CLAIMS
What is claimed is:

1. A method, comprising:

providing a first plurality of double stranded target polynucleotide fragments,

each fragment having a first end and a second end;

providing a first adapter oligonucleotide comprising a first strand having a 5’

end and a 3’ end and a second strand having a 5” end and a 3’ end,

wherein the first adapter oligonucleotide comprises (i) a double
stranded region comprising the 5 end of the first strand and the
3’ end of the second strand, and (ii) a single stranded region in
which the first and second strands are single stranded, wherein
the single stranded region comprises the 3’ end of the first

strand and the 5’ end of the second strand,

wherein the first adapter oligonucleotide comprises a first library-

specific sequence,

wherein the 3’ end of the first strand is modified to prevent digestion
by an enzyme having 3’ exonuclease activity and wherein the
5’ end of the second strand is modified to prevent digestion by

an enzyme having 5’ exonuclease activity;

incubating the first adapter oligonucleotide and the first plurality of double
stranded target polynucleotide fragments under conditions suitable to
ligate the 5° end of the first strand of the first adapter and the 3’ end of
the second strand of the first adapter to the first and second ends of the
double stranded target polynucleotide fragments to produce a first
library of polynucleotides comprising first adapter-target-first adapter

sequences; and

contacting the first library of polynucleotides with an exonuclease, wherein

the exonuclease comprises 3” and 5’ single stranded exonuclease
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activity, to selectively degrade first adapter oligonucleotides that are

not ligated to the double stranded target polynucleotide fragments.

A method according to claim 1, wherein the exonuclease comprises an activity
for double-stranded DNA without nicking to degrade the double stranded
target polynucleotide fragments to which the first adapter oligonucleotides are

not ligated to both ends.
A method according to claim 1 or claim 2,

wherein the 3’ end of the first strand of the first adapter comprises a
phosphorothioate bond, wherein a single stranded DNA binding
protein is bound to the 3’ end of the first strand of the first adapter,
wherein biotin is attached to the 3’ end of the first strand of the first
adapter, or wherein an antibody is attached to the 3’ end of the first

strand of the first adapter; and

wherein the 5” end of the second strand of the first adapter comprises a
phosphorothioate bond, wherein a single stranded DNA binding
protein is bound to the 5’ end of the second strand of the first adapter,
wherein biotin is attached to the 5° end of the second strand of the first
adapter, or wherein an antibody is attached to the 5’ end of the second

strand of the adapter.

A method according to claim 1 or claim 2, wherein the 3’ end of the first
strand of the first adapter comprises three phosphorothioate bonds, and
wherein the 5” end of the second strand of the first adapter comprises three

phosphorothioate bonds.

A method according to any one of claims 1 to 4, wherein the first library of

polynucleotides are purified.

A method according to any one of claims 1 to 5, further comprising:

providing a substrate having a surface comprising a plurality of attached

oligonucleotides having a free 3’ end; and
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contacting the surface of the substrate with a composition comprising the
purified first library of polynucleotides under conditions that permit
hybridization of a portion of a strand of the first adapter of the first
adapter-target-first adapter sequences to at least a portion of the

oligonucleotides attached to the surface of the substrate.

A method according to claim 6, further comprising extending the
oligonucleotides attached to the surface of the substrate from the free 3’ end
by incorporating nucleotides complementary to a sequence of the first adapter-
target-first adapter polynucleotides hybridized to the attached oligonucleotides
to produce a copy of the hybridized first library polynucleotide such that the
copy is attached to the surface of the substrate.

A method according to claim 7, further comprising amplifying the copy

attached to the surface of the substrate.

A method according to any one of claims 1 to 8, wherein the method further

comprises:

providing a second plurality of double stranded target polynucleotide

fragments, each fragment having a first end and a second end;

providing a second adapter oligonucleotide comprising a first strand having a

5’ end and a 3’end and a second strand having a 5’ end and a 3’ end,

wherein the second adapter oligonucleotide comprises (i) a double
stranded region comprising the 5’ end of the first strand and the
3’ end of the second strand, and (ii) a single stranded region
comprising the 3’ end of the first strand and the 5’end of the

second strand,

wherein the 3’ end of the first strand is modified to prevent digestion
by an enzyme having 3’ exonuclease activity and wherein the
5’ end of the second strand is modified to prevent digestion by

an enzyme having 5’ exonuclease activity,
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10.

