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Claims

1. A method for identifying DNA double-strand breaks (DSBs) in a nucleif acid
sample comprising
5 i) exposing a sample of nucleic acid suspected of containing D$Bs, under
ligation conditions, to a first pair of oligonucleotides a firstOne of which
comprises a 5’ binding feature that enables ligation of saig oligonucleotide
to a first strand of said DSB, a hybridization site (RD1 AP) to which a first
sequencing primer can bind and a binding sequengé for separating said
10 DSB from a pool of DSBs; and a second Lligonucleotide that is
complementary to said first oligonucleotide of the first pair and comprises a
3’ binding feature that enables ligation of sajd oligonucleotide to a second
strand of said DSBs; wherein either oy both of said oligonucleotides
comprise, a 3’ and/or 5’ protective featuye;
15 i) fragmenting the nucleic acid of said sg&mple into fragments;

iii) exposing said fragments, under Jgation conditions, to a second pair of
oligonucleotides a first one of yfhich comprises a 5 binding feature, that
enables ligation of said oligofucleotide to a first strand of said fragmented
nucleic acid and a hybpdization site (RD2 SP) to which a second

20 sequencing primer can Jind; and a second longer oligonucleotide that is in
part complementary fo said first oligonucleotide of the second pair and
comprises a 3’ bpding feature for binding to a second strand of said
fragmented nugkeic acid, a sequence complimentary to said hybridization
site, and a fdrther sequence that is, optionally, a binding sequence for

25 enabling Mridge amplification; and wherein either or both of said
oligonugfeotides comprise a 3’ and/or 5’ protective feature;

iv) denayliring the fragments to provide single strand nucleic acids;

V) separating the strands of part iv) into two groups: group A those fragments

at have ligated at a first end the first hybridization site and binding
sequence provided by the oligonucleotide of part i) and at another end the
second hybridization site and further sequence provided by the
oligonucleotide of part iii) and group B those fragments that do not have
ligated at a first end the hybridization site and binding sequence provided
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Vi)

. The method of claim 1, wherein the oligonucleotide of

by the oligonucleotide of part i) and at another end the second hybridization
site and further sequence provided by the oligonucleotide of part iii); and
sequencing the strands of group A using primers that bind to the first agid/or

of said species from which the sample was taken.

e second pair that
comprises a 5 binding feature does not comprise g/binding sequence for

separating said fragmented nucleic acid.

The method of claim 1 or claim 2 wherein the oligonucleotides of part i) and part
iii) are interchanged whereby, after fragmenfing in step ii), the nucleic acid is
first exposed to the oligonucleotides of part iii) and the nucleic acid is then
exposed to the oligonucleotides of parts

The method of any one of claimg/1 to 3 wherein said nucleic acid sample is

any one of the preceding claims wherein said 5’
and/or 3’ binding featurg comprises one of the following: a phosphate group; a
triphosphate ‘T-tail'/ preferably a deoxythymidine triphosphate ‘T-tail'; a
triphosphate ‘A-taff, preferably a deoxyadenosine triphosphate ‘A-tail’; at least

one random N gucleotide, and a plurality of N nucleotides.

one/or more of the following: phosphorylation activity, phosphatase activity,
tofminal transferase activity, nucleic acid hybridization, endonuclease activity,

exonuclease activity, ligase activity, polymerase activity, and protein binding.
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7.

The method according to claim 6 wherein said protective features comprises a
phosphorothioate linkage, a dideoxynucleotide or a covalent block, /a
phosphoramidite, a C3 Spacer phosphoramidite (3SpC3).

The method according to any one of the preceding claims whergin said 5’
binding feature of said first oligonucleotide of part i) is a phosphge group and

said 3’ binding feature of said second oligonucleotide of part i) i€ a triphosphate

tail.

The method according to any one of the preceding claphs wherein said first and
second oligonucleotides of part i) also comprise An index feature that is a
particular sequence of nucleotides that enables {fle origin of pooled samples to
be determined.

10.The method according to any one of te preceding claims wherein said first

11

oligonucleotide of part i), reading 5’ 0 3°, comprises a 5’ binding feature and
then, optionally, a protective featuge, a hybridization site (RD1 SP) to which a
sequencing primer can bind, Zn index sequence, a binding sequence for
separating said DSB from a pool of DSBs, and a 3’ binding and/or protective

feature.

. The method accordighy to claim 10 wherein said binding feature is a phosphate

group.

12. The method/according to any one of the preceding claims wherein said second

oligonuclgotide of part i), reading 3’ to 5°, comprises a 3’ binding feature and
then, gptionally, a protective feature, a hybridization sequence (RD1 SP) to
whigh a sequencing primer can bind, an index sequence, a binding sequence
separating said DSB from a pool of DSBs and a 5’ binding and/or protective

feature.
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13. The method according to claim 12 wherein the 3’ binding feature comprises a
3’ deoxythymidine triphosphate “T-tail' and also a phosphorothioate linkage.

14. The method according to any one of the preceding claims wherein ejher the
first and/or second oligonucleotide of the first oligonucleotide paiy of part i)

comprises two different terminal protective features.

15.The method according to any one of the preceding claipds wherein said 5
binding feature of said first oligonucleotide of the secondgligonucleotide pair of
part iii) is a phosphate group and said 3’ binding Aeature of said second

oligonucleotide of part iii) is a triphosphate tail.

16. The method according to any one of the precgdling claims wherein said first and
second oligonucleotides of part iii) also gbmprise an index feature that is a
particular sequence of nucleotides that ghables the origin of pooled samples to
be determined.

17.The method according to any offe of the preceding claims wherein said second
oligonucleotide of part iii), reading 5 to 3’ comprises a 5’ binding feature and
then, optionally, a protectiye feature, a further sequence for, optionally, enabling
bridge amplification, anfhdex sequence, a hybridization site (RD2 SP) to which
a sequencing primerfLan bind, and a 3’ binding and/or protective feature.

18.The method agcording to any one of the preceding claims wherein either the
first or secofid oligonucleotide of this second oligonucleotide pair of part iii)

compriseg two different terminal protective features.

19.The¢/ method according to any one of the preceding claims wherein said

igonucleotides of part i) comprises a first oligonucleotide having SEQ ID NO.
1 and a second oligonucleotide having SEQ ID NO. 2; or an oligonucleotide
that shares at least 80% identity or homology with SEQ ID NO. 1 or 2.
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20. The method according to any one of the preceding claims wherein said second
pair of oligonucleotides of part iii) comprises a first oligonucleotide having S
ID NO. 3 and a second oligonucleotide having SEQ ID NO. 4; of an
oligonucleotide that shares at least 80% identity or homology with SE NO.
3or4.

