NUCLEI C ACI D | NTERACTI ON ANALYSI S Field of the
I nvention [001] The present invention generally
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specifically, the present invention relates to nucleic
acid interactions. In particular, the invention
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Background of the Invention [002] Chro%a’tqﬁ'\csm
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a one-di nensional linearity, which is short to explain
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and het er ochr omat i Backgrdurid efrthe paveedigad by chronmatin
proteins and communi cated by transcription factors for
transcription and replication. [003] These activities
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chrohfoamas) o pbZcoritéintdt8ive genes. Furthermore, it has been suggested that
distal regulatory elements such as locus control regions (LCR), enhancers, and
insulators act by repositioning specific genetic loci to regions with active or silent
transcription. Recent work has demonstrated in R~globin, and most recently, in
cytokine gene (IFN-y) that LCRs may directly interact with promoters in long
distances on the same chromosome and even interact with promoters on different
chromosomes. It is possible that intra- and inter-chromosomal interacfions are
~ general phenomena occurring at multiple ge’jnét:i'é’“ ‘Ioci- in coordinating gene
regulation of im‘portaht_ pathways. Inter-chromosomal interactions have also been
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by restriction enzyme digestion. DNA fragments tethered by DNA binding proteins
are then joined together by ligation, and the junctions of two suspected known
elements are detected by PCR. The detection of chromatin interactions mediated
" by speciﬁc DNA binding protein or transcription factors may be further enhanced
by ‘chromatin “immunoprecipitation (3C-ChIP), in which the chimerical DNA
fragmerits cross-linked with protein resulted in the 3C procedure are enriched by

antibody pull-down.



denonstrated to be useful in identifying sone specific

intra- and interchronosomal interactions, these
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as to what possible distal chgomatin interactions may

be present and priners designed to detect such
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interamjionst from a nucleic acid conplex, in particular

froma nucleic acid-protein conplex. |n particular,
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| east two nucl (_ei)t: acied sequéﬁdcj:{eégso?Hée%;%'?nr{eeﬁ%zé#dr?oﬁﬁésmns of
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thé‘bﬁi@tirgg?'aﬁt es to oligonucleotides prepared with a
met hod” accordi ng to any enbodi nent of the invention.
There is also provided a nethod to identify chromatin

‘interaction events di at ed é’% sEeci fic DNA binding
proteins across | ongﬁm@?'&’n‘é edRveHinween different
chronbsones. I n anot her aspect, the present invention

sol ves the problem nenti oned above by providing an
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sequence or fragment from a nucleic acid complex, in particular from a nucleic
acid-protein compiex. In particular, the method according to the invention provides
a method of detecting, identifying and/or preparing at least two nucieic acid
sequences or fragments from a nucleic acid-protein complex. The present
invgntion also relates to oligonucleotides prepared with a method according to any
e'mbodimen’; qf the invention. There is also provided a method to identify
-.chromatin interaction Qvents;."mediated by- specific DNAbinding proteins across
long distances and between different chromosomes.

In another aspect, the présent invention solves the problem mentioned above by

providing an isolated oligonucleotide comprising at least one first tag and at least



conplex. In particular, there is provided an isol ated
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obtained froma first polynuel eoti de and the second
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nugleiaagid ﬁﬂsyom%ﬂ@r@ﬂlffeéa@& nuleictanid (edians D’Sthemlmlélbwlﬁﬂ-protem
CoMFg&reanwand/or downstreamto at |east one tag). The
| east one restriction enzyne recognltlon site may
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The Imker may comprise a first restriction recognition site recognized by a
restriction enzyme capable of cleaving the first polynucleotide to obtain the first
tag, and a second restriction recognition site recognized by a restriction enzyme
capable of cleaving the second polynucieotide to obtain the second tag. ln‘
particular, the linker may comprise a first restriction recognition site recognized
by a restriction enzyme capable of cleaving. the first polynucieotide to obtain a 3’
terminus of the first polynucleotide, and a second restriction recognitioﬁ site

recognized by a second restriction enzyme capable of cieaving the second



term nus of the first pol ynucleotide, and a second
restriction recognition site recognized by a second

WO e®rno@eT on enzyme capable of cleaving the  PCT/SG2007/000069
secondpol ynucl eotide to obtaisn a 51 term nus of the
second pol ynucl eotide. The first and second

PolypabIcofite 9 JHREACH 5! il 8PP KeOhd BEGRILARISY FhESrst and

same or different restriction enzyne.
segNc Avttreliomn seeagnitiarh sités nsay pel necoghizetli isle ti@alf: or different

ved by a third restriction enzyme
regfﬂ‘f‘:@éﬁ%@&ﬁ'g@a third recognition site to obtain a 5

[008 tir Acoaisling tdt &ieother asp@s| Wﬁ‘sﬁ?blyﬁ@aleéﬂ&’e Hléz% 6& ?l?rrﬂﬁjer cleaved

ourth restr

db
by g 4R Fr ekl én?y%ee?%mzymi@ogm resogiiian ﬁdedgt obiain a 5
or
o hy s erbadr aent cofsp A B Y CRbl o paRag i Rdeea bv -
fourtho westrighian mpayme Secegniziey aefomrllhn redodriitgorf Isrt@tb;to ort])é%ln a3
o tes et ATV IR
flrsptﬂg/lsmﬁtambddmm Tbatnﬁ@tﬁéiS aan B’O&é%fhl P BRIk | tBB/nﬁbFe%ﬁde and

e sane or di erent re

at %E@?r es%% 3?9Hér°h>fétf@§*nfrpnbﬂigatlm@§hem@ #ed i Hcterdind of the
se¢dhoa§@"9h9é|§o’udj&ar I?@' titan Lhg éuﬂﬁg‘éc@énlﬁgﬁ s&fggr{aay be recognized

pol ynucl eot i de and the 3
by g‘@ﬁ Samel aodiffgesnt rrestpe‘mm \%etymeé\l Tie hattherelegoghiientdiiet thay be

incRRd! lﬂuafcfe{bt&%sl %8@ Ijicgr?iﬁ |5u g{lgn%ytp fgg{ Sgl%bcliegtlde and to the 3

vector 1n

engof yinei skeeond Wymml@ﬂfd%?@ﬁﬁbdﬂ%wnl«%bﬁ%ﬂv@ﬁ/ itfe th|rd and fourth
his case, the third restrictiron sit
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oligeantiebtid ajorabriBing GUBEEObhECiROTRY | "%t 4baleBRE second tag,
wherein the first and second tags are tags of a nucleic acid-protein complex. IN
particular, there is provided a concatemer of oligonucleotides comprising at least
two isolated oligonucleotides, each isolated. oligonucleotide comprising at least
one first tag and at'least one second tag, wherein the first tag is a tag of a first
polynucleotide and the second tag is a tag of a second polynucleotide, the first
and second polynucieotides are from a nucleic acid-protein complex. The
concatemer may further comprise at least one linker. The linker may comprise at



