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COMPOSITIONS AND METHODS FOR 
IDENTIFICATION OF A DUPLICATE 

SEQUENCING READ 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica­
tion Ser. No. 15/406,002, filed Jan. 13, 2017, which appli­
cation is a Division of U.S. application Ser. No. 14/540,917, 
filed Nov. 13, 2014, now issued as U.S. Pat. No. 9,546,399, 
each of which claims the benefit of U.S. Provisional Appli­
cation Ser. No. 61/903,826, filed Nov. 13, 2013, each of 
which is herein incorporated by reference in its entirety. 

DESCRIPTION OF THE TEXT FILE 
SUBMITTED ELECTRONICALLY 

The contents of the text file submitted electronically 
herewith are incorporated herein by reference in their 
entirety: A computer readable format copy of the Sequence 
Listing (filename: NUGN-001-03US_SeqList_ST25.txt, 
date recorded: Apr. 3, 2020, file size 3 kilobytes). 

FIELD OF THE PRESENT INVENTION 

The present invention relates generally to the field of high 
throughput sequencing reactions and the ability to discern 
artifacts arising through sequence duplications from nucleo­
tide molecules that are unique molecules. 

BACKGROUND OF THE PRESENT 
INVENTION 

In RNA sequencing applications, accurate gene expres­
sion measurements may be hampered by PCR duplicate 
artifacts that occur during library amplification. When ana­
lyzing RNA sequencing data, when two or more identical 
sequences are found, it can be difficult to know if these 
represent unique cDNA molecules derived independently 
from different RNA molecules, or if they are PCR duplicates 
derived from a single RNA molecule. In genotyping by 
sequencing, duplicate reads can be considered non-informa­
tive and may be collapsed down to a single read, thus 
reducing the number of sequencing reads used in final 
analysis. Generally, sequencing reads may be determined to 
be duplicates if both forward and reverse reads have iden­
tical starting positions, even though two independently 
generated molecules can have identical starting positions by 
random chance. Single primer extension based targeted 
re-sequencing suffers from an issue in that only one end of 
a sequencing read is randomly generated, while the other 
(reverse read) end is generated by a specific probe. This may 
make it difficult to determine if two reads are duplicates 
because they have been duplicated by PCR or because by 
chance they happened to start at the same position. 

In expression analysis studies there may be limited value 

2 
detection of RNA transcripts without inherent instrument 
inefficiencies that drive up sequencing costs due to the 
generation of unusable or non-desired data reads. The inven­
tion described herein fulfills this need. Here, we describe an 

5 adaptor approach that allows for the identification of true 
PCR duplicates and their removal. 

The methods of the present invention provide novel 
methods for identifying true duplicate reads during sequenc­
ing, such as to improve data analysis of sequencing data, and 

10 other related advantages. 

SUMMARY OF THE PRESENT INVENTION 

15 
The present invention is based, in part, on compositions 

and methods for discerning duplicate sequencing reads from 
a population of sequencing reads. The detection and/or 
removal of duplicate sequencing reads presented herein is a 
novel approach to increasing the efficacy of evaluating data 

20 generated from high throughput sequence reactions, includ­
ing complex multiplex sequence reactions. 

Accordingly, the present invention provides a method of 
detecting a duplicate sequencing read from a population of 
sample sequencing reads, the method comprising ligating an 

25 adaptor to a 5' end of each nucleic acid fragment of a 
plurality of nucleic acid fragments from one or more 
samples, wherein the adaptor comprises an indexing primer 
binding site, an indexing site, an identifier site, and a target 
sequence primer binding site. The ligated adaptor-nucleic 

30 acid fragment products can be amplified, thus generating a 
population of sequencing reads from the amplified adaptor­
nucleic acid ligation products. The sequencing reads with a 
duplicate identifier site and target sequence can then be 
detected from the population of sequencing reads. The 

35 methods can further include the removal of the sequencing 
reads with the duplicate identifier site and target sequence 
from the population of sequence reads. 

In some embodiments, the identifier site is sequenced 
with the indexing site or the target sequence. In further 

40 embodiments, the identifier site is sequenced separately 
from the indexing site or the target sequence. 

In some embodiments, the adaptor comprises from 5' to 3' 
the indexing primer binding site; the indexing site; the 
identifier site; and the target sequence primer binding site. In 

45 further embodiments, the adaptor comprises from 5' to 3' the 
indexing primer binding site; the indexing site; the target 
sequence primer binding site; and the identifier site. 

In some embodiments, the plurality of nucleic acid frag­
ments is generated from more than one sample. In some 

50 embodiments, the nucleic acid fragments from each sample 
have the same indexing site. In some embodiments, the 
sequencing reads are separated based on the indexing site. In 
yet other embodiments, the separation of sequencing reads 
is performed prior to detecting sequence reads with a 

55 duplicate identifier site and target sequence. 
In some embodiments, the nucleic acid fragments are 

DNA fragments, RNA fragments, or DNA/RNA fragments. 
In further embodiments, the nucleic acid fragments are 
genomic DNA fragments or cDNA fragments. 

In some embodiments, the indexing site is between 2 and 
8 nucleotides in length. In further embodiments, the index­
ing site is about 6 nucleotides in length. In some embodi­
ments, the identifier site is between 1 and 8 nucleotides in 
length. In further embodiments, the identifier site is about 8 

in doing paired end sequencing since the goal of the experi­
ment is to determine amounts of transcript present as 
opposed to studying exon usage. In these studies, paired end 60 

sequencing adds costs while the only value is in helping 
distinguish PCR duplicates. The probability of two reads 
starting in the same position on only one end is higher than 
the probability of two reads having the same starting posi­
tion on two ends (forward and reverse read). There is a need 
for improved methods that allow for low-cost, high through­
put sequencing of regions of interest, genotyping or simple 

65 nucleotides in length. 
In some embodiments, the indexing primer binding site is 

a universal indexing primer binding site; and in some 
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embodiments, the target sequence primer binding site is a 
universal target sequence primer binding site. 

The present invention also encompasses embodiments 
that include a kit comprising a plurality of adaptors, wherein 
each adaptor comprise an indexing primer binding site; an 
indexing site, and identifier site, and a target sequencing 
primer binding site. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the novel features of the inven­
tion and advantages of the present invention will be obtained 
by reference to the following description that sets forth 
illustrative embodiments, in which the principles of the 
invention are utilized, and the accompanying drawings of 
which: 

FIG. 1 depicts a schematic of generating sequencing reads 
of a library including where an indexing primer and a target 
sequence primer anneal. 

4 
Edition (W.H. Freeman, New York, 1992); Lehninger, Bio­
chemistry, Second Edition (Worth Publishers, New York, 
1975); Strachan and Read, Human Molecular Genetics, 
Second Edition (Wiley-Liss, New York, 1999); Eckstein, 

5 editor, Oligonucleotides and Analogs: A Practical Approach 
(Oxford University Press, New York, 1991); Gait, editor, 
Oligonucleotide Synthesis: A Practical Approach (IRL 
Press, Oxford, 1984); and the like. 

In some embodiments, the methods disclosed herein is for 
10 detecting from a population of sequencing reads a sequenc­

ing read, such as a duplicate sequencing read with a dupli­
cate identifier site and target sequence. A duplicate sequenc­
ing read can be a sequencing read with the same identifier 
site and target sequence as another sequencing read in the 

15 population of sequencing reads. 

Adaptor 

FIG. 2Adepicts a mechanism of the Single Primer Enrich- 20 

ment Technology (SPET) and how an identifier site is 
carried over into the final library and how sequencing 
through the indexing site into the identifier site provides data 

The present invention provides compositions of adaptors 
and methods comprising use of an adaptor. An adapter refers 
to an oligonucleotide sequence, the ligation of which to a 
target polynucleotide or a target polynucleotide strand of 
interest enables the generation of amplification-ready prod­
ucts of the target polynucleotide or the target polynucleotide on which nucleic acid molecule is being identified. 

FIG. 2B is a continuation of FIG. 2A. 
FIG. 3 offers a detailed view of the sequence of an 

example adaptor, among many envisioned embodiments, 
and the position of the indexing and identifier sites (SEQ ID 
NO: 1 ). "N" refers to any nucleic acid. 

FIG. 4 depicts a schematic of two separate sequence 
libraries, indicating where the indexing primers and the 
target primers anneal in a traditional library as compared to 
a library using an identifier site. 

FIG. 5 depicts a data table demonstrating the accuracy of 
resolving true duplicates versus apparent or perceived dupli­
cates using an identifier site in the adaptors. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

The present invention is based, in part, on compositions 
and methods for discerning duplicate sequencing reads from 
a population of sequencing reads. The present invention 
encompasses methods of detecting sequences duplicated in 
sequencing applications, and further removal of the dupli­
cated sequence reads. The present invention further encom­
passes kits comprising components that would allow for 
customized applications of the method of detecting and 
removing duplicated sequence reads in high throughput 
sequencing reactions. The compositions and methods can be 
used with various applications for genetic sample analysis, 
such as RNA sequence analysis, copy number variation 
analysis, methylation sequencing analysis, genotyping and 
whole genome amplification. 