21.The method according to any one of the preceding claims wheg€in said second
oligonucleotide of said second pair of oligonucleotides of pagfiii) comprises any
one of the following sequences; SEQ ID NOs. 4 — 28; or g/ oligonucleotide that

shares at least 80% identity or homology with one of SEQ ID NO. 4-28.

22.The method according to any one of the precedipQ claims wherein said sample

is mammalian or human.

23.The method according to any one of thefreceding claims wherein said ligation

in part i) occurs in situ or in vitro using/ a cell or tissue sample.

24. The method according to any pyeceding claim wherein said sample is exposed

to a permeabilizing agent bejOre step i) is undertaken.

25. The method accordingfo any one of the preceding claims wherein said sample
is exposed to at leggt one agent for performing arginine tail repair before step
i) is undertaken.

26. The methog according to any one of the preceding claims wherein part i) also
includes£xtracting gDNA from said sample prior to performing the subsequent

27 ./he method according to any one of the preceding claims wherein said method
further comprises after part ii) and/or part iv), removing fragments whose size
is less than about 100bp, or less than about 150bp, and/or retaining fragments
whose size is greater than about 150bp.
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28.The method according to any one of the preceding claims wherein sgd
separating of part v) involves using said binding sequence provided by/the
oligonucleotide of part i) to bind a partner and so separate the Group A gtrands

5 of part iv) from any other strands.

29.The method of claim 28 wherein a complementary binding/trand to said
binding sequence provided by the oligonucleotide of part iY/is anchored to a
substrate and said single strands of nucleic acids flow by, ¢f over, the anchored
10 complementary binding strand.

30.The method according to any one of the precedling claims wherein part vi)
involves bridge amplification where the single gtrands separated under part v)
are clonally amplified on a substratg that has anchored thereon

15 oligonucleotides/binding sites for the/ binding sequence of the first
oligonucleotide of part i) and the furthe/Sequence of the second oligonucleotide
of part iii).

31.The method according to any’ one of the preceding claims wherein prior to
20 performing the claimed phethod, a sample containing or suspected of
containing, a single strand break is ligated or broken to ensure the single strand

break is converted intg a double strand break.

32.A kit of parts fgr identifying DNA double-strand breaks (DSBs) in a gDNA

25 sample comp/ising
i) a first gair of oligonucleotides a first one of which comprises a 5’ binding
featyfe that enables ligation of said oligonucleotide to a first strand of said
DgZB, a hybridization site (RD1 SP) to which a first sequencing primer can
ind and a binding sequence for separating said DSB from a pool of DSBs;
and a second oligonucleotide that is complementary to said first
oligonucleotide of this first pair and comprises a 3’ binding feature for
binding to a second strand of said DSBs; and wherein either or both of said

oligonucleotides comprise a 3’ and/or 5’ protective feature; and
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i)

33. A kit for sample preparation for identifying DSBs i

comprising

i)

a second pair of oligonucleotides a first one of which comprises a 5’ binding
feature, that enables ligation of said oligonucleotide to a first strand of sg/d

said DSBs,
a sequence complimentary to said hybridization site, and a fufther sequence

comprises a 3’ binding feature for binding to a second strand

which is, optionally, a binding sequence for enabling brjdge amplification;
and wherein either or both of said oligonucleotides cofiprise a 3’ and/or 5°

protective feature.
a gDNA sample,
a first pair of oligonucleotides, a first gfie of which comprises a 5°
binding feature that enables ligatioy of said oligonucleotide to a strand
of a double-stranded nucleic acig, and comprises a sequence
according to TCGGTGGTCGZCGTATCATT (SEQ ID NO: 31); and a
second oligonucleotide thayis complementary to said first
oligonucleotide of the firgt pair; and wherein either or both of said
oligonucleotides compfise, respectively, a 3’ and/or 5’ protective
feature; and
a second pair of gligonucleotides, a first one of which does not
comprise a sefuence of more than 5, 10, 15, or 20 bases, or does not
comprise g 24 bases, of the sequence
ATCTCGTATGCCGTCTTCTGCTTG (SEQ ID NO: 30); and a second
oligonfcleotide that comprises a 3’ binding feature that enables

lon of said oligonucleotide to a strand of a double-stranded

cleic acid and comprises a sequence according to
CAAGCAGAAGACGGCATACGAGAT (SEQ ID NO: 32); and wherein
either or both of said oligonucleotides comprise, respectively, a 3’

and/or 5’ protective feature.

34. A kit for sample preparation for identifying DSBs in a gDNA sample,

comprising
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i) a first pair of oligonucleotides, a first one of which comprises a 5’
binding feature that enables ligation of said oligonucleotide to a stran
of a double-stranded nucleic acid, and comprises a sequence
according to ATCTCGTATGCCGTCTTCTGCTTG (SEQ ID NO:80);

5 and a second oligonucleotide that is complementary to said figst
oligonucleotide of the first pair; and wherein either or both ¢f said
oligonucleotides comprise, respectively, a 3’ and/or 5’ prgtective
feature; and

i) a second pair of oligonucleotides, a first one of whigh does not

10 comprise a sequence of more than 5, 10, or 15 bases, or does not
comprise all 20 bases, of the sequence
TCGGTGGTCGCCGTATCATT (SEQ ID N@: 31); and a second
oligonucleotide that comprises a 3’ bindifg feature that enables
ligation of said oligonucleotide to a styAnd of a double-stranded

15 nucleic acid and comprises a sequghce according to
AATGATACGGCGACCACCGA/SEQ ID NO: 34); and wherein either
or both of said oligonucleotidgh comprise, respectively, a 3" and/or 5’
protective feature.

20 35.The kit according to claim 36 or 34, wherein the first oligonucleotide of the first
pair and/or the second pAir of oligonucleotides comprises a hybridization site
to which a first sequepfing primer can bind.

36. The kit accordigfg to any one of claims 32 or 35 wherein said first and second
25 oligonucleotides of part i) and/or part ii) also comprise an index feature that is
a particulgf sequence of nucleotides that enables the origin of pooled samples

to be dgtermined.

37. The kit according to any one of claims 32, 35, or 36, wherein said kit further

omprises at least one primer that bind to the first and/or second hybridization

sites for the purpose of sequencing.
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38.The kit according to claims 32 to 37, wherein said kit further comprises
fragmenting agents and/or denaturing agents for fragmenting and/or denaturigg
the nucleic acid into fragments and/or single strands, respectively.