one first tag and at | east one second tag, wherein the

first tag is a tag of a first polynucleotide and the
w@emonehosrg is a tag of a second pol ynucl eot i deCT/$G207/000069
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aci d-protein conplex. The concatenmer may further-
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a bﬁg% Fll al cell {0014] The t ynuc 8’&
roof, 3 %CFP‘EWB'H@J?@ ige c@#ﬁbﬁ%l@xamdjprbtemmmnpiéxama?/ be part of a
h t u e cleotid ocat ed
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second onnucIeotld
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terrqlgy%ﬁﬁgg rlermins fmgﬁd flmilpplymidnutid@%nd the second tag further
comprises a §" terminus and a 3’ terminus from the second polynucieotide.
In another aspect, the present invention provides a method of preparing at least
one isolated oligonucleotide comprising:

(a) providing a nucleic acid-protein complex;

(b) preparing an oligonucieotide comprising at least one first tag and at

least one second tag, wherein the first and second tags are obtained

from a nucleic acid-protein complex; and



In anot her aspect, the present invention provides a
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| east 0o e e oAa ?onucl eoti de conprising: (a)
(a )proW%Y' W{é‘?'&a&' EQIQ'}S’rQRrBPﬁXcorrpI ex; (b)
(b )Dfepﬁéﬁdﬂmgaéh @Il?@ﬁu”élébﬁ&g 'céﬁgﬁ @h@lé&t %‘he' ﬁr%?hé%%d at least

first tag and | east one s wher
ongjsegpnd é@gi wherinithe dirst tag is @bhameqoﬁbynadlrebbb%ualé@bude and

cl eot
thef R8o5EE 330 LBRIEY MM G2 A8 BrRBUCsBdd it frsinaad second
poiyuubleobdes:outame]i fom @Qfmlleﬂzxamdftﬁo{éﬁ) cbfPlat izpg t he
ol igog q I n one enbodi nent, step (b) of
(C)t hi %02?315‘838 @ﬂg?ﬂ\'[é tion corrprl ses: (i) inserting
[oo®t] |reand eﬁlfbd'lméﬁﬁrstéppgﬂardf%lg% cl 66k IQW(?ntl%n comprises:

réstriction enzyne recodnition |te ,
() c| eWgeAEpo: BE |$$$ts@n%rimkeemMpmmhgmicleast iohes redttibtien enzyme

e %ﬁrl ction enzyme recogni zing the at |east
redogg&frogcogm lon site in the linker to form an

(n)ol i gleawogehh’eu fivest aamuipseecbn‘cg palyinuckiotitiad Al & Redt forn%”‘restrlctlon
i rst ? tide, a second tag obtained f
e”@ﬂ‘ée r&&‘%%f 15‘8| B??ua 36??tden%nr&09961tlpnnwa nbethaemquw@ form an
oligor@ledtid8 18dmbhsinB Ok Nfrst @4 AshitgRik: Erﬁgne‘Phé k??rg:oh E@péleotlde a
aspect of the invention conprises:

Seq%tagoﬂlétamw&prrb&qos&mmg patynuckestide rend &st hkaérl Iostween the
tag® nzyrre recognition site between the first

nucl eotide and the second pol ynucl eotide of the
[ootﬁjn%i anqthéi embadiery, atepl (@3 of tgaspestidfithé lierfiBASnprises:

5' f the first
() por ORBitNGOR Tedsl e gReP compriaing et least onporaiginn enzyme
recpghulﬁncélt%obetd\ﬁaen( I thie) firgt %Wnﬁgldofﬁﬁefér{osihé‘ggcéﬁ& %‘3 nucleotide

0] cleotldes with at [east one restriction
Of& é%)@i‘)?%ng at |least one recognition site to obta| n

(ii) C! eAd@Ag =t ASHER e re@fMbtion enzyme recognition site to the 5’ terminus of
the first polynucleotide and to the 3’ terminus of the second polynucieotide;

(i)  cleaving the first and second polynucleotides with at least one restriction
enzyme recognizing at least one recognition site to obtain cleaved fragments; and

(iv)  ligating cleaved fragments to form the oligonucleotide comprising a first tag
obtained from the first polynucleotide, a second tag obtained from the second
polynucleotide, the tags comprising 5' and 3’ termini of each polynucleotide, and
the linker inserted between the tags and the at least one restriction enzyme
recognition site in step (ii) is part of an adaptor or part of a vector.

[0019] The polynucleotides may be obtained from the nucleic acid-protein corﬁplex
by incorporating a photoactivatable moiety into the nucleic acid (for example,

DNA) and/or the protein of interest and isolation of nucleic acid/protein complex by



(iv) ligating cleaved fragnents to formthe
ol i gonucl eoti de conprising a first tag obtai ned from
wo b@7fidgogt pol ynucl eoti de, a second tag obt ai NnRBCT/$GBNT/000069
t he second pol ynucl eoti de, thg tags conprising 5 and
3" termni of each polynucleotide, and the |inker

antibodytreddiatadvpescipitetiornes RN GikE- t
sURSt LirSH! :ggn enzyme. r,ecogni_tfﬂinon @Fayt @tefjlr??g?é%é?%ﬁﬂj"ei Examples of
t part@ 'ln; & :fgéptt%? %qu%}%:nmd% fﬁeptﬁvll?"ﬁ/ooml@ﬁnfrh@Iutathione—S—
repisfaraige) e thi rom.the nucl|eic _
_aci d- prot gi n co&%ﬁx%}&’n?@%ﬁg?%ﬁ"{a@% protein/ amylose matrix
tioRst i vat abl e noi ety into the nucleic acid (for
rotein of interest and

| / th
[od28¢ R %ot%&sé@ﬂeﬁe é’égﬁé)'ﬁr BVeNHor qpYidgs a method of detecting

I solation of n
angyeitebtiffingratdeagtado WRlldeid ic acid-prote
th@H ity medj ated t e%mue.ﬁéjxéagr}f{) esJJ%?Cksa'uCc%C'd protein complex,
a ?HP?)‘FQ%’@H’& echni ques i ncl ude streptavi di n/
api otgrévididgW L&l s P [.. gl ut at at hi one
( ﬁat frpirx,I ﬁ.r?gl togg{?%iréﬁ;écf hg&%ﬁ?@ﬁﬁ%ﬁwl ose matrix
(b} nt @reRatinsnan qligorugieotide monipisins Be fast ‘o ASEI85'and at least

| | | d of d /
ol ke Bt Ve 208 PRk 01y blaesst o arrshroalynucieotide and

thenseicond tag dbiximdckiffong t OBDY .51 N
¥ cl ei %ﬁ"ﬁr ?)t8 ¥ nElggﬁr%%e@g (‘ﬁf‘f 3hd second

ding.
pomﬁ%ﬁﬁﬁés bﬁ%ﬁ%ﬁﬁw aytleiracidrpotain ogmmiex; east one
(c)f i rséq@@,g;i@@qq@@,“doﬁgg;efo:ﬁg% éﬁgond tag, wherein the

first tag i s obtal i rst pol ynucl eoti de and

(d)t hemanpina thag a@bt@ghequ rme/ausl_egﬂcﬂ@b g?&s)gwgé,fomed%uc,eoﬁde
r on nucl eot | des obt al ne roma