Reference will now be made in detail to exemplary 
embodiments of the invention. While the disclosed methods 
and compositions will be described in conjunction with the 
exemplary embodiments, it will be understood that these 
exemplary embodiments are not intended to limit the present 
invention. On the contrary, the present disclosure is intended 
to encompass alternatives, modifications and equivalents, 
which may be included in the spirit and scope of the present 
invention. 

Unless otherwise specified, terms and symbols of genet­
ics, molecular biology, biochemistry and nucleic acid used 
herein follow those of standard treatises and texts in the 
field, e.g. Kornberg and Baker, DNA Replication, Second 

25 strand of interest. The target polynucleotide molecules may 
be fragmented or not prior to the addition of adaptors. In 
some embodiments, a method disclosed herein comprises 
ligating an adaptor to a 5' end of each nucleic acid fragment 
of a plurality of nucleic acid fragments from one or more 

30 samples. 
Various adaptor designs are envisioned which are suitable 

for generation of amplification-ready products of target 
sequence regions/strands of interest. For example, the two 
strands of the adaptor may be self-complementary, non-

35 complementary or partially complementary. In some 
embodiments, the adaptor can comprise an indexing primer 
binding site, an indexing site, an identifier site, and a target 
sequence primer binding site. 

An indexing primer binding site is a nucleotide sequence 
40 for binding a primer for an indexing site. An indexing site is 

a nucleic acid sequence that acts as an index for multiple 
polynucleotide samples, thus allowing for the samples to be 
pooled together into a single sequencing run, which is 
known as multiplexing. In some embodiments, the indexing 

45 site is at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides in length. 
In some embodiments, the indexing site is between 2 and 8 
nucleotides in length. In some embodiments, the indexing 
site is about 6 nucleotides in length. 

An identifier site is a nucleic acid sequence that comprises 
50 random bases and is used to identify duplicate sequencing 

reads. In some embodiments, the identifier site is at least 2, 
3, 4, 5, 6, 7, 8, 9, or 10 nucleotides in length. In some 
embodiments, the identifier site is between 1 and 8 nucleo­
tides in length. In some embodiments, the identifier site is 

55 about 8 nucleotides in length. This identifier site can be 
designed as a set of sequences, or it can be semi-random, or 
it can be completely random. In addition, this identifier site 
can be a fixed length, or it can be a variable length. In some 
embodiments, the identifier sites in a plurality of adaptors 

60 are of a fixed length. For example, the identifier sites can all 
be eight random bases. In another embodiment, the identifier 
sites in a plurality of adaptors are of a variable length. For 
example, the identifier sites can range in size from 1 to 8 
bases. In yet another embodiment, the identifier sites can be 

65 of a defined set of defined sequence. For example, the 
identifier site of a plurality of adaptors can be one of 96 
defined six-base nucleotide sequences. 
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A target sequence primer binding site nucleotide sequence 
for binding a primer for a target sequence. The primer can 

6 
(i.e., the indexing primer binding site is a universal indexing 
primer binding site). In some embodiments, the adaptors 
used for ligating a plurality of nucleic acid fragments have 
a universal indexing primer binding site. In some embodi-

be used to amplify the target sequence ( e.g., a nucleic acid 
fragment from a sample). Accordingly, in some embodi­
ments, the adaptor comprises an indexing primer binding 
site and a target sequence primer binding site. 

5 ments, the universal indexing primer can be used to amplify 
and/or sequence a number of different indexing sites. 

In some embodiments, a target sequence primer binding 
site is a binding site for a universal target sequence primer 
(i.e., the target sequence primer binding site is a universal 

A primer is a polynucleotide chain, typically less than 200 
residues long, most typically between 15 and 100 nucleo­
tides long, but can encompass longer polynucleotide chains. 
A primer targeting the primer binding sites are typically 
designed to hybridize to single-stranded nucleic acid 
strands. In some embodiments, the primers targeting the 
primer binding sites are designed to hybridize to single­
stranded DNA targets. In the case where the sample com­
prises genomic DNA or other double-stranded DNA, the 
sample can be first denatured to render the target single 
stranded and enable hybridization of the primers to the 
desired sequence regions of interest. In these embodiments, 
the methods and compositions described herein can allow 
for region-specific enrichment and amplification of 
sequence regions of interest. In some embodiments, the 
other double-stranded DNA can be double-stranded cDNA 
generated by first and second strand synthesis of one or more 
target RNAs. 

10 target sequence primer binding site). In some embodiments, 
the adaptors used for ligating a plurality of nucleic acid 
fragments have a universal target sequence primer binding 
site. In some embodiments, the universal target sequence 
primer can be used to amplify and/or sequence a number of 

15 different target sequences. 
In some embodiments, the adaptor comprises an identifier 

site 3' to an indexing site. In some embodiments, the adaptor 
comprises an identifier site 5' to an indexing site. In some 
embodiments, the adaptor comprises from 5' to 3' an index-

20 ing primer binding site, indexing site, identifier site, and 
target sequence primer binding site. In other embodiments, 
the adaptor comprises from 5' to 3' an indexing primer 
binding site, indexing site, identifier site, and target 
sequence primer binding site. In yet other embodiments, the 

In other embodiments, the primers targeting the primer 
binding sites are designed to hybridize to double-stranded 
nucleic acid targets, without denaturation of the double 
stranded nucleic acids. In other embodiments, the primers 
targeting the primer binding sites are designed to hybridize 

25 adaptor comprises from 5' to 3' an indexing primer binding 
site, identifier site, indexing site, and target sequence primer 
binding site. 

to a double-stranded DNA target, without denaturation of the 30 

dsDNA. In these embodiments, the primers targeting the 
selected sequence regions of interest are designed to form a 
triple helix (triplex) at the selected sequence regions of 
interest. The hybridization of the primers to the double­
stranded DNA sequence regions of interest can be carried 35 

out without prior denaturation of the double stranded nucleic 
acid sample. In such embodiments, the methods and com­
positions described herein can allow for region-specific 
enrichment as well as strand-specific enrichment and ampli­
fication of sequence regions of interest. This method can be 40 

useful for generation of copies of strand specific sequence 
regions of interest from complex nucleic acid without the 
need to denature the dsDNA input DNA, thus enabling 
enrichment and analysis of multiplicity of sequence regions 
of interest in the native complex nucleic acid sample. The 45 

method can find use for studies and analyses carried out in 
situ, enable studies and analysis of complex genomic DNA 

Samples 

In some embodiments, an adaptor is ligated to a nucleic 
acid fragment (e.g., the 5' end of the nucleic acid fragment). 
The nucleic acid fragment can be from a plurality of nucleic 
acid fragments from one or more samples. The nucleic acid 
fragment can be RNA, DNA, or complex DNA, for example 
genomic DNA and PNA, in which case one might use a 
modified nucleic acid. The nucleic acid fragment may also 
be cDNA. The cDNA can be generated from RNA, e.g., 
mRNA. 

The sample can be a biological sample. For example, the 
sample can be an animal, plant, bacterial, algal, or viral 
sample. In some embodiments, the sample is a human, rat, 
or mouse sample. The sample can be from a mixture of 
genomes of different species such as host-pathogen, bacte­
rial populations and the like. The sample can be cDNAmade 
from a mixture of genomes of different species. In some 
embodiments, the sample can be from a synthetic source. 
The sample can be mitochondrial DNA. The sample can be 
cell-free DNA. The cell-free DNA can be obtained from 

in single cells or collection of very small well defined cell 
population, as well as permit the analysis of complex 
genomic DNA without disruption of chromatin structures. 50 sources such as a serum or a plasma sample. The sample can 

comprise one or more chromosomes. For example, if the 
sample is from a human, the sample can comprise one or 
more of chromosome 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 

The primers of the invention are generally oligonucle­
otides that are employed in an extension reaction by a 
polymerase along a polynucleotide template, such as for 
amplification of a target sequence (e.g., in PCR). The 
oligonucleotide primer can be a synthetic polynucleotide 55 

that is single stranded, containing a sequence at its 3'-end 
that is capable of hybridizing with a sequence of the target 
polynucleotide. In some embodiments, the 3' region of the 
primer that hybridizes with the target nucleic acid has at 
least 80%, preferably 90%, more preferably 95%, most 60 

preferably 100%, complementarity to a primer binding site. 
In some embodiments, the primer binding site is a binding 

site for a universal primer. A universal primer is a primer that 
can be used for amplifying a number of different sequences. 
In some embodiments, a universal primer is used to amplify 65 

different libraries. In some embodiments, an indexing primer 
binding site is a binding site for a universal indexing primer 

14, 15, 16, 17, 18, 19, 20, 21, 22, X, or Y. In some 
embodiments, the sample comprises a linear or circular 
genome. The sample can be plasmid DNA, cosmid DNA, 
bacterial artificial chromosome (BAC), or yeast artificial 
chromosome (YAC). The sample can be from more than one 
individual or organism. The sample can be double-stranded 
or single-stranded. The sample can be part of chromatin. The 
sample can be associated with histones. 

