wvucleic acid sample
sequences. In this cmbediment, the one or more oligonucicotides can comprise
sequence that can be complementary to different parts or to regions of the same
sequence of mterest. In some embodiments, the different regions can be adjacent to
cach other. In some embodiments, the different regions can be non-adjacent to cach
other. Tn some cmbodiments, the one or more oligonucleotides that comprise
sequence complementary to the same target nucleic acid sequence of intergst can
further comprise the same second adaptor sequence. In some embodiments, one or
more probe ofigonucieotides can comprise sequence conaplementary fo differont or to
distinct sequences of interest that can be present in one or more single stranded
nucleic acid fragments or non-fragmented nucleic acid sample secquence. In some
embodiments, the one or more oligonucleotide probes that comprise sequence
complementary fo different or fo distinet target nucleic acid sequences of jnterest and
can further comprise the same second adaptor sequence. In some cmbodiments, the
sequence complementary to the target sequence of interest can be at the 3'end of the
cligonucleotide probe and the second adaptor sequence can be at the 5" end of the
oligonucleotide. In some embodiments, the second adaptor sequence can be non-
complementary 1o the target nucleic acid sequence of interest. In this mannoer, the
second adaptor scquence serves as a tail. The secound adaptor sequence can be a
conventional adaptor sequence. In some embodiments, the sccond adaptor sequence
can be a conventional adaptor sequence that can be different than or distinet from the
sequence of the first adaptor appended to the single stranded nucleic acid fragment or
non-fragmented nucleic acid sample sequence as described above. In some
embodiments, the second adaptor sequence can be of known sequence and, thus,
allow gencration and/or use of sequence specific primers for amplification and/or
sequencing of any polynuciectides io which the second adapior sequence can be
appended or attached. In a separate embodiment, the oligouucleotide probe can be

anncaled to the specific nucleie acid fragments or non-fragmented nucleic acid sample
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sequences comprising the first adaptor sequence appended to either the 5' end or both
the 5 and 3’ end without prior denatoration. In this cmbodiment, annealing of the
oligonucleotide can be via formation of a triple helix or triplex between the
oligonucleotide and a double stranded nucleic acid fragment or non-fragmented

mucleic acid sample sequence comprising the first adaptor sequence appended to

1

cither the 5" end or both the 5" and 3' ends of the double stranded nucleic acid
fragment or non-fragmented vucleic acid sample sequence. Tu this embodiment, the
double stranded nucleic acid fragment or non-fragmented wnucleic acid sample
sequence comprises a sequence of interest and can be present amongst a phurality of
double stranded wnucleic acid fragments or noun-fragmented nucleic acid sample
sequence corprising frst adapior sequence appended to cither the 5" end or both the
5§ and 3 end. Further to this embodiment, the oligonuclestide probe comprises
sequence complomentary to the probe target region in the double stranded specific
nucleie acid fragment or non-fragmented nucleic acid sample sequence. Overall, the
use of the oligonucleotide probe comprising sequence complementary to a probe
target region sequence of interest present i a nucleic acid fragment or non-
fragmented nucleic acid samplc sequence amongst onc or more of a plurality of
specific mucleic acid fragments or non-fragmented nucleic acid sample sequences
allows for selective binding and subsequent envichment of said nucleic fragment or
non-fragmented nucleic acid sample sequence using the methods described herein.
[0a97] Following anncaling of the oligomucleotide probe as described
above, a polymerase can be used to extend the oligomucleotide probe. In some
embodiments, the polymerase can be a DNA dependent DNA polymerase. In some
cmbodiments, the DNA dependeni DNA polymerase can be any of the DNA
dependent DNA polymerases as described herein and extension of the oligonucleotide
can be by any of the methods known in the art. In some embodiments, an
sligonucleotide probe comprising the second adaptor sequence, wherein the second
adaptor sequence is not complementary o the probe target region nucleic acid, and
sequence complementary to a probe target region sequence of interest present n a
specific nucleie acid fragment comprising a first adaptor appended to one and/or both
ends can be anncaled to the mucleic acid fragment and extended with a polymerase to
generate an probe extension product comprising the first adaptor sequence at a first

end and the second adaptor sequence at a second end. In some embodiments, the
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specific nucleic acid fragment can be present amongst a plurality of mucleic acid
fragmenis comprising first adaptor appended to one and/or both cnds. In this
cmbodiment, the probe cxionsion product can only be gencrated for @ nucleic acid
fragment that containg the probe target vegion sequence of interest.

[B398] In some embodiments, the probe extension product generated by
the methods described hercin can be subjected to an amplification reaction. In some
embodiments, the amplification reaction can be exponential, and can be carried out at
varigus temperatire cyveles. The amphification reaction can be an isothermal reaction,
In some cmbodiments, the amplification can be a gquantitative polymerase chain
reaction {(gPCR). In some embodiments, the smplification reaction can be isothermal
In some embodiments, the probe extension preduct comprises at least first adaptor
sequence on one end and a second adaptor sequence on the other end as generated by
the methods described herein. In some embodiments, the probe extension product can
be amplificd using a first primer comprising sequence complemendary to the first
adaptor and a second primer having sequence complementary to a 37 tail sequence,
the strand complementary to the probe target region within the specific nocleic acid
strand. In this manper probe extension producis comprising both the first adaptor
sequence and a probe target region can be amplified and so enriched. Probe exiension
prodocts having both the at least first adaptor sequence and a probe target region
sequence are amplificd, wherein an amplified probe extension product generated from
said ligated specific nucleic acid fragment or nov-fragmented nucleic acid sample
sequence can be guantitated. In some embodiments, the at least first adaptor sequence
and/or the seccond adaptor sequence can comprise an identifier sequence. In some
cmbodimenis, the identifier sequence can be a barcode sequence. In some
cembodiments, the barcode sequence can be unique for the at least first adaptor. In
some embodiments, the at least first adaptor and/or the second adaptor sequence can
comprise sequence that can be used for downstream applications such as, for example,
but not limited to, sequencing and specific nucleic acid identification after a
sequencing reaction. {n some embodiments, the at least first adaptor and/or the second
adaptor sequence can comprise flow cell sequences 33 and 38 (Figire §) that can be
used for sequencing with the sequencing methed developed by lllumina and described

herein.
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{8389] A schematic of a disclosed embodiment of the methods described
herein for guentitating specific aucleic acid sequence fragmeunts of inferest is
illustrated in Figure 1 and Figore 2. The numbering scheme used in the figures is
lustrative only. The same nomber appearing in more than one figure 1s not intended
to indicate an identical oligonucleotide sequence, in whole or in part but rather a
component, site or region of reference for practicing the disclosed methods.

081081 The methods of Figure 1 and Figure 2 illustrate goneration of a
Hgated library of nucleic acid fragments, non-fragmented nucleic acid samples or
inserts wherein each nucleic acid sequence of the ligated Hbrary comprises a common
forward read priming site within the adaptor and a specific probe target region
sequence such that PCR amplification using a primer complomentary to the forward
read priming site and a primer complomentary o the reverse read priming site within
the probe extension product comprising the probe target region provides sequencing
coverage to allow guantitation of the specific mucleic acid mwolecule baving the
specific probe target region sequence.

{68101} Figwre 1 illustrates the use of sheared gDNA. Sheared DNA 8 has
adaptor 11 Hgated to the 57 end of gDNA having specific nucleic acid fragment 16
The fragment 18 iocludes probe target region 58, The adaptor can comprise at feast
one of a sequencing read 1 forward oligonocleotide priming site 12, a n-random
oligonucleotide base(s) such as a 6N oligonucleotide sequence 14, an index base
cligorucleotide sequence 16, and depending on the high throughput sequencing
method used, an index priming site 18, Upon ligation of the adaptor 11 the specific
nucleic acid fragment 18 can have a unigue identifier sequence label, the index read
phis the n-random oligonucieotide, The index sequence 16 is used to identify the
specific mucleic acid sample and the 6N oligonucleotide sequence 14 is used W
marking duplicate sequencing reads. Probe oligonucleotide sequence 19 having a §°
tail oligonocleotide sequence 28 can be complementary to and hybridize to probe
target region 58 and can be extended in a single primer extension reaction in the
presences of dANTPs and DNA polymerase through the adaptor 11, The resulting
probe extension product 22 can be amplified vsing forward primer 24 that can be
partially complementary to index priming site 18 and reverse primer 26 that can be

partially complementary to the reverse complement of the 5 tail sequence 28, The
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amplification reaction enriches the presence of specific nucleic acid 18 having probe
target region 58 to generate 8 library of specific nucleic acid sequences.

106102]  As illustrated in Figure 2 a similar single primer extension reaction
can be applicable to ¢DNA. ¢cDNA 7 has adaptor 11 higated to the 5 end of specific
nucleie acid fragment 9. The fragment 8 includes probe target region 68. The adaptor
can comprise at least one of a forward sequencing read oligonucleotide priming site
12, a known random oligonucleotide base(s) such as a 6N coligonucleotide sequence
14, an index base oligonucleotide sequence 16, and depending on the high throughput
sequencing method wsed, an mdex sequencing read priming site 18. The index
sequence 16 is used to identify the specific nucleic acid sample and the 6N
oligonucieotide sequence 14 is used in identifying duphcate sequencing reads. Probe
sligonucleotide sequence 19 having a 57 tail oligomucleotide sequence 28 can be
complementary to and bybridizes to probe target region sequence 68 and can be
extended n a single primaer extension reaction in the presences of dNTPs and DNA
polymerasce through the adaptor 185, The resulting probe extension product 21 can be
amplified using forward primer 24 that can be partially complementary to 18 and
reverse primer 26 that can be partially complementary to the reverse complement of
the 57 tall sequence 28, The amplification reaction enriches the presence of specific
nucleic acid 9 having probe target region 68 to generate a library of specific nucleic
acid sequences.

{80163] A schematic of a disclosed embodiment of the methods described
herein for quantitating specific nuecleic acid sequence fragments of interest is
ilhustrated in Figure 3 and Figwre 4 for douoble stranded gDNA. The nombering
scheme used in the figures is llustrative only. The same number appearing in more
than one figure is not intended to indicate an identical oligonueleotide sequence, in
whole or in part but rather a component, site or region of reference for practicing the
disclosed methods.

{08104} The methods of Figure 3 and Figure 4 illustratc goneration of a
sequencing ibrary of nucleic acid fragments, non-fragmented nucleic acid samples or
inserts wherein each nucleic acid sequence of the sequencing Library comprises a
common forward priming site within one adaptor and a specific probe target region
sequence such that there can be sequencing coverage to allow quantitation of the

specific nucleic acid molecule having the specific probe target region sequence. The
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sequencing can be done using a sequencing library made from the ligated probe
extension products with or without PCR amplification using a primer complementary
to the common forward priming site and a primer complementary to the specific
probe target region sequence within the specific nucleic acid sequence.

[08185] Figure 3 illustrates the use of sheared gDNA.  Sheared gDNA
having specific nucleic acid 18 includes probe target region 38, Probe oligonucleotide
sequence 19, having a 57 tail oligonucieotide sequence 28, can be complementary to
and hybridizes to probe target region sequence 56 and can be extended i a single
probe extension reaction in the presences of dNTPs and DNA polymerase through the
end of specific nucleic acid 18 creating double-stranded DNA. The resulting probe
extension product can have an adaptor ligated to the 37 end of specific nucleic acid
fragment 18. The adaptor can comprise at least one of 8 forward sequencing read |
oligonucleotide priming site 12, a n-random oligonucleotide base(s) such as a 6N
cligorucleotide sequence 14, an index base oligonucleotide scquence 16, and
depending on the high throughput sequencing method used, an index priming site 18.
The index sequence 16 is used to identify the specific nucleie acid sample and the 6N
oligonucleotide sequence 14 is used in marking duplicate sequencing reads. The
ligated product 22 can be amplified using forward privaer 24 that can be partially
complementary to index priming site 18 and reverse primer 26 that can be partially
complementary o the reverse complement of 57 tail scquence 21. The amplification
reaction can enrich for the presence of specific mucleic acid 18 having probe target
region 38 to generate a Hbrary of specific nucleic acid sequences.