Se%dlﬁ]cgsc&ggég?%%%?eﬁeﬁoggr%g%x; (c) sequencing the

thepelbyy detectieg Bndéor idereifyidly tHaRRIGHE: e pBlynlERBYLL®

[00 |¥P|UC| eoti des _3as d on the nucl eot sequen
?ﬂe f rdioonHglestide Rbtaingd, int Btarelly) tetyebe i argplitet defore being
seduibitiedf il sigpt(ag I : cleotides. [0021 _
Tthhe ol i onugl('eagtmee agﬂ?g'ichﬁgn ﬁﬁég?%p!)¥ PPIRS"ase chain reaction.
2pRlificdpligenyeleotides maye he esubitte t@ta@ﬂéa(ét)one_-rbﬁriﬁc_:%ion step
e

SOSHNES P T05, B R -BESe e i o ot on
purifisgdion step jsumay beasl efectiophopddier anpl i fication but
[00%3{??? 8@5«#@%!%%@%%@%?@%}3 5étﬂgg?in(v;}l§@l;r rn;;)gée Lﬁ_:ﬁ:;te?l;?ed with at
osooct] A ISITASARE eafadl M, [ B8 bor
Seqb'ﬁ%ﬁ%&-ucl eoti de obtained by steps (a) to (b) before

[0023f1 THE sequencing may be carried out by the Sanger method or by multipiex
sequencing such as pyrosequencing. '

[0024] The detecting and/or identifying may be for transfusion or translocation of
the polynucleotides. Accordingly, the method may be used to detect and/or
identifying polynucleotides and/or genes in proximity with each other in nucleic
acid-protein complexes such as those in chromatin. in addition, the nucleic acid
fragment to which a protein of interest binds may be any nucleic acid fragment
comprising a region to which a protein of interest binds, for example, histone

binding site. The polynucleotides may be DNA or RNA.



sequenced. [0023] The sequencing may be carried out by

t he Sanger nethod or by nultiplex sequencing such as
w@osemwenci ng. [ 0024] The detecting and/ or PCT/SG2007/000069

identifying may be for transfausion or translocation of

the pol ynucl eotides. Accordingly, the nmethod nmay be

[00a5je T heo aligbretiestidt OfmalydeBt itfans c e
chanamtioonss ol o5! renigs {IULE LAt Rpo col. The

fraaéfje&%ep o‘i“éb’nb%deIG@G-‘éf@PQCﬂiI@nasThmwﬂ imayche careisicteridi ncell. The
po%qb[ebgaesm“%,wg,\gd\gr i fragment to which a protein

i nterest Binds nay e any nucleic acid fragment
[oog@inpr a@bﬂgsraaspegt dhetmremntcmvenﬂmtpemd@é d De&BPTbmprising the

r | st one binding site. The
oh%é n%%[IOLeéOt ﬁﬁ r ﬁp@gw{yggpeq;heor the library of
ollgbnmmmeequldmcgwn@g transf ected into at | east one

cell. The transfection may be by el ectroporation. The
cell may be a bacterial cell. The pol ynucl eoti des may

be DNA or %}%@]Delsr& @ﬁ%@ﬁﬁﬁa@?e“ the present

i nvention prOV|des a vec
ol i gonucl eoti de, the concatener of ollgonucleotides or

L eot i d t . Brief
001CE I Sestihs ratiieRt et obaomptiackor the Insssertivention for
Chtdreath ériteition ArRISISBY ﬁeef lerh@ S)%é)g@m' BEShEbqlencing.

for Chromatin Interact|on red
(di)tag(s) (ClA-PET) sequenm ng. [0028] FIG 2

bel1 | ' f th
o P L UVl O e AR Blatee of Brsoiresednyention for
C'/“FHIR&T matbedmappi ng of Cl A-PET. Cl A-PETs representing

real interacting regions are expected to span two
different genomc regions, and nultiple Cl A-PETs are

[0028} PEIG.8d illustiges | HERIRS. of 083 GelA- PIEITQStré@[ ngng real

the. relevant restriction enzyme recognition se
'”tefrﬁ?t"él Aegiens BcIxpasied ?fbll&?@tne@Nw dlffemarrhr gemra;c begions, and

muRipte CY&IFEotd 4@ & tdabegl por The regions

conprising N an represen ons obt ai ned from
di fferent pol ynucl eoti des. The sequences whi ch appear

[oodiog l’f\‘%ﬁf{ il@%&%e{sgﬂ%e%?/atggfﬁ%ﬁ% 3@@%&8&%%@5&@% for
CIA-BENOE22h 1SR inBld‘d&cﬂmth FEQr I>Dn+\é§ 1595 E%ﬁ? 5"@5‘@9@ (gEEQ A, C,

S SE I D NO 1
G erj'lﬁg'l%? é@ﬁ ljiomprISI X represent portions obtained from

different polynucieotides. The sequences which appear in the figure from top to
bottom are as foliows: SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:36, SEQ ID
NO:37, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:13, SEQ ID NO:22, SEQ ID NO:ZS, SEQ ID
NO:14, SEQ ID NO:24, SEQ ID NO:25 (SEQ ID Nos:24 and 25 repeated thrice).

[0031] FIG.5 illustrates mapping CIA-diPET. CIA-diPETs representing the
interacting regions are expected to span two different genomic regions, and
multiple CIA-diPETs are expected to be clustered. The additional information
provided by the two PETs of the CIA-diPET will be useful in mapping the CIA-
- diPETSs to the genome.