In some embodiments, adaptors are ligated to a plurality 
of nucleic acid fragments from more than one sample, such 
as 2, 3, 4, 5, or more samples. In some embodiments, the 
nucleic acid fragments from each sample have the same 
indexing site. In some embodiments, a plurality of nucleic 
acid fragments is generated from a first sample and a second 
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double stranded DNA fragments to produce blunt ends 
wherein the double stranded DNA fragments contain 5' 
phosphates and 3' hydroxyls. In some embodiments, the 
double-stranded DNA fragments can be blunt-end polished 

sample and adaptors are ligated to each nucleic acid frag­
ment, in which adaptors ligated to each nucleic acid frag­
ment from the first sample have the same first indexing site 
and adaptors ligated to nucleic acid fragments from the 
second sample has the same second indexing site. In some 
embodiments, the nucleic acid fragments or data associated 
with the nucleic acid fragments (e.g., sequencing reads) are 
separated based on the indexing site. 

In some embodiments, a population of nucleic acid frag­
ments generated from a sample is of one or more specific 
size range(s). In some embodiments, the fragments have an 
average length from about 10 to about 10,000 nucleotides. In 
some embodiments, the fragments have an average length 
from about 50 to about 2,000 nucleotides. In some embodi­
ments, the fragments have an average length from about 
100-2,500, 10-1,000, 10-800, 10-500, 50-500, 50-250, or 
50-150 nucleotides. In some embodiments, the fragments 
have an average length less than 10,000 nucleotide, such as 
less than 5,000 nucleotides, less than 2,500 nucleotides, less 
than 2,500 nucleotides, less than 1,000 nucleotides, less than 
500 nucleotides, such as less than 400 nucleotides, less than 
300 nucleotides, less than 200 nucleotides, or less than 150 
nucleotides. 

5 ( or "end-repaired") to produce DNA fragments having blunt 
ends, prior to being joined to adapters. Generation of the 
blunt ends on the double stranded fragments can be gener­
ated by the use of a single strand specific DNA exonuclease 
such as for example exonuclease 1, exonuclease 7 or a 

10 combination thereof to degrade overhanging single stranded 
ends of the double stranded products. Alternatively, the 
double stranded DNA fragments can be blunt ended by the 
use of a single stranded specific DNA endonuclease, for 

15 
example, but not limited to, mung bean endonuclease or Sl 
endonuclease. Alternatively, the double stranded products 
can be blunt ended by the use of a polymerase that comprises 
single stranded exonuclease activity such as for example T4 
DNA polymerase, or any other polymerase comprising 

20 single stranded exonuclease activity or a combination 
thereof to degrade the overhanging single stranded ends of 
the double stranded products. In some cases, the polymerase 
comprising single stranded exonuclease activity can be 

In some embodiments, fragmentation of the nucleic acids 
can be achieved through methods known in the art. Prag- 25 

mentation can be achieved through physical fragmentation 
methods and/or enzymatic fragmentation methods. Physical 
fragmentation methods can include nebulization, sonication, 
and/or hydrodynamic shearing. In some embodiments, the 
fragmentation can be accomplished mechanically compris- 30 

ing subjecting the nucleic acids in the input sample to 
acoustic sonication. In some embodiments, the fragmenta­
tion comprises treating the nucleic acids in the input sample 
with one or more enzymes under conditions suitable for the 
one or more enzymes to generate double-stranded nucleic 35 

acid breaks. Examples of enzymes useful in the generation 

incubated in a reaction mixture that does or does not 
comprise one or more dNTPs. In other cases, a combination 
of single stranded nucleic acid specific exonucleases and one 
or more polymerases can be used to blunt end the double 
stranded fragments generated by fragmenting the sample 
comprising nucleic acids. In still other cases, the nucleic 
acid fragments can be made blunt ended by filling in the 
overhanging single stranded ends of the double stranded 
fragments. For example, the fragments may be incubated 
with a polymerase such as T4 DNA polymerase or Kienow 
polymerase or a combination thereof in the presence of one 
or more dNTPs to fill in the single stranded portions of the 
double stranded fragments. Alternatively, the double 
stranded DNA fragments can be made blunt by a combina­
tion of a single stranded overhang degradation reaction 
using exonucleases and/or polymerases, and a fill-in reaction 
using one or more polymerases in the presence of one or 
more dNTPs. 

U.S. Patent Publication Nos. 2013-0231253 Al and 2014-
0274729 Al further describe methods of generating nucleic 
acid fragments, methods of modifying the fragments and 

45 analysis of the fragments, and are incorporated by reference 
in their entirety herein. 

of nucleic acid or polynucleotide fragments include 
sequence specific and non-sequence specific nucleases. 
Non-limiting examples of nucleases include DNase I, Frag­
mentase, restriction endonucleases, variants thereof, and 40 

combinations thereof. Reagents for carrying out enzymatic 
fragmentation reactions are commercially available ( e.g., 
from New England Biolabs). For example, digestion with 
DNase I can induce random double-stranded breaks in DNA 
in the absence of Mg++ and in the presence of Mn++. In some 
embodiments, fragmentation comprises treating the nucleic 
acids in the input sample with one or more restriction 
endonucleases. Fragmentation can produce fragments hav­
ing 5' overhangs, 3' overhangs, blunt ends, or a combination 
thereof. In some embodiments, such as when fragmentation 50 

comprises the use of one or more restriction endonucleases, 
cleavage of sample polynucleotides leaves overhangs hav­
ing a predictable sequence. In some embodiments, the 
method includes the step of size selecting the fragments via 
standard methods known in the art such as column purifi- 55 

cation or isolation from an agarose gel. 
In some embodiments, fragmentation of the nucleic acids 

is followed by end repair of the nucleic acid fragments. End 
repair can include the generation of blunt ends, non-blunt 
ends (i.e. sticky or cohesive ends), or single base overhangs 60 

such as the addition of a single dA nucleotide to the 3'-end 
of the nucleic acid fragments, by a polymerase lacking 
3'-exonuclease activity. End repair can be performed using 
any number of enzymes and/or methods known in the art 
including, but not limited to, commercially available kits 65 

such as the Encore™ Ultra Low Input NGS Library System 
I. In some embodiments, end repair can be performed on 

Ligation of Adaptors 

Ligation of adaptors at the desired end of the sequence 
regions of interest ( e.g., at the 5' or 3' end of a nucleic acid 
fragment generated form a sample) is suitable for carrying 
out the methods of the invention. Various ligation modalities 
are envisioned, dependent on the choice of nucleic acid, 
nucleic acid modifying enzymes and the resulting ligatable 
end of the nucleic acid. For example, when a blunt end 
product comprising the target region/sequence of interest is 
generated, blunt end ligation can be suitable. Alternatively, 
where the cleavage is carried out using a restriction enzyme 
of known sequence specificity, leading to the generation of 
cleavage sites with known sequence overhangs, suitable 
ends of the adaptors can be designed to enable hybridization 
of the adaptor to the cleavage site of the sequence region of 
interest and subsequent ligation. Ligation also refers to any 
joining of two nucleic acid molecules that results in a single 
nucleic acid sequence that can be further modified to obtain 
the sequence of the nucleic acids in question. Reagents and 
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methods for efficient and rapid ligation of adaptors are 
commercially available, and are known in the art. 

In some embodiments, the 5' and/or 3' end nucleotide 
sequences of fragmented nucleic acids are not modified or 
end-repaired prior to ligation with the adapter oligonucle- 5 

otides of the present invention. For example, fragmentation 
by a restriction endonuclease can be used to leave a pre­
dictable overhang, followed by ligation with one or more 
adapter oligonucleotides comprising an overhang comple­
mentary to the predictable overhang on a nucleic acid 10 

fragment. In another example, cleavage by an enzyme that 
leaves a predictable blunt end can be followed by ligation of 
blunt-ended nucleic acid fragments to adapter oligonucle­
otides comprising a blunt end. In some embodiments, end 
repair can be followed by an addition of 1, 2, 3, 4, 5, 6, 7, 15 

8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more 
nucleotides, such as one or more adenine, one or more 
thymine, one or more guanine, or one or more cytosine, to 
produce an overhang. Nucleic acid fragments having an 
overhang can be joined to one or more adapter oligonucle- 20 

otides having a complementary overhang, such as in a 
ligation reaction. For example, a single adenine can be 
added to the 3' ends of end-repaired DNA fragments using 
a template independent polymerase, followed by ligation to 
one or more adapters each having a thymine at a 3' end. In 25 

some embodiments, adapter oligonucleotides can be joined 
to blunt end double-stranded nucleic acid fragments which 
have been modified by extension of the 3' end with one or 
more nucleotides followed by 5' phosphorylation. In some 
cases, extension of the 3' end can be performed with a 30 

polymerase such as for example Kienow polymerase or any 
of the suitable polymerases provided herein, or by use of a 
terminal deoxynucleotide transferase, in the presence of one 
or more dNTPs in a suitable buffer containing magnesium. 
In some embodiments, nucleic acid fragments having blunt 35 

ends can be joined to one or more adapters comprising a 
blunt end. Phosphorylation of 5' ends of nucleic acid frag­
ments can be performed for example with T4 polynucleotide 
kinase in a suitable buffer containing ATP and magnesium. 
The fragmented nucleic acid molecules may optionally be 40 

treated to dephosphorylate 5' ends or 3' ends, for example, 
by using enzymes known in the art, such as phosphatases. 