5 39. A double strand adaptor for identifying DNA double-strand breaks (PSBs) in a
nucleic acid sample, such as a gDNA sample, comprising:
a first oligonucleotide strand comprising a 5’ binding featyfe that enables
ligation of said oligonucleotide to a first strand of said D#B, a hybridization
site (RD1 SP) to which a sequencing primer can/bind and a binding
10 sequence for separating said DSB from a pool of DSBs; and a second
oligonucleotide strand that is complementary t¢ said first oligonucleotide
and comprises a 3’ binding feature for binding to a second strand of said
DSBs; and wherein either or both of said/ligonucleotides comprise a 3’
and/or 5’ protective feature.
15
40. A double strand adaptor for identifying/DNA double-strand breaks (DSBs) in a
nucleic acid sample, such as a gDNA sample, comprising:
a first oligonucleotide strand gomprising a 5 binding feature, that enables
ligation of said oligonuclgbtide to a first strand of said DSB, and a
20 hybridization site (RD2 @P) to which a sequencing primer can bind; and a
second longer oligonyCleotide strand that is in part complementary to said
first oligonucleotidg/ and comprises a 3’ binding feature for binding to a
second strand /of said DSBs, a sequence complimentary to said
hybridization gite, and a further sequence, which is, optionally, a binding
25 sequence jor enabling bridge amplification; and wherein either or both of

said olig#nucleotides comprise a 3’ and/or 5’ protective feature.

41.The aglaptor of claim 39 or 40 wherein said first and second oligonucleotides
alsg/Comprise an index feature that is a particular sequence of nucleotides that

30 gfiables the origin of pooled samples to be determined.

2. A double strand adaptor for identifying DNA double-strand breaks (DSBs) in a

nucleic acid sample, comprising:
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a first oligonucleotide strand which does not comprise a sequence of more
than 5, 10, 15, or 20 bases, or does not comprise all 24 bases, of the sequenc,
ATCTCGTATGCCGTCTTCTGCTTG (SEQ ID NO: 30); and a secgnd

32); and wherein either or both of said oligonucleotides compris¢/, respectively,

a 3’ and/or 5’ protective feature.

10 43. A double strand adaptor for identifying DNA double-strgnd breaks (DSBs) in a
nucleic acid sample, comprising:

a first oligonucleotide strand which does pot comprise a sequence of

more than 5, 10, or 15 bases, or does ngt comprise all 20 bases, of the

sequence TCGGTGGTCGCCGTATQATT (SEQ ID NO: 31); and a

15 second oligonucleotide that compriges a 3’ binding feature that enables
ligation of said oligonucleotide tg’a strand of a double-stranded nucleic

acid and comprises a sequence according to
AATGATACGGCGACCACLZGA (SEQ ID NO: 34); and wherein either or

both of said oligonuclegtides comprise, respectively, a 3’ and/or 5’

20 protective feature.

44. A method of sample freparation for identifying DNA double-strand breaks
(DSBs) in a nucleic Acid sample, wherein the preparation comprises modifying
DSB-associated Aiucleic acids to be suitable for binding to a substrate
25 comprising impAobilised primers, the method comprising:

a) proviging a sample comprising a plurality of nucleic acids;

b) exgosing the plurality of nucleic acids to a first adaptor under conditions
onducive to ligation, wherein the first adaptor comprises an
oligonucleotide capable of being ligated to a 3’ terminus of a strand of a
DSB and which comprises a sequence that is capable of binding to a
primer immobilised to the substrate by hybridisation;

fragmenting the plurality of nucleic acids; and
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d) exposing the plurality of nucleic acids to a second adaptor under

conditions conducive to ligation, wherein the second adaptor comprisgs
an oligonucleotide capable of being ligated to a 5’ terminus of a syand
at a break induced by fragmentation, but is not capable of bein
to the first adaptor, and which does not comprise a sequernf€e that is

capable of binding to a primer immobilised to the bstrate by

hybridisation.

The method of claim 44, wherein the oligonucleotide of gtep d) comprises a

sequence identical to a region of a second primer.

The method of claim 44 or 45, wherein
the substrate comprises a first and a segbnd immobilised primer;
the oligonucleotide of step b) comprisgs a sequence that is capable of

binding to the first immobilised primer by Wbridisation; and
the oligonucleotide of step d) gbmprises a sequence identical to a

region of the second immobilised prifer.

The method of any one of claim 44 to 46, wherein

step b) is:
exposing the plurghty of nucleic acids to a first adaptor pair under

conditions conddcive to ligation, wherein the first adaptor pair is

capable of bejig ligated to at least a 3’ terminus of a strand of a DSB,

in step d) is:

exposing the plurality of nucleic acids to a second adaptor pair under
conditions conducive to ligation, wherein the second adaptor pair is
capable of being ligated to at least a 5’ terminus of a strand at a break
induced by fragmentation but is not capable of being ligated to the first
oligonucleotide of the first adaptor pair, wherein the second adaptor
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comprises first and second partially complementary oligonucleotides,

and the first oligonucleotide is ligatable to a 5’ terminus and comprises

a sequence identical to a region of a second primer, and the secofd

oligonucleotide does not comprise a sequence that is complemeptary
5 to said sequence identical to a region of the second primer.

48. The method of any one of claims 44 to 47, wherein the second Adaptor pair
comprises:
a first oligonucleotide comprising a sequence accogling to
10 CAAGCAGAAGACGGCATACGAGAT (SEQ ID NO: 32/, and a second
oligonucleotide comprising a sequence that does noycomprise a sequence
of more than 5, 10, 15, or 20 bases, or does not cgmprise all 24 bases, of the
sequence ATCTCGTATGCCGTCTTCTGCTTG/(SEQ ID NO: 30); or
a first oligonucleotide comprising a sgguence according to
15 AATGATACGGCGACCACCGA (SEQ ID MO: 34), and a second
oligonucleotide comprising a sequenceAhat does not comprise a sequence
of more than 5, 10, or 15 bases, or gbes not comprise all 20 bases, of the
sequence TCGGTGGTCGCCGTHTCATT (SEQ ID NO: 31).

20 49. The method of claim 47 or cldim 48, wherein the first and/or the second
oligonucleotide of the firstAadaptor pair comprises a 3’ and/or 5’ protective
feature; and/or wherein/he first and/or the second oligonucleotide of the

second adaptor pair fomprises a 3’ and/or 5’ protective feature.

25 50. The method of Zny one of claims 44 to 49, wherein the second adaptor is not
capable of being ligated to the first adaptor due to the presence of a &

modificatigh of the first adaptor.

51.  The hethod of any one of claims 44 to 50, wherein the oligonucleotide of the
30 se€ond adaptor that is ligatable to a 5’ terminus comprises a sequence
dentical to 5, 10, 15, 20, 21, 24, or more bases of an immobilised primer.