[68106] Figwre 4 illostrates the uvse of sheared gDNA. Sheared gDNA
having specific nucleic acid 18 includes probe target region 38. Probe oligonucieotide
sequence 19, baving 2 87 tall oligonucleotide sequence 28, can be conmplementary to
and hybridizes to probe target region sequence 58 and can be extended in a single
probe extension reaction in the presences of dNTPs and DNA polymerase through the
end of gDNA 18 creating double-stranded DNA. The resulting probe extension
product can be digested by a restriction enzyme 78, Excemplary restriction cnzymes
inchude but are not limited to Xbal, EcoRI, EcoRVY, and BamHIl. Following
restriction enzyme digestion an adapior can be figaied to the end of double-stranded
gDNA having specific nucleic acid fragment 16, The adaptor can comprise at icast

one of a Read 1 forward oligonucleotide priming site 12, a n-random oligomicleotide
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base(s) such as a 6N oligonucleotide scquence 14, an index base oligonucleotide
sequence 16, and depending on the high throughput scqucncing method used, an
index priming site 18.. The index sequence 16 is used 1o identity the specific nucleie
acid sample and the 6N oligonucleotide sequence ¥4 is used in marking duplicate
sequencing reads.. The ligated prodoct 22 can be amplified using forward primer 24
that can be partially complementary to index priming sitc 18 and reverse primer 26
that can be partially complementary to 57 tail sequence 21 as ilustrated in Figore 3.
The amplification reaction can enrich for the presence of specific nucleie acid 18
having probe target region 8¢ to generate a hbrary of specific nueleic acid sequences.

[08107]  As illustrated in Figure 5 {numbering refers the numbering used in
Figure 1 or Figure 2) a similar single primer extension reaction can be applicable to
gither ¢gDNA or ¢DNA to create a sequencing library for a variety of sequencing
platforms. The gDNA or ¢DNA (sheared or not) 38 or 9 has adaptor 11 ligated 1o the
57 end of specific nucleic acid fragment 16 or 9. The fragment 18 or 9 includes probe
target region 38 or 686, respectively. The adaptor can comprise at least one of a
forward oligonucleotide priming site 12, a known random cligonucleotide base(s)
such as a 6N oligonucleotide sequence 14, an index base oligonucleotide sequence 16,
and depending on the high throughput sequencing method used, an index priming site
18. Probe oligonucieotide sequence 19 having a 57 tail ohigonucleotide sequence 28
and can be complementary to and hybridizes to probe target region sequence 50 or 66
and can be extended in a single primer extension reaction in the presences of dANTPs
and DNA polymerase through the adaptor 11, The resulting probe extension product
21 or 22 can be amplified using forward primer 24 that can be partially
complementary to 18 and reverse primer 26 that can be partially complementary to 57
tail sequence 28. The smphfication reaction enriches the presence of specific nucleic
acid 18 or 8 having probe target region 54 or 68 to generate a hibrary of specific
mucleic acid sequences.

[08108] Libraries can be prepared using the NuGEN Ovation® Target
Enrichment System {(NuGEN} by selectively amplifying by PCR those probe
extension product sequences having the selected probe target region sequence of
interest.  Figure 5 illustrates an example of a wucleic acid library used in high

throughput sequencing when using the Hlumina high throughput sequencing platform.
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Specific sequence read regions of each sequence library can be analyzed for digital
measurement of ¢.g. gene expression or copy mumber variation guantitation.

106109] 1o some cmbodiments, the specific rucleic acids can be tagged
with an indicator molecule, including but not bmited to, biotin. The tagged specific
mucleic acid molecules can then be distinguished as originating from original sample
molecules. In some embodiments, attachment of an indicator molecule can be
accomplished via ligation or polymerase addition of a labeled nucleotide, c.g., a
biotinylated nucleotide. Probes that can be complementary to a probe target region
can then be hybridized to the tagged nucleic acids with or without probe extension by
polymerase. In some embodiments, non-hybridizing probes are removed, for
example, by capturing the tagged nucleic acids via a biotin/streptavidin interaction. In
some embodiments, probes that hybridized to the targets are captured along with the
targeis. Foliowing removal of non-hybridizes probes, the captured probes are eluted
off of the target nucleic acids and counted. [n some embodiments, comding can be
done by sequencing via the llhumina platform and counting those tags. In some
embodiments, the probe can be tagged with a nanopore or flaorescent tagging as is

known to one of skill in the art.

Input Nucleic Acid

[60118] The nput can be a human nucleic acid. In some embodiments, the
mput can be DNA. In some cmbodiments, the mput human nucleic acid can be
complex DNA, such as double-stranded DNA, genomic DNA or mixed DNA from
more than one organism. In some embodiments, the input can be RNA. In some
embodiments, the RINA can be obtained and purified using standard techniques in the
art and can include RNAs in purified or vopurified form, which can include, but are
not Himited to, mRMNAs, tRNAs, snRNAs, rRNAs, small non-coding RNAs,
microRNAs, polysomal RNAs, pre-mRNAs, mtronic RNA, cell free RNA and
fragments thereof. The non-coding RNA, or ncRNA can include snoRNAs,
microRMNAsg, siRNAs, piRNAs and long neRNAs. fn some embodiments, the DNA
fragments can be derived from RNA that has been converted to ¢DNA through a first
strand synthesis reaction using any of the methods well konown in the art for
generating ¢DINA from an RNA feroplate which can include, but 15 not Hmited to,

combining the RNA with a primer (1. random primer), and reverse transeribing the
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RNA template with an RNA-dependent DNA polymerase. In some embodiments, the
DNA fragments can be derived from RNA that bas been converted to double stranded
cDNA through a fust and second strand syuthesis reaction using any of the methods
well known in the art.

[88111]  In some embodiments, the input BNA can be cDNA made from a
mixtore of genomes of difforent species. The mput complex also can be from a
miixture of genomes of different bumans. The input DNA can be ¢DNA made from a
mixture of genomes of different humans, The input TINA can be of a specific species,
for example, human, rat, mouse, other ammals, specific plants, bacteria, algas, vinwes,

and the ke, The input complex also can be fom a mixtwe of genowmes of different
spocies such as host-pathogen, bacterial populations and the Hke. Alternatively, the
mput nacleic acid can be from a synthetic source. The input DNA can be
mitochondrial DNA. The input DNA can be cell-free DNA. The celi-free DNA can be
obtained from, ¢.g., a serum or plasma sample. The 1oput DNA can comprise one or
more chromosomes. For example, in cases wherein the input DNA can be from a
human, the DNA can comprise one or more of chromosome 1,2, 3,4,5,6,7, 8, 9, 18,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, X, or Y. The DNA can be from a lincar
or circular genome. The DINA can be plasraid DNA, cosgud DMNA, bacterial artificial
chromosome (BALD), or yeast artificial chromosome {(YAQ). The input DNA can be
from more than one individeal human. The input DNA can be double stranded or
single stranded. The input BDNA can be part of chromatin. The input DNA can be
associated with histones.

iB0112] In some embodiments, the probe oligonucleotide can be directed to
a specific nucleic acid sequence of mterest and can be designed to hybridize to single-
stranded specific nucleic acid targets having a probe target region within the specific
nucleic acid. Tn some embodiments, the probes targeting the selected sequence
regions of interest can be designed to hybridize to single-stranded DNA or ¢DNA
probe target regions, In the case where the input mucleic acid sample compriscs
genomic DINA or other double-stranded DNA, the input vucleic acid sample can be
first denatured to vender the target single stranded and enable hybridization of the
oligonucleotide probes to the desired probe target region sequence regions of interest.
T some embodiments, the other double-siranded DNA can be double-stranded ¢cBNA

generated by first and second strand synthesis of one or more target RNAs. In these
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embodiments, the methods and compositions described herein can allow for region-
specific enrichment and amplification of a plurafity of specific nucleic acid sequence
regions of iotorest cowtaining a plurality of probe target regions. In some
embodiments, the methods and compositions described herein allow for multiplex
amplification, enrichment and quantitation of at least two or more distinct specific
nucleic acid sequence fragments or non-fragmented pucleic acid sample sequences,
cach having a distinct region of interest countaining & corresponding distinet probe
target region.

[08113] In other embodiments, the probes targeting the selected sequence
regions of interest can be designed to hybridize to double-stranded nucleic acid target
fragroents or non-fragmented nucleic acid sample sequences, withowt denaturation of
the double stranded mucleic acids fragment or non-fragmented mucleic acid sample
sequence. in other embodiments, the probes targeting the selected sequence regions of
wnterest can be desigued fo hybridize to a double-stranded DNA target, without
denaturation of the dsDNA. In these embodiments, the probes targeting the selected
sequence regions of interest can be designed to form a #riple helix {(triplex) at the
selected sequence regions of interest. The hybridization of the probes to the double-
stranded DNA sequence vegions of ioterest can be carrded out withowt prior
denatoration of the double stranded nocleic acid sample. In such embodiments, the
methods and compositions described herein can allow for region-specific quantitation
as well as strand-specific amplification and guantitation of sequence regions of
interest. This method can be useful for generation of copies of strand specific
sequence regions of interest from complex nucleic acid withowt the need to denature
the dsDNA input DNA, thus enabling quantifation and anpalysis of multiplicity of
sequence regions of mterest in the native complex nucieic acid sample. The method
can find use for studies and analyses carried out 1n situ, enable studies and analysis of
complex genomic DNA in single cells or collection of very small well-defined cell
population, as well as permit the analysis of complex genomic DNA without
disruption of chromatin structures.

{08114} In some embodiments, disclosed herein are adaptors comprising an
additional identifier sequence, ¢.g. a barcode sequence. In some embodiments, the at
least first adaptor comprises at least one of a plarality of barcode sequences. In some

embodiments, each reverse adapter comprises at least one of a plurality of barcode
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sequences, wherein cach barcode sequence of the phurahity of barcode sequences
differs from every other barcode sequence in the phurality of barcode sequences. In
some embodiments, barcodes for second adapter oligonucleotides can be sclected
mdependently from barcodes for at least first adapter oligonucleotides. o some
embodiments, first adapter oligonucleotides and second adapter oligonucleotides
having barcodes can be paired, such that adapiers of the pair comprisc the same or
differcnt one or more barcodes. In some cmbodiments, the methods of the invention
can further comprise identifying the sample from which a target polynucleotide is
derived based on the barcode sequence to which the target polynucleotide is joined. A
barcode can, for cxample, comprise 2 nucleic acid sequence that when joined to a
target polynucleotide serves as an identifier of the sample from which the targe
polynucieotide was derived.