NG 14, SEQ ID NO 24, SEQ ID NG 25 (SEQ I D Nos: 24 and

25 repeated thrice). [0031] FIG5 illustrates nmapping
w@ordodeET. Cl A- di PETs representing the interak€T/8G2007/000069

regi ons are expected to span1ibwo different genom c

regions, and nultiple Cl A-di PETs are expected to be

clustered. The additional information provided by the

of - di ill b ful i '
[00{3#2 F@l’iﬁﬂ@fﬁt&aqg%%‘? églégﬁE@Enag_smMigﬁ[%Me lfellac!r:]agrrrglioo%I nguences for
L = .
O stogn & ot 1 Bn8 X Fepeion 4PbateRld¥ fBither Ay Gog ot ) and

theyepieceiainashijomudiffetantdmlyreiddutides, T6e Karférals 134Hd 2 represent
| ynucl eoti des. The

| ped fromdifferent po
"”%'%ﬁﬁ‘?g% ’?"?P fgﬁddpegq?%pg}segwm,gﬁ@ggﬁ iR aneogpelyRwcleotide while the
numegalerisand 4t reipdsent Phiciotigds f i .
\Aﬁ]iﬁl e t h@féiurreé al sn 3 and Igefggﬁggﬁeﬁgﬁggﬁkﬁgb gsgﬁﬁ'ed from
anplisT Ry RHdeetide. e The numsBtas {dd 2.1 8mamddomd) may represent any
@b iy Ae I 2.,..3 _and/or may
T e G St aine sechehosé yinich gRgpanyn thegotre from
torsiechrtinge arevas dollewp SEQIID NOES, ISEOND KO $PQ HONO:26. SEQ ID
S y

NCRRF | REGAILS Nt 260 Qe 30 NG, I SERAL MO SR 0SES o637, SEQ 1D

NCsEZ) SEQND ND:33EGE®D INNS)! .
SEQ | D33Ng§34@ IE@'QG%SS ’N%E%IE?S Q3|%%<§'§§9§4Rgﬁg4 and 25

Notscg ;

repsRiteQ UGBy thrice). [0033] Fig.7 illustrates the
vector pd S8 containing nultiple unique cloning sites,
which is an exanple of a vector that may be used under

[0033 eFigr e Hleistratasy thet vector pGISE]conit&nirty muUltisie Natigse BRWing sites
i ' hat .do. not have a linker inserted ’
Wh@mhl'?gﬁo%?agg'%g’? S“b‘{F‘i??fetg‘F‘E%‘@Wil%ﬁ i$RA BRgGhEe RisEendneention.
are too long and will be renoved by el ectrophoresis.
T uences ich appear in the figure fromtop to
W“%“Eﬁtz SmEaiusEatesdiaw gonycisqtigencthat dsmot havela linkeSERerted will
tige &Y eSSt -40,. SEO 1D NO.41 ,
"O'SEO | D&BN% 42, ﬁs‘;@ggwlgo .%gé?'dsgéh%aﬁ%t%@f%aﬁa"l ée removed
by Rlectigphorssiss|The @@deqqe@smmajn a?-,a_pleawim Fh@ﬁbgraﬂfrﬁﬂf fo_pf)tlfo bottom
. . [ . tlade, It w
arefas fobs. SELI O So500 RNeE. sh BBt dmeipNems, st
ID Biki4hieBER WD INOBEL, reBOvVI Nay:42] SHQ@ IPhRIEBSS SSEY) ![?1 NO:44 and
e

ilHnBRe L 00 | ong. The sequences which appear In
SE@'E&@'?#‘omtop to bottomare as follows: SEQ ID NO 3,
SEQ I D

[0035] FIG 9 illustrates how if only a part of a linker is inserted into an
oligonucleotide, it will result in that oligonucleotide that is incorrectly cut and hence
will be removed by electrophoresis as it will be too long. The sequences which
appear in the figure from top to bottom are as follows: SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID
NO:50, SEQ ID NO:51, SEQ ID NO:52 and SEQ ID NO:53.

[0036] FIG. 10 illustrates how an incorrectedly inserted linker will give rise to
oligonucleotides that are too long and variable in length and hence can be

-removed by electrophoresis. The sequences which appear in the figure from top to



NO 4, SEQ ID NO 46, SEQ ID NO 47, SEQ ID NO 48, SEQ ID
NO 49, SEQ ID NO 50, SEQ ID NO 51 , SEQ ID NO 52 and
WEEQ7HBONC: 53. [0036] FIG 10 illustrates how BEI/SG2007/000069
incorrectedly inserted linkedlwill give rise to
ol i gonucl eotides that are too |long and variable in
bofteryere @asdfalomse SEQ I N@1Bp\SEQDLID NOeY, rQH?QOTE?SNé;M, SEQ ID

NG5, SRR N0 2 Grr N tise, s fbie0 SEm . o -sE®EQ 1D
NO: 57,
NQSEQQI\FEMNQ EEQB “S’EE%EIQDﬁNg(%g,@ d§@c§?8‘ @d\]?g&'ISEE)QNIODSNQ 61
, SEQ ID NO 62 and SEQ I D NO 63. [0037] FIG él shgvv_sn

use |

[ooshe FT@PH?:S‘RO%! ﬂesﬁlgagieca?cicg%gtqugr\t‘{g %&36@&9@%;@@88 used in the

t he exa es with the vari

exaBplagn i e vatiess irestricidrebnzIie SEEHHHG i
soERdR M1 a”%'%éﬁﬁ 3039 Ji 78 seau_@cgﬁ?.@iﬁ?‘%ﬁed The
N &pi NP 1hand RERIDINO| 1iBghe sequence listing.
Definitions. [0039] Restriction enzyme - A restriction
enzynme (or restriction endonucl ease) is an enzyne that
cuts doubl e-stranded DNA. The enzyne makes two

i nci si ons, one b@ié?l‘é%_ %%%{E’t%&ﬁﬁgﬁﬁ h\?s ihate bac#ﬁgnes

of the double helTx W OBases.
chem cal bonds that the enzynes cl eave may be reforned
6 zynmes known as |igases so that restriction
[00@638% T 'gﬁ%bt ained fromdifferent chronbsones or genes

[003yRbstristidn @ﬁdyﬁ@gett\h%fstridifo?mvéﬁﬁﬁné &t ?esgﬂgtéoe(g %ﬁpgnuclease) is

conpl enent ary. TgPe Il enzynmes recogni zé
an gleYee dhaietie deublessimandad .athedehzyme npsidist @ cisions, one
threu Y ej nitjon,sequences sSites. _
O o B e b Ak, W B R Teginous damaging
the drasesncThgethamical bongatthar s ehypackiciENY WRS, gleer%‘f&med by
i de.

t. S f eir_recogni tion sequence to one
oth%ﬁeﬁﬂzg@e\%err}ﬂgg %3{9 £St$R t{@béeq;glc’ﬁ@rgtfragmems obtained from
differeny chomosuines ov ahab! hei