11.

wherein the second adapter comprises a second library-specific

sequence different from the first library-specific sequence;

incubating the second adapter oligonucleotide and the second plurality of
double stranded target polynucleotide fragments under conditions
suitable to ligate the 5° end of the first strand of the second adapter and
the 3” end of the second strand of the second adapter to the first and
second ends of the double stranded target polynucleotide fragments to
produce a second library of polynucleotides comprising second

adapter-target-second adapter sequences; and

contacting the second library of polynucleotides with an exonuclease, wherein
the exonuclease comprises 3’ and 5’ single stranded exonuclease
activity, to selectively degrade second adapter oligonucleotides that are

not ligated to the double stranded target polynucleotide fragments

A method according to claim 9, wherein the exonuclease contacted with the
second library of polynucleotided comprises an activity for double-stranded
DNA without nicking to degrade the double stranded target polynucleotide
fragments to which the second adapter oligonucleotides are not ligated to both

ends.
A method according to claim 9 or claim 10,

wherein the 3’ end of the first strand of the second adapter comprises a
phosphorothioate bond, wherein a single stranded DNA binding
protein is bound to the 3’ end of the first strand of the second adapter,
wherein biotin is attached to the 3° end of the first strand of the second
adapter, or wherein an antibody is bound to the 3’ end of the first

strand of the second adapter; and

wherein the 5° end of the second strand of the second adapter comprises a
phosphorothioate bond, wherein a single stranded DNA binding
protein is bound to the 5’ end of the second strand of the second

adapter, or wherein biotin is attached to the 5° end of the second strand
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12.

13.

14.

15.

16.

17.

of the second adapter, or wherein an antibody is bound to the 5’ end of

the second strand of the second adapter.

A method according to claim 9 or claim 10, wherein the 3° end of the first
strand of the second adapter comprises three phosphorothioate bonds, and
wherein the 5° end of the second strand of the second adapter comprises three

phosphorothioate bonds.

A method according to any one of claims 9 to 12, wherein the second library
of polynucleotides are purified.

A method according to claim 13, wherein purifying the second library of
polynucleotides and purifying the first library of polynucleotides comprises
combining the first and second libraries of polynucleotides and simultaneously
purifying the first and second libraries of polynucleotides.

A method according to claim 13, further comprising:

providing the substrate having a surface comprising a plurality of attached

oligonucleotides having a free 3’ end; and

contacting the surface of the substrate with a composition comprising the
purified second library of polynucleotides under conditions that permit
hybridization of a portion of a strand of the second adapter of the
second adapter-target-second adapter sequences to at least a portion of
the oligonucleotides attached to the surface of the substrate.

A method according to claim 15, further comprising extending the
oligonucleotides attached to the surface of the substrate from the free 3* end
by incorporating nucleotides complementary to a sequence of the second
adapter-target-second adapter polynucleotides hybridized to the attached
oligonucleotides to produce a copy of the hybridized second library

polynucleotide such that the copy is attached to the surface of the substrate.

A method according to claim 16, further comprising amplifying the copy of

the second library polynucleotide attached to the surface of the substrate.
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18.

19.

20.

An oligonucleotide adapter for ligating to a target polynucleotide prior to

sequencing, comprising:
a first oligonucleotide strand having a 5’ end and a 3’ end; and
a second oligonucleotide strand having a 5’ end and a 3’ end,

wherein a region of the 5” end of the first strand comprises nucleotides
complementary to nucleotides in a region of the 3’ end of the second

strand such that the complementary regions are double-stranded,

wherein a region of the 3’ end of the first strand and a region of the 5° end of
the second strand are sufficiently non-complementary to be single-

stranded,

wherein at least one of the first strand and the second strand comprises a
library-specific index tag sequence, and

wherein the 3’ end of the first strand is modified to prevent digestion by an
enzyme having 3’ exonuclease activity and wherein the 5’ end of the
second strand is modified to prevent digestion by an enzyme having 5’

exonuclease activity.

