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REDUCED REPRESENTATION BISULFITE SEQUENCING WITH DIVERSITY
ADAPTORS

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 61/946,617,
filed on February 28, 2014, and U.S. Provisional Application No. 61/968,982, filed on March 21,

2014, each of which is herein incorporated by reference in its entirety.

BACKGROUND

[0002] DNA mcthylation is an cpigenctic modification that can occur at the C5 position of
cytosine residues. In mammals, 5-methylcytosine can appear in the CpG dinucleotide context
(Ramsahoye er al., Proc Natl Acad Sci USA 97:5237-5242, 2000). Recent data suggests that
approximately 25 % of all cytosine methylation identified in stem cells can occur in non-CpG
context (see Ziller et al., PLoS Genet. 7(12):¢1002389, 2011). Although CpG dinucleotides can
be underrepresented in the genome, stretches of sequences known as CpG islands can exist that
are rich in CpG dinucleotides. These CpG islands can be associated with promoter regions and
span scveral hundred nuclcotides or morc.

[0003] Epigenomics, i.e., the study of the complete set of epigenetic modifications on the
genetic material of a cell, has revealed that epigenetic modifications (e.g., DNA methylation) can
play a role in mammalian development and disecase. For example, DNA methylation is
implicated in cmbryonic development, gecnomic imprinting and X-chromosome inactivation
through regulation of transcriptional activity, chromatin structure and chromatin stability
(Robertson, Nat Review Genet 6:597-610, 2005). Increased DNA methylation
(hypermethylation) at promoter regions of genes can be associated with transcriptional silencing,
whereas decreased methylation (hypomethylation) at promoter regions can be associated with
increased gene activity. Aberrant methylation patterns can be associated with various human
pathologies, including tumor formation and progression (Feinberg and Fogelstein, Nature
301:89-92, 1983; Esteller, Nat Review Genet 8: 286-298, 2007; and Jones and Paylin, Cell
128:683-692, 2007). Therefore, analysis of DNA methylation status across the human genome
can be of interest.

[0004] Methods for measuring DNA methylation at specific genomic loci include, for
example, immunoprecipitation of methylated DNA, methyl-binding protein enrichment of
methylated fragments, digestion with methylation-insensitive restriction enzymes, and bisulfite

conversion followed by Sanger sequencing (reviewed in Laird, Nat Review Gener 11: 191-203,
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2010). Bisulfite treatment can convert unmethylated cytosine residues into uracils (the readout
of which can be thymine after amplification with a polymerase). Methylcytosines can be
protected from conversion by bisulfite treatment to uracils. Following bisulfite treatment,
methylation status of a given cytosine residue can be inferred by comparing the sequence to an
unmodified reference sequence.

[0005] Techniques have been developed for profiling methylation status of the whole
genome, i.e. the methylome, at a single-base resolution using high throughput sequencing
technologies. Bisulfite conversion of genomic DNA combined with next generation sequencing
(NGS), or BS-seq, is one strategy. Because of the high cost still associated with genome-wide
methylation sequencing, variations of BS-seq technology that enable genome partitioning to
enrich for regions of interest can be used. One such variation is reduced representation BS-seq
(RRBS), which can involve digestion of a DNA sample with a methylation-insensitive restriction
cndonuclcasc that has CpG dinuclcotidc as a part of its rccognition site, followed by bisulfite
sequencing of the selected fragments (Meissner ef al., Nucleic Acids Res. 33(18):5868-5877,
2005).RRBS provides less coverage than whole genome bisulfite sequencing, but allows the
researcher to obtain quantitative DNA methylation information across many features with
approximatcly 50-fold fcwer scquencing reads, resulting in substantial scquencing cost
reduction. Since the RRBS technique was first described (Meissner, et al. (2005) Nucleic Acids
Res 33(18):5868), there have been many enhancements and improvements (see for example,
Boyle, et al. (2012) Genome Biol 13:R92). The current approach utilizes the methylation
insensitive restriction enzyme Mspl, which recognizes CCGG. As a result of partial
fragmentation during bisulfite conversion, PCR, and efficiency of cluster generation, only a
subsct of these fragments, typically under 300 bp in length, can be sequenced. However thesc
smallcr fragments arc derived from genomic DNA that has a high frequency of Mspl sites and
therefore a high frequency of potential CpG methylation sites. This is how RRBS can achieve
reduced representation. One feature of RRBS can be that all forward reads start with either TGG
or CGG. This feature can create a lack of color balance that can be problematic for some NGS
sequencers. For example, the complete lack of color balance at bases 2 and 3 can make these
samples very challenging for both Illumina MiSeq and HiSeq instruments. The methods,
compositions and kits provided herein can allow RRBS libraries to be generated easily and
sequenced more efficiently by increasing the diversity of nucleotide bases sequenced during the
initial cycles of sequencing. The increased diversity can increase the efficiency and accuracy of
cluster identification by sequencers during certain types of next generation sequencing

applications (e.g., [llumina based sequencing by synthesis).
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SUMMARY

[0006] In one aspect, provided herein is a method for increasing diversity of sequences at
ends of a plurality of polynucleotides in a sample, the method comprising introducing a pool of
oligonucleotide sequences to 3’ ends of the plurality of polynucleotides, a. wherein each
oligonuclcotidc scquence in the pool of oligonuclcotide sequences compriscs a sequence
complementary to a sequencing primer, b. wherein the pool of oligonucleotide sequences
comprises a first sequence, wherein a terminal 3’ nucleotide base of the sequencing primer is
capable of annealing to a terminal 5’ nucleotide base of the first sequence, wherein following
introduction the 5° end of the first sequence is adjacent to a 3° end of a polynucleotide from the
plurality of polynucleotides, ¢. wherein the pool of oligonucleotide sequences comprises a
second sequence, wherein the second sequence terminates at its 5° end with an additional base
relative to the 5° end of the first sequence, wherein following introduction the 5° end of the
second sequence is adjacent to a 3” end of a polynucleotide from the plurality of polynucleotides;
d. wherein the pool of oligonucleotide sequences comprises a third sequence, wherein the third
sequence terminates at its 5° end with two additional bases relative to the 5” end of the first
sequence, wherein following introduction the 5* end of the third sequence is adjacent to a 3’ end
of a polynucleotide from the plurality of polynucleotides; e. wherein the pool of oligonucleotide
sequences comprises a fourth sequence, wherein the fourth sequence terminates at its 5” end with
three additional bases relative to the 5° end of the first sequence, wherein following introduction
the 5° end of the fourth sequence is adjacent to a 3° end of a polynucleotide from the plurality of
polynucleotides; and f. wherein the introducing generates a plurality of oligonucleotide-
polynucleotide complexes, thereby increasing diversity of sequences at ends of the plurality of
polynucleotides. In some cases, the sample i3 a whole genome sample. In some cases, the sample
comprises a polynucleotide library. In some cases, the method further comprises fragmenting the
polynucleotides prior to introducing the pool of oligonucleotide sequences to the 3” ends of the
plurality of polynucleotides. In some cases, the fragmenting is performed by contacting the
polynucleotides with an enzyme. In some cases, the enzyme is a restriction enzyme. In some
cases, the restriction enzyme is a methylation insensitive restriction enzyme. In some cases, the
methylation insensitive restriction enzyme is Mspl. In some cases, the additional base of the
second sequence is an adenine, thymine, or cytosine base. In some cases, each of the two
additional bases of the third sequence is an adenine, thymine, or cytosine base. In some cases, a
3" most base of the three additional bases of the fourth sequence comprises a thymine or cytosine
base, and each of the two other bases of the three additional bases of the fourth sequence
compriscs an adenine, thymine, or cytosine basc. In some cascs, cach oligonuclcotide scquence

-3-
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in the pool of oligonucleotide sequences is within a strand of a duplexed adaptor. In some cases,
the duplexed adaptor is a partial duplexed adaptor comprising a short strand and a long strand. In
some cases, the duplexed adaptor is a partial duplexed adaptor comprising two strands of equal
length. In some cases, the short strand is a non-ligation strand of the duplexed adaptor, and the
long strand is a ligation strand of the duplexed adaptor. In some cases, the non-ligation strand
comprises a 5° overhang. In some cases, the 5’ overhang comprises two bases. In some cases, the
two bases are 3°-GC-5’. In some cases, the introducing comprises a ligation reaction. In some
cases, the ligation reaction comprises cohesive end ligation. In some cases, the ligation reaction
comprises blunt end ligation. In some cases, the plurality of polynucleotides are strands of
double-stranded nucleic acids, wherein each 5° end of the double-stranded nucleic acids
comprises a ligation end and each 3° end comprises a non-ligation end, wherein each of the non-
ligation ends of the double-stranded nucleic acid comprises part of the polynucleotide sequence.
In somc cascs, the 3°-GC-5" of the non-ligation strand of the duplexced adaptor anncals to a 5°-
CG-3" sequence of the ligation end of the double-stranded sequence comprising the
polynucleotide sequence. In some cases, the 3°-GC-5" of the non-ligation strand of the duplexed
adaptor is 5’ to the terminal 5’ nucleotide base of the first sequence. In some cases, the 3’-GC-5°
of the non-ligation strand of the duplcexcd adaptor is 5° to the additional basc of the sccond
sequence relative to the 5” end of the first sequence. In some cases, the 3°-GC-5’ of the non-
ligation strand of the duplexed adaptor is 5’ to the two additional bases of the third sequence
relative to the 5° end of the first sequence. In some cases, the 3°-GC-5" of the non-ligation strand
of the duplexed adaptor is 5° to the three additional bases of the fourth sequence relative to the 5’
end of the first sequence. In some cases, the ligation strand is capable of ligating to a 5* end of
the plurality of polynuclcotides, and whercin a nick is formed between the non-ligation strand
and the cnd of the plurality of polynuclcotides. In somc cascs, the mcthod furthcr compriscs an
extending step, wherein the non-ligation end of the plurality of polynucleotides is extended using
a polymerase in the presence of a mixture of ANTPs using the ligation strand of the adaptor as
template, thereby introducing the pool of oligonucleotide sequences to the 3 ends of the
plurality of polynucleotides. In some cases, the ligation strand of each adaptor duplex in the pool
comprise cytosine analogs resistant to bisulfite treatment and the mixture of ANTPs comprises
dATP, dTTP, dGTP, and dCTP, whereby the extending generates the plurality of oligonucleotide
sequence-polynucleotide complexes, wherein each of the plurality of oligonucleotide sequence-
polynucleotide complexes comprises complementary ends, wherein one end comprises cytosine
bases sensitive to bisulfite treatment, while the opposite end comprises cytosine analogs resistant

to bisulfite treatment. In some cases, the ligation strand of each adaptor duplex in the pool of
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adaptor duplexes comprise cytosine bases sensitive to bisulfite treatment and the mixture of
dNTPs comprises dATP, dTTP, dGTP, and a dCTP analog resistant to bisulfite treatment,
whereby the extending generates the plurality of oligonucleotide sequence-polynucleotide
complexes, wherein each of the plurality of oligonucleotide sequence-polynucleotide complexes
comprises complementary ends, wherein one end comprises cytosine bases sensitive to bisulfite
treatment, while the opposite end comprises cytosine analogs resistant to bisulfite treatment. In
some cases, each oligonucleotide sequence in the pool of oligonucleotide sequences is a primer,
wherein the pool of vligonucleotide sequences comprises the primer and a complement thereof.
In some cases, the introducing comprises an amplification reaction. In some cases, the
amplification reaction comprises polymerase chain reaction. In some cases, each of the primers
in the pool comprises cytosine bases sensitive to bisulfite treatment, wherein the amplification is
conducted in the presence of a mixture of ANTPs comprising dATP, dTTP, dGTP, and a dCTP
analog resistant to bisulfitc treatment, thereby gencrating the plurality of oligonuclcotide
sequence-polynucleotide complexes, wherein each of the plurality of oligonucleotide sequence-
polynucleotide complexes comprises complementary ends, wherein one end comprises cytosine
bases sensitive to bisulfite treatment, while the opposite end comprises cytosine analogs resistant
to bisulfitc trcatment. In some cascs, cach of the primers in the pool of primcrs compriscs
cytosine analogs resistant to bisulfite treatment, wherein the amplification is conducted in the
presence of a mixture of INTPs comprising dATP, dTTP, dGTP, and dCTP, thereby generating
the plurality of oligonucleotide sequence-polynucleotide complexes, wherein each of the
plurality of oligonucleotide sequence-polynucleotide complexes comprises complementary ends,
wherein one end comprises cytosine bases sensitive to bisulfite treatment, while the opposite end
compriscs cytosinc analogs resistant to bisulfite trcatment. In some cascs, the cytosine analog
resistant to bisulfite trcatment is 5S-mcethylcytosine, 5-hydroxymethylcytosing, or 5-
propynylcytosine. In some cases, the cytosine analog resistant to bisulfite treatment is 5-
methylcytosine. In some cases, the method further comprises amplifying the plurality of
oligonucleotide sequence-polynucleotide complexes, wherein the amplifying comprises solid-
phase nucleic acid amplification to generate a plurality of clusters, wherein each cluster
represents a plurality of copies of each of the plurality of oligonucleotide sequence-
polynucleotide complexes. [n some cases, the method further comprises treating the plurality of
oligonucleotide sequence-polynucleotides complexes with bisulfite prior to the amplification,
wherein the treating generates a plurality of oligonucleotide sequence-polynucleotide complexes
comprising non-complementary ends. In some cases, the treating with bisulfite prior to

amplification generates the sequence complementary to a sequencing primer in each
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oligonucleotide sequence in the pool of oligonucleotide sequences comprises. In some cases, the
method further comprises sequencing each of the plurality of clusters, wherein the sequencing
comprises hybridizing the sequencing primer to the sequence complementary to a sequencing
primer, and conducting sequencing by synthesis. In some cases, the introducing of the pool of
oligonucleotide sequences to the polynucleotides improves identification of each of the plurality
of clusters generated from the plurality of oligonucleotide sequence-polynucleotide complexes
relative to the identification of each cluster from a plurality of clusters generated from the
plurality of polynucleotides not introduced to the pool of oligonucleotide sequences. In some
cases, the sequencing comprises paired-end sequencing.

[0007] In one aspect, provided herein is a method for generating a bisulfite converted library,
the method comprising: a. introducing a pool of oligonucleotide sequences to each end of a
plurality of polynucleotides from a sample, i. wherein each oligonucleotide sequence in the pool
of oligonuclcotide scquences compriscs a scquence complementary to a scquencing primer and a
sequence element adjacent to the sequence complementary to a sequencing primer, ii. wherein
the pool of oligonucleotide sequences comprises a first sequence, wherein the first sequence
terminates at its 3° end with the sequence element, wherein following ligation the 3 end of the
scquence clement is adjacent to a 5 end of a polynuclcotide from the plurality of
polynucleotides, iii. wherein the pool of oligonucleotide sequences comprises a second sequence,
wherein the second oligonucleotide sequence terminates at its 3’ end with an additional base
relative to the 3’ end of the first sequence, wherein following ligation the 3’ end of the second
sequence is adjacent to a 5’ end of a polynucleotide from the plurality of polynucleotides; iv.
wherein the pool of oligonucleotide sequences comprises a third sequence, wherein the third
scquence terminates at its 3° end with two additional bascs rclative to the 3” end of the first
scquence, whercin following ligation the 3° end of the third scquence 1s adjacent to a 5 end of a
polynucleotide from the plurality of polynucleotides; v. wherein the pool of oligonucleotide
sequences comprises a fourth sequence, wherein the fourth sequence terminates at its 3” end with
three additional bases relative to the 3’ end of the first sequence, wherein following ligation the
3’ end of the fourth sequence is adjacent to a 5° end of a polynucleotide from the plurality of
polynucleotides; vi. wherein the introducing generates a plurality of oligonucleotide sequence-
polynucleotide complexes; and b. treating the plurality of oligonucleotide sequence-
polynucleotide complexes with bisulfite, thereby generating a bisulfite converted polynucleotide
library. In some cases, the sample is a whole genome sample. In some cases, the sample
comprises a polynucleotide library. In some cases, the method further comprises fragmenting the

polynucleotides prior to introducing the pool of oligonucleotide sequences to the 3 ends of the
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plurality of polynucleotides. In some cases, the fragmenting is performed by contacting the
polynucleotides with an enzyme. In some cases, the enzyme is a restriction enzyme. In some
cases, the restriction enzyme is a methylation insensitive restriction enzyme. In some cases, the
methylation insensitive restriction enzyme is Mspl. In some cases, the additional base of the
second sequence is an adenine, thymine, or guanine base. In some cases, each of the two
additional bases of the third sequence is an adenine, thymine, or guanine base. In some cases, a
5° most base of the three additional bases of the fourth sequence comprises an adenine or
guanine base, and each of the two other bases of the three additional bases of the fourth sequence
comprises an adenine, thymine, or guanine base. In some cases, each oligonucleotide sequence in
the pool of oligonucleotide sequences is within a strand of a duplexed adaptor. In some cases, the
duplexed adaptor is a partial duplexed adaptor. In some cases, the strand is a ligation strand of
the duplexed adaptor. In some cases, the non-ligation strand comprises a 5’ overhang. In some
cascs, the 5 overhang compriscs two bascs. In somce cascs, the two bascs arc 3’-GC-5". In som¢
cases, the introducing comprises a ligation reaction. In some cases, the ligation reaction
comprises cohesive end ligation. In some cases, the ligation reaction comprises blunt end
ligation. In some cases, the plurality of polynucleotides are double-stranded nucleic acids,
wherein cach 5° ¢nd of the doublc-strandcd nucleic acids compriscs a ligation cnd and cach 3’
end comprises a non-ligation end. In some cases, each duplexed adaptor in the pool comprises a
ligation strand and a non-ligation strand, wherein the ligation strand is capable of ligating to the
ligation end of the plurality of polynucleotides, and wherein a nick is formed between the non-
ligation strand and the non-ligation end of the plurality of polynucleotides. In some cases, the
method further comprises an extending step, wherein the non-ligation end of the plurality of
polynuclcotides is extended using a polymcrasc in the presence of a mixturc of ANTPs using the
ligation strand of thc adaptor as tcmplate, thereby introducing the pool of oligonuclcotide
sequences to the 3” ends of the plurality of polynucleotides. Tn some cases, the ligation strand of
each adaptor duplex in the pool comprise cytosine analogs resistant to bisulfite treatment and the
mixture of ANTPs comprises dATP, dTTP, dGTP, and dCTP, whereby the extending generates
the plurality of oligonucleotide sequence-polynucleotide complexes, wherein each of the
plurality of oligonucleotide sequence-polynucleotide complexes comprises complementary ends,
wherein one end comprises cytosine bases sensitive to bisulfite treatment, while the opposite end
comprises cytosine analogs resistant to bisulfite treatment. In some cases, the ligation strand of
each adaptor duplex in the pool of adaptor duplexes comprise cytosine bases sensitive to bisulfite
treatment and the mixture of ANTPs comprises dATP, dTTP, dGTP, and a dCTP analog resistant

to bisulfite treatment, whereby the extending generates the plurality ot oligonucleotide sequence-
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polynucleotide complexes, wherein each of the plurality of oligonucleotide sequence-
polynucleotide complexes comprises complementary ends, wherein one end comprises cytosine
bases sensitive to bisulfite treatment, while the opposite end comprises cytosine analogs resistant
to bisulfite treatment. In some cases, each oligonucleotide sequence in the pool of
oligonucleotide sequences is within a primer, wherein the pool of oligonucleotide sequences
comprises the primer and a complement thereof. In some cases, the introducing comprises an
amplification reaction. In some cases, the amplification reaction comprises polymerase chain
reaction. In some cases, each of the primers in the pool comprises cytosine bases sensitive to
bisulfite treatment, wherein the amplification is conducted in the presence of a mixture of ANTPs
comprising dATP, dTTP, dGTP, and a dCTP analog resistant to bisulfite treatment, thercby
generating the plurality of oligonucleotide sequence -polynucleotide complexes, wherein each of
the plurality of oligonucleotide sequence -polynucleotide complexes comprises complementary
cnds, wherein onc end compriscs cytosinc bascs scnsitive to bisulfite trcatment, whilc the
opposite end comprises cytosine analogs resistant to bisulfite treatment. In some cases, each of
the primers in the pool of primers comprises cytosine analogs resistant to bisulfite treatment,
wherein the amplification is conducted in the presence of a mixture of ANTPs comprising dATP,
dTTP, dGTP, and dCTP, thereby gencrating the plurality of oligonuclcotide scquence-
polynucleotide complexes, wherein each of the plurality of oligonucleotide sequence-
polynucleotide complexes comprises complementary ends, wherein one end comprises cytosine
bases sensitive to bisulfite treatment, while the opposite end comprises cytosine analogs resistant
to bisulfite treatment. In some cases, the cytosine analog resistant to bisulfite treatment is 5-
methylcytosine, 5-hydroxymethylcytosine, or S-propynylcytosine. In some cases, the cytosine
analog rcsistant to bisulfitc trecatment is 5S-methyleytosine. In some cascs, the method further
compriscs amplifying the plurality of amplifying the plurality of oligonuclcotide scquence-
polynucleotide complexes. Tn some cases, the amplifying comprises solid-phase nucleic acid
amplification to generate a plurality of clusters, wherein each cluster represents a plurality of
copies of each of the plurality of oligonucleotide sequence-polynucleotide complexes. In some
cases, the method further comprises treating the plurality of oligonucleotide sequence-
polynucleotides complexes with bisulfite prior to the amplification, wherein the treating
generates a plurality of oligonucleotide sequence-polynucleotide complexes comprising non-
complementary ends. In some cases, the sequence complementary to a sequencing primer in one
end of the plurality of oligonucleotide sequence-polynucleotide complexes comprising non-
complementary ends is complementary to a reverse read sequencing primer, and wherein the

sequence complementary to a sequencing primer in an opposite end of the non-complementary
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ends in the plurality of oligonucleotide sequence-polynucleotide complexes comprising non-
complementary ends is complementary to a forward read sequencing primer. In some cases, the
method further comprises sequencing each of the plurality of clusters, wherein the sequencing
comprises hybridizing the sequencing primer to the sequence complementary to a sequencing
primer, and conducting sequencing by synthesis, wherein the introducing of the pool of
oligonucleotide sequences to the polynucleotides improves identification of each of the plurality
of clusters generated from the plurality of oligonucleotide sequence-polynucleotide complexes
relative to the identification of each cluster from a plurality of clusters generated from the
plurality of polynucleotides not introduced to the pool of oligonucleotide sequences. In some
cases, the sequence element comprises a barcode, a universal sequence, a linker sequence, or a
random sequence.

[0008] In one aspect, provided herein is a kit comprising a pool of oligonucleotide
scquences, a. wherein cach oligonucleotide scquence in the pool of oligonuclcotide scquences
comprises a sequence complementary to a sequencing primer, b. wherein the pool of
oligonucleotide sequences comprises a first oligonucleotide sequence, wherein a terminal 3’
nucleotide base of the sequencing primer is capable of annealing to a terminal 5’ nucleotide base
of the first oligonuclcotide scquence, ¢. wherein the pool of oligonuclcotide scquences compriscs
a second oligonucleotide sequence, wherein the second oligonucleotide sequence terminates at a
5° end with an additional base relative to the 5° end of the first oligonucleotide sequence; d.
wherein the pool of oligonucleotide sequences comprises a third oligonucleotide sequence,
wherein the third oligonucleotide sequence terminates at a 5” end with two additional bases
relative to the 5° end of the first oligonucleotide sequence; and e. wherein the pool of
oligonuclcotide scquences compriscs a fourth oligonuclcotide scquence, whercin the fourth
oligonuclcotidc scquence terminatcs at a 5° end with three additional bascs relative to the 5° end
of the first oligonucleotide sequence. Tn some cases, each oligonucleotide sequence in the pool of
oligonucleotide sequences is within a primer, wherein the pool of oligonucleotide sequences
comprises the primer and a complement thereof. In some cases, the primer comprises cytosine
analogs resistant to bisulfite conversion. In some cases, the primer comprises cytosine bases
sensitive to bisulfite conversion. In some cases, each oligonucleotide sequence in the pool of
oligonucleotide sequences is within a strand of a duplexed adaptor. In some cases, each duplexed
adaptor in the pool comprises a ligation strand and a non-ligation strand. In some cases, the
ligation strand and the non-ligation strand of each of duplexed adaptor in the pool comprise
cytosine bases sensitive to bisulfite treatment. In some cases, the kit further comprises a mixture

of ANTPs comprising dATP, dTTP, dGTP, and a dCTP analog resistant to bisultite treatment. In
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some cases, the ligation strand and the non-ligation strand of each of duplexed adaptor in the
pool comprise cytosine analogs resistant to bisulfite treatment. In some cases, the kit further
comprises a mixture of ANTPs comprising dATP, dTTP, dGTP, and a dCTP analog sensitive to
bisulfite treatment. In some cases, the kit further comprises a restriction enzyme. In some cases,
the restriction enzyme is Mspl. In some cases, the kit further comprises a DNA polymerase. In
some cases, the DNA polymerase comprises exonuclease activity. In some cases, the DNA
polymerase comprises strand displacement activity. In some cases, the non-ligation strand
comprises a block at a 5° and 3° end, whereby the non-ligation strand is enzymatically
unreactive. In some cases, the block at the 5° end comprises a biotin moiety. In some cases, the
block at the 3’ end comprises a dideoxy residue. In some cases, the cytosine analog resistant to
bisulfite treatment is S-methylcytosine, S-hydroxymethylcytosine, or S-propynylcytosine. In
some cases, the cytosine analog resistant to bisulfite treatment is 5-methylcytosine.

[0009] In onc aspect, provided herein is a method for analyzing scquence reads, the method
comprising: a. generating a plurality of sequence reads, wherein the generating comprises
conducting sequencing by synthesis on a plurality of clusters, wherein each cluster of the
plurality of clusters comprises copies of one oligonucleotide sequence-polynucleotide from a
plurality of oligonuclcotide scquence-polynuclcotides, wherein the scquencing by synthesis
comprises hybridizing a sequencing primer to sequence complementary to the sequencing primer
present in each cluster of the plurality of clusters, wherein the plurality of clusters are produced
from solid-phase nucleic acid amplification of the plurality of oligonucleotide sequence-
polynucleotides, wherein each of the plurality of oligonucleotide sequence-polynucleotides
comprises a single nucleotide base extender sequence, a dinucleotide base extender sequence, a
trinucleotide basc extender sequence or no nuclcotide basc cxtender sequence between the
scquence complementary to the scquencing primer of an oligonuclcotide scquence and an end of
a polynucleotide; and b. analyzing each of the plurality of sequence reads, wherein the analyzing
comprises trimming or removing the extender sequence 7z silico from each of the plurality of
sequence reads. In some cases, the plurality of oligonucleotide sequence-polynucloetides are
generated by introducing a pool of oligonucleotide sequences to 3” ends of the plurality of
polynucleotides from a sample, a. wherein each oligonucleotide sequence in the pool of
oligonucleotide sequences comprises a sequence complementary to a sequencing primer, b.
wherein the pool of oligonucleotide sequences comprises a first sequence, wherein a terminal 3°
nucleotide base of the sequencing primer is capable of annealing to a terminal 5’ nucleotide base
of the first sequence, wherein following introduction the 5° end of the first sequence is adjacent

to a 3° end of a polynucleotide trom the plurality of polynucleotides, c. wherein the pool of
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oligonucleotide sequences comprises a second sequence, wherein the second sequence
terminates at its 5° end with an additional base relative to the 57 end of the first sequence
comprising the single nucleotide base extender, wherein following introduction the 5° end of the
second sequence is adjacent to a 3” end of a polynucleotide from the plurality of polynucleotides;
d. wherein the pool of oligonucleotide sequences comprises a third sequence, wherein the third
sequence terminates at its 5° end with two additional bases relative to the 5° end of the first
sequence comprising the dinucleotide base extender, wherein following introduction the 5 end
of the third sequence is adjacent to 4 3° end of a polynucleotide from the plurality of
polynucleotides; e. wherein the pool of oligonucleotide sequences comprises a fourth sequence,
wherein the fourth sequence terminates at its 5 end with three additional bases relative to the 5°
end of the first sequence comprising the trinucleotide base extender, wherein following
introduction the 5° end of the fourth sequence is adjacent to a 3” end of a polynucleotide from the
plurality of polynuclcotidcs; and f. wherein the introducing gencrates a plurality of
oligonucleotide-polynucleotide complexes, thereby increasing diversity of sequences at ends of
the plurality of polynucleotides. In some cases, the sample is a whole genome sample. In some
cases, the sample comprises a polynucleotide library. In some cases, the method further
compriscs fragmenting the polynuclcotides prior to introducing the pool of oligonuclcotide
sequences to the 3” ends of the plurality of polynucleotides. In some cases, the fragmenting is
performed by contacting the polynucleotides with an enzyme. In some cases, the enzyme is a
restriction enzyme. In some cases, the restriction enzyme is a methylation insensitive restriction
enzyme. In some cases, the methylation insensitive restriction enzyme is Mspl. In some cases,
the additional base of the second sequence is an adenine, thymine, or cytosine base. In some
cascs, cach of the two additional bascs of the third scquence is an adenine, thyminge, or cytosine
basc. In somc cascs, a 3° most basc of the three additional bascs of the fourth scquence
comprises a thymine or cytosine base, and each of the two other bases of the three additional
bases of the fourth sequence comprises an adenine, thymine, or cytosine base. In some cases,
each oligonucleotide sequence in the pool of oligonucleotide sequences is within a strand of a
duplexed adaptor. In some cases, the duplexed adaptor is a partial duplexed adaptor comprising a
long strand and a short strand. In some cases, the short strand is a non-ligation strand of the
duplexed adaptor and the long strand is a ligation strand. In some cases, the non-ligation strand
comprises a 5° overhang. In some cases, the 5 overhang comprises two bases. In some cases, the
two bases are 3°-GC-5". In some cases, the introducing comprises a ligation reaction. In some
cases, the ligation reaction comprises cohesive end ligation. In some cases, the ligation reaction

comprises blunt end ligation. In some cases, the plurality of polynucleotides are strands of
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double-stranded nucleic acids, wherein each 5 end of the double-stranded nucleic acids
comprises a ligation end and each 3’ end comprises a non-ligation end, wherein each of the non-
ligation endsof the double-stranded nucleic acid comprises part of the polynucleotide sequence.
In some cases, the 3°-GC-5’ of the non-ligation strand of the duplexed adaptor anneals to a 5°-
CG-3’ sequence of the ligation end of the double-stranded sequence comprising the
polynucleotide sequence. In some cases, the 3°-GC-5" of the non-ligation strand of the duplexed
adaptor is 5’ to the terminal 5’ nucleotide base of the first sequence. In some cases, the 3°-GC-5°
of the non-ligation strand of the duplexed adaptor is 5° to the additional base of the second
sequence relative to the 5° end of the first sequence. In some cases, the 3’-GC-5" of the non-
ligation strand of the duplexed adaptor is 5° to the two additional bases of the third sequence
relative to the 5° end of the first sequence. In some cases, the 3°-GC-5" of the non-ligation strand
of the duplexed adaptor is 5° to the three additional bases of the fourth sequence relative to the 5”
cnd of the first scquence. In some cascs, cach duplexed adaptor in the pool compriscs a ligation
strand and a non-ligation strand, wherein the ligation strand is capable of ligating to a 5" end of
the plurality of polynucleotides, and wherein a nick is formed between the non-ligation strand
and the 3” end of the plurality of polynucleotides. In some cases, the method further comprises
an cxtending step, wherein the 37 end of the plurality of polynuclcotides is extended using a
polymerase in the presence of a mixture of dNTPs using the ligation strand of the adaptor as
template, thereby introducing the pool of oligonucleotide sequences to the 3” ends of the
plurality of polynucleotides. In some cases, the ligation strand of each adaptor duplex in the pool
comprise cytosine analogs resistant to bisulfite treatment and the mixture of ANTPs comprises
dATP, dTTP, dGTP, and dCTP, whereby the extending generates the plurality of
oligonuclcotide-polynucleotide complexcs, wherein cach of the plurality of oligonuclcotide-
polynuclcotidc complcxes compriscs complementary cnds, whercin one end compriscs cytosine
bases sensitive to bisulfite treatment, while the opposite end comprises cytosine analogs resistant
to bisulfite treatment. In some cases, the ligation strand of each adaptor duplex in the pool of
adaptor duplexes comprise cytosine bases sensitive to bisulfite treatment and the mixture of
dNTPs comprises dATP, dTTP, dGTP, and a dCTP analog resistant to bisulfite treatment,
whereby the extending generates the plurality of oligonucleotide-polynucleotide complexes,
wherein each of the plurality of oligonucleotide-polynucleotide complexes comprises
complementary ends, wherein one end comprises cytosing bases sensitive to bisulfite treatment,
while the opposite end comprises cytosine analogs resistant to bisulfite treatment. In some cases,
each oligonucleotide in the pool of oligonucleotides is a primer, wherein the pool of

oligonucleotides comprises the primer and a complement thereof. In some cases, the introducing
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comprises an amplification reaction. In some cases, the amplification reaction comprises
polymerase chain reaction. In some cases, each of the primers in the pool comprises cytosine
bases sensitive to bisulfite treatment, wherein the amplification is conducted in the presence of a
mixture of ANTPs comprising dATP, dTTP, dGTP, and a dCTP analog resistant to bisulfite
treatment, thereby generating the plurality of oligonucleotide sequence-polynucleotide
complexes, wherein each of the plurality of oligonucleotide sequence-polynucleotide complexes
comprises complementary ends, wherein one end comprises cytosine bases sensitive to bisulfite
treatment, while the opposite end comprises cytosine analogs resistant to bisulfite treatment. In
some cases, each of the primers in the pool of primers comprises cytosine analogs resistant to
bisulfite treatment, wherein the amplification is conducted in the presence of a mixture of ANTPs
comprising dATP, dTTP, dGTP, and dCTP, thereby generating the plurality of oligonucleotide
sequence-polynucleotide complexes, wherein each of the plurality of oligonucleotide sequence-
polynuclcotide complexcs compriscs complementary cnds, wherein onc end compriscs cytosing
bases sensitive to bisulfite treatment, while the opposite end comprises cytosine analogs resistant
to bisulfite treatment. In some cases, the cytosine analog resistant to bisulfite treatment is 5-
methylcytosine, 5-hydroxymethylcytosine, or S-propynylcytosine. In some cases, the method
furthcr compriscs trecating the plurality of oligonuclcotide scquence-polynuclcotides complexes
with bisulfite prior to the amplification, wherein the treating generates a plurality of
oligonucleotide sequence-polynucleotide complexes comprising non-complementary ends. In
some cases, the treating with bisulfite prior to amplification generates the sequence
complementary to a sequencing primer in each oligonucleotide sequence in the pool of
oligonucleotide sequences comprises. In some cases, the generating the plurality of sequence
rcads compriscs paired-cnd scquencing.

[0010] In onc aspect, provided herein is a method for incrcasing diversity of scquences at
ends of a plurality of polynucleotide fragments in a library, the method comprising: a
fragmenting polynucleotides to generate polynucleotide fragments; b. ligating a pool of adaptor
sequences to 3’ ends of the plurality of polynucleotide fragments, wherein each adaptor sequence
in the pool of adaptor sequences comprises a sequence complementary to a sequencing primer,
wherein a 3” end of the sequencing primer anneals at least four bases from the 5 end of the
adaptor sequence, and wherein each of four different types of nucleotide bases are present in
each of the at least three terminal nucleotides at the 5° ends of the adaptors, thereby increase

diversity of sequences at ends of the plurality of polynucleotide fragments.
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INCORPORATION BY REFERENCE
[0011] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The novel features described herein are set forth with particularity in the appended
claims. A better understanding of the features and advantages described herein will be obtained
by reference to the following detailed description that sets forth illustrative embodiments, in
which the principles described herein are utilized, and the accompanying drawings of which:
[0013] FIG. 1 illustrates the basic principle of RRBS. Nucleic acid Library inserts (or genomic DNA)
is digested with Mspl, bisulfite converted (a chemical reaction that converts non-methylated C to U, but
leaves 5-mC unreacted), and sequenced. C in the sequence indicates the presence of 5-mC at that position.
Note how the first base of every sequence contains a methylation measurement.
[0014] FIG. 2A-B illustrates a method for generating the diversity adapters used in the methods
provided herein. FI1G. 2A illustrates a long strand of nucleotides (R01446) and 4 different short
strands (i.e., Ben383, Ben384, Ben385, and Ben341) such that each short strand comprises a
stretch of 12 nucleotides that comprise bases complementary to the long strand (R01446). FIG.
2B illustrates the method used to generate a diversity adaptor using the long strand (R01446) and
a representative short strand (Ben383) from FIG. 2A.
[0015] FIG. 3 illustrates an alternative method for generating an RRBS library.
[0016] FIG. 4A-B illustrates the sequencing results of forward reads (FIG. 4A) and reverse
reads (FIG. 4B) for sequencing an RRBS library generated using diversity-adapters comprising 3
“DDD” bases.
[0017] FIG. SA-B illustrates the sequencing results of forward reads (FIG. 5A) and reverse
reads (FIG. 5B) for sequencing an RRBS library generated using diversity-adapters comprising 2
“DD” bases.
[0018] FIG. 6A-B illustrates the sequencing results of forward reads (FIG. 6A) and reverse
reads (FIG. 6B) for sequencing an RRBS library generated using diversity-adapters comprising a
single “D” base.
[0019] FIG. 7A-B illustrates the sequencing results of forward reads (FIG. 7A) and reverse
reads (FIG. 7B) for sequencing an RRBS library generated using diversity-adapters comprising
no “D” bases.
[0020] FIG. 8 illustrates expected sequencing reads (forward and reverse reads) for sequencing

an RRBS library with a pool of diversity-adapters comprising a variable number of “D’” bases.
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The expected forward or reverse reads can be from N to NNNNNN bases in the first 6
sequencing cycles, wherein an N base can be an H, D, Y or B base.

[0021] FIG. 9A-B illustrates the sequencing results of forward reads (FIG. 9A) and reverse
reads (FIG. 9B) for sequencing an RRBS library with a pool of diversity-adapters comprising a
variable number of “D” bases.

[0022] FIG. 10 illustrates the sequencing results for sequencing an RRBS library with a 5-plex
pool of diversity-adapters comprising a variable number of “D” bases, wherein the sequencing
was performed without using a PhiX control as described in Example 2.

[0023] FIG. 11 illustrates the % base for each cycle for the sequencing reactions performed in
FIG. 10.

[0024] FIG. 12 illustrates the % >Q20 score for each cycle for the sequencing reactions
performed in FIG. 10.

[0025] FIG. 13 illustratcs a Q-scorc heat map for the scquencing reactions performed in FIG.
10.

[0026] FIG. 14 illustrates the sequencing results for sequencing a blood sample using a 16 plex
sequencing system (e.g., Ovation® Blood Seq Library System) as described in Example 2.
10027] FIG. 15 illustratcs a Q-score heat map for the scquencing rcactions performed in FIG.
14,

[0028] FIG. 16 illustrates a run summary for the sequencing reactions performed in FIG. 10.
[0029] FIG. 17 illustrates a run summary for the sequencing reactions performed in FIG. 14.
[0030] FIG. 18A-C illustrates proposed rules for trimming diversity “D” bases in silico from
sequence reads from nucleic acid inserts generated with mixed diversity-Adaptor sequences
comprising 0 to 3 “D” bascs (D0-D3). FIG. 18A illustratcs a first rulc. FIG. 18B illustratcs a
sccond rule. F1G. 18C illustratcs a third rule.

[0031] FIG. 19 illustrates the total theoretical diversity possible for introducing to the ends of a
polynucleotide upon introduction of a pool of diversity adaptors comprising diversity-adapters
comprising 0 to 3 “D” bases (D0-D3).

[0032] FIG. 20 illustrates total CpGs analyzed using the modified RRBS methods provided
herein in comparison to Whole Genome Bisulfite Sequencing (WGBS).

[0033] FIG. 21 illustrates a comparison of the average CpG per read and average CpG per
uniquely aligned read between the moditfied RRBS method as provided herein vs. WGBS.
[0034] FIG. 22 illustrates the feature coverage using the modified RRBS as provided herein.
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[0035] FIG. 23 illustrates bioanalyzer traces of Mspl-digested human genomic DNA (left), and
the resulting RRBS sequencing library (top right) including an example of the nucleotide
distribution (Forward Reads) obtained using said method (bottom right).

[0036] FIG. 24 illustrates a comparison between RRBS and other DNA methylation profiling
technologies.

[0037] FIG. 25 illustrates a comparison of the iz silico assignment of CpGs into classes for
RRBS vs. whole genome bisulfite sequencing.

[0038] FIG. 26 illustrates an example of a dark sequencing approach used that can be used
separately or in conjunction with RRBS.

[0039] FIG. 27A illustrates a polynucleotide insert from an RRBS generated using diversity
adapters as provided herein. FIG. 27B illustrates the increased color balance in the initial
sequence reads of an RRBS library generated using diversity adapters as provided herein and
comprising polynuclcotide inscrts as shown in FIG. 27A.

[0040] FIG. 28 illustrates library size distribution on Bioanalyzer High Sensitivity DNA Chip.
[0041] FIG. 29 illustrates determination of the number of PCR cycles to perform during the
library amplification.

[0042] FIG. 30 illustratcs rcsults from sclecting Plot > dcltaRn vs. Cycle

[0043] FIG. 31 illustrates cluster identification requires sequence diversity. The I1lumina
software identifies clusters over the first several cycles of sequencing. During sequencing of
normal, high diversity clusters (top), overlapping clusters can be distinguished because they are
different colors. If overlapping clusters contain the same sequence (bottom), theycan be mistaken
as a single cluster.

[0044] FIG. 32 illustratcs random N6 scquence adjacent to the barcodce that can be uscd to mark
PCR duplicatcs for in silico removal.

[0045] FIG. 33 illustrates high coverage overlap between three NuGEN RRBS technical
replicates, each made from 25 ng of IMR90 gDNA. CpG’s covered at 10X or greater are shown,
after PCR duplicate removal.

[0046] FIG. 34 illustrates concordance in methylation levels. Concordance for CpG’s covered at
20X or greater depth between NuGEN RRBS technical replicates (left) or between NuGEN
RRBS (30 M reads) and published whole genome bisulfite sequencing (WGBS) from Lister et
al., Nature, 2009, 462:315-322 (1180 M reads), which is herein incorporated by reference in its
entirety.

[0047] FIG. 35 illustrates types of sequence diversity added to the beginning of forward reads in
RRBS libraries generated using diversity adaptors with 0, 1, 2, or 3 diversity “D” bases.
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[0048] FIG. 36 illustrates the process of generating an RRBS library using Mspl digestion and
diversity adaptors lacking diversity bases.

[0049] FIG. 37 illustrates a schematic of a nucleic acid insert from an RRBS library generated
using the library preparation process provided herein

[0050] FIG. 38 illustrates an overview of the RRBS library preparation process described in
Example 6.

DETAILED DESCRIPTION
L. Overview
[0051] Provided herein are methods, compositions, and kits for introducing sequence diversity
into genomic regions comprising low sequence diversity. The genomic regions comprising low
sequence diversity can be highly conserved genomic regions between organisms (e.g., 16s rRNA
sequences between microbial species). The genomic regions comprising low sequence diversity
can be repetitive sequences within a genome (e.g., CpG islands within mammalian genomes).
The methods described herein can introduce sequence diversity into genomic regions comprising
low sequence diversity by introducing oligonucleotide sequence to one or both ends of a
polynucleotide. The introduction can be through ligation (e.g., blunt-end or cohesive-end) using
adaptors such that the adaptors comprise the oligonucleotide sequence introduced to one or both
ends of the polynucleotide. The introduction can through amplification ol a target sequence in a
polynucleotide (e.g., genomic region) using primers such that the primers comprise the
oligonucleotide sequence introduced to one or both ends of the polynucleotide. The primers can
comprise sequence complementary to a target sequence in a nucleic acid as well as the
oligonucleotide sequence. The oligonucleotide sequence can be present in the primer as a tail
such that it 1s non-complementary to the target sequence. In general, the oligonucleotide
sequence can comprise sequence complementary to a sequencing primer, one or more barcodes,
universal sequence, random sequence, and/or sequence useful for introducing sequence diversity
at one or both ends of a polynucleotide (e.g., extender sequence as provided herein). The
oligonucleotide sequence can be configured such that sequence complementary to a sequencing
primer is immediately adjacent to the end of the polynucleotide upon introduction (i.e., through
amplification or ligation) of the oligonucleotide sequence complementary to a sequencing
primer. In some cases, the oligonucleotide sequence further comprises an extender sequence
such that the sequence complementary to a sequencing primer precedes the extender sequence
such that, upon introduction, the extender sequence is immediately adjacent to the end of the

polynucleotide.
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[0052] In the methods, compositions and kits provided herein, the extender sequence in an
oligonucleotide sequence as described herein can be a variable number of nucleotides in length.
The extender sequence can be less than, more than, orabout 0, 1, 2, 3,4,5,6,7,8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 nucleotides in length. In some cases, the extender sequence is a single
nucleotide in length. In some cases, the extender sequence is two nucleotides in length. In some
cases, the extender sequence is three nucleotides in length. In some cases, an additional sequence
element is present in the oligonucleotide sequence such that the additional sequence is located
between the sequence complementary to a sequencing primer and the extender sequence such
that upon introduction the extender sequence is immediately adjacent to the end of the
polynucleotide and is followed by the additional sequence element which is followed by the
sequence complementary to a sequencing primer. In some cases, the oligonucleotide sequence
can comprise one or more additional sequence elements such that the one or more additional
scquence clements arc not located between the sequence complementary to a sequencing primer
and an extender sequence such that the one or more additional sequence elements precedes the
sequence complementary to a sequencing primer. In this case, upon introduction of the
oligonucleotide sequence to one or both ends of a polynucleotide, the extender sequence is
immecdiately adjacent to the end of the polynuclcotide and is followed by the scquence
complementary to a sequencing primer which is followed by the one or more additional
sequence elements. In some cases, the oligonucleotide sequence can comprise a plurality of
additional sequence elements such that one of the plurality of additional sequence elements is
located between the sequence complementary to a sequencing primer and the extender sequence
while one or more additional sequence elements of the plurality of additional sequence elements
arc not locatcd between the sequence complementary to a scquencing primer and an extender
scquence. The one or more additional scquence clements of the plurality of additional scquence
elements precede the sequence complementary to a sequencing primer. In this case, upon
introduction of the oligonucleotide sequence to one or both ends of a polynucleotide, the
extender sequence is immediately adjacent to the end of the polynucleotide and is followed in
succession by one of the plurality of additional sequence elements, the sequence complementary
to a sequencing primer and the one or more additional sequence elements of the plurality of
additional sequence elements.

[0053] An additional sequence clement can be one or more barcodes, universal adaptor
sequence, linker sequence, and/or random sequence. The sequencing primer can be a custom
sequencing primer or can be a sequencing primer compatible with a commercially available NGS

sequencing system.
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[0054] The polynucleotides can be in a sample. The sample can be any sample as provided
herein. The polynucleotides can be fragmented prior to the introduction of an oligonucleotide
sequence as described herein. Fragmentation can be mechanical (e.g., sonication) or chemical
(e.g., enzymatic) as provided herein.