25102 shovveﬁi t hato %hel Qggar%eggtépﬁggggé%érth%%ﬁﬁéggége" ends are
co Velnﬁarg. MB%H' Breyines ireerartizad specifidherckfiosequehées and cut
DNAeg - i ' : ach represent one

corrTld)r‘l?,IE;i ﬁsgrpﬁg}éﬁﬂgfdﬂ? e!ouéﬂe\gg*'ﬂﬁﬂgr -re?%ﬁtdﬂn FAYeps sites. They
produge diserata restristicn flaguesnia.aindldistin® t@l BandhBaatteins M OIType lls

' ' paE S

: ‘ aft I t
enzg ag%' S aég{skﬂ%gétr&\% ;J%Bﬁglgﬁtlgpé%’rqu%@gghg%nlp%ge_ Mmel as well
as pobsiofchedypedlscrasstrntionlerbiyhied bREUCENHaBIe ¥RE i&hdths ( Dunn

ge conbi nation

ot & o AT shefiedBedme car it ‘GH2prass1/Nesmses away in a rough

proportion of 1:1. Therefore, the sequences given in all figures each represent one

common variant of the use of Mmel.

[0040] The PET intermediates also have variable lengths (that is, M and G
adapter DNA sequences after cloning into pGIS8 plasmids and M PET
intermediate), because the polynucleotide can be of differing lengths.Type liI
enzymes are also large .combzination restriction-and-modification enzymes. They
cleave outside of their recognition sequences and require two such sequences in
opposite orientations within the same DNA moiecule to accomplish cleavage.
Homing endonucleases are rare double-stranded DNases that have large,



cl eave outside of their recognition sequences and

require two such sequences in opposite orientations
wowdonitesoshe sane DNA nol ecul e to acconpli sh clrPEwsagmEo7/000069

Homi ng endonucl eases are rar&2doubl e-stranded DNases

that have | arge, asymetric recognition sites (12-40
asyRmetiairesgniten cies fg2s4@ lkmmesaltsljaéncabﬁdmgué’éd%nces that are

h tr t
B N AL e
eng make wutsth
e e o S 43 YR s
jﬂ}f BrPg ligdies pef gnlmdbltpedragmedt frort which it was
ongﬂn&ﬂykﬂéaﬂﬁéﬁ %f‘%[sof f@ﬁﬂ? o ?@8%212%@\/524(%5@ ?c}/o esive or

spr

sticky end suc
stlﬁw | Wfale@ds MOdmmhengy kgléfgbggﬁteégzwﬁybe? m“e@n |§|§8 Hé'c‘:tﬁnpatlble
A %‘@ e$‘§‘i'|o‘l‘te""ﬁ s %jet g et f‘?r?ébe'&waeab P rbﬁm@ ll@md Many

typedi tastiietion drizymeseaitrg a},huﬂ;m%rgmmes
degenerat e pal i ndrom ¢ cl eavageéhgl?tnges af £ "eRlyistion enzyme

ha%‘r?atnop %geg&[ﬁtgsp%[mrewﬁ,é:{eqmage gite, pall iends diiiat it produces are

corapatisiac @ fpalind@mke ne strand reads
tﬁe sane |p?lt he op %gl lElécgri?cdéar ec'tql on egﬁ tﬁﬁésequence on one strand
regdsripe e mtizesmpmue dmecaun kon the donslefenedry diRind. As such, it

t t lind
s BUssitRe Sorudio ot Sahis Fobid &y ablamfan adflénﬁnéggbeewe ends to

havecits] eeds arals ahd thelnucidic g@idaéﬂgrﬁj &
s _context is Sd| %éﬁﬁ{ﬂﬂ%}?z Tfhr Jpeaning of

al“ﬁ@r 9mig glﬂ%ﬁ ‘EorB%’étd% differenbirampirem itsHingsiisiicarsageGFAAE ample,
thei sequeinca CBHAA‘F@ RMh&t %)%Ilﬁ FBf’ﬁi'&CISNA\gA%' e hegsgulgutggcs?equence _

TAC i s. npl es rlctlon
GT ﬁ&bll%eEme{qscgg/ r@ﬁdlstlolmcﬂnzym&l‘édlnng enBaivangr sticky ends

mclh’HBdB!alnHﬁXE zlsvrgé %ﬁILIL |on esgzﬁ) ﬁ?ﬁ{gﬁg\éggms leaving

, nor-co

blUlafndOA’ngJIheS[VGOﬂl']othwkycénd%qncluaeFﬂ'gémhé?l?dS@\ ]ster of g
of nucleic acids

the b tructural unit
IOOHm&géogg%A)— a %ﬂeg@é&%ggy&@frﬁmuﬁm the basiaetricturbeunit of
nualeit raxidd (ONATHE NN/Qamlé@ﬁd&d (% %ﬁgé op%‘irl%‘ -ﬁ?yﬂ%iﬁt E}at pairs of

nesannect fhe conpl erentary sira
chegyical, bages niginesu by hidtogeas bomdsstl’taanﬁmndwethléa%@mplementary

strals ot DRACHENE B bl ah KON FoRefiier has avg.sisands: the base
pair are ggenie neithi rththﬁne Shorduaminia g &ftoﬁHé':ﬁobmeénara?demne
with' Egﬂl,r&gdtoaas ol i O‘EbléCl eot| desN | onger strands

S 3 @hagineu PEIBE; R Af\l@h@'btsiraeésrm'ymb@eotldes are
refejrmdnte)das\fot Uclédtideat
TR R S oot S HOALH e
es. The term

nuclgé?igtésfﬁa? be uﬁéHjlrﬁ‘Ql‘é:hgnéeaB@thﬁr Qﬁe e?r% rn%%‘e?g Saczl%lf A? stretch of

nucleic acids possess a 5’ end and a 3' end. The end regions of a stretch of
nucleic acid may be referred to as the 5’ terminus and the 3’ terminus respectively.
With 5" or 3’ terminus of a polynucleotide, it is understood any region, fragment or
whole piece of a polynucleotide that comprises the actual 5’-or 3 terminus of the
polynucleotide are included.



nucleic acid may be referred to as the 5 term nus and
the 3' termnus respectively. Wth 5 or 3" termnus

woroy1pokynucl eotide, it is understood any regP@R$G2007/000069
fragnent or whole piece of aipol ynucl eotide that
conprises the actual 5 or 3 termnus of the

[oom]l Poncheoterde af §s i surhpessh [I9P44] Ié%%fﬂcf%\'ic?"ﬁfcleotlcfe nz%nomers

osed by at | east two nucl €oti de nmonomers seque

segl,u ke d: nd iy endpeptivnallyysepsyateat by abmlerlorrémmeor For the
PuRRSEy B LR BOSGf, LIoGRLSIETLE DURILLEE, F ot e

concat ener conprises a

olignreipéeadidea prepatied doordlh tonthdr arbtiedd bhehd iMveAtibreN.
" ®rep 0 g nucl eoti des, such