An oligonucleotide adapter according to claim 18,

wherein the double stranded region is double-stranded under standard ligation

conditions, and

wherein the single-stranded regions are single stranded under standard ligation

conditions.
An oligonucleotide adapter according to claim 18 or claim 19,

wherein the 3” end of the first strand comprises a phosphorothioate bond,
wherein a single stranded DNA binding protein is bound to the 3’ end
of the first strand, wherein biotin is attached to the 3’ end of the first
strand, wherein an antibody is attached to the 3’ end of the first strand;

and
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21.

22.

23.

24,

25.

26.

27.

and

28.

wherein the 5’ end of the second strand comprises a phosphorothioate bond,
wherein a single stranded DNA binding protein is bound to the 5’ end
of the second, wherein biotin is attached to the 5° end of the second
strand, or wherein an antibody is attached to the 5’ end of the second

strand.

The oligonucleotide adapter according to claim 18 or claim 19, wherein the 3’
end of the first strand comprises three phosphorothioate bonds, and wherein
the 5° end of the second strand comprises three phosphorothioate bonds.

A kit comprising:

an oligonucleotide adapter according to any one of claims 18-21; and

an exonuclease.

A kit according to claim 22, wherein the exonuclease comprises 3’

exonuclease activity and 5’ exonuclease activity.

A kit according to claim 22 or claim 23, wherein the exonuclease comprises

activity for double-stranded DNA without nicking.

A kit according to claim 22, wherein the exonuclease comprises a first
exonuclease having 3’ exonuclease activity and a second exonuclease having

5’ exonuclease activity.
A kit according to claim 22, wherein the exonuclease is Exonuclease V.

A composition comprising an adapter according to any one of claims 18-21;

an exonuclease.

A composition comprising:
an adapter according to any one of claims 18-21; and

a plurality of double stranded target polynucleotide fragments, each fragment

having a first end and a second end.
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29.

30.

31.

32.

33.

A composition according to claim 28, further comprising a ligase.

A composition comprising:

a plurality of polynucleotides comprising a first adapter-target-second adapter

sequence,

wherein the target sequence is double stranded, a region of the first adapter in
proximity to the target is double stranded, a region of the second
adapter in proximity to the target is double stranded, a region of the
first adapter distal to the target comprises two single strands, each
having an end, and a region of the second adapter distal to the target

comprises two single strands, each having an end,

wherein at least one strand of the two single strands of the first or second
adapter comprises a library-specific index tag sequence, and

wherein each end of the two single strands of the first and second adapters are

modified to prevent digestion by an exonuclease.

A composition according to claim 30, wherein the each of the two single
strands of the first and second adapters comprises a phosphorothioate bond.

A composition according to claim 30, wherein the each of the two single
strands of the first and second adapters comprises three phosphorothioate

bonds.

A composition according to any one of claims 30-32, further comprising:

an adapter comprising a first oligonucleotide strand having a 5* end and a 3’

end; and a second oligonucleotide strand having a 5’ end and a 3’ end,

wherein a region of the 5 end of the first strand comprises nucleotides
complementary to nucleotides in a region of the 3’ end of the second

strand such that the complementary regions are double-stranded,

wherein a region of the 3’ end of the first strand and a region of the 5° end of
the second strand are sufficiently non-complementary to be single-
stranded,
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34.

wherein at least one of the first strand and the second strand comprises a

library-specific index tag sequence, and

wherein the 3’ end of the first strand is modified to prevent digestion by an
enzyme having 3’ exonuclease activity and wherein the 5’ end of the
second strand is modified to prevent digestion by an enzyme having 5’

exonuclease activity.

A composition according to any one of claims 30-33, further comprising an

exonuclease.
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