[08115] Various adaptor designs can be envisioned which can be suitable
for generation of amplification-ready products of probe target region sequence
regions/strands of Interest. fn some embodiments the at least first adaptor can be
single or double stranded. For example, when double stranded the two strands of the
adaptor can be self-complementary, non-complementary or partially complementary.
Recently, many tmprovements have been made in adaptor design that has reduced the
securrence of adapter dimer. These improvements can include the use of mucleotide
analogs and structured oligomucleotides, and have allowed for use of higher
concentrations of oligonucleotides in ligation reactions. The higher concentrations of
adapters in ligation reactions have cnabled researchers to produce high quality
libraries from as few as 150 copies of genome. Ligation of adaptors to the ends of
DNA fragments, in particular those fragments containing the regions of interest can

¢ suitable for carrying out the methods of the invention. Various higation modalitics
can be envisioned, dependent on the choice of nucleic acid modifying enzymes and
the resulting double-stranded DNA cleavage. For example, when a blant end product
comprising the target region/sequence of interest is generated, blunt ond ligation can
be suitable. Alternatively, where the cleavage can be carried out using a restriction
enzyme of known sequence speeificity, leading to the generation of cleavage sites
with known seguence overhangs, suitable ends of the adaptors can be desigued to

enable hybridization of the adaptor to the cleavage site of the sequence region of
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mterest and subsequent lgation. Reagents and methods for efficient and rapid Hgation

of adaptors are commercially available and are known 1 the art.

Nucleic Acid Modifving Enzyvimes

[68116] The nucleic acid (NAy-modifying enzyme can be DNA-specific
modifying cnzyme. The NA-modifying cnzyme can be selected for specificity for
double-stranded DNA. The enzyme can be a duplex-specific endonuciease, a blunt-
end frequent cutter restriction enzyme, or other restriction enzyme. Examples of
bhmt-end cutters can mnchide Dral or Smal. The NA-modifying enryme can be an
enzyme provided by New England Biolabs. The NA-modifying enzyme can be a
homing endonuclease (a homing endonuclease can be an endonuclease that does not
have a stringently-defined recognition sequence). The NA-modifying enzyme can be
a nicking endonuclease {a nicking endonuclease can be an ondonuclease that can
cleave ounly one strand of DNA in a double-stranded DNA substrate). The NA-
modifying enzyme can be a high fidelity endonuclease {a high fidelity endonuclease
can be an engmeered endonuclease that has less "star activity” than the wild-type

version of the endonuciease).

DNA-Dependent DNA Polvmerases

6117F  DNA-dependent DNA polymerases for use in the mcthods and
compositions of the invention can be capable of effecting extension of a probe target
region or primer according to the methods of the invention. In some embodiments, a
DNA-dependent DNA polymerase can be onc that is capable of extending a probe
target region, 8 nucleic acid primer and the like in the presence of the DNA and/or
cDNA template. Exemplary DNA dependent DNA polymerases suttable for the
methods of the present invention include but are not limited to Klenow polymerase,
with or without 3'-exonuclease, Bst DNA polymerase, Bsu pelymerase, phi29 DNA
polymerase, Vent polymerase, Deep Vent polymerase, Tag polymerase, T4
polymerase, and E. coli DNA polymerase 1, derivatives thereof, or to a mixture of
polymerases. In some cases, the polymerase does not comprise a S'-exounucicase
activity. In other cases, the polymerase comprises 5 exenuclease activity. In some
cases, the primer or oligomicleotide extension product of the present invention can be

performed using a polymerase comprising strong strand displacement activity such as
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for example Bst polymerase. In other cases, the primer extension of the present
invention can be performed using a polymerase comprising weak or no strand
displacement activity. Une skilled in the art cam recognize the advantages and
disadvantages of the use of strand displacement activity during the primer extension
step, and which polymerases can be expected to provide strand displacement activity
(sce ¢.g., New England Biclabs: Polymerases).

Methods of Amphification

{80118]  The methods, compositions and kits described herein can be useful
to generate amplification-ready products for downstream applications soch as
massively paralicl sequencing {i.c. next generation sequencing methods), gencration
of librarics with cnriched population of sequence regions of interest, or hybridization
platforms. Methods of amplification are well known in the art. Suitable amplification
reactions can be cxponential or isothermal and can inchude any DNA amplification
reaction, mchiding but not limited to polymerase chain reaction (PCR), strand
displacement amplification (SDA), lincar amplification, multiple displacement
amplification (MDA), rolling circle amplification {RCA), single primer isothermal
amplification (SPIA, see e.g. U.S. Pat. No. 6,251,639, Ribo-SPIA, or a combination
thercof. In some cases, the amplification methods for providing the template nucleic
acid can be performed onder bBmiting conditions such that only a few rounds of
amplification (e.g., 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21,
22,723, 24,25, 26, 27, 28, 29, 30 etc.), such as for example as can be commonly done
for cDNA generation. The number of rounds of amnplification can be about 1-30, 1-20,
1-15, 1-10, §-30, 10-30, 15-30, 20-36, 10-30, 15-30, 20-30, or 25-30.

{08119 PCR is an in vitro amplification procedurce based on repeated
cyeles of denaturation, oligonucleotide primer annealing, and primer exifension by
thermophilic template dependent polynucleotide polymerase, resulting in the
exponential increase i copies of the desired sequence of the polynacleotide analyte
flanked by the primers. The two different PCR primers, which anncal to opposite
strands of the DNA, can be positioned so that the polymerase catalyzed extension
product of one primer can serve as a template strand for the other, leading to the
accumulation of a discrete doubie stranded fragment whose length can be defined by

the distance between the 5 ends of the oligonucleotide primers.  Additional
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amplification methods are further described in USSN 13/750768 filed January 285,
2013, incorporated by reference hercin in its entirety.

106128] 1o some cmbodiments, the amplification can be exponential, e.g. in
the enzymatic amplification of specific double stranded sequences of DNA by 2
polymerase chain reaction (PCR). In other embodiments the amplification method can
be linear. In other crabodiments the amplification method can be isothermal.

Downstream Applications

{B0123]  One aspect of the invention is that the methods and compositions
disclosed herein can be efficiently and cost-offectively utilized for downstream
analyses, such as next gencration sequencing or hybridization platforms, with minimal
loss of biological material of interest. The methods disclosed herein can also be used
in the analysis of genetic information of selective genomic regions of intervest {e.g.,
analysis of SNPs, copy number variation, or other discase markers) as well as digital
gene expression from transcriptome analyses and genomic rogions that can interact

with the selective region of interest.

Sequencing
{B0122] For example, the methods of the mvention can be usefid for

sequencing by the method commercialized by lhanina, as described US. Pat. Nos.
5,750,341, 6,306,597, and 5,969,119, In general, double stranded fragment
polymucleotides can be prepared by the methods of the present invention to produce
amplified nucleic acid sequences tagged at one {e.g., (AY{A"} or both ends (e.g.,
(AV{A" and (CY(C'})). In some cases, single stranded nucleic acid tagged at one or
hoth ends car be amplified by the metheds of the present invention {e.g., by SPIA or
Hinear PCR). The resulting nucleic acid can then be denatured and the single-stranded
amplified polymucleotides can be randomly attached to the inside surface of flow-cell
channels, Unlabeled nucleotides can be added to initiate solid-phase bridge
amplification to produce dense clusters of double-stranded DINA. To initiate the first
base sequencing cycle, four labeled reversible terminators, primers, and DNA
polymerase can be added. After Iaser excitation, fluorescence from each chuster on the
flow cell can be imaged. The identity of the first base for each cluster can then be
recorded. Cyceles of sequencing can be performed 1o deternudne the fragment sequonce

one base at a time.
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881231  In some embodiments, the methods of the mvention can be usefud
for preparing target polynucleotides for sequencing by the sequencing by ligation
methods commercialized by Applied Biosystems {e.g., SOLAD sequencing). In other
embodiments, the methods can be useful for preparing target polynucicotides for
sequencing by synthesis osing the methods commercialized by 454/Roche Life
Sciences, inchluding but not Himited o the methods and apparatus described in
Margulies ot al., Nature (2005) 437:376-380 (2008); and U.5. Pat. Nos. 7,244,559,
7,335,762; 7,211,390; 7,244,567, 7.,264,929; and 7,323,305, In other embodiments,
the methods can be useful for preparing target polynucleotide(s) for sequencing by the
methods commercialized by Helicos BioSciences Corporation (Cambridge, Mass.) as
described in U.S. application Ser. WNo. 11/167,046, and U.S. Pat. Nos. 7,501,245;
7,491,498, 7.276,720; and i U.S. Patent Application Publication Nos.
US20090061439; USZ0080087826; US20060286566; USZ806002471 1,
US20060024678; US20080213770; and US20080103038. In other embodiments, the
methods can be useful for preparing target polynucleotide(s) for sequencing by the
methods commercialized by Pacific Biosciences as described in U.S. Pat. Nos.
7462452, 7.476,504; 7.405281: 7,170,050; 7,462.468; 7.476,503; 7315019
7,302,146, 7,313,308; and US Application Publication Nos. US20050029385;
US20090068655; USZ{090024331; and US20080206764.

[08124]  Another example of a sequencing technique that can be used in the
methods of the provided invention is semiconductor sequencing provided by lon
Torrent {e.g., using the fon Personal Genome Machine (PGM)). Ton Toment
technology can use a semiconductor chip with multiple lavers, e.g., 2 layer with
micro-machined wells, an ion-sensitive layer, and an ion sensor layer. Nucleic acids
can be imfroduced into the wells, e.g., a clonal population of single nucleic can be
attached to a single bead, and the bead can be introduced into a well. To initiate
sequencing of the pucleic acids on the beads, one type of deoxyribonucleotide {c.g.,
dATP, dCTP, dGTP, or dTTP) can be introduced into the wells. When DNA
polvmerase incorporates one or more nucleotides, protons {(hydrogen ions) can be
released in the well, which can be detected by the ion sensor. The semiconductor chip
can then be washed and the process can be repeated with a  differemt
deoxyribonucleotide. A plurality of nucleic acids can be sequenced in the wells of a

semiconductor chip. The semiconductor chip can comprise chemical-sensitive field
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effect transistor {chemFET) arrays 1o sequence DNA (for example, as described m
.S, Patent Application Publication No. 20090026082). Incorporation of one or more
triphosphates into a new nucleic acid strand at the 3’ end of the sequencing primer can
be detected by a change in current by a chemFET. An array can have multiple
chemFET sensors.

[08125]  Another example of a sequencing technique that can be used in the
methods of the provided juvention is nanopore sequencing (see e.g. Sont G V and
Meller A. (2007} Chn Chem 53: 1996-2001). A nanopore can be a small hole of the
order of | nanometer in diameter. Immersion of a nanopore in a conducting fhad and
application of a potontial across it can result in a slight clectrical current due to
conduction of jons through the nanopore. The amount of current that flows is sensitive
to the size of the nanopore. As a DNA molecule passes through a nanopore, each
mucleotide on the DNA molecule obstructs the nanopore to a different degree. Thus,
the change w the current passing through the nanopore as the DNA molecule passes

through the nanopore can represent a reading of the DNA sequence.