I t fer
oo :gog:ﬂdbq? O'PPE\%Co?] I‘grm”lr“gpeié’ﬁi'éPﬁerSU&Fidlaérat gene from one

t i r -
°riai‘?h"%?3@?*“?8823{‘*?%tﬂ?‘&g?écgﬁ%i‘"Pé??ﬁgﬁ“2\? oG prainesring

0lUeSe aci d sequences, ol igonucl eotides or

rooBfT VRS % bfEatRabHed RIRIES BFic fardisnoss: Bldpnucientides or
polanh@eo‘a@@mwbw cmmpnsé@irsoge@eh:.j&ermé@rmog,lo L ; gm one
[00‘?93 {é‘éé‘i%éan t'@g"r‘?%?é&?%%e‘ﬁb %f%@neWgS{#{@ésa@tafhat transfers genetic

mat@tl Pronfbheell €6 BAbHERS on bi ol ogi cal material such as
nuclei ¢ acids and proteins to confer upon the materi al

100483 OBt dEeTive - dmatsec moleeulac Dioldhy dret menetit adnyinesting and

d the pre
maﬁﬁj\’/gtﬁrg%%hp@bj%%% b.%[eq;. Z’F?t%ﬁgl ¥l]1 nggggﬁc’}dcgﬁgséﬁm,protems
to eanfeeupoh thmmaﬂeuabceﬁ@n d@@re?ﬁéﬂwd%tgggf@&méﬁ%é 8btain and

n
VAN TN G T
[004#] S,Qn'@ﬁflcbﬁ% —[lﬁ&ég}smﬁrtﬂﬁs&?ﬁ hGmbeF ({f r@{ﬁé dz?({é Bhé method

met hod f or |ntrodu0|ng orel gn
cor‘eg]qnly Hg%ﬂ%élaatoq pelymsrase ;@h@ﬁpl‘%c&lopr@tﬁlﬁ) t(athemnampllflcatlon

meﬂﬁ‘ids%dv\m 1ol bkiMEq pe%o%CHagpa V\%oaga ;ﬂﬁgénd biolistic

transfornation are t eachi ngs t hat
[0048y Tieesiaotidn pﬁotrahsfﬁhnamml A anA mymdy@xmpf m’d:&:h@j@ foreign

rot |ns rimaril hlstone in the cell
mo%ac('ljjfe iﬂsh ggtégﬂ ' G2 '&A adfg eRregtpdfation, retroviral

delwenwemdratlé@ bﬁd inélmftmoﬁh’étid?ﬂaféejugt gifé{/vséfot'ﬂe teachings
Chromatin js an exanple of a nucleic acidprote
thakwr%( eI‘Lﬁiegl ons of chronpsomes may i nteract W|th

[004@?} :%I?T%o;ﬁgpﬂﬂ Sdrﬁﬁltégrdg(r\hl,fcgbﬁc 2“‘3% hd %'rétﬁ e%tgn}:ﬁply histones, in
thej pelermsicleus that stains readily with basic dyes and condenses to form
chromosomes during cell division. Chromatin is an example of a nucleic acid-
protein complex. Regions of chromosomes may interact with other regions either
on the same or different chromosome. The interaction event may thus be an inter-
or intra- chromosomal event and may involve rearrangement of the genetic
material at the regions involved.

[0050] Transfusion — rearrangement of genetic information at the RNA processing
level to form a new chimerical transcript.

[0051] Translocation - rearrangement of genetic information at the genomic DNA
level.



intra- chronosonmal event and nmay invol ve rearrangenent
of the genetic material at the regions invol ved.

w(Q 2®309609T ansf usi on - rearrangenent of geneti cPCT/SG2007/000069
information at the RNA proce$4ing level to forma new
chinmerical transcript. [0051] Transl ocation -

[oosaaNualmermjm -pAdteeeeimplex nf ah NptdraBtich df%er&&i&oma‘ferlal and a
[eNA 52% ﬂ‘id ei c aci d-protein conpflex -

pre ﬁ'ﬂ"‘e?‘é‘?ﬂ ,agnt dp@tin chigmakin 0r whenaa pramseripticnu dctas binds to

stréfeft of auBid %cﬂﬂ@@ﬂh’b@fmmﬁa@ﬁﬁ%ﬂﬁﬁ“ W f%ﬁ&g specific

bi nds to stret of nuclelc aci
strucipmy whenginex pretein binde tzq@weeﬁltwosetretche& of ‘M]@Il’eﬂj 8cid (DNA) of

B BBy LR 0t o S epocomo

tagbiamiientifiabRégilencebfDNAREcOMe a tag or an
|de51t|f| abI e sequence of DNA. [0053] Tag, tag-linker
u

[00g3l, |\ g@utag-linkersiyciiresi Ay kag or signature isdamtidéntiiabk sequence of
nuél@ﬁ:u§&9§ r‘éffer'éutbl BitferrHe 5. &F 8L %8525%2}1:?% hlpql%fsacnd sequence

-nost term nal nuclelc acid se
(teugmjgs: ysualiy2 08429 b dievieed ﬁrmaiwccﬁlﬁgumomﬁp%lon or a tag

, he.5 and 3'
G[V rﬁ’&éﬁeohgﬁ] &]%95 X%%OE&]% %@53% n{;l@gw, q}ﬁlg grequﬁyces or termini
of anycootigusuDINA egiion. A/‘Mkel‘”feebn' a°m &aﬁéﬁuérfdeaef nucleic acids.

gg ﬁ Ee of nucleic acids. The ag Strucrure

The dagiip hipc s EAYErERtthys &m@rl’@n@emrdsofvwewlelcnaads wherem a
linkd | CLWRC A bRt Anat her

e e B BRI Ag A AR R o ficrion
tagainkenlegucturaniisers adipkét ﬂanks s tagt (that RO fsl M@ﬁ’oned upstream

trea o at t one of the.
endfBELRRRLNE] B o RS LEEATAR b il Bt Signature may
be uee@ﬁmhmh@a@blablyundﬁrth@ rlézyeg%ﬂ{)%dneﬁept' on. [5054]
nucl ei ¢ aci

- A sh usual |
[0034] a@ﬁ%@ﬂ‘ 'ae &lsé'ﬁ“ry ﬂérsq BB% nuc?egi goidt foragrseof derived terminal

r,di n
tagR U AR 6 Polyylcofiledo B hEh S L8RSy o Us
20Q301255581 e angvei 1J$ n200PRNSR0SR, bthe efmitenise.of SAMtEN Arad herein
d to determ ne the order of
mco?#??te%‘?éreﬁég bi opol yner, in this case, a nucleic
Seammt:mgSqubecmegwdce:Imsequesweeﬁmmhéd&déar&e&oﬁg%ﬁms in a
di fi Eﬁs vari ati oncﬁqlt ereof , as well

b'OBQ}lyg?éqdbﬁ n§2%F nad §49Gid+ Mue@pmgemmmmueg used include
Sanﬁé&ﬁﬁbmo@ ahe ﬁd&lfléﬂ"’\/ﬁﬂatﬂﬁé%epedfogs Vit &4 h§rRB8uencing or the

..specific quantities and paranet
454 method” of sequencing.