The method of any one of claims 44 to 51, further comprising denaturing the

plurality of nucleic acids to form a plurality of single-stranded nucleic acids.
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53. The method of any one of claims 44 to 52, further comprising contacting the
plurality of nucleic acids with the substrate comprising immobilised primefs
under conditions suitable for hybridisation of the immobilised prim to

5 complementary nucleic acids.

54.  The method of claim 53, further comprising obtaining sequencg information

for any nucleic acids hybridised to the substrate.

10 55. The method of any one of claims 44 to 54, wherein sajd sample comprising
a plurality of nucleic acids is gDNA.

56. The method of any one of claims 44 to 55, wheyein:
the steps are performed in the order g/, b), ¢), and then d); or
15 the steps are performed in the ordér a), c), d), and then b); wherein
the sample is exposed to conditions capéble of causing or suspected of being
capable of causing a DSB between gleps d) and b).

57. The method of claim 56, whgfrein the sample is exposed to conditions

20 capable of causing a DSB aj/a feature of interest in the nucleic acid sample.

58. A method of sample pgreparation for identifying DNA double-strand breaks
(DSBs) in a nucleic g€id sample, wherein the preparation comprises modifying
DSB-associated Aucleic acids to be suitable for binding to a substrate

25 comprising an phmobilised first primer, the method comprising:
1) provigihg a sample comprising a plurality of nucleic acids;
2) expbsing the plurality of nucleic acids to a first adaptor under conditions
nducive to ligation, wherein the first adaptor comprises an
oligonucleotide capable of being ligated to a 3’ terminus of a strand of a
30 DSB and which comprises a sequence that is capable of hybridising to
a second primer;

3) fragmenting the plurality of nucleic acids;

4) exposing the plurality of nucleic acids to a second adaptor under

conditions conducive to ligation, wherein the second adaptor comprises
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an oligonucleotide capable of being ligated to a 5’ terminus of a strand
at a break induced by fragmentation, but is not capable of being ligatgd
to the first adaptor, and which comprises a sequence identical to a refion
of the immobilised first primer; and

5 5) contacting the plurality of nucleic acids with the second prigher under

conditions suitable for extension of the primer.

59. The method of claim 58,
wherein step 2) is:

10 exposing the plurality of nucleic acids to a firg/ adaptor pair under
conditions conducive to ligation, wherein th€ first adaptor pair is
capable of being ligated to at least a 3’ ternffnus of a strand of a DSB,
and wherein the first adaptor pair ¢dmprises first and second
oligonucleotides that are at least partigdly complementary, and the first

15 oligonucleotide is ligatable to a 3’ tg/minus and comprises a sequence
that is capable of hybridising to Z'second primer; and

wherein step 4) is:
exposing the plurality of nyfleic acids to a second adaptor pair under
conditions conducive toAigation, wherein the second adaptor pair is

20 capable of being ligatgd to at least a 5’ terminus of a strand at a break
induced by fragmeation but is not capable of being ligated to the first
oligonucleotide ¢gh the first adaptor pair, wherein the second adaptor
comprises firgf and second partially complementary oligonucleotides,
and the firsfoligonucleotide is ligatable to a 5’ terminus and comprises

25 a sequegce identical to a region of the immobilised first primer, and
the sgcond oligonucleotide does not comprise a sequence that is
comAplementary to said sequence identical to a region of the

mobilised first primer.

30 60. The method of claim 58 or claim 59, wherein the second adaptor pair
omprises:
a first oligonucleotide comprising a sequence according to
AACCCACTACGCCTCCGCTTTCC (SEQ ID NO: 40); and
a second oligonucleotide that does not comprise a sequence of more
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than 5, 10, 15, 20 bases, or does not comprise all 22 bases, of the
sequence GGAAAGCGGAGGCGTAGTGGTT (SEQ ID NO: 36).

The method of claim 59 or claim 60, wherein the first and/or the secon
oligonucleotide of the first adaptor pair comprises a 3’ and/or 5’ protgltive
feature; and/or wherein the first and/or the second oligonucleotide/of the

second adaptor pair comprises a 3’ and/or 5’ protective feature

The method of any one of claims 58 to 61, wherein the segbnd adaptor is not
capable of being ligated to the first adaptor due to {fie presence of a 3
modification of the first adaptor.

The method of any one of claims 58 to 62, wheein the oligonucleotide of the
second adaptor that is ligatable to a 5’ termi

identical to 5, 10, 15, 20, 21, 24, or more

S comprises a sequence
ses of an immobilised primer.
The method of any one of claims 58 o 63, further comprising denaturing the
plurality of nucleic acids to form alurality of single-stranded nucleic acids.
The method of any one of clZims 58 to 64, further comprising contacting the
plurality of nucleic acids yfith the substrate comprising the immobilised first
primer under conditioné suitable for hybridisation of the immobilised first

primer to complemepfary nucleic acids.

The method of £laim 65, further comprising obtaining sequence information
for any nuclefc acids hybridised to the substrate.

he method of any one of claims 58 to 67, wherein:
the steps are performed in the order 1), 2), 3), 4), and then 5); or
the steps are performed in the order 1), 3), 4), 2), and then 5); wherein

the sample is exposed to conditions capable of causing or suspected of being
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capable of causing a DSB between steps 4) and 2).

The method of claim 68, wherein the sample is exposed to conditiofs
capable of causing a DSB at a feature of interest in the nucleic acid sagiple.
A method of sample preparation for identifying a feature of interegfin a nucleic
acid sample, wherein the preparation comprises modifying/ nucleic acids
associated with a feature of interest to be suitable for bindfig to a substrate
comprising immobilised primers, the method comprising:

a) providing a sample comprising a plurality of fucleic acids, exposing

the plurality of nucleic acids to conditions cgpable of cleaving at least

one strand of a nucleic acid at a feature of/interest, and denaturing the
plurality of nucleic acids into single-stranded nucleic acids;

b) exposing the plurality of nuclei¢/acids to a first adaptor under
conditions conducive to ligation, wlferein the first adaptor comprises an
oligonucleotide capable of beingAigated to a 3’ terminus of a strand of a
cleavage site and which compyises a sequence that is capable of binding
to a primer immobilised to jie substrate by hybridisation;

c) fragmenting the pluraJfy of nucleic acids; and

d) exposing the plurgdity of nucleic acids to a second adaptor under
conditions conduciye to ligation, wherein the second adaptor comprises
an oligonucleotigle capable of being ligated to a 5’ terminus of a strand
at a break in

to the first

ced by fragmentation, but is not capable of being ligated
daptor, and which does not comprise a sequence that is
capable/of binding to a primer immobilised to the substrate by

of befhg specifically cleaved.

he method of claim 70 or claim 71, wherein the feature of interest is a

cyclobutane pyrimidine dimer (CPD), 8-oxoguanine, or an abasic site.
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73.  The method of any one of claims 70 to 72, wherein the oligonucleotide of step
d) comprises a sequence identical to a region of a second primer.

74.  The method of any one of claims 70 to 73, wherein
5 the substrate comprises a first and a second immobilised pri
the oligonucleotide of step b) comprises a sequence that is £apable of
binding to the first immobilised primer by hybridisation; and
the oligonucleotide of step d) comprises a sequencg identical to a
region of the second immobilised primer.
10
75.  The method of any one of claims 70 to 74, wherein
step b) is:

exposing the plurality of nucleic acids # a first adaptor pair under
conditions conducive to ligation, whé€rein the first adaptor pair is
15 capable of being ligated to at leggt a 3’ terminus of a strand of a
cleavage site, and wherein the frst adaptor pair comprises first and
second oligonucleotides that gfe at least partially complementary, and
the first oligonucleotide is Jgatable to a 3’ terminus and comprises a
sequence that is capabje of binding to a primer immobilised to the
20 substrate by hybridisgfion; and

wherein step d) is:
exposing the plyfality of nucleic acids to a second adaptor pair under
conditions copducive to ligation, wherein the second adaptor pair is
capable of feing ligated to at least a 5’ terminus of a strand at a break
25 induced py fragmentation but is not capable of being ligated to the first
oligonfcleotide of the first adaptor pair, wherein the second adaptor
coAprises first and second partially complementary oligonucleotides,
d the first oligonucleotide is ligatable to a 5’ terminus and comprises
a sequence identical to a region of a second primer, and the second
30 oligonucleotide does not comprise a sequence that is complementary

to said sequence identical to a region of the second primer.

The method of any one of claims 70 to 75, wherein the second adaptor pair

comprises:
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a first oligonucleotide comprising a sequence according to
CAAGCAGAAGACGGCATACGAGAT (SEQ ID NO: 32), and a second
oligonucleotide comprising a sequence that does not comprise a sequen
of more than 5, 10, 15, or 20 bases, or does not comprise all 24 bases

5 sequence ATCTCGTATGCCGTCTTCTGCTTG (SEQ ID NO: 30); oy,

a first oligonucleotide comprising a sequence according to
AATGATACGGCGACCACCGA (SEQ ID NO: 34), and a seco
oligonucleotide comprising a sequence that does not comprige a sequence
of more than 5, 10, or 15 bases, or does not comprise all 20 bases, of the

10 sequence TCGGTGGTCGCCGTATCATT (SEQ ID NO/31).

77.  The method of claim 75 or claim 76, wherein the ffst and/or the second
oligonucleotide of the first adaptor pair comprisgs a 3’ and/or 5’ protective
feature; and/or wherein the first and/or the sgfcond oligonucleotide of the

15 second adaptor pair comprises a 3’ and/oyfS’ protective feature.
78.  The method of any one of claims 70 6 77, wherein the second adaptor is not
capable of being ligated to the ffst adaptor due to the presence of a &
modification of the first adaptor,
20

79.  The method of any one offlaims 70 to 78, wherein the oligonucleotide of the

second adaptor that is Jgatable to a 5’ terminus comprises a sequence

identical to 5, 10, 15/20, 21, 24, or more bases of an immobilised primer.

25 80. The method of Any one of claims 70 to 79, further comprising denaturing the
plurality of ngCleic acids to form a plurality of single-stranded nucleic acids.

81.  The method of any one of claims 70 to 80, further comprising contacting the

30 er conditions suitable for hybridisation of the immobilised primers to

omplementary nucleic acids.

The method of claim 81, further comprising obtaining sequence information
for any nucleic acids hybridised to the substrate.
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83. The method of any one of claims 70 to 82, wherein said sample comprising
a plurality of nucleic acids is gDNA.

5 84. The method of any one of claims 70 to 83, wherein:
the steps are performed in the order a), b), ¢), and then d);6r
the steps are performed in the order c¢), d), a), and then

85. A double strand adaptor for identifying DNA double-strang/breaks (DSBs) in

10 a nucleic acid sample, such as a gDNA sample, comprjing:
a first oligonucleotide strand that does not corprise a sequence of more
than 5, 10, 15, 20 bases, or does not cofmprise all 22 bases, of the
sequence GGAAAGCGGAGGCGTAGTAGTT (SEQ ID NO: 36); and a
second oligonucleotide that compriseg'a 3’ binding feature that enables

15 ligation of said oligonucleotide to g/strand of a double-stranded nucleic
acid and comprises a sequence according to
AACCCACTACGCCTCCGCTATCC (SEQ ID NO: 40); and wherein
either or both of said oligongcleotides comprise, respectively, a 3’ and/or

5’ protective feature.
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CLAIMS

1.

A method of sample preparation for identifying DNA double-strand breaks (DSBs) in a

nucleic acid sample, comprising:

2.

(i) exposing a sample of nucleic acid suspected of containing DSBs, under ligation
conditions, to a first pair of oligonucleotides a first one of which comprises a 5’ binding
feature that enables ligation of the oligonucleotide to a first strand of the DSB, a
hybridization site (RD1 SP) to which a first sequencing primer can bind and a binding
sequence for separating the DSB from a pool of DSBs; and a second oligonucleotide
that is complementary to the first oligonucleotide of the first pair and comprises a 3’
binding feature that enables ligation of the oligonucleotide to a second strand of the
DSBs; in which either or both of the oligonucleotides comprise, a 3’ and/or 5’ protective

feature;
(i) fragmenting the nucleic acid of the sample into fragments; and

(ii1) exposing the fragments, under ligation conditions, to a second pair of
oligonucleotides a first one of which comprises a 5’ binding feature, that enables
ligation of the oligonucleotide to a first strand of the fragmented nucleic acid and a
hybridization site (RD2 SP) to which a second sequencing primer can bind; and a
second longer oligonucleotide that is in part complementary to the first oligonucleotide
of the second pair and comprises a 3’ binding feature for binding to a second strand of
the fragmented nucleic acid, a sequence complimentary to the hybridization site, and a
further sequence that is, optionally, a binding sequence for enabling bridge
amplification; and in which either or both of the oligonucleotides comprise a 3’ and/or

5’ protective feature.

A method according to Claim 1, in which the method is a method for identifying DNA

DSBs in a nucleic acid sample, and further comprises:

(iv) denaturing the fragments to provide single strand nucleic acids;

(v) separating the strands of part (iv) into two groups: group A those fragments that
have ligated at a first end the first hybridization site and binding sequence provided by
the oligonucleotide of part (i) and at another end the second hybridization site and
further sequence provided by the oligonucleotide of part (iii) and group B those
fragments that do not have ligated at a first end the hybridization site and binding
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sequence provided by the oligonucleotide of part (i) and at another end the second

hybridization site and further sequence provided by the oligonucleotide of part (iii); and

(vi) sequencing the strands of group A using primers that bind to the first and/or
second hydridization sites where each sequence is equivalent to a DSB break and further
in which the number and nature of base pair deletions can be determined by comparing
each sequence with a genome representative of the species from which the sample was

taken.