{(enetic Analvsis

108126]  The methods of the present invention can be used in the analysis of
genetic mformation of selective genomic regions of interest as well as genomic
regions that can interact with the selective region of mterest. Amplification methods

as disclosed herein can be used in the devices, kits, and methods known to the art for

-

renetic analysis, such as, but not himtted 1o those found in U.S. Pat. Nos, 6,449,562,

6,287,766, 7,361,468, 7414117, 6,225,109, and 6,110,709, In some cascs,

i

amplification methods of the present invention can be used to amphify target nucleic
acid of interest for DNA hybridization studies to determine the presence or absence of
polymorphisms. The polymorphisms, ov alleles, can be associated with diseases or
conditions such as genctic disease. In other cases the polymorphisms can be
associated with susceptibility to discases or conditions, for example, polymorphisms
associated with addiction, degenerative and age related conditions, cancer, and the
like. In other cases, the polymorphisms can be associated with beneficial traits such as
increased coronary health, or resistance to diseases such as HIV or malaria, or

resistance to degenerative discases such as osteoporosis, Alzheimer's or dementia.
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Digital Measurements

{08127] The methods of the present invention can be used in the digital
analysis of genc cxpression, gene cxpression patierns associated with disease,
mcluding diagnosis, prognosis and detection as well as identifying genetic disorders,
e.g., chromosomal or gene translocations, deletions, duplications and defects as well
as studying selective genomic regions of imterest and genomic regions that can
nteract with the selective region of interest. In somae cmbodiments, determination of
Digital Gene Bxpression (DGE) or Copy Number Varnation (CNV} digital
measurements can be achicved by quantitating the mumber of gene reads within the
total mumber of reads. In some embodiments, paired end sequencing can be
performed. Sequencing can be performed via high throughput sequencing on a varicty
of platforms as is known to one of skill in the art. In some embodiments, the
sequencing data/reads are mapped to the genome/transeriptome (for ¢cDNA). In some
embodiments, sequence data can be evaluated to remove duplicate reads as described

et i

i .S, Patent Application Publication No. 61/489,112. In some embodiments, probe
sequences are counted for the number of times they appear in de-duplicated sequence
datasct as a measure of the number of copies of the original nucleic acid melecules
present in the starting sanple.

[08128]  In some embodiments, verification of a probe correctly annealing
to its complementary probe target region within the specific nucleic acid can be
evaluated. In one embodiment, ovaluation of probe properly anncaling can be doue by
paired end alignment, if both ends, forward read and reverse read align as expected,
the probe is counted. In some embodiments, evaluation of probe properly annealing
can be done by examining the probe sequence -+ 20 bases sequenced of the specific
nucleic acid 37 of the probe sequence and use the forward read only for duplication
analysis. [ probe + 20 aligns, the probe was in the desired location.

[68129]  An advantage of using probe sequence counts rather than random
sequence 1s the stmplification of copy number analysis because the same sequences
are used across different samples for cach measurement. Probe counting allows for
high sample throughput vis multiplex sequencing (c.g., at least 96 samples per
sequencing run). Targeied RNA-scquencing can provide a high lovel of focus for
RNA-sequencing analysis, as greater than 90% of rcads are derived from targeted

genes while extending the ability to target coding or noncoding genes, specific exons,
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UTRs, RNA isoforms and gene fusions. Probe counting can also reduce bias of exon
usage, transcript size and sequence dependent amplification/sequencing and allow for

removal of PCR duplicates.

{B0138] The digitai analysis can be performed by detormining PCR

Such an analysis, using Hlumina seguencing
3 § 2

p

duplicates ;‘5;‘*\201‘ {0

technology, ts iHosirated in Figures 6A-6C and with reforence to Figure 1. Briefly, the
forward read, ilustrated for gDNA (Figore 13, as shown o Figure 6A felodes a
forward privang site 12 utilized by 2 forward privoer 38 sequencing at loast 1, at least

2, at leagt 3, at least 4, at least 5, at least 6, at least 7, at least &, at least @, at least 140,

Ny ~

least 15, at least 20, at least 25, at least 30, at least 35 aod su on base sequences of 2

"

forward sequence 32 that exiends foto the specific nucleic acid 18 sequence and can

be used to wap forward read sequence 32 to the genome {or transcriptome for ¢DNA)

region. The index read, as shown in Figure 6B, can indicate the sample origin{e.g., a
> Hibr

fibrary barcode common with the Hbrary). The mdex vead starte at the ndex primung
stic 18 with index primer 34 and inchides the sequenced af least 1) at least 2, at least
7, at least &, at least 9, at least 10 and 8o on

bascs of the index bases {2.g., barcode seguence) 16 and nerandorn bases 14, viclding

UO

mdex read 36, In some ombodiments, the forward read sequence 32 in combinsiion
with indexing vead base seguence and N-random bases 36 are gnique to the ligation
event for cach specific nocleic acid seqoence. In some embodiments, the corablnation
of the forward read seguonce 32 start siic gonome (ranscriptome for oDNAG
coordinates plus index read sequence 36 Nerandom bases 14 can be used to determine
POR duplicates for gach probe extension product 21 or 22 and thus the comesponding
specific noclete acid sequence ¥ or 9 having probe farget region 88 or 8. The
roverse read 44, as dlustrated in Figure 60 verifies the probe annealed W the correct
genome/franseriptome position and thus to s complementary probe target region
Flow cell sequences 33 and 38 are appended at the ends of the probe extension
prodoct during envichment.

{08131} The digital analysis can be pf:rh)i‘m@d by determaning POR
duplicates prior to guantitation. Such an analysis, is iHustrated in figures 8A-RD and
with reforence to Figore | and Figure 3. The read having the probe scguence 44,
{Figure &) as illustrated in Figore 84 verifies the probe amnealed to the correct

N

genome/franseriptome position and thus to s complementary probe target region
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The read having the probe sequence comprises a 15 base Hoker 38, a 40 base

pe

c;“

cligonucicotide geue specific sequence 88 or 68 {probe target rogion) and an X-base

{c.g., 18 base) of rogion 1§ about 10 bases 37 o the 40 base oligonucleniide gone

specific sequence 88 or 68 as reprosented W a govome {or transeriptome) datebase.
The read having the specitic nucleic acid sequence 18, illustrated for gDNA (Figure

1}, as shown in Figure 3B includes a privdag site 12 wtilized by primer 38 sequencing

[}

at foast 1, at least 2, at least 3, at least 4, at loast §, af least 6§, a least 7, at least B, at

b

[

cast 9, at least 10, at least 15, at least 20, at least 25, at least 30, at least 35 and 50 on

base sequences of sequence 32 (Figured) that extends into the specific nucleic acid 8

or 18 sequence and can be used 1o raap read baving the specific vucleic acid sequence

32 1o the genome {or transeriptome for ¢IINAY rogion. The sequonce read comprising

the index sequence and N6 sequence, as shown in Figure 8C, can indicate the sample
origin {e.g., a bbrary barcode common with the fibrary), The todex read primer 34

srmenls to the index privung site 18 producing road sequence 36 comprising at ieast
one of the sequenced at feast 1, at least 2, at least
feast 7, at least 8, at least 8, at least 10 and so on bases of the index bases {e.g.,
barcode sequence) 16 and v-random bases 14, vielding sequencing read 36, In some

embodioents, the read having the specific nucleic acid sequence (Figure 8A) would

verify specificity of the probe anpcaling to the probe target region. In some

embodiments, the read having the spectfic nucicic acid sequence are binned o &

probe target sequence database and the e.g., 10 bases of specific nucieie seid sequence

& or 18 would need to align within a unigue probe bin and m so match

v

specifictty of the probe anncaling o its probe target rogion. In some embodiments, the

read having the specific nucleie acid seguence would be compared with abowut H base

3 3
h

oligonucieotide matches determined iF the soguence 5 unigue within the

bin,

.

Common reads would then be compared to the comresponding N6 with identical N6

reads being collapsed together as a single entry and only counted once.  In some

N

embodiments, the read having at least one of the mdex read and the N6 read can be
about 14 bases i length, In some embodiments, the read having the specific nucleie

acid sequence can be about 10 bases. In some embodiments, the read having the probe

,

sequence can be about 63 bases {about 15 bases for the Hoker sequence, abaut 48

o 1

bases for the probe targel region > SEQURNCE 88 repmsesmd moa
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emnbodiments, a look up table can be used. fn some embodiments, the probe sequences
are counted. In some embodiments the N6 sequence designates duplicates for

elinunation.

{66132] In some embodiments, read sequence 32 in combination with
read sequence 36 are upigue to the hgation event for cach specific mucleic acid

sequence. fn some embodiments, the combination of read seguence 32 start site
zenome {franseriptome for cNAY coordinates plus read sequence 36 N-random bases

14 can be used to deternmune PCR duphoeates for cach probe extension product 22 or

21 and the corresponding specific nucleie acid sequence 18 or § having probe target

region 3¢ or 68, In some crobodiments, vead sequence 44, as illustrated in Figuwre 60
verifios the probe anncaled 1o the correct genome/iransariptome position and also 1o
its complementary probe target reglon 56 or 68,

{81331  In some embodiments, the duplicate reads are vemoved prior to
DGE or ONV quantitation as disclosed sbove. The probe sequences that are correctly
mapped 1n the genomedAranseriptome are then coonted. In some embodiments DGE or
CNY can be determuned by the coumts of each probe sequence.  In some
embodiments, probe covnts can be combivned by, ¢.g., averaging counts across probes

over the length of a gene.  In some embodiments, read counts can be normalized

between samples, ¢.g., read coonts normalized as a percentage of total reads. In some

&

<

embuodiments, read counds can be normalized by e.g., normalizing total read counts
hefore counding each probe soquence. In some cobodimends, read counts can be
novmalized by the nomber of reads shigned o the genome or reads derived from the

¥

081347 Ay ilustrated in Figure 3 the structure of the sequencing library

3
i

and identification of sequencing reads provides for vuwhiplen quantitation using bigh

=

throughput sequencing mothods, As ithstrated wm Figure 7A with reference to Figure

the read can be extended 33 iunto the specific nucleie actd 18 (gDNAY or 13 (¢DNA

sufficiently to map the vead to the genowse or transeriptome. Addittonally, an index
read sequence Hlustrated o Figure 7B, can be read from the “mdex priming site” 18
psing complementary primey 34 and reading 36 o “index bases”™ 16 and “n-randomn
bases” 14, Additionally, a “reverse read sequence” can be detormined (Figore §,

=

Figure 6 and Figure 7CY The reverse seguence primer 42 hybridizes to the “reverse
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read priming site” 38 and veads 44 through the probe 38 or &8 {(gDNA or cDNA,

, tHostrated 0 Figure 6) {probe target vegion site) and
at least |, at least 2, af least 3, at least 4, at least 8, at least 6, at feast 7, af least §, ar

feast 9, at feast 1} and 50 on adjacent bases 18 {gDNAY or 13 (¢DBNAY 1o veridy i the

I
»-aj

igure 2

probe extension product 22 or 21 {gDINA or eDNA, respectively, Figare

wags the prodoact of the probe hybridizing to the comect genowme or franscriptome.
Probe sequences that are covrectly mapped in the genome or frapscriptome =re
counted. DGE or ONV can be determined by the counts of cach probe sequence
and/or probe counts can be combined, including but not Hmited to, with averaging
counds across probes over the fength of 2 gone corresponding to the spectfic nucleic
acid sequence. The read coumis can be normalized berween samoples. In some
embodiments, read counts can be normalized betwoen samples, e.g., read counts

normalived as a percentage of tolal reads, In some embodiments, read counts can be

normalized by e.g., normalizing towal read counts ore counting cach probe

,.
-l
P

jo
o

sequence. fn some embodiments, read counts can be noymalized by the number of

reads aligned to the genome or reads derived from the probe target vegion Other

&

Y

methods for normalization are well known to ong of skl i the art of NGS sequence

[B8135] Figure © provides a graphical illustration of the construction of

sequencing librarics generated for digital analyse

081361 Figure 10 provides a graphical iHusimation for the analyses of

,...
-
o

sequencing data genevated from sequencing bbraries constructed as iHustrated
Fig gure 9.

[88137]  In some embodiments, the methods of the disclosed invention can
be used for digital mcasurcruents te analyze gene expression characteristics and
properties of, for example, but not Hmited to, 4 tissue, a tumor, a circulating cell, as
well as to compare discased verses non-diseased patients, and a patient’s normal
verses diseased tissue. In some embodiments, the methods of the disclosed invention
can be used for copy number variation (CNV) digital quantitation. CNV can indicate

NA alterations within a genome resulting in a cell having an abnormal or 2 normal
variation in the number of copies of DNA sections. CNVs can identify deletion of a
large region of a genome resulting in fower than normal sumber or duplication of a

farge region of a genome having more than the usual number within a chromosome.
5
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There are associations between CNVs and susceptibility or resistance fo disease.
Such measurements can be useful for diagnosis, disease staging, prognosis,
determining discase progression, viral load, as well as the impact of gene expression
or UNV on a therapeutic agent’s efficacy or efficiency and the like as would be
known to one of skill in the art.

[08138] In another aspect, disclosed is a composition comprising the first
nucleic acid fragment sequence amplified by the disclosed method. In some
embodiments, the first nucleic acid fragment or non-fragmented nucleic acid sample
can be from a human sample sclected from a same hwman: a single cell, 8 non-
discased tissug, a discased tissue, a FFPE sample or a fresh-frozen sample, 2 tissue, an
organ, a tumor, a specimen of an organic thaid taken from a patient, frechy circulation
mucleic acid, a fungus, a prokaryotic organism and a virus. In some embodiments, the
second nucleic acid fragment or non-fragmented nucleic acid sample can be from a
saraple selected from the same human having tissuc which can be cither 2 diseased
Hssue or a non-disease tissue, can be collected on a same day, can be collected on
separate days, can be collected from different samples, can be collected from samples
prepared by different methods or can be collected from sampies by different
purification methods and combinations thercof. In some embodiments, the fust
nucleic acid fragment or pon-fragmented nucleic acid sample comprising the first
adaptor sequence can be further enriched and prepared for massively paraliel
sequencing. In some embodiments, the first nucleic acid fragoent or non-fragmented
nucleic acid sample can be double stranded. In some embodiments, the first adaptor
sequence can be appended to a 5" end of said first nucleic acid fragment or non-
fragmenied nucleic acid sample. In some embodiments, the first adaptor sequence
comprises a restriction and/or cleavage site for a nuckeic acid modifying cnzye.

IB0I38] In yet another aspect, a disclosed method can have a second human
nucleie acid fragment or second non-fragmented nucleic acid sample with an adaptor.
In some embodiments, the sccond human sampiec can be derived from a difforent
human than the human from whom the first nucleic acid sample was derived. In some
embodiments, the second mucleic acid fragment or second non-fragmented nucleic
acid sample can be a sample sclected from the same human baving tissue which can
be cither a discased tissue or a non-disease tissue, can be collected on 2 same day, can

be collected on separate davs, can be collected from different samples, can be
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collected from samples prepared by different methods or can be collected from
samples by different pusification methods and combinations thercof. In some
cmbodiments, the sccond nucleic acid fragment or second non-fragmented nucleic
acid sample can be a sample selected from a different human having tissue which can
be either a discased tissue or a non-disease tissue, can be collected on 2 same day, can
be collected on separate days, can be collected from different samples, can be
collected from samples prepared by different methods or can be collected from
samples by different purification methods and combinations thereof,

[68148]  In a firther aspect, disclosed is a method for quantitating a second

human nucleic acid according to previously disclosed the methods.

Kits

{08141}  Any of the compositions described herein can be included in 3 kit
In 2 non-limiting example the kit, in suitable container means, couyprises: one adapier
with a known sequence, one probe having a sequence specific portion and common
portion of known sequence, one forward primer having a direct partial comploment to
the at least either the adapior or probe common portion and ong reverse primer having
a direct partial complement to either the adaptor or probe common portion. The kit
can further contain additional adapters, primers and/or reagents oseful for ligation,
target curichment and Hbrary preparation. The kit can further optionally contain a
DNA-polymerase. The kit can further optionally contain reagents for amplification,
for example reagents useful for PCR amplification methods. The kit can further
optionally contain reagents for sequencing, for example, reagents useful for next-
generation massively parallel sequencing methods.

{80142} The containers of the kits can include at least one vial, test tube,
flask, bottle, syringe or other containers, into which a component can be placed, and
preferably, suitably aliquoted. Where there 1s more than one component in the kit, the
kit also can contain a second, third or other additional container into which the
additional components can be separately placed. However, various combinations of
components can be included in a container.

{08143} When the components of the kit can be provided in one or more
tiquid solutions, the liquid schution can be an agueous solution. However, the

components of the kit can be provided as dried powder(s). When reagents and/or
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components are provided as a dry powder, the powder can be reconstituted by the
addition of a suitable solvent.

{B0144] A kit can include instructions for employing the kit components as
well the use of any other reagent not meladed n the kit Instructions can inclade

variations that can be tmaplemented.

EXAMPLES

B3

Example I: Differontial Expression Levels of Specific Transeripts Between Two

e

Saraples

[B8145]  Starting with 100ng total RNA double stranded ¢DNA was made
using the Ovation® Target Enrichment ¢DNA Module (NuGEN caté 9301-32)
according to the meanuofacturer’s recommendation.  ¢DNA samples were added
divectly into the NuGEN Ovation® Target Enrichment Kit (NuGEN cat# (400-32)
according to mamifacturer’s divections. Probes used in hybridization were a pool of
probes targeting 270genes {(NuGEN COvation® Target Huorichment System, contact
Nu(GEN for ordering mnformation).

[B8138]  The resulting lbvarics were dihded to 2oM and paired ond
sequencing was porformed o the enviched Hbrary on apn Hlomina® MiSeq® DNA
Seguencer. The following paired ond series was run at 78 bases forward read (R,

basgs reverse read (R2), 14 base index reads { 11,

-~}
(4]

Data Aualysis

108139} Paured ond alignments were performed for the forward and reverse
sequencing reads and each were mapped to the human genome version hgl9 using
TopHat Alignment software (v.2.0.10) with defaglt settings. Pairs of reads that did
not map to a targeted region were climinated. Forward reads with the same start
coordinate were then evaluated for the index sequence’s NG sequence {(n-random
sequence). [n instances where the N6 sequences were identical, then the readswere
marked as duplicates and only one read of the group was retained as being derived
from a single distinct nucleic acid molecule. The identificd duplicate reads were
marked and then removed as described in patent applcation USSN 61/08%,113

(duplicatc marking). After filkering for on target and deduplicated read paivs, the

W
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filtered reverse read sequences were trimmed to remove adaptor and linker sequences
psing Trimgalore (v.0.3.1}, and shortened to the first 35 bascs using FASTX Trimmer
software . Trimomed reverse read sequenceswere then mapped to a probe sequence file
(provided with the probes used) containing the sequences of the targeting
sligonucleotide using Bowtie Alignment software (v.1.0.0) with defanlt parameters
and “—mnore’ to prevent reverse complement maiching. Aligned reverse reads were
associated with their originating primer and counted. The nursbher of times cach probe
was detected was a measure of the number of times the specific transeript was present
in the original sample. Table 1 ilhustrates DGE data in which the read counts were

normalized between samples.

Table 1:Hepresentation of gene expression of three genes between two cancer eell

PCT/US2015/044065

linecs

Gene Normalized Probe | Normalized Probe | Ratio UHR/H2228
Reads UVHR Reads H2228

COND3 499 494 1.01

TAFIS 541 1074 0.52

PBX1 118 23 5.13

{B0148] As depicted in Table 1, a mixed cancer coll line RNA sample (UHR,

ce RNA) has a relatively low level of expression of gencs

TAF1S compared to H2228 cclis (adenocarcinoma; non-sualf cell lung cancer). Both
cell types bave very similar expression levels of COND3.  Conversely UHR has
higher expression of PBX1 compared to H2228.

081411 Example I Differential Expression Levels of Specific Transcripts
Between Two Samples Withowt Genome AlignmentStarting with 100ng total RNA
double stranded ¢DNA is made using the Ovation® Target Ennichment ¢DBNA
Module {(NuGEN cat# 9301-32) according to the manufacturer’s recommendation.
cDNA samples are added directly trdo the NuGEN Ovation® Target Enrichment Kit
(NuGEN cat# 0400-32) according to manufacturer’s directions.  Probes used in
hybridization are a pool of probes targeting 270genes (WNuGEN Ovation® Target

Enrichment System, contact NuGEN for ordering information).

[
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{08142} The resulting libraries are dilated to ZnM and paired end
sequencing is performed en the enriched library on an Hlumina® MiSeq® DNA
Sequencer. The following paired end series is run at 73 bases forward read (R1), 75

bases reverse read (R2), 14 base index reads ( 11).

081431  Reverse read scquences are trivuned with a pattern match at the 8
end for 15hp linker sequence and 0-3bases of diversity sequence. After linker
trimming the first 40bp of the reverse read are constructed into 8 Burrows-Wheeler
fransform (BWT) to match tiled probe 1Z-mers in cach read using BEETL software
{version 1.1.0, hitps://github.coovBEETL/BEETL). Each read pair is then labeled as
being derived from the probe with the most 12-mer matches to the reverse read.
Labeled read pairs are then deduplicated per-probe, by analyzing the index sequence’s
N6 sequence (n-random sequence) along with the first 10 bases of the Forward read.
In instances where the reads are derived from the same probe, the N6 sequences are
identical, and the first 10 bases of the forward read are the same, then the reads are
marked as duplicates and only one read of the group was retained as being derived
from a single distinet nucleic acid molecule. Adter filtering for deduplicated read
pairs, a total deduped read count was obtained for each probe. The number of times
¢ach probe was detected was a measure of the number of times the specific probe was
present in the original sample. Counts per probe are then averaged to obtain counts
per gene based on the probe annotation file, as a measure of relative abundance for

that gene in the particular sample.

Example B Difforontial Expression of Specific Transcripts mapping forward
reads

[08144] Starting with 100ng total RNA mput from Universal Huoman
Refergoce Sample (UHR} double stranded cDNA was made using the Ovation®
Target BEmrichment ¢DNA Module (NuGENMN catd 9301-32) according to the
manufacturer’s recommendation.  ¢DNA samples were added directly into the
NuGEN Ovation® Target Eorichment Kit (NuGEN cat# (400-32) according to
manufacturer’s directions. A control library starting with 100ng DNA Uput from

Promega Male Reference Sample was also processed using the Ovation® Target

W
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Ewrichment Kit (NoGEN  catf  0400-32) according to  the manufacturer’s

recommendation. Probes used in hybridization were a pool of probes targeting 95

genes.
#0145 The resulting Hbraries were dilwted w0 ZnM and paired ond
o
sequencing was porformed on the enviched Rbrary on an Hlomina® MiSeq® DNA

Seguencer. The following paired ond series was run at 70 bases forward read (R,
88 bases reverse read (R2), 14 base index reads (11}
Data Analvsis

{08146] For both RNA and DNA derived data forward reads were quality
trimmed and trimmed of linker and adaptor sequences. For DINA derived data,
forward reads were mapped to the human genome version hgl9 using Bowtie
Alignmont software with -m 2 parameter. For RNA derived data, forward reads were
first mapped to ribosomal RNA reference using STAR Alignment software, reads that
were unmmapped to ribosomal RNA were then mapped to the human version hgi9 alse
osing STAR Alignment software. After alignmoent, forward reads for both the RNA
and DNA data with the same start coordinate were then evaloated for the index
sequence’s NG sequence {n-random sequence). In instances where the N6 sequences
were identical, then the reads were marked as duplicates and only one read of the
group was retained as being derived from a single distinet nucleic acid molecule. The
identificd duplicate reads were marked and then removed as described in patent
application USSN 61/982 113 (duplicate marking). CoverageBed software with
defanlt settings was then used to count deduplicated foward reads overlapping any
portion of cach target region {exons) for cach dataset. The counts for ecach target
region were normalized for fotal reads in all target vegions of the dataset and then
target regions correspondng to cach exon within a gene were averaged for a
normalized gene count for the DNA and RNA data. The DNA counts are expected to
be quite cven as expression lovels do not affect the probe’s ability to gencrate reads.
The RMNA counts are expected to have variability due to expression level changes.
Based on that idea, the log2 ratic of normalized counts RNA/DNA was then
computed as a measore of gene abundance in the RNA. A students T-test was then

used to compute a p-value for cach gene measurement. Genes with a p-value<0.03
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and a log ratio >0 were noted as upregulated genes and genes with a p-vahie<.05 and
a log ratic <0 were noted as downregulated genes.

108147]  Table 2 depicts five genes that were significantly upregulated and
five genes that were significantly downregulated from the plot all gene abundance at
the RNA level in the panel of 95 genes in chromosomal order (Figure 11,

Table 2: Relative abundance of significantly changed genes.

Birection Gene Chromosome | Abundance P-Value

Up GUSB 7 6291068 3 I8E-04
Up ANXAL 9 8132735 337807
Up Tea7 12 13.091 5.98E-05
Up GASRG 13 5.678613 2.64E-04
Up TSC2 16 3.440623 3.22E-04
Down AMPDH 1 0.011096 2.958-06
Down CRZ i 0.133867 3.358-04
Down ITGAX 16 (.194365 2.39E-(6
Down NOS2 17 0.037126 §. 74807
Down ITGAZR 17 0.15729 231E-13

Example IV: Relative Expression Levels of Specific Transoripts using forward
reads

[08148]
using the Ovation® Target Enrichment ¢DNA Module (NoGEN cat# 9301-32)

Starting with 100ng total RNA double stranded ¢cDNA is made

according to the manufacturer’s recommendation.  An adapter corresponding to the
TLMN reverse flow cell sequence is figated onto the 57 end of cach ¢cDNA fragment.
Probes containing a seguence specific region followed by a 15 base linker and 2 XX
base sequence corresponding to the ILMN forward flow cell sequence are annealed to
the target and extended with a DNA polymerase. DNA fragments containing both
forward and reverse flow cell sequeonces are amplified by PCR under conditions and
with reagents recommended and provided by NuGEN.

[68149] The resulting libraries are diluted o ZnM and paired end

M.
i

sequencing 18 performed on the onriched Hiwary on an Hlupdna® MiSeg® DNA
Sequencer. The following paired end serigs is tun at 70 bases forward read (R1),

L

and 14 base index veads (1)

(]
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[08188]  Forward reads sequences are frimmed to remove linker sequences
using Trimgalore software (v.0.3.1}, and shortened to the last 55 bases using FASTX
Trimmer software . Trimmed forward reads are mapped to the human genome version
hgl9 using Bowtic Alignment software with -m 2 parameter. Reads that do not map
1o a targeted region are eliminated. Reads arc ideuntified that map to the same start
coordinates in the genome. Reads with the same start coordinates are then evaluated
for the index sequence’s N6 sequence (n-random sequence). In instances where the
N6 sequences are identical, then the read pairs are marked as duplicates and only
couded as being derived from a single distinet nucleic acid molecule. The identified

duplicate reads are marked and then removed as described in patent application USSN

89,113 (duplicate marking). Remaining reads are mapped to a probe seguence

file (provided with the probes used) comtaining the sequences of the targeting

oligonucleotide using Bowtie Aligmment software (v.1.0.0) with detault parameters
and ‘--nore’ to prevent reverse complement matching. The muanber of times each
probe is detected is a measure of the mumber of times the specific transcript is present
in the original sample. Reads overlapping any portion of the target region {exons) are
covnted. The counts corresponding to cach exon within a gene are averaged. If any
exon has counts below 2 standard deviations of the average, that exon is dropped and

the average recalculated.

Example ¥V: Determination of Copy Number Variation (CNV) by DNA
Sequencing

08181)  Two human gDNA samples, one derived from a trisomy
chromosome 13 male and another a disomy chromosome 13 female were fragmented
to approximately SO0 bp length by sonication with a Covaris system. 100 ng of 500
bp fragments of gDNA from cach sample were added to the NuGEN Ovation® Target
Ewvichment Kit (NuGEN, cat# 0400-32) according to manufacturer’s divections.
Probes used in hybridization were a pool of probes targeting 344 genes (Nu(GEN
Ovation® Cancer Panel Target Enrichment System).

[B8152]  The resulting Hbrarics were dihded to 2oM and paired ond

sequencing was porformed on the enviched Rbrary on an Hlomina® MiSeq® DNA

W
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Sequencer,  The following paired end series was num at 73 bases forward read (R1),

Data Analysis

[08153] Data were analyzed by two independent methods; removing
duplicates and not removing duplicates. Briefly, forward reads were aligned to the
huraan genome version hgl? using Bowtic Alignment software (v. 1.0.0 ) with default
settings. If any forward reads were determined to align to the same genomic start
coordinate, the corresponding index read was examined. In instances where the index
Read sequences corresponding to those forward reads with the same genomic start
coordinates were identical, the reads were marked as duplicates and only counted as a

single distinet mucleic acid molecule (as deseribed i patent application USSN

Reverse reads corresponding to the remaining distinet forward reads
were aligned using Bowtie to the scquences in a Probe Database. Aligned reverse
reads were binned and counted according to which probe sequence they represent.
The nomber of times each probe was represented was 8 measure of the number of
times the starting specific nucleic acid molecule was present in the original sample.
[06184)  Altornatively, representation was established without removing
duplicate reads by cataloging the 40 base reverse reads according to sequences present
in the Probe Database. The number of reads sligning to cach representative in the
probe refercnee database was determined. Reads that did not match seguences in the
database were disregarded. The number of times each probe was detected was a
measure of the nomber of times the specific sequence was present in the original
sample. Table 3 depicts CNV data using cither mothod described above in which the
read counts were normalized to total sequencing read number and any counts below
10 were removed from analysis. The ratio of the probe count for a given probe in a
trisomy male sample to the counts of the same probe in 8 wild type  female sample

were averaged for all probes on a given chromosome.

Table 3: Copy number variation data from a trisomy 13 male in which read counts

were normalized to total sequencing read mumbers

No  duplicate  removal | Duplicates removed

Chromosome Average probe count ratio Average probe count ratio

(@]
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chri 1.002485 0.990606365
chr2 1.025382 1.010290048
chr 3 1.0258736 1016439439
chré 1.045166 1032544903
chrb 1.002378 0.388357554
chré 1.015266 (3.997262904
chr? 1.022412 1021638631
chr 8 1.046251 1.028980962
chr 9 1.008415 (3.981277289
chr 10 1.035216 (.983763183
chril 1.01177 1.00377304

chr 12 L.027063 1.804780487
chr 13 1.485411 1471641235
chr 14 0.996186 0.986918321
chr 15 0.986867 (1.981480187
chr 16 0.967682 (.964463441
chr 17 0.9393821 0.982014077
chr 18 1035764 1.016860381
chr 19 0.967125 0.958202381
chr 20 1.012836 1.010031227
chr 21 1.00104 1.013150115
chr 22 0.975676 0.972111601
chrX 0.548004 0.54328808

[08155]  As depicted in Table 3, a diploid malc has a single X-chromosome
vs. a diploid normal (wild type, WT) fomale baving two X-chromosomes which is
identified by the (.54 ratic {or 0.55 when duplicates are not removed) of probe counts
on the X chromosome. Likewise, both the male and fomale can have comparable
normalized counts for all other chromosomes with the exception of chromosome 13,
The trisomy 13 male bhas an exira chromosome 13 as mterpreted by the 1.47 probe
count ratio {or 1.49 when duplicates are not removed) establishing a chromosome 13

copy number variation verses comparison to the WT fomale.

W
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Example VI: Detorovnation of Copy Nuysber Variation {ONVY) in cancer cell
fine by DNA Sequencing

[08186]  Two human gDNA samples, one derived from a pool of sormal
male (Promega), and the other derived from that same pool of normal male with two
extra copies of EGFR and KIT genes spiked in for a total of 4 copies each (previously
validated by gPCR) were fragmented to approximately 500 bp iength by sonteation
with a Covaris sysiom. 100 ng of 500 bp fragmenis of gDNA from cach sample were
added to the NuGEN Ovation® Target Enrichment Kit (NuGEN, cat# 0400-32)
according to manafacturer’s directions. Probes used in hybridization were a pool of
probes targeting 509 genes (NuGEN Ovation® Cancer Pancl 2.0 Target
Enrichment Systern).

{80157] The rosulting libraries were diluted to 2nM and paired end
sequencing was performed on the enriched library on an HHumina® MiSeg® DNA
Sequencer. The following paired end serics was run at 70 bases forward read (R1),

88 bases reverse read {R2), 14 base fndex read (1),

Drata Analysis

[00158]  For both datasets, forward reads in fastg format are trimmed of
linker sequence and low quality bases with Trim Galore software. The reads were
aligned to the homan genome reference version bhgl9 wsing Bowtie Aligmment
software (v 1.0.0} allowing for reads to map to up to 2 places and picking only a
singic best alignment {-m 2 --best). Algued reads were subsequently deduplicated
using NuGEN's custom NuDup deduphication software
(https://githob.com/nugentechnologies/nadapy. For deduplication, if any reads are
determined to align to the same genomic start coordinates the corresponding index
read is examined. In instances where the index read sequences corresponding to those
forward reads with the same genomic start position were identical, the reads are
marked as doplicates and only a single read with the best quality from the set is
maintained.

108189 The probes used in the corichmont experiment are expected to
produce reads that land within the starting coovdinate of the probe to approximately
300bp downstream of the probe. For all probes in the enrichment, the probe landing

zone is defined m a bed file as “probePlus3007, The numsber of deduplicated reads

[
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within each probePlus300 region are counted using BEDtools coverageBed. For each
probePlus300 region absolute counts arc normalized by the total deduplicated reads
falling in all probePlus300 regions (sum of all probePlus300 region counts) in order to
compare counis across experiments. Next, for each gene, or genomic region,
probePlus300 counts are averaged. Normalized average probePlas300 counts for each
gene from the cell line sample are compared to the normal blended male sample
counts as a ratio. Furthermore, a student’s t-test can be used fo compute genes or
genomic regions where the averaged probePlus300 counts are significantly different
for a given gene between the two samples with a multiple hypothesis corrected p-
value <0.005.

106168]  Table 4 depicts significant copy rumber changes and p-values in
the spike in sample. Specifically, there is only a sigpificant ncrease in copy number

for EGFR and KIT genes — the two genes spiked in at approximately 4 copies.

Table 4: Significant copy number changes and p-values in the spike fn sample.

CNV GENE Chromosome Copies P-Value
GAIN KIT 4 3.790214 5.05E-13
GAIN EGFR 7 4059194 L.62E-16

Example VII: Rapid Library Generation for Detormination of Copy Number

Variation by DNA Sequencing

{80161 Two human gDNA samples, one derived from a trisomy
chromosome 13 male and another a disomy chromosome 13 fomale can be
fragmented to approximately SO0 bp length by sonication with a Covarls system. Tug
of 500 bp fragmenis of gDNA from cach sample can be beat denatured at 95C for §
minutes in the presence of probes and probe anncaling solution (NuGEN Ovation®
Target Enrichment Kit, cat# 0400-32) and cooled at a vate of 0.1C per mimute to 60C
and held at that temperature for at least 30 minutes. Following the anncaling step, a
DNA polymerase and deoxyoucleotides can be added 1o the solution to extend probes
anncaled specifically to their teroplate nucleic acid. This solution can be cooled to

room temperature and the unincorporated probes removed by differential bead
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binding and chition from SPRI  beads, consistent with wmanufacturer’s

recommendations. The recovered double stranded DNA can underge end repair and

ligation with solutions provided 1o the NoGEN Ovation® Target Enrichment Kit,
[B8162]  The rosulting Bibraries can be dihited to 2nM and paired end

sequencing performed on the enviched library on an Homisa® MiSeg® DNA

.

~

Seguencer. The following pared end series can be rung 75 bases forward read (read
o 2 N

13, 75 bases reverse vead {read 23, 14 base index read {read 3},
Data Analvsis

0616317 Data can be analyred by cataloging the 75 base reverse reads by
sequences present in the Probe Database. The vumber of reads aligning to cach
representative in the probe reference database can be determined. Reads that did not
align to sequences in the database could be disregarded. The number of times cach
probe is detected can be a measure of the number of times the specific sequence was
present in the original sample. Read counts can be normalized to total sequencing
read mumber and any counts below 10 can be removed from analysis. The ratio of the
probe count for a given probe in 3 trisomy male sampie to the counts of the same
probe in a wild type female sample can be averaged for all probes on a given
chromosome.

[08164] Data from this test would reveal the male sample as having a single
X-chromosome vs. a diploid sormal (wildtype, WT) female having twoe X-
chromosomes and therefore an approximate 0.5 ratio of probe counts on the X
chromosome. Likewise, both the male and female would have comparable normalized
counts for all other chromosomes with the exception of chromosome 13, The trisomy
13 male bas an extra chromosome 13, this would result 1 a probe count ratio of
approximately 1.5 probe coumnt ratio relative to the WT female.

[68165] Those having ordinary skill in the art will understand that many
modifications, alterpatives, and cquivalenis arc possible. All such wmodifications,
alternatives, and equivalents are intended to be encompassed herein.

iB0166] hile the principles of this invention have been described in
connection with specific embodiments, it can be understood clearly that these
descriptions are made only by way of exaropic and are not intended to limit the scope

of the invention. What has been disclosed herein has been provided for the purposes
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of Hlustration and deseription. It is not ntended to be exhaustive or 1o Hmit what is
disclosed to the precise forms described. Many modifications and variations will be
apparerd to the practitioner skilled in the art. What 5 disclosed was chosen and
described in order to best explain the principles and practical application of the
disclosed embodiments of the art described, thereby enabling others skilled 1n the art
to understand the various embodiments and various modifications that are suited to
the particular use contemplated. 1t is intended that the scope of what is disclosed be

defined by the following claims and their equivalence.
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CEAIMS

WHATIS CLAIMED IS;

I

'b».)

A method for quantitating a plurality of specific wucleic acid molecules n a

composition comprising:

a.

generating a plurality of probe extension products, wherein each probe extension
product comprises a probe sequence that is complementary to a probe target region
within a specific nucleic acid molecule;

sequencing the plurality of probe extension products to generate a sequence for each
of the plurality of probe extension products;

aligning the sequence of each of the plurality of probe extension products to a
reference sequence database, wherein the reference sequence database comprises
probe sequences; and

determining the number of alignments for the sequence of cach probe extension
product with a sequence 1u the reference sequence database, wherein the number of
alignments indicates the quantity of each of the specific nucleic acid molecule that

the probe of the probe extension product is complementary to.

A method for quantitating a plurality of specific nucleic acid molecules comprising:

a.

geverating a phurality of probe extension products, wherein each probe extension
product coraprises (1) a first adapter , and (i1} a probe scquence cornplementary to to
a probe target region within a specific nucleic acid molecule;

sequencing the phurality of probe extension products to gencrate sequence data
comprising a sequence for cach of the plurality of probe exieunsion products;
identifying the presence of the probe sequence of ecach probe extension product
within the sequence data; and

determining the number of each of the probe sequences within the plurality of probe
extension products, wherein the number of each of the probe sequences indicates the
guantity of cach of the plurality of specific nucleic acid molecules to which cach of

the probes sequences is complementary to.
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A method for quantitating a plurality of specific nucleic acid molecules within a

plurality of mucleic acid molecules comprising:

a. appending a first adaptor sequence to a8 57 end to cach of a plurality of nucleic acid
molecules;

b. hybridizing a plurality of probes to the plurality of specific nucleic acid molecules,
wherein cach probe 18 complementary to a probe target region within a specific
nucleic acid molecule;

c. extending ecach probe into the appended first adaptor scquence to generate a
plurality of probe extension products having the first adaptor sequence and a second
adaptor sequence to produce a plurality of probe extension produets;

d. sequencing the plurality of probe extension products to generate sequence data for
cach of the phurality of probe extension products;

¢. ahgoing the sequence for cach of the plurality of probe extension products to g pre-
determined sequence within a reference copy of a probe database, wherein said pre-
determined sequence is specific to each probe; and

£ determindng the number of ecach probe sequence aligned to its pre-deteronned
sequence, wherein the mumber indicates the quantity of the specific nucleic acids

molecule to which the probe is complementary to.

4. A method for quantitating a plurality of specific nucleic acid molecules comprising:

a. extending a plurality of probes, wherein each probe is hybridized to a probe target
region within a specific mucleie acid molecule within the plurality of specific nucleic
acid molecules and each probe has a first adaptor at its 37 end to generate a plurality of
extension products;

b. appending a second adaptor to the double-siranded end of the plurality of probe
extension products;

¢. sequencing the plurality of probe extension products to generate sequence data for
cach of the probe extension products; and

d. determining the number of each probe that hybridized to a probe target region,
wherein the number indicates the guantity of cach of the specific nucleic acid

molecules comprising the probe target region,
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A method for quantitating a plurality of specific wucleic acid molecules n a
composition comprising:
a. hybnidizing a plurality of probes to a probe target region within a specific nucleic
acid molecule, wherein each probe has a first adaptor at its 53” end,
b. extending cach probe to generate a plurality of probe extension products coraprising
the first adaptor sequence;
¢. appending a sccond adaptor sequence to the double-stranded end of the plurality of
probe extension producis;
d. sequencing the plurality of probe extension products to generate sequence for each
of the plurality of probe extension products;
¢. aligning the sequence for each of the plurality of probe extension products to a pre-
determined sequence within a probe database, wherein said probe database comprises a
plurality of pre-determined sequences, whereitn ecach pre-determined sequence is
specific to a probe; and
f. determining the number of aligoments for the sequence of each probe extension
product to a pre-determined sequence within the sequencing database, wherein the
nurber of of alignments indicates the quantity of cach of the specific nucleic acids

molecules to which the probe hybridizes to.

The method of any one of claims 1-5, wherein the sequences of the plurality of probe
extension products comprise at least one of a forward read, an index read and a reverse

read.

The method of claim 6, wherein spectficity that cach probe has annealed to its
respective probe target region sequence within its respective specific nucleic acid is

verified.

The method of claim 6, wherein the sequences of the plurality of probe extension
9 v
products are mapped to coordinates of a genome or transcriptome to verify intended

probe annealing and cxtension,

The method of claim 6, wherein the sequences of the plurality of probe extension

products are mapped to coordinates of a genome or franscriptome.
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10.

11

i6.

18.

The method of claim 7, wherein the sequences of the plurality of probe extension
products are aligned to a reference copy of a probe database to verify intended probe

annealing and extension.

The method of claim 6, wherein the reverse read comprises the probe target region.

. The method of claim 6, wherein the forward read cornprises the probe target region.

. The method of any one of claims 8 and 9, wherein the sequences of the phurality of

probe extension products for the forward and reverse reads are mapped for the plurality

of specific nucleic acids.

4. The method of claim 6, wherein the sequences of the plurality of probe extension

products for the index read identifies at least one of the sample barcode sequence and

the n-random sequence.

. The method of claim ¥, whercin the combination of the forward read map coordinates

aud the index read n-random bases determune PCR duaplicates for each probe extension

product.

The method of claim 15, wherein sequences having the same forward read coordinates
and the same n-random base sequence are identified as duplicates, consolidated and

counted as a single specific nucleic acid molecule.

7. The method of claim 15, wherein scquences with the same forward read coordinates

but different v-randors base sequences are cach counted as a distinet specific nucleic

acid molecule.

The method of claim 9, wherein the combination of the forward read map coordinates

and the index read n-random bases identify specific mueleie acid molecules.
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19.

20.

b2

25.

26.

The method of claim 18, wherein sequences baving the saroe forward read coordinates
and the same n-random base sequence are identified as duplicates, consolidated and

counted as a single specific nucleic acid molecule.

The method of claim 18, wherein sequences with the same forward read coordinates
but different n-random base sequences are cach counted as a distinct specific nucleic

acid molecule.

1. The method of claim 18, wherein the forward reads and corresponding reverse reads are

pair end aligned.

. The rocthod of any one of claims 16 and 19, wherein following duplicate consolidation,

the number of reverse reads counted for each probe sequence generates a value that
represents the number of molecules for cach starting specific nucleic acid molecule

within the plurality of specific nucleic acids.

. The rocthod of any one of claims 16 and 19, wherein following duplicate consolidation,

the number of forward reads counted for cach probe sequence generates a value that
represents the number of molecules for ecach starting specific nucleic acid molecule

within the plurality of specific nucleic acids.

. The method of any one of claims 17 and 19, wherein the number of reverse reads

counded for each probe sequence generates a value that represents the number of
molecules for cach starting specific nucleic acid molecule within the plurality of

specific nucleic acids.

The method of any one of claims § and 9, wherein the genome s sclected frorn the
group consisting of a mammalian, bactertal, viral, rickettsial or plant genome or

transcriptome,

The method of any onc of claims 2 and 3, wherein the plurality of specific nucleic acids
Y p ¥ Y

have undergone end repair prior to appending the fivst adaptor.
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35.

36.

&,

. The method of any one of claims 1-3, wherein the probe is extended by a polymerase.

The method of claim 27, wherein the polymerase is selected from the group consisting

of a DNA polymerase, an RNA polymerase, or a reverse transeriptase.
3 o b i o 5

. The method of any oue of claims 4-5, wherein following appending of the adaptors the

probe extension products are optionally, amplified.

The method of any one of claims 1 and 4-3, wherein the probe extension product is
treated with a restriction endonuciease or undergoes end repair prior to addition of the

second adaptor.

. The method of any one of claim30, wherein the end repair is blunt end repair.

2. The method of any one of claims 1 and 4-3, wherein extension of the probe extension

product further comprises addition of a first adaptor.

. The method of claim 29, wherein amplification of the probe extension product further

compriscs attachment of a flow cell sequence to cach end of the amplification product.

4. The mothod of claim 31, wherein the restriction endonuclease treated probe extension

product vields a forward read with a common end.
The rocthod of claim 34, wherein the sequences of the plurality of probe exiension
products are mapped to coordinates of a genome or transcriptome to verify intended

probe annealing and extension.

The method of claim 35, wherein the sequences of the plurality of probe extension
products are aligned to a reference copy of a probe database to verify intended probe

anncaling.
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37.

38.

40.

44,

The method of claim 36, wherein the combination of the forward read map coordinates
and the index read n-random bases determine PCR duplicates for each probe extension

product.

The method of clair 37, wherein sequences having the sarac forward read coordinates
and the same n-random base sequence are identified as duplicates, consolidated and

counted as a single specific nucleic acid molecule.

. The methed of claim 34, wherein the sequences of the plurality of probe extension

products are aligned to a reference copy of a probe database to venfy intended probe

annealing.

The method of claim 35, wherein reverse read sequences are binned and counted
according to which probe sequence they represent, wherein the number of times cach
probe is represented is a measure of the number of times the starting specific nacleic

acid molecule is present in the original sample.

1. The method of claim 36, wherein forward read sequences are binned and counted

according to which probe sequence they represent, wherein the number of times each
probe was represented was a measure of the number of times the starting specific

nucleic acid molecule was present in the original sample,

. The method of claim 6, wherein the forward read comprises at least a portion of the

specific nucleic acid sequence.

. The method of claim 6 wherein the forward read coraprises at least 4, at least 5, at least

6, at lcast 7, at least 8, at least 9, at lcast 10, at least 11, at least 12, at least 13, at least
14, at lcast 15, at lcast 16, at least 17, at lecast 18, at least 19, at least 20, or at lcast 25

bases of the specific nucleic acid sequence.

The method of any one of claims 2, 3 and 31, whercin the first adaptor sequence

cornprises at least one of an index sequence priroing site, an ndex nucleotide sequence,
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45.

46,

4%,

49.

L
i

an n-random nucleotide sequence, a forward read priming site, and a reverse read

priming site, and combinations thereof.

The method of any one of claims 2, 3 and 31, wherein the second adaptor sequence
coraprises at least one of a forward read privning site, a reverse read priming site and a

linker sequence, and combinations thereof,

The method of any one of claims 1, 4-5 and 31 wherein the second adaptor sequence
cormprises at least one of an index sequence priming site, an index nucleotide sequence,
an n-random nucleotide sequence, a forward read privaing site, 4 reverse read priming

site and combinations thereof,

. The method of any one of claims 4-5 and 31 wherein the first adaptor sequence

coraprises at least one of a forward read privning site, a reverse read priming site and a

linker sequence, and combinations thereof,

The method of any one of claires 4-5 aud 31, wherein the 57 first adaptor is common io

cach probe cxtension product.

The method of claim 6, wherein the index read compriscs at least 5, at least 6, at least
at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, or at

ieast 15 bases of index nucleotide sequence and the n-random base sequence.

. The method of claim 6, wherein the index read comprises at least 4, at least §, at least 6,

at least 7, at lcast &, at lcast 9, or at lcast 10 bases of the n-random bases and the index

nucleotide sequence.

1. The method of claim 6, wherein the index read comprises at least 4, af least 5, at least 6,

at least 7, at least K, at least 9, or at lcast 10 bascs of the n-random bases and optionally,

the index nucleotide sequence.
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52. The method of any one of clairs 44 and 46, wherein the n-randow base nucleotide

sequence comprises at least 1, at feast 2, at least 3, at least 4, at least 5, at Igast 6, at least
7, at lcast &, at least 9, or at least 10 nucleotides

The method of any one of claims 44 and 46, wherein the index nucleotide sequence

£
(a2

further comprises a barcode sequence.
ad comprises at least one of a probe target

Y

L

54. The method of claim 6, wherein the reverse
region sequence and a portion of the specific nucleic acid sequence and the combination

thereof,
The method of claim 54, wherein the reverse read comprises at least at loast 20, at least

25, at least 30, at lcast 35, at lcast 40, at least 45, at least 50, at lcast 35, or at least 60

bases of probe sequence.
The method of claim 54, wherein the reverse read comprises at least 4, at least 5, at

56.
icast 6, at least 7, at least &, at lcast 9, at {east 10, at least 11, at least 12, at feast 13, at
icast 14, at least 15, or at lcast 20 bases of specific nucleic acid sequence 3’ to the probe

SequUenCe.

A composition comprising the probe extension products arophified by the ructhod of

claim 29,
A composition comprising the probe extension products produced by the method of any

(v
oD

one of claims -5,

The method of any onc of claims 1-5, wherein the plurality of nucleic acids are derived

59.
from a sarople selected from the group consisting of a Hissue, an organ, a single cell, a
tumor, a specimen of an organic fluid taken from a patient, freely circulating nucleic

acid, a fungus, a prokaryotic organism and a virus.

The method of claim 59, wherein the patient 1s known or suspected of having a tumor.

60.
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61.

62,

65,

The method of claim 59 wherein the organic fluid contains at least one circulating

tumor cell (CTC) or a disseminated tumor cell {TTD).

The method of claim 59, wherein the patient is known or suspected of having a viral

infection.

. The method of claim 62, wherein the viral infection is a communicable infection or a

communicable disease.

4. The method of claims 1-5, wherein the composition further comprises a plurality of

nucleic acid molecules.

The method of claims 1-3, whercin ecach probe extension product is an exiension
product of a probe complementary to a probe target region within a specific nucleic acid

molecule.
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41/36/35/34/31/30/4-41/3
6/35/34/31/30/5,
63/62/59/1,
63/62/59/3-63/62/59/5

40/35/34/31/30/1,
40/35/34/31/30/4-40/35/3
4/31/30/5,
41/36/35/34/31/30/1,
41/36/35/34/31/30/4-41/3
6/35/34/31/30/5

15, 18, 21, 37

16, 17, 19, 20, 22/16,
22/19, 23/16, 23/19,
24/17, 24119, 38
37/36/35/34/31/30/1 and
37/36/35/34/31/30/4-37/3
6/35/34/31/30/5

16, 17, 19, 20, 22/16,
22/19, 23/16, 23/19,
24/17, 24119, 38

16, 17, 19, 20, 22/16,
22/19, 23/16, 2319,
24/17, 24/19, 38

1, 3-51, 54-63
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 52, 53, 64, 65
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-**.Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

X

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

-***-Please See Supplemental Page-***-

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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-**.Continuation of Box No. lil : Observations Where Unity Of Invention IsLlacking:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |I: Claims 1, 3-5, 6 (in-part), 7 (in-part), 8 (in-part), 9 (in-part), 10 (in-part), 11 (in-part), 12 (in-part), 13 (in-part), 14 (in-part), 15
(in-part), 16 (in-part), 17 (in-part), 18 (in-part), 19 (in-part), 20 (in-part), 21 (in-part), 22 (in-part), 23 (in-part), 24 (in-part), 25 (in-part), 26
(in-part), 27 (in-part), 28 (in-part), 29 (in-part), 30 (in-part), 31 (in-part), 32 (in-part), 33 (in-part), 34 (in-part), 35 (in-part), 36 (in-part), 37
(in-part), 38 (in-part), 39 (in-part), 40 (in-part), 41 (in-part), 42 (in-part), 43 (in-part), 44 (in-part), 45 (in-part), 46 (in-part), 47 (in-part), 48
(in-part), 49 (in-part), 50 (in-part), 51 (in-part), 54 (in-part), 55 (in-part), 56 (in-part), 57 (in-part), 58 (in-part), 59 (in-part), 60 (in-part), 61
(in-part), 62 (in-part), 63 (in-part)) are directed toward a method for quantitating a plurality of specific nucleic acid molecules in a
composition comprising: a. generating a plurality of probe extension products, wherein each probe extension product comprises a probe
sequence that is complementary to a probe target region within a specific nucleic acid molecule; b. sequencing the plurality of probe
extension products to generate a sequence for each of the plurality of probe extension products; c. aligning the sequence of each of the
plurality of probe extension products to a reference sequence database, wherein the reference sequence database comprises probe
sequences; and d. determining the number of alignments for the sequence of each probe extension product with a sequence in the
reference sequence database; and a composition comprising the probe extension products produced by the method.

Group |I: Claims 2, 6 (in-part), 7 (in-part), 8 (in-part), 9 (in-part), 10 (in-part), 11 (in-part), 12 (in-part), 13 (in-part), 14 (in-part), 15
(in-part), 16 (in-part), 17 (in-part), 18 (in-part), 19 (in-part), 20 (in-part), 21 (in-part), 22 (in-part), 23 (in-part), 24 (in-part), 25 (in-part), 26
(in-part), 27 (in-part), 28 (in-part), 42 (in-part), 43 (in-part), 44 (in-part), 45 (in-part), 49 (in-part), 50 (in-part), 51 (in-part), 54 (in-part), 55
(in-part), 56 (in-part), 58 (in-part), 59 (in-part), 60 (in-part), 61 (in-part), 62 (in-part), 63 (in-part) are directed toward a method for
quantitating a plurality of specific nucleic acid molecules comprising: a. generating a plurality of probe extension products, wherein each
probe extension product comprises (i) a first adapter, and (i) a probe sequence complementary to a probe target region within a specific
nucleic acid molecule; b. sequencing the plurality of probe extension products to generate sequence data comprising a sequence for
each of the plurality of probe extension products; c. identifying the presence of the probe sequence of each probe extension product
within the sequence data; and d. determining the number of each of the probe sequences within the plurality of probe extension
products; and a composition comprising the probe extension products produced by the method.

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule

13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include alignments for the sequence of each probe extension product, not present in Group I; the special technical features of Group Il
include determining the number of each of the probe sequences within the plurality of probe extension products, not present in Group |.

Groups | and |l share the technical features including: a method for quantitating a plurality of specific nucleic acid molecules comprising:
a. generating a plurality of probe extension products, wherein each probe extension product comprises (i) a first adapter, and (ii) a probe
sequence complementary to a probe target region within a specific nucleic acid molecule; b. sequencing the plurality of probe extension
products to generate sequence data comprising a sequence for each of the plurality of probe extension products; and d. determining the
number of each of the probe sequences, wherein the number of each of the probe sequences indicates the quantity of each of the
plurality of specific nucleic acid molecules to which each of the probes sequences is complementary.

-***_Continued on Next Supplemental Page-***-
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-**_Continued from Previous Supplemental Page:
However, these shared technical features are previously disclosed by US 2013/0005585 A1 to Anderson, et al. (hereinafter ‘Anderson').

Anderson discloses a method for quantitating a plurality of specific nucleic acid molecules (a method for quantifying alleles by primer
extension; abstract) comprising: a. generating a plurality of probe extension products (amplifying tagged target nucleotide sequences by
extension of barcode tagged primers; paragraphs [0017], [0039]), wherein each probe extension product comprises (i) a first adapter
(wherein each primer (probe) extension product comprises (i) a first adapter; paragraphs [0017], [0039)), and (ii) a probe sequence
complementary to a probe target region within a specific nucleic acid molecule (and a target-specific portion of the primer; paragraphs
[0017), [0039]); b. sequencing the plurality of probe extension products (paragraphs [0053], [0429]) to generate sequence data
comprising a sequence for each of the plurality of probe extension products (to generate DNA sequence libraries; paragraph [0429]);
and d. determining the number of each of the probe sequences (quantifying the relative amounts of different target nucleic acids;
paragraphs [0090], [0307]), wherein the number of each of the probe sequences indicates the quantity of each of the plurality of specific
nucleic acid molecules to which each of the probes sequences is complementary (wherein the number of each of the primer (probe)
sequences indicates the quantity of each of the plurality of specific nucleic acid molecules to which each of the primer (probe)
sequences is complementary; paragraph [03071); and a composition comprising the probe extension products produced by the method
{a reaction mixture (composition) comprising the primer (probe) extension products produced by the method; paragraphs [0015], [0039]).

Since none of the special technical features of the Groups |-l inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Anderson reference, unity of invention is lacking.
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