[0055] In the following description, details and specific quantities and parameters
are provided to describe the embodiments of the present invention. It shall be
apparent to one skilled in the art, however that the invention may be practiced
without such details. Some of the details may not be described at length so as
not to obscure the invention.

[0056] For the performance of the methods of the present invention for a particular
embodiment, any description disclosed for the purpose of carrying out other
embodiments of this invention may also be used and are herein incorporated by

reference. In particular, technique(s), reagents, experimental conditions,



are provided to describe the enbodi mrents of the
present invention. It shall be apparent to one skilled
w0 poovhesoar t, however that the invention nmay bePCT/SG2007/000069
practiced w thout such detai 6. Sonme of the details
may not be described at |length so as not to obscure

resthietionsy eites, cenzyhGaS 6lectars, pHmepsr afd MBS GiRe Ofn E}?ﬁicular, it will be
ev%gg‘?s ofskt"[;ﬁ%ygreser}g |_rt1vent!on for a particular =

& FENLS YEOB QY i6 RARPS Euiguasoand tieateniabdiselosed for
thebtreaienytatiments ©1 (herpre8badh BBt &f@b%@@é‘ﬁﬁ{;‘% Ion

mg]%/ al so be used and ‘are herein incorp
[0058k & BREOn shillprin itee et will epbréciae( that teelmggnes not specifically

i itian strictions sites, enzymes
taup R Her g gl PRl ASb3td, e 13 Plaicai seierancenbeaks such
asbiotaduitEnClaringn &kbbereryd szl W SmBRARt and Russell, Third

echnj.ques an terial disclosed fior the other
ol apHtrRulRaeity G @ssane HoBerhatoratory Feass,
i nvention. [0057] A person skilled in the art wll

g@preci ate that techni ques not specifically taught
[00p% Pesciipiipthe found in standard nol ecul ar bi ol ogy

00pe, TRy DR BakR ok et or ateeting, identiying

angior trreparirkpat leaghudrd abeldidd¥cigosshuRcener .
0058] Descri pﬁ on [oosg?é?%@t from a nucleic

Laboratory Press , ) _
ac'ér%&éﬁ% Eﬂﬁ'lcl‘]ﬁ"&@r%t juglsiaapideprigin eenaplex. In particular, the
etied e Glccoind 46 nthiel H i RLE [ | east,. one e
" nucl ei c aéri]% seqﬁewggag?ﬁ]?é'gglr(r%%t Q%g%é]amccfeg?%h%i igentifying
and/grpreparinanatlaesi by aucieioacid sequieeces acifeaghi@iteiffom a nucleic

, _ icukar. .. t hod ding to th
aclRTRISTY RS 168" IenphiGaBP BRtedie Ty’ odenveiegives andior

corgatiamerpokpigonugleatidesast two nucl ei ¢ aci d sequences
The

nts froma nucl ei c aci d-protein conpl ex.
mo%\/éft‘f??q’gﬁga?%oorﬁ 5PaEs ter PERSEgérinvertian dsevides/armethod for
chronratiat #teraztioh ahhgeRUEEHOL i figs - 0 djing. t
___one aspect, lt_he prgsgngtpﬁveﬁﬁ?oglﬁgﬂgvgjgééﬁga rr‘?t %:g&?ure novel
infrgation: aheyt distal: eonitali regicnsangi mtgrathkpmoBbenall iAtdractions de
' : el roetign about .distal - i
o e ot 38 Rtk e Rl et ety mediated
by seesific TAINA bietmgdpicteinssisgordag tistlsy, i §otosd MR didtances and
betl/\fé%ﬁro"?ﬁérjeﬂg ervents nedi at ed by specific DNA bi ndi ng
N eSh SMrens cioMASYMES - ones, across | ong di st ances and

[00e1pt Twee nerdbbiigtetits 6 N SIAT®Sethb 05k tpﬁéé‘ﬁ%?%@@ﬁciﬁeﬂ{es present

. of the %A nmet hod are provided under
Inventinnnio; dpfeeiosurh BNA nstiomimagroelythe IA-PETehstHokethat extracts

a singls B TsigRatRY (dddk 288bY #Eheach of the two ligated DNA fragments to
form a “tag1-linker-tag2” (also referred to as “first tag-linker-second tag) paired
end ditag (PET) structure (Figure 1), and the CIA-diPET method that obtains two
paired end ditags (PET) to represent the two related DNA fragments in a structure
of “PET1-linker-PET2”, so called diPET (Figure 2). The tags of CIA-PET and CIA-
diPET may be directly sequenced a multiplex sequencing technique such as the
“454” pyrosequencing method, or concatenated for cloning and sequencing using
conventional sequencing method.



a single tag signature (about 20bp) from each of the )
two ligated DNA fragnents to forma "tagl-Ilinker-tag2

w@ ado3noqoef erred to as "first tag-Iinker-secondP@E§E2007/000069
paired end ditag (PET) struct@re (Figure 1), and the
Cl A-di PET nethod that obtains two paired end ditags

A ly ot blinvdrtidnprdvidey admebitd bR } Bt Feast
ISZ%SQEE?:% Z?e eeg)fm&ETlml [ nlke\r/\/-pLETZ Sr(r)1 cal edq{j@%@d &t feast one