A method according to Claim 1 or 2, in which the oligonucleotide of the second pair that

comprises a 5’ binding feature does not comprise a binding sequence for separating the

fragmented nucleic acid.

4.

A method according to Claims 1, 2 or 3 in which the oligonucleotides of part (i) and part

(ii1) are interchanged whereby, after fragmenting in step (ii), the nucleic acid is first exposed

to the oligonucleotides of part (iii) and the nucleic acid is then exposed to the oligonucleotides

of part (i).

5.

A method according to any preceding claim, in which:

(a) the 5’ and/or 3’ binding feature comprises one of the following: a phosphate
group; a triphosphate ‘T-tail', preferably a deoxythymidine triphosphate ‘T-tail’; a
triphosphate ‘A-tail’, preferably a deoxyadenosine triphosphate ‘A-tail’; at least one

random N nucleotide, and a plurality of N nucleotides; and/or

(b) the 5’ and/or 3’ protective feature comprises a feature that provides resistance to
any one or more of the following: phosphorylation activity, phosphatase activity,
terminal transferase activity, nucleic acid hybridization, endonuclease activity,
exonuclease activity, ligase activity, polymerase activity, and protein binding; optionally
in which the protective features comprises a phosphorothioate linkage, a
dideoxynucleotide or a covalent block, a phosphoramidite, a C3 Spacer phosphoramidite

(3SpC3).

A method according to any preceding claim, in which:

either the first and/or second oligonucleotide of the first oligonucleotide pair of part (i)

comprises two different terminal protective features; and/or
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either the first or second oligonucleotide of this second oligonucleotide pair of part (iii)

comprises two different terminal protective features.

A method according to any preceding claim, in which:

the oligonucleotides of part (i) comprises a first oligonucleotide having SEQ ID NO. 1
and a second oligonucleotide having SEQ ID NO. 2; or an oligonucleotide that shares at

least 80% identity or homology with SEQ ID NO. 1 or 2; and/or

the second pair of oligonucleotides of part (iii) comprises a first oligonucleotide having
SEQ ID NO. 3 and a second oligonucleotide having SEQ ID NO. 4; or an
oligonucleotide that shares at least 80% identity or homology with SEQ ID NO. 3 or 4;

and/or

the second oligonucleotide of the second pair of oligonucleotides of part (iii) comprises
any one of the following sequences: SEQ ID Nos. 4 — 28; or an oligonucleotide that
shares at least 80% identity or homology with one of SEQ ID NO. 4-28.

A method according to any preceding claim, in which:

the nucleic acid sample is gDNA; and/or
the sample is mammalian or human.

A method according to any preceding claim, in which:

(a) the ligation in part (i) occurs in situ or in vitro using a cell or tissue sample; and/or

(b) the sample is exposed to a permeabilizing agent before step (i) is undertaken;

and/or

(c) the sample is exposed to at least one agent for performing arginine tail repair

before step (i) is undertaken; and/or

(d) part (i) also includes extracting gDNA from the sample prior to performing the

subsequent steps.

A method according to any preceding claim, in which the method further comprises

after part (ii) and/or part (iv), removing fragments whose size is less than about 100bp, or less

than about 150bp, and/or retaining fragments whose size is greater than about 150bp.
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A method according to any preceding claim, in which the separating of part (v) involves

using the binding sequence provided by the oligonucleotide of part (i) to bind a partner and so

separate the Group A strands of part (iv) from any other strands; optionally in which a

complementary binding strand to the binding sequence provided by the oligonucleotide of part

(1) is anchored to a substrate and the single strands of nucleic acids flow by, or over, the

anchored complementary binding strand.

12.

A method according to any preceding claim, in which part (vi) involves bridge

amplification where the single strands separated under part (v) are clonally amplified on a

substrate that has anchored thereon oligonucleotides/binding sites for the binding sequence of

the first oligonucleotide of part (i) and the further sequence of the second oligonucleotide of

part (iii).

13.

A method according to any preceding claim, in which prior to performing the claimed

method, a sample containing or suspected of containing, a single strand break is ligated or

broken to ensure the single strand break is converted into a double strand break.

14.

A kit of parts for identifying DNA double-strand breaks (DSBs) in a gDNA sample

comprising:

(1)  a first pair of oligonucleotides a first one of which comprises a 5’ binding feature
that enables ligation of the oligonucleotide to a first strand of the DSB, a hybridization
site (RD1 SP) to which a first sequencing primer can bind and a binding sequence for
separating the DSB from a pool of DSBs; and a second oligonucleotide that is
complementary to the first oligonucleotide of this first pair and comprises a 3’ binding
feature for binding to a second strand of the DSBs; and in which either or both of the

oligonucleotides comprise a 3’ and/or 5’ protective feature; and

(i) asecond pair of oligonucleotides a first one of which comprises a 5’ binding
feature, that enables ligation of the oligonucleotide to a first strand of the DSB, and a
hybridization site (RD2 SP) to which a second sequencing primer can bind; and a
second longer oligonucleotide that is in part complementary to the first oligonucleotide
of this second pair and comprises a 3’ binding feature for binding to a second strand of
the DSBs, a sequence complimentary to the hybridization site, and a further sequence
which is, optionally, a binding sequence for enabling bridge amplification; and in which

either or both of the oligonucleotides comprise a 3’ and/or 5’ protective feature.
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A kit for sample preparation for identifying DSBs in a gDNA sample, comprising:

(1)  afirst pair of oligonucleotides, a first one of which comprises a 5’ binding feature
that enables ligation of the oligonucleotide to a strand of a double-stranded nucleic acid,
and comprises a sequence according to TCGGTGGTCGCCGTATCATT (SEQ ID NO:
31); and a second oligonucleotide that is complementary to the first oligonucleotide of
the first pair; and in which either or both of the oligonucleotides comprise, respectively,

a 3’ and/or 5’ protective feature; and

(i1)) asecond pair of oligonucleotides, a first one of which does not comprise a
sequence of more than 5, 10, 15, or 20 bases, or does not comprise all 24 bases, of the
sequence ATCTCGTATGCCGTCTTCTGCTTG (SEQ ID NO: 30); and a second
oligonucleotide that comprises a 3’ binding feature that enables ligation of the
oligonucleotide to a strand of a double-stranded nucleic acid and comprises a sequence
according to CAAGCAGAAGACGGCATACGAGAT (SEQ ID NO: 32); and in which
either or both of the oligonucleotides comprise, respectively, a 3’ and/or 5’ protective

feature;
or

(1)  a first pair of oligonucleotides, a first one of which comprises a 5’ binding feature

that enables ligation of the oligonucleotide to a strand of a double-stranded nucleic acid,
and comprises a sequence according to ATCTCGTATGCCGTCTTCTGCTTG (SEQ ID
NO: 30); and a second oligonucleotide that is complementary to the first oligonucleotide
of the first pair; and in which either or both of the oligonucleotides comprise,

respectively, a 3° and/or 5’ protective feature; and

(i1)) asecond pair of oligonucleotides, a first one of which does not comprise a
sequence of more than 5, 10, or 15 bases, or does not comprise all 20 bases, of the
sequence TCGGTGGTCGCCGTATCATT (SEQ ID NO: 31); and a second
oligonucleotide that comprises a 3’ binding feature that enables ligation of the
oligonucleotide to a strand of a double-stranded nucleic acid and comprises a sequence
according to AATGATACGGCGACCACCGA (SEQ ID NO: 34); and in which either

or both of the oligonucleotides comprise, respectively, a 3’ and/or 5° protective feature.

A kit according to Claim 15, in which:




10

15

20

25

84

(a) the first oligonucleotide of the first pair and/or the second pair of oligonucleotides

comprises a hybridization site to which a first sequencing primer can bind; and/or

(b) the first and second oligonucleotides of part (i) and/or part (ii) also comprise an
index feature that is a particular sequence of nucleotides that enables the origin of

pooled samples to be determined.

17. A kit according to Claim 14 or 16, in which the kit further comprises at least one primer

that bind to the first and/or second hybridization sites for the purpose of sequencing.

18. A kit according to any of Claims 14 to 17, in which the kit further comprises
fragmenting agents and/or denaturing agents for fragmenting and/or denaturing the nucleic

acid into fragments and/or single strands, respectively.

19. A double strand adaptor for identifying DNA double-strand breaks (DSBs) in a nucleic

acid sample, such as a gDNA sample, comprising:

a first oligonucleotide strand comprising a 5’ binding feature that enables ligation of the
oligonucleotide to a first strand of the DSB, a hybridization site (RD1 SP) to which a
sequencing primer can bind and a binding sequence for separating the DSB from a pool
of DSBs; and a second oligonucleotide strand that is complementary to the first
oligonucleotide and comprises a 3’ binding feature for binding to a second strand of the
DSBs; and in which either or both of the oligonucleotides comprise a 3’ and/or 5’

protective feature.

20. A double strand adaptor for identifying DNA double-strand breaks (DSBs) in a nucleic

acid sample, such as a gDNA sample, comprising:

a first oligonucleotide strand comprising a 5’ binding feature, that enables ligation of the
oligonucleotide to a first strand of the DSB, and a hybridization site (RD2 SP) to which
a sequencing primer can bind; and a second longer oligonucleotide strand that is in part
complementary to the first oligonucleotide and comprises a 3’ binding feature for
binding to a second strand of the DSBs, a sequence complimentary to the hybridization
site, and a further sequence, which is, optionally, a binding sequence for enabling bridge
amplification; and in which either or both of the oligonucleotides comprise a 3’ and/or

5’ protective feature.
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A double strand adaptor for identifying DNA double-strand breaks (DSBs) in a nucleic

acid sample, comprising:

22.

(a) afirst oligonucleotide strand which does not comprise a sequence of more than 5,
10, 15, or 20 bases, or does not comprise all 24 bases, of the sequence
ATCTCGTATGCCGTCTTCTGCTTG (SEQ ID NO: 30); and a second oligonucleotide
that comprises a 3’ binding feature that enables ligation of the oligonucleotide to a
strand of a double-stranded nucleic acid and comprises a sequence according to
CAAGCAGAAGACGGCATACGAGAT (SEQ ID NO: 32); and in which either or both

of the oligonucleotides comprise, respectively, a 3” and/or 5’ protective feature; or

(b) afirst oligonucleotide strand which does not comprise a sequence of more than 5,
10, or 15 bases, or does not comprise all 20 bases, of the sequence
TCGGTGGTCGCCGTATCATT (SEQ ID NO: 31); and a second oligonucleotide that
comprises a 3’ binding feature that enables ligation of the oligonucleotide to a strand of
a double-stranded nucleic acid and comprises a sequence according to
AATGATACGGCGACCACCGA (SEQ ID NO: 34); and in which either or both of the

oligonucleotides comprise, respectively, a 3” and/or 5’ protective feature.

A method of sample preparation for identifying DNA double-strand breaks (DSBs) in a

nucleic acid sample, in which the preparation comprises modifying DSB-associated nucleic

acids to be suitable for binding to a substrate comprising immobilised primers, the method

comprising:

(a) providing a sample comprising a plurality of nucleic acids;

(b) exposing the plurality of nucleic acids to a first adaptor under conditions
conducive to ligation, in which the first adaptor comprises an oligonucleotide capable of
being ligated to a 3° terminus of a strand of a DSB and which comprises a sequence that

is capable of binding to a primer immobilised to the substrate by hybridisation;
(c) fragmenting the plurality of nucleic acids; and

(d) exposing the plurality of nucleic acids to a second adaptor under conditions
conducive to ligation, in which the second adaptor comprises an oligonucleotide capable
of being ligated to a 5° terminus of a strand at a break induced by fragmentation, but is
not capable of being ligated to the first adaptor, and which does not comprise a sequence

that is capable of binding to a primer immobilised to the substrate by hybridisation.
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23. A method according to Claim 22, in which the oligonucleotide of step (d) comprises a

sequence identical to a region of a second primer.
24. A method according to Claim 22 or 23, in which:

the substrate comprises a first and a second immobilised primer;

the oligonucleotide of step (b) comprises a sequence that is capable of binding to the

first immobilised primer by hybridisation; and

the oligonucleotide of step (d) comprises a sequence identical to a region of the second

immobilised primer.

25. A method according to Claim 22, 23 or 24, in which:

step (b) is:

exposing the plurality of nucleic acids to a first adaptor pair under conditions
conducive to ligation, in which the first adaptor pair is capable of being ligated to
at least a 3’ terminus of a strand of a DSB, and in which the first adaptor pair
comprises first and second oligonucleotides that are at least partially
complementary, and the first oligonucleotide is ligatable to a 3’ terminus and
comprises a sequence that is capable of binding to a primer immobilised to the

substrate by hybridisation; and
in which step (d) is:

exposing the plurality of nucleic acids to a second adaptor pair under conditions
conducive to ligation, in which the second adaptor pair is capable of being ligated
to at least a 5* terminus of a strand at a break induced by fragmentation but is not
capable of being ligated to the first oligonucleotide of the first adaptor pair, in
which the second adaptor comprises first and second partially complementary
oligonucleotides, and the first oligonucleotide is ligatable to a 5’ terminus and
comprises a sequence identical to a region of a second primer, and the second
oligonucleotide does not comprise a sequence that is complementary to the

sequence identical to a region of the second primer.

26. A method according to any of Claims 22 to 25, in which the second adaptor pair

comprises:
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a first oligonucleotide comprising a sequence according to
CAAGCAGAAGACGGCATACGAGAT (SEQ ID NO: 32), and a second
oligonucleotide comprising a sequence that does not comprise a sequence of more than
5, 10, 15, or 20 bases, or does not comprise all 24 bases, of the sequence

ATCTCGTATGCCGTCTTCTGCTTG (SEQ ID NO: 30); or

a first oligonucleotide comprising a sequence according to
AATGATACGGCGACCACCGA (SEQ ID NO: 34), and a second oligonucleotide
comprising a sequence that does not comprise a sequence of more than 5, 10, or 15
bases, or does not comprise all 20 bases, of the sequence

TCGGTGGTCGCCGTATCATT (SEQ ID NO: 31).

27. A method according to any of Claims 22 to 26, further comprising contacting the
plurality of nucleic acids with the substrate comprising immobilised primers under conditions

suitable for hybridisation of the immobilised primers to complementary nucleic acids.
28. A method according to any of Claims 22 to 27, in which:

the steps are performed in the order (a), (b), (c), and then (d); or

the steps are performed in the order (a), (¢), (d), and then (b); in which the sample is
exposed to conditions capable of causing or suspected of being capable of causing a
DSB between steps (d) and (b); optionally in which the sample is exposed to conditions

capable of causing a DSB at a feature of interest in the nucleic acid sample.

29. A method of sample preparation for identifying DNA double-strand breaks (DSBs) in a
nucleic acid sample, in which the preparation comprises modifying DSB-associated nucleic
acids to be suitable for binding to a substrate comprising an immobilised first primer, the

method comprising:

(1) providing a sample comprising a plurality of nucleic acids;

(2) exposing the plurality of nucleic acids to a first adaptor under conditions
conducive to ligation, in which the first adaptor comprises an oligonucleotide capable of
being ligated to a 3’ terminus of a strand of a DSB and which comprises a sequence that

is capable of hybridising to a second primer;

(3) fragmenting the plurality of nucleic acids;
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(4) exposing the plurality of nucleic acids to a second adaptor under conditions
conducive to ligation, in which the second adaptor comprises an oligonucleotide capable
of being ligated to a 5° terminus of a strand at a break induced by fragmentation, but is
not capable of being ligated to the first adaptor, and which comprises a sequence

identical to a region of the immobilised first primer; and

(5) contacting the plurality of nucleic acids with the second primer under conditions

suitable for extension of the primer.

A method according to Claim 29, in which

step (2) is:

exposing the plurality of nucleic acids to a first adaptor pair under conditions
conducive to ligation, in which the first adaptor pair is capable of being ligated to
at least a 3’ terminus of a strand of a DSB, and in which the first adaptor pair
comprises first and second oligonucleotides that are at least partially
complementary, and the first oligonucleotide is ligatable to a 3’ terminus and

comprises a sequence that is capable of hybridising to a second primer; and
in which step (4) is:

exposing the plurality of nucleic acids to a second adaptor pair under conditions
conducive to ligation, in which the second adaptor pair is capable of being ligated
to at least a 5* terminus of a strand at a break induced by fragmentation but is not
capable of being ligated to the first oligonucleotide of the first adaptor pair, in
which the second adaptor comprises first and second partially complementary
oligonucleotides, and the first oligonucleotide is ligatable to a 5’ terminus and
comprises a sequence identical to a region of the immobilised first primer, and the
second oligonucleotide does not comprise a sequence that is complementary to the

sequence identical to a region of the immobilised first primer.

A method according to Claim 29 or 30, in which the second adaptor pair comprises:

a first oligonucleotide comprising a sequence according to

AACCCACTACGCCTCCGCTTTCC (SEQ ID NO: 40); and
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a second oligonucleotide that does not comprise a sequence of more than 5, 10, 15, 20
bases, or does not comprise all 22 bases, of the sequence

GGAAAGCGGAGGCGTAGTGGTT (SEQ ID NO: 36).

32. A method according to Claim 29, 30 or 31, in which:

the steps are performed in the order (1), (2), (3), (4), and then (5); or

the steps are performed in the order (1), (3), (4), (2), and then (5); in which the sample is
exposed to conditions capable of causing or suspected of being capable of causing a

DSB between steps (4) and (2); optionally

in which the sample is exposed to conditions capable of causing a DSB at a feature of

interest in the nucleic acid sample.

33. A method according to any of Claims 29 to 32, further comprising contacting the
plurality of nucleic acids with the substrate comprising the immobilised first primer under
conditions suitable for hybridisation of the immobilised first primer to complementary nucleic

acids.

34. A method according to Claim 27 or 33, further comprising obtaining sequence

information for any nucleic acids hybridised to the substrate.

35. A method according to any of Claims 22 to 34, in which the sample comprising a

plurality of nucleic acids is gDNA.

36. A method according to any of Claims 25, 26. 30 or 31, in which the first and/or the
second oligonucleotide of the first adaptor pair comprises a 3’ and/or 5 protective feature;
and/or in which the first and/or the second oligonucleotide of the second adaptor pair

comprises a 3’ and/or 5’ protective feature.

37. A method according to any of Claims 22 to 36, in which the second adaptor is not
capable of being ligated to the first adaptor due to the presence of a 3° modification of the first
adaptor.

38. A method according to any of Claims 22 to 37, in which the oligonucleotide of the
second adaptor that is ligatable to a 5° terminus comprises a sequence identical to 5, 10, 15,

20, 21, 24, or more bases of an immobilised primer.
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39. A double strand adaptor for identifying DNA double-strand breaks (DSBs) in a nucleic

acid sample, such as a gDNA sample, comprising:

a first oligonucleotide strand that does not comprise a sequence of more than 5, 10, 15,
20 bases, or does not comprise all 22 bases, of the sequence
GGAAAGCGGAGGCGTAGTGGTT (SEQ ID NO: 36); and a second oligonucleotide
that comprises a 3’ binding feature that enables ligation of the oligonucleotide to a
strand of a double-stranded nucleic acid and comprises a sequence according to
AACCCACTACGCCTCCGCTTTCC (SEQ ID NO: 40); and in which either or both of

the oligonucleotides comprise, respectively, a 3* and/or 5 protective feature.