[0055] Following introduction of the oligonucleotide sequence to the ends of a polynucleotide,
the resulting oligonucleotide sequence-polynucleotide complex can be amplified. In some cases,
oligonucleotide sequence is introduced to both ends of a polynucleotide, and subsequent
amplification is performed using primers directed to complementary sequence in the
oligonucleotide sequences introduced to the ends of the polynucleotide. The primers used for
amplification can introduce further sequence clements to the oligonucleotide sequence-
polynucleotide complex formed after introduction of the oligonucleotide sequence. The
sequence elements introduced during amplification can be barcode(s) or sequence
complcmentary to a capturc probe on a solid surtacc. The solid surface can be a bead or planar
surface (e.g., flow cell). The amplification can be a solid-statc amplification (e.g., cluster
amplification) that generates a cluster comprising a plurality of copies of the oligonucleotide
sequence-polynucleotide complex. The methods provided herein can further comprise
scquencing the amplified oligonuclcotide-polynuclcotide complexes. An cxtender sequence can
be a barcode, universal sequence, linker sequence, or random sequence.

[0056] In the methods, compositions and kits provided herein, the extender sequence in an
oligonucleotide sequence as described herein can comprise any of the four canonical nucleotide
bases (i.e., thymine, adenine, cytosine, or guanine) found in DNA. The nucleotide base
composition of a nucleotide in an extender sequence can be selected such that the nucleotide
basc composition can differ from the nucleotide basc composition at an ecnd of a polynucleotide
to which the cxtender scquence can be introduced, whereby the presence of onc or more
nucleotides from the extender sequence at the end of the polynucleotide can serve to increase
sequence read length as well as nucleotide base diversity. The increase based diversity can aid
identification of individual clusters as well as maintain accurate label detection in NGS
sequencing systems that use cluster based sequencing by synthesis (e.g., [llumina).

[0057] The methods, compositions, and kits provided herein can comprise a pool of
oligonucleotide sequences as described herein. The pool of oligonucleotide sequences can be a
pool of adaptors comprising the oligonucleotide sequence as described herein. The pool of
adaptors comprising the oligonucleotide sequence can be introduced to one or both ends of a
plurality of polynucleotides through ligation (e.g., blunt end or cohesive end). The pool of

oligonucleotide sequences can be a pool of primers comprising the oligonucleotide sequence as
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described herein. The pool of primers comprising the oligonucleotide sequence can be
introduced to one or both ends of a plurality of polynucleotides through amplitfication (e.g.,
isothermal or PCR). The pool of oligonucleotide sequences can comprise sets of oligonucleotide
sequences such that each set comprises either no extender sequence or an extender sequence of a
length that differs from the length of an extender sequence in a separate set of oligonucleotide
sequences within the pool of oligonucleotide sequences. The length of an extender sequence in a
set of oligonucleotide sequences in a pool of oligonucleotide sequences can be 0, 1, 2, 3, 4, 5, 6,
7, 8,9, 10 or more nucleotides.

[0058] In some cases, a pool of oligonucleotide sequences comprises a first set of
oligonucleotide sequences that do not comprise an extender sequence, a second set of
oligonucleotide sequences that comprise an extender sequence comprising a single nucleotide, a
third set of oligonucleotide sequences that comprise an extender sequence comprising two
nuclcotides, and a fourth sct of oligonuclcotide scquences that comprisc an cxtender scquence
comprising three nucleotides. Each oligonucleotide sequence within the pool of oligonucleotide
sequences can comprise the same sequence complementary to a sequencing primer as described
herein. The nucleotide base composition of each nucleotide in an extender sequence comprising
morc than onc nuclcotides can be identical or different. The nuclcotide basc composition of cach
nucleotide in an extender sequence comprising more than one nucleotide can be known or
randomly assigned as provided herein.

[0059] In some cases, the methods, compositions, and kits provided herein are useful for
generating bisulfite converted nucleic acid libraries with increased sequence diversity at the ends
of nucleic acid inserts within the library. The bisulfite converted libraries can be reduced
rcprescentation bisulfitc sequencing (RRBS) librarics. Such librarics can be uscful, for cxample,
for detcrmining the methylation status across a gcnome, or altecrnatively, for determining the
methylation status at given genomic loci. The RRBS libraries generated by the methods,
compositions, and kits provided herein can be useful for determining the methylation status of
CpG islands in polynucleotides derived from whole genome samples. The whole genome
samples can be from cukaryotic cells (e.g., mammalian cells). The methods can produce RRBS
libraries that can be more efficiently sequenced by current NGS sequencers (e.g., [llumina
sequencers), and in some embodiments, without the need for spiking in a genomic, higher-
diversity sample nucleic acids (e.g. PhiX control library). The method for generating an RRBS
library can comprise enzymatically fragmenting a nucleic acid (polynucleotide) such that a
plurality of nucleic acids fragments comprising substantially similar nucleotide compositions at

the ends or termini of cach fragment are generated. In some cases, the method comprises
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fragmenting the nucleic acid with a methylation sensitive restriction enzyme such as, for
example, Mspl. Tn some cases, a pool of adaptors is ligated to the 5° ends of each nucleic acid
fragment in the plurality of nucleic acid fragments such that each nucleic acid fragment
comprises double stranded sequence and the ligation generates a plurality of adaptor-ligated
nucleic acid fragments. The pool of adaptors can comprise adaptors that share a sequence
complementary to a sequencing primer as well as a first set of adaptors comprising no extender
sequence, a second set comprising a single nucleotide extender sequence, a third set comprising
a dinucleotide extender sequence, and a fourth set comprising a trinucleotide extender sequence.
In some cases, the nucleotide base composition of the extender sequences in a pool of adaptors
comprising extender sequence are chosen such that the base composition differs for the
nucleotide base composition at the end of the nucleic fragment to which the extender sequence is
appended. In some cases, the single nucleotide in first set of adaptors can comprises a thymine,
guaning, or adcnine basc, whilc the cach nuclcotide in the dinuclcotide of the sccond sct can
comprise a thymine, guanine, or adenine base and two of the three nucleotides in the
trinucleotide of the third set can be a thymine, guanine, or adenine base, while the third
nucleotide can be guanine or adenine. As provided herein, the extender sequence can be used to
incrcasc sequence diversity between the sequencing primer and the end of a library nucleic acid
insert. In some cases, the adaptor-ligated nucleic acid fragments are subjected to an extension
reaction as provided herein followed by denaturation and bisulfite treatment, whereby the
bisulfite treatment generates adaptor-ligated nucleic acid fragment comprising non-
complementary adaptor sequence on opposite ends. The non-complementary adaptor sequences
can subsequently be utilized to amplify and/or sequence each adaptor-ligated nucleic acid
fragment. The amplification can be solution phasc and/or solid-statc amplification. In somc
cascs, the plurality of adaptor-ligatcd nucleic acid fragments arc PCR amplificd followed by
solid-state amplification to generate clusters such that each cluster comprises thousands of copies
of an adaptor-ligated nucleic acid fragment form the plurality of adaptor-ligated nucleic acid
fragments. The presence of extender sequence in the plurality of adaptor-ligated nucleic acid
fragments can increase the ability of NGS sequencers (e.g., [llumina) to successfully identify and
discern between neighboring clusters formed by solid-state amplification during sequencing of
the clusters (e.g., as illustrated in FIG. 31).

[0060] Provided herein are methods for generating adaptors comprising extender sequences for
use in the generation of bisulfite converted nucleic acid libraries (e.g., RRBS libraries). Adaptors

comprising extender sequences can also be referred to as diversity adaptors.
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[0061] Provided herein are in silico methods for filtering and trimming the extender sequence
present in sequences reads produced from sequencing nucleic acids or polynucleotides
comprising extender sequence as generated through the methods provided herein. The in silico
methods can comprise trimming away any oligonucleotide sequence (e.g., adaptor sequence) that
may be present on the 3” ends of reads using publically available trimming algorithms (e.g., Trim
Galore). In some cases, the trimming script or algorithm can remove adaptor sequence such as
adaptor sequence associated with a specific sequencing platform (e.g., Illumina adaptor
sequence) and/or any nucleotide bases whose quality score is below a set quality score (Q-score)
threshold. In some cases, the Q-score threshold is set at 30, 20, or 10 such that any Q-score
below said thresdold is trimmed or removed from analysis by the script or algorithm. Once the
oligonucleotide sequence (e.g., adaptor sequence) is trimmed away, a custom python script can
remove any reads that do not contain the known end sequence of the library insert. In RRBS
librarics generated through fragmentation via Mspl digestion, the python script can remove any
reads that do not contain an Mspl site signature, YGG (Y= cytosine of thymine bases), at the 5°
end. For paired end data an Mspl site signature can be required at 5° ends of both sequences.
Following filtering and trimming, all reads should begin with YGG, where Y is C or T, 5 bases
can be trimmed from cvery rcad (6 bascs arc trimmed for paircd-end to prevent alignment
issues). If YGG is not found in the first 6 bases, the read is discarded.

[0062] Provided herein are methods for identifying and removing duplicate sequence reads
following NGS sequencing. In some cases, an oligonucleotide sequence introduced to one or
both ends of a polynucleotide comprises additional sequence elements upstream of a sequence
complementary to a sequencing primer relative to an end of a polynucleotide to which the
oligonuclcotide scquence has been appended. In some cascs, the additional scquence clements
comprisc a barcodc and a stretch of random nuclcotides immediately adjacent thercto. In some
cases, the stretch of random nucleotides is 6 nucleotides in length. The methods provided herein
can utilize an in sifico analysis to discriminate between true duplicates produced during
amplification (e.g., PCR). The analysis can utilize ix silico algorithms in order to utilize
information provided by the unique stretch of random nucleotides to discriminate between true
PCR duplicates and independent adaptor ligated-nucleic acid fragments. In some cases, the
algorithm for removing duplicate sequence reads uses sequence reads recovered from an index
read. The index read can provide sequence data or reads comprising the barcode(s) and the
random sequence located adjacent to the barcode(s). In order to read the inserted random
sequence adjacent to the barcode(s) during an index read, the cycle number of the index read can

be increased by the number of nucleotide bases present in the inserted random sequence. For
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example, the barcode can be 6 nucleotides and the random sequence can be 6 nucleotides and the

index read can be a total of 12 cycles.

1I. Adaptors

[0063] In one aspect provided herein is a method for increasing sequence diversity at the ends of
polynuclcotides that comprisc conscrved sequence at onc or both cnds with other
polynucleotides using adaptors comprising extender sequence as described herein. The adaptor
comprising an extender sequence can be used in the methods described herein to increase the
sequence diversity at one or both ends of a polynucleotide by appending the adaptor comprising
the extender sequence to one or both ends of the polynucleotide. The increased sequence
diversity can aid an NGS sequencer in determining the sequence of each polynucleotide in a
group of polynucleotides that share identical or substantially similar nucleotide base
compositions at their end or ends when conducting NGS sequencing using NGS methods and
systems that generate and identify clusters of individual polynucleotides during sequencing (e.g.,
Illumina, SOLiD). As a result, an adaptor comprising extender sequence as described herein can
be referred to as a diversity adaptor and each nucleotide and its corresponding nucleotide base
can be referred to as a diversity base.

[0064] FIG. 35 illustrates the DNA sequence derived from a bisulfite converted library
constructed using diversity adaptors such that following introduction of the diversity adaptors to
the ends of DNA polynucleotides, the library comprises polynucleotides with cither no diversity
bases (i.e., 0 diversity bases added) derived from the diversity adaptor, one diversity base (i.e., 1
diversity base added) derived from the diversity adaptor, two diversity bases (i.e., 2 diversity
bases added) derived from the diversity adaptor, or three diversity bases (i.e., 3 diversity “3”
bases added) derived from the diversity adaptor. The number of diversity bases added can be
variable and can be tailored to the type of library being constructed (e.g., 16S rRNA libraries,
RRBS libraries, etc.). The diversity bases in a diversity adaptor can be “D” bases such that a “D”
base can be an adenine, thymine, or guanine such as in FIGs. 2A-B, 3, 4A-B, 5A-B, 6A-B, 7A-
B, 8, 9A-B, 18A-B and 35. The diversity bases in a diversity adaptor can be “R’ bases such that
an “R” base can be an adenine or guanine such as in FIG. 18B and 35. The complement of a “D”
or an “R” base can be an “H” base. In some cases, an “H” base is a complement of a “D”” base
such that the “H” base can be a thymine when the “D” base is an adenine, an adenine when the
“D” base is a thymine, or a cytosine when the “D” base is guanine. In some cases, an “H” base is
a complement of an “R” base such that the “H” base can be a thymine when the “R” base is an
adenine or a cytosine when the “R” base is guanine. In some cases, each diversity base in a
diversity adaptor is a “D” basc. In somc cascs, cach basc in a diversity adaptor is an “R” basc.
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Each diversity base in a diversity adaptor comprising more than one diversity base can be either
a “D” base or an “R” base. In some cases, a pool of diversity adaptors is used in a method herein,
wherein the pool comprises diversity adaptors comprising no diversity bases, diversity adaptors
comprising 1 “D” base, diversity adaptors comprising 2 “D” bases, and diversity adaptors
comprising 1 R base and 2 D bases. The diversity adaptor with 1 R base and two D bases can
have the R base at the 5°, middle, or 3 position.

[0065] In some cases, the diversity bases can be added to the ends of target polynucleotides as
shown in FIG. 35, using primers comprising said diversity bases or complements thereof instead
of adaptors, whereby the introduction is performed using polymerase extension reactions (e.g.,
PCR). The primers can be designed to target specific sequences in a polynucleotide such as
specific genomic regions (e.g., 16S rRINA sequences in microbial species) such that the primers
comprise tails that comprise the diversity bases (i.e., extender sequences) or complements
thercof. The adaptors comprising diversity basc(s) (i.c., cxtender scquence) can be designed such
that the diversity base or bases are immediately adjacent to sequence derived from a
polynucleotide or polynucleotide insert from a library. In other words, the diversity base or bases
are the first non-target sequence polynucleotide base or bases present at the junction of a
complcx comprising a target scquence from a polynucleotide and non-target scquence derived
sequence. Also as provided herein, the adaptor comprising diversity bases can comprise a
sequence or complement thereof that is capable of hybridizing a sequencing primer and this
sequence or complement thereof can be located adjacent to the diversity base or bases such that
the diversity base or bases are the bases initially sequenced in a sequencing reaction. In some
cases, there can also be additional sequence elements located between the sequence or
complcment thercof that is capable of hybridizing a scquencing primer and the diversity basc or
bascs such as barcodcs (c.g., inlinc barcodes), universal scquence, or random scquence. In some
cases, the additional sequence elements (e.g., barcode(s), universal sequence and/or random
sequence) can be located after the sequence or complement thereof that is capable of hybridizing
a sequencing primer and distal to the diversity base or bases. In some cases, the additional
sequence elements (e.g., barcode(s), universal sequence and/or random sequence) can be located
after the sequence or complement thereof that is capable of hybridizing a sequencing primer and
distal to the diversity base or bases as well as between the sequence or complement thereof that
is capable of hybridizing a sequencing primer and the diversity base or bases such as barcodes
(e.g., inline barcodes), universal sequence, or random sequence. An example of a polynucleotide
library insert generated to possess one or more additional sequence elements after the sequence

that is capable of hybridizing a sequencing primer and therefore distal to the end of the
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polynucleotide library insert is shown in FIGs. 32 and 37. The insert generated in FIGs. 32 and
37 can be generated by introducing an adaptor or primer as provided herein.

[0066] As provided herein, the polynucleotide to which the adaptor attached can be a nucleic
acid fragment generated using any fragmentation method known in the art. The fragmentation
method can be one described herein such as enzymatic fragmentation. The nucleic acid fragment
can be double stranded and the adaptor can be attached to both ends of the double stranded
nucleic acid fragment. The term “adaptor”, as used herein, can refer to an oligonucleotide of
known sequence or an oligonucleotide comprising a portion or portions of known sequence, the
ligation of which to a target polynucleotide or a target polynucleotide strand of interest enables
the generation of amplification-ready products of the target polynucleotide or the target
polynucleotide strand of interest. Various adaptor designs can be envisioned. Various ligation
processes and reagents are known in the art and can be useful for carrying out the methods
dcscribed herein. For cxample, blunt end ligation can be employed. Similarly, a singlc dA
nucleotide can be added to the 3’-end of a double-stranded, blunted DNA product, by a
polymerase lacking 3’-exonuclease activity and can anneal to an adaptor comprising a dT
overhang (or the reverse). This design allows the hybridized components to be subsequently
ligated (c.g., by T4 DNA ligasc). Other ligation stratcgics and the corresponding rcagents known
in the art and kits and reagents for carrying out efficient ligation reactions are commercially
available (e.g, from New England Biolabs, Roche).

[0067] In some embodiments, an adaptor comprises a duplex adaptor. In some cases, an adapter
comprises a partial duplex adaptor. The partial duplex adaptor can be a forked adaptor. The
forked adaptor can be a forked adaptor available from a commercial source and comprise known
scquence. The forked adaptor can be compatible with speeific NGS scquencing systcms that
utilize cluster amplification (c.g, lllumina forkced adaptors for Illlumina bascd scquencing by
synthesis). The forked adaptors can comprise a duplex region where a first strand and a second
strand share complementary sequence. The duplex region can be of varying length. The duplex
regioncanbe 1,2, 3,4,5,6,7,8,9, 10, 15, 20, 25, 30 or more nucleotides in length. Outside of
the duplex region, the forked adaptor can have single stranded non-complementary regions such
that the first strand comprises a 5’ single stranded region that is non-complementary to a 3’
single-stranded region of the second strand. In some cases, one or more cytosine bases in the
forked adaptor can be substituted with a cytosine analog resistant to bisulfite treatment. These
types of forked adaptors can be useful in the generation of RRBS libraries using the methods
provided herein. In some cases, the cytosine analog is 5-methylcytosine. In some cases, the

cytosine analog is 5-hydroxymethylcytosine. In some cases, the cytosine analog is 5-
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propynylcytosine. The 3’ and 5° ends of the duplex region of a forked adaptor used in the
methods, compositions, and kits herein can comprise no or one or more bases of extender
sequence (i.c., diversity bases) as described herein or complements thereof. In some cases,
ligation of a forked adaptor as provided herein to both ends of a double stranded polynucleotide
can generate forked adaptor-ligated polynucleotide complexes comprising non-complementary
adaptor sequence on the 5” and 3° ends of each strand of the double stranded polynucleotide. The
non-complementary sequence can be useful for further manipulation and downstream processing
of the ligated polynucleotide complexes (e.g., PCR amplification, solid-state amplification,
and/or sequencing).

[0068] In some cases, the partial duplex adaptor useful in the methods, compositions and kits
provided herein can comprise a long strand and a short strand wherein the short strand comprises
sequence complementary to the long strand. The short strand can hybridize completely with the
long strand. The short strand can hybridize to a portion of the long strand, and thereby comprisc
either a 5° or 3” overhang. In some cases, an adaptor for use in the methods provided herein
comprises a partial duplex adaptor as shown in FIGs 2A-B or 3. In some cases, an adapter for
use in the methods described herein comprises a partial duplex adapter wherein the long strand
compriscs adaptor scquence comprising onc or more scquence clements, while the short strand
comprises sequence complementary to a portion of the sequence of the long strand as well as an
overhang complementary to sequence in an overhang found in a nucleic acid following cleavage
of said nucleic acid.

[0069] The nucleic acid can be cleaved by a restriction endonuclease (RE). The RE can be any
restriction endonuclease described herein. In some cases, the RE is Mspl.

[0070] In somc cascs, an adaptor for usc in the mcthods provided hercin compriscs a ligation
strand and a non-ligation strand. In somc cascs, an adaptor for usc in the mcthods provided
herein comprises a partial duplex wherein the long strand comprises a ligation strand, and a short
strand comprises a non-ligation strand.

[0071] In some cases, an adaptor (e.g., diversity adaptor) for use in the methods provided herein
comprises one or more identifier sequences. The one or more identifier sequences can be present
in a long strand and/or a short strand of a partial duplex diversity adaptor as provided herein.
The one or more identifier sequences can be present in a ligation strand and/or a non-ligation
strand of a partial duplex diversity adapter as provided herein. The identifier sequence can be a
barcode sequence, a flow cell sequence, and/or an index sequence. In some cases, the index
sequence is a Truseq primer sequence compatible with the NGS platform produced by Illumina.

In some cases, the 37 and/or 5° ends of the non-ligation strand comprise a blocking group or
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moiety and are enzymatically unreactive. The blocking group or moiety can be a
dideoxynucleotide (ddCMP, ddAMP, ddTMP, or ddGMP), various modified nucleotides (e.g.
phosphorothioate-modified nucleotides), or non-nucleotide chemical moieties. In some cases,
the blocking group comprises a nucleotide analog that comprises a blocking moiety. The
blocking motety can mean a part of the nucleatide analog that inhibits or prevents the nucleotide
analog from forming a covalent linkage to a second nuclectide or nucleotide analog. For
example, in the case of nucleotide analogs having a pentose moiety, a reversible blocking moiety
can prevent formation of a phosphodiester bond between the 37 oxygen of the nucleotide and the
5" phosphate of the second nucleotide. Reversible blocking moieties can include phosphates,
phosphodiesters, phosphotriesters, phosphorothioate esters, and carbon esters. In some cases, a
blocking motety can be attached to the 37 position or 27 position of 4 pentose moiety of 2
nucleotide analog. A reversible blocking moiety can be removed with a deblocking agent. The
3’ cnd of the non-ligation strand can be modificd to comprisc a blocking group, for cxample, a
dideoxynucleotide (ddCMP, ddAMP, ddTMP, or ddGMP) to prevent polymerase extension. The
blocking group at the 3° end of the non-ligation strand can be a nucleotide terminator. In some
cases, the block at the 3’ end of the non-ligation strand comprises a terminal dideoxycytosine.
The 5” end of the non-ligation strand can be modificd to comprisc a blocking group. The
blocking group at the 5’ end of the non-ligation strand can be a spacer (C3 phosphoramidite,
triethylene glycol (TEG), photo-cleavable, hexa-ethyleneglycol), inverted dideoxy-T, biotin,
thiol, dithiol, hexanediol, digoxigenin, an azide, alkynes, or an amino modifier. The biotin
blocking group can be photocleavable biotin, biotin-tricthylene glycol (TEG), biotin-dT,
desthiobiotin-TEG, biotin-azide, or dual biotin. In some cases, the block at the 5’ end of the
non-ligation strand compriscs a biotin moicty. In somc cascs, the 5’ end of the non-ligation
strand docs not comprisc a 5” phosphatc. The 57 end can be removed by trecatment with an
enzyme. The enzyme can be a phosphatase. In some cases, the 5° end of the non-ligation strand
is dephosphorylated by treatment with alkaline phosphatase. In some cases, the 5° end of the
non-ligation strand does comprise a 5’ phosphate, wherein the 3° end of the polynucleotide lacks
a free 3” hydroxyl. In some cases, the non-ligation strand comprises a block at the 3° end
comprising terminal dideoxycytosine and a block at the 5” end comprising a biotin moicty. In
some cases, one or more cytosine bases in the ligation strand of a duplex adaptor can be
substituted with a cytosine analog resistant to bisulfite treatment. The ligation strand comprising
the one or more cytosine analogs resistant to bisulfite treatment can be the long strand in a partial
duplex adaptor as provided herein. In some cases, one or more cytosine bases in the non-ligation

strand of a duplex adaptor can be substituted with a cytosine analog resistant to bisulfite
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treatment. The non-ligation strand comprising the one or more cytosine analogs resistant to
bisulfite treatment can be the short strand in a partial duplex adaptor as provided herein. These
types of duplex or partial duplex adaptors can be useful in the generation of RRBS libraries
using the methods provided herein. In some cases, the cytosine analog is 5-methylcytosine. In
some cases, the cytosine analog is 5-hydroxymethylcytosine. In some cases, the cytosine analog
is S-propynylcytosine.

[0072] Provided herein is a method for generating the diversity adaptors useful for generating
RRBS nucleic acid libraries comprising increased sequence diversity as provided herein. FIG.
2A-B illustrates a method for generating the diversity adaptors useful in the methods,
compositions, and kits proved herein. FIG. 2A shows a long strand of nucleotides (R01446) and
4 different short strands (i.e., Ben383, Ben384, Ben385, and Ben341) such that each short strand
comprises stretch of 12 nucleotides that comprise bases complementary to the 3” end of the long
strand (R01446). Each of the four short strands diffcr in their 5° end scquences such that Ben341
comprises a 5°-CG-3’ dinucleotide, while Ben385 comprises an additional H base 3’ to the 5°-
CG-3’ dinucleotide, Ben384 an additional two H bases 3 to the 5°-CG-3" dinucleotide, and
Ben383 an additional three H bases 3’ to the 5’-CG-3 dinucleotide. The H bases in the short
strands can be cither and adenine (A), cytosine (C), or thymine (T). FIG. 2B illustrates the
method used to generate a diversity adaptor using the long strand (R01446) and a representative
short strand (Ben383) from FIG. 2A, although it should be noted that any of the four short
strands can be substituted for the Ben383 short strand in FIG. 2B. Each of the short strands
(Ben383, 384, 385, or 341) in FIG. 2A comprise a 5” terminal GC sequence with a Biosg label
on the terminal cytosine residue, while the 3’ terminus comprises a terminal 3” dideoxy cytosine
residuc.

[0073] In FI1G. 2B, thc long strand of nuclcotides (RO1446) can be anncaled to a short strand of
nucleotides (Ben3&3) such that a partial duplex is formed. The partial duplex can comprise a
duplex region and a 5° overhang on both ends of the duplex, wherein both the long strand
(R01446) and the short strand (Ben383) contribute sequence to the 5° overhang on the opposite
strand. The 5’ overhang comprising sequence from the short strand of the partial duplex can
comprise a 5” terminal GC sequence with a Biosg label on the terminal cytosine residue, while
the 3’ terminus comprises a terminal 3’ dideoxy cytosine residue. Additionally, the 5 overhang
from the short strand comprises three “H” bases. If Ben384 were used in the method illustrated
in FIG. 2B, the 5° overhang would further comprise two H bases, Ben3&85 would comprise one H
base, and Ben341 would comprise no H bases. The “H” bases can be either an adenosine,

cytosine or thymine residue, but cannot be a guanine residue. As shown in FIG. 2B, following
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annealing, the partial duplex adapter can be subjected to an extension reaction using a ANTP mix
containing only dATP, dGTP, and dTTP (i.¢., no dCTP), whereby a partial duplex adapter
comprising a 5 overhang comprising at least one “H” (e.g., R01446 hybridized to Ben 383, 384,
or 385) is extended to produce a partial duplex adapter containing a two base 5’ overhang with
the sequence GC at one end. In some cases, the diversity adaptors generated in FIG. 2B are
ligated to polynucleotides fragmented with Mspl. The diversity adaptors generated in FIG. 2B
can be mixed into a single pool thereby comprising a mixture of diversity adaptors comprising O,
1, 2, or 3 D bases (D0-D3) and ligated to the Mspl polynucleotide fragments. In some cases, the
Mspl polynucleotide fragments were separated into different pools, wherein a first pool was
ligated to diversity adaptors with no D bases (D0), a second pool was ligated to diversity
adapters with one D base (D1), a third pool was ligated diversity adapters comprising two D
bases (D2), a fourth pool was ligated to adapters comprising three D bases (D3), and a fifth pool
was ligatcd to a mixturc of D0, D1, D2, and D3 diversity adapters. The mcthods illustrated in
FIG. 2A-B can be used to generate diversity adaptors useful for ligating to polynucleotide
frapments generated by digestion with any restriction enzyme. In these cases, the nucleotide base
compositions of the non-H base overhang can be adjusted to be complementary to overhang
scquence produccd by cnzymatic digestion, whilc the base identity of the H bascs can be altered
to so as to be distinguishable from the recognition sequence of the restriction enzyme used to
generate the site upon sequencing of the fragments. In some cases, diversity adaptors or pools of
diversity adaptors can be ligated to polynucleotide ends using blunt end ligation. The ends of the
polynucleotide can be blunt due to digestion with an enzyme that generates blunt ends, or can be
blunted using an end repair reaction as described herein and known in the art. In some cases, the
diversity adaptors arc configurcd such that cach strand is capablc of ligation to an cnd of a
polynuclcotidc. In somc cascs, the diversity adaptors where both strands arc ligation capable
differ in that one strand comprises cytosine analogs resistant to bisulfite treatment, while the
complementary strand comprises cytosine bases sensitive to bisulfite treatment such that bisulfite
treatment of polynucleotides comprising said diversity adaptors ligated thereto generate

polynucleotides comprising non-complementary termini.

I11. Polynucleotides, oligonucleotides, primers, samples, and nucleotides
[0074] A bisulfite converted polynucleotide library (e.g., reduced representation bisulfite
library) can be generated from a polynucleotide obtained from a source of polynucleotides. The
polynucleotides can be single-stranded or double stranded. In some cases, the polynucleotide is
DNA. The DNA can be obtained and purified using standard techniques in the art and include
DNA in purificd or unpurificd form. The DNA can bc mitochondrial DNA, ccll-frec DNA,
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complementary DNA (¢cDNA), or genomic DNA. In some cases, the polynucleotide is genomic
DNA. The DNA can be plasmid DNA, cosmid DNA, bacterial artificial chromosome (BAC), or
yeast artificial chromosome (YAC). The DNA can be derived from one or more chromosomes.
For example, if the DNA is from a human, the DNA can derived from one or more of
chromosome 1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21,22, X, or Y. Tn
some cases, the DNA 1s double-stranded DNA. In some cases, the double-stranded DNA is
genomic DNA. In some cases, the DNA is cDNA. In some cases, the cDNA is double-stranded
cDNA. In some cases, the cDNA is derived from RNA, wherein the RNA is subjected to first
strand synthesis followed by second strand synthesis. The RNA can be obtained and purified
using standard techniques in the art and include RNAs in purified or unpurified form, which
include, but are not limited to, mRNAs, tRNAs, snRNAs, rRNAs, retroviruses, small non-coding
RNAs, microRNAs, polysomal RNAs, pre-mRNAs, intronic RNA, viral RNA, cell free RNA
and fragments thercof. The non-coding RNA or ncRNA can includc snoRNAs, microRNAs,
siRNAs, piRNAs and long nc RNAs. First strand synthesis can be performed using any number
of RNA dependent DNA polymerases known in the art.

[0075] The source of polynucleotides for use in the methods described herein can be a sample
comprising the polynuclcotides. The polynuclcotides can be isolated from the sample and
purified by any of the methods known in the art for purifying the nucleic acid from the sample.
The sample can be derived from a non-cellular entity comprising polynucleotides (e.g., a virus)
or from a cell-based organism (e.g., member of archaea, bacteria, or eukarya domains). In some
cases, the sample is obtained from a swab of a surface, such as a door or bench top.

[0076] The sample can from a subject, e.g., a plant, fungi, eubacteria, archeabacteria, protest,
or animal. The subjcct can be an organism, cither a single-celled or multi-cellular organism.
The subjccet can be cultured cells, which can be primary cells or cclls from an cstablished cell
line, among others. The sample can be isolated initially from a multi-cellular organism in any
suitable form. The animal can be a fish, e.g., a zebrafish. The animal can be a mammal. The
mammal can be, e.g., a dog, cat, horse, cow, mouse, rat, or pig. The mammal can be a primate,
e.g., a human, chimpanzee, orangutan, or gorilla. The human can be a male or female. The
sample can be from a human embryo or human fetus. The human can be an infant, child,
teenager, adult, or elderly person. The female can be pregnant, suspected of being pregnant, or
planning to become pregnant.

[0077] The sample can be from a subject (¢.g., human subject) who is healthy. In some cases,
the sample is taken from a subject (e.g., an expectant mother) at at least 4, 5, 6, 7, §, 9, 10, 11,

12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or 26 weeks of gestation. In some cases, the

-30-

IDT Exhibit 1017.1580



WO 2015/131107 PCT/US2015/018112

subject is affected by a genetic disease, a carrier for a genetic disease or at risk for developing or
passing down a genetic disease, where a genetic disease is any disease that can be linked to a
genetic variation such as mutations, insertions, additions, deletions, translocation, point
mutation, trinucleotide repeat disorders and/or single nucleotide polymorphisms (SNPs).

[0078] The sample can be from a subject who has a specific disease, disorder, or condition, or
is suspected of having (or at risk of having) a specific disease, disorder or condition. For
example, the sample can be from a cancer patient, a patient suspected of having cancer or a
patient at risk of having cancer. The cancer can be, e.g., acute lymphoblastic leukemia (ALL),
acute myeloid leukemia (AML), adrenocortical carcinoma, Kaposi Sarcoma, anal cancer, basal
cell carcinoma, bile duct cancer, bladder cancer, bone cancer, osteosarcoma, malignant fibrous
histiocytoma, brain stem glioma, brain cancer, craniopharyngioma, ependymoblastoma,
ependymoma, medulloblastoma, medulloeptithelioma, pineal parenchymal tumor, breast cancer,
bronchial tumor, Burkitt lymphoma, Non-Hodgkin lymphoma, carcinoid tumor, cervical cancer,
chordoma, chronic lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML), colon
cancer, colorectal cancer, cutaneous T-cell lymphoma, ductal carcinoma in situ, endometrial
cancer, esophageal cancer, Ewing Sarcoma, eye cancer, intraocular melanoma, retinoblastoma,
fibrous histiocytoma, gallbladdcr cancer, gastric cancer, glioma, hairy ccll lcukemia, hcad and
neck cancer, heart cancer, hepatocellular (liver) cancer, Hodgkin lymphoma, hypopharyngeal
cancer, kidney cancer, laryngeal cancer, lip cancer, oral cavity cancer, lung cancer, non-small
cell carcinoma, small cell carcinoma, melanoma, mouth cancer, myelodysplastic syndromes,
multiple myeloma, medulloblastoma, nasal cavity cancer, paranasal sinus cancer, neuroblastoma,
nasopharyngeal cancer, oral cancer, oropharyngeal cancer, osteosarcoma, ovarian cancer,
pancrcatic canccr, papillomatosis, paraganglioma, parathyroid cancer, penile cancer, pharyngcal
canccr, pituitary tumor, plasma ccll ncoplasm, prostatc canccr, rcctal cancer, renal ccll cancer,
rhabdomyosarcoma, salivary gland cancer, Sezary syndrome, skin cancer, nonmelanoma, small
intestine cancer, soft tissue sarcoma, squamous cell carcinoma, testicular cancer, throat cancer,
thymoma, thyroid cancer, urethral cancer, uterine cancer, uterine sarcoma, vaginal cancer, vulvar
cancer, Waldenstrom Macroglobulinemia, or Wilms Tumor. The sample can be from the cancer
and/or normal tissue from the cancer patient.

[0079] The sample can be from a subject who is known or suspected to have a genetic disease,
disorder or condition. The sample can be from a subject who is known or suspected to have gene
silencing, imprinting, X-chromosome inactivation, phenotypic variation or genetic discase
susceptibility. In some cases, the subject is known to be wild-type or mutant for a gene, or

portion of a gene, ¢.g., CFTR, Factor VIII (F8 gene), beta globin, hemachromatosis, G6PD,
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neurofibromatosis, GAPDH, beta amyloid, or pyruvate kinase gene. In some cases, the status of
the subject is either known or not known, and the subject is tested for the presence of a mutation
or genetic variation of a gene, ¢.g., CFTR, Factor VIII (F8 gene), beta globin, hemachromatosis,
GOPD, neurofibromatosis, GAPDH, beta amyloid, or pyruvate kinase gene.

[0080] The sample can be aqueous humour, vitreous humour, bile, whole blood, blood serum,
blood plasma, breast milk, cerebrospinal fluid, cerumen, enolymph, perilymph, gastric juice,
mucus, peritoneal fluid, saliva, sebum, semen, sweat, tears, vaginal secretion, vomit, feces, or
urine. The sample can be obtained from a hospital, laboratory, clinical or medical laboratory.
The sample can be taken from a subject.

[0081] The sample can comprise nucleic acid. The sample can comprise a whole genome, and
thus be considered a whole genome sample. The sample can be a nucleic acid or polynucleotide
library. The nucleic acid can be, e.g., mitochondrial DNA, genomic DNA, mRNA, siRNA,
miRNA, cRNA, singlc-strandcd DNA, doublc-stranded DNA, singlc-strandcd RNA, doublc-
stranded RNA, tRNA, rRNA, or cDNA. The sample can comprise cell-free nucleic acid. The
sample can be a cell line, genomic DNA, cell-free plasma, formalin fixed paraffin embedded
(FFPE) sample, or flash frozen sample. A formalin fixed paraffin embedded sample can be
dcparaffinized before nucleic acid is extracted. The sample can be from an organ, c.g., heart,
skin, liver, lung, breast, stomach, pancreas, bladder, colon, gall bladder, brain, etc. Nucleic acids
can be extracted from a sample by means available to one of ordinary skill in the art.

[0082] The sample can be processed to render it competent for fragmentation, ligation,
denaturation, and/or amplification. Exemplary sample processing can include lysing cells of the
sample to release nucleic acid, purifying the sample (e.g., to isolate nucleic acid from other
samplc componcents, which can inhibit cnzymatic rcactions), diluting/concentrating the sample,
and/or combining thc samplc with rcagents for further nucleic acid processing. In some
examples, the sample can be combined with a restriction enzyme, reverse transcriptase, or any
other enzyme of nucleic acid processing.

[0083] The methods described herein can be used for analyzing or detecting one or more target
polynucleotides. The term polynucleotide, or grammatical equivalents, can refer to at least two
nucleotides covalently linked together. A polynucleotide described herein can contain
phosphodiester bonds, although in some cases, as outlined below (for example in the
construction of primers and probes such as label probes), nucleic acid analogs are included that
can have alternate backbones, comprising, for example, phosphoramide (Beaucage ct al.,
Tetrahedron 49(10):1925 (1993) and references therein; Letsinger, J. Org. Chem. 35:3800
(1970); Sprinzl et al., Eur. J. Biochem. 81:579 (1977); Letsinger et al., Nucl. Acids Res. 14:3487

32-

IDT Exhibit 1017.1582



WO 2015/131107 PCT/US2015/018112

(1986); Sawai et al, Chem. Lett. 805 (1984), Letsinger et al., J. Am. Chem. Soc. 110:4470
(1988); and Pauwels ¢t al., Chemica Scripta 26:141 91986)), phosphorothioate (Mag ct al.,
Nucleic Acids Res. 19:1437 (1991); and U.S. Pat. No. 5,644,048), phosphorodithioate (Briu et
al., J. Am. Chem. Soc. 111:2321 (1989), O-methylphosphoroamidite linkages (see Eckstein,
Oligonucleotides and Analogues: A Practical Approach, Oxford University Press), and peptide
nucleic acid (also referred to herein as "PNA") backbones and linkages (see Egholm, J. Am.
Chem. Soc. 114:1895 (1992); Meier et al., Chem. Int. Ed. Engl. 31:1008 (1992); Nielsen, Nature,
365:566 (1993); Carlsson et al., Nature 380:207 (1996), all of which are incorporated by
reference). Other analog nucleic acids include those with bicyclic structures including locked
nucleic acids (also referred to herein as "LNA™), Koshkin et al., J. Am. Chem. Soc. 120.13252 3
(1998); positive backbones (Denpcy et al., Proc. Natl. Acad. Sci. USA 92:6097 (1995); non-ionic
backbones (U.S. Pat. Nos. 5,386,023, 5,637,684, 5,602,240, 5,216,141 and 4,469,863;
Kicdrowshi ct al.,, Angcw. Chem. Intl. Ed. English 30:423 (1991); Lctsinger ct al., J. Am. Chem.
Soc. 110:4470 (1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994); Chapters 2 and
3, ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research", Ed. Y. S.
Sanghui and P. Dan Cook; Mesmacker et al., Bioorganic & Medicinal Chem. Lett. 4:395 (1994);
Jeffs ct al., J. Biomolccular NMR 34:17 (1994); Tctrahcdron Lctt. 37:743 (1996)) and non-ribosc
backbones, including those described in U.S. Pat. Nos. 5,235,033 and 5,034,506, and Chapters 6
and 7, ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research”, Ed. Y.
S. Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic sugars are also
included within the definition of nucleic acids (see Jenkins et al., Chem. Soc. Rev. (1995) pp 169
176). Several nucleic acid analogs are described in Rawls, C & E News Jun. 2, 1997 page 35.
"Locked nuclcic acids" arc also included within the definition of nucleic acid analogs. INAs arc
a class of nuclcic acid analogucs in which the ribosc ring is "locked" by a mcthylenc bridge
connecting the 2'-O atom with the 4'-C atom. All of these references are hereby expressly
incorporated by reference. These modifications of the ribose-phosphate backbone can be done to
increase the stability and half-life of such molecules in physiological environments. For
example, PNA:DNA and LNA-DNA hybrids can exhibit higher stability and thus can be used in
some cases. The polynucleotides can be single stranded or double stranded, as specified, or
contain portions of both double stranded or single stranded sequence. Depending on the
application, the nucleic acids can be DNA (including, e.g., genomic DNA, mitochondrial DNA,
and cDNA), RNA (including, e.g., mRNA and rRNA) or a hybrid, where the nucleic acid

contains any combination of deoxyribo- and ribo-nucleotides, and any combination of bases,
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including uracil, adenine, thymine, cytosine, guanine, inosine, xathanine hypoxathanine,
isocytosine, isoguanine, etc.

[0084] “Unmodified nucleotide™ or “unmodified dNTP” can refer to the four
deoxyribonucleotide triphosphates dATP (deoxyadenosine triphosphate), dCTP (deoxycytidine
triphosphate), dGTP (deoxyguanosine triphosphate) and dTTP (deoxythymidine triphosphate)
that can normally be used as building blocks in the synthesis of DNA.

[0085] “Modified nucleotide,” “modified dNTP,” or “nucleotide analog,” can refer to any
molecule suitable for substituting one corresponding unmodified nucleotide. The modified
nucleotide or ANTP render the polynucleotide more or less susceptible to degradation or
alteration by a suitable degrading or altering agent. In some cases, the modified nucleotide
substitutes for cytosine, which in its unmodified state undergoes conversion to uracil when
subjected to bisulfite treatment. In some cases, the modified nucleotide substituting for cytosine
i1s S-mcthyleytosine. In somc cascs, the modificd nuclcotide substituting for cytosinc is 5-
hydroxymethylcytosine. In some cases, the modified nucleotide is 5-propynylcytosine.

[0086] As used herein, “oligonucleotide” can refer to a polynucleotide chain, typically less than
200 residues long, most typically between 15 and 100 nucleotides long, but also intended to
cncompass longer polynucleotide chains. Oligonuclcotides may be single-or double-stranded.
The terms “primer”, and “oligonucleotide primer”, as used herein, can refer to an oligonucleotide
capable of hybridizing to a complementary nucleotide sequence.

[0087] As used herein, “hybridization”/ “hybridizing” and “annealing” can be used
interchangeably and refer to the pairing of complementary nucleic acids or sequences within
nucleic acids. “Primer”, as used herein, can refer to an oligonucleotide, generally with a free

3” hydroxyl group, that is capablc of hybridizing with a tcmplatc (such as a target polynuclcotide
or targct sequence within a polynucleotide, target DNA, target RNA or a primcr extension
product) and is also capable of promoting polymerization of a polynucleotide complementary to
the template. A primer may contain a non-hybridizing sequence that constitutes a tail of the
primer. A primer may still be hybridizing to a target even though its sequences are not fully
complementary to the target. In some cases, a first and/or second primer used to amplify a
nucleic acid or polynucleotide fragment comprising diversity sequences on the 5° and/or 3” ends
generated by the methods as provided herein further comprise one or more identifier sequences.
In some cases, the identifier sequences comprise a non-hybridizable tail on the first and/or
second primer. The identifier sequence can be a barcode sequence, a flow cell sequence, and/or
an index sequence. In some cases, the index sequence is a Truseq primer sequence compatible

with the next generation sequencing (NGS) platform produced by Illumina. In some cases, the
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first and/or second primer can bind to a solid surface. The solid surface can be a planar surface
or a bead. The planar surface can be the surface of a chip, microarray, well, or flow cell. In
some cases, the first and/or second primer comprises one or more sequence ¢lements wherein
products of the amplification reaction (i.e. amplification products) bind to a solid surface,
whereby the one or more sequences elements are complementary to one or more capture probes
attached to a solid surface.

[0088] The primers described herein can generally be oligonucleotides that are employed in an
extension reaction by a polymerase along a template (such as a target polynucleotide or target
sequence within a polynucleotide, target DNA, target RNA or a primer extension product), such
as in PCR or cDNA synthesis, for example. An oligonucleotide primer can be a synthetic
polynucleotide that is single stranded, containing a sequence at its 3’-end that is capable of
hybridizing with a sequence of a target polynucleotide. Normally, the 3’ region of the primer that
hybridizes with the target nuclcic acid has at Icast 80%, 90%, 95%, 100%, complcmentarity to a
sequence or primer binding site.

[0089] In some cases, one or more primers can be used in the methods provided herein to
generate nucleic acid libraries comprising increased diversity relative to the same nucleic acid
librarics being gencrated without the incrcased diversity. The primers usced to gencrate the
nucleic acid libraries comprising increased diversity can comprise extender sequence diversity
sequence as provided herein. The primers can comprise sequence complementary to a target
sequence in a polynucleotide as well as sequence that is non-complementary to the target
sequence. The non-complementary sequence can be a tail and can comprise one or more
diversity bases or extender sequence as described herein. The primers comprising one or more
diversity bascs can be introduced to onc or morc ends of the target scquence from a
polynuclcotidc using a polymcrasc cxtension reaction (c.g., PCR) as provided herein. The
primers comprising diversity base(s) (i.e., extender sequence) can be designed such that the
diversity base or bases are immediately adjacent to the target sequence derived from a
polynucleotide following introduction. In other words, the diversity base or bases are the first
non-target sequence polynucleotide base or bases present at the junction of a complex
comprising a target sequence from a polynucleotide and non-target sequence derived sequence.
Also as provided herein, the primers comprising diversity bases can comprise a sequence or
complement thereof that is capable of hybridizing a sequencing primer and this sequence or
complement thereof can be located adjacent to the diversity base or bases such that the diversity
base or bases are the bases initially sequenced in a sequencing reaction. In some cases, there can

also be additional sequence elements located between the sequence or complement thereof that is
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capable of hybridizing a sequencing primer and the diversity base or bases such as barcodes
(e.g., inline barcodes), universal sequence, index sequence, or random sequence. In some cases,
the additional sequence elements (e.g., barcode(s), universal sequence and/or random sequence)
can be located after the sequence or complement thereof that is capable of hybridizing a
sequencing primer and distal to the diversity base or bases. In some cases, the additional
sequence elements (e.g., barcode(s), universal sequence and/or random sequence) can be located
after the sequence or complement thereof that is capable of hybridizing a sequencing primer and
distal to the diversity base or bases as well as between the sequence or complement thereof that
is capable of hybridizing a sequencing primer and the diversity base or bases such as barcodes
(e.g., inline barcodes), universal sequence, or random sequence. In some cases, the primers
comprising diversity bases used in the methods provided herein can be used to generate low
diversity libraries such as 16S rRNA libraries or RRBS libraries such that the low diversity
librarics comprisc increascd diversity versus low diversity librarics gencrated without the usc of
primers comprising diversity bases. The primers comprising diversity bases can be mixed into a
single pool thereby comprising a mixture of primers comprising diversity bases of varying
lengths, wherein some of the primers in the pool comprise no diversity bases, while some
comprisc 1 diversity bascs, some comprisc 2 diversity bascs, some comprisc 3 diversity bascs,
some comprise 4 diversity bases, some comprise 5 diversity bases, some comprise 6 diversity
bases, some comprise 7 diversity bases, some comprise 8 diversity bases, some comprise 9
diversity bases, some comprise 10 diversity bases, some comprise 11 diversity bases, and some
comprise 12 diversity bases. Each primer in the pool of primers can comprise sequence
complementary to the same target sequence. Each primer in the pool of primers can further
comprisc scquence that can be hybridized by a scquencing primer or a primcr that can introducc
a common scquencing primer target scquence. The single pool of primers comprising diversity
bases of varying lengths can be introduced to a target sequence (e.g., 16S rRNA) present in
polynucleotides from multiple samples. As described herein, the diversity bases in a primer
comprising diversity bases can be “D” bases, “R” bases, complements of “D” bases, or
complements of “R” bases or combinations thereof.

[0090] “Complementary”, as used herein, can refer to complementarity to all or only to a
portion of a sequence. The number of nucleotides in the hybridizable sequence of a specific
oligonucleotide primer can be such that stringency conditions used to hybridize the
oligonucleotide primer can prevent excessive random non-specific hybridization. In some cases,
the number of nucleotides in the hybridizing portion of the oligonucleotide primer can be at least

as great as the defined sequence on the target polynucleotide that the oligonucleotide primer
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hybridizes to, namely, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11,
at least 12, at least 13, at least 14, at least 15, at least about 20, and generally from about 6 to
about 10 or 6 to about 12 of 12 to about 200 nucleotides, usually about 10 to about 50
nucleotides. In general, the target polynucleotide can be larger than the oligonucleotide primer or
primers as described previously.

[0091] In some cases, the identity of the investigated target polynucleotide sequence is known,
and hybridizable primers can be synthesized precisely according to the antisense sequence of the
aforesaid target polynucleotide sequence. In other cases, when the target polynucleotide
sequence is unknown, the hybridizable sequence of an oligonucleotide primer is a random
sequence. Oligonucleotide primers comprising random sequences may be referred to as “random
primers”, as described below. In yet other cases, an oligonucleotide primer such as a first primer
or a second primer comprises a set of primers such as for example a set of first primers or a set of
sccond primers. In some cascs, the sct of first or sccond primers may comprisc a mixturc of
primers designed to hybridize to a plurality (e.g. 2, 3, 4, about 6, 8, 10, 20, 40, 80, 100, 125, 150,
200, 250, 300, 400, 500, 600, 800, 1000, 1500, 2000, 2500, 3000, 4000, 5000, 6000, 7000, 8000,
10,000, 20,000, 25,000, 30,000, 40,000, 50,000, 60,0600, 70,000, 80,000, 90,000, 100,000 or
morc) of target scquences. In some cascs, the plurality of target scquences may comprisc a group
of related sequences, random sequences, a whole transcriptome or fraction (e.g. substantial
fraction) thereof, or any group of sequences such as mRNA.

[0092] "Barcode" can refer to a known polynucleotide sequence that allows some feature of a
polynucleotide with which the barcode is associated to be identified. In some cases, the feature
of the polynucleotide to be identified is the sample from which the polynucleotide is derived. In
somc cascs, barcodcs arcat Icast 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, or morc nuclcotidcs in
Iength. In somc cascs, barcodcs arc shorter than 10, 9, 8, 7, 6, 5, or 4 nuclcotides in Iecngth. A
oligonucleotide (e.g., primer or adaptor) can comprise about, more than, less than, or at least 1,
2,3,4,5,6,7,8,9, or 10 different barcodes. In some cases, barcodes associated with some
polynucleotides are of different length than barcodes associated with other polynucleotides.
Barcodes can be of sufficient length and comprise sequences that can be sufficiently different to
allow the identification of samples based on barcodes with which they are associated. In some
cases, a barcode, and the sample source with which it is associated, can be identified accurately
after the mutation, insertion, or deletion of one or more nucleotides in the barcode sequence,
such as the mutation, insertion, or deletion of' 1, 2, 3,4, 5, 6, 7, 8, 9, 10, or more nucleotides. In
some cases, each barcode in a plurality of barcodes differ from every other barcode in the

plurality at at least three nucleotide positions, such as at least 3,4, 5,6, 7, 8, 9, 10, or more
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positions. In some cases, an oligonucleotide (e.g., adaptor or primer) comprises at least one of a
plurality of barcode sequences. In some cases, barcodes for a second oligonucleotide (e.g.,
adaptor or primer) are selected independently from barcodes for a first oligonucleotide (e.g.,
adaptor or primer). In some cases, first oligonucleotides (e.g., adaptor or primer) and second
oligonucleotides (e.g., adaptor or primer) having barcodes are paired, such that oligonucleotides
(e.g., adaptors or primers) of the pair comprise the same or different one or more barcodes. In
some cases, the methods described herein further comprise identifying the sample from which a
target polynucleotide is derived based on a barcode sequence to which the target polynucleotide
is joined. A barcode can comprise a oligonucleotide sequence that when joined to a target
polynucleotide serves as an identifier of the sample from which the target polynucleotide was
derived.

[0093] "Extender secquence" can refer to a stretch of nucleotides that can vary in length and
basc composition and can scrve to increasc the distance between the 3° end of a scquencing
primer hybridized to a sequence complementary to the sequencing primer and the first nucleotide
of a target sequence in a polynucleotide to be read during a nucleotide sequencing reaction.
"Extender sequence” can be used interchangeably with “diversity sequence” or “diversity base.”
[0094] As provided herein, the scquence complementary to the scquencing primer and the
extender sequence can be appended or introduced to the first nucleotide of a target sequence in a
polynucleotide through ligation or amplification such that the extender sequence is immediately
upstream of the first base with respect to the direction of sequencing and thus will be sequenced
prior to the first base. The extender sequence canbe 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20 or more nucleotides in length. In some cases, the extender sequence and the
scquence complementary to a secquencing primer arc prescent in the same oligonucleotide
scquence. As provided herein, the oligonuclcotide scquence can be present in a primcr or
adaptor. The extender sequence and the sequence complementary to a sequencing primer can be
immediately adjacent to each other or can be separated by a stretch of nucleotides. The stretch of
nucleotides can be an additional sequence element. The additional sequence element can be one
or more barcodes as provided herein, universal sequence, linker sequence, or random sequence.
The nucleotide base composition of each nucleotide in an extender sequence comprising more
than one nucleotide can be identical or different. The nucleotide base composition of ecach
nucleotide in an extender sequence can be randomly assigned. The nucleotide base composition
of each nucleotide in an extender sequence can be semi-randomly assigned such that cach
nucleotide in an extender sequence (or diversity sequence) can only comprise 2 or 3 of the four

possible canonical bases (i.e., thymine, guanine, cytosine, or adenine) such that one or two
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specific bases can be excluded. The nucleotide base composition of each nucleotide in an
extender sequence can have a 25% chance of being one of the four unmodified bases (i.c.,
thymine, guanine, cytosine, or adenine). The nucleotide base composition of each nucleotide in
an extender sequence can be the same nucleotide base. The nucleotide base composition of an
extender sequence comprising more than one nucleotide can be constructed such that one or
more nucleotide positions can have a fixed base composition, while the remaining nucleotides
can have a randomly or semi-randomly assigned base composition as described herein.

[0095] RNA-dependent DNA polymerases for use in the methods and compositions provided
herein can be capable of effecting extension of a primer according to the methods provided
herein. Accordingly, an RNA-dependent DNA polymerase can be one that is capable of
extending a nucleic acid primer along a nucleic acid template that is comprised at least
predominantly of ribonucleotides. Suitable RNA-dependent DNA polymerases for use in the
mcthods, compositions, and kits provided hercin include reverse transcriptascs (RTs). RTs arc
well known in the art. Examples of RTs include, but are not limited to, Moloney murine
leukemia virus (M- MLV) reverse transcriptase, human immunodeficiency virus (HIV) reverse
transcriptase, rous sarcoma virus (RSV) reverse transcriptase, avian myeloblastosis virus (AMYV)
reverse transcriptasc, rous associated virus (RAV) reversce transcriptasc, and mycloblastosis
associated virus (MAV) reverse transcriptase or other avian sarcoma-leukosis virus (ASLV)
reverse transcriptases, and modified RTs derived therefrom. See e.g. US7056716. Many reverse
transcriptases, such as those from avian myeoloblastosis virus (AMV-RT), and Moloney murine
leukemia virus (MMLV-RT) comprise more than one activity (for example, polymerase activity
and ribonuclease activity) and can function in the formation of the double stranded cDNA
molccules. Howcver, in some instances, it is preferable to employ a RT which lacks or has
substantially reduccd RNasc H activity. RTs devoid of RNasc H activity arc known in the art,
including those comprising a mutation of the wild type reverse transcriptase where the mutation
climinates the RNase H activity. Examples of RTs having reduced RNase H activity are
described in US20100203597. In these cases, the addition of an RNase H from other sources,
such as that isolated from E. coli, can be employed for the degradation of the starting RNA
sample and the formation of the double stranded cDNA. Combinations of RTs can also
contemplated, including combinations of different non-mutant RTs, combinations of different
mutant RTs, and combinations of one or more non-mutant RT with one or more mutant RT.
[0096] DNA-dependent DNA polymerases for use in the methods and compositions provided
herein can be capable of effecting extension of a primer according to the methods provided

herein. Accordingly, a DNA-dependent DNA polymerase can be one that is capable of
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extending a nucleic acid primer along a first strand cDNA in the presence of the RNA template
or after selective removal of the RNA template. Exemplary DNA dependent DNA polymerases
suitable for the methods provided herein include but are not limited to Klenow polymerase, with
or without 3'-exonuclease, Bst DNA polymerase, Bca polymerase, .phi.29 DNA polymerase,
Vent polymerase, Deep Vent polymerase, Taq polymerase, T4 polymerase, and E. coli DNA
polymerase 1, derivatives thereof, or mixture of polymerases. In some cases, the polymerase
does not comprise a 5'-exonuclease activity. In other cases, the polymerase comprises 5'
exonuclease activity. In some cases, the primer extension can be performed using a polymerase
comprising strong strand displacement activity such as for example Bst polymerase. In other
cases, the primer extension can be performed using a polymerase comprising weak or no strand
displacement activity. One skilled in the art can recognize the advantages and disadvantages of
the use of strand displacement activity during the primer extension step, and which polymerases
can bc cxpcected to provide strand displacecment activity (sce ¢.g., New England Biolabs
Polymerases). For example, strand displacement activity can be useful in ensuring whole
transcriptome coverage during the random priming and extension step. Strand displacement
activity can further be useful in the generation of double stranded amplification products during
the priming and cxtcension step. Altcrnatively, a polymcrasce which compriscs wceak or no strand
displacement activity can be useful in the generation of single stranded nucleic acid products
during primer hybridization and extension that can be hybridized to the template nucleic acid.
[0097] In some cases, the double stranded products generated by the methods described herein
can be end repaired to produce blunt ends for the adapter ligation applications described herein.
Generation of the blunt ends on the double stranded products can be generated by the use of a
singlc strand spccific DNA cxonucleasc such as for cxample exonuclcase 1, cxonuclcasc 7 or a
combination thcrcof to degrade overhanging single stranded ends of the doublc strandcd
products. Alternatively, the double stranded products can be blunt ended by the use of a single
stranded specific DNA endonuclease for example but not limited to mung bean endonuclease or
S1 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, any other polymerase comprising 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
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 products of the primer extension
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reaction. In still other cases, the products of the extension reaction can be made blunt ended by
filling in the overhanging single stranded ends of the double stranded products. For example, the
fragments can be incubated with a polymerase such as T4 DNA polymerase or Klenow
polymerase or a combination thereof in the presence of one or more dNTPs to fill in the single
stranded portions of the double stranded products. Alternatively, the double stranded products
can be made blunt by a combination of a single stranded overhang degradation reaction using
exonucleases and/or polymerases, and a fill-in reaction using one or more polymerases in the
presence of one or more dNTPs.

[0098] In another embodiment, the adapter ligation applications described herein can leave a
nick between a non-ligation strand of the adapters and a strand of the double stranded product.
In these instances, a gap repair or fill-in reaction can be used to append the double stranded
product with the sequence complementary to the ligation strand of the adapter. Gap repair can be
performed with any number of DNA dependent DNA polymerasce described herein. In somce
cases, gap repair can be performed with a DNA dependent DNA polymerase with strand
displacement activity. In some cases, gap repair can be performed using a DNA dependent DNA
polymerase with weak or no strand displacement activity. In some cases, the ligation strand of
the adapter can scrve as the template for the gap repair or fill-in recaction. In some cascs, gap
repair can be performed using 7ag DNA polymerase.

[0099] Various ligation processes and reagents are known in the art and can be useful for
carrying out the methods provided herein. For example, the NuGEN Ovation ® Ultralow
Methyl-Seq Library System can be used. In some cases, blunt end ligation is employed.
Similarly, a single dA nucleotide can be added to the 3'-end of the double-stranded DNA
product, by a polymcrasc lacking 3'-cxonuclcasc activity and can anncal to an adaptor (c.g.,
diversity adaptor as provided hercin) comprising a dT overhang (or the reverse). This design can
allow the hybridized components to be subsequently ligated (e.g., by T4 DNA ligase). Other
ligation strategies and the corresponding reagents known in the art can be employed and kits and
reagents for carrying out efficient ligation reactions are commercially available (e.g, from New
England Biolabs, Roche) and can be used for the methods provided herein.

[00100] "Bisulfite" as used herein can encompass all types of bisulfites, such as sodium bisulfite
that are capable of chemically converting a cytosine (C) to a uracil (U) without chemically
modifying a methylated cytosine and therefore can be used to differentially modify a DNA
sequence based on the methylation status of the DNA.

[00101] “Low diversity” can refer to a polynucleotide. For example, the methods, compositions,

and kits described herein can be used with pools of polynucleotides that have low diversity at
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one or more positions at one or both ends of polynucleotides in the pool. A “position” can be a
single nucleotide, or 2 or more nucleotides. A “position” canbe 1,2, 3,4,5,6,7,8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides in length. A “position” can be a nucleotide
sequence repeat such as CpG or a conserved region of a gene.

[00102] A polynucleotide can have low diversity at a position among polynucleotides if the
position among polynucleotides has only one, two, or three nucleotide bases out of the four
canonical DNA nucleotide bases. In some cases, a polynucleotide can have low diversity at a
position among polynucleotides if it lacks one of the types of nucleotide bases present in the
polynucleotide. For example, a pool of polynucleotides can one type of nucleotide base, e.g.,
only A, only T, only C, or only G at a position in the polynucleotides in the pool. In some cases,
a pool of polynucleotides has only two types of polynucleotides at a position, e.g., only A or C,
only A or G, only A or T, only Cor T, only G or T, or only C or G. In some cases, a pool of
polynuclcotides has only three types of polynucleotides at a position, c.g., only A, C, and G; only
A,C,and T; only C, T, and G.

[00103] In some cases, a pool of polynucleotides can have low diversity at a position if all types
of nucleotide bases (e.g., A, T, C, and Q) are at the position among polynucleotides in the pool,
but the percentage of polynuclcotides with onc, two, or three types of bascs at the position 1s
low. For example, a pool of polynucleotides can have all four canonical bases found in DNA at
the position, but one of the types of nucleotide bases is present at that position in less than 10%,
9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of the polynucleotides. 'or example, a pool
polynucleotides can have A, T, C, and G at a position, where 50% of polynucleotides have an A
at the position, 20% have a T at the position, 20% have a C at the position, and only 10% have a
G at the position.

[00104] In somc cascs, a pool of polynuclcotides can have all four canonical bascs found in
DNA at a position among the polynucleotides in the pool, but each of two of the types of
nucleotide bases is present at that position in less than 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
or 1% of the polynucleotides. For example, a pool polynucleotides can have A, T, C, and G at a
position, where 50% of polynucleotides have an A at the position, 40% have a T at the position,
5% have a C at the position, and 5% have a G at the position.

[00105] A pool of polynucleotides can have low diversity at a position if all four canonical bases
found in DNA are at the position among the polynucleotides in the pool, but each of three of the
types of nucleotide bases is present at that position in less than 10%, 9%, 8%, 7%, 6%, 5%, 4%,

3%, 2%, or 1% of the polynucleotides. For example, a pool polynucleotides can have A, T, C,
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and G at a position, where 94% of polynucleotides have an A at the position, 2% have a T at the
position, 2% have a C at the position, and 2% have a G at the position.

[00106] A pool of polynucleotides can have any of the characteristics of a position described
hereinat 1, 2, 3,4, 5,6, 7, 8,9, 10 or more positions. A pool of polynucleotides can have any of
the characteristics of a position described hereinat 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more positions
immediately 5 to base that anneals to the 3° end of a primer, ¢.g., a sequencing primer. A pool
of polynucleotides can have any of the characteristics of a position described herein at 1, 2, 3, 4,
5,6,7, 8,9, 10 or more positions immediately 5° to base that anneals to the 37 end of a primer,
e.g., a sequencing primer.

[00107] In some cases, a pool of polynucleotides with low diversity at one or both ends is
generated using restriction enzyme. In some cases the restriction enzyme has a palindromic
recognition sequence. In some cases, a recognition site comprises a methylation site. In some
cascs, a palindromic rccognition sitc compriscs a methylation sitc. For cxample, a pool of
polynucleotides can be generated by using the restriction enzyme Mspl, which can have the
recognition sequence CCGG, where CG can be a methylation site.

[00108] In some cases, a pool of polynucleotides with low sequence diversity is generated using

an amplification bascd mcthod, for cxample, polymcrasce chain rcaction (PCR).

IV. Methods of Fragmentation

[00109] The methods provided herein can comprise fragmenting a polynucleotide to produce
polynucleotide fragments. In some cases, the polynucleotides are double-stranded and
fragmentation of the polynucleotides generates double stranded polynucleotide fragments. In
some cases, fragmentation can be achieved through methods known in the art. Fragmentation
can be through physical fragmentation methods and/or enzymatic tragmentation methods.
Physical fragmentation methods can include nebulization, sonication, and/or hydrodynamic
shearing. In some cases, the fragmentation can be accomplished mechanically comprising
subjecting the nucleic acid to acoustic sonication. In some cases, the fragmentation comprises
treating the nucleic acid with one or more enzymes under conditions suitable for the one or more
enzymes to generate breaks in the double-stranded nucleic acid. Examples of enzymes useful in
the generation of nucleic acid fragments include sequence specific and non-sequence specific
nucleases. Non-limiting examples of nucleases include DNase I, Fragmentase, restriction
endonucleases, variants thereof, and combinations thereof. Reagents for carrying out enzymatic
fragmentation reactions are commercially available (e.g, from New England Biolabs). For
example, digestion with DNase T can induce random double-stranded breaks in DNA in the
abscncc of Mg'" and in the presence of Mn™". In some cascs, fragmentation compriscs treating
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DNA with one or more restriction endonucleases. Fragmentation can produce fragments having
5” overhangs, 3’ overhangs, blunt ends, or a combination thereof. In some cases, such as when
fragmentation comprises the use of one or more restriction endonucleases, cleavage of the DNA
leaves overhangs having a predictable sequence. In some cases, the methods provided herein are
used on to generate nucleic acid libraries from polynucleotides fragmented by digestion with
restriction enzymes. In some cases, the method includes the step of size selecting the fragments
via standard methods known in the art such as column purification or isolation from an agarose
gel.

[00110] In some cases, the methods, compositions, and kits provided herein are used to generate
a reduced representation bisulfite sequencing (RRBS) library. An initial step in the generation of
an RRBS library (see FIG. 1, FIG. 3, or FIG. 36) can comprise fragmenting a polynucleotide or
a sample comprising polynucleotides by treating the polynucleotide or sample comprising
polynuclcotides with a methylation inscnsitive restriction cnzymece. The methylation inscnsitive
restriction enzyme can be Aatll, AccB7I, Acclll, Acc65I, Apal, Aval, Banll, Bbul, Bcll, BamHI,
Ball, Bglll, Bsp12861, BssHII, BstEII, BstOl, BstXI, Clal, Caspl, Csp451, Ddel, Eco4711l,
EcoRI, Haelll, Hhal, Hincll, HindIT, Kpnl, Mboll, Mlul, Mspl, Narl, NdeIl, Nrul, Pstl, Pvull,
Sacl, Scal, Sinl, SnaBl, Sphl, Stul, Taql, Xbal, Xholl, or Xmal. In somc cascs, fragmecnting a
polynucleotide or a sample comprising polynucleotides comprises treating the polynucleotide or
the sample comprising polynucleotides with Mspl, thereby generating polynucleotide fragments
comprising a 5’-C(G-3" overhang at each end. The polynucleotides treated with Mspl can be
from mammalian sources, whereby the CCGG recognition site of Mspl is not methylated at the
first cytosine residue.

[00111] In somc cases, the polynucleotide, for cxamplec DNA, can be fragmented into a
population of fragmented polynuclcotides of onc or more specific size range(s). In some cascs,
the fragments can have an average length from about 10 to about 10,000 nucleotides or base
pairs. In some cases, the fragments have an average length from about 50 to about 2,000
nucleotides or base pairs. In some cases, the fragments have an average length from about 100
to about 2,500, about 10 to about1000, about 10 to about 800, about 10 to about 500, about 50 to
about 500, about 50 to about 250, or about 50 to about 150 nucleotides or base pairs. In some
cases, the fragments have an average length less than 10,000 nucleotides or bp, less than 7,500
nucleotides or bp, less than 5,000 nucleotides or bp, less than 2,500 nucleotides or bp, less than
2,000 nucleotides or bp, less than 1,500 nucleotides or bp, less than 1,000 nucleotides or bp, less
than 500 nucleotides or bp, less than 400 nucleotides or bp, less than 300 nucleotides or bp, less

than 200 nucleotides or bp, or less than 150 nucleotides or bp. In some cases, the polynucleotide
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fragments have an average length of about, more than, less than, or at least 10, 20, 30, 40, 50,
60, 70, 80, 90, 100, 125, 150, 175, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750,
800, 850, 900, 950, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100,
2200, 2300, 2400, 2500, 2600, 2700, 2800, 2900, 3000, 3500, 4000, 4500, 5000, 5500, 6000,
6500, 7000, 7500, 8000, 8500, 9000, 9500, or 10,000 nucleotides or base pairs.

[00112] In some cases, polynucleotide fragments generated by fragmentation are subjected to
end repair. End repair can include the generation of blunt ends, non-blunt ends (i.c. sticky or
cohesive ends), or single base overhangs such as the addition of a single dA nucleotide to the 3'-
end of the double-stranded nucleic acid product by a polymerase lacking 3’-exonuclease activity.
In some cases, end repair is performed on the double stranded polynucleotide fragments to
produce blunt ends wherein the ends of the polynucleotide fragments contain 5” phosphates and
3” hydroxyls. End repair can be performed using any number of enzymes and/or methods known
in the art. An ovcrhang can comprisc about, morc than, Icss than, oratlcast 1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides.

[00113] In some cases, the polynucleotide fragments are captured using a binding agent directed
against an epigenetic modification within the sequence of the polynucleotide fragments. The
cpigenctic modification can be methylation. In some cascs, the double stranded polynuclcotide
fragments are captured using a binding agent directed against 5-methylcytosine residues in the
double-stranded polynucleotide fragments. The binding agent can be an antibody, or the binding
domain of a protein directed against S-methylcytosine residues. The protein can be a methyl-
CpG-binding domain (MBD) protein. The MBD protein can be methyl-CpG-binding domain
protein 1, 2, 4, or MECP2. In some cases, the double stranded polynucleotide fragments are
capturcd using thc binding domain of MBD2. In somc cascs, the double stranded polynuclcotide

fragments arc capturcd using the binding domain of MECP2.

V. Methods of Amplification

[00114] The methods, compositions and kits described herein can be useful to generate
amplification-ready products for downstream applications such as massively parallel sequencing
(i.e. next generation sequencing methods) or hybridization platforms. As provided herein, the
method, compositions and kits can be used to generate nucleic acid library (e.g., bisulfite
converted libraries) such that each nucleic acid insert in the library comprises non-
complementary sequence in opposing termini. Primer pairs comprising primers designed to
target the non-complementary sequence can be used to amplify the nucleic acid inserts of a
nucleic acid library prepared using the methods provided herein using the methods of
amplification as provided hercin. Mcthods of amplification arc well known in the art. In some
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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. Examples of PCR techniques that can be used include, but are not limited to,
quantitative PCR, quantitative fluorescent PCR (QF-PCR), multiplex fluorescent PCR (MF-
PCR), real time PCR(RT-PCR), single cell PCR, restriction fragment length polymorphism
PCR(PCR-RFLP), PCR-RFLP/RT-PCR-RFLP, hot start PCR, nested PCR, in situ polony PCR,
in situ rolling circle amplification (RCA), bridge PCR, picotiter PCR, digital PCR, droplet digital
PCR, and emulsion PCR. Other suitable amplification methods include the ligase chain reaction
(LCR), transcription amplification, molecular inversion probe (MIP) PCR, self-sustained
sequence replication, selective amplification of target polynucleotide sequences, consensus
sequence primed polymerase chain reaction (CP-PCR), arbitrarily primed polymerase chain
rcaction (AP-PCR), degencrate oligonuclcotide-primed PCR (DOP-PCR) and nuclcic acid bascd
sequence amplification (NABSA), single primer isothermal amplification (SPIA, see e.g. U.S.
Pat. No. 6,251,639), Ribo-SPIA, or a combination thereof. Other amplification methods that can
be used herein include those described in U.S. Pat. Nos. 5,242,794; 5,494,810; 4,988,617; and
6,582,938, Amplification of targct nuclcic acids can occur on a becad. In other cmbodiments,
amplification does not occur on a bead. Amplification can be by isothermal amplification, e.g.,
isothermal linear amplification. A hot start PCR can be performed wherein the reaction is heated
to 95°C. for two minutes prior to addition of the polymerase or the polymerase can be kept
inactive until the first heating step in cycle 1. Hot start PCR can be used to minimize nonspecific
amplification. Other strategies for and aspects of amplification are described in U.S. Patent
Application Publication No. 2010/0173394 A1, published Jul. 8, 2010, which is incorporated
herein by reference. In some cases, the amplification methods can be performed under limiting
conditions such that only a few rounds of amplification (e.g., 1,2, 3,4, 5,6, 7,8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 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, 5-30, 10-30, 15-30, 20-30, 10-30, 15-30, 20-30, or 25-30.

[00115] Techniques for amplification of target and reference sequences are known in the art and
include the methods described in U.S. Pat. No. 7,048,481. Briefly, the techniques can include
methods and compositions that separate samples into small droplets, in some instances with each
containing on average less than about 5, 4, 3, 2, or one target nucleic acid molecule
(polynuclcotide) per droplet, amplifying the nucleic acid scquence in cach droplct and detecting

the presence of a target nucleic acid sequence. In some cases, the sequence that is amplified is
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present on a probe to the genomic DNA, rather than the genomic DNA itself. In some cases, at
least 200, 175, 150, 125, 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, or 0 droplets have zero copies of
a target nucleic acid.

[00116] PCR can involve in vitro amplification based on repeated cycles of denaturation,
oligonucleotide primer annealing, and primer extension by thermophilic template dependent
polynucleotide polymerase, which can result in the exponential increase in copies of the desired
sequence of the polynucleotide analyte flanked by the primers. In some cases, two different PCR
primers, which anneal to opposite strands of the DNA, can be positioned so that the polymerase
catalyzed extension product of one primer can serve as a template strand for the other, leading to
the accumulation of a discrete double stranded fragment whose length is defined by the distance
between the 5" ends of the oligonucleotide primers.

[00117] LCR uses a ligase enzyme to join pairs of preformed nucleic acid probes. The probes
can hybridizc with cach complementary strand of the nuclcic acid analytc, if present, and ligasc
can be 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.

[00118] SDA (Westin et al 2000, Nature Biotechnology, 18, 199-202; Walker et al 1992,
Nuclcic Acids Rescarch, 20, 7, 1691-1696), can involve isothcrmal amplification bascd upon the
ability of a restriction endonuclease such as Hincll or BsoBI to nick the unmodified strand of a
hemiphosphorothioate form of its recognition site, and the ability of an exonuclease deficient
DNA polymerase such as Klenow exo minus polymerase, or Bst polymerase, to extend the 3'-
end 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 antiscnsc reaction and vice versa.

[00119] Somc aspects of the mcthods described herein can utilize lincar amplification of nucleic
acids or polynucleotides. Linear amplification can refer to a method that involves the formation
of one or more copies of the complement of only one strand of 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 process the starting
sequence is the substrate for the formation 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 opposed to
exponential amplification where the amount of product formed is an exponential function of

time.
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[00120] In some cases, 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

18 isothermal.

VI Generation of Bisulfite Converted Libraries

[00121] In one aspect, a method is provided for generating a directional, bisuflite-converted
nucleic acid library using duplex-forming adaptors comprising diversity bases or extender
sequence as described herein. The nucleic acid library generated using the duplex-forming
adapters comprising diversity bases can maintain directional (strandedness) information of the
original nucleic acid sample. In some cases, the original nucleic acid is DNA. In some cases,
the DNA is double-stranded DNA. In some cases, the double-stranded DNA is genomic DNA.
In some cases, the nucleic acid or polynucleotide is from a whole genome sample. In some cases,
the methods provided herein comprise generating a plurality of bisulfite converted libraries. One
of the plurality of bisulfite converted libraries can be generated using a duplex-forming adaptor
lacking diversity bases, while others of the plurality of bisulfite converted libraries can be
generated using a duplex-forming adaptor comprising a variable number of diversity bases. One
of the others of the plurality of bisulfite converted libraries can be generated using a duplex-
forming adaptor comprising 1 diversity base. One of the others of the plurality of bisulfite
converted libraries can be gencrated using a duplex-forming adaptor comprising 2 diversity
bases. One of the others of the plurality of bisulfite converted libraries can be generated using a
duplex-forming adaptor comprising 3 diversity bases.

[00122] As provided herein, the diversity base or bases can be introduced to adjacent to the first
nucleotide of sequence derived from the polynucleotide to which it is attached such that the
diversity base is sequenced immediately prior to the sequencing of the polynucleotide to which it
is attached. In some cases, each of the plurality of bisulfite converted libraries can comprises a
polynucleotide comprising the same or substantially similar sequence across at least a portion of
each polynucleotide. Each of the plurality of bisulfite converted libraries comprising the
polynucleotide comprising the same or substantially similar sequence across at least a portion of
each polynucleotide sequence can be pooled and subsequently processed (e.g., amplified and/or
solid-state amplified) and sequenced in parallel. In some cases, the bisulfite converted libraries
can be generated using the method described herein by introducing (e.g., ligating) a pool of
adaptors comprising adaptors comprising no diversity bases as well as adaptors comprising a
varying number of diversity bases as described herein to a sample comprising polynucleotides
comprising the samc or substantially similar scquencc across at lcast a portion of cach
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polynucleotide sequence. The sequencing can be performed using a commercially available NGS
system such as Illumina. The presence of diversity bases can aid in cluster determination in
sequencing systems such as Illumina sequencing which can suffer from poor cluster
identification in sequencing samples with low sequence diversity in their initial nucleotide bases
as shown in FIG. 31.

[00123] The method can comprise fragmenting a double stranded polynucleotide to produce
double stranded polynucleotide fragments. In some cases, fragmentation can be achieved
through methods known in the art. In some cases, fragmentation can be achieved through
methods known in the art and provided herein. In some cases, the fragmentation comprises
treating the nucleic acid with one or more enzymes under conditions suitable for the one or more
enzymes to generate breaks in the double-stranded nucleic acid. In some cases, fragmentation
comprises treating DNA with one or more restriction endonucleases. Fragmentation can produce
fragments having 5° overhangs, 3° overhangs, blunt cnds, or a combination thercof. In some
cases, such as when fragmentation comprises the use of one or more restriction endonucleases,
cleavage of the DNA leaves overhangs having a predictable sequence. In some cases, the
method includes the step of size selecting the fragments via standard methods known in the art
such as column purification or isolation from an agarosc gcl. In somc cascs, the methods
provided herein are used to generate RRBS libraries such that a sample comprising
polynucleotides is fragmented using a methylation insensitive enzyme such as Mspl in order to
generate fragments with a predictable 5°-CG-3’ overhang and subsequently introduced (e.g.,
through ligation) to an adaptor as shown in FIGs 1, 3 and 36.

[00124] In some cases, polynucleotide fragments generated by fragmentation are subjected to
cnd repair. End repair can include the gencration of blunt ends, non-blunt ends (i.c. sticky or
cohcsive cnds), or single basc overhangs such as the addition of a single dA nuclcotide to the 3'-
end of the double-stranded nucleic acid product by a polymerase lacking 3'-exonuclease activity.
In some cases, end repair is performed on the double stranded nucleic acid fragments to produce
blunt ends wherein the ends of the polynucleotide fragments contain 5’ phosphates and 3’
hydroxyls. End repair can be performed using any number of enzymes and/or methods known in
the art. An overhang can comprise about, more than, less than, or atleast 1, 2,3, 4, 5,6, 7, 8,9,
10,11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides.

[00125] In some cases, double stranded polynucleotide fragments are captured using a binding
agent directed against an epigenetic modification within the sequence of the polynucleotide
frapments. The epigenetic modification can be methylation. In some cases, the double stranded

polynucleotide fragments are captured using a binding agent directed against S-methylcytosine
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residues in the double-stranded polynucleotide fragments. The binding agent can be an antibody,
or the binding domain of a protein directed against S-methylcytosine residues. The protein can
be a methyl-CpG-binding domain (MBD) protein. The MBD protein can be methyl-CpG-
binding domain protein 1, 2, 4, or MECP2. In some cases, the double stranded polynucleotide
fragments are captured using the binding domain of MBD2. In some cases, the double stranded
polynucleotide fragments are captured using the binding domain of MECP2.

[00126] The method can further comprise ligating an adapter comprising either no diversity
bases or a variable number of diversity bases as provided herein to the double-stranded
polynucleotide fragments. Ligation can be blunt end ligation or sticky or cohesive end ligation.
In some cases, the ligation is performed using cohesive end ligation as shown in FIG. 3. The
ligation can be performed with any of the enzymes known in the art for performing ligation (e.g.
T4 DNA ligase). The adapter can be any type of adapter known in the art including, but not
limitcd to, a conventional duplex or double stranded adapter. The adapter can comprisc DNA,
RNA, or a combination thereof. The adapters can be about, less than about, or more than about
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100, or 200 nucleotides in length.
The adapters can be a duplex adaptor, partial duplex adaptor, a forked adaptor or single stranded
adaptor. In somc cascs, thc adapter is a duplex adapter. In somce cascs, the duplex adapters
comprises about, less than about, or more than about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65,70, 75, 80, 90, 100, or 200 nucleotides in length. In some cases, the adapter is a partial
duplex adapter, wherein the adapter comprises a long strand and a short strand. In some cases, a
partial duplex adapter has overhangs of about, more than, less than, or atleast 1, 2, 3,4, 5, 6, 7,
8,9,10,11,12,13, 14, 15, 16, 17, 18, 19, or 20 nucleotides. In some cases, the overhangisa 5’
ovcrhang. In some cascs, the overhang is a 3° overhang. In somc cascs, the partial duplex
adaptcr compriscs a 5 and 3” overhang. In somce cascs, the adapter compriscs duplexed
sequence. Tn some cases, the adapters comprise about, more than, less than, or at least 5, 6, 7, 8,
9,10, 12, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 90, 100, 200, or more of base paired or duplexed sequence. In some cases, the adapter
comprises a single stranded adapter. In some cases, a single-stranded adapter comprises about,
more than, less than, or at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 100,
or 200 nucleotides in length. In some cases, the single-stranded adapter forms a stem-loop or
hairpin structure. In some cases, the stem of the hairpin adapter is about, less than about, or
more than about 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100,
or more nucleotides in length. In some cases, the loop sequence of a hairpin adapter is about,

less than about, or more than about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, or more nucleotides in
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length. The adapter can further comprise known or universal sequence and, thus, allow
generation and/or use of sequence specific primers for the universal or known sequence. In
some cases, an adapter comprises one or more barcodes. In some cases, the one or more
barcodes are in a stem and/or a loop.

[00127] In some cases, an adapter is marked via incorporation of at least one modified dNTP. In
some cases, the modified ANTP comprises a nucleotide analog resistant to conversion by
treatment with a converting agent. The nucleotide analog can be a cytosine analog. The
converting agent can be any biological, biochemical, and/or chemical agent capable of altering
the base composition of a ANTP. In some cases, the converting agent is a chemical. In some
cases, the converting agent is the chemical compound bisulfite or sodium bisulfite. In some
cases, the adapter comprises a cytosine analog resistant to conversion by bisulfite treatment. In
some cases, the long strand of a partial duplex adapter comprises cytosine analog residues in
placc of cytosing residucs, which are protcected from bisulfitc conversion, whilc the short strand
of the partial duplex adapter does not comprise cytosine analog residues in place of cytosine
residues. In some cases, the short strand of a partial duplex adapter comprises cytosine analog
residues in place of cytosine residues, which are protected from bisulfite conversion, while the
long strand of the partial duplex adapter docs not comprisc cytosine analog residucs in place of
cytosine residues. In some cases, both the long and short strand of a partial duplex adapter
comprises cytosine analog residues in place of cytosine residues. In some cases, the cytosine
analog is 5-methylcytosine. In some cases, the cytosine analog is 5-hydroxymethylcytosine. In
some cases, the cytosine analog is S-propynylcytosine. A strand can comprise a modified
cvtosine at about, more than, less than, or at leastevery 1,2, 3,4, 5,6,7,8, 9, 10, 15, 20, 25, 30,
40, 50, 65, 75, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 225, or 250
nuclcotides. In somc cascs, ligation of an adaptcr to a doublc stranded polynuclcotide is by blunt
end ligation. In some cases, ligation of an adapter to a double stranded polynucleotide is by
cohesive or sticky end ligation, wherein an overhang in the adapter hybridizes to an overhang in
the double stranded polynucleotide comprising complementary sequence such as shown in FIGs.
3. In some cases, an adapter comprising a modified ANTP (e.g. a cytosine analog resistant to
bisulfite treatment) comprises a ligation strand or first strand capable of ligation to a 5’end of the
polynucleotide fragments and a non-ligation strand or second strand incapable of ligation to
either end of the polynucleotide fragments. In some cases, the duplex adapter is a partial duplex
adapter, wherein the adapter comprises a long strand and a short strand, and wherein the long
strand is the ligation strand or first strand, while the short strand is the non-ligation strand or

second strand. In some cases, the partial duplex has strands of unequal length. In some cases,
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the partial duplex comprises an overhang at one end of the adapter and a blunt end at another end
of the adapter. The overhang can be at the 3” end or the 5” end. In some cases, the partial duplex
comprises an overhang at each end of the adapter. The overhang can be of equal length or
unequal length. In some cases, the 5° end of the ligation strand does not comprise a 5° phosphate
group. In some cases, the 5” end of the ligation strand does comprise a 5” phosphate, wherein the
3’ end of the polynucleotide lacks a free 3 hydroxyl.

[00128] In some cases, the 3” and/or 5° ends of the non-ligation strand comprise a blocking
group and are enzymatically unreactive. The blocking group or moiety on the 3 and/or 5” end
can be any blocking group or moiety as described herein and/or known in the art. In some cases,
the block at the 5° end of the non-ligation strand comprises a biotin moiety. In some cases, the
5” end of the non-ligation strand does not comprise a 5” phosphate. The 5 end can be removed
by treatment with an enzyme. The enzyme can be a phosphatase. In some cases, the 5° end of
the non-ligation strand is dephosphorylatcd by treatment with alkalinc phosphatasc. In some
cases, the 5° end of the non-ligation strand does comprise a 5° phosphate, wherein the 3’ end of
the polynucleotide lacks a free 3” hydroxyl. In some cases, the non-ligation strand comprises a
block at the 3’ end comprising terminal dideoxycytosine and a block at the 5° end comprising a
biotin moicty. In somc cascs, distinct adapters as described herein are ligatcd to a 57 end of a
double strand polynucleotide.

[00129] In some cases, the adapter is a hairpin adapter comprising a stem-loop, wherein both
strands of the stem comprise a modified ANTP (e.g. a cytosine analog resistant to bisulfite
treatment). In some cases, the stem-loop adapter comprises a ligation or first strand and a non-
ligation or second strand as described herein. In some cases, the 3” end of the stem comprises
the ligation strand, whilc the 5° end of the stem compriscs the non-ligation strand. In some
cascs, the 57 end of the stem docs not comprisc a 5° phosphate. In somc cascs, the 5” end of the
stem comprises a 5° phosphate, while the 3” ends of the double strand polynucleotide lacks a free
3" hydroxyl. In some cases, the 5° end of the stem comprises a blocking group. The blocking
group can be any of the blocking groups described herein. In some cases, the stem comprises an
overhang. The overhang can be a 5° overhang or a 3° overhang and can comprise DNA, RNA,
or both. A stem-loop adapter can be ligated to a double stranded polynucleotide by the methods
described herein. In some cases, a stem loop adapter comprises a replication block. The
replication block can be a non-replicable base or region in the loop or in a region of the stem
adjacent to the loop comprising abasic sites. The replication block can comprise an inverted
repeat. Abasic sites can be generated in the stem-loop by any of the methods known in the art,

which can include, but is not limited to, incorporation of dUTP during generating of the adapter
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followed by treatment with dU-glycosylase (which is also referred to as Uracyl-DNA
Glycosylase or UDG)Y, In some cases, the replication block is remavable or cleavable,

[00130] In some cases, the adapter comprises a ligation or first strand as described herein, and a
non-ligation or second strand, wherein the non-ligation or second strand comprises RNA
residues. In some cases, the adapter comprises a ligation or first strand as described herein, and
a non-ligation or second strand, wherein the ligation or first strand comprises RNA residues.
[00131] In some cases, the ligation of an adapter to a first strand of a double stranded
polynucleotide fragments creates a nick or break in the backbone between the non-ligation strand
of the adapter and the 3° end of the second strand of the double-stranded polynucleotide
fragments, wherein the non-ligation strand is not joined to the 3’ end of the second strand of the
polynucleotide fragments. In this case, the 5* end of the ligation strand does not comprise a 5’
phosphate group. Further to this case, ligation of an adapter to the polynuclectide fragment can
gencrate a polynucleotide fragment comprising the ligation strand comprising a cytosinc analog
joined to a first and second 5° end of the polynucleotide fragments. In some cases, the 5° end of
the ligation strand comprises a 5” phosphate group, and the 3 ends of the polynucleotide
fragment lacks a free 3’ hydroxyl. Further to this case, ligation of an adapter to the
polynuclcotidc fragment can gencrate a polynuclcotide fragment comprising the ligation strand
comprising a cytosine analog joined to a first and second 5” end of the polynucleotide fragments.
[00132] The method can further comprise performing an extension reaction. The extension
reaction can be performed using any number of methods known in the art including, but not
limited to, the use of a DNA dependent DNA polymerase with strand displacement activity or a
DNA polymerase with exonuclease activity and all four ANTPs (i.c. dATP, dTTP, dCTP, and
dGTP), whercin the dNTPs arc unmodificd. In somc cascs, adaptors (c.g., duplex or partial
duplex) as described hercin comprising cytosine analogs resistant to bisulfite trcatment in a
ligation strand as well as no or one or more diversity bases are ligated to a polynucleotide and
further subject to an extension reaction that is performed with a DNA polymerase and
unmodified dNTPs (i.e. dATP, dTTP, dCTP, and dGTP). In some cases, adaptors (e.g., duplex
or partial duplex) as described herein comprising cytosine bases sensitive to bisulfite treatment in
a ligation strand as well as no or one or more diversity bases are ligated to a polynucleotide and
further subject to an extension reaction that is performed with a DNA polymerase and a ANTP
mixture comprising dATP, dTTP, dGTP, and a dCTP analog resistant to bisulfite treatment. In
some cases, the extension reaction extends the 3” ends of the polynucleotide fragments, whereby
a non-ligation strand of an adapter is removed. The non-ligation strand can be removed by being

displaced, degraded, or denatured. In some cases, the non-ligation strand of the joined adapter is
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removed by heat denaturation, and the 3” ends of the polynucleotide fragment are extended with
a polymerase without strand displacement activity. In some cases, the melting temperature of
the non-ligation strand bound to the ligation strand can be lower than the melting temperature of
the two strands of the polynucleotide fragment to which the ligation strand of the adapter is
joined. Tn some cases, the non-ligation strand is displaced by a polymerase comprising strand
displacement activity during extension of the 3° ends of the double stranded polynucleotide
fragment. In some cases, the adapter is a hairpin adapter and the extension reaction displaces the
non-ligation strand of the stem. In some cases, the displaced strand of the stem adapter remains
connected to the ligation strand of the stem via the loop. In some cases, the loop comprises a
cleavage site for an enzyme (i.e. restriction endonuclease). In some cases, the cleavage site is
within a replication block. In some cases, the cleavage site is cleaved, thereby removing the
non-ligation strand of the stem. In these cases, the ligation strand of the stem can comprise the
modificd nucleotide (i.c. nuclcotide with cytosinc analog resistant to bisulfite trcatment). In
some cases, the ligation strand serves as the template, wherein the extension reaction generates
sequence complementary to the ligation strand. In some cases a single adapter is ligated to the 5°
ends of the double stranded polynucleotide fragment, whereby extension of the 3’ ends of the
polynuclcotide fragment gencrates polynucleotide fragments comprising complementary adapter
sequences at the 3” and 5° ends. In some cases, the adapter ligated to the polynucleotide
fragments comprises a non-ligation strand comprising RNA thereby forming a DNA/RNA
heteroduplex with the ligation strand, wherein the extension reaction extends the 3’ ends of the
polynucleotide fragments following degradation of the RNA in the non-ligation strand using an
agent capable of degrading RNA in a DNA/RNA heteroduplex. The agent can be an enzyme.
The cnzymc can be RNasc H. In this cmbodiment, the ligation or first strand scrves as the
tcmplate, wherein the cxtension reaction gencrates sequence complementary to the ligation or
first strand, thereby generating polynucleotide fragments comprising complementary adapter
sequences at the 3° and 5’ ends.

[00133] In some cases, the duplex adapter is a partial duplex adapter, wherein the adapter
comprises a long strand and a short strand, wherein both the long strand and the short strand are
capable of ligation. In some cases, the long strand comprises a modified ANTP (e.g. a cytosine
analog resistant to bisulfite treatment). In some cases, the short strand comprises a modified
dNTP (e.g. a cytosine analog resistant to bisulfite treatment). In these cases, the partial duplex
adapter comprises a 5° overhang and a blunt end, or both a 5 and 3’ overhang. In order to
reduce the formation of primer dimers, the 3’ end of the short arm of the adapter can comprise a

blocking group and can be enzymatically unreactive. The blocking group can be any of the
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blocking groups described herein. In some cases, the short arm of the adapter comprises a
reversible blocking group, wherein the reversible blocking group can be removed following
ligation of the adapter to the double stranded polynucleotide. In some cases, unligated adapter is
removed by washing and/or degradation following ligation and prior to removal of the reversible
blocking group. In some cases, the method can further comprise performing an extension
reaction. The extension reaction can be performed using any number of methods known in the
art including, but not limited to, the use ofa DNA dependent DNA polymerase with strand
displacement activity and all four dNTPs (i.e. dATP, dTTP, dCTP, and dGTP), wherein the
dNTPs are unmodified. In some cases, the extension reaction is performed with a DNA
polymerase and unmodified dNTPs (i.e. dATP, dTTP, dCTP, and dGTP). In some cases, the
extension reaction extends the 37 ends of short strand of the adapters ligated to the ends of the
double stranded polynucleotide fragments, thereby generating polynucleotide fragments
comprising complementary adapter scquences at the 3” and 5” ends. The cytosine analog
resistant to bisulfite treatment can be 5-methylcytosine, 5-hydroxymethylcytosine or 5-
propynylcytosine.

[00134] In some cases, double stranded polynucleotide fragments comprising adapter sequence
at thc 3° and 5” ends arc capturcd prior to trcatment with a converting agent. In some cascs, the
double stranded polynucleotide fragments are captured using a binding agent directed against
modified dNTPs in the double-stranded polynucleotide fragments with adapters. The modified
dNTP can be a modified dCTP comprising a cytosine analog. The cytosine analog can be 5-
methylcytosine, 5-hydroxymethylcytosine or S-propynylcytosine. The binding agent can be an
antibody, or the binding domain of a protein directed against a cytosine analog. In some cases,
the binding domain is dirccted against S-mcthyleytosine residucs. The binding domain can be
from a mcthyl-CpG-binding domain (MBD) protcin. The MBD protcin can be methyl-CpG-
binding domain protein 1, 2, 4, or MECP2. In some cases, the double stranded polynucleotide
fragments are captured using the binding domain of MBD2. In some cases, the double stranded
polynucleotide fragments are captured using the binding domain of MECP2. In some cases, one
or both strands of the adapter sequence on the end(s) of the double stranded polynucleotide
fragments comprise a cytosine analog other than 5-methylcytosine, wherein the double stranded
polynucleotide fragments are captured using the binding domain of a methyl-CpG-binding
domain (i.e. MBD2 or MECP2). The cytosine analog other than 5-methylcytosine can be 5-
hydroxymethylcytosine or 5-propynylcytosine.

[00135] In some cases, the method further comprises a denaturing step, wherein the

polynucleotide fragments comprising adaptor sequences at the 3° and 5° ends are denatured.
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Denaturation can be achieved using any of the methods known in the art which can include, but
are not limited to, heat denaturation, and/or chemical denaturation. Heat denaturation can be
performed by raising the temperature of the reaction mixture to be above the melting temperature
of the polynucleotide fragments comprising adapter sequence at both ends. The melting
temperature can be about, more than, less than, or at least 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 81, 82, 83, 84, &S, 86, 87, &8, €9, 90, 91, 92,
93, 94, or 95 degrees C. The temperature can be raised above the melting temperature by about,
more than, less than, oratleast 1,2, 3,4, 5,6, 7,8, 9, or 10 degrees C. Chemical denaturation
can be performed using bases (i.e. NaOH), and/or competitive denaturants (i.e. urea, or
formaldehyde). In some cases, denaturation generates single stranded polynucleotide fragments
comprising complementary adaptor sequence at the 3” and 5° ends such that the juncture between
the fragments and the adaptors comprisc onc or morc diversity bascs. In somc cascs,
denaturation generates single stranded polynucleotides fragments comprising distinct adapter
sequence at the 3° and 5° ends such that the juncture between the fragments and the adaptors
comprise one or more diversity bases.

[00136] In somc cascs, singlc strandcd polynuclcotide fragments comprising adaptcr scquence at
the 3” and 5’ ends are captured prior to treatment with a converting agent. In some cases, the
polynucleotide fragments are captured by a binding agent directed against one or more modified
dNTPs present in the adapter sequence. In some cases, the modified dNTP is a nucleotide base
analog. In some cases, the binding agent is a binding protein. In some cases, the binding protein
is an antibody directed against the modified ANTP. In some cases, the binding protein is an
antibody dirccted against the modificd ANTP, whercin the modificd dNTP is a nuclcotide analog.
In somc cascs, the singlc strandcd polynucleotide fragments comprising adapter scquence at the
37 and 5° ends are captured prior to treatment with a bisulfite. Tn some cases, the nucleic acid
fragments (polynucleotides) are captured by a binding agent directed against one or more
elements present in the adapter sequence. In some cases, the one or more elements comprise a
cytosine analog. In some cases, the cytosine analog is 5S-methylcytosine. In some cases, the
binding agent is a 5-methylcytosine binding protein. In some cases, the binding protein is an
anti-5-methylcytosine antibody. In some cases, S-methylcytosine capture is performed prior to
bisulfite treatment, wherein the cytosine analog resistant to bisulfite treatment is a cytosine
analog other than 5-methylcytosine. In some cases, the cytosine analog can be 5-
hydroxymethylcytosine or 5-propynylcyotsine. The one or more elements can be introduced

during the extension reaction. In some cases, a modified nucleotide can be incorporated during
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the extension reaction, wherein the modified nucleotide contains a tag. The tag can be a biotin
moiety. In some cases, the binding agent is avidin, streptavidin, or an anti-biotin antibody.
[00137] Following denaturation, and optional capture by a binding agent, the single-stranded
polynucleotide fragments comprising adapter sequence at the 3” and 5’ ends can be treated with a
converting agent. In some cases, treatment of the single-stranded polynucleotide fragments with
a converting agent alters the sequence of the complement of the ligation strand as well as the first
and second strands of the double stranded polynucleotide fragment, while leaving the sequence
of the ligation or first strand unchanged. In some cases, a single adapter is ligated to the 5° ends
of the polynucleotide fragments, whereby treatment with a converting agent generates single
stranded polynucleotide fragments comprising non-complementary sequence at the 5° and 3’
ends. In some cases, distinct adapters are ligated to the 57 ends of the polynucleotide fragments,
whereby treatment with a converting agent generates single stranded polynucleotide fragments
whercin the non-ligation strands of the distinct adaptcrs is altered to be non-complementary to
the ligation strands of the distinct adapters. In some embodiments, the sequence of the ligation
or first strand of the adapter marks the 5° end of the polynucleotide fragments, thereby
maintaining the strandedness of the polynucleotide fragment and thus providing information on
dircctionality.

[00138] In some cases, the single-stranded nucleic acid fragments are treated with a converting
agent wherein the converting agent is bisulfite. In some cases, treatment of the single-stranded
polynucleotide fragments converts cytosine residues in the polynucleotide fragment and the
complement of the ligation or first strand to uracil residues while the cytosine analogs in the
ligation or first strand are resistant to conversion. In some cases, treatment of the single stranded
polynuclcotide fragments with bisulfitc gencrates single stranded polynucleotide fragments
comprising non-complementary adaptcer scquence at the 5” and 3” cnds. In somc cascs, the
sequence of the ligation strand of the adapter unaltered by bisulfite treatment marks the 5 end of
the polynucleotide fragments, thereby maintaining the strandedness of the polynucleotide
fragment and thus providing information on directionality. In some cases, distinct adapters are
ligated to the 5° ends of the polynucleotide fragments, whereby treatment with a bisulfite
generates single stranded polynucleotide fragments wherein cytosine residues in the non-ligation
strands of the distinct adapters are converted to uracil residues, whereby the sequence of the non-
ligation strand is no longer complementary to the ligation strands of the distinct adapters.
[00139] In some cases, the method further comprises amplifying the single-stranded
polynucleotide fragments comprising adapter sequences at the 3° and 5” ends. In some cases,

amplification of the single-stranded polynucleotide fragments comprising adapter sequence at
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the 3” and 5’ ends generates directional polynucleotide libraries. In some cases, one end of the
polynucleotide fragment marks the orientation of the original polynucleotide strand to which it is
appended due to its resistance to conversion by the converting agent, whereby the sequence in
said end is resistant to conversion to a different sequence by treatment with the converting agent.
In some cases, amplification of the single-stranded polynucleotide fragments comprising adapter
sequence at the 3” and 57 ends generates directional polynucleotide libraries wherein one end of
the polynucleotide fragments marks the orientation of the original polynucleotide strand to which
it is appended due to its resistance to conversion by bisulfite treatment. In some cases, the
cytosine residues present in said end are resistant to conversion to uracil residues by bisulfite
treatment.

[00140] In some cases, amplifying the single stranded polynucleotide fragments comprising
adapter sequence at the 3° and 5’ ends comprises the use of a first primer and a second primer.
In somc cascs, the first primer is dirccted against scquence complementary to the ligation or first
strand of an adapter altered following treatment with a converting agent. In some cases, the
second primer is directed against sequence complementary to the ligation or first strand of an
adapter, wherein the ligation or first strand to which said complementary sequence is
complecmentary is not altered by trcatment with the converting agent. In somc cascs, the
converting agent is bisulfite, whereby treatment with bisulfite converts cytosine residues in the
sequence complementary to the ligation or first strand to uracil residues. In some cases, the first
primer is directed against sequence complementary to the ligation or first strand of the adapter
comprising uracil residues following bisulfite treatment. In some cases, the second primer is
directed against sequence complementary to the ligation or first strand of the adapter, wherein
the ligation or first strand to which said complementary scquence is complementary to docs not
contain uracil residucs following bisulfite trcatment. The single stranded polynuclcotide
fragments comprising adapter sequence at the 3’ and 5° ends can represent a first strand of a
double stranded polynucleotide fragment or a second strand of a double stranded polynucleotide
fragment.

[00141] In some cases, a single adapter is ligated to the 5° ends of the polynucleotide, whereby
the first and second strands can comprise non-complementary sequence following treatment with
the converting agent (e.g., bisulfite treatment). In some cases, distinct adapters are ligated to the
5" ends of the polynucleotide fragments, whereby treatment with bisulfite generates single
stranded polynucleotide fragments from a first strand of a double stranded polynucleotide
fragment or a second strand of a double stranded polynucleotide fragment, wherein cytosine

residues in the non-ligation strands of the distinct adapters are converted to uracil residues. In
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these cases, the sequence of the non-ligation strand is no longer complementary to the ligation
strands of the distinct adapters. Amplifying the single stranded polynucleotide fragments
comprising adapter sequence at the 3” and 5° ends can produce amplification products from
either or both of the first and second strand of the double stranded polynucleotide fragment
following treatment with the converting agent (i.e. bisulfite). In some cases, the first and/or
second primer further comprises one or more identifier sequences. In some cases, the identifier
sequences comprise a non-hybridizable tail on the first and/or second primer. The identifier
sequence can be a barcode sequence, a flow cell sequence, and/or an index sequence. In some
cases, the index sequence is a Truseq primer sequence compatible with the next generation
sequencing platform produced by Illumina. In some cases, the first and/or second primer can
bind to a solid surface. The solid surface can be a planar surface or a bead. The planar surface
can be the surface of a chip, microarray, well, or flow cell. In some cases, the first and/or second
primcr compriscs onc or morc scquence clements products of the amplification rcaction (i.c.
amplification products) to a solid surface, wherein the one or more sequences are complementary
to one or more capture probes attached to a solid surface.

[00142] In some cases, methods for generating a polynucleotide library using modified duplex-
forming adapters described herein further comprisce determining the methylation status of the
input double stranded polynucleotide. In some cases, the input polynucleotide is genomic DINA
and the amplification of single-stranded polynucleotide fragments comprising non-
complementary sequence at the 3> and 5’ ends is followed by sequencing. The non-
complementary sequence at the 3” ends of the single-stranded polynucleotide fragments can be
complementary to reverse read sequencing primers, while the 5° ends of the single-stranded
polynuclcotide fragments can be complementary to forward read scquencing primers. This
diffcrentially complementarity to forward and reverse scquencing primers can result from the
bisulfite treatment differentially affecting the sequence of the 3° and 5’ ends based on the
presence or absence of cytosine analogs resistant to bisulfite treatment in the 3 and 5° ends as
described herein. Further to this embodiment, the methylation status of the genomic DNA can
be determined by comparing the sequence obtained from the sequencing of the single-stranded
polynucleotide fragments comprising non-complementary sequence at the 3” and 5° ends
representing either or both of the first and second strand of the double stranded polynucleotide
following treatment with converting agent (i.e. bisulfite treatment) generated by the methods
described herein against a reference sequence. The reference sequence can be the sequence of
the genomic DNA (either or both strands) not subjected to alteration by treatment with the

converting agent. The comparing can be performed on a computer. The comparing can be done
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on a computer using a sequence alignment tool or program. The sequence alignment tool or
program can map bisulfite treated sequencing reads to a genome of interest and perform
methylation calls. The bisulfite sequencing mapping tool can be the Bismark program. In some
cases, the comparing comprises performing a nucleotide alignment between the sequence
obtained from the sequencing of the single-stranded DNA fragments comprising non-
complementary sequence at the 3” and 5° ends generated by the methods described herein with a
reference sequence on a computer using any of the nucleotide alignment programs known in the
art (e.g. Bismark). In some cases, the methods described herein can be used to determine the
methylation status of a specific locus or region of genomic DNA or the entire genome (i.e. the
methylome). In some cases, following bisulfite treatment, the methylation status of a given
cytosine residue is inferred by comparing the sequence to an unmodified reference sequence.
[00143] Sequencing can be any method of sequencing, including any of the next generation
scquencing (NGS) mcthods described hercin. In some cascs, the NGS mcthod compriscs
sequencing by synthesis. In some embodiments, sequencing is performed with primers directed
against known or universal sequence introduced into the nucleic acid fragments by the adapter
ligated to the nucleic acid fragments. In some cases, the primers used for sequencing are
dirccted against adapter scquence unaltered by trcatment with a converting agent. In some cascs,
primers used for sequencing are directed against adapter sequence altered by treatment with a
converting agent. The converting agent can be bisulfite, wherein bisulfite treatment converts
cytosine residues to uracil residues. In some cases, the sequencing primers are directed against
adapter sequence comprising thymine residues following bisulfite treatment and amplification.
In some cases, the sequencing primers are directed against adapter sequence wherein the adapter
scquence is resistant to conversion by bisulfite trcatment. In this ecmbodiment, the adapter
scquence to which the scquencing primers arc dirccted doces not comprise thyminc residucs
following bisulfite treatment and amplification. Tn some cases, sequencing is performed with
primers directed against identifier sequence introduced into the polynucleotide fragments by the
first and/or second primer used to amplify single-stranded polynucleotide fragments comprising
non-complementary sequence at the 3’ and 5” ends. The identifier sequence can be a barcode
sequence, a flow cell sequence, and/or index sequence. In some cases, the index sequence is a
Truseq primer sequence compatible with the next generation sequencing platform produced by
Illumina.

[00144] As described herein, the methods, compositions and kits provided herein can be used to
generate reduced representation bisulfite (RRBS) libraries. As shown in FIG. 23, generation of

an RRBS library can result in representation of about 1% of the genome that is enriched for 40-
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300 bp fragments comprising microsatellite bands and aid in silico assignment of CpG sites into
genomic classes using far less sequencing than can be required using whole genome bisulfite
sequencing approach as shown in FIG. 25. A comparison of RRBS library generation with other
DNA methylation profiling technologies (FIG. 24), as reproduced from Gu et al. Narure
Protocols. 6(4): 468-481(2011), which is herein incorporated by reference in its entirety, reveals
that RRBS provides about 9% actual genomic coverage at a resolution of 1 bp with an input of
only 0.01-0.3 ug. However, as described herein, RRBS can sometimes create a lack of color
balance that can be an issue for some sequencing platforms. The methods, compositions, and
kits provided herein can be used to eliminate or substantially reduce these issues.

[00145] A schematic exemplary of an embodiment of the methods described herein for
generating an RRBS library using partial duplex-forming adapters comprising diversity bases is
shown in FIG. 3. The method can comprise digesting a double stranded polynucleotide (e.g.,
genomic DNA) at onc or morc recognition sitcs for a methylation inscnsitive restriction
endonuclease (RE). In some cases, the one or more recognition sites comprise the sequence
“CCGG”, and the methylation insensitive RE is Mspl. The methylation insensitive restriction
enzyme can be Dpnll, Hpall, Sall-HF®, ScrFI, and the recognition site can be any recognition
sitc recognized by said restriction endonuclcascs. Clecavage with the RE produccs onc or more
polynucleotide fragments with or without overhangs. As shown in FIG. 3, cleavage with Mspl
generates a double-stranded polynucleotide fragment comprising a 5’ overhang dinucleotide
comprising 5’-CG-3". A pool of diversity adaptors as shown in FIG. 2A-B can be appended to
the double stranded polynucleotide generated by cleavage with Mspl. The appending can be
through ligation. Ligation can be performed with any ligation method known in the art. The
ligation can be cohesive cnd ligation such as shown in FIG. 3. For illustrative purposcs, ligation
of a singlc diversity adaptor to both ends of the Mspl clcaved double stranded polynuclcotide is
shown. The cleaved polynucleotide can be ligated on each end by a diversity adaptor comprising
a different number of diversity bases than on an opposite end of the same cleaved
polynucleotide. The diversity adapter in FIG. 3 comprises a short strand whose 5 end
comprises a terminal “CG” dinucleotide which immediately follows three ‘“H’ nucleotides, which
can be either a adenine (A), cytosine (C), or thymine (T) base, but cannot be a guanine (G) base.
The long strand of the diversity adaptor terminates with a “DDD” trinucleotide comprising all
“D” bases, wherein the “DDD” is the complement of the HHH triplet on the short strand and,
therefore can be an A, G, or T base, but cannot be a C base. The long strand of the diversity
adapter comprises non-methylated cytosine residues. In some cases, the long strand of the

diversity adaptor can comprise cytosine analogs resistant to bisulfite treatment. In some cases,
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the cytosine analog resistant to bisulfite treatment is 5-methyl-cytosine. As can be seen in FIG.
2A-B, the short strand can comprise 0, 1, 2, or 3 “H” bases, and thus, the long strand can
comprise either 0, 1, 2, or 3 “D” bases. FIG 2A-B also illustrates that the short strand comprises
botha 5’ (e.g., Biosg), and 3’ (e.g., ddC) group. One or both groups can serve to block ligation
and/or extension of the short strand. Following ligation of the diversity adapters in FIG. 3, the
3’ ends of the polynucleotide fragments can be extended in the presence of a nucleotide mixture
comprising dTTP, dGTP, dATP, and 5-methyl dCTP using the long strand of the diversity
adapter as template. Extension can produce polynucleotide fragments comprising the long strand
diversity adapter sequence comprising non-methylated cytosine residues at the 5’ end and
sequence complementary to the long strand diversity adapter sequence comprising methylated
cytosine residues at the 3” end. In some cases, the long strand of the diversity adaptor comprises
5-methylcytosine and following ligation of the diversity adapters in FIG. 3, the 3’ ends of the
polynuclcotide fragments can be cxtended in the presence of a nuclcotide mixture comprising
dTTP, dGTP, dATP, and dCTP using the long strand of the diversity adapter as template. Thus,
extension can produce polynucleotide fragments comprising the long strand diversity adapter
sequence comprising methylated cytosine residues at the 5° end and sequence complementary to
the long strand diversity adapter scquence comprising non-methylated cytosine residucs at the 3°
end. In some cases, both the long strand and the short strand of the diversity adaptor comprises
5-methylcytosines and can ligate to each end of the Mspl digested polynucleotide and following
ligation of the diversity adapters , the 3 ends of the short strand of the D-adaptor can be
extended in the presence of a nucleotide mixture comprising dTTP, dGTP, dATP, and dCTP
using the long strand of the diversity adapter as template. Thus, extension can produce
polynuclcotide fragments comprising the long strand diversity adapter scquence comprising
mcthylated cytosine residucs at the 5° end and scquence complementary to the long strand
diversity adapter sequence comprising non-methylated cytosine residues at the 3” end. In some
cases, both the long strand and the short strand of the diversity adaptor comprises non-
methylated cytosines and can ligate to each end of the Mspl digested polynucleotide and
following ligation of the diversity adapters, the 3’ ends of the short strand of the diversity
adaptor can be extended in the presence of a nucleotide mixture comprising dTTP, dGTP, dATP,
and 5-methyl dCTP using the long strand of the diversity adapter as template. Thus, extension
can produce polynucleotide fragments comprising the long strand diversity adapter sequence
comprising non-methylated cytosine residues at the 5 end and sequence complementary to the
long strand diversity adapter sequence comprising methylated cytosine residues at the 3” end. 5-

methyl cytosine in the diversity adaptor and/or the reaction mixture used tor extension can be
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substituted with any cytosine analog resistant to bisulfite treatment known in the art. The
cytosine analog can be 5-hydroxymethylcytosine. The cytosine analog can be 5-propynlcytosine.
The polynucleotide fragment resulting from digestion with Mspl and ligation with one or more
diversity adaptors to each end can be denatured and then subjected to bisulfite treatment as
shown in FIG. 3. In some cases, fragments of a desired size are selected prior to bisulfite
treatment and PCR ampilfication by running the fragments comprising the adapters in a gel and
size selecting. Bisulfite treatment can generate single stranded polynucleotide fragments
comprising non-complementary diversity adaptor sequence at each terminus. As shown in FIG.
3, bisulfite treatment can generates single-stranded polynucleotide fragments comprising long
strand diversity adapter sequence at the 5° end wherein each cytosine residue has been converted
to a uracil, and sequence which remains complementary to the long strand of the diversity
adapter sequence present in the fragment prior to treatment at the 3’ end. Any non-methylated
cytosine residucs present in the polynucleotide fragment between the adapter scquence can also
be converted to uracil residues. Following bisulfite treatment, the fragments can be subjected to
PCR using primers directed to the adapter sequences following conversion. PCR amplification
can generate polynucleotide fragments with distinct adapter sequences on each end. The “D,”
“R,” and “H” bascs prcsent in the diversity adapters can retain their original basc identity
following bisulfite treatment and subsequent amplification. The resultant bisulfite converted
library can be further subjected to sequencing. Sequencing can be performed by any of the
known next generation sequencing platforms. As can be seen in FIG. 3, sequencing the RRBS
library generated by the method depicted in FIG3 can generate predictable forward and reverse
reads in the initial cycles. The long strand of the adapter can further comprise additional
scquence clements such as barcodcs and/or random scquence. Additional sequence clements can
also be introduccd to RRBS nuclcic acid inscrts through amplification of the inscrts with primers
comprising the additonal sequence elements. The additional sequence elements can be one or
more barcodes, random sequence, and/or flow cell sequences that can be used to hybridize and
thus capture an insert on a solid surface for subsequent solid-phase amplification. FIG. 27A
illustrates a polynucleotide insert from an RRBS generated using diversity adapters as provided
herein. FIG. 37 illustrates a polynucleotide insert from an RRBS generated using diversity
adapters as provided herein that is subsequently attached to a solid surface. The solid surface
can be a flow cell surface or a bead. As shown in FIG. 37, a capture probe on a flow cell surface
can be used to capture (via hybridization) a library insert such as the one shown in FIG. 27A.
The “N” in FIG. 37 or FIG. 27A can be a D base or a mixture of D and H bases as described

herein. FIG. 27B illustrates the increased color balance in the initial sequence reads of an RRBS
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library generated using diversity adapters as provided herein and comprising polynucleotide
inserts as shown in FIG. 27A. The increased sequence diversity ( as shown in FIG. 27B by the
increase in nucleotide base composition in the initial sequencing cycles) present in one or more
polynucleotide inserts from an RRBS library generated using diversity adaptors can serve to
substantially lower levels of genomic, higher diversity control libraries (e.g., PhiX control
libraries) typically employed when sequencing RRBS libraries. The amount of higher diversity
control libraries can be reduced by about, more than, or less than 1%, 5%, 10 %, 20%, 30%,
40%, 50%, 60%, 70%, 80% , 90%, 95%, or 99%. The amount of higher diversity control
libraries can be reduced by about 1-5%, 5-10%, 10-20%, 30-40%, 40-50%, 50-60%., 60-70%,
70-80%, 80-90%, 90-95% or 95-99%. The amount of higher diversity control libraries can be
reduced by between 1-5%, 5-10%, 10-20%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-
90%, 90-95% or 95-99%. FIG. 19 illustrates the total theoretical diversity possible for
introducing to the cnds of a polynuclcotidc upon introduction of a pool of diversity adaptors
comprising diversity adapters comprising 0 to 3 “D” bases (D0-D3).

[00146] In some cases, no genomic, higher diversity control libraries (e.g., PhiX control
libraries) are required to be added or spiked into sequencing reactions from the RRBS libraries
gencerated by the methods provided herein.

[00147] In some cases, the methods depicted in FIG. 3 for generating RRBS libraries can be
combined wtih a dark sequencing approach as illustrated in FIG. 26 (see Boyle et al., Genome
Biology. 13(R92):1-10 (2012), which is herein incorporated by reference in its entirety), which
can serve to further reduce a lack of color balance. In some cases, the methods depicted in FIG.
3 for generating RRBS libraries can be combined with spiking in a high diversity control library
(c.g., Phi X) during scquencing, which can scrve to further reducc a lack of color balance.
[00148] The mcthod depicted in FIG. 3 and described hercin can also be uscd in the context
of generating whole genome bisulfite sequencing libraries from samples spanning a 100-fold
range of inputs, down to as little as Ing of genomic DNA. Library performance metrics such as
mapping, complexity, and 5-methylC content can be altered using the methods provided herein.
In some cases, the methods provided herein improve Library performance metrics. The Library

performance metrics can be mapping, complexity, and 5-methylC content.

VIIL. Downstream Applications

[00149] The methods and compositions disclosed herein can be efficiently and cost-effectively
utilized for downstream analyses, such as next generation sequencing or hybridization platforms,

with minimal loss of biological material of interest. The methods described herein can be useful

-64-

IDT Exhibit 1017.1614



WO 2015/131107 PCT/US2015/018112

for generating high throughput reduced representation sequencing libraries from bisulfite-
converted DNA, for methylation analysis at specific regions across the genome or methylome.
[00150] For example, the methods described herein can be 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.
Directional (strand-specific) cDNA libraries are prepared using the methods described herein,
and the selected single-stranded nucleic acid is amplified, for example, by PCR. The resulting
nucleic acid can then be denatured and the single-stranded amplified polynucleotides can be
randomly attached to the inside surface of flow-cell channels. Unlabeled nucleotides can be
added to initiate solid-phase bridge amplification to produce dense clusters of double-stranded
DNA. To initiate the first base sequencing cycle, four labeled reversible terminators, primers,
and DNA polymerase can be added. After laser excitation, fluorescence from cach cluster on the
flow cell can be imaged. The identity of the first base for each cluster can then be recorded.
Cyclcs of scquencing arc performed to detcrminge the fragment scquence onc basc at a time. The
identity of the bases of the first few cycles (4-5) can then be used to discern separate clusters and
facilitate sequencing of individual clusters. Additionally, clusters that share identical or
substantially similar sequences at one or more ends as other clusters can experience problems
with focusing of the lascr and subscquent detection of fluorcscence when scquencing such
clusters in parallel due to the presence of the same base at each cycle. In some cases, the
introduction of one or more diversity bases allows clear identification of individual clusters. For
library inserts comprising low diversity portions at one or more ends of the inserts, the
introduction of diversity bases at the low diversity ends can allow identification of individual
clusters and allow different nucleotide bases to be incorporated in each cycle between inserts
with identical or substantially similar scquences at their ends. The incorporation in cach cycle of
diffcrent bascs between inscrts with identical or substantially similar scquencces at their cnds can
facilitate enhanced laser focusing during each sequencing cycle and thus accurate sequencing of
individual clusters.

[00151] In some embodiments, the methods described herein 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 polynucleotides for sequencing by synthesis using the methods 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; 7,264,929; and 7,323,305. In other embodiments, the methods are useful

for preparing target polynucleotide(s) for sequencing by the methods commercialized by Helicos
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BioSciences Corporation (Cambridge, Mass.) as described in U.S. application Ser. No.
11/167,046, and U.S. Pat. Nos. 7,501,245; 7,491,498; 7,276,720; and in U.S. Patent Application
Publication Nos. US20090061439; US20080087826; US20060286566; US20060024711;
US20060024678; US20080213770; and US20080103058. In other embodiments, the methods
are useful for preparing target polynucleotide(s) for sequencing by the methods commercialized
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 Application
Publication Nos. US20090029385; US20090068655; US20090024331; and US20080206764.
[00152] Another example of a sequencing technique that can be used in the methods described
hereinis nanopore sequencing (see e.g. Soni G V and Meller A. (2007) Clin Chem 53: 1996-
2001). A nanopore can be a small hole of the 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
clectrical current duc to conduction of ions through the nanoporc. The amount of current that
flows can be sensitive to the size of the nanopore. As a DNA molecule passes through a
nanopore, cach nucleotide on the DNA molecule obstructs the nanopore to a different degree.
Thus, the change in the current passing through the nanopore as the DNA molecule passes
through the nanopore can represent a rcading of the DNA scquence.

[00153] Another example of a sequencing technique that can be used in the methods described
herein is semiconductor sequencing provided by Ion Torrent (e.g., using the Ion Personal
Genome Machine (PGM)). Ion Torrent technology can use a semiconductor chip with multiple
layers, ¢.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 singlc bead, and the bead can be introduced into a well. To initiate scquencing of
the nucleic acids on the beads, onc type of dcoxyribonucleotide (c.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 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 effect
transistor (chemFET) arrays to sequence DNA (for example, as described in U.S. Patent
Application Publication No. 20090026082). Incorporation of one or more triphosphates into a
new nucleic acid strand at the 3’ end of the sequencing primer can be detected by a change in

current by a chemFET. An array can have multiple chemFET sensors.
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[00154] Another example of a sequencing technique that can be used in the methods described
herein 1s DNA nanoball sequencing (as performed, e.g., by Complete Genomics; see ¢.g.,
Drmanac et al. (2010) Science 327: 78-81). DNA can be isolated, fragmented, and size selected.
For example, DNA can be fragmented (e.g., by sonication) to a mean length of about 500 bp.
Adapters (Adl) can be attached to the ends of the fragments. For example, DNA can be
fragmented with Mspl and size selected to a mean length of about 500 bp. Adapters (Adl) can be
attached to the ends of the fragments. The adapters can be used to hybridize to anchors for
sequencing reactions. DNA with adapters bound to each end can be PCR amplified. The adapter
sequences can be modified so that complementary single strand ends bind to each other forming
circular DNA. The adapter sequences can be further modified so that they comprise diversity
bases. In some cases, the adaptors comprise a pool of adaptors such that some of the adaptors in
the pool comprise no diversity bases, some adaptors comprise 1 diversity base, some adaptors
comprisc 2 diversity bascs, and somc comprisc 3 diversity bascs. The DNA can be methylated to
protect it from cleavage by a type IS restriction enzyme used in a subsequent step. An adapter
(e.g., the right adapter) can have a restriction recognition site, and the restriction recognition site
can remain non-methylated. The non-methylated restriction recognition site in the adapter can be
recognized by a restriction enzymce (c.g., Acul), and thec DNA can be clcaved by Acul 13 bp to
the right of the right adapter to form linear double stranded DNA. A second round of right and
left adapters (Ad2) can be ligated onto either end of the linear DNA, and all DNA with both
adapters bound can be PCR amplified (e.g., by PCR). Ad2 sequences can be modified to allow
them to bind each other and form circular DNA. The DNA can be methylated, but a restriction
enzyme recognition site can remain non-methylated on the left Adl adapter. A restriction enzyme
(c.g., Acul) can bc applicd, and thc¢ DNA can be cleaved 13 bp to the left of the Adl to form a
lincar DNA fragment. A third round of right and left adapter (Ad3) can be ligatcd to the right and
left flank of the linear DNA, and the resulting fragment can be PCR amplified. The adapters can
be modified so that they can bind to each other and form circular DNA. A type III restriction
enzyme (e.g., EcoP15) can be added; EcoP15 can cleave the DNA 26 bp to the left of Ad3 and
26 bp to the right of Ad2. This cleavage can remove a large segment of DNA and linearize the
DNA once again. A fourth round of right and left adapters (Ad4) can be ligated to the DNA, the
DNA can be amplified (e.g., by PCR), and modified so that they bind each other and form the
completed circular DNA template. Rolling circle replication (e.g., using Phi 29 DNA
polymerase) can be used to amplify small fragments of DNA. The four adapter sequences can
contain palindromic sequences that can hybridize and a single strand can fold onto itself to form

a DNA nanoball (DNB(TM)) which can be approximately 200-300 nanometers in diameter on
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average. A DNA nanoball can be attached (e.g., by adsorption) to a microarray (sequencing
flowcell). The flow cell can be a silicon wafer coated with silicon dioxide, titanium and
hexamehtyldisilazane (HMDS) and a photoresist material. Sequencing can be performed by
unchained sequencing by ligating fluorescent probes to the DNA. The color of the fluorescence
of an interrogated position can be visualized by a high resolution camera. The identity of
nucleotide sequences between adapter sequences can be determined.

[00155] In some cases, the sequencing technique can comprise paired-end sequencing in which
both the forward and reverse template strand can be sequenced. In some cases, the sequencing
technique can comprise mate pair library sequencing. In mate pair library sequencing, DNA can
be fragments, and 2-5 kb fragments can be end-repaired (e.g., with biotin labeled dNTPs). The
DNA fragments can be circularized, and non-circularized DNA can be removed by digestion.
Circular DNA can be fragmented and purified (e.g., using the biotin labels). Purified fragments
can be cnd-repaired and ligated to scquencing adapters.

[00156] In some cases, a sequence read is about, more than about, less than about, or at Icast
about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, &S,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184,
185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223,224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241,
242,243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260,
261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272,273, 274, 275, 276, 277, 278, 279,
280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298,
299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310,311, 312, 313, 314, 315, 316, 317,
318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336,
337,338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355,
356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374,
375,376,377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393,
394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412,
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413, 414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431,
432,433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450,
451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469,
470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488,
489, 490, 491, 492, 493, 494, 495, 496, 497, 498, 499, 500, 525, 550, 575, 600, 625, 650, 675,
700, 725, 750, 775, 800, 825, 850, 875, 900, 925, 950, 975, 1000, 1100, 1200, 1300, 1400, 1500,
1600, 1700, 1800, 1900, 2000, 2100, 2200, 2300, 2400, 2500, 2600, 2700, 2800, 2900, or 3000
bases. In some cases, a sequence read is about 10 to about 50 bases, about 10 to about 100 bases,
about 10 to about 200 bases, about 10 to about 300 bases, about 10 to about 400 bases, about 10
to about 500 bases, about 10 to about 600 bases, about 10 to about 700 bases, about 10 to about
800 bases, about 10 to about 900 bases, about 10 to about 1000 bases, about 10 to about 1500
bases, about 10 to about 2000 bases, about 50 to about 100 bases, about 50 to about 150 bases,
about 50 to about 200 bascs, about 50 to about 500 bascs, about 50 to about 1000 bascs, about
100 to about 200 bases, about 100 to about 300 bases, about 100 to about 400 bases, about 100 to
about 500 bases, about 100 to about 600 bases, about 100 to about 700 bases, about 100 to about
200 bases, about 100 to about 900 bases, or about 100 to about 1000 bases.

[00157] Thc numbcr of scquence recads from a sample can be about, more than about, lcss than
about, or at least about 100, 1000, 5,000, 10,000, 20,000, 30,000, 40,000, 50,000, 60,000,
70,000, 80,000, 90,000, 100,000, 200,000, 300,000, 400,000, 500,000, 600,000, 700,000,
800,000, 900,000,

1,000,000, 2,000,000, 3,000,000, 4,000,000, 5,000,000, 6,000,000, 7,000,000, 8,000,000,
9,000,000, or 10,000,000.

[00158] The depth of scquencing of a samplc can be about, more than about, less than about, or
at Icast about 1x, 2x, 3%, 4x, 5x, 6x, 7%, 8x, 9%, 10x, 11x, 12x, 13x, 14x, 15x, 16x, 17X, 18x, 19x%,
20x, 21x, 22x, 23x, 24x, 25x%, 26%, 27%, 28x, 29x, 30x, 31x, 32x, 33x, 34x, 35%, 36x, 37x, 38%,
39x, 40x, 41x, 42x, 43x, 44x, 45x, 46x, 47x, 48x, 49x, 50x, 51x, 52x, 53x, 54x, 55x, 56x, 57X,
58x, 59x, 60x, 61x, 62%, 63x, 64x, 65x, 66x, 67%, 68x, 69x, 70x, 71x, 72x, 73x, 74x, 75x, 76X,
77x, 78x, 79x, 80x, 81x, 82x, 83x, 84x, 85x, 86x%, 87X, 88x, 9%, 90x, 91x, 92x, 93x, 94x, 95x%,
96x, 97x, 98x, 99x, 100x, 110x, 120x, 130x, 140x, 150x, 160x, 170x, 180x, 190x, 200x, 300x,
400x, 500x, 600x, 700x, 800x, 900x, 1000x, 1500x, 2000x, 2500x, 3000x, 3500x, 4000x, 4500x,
5000x%, 5500x%, 6000x%, 6500, 7000x, 7500x, 8000, 8500x, 9000x, 9500%, or 10,000x. The
depth of sequencing of a sample can about 1x to about 5x, about 1x to about 10x, about 1x to
about 20x, about 5x to about 10x, about 5x to about 20x, about 5x to about 30x, about 10x to

about 20x, about 10x to about 25x, about 10x to about 30x, about 10x to about 40x, about 30x to
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about 100x, about 100x to about 200x, about 100x to about 500x, about 500x to about 1000x,
about 1000x, to about 2000x, about 1000x to about 5000x, or about S000x to about 10,000x.
Depth of sequencing can be the number of times a sequence (e.g., a genome) is sequenced. In
some cases, the Lander/Waterman equation is used for computing coverage. The general
equation can be: C = LN/G, where C = coverage; G = haploid genome length; L = read length;
and N = number of reads.

[00159] In some cases, the methods described herein can be useful for enhancing sequence
diversity in a sample. For example, the sample can be a sequencing library comprising
polynucleotides sharing the same sequencing terminal 1, 2, or 3 bases before sequencing inserts.
The polynucleotides can be fragments digested by Mspl. 0, 1, 2, 3 diversity bases can be added
before the shared sequencing terminal bases. For example, the diversity bases can be added
between a sequencing primer and a sequencing insert. In some cases, the sequencing terminal
bascs of the polynuclcotides arc the diversity bascs, not the sharcd bascs. Thus, scquence
diversity can be enhanced in the library. The library can be used in next generation sequencing.
For example, when used for Illumina sequencing, the library with enhanced diversity can allow
better cluster identification, phasing and color matrix calculation by the sequencer.

[00160] In somc cascs, thc mcthods described herein can be uscful for iz silico analysis of
sequence reads. In one aspect, computer-implemented software can be used to remove certain
bases (e.g., bases added from an adaptor) from a sequence read. In some cases, Trim Galore
(www.bioinformatics.babraham.ac.uk/projects/trim_galore) can be used to trim an adaptor
sequence from a sequence read. In another case, python scriptscan be used to trim (i.¢., remove)
diversity bases from a sequence read. The computer implemented software can follow rules for
rcmoving ccrtain bascs from scquencing reads such as the rules shown in FIG. 18A-C. As
shown in FIG. 18A, the rules can be uscd on library inscrts that comprisc adaptors (c.g.,
diversity adaptors or adaptors comprising extender sequence) on cach end. The adaptors on each
end can be different lengths (i.e., different numbers of nucleotides). As shown in FIG. 18A, the
computer implemented software can be designed to look from a YGG triplet of bases at the 5°
end of the sequence and trim or remove 0-2 D bases and/or an R base before the YGG triplet.
The Y in the YGG triplet can be a cytosine (C) or thymine base (T). Within the 6 nucleotides at
the 3’ end of the forward read, the computer implemented software can look for a TCG triplet
and trim it as well as the 0-3 “H” bases after it. Outside of the D, R, and H bases, the computer
implemented software can be further designed to remove any additional adaptor sequence from
or a plurality of sequence reads. In some cases, the Mspl fragment can be larger than the read

length and thus the software can look for TC at the 3” end and remove it. If TC is not found, then
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the software can look for a “T” and remove it. As shown in FIG. 18B, with regards to a reverse
read, the computer-implemented software can look for a CGA triplet within the 6 nucleotides at
the 5° end and trim the 0-3 D bases as well as the CGA triplet since this contains no genomic
info other than the fact that it is an Mspl site. Within the 6 nucleotides at the 3° end of the
reverse reads, the computer implemented software can look for CCR and trim the 0-3 H bases
after it. Again, the computer implemented software can be further designed to remove any
additional adaptor sequence from or a plurality of sequence reads. With regards to the reverse
read, if the software cannot find a CCR, the Mspl fragment may be larger than the read length. In
general, the number of D (or D and R base combination) removed from the 5° end of forward
reads can be the same as the number of H bases removed from 3” end of the reverse read (if the
read spans across the entire Mspl fragment). Additionally, the number of H bases removed from
the 3 end of a forward read (if the read spans across the entire Mspl fragment) can be the same
as thc number of D bascs (or D and R basc combination) removed from the 3’ cnd of the reversc
read. In some cases, following trimming, a library insert can align with respect to Mspl sites in a
genome from which the insert was derived as shown in FIG. 18C.

[00161] In another aspect, the methods provided herein can be useful for removing duplicated
scquence rcads. In these cascs, a stretch of nuclcotides whose base compositions is sclected at
random is inserted within one or both ends of a nucleic acid library insert generated using the
method provided herein. This stretch of nucleotides whose base compositions is selected at
random can be inserted adjacent to another sequence element (e.g., a barcode) and can be located
proximally to a sequence that is capable of binding a sequencing primer. An example of a library
insert generated using the methods provided herein for generating an RRBS library that
compriscs this stretch of nucleotides whosc basc compositions is sclected at random is shown in
F1G. 32 and FIG. 37. This strctch of nuclcotides whosc basc compositions is sclected at random
can be present in an adaptor or pool of adaptors comprising no or varying numbers of diversity
bases (or extender sequence) and can be introduced to the end or ends of a polynucleotide upon
introduction of the adaptor or pool of adaptors to the end or ends of the polynucleotide using the
methods provided herein. This stretch of nucleotides whose base compositions is selected at
random can be present in a primer or pool of primers comprising no or varying numbers of
diversity bases (or extender sequence) and can be introduced to the end or ends of a
polynucleotide upon introduction of the primer or pool of primers to the end or ends of the
polynucleotide using the methods provided herein. This stretch of nucleotides whose base
compositions is selected at random can be considered an additional sequence element as

described herein. In some cases, this stretch of nucleotides whose base compositions is selected
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at random is introduced to the end or ends of a nucleic acid library insert during amplification of
the nucleic acid library inserts using a primer or set of primers comprising the stretch of
nucleotides whose base compositions is selected at random. The length of the stretch of
nucleotides whose base compositions is selected at random can comprise 1, 2, 3,4,5,6,7, 8,9,
9,10, 11, or 12 bases. This random sequence can be common to each adaptor in a pool of
adaptors or can be different between each adaptor within a pool of adaptors. This random
sequence can be different between pools of adaptors. This random sequence can be common to
cach primer in a pool of primers or can be different between each primer within a pool of
primers. This random sequence can be different between pools of primers. The presence of this
random sequence can be utilized by computer-implemented software during the analysis of
sequence reads. The computer-implemented software can be used to analyze the random
sequence associated with all sequence reads that map to the same genomic location. Any reads
that both map to thc samc genomic location and contain the same random scquence arc
considered duplicates, and all but one copy are removed.

[00162] In some cases, different barcodes can be added to polynucleotides in different samples
(e.g., by using primers and/or adapters), and the different samples can be pooled and analyzed in
a multiplcxcd assay. The barcodc can allow the determination of the samplc from which a
polynucleotide originated.

[00163] The compositions, kits, and methods provided herein can be used to treat, prevent,
diagnose, and/or prognose a variety of methylation related diseases. Such methylation related
diseases can be cancer, mental retardation, neurodegenerative disorders, imprinting disorders,
and syndromes involving chromosomal abnormalities. Such methylation related diseases can be
Immunodcficicney-centromeric instability-facial anomalics syndrome (ICF), Rett syndrome,
Bceckwith-Wicdemann Syndrome (BWS), ATRX-linkcd mental retardation, fragile X syndrome.
The cancer can be breast, ovarian, lung, head and neck, testicular, colon, or brain cancer. The
cancer can be medulloblastoma, hepatoblastoma, uterine leiomyosarcomata, cervical carcinoma,
renal cell carcinoma, rhadbomyosarcoma, gliomas, colorectal cancer, Wilm’s tumour, Burkitt’s
Ilymphoma, or leukemia. In some cases, the methods described herein are used to determine the
status of one or more genes associated with methylation related disorders. The status can include
the presence or absence of a nucleic acid modification (i.e. methylation) at one or more bases in
a nucleic acid sequence. In some cases, the methods disclosed herein are used to determine or
recommend a course of treatment or administration of a therapy based on the status of one or
more genes. The therapy can reduce one or more signs or symptoms of a methylation related

disease. The therapy can prevent one or more signs or symptoms of any methylation related
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diseases. In some cases, the methods disclosed herein are used to determine the outcome or
progress of a course of treatment or administration of a therapy based on the status of one or
more genes. Genes associated with methylation related diseases can be, but are not limited to
Socs1, Cdknlic, Slc22all, Bmp3b, Witl, Rassfla, Brcal, p16, Dapk, Mgmt, D4z4, Nbi2, HI9,
Igf2, G6pd, Rasgrf1 Sybll, Ar, Pgkl, Dyz2, or Fmrl. In some cases, the status of 1, 2, 3,4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 of any of the genes associated with
methylation related diseases are analyzed.

[00164] The methods, kits, and compositions described herein can be used to prevent the
development of one or more signs and/or symptoms of methylation related diseases or reduce the
severity of one or more signs and/or symptoms of methylation related diseases. The severity of
the sign and/or symptom can be reduced by about, or more than about, or at least about, 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, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75, 76, 77, 78, 79, &0, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 percent. The severity of the
sign or symptom can be decreased by about 1 percent to about 10 percent, about 1 percent to
about 20 pcrcent, about 1 percent to about 30 pereent, about 1 pereent to about 50 percent, about
1 percent to about 90 percent, about 1 percent to about 99 percent, about 10 percent to about 20
percent, about 10 percent to about 30 percent, about 10 percent to about 50 percent, about 50
percent to about 75 percent, about 75 percent to about 90 percent, about 75 percent to about 99
percent. The severity of the sign and/or symptom can be reduced by about, more than about, or
at least about 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 11-fold, 12-
fold, 13-fold, 14-fold, 15-fold, 16-fold, 17-fold, 18-fold, 19-fold, 20-fold, 21-fold, 22-fold, 23-
fold, 24-fold, 25-fold, 30-fold, 35-fold, 40-fold, 45-fold, 50-fold, 55-fold, 60-fold, 65-fold, 70-
fold, 75-fold, 80-fold, 85-fold, 90-fold, 95-fold, 100-fold, 200-fold, 300-fold, 400-fold, 500-fold,
600-fold, 700-fold, 800-fold, 900-fold, or 1000-fold. The severity of the sign and/or symptom
can be reduced by about 2-fold to 10-fold, about 2-fold to about 50-fold, about 2-fold to about
100-fold, about 10-fold to about 20-fold, about 10-fold to about 50-fold, about 10-fold to about
75-fold, about 10-fold to about 100-fold, about 50-fold to about 75-fold, about 50-fold to about
100-fold, about 100-fold to about 500-fold, about 100-fold to about 1000-fold, or about 500-fold
to about 1000-fold.

[00165] The methods, kits, and compositions described herein can be used to decrease the
likelihood that a subject will develop one or more signs and/or symptoms of methylation related

diseases. The decrease in likelihood can be about, or more than about, or at least about 1, 2, 3, 4,
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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, 31,
32,33, 34, 35, 36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75, 76, 77, 78, 79, 80, 81, 82, 83,
34, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 percent. The decrease in
likelihood can be about 1 percent to about 10 percent, about 1 percent to about 20 percent, about
1 percent to about 30 percent, about 1 percent to about 50 percent, about 1 percent to about 90
percent, about 1 percent to about 99 percent, about 10 percent to about 20 percent, about 10
percent to about 30 percent, about 10 percent to about 50 percent, about 50 percent to about 75
percent, about 75 percent to about 90 percent, about 75 percent to about 99 percent. The
decrease in likelihood can be about, more than about, or at least about 1-fold, 2-fold, 3-fold, 4-
fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 11-fold, 12-fold, 13-fold, 14-fold, 15-fold, 16-
fold, 17-fold, 18-fold, 19-fold, 20-fold, 21-fold, 22-fold, 23-fold, 24-fold, 25-fold, 30-fold, 35-
fold, 40-fold, 45-fold, 50-fold, 55-fold, 60-fold, 65-told, 70-fold, 75-fold, 80-told, 85-fold, 90-
fold, 95-fold, 100-fold, 200-fold, 300-fold, 400-fold, 500-fold, 600-fold, 700-fold, 800-fold, 900-
fold, or 1000-fold. The decrease in likelihood can be about 2-fold to 10-fold, about 2-fold to
about 50-fold, about 2-fold to about 100-fold, about 10-fold to about 20-fold, about 10-fold to
about 50-fold, about 10-fold to about 75-fold, about 10-fold to about 100-fold, about 50-fold to
about 75-fold, about 50-fold to about 100-fold, about 100-fold to about 500-fold, about 100-fold
to about 1000-fold, or about 500-fold to about 1000-fold.

[00166] A diagnosis and/or prognosis of a methylation associated neurological in a subject
can be made by a health care provider, e.g., a developmental-behavioral pediatrician, a
neurologist, a pediatric psychologist, or a psychiatrist. A diagnosis and/or prognosis of a
ncurological condition can be madc or supported by a genctic test performed by a diagnostic
laboratory. In somc cascs, a ncurological asscssment is administered to a subject by an individual
trained and certified to administer a neurological assessment.

[00167] In some cases, a procedure can be performed to diagnose a methylation associated
neurological condition in a subject, ¢.g., angiography, biopsy, a brain scan (e.g., computed
tomography (CT), magnetic resonance imaging (MR1I), positron emission tomography (PET)),
cerebrospinal fluid analysis (by, e.g., lumbar puncture or spinal tap), discography, intrathecal
contrast-enhanced CT scan (cisternograhpy), electronencephalography (EEG), electromyography
(EMG), nerve conduction velocity (NCV) test, electronystagmography (ENG), evoked potentials
(evoked response; e.g., auditory evoked potentials, visual evoked potentials, somatosensory
evoked potentials), myelography, polysomnogram, single photon emission computed

tomography (SPECT), thermography, or ultrasound imaging (e.g., neurosonography, transcranial
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Doppler ultrasound). One or more procedures that can diagnose a neurological condition can be
performed on a subject.

[00168] Instruments that can be used in neurological examination can include, €.g., a tuning
fork, flashlight, reflex hammer, ophthalmoscope, X-ray, fluoroscope, or a needle.

[00169] The methods, kits, and compositions provided herein can be used to treat,
prevent, diagnose, and/or prognose a methylation associate disease or condition in a subject. The
subject can be a male or female. The subject can have, or be suspected of having, a methylation
associated disease. The subject can have a relative (e.g., a brother, sister, monozygotic twin,
dizygotic twin, father, mother, cousin, aunt, uncle, grandfather, grandmother) that was diagnosed
with a methylation associate discase. The subject can be, for example, a newborn (birth to about
1 month old), an infant (about 1 to 12 months old), a child (about 1 year old to 12 years old), a
teenager (about 13 years old to 19 years old), an adult (about 20 years old to about 64 years old),
or an clderly person (about 65 ycars old and older). The subject can be, for cxamplc, about 1 day
to about120 years old, about 1 day to about 110 years old, about 1 day to about 100 years old,
about 1 day to about 90 years old, about 1 day to about 80 years old, about 1 day to about 70
years old, about 1 day to about 60 years old, about 1 day to about 50 years old, about 1 day to
about 40 ycars old, about 1 day to about 30 ycars old, about 1 day to about 20 ycars old, about 1
day to about 15 years old, about 1 day to about 10 years old, about 1 day to about 9 years old,
about 1 day to about 8 years old, about 1 day to about 7 years old, about 1 day to about 6 years
old, about 1 day to about 5 years old, about 1 day to about 4 years old, about 1 day to about 3
years old, about 1 year to about 2 years old, about 3 years to about 15 years old, about 3 years to
about 10 years old, about 3 years to about 7 years old, or about 3 years to about 5 years old. The
subject can be about, morce than about, at lcast about, or Iess than about 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, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88§,
89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, or 120 years old.

[00170] The methods for generating polynucleotide libraries as described herein can be used for
detecting the presence of fetal DNA in a maternal sample. In some cases, the method comprises:
(a) generating bisulfite treated DNA libraries as described herein using a sample obtained from a
pregnant woman comprising maternal and fetal DNA; (b) detecting the methylation status of
DNA sequence of one or more genes from the sample comprising maternal and fetal DNA; and

(c) comparing the methylation status the one or more genes from the sample comprising
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maternal and fetal DNA to a reference maternal DNA sample comprising only maternal DNA.
In some cases, step (b) of the method comprises an amplification process. In some cases, the
amplification process is a polymerase chain reaction (PCR), such as real-time PCR. In other
embodiments, step (b) determines the quantity of the DNA sequence. In some cases, the
methods provided herein can be used to determine the Rhesus D (RhD) blood group
compatibility between a pregnant woman and a fetus. In some cases, the methods for generating
directional polynucleotide libraries as described herein can be used for diagnosing, monitoring,
or risk assessment of a number of prenatal conditions. For example, the prenatal conditions can
include, but are not limited to, beta-thalassemia, cystic fibrosis, congenital adrenal hyperplasia,
chromosomal aneuploidies, preeclampsia, preterm labor, and intrauterine growth retardation
(IUGR). In some cases, the method comprises (a) generating directional, bisulfite treated DNA
libraries as described herein using a sample obtained from a pregnant woman comprising
matcrnal and fctal DNA; (b) detecting the amount of DNA scquence of one or more genes from
the sample comprising maternal and fetal DNA; and (¢) comparing the amount of the DNA
sequence with a standard control, wherein an increase from the control indicates the presence of
or an increased risk for developing the pregnancy-associated condition. In some cases, step (h)
of the mcthod compriscs an amplification process, which can be accomplished by various mecans,
including polymerase chain reaction (PCR), such as real-time PCR. The one or more genes can
be RASSF1A, APC, CASPS, RARB, SCGB3A1, DAB2IP, PTPN6, THYI, TMEFF2, or PYCARD.
The sample can be whole blood, plasma, serum, urine, or saliva. The DNA can be cell-free
DNA and/or DNA derived from maternal and fetal cells present in the sample from the pregnant
woman. "Standard control value" as used herein refers to a predetermined amount of a genomic
scquence that is originated from a fetus and is present in an cstablished sample. The standard
control valuc is suitable for the usc of a mcthod described hercin, in order for comparing the
amount of a gene of interest (or a non-coding sequence) that is present in a test sample. The
standard control can provide an average amount of a fetal gene of interest that is typical for a
defined time (e.g., first trimester) during pregnancy in the blood of an average, healthy pregnant
woman carrying a normal fetus, both of whom are not at risk of developing any pregnancy-
associated disorders or complications. A standard control value can vary depending on the
genomic sequence of interest and the nature of the sample.

[00171] The methods for generating polynucleotide libraries as described herein can be
combined with one or more methods for measuring DNA methylation at specific genomic loci.

For example, the methods for measuring DNA methylation can include, but are not limited to,
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immunoprecipitation of methylated DNA, methyl-binding protein enrichment of methylated
fragments, and/or digestion with methylation-sensitive restriction enzymes.

[00172] The methods for generating polynucleotide libraries as described herein can be
combined with one or more methods for profiling methylation status of the whole genome, i.e.
the methylome. For example, the methods provided herein can be combined with reduced
representation bisuflite sequencing (RRBS). RRBS involves digestion of a DNA sample with a
methylation-insensitive restriction endonuclease that has CpG dinucleotide as a part of its
recognition site, followed by bisulfite sequencing of the selected fragments (Meissner et al.,

Nucleic Acids Res. 33(18):5868-5877, 2005).

VIII. Compositions and Reaction mixtures
[00173] The present methods further provide one or more compositions or reaction mixtures. In
some cases, the reaction mixture comprises: (a) a pool of duplex adaptors comprising duplex
adaptors comprising 0, 1, 2, or 3 diversity bases in a ligation strand, wherein the ligation strand
comprises cytosine analogs resistant to bisulfite treatment and a non-ligation strand wherein the
non-ligation strand is blocked at the 3* and 5° ends and is enzymatically unreactive; (b) a strand
displacing polymerase; (¢) unmodified dNTPs; and (d) bisulfite. The duplex adaptors in the pool
can be partial duplex adaptors comprising a long strand and a short strand as provided herein,
wherein the long strand comprises the ligation strand, while the short strand comprises the non-
ligation strand. In some cases, the strand displacing polymerase in the reaction mixture is
substituted with a polymerase comprising exonuclease activity (e.g., Taq polymerase). In some
cases, the reaction mixture further comprises (¢) amplification primers directed to unique
priming sites created at each end of the DNA fragments following bisulfite treatment. In some
cases, at least one of the amplification primers is directed against adaptor sequence following
bisulfite treatment, whereby cytosine residues have been converted to uracil residues. In some
cases, the reaction mixture further comprises (f) sequencing primers directed against sequences
present in the adaptor sequence. In some cases, at least one of the sequencing primers is directed
against adaptor sequence following bisulfite treatment, whereby cytosine residues have been
converted to uracil residues and subsequently replaced with thymine residues following
amplification.
[00174] In some cases, the reaction mixture comprises: (a) a pool of duplex adaptors comprising
duplex adaptors comprising 0, 1, 2, or 3 diversity bases in a ligation strand and a non-ligation
strand wherein the non-ligation strand is blocked at the 3” and 5° ends and is enzymatically
unreactive; (b) a strand displacing polymerase; (¢) modified dCTP (i.e. 5-methyl-dCTP, 5-
hydroxymcthyl-dCTP, or 5-propynyl-dCTP); (d) dATP, dGTP, and dTTP; and (¢) bisulfitc. The
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duplex adaptors in the pool can be partial duplex adaptors comprising a long strand and a short
strand as provided herein, wherein the long strand comprises the ligation strand, while the short
strand comprises the non-ligation strand. In some cases, the strand displacing polymerase in the
reaction mixture is substituted with a polymerase comprising exonuclease activity (e.g., Taq
polymerase). In some cases, the reaction mixture further comprises (f) amplification primers
directed to unique priming sites created at each end of the DNA fragments following bisulfite
treatment. In some cases, at least one of the amplification primers is directed against adaptor
sequence following bisulfite treatment, whereby cytosine residues have been converted to uracil
residues. In some cases, the reaction mixture further comprises (g) sequencing primers directed
against sequences present in the adaptor sequence. In some cases, at least one of the sequencing
primers is directed against adaptor sequence following bisulfite treatment, whereby cytosine
residues have been converted to uracil residues and subsequently replaced with thymine residues

following amplification.

1X. Kits

[00175] Any of the compositions described herein may be comprised in a kit. In a non-limiting
example, the kit, in a suitable container, comprises: an adaptor or several adaptors, one or more
of oligonucleotide primers and reagents for ligation, primer extension and amplification. In
some cases, the adaptors are diversity adaptors. The diversity adaptors can be any adapter has
generated by the method depicted in FIG. 2B. The diversity adaptors can be any adaptor that
comprises a partial duplex as depicted in F1G. 3. The adapters can be the adapters depicted in
FIG. 3. The kit may also comprise means for purification, such as a bead suspension, and
nucleic acid modifying enzymes.

[00176] The containers of the kits can include at least one vial, test tube, tlask, bottle, syringe or
other containers, into which a component may be placed, and preferably, suitably aliquotted.
Where there is more than one component in the kit, the kit also can contain a second, third or
other additional container into which the additional components may be separately placed.
Various combinations of components may be comprised in a container.

[00177] When the components of the kit are provided in one or more liquid solutions, the liquid
solution can be an aqueous solution. The components of the kit may be provided as dried
powder(s). When reagents and/or components are provided as a dry powder, the powder can be
reconstituted by the addition of a suitable solvent.

[00178] The present methods provide kits containing one or more compositions described herein
and other suitable reagents suitable for carrying out the methods described herein. The methods
described herein provide, c.g., diagnostic kits for clinical or criminal laboratorics, or nuclcic acid
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amplification or analysis kits for general laboratory use. The present methods thus include kits
which include some or all of the reagents to carry out the methods described herein, e.g., sample
preparation reagents, oligonucleotides, binding molecules, stock solutions, nucleotides,
polymerases, enzymes, positive and negative control oligonucleotides and target sequences, test
tubes or plates, fragmentation reagents, detection reagents, purification matrices, and an
instruction manual. In some cases, the kit comprises a binding molecule, wherein the binding
molecule is a nucleotide analog binding protein. In some cases, the nucleotide analog binding
protein comprises a methyleytosine binding protein. In some cases, the methylcyotsine binding
protein comprises an anti-S-methylcytosine antibody. In some cases, the kit contains a modified
nucleotide. Suitable modified nucleotides include any nucleotides provided herein including but
not limited to a nucleotide analog. In some cases, the nucleotide analog can be a cytosine
analog. In some cases, the cytosine analogs can be 5-methyl dCTP, 5-hydroxymethyl dCTP,
and/or 5-propynl dCTP. In somc cascs, the kit compriscs a converting agent. In some cascs, the
converting agent is bisulfite or its equivalent.

[00179] In some cases, the kit can contain one or more reaction mixture components, Or one or
more mixtures of reaction mixture components. In some cases, the reaction mixture components
or mixturcs thercof can be provided as concentrated stocks, suchas 1.1x, 1.5x,2x,2.5%,3x%x, 4
X,5%x,6x,7%,10x,15%,20x,25%, 33 %, 50%, 75 %, 100 x or higher concentrated stock. The
reaction mixture components can include any of the compositions provided herein including but
not limited to buffers, salts, divalent cations, azeotropes, chaotropes, dNTPs, labeled nucleotides,
modified nucleotides, dyes, fluorophores, biotin, enzymes (such as endonucleases, exonucleases,
glycosylases), or any combination thereof.

[00180] In somc cascs, the kit can contain onc or morc oligonuclcotide primers, such as the
oligonuclcotide primers described hercin. The oligonucleotide primers can be onc or morc
primers comprising diversity bases or extender sequence as described herein. In some cases, the
kit comprises a pool of primers, wherein some of the primers comprise no diversity bases, while
the remaining primers in the pool of primers comprise a variable number of diversity bases. The
primers can comprise 1, 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more
diversity bases. In some cases, the pool of primers is used to generate RRBS libraries such that
the base composition of the diversity base is chosen so as not to recreate the YGG (Y is cytosine
or thymine) motif at the 5 end of a nucleic insert in the RRBS library. The kit can contain one
or more oligonucleotide primers comprising sequence directed against the ligation strand of an
adapter or its complement and/or sequence directed against the ligation strand of an adapter or its

complement whose sequence is altered by treatment with a converting agent. In some cases, the
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converting agent is bisulfite. In some cases the kit can contain tailed primers comprising a 3'-
portion hybridizable to the target nucleic acid and a 5'-portion which is not hybridizable to the
target nucleic acid. In some cases, the kit can contain chimeric primers comprising an RNA
portion and a DNA portion. In some cases, the 5’ portion of the tailed primers comprises one or
more barcodes or other identifier sequences. In some cases, the identifier sequences comprise
flow cell sequences, TruSeq primer sequence, and/or second read barcode sequences. In some
cases, the identifier sequence is a stretch of random sequences such that the random sequences
are read during an index or barcode read and are used as mark to facilitate identification and
removal of PCR duplicates during subsequent iz silico analysis of sequencing reads.

[00181] In some cases, the kit can contain one or more polymerases or mixtures thereof. In some
cases, the one or more polymerases or mixtures thereof can comprise strand displacement
activity and/or exonuclease activity. Suitable polymerases include any of the polymerases
provided herein. The kit can further contain onc or more polymerasc substrates such as for
example dNTPs, non-canonical or modified nucleotides, or nucleotide analogs.

[00182] In some cases, the kit can contain one or more means for purification of the nucleic acid
products, removing of the fragmented products from the desired products, or combination of the
abovc. Suitablc mcans for the purification of the nuclcic acid products include but arc not limited
to single stranded specific exonucleases, affinity matrices, nucleic acid purification columns,
spin columns, ultrafiltration or dialysis reagents, or electrophoresis reagents including but not
limited acrylamide or agarose, or any combination thereof.

[00183] In some cases, the kit can contain one or more reagents for producing blunt ends. For
example, the kit can contain one or more of single stranded DNA specific exonucleases
including but not limited to cxonucleasc 1 or cxonuclcasc 7; a single stranded DNA spccific
cndonuclcascs such as mung bean cxonuclcasc or S1 cxonucleasc, onc or more polymcrascs such
as for example T4 DNA polymerase or Klenow polymerase, or any mixture thereof.
Alternatively, the kit can contain one or more single stranded DNA specific exonucleases,
endonucleases and one or more polymerases, wherein the reagents are not provided as a mixture.
Additionally, the reagents for producing blunt ends can comprise dNTPs.

[00184] In some cases, the kit can contain one or more reagents for preparing the double
stranded products for ligation to adapter molecules. For example, the kit can contain dATP,
dCTP, dGTP, dTTP, or any mixture thercof. In some cases, the kit can contain a polynucleotide
kinase, such as for example T4 polynucleotide kinase. Additionally, the kit can contain a
polymerase suitable for producing a 3' extension from the blunt ended double stranded DNA

fragments. Suitable polymerases can be included, for example, exo-Klenow polymerase.
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[00185] In some cases, the kit can contain one or more adaptor molecules such as any of the
adapter molecules provided herein. Suitable adapter molecules include single or double stranded
nucleic acid (DNA or RNA) molecules or derivatives thereof, stem-loop nucleic acid molecules,
forked nucleic acid molecules, double stranded molecules comprising one or more single
stranded overhangs of 1,2,3,4, 5,6, 7, 8,9, 10 bases or longer, proteins, peptides, aptamers,
organic molecules, small organic molecules, or any adapter molecules known in the art that can
be covalently or non-covalently attached, such as for example by ligation, to the double stranded
DNA fragments. In some cases, the adapters can be duplex adapters wherein one strand
comprises nucleotide analogs resistant to conversion by a converting agent, while the other
strand comprises a 5” and 3 block. In some cases, the adapters can be duplex adapters wherein
both strands comprise nucleotide analogs resistant to conversion by a converting agent. In some
cases, the adapters can be duplex adapters wherein both strands comprise nucleotides sensitive to
convcersion by a converting agent. In a further cmbodiment, the duplex adapter is a partial
duplex adapter. In some cases, the partial duplex adapter comprises a long strand comprising
nucleotide analogs resistant to conversion by a converting agent, and a short strand comprising a
5° and 3” block. In some cases, the partial duplex adapter comprises a long strand comprising
nuclcotides scnsitive to conversion by a converting agent, and a short strand comprising a 5° and
3’ block. In some cases, the nucleotide analog is a cytosine analog. In some cases, the
nucleotides sensitive to a converting agent is dCTP. In some cases, the cytosine analogs present
in the adapter can be 5-methylcytosine, 5-hydroxymethylcytosine, and/or 5-propynlcytosine. In
some cases, the 5” block comprises a biotin moiety. In some cases, the 3” block is blocked with
a terminal dideoxycytosine. In some cases, one or more adaptors in the kit comprise one or more
diversity bascs or extender scquence as described hercein.

[00186] In somc cascs, the kit can contain onc or morc rcagents for performing nick or fill-in
repair on the ligation complex formed between the adaptors and the double stranded products of
the methods described herein. The kit can contain a polymerase suitable for performing nick
repair. Suitable polymerases can be included, for example, Tag DNA polymerase.

[00187] The kit can further contain instructions for the use of the kit. For example, the kit can
contain instructions for generating RRBS libraries, directional cDNA libraries or directional
cDNA libraries representing the methylome or the methylation status of a specific genomic
region or locus useful for large scale analysis of including but not limited to ¢.g., ,
pyrosequencing, sequencing by synthesis, sequencing by hybridization, single molecule
sequencing, nanopore sequencing, and sequencing by ligation, high density PCR, digital PCR,

massively parallel Q-PCR, and characterizing amplitied nucleic acid products generated by the
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methods described herein, or any combination thereof. The kit can further contain instructions
for mixing the one or more reaction mixture components to generate one or more reaction
mixtures suitable for the methods described herein. The kit can further contain instructions for
hybridizing the one or more oligonucleotide primers to a nucleic acid template. The kit can
further contain instructions for extending the one or more oligonucleotide primers with for
example a polymerase and/or nucleotide analogs. The kit can further contain instructions for
treating the DNA products with a converting agent. In some cases, the converting agent is
bisulfite. The kit can further contain instructions for purification of any of the products provided
by any of the steps of the methods provided herein. The kit can further contain instructions for
producing blunt ended fragments, for example by removing single stranded overhangs or filling
in single stranded overhangs, with for example single stranded DNA specific exonucleases,
polymerases, or any combination thereof. The kit can further contain instructions for
phosphorylating the 5' ends of the double strandcd DNA fragments produced by the mcthods
described herein. The kit can further contain instructions for ligating one or more adapter
molecules to the double stranded DNA fragments. The kit can further contain instructions for
analysing sequence reads obtained from libraries generated using the methods provided herein
and subscquently scquenced. The instructions can describe how to trim diversity bascs present in
sequence reads in silico. The instructions can describe how to remove duplicates present in
sequence reads in silico.

[00188] A kit will can include instructions for employing, the kit components as well the use of
any other reagent not included in the kit. Instructions can include variations that can be
implemented.

[00189] Unlcss otherwisc specificd, terms and symbols of genctics, molecular biology,
biochcmistry and nuclcic acid uscd herein follow thosc of standard trcatiscs and texts in the ficld,
¢.g. Kornberg and Baker, DNA Replication, Second Edition (W.H. Freeman, New York, 1992);
Lehninger, Biochemistry, Second Edition (Worth Publishers, New York, 1975); Strachan and
Read, Human Molecular Genetics, Second Edition (Wiley-Liss, New York, 1999); Eckstein,
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.

EXAMPLES
Example 1: Generation of a RRBS library using Diversity Adapters:
[00190] In this example, an RRBS library was generated using the diversity adapters
shown in FIG. 2A-B and thc scquencing results were subscquently analyzed. As shown in FIG.
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2A-B, the diversity adapters can be partial duplex adapters comprising a long strand (e.g.,
R01446 in FIG. 2A), hybridized with a short strand (e.g., Ben383, 384, 385, or 381 in FIG. 2A)
in such a manner that both ends of the partial duplex comprise a 5* overhang. The 5 overhang
comprising sequence from the short strand of the partial duplex comprises a 5° terminal GC
sequence with a Biosg label on the terminal cytosine residue, while the 3’ terminus comprises a
terminal 3” dideoxy cytosine residue. As can be seen in F1G. 2A-B, the 5° overhang comprising
short strand sequence contains either no (DO, e.g., Ben341 in FIG. 2A), 1 (D1, e.g., Ben38S5 in
FIG. 2A),2 (D2, e.g., Ben384 in FIG. 2A), or 3 ((D3, e.g., Ben383 in FIG. 2A) “H” bases. The
“H” bases can be either an adenosine, cytosine or thymine residue, but cannot be a guanine
residue. As shown in FIG. 2A-B, for use in the methods provided herein as well as this
Example, the partial duplex adapter is subjected to an extension reaction using a dANTP mix
containing only dATP, dGTP, and dTTP (i.e., no dCTP), whereby a partial duplex adapter
comprising a 57 overhang comprising at Icast onc “H” (c.g., R01446 hybridized to Ben 383, 384,
or 385) is extended to produce a partial duplex adapter containing a two base 5° overhang with
the sequence GC at one end. In this Example, 5 ng of human gDNA was digested with Mspl and
the resulting fragments were separated into different diversity adaptor pools as shown in FIG.
2A-B, whercin a first pool was ligated to the DO diversity adaptors, a sccond pool was ligated to
the D1 diversity adapters, a third pool was ligated the D2 diversity adapters, a fourth pool was
ligated to the D3 adapters, and a fifth pool was ligated to a mixture of the DO, D1, D2, and D3
diversity adapters. The ligations and all subsequent steps were performed according to the
protocol for the NuGEN Ovation ® Ultralow Methyl-Seq Library System, which is herein
incorporated by reference in its entirety. Briefly, following digestion of the gDNA with Mspl to
producc DNA fragments, thc DNA fragments arc combincd with a master mix containing the
appropriate diversity adapters comprising 0, 1, 2, or 3 diveristy “D” bascs (i.c., D3 ,D2, D1, DO,
or a mix of DO-D3 in FIGs. 4A-B, SA-B, 6 A-B, 7A-B, and 9A-B, respectively), ligation buffer,
water and ligation enzyme mix, placed in a thermal cycler and run through a program on the
thermal cycler that comprised of a single cycle comprising incubations at 25 C for 30 minutes,
70 C for 10 minutes, and then holding the mixture at 4 C. Following ligation, the ligation
complexes were subjected to a post-ligation purification followed by a final repair reaction
entailing incubation of the ligation complexes with a DNA repair enzyme in a thermal cycler
programmed for a single cycle of 60 C incubation for 10 minutes. Following final repair, the
samples were subjected to bisulfite conversion, wherein 20 uL of the products from the final
repair reactions were inputted directly into a Qiagen EpiTect Fast DNA Bisulfite Kit according

to manufacturer protocols and subjected to two cycles of 95 C for 5 minutes, and 60 C for 20
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minutes on a thermal cycler followed by elution of the purified, bisulfite converted DNA
libraries.. The bisulfite converted DNA libraries were then PCR amplified and purified.
Following library amplification and purification, the libraries were pooled and sequenced on an
Ilumina MiSeq sequencer according to manufacturer instructions with a 40 nucleotide forward
read, 6 nucleotide index read, and 25 nucleotide reverse read. FIGs. 4A-B, 5A-B, 6A-B, 7A-B,
8. and 9A-B show a high correlation between the expected forward and reverse sequencing reads
and the actual nucleotide distributions at read positions 1-40 in the forward reads (FIGs. 4A, 5A,
6A, 7A, and 9A) and 1-25 in the reverse reads (FIGs. 4B, 5B, 6B, 7B, and 9B)for nucleic acid
fragments appended with diversity adapters with three diversity “D” bases (FIG. 4A-B),
diversity adapters with 2 diversity “D” bases (FIG. SA-B), diversity adapters with 1 diversity
“D” base (FIG. 6A-B), diversity adapters with no diversity bases (FIG. 7A-B), and the mix of
diversity adapters comprising zero, 1, 2, or 3 diversity “D” bases (FIGs. 8 & 9A-B). In some
cascs, the diversity basc in the 57 position of a diversity adaptor comprising threc diversity bascs
can be an “R” base while the remaining 2 diversity bases can be “D” bases as shown in FIG. 35.
The “R”™ base can be either an adenine or a guanine nucleotide base, while the “D” bases can be
either an adenine, guanine, or thymine nucleotide base as shown in FIG. 35 and as described
hercin. In some cascs, an “R” basc is substituted for a ““D” basc in a pool of diversity adaptors
such that library inserts generated using the methods described herein for generating an RRBS
library following Mspl digestion using the pool of diversity adaptors with an “R” base comprise

an “R” base as the first base read in a forward sequence read (e.g., FIG. 35).

Example 2: Sequencing of RRBS library generated using Diversity Adapters without Phi X
control:

[00191] In this example, RRBS librarics were generated using diversity adapters as
described in Example 1; however, sequencing of the RRBS libraries generated using diversity
adapters with a 40 nucleotide forward read, 6 nucleotide index read, and 25 nucleotide reverse
read was conducted without running a dedicated control high diversity Phi X control lane. As
can be seen in FIGs. 10-12, the RRBS library sequenced without a PhiX control showed a Q-
score distribution whereby > 95% of the Q-scores were > 30 (FIG. 10), an anticipated
distribution of bases (FIGs. 10 and 11) whereby a diversity of bases existed at the start of the
sequencing read while roughly equal numbers of “A” and ““G” bases were reported further into
the read, and the percentage of > Q20 scores being above 95% at PCR amplification cycles of
less than 40 (FIG. 12) , which indicated a low probability of an incorrect base calling. FIG. 13
shows a Q-score heatmap over 71 sequencing cycles that include 40 forward read cycles, 6 index
rcad cycles, and 25 reverse read scquencing cycles. FIG. 16 shows a summary of the run for this
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Example showing a high percentage (>95%) of total reads with a QQ score above 30, with a
forward read (read 1) having a Q 30 score of 95%, an index read (read 2) having a Q 30 score of
>90%, anda reverse read (read 3) having a Q30 score of >90%. In summary, the use of the
diversity adapters in generating RRBS libraries with diversity adaptors comprising D bases as
described in Example 1 produced high quality sequencing reads with or without the use of PhiX
control libraries.

[00192] As a comparison, inserts from a Human Blood RNA sequencing library generated
for ~ 100 ng of total RNA from adult human whole blood according to the manufacturer’s
instructions for the NuGEN Ovation® Human Blood RNA-Seq Library System, which is herein
incorporated by reference in its entirety, were sequenced with a 40 nucleotide forward read, 6
nucleotide index read, and 25 nucleotide reverse read. Briefly, ~100 ng of total RNA from adult
human whole blood was subjected to first strand synthesis using random primers, followed by
sccond strand synthcsis in the presence of a non-canonical nucleotide (1.c., dUTP), fragmentcd
using the Cowvaris sonication, end repaired, ligated with adapters marked with a non-canonical
nucleotide (i.e., dUTP) and comprising barcode sequences, strand selected, adapter cleavage to
remove unwanted sequences (e.g., IRNA and Globin RNA), and finally, library amplification
using PCR with primers dirccted against the adapter scquences, thereby allowing for 16-plex
sequencing capability. FIGs. 14 and 15 show intensity by cycle, cluster density, Q-score
distribution and heat-map data from the 40 cycle forward read by 6 cycle index read by 25 cycle
reverse read run performed on the Blood-Seq library that was similar to the data obtained from
the 40 cycle forward read by 6 cycle index read by 25 cycle reverse read run performed on the
RRBS library generated without Phi X controls (see FIGs. 10 and 13). FIG. 17 shows the run
summary for the 40 cycle forward recad by 6 cycle index rcad by 25 cycle reversce read run
performed on the Blood-Scq library. A comparison between FIGs 16 and 17 showed that
sequencing of the RRBS library generated with diversity adapters as described in Example 1

produced high quality sequencing data without requiring a Phi X high diversity control.

Example 3: Comparison of the CpGs analyzed by sequencing a RRBS library generated
using Diversity Adapters vs. Whole Genome Bisulfite Sequencing (WGBS):
[00193] In this example, a comparison of the CpGs analyzed by sequencing a RRBS
library generated by the methods provided herein vs. WGBS was conducted. The RRBS library
was generated from Mspl fragmented genomic DNA (gDNA) from IMR90 human cell line was
ligated to a mixture of DO-D3 diversity adapters as described in Example 1 using either 400,
100, 25, 6.25, or 1.56 ng of gDNA as input for generation of the RRBS library. The library used
for WGBS was gencratced by first subjccting 50 ng of human gDNA to Covaris sonication to an
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average size of 200 bp, and then generating a library for WGBS using the fragmented gDNA as
input into the NuGEN Ovation ® Ultralow Methyl-Seq Library System, wherein the library for
WGBS was generated as directed by the manufacturer. The RRBS and WGBS libraries were
each separately sequenced on an Illumina GAIIx sequencer with a 40 nucleotide single end (40nt
SE) and 6 nucleotide index read. For the RRBS sequences, the D1-D3 adaptor sequences were
trimmed off, and the resulting reads, which started with Y GG”, were analyzed with the Bismark
program for mapping bisulfite treated sequencing reads. Mapped reads were further analyzed by
grouping into categories of CpG islands, CpG shores, and promoters. FIG. 20 shows that the
total CpGs analyzed using as little as 1.56 ng of starting gDNA was considerably greater than the
total CpGs analyzed by WGBS. Moreover, the average CpG per read and average CpG per
uniquely aligned read were at least 6 X and 7X greater than WGBS, respectively (FIG. 21).
FIG. 22 shows that the feature coverage (i.e., CpG Islands and Shores, as well as Promoters)
using RRBS librarics gencrated using the methods provided hercein arc very closc to the
theoretical maximum predicted by an iz silico analysis for a 40 nt SE read for a RRBS library
(FIGs. 22 and 25). Overall, RRBS libraries generated using diversity adapters as provided
herein can be easily sequenced (e.g., with commercially available NGS sequencers such Illumina

systcms), and provide CpG-densc data.

Example 4: Kit Components

[00194] A kit can be used for RRBS library formation.

[00195] A. Reagents

[00196] The kit can comprise the components in Table 1:

Table 1. Reagents
Mspl Buffer Mix

Mspl Enzyme Mix

Ligation Butter Mix

Ligation Adaptor Mixes

Ligation Enzyme Mix
Final Repair Buffer Mix

Final Repair Enzymce Mix

Amplification Primer Mix

Amplification Enzyme Mix

25 uM Sequencing Primer
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Nuclease-free Water
Agencourt RNAClean XP
Bceads

DNA Resuspension Buffer

[00197] B. Additional Equipment, Reagents and Labware

[00198] Additional materials that can be used include the following Equipment, Reagents, and
Labware.

[00199] Equipment includes: Agilent 2100 Bioanalyzer, High Sensitivity DN A Kit or materials
andequipment for clectrophoretic analysis of nucleic acids; Qubit® 2.0 Fluorometer and dsDNA
HS Assay Kit (Life Technologies); microcentrifuge for individual 1.5 mL and 0.5 mL tubes; 0.5—
10 uL pipette, 2-20 uL pipette, 20-200 uL pipette, 200-1000 L pipette; vortexer; thermal
cycler with 0.2 mL tube heat block, heated lid, and 100 pL reaction capacity.

[00200] Reagents include: EpiTect Fast DNA Bisulfite Kit (QIAGEN Cat. #59824 for 50 preps
or Cat. #59826 for 200 prcps); Ethanol (Sigma-Aldrich, Cat. #£7023), for purification stcps;
OPTIONAL: EvaGreen® Dye, 20X in water (Biotium, Cat. #31000).

[00201] Supplies and Labware include: Nuclease-free pipette tips; 1.5 mL and 0.5 mL RNase-
free microcentrifuge tubes; 0.2 mL individual thin-wall PCR tubes or 8 X 0.2 mL strip PCR
tubes or 0.2 mL thin-wall PCR plates; magnetic separation device for the Bead Purification of
the Amplified Material protocol; disposable gloves; kimwipes; ice bucket; cleaning solutions
such as DNA-OFF™ (MP Biomedicals, Cat. #QD0500); OPTIONAL: PhiX Control (Illumina,
Cat. Cat. #FC-110-3001); OPTIONAL: Real-time PCR system.

Example 5: Planning an experiment

[00202] A. Input DNA

[00203] Methods, compositions, and kits provided herein can work with inputs of 100 ng of
intact human genomic DNA. Quantitation of gDNA by a dsDNA assay, such as PicoGreen® or
the Qubit System, can be performed. In some cases, OD260 readings for quantitation of input
material are not relied upon. DNA samples can be free of contaminating proteins, RNA, organic
solvents (including phenol and ethanol) and salts. A commercially available system for gDNA
isolation can be used. The A260:A280 ratio for DNA samples can be in excess of 1.8. Using
DNA samplcs with lowcer ratios can compromisc results. RRBS librarics can be gencrated from
lIess than 100 ng of gDNA, or from degraded gDNA, such as DNA extracted from formalin

fixed, paraffin embedded (FFPE) specimens. If such samples are used, library amplification can
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require additional cycles of PCR. One additional cycle of PCR can be used for each two fold
decrease in starting material. To accurately determine the number of PCR cycles to perform, the
optional real-time PCR protocol in Example 7. An increase in adaptor artifacts can be observed,
as well as decreased library complexity, in libraries made from less than 100 ng or degraded
samples, and additional cycles of PCR amplification can be performed. Adaptor artifacts can
appear as a peak of approximately 145 bp. These artifacts can be reduced by performing a
second bead purification. One volume of beads can be added to the purified library.

[00204] Signs of reduced complexity can be monitored by sequencing unique 6 random bases
appended to the index on each adaptor molecule, then a Duplicate Marking tool can be used to
identify true PCR duplicates. The Duplicate Marking tool utilizes information provided by the
unique 6 random bases sequence to discriminate between true PCR duplicates and independent
adaptor ligation events to fragments with the same start site resulting in the recovery of more
usablc data. The Duplicatc Marking tool and instructions for usc can be obtaincd by contacting
NuGEN Technical Support (techservi@nugen.com). After removing truec PCR duplicates, a
reliable measure of library complexity can be made. Sequencing the additional 6 bases after the
6-base barcode can be useful when attempting RRBS on rare or degraded samples. See Example

7 for information on index structurc and scquencing.

[00205] B. Using compositions and kits described herein on Illumina NGS Platforms
[00206] Methods described herein can use the same approach to multiplexing found in the
standard Illumina method. These libraries can be sequenced using the [1lumina protocol for
multiplex sequencing. The dedicated read (DR) barcode sequences, found in Table 2, can be
entered into the [1lumina software prior to analysis.

[00207] Barcode sequences and multiplex guidelines tor adaptors used herein can be found in
Table 2. These 6-nucleotide barcode sequences can be input into the [llumina Sequencing
System prior to parsing of the data. You may combine anywhere from 2—16 barcoded libraries to
allow for a range of multiplex sequencing. The barcodes can be chosen for their ability to parse
properly and for color balancing and can have strict pairing requirements when performing 2-
plex multiplexing. Users wishing to perform greater than a 2-plex multiplexing can choose a
Duplex Set (as defined in Table 9), combined with any of the remaining barcoded libraries. The
barcode sequences can be separated by an edit distance of three. For further details on the
barcode design strategy, please refer to Faircloth BC and Glenn TC (2012). PLoS ONE 7(8):
e42543. doi:10.1371/journal.pone.0042543, which is herein incorporated by reference in its
entirety. NuGEN RRBS libraries can be mixed with other libraries if the barcodes are compatible
(i.c. can be parscd). Onc mismatch allowcd can be parscd with if the spike in library barcodcs arc
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an edit distance of 3 or greater from the RRBS barcodes used in that lane. The PhiX library from
Tllumina does not contain an index. As a result, the sequencer canproduce a low-quality index
read from PhiX clusters. To remove PhiX reads prior to parsing, filter by index read quality and

remove reads with quality less than 20.

[00208] Barcodc scqucences for dedicated rcad (DR) adaptors uscd in herein can be found in
Table 2.

Table 2 Barcode sequences for dedicated read (DR) adaptors

6 NT BARCODE BARCODE
SEQUENCE AS READ PAIRING (2-
BY THE SEQUENCER PLEX)

AACCAG

Duplex Set 1
TGGTGA
AGTGAG

Duplex Set 2
GCACTA
ACCTCA

Duplex Sct 3
GTGCTT
AAGCCT

Duplex Set 4
GTCGTA
AAGAGG

Duplex Set 5
GGAGAA
AGCATG

Duplex Set 6
GAGTCA
CGTAGA

Duplex Set 7
TCAGAG
CACAGT

Duplex Set 8
TTGGCA

One of the duplex sets can be used in combination with any of the other remaining 14 individual
barcodes.

[00209] The barcode sequences used can be chosen for their ability to parse properly and for
color balancing,

[00210] Libraries generated using methods, compositions, and kits described herein can be
sequenced using a custom Read 1 sequencing primer, e.g., MetSeq Primer 1, which can be

included in a kit at a concentration of 25 uM. The Standard Read 1 Primer can be used when
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multiplexing with PhiX or other libraries. The standard primers provided in the [llumina
sequencing kit can be sufficient for sequencing the barcodes and, if desired, the reverse read.
[00211] Methods, compositions, and kits provided herein can be used to produce directional
bisulfite-converted libraries. The Read 1 sequencing primer can sequence the C-to-T converted
strand and the overall nucleotide balance for the Read 1 sequencing primer can show a low
proportion of C bases. [llumina can recommend how to obtain high-quality base calls from
libraries containing unbalanced nucleotide ratios. These recommendations can differ by
instrument. [Numina software can produce higher-quality reads from low-diversity samples such
as RRBS. High quality results can be made if the sequencing instrument is running the following
versions or later:

HiSeq- HCS v2.2.38 (includes RTA v1.18.61)

MiSeq- RTA v1.17.28
[00212] These softwarc upgradces, in combination with the scquence diversity incorporated in
the adaptors described herein, can produce high-quality RRBS reads without the need to spike in
balanced library such as PhiX. However, spiking in 5% PhiX or another, previously
characterized high-quality library can be useful for troubleshooting purposes in the event of a
failcd run, but can reducc the data output by 5%. Such a control can be used to tell if the
sequencing run failed in general, or if there is a problem specific to the particular RRBS library
being sequenced.
[00213] The first base of the read RRBS method contains a CpG methylation measurement. In
principle, reads need only be long enough to accurately map them to the genome. However,
mapping rates can be directly affected by sequence read length, and use of longer reads can
potentially lcad to more uniqucly mapping reads and coverage of a grcater number of CpG loci.
Tablc 3 lists the percent of Mspl fragments 40-300 nt in Iength that arc uniqucly or non-uniqucly
mappable to the hg19 reference genome. In this theoretical analysis, the 1,545,560 Mspl
fragments of hgl9 that are 40-300 nt in length are bisulfite-converted in silico (assuming 0%
methylation and 100% bisulfite conversion), trimmed to the indicated read length, then mapped
using Bismark (www.bioinformatics.bbsrc.ac.uk/projects/bismark/).
[00214] Table 3. Percent of Mspl fragments 40—300 nt in length that are uniquely or

nonuniquely mappable to the hgl9 reference genome

SINGLE END READ LENGTH 40 nt 50 nt 100 nt

Scquences mapping uniqucly 65.2% 69.6% 83.9%

Sequences mapping non-uniquely 34.8% 30.4% 16.1%
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[00215] In addition to mappability, how read length affects CpG loci coverage can be
considered. Many Mspl fragments contain internal CpG's, so longer reads can sequence more
CpGs. However, many Mspl fragments can be smaller than 100 bp, and even smaller than 50 bp.
For these fragments, long sequencing reads, or paired end reads, can provide no additional CpG
data. Table 4 lists the number of CpG loci that can be expected to be covered by various

sequencing protocols.

[00216] Table 4. Number of CpG loci expected to be covered by various sequencing protocols

SINGLE END READ
40 nt 50 nt 100 nt
LENGTH
CpG loci covered 2,649 855 3,281,511 5,916,268

[00217] C. Amplified Library Storage
[00218] Amplified libraries can be stored at —20°C.

[00219] D. Data Analysis and Parsing Multiplex Libraries

[00220] The sequences of the barcodes can be entered prior to parsing (the sequences are listed
in Table 3). With bisulfite-converted libraries, a slightly higher rate of unmatched barcodes
relative to non- bisulfite-converted libraries can be observed. The methods can use edit distance
3 barcodes, which can allow one mismatch during parsing. This can significantly reduce the
fraction of unmatched barcode reads.

[00221] The Duplicate Marking feature mentioned above can built into the NuGEN RRBS
systcm, by adding an additional 6 nt to thc index read. Sce Example 7 for more information on
this feature.

[00222] Once the data have been parsed according to sample index, the reads can be trimmed
before attempting alignment. Trimming can be done in two steps. First, any low-quality bases
and adaptor sequences can be removed, then the sequence diversity provided by adaptors
described herein can be removed. Example 8 contains detailed recommendations on trimming,
At this point reads can be ready for downstream analysis, such as mapping to the genome and

dctermining mcthylation status.
Example 6: Protocol

[00223] A. Overview
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[00224] As shown in FIG. 38, an RRBS library preparation process can be performed in five
stages: 1. DNA digestion with Mspl: 1.0 hour; 2. Adaptor ligation: 0.75 hours; 3. final repair:
0.25 hours; 4. bisulfite conversion: 3.0 hours; 5. amplification and purification: 1.5 hours. Total
time to prepare amplified library: 6.5 hours.

[00225] Components in a kit can be color coded, with each color linked to a specific stage of the
process. Performing each stage can involve making a master mix, then adding it to the reaction,
followed by incubation. Master mixes can be prepared by mixing components provided for that
stage.

[00226] Each library can be produced independently when performing multiplex sequencing. In
some cases, adaptors are not mixed during the actual library construction protocol. Multiplexing
can be achieved by mixing the amplified libraries prior to cluster formation. The barcode

sequences in can be carefully chosen for their ability to parse properly and for color balancing,

[00227] B. Protocol Notes

[00228] Water provided with a kit or an alternate source of nuclease-free water can be used. In
some cases, DEPC-treated water is used; in some cases, DEPC-treated water is not used. A
minimum of four reactions can be set up at a time to avoid pipetting very small volumes.
Components used in each step can be thawed and immediately placed on ice. In some cases, all
reagents at not thawed once. Thawed reagents and reaction tubes can be kept on ice. After
thawing and mixing buffer mixes, if any precipitate is observed, it can be re-dissolved
completely prior to use. The buffer mix can be gently warmed for 2 minutes at room
temperature followed by brief vortexing. In some cases, any enzyme, primer, or adaptor mixes is
not warmed.

[00229] Small amounts of reagents can be placed into a reaction mix, pipetted up and down
several times to ensure complete transfer from the pipet tip into the reaction mix. Pipetting a
mix can involve gently aspirating and dispensing a volume that is at least half of the total volume
of the reaction mix.

[00230] The thermal cycler can be allowed to reach the initial incubation temperature prior to
placing the tubes or plates in the block. Fresh ethanol stocks can be used make 70% ethanol for
the purification protocols. The ethanol mixes can be made fresh, carefully measuring both the
cthanol and water with pipettes. Lower concentrations of ethanol in wash solutions can result in
loss of yield as the higher aqueous content will dissolve the DNA and wash it off the beads or

column.

[00231] C. Agencourt®™ RNAClean™ XP Purification Beads
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[00232] The bead purification processes can include 1. binding of DNA to RNAClean XP
beads; 2. magnetic separation of beads from supernatant; 3. ethanol wash of bound beads to
remove salts, etc.; 4. elution of bound DNA from beads. Beads can be removed from 4°C and
left at room temperature for at least 15 minutes before use. Beads can completely reach room
temperature before using. Cold beads can reduce recovery. Beads can be fully resuspended by
vortexing before adding to sample. The ratio of Agencourt RNAClean XP bead volume to
sample volume can vary among different steps in the protocol. Furthermore, the bead:sample
ratios used can differ from the standard Agencourt protocol. The beads can separate on the
magnet for a full 5 minutes. Removing binding buffer before the beads have completely
separated can impact DNA yields. After completing the binding step, bead loss can be
minimized when removing the binding buffer. With the samples placed on the magnet, the
amount of the binding buffer specified at each of the individual purification steps can be
removed. Somce liquid can remain at the bottom of the tube, helping to minimize bead loss at this
step. Bead loss can be minimized throughout the procedure to maximize DNA yield. An ethanol
wash can be freshly prepared from fresh ethanol stocks at the indicated concentration. Lower
percent ethanol mixes can reduce recovery. During the ethanol washes, the samples can be kept
on thc magncet. Dispersion of the beads can be avoided. The magnet can kecp the beads on the
walls of sample wells or tubes. All residual ethanol can be removed prior to continuing with the
next step. When removing the final ethanol wash, most of the ethanol can be removed first, then
excess ethanol is collected at the bottom of the tube before removing the remaining ethanol. This
process can reduce the required bead air drying time. After drying the beads for the time
specified in the protocol, each tube can be carefully inspected to determine whether all the
cthanol has cvaporated before procecding.

100233] Strip tubcs or partial platcs can be firmly placed within the magnctic plate. Individual

tubes can be difficult to position stably on the magnetic plates.

[00234] D. Programming the Thermal Cycler

[00235] A thermal cycler with a heat block designed for 0.2 mL tubes can be uscd, equipped
with a heated lid, and with a capacity of 100 uL reaction volume. The programs can be prepared
as shown in Table 5, following the operating instructions provided by the thermal cycler
manutacturer. For thermal cyclers with an adjustable heated lid, the lid temperature can be set to
100°C when sample temperature reaches above 30°C. For thermal cyclers with a fixed
temperature heated lid (e.g., ABI GeneAmp® PCR 9600 and 9700 models), default settings can
be used (e.g., 100°C to 105°C).
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[00236] Table 5. Thermal cycler programming

Program 1 (Mspl Digestion) 37°C — 60 min, hold at 4°C
Program 2 (Ligation) 25°C — 30 min, 70°C — 10 min, hold at 4°C
Program 3 (Final Repair) 60°C — 10 min, 70°C — 10 min, hold at 4°C
Program 4 (Bisulfite 2 ¢cycles of (95°C — 5 min, 60°C — 20 min) hold at
Conversion) 20°C
Program S (Library 95°C — 2 min, 12 cycles of (95°C — 15 sce,

. . 60°C — 1 min, 72°C — 30 sec), hold at 10°C
Amplification)

[00237] If less than 100 ng of intact gDNA is used, or if DNA is severely degraded (such as
with FFPE), morc than 12 cycles of PCR may be performed. As an cstimate, onc additional cycle
of PCR for each two-fold reduction of input can be performed. For example, for 25 ng of intact

gDNA, 14 cycles of PCR can be used.

[00238] E. Mspl Digestion

[00239] The Mspl Buffer Mix, Mspl Enzyme Mix, and Nuclease-free Water can be removed
from —20°C storage. Contents of Mspl Enzyme Mix can be spun down and placed on ice. Mspl
buffer mix and nuclease-free water can be thawed at room temperature. Mspl buffer mix can be
mixed by vortexing, spun and placed on ice. Each 100 ng gDNA sample can be adjusted to 8.5
uL with nuclease-free water. A master mix can be prepared by combining Mspl buffer mix and

Mspl enzyme mix in a 0.5 mL capped tube, according to the volumes shown in Table 6.

[00240] Table 6. Mspl Master Mix (volumes listed are for a single reaction)

Mspl Buffer Mix Mspl Enzyme Mix
1.0 uL 0.5 pulL

[00241] 1.5 pL of the Mspl master mix can be added to each sample tube. Mixing can be by
pipetting; tubes can be capped, spun and placed on ice. Tubes can be placed in a thermal cycler
programmed to run Program 1 (Mspl Digestion; see Table 5): 37°C — 60 min, hold at 4°C. Tubes

can be removed from the thermal cycler, spin to collect condensation and place on ice.

[00242] F. Ligation
[00243] A Ligation Buffer Mix, Ligation Adaptor Mixes, and Ligation Enzyme Mix can be

removed from —20°C storage. Ligation Enzyme mix can be spun down and placed on ice.
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Ligation Buffer Mix (L1) and Ligation Adaptor Mixes (L2) can be thawed at room temperature.
The solution can be mixed by vortexing, spun and placed on ice. The Ligation Buffer Mix (LL1)
can be extremely viscous. Care can be taken to ensure it is well mixed after thawing (it can be
helpful to alternately vortex the tube right-side up and upside down). In some cases, Ligation
Adaptor mixes are not warmed above room temperature. Heating can degrade performance.
[00244] Three puL of appropriate L2 Ligation Adaptor Mix can be added to each sample and
mixed thoroughly by pipetting. Prior to use, a master mix can be made by combining nuclease-
free water, L1, Ligation Enzyme Mix in 4 0.5 mL capped tube according to the volumes in Table
7. The solutions can be mixed by pipetting slowly, without introducing bubbles, spun and placed
on ice. The mix can be used immediately.

[00245] The L1 Ligation Buffer Mix can be very viscous. This reagent can be pipetted slowly,
and care can be taken to ensure that the Ligation Master Mix and the ligation reactions are well

mixcd (visually obscrve that the solutions becomc homogencous).

[00246] Table 7. Ligation Master Mix (volumes listed are for a single reaction)

WATER 2.0 ulL
LIGATION BUFFER MIX 4.0 uL
LIGATION ENZYME MIX 1.0 uL

[00247] 7 pL Ligation Master Mix can be added to each reaction tube. The solution can be
mixed thoroughly by pipetting slowly, gently spun and placed on ice. Incubation can be preceded
immediately. Tubes can be placed in a pre-warmed thermal cycler programmed to run Program 2
(Ligation; see Table 5): 25°C — 30 min, 70°C — 10 min, hold at 4°C. The tubes can be removed

from the thermal cycler, spun to collect condensation, and placed on ice.

[00248] G. Final Repair
[00249] The Final Repair Buffer Mix (FR1) and Final Repair Enzyme Mix (FR2) can be

removed from —20°C storage. Contents of FR2 can be spun down and placed on ice. FR1 can be
thawed at room temperature. The solutions can be mixed by vortexing, spun and placedon ice. A
master mix can be prepared by combining FR1 and FR2 in a 0.5 mL capped tube, according to

the volumes shown in Table 8.

[00250] Table 8. Final Repair Master Mix (volumes listed are for a single reaction)

FINAL REPAIR BUFFER FINAL REPAIR ENZYME MIX WATER
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MIX
6.0 uL 0.5 puL 13.5uL

[00251] The solutions can be mixed by pipetting slowly, without introducing bubbles, spun for 2
seconds and place on ice. The mix can be used immediately.20 pL of the Final Repair Master
Mix can be added to each of the 20 pL ligation reactions. The solution can be mixed by
pipctting. The tubes can be capped, and spun, and placed on icc. The tubes can then be placed in
a thermal cycler pre-heated to 60°C and programmed to run Program 3 (Final Repair; see Table
5): 60°C — 10 min, 70°C — 10 min, hold at 4°C. The tubes can be removed from the thermal
cycler, spun to collect condensation and placed on ice.

[00252] H. Bisulfite Conversion

[00253] 1. QTAGEN EpiTect Fast DNA Bisulfite Kit (QIAGEN Cat. #59824 for 50 preps or
Cat. #59826 [or 200 preps) can be used for bisulfite conversion. Other commercial bisulfite
conversion kits can also be used. The 40 uL product of the Final Repair reaction can be input
directly into the bisulfite conversion kit. The input can be performed using the QTAGEN EpiTect
Fast protocol “Bisulfite Conversion of Unmethylated Cytosines in DNA”, on page 19, following
the guidelines for 1-500 ng in a maximum volume of 40 pul. (low concentration). 40 ul. of input
and 15 pL of DNA Protect Buffer can be used. The following thermal cycler conditions can be
used: 95°C — 5 min, 60°C — 20 min, 95°C — 5 min, 60°C — 20 min, hold at 20°C. After thermal
cycling, a blue ring at the meniscus can be observed. This can be normal and may not affect the
results. The rest of the QIAGEN protocol can then be followed. Carrier RNA in the BL Buffer
can be used. The purified, bisulfite-converted DNA can be eluted in 23 pL of EB. This can yield
20 uL of bisulfite-converted DNA ready for amplification. If necessary, the final eluted volume

of bisulfite-converted DNA can be adjusted to 20 plL with nuclease-free water.

[00254] 1. Library Amplification

[00255] The real-time protocol in Example 7 can be consulted to determine the number of cycles
of PCR to perform (such as when starting with degraded DNA or significantly less than 100 ng
of high-quality DNA). Thc Amplification Primcr Mix (P2) and Amplification Enzyme Mix
(P3)m can be removed from —20°C storage. P3 can be spun and placed on ice. P2 can be thawed
at room temperature. The solutions can be mixed by vortexing, spun and placed on ice. The 20
uL product from the Bisulfite Conversion protocol can be obtained. A master mix can be made
by combining P2 and P3 in an appropriately sized capped tube according to the volumes shown
in Table 9. The solutions can be mixed by pipetting (care can be taken to avoid bubbles), spun

and placed on ice.
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[00256] Table 9. Amplification Master Mix (volumes listed are for a single reaction)

AMP PRIMER MIX (P2) AMP ENZYME MIX (P3)
5L 25 uL

[00257] On ice, 30 pL of the Amplification Master Mix can be added to each sample. Tubes can
be placed in a pre-warmed thermal cycler programmed to run Program 5 (Library Amplification;
sec Table 5): 95°C — 2 min, 12 cycles of (95°C — 15 sec, 60°C — 1 min, 72°C — 30 sec), hold at
10°C. If less than 100 ng of intact gDNA is used, or if the DNA is severely degraded (such as
with FFPE), more than 12 cycles of PCR can be performed. Methods provided in Example 8 can
be uscd in such situations. Tubcs can be removed from the thermal eyceler, spun to collect

condensation and placed on ice.

[00258] J. Amplified Library Purification

[00259] The Agencourt RNAClean XP Beads and 70% ethanol set aside previously can be used
if they are still at room temperature. The beads can be resuspended by vortexing the tube and
added to the sample. In some cases, the beads are not spun after resuspending. At room
temperature, 50 pL (1 volume) of the bead suspension can be added to each reaction. The bead
suspension can be quite viscous; therefore slow pipetting can be performed to enhance accuracy.
The solutions can be mixed thoroughly by pipetting 10 times. A multichannel pipettor can be
used to make the incubation times uniform. The mixture can be incubated at room temperature
for 10 minutes. The tubes can be transferred to the magnet and let stand 5 minutes to clear the
solution of beads. 90 puL of the binding buffer can be carefully removed and discarded. Some of
the volume can be left behind to reduce bead loss at this step. In some cases, the beads are not
disperse; instead, they can stay on the walls of the tubes. Significant loss of beads at this stage
will impact the amount of purified DNA, so in some cases, beads are not removed with the
binding buffer or the wash. The 70% ethanol wash in the library purification step can involve
removing samples from the magnet, fully resuspending the beads in the 70% ethanol wash, and
rc-magnctizing until the beads have clcarcd from the solution. The beads can be washed in
following steps: the plate can be removed from the magnet, 150 puL of freshly prepared 70%
ethanol can be added and the mixture can be pipetted to resuspend the beads; the beads can be
cleared by re-magnetizing and a 70% ethanol wash can be performed using a pipette. The
washing steps can be repeated twice. In some cases, the ethanol can be removed as much as
possible with the final wash. At least 2 pipetting steps can be performed to allow excess ethanol

to collect at the bottom of the tubes after removing most of the ethanol in the first pipetting step.
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The beads can be air dried on the magnet for a minimum of 10 minutes. In some cases each tube
can be carefully to ensure that all the ethanol has evaporated. All residual ethanol can be
removed prior to continuing. The tubes can then be removed from the magnet. 20 uL. DNA
Resuspension Buffer can be added to the dried beads. The beads can be resuspended by thorough
mixing. The tubes can be transferred to the magnet and let stand for 5 minutes. 18 pL of the
cluate can be carefully removed, ensuring as few beads as possible are carried over, and
transferred to a fresh set of tubes. When pipetting any portion of this eluted library downstream,
the library can be let stand briefly on a magnet to reduce bead carryover. The eluate can then be
used to quantitatively and qualitatively assess the library. After quantitation, barcoded libraries
that will be run in the same flow cell can be mixed in equimolar ratios prior to processing on the

flow cell, cBot or Cluster Station.

[00260] K. Quantitative and Qualitative Assessment of the Library

[00261] Samples can be diluted 1:3 with water. 1 uL. of the diluted sample can be loaded on the
Bioanalyzer High Sensitivity DNA Chip. In some cases, fragment distribution can be as shown
in FIG. 28. The three peaks at 200 bp, 265 bp, and 330 bp are due to Mspl-containing micro-
satellite repeats, and are characteristic of RRBS libraries made from human DNA. For qPCR for

quantification, 250 bp can be used as library size for calculations.

Example 7 - PCR amplification when using degraded DNA or less than 100 ng of high-
quality DNA

[00262] Standard RRBS libraries can be generated using 100 ng of high-quality, Mspl-digested
genomic DNA. Library Amplification can be performed by preparing an Amplification Master
Mix and adding 30 uL of this to 20 uL of bisulfite-converted sample for a total PCR volume of
50 puL. In some cases, the following two options can be used for degraded DNA or less than 100
ng of high-quality DNA: A) If high-quality DNA is uscd and the amount of DNA is known, the
number of PCR cycles can be adjusted to obtain sufficient material for analysis and sequencing.
One additional cycle of PCR can be performed for each two-fold reduction of input. For
example, for 25 ng of intact gDNA, 14 cycles of PCR can be used. B) If degraded DNA is used
or if the amount and/or quality of the DNA is unknown, a 1/5 scale real-time PCR with an
aliquot of your sample can be performed as follows: A master mix can be made by combining P2
and P3 in an appropriately sized capped tube according to the volumes shown in Table 10. P3
Enzyme Mix can be added at the last moment and mixed well by pipetting taking care to avoid
bubbles, spun and placed on ice. EvaGreen (Biotium, Cat. #31000) is less inhibitory to PCR than

SYBR Green®, however SYBR Green can also be usced at a 1X final concentration in the real-
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time PCR reaction. For each library, 6 puL of the Amplification Master Mix can be aliquoted into
a well of on a real-time PCR plate. 4 pl. of sample can be added to each well (after bisulfite
conversion but before PCR amplification) for a total real-time PCR volume of 10 puL. Real-time
PCR can be performed with the following cycling conditions: 95°C — 2 min, 30 cycles of (95°C
— 15 sec, 60°C — 1 min, 72°C — 30 sec). The SYBR Green channel can be monitored. Tn some
cases, ROX normalization is not used. After thermal cycling is complete, the amplification plot
can be examined for each sample to determine the number of PCR cycles to perform during the
Library Amplification step. A cycle in the late exponential phase can be selected. For example,
in the amplification plot shown in FIG. 29, cycle 9 was chosen. This provides sufficient

amplification without entering the plateau phase.

[00263] Table 10. Amplification Master Mix (volumes listed are for a single reaction)

AMP PRIMER MIX AMP ENZYME MIX
20X EVAGREEN
(P2) (P3)
1.0 uL 0.5 uL 4.5 uL

[00264] If using an Applied Biosystems real-time PCR instrument, Plot > Rn vs. Cycle, not Plot
> deltaRn vs. Cycle is selected. Selecting Plot > deltaRn vs. Cycle may give unexpected results
similar to those shown in FIG. 30.

[00265] After determining the optimal number of PCR cycles to perform, the remaining 16 uL
of bisulfite-converted library can be amplified as follows: A master mix can be made by
combining P2 and P3 in an appropriately sized capped tube according to the volumes shown in
Table 11. P3 Enzyme Mix can be added at the last moment and mix well by pipetting taking care
to avoid bubbles, spun and placed on ice. For each library, 24 pL. of the Amplification Master
Mix can be aliquoted into a well of on a real-time PCR plate. 16 uLL of sample can be added to
each well. PCR can be performed with the following cycling conditions, where N = number of
cycles determined from the above real-time PCR assay: 95°C — 2 min, N cycles of (95°C — 15
sec, 60°C — 1 min, 72°C - 30 sec, hold at 10°C. Proceed with the Amplified Library Purification
protocol in Examplec 6, Scction J, by adding 1 volume (40 puL) of Agencourt RNAClcan XP

Beads to each amplified sample and following the remaining steps of the purification protocol.

[00266] Table 11. Amplification Master Mix (volumes listed are for a single reaction)

AMP PRIMER MIX (P2) AMP ENZYME MIX (P3)
4.0 uL 20 uL
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Example 8 — Index structure and index read recommendations

[00267] The 6-base barcodes can be used for sample multiplexing. In addition to the 6-base
barcode, the adaptor can contain 6 random bases immediately following the 6-base barcode, for a
total of 12 bases. The additional 6 bases can be used for duplicate read determination using the
Duplicate Marking Tool. The libraries can be sequenced using 12 cycles for the index read. The
6-base barcode sequences can be found in Table 2. In some cases, the MiSeq and HiSeq
instruments do not provide a simple way to obtain the sequence information contained in the 12-
base pair index read including the 6 random bases that can be necessary for duplicate read
determination. Several methods can be used to generate the necessary index fastq file are

provided below.

[00268] MiSeq Instrument

[00269] Parsing multiplex runs using the MiSeq built-in [llumina software can replace the
barcode sequence from each library with a numerical substitute, which removes the duplicate
information provided by the N6 sequence present after the barcode. To retrieve this information
using the MiSeq instrument, one of the options can be used: Option 1: contact llumina
Technical Support and request a modification of the MiSeq config file to allow generation of an
index fastq file during data analysis. Option 2: Modify the MiSeq config file to allow generation
of an index fastq file during data analysis: 1. Stop the MiSeq Reporter process. 2. Locate the
“MiSeq Reporter.ecxe.config” file located in C:/Illumina/MiSeq Reporter. 3. Open config file and

search for a line that reads:

<add key="CreateFastqForlndexReads” value="0"/>
1. If this line is present, change the value from “0” to 17"
2. If this line is not present, add the line to the config file using the add keys
function undcr the app Scttings tab with the valuc sct as <17,
[00270] 4. Restart the MiSeq reporter process. 5. Re-queue the run for data analysis if required.
The 6-base barcodes followed by NNNNNN can be entered into the sample sheet to enable

proper multiplex library parsing.

[00271] HiSeq Instrument

[00272] When setting up the HiSeq run, 12 bases of index sequencing (no sample sheet is
required) can be specified. However, if a sample sheet to be included, the 6 bases of the actual
barcode can be specified. In some cases, the N6 in your sample sheet is not included. The
mcthod described below can be uscd to parse and gencrate the N6 index fastq files for HiScq

using CASAVA: 1. Browse to the location of the run folder (called "RunFolder" in this
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example). 2. Open the “Data” folder in your run (/RunFolder/Data). 3. Run CASAVA. Use the “-
-use-bases-mask Y*, I6Y*” option to generate an Index fastq file along with the forward read

(for paired end reads use “--use-bases-mask Y*,I6Y*, Y*”). For example:

“/illumina/pipeline/CASAV A-1.8.2/bin/configureBclToFastq.pl --input-dir /data/
Runs/RunFoldcr/Data/Intcnsitics/Basccalls/ --fastq-cluster-count 0 --usc-
basesmask
Y*,I6Y* --ignore-missing-control”.
[00273] To generate the read and index fastq files without parsing, the —usebases- mask option
to “--use-bases-mask Y*,Y*” can be modified. The generated fastq files can then be parsed using
alternative software. 4. Open /RunFolder/Unaligned. 5. Type “nohup make -j 12” (this command
will produce the actual fastq files, the 12 indicates how many threads to use). 6. The fastq files

will be located in /RunFolder/Unaligned/Project_UniquelD

Example 9 -- Diversity trimming
[00274] Following sequencing and parsing, adaptors can be trimmed and the additional
sequence added by the diversity adaptors to the 5° and 3’ ends of the insert can be removed

before downstream analysis.

[00275] Removing Adaptor Sequences
[00276] To accurately identify the diversity sequence and Mspl (C*CGG) site, adaptor
sequences present on the 3 end of your reads can be trimmed. Trim Galore
(www.bioinformatics.babraham.ac.uk/projects/trim_galore/) can be used [or this purpose. Other
programs can also be used. Trim Galore may also trim some or all of a read due to low quality.
In some cases, the program is run with default parameters, and the --RRBS option is not used.
Single end reads can be trimmed with the following command:

trim_galore sampleR1.fq
[00277] Paired end reads can be trimmed with the following command:

trim_galore --adaptor2 AAATCAAAAAAAC sampleR1.fq sampleR2.fq
[00278] Diversity Trimming and Filtering
[00279] Additional filtering and trimming can be performed by a custom python script provided
by NuGEN. The script can be obtained from NuGEN Technical Support at
techservi@nugen.com. The script removes reads that do not contain an Mspl site signature
(YGQ) at the 5’ end. For paired end data an Mspl site signature can be required at the 5° end of
both scquences. The script will generate new file(s) with " trimmed.fq" appended to the

filename. In it, all reads have been trimmed at the 5° end to remove the diversity sequence (0—
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3bases), and all reads can begin with YGG, where Y is C or T. On the 3’ end, 5 bases are

trimmed from every read (6 bases are trimmed for paired-end to prevent alignment issues).

[00280] Examples of Trimming the 5’ Ends of Forward Reads
[00281] Underlined bases denote sequence derived from the adaptor. In this example, the

fragment is derived from the genomic scquence, starting and ending with Mspl sitcs:

5> CCGGAGTT... AAGGGCCGG 3’
3’ GGCCTCAA... TTCCCGGCC 5’
[00282] After Mspl digestion:

5° CGGAGTT...AAGGGC 3’
3’ CTCAA... TTCCCGGC 5’
[00283] After ligation to adaptors, both with three bases of diversity:

5> RDDCGGAGTT... AAGGGCCGHHY 3’
3> YHHGCCTCAA.. TTCCCGGCDDR 5°
[00284] After bisulfite conversion and PCR amplification of the top strand:

5> RDDYGGAGTT...AAGGGTCGHHY 3°
3> YHHRCCTCAA... TTCCCAGCDDR 5°
[00285] Assuming the insert is smaller than the read length, the forward read after Trim Galore

is used to trim the adaptor from the 3’ end will be:

5’ RDDYGGAGTT... AAGGGTCGHHY 3’
[00286] The result of the NuGEN diversity trim of the forward read (if it's a single-end read)
will be:

5> YGGAGTT...AAGGGT 3’
[00287] The reverse read after Trim Galore is used will be:

5> RDDCGACCCTT... AACTCCRHHY 3’
[00288] The result of the NuGEN diversity trim of the reverse read:

5T ACCCTT...AACT ¥’

[00289] The adaptor can contain between 0 and 3 bases of diversity.

[00290] Tables 12—15 show how the script trims all types of adaptor variation.

-102-

IDT Exhibit 1017.1652



WO 2015/131107

[00291] Table 12. Trimming of the 5° ends of forward reads

PCT/US2015/018112

READ BEFORE TRIMMING READ AFTER TRIMMING
5’ YGGAGTT... 5 YGGAGTT...
5> DYGGAGTT... 5* YGGAGTT...
5’ DDYGGAGTT... 5’ YGGAQGTT...
5> RDDYGGAGTT... 5 YGGAGTT...

Note: If YGG is not found in the first 6 bases, the read is discarded.

[00292] Table 13. Trimming of the 3’ ends of forward reads

READ BEFORE TRIMMING READ AFTER TRIMMING
5 .. AAGGGTCG 5 ..AAG
5 . AAGGGTCGH 5 ...AAGG
5 ...AAGGGICGHH 5 L AAGGG
5’ ... AAGGGTCGHHY 5* ... AAGGGT
[00293] Table 14. Trimming of the 5° ends of reverse reads
READ BEFORE TRIMMING READ AFTER TRIMMING
5" CGACCCTT... 57 ACCCTT...
5> DCGACCCTT... 5* ACCCTT...
5 DDCGACCCTT... 5° ACCCTT...
5’ RDDCGACCCTT. .. 5> ACCCTT. ..

Note: If CGR is not found in the first 6 bases, the read is discarded.

[00294] Table 15. Trimming of the 3° ends of reverse reads

READ BEFORE TRIMMING READ AFTER TRIMMING
5 ... AACTCCRHHY 5 .LAACTC
5’ ...AACTCCROMO 5 LLAACT
5 ... AACTCCRH 5 .LAAC
5’ ...AACTCCR 5 LAA

[00295] The script accepts as input one or two fastq file strings, given either as complete
filenames or as a pattern in quotes. When a pattern is given, the script will find all the filenames

matching a specified pattern according to the rules used by the Unix shell (*,?).

[00296] Example usage for single end reads with a complete filename:
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python trimRRBSdiversityAdaptCustomers.py -1 sample R1.fq
[00297] with a pattern:

python trimRRBSdiversityAdaptCustomers.py -1
"s R1_1 edit3_6bp BC??.fq"

100298]| Examplc usage for paircd end rcads with a complcte filename:

python trimRRBSdiversityAdaptCustomers.py -1 sample R1.fq -2
sample R2.fq
[00299] with a pattern:

python trimRRBSdiversityAdaptCustomers.py -1 "s R1*.fq" -2
“s R2*.1q”
[00300] The help option of this script can be accessed for more details (-h). The script outputs a

trimmed fastq file that can be used for downstream analysis including Bismark.

[00301] Following trimming, an additional algorithm can bc uscd to rcmove scquencing
duplicates. The Duplicate Marking tool can utilize information provided by the unique N6
sequence to discriminate between true PCR duplicates and independent adaptor ligation events to
fragments with the same start site resulting in the recovery of more usable data. Using the index
sequence reads, the Duplicate Marking tool can utilize the N6 random sequence found adjacent
to the barcode sequence (as shown in FIGs. 32 and 37) in the sequence appended to nucleic acid
inserts generated using the methods outlined in Example 4-8 to unambiguously identify other
PCR duplicates comprising the same N6—barcode sequence and removing all but one of these

reads.

Example 10 -- A simplified workflow for reduced representation bisulfite sequencing
[00302] RRBS can be used to obtain quantitative DNA methylation information across many
features of the genome with approximately 50-fold fewer sequencing reads than can be needed
with whole genome bisulfite sequencing which can result in substantial sequencing cost
reduction. The methods described herein can be used for generating RRBS libraries in less than
one day, without gel purification. The methods can entail digesting samples, ligating adaptors,
performing a final repair, bisulfite converting, and PCR amplifying to generate libraries ready for
NGS sequencing platforms such as Illumina. Additional benefits of the methods provided herein
can include improved sequencing performance without the need for PhiX spike in, and the ability

to mark PCR duplicates.
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[00303] DNA methylation can be a central component of epigenetic regulation, and can play a
role in development, environmental exposure, and diseases including cancer. In humans, the
predominant form of DNA methylation can be 5-methyl cytosine. When present, 5-mC can occur
in the context of the CpG sequence motif. RRBS can utilize the restriction enzyme Mspl, which
can recognize and cleave the sequence CCGG regardless of the methylation state of the central

CpG.

[00304] Reducing Representation to ~2%

[00305] After digestion with Mspl, ~2% of the genome can be represented in fragments under
500 bp. However, many of these fragments can be from CpG-rich regions. By focusing RRBS
sequencing on small fragments, the methylation status of these regions can be determined with
much less sequencing than would be required using a whole genome bisulfite sequencing

approach.

[00306] Challenges with Sequencing RRBS Libraries

[00307] On sequencers such as provided by [Tlumina, cluster identification as well as phasing
and color matrix calculations can be negatively impacted by a lack of sequence complexity in the
sample. RRBS libraries all begin with YGG (Y = C or T), which can make these libraries
challenging to sequence. These issues can be mitigated by reducing cluster density and/or mixing
in a high diversity library, such as a PhiX control library. This approach can reduce the number

of useful reads as PhiX levels of 40% or higher may be needed to ensure a successful run.

[00308] Adding Diversity to RRBS Reads

[00309] The challenges described above can be overcome by adding diversity in the form of 0 to
3 bases of sequence between the sequencing primer and the insert. This can ensure all 4 bases are
present during the first few cycles of sequencing. In addition, the YGG signature can be de-
phased so that no cycle contains only G across all clusters.

[00310] The methods described herein can be multiplexed up to 16 samples per lane, can require
no gel purification steps, and can have many advantages, including: simplified workflow that can
be completed in a single day; adaptor features (i.e., sequence diversity) which can provide
enhanced sequence quality without PhiX spike in, the ability to identify and remove PCR
duplicates; and highly reproducible data that can displays excellent concordance with published

methylation profiles such as shown in FIG. 34.

Example 11 -- Generation of and analysis of reduced representation bisulfite sequencing

library from TMR-90 human genomic DNA using diversity adaptors
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[00311] In this example, an RRBS nucleic acid library from 25 ng of genomic DNA (gDNA)
from the IMR-90 human cell line was generated using the kit, protocol, considerations, and
analytical software outlined and described in Examples 4-9. Briefly, following digestion of 25 ng
of gDNA from IMR-90 human cells with Mspl to produce DNA fragments, the DNA fragments
are combined with a master mix containing the appropriate diversity adapters (i.e., DO ,D1, D2,
D3, or a mix of D0-D3), ligation buffer, water and ligation enzyme mix, placed in a thermal
cycler and run through a program on the thermal cycler that comprised of a single cycle
comprising incubations at 25 C for 30 minutes, 70 C for 10 minutes, and then holding the
mixture at 4 C. Following ligation, the ligation complexes were subjected to a post-ligation
purification followed by a final repair reaction entailing incubation of the ligation complexes
with a DNA repair enzyme in a thermal cycler programmed for a single cycle of 60 C incubation
for 10 minutes. Following final repair, the samples were subjected to bisulfite conversion,
whercin 20 uL of the products from the final repair recactions were inputted dircetly into a Qiagen
EpiTect Fast DNA Bisulfite Kit according to manufacturer protocols and subjected to two cycles
of 95 C for 5 minutes, and 60 C for 20 minutes on a thermal cycler followed by elution of the
purified, bisulfite converted DNA libraries.. The bisulfite converted DNA libraries were then
PCR amplificd and purificd. Following library amplification and purification, the librarics were
pooled and sequenced on an Illumina MiSeq sequencer according to manufacturer instructions
with a 40 nucleotide forward read, 6 nucleotide index read, and 25 nucleotide reverse read. The
sequence reads were analyzed using the iz silico diversity trimming and duplicate marking
computer programs described in Example 9. This procedure was repeated two more times to
generate technical replicates. The sequencing analysis was then compared between the replicates.
[00312] Following scquencing and in silico analysis of scquence rcads obtained from the
scquencing, a high coverage overlap can be scen between the three RRBS technical replicates as
shown in FIG. 33. Moreover, as shown in Table 16, each of the technical replicates produced

similar high levels of total mapping, as well as other measures.

[00313] Table 16. Replicate RRBS libraries from 25 ng IMR90 gDNA

Replicate 1 Replicate 2 Replicate 3
Uniquely Mapping 67.60% 67.47% 66.98%
Non-Uniquely 23.12% 22.70% 23.93%
Mapping
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Total Mapping 90.72% 90.18% 90.91%
Methyl CG 44.05% 44.14% 43.17%
Methyl CHG 0.37% 0.37% 0.36%
Methyl CHH 0.31% 0.31% 0.30%

[00314] Additionally, FIG. 34 shows a concordance in methylation levels between IMR-90
RRBS replicates (left) and IMR-90 whole genome bisulfite sequencing (WGBS) libraries (right).

[00315] While prelerred embodiments are shown and described herein, it will be obvious

to those skilled in the art that such embodiments are provided by way of example only.

Numerous variations, changes, and substitutions will now occur to those skilled in the art

without departing from the instant disclosure. It should be understood that various alternatives to

the embodiments described herein may be employed in practicing the disclosure. It is intended

that the following claims dcfine the scopce of the invention and that mcthods and structurcs

within the scope of these claims and their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED IS:

1. A method for increasing diversity of sequences at ends of a plurality of
polynucleotides in a sample, the method comprising introducing a pool of
oligonucleotide sequences to 3” ends of the plurality of polynucleotides,

a. wherein each oligonucleotide sequence in the pool of oligonucleotide sequences
comprises a sequence complementary to a sequencing primer,

b. whcrcein the pool of oligonucleotide scquences compriscs a first scquence,
wherein a terminal 3 nucleotide base of the sequencing primer is capable of
annealing to a terminal 5° nucleotide base of the first sequence, wherein following
introduction thc 5’ cnd of thc first scquence is adjacent to a 3° cnd of a
polynucleotide from the plurality of polynucleotides,

¢. wherein the pool of oligonucleotide sequences comprises a second sequence,
wherein the second sequence terminates at its 5° end with an additional base
relative to the 5° end of the first sequence, wherein following introduction the 5°
end of the second sequence is adjacent to a 3” end of a polynucleotide from the
plurality of polynucleotides;

d. wherein the pool of oligonucleotide sequences comprises a third sequence,
wherein the third sequence terminates at its 5° end with two additional bases
relative to the 5° end of the first sequence, wherein following introduction the 5°
end of the third sequence is adjacent to a 3’ end of a polynucleotide from the
plurality of polynucleotides;

e. wherein the pool of oligonucleotide sequences comprises a fourth sequence,
wherein the fourth sequence terminates at its 5° end with three additional bases
relative to the 57 end of the first sequence, wherein following introduction the 5
cnd of the fourth scquence is adjacent to a 37 end of a polynuclcotide from the
plurality of polynucleotides; and

f.  wherein the introducing generates a plurality of oligonucleotide-polynucleotide

complexes, thereby increasing diversity of sequences at ends of the plurality of

polynucleotides.
2. The method of claim 1, wherein the sample is a whole genome sample.
3. The method of claim 1, wherein the sample comprises a polynucleotide library.
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4.

10.

11.

12.

13.

14.

16.
17.
18.
19.

20.

The method of any of claims 1-3, further comprising fragmenting the
polynucleotides prior to introducing the pool of oligonucleotide sequences to the 3” ends
of the plurality of polynucleotides.

The method of claim 4, wherein the fragmenting is performed by contacting the
polynucleotides with an enzyme.

The method of claim 5, wherein the enzyme is a restriction enzyme.

The method of claim 6, wherein the restriction enzyme is a methylation
insensitive restriction enzyme.

The method of claim 7, wherein the methylation insensitive restriction enzyme is
Mspl.

The method of claim 8, wherein the additional base of the second sequence is an
adenine, thymine, or cytosine base.

The method of claim 8 or 9, whercin cach of the two additional bascs of the third
sequence is an adenine, thymine, or cytosine base.

The method of any of claims 8-10 wherein a 3° most base of the three additional
bases of the fourth sequence comprises a thymine or cytosine base, and each of the two
other bascs of the three additional bascs of the fourth scquence compriscs an adeninc,
thymine, or cytosine base.

The method of any of claims 1-11, wherein each oligonucleotide sequence in the
pool of oligonucleotide sequences is within a strand of a duplexed adaptor.

The method of claim 12, wherein the duplexed adaptor is a partial duplexed
adaptor comprising a short strand and a long strand.

The mcthod of claim 12, wherein the duplexced adaptor is a partial duplexcd
adaptor comprising two strands of cqual lcngth.

The method of claim 13, wherein the short strand is a non-ligation strand of the
duplexed adaptor, and the long strand is a ligation strand of the duplexed adaptor.

The method of claim 15, wherein the non-ligation strand comprises a 5° overhang.

The method of claim 16, wherein the 5> overhang comprises two bases.

The method of claim 17, wherein the two bases are 3°-GC-5".

The method of any of the above claims, wherein the introducing comprises a
ligation reaction.

The method of claim 19, wherein the ligation reaction comprises cohesive end

ligation.
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21

22.

23.

24.

25.

26.

27.

28.

29.

30.

The method of claim 19, wherein the ligation reaction comprises blunt end
ligation.

The method of claim 20, wherein the plurality of polynucleotides are strands of
double-stranded nucleic acids, wherein each 5° end of the double-stranded nucleic acids
comprises a ligation end and each 3” end comprises a non-ligation end, wherein each of
the non-ligation ends of the double-stranded nucleic acid comprises part of the
polynucleotide sequence.

The method of claim 22, wherein the 3°-GC-5" of the non-ligation strand of the
duplexed adaptor anneals to a 5°-C(G-3’ sequence of the ligation end of the double-
stranded sequence comprising the polynucleotide sequence.

The method of claim 23, wherein the 3°-GC-5" of the non-ligation strand of the
duplexed adaptor is 5’ to the terminal 5 nucleotide base of the first sequence.

The mcthod of claim 23 or 24, whercin the 3°-GC-5’ of the non-ligation strand of
the duplexed adaptor is 5” to the additional base of the second sequence relative to the 5°
end of the first sequence.

The method of any of claims 23-25, wherein the 3°-GC-5" of the non-ligation
strand of the duplexed adaptor is 5° to the two additional bascs of the third scquence
relative to the 5° end of the first sequence.

The method of any of claims 23-26, wherein the 3’-GC-5" of the non-ligation
strand of the duplexed adaptor is 5’ to the three additional bases of the fourth sequence
relative to the 5° end of the first sequence.

The method of any of claims 16-20, wherein the ligation strand is capable of
ligating to a 5 cnd of the plurality of polynucleotides, and whercin a nick is formed
between the non-ligation strand and the end of the plurality of polynuclcotides.

The method of claim 28, further comprising an extending step, wherein the non-
ligation end of the plurality of polynucleotides is extended using a polymerase in the
presence of a mixture of ANTPs using the ligation strand of the adaptor as template,
thereby introducing the pool of oligonucleotide sequences to the 3° ends of the plurality
of polynucleotides.

The method of claim 29, wherein the ligation strand of each adaptor duplex in the
pool comprise cytosine analogs resistant to bisulfite treatment and the mixture of ANTPs
comprises dATP, dTTP, dGTP, and dCTP, whereby the extending generates the plurality
of oligonucleotide sequence-polynucleotide complexes, wherein each of the plurality of

oligonucleotide sequence-polynucleotide complexes comprises complementary ends,
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31.

32.

33.

34.

35.

36.

wherein one end comprises cytosine bases sensitive to bisulfite treatment, while the
opposite end comprises cytosine analogs resistant to bisulfite treatment.

The method of claim 29, wherein the ligation strand of each adaptor duplex in the
pool of adaptor duplexes comprise cytosine bases sensitive to bisulfite treatment and the
mixture of ANTPs comprises dATP, dTTP, dGTP, and a dCTP analog resistant to
bisulfite treatment, whereby the extending generates the plurality of oligonucleotide
sequence-polynucleotide complexes, wherein each of the plurality of oligonucleotide
sequence-polynucleotide complexes comprises complementary ends, wherein one end
comprises cytosine bases sensitive to bisulfite treatment, while the opposite end
comprises cytosine analogs resistant to bisulfite treatment.

The method of any of claims 1-3, wherein each oligonucleotide sequence in the
pool of oligonucleotide sequences is a primer, wherein the pool of oligonucleotide
scquences compriscs the primer and a complement thercof.

The method of claim 32, wherein the introducing comprises an amplification
reaction.

The method of claim 33, wherein the amplification reaction comprises
polymcrasc chain rcaction.

The method of claim 33 or 34, wherein each of the primers in the pool comprises
cytosine bases sensitive to bisulfite treatment, wherein the amplification is conducted in
the presence of a mixture of dNTPs comprising dATP, dTTP, dGTP, and a dCTP analog
resistant to bisulfite treatment, thereby generating the plurality of oligonucleotide
sequence-polynucleotide complexes, wherein each of the plurality of oligonucleotide
scquence-polynucleotide complexces compriscs complementary ends, whercin onc end
compriscs cytosinc bascs scnsitive to bisulfitc trcatment, whilc the oppositc end
comprises cytosine analogs resistant to bisulfite treatment.

The method of claim 33 or 34, wherein each of the primers in the pool of primers
comprises cytosine analogs resistant to bisulfite treatment, wherein the amplification is
conducted in the presence of a mixture of dNTPs comprising dATP, dTTP, dGTP, and
dCTP, thereby generating the plurality of oligonucleotide sequence-polynucleotide
complexes, wherein each of the plurality of oligonucleotide sequence-polynucleotide
complexes comprises complementary ends, wherein one end comprises cytosine bases
sensitive to bisulfite treatment, while the opposite end comprises cytosine analogs

resistant to bisulfite treatment.
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37.

38.

40.

41.

42.

43.

44,

45.

The method of claims 30, 31, 35, or 36, wherein the cytosine analog resistant to
bisulfite treatment is 5-methylcytosine, S-hydroxymethylcytosine, or S-propynylcytosine.

The method of claims 30, 31, 35, or 36, wherein the cytosine analog resistant to
bisulfite treatment is 5-methylcytosine.

The method of any of the above claims, further comprising amplifying the
plurality of oligonucleotide sequence-polynucleotide complexes, wherein the amplifying
comprises solid-phase nucleic acid amplification to gencrate a plurality of clusters,
wherein each cluster represents a plurality of copies of each of the plurality of
oligonucleotide sequence-polynucleotide complexes.

The method of claim 39, further comprising treating the plurality of
oligonucleotide sequence-polynucleotides complexes with bisulfite prior to the
amplification, wherein the treating generates a plurality of oligonucleotide sequence-
polynuclcotide complexes comprising non-complementary cnds.

The method of claim 40, wherein the treating with bisulfite prior to amplification
generates the sequence complementary to a sequencing primer in each oligonucleotide
sequence in the pool of oligonucleotide sequences comprises.

The mcthod of any of claims 39-41, furthcr comprising scquencing cach of the
plurality of clusters, wherein the sequencing comprises hybridizing the sequencing
primer to the sequence complementary to a sequencing primer, and conducting
sequencing by synthesis.

The method of claim 42, wherein the introducing of the pool of oligonucleotide
sequences to the polynucleotides improves identification of each of the plurality of
clusters gencrated from the plurality of oligonucleotide scquence-polynuclcotide
complexcs relative to the identification of cach cluster from a plurality of clusters
generated from the plurality of polynucleotides not introduced to the pool of

oligonucleotide sequences.

The method of claim 42, wherein the sequencing comprises paired-end
sequencing.

A method for generating a bisulfite converted library, the method comprising:
a.) introducing a pool of oligonucleotide sequences to each end of a plurality of

polynucleotides from a sample,
i. wherein each oligonucleotide sequence in the pool of oligonucleotide

sequences comprises a sequence complementary to a sequencing primer and a
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46.
47.
48.

ii.

iil.

1v.

vi.

PCT/US2015/018112

sequence element adjacent to the sequence complementary to a sequencing
primer,

wherein the pool of oligonucleotide sequences comprises a first sequence,
wherein the first sequence terminates at its 3° end with the sequence element,
wherein following ligation the 3 end of the sequence element is adjacent to a
5’ end of a polynucleotide from the plurality of polynucleotides,

wherein the pool of oligonucleotide sequences comprises a second sequence,
wherein the second oligonucleotide sequence terminates at its 3” end with an
additional base relative to the 3’ end of the first sequence, wherein following
ligation the 3 end of the second sequence is adjacent toa 5° end of a
polynucleotide from the plurality of polynucleotides;

wherein the pool of oligonucleotide sequences comprises a third sequence,
whercin the third scquence terminates at its 3 end with two additional bascs
relative to the 3” end of the first sequence, wherein following ligation the 3’
end of the third sequence is adjacent to a 5° end of a polynucleotide from the
plurality of polynucleotides;

wherein the pool of oligonuclcotide scquences compriscs a fourth scquence,
wherein the fourth sequence terminates at its 3” end with three additional
bases relative to the 3° end of the first sequence, wherein following ligation
the 3’ end of the fourth sequence is adjacent to a 5° end of a polynucleotide
from the plurality of polynucleotides;

wherein the introducing generates a plurality of oligonucleotide sequence-

polynuclcotide complcxcs; and

treating the plurality of oligonuclcotide scquence-polynuclcotide complexes with

bisulfite, thereby generating a bisulfite converted polynucleotide library.

The method of claim 45, wherein the sample is a whole genome sample.

The method of claim 45, wherein the sample comprises a polynucleotide library.

The method of any of claims 45-47, further comprising fragmenting the

polynucleotides prior to introducing the pool of oligonucleotide sequences to the 3” ends

of the plurality of polynucleotides.

49.

The method of claim 48, wherein the fragmenting is performed by contacting the

polynucleotides with an enzyme.

50.

The method of claim 49, wherein the enzyme is a restriction enzyme.
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51.

52.

h
98]

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

The method of claim 50, wherein the restriction enzyme is a methylation
nsensitive restriction enzyme.

The method of claim 51, wherein the methylation insensitive restriction enzyme is
Mspl.

The method of claim 52, wherein the additional base of the second sequence is an
adenine, thymine, or guanine base,

The method of claim 52 or 53, wherein each of the two additional bases of the
third sequence is an adenine, thymine, or guanine base.

The method of any of claims 52-54 wherein a 5° most base of the three additional
bases of the fourth sequence comprises an adenine or guanine base, and each of the two
other bases of the three additional bases of the tourth sequence comprises an adenine,
thymine, or guanine base.

The mcthod of any of claims 45-55, whercin cach oligonuclcotide scquence in the
pool of oligonucleotide sequences is within a strand of a duplexed adaptor.

The method of claim 56, wherein the duplexed adaptor is a partial duplexed
adaptor.

The mcthod of claim 57, wherein the strand is a ligation strand of the duplexed
adaptor.

The method of claim 58, wherein the non-ligation strand comprises a 5° overhang.

The method of claim 59, wherein the 5> overhang comprises two bases.

The method of claim 60, wherein the two bases are 3’-GC-5".

The method of any of claims 45-61, wherein the introducing comprises a ligation
rcaction.

The mcthod of claim 62, wherein the ligation rcaction compriscs cohesive cnd
ligation.

The method of claim 62, wherein the ligation reaction comprises blunt end
ligation.

The method of claim 63, wherein the plurality of polynucleotides are double-
stranded nucleic acids, wherein each 5° end of the double-stranded nucleic acids
comprises a ligation end and each 3” end comprises a non-ligation end.

The method of any of claims 63-65, wherein each duplexed adaptor in the pool
comprises a ligation strand and a non-ligation strand, wherein the ligation strand is

capable of ligating to the ligation end of the plurality of polynucleotides, and wherein a
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67.

63.

69.

70.

71.

72.

73.

nick is formed between the non-ligation strand and the non-ligation end of the plurality of
polynucleotides.

The method of claim 66, further comprising an extending step, wherein the non-
ligation end of the plurality of polynucleotides is extended using a polymerase in the
presence of a mixture of dNTPs using the ligation strand of the adaptor as template,
thereby introducing the pool of oligonucleotide sequences to the 3” ends of the plurality
of polynucleotides.

The method of claim 67, wherein the ligation strand of cach adaptor duplex in the
pool comprise cytosine analogs resistant to bisulfite treatment and the mixture of ANTPs
comprises dATP, dTTP, dGTP, and dCTP, whereby the extending generates the plurality
of oligonucleotide sequence-polynucleotide complexes, wherein each of the plurality of
oligonucleotide sequence-polynucleotide complexes comprises complementary ends,
wherein onc end compriscs cytosine bascs scnsitive to bisulfite trcatment, whilc the
opposite end comprises cytosine analogs resistant to bisulfite treatment.

The method of claim 68, wherein the ligation strand of each adaptor duplex in the
pool of adaptor duplexes comprise cytosine bases sensitive to bisulfite treatment and the
mixturc of ANTPs compriscs dATP, dTTP, dGTP, and a dCTP analog rcsistant to
bisulfite treatment, whereby the extending generates the plurality of oligonucleotide
sequence-polynucleotide complexes, wherein each of the plurality of oligonucleotide
sequence-polynucleotide complexes comprises complementary ends, wherein one end
comprises cytosine bases sensitive to bisulfite treatment, while the opposite end
comprises cytosine analogs resistant to bisulfite treatment.

The mcthod of any of claims 45-47, whercin cach oligonuclcotide scquence in the
pool of oligonuclcotide scquences is within a primer, wherein the pool of oligonuclcotide
sequences comprises the primer and a complement thercof.

The method of claim 70, wherein the introducing comprises an amplification
reaction.

The method of claim 71, wherein the amplification reaction comprises
polymerase chain reaction.

The method of claim 71 or 72, wherein each of the primers in the pool comprises
cytosine bases sensitive to bisulfite treatment, wherein the amplification is conducted in
the presence of a mixture of ANTPs comprising dATP, dTTP, dGTP, and a dCTP analog
resistant to bisulfite treatment, thereby generating the plurality of oligonucleotide

sequence -polynucleotide complexes, wherein each of the plurality of oligonucleotide
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74.

75.

76.

77.

78.

79.

80.

81.

sequence -polynucleotide complexes comprises complementary ends, wherein one end
comprises cytosing bases sensitive to bisulfite treatment, while the opposite end
comprises cytosine analogs resistant to bisulfite treatment.

The method of claim 71 or 72, wherein each of the primers in the pool of primers
comprises cytosine analogs resistant to bisulfite treatment, wherein the amplification is
conducted in the presence of a mixture of ANTPs comprising dATP, dTTP, dGTP, and
dCTP, thereby generating the plurality of oligonucleotide sequence-polynucleotide
complexes, wherein each of the plurality of oligonucleotide sequence-polynucleotide
complexes comprises complementary ends, wherein one end comprises cytosine bases
sensitive to bisulfite treatment, while the opposite end comprises cytosine analogs
resistant to bisulfite treatment.

The method of claims 68, 69, 73, or 74, wherein the cytosine analog resistant to
bisulfite treatment is S-methylcytosine, S-hydroxymethyleytosinge, or S-propynyleytosine.

The method of claims 68, 69, 73, or 74, wherein the cytosine analog resistant to
bisulfite treatment is 5-methylcytosine.

The method of any of claims 45-76, further comprising amplifying the plurality of
amplifying the plurality of oligonuclcotide scquencc-polynuclcotide complexcs.

The method of claim 77, wherein the amplifying comprises solid-phase nucleic
acid amplification to generate a plurality of clusters, wherein each cluster represents a
plurality of copies of each of the plurality of oligonucleotide sequence-polynucleotide
complexes.

The method of claim 77, further comprising treating the plurality of
oligonuclcotidc scquence-polynuclcotides complexces with bisulfite prior to the
amplification, wherein the treating gencrates a plurality of oligonucleotide scquence-
polynucleotide complexes comprising non-complementary ends.

The method of claim 79, wherein the sequence complementary to a sequencing
primer in one end of the plurality of oligonucleotide sequence-polynucleotide complexes
comprising non-complementary ends is complementary to a reverse read sequencing
primer, and wherein the sequence complementary to a sequencing primer in an opposite
end of the non-complementary ends in the plurality of oligonucleotide sequence-
polynucleotide complexes comprising non-complementary ends is complementary to a
forward read sequencing primer.

The method of any of claims 78-80, further comprising sequencing each of the

plurality of clusters, wherein the sequencing comprises hybridizing the sequencing
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primer to the sequence complementary to a sequencing primer, and conducting

sequencing by synthesis, wherein the introducing of the pool of oligonucleotide

sequences to the polynucleotides improves identitication of each of the plurality of

clusters generated from the plurality of oligonucleotide sequence-polynucleotide

complexes relative to the identification of each cluster from a plurality of clusters

generated from the plurality of polynucleotides not introduced to the pool of

oligonucleotide sequences.

The method of any of claims 45-81, wherein the sequence element comprises a

barcode, a universal sequence, a linker sequence, or a random sequence.

A kit comprising a pool of oligonucleotide sequences,

wherein each oligonucleotide sequence in the pool of oligonucleotide sequences
comprises a sequence complementary to a sequencing primer,

whercin the pool of oligonuclcotide scquences compriscs a first oligonuclcotide
sequence, wherein a terminal 3’ nucleotide base of the sequencing primer is
capable of annealing to a terminal 5” nucleotide base of the first oligonucleotide
sequence,

wherein the pool of oligonucleotide scquences compriscs a sccond
oligonucleotide sequence, wherein the second oligonucleotide sequence
terminates at a 5° end with an additional base relative to the 5 end of the first
oligonucleotide sequence;

wherein the pool of oligonucleotide sequences comprises a third oligonucleotide
sequence, wherein the third oligonucleotide sequence terminates at a 5° end with
two additional bascs rclative to the 57 end of the first oligonuclcotide scquencc;
and

wherein the pool of oligonucleotide sequences comprises a fourth oligonucleotide
sequence, wherein the fourth oligonucleotide sequence terminates at a 5° end with
three additional bases relative to the 5 end of the first oligonucleotide sequence.

The kit of claim 83, wherein each oligonucleotide sequence in the pool of

oligonucleotide sequences is within a primer, wherein the pool of oligonucleotide

sequences comprises the primer and a complement thereof

32.

83.
a.
b.
c.
d.
e.

34.

85.

The kit of claim 84, wherein the primer comprises cytosing analogs

resistant to bisulfite conversion.

86.

The kit of claim 84, wherein the primer comprises cytosine bases sensitive to

bisulfite conversion.
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87. The kit of claim 83, wherein each oligonucleotide sequence in the pool of
oligonucleotide sequences is within a strand of a duplexed adaptor.

88. The kit of claim 87, wherein each duplexed adaptor in the pool comprises a
ligation strand and a non-ligation strand.

89. The kit of claim 88, wherein the ligation strand and the non-ligation strand of
cach of duplexed adaptor in the pool comprise cytosine bases sensitive to bisulfite
treatment.

90. The kit of claim 89, further comprising a mixture of AINTPs comprising dATP,
dTTP, dGTP, and a dCTP analog resistant to bisulfite treatment.

91. The kit of claim 8%, wherein the ligation strand and the non-ligation strand of

cach of duplexed adaptor in the pool comprise cytosine analogs resistant to bisulfite

treatment.

92. The kit of claim 91, further comprising a mixturc of ANTPs comprising dATP,
dTTP, dGTP, and a dCTP analog sensitive to bisulfite treatment.

93. The kit of any of claims 83-92, further comprising a restriction enzyme.

94. The kit of claim 93, wherein the restriction enzyme is Mspl.

9s. The kit of any of claims 83-94, further comprising a DNA polymcrasc.

96. The kit of claim 95, wherein the DNA polymerase comprises exonuclease
activity.

97. The kit of claim 95, wherein the DNA polymerase comprises strand displacement
activity.

98. The kit of any of claims 88, 89, or 91, wherein the non-ligation strand comprises a

block at a 5” and 3’ cnd, whereby the non-ligation strand is cnzymatically unrcactive.

99. The kit of claim 98, whercin the block at the 5° cnd compriscs a biotin moicty.

100. The kit of claim 9% or 99, wherein the block at the 3” end comprises a dideoxy
residue.

101. The kit of claims 85, 90, or 91, wherein the cytosine analog resistant to bisulfite

treatment is S-methylcytosine, 5-hydroxymethylcytosine, or 5-propynylcytosine.
102. The kit of claims 85, 90, or 91, wherein the cytosine analog resistant to bisulfite
treatment is S-methylcytosine.
103. A method for analyzing sequence reads, the method comprising:
a. generating a plurality of sequence reads, wherein the generating comprises
conducting sequencing by synthesis on a plurality of clusters, wherein each cluster of the

plurality of clusters comprises copies of one oligonucleotide sequence-polynucleotide from a
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plurality of oligonucleotide sequence-polynucleotides, wherein the sequencing by synthesis
comprises hybridizing a sequencing primer to sequence complementary to the sequencing primer
present in each cluster of the plurality of clusters, wherein the plurality of clusters are produced
from solid-phase nucleic acid amplification of the plurality of oligonucleotide sequence-
polynucleotides, wherein each of the plurality of oligonucleotide sequence-polynucleotides
comprises a single nucleotide base extender sequence, a dinucleotide base extender sequence, a
trinucleotide base extender sequence or no nucleotide base extender sequence between the
sequence complementary to the sequencing primer of an oligonucleotide sequence and an end of
a polynucleotide; and

b. analyzing each of the plurality of sequence reads, wherein the analyzing comprises
trimming or removing the extender sequence ix silico from each of the plurality of sequence
reads.

104. The method of claim 103, whercin the plurality of oligonucleotide scquence-
polynucloetides are generated by introducing a pool of oligonucleotide sequences to 3’
ends of the plurality of polynucleotides from a sample,

a. wherein each oligonucleotide sequence in the pool of oligonucleotide sequences
compriscs a scquence complementary to a scquencing primer,

b. wherein the pool of oligonucleotide sequences comprises a first sequence,
wherein a terminal 3” nucleotide base of the sequencing primer is capable of
annealing to a terminal 5’ nucleotide base of the first sequence, wherein following
introduction the 5° end of the first sequence is adjacent to a 3’ end of a
polynucleotide from the plurality of polynucleotides,

c. whercin the pool of oligonucleotide scquences compriscs a sccond scquence,
whercin the sccond scquence terminates at its 5° end with an additional basc
relative to the S5 end of the first sequence comprising the single nucleotide base
extender, wherein following introduction the 5° end of the second sequence is
adjacent to a 3° end of a polynucleotide from the plurality of polynucleotides;

d. wherein the pool of oligonucleotide sequences comprises a third sequence,
wherein the third sequence terminates at its 5° end with two additional bases
relative to the 5° end of the first sequence comprising the dinucleotide base
extender, wherein following introduction the 5° end of the third sequence 1s
adjacent to a 3° end of a polynucleotide from the plurality of polynucleotides;

e. wherein the pool of oligonucleotide sequences comprises a fourth sequence,

wherein the fourth sequence terminates at its 5 end with three additional bases
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relative to the 5° end of the first sequence comprising the trinucleotide base

extender, wherein following introduction the 5” end of the fourth sequence is

adjacent to a 3” end of a polynucleotide from the plurality of polynucleotides; and
f.  wherein the introducing generates a plurality of oligonucleotide-polynucleotide

complexes, thereby increasing diversity of sequences at ends of the plurality of

polynucleotides.
105. The method of claim 104, wherein the sample is a whole genome sample.
106. The method of claim 104, wherein the sample comprises a polynucleotide library.
107. The method of any of claims 104-106, further comprising fragmenting the

polynucleotides prior to introducing the pool of oligonucleotide sequences to the 3’ ends
of the plurality of polynucleotides.

108. The method of claim 107, wherein the fragmenting is performed by contacting the
polynuclcotides with an enzymoe.

109. The method of claim 108, wherein the enzyme is a restriction enzyme.

110. The method of claim 109, wherein the restriction enzyme is a methylation
msensitive restriction enzyme.

111. The mcthod of claim 110, wherein the methylation inscnsitive restriction cnzyme
is Mspl.

112. The method of claim 111, wherein the additional base of the second sequence is
an adenine, thymine, or cytosine base.

113. The method of claim 111 or 112, wherein each of the two additional bases of the
third sequence is an adenine, thymine, or cytosine base.

114. The mcthod of any of claims 111-113 whercin a 3” most basc of the three
additional bascs of the fourth scquence compriscs a thymince or cytosine basc, and cach of
the two other bases of the three additional bases of the fourth sequence comprises an
adenine, thymine, or cytosine base.

115. The method of any of claims 104-114, wherein each oligonucleotide sequence in
the pool of oligonucleotide sequences is within a strand of a duplexed adaptor.

116. The method of claim 115, wherein the duplexed adaptor is a partial duplexed
adaptor comprising a long strand and a short strand.

117. The method of claim 116, wherein the short strand 1s a non-ligation strand of the
duplexed adaptor and the long strand is a ligation strand.

118. The method of claim 117, wherein the non-ligation strand comprises a 5°

overhang.
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119. The method of claim 118, wherein the 5’ overhang comprises two bases.
120. The method of claim 119, wherein the two bases are 3’-GC-5".
121. The method of any of claims 104-120, wherein the introducing comprises a

ligation reaction.

122. The method of claim 121, wherein the ligation reaction comprises cohesive end
ligation.

123. The method of claim 121, wherein the ligation reaction comprises blunt end
ligation.

124. The method of claim 122, wherein the plurality of polynucleotides are strands of
double-stranded nucleic acids, wherein each 5° end of the double-stranded nucleic acids
comprises a ligation end and each 3° end comprises a non-ligation end, wherein each of
the non-ligation ends of the double-stranded nucleic acid comprises part of the
polynuclcotide scquence.

125. The method of claim 124, wherein the 3’-GC-5" of the non-ligation strand of the
duplexed adaptor anneals to a 5°-CG-3" sequence of the ligation end of the double-
stranded sequence comprising the polynucleotide sequence.

126. The method of claim 125, wherein the 3’-GC-5" of the non-ligation strand of the
duplexed adaptor is 5’ to the terminal 5° nucleotide base of the first sequence,

127. The method of claim 125 or 126, wherein the 3’-GC-5" of the non-ligation strand
of the duplexed adaptor is 5 to the additional base of the second sequence relative to the
57 end of the first sequence.

128. The method of any of claims 125-127, wherein the 3°-GC-5" of the non-ligation
strand of the duplexced adaptor is 57 to the two additional bascs of the third scquence
rclative to the 5° end of the first scquence.

129. The method of any of claims 125-128, wherein the 3°-GC-5" of the non-ligation
strand of the duplexed adaptor is 5° to the three additional bases of the fourth sequence
relative to the 57 end of the first sequence.

130. The method of any of claims 118-122, wherein each duplexed adaptor in the pool
comprises a ligation strand and a non-ligation strand, wherein the ligation strand is
capable of ligating to a 5’ end of the plurality of polynucleotides, and wherein a nick is
formed between the non-ligation strand and the 3° end of the plurality of polynucleotides.

131. The method of claim 130, further comprising an extending step, wherein the 3’
end of the plurality of polynucleotides is extended using a polymerase in the presence of

a mixture of dNTPs using the ligation strand of the adaptor as template, thereby
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introducing the pool of oligonucleotide sequences to the 3” ends of the plurality of
polynucleotides.

132. The method of claim 131, wherein the ligation strand of each adaptor duplex in
the pool comprise cytosine analogs resistant to bisulfite treatment and the mixture of
dNTPs comprises dATP, dTTP, dGTP, and dCTP, whereby the extending generates the
plurality of oligonucleotide-polynucleotide complexes, wherein each of the plurality of
oligonucleotide-polynucleotide complexes comprises complementary ends, wherein one
end comprises cytosine bases sensitive to bisulfite treatment, while the opposite end
comprises cytosine analogs resistant to bisulfite treatment.

133. The method of claim 131, wherein the ligation strand of each adaptor duplex in
the pool of adaptor duplexes comprise cytosine bases sensitive to bisulfite treatment and
the mixture of ANTPs comprises dATP, dTTP, dGTP, and a dCTP analog resistant to
bisulfitc trcatment, whercby the extending gencrates the plurality of oligonuclcotide-
polynucleotide complexes, wherein each of the plurality of oligonucleotide-
polynucleotide complexes comprises complementary ends, wherein one end comprises
cytosine bases sensitive to bisulfite treatment, while the opposite end comprises cytosine
analogs rcsistant to bisulfitc trcatment.

134. The method of any of claims 104-106, wherein each oligonucleotide in the pool
of oligonucleotides is a primer, wherein the pool of oligonucleotides comprises the

primer and a complement thereof.

135. The method of claim 134, wherein the introducing comprises an amplification
reaction.
136. The mcthod of claim 135, wherein the amplification rcaction compriscs

polymcrasc chain rcaction.

137. The method of claim 135 or 136, wherein each of the primers in the pool
comprises cytosine bases sensitive to bisulfite treatment, wherein the amplification is
conducted in the presence of a mixture of ANTPs comprising dATP, dTTP, dGTP, and a
dCTP analog resistant to bisulfite treatment, thereby generating the plurality of
oligonucleotide sequence-polynucleotide complexes, wherein each of the plurality of
oligonucleotide sequence-polynucleotide complexes comprises complementary ends,
wherein one end comprises cytosine bases sensitive to bisulfite treatment, while the
opposite end comprises cytosine analogs resistant to bisulfite treatment.

138. The method of claim 135 or 136, wherein each of the primers in the pool of

primers comprises cytosine analogs resistant to bisulfite treatment, wherein the
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amplification is conducted in the presence of a mixture of ANTPs comprising dATP,
dTTP, dGTP, and dCTP, thereby generating the plurality of oligonucleotide sequence-
polynucleotide complexes, wherein each of the plurality of oligonucleotide sequence-
polynucleotide complexes comprises complementary ends, wherein one end comprises
cytosine bases sensitive to bisulfite treatment, while the opposite end comprises cytosine
analogs resistant to bisulfite treatment.

139. The method of claims 132, 133, 137, or 138, wherein the cytosine analog resistant
to bisulfite treatment is S-methylcytosine, 5-hydroxymethylcytosine, or 5-
propynylcytosine.

140. The method of claim 137-139, further comprising treating the plurality of
oligonucleotide sequence-polynucleotides complexes with bisulfite prior to the
amplification, wherein the treating generates a plurality of oligonucleotide sequence-
polynuclcotide complexes comprising non-complementary cnds.

141. The method of claim 140, wherein the treating with bisulfite prior to amplification
generates the sequence complementary to a sequencing primer in each oligonucleotide
sequence in the pool of oligonucleotide sequences comprises.

142. The mcthod of any of claims 103-141, wherein the gencrating the plurality of
sequence reads comprises paired-end sequencing.

143. A method for increasing diversity of sequences at ends of a plurality of
polynucleotide fragments in a library, the method comprising:

a. fragmenting polynucleotides to generate polynucleotide fragments;

b. ligating a pool of adaptor sequences to 3” ends of the plurality of polynucleotide
fragments, whercein cach adaptor scquence in the pool of adaptor scquences
compriscs a scquence complementary to a scquencing primer, whercin a 3’ end of
the sequencing primer anneals at least four bases from the 5 end of the adaptor
sequence, and wherein each of four different types of nucleotide bases are present
in each of the at least three terminal nucleotides at the 5 ends of the adaptors,
thereby increase diversity of sequences at ends of the plurality of polynucleotide

fragments.
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FIG. 30
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only those claims for which fees were paid, specifically claims Nos.:

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

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

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

I:] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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malonaticus reveals stable clonal structures with clinical significance which do not correlate with O
biotypes. BMC Microbiology 9:223. 9 pages. (October 23, 2009). DOI:
https://doi.org/10.1186/1471-2180-9-223.
002 BEAUCAGE et al. Deoxynucleoside Phosphoramidites-A New Class of Key Intermediates for O
Deoxypolynucleotide Synthesis. Tetrahedron Letters. 1981;22(20):1859-1862.
003 BigDye Terminator v3.1 Cycle Sequencing Kit. Applied Biosystems, pp. 1-72 (2002). O
004 BODI, et al. Comparison of Commercially Available Target Enrichment Methods for Next- O
Generation Sequencing. J Biomol Tech. 2013 Jul; 24(2): 73-86.
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Method for differentiation of polynucleotide strands

Objective of the present invention is to provide

a method for keeping of directional information in double-
stranded DNA. We suggest to convert polynucleotide into
a hybrid double-stranded DNA. One particular strand of
this hybrid double-stranded DNA should be synthesised
using at least one modified nucleotide. Thus, this partic-
ular strand would contain modified nucleotides along the
whole length. Density of directional markers would not

depend on the length of polynucleotides. Any internal
fragments of the hybrid double-stranded DNA would
have directional information. When it is necessary the
modified strand may be easily degraded or separated
from the other strand. It was found that such hybrid dou-
ble-stranded DNA may be easily generated in a number
of molecularbiology tasks and may be used for molecular
cloning, library preparation and strand separation.
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Description

[0001] Cloning of single-stranded RNA and DNA molecules is much easier if they are transformed into double-stranded
DNA. The invention relates to a novel method of preserving information about the direction of the original single-stranded
molecules after being transformed into a double-stranded form.

[0002] Single-stranded RNA and DNA molecules play an important role in molecular biology. A number of viruses
have single-stranded genomes. Most RNAs are present in single-stranded form. Recent studies have demonstrated an
unexpected complexity of eukaryotic transcriptomes. A transcriptome is the set of all RNA transcripts produced in one
or a population of cells. In addition to classical mRNAs (messenger ribonucleic acids) which cover approximately 1.5
percent of the genome in most higher eukaryotes, a large number of non-coding RNAs (ribonucleic acids) with widely
varying expression levels have been identified. The biological functions of these novel transcripts are largely unknown
and represent a new research area requiring high throughput transcriptome studies.

[0003] The polarity of the transcript is important for correct annotation of novel genes because it provides essential
information about the possible function of a gene both on the RNA (structure and hybridization to other nucleic acid
molecules) and the protein level. In addition, many genomic regions give rise to transcripts from both strands simulta-
neously. Antisense transcription is characteristic for eukaryotic genes and is thought to play an important regulatery
role. Overlapping genes are common for compact genomes of prokaryotes and lower eukaryotes. Knowledge of transcript
orientation helps to resolve the problem of colliding transcripts and to determine correctly gene expression levels in the
presence of antisense transcription.

Background of the invention

[0004] From the art several methods are known that preserve directional information using distinguishable adapters
for different ends of double-stranded DNA.

[0005] Adapters may be ligated directly to single-stranded RNA molecules.

[0006] Special composite primers may be used for first-strand cDNA synthesis: Herein the 5§’- part of the primer
provides a directional information, the 3'-part (oligo(dT)) or random nuclectides) is able to form a duplex with the RNA.
Recently, first-strand cDNA synthesis was performed from a tagged random hexamer primer and second strand synthesis
from a DNA-RNA template-switching primer.

[0007] Special homopolymeric adapters may be synthesised at the 3’-end of DNA molecules by Terminal Nuclectide
Transferase.

[0008] DNA-RNA template-switching is used to attach a specific adapter to 3’-end of the DNA copy of the original
single-stranded RNA molecule.

[0009] The main disadvantage of the adaptor-based approach it that only the ends of the clones preserve directional
information. The problems are:

(i) strand-specific operations (directional immobilization on a solid phase; production of a single-stranded DNA for
hybridization, etc.) should act on the adaptor sequence. For long clones the efficiency of such operations may be
low. For example, strand separation where one of the strands contains a biotin molecule at the 5’-end is getting
complicated if the length of the duplex is higher than 1 kb.

(i) after fragmentation internal parts of the clones lose the directional information.

[0010] A special approach which is able to keep directional information in any part of the sequence was suggested
recently: All cytidine residues in the RNA were converted to undines by bisulfite treatment prior to cDNA synthesis. The
problem is that this approach is laborious and also leads to the loss of about 30% of uniquely matched sequencing reads
because a part of the genome complexity is lost during the transformation from the four-bases into the three-bases code.
[0011] A lot of biologically impertant nucleic acids function in a single-stranded form where the polarity is extremely
important. But for basic molecular cloning procedures single-stranded polynucleotides should be converted into double-
stranded DNA molecules, because

* most of restriction enzymes work only on double-stranded DNA,;
* ligation of double-stranded molecules is much simpler in comparison with the ligation of single-stranded molecules;
* the result of PCR is a double-stranded DNA.

[0012] At the moment most of the protocols keep directional information in the form of distinguishable adaptors on
the ends of double-stranded molecules (Fig. 1B).
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Description of the invention

[0013] The objective of the present invention is to provide a method for keeping the directional information in double-
stranded DNA. Surprisingly, it was found that this objective can be reached by the inventive method as disclosed by the
description, the figures and the examples. A polynucleotide strand is converted into a hybrid double-stranded DNA. One
particular strand of this hybrid double-stranded DNA should be synthesised using at least one modified nucleotide. Thus,
this particular strand would contain medified nucleotides along the whole length of the strand. The density of directional
markers would not depend on the length of hybrid double-stranded DNA. Any internal fragment of the hybrid would have
directional information. If necessary, the modified strand may be easily degraded or separated from the other strand. It
was found that such hybrid double-stranded DNA may be easily generated in a number of molecular biclogy tasks and
may be used for molecular cloning, library preparation and strand separation.

[0014] The directional library construction method and the method of synthesis of single-stranded DNA according to
the invention are easy to perform, inexpensive and highly reliable and thus overcome the shortcomings of the previously
mentioned approaches.

[0015] The inventive method for preserving information about the direction of single-stranded nucleic acid melecules
during molecular cloning operations with double-stranded DNA is provided. One of the strands of the double-stranded
DNA is synthesized by using the other strand as a template and contains at least one modified dNTP. Thus, one strand
of double-stranded DNA would contain unmodified nucleotides and the other strand at least cne modified nucleotide
along the whole length (Fig. 1C).

[0016] The new method of keeping of direction of polynucleotides is fully compatible with methods known from the
art. Double-stranded DNA molecules may have simultaneously distinguishable primers and distinguishable strands (Fig.
1D). Fig. 2A shows how molecules with distinguishable strands may be converted into molecules with distinguishable
primers. In an opposite operation the conversion of molecules with distinguishable primers into molecules with distin-
guishable strands is shown in Fig. 2B.

[0017] The main advantages compared to the adaptor-based method are:

(i) the density of modified nucleotides (directional markers) does not depend on the length of the double-stranded
molecule. This is important for strand separation or strand-specific digestion of long DNA molecules.

(i) any internal fragment of the clone carries directional information. After fragmentation internal parts of the clones
do not lose the directional information.

[0018] Two examples demonstrate the convenience of the inventive method for differentiation of polynucleotide
strands.

[0019] The method of synthesis of a single-stranded DNA is described in Fig. 3.

[0020] There is a number of methods of synthesis of single-stranded DNA relying on the difference between flanked
adaptors:

* asymmetric PCR may be performed with the different amounts of PCR primers;

* the 5’ end of one of the strands may contain thionucleotides which protect this strand from 5’ to 3’ exonucleases;
* protective thionucleotides may be introduced into the 3’-end part of only one strand to protect it from 3’ to 5
exonucleases;

*the 5’-parnt of one of the strands may bear biotin for attachment of this strand to streptavidine-coated solid particles.

[0021] The problem is that all these methods proved to be unstable and show low efficiency for molecules larger than
1 kb.

[0022] Fig. 3showstwopossible ways for generating single-stranded DNA using the inventive method for differentiation
of polynucleotide strands.

[0023] In afirst approach (Fig. 3A) one strand of PCR product is substituted by a strand where dTTPs are substituted
by dUTPs. After UNG treatment and APE 1 digestion (or alkalic hydrolisis) this strand is converted into a number of
short single-stranded fragments which may be easily separated from the long unmodified strand by electrophoresis,
anicn-exchange chromatography, silica-based purification or gel-filtration.

[0024] In a second approach (Fig. 3B) one strand of the PCR product is substituted by a strand where a significant
percentage of the dTTPs is substituted by biotin-associated dUTPs, respectively biotin-associated dTTPs. The concen-
tration of biotin in a modified strand does not depend on the length of the double-stranded DNA, so the efficiency of the
purification on streptavidine-coated particles should not depend on the length of the fragment.

[0025] The key steps of the method according to the invention include the generation of a cDNA strand including at
least one modified nucleotide that in the course of the method is recognized by a selection factor which allows for a
differentiation of the strand containing the at least one modified nucleotide from the strand containing the corresponding
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unmodified nucleotide or nucleotides.
[0026] The key steps of the inventive method are to be read in the following order:

I) Providing at least one polynucleotide template, primers, buffer solution, at least one enzyme with polymerase
activity, sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dTTP or analogues thereof, wherein at least
one of the four dNTPs is replaced by a corresponding modified dNTP used for strand-specific differentiation;

II) Performing specific strand synthesis on said at least one polynucleotide; and

1) Performing strand-specific differentiation by using a selection factor for differentiating strands containing the at
least one modified nucleotide from strands containing the corresponding unmadified nucleotide.

[0027] If the polynucleotide template is a single-stranded RNA a second cDNA strand has to be synthesized. For this
purpose the at least one modified dNTP has to be removed from the solution and has to be replaced by the corresponding
unmodified dNTP or dNTPs or analogues thereof. By the use of all four unmodified dNTPs a second ¢cDNA strand is
generated.

[0028] In this case the key steps according to the method read as follows:

I) Providing at least one polynucleotide template, primers, buffer solution, at least one enzyme with polymerase
activity, sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dT TP or analogues thereof, wherein at least
one of the four dNTPs is replaced by a corresponding modified dNTP used for strand-specific differentiation;

I1) Performing specific strand synthesis on said at least one polynucleotide;

I11) Performing second-strand synthesis with all four unmodified dNTPs or analogues thereof after removing the at
least one modified dNTP; and

IV) Performing strand-specific differentiation by using a selection factor for differentiating strands containing the at
least one modified nucleotide from strands containing the corresponding unmodified nucleotide.

[0029] If the resulting cDNA shall undergo cloning, for example by an ensuing amplification step by PCR, it may be
advantageous tocarry out one or more preparative modifications onthe strandsto be cloned, such as shearing, restriction,
digestion, end-polishing, A-tailing, G-tailing and adaptor ligation. These modifications may lead to a higher efficacy and
unambiguous results in cloning.

[0030] With these additional modifications the key steps of the invention read as follows:

I) Providing at least one polynucleotide template, primers, buffer solution, at least one enzyme with polymerase
activity, sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dT TP or analogues thereof, wherein at least
one of the four dNTPs is replaced by a corresponding modified dNTP used for strand-specific differentiation;

II) Performing specific strand synthesis on said at least one polynucleotide;

[II) Performing one or more molecular cloning operations onthe double-stranded DNA, wherein the molecular cloning
operations are selected from shearing, restriction, digestion, end-polishing, A-tailing, G-tailing and adaptor ligation;
and

IV) Perfoerming strand-specific differentiation by using a selection factor for differentiating strands containing the at
least one modified nucleotide from strands containing the corresponding unmedified nucleotide.

[0031] As said before, if the polynucleotide template is a single-stranded RNA a second-strand ¢cDNA has to be
synthesized after the exchange of the at least one modified dNTP by the corresponding unmodified dNTP or dNTPs. If
this double-stranded cDNA shall undergo cloning it will be advantageous to perform one or more of the modifications
for the molecular cloning operation as described before. By combining these conditions the key steps of the invention
read as follows:

I) Providing at least one polynucleotide template, primers, buffer solution, at least one enzyme with polymerase
activity, sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dT TP or analogues thereof, wherein at least
one of the four dNTPs is replaced by a corresponding modified dNTP used for strand-specific differentiation;

II) Performing specific strand synthesis on said at least one polynucleotide;

I11) Performing second-strand synthesis with all four unmodified dNTPs or analogues thereof after removing the at
least one modified dNTP;

IV) Performing one or more molecular cloning operations on the double-stranded DNA, wherein the molecular
cloning operations are selected from shearing, restriction, digestion, end-polishing, A-tailing, G-tailing and adaptor
ligation; and

V) Performing strand-specific differentiation by using a selection factor for differentiating strands containing the at
least one modified nucleotide from strands containing the corresponding unmedified nucleotide.
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[0032] The initially provided at least one polynucleotide template may be a RNA such as mRNA, tRNA, rRNA, hnRNA,
snRNA, snoRNA, scaRNA, asRNA, micro RNA, siRNA, short transcripts, synthetic polynucleotides and semisynthetic
polynucleotides as well as physiological or externally induced modifications thereof, wherein mRNA is preferred.
[0033] mRNAs are protein-coding RNA. tRNAs are transfer RNAs responsible for providing correct amino acids in
peptide (protein) synthesis in ribosomes. rRNAs are ribosomal RNAs, being a constitutive element of ribosomes. hnRNAs
(heterogeneous nuclear RNA) is a precursor mRNA in the nucleus of eukaryotic cells. It is often named also pre-mRNA
or precursor mRNA. snRNA (small nuclear RNA) is responsible in the eukaryotic nucleus for the processing of hnRNAs
(spliceosomes). snoRNA (small nucleolar RNA) occurs in the nucleolus of eukaryotic cells. scaRNA (small Cajal body-
specific RNA) is strongly related to snoRNA and occurs in Cajal bodies. asRNA (antisense RNA) plays an important
role in regulating gene expression. microRNAs are involved in the regulation of cellular processes such as apoptosis
and cell death. siRNA (small interfering RNA) is processed from cellular RNA into fragments with a length of ca. 22 base
pairs by the enzyme Dicer and integrated into the enzyme complex RISC (RNA-induced silencing complex). RISC can
thus regulate the expression of DNA segments or RNAs by switching off the respective coding region through analogous
base pairing (silencing). This method by also used in gene therapeutic approaches. Retroviruses use RNA as the carrier
of their genetic information.

[0034] Short transcripts refer to small RNA fragments with up to 20-40 base pairs.

[0035] Alternatively, the initially provided at least one polynucleotide template may be a DNA such as siDNA, DNA
copies from retroviral or hepadnaviral RNA, single-stranded DNA, synthetic polynucleotides and semisynthetic polynu-
cleotides as well as physiological or externally induced modifications thereof, wherein single-stranded DNA is preferred.
[0036] It shall be pointed out that in this invention the term single-stranded DNA can also refer to the first-strand cDNA
derived from a RNA as template.

[0037] siDNA (small interfering DNA) is the corresponding DNA of siRNAs and mainly fulfils the same tasks in the
cell. Single-stranded DNA is a single-stranded type of satellite DNA, occurring among others in certain soil-dwelling
bacteria species.

[0038] According to the invention also double-stranded DNA can be the polynucleotide template. Specific primers and
optionally adjuvants are needed to allow the generation of a cDNA strand against a particular strand of the double-
stranded DNA {see below and Fig. 2B). Herein, the double-stranded DNA is destabilized in the region of hybridization
of said specific primer for allowing annealing of the specific primer. Such a destabilization can be achieved for example
by Uracil-N-Glycosylase digestion of deoxyuridines.

[0039] In a specific embodiment the double-stranded DNA template is a PCR product.

[0040] Sourcesfor RNAs and DNAs can be eukaryotes (animals including humans and other mammals, plants, fungi),
prokaryotes (bacteria, archaea), viruses, synthetic or semisynthetic constructs wherein these constructs or semisynthetic
constructs may mirror at least partially a naturally occurring nucleic acids or may have a widely artificial sequence.
[0041] Said RNAs and DNAs can be isolated by well-known methods (Molecular Cloning: A Laboratory Manual, Third
Edition. J. Sambrook, D. Russell).

[0042] The term classic dNTPs, respectively unmodified dNTPS refers to dATP (deoxyadenosine triphosphate), dCTP
(deoxycytidine triphosphate), dGTP (deoxyguanosine triphosphate) and dTTP (deoxythymidine triphosphate). These
four dN'TPs (deoxynucleoside triphesphates) are usually used in nature for the generation of DNA strands.

[0043] It shall be pointed out that the plural form classic dNTPs refers to the total of dATP, dCTP, dGTP and dTTP.
A referral in a quantifying sense to one or more of these classic dNTPs is not intended.

[0044] The term analogues of dNTPs, respectively dNTPs and analogues thereof refers to any molecule suitable for
replacing a dNTP in presence and behavioural characteristics in a respective polynucleotide-containing solution and
particularly in its matching characteristics to be able to undergo a base pair matching identical or similar to the classic
dNTP it replaces. In particular, such analogues of dNTPs should be able to build the same or similar selective hydrogen
bonds that allow for a selective pairing of base pairs (2 hydrogen bonds between A/T, T/A, A/U or U/A, and 3 hydrogen
bonds between G/C and C/G), thus allowing for a correct translation of a polynucleotide sequence into its antisense
sequence. Furthermore, it should be satirically similar to its corresponding classic dNTP so that it allows integration into
the base pair sequence. Not only the nucleotide can be varied in such an analogue, but also the saccharide (usually a
ribose or deoxyribose) or the phosphate backbone. For example, the phosphate backbone may be partially or entirely
substituted by a sulphonated backbone. Also combinations of such variations are subsumed under this term.

[0045] The quantitative term sufficient amount herein refers to any amount, respectively concentration of an agent
which allows for a qualitative and quantitative implementation of the method according to the invention in respect of the
expected amounts which shall be needed for this purpose. Usually, the respective agents, in particular dNTPs, are
added in exceeding amounts in order to ensure that all possible copies can be effected qualitatively and quantitatively.
[0046] The term template refers in molecular biclogy to a DNA or RNA strand which sets the base pair sequence to
which a corresponding strand with an antisense sequence shall by polymerized. In a broader sense it may also refer to
a RNA encoding a sequence for translation of this sequence into an amino acid sequence such as a peptide or a protein
in ribosomes.
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[0047] The term cDNA stands for complementary deoxyribonucleic acid. It refers to a DNA which is generated as a
copy of a RNA (usually by means of Reverse Transcriptase) or from a single DNA strand (usually by means of a DNA
polymerase). Subsequently, a second cDNA strand may be generated by using the first cDNA strand as a template
(usually by means of a DNA polymerase).

[0048] Enzymes with reverse transcriptase (RNA-dependent DNA polymerase) activity are able to transcribe a RNA
sequence into a corresponding cDNA sequence. This group of enzymes includes among others HIV-1 reverse tran-
scriptase from human immunodeficiency virus type 1 (PDB 1HMV), M-MLV reverse transcriptase from the Moloney
murine leukemia virus, AMV reverse transcriptase from avian myeloblastosis virus and telomerase reverse transcriptase
fulfilling & role in the maintenance of telomeres of eukaryotic chromosomes as well as commercially available forms
such as "M-MLYV reverse transcriptase RNase H Minus", "SuperScript® I1", "SuperScript® |II" or Tth polymerase. Among
this group M-MLYV reverse transcriptase RNase H Minus, SuperScript® || and SuperScript® ||| polymerases are preferred.
[0049] The terms primers and random primers refer to oligonucleotides which shall serve as starting point for DNA-
replicating enzymes such as DNA polymerases. They can consist of a few base pairs, but in selected cases can reach
up to0 2.000 base pairs. Preferred are 510 50 base pairs. DNA polymerases need a hydroxy group for starting transcription.
This hydroxy group is provided by the primer with its 3 hydroxy end. Often, the DNA sequence to be investigated is
known. Hence suitable primers can be synthesized precisely according to the antisense sequence of aforesaid polynu-
cleotide sequence. If this polynuclectide sequence is not or only incompletely known so-called random primers can be
used. In such a method a large number of primers with a random base pair sequence are provided. One or more of
these random primers statistically anneal to the polynucleotide sequence that shall be transcribed. Thus corresponding
transcripts of different length can be obtained, depending where the random primer anneals to the polynucleotide
sequence of interest. Alternatively, also composite primers with a random 3” part can be used. A further variation
corresponding to the inventive method is the use of primers which are complementary to a homo-oligomeric tail synthe-
sized by terminal transferase on the polynucleotide which serves as a template.

[0050] If the polynucleotide template is a RNA with a polyA tail it is preferred that said primers are oligo(dT), oligo(dU)
or oligo(U) primers or composite primers with oligo(dT), oligo(dU) or oligo(U) region on 3’ part. Alternatively, specific
primers complementary to said single-stranded RNA template can be used.

[0051] If a double-stranded DNA template is used it is likewise possible to mark one particular strand of the double-
stranded DNA with at least one modified nucleotide. Herein specific primers complementary to a particular strand of
said double-stranded DNA can be used. In this case RecA protein may facilitate the hybridization of said primers to the
double-stranded DNA template. Specific primers may appear as a result of introducing a nick in a particular strand of
said double-stranded DNA template. Such nicks canfor example result by the use of nicking endonuclease. Alternatively,
such nicks may result from the digestion of the at least one modified nucleotide in a particular strand of said double-
stranded CNA template.

[0052] In a specific embodiment the double-stranded DNA template is a PCR product. In this case, the recognition
site of a nicking exonuclease or at least one modified nucleotide is located in one of the PCR primers. Herein it is
preferred that said modified nucleotide is deoxyuridine.

[0053] If a double-stranded DNA template is used it is preferred that said polymerase is a DNA-dependent DNA
polymerase with 5’to 3’ exonuclease activity and said strand-specific synthesis on such a double-stranded DNA template
is effected by means of a nick-translation.

[0054] In analogy, the polynuclectide template may be also a DNA::RNA hybrid. Hybrid herein means that a DNA
strand is matching with a RNA strand having a corresponding antisense sequence. For example, but not limiting, it is
possible that such a DNA:: RNA hybrid is the product of a first-strand synthesis with unmodified nucleotides generated
on a single-strand RNA as a template. For generating a cODNA of the DNA strand specific primers complementary to a
particular DNA region of said double-stranded DNA::RNA hybrid have to be used. It is preferred that said primers are
complementary to a homo-oligomeric tail synthesized by terminal transferase. In another preferred embodiment this
specific primer is a template-switch primer. Such template-switch primers bind to the extra random nucleotides attached
to the 3’ end of the newly synthesized cDNA strand by using SuperScript® || enzyme (Invitrogen). This allows for full-
length reverse transcription of the RNA strand. If the cDNA strand shall be generated against the RNA strand of the
DNA::RNA hybrid said polymerase is DNA-dependent DNA polymerase with 5 to 3’ exonuclease activity.

[0055] If the cDNA strand shall be generated against the DNA strand of the DNA::RNA hybrid the specific primers
may appear as a result of introducing a nick into the RNA strand of said DNA::RNA hybrid. Such a nick may be set by
using the RNA-specific enzyme RNase H. In a preferred embodiment RNase H, DNA polymerase | and E.coli ligase
are used simultaneously. DNA ligases are enzymes able to ligate DNA strands by building an ester bond between the
phosphate residue and the saccharide deoxyribose in the backbone of the DNA strands.

[0056] Forsecond-strand cDNA synthesis using the first strand cDNA as a template an enzyme with DNA polymerase
activity is needed. Also if the original polynucleotide is a single-stranded DNA and only one cDNA strand is generated
such an enzyme with DNA polymerase activity is needed. DNA-dependent DNA polymerases are usually enzymes
which generate a DNA copy strand from a DNA template. This group includes DNA polymerase |, II, lll holoenzyme and
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IV, Taq polymerase, Tth polymerase, Pfu polymerase, wherein DNA polymerase | and Taq polymerase are preferred.
This enzyme with polymerase activity does not have to be the same as used optionally for amplifying the remaining
intact cDNA.

[0057] If the cDNA strand shall be generated against the RNA strand of the DNA::RNA hybrid the procedure is similar
to that for generating a cDNA strand against one strand of a single-stranded RNA.

[00568] The term modified dNTP refers to the any molecule suitable for substituting exactly one corresponding classic
dNTP in presence and behavioural characteristics in a respective polynucleotide-containing solution and particularly in
its matching characteristics to be able to undergo a base pair matching identical or similar to the classic dNTP it replaces.
Additionally, this modified dNTP must be suitable either for a specific degradation in which selectively this modified
dNTP is degraded by a suitable degrading agent, thus rendering the DNA strand containing at least one of this degraded
dNTP essentially unfit for amplification and/or hybridization, or it must render the DNA strand containing this modified
dNTP eligible for specific removal of this DNA strand from the solution, or at least allowing a local and thus functional
separation of polynucleotide strands. Such a removal respectively separation can be achieved by molecules or particles
binding selectively to such exchange dNTPs, thus selectively only to one polynucleotide strand. Removal can occur by
purification, adsorption to suitable structures or surfaces, binding to suitable selective structures such as antibodies, by
selective degradation through certain chemicals, heat or radiation, or by centrifugation, magnetic or electrophoretic
methods, isoelectric focusing. Also any kind of immobilization can be perceived.

[0059] Different purification methods may be used for removal of modified and unmodified dNTPs from the solution:
electrophoretic separation, salt-alcohol precipitation, anion-exchange chromatography, silica purification, gel filtration.
Purification on silica and gel-filtration are preferred.

[0060] Degradation respectively degradable herein means that a deoxynucleotide is specifically modified by addition
of at least one enzymatic, chemical, heat, radiation (X-ray, UV, microwave) or optical methods such as lasers or com-
binations thereof in such a way that the resulting deoxynucleotide does not serve anymore for hybridization, cloning or
as a suitable template in an amplification system such as PCR.

[0061] Analogously, the plural form modified dNTPs refers to the total of the respective modified dNTPs. A referral in
a quantifying sense to one or more of these medified dNTPs is not intended.

[0062] The term at least one modified dNTP refers to the option that not only one dNTP is exchanged. According to
the invention eitherone dNTP such as dATP, dCTP, dGTP ordTTP, ortwo dNTPs can be exchanged in the combinations
dATP + dCTP, dATP + dGTP, dATP + dTTP, dCTP + dGTP, dCTP + dTTP or dGTP + dTTP, or three dNTPs can be
exchanged in the combinations dATP + dCTP + dGTP, dATP + dCTP + dTTP, dATP + dGTP + dTTP or dCTP + dGTP
+ dTTP, or all four dNTPs are exchanged in the combination dATP + dCTP + dGTP + dTTP. It is understood that also
analogues of these dNTPs as defined before shall be subsumed under the respective dNTPs. Also possible quantitative
combinations thereof shall be subsumed under this combinational scheme.

[0063] There are several principles by which a selection factor can differentiate between a strand marked with at least
one modified nucleotide and a strand with the corresponding unmodified nucleotide or nucleotides. For example, the at
least one modified nucleotide has a chemically active group that can be modified after strand-specific synthesis. Another
possibility is that the at least one nucleotide carries an affinity group and the selection factor binds selectively to this
affinity group. Such am affinity group may for example be recognized by an antibody. A further possibility is that the at
least one modified nucleotide carries a group which allows for selective recognition and binding or attachment by another
agent which then enables selective removal of the such recognized strand. A further selective factor may be a different
sensitivity to specific nucleases. Also the incorporation of ribonucleotides (NTPs) instead of deoxyribonucleotides
(dNTPs) is suitable for enabling a differentiation between two strands.

[0064] The at least one modified nucleotide may display a different sensitivity to a nuclease, in comparison with the
corresponding unmodified nucleotide or nucleotides. Thus such nuclease degrades specifically the at least one modified
nucleotide while the unmodified nucleotides are not or only insignificantly affected by such nuclease action. Alternatively,
such nuclease degrades specifically the unmodified nucleotides. In both cases the strand containing the such degraded
nucleotide or nuclectides has become unfit for amplification or hybridization. Thus both strands can be differentiated.
[0065] Ina preferred embodiment the differentiation of strands of polynucleotides is carried out with the modified dNTP
being dUTP (deoxyuridine triphosphate). Herein the modified dNTP is dUTP (deoxyuridine triphosphate) as a substitute
fordTTP. dUTP displays the same matching characteristics as dTTP, i.e. it is able to match with an opposed adenosine,
but not with opposed guanosines, cytosines, thymidines or uridines. dUTP can be specifically degraded by the nuclease
Uracil-N-Glycosylase (UNG). UNG is neutral towards dTTP and the other dNTPs or analogues thereof. This enzyme
degrades uracil specifically by cleaving the N-glycosylic bond resulting in an abasic site. The such degraded DNA strand
is unfit for undergoing appropriate amplification. At temperatures of over 50°C in slightly alkali conditions nicks occur in
the DNA strand at the abasic positions. Additionally, Phusion DNA polymerase preferentially used for amplification (see
below) is strongly suppressed by deoxyuridine-containing templates (Hogrefe, H.H., Hansen, C.J., Scott, B.R. and
Nielsen K.B. 2002. Archaeal dUTPase enhances PCR amplifications with archaeal DNA polymerases by preventing
dUTP incorporation. Proc Natl Acad Sci USA 99: 596-601). Consequently, only the DNA strand that does not contain
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dUTP can be amplified properly.

[0066] The combination of dUTP as exchange dNTP and UNG as the degrading agent of the exchange dNTP is a
preferred embodiment. It is also preferred to replace only dTTP.

[0067] Inanother preferred embodiment the at least one modified nucleotide is thio_modified and said nuclease is an
exonuclease that degrades thio_bonds with low efficiency. Such exonucleases sensitive to thio_bonds can be lambda-
exonuclease, Exo Il nuclease, T4 polymerase and T7 exonuclease.

[0068] Other preferred dNTP-specific degradation systems include the use of specific biotinylated dNTPs. Herein
NHS esters of biotin are reacted with free amino groups of the respective nucleotide. These bictinylated nucleotides
can be recognized by polymerase enzymes as eligible for integration into the actually formed strand. The matching
properties to their counter nucleotide on the other strand are comparable. The biotinylated strand might be removed
using streptavidin- or avidin-coated magnetic particles. Such specifically attached magnetic particles can be removed
by applying a suitable magnetic field.

[0069] In ancother preferred embodiment the at least one modified polynucleotide is an Aminoallyl nucleotide (5-(3-
aminoallyl)-nucleotide, aa-dNTP). Herein the nucleotide has an aminoallyl group attached to carbon 5 of the pyrimidine
ring of uracil and cytosine. This aminoallyl group reacts with dyes from the cyanine series such as HiLyte Fluor® or Alexa
Fluor® dyes that also been modified to be amine-reactive. As these dyes use to react also with standard buffer mediums
a carbonate buffer is typically used. Herein it is preferred that the modified nucleotide is Aminoallyl-dUTP.

[0070] In a further preferred embodiment the madified nucleotide can be selectively recognized by an antibody. The
antibody binds specifically to this modified nucleotide and the strands are differentiated by binding or immgbilizing said
antibody. It is further preferred that such antibody recognizes specifically the modified nucleotide 5-bromodeoxyuridine.
It is also further preferred that such antibody or antibodies recognize specifically at least one modified nucleotide that
has been modified by biotinylation.

[0071] If the strand carrying at least one modified nucleotide which carries a group which interacts which an affinity
factor it is preferred that such strand is immobilized on a solid phase.

[0072] In a further preferred embodiment the at least one modified nucleotide is a ribonucleotide. Then it is preferred
that said polymerase is a DNA polymerase displaying enhanced ability to incorporate modified substrates such as
ribonucleotides (for example, Therminator™ || DNA Polymerase). The such incorporated at least one ribonucleotide is
then specifically degraded by a specific nuclease, in this case a RNase.

[0073] If at least one classic ANTP is replaced by the cerresponding modified dNTP(s) to generate a modified DNA
strand the ratio of the at least one modified dNTP shall amount to at least 5% of the corresponding classic dNTP in the
solution. Preferred are 20% ratio, more preferred 30%, more preferred 40%, more preferred 50%, more preferred 60%,
more preferred 70%, more preferred 80% and particularly preferred more then 90%. Theoretically, only one degraded
nucleotide is enough to render the degraded strand unfit for appropriate amplification. This requires that the DNA is long
enough that at least one modified dNTP is integrated into the DNA strand. This is a matter of probability (when an even
distribution of all four nucleotides is ideally assumed for the original polynucleotides) according to the distribution of the
corresponding classic dNTPs and exchange dNTPs. With a length of at least 60 base pairs the probability is close to
nil that not at least one modified dNTP has to be integrated into the second-strand cDNA. In order to ensure that also
cDNAs with a length less than 60 base pairs always include at least one degradable nucleotide it is preferred that a
sufficiently large percentage of the respective nucleoside triphosphate is modified.

[0074] If an amplification step is carried out in any of the embodiments of this invention an enzyme with polymerase
activity is needed which is able to use the remaining intact cDNA strand as a template. In theory, any such enzyme with
polymerase activity is suitable for this step. However, those enzymes that are used in conventional PCR protocols are
preferred. They should grant a high reliability and a high throughput under conventional PCR conditions.

[0075] The term PCR refers to polymerase chain reaction. This is a general term comprising all protocols, conditions,
automatized and half-automatized devices in which at least one DNA template is amplified by default by means of a
enzyme with polymerase activity. In general, such molecules with polymerase activity are enzymes such as Tag DNA
polymerase, Pfu DNA polymerase, Phusion DNA polymerase, wherein Tag and Phusion DNA Polymerases are_pre-
ferred.

[0076] It is particularly preferred that the at least one modified nucleotide is dUTP and said amplification is a Pfu DNA
polymerase-dependent amplification.

[0077] If an amplification step is carried out in any of the embodiments of this invention a useful PCR (polymerase
chain reaction) protocol shall be used by means of which the remaining intact DNA strand shall be amplified. Suitable
PCR protocols of the include the known protocols for Standard PCR, Allele-Specific PCR, Alu PCR, Assembly PCR,
Asymmetric PCR, Helicase Dependent Amplification HDA, Hot Start PCR, Inverse PCR, Intersequence-Specific PCR
(ISSR PCR), Late-PCR, Ligation-mediated PCR, Long PCR, Methylation-Specific PCR, Miniprimer PCR, Multiplex PCR,
Nested PCR, Overlap-Extension PCR, Quantitative PCR, Real Time PCR, Solid Phase PCR, Thermal Assymetric
Interlaced PCR (TAIL-PCR), Touchdown PCR or combinations thereof. Preferredis the use of Standard PCR. Particularly
preferred is the use of dUTP as the at least one modified nucleotide for amplification of the remaining intact strand with
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Standard PCR. Equally particularly preferred is the use of ribonucleotides as the least one modified nucleotide for
amplification of the remaining intact strand with Standard PCR.

[0078] Hereintheterm "atleastoneintact DNA strand" means that the number of the intact DNA strands to be amplified
can vary from one to many billions of different polynucleotides.

[0079] In afurther optional step the resulting sequences can be aligned with already known sequence patterns of the
corresponding DNA, if applicable. Such results can be plotted in a way such as shown in Fig. 6.

[0080] Ogptionally, the method according to the invention comprises the step of contig construction from the obtained
sequences. Herein the sequences of different overlapping (contiguous) DNA fragments derived from the same source
can be used for (re-)constructing the original respectively complete DNA sequence of this source.

[0081] Alternatively to the amplification step the at least one intact DNA strand can be hybridized to a nucleic acid
structure displaying an antisense sequence of the at least one intact DNA strand. Suitable hybridization methods include
in situ hybridization (hybridization of a DNA to a complementary sequence in isolated cells and/or tissues), Southern
Blot (a method for verifying the presence of a DNA sequence in a DNA sample by separating the DNAs in the sample
by size using gel electrophoresis and bringing said sample to a filter membrane for probe hybridization), Northern Blot
(the equivalent of Southern Blot with RNA samples) and Southwestern Blot (identifying the presence of a DNA sequence
in a DNA sample prepared according to the Southern blot method by hybridizing the sample on a nitrocellulose gel with
characterizing DNA-binding proteins) microarray hybridization and correspondent "reverse" hybridizations were intact
DNA'’s are loaded on a membrane and hybridised with particular probes.

[0082] When an amplification is intended the key steps of the inventive method are to be read in the following order:

1) Providing at least one polynucleotide template, primers, buffer solution, at least one enzyme with polymerase
activity, sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dTTP or analogues thereof, wherein at least
one of the four dNTPs is replaced by a corresponding modified dNTP used for strand-specific differentiation;

II) Performing specific strand synthesis on said at least one polynucleotide;

I11) Performing one or more molecular cloning operations on the double-stranded DNA, wherein the molecular cloning
operations are selected from shearing, restriction, digestion, end-polishing, A-tailing, G-tailing and adaptor ligation;
and

IV) Perfoerming strand-specific differentiation by using a selection factor for differentiating strands containing the at
least one modified nucleotide from strands containing the corresponding unmedified nucleotide.

V) Amplifying the at least one remaining intact cDNA strand by performing PCR;

[0083] In the particularly preferred embodiment 1 of the method according to the invention a strand specific cloning
of RNAs such as a whole transcriptome of a cell or a tissue shall be carried out. Therefore, at least one single strand
RNA is provided, for example by isolation from the respective cell or tissue. The four dNTPs dATP, dCTP, dGTP and
dTTP are added in sufficient amounts to the solution containing the at least one RNA strand. Then, a first cDNA strand
is generated by using random primers (or oligo(dT), oligo (dU), oligo (U) primers) for annealing to said at least one RNA
strand and an enzyme with Reverse Transcriptase activity. Inthe following at least one of the aforesaid dNTPs is replaced
by at least one corresponding modified dNTP. For example, the modified dNTP may be a dNTP which can be specifically
degraded by adding a degrading agent in order that the strand containing the such degraded at least one medified dNTP
is not suitable anymore for amplification, or the modified dNTP may expose the such marked cDNA strand for being
removed by interaction with specific agents interacting with the additional functional group or groups on the at least one
modified dNTP. With the four dNTPs including the atleast one modified dNTP second strand cDNA synthesis is performed
by using the first cDNA strand as a template and a suitable enzyme with polymerase activity. In the next step polarity
specific adaptors are ligated to the ends of cDNA strands, allowing a polymerase to dock to the adaptor structure for
PCR amplification. After the ligation the second cDNA strand containing the at least one modified dNTP is for example
degraded by degrading the at least one modified dNTP with a suitable degrading agent, or the at least one second cDNA
strand containing the at least one modified dNTP is separated from the atleast one first cDNA strand by special molecules
or particles attaching to characteristic structures on the modified dNTP. Finally, the remaining intact first cDNA strand
is amplified by PCR using a suitable enzyme with polymerase activity.

[0084] Thus the steps of this embediment of the inventive method can be summarized in the following schematic order:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof;
3) Generating a first cDNA strand;

4) Replacing at least one dNTP with at least one corresponding modified dNTP;

5) Performing second-strand synthesis on the first cDNA strand;

6) Ligating polarity-specific adaptors to one or both ends of the cDNA double strand;

7) Specifically modifying or removing the second cDNA strand containing the at least one modified dNTP; and
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8) Amplifying the at least one remaining intact cDNA strand by performing PCR.

[0085] In embodiment 2 strand specific cloning of RNA can be achieved also by varying the steps of the inventive
method. In this embodiment the first cDNA strand shall contain the at least one modified dNTP. In the replacement step
this at least one modified dNTP is substituted by the corresponding classic dNTP. Thus in this embodiment the at least
one first cONA strand will be either degraded or removed. The amplification step is then performed on the remaining
intact second cDNA strand. All other steps are adjusted correspondingly.

[0086] The steps of this embodiment of the inventive method can be summarized in the following schematic order:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dTTP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP;

3) Generating a first cONA strand,;

4) Replacingthe atleastone modified dNTP with the corresponding dNTPs oranalogues ofthe corresponding dNTPs;
5) Performing second-strand synthesis on the first cDNA strand,;

6) Ligating polarity-specific adaptors to one or both ends of the cDNA double strand;

7) Specifically modifying or removing the first cONA strand containing the at least one modified dNTP; and

8) Amplifying the at least one remaining intact cDNA strand by performing PCR.

[0087] In embodiment 3 strand specific differentiation according to the invention can also be achieved using single-
stranded DNA as a template. Here at least one DNA single strand is provided. A cDNA strand is synthesized wherein
at least one modified dNTP is integrated. In this embodiment only one cDNA strand is synthesized since a second cDNA
strand would be identical to the original DNA single strand. Finally, the original single-stranded DNA shall be amplified.
Thus all transcripts resulting from the PCR will bear the same reading direction of the sequence as the original single-
stranded DNA. The other steps are adjusted accordingly.

[0088] This leads to the following schematic order:

1) Providing at least one single-stranded DNA molecule;

2) Adding sufficient amounts of the four dANTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP used for the strand specific differentiation;

3) Generating a cDNA strand;

4) Ligating polarity-specific adaptors to one or both ends of the resulting DNA double strand;

5) Specifically modifying or removing the cDNA strand containing the at least one modified dNTP; and

6) Amplifying the at least one intact DNA strand by performing PCR.

[0089] Inembodiment4the purpose oftheinventive methodis notanamplificationbuta hybridization. This hybridization
can occur against any structure carrying a corresponding antisense sequence to the at least one intact first cDNA strand
(see below). For a hybridization without amplification no adaptors have to be ligated. Consequently, this step is omitted
in this embodiment and the amplification step is replaced by a hybridization step. Thus the order of the steps of the
inventive method reads as follows:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four ANTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof;
3) Generating a first cONA strand,;

4) Replacing at least one dNTP with at least one corresponding modified dNTP used for the strand specific differ-
entiation;

5) Performing second-strand synthesis on the first cDNA strand;

6) Specifically modifying or removing the second cDNA strand containing the at least one modified dNTP; and

7) Hybridizing the at least one remaining intact cDNA strand to a suitable antisense DNA sequence.

[0090] Embodiment5varies embodiment 4 in so farthat hereinthe first cONA strand contains the at least one modified
dNTP. Thus the remaining intact second cDNA strand is hybridized. Consequently, the sequence against which the
remaining intact second cDNA strand is hybridized must display an antisense sequence of the second strand. The steps
of the inventive method are adjusted according to embodiments 2 and 4 and read as follows:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP used for the strand specific differentiation;
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3) Generating a first cDNA strand;

4) Replacingthe at least one modified dNTP with the corresponding dNTPs oranalogues of the corresponding dNTPs;
5) Performing second-strand synthesis on the first cDNA strand;

6) Specifically modifying or removing the first cDNA strand containing the at least one modified dNTP; and

7) Hybridizing the at least one remaining intact cDNA strand to a suitable antisense DNA sequence.

[0091] In embodiment 6 the hybridization step follows after an amplification step. In various hybridization modes it
may be advantageous to hybridize not only one or a few copies of the respective intact cDNA strand, but a large number
as resulting from an amplification. Thus the steps of ligating a polarity-specific adaptor and of an amplification have to
be integrated again. The order of the steps reads like embodiment 1 and a subsequent hybridization step:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four dANTPs dATP, dCTP, dGTP and dTTP or corresponding analogues thereof;
3) Generating a first cDNA strand;

4) Replacing at least one dNTP with at least one corresponding modified dNTP;

5) Performing second-strand synthesis on the first cDNA strand,;

6) Ligating polarity-specific adaptors to one or both ends of the cDNA double strand;

7) Specifically modifying or removing the second cDNA strand containing the at least one modified dNTP; and

8) Amplifying the at least one remaining intact cDNA strand by performing PCR.

9) Hybridizing the amplified ¢cDNA to a suitable antisense DNA sequence.

[0092] Correspondingly, in embodiment 7 the hybridization step can ensue after performing an amplification of the
intact second-strand cDNA, as in embodiment 2:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dTTP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP;

3) Generating a first cONA strand,;

4) Replacingthe atleastone modified dNTP with the corresponding dNTPs oranalogues of the corresponding dNTPs;
5) Performing second-strand synthesis on the first cDNA strand,;

6) Ligating polarity-specific adaptors to one or both ends of the cDNA double strand;

7) Specifically modifying or removing the first cDNA strand containing the at least one modified dNTP; and

8) Amplifying the at least one remaining intact cDNA strand by performing PCR.

9) Hybridizing the amplified cDNA to a suitable antisense DNA sequence.

[0093] Alsointhe case of single-stranded DNA it may be advantageous to combine an amplification and a hybridization
step. Thus in embodiment 8 the order of the steps reads as follows:

1) Providing at least one single-stranded DNA molecule;

2) Adding sufficient amounts of the four AINTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP used for the strand specific differentiation;

3) Generating a ¢cDNA strand;

4) Ligating polarity-specific adaptors to one or both ends of the resulting DNA double strand;

5) Specifically modifying or removing the cDNA strand containing the at least one modified dNTP; and

6) Amplifying the at least one intact DNA strand by performing PCR.

7) Hybridizing the amplified DNA to a suitable antisense DNA sequence.

[0094] Embodiment 9: If the sequence of the original RNA is not known it may be desirable to perform sequencing.
Thus such a step is added to the step order of embodiment 1:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof;
3) Generating a first cDNA strand;

4) Replacing at least one dNTP with at least one corresponding modified dNTP;

5) Performing second-strand synthesis on the first cDNA strand;

6) Ligating polarity-specific adaptors to one or both ends of the cDNA double strand;

7) Specifically modifying or removing the second cDNA strand containing the at least one modified dNTP; and

8) Optionally, amplifying the at least one remaining intact cDNA strand by performing PCR.
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9) Sequencing the resulting copies of the at least one intact cDNA strand.

[0095] Embodiment 10: Consequently, it is also possible to include a sequencing step if the first-stranded included
the at least one modified dNTP and the intact second-strand cDNA is amplified, as in embodiment 2:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four dANTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP;

3) Generating a first cONA strand;

4) Replacingthe atleast one modified dNTP with the corresponding dNTPs oranalogues of the corresponding dNTPs;
5) Performing second-strand synthesis on the first cDNA strand;

6) Ligating polarity-specific adaptors to one or both ends of the cDNA double strand;

7) Specifically modifying or removing the first cDNA strand containing the at least one medified dNTP; and

8) Optionally, amplifying the at least one remaining intact cDNA strand by performing PCR.

9) Sequencing the resulting copies of the at least one intact cDNA strand.

[0096] Embodiment 11: After sequencing it may be desirable to determine the polarity of the resulting sequence(s).
This may serve for several analytic or diagnostic purposes (see below) or for aligning RNA transcripts to gene sequences
known from DNA sequencing projects. If the remaining intact first strand cDNA was sequenced the order of the steps
of the inventive method read as follows:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof;
3) Generating a first cDNA strand;

4) Replacing at least one dNTP with at least one corresponding modified dNTP;

5) Performing second-strand synthesis on the first cDNA strand;

6) Ligating polarity-specific adaptors to one or both ends of the cDNA double strand;

7) Specifically modifying or removing the second cDNA strand containing the at least one modified dNTP; and

8) Optionally, amplifying the at least one remaining intact cDNA strand by performing PCR.

9) Sequencing the resulting copies of the at least one intact cDNA strand.

10) Aligning of sequencing reads to the reference genome or reconstructing of the RNA sequence from individual
sequencing reads.

11) Determining the polarity of the at least one RNA transcript.

[0097] Embodiment 12: Consequently, such a determination of the polarity and optionally an alignment to a gene
structure known from a sequencing project can also be performed if the remaining intact second strand cDNA was
amplified and sequenced. As in this case the antisense sequence is resulting the sequence has to be inverted, preferably
by means of a computer programme, into the correct reading sequence.

[0098] Thus the order of the steps of the inventive method is:

1) Providing at least one single-stranded RNA molecule;

2) Adding sufficient amounts of the four dINTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP;

3) Generating a first cDNA strand,;

4) Replacingthe atleast one modified dNTP with the corresponding dNTPs oranalogues of the corresponding dNTPs;
5) Performing second-strand synthesis on the first GDNA strand,;

6) Ligating polarity-specific adaptors to one or both ends of the cDNA double strand;

7) Specifically modifying or removing the first cONA strand containing the at least one modified dNTP; and

8) Optionally, amplifying the at least one remaining intact cDNA strand by performing PCR;

9) Sequencing the resulting copies of the at least one intact cDNA strand;

10) Aligning of sequencing reads to the reference gencme or reconstructing of the RNA sequence from individual
sequencing reads;

11) Determining the polarity of the at least one RNA transcript

[0099] Embodiment 13: In analogy, it may be also desirable to sequence the amplified copies of a single-stranded

DNA if the sequence isn’t known yet. Thus a sequencing step ensues to the order of the steps of the inventive method
of embodiment 3:
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1) Providing at least one single-stranded DNA molecule;

2) Adding sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP used for the strand specific differentiation;

3) Generating a cDNA strand;

4) Ligating polarity-specific adaptors to one or both ends of the resulting DNA double strand;

5) Specifically modifying or removing the cDNA strand containing the at least one modified dNTP; and

6) Optionally, amplifying the at least one intact DNA strand by performing PCR.

7) Sequencing the resulting copies of the at least one intact DNA strand.

[0100] Embodiment 14: Also for single-stranded DNA it may be desirable to determine the pelarity of the resulting
copies after amplification and sequencing. As for single-stranded DNA by needs only one cDNA strand is generated
including the at least one modified dNTP the resulting sequence must be inverted, as in embodiment 12.

1) Providing at least one single-stranded DNA molecule;

2) Adding sufficient amounts of the four ANTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP used for the strand specific differentiation;

3) Generating a cDNA strand;

4) Ligating polarity-specific adaptors to one or both ends of the resulting DNA double strand;

5) Specifically modifying or removing the cDNA strand containing the at least one modified dNTP; and

6) Optionally, amplifying the at least one intact DNA strand by performing PCR;

7) Sequencing the resulting copies of the at least one intact DNA strand;

8) Aligning of sequencing reads to the reference genome or reconstructing of the DNA seguence from individual
sequencing reads;

9) Determining the polarity of the at least one DNA molecule.

[0101] In another preferred embodiment 15 the original polynucleotide strand is a double-stranded DNA. Herein it
may be necessary to set a nick into the particular strand of the double-stranded DNA which shall be substituted. A
possible sequence of the steps according to this embodiment is:

1) Providing at least one double-stranded DNA,;

2) Setting a nick in one particular strand of the double-stranded DNA by using a nicking endonuclease;

3) Adding sufficient amounts of the four ANTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP used for the strand specific differentiation;

4) Performing nick-translation of the nicked DNA strand by means of a DNA polymerase with 5’ to 3’ exonuclease
activity;

5) Specifically modifying or removing the cDNA strand containing the at least one modified dNTP.

[0102] In afurther preferred embediment 16 the original polynucleotide strand is a double-stranded DNA obtained as
a result of PCR reaction. A special modified nucleotide is intreduced into one PCR primer to set a nick into the particular
strand of the double-stranded DNA which shall be substituted. A possible sequence of the steps according to this
embodiment is:

1) Providing at least one double-stranded DNA cbtained in PCR reaction where one of PCR-primers contains dUTP;
2) Setting a nick in one particular strand of the double-stranded DNA by UNG treatment and APE 1 digestion or
UNG treatment and alkalic hydrolisis;

3) Adding sufficient amounts of the four dNTPs dATP, dCTP, dGTP and dT TP or corresponding analogues thereof,
wherein at least one of the four dNTPs is a modified dNTP used for the strand specific differentiation;

4) Performing nick-translation of the nicked DNA strand by means of a DNA polymerase with 5’ to 3’ exonuclease
activity;

5) Specifically modifying or removing the cDNA strand containing the at least one modified dNTP.

[0103] Itis obviousto aperson skilled inthe artthat the different steps mentioned before in the respective embodiments
can be combined for solving similar or different tasks provided the order and the selection of the different steps results
in a meaningful order of the steps. Allthese possible combinations shall fall underthe scope and the spirit of the invention.
[0104] By way of example, the method according to the invention was applied on the yeast transcriptome (Example
1). In a similar fashion, it was applied on the transcriptome of the mouse brain (Example 2). These two examples were
chosen because comparative data from the Applicants’ laboratory and other laboratories are available. Also complete
genomes of these organisms are published. By way of comparing the results from conventional RNA-Seq and the
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inventive method according to the invention the advantages of the inventive method become apparent. As shown e.g.
in Example 1 and Fig. 6, the inventive method allows a differentiation in sense and antisense transcripts. In this plot
sense transcripts are marked in blue and antisense transcripts in red. Thus the method according to the invention can
use the maintained information of the polarity of a transcript to generate more precise gene expression maps. Practical
applications are discussed further below.

[0105] The reliability of the method according to the invention was validated in several control experiments. First, it
was tested to which degree the inventive method can reproduce the results of conventional RNA sequencing. Herein
the amplified sense and antisense transcripts according to the invention were pooled for allowing a correlation analysis.
The results such as shown in Example 3 and Fig. 7A show a high correlation between the two methods. A high correlation
corresponds to a distribution close to unity. A low correlation would be represented by a widely scattered distribution
pattern. Thus the inventive method does not disturb the overall expression and transcriptome pattern in a sample. So
the results of both methods can be compared to one another.

[0106] Next, two different strand-specific expression profilings were performed according to the invention on the same
sample. Herein, only sense transcripts were included. The results were plotted again as described before. An excellent
reproducibility of the inventive method is given, as can be seen in Example 4 and Fig. 7B.

[0107] In a further control experiment, the combination of sense and antisense transcripts obtained were compared
to the results from another laboratory. There is still a very high ccrrelation between the results, although with a somewhat
broader scatter pattern (see Example 4 and Fig. 7C). Such a variation nearly always occurs when comparing the results
from different laboratories. This experiment shows that this method does not work only under the specific conditions of
the Applicants’ laboratory, but can be universally used.

[0108] In order to test whether sense and antisense transcripts obtained according to the inventive method can be
appropriately differentiated sense and antisense transcripts were compared and depicted in such an aforesaid scatter
plot. As can be seen in Fig. 7D there is nearly no correlation. Thus sense and antisense transcripts obtained according
to the inventive method are unequivocally different. This is a proof that the inventive method is highly suitable for
differentiating accurately between sense and antisense transcripts.

[0109] The stability of the inventive method in respect of a complete exchange of at least one dNTP by at least one
corresponding degradable analogue was tested. For this purpose in one reaction dT TP was exchanged by 100% dUTP.
In another reaction dTTP was exchanged only by 76% dUTP, with 26% dT TP remaining in the reaction batch. The
results from both experiments were compared for the sense transcripts and antisense transcripts (see Example 5 and
Fig. 8). There is no significant deterioration in correlation when the exchange of the at least one dNTP was incomplete.
When extrapolating these results it appears that only a part of the at least one dNTP must be replaced by the at least
one corresponding degradable analogue to keep the method going with acceptable results, as shown in the caorrelation
coefficient.

[0110] Actinomycin D is a substance which selectively inhibits DNA synthesis from DNA templates, but not from RNA
templates. In a further experiment it could be shown that the presence of actinomycin D does not deteriorate significantly
the results from the inventive protocol, neither for sense nor for antisense transcripts (see Example 6 and Fig. 9).
[0111] Practical applications of the inventive method include but are not limited to the provision of suitable kits for
performing the inventive method according to the different protocols (embodiments) disclosed above.

[0112] Fig. 10 presents examples where information about transcription orientation helps to resolve overlaps of an-
notated and new genes in both yeast and mouse transcriptomes.

[0113] A kitin molecularbiology is a package which includes all necessary ingredients for performing a certain method
or singular step. Standard chemicals as present in any standard molecular biology laboratory are normally not included.
Nevertheless some of these standard chemicals may be indispensable to carry out the inventive method properly. It is
understood that all ingredients are provided in quantities that allow for a proper execution of the inventive method for
the majority of scientific, diagnostic and industrial applications.

[0114] Often, but not always, these ingredients are provided in already prepared solutions ready- or close to ready-
for-use. There may be also combinations of different ingredients already added together. A further advantage is that
such kits use to be verified. Therefore the operator doesn’t have to prove again the viability of the method and can save
on at least some control experiments. Therefore kits are a very popular tool in molecular biology laboratories in research,
diagnostics and industry.

[0115] For carrying out the key steps of the method according to the invention such a kit shall include the following
components:

A) All four dNTPs dATP, dCTP, dGTP and dTTP or corresponding analogues thereof, additionally at least one
modified dNTP used for the strand specific differentiation;

B) Primers

C) One or more DNA polymerases;

D) One or more degrading agents corresponding to the modified dNTPs and/or one or more removing agents apt

14

IDT Exhibit 1017.1750



20

25

30

35

40

45

50

55

EP 2 272 976 A1

for removing the strand containing the modified dNTPs.

[0116] Iftheprotocol of the inventive methodthat shallbe carried outincludes an amplification step anotherembodiment
of the kit should include:

A) All four dNTPs dATP, dCTP, dGTP and dTTP or corresponding analogues thereof, additionally at least one
modified dNTP used for the strand specific differentiation;

B) Primers

C) One or more DNA polymerases;

D) One or more degrading agents corresponding to the modified dNTPs and/or one or more removing agents apt
for removing the strand containing the modified dNTPs.

E) One or more polarity-specific adaptor.

[0117] If the protocol of the inventive method that shall be carried out includes an amplification step and the original
polynucleotide is a RNA another embodiment of the kit should include:

A) All four dNTPs dATP, dCTP, dGTP and dTTP or corresponding analogues thereof, additionally at least one
modified dNTP used for the strand specific differentiation;

B) Primers

C) One or more DNA polymerases;

D) One or more degrading agents corresponding to the modified dNTPs and/or one or more removing agents apt
for removing the strand containing the modified dNTPs.

E) One or more polarity-specific adaptor;

F) One or more Reverse transcriptases.

[0118] Inany of the aforegoing kits according to the invention it may be preferable to include additionally components
for removal of unmodified nucleotides by gel-filtration or purification on silica-column. Thus the kits should include the
following:

or

or

A) All four dNTPs dATP, dCTP, dGTP and dTTP or corresponding analogues thereof, additionally at least one
modified dNTP used for the strand specific differentiation;

B) Primers

C) One or more DNA polymerases;

D) One or more degrading agents corresponding to the modified dNTPs and/or one or more removing agents apt
for removing the strand containing the modified dNTPs;

E) Components for specific removal of at least one modified or at least one unmodified nucleotide by gel-filtration
or purification on silica-column.

A) All four dNTPs dATP, dCTP, dGTP and dTTP or corresponding analogues thereof, additionally at least one
modified dNTP used for the strand specific differentiation;

B) Primers

C) One or more DNA polymerases;

D) One or more degrading agents corresponding to the modified dNTPs and/or one or more removing agents apt
for removing the strand containing the modified dNTPs.

E) One or more polarity-specific adaptor.

F) Components for specific removal of at least one modified or at least one unmodified nucleotide by gel-filtration
or purification on silica-column.

A) All four dNTPs dATP, dCTP, dGTP and dTTP or corresponding analogues thereof, additionally at least one
modified dNTP used for the strand specific differentiation;

B) Primers

C) One or more DNA polymerases;

D) One or more degrading agents corresponding to the modified dNTPs and/or one or more removing agents apt
for removing the strand containing the modified dNTPs.
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E) One or more polarity-specific adaptor;

F) One or more Reverse transcriptases.

G) Components for specific removal of at least one modified or at least one unmodified nucleotide by gel-filtration
or purification on silica-column.

[0119] Another application is the use of the results of this method for improved quantitative and qualitative diagnosis
tests in selected diseases, as a part of the treatment or for prophylactic purposes. In general every disease is eligible
which includes atemporary or permanentchange in RNA expression levels. Itisalso possible to obtain abetter monitoring
of the effects of pharmaceutical agents used for therapy and/or prophylaxis of diseases provided these pharmaceutical
agents produce a characteristic expression pattern different from that in untreated patients (humans or animals). Also
improved gene expression patterns of plant, fungi, bacteria and viruses can be obtained by this method when the polarity
of transcripts is available.

[0120] A further application is the production of improved and more selective microarrays. When the polarity of tran-
scripts is known only the transcripts (respectively the antisense sequence) with a correct reading direction are mean-
ingfully included in the microarray so that the limited space on the microarray is more economically used. Respectively,
microarrays used for the generation of characteristic patterns instead of individual results may obtain a higher resolution
by omitting non-characteristic transcripts of the incorrect reading direction.

[0121] Asshown before,the advantages ofthe procedure accordingtothe invention are providing asimple, inexpensive
and reliable method for strand-specific cDNA cloning. This method is a novel and easy approach for determining the
polarity of transcripts and using this information for purposes as outlined above.

[0122] Morecver, the method according to the invention has a higher accuracy in measuring expression levels of
genes compared to RNA-Seq. Ignoring crientation of transcripts leads for example to overestimation of the expression
level for about 10% of the mouse and about 15% of the yeast genes with noticeable expression level.

Figures
[0123]
Fig. 1: Directional double-stranded DNA
(A) original single-stranded polynucleotide; (B) directional double- stranded DNA with distinguishable adap-

tors (state ofthe art); (C) directional double-stranded DNA with distinguishable strands; (D) directional double-
stranded DNA with distinguishable strands and distinguishable adapters.

Fig. 2A:  Conversion of distinguishable strands into distinguishable adaptors
(A1) Y-shaped adaptors are ligated to double-stranded DNA with distinguishable strands; modified strands
are separated from unmodified cnes; after synthesis of complementary strands or PCR- amplification double-
stranded DNA with distinguishable adapters is generated.
(A2) directional adaptors are ligated to double-stranded DNA with distinguishable strands; modified strands
are separated from unmodified ones; after PCR-amplification double-stranded DNA with distinguishable
adapters is generated.

Fig. 2B:  Conversion of distinguishable adaptors into distinguishable strands
(B1) nick introduced into one of the adapters using nicking endonuclease;
(B2) dUTP in cne of the adaptors is converted into a nick: Uracil-N- Glycosylase converts dUTP into an
abasic site and APE 1 nuclease converts the abasic site into a nick;
(B3) double-stranded DNA is destabilized in one of the Uracil-N- Glycosylase; new primer is annealed in the
destabilized region;
(B4) position for annealing of the primer is organized by action 5’ to 3 exonuclease; ancther adapter is
protected from action of 5’ to 3’ exonuclease by thio-nucleotides; nick-translation is performed by DNA
polymerase | (or Taqg polymerase) in presence of modified nucleoctides.

Fig. 3A:  Preparation of single-stranded DNA according to the inventive method using dUTP as a modified nucleotide
* double-stranded DNA is a product of PCR reaction where one of the PCR-primers has dUTP at 3’-part;
*dUTP in the PCR primer is converted into a nick: Uracil-N-Glycosylase converts dUTP into an abasic site
and APE 1 nuclease convers the abasic site into a nick;
* nick-translation is performed by DNA polymerase | (or Tag polymerase) in presence of dUTP;
* dUTP-containing strand is destroyed by Uracil-N-Glycosylase digestion and alkali hydrolysis;
* single-stranded DNA is purified by silica-based purification or gel- filtration cor electrophoretic purification.
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Fig. 4:

Fig. &:

Fig. 6:

Fig. 7:

Fig. 8:

Fig. 9:

Fig. 10
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Preparation of single-stranded DNA according to the inventive method using biotinilated nucleotides

* the double-stranded DNA is a product of PCR reaction where one of the PCR-primers has dUTP at 3’-part;
*dUTP inthe PCR primer is converted into a nick: Uracil-N-Glycosylase converts dUTP into an abasic site
and APE 1 nuclease converts the abasic site into a nick;

* nick-translation is performed by DNA polymerase | (or Taq polymerase) in presence of biotin-associated
dTTPs and/or biotin- associated dUTPs;

* strands are separated using streptavidine-coated particles;

Flowchart of the inventive method
RNA is shown in red colour, DNA in green. Arrows are in 5’ to 3’ direction.

Schematic view of the inventive method on the level of base pairs

EXxpression profile of a yeast gene

(A) A conventional transcriptional profile of the yeast YGR203W gene without orientation is shown. Vertical
lines mark the boundaries of the YGR203W gene as they were determined previously

(B) A transcriptional profile of the yeast YGR203W gene with orientation according to the inventive method
is depicted. Reads mapped in the forward direction are shown in blue, in the reverse direction in red.

Scatter plots comparing mouse mRNA expression data (number of reads in annotated genes)

(A) The same mouse liver sample, strand-specific (according to the method, X-axis) and strand-unspecific
(RNA-Seq, Y-axis) protocols (Pearson correlation coefficient (cc) = 0.999). A distribution close te unity would
corresponds to a high correlation in these scatter plots.

(B) results according to the method for two biological replicas (mouse whole brain mRNA); cc=0.990.

(C) Mouse whole brain expression data according to the method (X- axis) and data from Mortazavi et al.
2008 (Y-axis); cc=0.817.

(D) Sense (X-axis) and antisense (Y-axis) expression in mouse brain. Thus the inventive method allows for
a good differentiation of sense and antisense transcripts.

Comparison of ssRNA-Seq results for protocols using 75%/25% dUTP/dTTP mixture and 100% dUTP
(A) Scatter plot of levels of sense transcription.

(B) Scatter plot of levels of antisense transcription.

Still a good correlation can be reached. Thus the inventive method does not depend cn a complete exchange
of at least one dNTP by a degradable analogue.

Comparison of ssRNA-Seq results for protocols with and without actinomycin D added to the reverse tran-
scription reaction

(A) Scatter plot of levels of sense transcription.

(B) Scatter plot of levels of antisense transcription.

X-Axe: with actinomycin D; Y-Axe: without actinomycin D. The use of actinomycin D does not bias significantly
the correlation when using sense strands.

Examples of overlapping genes and novel gene-candidates
A. S. cerevisiae transcriptome. Overlapping tails of two genes:
B. S. cerevisiae transcriptome. Overlapping of three genes:
C. S. cerevisiae transcriptome. Novel gene-candidate between

D. Mouse whole brain transcriptome. Overlapping genes: Ncaph2 and Ecgf1.

E. Mouse whole brain transcriptome. genes: Mrpl24 and BC023814.

F. Mouse whole brain transcriptome. One unannotated and one incorrectly annotated exon of Cdc42bpa
mouse gene.

G. Mouse whole brain transcriptome. Novel exon of Chd3 gene.

H. Mouse whole brain transcriptome. Novel gene-candidate.

ssRNA-Seq stands for single-strand RNA sequencing carried cut according to the method.
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Examples
Example 1: Transcriptome of Saccharomyces cerevisiae
[0124] Inthis example an application of the method according to the invention in a preferred embodiment is presented.
Strand-specific sequencing of the yeast transcriptome is performed. Subsequently, the sequence of each clone is
determined and matched with already existing DNA sequence of the yeast genome.
RNA isolation:
[0125] VYeaststrainBY4741 (MATa; his3A 1, leu2A0; met15A0; ura3A0) was grownin rich medium (YPD; BD Company)
at 30°C overnight, diluted to an ODg,, of 0.15 and grown until reaching an ODg, of 0.87. The cells were harvested by
centrifugation at room temperature, washed once with 1xPBS, and frozen in liquid nitrogen. Total RNA was extracted

using the RiboPure™-Yeast kit (Ambion) and analyzed by an Agdilent 2100 bioanalyzer (Agilent Technologies).

polyA* RNA purification:

[0126] polyA+ RNA was purified with the Dynabeads mRNA purification kit (Invitrogen) following manufacturer’s in-
structions and treated for 30 min at 37°C with 0.2 u TURBO™ DNase (Ambion) per 1 png of RNA.

First strand synthesis (FSS):

[0127] A typical FSS reaction was prepared by mixing 0.5 pg of polyA+ RNA, 40 ng of (dN)g primers (Invitrogen) and
25 pmol of oligo(dT) primer (Invitrogen) in 8.5 wl of 1x reverse transcription buffer (Invitrogen), 0.5 mM dNTP’s, 5 mM
MgCl, and 10 mM DTT. The mixture was incubated at 98°C for 1 min to melt RNA secondary structures, then at 70°C
for 5 min and was ramped to 15°C at 0.1°C/sec. Slow temperature ramp was used to make secondary structures of RNA
and primers annealing as reproducible as possible. At 15°C 0.5 pl of actinomycin D solution (120 ng/ul), 0.5 pl of RNase
OUT (40 u/pl, Invitrogen) and 0.5 pl of Superscript Il polymerase (200 u/ul, Invitrogen) were added to the reaction.
Reverse transcription reaction temperature was increased gradually as a compromise between survival of the enzyme,
stability of the primers and denaturation of RNA secondary structures: ramp from 15 to 25°C at 0.1 ‘C/sec; incubation
at 26°C for 10 min; ramp from 25 to 42°C at 0.1 *C/sec; incubation at 42°C for 45 min; ramp from 42 to 50°C at 0.1°C/sec;
incubation at 50°C for 25 min. Superscript |ll polymerase was finally inactivated at 75°C for 15 min.

Removal of dNTPs:

[0128] 20 pl of EB (10 mM TrisCl, pH 8.5, Qiagen) was added to the reaction. dNTPs were removed by purification
of the first strand mixture on a self-made 200 pl G-50 gel-filtration spin-column equilibrated with 1 mM TrisCl, pH 7.0.

Second strand synthesis (SSS):

[0129] The Invitrogenkit for second strand synthesis was used. Therefore the first strand synthesis buffer was restored
after gel-filtration column. It is possible to prepare self-made buffer and reduce the number of buffers. Water was added
to the purified FSS reaction to bring the final volume to 62.5 pl. The mixture was cooled on ice. Then 22.5 pl of the
"second strand mixture" (1 ul of 10 x reverse transcription buffer (Invitrogen); 0.5 pl of 100 mM MgCl,; 1 pl of 0.1 M
DTT; 2 pl of 10 mM mixture of each: dATP, dGTP, dCTP, dUTP; 15 pl of 5x SSS buffer (Invitrogen); 0.5 .l of E.coli
ligase (10 u/pl, NEB); 2 pl of DNA polymerase | (10 u/pl, NEB) and 0.5 .l RNase H (2u/pl, Invitrogen)) were added.
SSS reaction was incubated at 16°C for 2 hours. ds cDNA was purified on QlAquick columns (Qiagen) according to the
manufacturer’s instructions.

DNA fragmentation:

[0130] About 250 ng of double-stranded cDNA was fragmented by sonication on a UTR200 (Hielscher Ultrasonics
GmbH, Germany) under the following conditions: 1 hour, 50% pulse, 100% power, and continuous cooling by 0°C water
flow-through.

Preparation of libraries for lllumina sequencing platform:

[0131] Libraries were prepared using the DNA sample kit (#FC-102-1002, lllumina), as described in (Sultan et al.
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2008), but with the following modifications: just before library ampilification uridine digestion was performed at 37°C for
15 min in 5 pl of 1 x TE buffer, pH 7.5 with 1 u UNG (Applied Biosystems).

[0132] Procedure of paired-end sequencing library preparation was the same except that other ligation adapters and
PCR primers were used (#PE-102-1002, lllumina).

Sequencing:

[0133] Amplified material was loaded onto flowcell at 4 pM concentration. Sequencing was carried out on the Illlumina
1 G Genome Analyser by running 36 cycles according to the manufacturer’s instructions.

Data analysis:

[0134] Images deconvolution, quality values calculation, mapping of exonic reads and exen junctions were performed
as described in the art. Sequencing reads were aligned to S. cerevisiae (UCSC sacCerl) genomes using modification
of Eland software (Gerald module v.1.27, lllumina). The mapping criteria of Eland are the following: sequencing read
should be uniquely match to the genome allowing up to two mismatches, without insertions or deletions. The following
recursive modification of Eland procedure was applied: first 32 bp of reads (trimming the last 4 bp of 36 bp reads due
to Eland limitations) were aligned, then reads which do not match on reference by Eland criteria were trimmed to 31 bp,
and aligned again. This 3"-end trimming of unmatched reads was done recursively down to 25 bp length. The modified
procedure increases gain of uniquely aligned fragments typically by 20-560%, because the sequencing errors, which
prevent successful alignment by Eland criteria, are located mostly cn reads ends, which are gradually trimmed. Under
these conditions, ~60% of the reads obtained here are matched to unique locations of the reference genome, whereas
~25% of the reads map to more than one genomic position and about 15% do not map.

Mapping end tags:
[0135] Unmapped sequencing reads with 1-11 nt long leading oligo(dT) stretches were used for mapping of the 3’-
gene boundaries. Leading olige(dT) stretches were removed, and if the remaining fragment length was longer or equal

to 25 bp, it was aligned on reference genome.

Search for novel genes:

[0136] The search for novel genes in yeast using RNA-Seq was previously performed. Such an algorithm was not
used herein, since it was not accurately described in the art. To estimate roughly how the knowledge of RNA orientation
influences the number of novel gene-candidates the following procedure was used. A search algorithm presented below
gives 377 novel gene candidates without taking into account RNA orientation. It is about the same number as in the art.
To use information about RNA orientation the search was performed twice (for reads mapped in the forward direction
and then for reads mapped in the reverse direction), yielding in 549 novel gene candidates in forward orientation and
512 - in reverse. The whole genome was split into 50 bp windows (non-sliding). A "new gene" was defined as a joined
group of more than 2 consecutive windows, with at least 2 sequence reads (of the same direction) mapped per window.
The gap between "new genes" should be at least 50 bp, the gap between "new gene" and an annotated gene (with the
same transcription direction as the "new gene") - at least 100 bp.

[0137] With the RNA-Seq procedure it is possible to determine the 3’-boundaries of genes using those sequencing
reads, which overlap with 3’-borders of genes. These reads may be mapped to the reference genome only after removal
of oligo(dT) tail. The inventive method has the advantage of reduced noise in comparison with the RNA-Seq protocol
because only one orientation of the homopolymeric stretch is allowed.

Example 2: Transcriptome of the brain of Mus musculus

[0138] In this example a further application of the method according to the invention is presented. Strand-specific
sequencing of the whole mouse brain transcriptome is performed. Subsequently, the sequence of each clone is deter-
mined and matched with already existing DNA sequence of the mouse genome. Methods are similar to those used in
Example 1. Therefore only steps which differ from Example 1 are indicated.

RNA isolation:
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