P igopycleqtide eaPRIISINGCI A- PET and C Adi PET may be
3 Lo RrAIest diltibidh SnafgLenc ng technl que

such as the equenci ng et hod
cofR)xreparieg aﬂ mhgohuolengdammwat lR@stidhBTirst tag and at least

o csaile S L Doy ie 2hatb oo idimaragbiained from a
| eastnwlaclaamll-;ab&ﬂn%h%é%(‘érﬁp“ de conprising: (a)

i.ding a nucleic acid-protein conplex; (b)
pr&éd??'ﬁﬁ”%ﬂ“%@l%@lﬁoé@ﬂ de conprising at |east one

t wherein the
Tho S el one HhiaiRe oSS ROWh FsaaE il tieg Second tag is
obiginer! p‘er ed nsesongl pmtynantdao(ud)a |tb@|f@’gt %ﬁ Ié@cogldfpolynuc:leo’udes
ide. The fi stta may be obt ai ne rom a
ob 'ﬁ@“fﬂéﬁ 5%8‘?5’0@"&'@ Fﬂ'g‘pgeéi:ond t ag |sdobt ai ngd
Thér spoempeibynucl eotide, the first and secon
Sﬁ?}ﬁ?ﬁgoﬁ drgg obtained froma nucleic acid-protein
co

| elosernting altlegsi aye ﬁ'ﬂiﬁebéﬁmﬂr@@g ti lpashesetresgictibn enzyme

| east RRY C rising at |east one restriction
enzxme reghglght%?tghglg?te and (ii) cleaving the first

and se@leﬁvjngcblhqﬁt&tlamdt satemdvpdipnuciéstiiis Wil a least one restriction
the at | east one

ccoorttpile BREETRIG PRl BeBfoe Feapidhin sits h the fnker to form

ol i gonag! eligordeleeitier icoimtising | & Stirst aﬁzgomkﬁélﬁgg ?rroﬂm the first
the first lﬁ)’:g%%nucl eoti de, a second tag obtalne

the seRMy i@ 8869 tagh @bfaieed ifislee the Isecond polynucleotide

artic (b) may conprise: (i) inserting at
Peast %ﬂsgﬂ}el Iﬁ(kg? conprising at |east one restriction

In Féﬁfi'?ﬁbr,r%@@@ﬂmabnomwaebet ween the first
R o R T R A—
recognnetcognltlentateeaﬁém;b@nt hehd' flrst polynucleotide and the second
polynucleotide of the complex;

(i) adding at least one restriction enzyme recognition site each to the 5’
terminus of the first polynucleotide and the 3’ terminus of the second
polynucleotide;

(i) cleaving the first and second polynucieotides with at least one
restriction enzyme recognizing at least one recognition site fo obtain
cleaved fragments; and

(iv) ligating cleaved fragments to form the oligonucleotide comprising a first
tag obtained from the first polynucleotide, a second tag obtained from
the second polynucleotide, the tags comprising 5" and 3’ termini of each
polynucleotide, and the linker inserted between the tags.



term nus of the first polynucleotide and the 3' _
term nus of the second pol ynucl eotide; (iii) cleaving
wo b@7fibgogt and second pol ynucl eoti des with at PEESG2007@00069
restriction enzyne recogni zi hg at |east one
recognition site to obtain cleaved fragnents; and (iv)
[0062]gageng>re$aaﬂve“|1/e‘rntlagnmlﬁcs providesma heefldd) osFU Het8dtirde and/or

f he fjrst
et et e’ Boaliaatcs Tk 4 Adaeis o proteincmmplex, the

mebidy Bosipgeingde, the tags conprlsi ng 5 and 3" termni
egf %achpﬁol gﬁucl eotide, and the |inker inserted

(8)bet WeEAYidIRG 2tnupieic @oBRprofeis qanemlext i nventi on al so

()P e g B BRSRlcIARkE CoRfidRe, dlierd Sid hsstge Bnd at least

one mecbed  tag hWhEFEHIh dUe divstptagsisngbtalrdd BHAY birag pélynucleotlde and

I
the] RB3 RERPRRCE o o rpcand| BalyBugReiae. o g and second

aFREPHREIM! ag i s
po%@???ﬁg%e??%m a flgrgtélé;;%%(ﬁag)t %ﬁh %@‘ﬁ%’{é second

(©)t ag SRAuansig themticenye dep@mGynucI eotide, the first
(d)and ?g[}g; tﬁgl%né’%tel‘:\?/g % Eﬁpgﬁgesﬂ:é ! O?onath%ugéqede%ce
theoebygdam«:tmg)andmr ldmmtlffnd); th@l@@ld&t e p@tyrﬂu@ﬁa‘éﬁldbgﬂ

otides based on.the sequence, thereby
[°°§33t ééﬁﬁﬁj ”i‘ﬁﬂﬁ&ﬂ“?'&%ﬁ?mﬁ%aw Hepat !l |r@at§lﬁtl<@wnzyme recogmtlon
sitgtohy Bach et (BSS b ARBh) ABeldibrd IdMER gé’qppﬁestﬁ& n 8igestion,

two Type Il restricti on enzyne fecog n|t
onedag [Wenee csignatyiel ench fatmwf:mm;) milyebe sxXtigeel from the two

t S e sequence si gnhat ure .each
ke AL BBl B R S bl B e e
represgnterdre, DINA fregioneoft agehiromkebmicaghiier et sther th@) represents a
a resensoneDNAre on of a
'océ\gb‘%’ﬁb?&ﬁ% \’)éb’lr% 'PHeO’b{ ?a'?‘ﬁ@rr"éﬁ#"‘%%réﬁi ghremesame f Fhimpaired

end ditdg aRICtIRYIIONrePBréd et e “PIAIPE ff/\/?\fﬁptmay be efficiently
chronpsone. This paired end ditag structure is

sequansed dhrqughacomaatenation: intouionger rminetdie of DNA ioe mifegtly afnalyzed
D AR Ct 'y “anal yoed by sequencing. foosa] -
[ooﬁmtAﬁwanatlvdyyl,mkerrﬂequeaeq&mu}eﬁamm}hef o kaddh® yieRd babker-tag-

tag! lfﬁk& girgctﬁrl i nker-tagtag- linker structure.

[0065] In this method, the nucleic acid-protein complexes, such as native DNA-
protein-DNA (DPD) complexes, are cross-linked by a suitable fixative such as
formaldehyde, glutaldehyde or methonaol. The cross-linked DPD complex may
then be fragmented by sonication, hydroshearing (Hydroshear, Gene Machines),
repeated drawing through a hypodermic syringe needie or by restriction enzyme
digestion. The DNA fragments originated from different chromosomes or at long
distance are tethered by DNA binding proteins in the DPD complexes. Unlike the
3C technique that requires existing knowledge or conjecture as to what these DNA
. fragments are so as to generate PCR primers, the ends of DNA fragments with
distal relationship bounded in a DPD complex are joined by specific linker through
ligation.



0065] In this nethod, the nucleic acid-protein
E:orrpl exes, such as native DNAprotein- DNA (DPD)
weepliewes, are cross-linked by a suitable fixetT/9€2007/000069

such as formal dehyde, gl utal dg8hyde or nethonaol. The
cross-1linked DPD conpl ex may then be fragnented by

[owethctmtllr[mzr hbf@iