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METHODS FOR PRODUCING DNA [0006] In some embodiments, the target specificsequence
LIBRARIES AND USES THEREOF comprisesone or more deoxyuridines.

[0007] In some embodiments, the target DNA molecule
REFERENCE TO SEQUENCE LISTING has been end-repaired. In some embodiments, the target

SUBMITTED ELECTRONICALLY DNA molecule has been adenylated.

[0001] The content of the electronically submitted [0008] In some embodiments, the target specific primer

sequence listing in ASCII text file (Name: 2495- comprisesa tag sequence comprising at least 2 deoxyuri-

0017WO01_Sequence_Listing_ST25.txt;Size: 2 KB; and dines and a target specificsequence comprising0-4 deoxyu-

Date of Creation: Oct. 14, 2021) filed with the applicationis ridines in a 5' to 3' direction.

incorporatedherein by reference in its entirety. [0009] In some embodiments, the methods further com-

prise treating the target amplification product with a UDG

FIELD and then amplifying the target amplification product with a

universal primer to generate a second target amplification
[0002] Disclosed herein are methods for producingDNA product, wherein the universal primer does not comprise a
libraries by incorporatingdUTPs into DNA fragmentsand deoxyuridine. In some embodiments, the universal primer
treatingwith uracil-DNA glycosylaseand kits for preparing comprisesa sampleindex.
the DNA libraries. The DNA libraries are advantageousfor [0010] In some embodiments, the ligating is performedat
next generationsequencing.

a pH of 8-9. In some embodiments, the ligating is performed
at a PEG concentration of 4% PEG to less than 10% PEG.

BACKGROUND OF THE INVENTION
[0011] In some embodiments, the amplifying is performed

[0003] Efficient and quality DNA library construction is with an antibody based hotstart thermostable polymerase.
important for next generationsequencing.Improved meth- [0012] In some embodiments, the methods further com-
ods for generating DNA libraries are needed, with high prise purifying the second amplificationproductwith beads.
numbers of original molecules recovery, primer multiplex In some embodiments, the beads are solid phasereversible
level, and coverage uniformity. immobilization (SPRI) beads.

[0013] The DNA libraries can be used for next generation
BRIEF SUMMARY OF THE INVENTION sequencing,profiling of DNA variants, human identity or

[0004] Disclosed herein are methods of preparinga DNA paternity testing, pain or ADME pharmacogenomics,or

library, comprising (a) ligating an adapterto a target DNA detection of a genetic disease.

molecule to generate a ligation product,wherein the adapter [0014] Disclosed herein are DNA libraries made by the

comprisesone or more deoxyuridinesand a unique molecu- methods disclosed herein.
lar index (UMI); (b) treating the ligation product with a [0015] Disclosed herein are kits comprising one or more
uracil-DNA glycosylase (UDG); and (c) amplifying the of the components used in the methods disclosed herein.

target DNA molecule attached to the adapterin the ligation Thus, disclosed herein are kits comprising a uracil-DNA
product of (b) by single primer extension with a target glycosylase (UDG), an adapter comprising one or more

specific primer to generate a target amplification product, deoxyuridinesand a unique molecular index (UMI), a uni-
wherein the target specific primer comprisesone or more versal primer, and an antibodybased hotstart polymerase.In
deoxyuridinesand a target specific sequence. some embodiments, the kits can further comprise a ligase
[0005] Also disclosed herein are methods of preparing a and a ligation buffer capableof providing a pH of 8 to 9 to
DNA library, comprising amplifying a target DNA molecule

a ligation reaction. In some embodiments, the ligation buffer
with a single target specific primer to generate a target is capable of providing a PEG concentration of 4% to less
amplification product, wherein the target specific primer than 10% to the ligation reaction. In some embodiments, the
comprisesa tag sequence, one or more deoxyuridines,and a kits further comprise solid phasereversible immobilization
target specific sequence. In some embodiments, the adapter (SPRI) beads. In some embodiments, the kits further com-

is a single adapter that is annealed to the target DNA prise a target specific primer comprising one or more

molecule and extended, wherein the adapter comprises a deoxyuridinesand a target specificsequence.
UMI and a target specific sequence that does not contain a

deoxyuridine. In some embodiments, a pair of adaptersare BRIEF DESCRIPTION OF THE
annealed to the target DNA molecule and extended, wherein DRAWINGS/FIGURES
each adapterof the pair of adapterscomprisesa UMI, a first

or second target specificsequence, and one or more deoxyu- [0016] FIG. 1. Exemplary workflow: not to scale. "A"

ridines. In some embodiments, an adapterhas been ligated denotes an A base,

to the target DNA molecule to generate a ligation product, [0017] FIG. 2. Another exemplary workflow: not to scale.

wherein the adaptercomprisesone or more deoxyuridines "A" denotes an A base; "U" denotes a U base; and "X"

and a unique molecular index (UMI). Also disclosed herein denotes where the U base is removed by UDG (an abasic

are methods of preparing a DNA library, comprising (a) site).
extending a target DNA molecule attached to an adapter [0018] FIG. 3. Another exemplaryworkflow: not to scale.

comprising one or more deoxyuridinesand a unique molecu- "A" denotes an A base; "U" denotes a U base; and "X"

lar index (UMI); (b) treating the extension product of (a) denotes where the U base is removed by UDG (an abasic

with a uracil-DNA glycosylase(UDG); and (c) amplifying site).
the extension product of (b) with a target specific primer to [0019] FIG. 4. Ligation buffer of pH 8.5 with 6% PEG in

generate a target amplification product, wherein the target the ligation reaction had similar or slightly lower UMI
specific primer comprises one or more deoxyuridinesand a compared to ligation buffer of pH 7.6 with 13.2% PEG,

target specific sequence. suggestinghigh pH ligation buffer of low PEG in the
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reaction could achieve similar ligation efficiencyas regular [0028] Also disclosed herein are methods of preparinga

pH ligation buffer with higher PEG in the reaction. DNA library,comprisingamplifying a target DNA molecule

[0020] FIG. 5. The ligation buffer with high pH had much with a single target specific primer to generate a target

more UMI comparedto the buffer with low pH suggesting amplification product, wherein the target specific primer
the high pH ligation buffer can be used in targetedDNA comprisesa tag sequence, one or more deoxyuridines,and a

panelworkflow. target specific sequence. In some embodiments, the adapter
[0021] FIG. 6. Universal PCR was carried out either with is a single adapter that is annealed to the target DNA

chem hotstar Taq for 2 min at 62° C. anneal/extension in molecule and extended, wherein the adapter comprises a

each cycle or with Ab hotstart Taq for 1 min or 30 sec at 62° UMI and a target specific sequence that does not contain a

C. anneal/extension. General panel performanceof speci- deoxyuridine. In some embodiments, a pair of adaptersare

ficity and uniformity looked similar among these conditions. annealed to the target DNA molecule and extended, wherein

[0022] FIGS. 7A-7B. Sample Bioanalyzer images of each adapterof the pair of adapterscomprisesa UMI, a first

QIAseq TargetedDNA Pro libraries for Illumina instru- or second target specificsequence, and one or more deoxyu-

ments. The size of the majority of the library fragmentsare
ridines. In some embodiments, an adapterhas been ligated

between 200-1000 bp. FIG. 7A. Library without over-
to the target DNA molecule to generate a ligation product,

amplification. FIG. 7B. Library with over-amplificationas
wherein the adaptercomprisesone or more deoxyuridines

indicated by the "larger fragment" peak. and a uniquemolecular index (UMI). Also disclosed herein

are methods of preparing a DNA library, comprising (a)

DETAILED DESCRIPTION OF THE extending a target DNA molecule attached to an adapter

INVENTION comprisingone or more deoxyuridinesand a uniquemolecu-

lar index (UMI); (b) treating the extension product of (a)
[0023] Single Primer Extension (SPE) NGS library con- with a uracil-DNA glycosylase (UDG); and (c) amplifying
struction is a very successful technologycommercially but the extension product of (b) with a target specificprimer to

can be improved for high throughput,fast turnaround labo- generate a target amplification product, wherein the target
ratories. Single primer extension (SPE), like most other specificprimer comprisesone or more deoxyuridinesand a

methods, relies on cleanupwith magnetic SPRI beads for target specific sequence. In some embodiments, the target
adapter and primer removal, which is a low throughput, specific sequence comprisesone or more deoxyuridines.
variable, time consumingstep and can result in sampleloss [0029] In some embodiments, the target DNA molecule
due to the use of SPRI beads prior to target amplification. has been end-repaired. In some embodiments, the target
[0024] Disclosed herein are methods of using dU substi- DNA molecule has been adenylated.
tuted oligos and UNG digestion to replaceall but one final [0030] In some embodiments, the target specific primer
bead cleanup.This makes automation much easier, recovers comprisesa tag sequence comprising at least 2 deoxyuri-
far more original molecules (no loss in bead steps),and dines and a target specificsequence comprising0-4 deoxyu-
saves hours of processingtime. ridines in a 5' to 3' direction.

[0025] Ligation reactions also pose problemsto automa- [0031] In some embodiments, the methods further com-

tion. Generally, ligation requires high concentrations of prise treating the target amplification product with a UDG

PEG, causinghigh viscosity and problems in pipetting and and then amplifying the target amplification product with a

mixing. Disclosed herein are methods that substitute with a
universal primer to generate a second target amplification

high pH ligation buffer that allows the removal of most of product,wherein the universal primer does not comprise a

the PEG such that final ligation reactions contain less than deoxyuridine. In some embodiments, the universal primer
10% PEG, aiding in efficient automation and enhanced comprisesa sampleindex.

reproducibility. [0032] In some embodiments, the ligating is performedat

[0026] Finally, disclosed herein are methods in which a pH of 8-9. In some embodiments, the ligating is performed
throughputof library construction is vastly accelerated by at a PEG concentration of 4% PEG to less than 10% PEG.

replacing a chemical hotstart taq polymerasewith an anti- [0033] In some embodiments, the amplifying is performed
body-basedfast-cycling alternative. Finding an amplifica- with an antibody based hotstart polymerase.
tion mix and cycling conditions that are compatiblewith the [0034] In some embodiments, the methods further com-

NGS demands of high numbers of primers,high uniformity, prise purifying the second amplificationproductwith beads.

and an enzyme tolerant of dU substitution in primers In some embodiments, the beads are solid phasereversible

requiredsignificant amount of work and analyses. immobilization (SPRI) beads.

[0027] Accordingly, disclosed herein are methods of pre- [0035] The DNA libraries can be used for next generation
paring a DNA library, comprising (a) ligating an adapterto sequencing,profiling of DNA variants, human identity or

a target DNA molecule to generate a ligation product, paternity testing, pain or ADME pharmacogenomics,or

wherein the adaptercomprisesone or more deoxyuridines detection of a genetic disease.

and a unique molecular index (UMI); (b) treating the liga- [0036] Disclosed herein are DNA libraries made by the

tion productwith a uracil-DNA glycosylase(UDG); and (c) methods disclosed herein.

amplifying the target DNA molecule attached to the adapter [0037] Disclosed herein are kits comprising a uracil-DNA
in the ligation productof (b) by single primer extension with glycosylase (UDG), an adapter comprising one or more

a target specific primer to generate a target amplification deoxyuridinesand a unique molecular index (UMI), a uni-

product,wherein the target specificprimer comprisesone or versal primer, and an antibody based thermostable poly-
more deoxyuridinesand a target specific sequence. In some merase. In some embodiments, the kits can further comprise
embodiments, the ligated adapter in (a) is single-stranded a ligase and a ligation buffer capable of providing a pH of
and becomes double-stranded by extension, thus copying the 8 to 9 to a ligation reaction. In some embodiments, the

UMI to both strands of the target DNA molecule. ligation buffer is capableof providing a PEG concentration
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of 4% to less than 10% to the ligation reaction. In some adjacentsequence to be determined. The target DNA mol-
embodiments, the kits further comprise solid phaserevers- ecules can be obtained from a sample(s)or a singlecell(s).
ible immobilization (SPRI) beads. In some embodiments, [0045] The term "DNA" refers to chromosomal DNA,
the kits further comprisea target specificprimer comprising plasmid DNA, phage DNA, viral DNA that is single
one or more deoxyuridines and a target specific sequence. stranded (ssDNA) or double stranded (dsDNA), or cDNA.

[0038] The term "sample" can include RNA, DNA, a
DNA can be obtained from prokaryotesor eukaryotes.

singlecell, multiple cells, fragmentsof cells, or an aliquot of [0046] The term "genomic DNA" or gDNA" refers to

body fluid, taken from a subject(e.g.,a mammalian subject, chromosomal DNA.

an animal subject,a human subject,or a non-human animal [0047] The term "DNA fragment(s)"refer to DNA that are

subject).Samplescan be selected by one of skill in the art fragmented,naturally or by, but not limited to, enzymes or

using any known means known including but not limited to sonication.

centrifugation, venipuncture,blood draw, excretion, swab- [0048] The term "messengerRNA" or "mRNA" refers to

bing, biopsy,needle aspirate,lavagesample,scraping,sur- an RNA that is without introns and that can be translated into
gical incision, laser capture microdissection, gradient sepa- a polypeptide.
ration, or intervention or other means known in the art. The [0049] The term "cDNA" refers to a DNA that is comple-
term "mammal" or "mammalian" as used herein includes mentary or identical to an mRNA, in either single stranded
both humans and non-humans and include but is not limited

or double stranded form. Methods for obtainingcDNA are

to humans, non-human primates,canines, felines, murines, well known in the art.
bovines, equines,and porcines. [0050] The term "polynucleotide(s)" or "oligonucleotide
[0039] As used herein, the term "biological sample" is (s)" refers to nucleic acids such as DNA molecules and RNA

intended to include, but is not limited to, tissues, cells, molecules and analogsthereof (e.g.,DNA or RNA generated
biological fluids and isolates thereof, isolated from a subject, using nucleotide analogsor using nucleic acid chemistry).
as well as tissues,cells, and fluids present within a subject. As desired, the polynucleotidescan be made synthetically,
[0040] As used herein, a "single cell" refers to one cell. e.g., using art-recognizednucleic acid chemistry or enzy-

Single cells useful in the methods described herein can be matically using, e.g., a polymerase,and, if desired, can be

obtained from a tissue of interest, or from a biopsy,blood modified. Typical modifications include methylation, bioti-

sample, or cell culture. Additionally, cells from specific nylation, and other art-known modifications. In addition, a

organs, tissues, tumors, neoplasms, or the like can be polynucleotide can be single-strandedor double-stranded

obtained and used in the methods described herein. In and, where desired, linked to a detectable moiety. In some

general, cells from any population can be used in the aspects, a polynucleotidecan include hybrid molecules, e.g.,

methods, such as a populationof prokaryotic or eukaryotic comprising DNA and RNA.

organisms,including bacteria or yeast. [0051] "G," "C," "A," "T" and "U" each generallystands

[0041] A single cell suspension can be obtained using for a nucleotide that contains guanine,cytosine, adenine,

standard methods known in the art including, for example, thymidine and uracil as a base,respectively.However, it will

enzymatically using trypsin or papain to digest proteins be understood that the term "ribonucleotide" or "nucleotide"

connectingcells in tissue samplesor releasingadherent cells can also refer to a modified nucleotide or a surrogate

in culture, or mechanically separatingcells in a sample. replacementmoiety. The skilled person is well aware that

Samplescan also be selected by one of skill in the art using guanine,cytosine, adenine, and uracil can be replacedby

one or more markers known to be associated with a sample other moieties without substantiallyaltering the base pairing

of interest. properties of an oligonucleotide comprising a nucleotide
bearing such replacementmoiety. For example, without

[0042] Methods for manipulating singlecells are known in limitation, a nucleotide comprising inosine as its base can
the art and include fluorescence activated cell sorting

base pair with nucleotides containing adenine, cytosine, or(FACS),micromanipulation and the use of semi-automated
uracil. Hence, nucleotides containing uracil, guanine, orcell pickers (e.g., the QuixelI cell transfer system from adenine can be replaced in nucleotide sequences by aStoelting Co.). Individual cells can, for example, be indi-
nucleotide containing, for example, inosine. In another

vidually selected based on features detectable by micro- example,adenine and cytosine anywhere in the oligonucle-
scopic observation, such as location, morphology, or otide can be replacedwith guanine and uracil, respectively,
reporter gene expression.

to form G-U Wobble base pairing with the target mRNA.
[0043] Once a desired sample has been identified, the Sequencescontaining such replacementmoieties are suit-
sample is prepared and the cell(s) are lysed to release able for the compositionsand methods described herein. In
cellular contents including DNA and RNA, such as gDNA

some embodiments, as disclosed herein, the dUTP nucleo-
and mRNA, usingmethods known to those of skill in the art. tide can be incorporatedinto DNA as dUMP, also referred to
Lysis can be achieved by, for example,heatingthe cells, or as dU or U.
by the use of detergentsor other chemical methods, or by a [0052] As used herein, the terms "ligating," "ligation,"
combination of these. Any suitable lysis method known in and their derivatives refer generallyto the act or process for
the art can be used. Nucleic acids from a cell such as DNA covalently linking two or more molecules together, for
or RNA can be isolated using methods known to those of example,covalently linking two or more nucleic acid mol-
skill in the art. ecules to each other, and generatinga ligation product. In
[0044] The term "target DNA molecule" or "target nucleic some embodiments, ligation includes joining nicks between

acid molecule" refers to a DNA or nucleic acid molecule of adjacentnucleotides of nucleic acids. In some embodiments,
interest, e.g., a DNA fragment, to be analyzed. In some ligation includes forming a covalent bond between an end of
embodiments, the target DNA molecule comprises a target a first and an end of a second nucleic acid molecule. In some

sequence (e.g.,a known or predeterminedsequence)and an embodiments, for example embodiments wherein the
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nucleic acid molecules to be ligated include conventional skill in the art can determine the pH and PEG % in the
nucleotide residues, the litigation can include forming a ligation buffer needed to achieve the pH and PEG % in the

covalent bond between a 5' phosphategroup of one nucleic ligation reaction as disclosed herein. In some embodiments,
acid and a 3' hydroxyl group of a second nucleic acid thereby by increasingthe pH as disclosed herein, the PEG % can be
forming a ligated nucleic acid molecule. In some embodi- lowered as disclosed herein in the ligation mix for efficient

ments, any means for joining nicks or bondinga 5'phosphate automation and increased reproducibility.
to a 3' hydroxyl between adjacent nucleotides can be [0056] As used herein, "polymerase" and its derivatives,
employed.In an exemplaryembodiment, an enzyme such as generallyrefers to any enzyme that can catalyzethe polym-
a ligase can be used. In some embodiments, a target DNA erization of nucleotides (including analogs thereof) into a
molecule can be ligated to an adapterto generate a ligation nucleic acid strand. Typically, but not necessarily, such
product comprising an adapter ligated to a target DNA nucleotide polymerization can occur in a template-depen-
molecule. dent fashion. Such polymerasescan include without limita-

[0053] As used herein, "ligase" and its derivatives, refers tion naturally occurring polymerasesand any subunits and
generally to any agent capableof catalyzing the ligation of truncations thereof, mutant polymerases, variant poly-
two substrate molecules. In some embodiments, the ligase merases, recombinant, fusion or otherwise engineeredpoly-
includes an enzyme capable of catalyzing the joining of merases, chemically modified polymerases,synthetic mol-
nicks between adjacent nucleotides of a nucleic acid. In ecules or assemblies, and any analogs, derivatives or

some embodiments, the ligase includes an enzyme capable fragmentsthereof that retain the ability to catalyze such
of catalyzing the formation of a covalent bond between a 5' polymerization.Optionally, the polymerasecan be a mutant

phosphateof one nucleic acid molecule to a 3' hydroxyl of polymerasecomprisingone or more mutations involving the

another nucleic acid molecule thereby forming a ligated replacementof one or more amino acids with other amino

nucleic acid molecule. Suitable ligasescan include, but not acids, the insertion or deletion of one or more amino acids

limited to, T4 DNA ligase,T4 RNA ligase,and E. coli DNA from the polymerase,or the linkageof parts of two or more

ligase. polymerases.Typically, the polymerasecomprises one or

[0054] As used herein, "blunt-end ligation" and its deriva- more active sites at which nucleotide binding and/or cataly-
tives, refers generally to ligation of two blunt-end double- sis of nucleotide polymerization can occur. Some exemplary
stranded nucleic acid molecules to each other. A "blunt end" polymerasesinclude without limitation DNA polymerases
refers to an end of a double-stranded nucleic acid molecule and RNA polymerases.The term "polymerase" and its

wherein substantiallyall of the nucleotides in the end of one
variants, as used herein, also refers to fusion proteins

strand of the nucleic acid molecule are base paired with comprising at least two portions linked to each other, where

opposingnucleotides in the other strand of the same nucleic the first portion comprises a peptide that can catalyze the

acid molecule. A nucleic acid molecule is not blunt ended if polymerizationof nucleotides into a nucleic acid strand and

it has an end that includes a single-strandedportion greater is linked to a second portion that comprises a second

than two nucleotides in length, referred to herein as an
polypeptide.In some embodiments, the second polypeptide

"overhang." In some embodiments, the end of nucleic acid can include a reporter enzyme or a processivity-enhancing
molecule does not include any single stranded portion, such domain. Optionally, the polymerasecan possess 5' exonu-

that every nucleotide in one strand of the end is based paired clease activity or terminal transferase activity. In some

with opposing nucleotides in the other strand of the same
embodiments, the polymerasecan be optionally reactivated,

nucleic acid molecule. In some embodiments, the ends of the for examplethrough the use of heat,chemicals or re-addition

two blunt ended nucleic acid molecules that become ligated of new amounts of polymerase into a reaction mixture. In

to each other do not include any overlapping,shared or some embodiments, the polymerase can include a hot-start

complementarysequence. In some embodiments, blunt- polymeraseor an aptamer-basedpolymerasethat optionally
ended ligation includes a nick translation reaction to seal a can be reactivated. In some embodiments, the polymeraseis

nick created during the ligation process. an antibody based thermostable polymerase, such as an

[0055] As used herein, "ligation conditions" and its
antibody based hot-start polymerase.Such polymerasesare

derivatives, generally refers to conditions suitable for ligat- readily available commercially.

ing two molecules to each other. In some embodiments, the [0057] The term "extension," "extending," and its vari-

ligation conditions are suitable for sealing nicks or gaps ants, as used herein, when used in reference to a given
between nucleic acids. As defined herein, a "nick" or "gap" primer, comprisesany in vivo or in vitro enzymatic activity
refers to a nucleic acid molecule that lacks a directly bound characteristic of a given polymerasethat relates to polym-
5' phosphateof a mononucleotide pentose ring to a 3' erization of one or more nucleotides onto an end of an

hydroxyl of a neighboring mononucleotide pentose ring existing nucleic acid molecule, to generate an extension

within internal nucleotides of a nucleic acid sequence. As product. Typically, but not necessarily,such primer exten-

used herein, the term nick or gap is consistent with the use
sion occurs in a template-dependentfashion; during tem-

of the term in the art. Typically, a nick or gap can be ligated plate-dependentextension, the order and selection of bases

in the presence of an enzyme, such as ligase at an appro-
is driven by established base pairing rules, which can

priate temperature and pH. In some embodiments, T4 DNA include Watson-Crick type base pairing rules or alternatively
ligasecan join a nick between nucleic acids at a temperature (andespeciallyin the case of extension reactions involving
of about 70° C.-72° C. In some embodiments, the ligation nucleotide analogs) by some other type of base pairing
reaction is performed at a final pH of 8-9, pH 8-8.7, pH paradigm.In one non-limiting example,extension occurs via

8-8.5, or any final pH or ranges therein. In some embodi- polymerizationof nucleotides on the 3'OH end of the nucleic

ments, the ligation reaction is performed at a final PEG acid molecule by the polymerase.
concentration of 4% to less than 10%, 4% to 8%, 4% to 6%, [0058] The term "hybridize" refers to a sequence specific
or any final PEG concentrations or ranges therein. One of non-covalent binding interaction with a complementary
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nucleic acid. Hybridization can occur to all or a portion of sequences can be referred to as "complementary" with

a nucleic acid sequence. Those skilled in the art will respect to each other herein. However, where a first

recognize that the stability of a nucleic acid duplex, or sequence is referred to as "substantially complementary"
hybrids, can be determined by the Tm. Additional guidance with respect to a second sequence herein, the two sequences
regardinghybridization conditions can be found in: Current can be complementary,or they can include one or more, but
Protocols in Molecular Biology, John Wiley & Sons, N.Y., generallynot more than about 5, 4, 3, or 2 mismatched base

1989, 6.3.1-6.3.6 and in: Sambrook et al., Molecular Clon- pairs within regionsthat are base-paired.For two sequences
ing, a Laboratory Manual, Cold SpringHarbor Laboratory with mismatched base pairs, the sequences will be consid-

Press, Vol. 3, 1989. ered "substantially complementary" as long as the two

[0059] As used herein, "incorporating" a sequence into a
nucleotide sequences bind to each other via base-pairing.

polynucleotide refers to covalently linking a series of [0063] Conventional notation is used herein to describe

nucleotides with the rest of the polynucleotide, for example nucleotide sequences: the left-hand end of a single-stranded
at the 3' or 5' end of the polynucleotide,by phosphodiester nucleotide sequence is the 5'-end; the left-hand direction of

bonds, wherein the nucleotides are linked in the order a double-stranded nucleotide sequence is referred to as the

prescribedby the sequence. A sequence has been "incorpo- 5'-direction. The direction of 5' to 3' addition of nucleotides

rated" into a polynucleotide,or equivalently the polynucle- to nascent RNA transcriptsis referred to as the transcription
otide "incorporates" the sequence, if the polynucleotide direction. The DNA strand having the same sequence as an

contains the sequence or a complementthereof. Incorpora- mRNA is referred to as the "coding strand"; sequences on

tion of a sequence into a polynucleotide can occur enzy- the DNA strand having the same sequence as an mRNA

matically (e.g., by ligation or polymerization) or using transcribed from that DNA and which are located 5' to the

chemical synthesis(e.g.,by phosphoramiditechemistry). 5'-end of the RNA transcript are referred to as "upstream
[0060] The term "associated" is used herein to refer to the sequences; sequences on the DNA strand having the same

relationship between a sample and the DNA molecules, sequence as the RNA and which are 3' to the 3'-end of the

RNA molecules, or other polynucleotidesoriginating from coding RNA transcript are referred to as "downstream

or derived from that sample.A polynucleotideis associated sequences."
with a sampleif it is an endogenouspolynucleotide, i.e., it [0064] In some embodiments, the double stranded target

occurs in the sampleat the time the sampleis selected or is DNA molecules can be end repairedso that they are ame-

derived from an endogenouspolynucleotide.For example, nable for ligation. For example,the ends of the target DNA

DNAs endogenousto a cell are associated with that cell. molecules can be polished to have blunt ends. As known in

cDNAs resulting from reverse transcriptionof mRNAs, and the art, this can be achieved with enzymes that can either fill

DNA amplicons resulting from PCR amplification of the in or remove the protruding strand. The ends of the target
cDNAs, contain the sequences of the mRNAs and are also DNA molecules can also be adenylated,e.g., at the 3' end by
associated with the cell. The polynucleotidesassociated with a T4 polymerase.

a sampleneed not be located or synthesizedin the sample [0065] In the methods disclosed herein, synthetic oligo-
and are considered associated with the sampleeven after the nucleotides, called "adapter(s)," can be ligated with one or

sample has been destroyed (for example, after a cell has both termini (5'and 3') of the target DNA molecules. In some

been lysed).Molecular barcodingor other techniquescan be embodiments, the adapter(s) are useful in a sequencing
used to determine which polynucleotides in a mixture are platform. The adapterscan comprise one or more deoxyu-
associated with a particular sample. ridines (U, dU, or dUMP), such as 1, 2, 3, 4, 6, or more and

[0061] When hybridization occurs in an antiparallel con- a uniquemolecular index (UMI). The adapterscan be double

figuration between two single-strandedpolynucleotides,the stranded, or single stranded and then extended to double

reaction is called "annealing" and those polynucleotidesare
stranded by extension. In some embodiments, the adapters

described as "complementary". As used herein, and unless do not comprise a sample index. In some embodiments,

otherwise indicated, the term "complementary,"when used adapterscan comprise one or more dUs and UMI.

to describe a first nucleotide sequence in relation to a second [0066] In some embodiments, the adapter is a single
nucleotide sequence, refers to the ability of a polynucleotide adapter that is annealed to the target DNA molecule and

comprising the first nucleotide sequence to hybridize and extended, wherein the adaptercomprisesa UMI and a target
form a duplex structure under certain conditions with a specific sequence that does not contain a deoxyuridine. As

polynucleotidecomprising the second nucleotide sequence, used herein, a "single" adaptermeans that one adapter is

as will be understood by the skilled person. Such conditions annealed to the target DNA molecule but of course, multiple

can, for example, be stringent conditions, where stringent target DNA molecules can be annealed with single adapters
conditions can include: 400 mM NaCl, 40 mM PIPES pH simultaneously.In other embodiments, a pair of adaptersare

6.4, 1 mM EDTA, 50° C. or 70° C. for 12-16 hours followed annealed to the target DNA molecule (which is double

by washing. Other conditions, such as physiologically rel- stranded)and extended, wherein each adapterof the pair of

evant conditions as can be encountered inside an organism, adapterscomprisesa UMI, a first or second target specific

can apply. The skilled person will be able to determine the sequence, and one or more deoxyuridines.
set of conditions most appropriatefor a test of complemen- [0067] A target specific sequence is a sequence in the
tarity of two sequences in accordance with the ultimate adapteror primer, as specified,that can hybridize to a target
applicationof the hybridizednucleotides. sequence (e.g., a known or predeterminedsequence)on a

[0062] Complementarysequences include base-pairingof target DNA molecule so that adjacentsequence on the target

a region of a polynucleotide comprising a first nucleotide DNA molecule can be determined.

sequence to a region of a polynucleotide comprising a [0068] Unique molecular indices or identifiers (UMIs;
second nucleotide sequence over the length or a portion of also called Random Molecular Tags (RMTs)) are short

the length of one or both nucleotide sequences. Such sequences or "barcodes" of bases used to tag each DNA
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molecule (fragment)prior to library amplification, thereby 24 nucleotides, or alternatively, at least 25 nucleotides, or

aiding in the identification of each individual nucleic acid alternatively,at least 26 nucleotides, or alternatively,at least
molecule, or PCR duplicates.Kivioja, T. et al., Nat. Methods 27 nucleotides, or alternatively, at least 28 nucleotides, or

9:72-74 (2012), and Suppl. If two reads align to the same alternatively,at least 29 nucleotides, or alternatively,at least
location and have the same UMI, it is highly likely that they 30 nucleotides, or alternatively at least 50 nucleotides, or

are PCR duplicatesoriginating from the same fragmentprior alternatively at least 75 nucleotides or alternatively at least

to amplification. 100 nucleotides. In some embodiments, a single stranded

[0069] The concept of UMIs is that prior to any amplifi- adaptercan act as a primer for extension.

cation, each original target molecule is 'tagged'by a unique [0073] As used herein, "target specific primer" and its
barcode sequence. This DNA sequence must be long enough derivatives, refers to a primer that targets a target DNA
to provide sufficient permutationsto assign each founder molecule. A target specificprimer generallybinds or hybrid-
molecule a unique barcode. In some embodiments, a UMI izes to a single-strandedor double-stranded polynucleotide,
sequence contains randomized nucleotides and is incorpo- typically an oligonucleotide, that includes at least one
rated into the adapter. For example, a 12-base random sequence that is at least 50% complementary,typically at

sequence provides412 or 16,777,216UMI's for each target least 75% complementaryor at least 85% complementary,
molecule or DNA fragmentin the sample.

more typically at least 90% complementary,more typically
[0070] After adaptersare ligated or annealed to the target at least 95% complementary,more typically at least 98% or

DNA molecules, unused adapterscan be removed by treat- at least 99% complementary,or 100% complementary,to at

ment with UDG (uracil DNA glycosylase).UDG treatment least a portion of a target nucleic acid molecule that includes

can also be performed to remove unused target specific a target sequence and an adjacent sequence to be deter-

primers containing U base(s).UDG cleaves uracil bases mined. The target specificprimer can contain a sequence that
from DNA. Thus, UDG treatment can also cleave the U is complementary to a region of a target molecule that
base(s)in the DNA strand with the adaptercontainingU or contain the entire or a portion of a target sequence. When the
dU base(s),leaving intact the copiedstrand contain the A or target specific primer contains a sequence that is comple-
dA base(s).UDG can be from prokaryotes or eukaryotes, mentary to a target sequence, the target specificprimer and

such as but not limited to UNG, SMUGI, TDG, and MBD4. target sequence are described as "corresponding" to each

[0071] The methods disclosed herein can further comprise other. In some embodiments, the target specific primer is

amplifying the target DNA molecules for enrichment. Target capableof hybridizing to at least a portion of its correspond-
enrichment can be achieved with, e.g., an SPE primer or an

ing target sequence (or to a complement of the target
SPE primer pool. Amplicon-basednext-generationsequenc- sequence);such hybridization can optionally be performed
ing (NGS) assays offer many advantagesfor targetedenrich- under standard hybridization conditions or under stringent

ment. For example, QIAseq NGS panels employ unique hybridization conditions.

molecular indices (UMI's) to correct for PCR amplification [0074] In some embodiments, the target specificprimer is
bias and use single primer extension (SPE) technology substantiallynon-complementaryto other target sequences
which providesdesign flexibility and highly specific target present in the target DNA molecule or sample;optionally,
enrichment. the target specific primer is substantially non-complemen-
[0072] As used herein, the term "primer" includes an tary to other nucleic acid molecules present in the sample.In
oligonucleotide,either natural or synthetic, that is capable, some embodiments, nucleic acid molecules present in the

upon forming a duplex with a polynucleotide template, of samplethat do not include or correspondto a target sequence
acting as a point of initiation of nucleic acid synthesis and (or to a complementof the target sequence)are referred to

beingextended from its 3' end along the template so that an as "non-specific"sequences or "non-specificnucleic acids".
extended duplex is formed. The sequence of nucleotides In some embodiments, the target specificprimer is designed
added during the extension process is determined by the to include a nucleotide sequence that is substantially
sequence of the template polynucleotide.Usually, primers complementary to at least a portion of its corresponding
are extended by a DNA polymerase.Primers usually have a target sequence. In some embodiments, a target specific
length in the range of between 3 to 36 nucleotides, also 5 to primer is at least 95% complementary, or at least 99%
24 nucleotides, also from 14 to 36 nucleotides. Primers as complementary,or 100% identical, across its entire length to

disclosed herein include target specific primers, universal at least a portion of a target nucleic acid molecule that
primers, amplification primers and the like. Primers and includes its correspondingtarget sequence. In some embodi-

probes can be degeneratein sequence. Primers as disclosed ments, a target specific primer that is complementary
herein can bind adjacentto a sequence to be determined. A includes at least 90%, at least 95% complementary,at least
"primer" can be considered a short polynucleotide,generally 98% complementary or at least 99% complementary, or

with a free 3'-OH group that binds to a target nucleic acid 100% complementary,across its entire length to at least a

molecule or template potentially present in a sample of portion of its correspondingtarget sequence in the target
interest by hybridizing to the target sequence, and thereafter nucleic acid molecule. In some embodiments, the target
promoting polymerization of a polynucleotidecomplemen- specific primer can be substantially non-complementaryat

tary to the target nucleic acid molecule. Primers used in the its 3' end or its 5' end to any other target specific primer
methods disclosed herein can be comprisedof nucleotides present in an amplification reaction. In some embodiments,
ranging from 17 to 30 nucleotides. In some embodiments, the target specificprimer can include minimal cross hybrid-
the primer is at least 17 nucleotides, or alternatively,at least ization to other target specific primers in the amplification
18 nucleotides, or alternatively, at least 19 nucleotides, or reaction. In some embodiments, target specific primers
alternatively,at least 20 nucleotides, or alternatively,at least include minimal cross-hybridization to non-specific
21 nucleotides, or alternatively, at least 22 nucleotides, or sequences in the amplification reaction mixture. In some

alternatively,at least 23 nucleotides, or alternatively,at least embodiments, the target specific primers include minimal
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self-complementarity.In some embodiments, the target spe- can be conducted using universal primers to amplify the
cific primers can include one or more cleavable groups library to the desired quantity.
located at the 3' end. [0083] Compared to existing targeted enrichment
[0075] In some embodiments, the target specific primers approaches,the SPE method can be based on single end

can include one or more cleavable groups located near or adapterligation, which has higher efficiency than requiring
about a central nucleotide of the target specific primer. In adaptersto ligate to both ends of the dsDNA fragment.More

some embodiments, one of more targets specific primers DNA molecules will be available for the downstream PCR
includes only non-cleavable nucleotides at the 5' end of the enrichment step. PCR enrichment efficiencyusing one target
target specific primer. In some embodiments, a target spe- specific primer is also better than conventional two target
cific primer includes minimal nucleotide sequence overlapat specificprimer approach,due to the absence of an efficiency
the 3'end or the 5' end of the primer as comparedto one or constraint from a second primer. During the initial PCR

more different target specificprimers,optionally in the same cycles,primers have repeatedopportunitiesto convert (i.e.,
amplificationreaction. In some embodiments 1, 2, 3, 4, 5, 6, capture) maximal amount of original DNA molecules into
7, 8, 9, 10 or more, target specificprimers in a singlereaction amplicons.
mixture include one or more of the above embodiments. In [0084] All these features help to increase the efficiencyof

some embodiments, substantiallyall of the plurality of target capturing rare mutations in the sample. In addition, incor-
specificprimers in a single reaction mixture includes one or poratedUMI's within the ampliconare the key to estimating
more of the above embodiments. the number of DNA molecules captured and to greatly
[0076] In some embodiments, target specific primers can reduce sequencingerrors in downstream analysis. Single
further comprise a tag sequence. For example, a target primer extension also permits discoveryof unknown struc-
specific primer can comprise a tag sequence comprising at tural variants, such as gene fusions.
least 2 dUs and a target specific sequence comprising 1, 2, [0085] The methods disclosed herein can further comprise
3, or 4 dUs in a 5' to 3' direction. amplifying the target amplification productwith a universal
[0077] A "tag sequence"refers to a universal sequence primer to generate a second target amplification product. A
attached to the 5' of the target specific primer. This 5' tag "universal primer" comprisesa sequence complementaryto

sequence is a binding site for the universal primer.
a tag sequence or nucleotide sequences that are very com-

[0078] The methods disclosed herein enables the use of
mon in a particular set of DNA molecules and cloning

small amounts of nucleic acids. For example, isolated DNA vectors. Thus, universal primers are able to bind to a wide
amounts of 0.5 ng to 100 ng, 1 ng to 75 ng, 5 ng to 50 ng, variety of DNA templates.In the methods disclosed herein,
10 ng to 20 ng, or any amounts or ranges derived therefrom the universal primer also comprisesa sampleindex but does

can be fragmentedand used for the library construction not comprise any deoxyuridines.A "sample index" com-
disclosed herein. prises a unique sequence that identifies one sample so that
[0079] In some embodiments, the target specific primers multiple samplescan be mixed and sequencedat the same

that are used for single primer extension can be designed time.
with a mean or median melting temperature (Tm) of 65° C. [0086] As used herein, the terms "amplify" and "amplifi-
to 70° C., 66° C. to 69° C., or 67° C. to 68° C., or any cation" refer to enzymatically copying the sequence of a
specific temperature or ranges derived therefrom, e.g., 67.6° polynucleotide, in whole or in part, so as to generate more
C. The Tm primer designcan confer high specificity during polynucleotidesthat also contain the sequence or a comple-
SPE enrichment PCR with only a single target specific ment thereof. The sequence beingcopiedis referred to as the
primer. template sequence. Examples of amplification include
[0080] As disclosed herein, target specific primer design DNA-templatedRNA synthesisby RNA polymerase,RNA-

can be based on single primer extension, in which each templated first-strand cDNA synthesis by reverse tran-
genomic target is enriched by one target specificprimer and scriptase,and DNA-templated PCR amplification using a

one universal primer-a strategy that removes conventional thermostable DNA polymerase Amplification includes

two target specificprimer designrestriction and reduces the methods such as PCR, ligation amplification (or ligasechain

amount of the requiredprimers. All primers required for a reaction, LCR) and amplification methods. These methods
panel are pooled into an individual primer pool to reduce are known and widely practicedin the art. See,e.g., U.S. Pat.
panelhandlingand the number of pools requiredfor enrich- Nos. 4,683,195 and 4,683,202 and Innis et al., "PCR pro-
ment and library construction. tocols: a guide to method and applications"Academic Press,
[0081] The booster panel is a pool of up to 100 primers Incorporated (1990) (for PCR); and Wu et al. (1989)
that can be used to boost the performanceof certain primers Genomics 4:560-569 (for LCR). In general, the PCR pro-
in any panel (cataloged,extended, or custom), or to extend cedure describes a method of gene amplification which is

the contents of an existing custom panel. The primers are comprisedof (i) sequence-specifichybridization of primers
delivered as a singlepool that can be spikedinto the existing to specific genes within a DNA sample (or library), (ii)
panel. subsequentamplification involving multiple rounds of

[0082] After removing unused adaptersor unused target annealing,elongation, and denaturation using a DNA poly-
specific primers comprising dU(s) by treatment with UDG, merase, and (iii) screeningthe PCR products for a band of

a limited number of PCR cycles can be conducted using a
the correct size. The primers used are oligonucleotidesof

pool of single target specific primers, each carrying a target sufficient lengthand appropriate sequence to provide initia-

specific sequence complementaryto the gene or loci of tion of polymerization, i.e., each primer is specifically
interest and a 5' universal sequence. During this process, designedto be complementaryto each strand of the genomic
each single target specific primer repeatedlysamples the locus to be amplified.

same target locus from different DNA templates or target [0087] The terms "PCR product," "PCR fragment,"
nucleic acid molecules. Afterwards, additional PCR cycles "amplification product," and "amplicon" refer to the resul-
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tant mixture of compoundsafter two or more cycles of the can differ for a single nucleotide (SNIPS) and to ensure

PCR steps of denaturation, annealing and extension are amplification of the sequence of interest in each of the

complete.These terms encompass the case where there has organismanalyzed)and Inverse-PCR (usually used to clone
been amplification of one or more segments of a target a region flanking an insert or a transposableelement).
nucleic acid molecule(s), i.e., target amplification product. [0091] Two common methods for the detection of PCR

[0088] As used herein, "target amplification product" or products in real-time PCR are: (1) non-specificfluorescent

"amplified target sequences"and its derivatives, refers gen- dyesthat intercalate with any double-stranded DNA, and (2)
erally to a nucleic acid sequence producedby the amplifi- sequence-specificDNA probes consisting of oligonucle-
cation of/amplifying the target nucleic acid molecule using otides that are labeled with a fluorescent reporter which

target specificprimers (primerscomprisinga target specific permits detection only after hybridization of the probewith

sequence that hybridizes to a target sequence)and the its complementarysequence.
methods provided herein. The amplified target sequences [0092] "Multiplex amplification" refers to simultaneous

can be either of the same sense (thepositive strand produced amplification of more than one target nucleic acid molecule
in the second round and subsequenteven-numbered rounds in one reaction vessel. In some embodiments, methods
of amplification) or antisense (i.e., the negative strand pro- involve subsequentdetermination of the sequence of the
duced during the first and subsequentodd-numbered rounds multiplex amplification productsusing one or more sets of
of amplification) with respect to the target sequences. For primers. Multiplex can refer to the detection of between

the purposes of this disclosure, the amplified target about 2-1,000 different sequences of interest in a single
sequences are typically less than 50% complementaryto any reaction. As used herein, multiplex refers to the detection of

portion of another amplifiedtarget sequence in the reaction. any range between 2-1,000,e.g., between 5-500, 25-1000, or

[0089] The term "polymerasechain reaction" ("PCR") of 10-100 different sequences of interest in a single reaction,
Mullis (U.S. Pat. Nos. 4,683,195,4,683,202, and 4,965,188) etc. The term "multiplex" as applied to PCR implies that

refers to a method for increasing the concentration of a
there are primersspecific for at least two different sequences

segment of a target nucleic acid molecule in a mixture of of interest or two or more different regions of the same

nucleic acid molecules without cloning or purification. This sequence of interest in the same PCR reaction. In embodi-

process for amplifying the target nucleic acid molecule ments of methods described herein, multiplex applications
comprisesintroducing a largeexcess of two oligonucleotide can include determiningthe nucleotide sequence contiguous
primers to the nucleic acid mixture containing the desired to one or more known target nucleotide sequences in mul-

target nucleic acid molecule, followed by a precisesequence tiple samplesin one sequencingreaction or sequencingrun.

of thermal cycling in the presence of a polymerase(e.g., In some embodiments, multiple samplescan be of different

DNA polymerase).The two primers are complementaryto origins, e.g., from different tissues and/or different subjects.
their respectivestrands of the double stranded target nucleic In some embodiments, a primer (e.g., an adapter)with a

acid molecule. To effect amplification, the mixture is dena- unique barcode can be added to each molecule and ligated
tured and the primers then annealed to their complementary to the nucleic acids therein; the samplescan subsequentlybe

sequences within the target nucleic acid molecule. Follow- pooled. In such embodiments, each resulting sequencing
ing annealing,the primers are extended with a polymerase read of an amplification productwill comprisea barcode that

so as to form a new pair of complementarystrands. The steps identifies the original nucleic acid molecule or template
of denaturation, primer annealing,and polymeraseextension nucleic acid from which the amplification product is

can be repeatedmany times (i.e., denaturation, annealing derived.

and extension constitute one "cycle;" there can be numerous [0093] The term "amplification reagents"refers to those

"cycles") to obtain a high concentration of an amplified reagents (deoxyribonucleotidetriphosphates,buffer, etc.),
segment of the desired target nucleic acid molecule. The needed for amplification except for primers, nucleic acid

lengthof the amplifiedsegment of the desired target nucleic template,and the amplification enzyme. Typically, amplifi-
acid molecule is determined by the relative positionsof the cation reagents along with other reaction components are

primers with respect to each other, and therefore, this length placedand contained in a reaction vessel (testtube, microw-

is a controllable parameter. By virtue of the repeatingaspect ell, etc.). Amplification methods include PCR methods

of the process, the method is referred to as the "polymerase known to those of skill in the art and also include rolling
chain reaction" (hereinafter "PCR"). Because the desired circle amplification (Blanco et al., J. Biol. Chem., 264,
amplified segments of the target nucleic acid molecule 8935-8940, 1989), hyperbranchedrolling circle amplifica-
become the predominantnucleic acid molecules (in terms of tion (Lizard et al., Nat. Genetics, 19, 225-232, 1998), and

concentration) in the mixture, they are said to be "PCR loop-mediatedisothermal amplification(Notomi et al., Nucl.

amplified." Acids Res., 28, e63, 2000), each of which is hereby incor-

[0090] A real-time polymerasechain reaction (Real-Time poratedby reference in its entirety.

PCR), also known as quantitative polymerasechain reaction [0094] Reagentsand hardware for conducting amplifica-
(qPCR), is a laboratory technique of molecular biology tion reaction are commercially available. Primers useful to

based on the polymerasechain reaction (PCR). It monitors amplify sequences from a particular gene region are pref-
the amplification of a targeted DNA molecule during the erably complementary to and hybridize specifically to

PCR, i.e. in real-time, and not at its end, as in conventional sequences in the target region or in its flanking regionsand

PCR. Real-time PCR can be used quantitatively (quantita- can be preparedusing the polynucleotide sequences pro-
tive real-time PCR), and semi-quantitatively, i.e., above/ vided herein. Nucleic acid sequences generatedby amplifi-
below a certain amount of DNA molecules (semi quantita- cation can be sequenceddirectly.
tive real-time PCR). Other types of PCRs include but are not [0095] Methods and kits for performing PCR are well
limited to nested PCR (used to analyze DNA sequences known in the art. PCR is a reaction in which replicatecopies
coming from different organismsof the same speciesbut that are made of a target polynucleotideusing a pair of primers
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or a set of primers consistingof an upstream and a down- as Applied Biosystems' SOLiD sequencingtechnology,or

stream primer, and a catalyst of polymerization, such as a Illumina's Genome Analyzer. In one aspect of the invention,
DNA polymerase, and typically a thermally stable poly- the DNA library can be shotgunsequenced.The number of

merase enzyme. Methods for PCR are well known in the art, reads can be at least 10,000, at least 1 million, at least 10

and taught, for example in MacPherson et al. (1991) PCR 1: million, at least 100 million, or at least 1000 million. In

A Practical Approach (IRL Press at Oxford University another aspect, the number of reads can be from 10,000 to

Press). 100,000, or alternatively from 100,000 to 1 million, or

[0096] In the methods disclosed herein, by using adapters alternatively from 1 million to 10 million, or alternatively
and target specificprimerscomprisingone or more deoxyu- from 10 million to 100 million, or alternatively from 100

ridines, the adapterligation and/or extension productsand million to 1000 million. A "read" is a length of continuous

target amplification productscan be cleaned up with UDG, nucleic acid sequence obtained by a sequencingreaction.

without the use of multiple bead purification. A final bead [0100] The DNA libraries generatedby the methods dis-

purification can be used to prepare the DNA library for closed herein can be useful for, but not limited to, DNA

analysis. variant detection, copy number analysis, fusion gene detec-

[0097] The DNA library preparedby the methods dis- tion and structural variant detection. In some embodiments,

closed herein can be sequencedand analyzedusingmethods the DNA library can be used for next generationsequencing,
known to those of skill in the art, e.g., by next-generation profiling of DNA variants, human identity or paternity
sequencing (NGS). In certain exemplary embodiments, testing, pain or ADME pharmacogenomics,or detection of

RNA expressionprofiles are determined using any sequenc- a genetic disease.

ing methods known in the art. Determination of the sequence
of a nucleic acid sequence of interest can be performedusing EXAMPLES

a variety of sequencingmethods known in the art including,
but not limited to, sequencingby synthesis(SBS),sequenc-

Example 1. Workflow

ing by hybridization (SBH), sequencingby ligation (SBL) [0101] The entire workflow, as exemplifiedin FIG. 1, 2, or
(Shendure et al. (2005) Science 309:1728), quantitative 3, from extracted DNA to sequencing-readylibraries can be
incremental fluorescent nucleotide addition sequencing completed in 9 hours. Extracted DNA is fragmented,
(QIFNAS), stepwise ligation and cleavage, fluorescence genomictargets are molecularly barcoded and enriched, and

resonance energy transfer (FRET), molecular beacons, libraries are constructed. Sequencingfiles can be fed into the
TaqMan reporter probe digestion,pyrosequencing,fluores- QIAseq pipeline, a cloud-based data analysis pipeline,
cent in situ sequencing(FISSEQ),FISSEQ beads (U.S. Pat. which will filter, map, and align reads, as well as count
No. 7,425,431), wobble sequencing (PCT/US05/27695), uniquemolecular barcodes associated with targetedgenomic
multiplex sequencing(U.S. Ser. No. 12/027,039, filed Feb. regions, and call variants with a barcode-aware algorithm.
6, 2008; Porreca et al (2007) Nat. Methods 4:931), polym- This data can then be fed into IVA or QCI for interpretation.
erized colony (POLONY) sequencing(U.S.Pat. Nos. 6,432,
360, 6,485,944 and 6,511,803, and PCT/US05/06425); Example 2. Adaptersand Primers
nanogrid rolling circle sequencing(ROLONY) (US2009/
0018024), allele-specific oligo ligation assays (e.g., oligo [0102] Isolated DNA, as low as 0.5 ng, e.g., from 0.5 ng

ligation assay (OLA), single templatemolecule OLA using to 100 ng, is enzymatically fragmentedto generate small

a ligated linear probe and a rolling circle amplification piecesof dsDNA. This is followed by library construction,

(RCA) readout, ligated padlock probes,and/or single tem-
in which adapters,molecular barcode, and sample indexes

plate molecule OLA using a ligated circular padlock probe are incorporatedinto the DNA fragments.Library fragments

and a rolling circle amplification (RCA) readout) and the now serve as templates for target enrichment using single

like. High-throughputsequencingmethods, e.g., using plat- primer extension. The targets are enriched using a universal

forms such as Roche 454, Illumina Solexa, AB-SOLID, forward primer (e.g., 15-F forward primer) and a single

Helicos, Complete Genomics, Polonator platforms and the target specific primer. Finally, library amplification and

like, can also be utilized. A variety of light-basedsequencing sample indexing (for dual indexing) use the 15IP and 17IP

technologiesare known in the art (Landegrenet al. (1998) sample index primers. Example adapter and primer

Genome Res. 8:769-76; Kwok (2000) Pharmacogenomics sequences are provided below.

1:95-100; and Shi (2001) Clin. Chem. 47:164-172).
[0098] Disclosed herein are methods for analyzing gene Adapter (SEQ ID NO: 1)expressionin a plurality of single cells, the method com- '-CG/ideoxyU/CGGCAGCG/ideoxyU/CAGATGTGTA/
prising the steps of preparing a cDNA library using the
method described herein and sequencingthe cDNA library. ideoxyU/AAGAGACAGNNNNNNNNNNNNATGCA/ideoxyU/

A "gene" refers to a polynucleotide containing at least one TCGAG/ideoxyU/CA*T-3'
open reading frame (ORF) that is capable of encoding a

particular polypeptide or protein after being transcribed and 15-F forward primer (SEQ ID NO: 2)

translated. Any of the polynucleotidesequences described 5'-CGTCGGCAGCGTCAGATGTGTATAAGAGACAG-3'

herein can be used to identify largerfragmentsor full-length
Target specific primer (SEQ ID NO: 3)coding sequences of the gene with which they are associ- 5'-AATGTACAG/ideoxyU/ATTGCGTTT/ideoxyU/

ated. Methods of isolating larger fragment sequences are

known to those of skill in the art. G-target specific (average 35 nt, 0-2

[0099] The DNA library can be sequencedby any suitable ideoxyU) -3'
screening method. In particular, the DNA library can be

sequencedusing a high-throughputscreeningmethod, such
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-continued ligation buffer of low PEG in the reaction could achieve

15IP index primer similar ligation efficiency as regular pH ligation buffer with
(with one sample index as example) higher PEG in the reaction.
(SEQ ID NO: 4)
5'-AATGATACGGCGACCACCGAGATCTACACATGGCCGA

[0106] This high pH ligation buffer was further evaluated

in V4 DNA panel workflow by comparing pH 8.0 ligation
CTTCGTCGGCAGCGTCAGATGTGTATAAGAGAC*A-3' buffer with pH 7.6 ligation buffer, both had 6% PEG in the

final ligation reaction. 10 ng NA12878 DNA was used as
I7IP index primer (with one sample
index as example) (SEQ ID NO: 5): input DNA and a custom V4 panel with 480 primers was

5'-CAAGCAGAAGACGGCATACGAGATTGAACGTTGTGTGA used for target enrichment PCR. Ligation efficiency was

checked by UMI numbers after sequencing.The ligation
CTGGAGTTCAGACGTGTGCTCTTCCGATCTCCAG+TAC+AG buffer with high pH had much more UMI comparedto the

T+ATTGCGTTTT*G-3'
buffer with low pH suggestingthe high pH ligation buffer

"ideoxyU" denotes internal deoxyuridine. can be used in V4 DNA panelworkflow also (FIG. 5).
"*" denotes a phosphorothioate bond. When [0107] Formulation of ligation buffers are providedbelow
placed between the last and second to last in Tables A and B.
bases, the oligo is less susceptible to

potential exonuclease activity.
"+" denotes a locked nucleic acid (LNA) TABLE A
LNA is a modified RNA nucleotide in which

the ribose moiety is modified with an Regular 5x ligation buffer of pH 7.6
extra bridge connecting the 2' oxygen
and 4' carbon and is used to increase Component Final Conc of 5X Buffer
the Tm of oligo binding.
"I5" and "17" denote Illumina adapters. Tris-HCI 330 mM

MagnesiumChloride 50 mM

PEG-6000 30%

ATP 5 mMExample 3. Ligation
DTT 5 mM

pH to 7.6
[0103] Automation of library construction is critical for

high throughput labs. Virtually all library protocols require
ligation of adaptersand high efficiency adapter ligation
requires high levels of PEG (extremely viscous). A new

TABLE B

reaction buffer that allows trace amounts of PEG to be used
2.5x ligation buffer of pH 8.0 or 8.5

facilitates simpler automation.

[0104] During NGS library construction, high efficiency Component Final Conc of 2.5X Buffer

of adapterligation is critical and is usually achieved by using Tris-HCI pH 8.0 165 mM

high amount of PEG (10% or above)during ligation reac- MagnesiumChloride 25 mM

tion. This makes ligation reaction extremely viscous and is PEG-6000 15%

ATP 2.5 mM
difficult for both manual and automation handling.A novel

DTT 2.5 mM
ligation buffer is developedby increasingbuffer pH from pH to 8.0 or 8.5

regular7.6 to 8 or above. This high pH ligation buffer could

achieve similar ligation efficiency with relative low PEG

(6%) compared to ligation with higher PEG amount. In
addition, the high pH buffer was made at 2.5x comparedto

Example4. Fast Cycling

the 5x of pH 7.6 buffer, this decreases the viscosity of [0108] In order to enable additional time savings(a short-
ligation buffer itself. coming of most library protocols is long construction time)

[0105] The initial test of high pH ligation buffer was done a much faster cycling Ab hotstart taq is used. The challenge

on the current QIAseq TargetedDNA panelworkflow (V3). is that high complexity library construction is extraordi-

The ligation buffer of pH 8.5 with final 6% PEG in ligation narily dependent on the enzyme and conditions used for

was comparedto the buffer of pH 7.6 with final 13.2% PEG, library amplification. The initial optimization of V3 chem-

extra PEG was added to ligation reaction with pH 7.6 buffer istry took months. Here, this critical step was replacedwith

to reach the final 13.2% PEG in the reaction. Forty ng of one that will provide equivalentperformance,can cycle fast,

NA12878 DNA was used to construct library according to
and tolerate the dU modifications required in the primers and

QIAseqTargetedDNA panelworkflow handbook with two
adapters. This successful improvement led to savings of

ligation buffers of different pH and final PEG concentration hours of time in library prep.

in the reaction. After adapterligation, a small and a medium [0109] A faster cycling Ab hotstart taq was used in both

size of DNA panel were used to do target enrichment. The target enrichment PCR and universal PCR to enable much

small panel was QIAseq TargetedDNA BRCA Plus panel quicker cycling comparedto the current V3 PCR reaction.

with 348 primers while the medium panel was Myeloid [0110] To further decrease the workflow time, Ab hotstart
leukemia panel of 5887 primers. Final libraries were Taqwas also tested in the final universal PCR. The universal
sequenced on Miseq for small panel and NextSeq for PCR was carried out either with chem hotstar Taq for 2 min
medium panel, recovered UMI numbers were used to access at 62C anneal/extension in each cycle or with Ab hotstart

the ligation efficiencybetween two buffers. From the result, Taq for 1 min or 30 sec at 62° C. anneal/extension. General
ligation buffer of pH 8.5 with 6% PEG in the reaction had panel performance of specificity and uniformity looked
similar or slightly lower UMI compared to ligation buffer of similar among these conditions (FIG. 6). Therefore, Abhot-

pH 7.6 with 13.2% PEG (FIG. 4), suggestinghigh pH start Taq could be used in universal PCR with 30 sec
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anneal/extension and this decreased universal PCR time FFPE DNA Repair.
from previously about 1.5 hrs to 45 min.

[0115] For FFPE DNA, set up a repair reaction first before
Example 5. Bead Cleanup doing "Fragmentation,end-repairand A-addition". For stan-

[0111] Bead cleanupsusing SPRI beads between steps in dard and cfDNA, go directly to "Fragmentation,end-repair

NGS library construction serve two functions: removal of and A-addition" step.

unincorporatedprimers and adapters,which would both [0116] On ice, prepare the FFPE DNA repair reaction mix
interfere with downstream steps and (in the case of UMI accordingto Table 2. Briefly centrifuge,mix by pipetting upcontaining adapters)cause re-barcodingof library clones, and down 7-8 times and briefly centrifuge again. Note: In
renderingthe UMIs essentiallyuseless;and size selection of general, increasing the amount of FFPE DNA input will
the library. improve variantdetection sensitivity. Important: Keep the
[0112] Manipulation of the PEG concentration when bind-

reaction tubes/plateon ice during the entire reactionsetup.
ing a library to beads enables the selective loss of either

shorter-than-desired DNA (e.g.,primer dimers or very small
TABLE 2library fragments)or long DNA (which may not effectively

contribute to functional library molecules).
Reaction mix for FFPE DNA repair[0113] Bead cleanup is fraught with problems. First, a

bead cleanupof the primary sampleafter ligation causes the
Component Volume/reaction

unavoidable loss of uniqueoriginal molecules, reducing the
complexity of the library. Second. The bead cleanupsare the FFPE DNA* Variable
major cause of variability in yield, presence of primer 10X FragmentationBuffer 1.4 µl
dimers, and contamination with other unwanted sequences, FFPE Repair reagent 0.6 µl
due to sample to samplevariations in users' hands even if FFPE Repairenzyme 1 µl
automated. It is often possible to look at final sequencing Nuclease-Free Water Variable

metrics and know which technician made the library based

on differences in bead handling techniques.The current Total 12 µl
invention allows the replacementof all but a final perfunc-
tory bead cleanup to be replaced with a simple, reliable *Use up to 250 ng of FFPE DNA if QIAseqQuantiMIZE kits were used, or up to 100 ng

of FFPE DNA if
an

alternative method was used.enzymatic reaction. The result is higher yield, more repro-
ducible libraries, ease of automation, and significant time

[0117] Program the thermal cycler according to Table 3.
savings.

Use the instrument's heated lid. Before adding the tubes/

Example6. Protocol
plateto a thermal cycler, start the program. When thethermal

cycler reaches 4° C., pause the program. Transfer the tubes/
[0114] Importantpoints before starting.This protocol cov- plate prepared in step 2 to the pre-chilled thermal cycler
ers all proceduresrequiredfor the preparationof libraries for andresume the cycling program.
Illumina sequencers from "standard DNA" (i.e., cells or

tissues), FFPE DNA and cfDNA. Before setting up the TABLE 3
reaction, it is critical to accuratelydetermine the amount of

the input DNA (10-80 ng for standard DNA or cfDNA; up Cycling conditions for FFPE DNA repair reaction

to 250 ng of FFPE DNA can be used, if QIAseqQuantiMIZE
Incubation Incubationkits have been used. If an alternative method was used to time (thermal time (thermal

determine the concentration of FFPE DNA, then up to 100 Incubation cycler without cycler with

ng DNA can be used). Lower input amounts are possible; Step temperature ramping control) ramping control)

however, this will lead to fewer sequencedUMIs and
1 4° C. 2 min 2 min

reduced variant detection sensitivity. To reach certain variant
2 15° C. 30 sec 0.1° C./sec from 4° C. to 37° C.

detection level, both DNA input amount and sequencing 25° C. 30 sec

depthare required(Table1). QIAseqBeads are used for final 3 37° C. 30 min 30 min

4 4° C. Hold Holdreaction cleanups. Important: Prepare fresh 80% ethanol

daily. Reaction and cleanupprocedurescan be performed in

either PCR tubes or 96-well plate. Upon completion of the [0118] After reaction finished, place the samples on icelibrary preparation, the QIAseq Library Quant System can

be used for library quantification. and immediately proceedwith "Fragmentation,end-repair
and A-addition" below.

TABLE 1
Fragmentation,End-Repairand A-Addition.

Suggestedfresh DNA input amount and sequencing
depth for variant detection* [0119] On ice, prepare the fragmentation,end-repairand

Variant frequency Input (ng) Read pairs/UMI Mean read A-addition mix accordingto Table 4. Briefly centrifuge, mix

5% 10 4 7200
by pipetting up and down at least 10-12 timesand briefly

1% 40 4 25600 centrifugeagain. Note: In general,increasingthe amount of

DNA input will improve variantdetection sensitivity. Impor-
*Variant detection is based on 90% sensitivity on the entire region of QIAseqTargeted
DNA Pro Panel.

tant: Keep the reaction tubes/plateon ice during the entire

reactionsetup.
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TABLE 4 Transfer the tubes/platepreparedin step 13 to the pre-chilled
thermal cyclerand resume the cycling program.

Reaction mix for fragmentation, end-repair and A-addition

TABLE 7
Volume/reaction Volume/reaction Volume/reaction

Component (standard DNA) (FFPE DNA) (cfDNA)
Cycling conditions for ligation

DNA* Variable
-

Variable

10X 1.4 µl
-

1.4 µl Step Incubation temperature Incubation time

Fragmentation
Buffer 1 4° C. 1 min

5X WGS 2 20° C. 15 min
2.8 µl 2.8 µl 2.8 µl

3 65° C. 20 minFragmentation
Mix 4 4° C. Hold

FG Solution
- -

1.4 µl
Nuclease-Free Variable Variable Variable

Water [0124] Upon completion, place the reactions on ice and
proceedwith "Ligation cleanupreaction". Alternatively, the

Total 14 µl 14.8 µl 14 µl samplescan be stored at -20° C. in aconstant-temperature

*10-80 ng for standard DNA or cfDNA. Use up to 250 ng of FFPE DNA if QIAseq
freezer for up to 3 days.

QuantiMIZE kits were used, or up to 100 ng of FFPE DNA if an alternative method was
used.

Ligation CleanupReaction.
[0120] Program the thermal cycler according to Table 5.

Use the instrument's heated lid. Before adding the tubes/ [0125] After ligation, transfer sampleto ice, each sample
plate to a thermal cycler, start the program. When thethermal add 2 µl of ligation cleanupreagent.Briefly centrifuge,mix
cycler reaches 4° C., pause the program. Important: The by pipetting up and down 7-8 times and briefly centrifuge
thermal cycler must be pre-chilled and paused at 4° C. again.Programthe thermal cycler accordingto Table 8. Use
Transfer the tubes/platepreparedin step 7 to the pre-chilled the instrument's heated lid. Before adding the tubes/plateto
thermal cycler andresume the cycling program. a thermal cycler, start the program. When thethermal cycler

reaches 4° C., pause the program. Important: The thermal

TABLE 5 cycler must be pre-chilled and pausedat 4° C. Transfer the

tubes/platepreparedin step 18 to the pre-chilled thermal
Cycling conditions for fragmentation, end-repairand A-addition cycler and resume the cycling program.

Step Incubation temperature Incubation time
TABLE 8

1 4° C. 1 min

2 32° C. 10 min Cycling conditions for ligation cleanup reaction
3 65° C. 15 min

4 4° C. Hold Step Incubation temperature Incubation time

1 4° C. 1 min
[0121] Upon completion, allow the thermal cycler to 2 37° C. 15 min

return to 4° C. Place the sampleson ice and immediately 3 95° C. 10 min

4proceedwith "Adapter ligation", below. 4° C. Hold

AdapterLigation. [0126] Upon completion, allow the thermal cycler to

[0122] Preparethe adapterligation mix accordingto Table return to 4° C. Place the sampleson ice and immediately
6. Briefly centrifuge,mix by pipetting up and down 10-12 proceedwith "Target enrichment," below.

times and briefly centrifugeagain. Important: Adapter does

not contain sample index, one single adapter is usedfor all TargetEnrichment TEPCR Reaction.
samples.

[0127] Prepare the target enrichment mix according to

TABLE 6 Table 9. Briefly centrifuge,mixby pipettingup and down 7-8
times and briefly centrifugeagain.

Reaction mix for adapter ligation

TABLE 9
Component Volume/reaction

Fragmentation,end-repairand 14 µl Reaction mix for target enrichment

A-addition reaction (already in tube)
UPH Ligation Buffer, 2.5x 10 µl Component Volume/reaction

AdP-IL5-Phased Adapter 1.5 µl
DNA Ligase 2.5 µl Adapter-ligatedDNA from "Ligation 30 µl

Nuclease-Free Water
cleanupreaction" (alreadyin tube)

- TEPCR buffer, 5x 10 µl

Total 28 µl QIAseqTargetedDNA Pro Panel 6.3 µl
SmP-IL5 TEPCR-F Primer 2 µl
TEPCR modifier 1.95 µl

[0123] Program the thermal cycler according to Table 7. QN Taq Polymerase 2.4 µl

Important:Do not use heated lid during 20° C. stage. Before Total 52.65 µl
adding the tubes/plateto a thermal cycler, start the program.
When thethermal cycler reaches 4° C., pause the program.
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[0128] Program a thermal cycler using the cycling condi- TABLE 13
tions in Table 10 (panelwith <12,000 primers/tube)or Table

11 (panelwith >12,000 primers/tube). Cycling conditions for TEPCR cleanup reaction

TABLE 10 Step Incubation temperature Incubation time

Cycling conditions for target enrichment 1 4° C. 1 min

if number of primers <12,000/tube 2 37° C. 15 min

3 95° C. 10 min
Step Time Temperature

4 4° C. Hold

Initial denaturation 2 min 98° C.

8 cycles 15 S 98° C.

2 min 65° C. [0132] Upon completion, allow the thermal cycler to
1 cycle 3 min 72° C. return to 4° C. Place the sampleson ice and immediately
Hold 8 4° C. proceedwith "Universal PCR", below.

Universal PCR.
TABLE 11

Cycling conditions for target enrichment
[0133] Preparethe Universal PCR in cleaned target-en-

if number of primers >12,000/tube riched DNA from TEPCR cleanup reaction according to

Table 14. Briefly centrifuge,mix by pipetting up and down
Step Time Temperature 7-8 times and briefly centrifuge again. For the QIAseq
Initial denaturation 2 min 98° C. TargetedDNA Pro UDI plates,pierce the foil seal associated
8 cycles 15 S 98° C. with each well that will be used, and transfer 5 µl (eachwell

5 min 65° C.

1 cycle 3 min 72° C.
contains a forward primer and a reverse primer, each with a

Hold 8 4° C. unique index) to the cleaned target-enrichedDNA from

"TEPCR cleanup reaction" sample tube/plateaccording to

Table 14. Important: Only one UDI pair should be used per
[0129] Place the target enrichment reaction in the thermal universal PCR reaction. Important: The QIAseq Targeted
cycler and start the run. After the reaction is complete,place DNA Pro UDI index platesare stable for a maximum of 10
the reactions on ice and proceed with "TEPCR cleanup freeze-thaw cycles. If all 96-wells have not been used at one

reaction", below. Alternatively, the samplescan be stored at time, cover used wells with foil and return to the freezer. Do
-20° C. in a constant-temperature freezer for up to 3 days. not reuse wells from the QIAseq TargetedDNA Pro UDI

index plates once the foil seals have been pierced. This

TEPCR CleanupReaction. would risk significant cross-contamination

[0130] After TEPCR, transfer sample to ice, mix each TABLE 14

TEPCR reaction by pipetting and transfer 20 µl from each
Reaction components for universal PCR if using

sample to a new PCR tube. Note: The rest of TEPCR QIAseqTargeted DNA Pro UDI (12) or QIAseqTargeted
reaction can be stored at -20° C. if needed. Prepare the DNA Pro UDI Set A, B, C and D (96).

TEPCR cleanupmix according to Table 12. Briefly centri-
Component Volume/reactionfuge, mix by pipetting up and down 7-8 times and briefly

centrifuge again. Cleaned target-enrichedDNA 25 µl
from "TEPCR cleanup reaction"

UPCR Buffer, 5x 20 µl
TABLE 12 Index primers from QIAseq 5 µl

TargetedDNA Pro UDI index plate*
Reaction mix for TEPCR cleanup QN Taq Polymerase 4.8 µl

Nuclease-Free Water 45.2 µl
Component Volume/reaction

Total 100 µl
Targetenriched DNA from 20 µl
"Target enrichment TEPCR reaction" *Applies to QIAseq TargetedDNA Pro UDI (12) or QIAseqTargetedDNA Pro UDI Set
TEPCR cleanupreagent 5 µl A, B, C, and D (96).

Total 25 µl [0134] In a layout of InP-IL5-QUDI-## and InP-IL7-
QUDI-#Index Primer Plate in QIAseq Targeted DNA Pro

UDI (12) and QIAseq TargetedDNA Pro UDI Set A, B, C
[0131] Program the thermal cycler accordingto Table 13.

Use the instrument's heated lid. Before adding the tubes/
and D (96), each well contains one pair of pre-dispensed

plate to a thermal cycler, start the program. When thethermal
sample index primers plus universal primers for a single
reaction, in universal PCR step.cycler reaches 4° C., pause the program. Important: The

thermal cycler must be pre-chilled and paused at 4° C. [0135] Program a thermal cycler using the cycling condi-

Transfer the tubes/platepreparedin step 29 to the pre-chilled tions in Table 15 (cyclingprogram)and Table 16 (cycle
thermal cyclerand resume the cycling program. number).
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TABLE 15 plate from the magneticstand and elute the DNA from the
beads by adding 30 µl nuclease-free water. Mix well by

Cycling conditions for Universal PCR pipetting. Return the tubes/plateto the magnetic rack until

Time
the solution has cleared. Transfer 28 µl supernatant to clean

Step Temperature
tubes or plate.The library can be stored in a -20° C. freezer

Initial denaturation 2 min 98° C. prior to quantification using the QIAseq Library Quant
Number of cycles (seeTable 16) 15 sec 98° C. System.Amplified libraries are stable for several months at

30 sec 62° C.

1 cycle 3 min 72° C.
-20° C. Once quantification is performed proceed to

Hold 8 4° C. sequencing.

Analyze the Library Using Agilent 2100 Bioanalyzer

TABLE 16 [0138] After the library is constructed and purified, the

Amplification cycles for Universal PCR
Bioanalyzer can be used to check the fragment size and

concentration with the High Sensitivity DNA Kit. Libraries

Primers per pool Cycle number preparedfor Illumina instruments demonstrate a size distri-
bution between 200-1000 bp (FIG. 7A). Library over-am-

6-24 33

25-96 31
plification is normal (FIG. 7B) and this should not affect the

97-288 29 sequencing results. Over-amplified libraries are usually
289-1056 28 single-strandedlibraries with correct size but appear as

1057-3072 27 "larger fragments" due to secondarystructure. Amounts of
3073-5999 26

6000-12,000 25
DNA under the appropriatepeakscan be used to quantify the

>12,000 24 libraries. However, due to the superiorsensitivity and broad

range of qPCR, we recommend quantifying the libraries

[0136] After the reaction is complete,place the reactions
using the QIAseq Library Quant System,especially when

on ice and proceed to "Cleanup of Universal PCR", next
there are over-amplified libraries. FIG. 7A shows a library
(without over-amplification) prepared for Illumina instru-

step. Alternatively, the samplescan be stored at -20° C. in
ments. FIG. 7B shows a library (with over-amplification)

a constant-temperature freezer for up to 3 days. preparedfor Illumina instruments.

Cleanupof Universal PCR. [0139] The foregoingdescriptionof the specific embodi-

ments will so fully reveal the generalnature of the invention
[0137] Add 80 µl QIAseq Beads to finished universal PCR that others can, by applying knowledge within the skill of
reaction, mix well by pipettingup and down several times. the art, readily modify and/or adaptfor various applications,
Incubate for 5 min at room temperature. Place the tubes/ without departingfrom the generalconcept of the invention.
plate on magnetic rack for 5 min to separate beads from Therefore, such adaptationsand modifications are intended
supernatant. Once the solution has cleared, with the tubes/

to be within the meaning and range of equivalentsof the
plate still on the magnetic stand, carefully remove and disclosed embodiments, based on the teachingand guidance
discard the supernatant. Important:Do not discard the beads presentedherein. It is to be understood that the phraseology
as they contain the DNA of interest. With the tubes/platestill

or terminology herein is for the purpose of descriptionand
on the magneticstand, add 100 µl H2O to the bead, then add

not of limitation, such that the terminology or phraseology
80 µl QIAseq bead binding buffer. Take the tubes/plateoff of the present specificationis to be interpretedby the skilled
the magnetic stand, mix well by pipetting up and down artisan in light of the teachingsand guidance.
several times. Return the tubes/plateto the magneticrack for

5 min. Once the solution has cleared, with the tubes/plate [0140] The breadth and scope of the present invention

still on the magneticstand, carefully remove and discard the
should not be limited by any of the above-described exem-

supernatant. Important: Do not discard the beads as they plary embodiments but should be defined only in accordance

contain the DNA of interest. With the tubes/platestill on the
with the following claims and their equivalents.

magnetic stand, add 200 µl 80% ethanol to wash the beads. [0141] All of the various aspects, embodiments, and

Carefully remove and discard the wash. Repeatthe ethanol options described herein can be combined in any and all

wash. Important: Completelyremove all traces of the etha- variations.

nol wash after this second wash. Remove the ethanol with a [0142] All publications, patents, and patent applications
200 µl pipet first, and then use a 10 µl pipet to remove any mentioned in this specification are herein incorporated by
residual ethanol. With the tubes/platestill on the magnetic reference to the same extent as if each individual publica-
stand, air dry at room temperature for 10 min. Note: Visually tion, patent, or patent application was specificallyand indi-
inspectthat the pellet is completelydry. Remove the tubes/ vidually indicated to be herein incorporatedby reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 5

<210> SEQ ID NO 1

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:

<223> OTHER INFORMATION: Adapter
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (33) (44)
<223> OTHER INFORMATION: n is a, C, g, or t

<400> SEQUENCE: 1

cgucggcagc gucagatgtg tauaagagac agnnnnnnnn nnnnatgcau tcgagucat 59

<210> SEQ ID NO 2

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: I5-F forward primer

<400> SEQUENCE: 2

cgtcggcagc gtcagatgtg tataagagac ag 32

<210> SEQ ID NO 3

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Target specific primer

<400> SEQUENCE 3

aatgtacagu attgcgtttu g 21

<210> SEQ ID NO 4

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: I5IP index primer

<400> SEQUENCE 4

aatgatacgg cgaccaccga gatctacaca tggccgactt cgtcggcagc gtcagatgtg 60

tataagagac a 71

<210> SEQ ID NO 5

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: I7IP index primer

<400> SEQUENCE 5

caagcagaag acggcatacg agattgaacg ttgtgtgact ggagttcaga cgtgtgctct 60

tccgatctcc agtacagtat tgcgttttg 89

What is claimed is: extension with a target specific primer to generate a

1. A method of preparing a DNA library, comprising target amplification product, wherein the target specific

(a) ligating an adapter to a target DNA molecule to
primer comprises one or more deoxyuridines and a

generate a ligation product, wherein the adaptercom-
target specific sequence.

prisesone or more deoxyuridinesand a unique molecu- 2. The method of claim 1, wherein the target DNA

lar index (UMI); molecule has been end-repaired.

(b) treating the ligation product with a uracil-DNA gly- 3. The method of claim 1 or 2, wherein the target DNA

cosylase (UDG); and molecule has been adenylated.
(c) amplifying the target DNA molecule attached to the 4. The method of any one of claims 1-3, wherein the target

adapterin the ligation product of (b) by single primer specific sequence comprisesone or more deoxyuridines.
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5. The method of any one of claims 1-4, wherein the target 19. The method of claim 17 or 18, wherein the target DNA
specificprimercomprisesa tag sequence comprisingat least molecule has been adenylated.
2 deoxyuridinesand a target specific sequence comprising 20. The method of any one of claims 17-19, wherein the
0-4 deoxyuridines in a 5' to 3' direction. ligating is performedat a pH of 8-9.

6. The method of any one of claims 1-5, further compris- 21. The method of any one of claims 17-20, wherein the
ing treating the target amplification productwith a UDG and ligating is performedat a PEG concentration of 4% PEG to

then amplifying the target amplification product with a less than 10% PEG.

universal primer to generate a second target amplification 22. The method of any one of claims 16-21, wherein the
product,wherein the universal primer does not comprise a target specificprimer comprisesa tag sequence comprising
deoxyuridine. at least 2 deoxyuridines and a target specific sequence

7. The method of claim 6, wherein the universal primer comprising0-4 deoxyuridinesin a 5' to 3' direction.

further comprisesa sample index. 23. The method of any one of claims 14-22, further
8. The method of any one of claims 1-7, wherein the comprising treating the target amplification product with a

ligating is performedat a pH of 8-9. UDG and then amplifying the target amplification product
9. The method of claim 8, wherein the ligating is per- with a universal primer to generate a second target ampli-

formed at a PEG concentration of 4% PEG to less than 10% fication product, wherein the universal primer does not

PEG. comprise a deoxyuridine.
10. The method of any one of claims 1-9, wherein the 24. The method of claim 23, wherein the universal primer

amplifying is performed with an antibody based thermo- comprisesa sample index.
stable polymerase. 25. The method of any one of claims 14-24, wherein the

11. The method of any one of claims 6-10, further amplifying is performed with an antibody based thermo-
comprisingpurifying the second target amplification prod- stable polymerase.
uct with beads. 26. The method of any one of claims 21-25, further

12. The method of claim 11, wherein the beads are solid comprising purifying the second target amplification prod-
phasereversible immobilization (SPRI) beads. uct with beads.

13. The method of any one of claims 1-12, wherein the 27. The method of claim 26, wherein the beads are solid
DNA library can be used for next generation sequencing, phasereversible immobilization (SPRI) beads.
profiling of DNA variants, human identity or paternity 28. The method of any one of claims 14-27, wherein the
testing,pain or ADME pharmacogenomics,or detection of DNA library can be used for next generationsequencing,
a geneticdisease. profiling of DNA variants, human identity or paternity

14. A method of preparing a DNA library, comprising testing,pain or ADME pharmacogenomics,or detection of
amplifying a target DNA molecule with a single target

a geneticdisease.
specific primer to generate a target amplification product, 29. A DNA library made by the method of any one of
wherein the target specificprimer comprisesa tag sequence, claims 1-28.
one or more deoxyuridines,and a target specific sequence. 30. A kit comprisinga uracil-DNA glycosylase(UDG), an

15. The method of claim 14, wherein the adapter is a adaptercomprisingone or more deoxyuridinesand a unique
single adapterthat is annealed to the target DNA molecule

molecular index (UMI), a universal primer, and an antibody
and extended, wherein the adaptercomprisesa UMI and a based thermostable polymerase.
target specific sequence that does not contain a deoxyuri-

31. The kit of claim 30, further comprisinga ligaseand adine. ligation buffer capable of providing a pH of 8 to 9 to a16. The method of claim 14, wherein a pair of adaptersare ligation reaction.
annealed to the target DNA molecule and extended, wherein

32. The kit of claim 31, wherein the ligation buffer is
each adapterof the pair of adapterscomprisesa UMI, a first

or second target specificsequence, and one or more deoxyu-
capableof providing a PEG concentration of 4% to less than

ridines.
10% to the ligation reaction.

17. The method of claim 14, wherein an adapterhas been
33. The kit of any one of claims 30-32, further comprising

ligated to the target DNA molecule to generate a ligation solid phasereversible immobilization (SPRI) beads.

product,wherein the adaptercomprisesone or more deoxyu- 34. The kit of any one of claims 30-33, further comprising

ridines and a unique molecular index (UMI). a target specific primer comprisingone or more deoxyuri-

18. The method of claim 17, wherein the target DNA
dines and a target specific sequence,

molecule has been end-repaired. *
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