In some embodiments, appending the adaptor to the 
nucleic acid fragments generated by methods described 
herein can be achieved using a ligation reaction or a priming 45 

reaction. In some embodiments, appendage of an adaptor to 
the nucleic acid fragments comprises ligation. In some 
embodiments, ligation of the adaptor to the nucleic acid 
fragments can be following end repair of the nucleic acid 
fragments. In another embodiment, the ligation of the adap- 50 

tor to the nucleic acid fragments can be following generation 
of the nucleic acid fragments without end repair of the 
nucleic acid fragments. The adaptor can be any type of 
adaptor known in the art including, but not limited to, 
conventional duplex or double stranded adaptors in which 55 

the adaptor comprises two complementary strands. In some 
embodiments, the adaptor can be a double stranded DNA 
adaptor. In some embodiments, the adaptor can be an 
oligonucleotide of known sequence and, thus, allow genera­
tion and/or use of sequence specific primers for amplifica- 60 

tion and/or sequencing of any polynucleotides to which the 
adaptor is appended or attached. In some embodiments, the 
adaptor can be a conventional duplex adaptor, wherein the 
adaptor comprises sequence well known in the art. In a some 
embodiments, the adaptor can be appended to the nucleic 65 

acid fragments generated by the methods described herein in 
multiple orientations. In some embodiment, the methods 

10 
described herein can involve the use of a duplex adaptor 
comprising double stranded DNA of known sequence that is 
blunt ended and can bind to the double stranded nucleic acid 
fragments generated by the methods described herein in one 
of two orientations. In some embodiments, the adaptor can 
be ligated to each of the nucleic acid fragments such that 
each of the nucleic acid fragments comprises the same 
adaptor. In other words, each of the nucleic acid fragments 
comprises a common adaptor. In another embodiment, an 
adaptor can be appended or ligated to a library of nucleic 
acid fragments generated by the methods described herein 
such that each nucleic acid fragment in the library of nucleic 
acid fragments comprises the adaptor ligated to one or both 
ends. In another embodiment, more than one adaptor can be 
appended or ligated to a library of nucleic acid fragments 
generated by the methods described herein. The multiple 
adaptors may occur adjacent to one another, spaced inter­
mittently, or at opposite ends of the nucleic acid fragments. 
In some embodiments, the adaptor can be ligated or 
appended to the 5' and/or 3' ends of the nucleic acid 
fragments generated by the methods described herein. The 
adaptor can comprise two strands wherein each strand 
comprises a free 3' hydroxyl group but neither strand com­
prises a free 5' phosphate. In some embodiments, the free 3' 
hydroxyl group on each strand of the adaptor can be ligated 
to a free 5' phosphate present on either end of the nucleic 
acid fragments of the present invention. In this embodiment, 
the adaptor comprises a ligation strand and a non-ligation 
strand whereby the ligation strand can be ligated to the 5' 
phosphate on either end of the nucleic acid fragment while 
a nick or gap can be present between the non-ligation strand 
of the adaptor and the 3' hydroxyl on either end of the 
nucleic acid fragment. In some embodiments, the nick or 
gap can be filled in by performing a gap repair reaction. In 
some embodiments, the gap repair can be performed with a 
DNA dependent DNA polymerase with strand displacement 
activity. In some embodiments, the gap repair can be per­
formed using a DNA-dependent DNA polymerase with 
weak or no strand displacement activity. In some embodi­
ments, the ligation strand of the adaptor can serve as the 
template for the gap repair or fill-in reaction. The gap repair 
or fill-in reaction may comprise an extension reaction 
wherein the ligation strand of the adaptor serves as a 
template and leads to the generation of nucleic acid frag­
ments with complementary termini or ends. In some 
embodiments, the gap repair can be performed using Taq 
DNA polymerase. In some embodiments, the ligation of the 
first adaptor to the nucleic acid fragments generated by the 
methods described herein may not be followed by gap repair. 
The nucleic acid fragments may comprise the adaptor 
sequence ligated only at the 5' end of each strand. 

Ligation and, optionally gap repair, of the adaptor to the 
nucleic acid fragments generates an adaptor-nucleic acid 
fragment complex. In some embodiments, the adaptor­
nucleic acid fragment complex can be denatured. Denatur­
ation can be achieved using any of the methods known in the 
art including, but not limited to, physical, thermal, and/or 
chemical denaturation. In some embodiments, denaturation 
can be achieved using thermal or heat denaturation. In some 
embodiments, denaturation of the adaptor-nucleic acid frag­
ment complex generates single stranded nucleic acid frag­
ments comprising the adaptor sequence at only the 5'end of 
the nucleic acid fragments. In another embodiment, dena­
turation of the first adaptor-nucleic acid fragment complex 
generates single stranded nucleic acid fragments comprising 
adaptor sequence at both the 5'end and 3'end of the nucleic 
acid fragments. 
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Methods of Amplification 

The methods, compositions and kits described herein can 

12 
Some aspects of the invention utilize linear amplification 

of nucleic acids or polynucleotides. Linear amplification 
generally refers to a method that involves the formation of 
one or more copies of the complement of only one strand of be useful to generate amplification-ready products directly 

from a nucleic acid source for downstream applications such 
as next generation sequencing, as well as generation of 
libraries with enriched population of sequence regions of 
interest. In some embodiments, the adapter-nucleic fragment 
ligated products, e.g., from the ligation of an adaptor to a 5' 
end of each nucleic acid fragment of a plurality of nucleic 
acid fragments from one or more samples, is amplified. 

5 a nucleic acid or polynucleotide molecule, usually a nucleic 
acid or polynucleotide analyte. Thus, the primary difference 
between linear amplification and exponential amplification 
is that in the latter process, the product serves as substrate for 
the formation of more product, whereas in the former 

Methods of amplification are well known in the art. In 
some embodiments, the amplification is exponential, e.g. in 
the enzymatic amplification of specific double stranded 
sequences of DNA by a polymerase chain reaction (PCR). In 
other embodiments the amplification method is linear. In 
other embodiments the amplification method is isothermal. 

10 process the starting sequence is the substrate for the forma­
tion of product but the product of the reaction, i.e. the 
replication of the starting template, is not a substrate for 
generation of products. In linear amplification the amount of 
product formed increases as a linear function of time as 

15 opposed to exponential amplification where the amount of 
product formed is an exponential function of time. 

In some embodiments, the amplification is exponential, e.g. 
in the enzymatic amplification of specific double stranded 
sequences of DNA by a polymerase chain reaction (PCR). 20 

Suitable amplification reactions can be exponential or 
isothermal and can include any DNA amplification reaction, 
including but not limited to polymerase chain reaction 
(PCR), strand displacement amplification (SDA), linear 
amplification, multiple displacement amplification (MDA), 25 

rolling circle amplification (RCA), single primer isothermal 
amplification (SPIA, see e.g. U.S. Pat. No, 6,251,639), 
Ribo-SPIA, or a combination thereof. In some cases, the 
amplification methods for providing the template nucleic 
acid may be performed under limiting conditions such that 30 

only a few rounds of amplification (e.g., 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
25, 26, 27, 28, 29, 30 etc.), such as for example as is 
commonly done for cDNA generation. The number of 
rounds of amplification can be about 1-30, 1-20, 1-15, 1-10, 35 

5-30, 10-30, 15-30, 20-30, 10-30, 15-30, 20-30, or 25-30. 
PCR is an in vitro amplification procedure based on 

repeated cycles of denaturation, oligonucleotide primer 
annealing, and primer extension by thermophilic template 
dependent polynucleotide polymerase, resulting in the expo- 40 

nential increase in copies of the desired sequence of the 
polynucleotide analyte flanked by the primers. The two 
different PCR primers, which anneal to opposite strands of 
the DNA, are positioned so that the polymerase catalyzed 
extension product of one primer can serve as a template 45 

strand for the other, leading to the accumulation of a discrete 
double stranded fragment whose length is defined by the 
distance between the 5' ends of the oligonucleotide primers. 

LCR uses a ligase enzyme to join pairs of preformed 
nucleic acid probes. The probes hybridize with each comple- 50 

mentary strand of the nucleic acid analyte, if present, and 
ligase is employed to bind each pair of probes together 
resulting in two templates that can serve in the next cycle to 
reiterate the particular nucleic acid sequence. 

SDA (Westin et a 2000, Nature Biotechnology, 18, 199- 55 

202; Walker et al 1992, Nucleic Acids Research, 20, 7, 
1691-1696), is an isothermal amplification technique based 
upon the ability of a restriction endonuclease such as HincII 
or BsoBI to nick the unmodified strand of a hemiphospho­
rothioate form of its recognition site, and the ability of an 60 

exonuclease deficient DNA polymerase such as Kienow exo 
minus polymerase, or Bst polymerase, to extend the 3'-end 

Downstream Applications 

One aspect of the present invention is that the methods 
and compositions disclosed herein can be efficiently and 
cost-effectively utilized for downstream analyses, such as in 
next generation sequencing or hybridization platforms, with 
minimal loss of biological material of interest. The methods 
of the present invention can also be used in the analysis of 
genetic information of selective genomic regions of interest 
(e.g., analysis of SNPs or other disease markers) as well as 
genomic regions which may interact with the selective 
region of interest. The methods of the present invention may 
further be used in the analysis of copy number variation as 
well as differential expression. 

Sequencing 

In some embodiments, a population of sequencing reads 
is generated from the amplified adapter-nucleic fragment 
ligated products. In some embodiments, a sequencing read 
comprises an index read, which comprises the sequence of 
an indexing site. In some embodiments, an index read 
comprises the sequence of an indexing site and the sequence 
of an identifier site. For example, the indexing site is 
sequenced with the identifier site. In some embodiments, the 
index read does not include the sequence of an identifier site. 
For example, the indexing site is not sequenced with the 
identifier site. In some embodiments, a sequencing read 
comprises the target sequence. In some embodiments, a 
sequencing read comprises a target sequence and an iden­
tifier sequence. For example, the target sequence is 
sequenced with the identifier site. In some embodiments, the 
target sequence is not sequenced with the identifier site. 

The methods of the present invention are useful for 
sequencing by the method commercialized by Illumina, as 
described U.S. Pat Nos. 5,750,341; 6,306,597; and 5,969, 
119. 

In general, double stranded fragment polynucleotides can 
be prepared by the methods of the present invention to 
produce amplified nucleic acid sequences tagged at one 
(e.g., (A)/(A') or both ends (e.g., (A)/(A') and (C)/(C')). In 
some cases, single stranded nucleic acid tagged at one or 
both ends is amplified by the methods of the present inven­
tion ( e.g., by SPIA or linear PCR). The resulting nucleic acid 
is then denatured and the single-stranded amplified poly­
nucleotides are randomly attached to the inside surface of 
flow-cell channels. Unlabeled nucleotides are added to ini-

at the nick and displace the downstream DNA strand. 
Exponential amplification results from coupling sense and 
antisense reactions in which strands displaced from a sense 
reaction serve as targets for an antisense reaction and vice 

65 tiate solid-phase bridge amplification to produce dense clus­
ters of double-stranded DNA. To initiate the first base 

versa. sequencing cycle, four labeled reversible terminators, prim-
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ers, and DNA polymerase are added. After laser excitation, 
fluorescence from each cluster on the flow cell is imaged. 
The identity of the first base for each cluster is then recorded. 
Cycles of sequencing are performed to determine the frag-
ment sequence one base at a time. 5 

In some embodiments, the methods of the invention are 
useful for preparing target polynucleotides for sequencing 
by the sequencing by ligation methods commercialized by 
Applied Biosystems (e.g., SOLiD sequencing). In other 
embodiments, the methods are useful for preparing target 10 

polynucleotides for sequencing by synthesis using the meth­
ods commercialized by 454/Roche Life Sciences, including 
but not limited to the methods and apparatus described in 
Margulies et al., Nature (2005) 437:376-380 (2005); and 
U.S. Pat. Nos. 7,244,559; 7,335,762; 7,211,390; 7,244,567; 15 

7,264,929; and 7,323,305. In other embodiments, the meth­
ods are useful for preparing target polynucleotide(s) for 
sequencing by the methods commercialized by Helicos 
BioSciences Corporation (Cambridge, Mass.) as described 
in U.S. application Ser. No. 11/167,046, and U.S. Pat. Nos. 20 

7,501,245; 7,491,498; 7,276,720; and in U.S. Patent Appli­
cation Publication Nos. US20090061439; US20080087826; 
US20060286566; US20060024711; US20060024678; 
US20080213770; and US20080103058. In other embodi­
ments, the methods are useful for preparing target poly- 25 

nucleotide(s) for sequencing by the methods commercial­
ized by Pacific Biosciences as described in U.S. Pat. Nos. 
7,462,452; 7,476,504; 7,405,281; 7,170,050; 7,462,468; 
7,476,503; 7,315,019; 7,302,146; 7,313,308; and US Appli­
cation Publication Nos. US20090029385; US20090068655; 30 

US20090024331; and US20080206764. 
An example of a sequencing technique that can be used in 

the methods of the provided invention is semiconductor 
sequencing provided by Ion Torrent (e.g., using the Ion 
Personal Genome Machine (PGM)). Ion Torrent technology 35 

can use a semiconductor chip with multiple layers, e.g., a 
layer with micro-machined wells, an ion-sensitive layer, and 
an ion sensor layer. Nucleic acids can be introduced into the 
wells, e.g., a clonal population of single nucleic can be 
attached to a single head, and the bead can be introduced into 40 

a well. To initiate sequencing of the nucleic acids on the 
beads, one type of deoxyribonucleotide (e.g., dATP, dCTP, 
dGTP, or dTTP) can be introduced into the wells. When one 
or more nucleotides are incorporated by DNA polymerase, 
protons (hydrogen ions) are released in the well, which can 45 

be detected by the ion sensor. The semiconductor chip can 
then be washed and the process can be repeated with a 
different deoxyribonucleotide. A plurality of nucleic acids 
can be sequenced in the wells of a semiconductor chip. The 
semiconductor chip can comprise chemical-sensitive field 50 

effect transistor (chemFET) arrays to sequence DNA (for 
example, as described in U.S. Patent Application Publication 
No. 20090026082). Incorporation of one or more triphos­
phates into a new nucleic acid strand at the 3' end of the 
sequencing primer can be detected by a change in current by 55 

a chemFET. An array can have multiple chemFET sensors. 
Another example of a sequencing technique that can be 

used in the methods of the provided invention is nanopore 
sequencing (see e.g., Soni G V and Meller A. (2007) Clin 
Chem 53: 1996-2001). Ananopore can be a small hole of the 60 

order of 1 nanometer in diameter. Immersion of a nanopore 
in a conducting fluid and application of a potential across it 
can result in a slight electrical current due to conduction of 
ions through the nanopore. The amount of current that flows 
is sensitive to the size of the nanopore. As a DNA molecule 65 

passes through a nanopore, each nucleotide on the DNA 
molecule obstructs the nanopore to a different degree. Thus, 

14 
the change in the current passing through the nanopore as the 
DNA molecule passes through the nanopore can represent a 
reading of the DNA sequence. 

Data Analysis 

In some embodiments, the sequence reads are used in the 
analysis of genetic information of selective genomic regions 
of interest as well as genomic regions which may interact 
with the selective region of interest. Amplification methods 
as disclosed herein can be used in the devices, kits, and 
methods known to the art for genetic analysis, such as, but 
not limited to those found in U.S. Pat. Nos. 6,449,562, 
6,287,766, 7,361,468, 7,414,117, 6,225,109, and 6,110,709. 

In some embodiments, the sequencing reads are used to 
detect duplicate sequencing reads. In some embodiments, a 
sequencing read is identified as a duplicate sequencing read 
when it contains an identifier site and target sequence that is 
the same as another sequencing read from the same popu­
lation of sequencing reads. 

In some embodiments, duplicate sequencing reads are 
differentiated from one another as being true duplicates 
versus apparent or perceived duplicates. Apparent or per­
ceived duplicates may be identified from sequencing librar­
ies and using conventional measures of duplicate reads (i.e., 
reads were mapped using bowtie ), where all reads with the 
same start and end nucleic acid coordinates were counted as 
duplicates. True duplicates may be identified from sequenc­
ing libraries having had an identifier site introduced through 
ligation to differentiate between fragments of DNA that 
randomly have the same start and end mapping coordinates. 

In some embodiments, the sequence of the identifier sites 
from the index read of two nucleic acids generated from any 
dsDNA may have the same start site, as determined from the 
sequencing reads of the target sequence of the generated 
nucleic acid fragments. If the identifier site from the index 
read of the two nucleic acid fragments are not identical, then 
the target sequence reads were not generated from the same 
original dsDNA molecule and, therefore, are no true dupli­
cate reads. The ligation of random sequences onto dsDNA 
molecules, accompanied by the methods of the invention, 
allow for the identification of true duplicate reads versus 
apparent or perceived duplicate reads. 

In some embodiments, the sequence of the identifier sites 
from the index read of two nucleic acid fragments generated 
from a genomic DNA (gDNA) molecule that have the same 
start site, which can be determined from the sequencing 
reads of the target sequence of the nucleic acid fragments is 
determined. If the identifier site from the index read of the 
two nucleic acid fragments are not identical, then the target 
sequence reads were not generated from the same original 
gDNAmolecule and, therefore, are not true duplicate reads. 
In another embodiment, an identifier site is inserted at the 
adapter insert junction. The sequence of the identifier site is 
carried through the library amplification step. The identifier 
site is the first sequence read during the forward read. As the 
identifier sequence is not logically present adjacent to natu­
rally occurring sequence, this uniquely identifies the DNA 
fragment. Therefore, by ligating random sequences onto the 
original gDNA, the methods of the invention identify true 
duplicate reads. 

In some embodiments, a duplicate sequencing read is 
detected and analyzed. Duplicate reads can be filtered using 
'samtools rmdup', wherein reads with identical external 
coordinates are removed, only one read with highest map­
ping quality is retained. After filtering, a filtered set of 
deduplicated reads can be used in any downstream analysis. 
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Conversely, this filtering step can be skipped, and down­
stream analysis can be done using the unfiltered reads, 
including duplicates. 

In some embodiments, sequencing reads are generated 
from a number of samples. In some embodiments, adaptors 5 

are ligated to a plurality of nucleic acid fragments from the 
samples, in which the nucleic acid fragments from each 
sample has the same indexing site. In some embodiments, a 
plurality of nucleic acid fragments is generated from a first 
sample and a second sample and adaptors are ligated to each 10 

nucleic acid fragment, in which adaptors ligated to each 
nucleic acid fragment from the first sample have the same 
first indexing site and adaptors ligated to nucleic acid 
fragments from the second sample has the same second 
indexing site. In some embodiments, the data associated 15 

with the nucleic acid fragments (e.g., sequencing reads) are 
separated based on the indexing site before sequencing reads 
of the target sequence and/or identifier site are analyzed. In 
some embodiments, the nucleic acid fragments or data 
associated with the nucleic acid fragments (e.g., sequencing 20 

reads) are separated based on the indexing site before 
duplicate sequencing reads are analyzed and/or removed. 

In some embodiments, a method disclosed herein identi­
fies or detects one or more true duplicate( s) with increased 
accuracy as compared to other methods. For example, in 25 

some embodiments, a method disclosed herein identify true 
duplicates (in contrast to identifying apparent or perceived 
duplicates) with increased accuracy as compared to other 
methods. The increased resolution and/or accuracy in iden­
tifying one or more true duplicate(s) can provide a consid- 30 

erable contribution to the state of the art in more accurately 
identifying true duplicates. In some embodiments, a method 
disclosed herein identifies or detects a true duplicate with 
increased efficiency as compared to other methods, such as 
paired end sequencing. The increase in accuracy, resolution, 35 

and/or efficiency in detecting duplicate reads (e.g., true 
duplicate(s)) can increase confidence in sequencing results, 
such as for expression and CNV analysis. 

16 
above methods and compositions. In some embodiments, a 
kit comprises a composition of the invention, in one or more 
containers. In some embodiments, the invention provides 
kits comprising adapters, primers, and/or other oligonucle­
otides described herein. In some embodiments, the kit 
further comprises one or more of: (a) a DNA ligase, (b) a 
DNA-dependent DNA polymerase, (c) an RNA-dependent 
DNA polymerase, ( d) a forward adapter ( e) one or more 
oligonucleotides comprising reverse adaptor sequence and 
(f) one or more buffers suitable for one or more of the 
elements contained in said kit. The adapters, primers, other 
oligonucleotides, and reagents can be, without limitation, 
any of those described above. Elements of the kit can further 
be provided, without limitation, in any of the amounts and/or 
combinations (such as in the same kit or same container) 
described above. The kits may further comprise additional 
agents, such as those described above, for use according to 
the methods of the invention. For example, the kit can 
comprise a first forward adaptor that is a partial duplex 
adaptor as described herein, a second forward adapter, and 
a nucleic acid modifying enzyme specific for a restriction 
and/or cleavage site present in the first forward adaptor. The 
kit elements can be provided in any suitable container, 
including but not limited to test tubes, vials, flasks, bottles, 
ampules, syringes, or the like. The agents can be provided in 
a form that may be directly used in the methods of the 
invention, or in a form that requires preparation prior to use, 
such as in the reconstitution of lyophilized agents. Agents 
may be provided in aliquots for single-use or as stocks from 
which multiple uses, such as in a number of reaction, may 
be obtained. 

In some embodiments, the kit comprises a plurality of 
adaptor oligonucleotides, wherein each of the adaptor oli­
gonucleotides comprises at least one of a plurality of iden­
tifier site sequences, wherein each identifier site sequence of 
the plurality of identifier site sequences differs from every 
other identifier site sequence in said plurality of identifier 
site sequences at at least three nucleotide positions, and 
instructions for using the same. Adapters comprising differ-

Kits 40 ent identifier site sequences can be supplied individually or 
in combination with one or more additional adapters having 
a different identifier site sequence. In some embodiments, 
the kit can comprises a plurality of adapter oligonucleotides. 

Any of the compositions described herein may be com­
prised in a kit. In a non-limiting example, the kit, in a 
suitable container, comprises: an adaptor or several adap­
tors, one or more of oligonucleotide primers and reagents for 45 

amplification. 
EXAMPLES 

The containers of the kits will generally include at least 
one vial, test tube, flask, bottle, syringe or other containers, 
into which a component may be placed, and preferably, 
suitably aliquotted. Where there is more than one component 50 

in the kit, the kit also will generally contain a second, third 

Example 1: Identification of Duplicate Sequencing 
Reads with NuGEN Ovation Target Enrichment 

Library System 

Sample Description: 100 ng of DNA from a human 
HapMap sample (NA19238) was fragmented to approxi­
mately 500 base pair in length by sonication with a Covaris 
system (Covaris, Inc., Woburn, Mass.). The resulting DNA 

or other additional container into which the additional 
components may be separately placed. However, various 
combinations of components may be comprised in a con­
tainer. 

When the components of the kit are provided in one or 
more liquid solutions, the liquid solution can be an aqueous 
solution. However, the components of the kit may be pro­
vided as dried powder(s ). When reagents and/or components 
are provided as a dry powder, the powder can be reconsti­
tuted by the addition of a suitable solvent. 

A kit may include instructions for employing the kit 
components as well the use of any other reagent not included 
in the kit. Instructions may include variations that can be 
implemented. 

In some embodiments, the invention provides kits con­
taining any one or more of the elements disclosed in the 

55 was treated with end repair enzyme mix NuGEN R01280 
and R01439 (NuGEN Technologies, Inc., San Carlos, Calif.) 
according to supplier's recommendation to produce blunt 
ended DNA fragments. 

Library Generation. Enrichment, and Identifier Site Incor-
60 poration: An oligonucleotide with segments, from 5' to 3' of 

the top strand, 1) an Illumina indexing read priming site such 
as AGAGCACACGTCTGAACTCCAGTCAC (SEQ ID 
NO:2), 2) an indexing site, 3) an identifier site having a 
random 6 base sequence and, 4) a sequence compatible with 

65 an Illumina forward sequencing priming site such as 
TCTTTCCCTACACGACGCTCTTCCGATCT (SEQ ID 
NO:3), was annealed to a second oligonucleotide to form a 
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partially double stranded DNA adapter. Five uM of these 
adapters were ligated onto the end-repaired DNA using 
Ligase and Ligase reaction buffer from NuGEN's Ovation 
Ultralow Library System (NuGEN Technologies, Inc., San 
Carlos, Calif.) according to supplier's recommendations. 5 

Following 30 minutes of incubation at 25° C., the reaction 
mixture was diluted with water, O.Sx volume of Ampure XP 
magnetic beads (Agencourt Biosciences Corporation, A 
Beckman Coulter Company, Beverly, Mass.) was added and 
the solution thoroughly mixed. The beads were collected, 10 

washed and the ligated DNA fragments eluted according to 
manufacturer's recommendations. A pool of targeting 
probes was annealed to the eluted DNA fragments by 
initially heating the solution to 95° C. then slowly cooling 
the mixture from 80° C. to 60° C. by 0.6 degrees/minute. 15 

Targeting probes that were specifically annealed were 
extended with Taq DNA polymerase (New England Biolabs, 
Inc., Ipswich, Mass.) according to the manufacturer's pro­
tocols. Following extension, the DNA fragments were col­
lected on Agencourt magnetic beads, washed and eluted 20 

according to manufacturer's recommendations. These librar-
ies were enriched by 30 cycles of PCR using NuGEN library 
enrichment primers (Ovation Target Enrichment Library 
System, NuGEN Technologies, Inc., San Carlos, Calif.) that 
also contain the Illumina flow cell sequences (Illumina Inc., 25 

San Diego, Calif.) according to supplier's recommendation. 
The resulting libraries were quantitated by qPCR using a 

kit provided by KAPA, diluted to 2 nM and applied to an 
Illumina MiSeq DNA Sequencer (Illumina Inc., San Diego, 
Calif.). The following series was run: 36 base first read, 14 30 

base second read, and 24 base third read. 
Data Analysis: The sequencer output was processed in 

accordance with manufacturer's recommendation. In order 
to analyze the data, the indexing read was split into two files. 
The first file contained the first 8 bases of the indexing reads 35 

and is utilized as the library index file for standard library 
parsing. The other file contains only the random bases and 
is set aside for further sequence parsing. 

Following our data analysis pipeline of sequence align­
ment with bowtie aligner (Langmead B. et al., Ultrafast and 40 

memory-efficient alignment of short DNA sequences to the 
human genome. Genome Biol. 2009, 10:R2.), duplicate 
reads were identified by their genomic start positions. At this 
point, sequencing reads that started at the same genomic 
position were checked against the random bases file to see 45 

if they have the same or different set of random bases that 
were ligated to them. Where two sequences with the same 
starting genomic coordinate had the same set of random 
bases, they were considered to have come from the same 
initial DNA ligation event, regardless of which Ovation 50 

Target Enrichment targeting probe was used to generate the 
sequence fragment in question. These sequences, therefore, 
did not provide unique information about the starting 
genomic DNA and are considered as one sequencing read 
for the purpose of variant analysis. Two sequence reads with 55 

the same starting genomic coordinate that have different 
random bases were derived from unique ligation events and 
were considered to both be valid sequencing reads for the 
purpose of variant identification. FIG. 5 provides the analy-
sis results demonstrating the identification of the duplicate 60 

reads. The use of an identifier site allowed for the determi­
nation of the number of true duplications versus the number 
of apparent or perceived duplicates. 

If the sequences of two libraries are identical, their 
duplication status is unknown since this could occur by 65 

chance in any library. If an identifier sequence is used in 
combination with the library reads, the status can be deter-

18 
mined ( duplicates if identical, distinct if different). With the 
SPET system, one end is common so the probability of two 
libraries having identical ends increases. These would 
appear to be duplicate sequences and their true status can be 
determined by looking at an identifier sequence. 

Over the sampling of all randomly selected reads, the use 
of identifier sites provided an increased resolution on the 
presence of true duplicates. When evaluating two million 
random reads, the apparent duplicates were found to com­
prise 39% of all reads. However, the true duplicates, iden­
tified through the use of an identifier site, were found to 
comprise only 26% of all reads. The methods employing the 
use of an identifier site were found to considerably increase 
the resolution of the true number of duplicates within the 
pool of reads. 

Example 2: Removal of Duplicate Sequencing 
Reads with 8 Base Identifier Site 

In a standard RNA sequencing library, adaptors are ligated 
to the ends of double stranded cDNA. These adaptors 
contain universal sequences that allow for PCR amplifica­
tion and sequencing on high throughput sequencing 
machines. The adaptors are synthesized with a large popu­
lation of additional sequences, in which each additional 
sequence is an identifier site, at the ligation end. The 
identifier sites are present at the junction between the 
adaptor and the cDNA. The sequence read starts with the 
identifier site and follows with the cDNA sequence. 

This pool of identifier sites is used for the detection of 
PCR duplicates, as PCR duplicates will contain the identical 
identifier site, whereas two different cDNA molecules will 
ligate to two different adaptors containing two different 
identifier sites. This identifier site is designed as eight 
random bases introduced onto the end of the adaptor. 
Sequence reads from libraries made with such adaptors 
contain the 8 bases of the identifier site followed by the 
cDNA sequence. Standard PCR duplicate removal software 
such as PICARD, Markduplicates, and/or SAMtools mdup 
is used to identify and remove the PCR duplicates, leaving 
behind for analysis any instances of multiple cDNA frag­
ments that happen to have the same sequence. 

Example 3: Removal of Duplicate Sequencing 
Reads with Mixture of Random 1-8 Base Identifier 

Sites 

In a standard RNA sequencing library, adaptors are ligated 
to the ends of double stranded cDNA. These adaptors 
contain universal sequences that allow for PCR amplifica­
tion and sequencing on high throughput sequencing 
machines. The adaptors are synthesized with a large popu­
lation of additional sequences, in which each additional 
sequence is an identifier site, at the ligation end. The 
identifier sites are present at the junction between the 
adaptor and the cDNA. The sequence read starts with the 
identifier site and follows with the cDNA sequence. 

This pool of identifier sites is used for the detection of 
PCR duplicates, as PCR duplicates will contain the identical 
identifier site, whereas two different cDNA molecules will 
ligate to two different adaptors containing two different 
identifier sites. 

One to eight random bases are introduced onto the end of 
the adaptor. Sequence reads from libraries made with such 
adaptors contain between 1 and 8 bases of the identifier site 
followed by the cDNA sequence. Standard PCR duplicate 
removal software such as PICARD, Markduplicates, and/or 
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SAMtools mdup is used to identify and remove the PCR 
duplicates, leaving behind for analysis any instances of 
multiple cDNA fragments that happen to have the same 
sequence. 

Example 4: Removal of Duplicate Sequencing 
Reads with Mixture of 96 Defined 6-Base Identifier 

Sites 

In a standard RNA sequencing library, adaptors are ligated 
to the ends of double stranded cDNA. These adaptors 
contain universal sequences that allow for PCR amplifica­
tion and sequencing on high throughput sequencing 
machines. The adaptors are synthesized with a large popu­
lation of additional sequences, in which each additional 
sequence is an identifier site, at the ligation end. The 
identifier sites are present at the junction between the 
adaptor and the cDNA. The sequence read starts with the 

20 

Forward adaptor 5' 
(SEQ ID NO, 4) 

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCT 

5 CTTCCGATCTNNNNNNNN, 

Reverse adaptor 1) 5' 
(SEQ ID NO, 5) 

CAAGCAGAAGACGGCATACGAGATTCCCTTGTGACTGGAGTTCAGACG 

10 TGTGCTCTTCCGATCTNNNNNNNN, 

Reverse adaptor 2) 5' 
(SEQ ID NO, 6) 

CAAGCAGAAGACGGCATACGAGATTGAAGGGTGACTGGAGTTCAGACG 

15 TGTGCTCTTCCGATCNNNNNNNN, and 
(SEQ ID NO, 7) 

Common partner 5' NNNNNNNNAGATCGGAAGAGC 

identifier site and follows with the cDNA sequence. 20 

were all ordered from IDT (Integrated DNA Technologies, 
Coralville, Iowa). The reverse adaptors each contain a 
unique identifier (underlined) that enables libraries made 
with these adapters to be distinguished. In this case N 

This pool of identifier sites is used for the detection of 
PCR duplicates, as PCR duplicates will contain the identical 
identifier site, whereas two different cDNA molecules will 
ligate to two different adaptors containing two different 
identifier sites. 

A mixture of 96 defined six-bases sequences are intro­
duced onto the end of the adaptors. Thus, each six-base 
sequence is an identifier site. Sequence reads from libraries 
made with such adaptors contain one of the 96 six-base 
identifier site followed by the cDNA sequence. Standard 
PCR duplicate removal software such as PICARD, Mark­
duplicates, and/or SAMtools mdup is used to identify and 
remove the PCR duplicates, leaving behind for analysis any 
instances of multiple cDNA fragments that happen to have 
the same sequence. 

Example 5: Identification of Duplicate Sequencing 
Reads in Determining mRNA Expression Levels 

represents an equimolar mixture of A, C, G, and T. A mixture 
of 5 uM forward, 5 uM reverse, and 10 uM common in 10 
mM MgCl2, 50 mM Tris pH 8 was heated to 95 C for 5 

25 minutes, then cooled to 20 C. Adaptor ligation was per­
formed by addition of 4.5 uL water, 3 uL Adaptor mix 
(prepared above), 6 uL 5x NEBNext Quick Ligation Reac­
tion Buffer and 1.5 uL Quick T4 DNA Ligase (New England 
Biolabs, Inc., Ipswich, Mass.; p/n E6056), followed by 

30 incubation for 30 minutes at 25° C. followed by 10 minutes 
at 70° C. Ligation products were purified by adding 70 uL 
water and 80 uL of Ampure XP beads (Agencourt Genom­
ics ), washing twice with 70% ethanol and eluting with 20 uL 
of 10 mM Tris pH 8.0. Library products were amplified in 

35 a 50 uL PCR containing 0.5 uM each of primer (5' AAT­
GATACGGCGACCACCGA (SEQ ID NO:8), and 5' 
CAAGCAGAAGACGGCATACGA (SEQ ID NO:9), 10 
mM Tris-HCI, pH 8.3, 50 mM KC!, 2 mM MgCl2, 0.2 mM 
each dNTP, and 1 unit Taq polymerase. The reaction was 

40 cycled 15 times under the conditions 95 C for 15 seconds, 
60 C for 1 minute. PCR products were purified with 1 
volume of Ampure XP beads (Agencourt Biosciences Cor­
poration, A Beckman Coulter Company, Beverly, Mass.) as 
described above. The library was analyzed by HS DNA 

Sample Description: Total RNA is extracted from tumor 
and normal adjacent tissue for the purpose of finding dif­
ferences in expression levels of transcripts between the two 
sample types. 100 ng of each sample is converted into cDNA 
using the USP primers, reaction buffer, and Reverse Tran­
scriptase provided in NuGEN's Encore Complete Library 
System (NuGEN Technologies, Inc., San Carlos, Calif.) 
according to the supplier's recommendations. This is fol­
lowed by second strand synthesis, again using materials 
provided in the kit according to recommendations. Double 
stranded cDNA was prepared using the Superscript® 
Double-Stranded cDNA Synthesis Kit from Life Technolo­
gies (Carlsbad, Calif.) according the manufacturer's instruc­
tions. DNA was sheared with a Covaris S-series device 55 
(Covaris, Inc., Woburn, Mass.) using the 200 bp sonication 
protocol provided with the instrument (10% duty cycle, 200 
cycles/burst, 5 intensity, 180 seconds). DNA was treated 
with 1.5 uL !Ox Blunting Buffer, 0.5 uL Blunting Enzyme 
(New England Biolabs, Inc., Ipswich, Mass.; p/n E1201) and 
1.2 uL of2.5 mM of each dNTP mix in a total volume of 15 

45 Bioanalyzer (Agilent Technologies, Santa Clara, Calif.) and 
quantitated with the KAPA Library Quantification Kit 
(KAPA Biosystems, Wilmington, Mass.; p/n KK4835) 
according to the supplied instructions. The resulting libraries 
are combined and are compatible with standard TruSeq 

50 single end or paired Illumina sequencing protocols for 
GAIIx, MiSeq, or Hi Seq sequencing instruments (Illumina 
Inc., San Diego, Calif.). The following series is run: 50 base 
first read, 6 base second read. A third read is not required for 
counting purposes or duplication analysis. 

Data Analysis: The sequencer output was processed in 
accordance with manufacturer's recommendation. The 6 
bases of the index read is used for standard library parsing, 
separating the data files from the two sample types. The first 
50 bases of the target sequence read are compared to each 

60 other. Any read that has identical sequence to any other read 
is identified as a duplicate and removed from the population, 
thus, only a single copy is retained within the file. Once the 
duplicate reads have been removed, 8 bases are trimmed 
from each read. The trimmed reads are aligned to a reference 

uL for 30 minutes at 25° C. followed by 10 minutes at 70° 
C. 

Library Generation: The DNA fragments were then sub­
jected to end repair using end repair buffers and enzymes 
provided in NuGEN's Ovation Ultralow Library System 
(NuGEN Technologies, Inc., San Carlos, Calif.). 

65 genome. Differential expression is then determined by com­
paring FPKM (fragments per kilobase per million reads) 
values between libraries utilizing scripts such as cufflinks or 

IDT Exhibit 1004.0021



US 11,098,357 B2 
21 

cuffdiff (Trapnell et al. 2010, Nature Biotechnology, 28, 
511-515; Trapnell et al. 2013, Nature Biotechnology, 31, 
46-53). 

22 
tion enzyme digestion of 100 ng input sample, followed by 
selection for short fragments. The resulting pool of frag­
ments are ligated to adaptor sequences comprising an index­
ing site and an identifier site. The identifier sites comprise 

Example 6: Sequencing of the Identifier Site With 
the Target Sequence in Paired End Reads 

5 either 6 or 8 random nucleotides. The sequences are then 
sequenced to identify the identifier sites, thus revealing the 
true number of duplicates in the pool. In the absence of 
identifier sites, the number of apparent or perceived dupli­
cates are greater than the number of true duplicates. The 

10 inclusion of an identifier site results in the identification of 

The Ovation Library System for Low Complexity 
Samples (NuGEN Technologies, Inc., San Carlos, Calif.) 
was used to generate four libraries, each from a single 
amplicon, following manufacturer's protocol. Purified 
libraries were mixed and sequenced as a multiplex on the 
Illumina MiSeq (Illumina Inc., San Diego, Calif.) to produce 
125 nt forward, 8 nt index 1, 8 nt index 2, and 25 nt reverse 
reads. Because all amplicon reads start and end at the same 
sequence coordinates, the traditional method of marking 15 

library PCR duplicates (marking reads that start and end at 
the same genomic coordinates as duplicates) cannot be used. 
Instead, the 0-8 nt of random sequence contained in the 
adaptors ligated to the amplicon were treated as an identifier 
sequence and used to mark duplicates. Any paired end reads 20 

that shared the same length and sequence of these random 
bases with any other paired end read was called a duplicate. 
The table below shows the results of this duplicate marking. 

TABLE 1 

Reads from 
Duplicate independent 

Library Reads Reads molecules 

454249 376797 77452 
2 439367 364001 75366 
3 317760 253057 64703 
4 476572 398380 78192 

Table 1 demonstrates the accuracy of the method used to 
differentiate between duplicate reads and reads from truly 
independent molecules. The population of reads from inde­
pendent molecules, depicted in the final colunm of Table 1, 
represent sequences from independent amplicon molecules 
used in generating the libraries. 

Example 7: Sequencing of the Identifier Site With 
the Target Sequence in Reduced Representation 

Bisulfite (RRBS) Libraries 

the number of true duplicates, as compared to the larger 
number of apparent or perceived duplicates. 

Unless defined otherwise, all technical and scientific 
terms herein have the same meaning as commonly under­
stood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials, 
similar or equivalent to those described herein, can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are described herein. All 
publications, patents, and patent publications cited are incor-
porated by reference herein in their entirety for all purposes. 

The publications discussed herein are provided solely for 
their disclosure prior to the filing date of the present appli-

25 cation. Nothing herein is to be construed as an admission 
that the present invention is not entitled to antedate such 
publication by virtue of prior invention. 

30 

All references, articles, publications, patents, patent pub­
lications, and patent applications cited herein are incorpo­
rated by reference in their entireties for all purposes. How­
ever, mention of any reference, article, publication, patent, 
patent publication, and patent application cited herein is not, 
and should not be taken as an acknowledgment or any form 
of suggestion that they constitute valid prior art or form part 

35 of the common general knowledge in any country in the 
world. 

While the invention has been described in connection 
with specific embodiments thereof, it will be understood that 
it is capable of further modifications and this application is 

40 intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the inven­
tion and including such departures from the present disclo­
sure as come within known or customary practice within the 

Reduced representation bisulfite (RRBS) libraries of the 45 

human genome are generated through the complete restric-

art to which the invention pertains and as may be applied to 
the essential features hereinbefore set forth and as follows in 
the scope of the appended claims. 

<160> NUMBER OF SEQ ID NOS, 9 

<210> SEQ ID NO 1 
<211> LENGTH, 70 
<212> TYPE, DNA 
<213> ORGANISM, artificial 
<220> FEATURE, 

SEQUENCE LISTING 

<223> OTHER INFORMATION, Adaptor 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (34) .. (39) 
<223> OTHER INFORMATION, n is a, c, g, or t 

<400> SEQUENCE, 1 

cagagcacac gtctgaactc cagtcacagt gagnnnnnna cactttccct acacgacgct 60 

cttccgatct 70 
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<210> SEQ ID NO 2 
<211> LENGTH, 26 
<212> TYPE, DNA 

23 

<213> ORGANISM, artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Priming site 

<400> SEQUENCE, 2 

agagcacacg tctgaactcc agtcac 

<210> SEQ ID NO 3 
<211> LENGTH, 29 
<212> TYPE, DNA 
<213> ORGANISM, artificial 
<220> FEATURE, 

US 11,098,357 B2 

-continued 

<223> OTHER INFORMATION, forward priming site compliment 

<400> SEQUENCE, 3 

tctttcccta cacgacgctc ttccgatct 

<210> SEQ ID NO 4 
<211> LENGTH, 66 
<212> TYPE, DNA 
<213> ORGANISM, artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Forward adaptor 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (59) .. (66) 
<223> OTHER INFORMATION, n is a, c, g, or t 

<400> SEQUENCE, 4 

26 

29 

aatgatacgg cgaccaccga gatctacact ctttccctac acgacgctct tccgatctnn 60 

nnnnnn 66 

<210> SEQ ID NO 5 
<211> LENGTH, 72 
<212> TYPE, DNA 
<213> ORGANISM, artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Reverse adaptor 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (65) .. (72) 
<223> OTHER INFORMATION, n is a, c, g, or t 

<400> SEQUENCE, 5 

caagcagaag acggcatacg agattccctt gtgactggag ttcagacgtg tgctcttccg 60 

atctnnnnnn nn 72 

<210> SEQ ID NO 6 
<211> LENGTH, 71 
<212> TYPE, DNA 
<213> ORGANISM, artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Reverse Adaptor 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (64) .. (71) 
<223> OTHER INFORMATION, n is a, c, g, or t 

<400> SEQUENCE, 6 

caagcagaag acggcatacg agattgaagg gtgactggag ttcagacgtg tgctcttccg 60 

atcnnnnnnn n 71 

24 
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-continued 

<210> SEQ ID NO 7 
<211> LENGTH, 21 
<212> TYPE, DNA 
<213> ORGANISM, artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Common partner 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (1) .. (8) 
<223> OTHER INFORMATION, n is a, c, g, or t 

<400> SEQUENCE, 7 

nnnnnnnnag atcggaagag c 

<210> SEQ ID NO 8 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Primer 

<400> SEQUENCE, 8 

aatgatacgg cgaccaccga 

<210> SEQ ID NO 9 
<211> LENGTH, 21 
<212> TYPE, DNA 
<213> ORGANISM, artificial 
<220> FEATURE, 
<223> OTHER INFORMATION, Primer 

<400> SEQUENCE, 9 

caagcagaag acggcatacg a 

The invention claimed is: 
1. A method for detecting duplicate sequencing reads, the 

method comprising: 

35 

ligating an adaptor to each of a plurality of nucleic acid 
fragments, wherein each adaptor comprises a unique 

40 
identifier having from about 1 to about 8 nucleotides, 
an indexing site unique to a subset of the adaptors, and 
a primer binding site; 

amplifying the adaptor-ligated fragments into amplicons; 
sequencing the amplicons to produce sequence reads that 

include identifier and target sequences; and 45 

identifying sequence reads with identical identifier and 
target sequences as duplicates. 

21 

20 

21 

4. The method of claim 1, wherein the identifier site is 
sequenced separately from the target sequence. 

5. The method of claim 1, wherein the nucleic acid 
fragments comprise RNA. 

6. The method of claim 1, wherein the nucleic acid 
fragments are genomic DNA fragments or cDNA fragments. 

7. The method of claim 1, wherein the primer binding site 
is a universal target sequencing primer binding site. 

8. The method of claim 1, wherein each unique identifier 
is 6 nucleotides in length. 

9. The method of claim 1, wherein each unique identifier 
is 8 nucleotides in length. 

10. The method of claim 1, wherein each unique identifier 
is at a junction between the adapter and the nucleic frag-

2. The method of claim 1, further comprising removing a 
duplicate read from the sequence reads. 

3. The method of claim 1, wherein the identifier site is 
sequenced with the target sequence. 

50 ment. 

* * * * * 
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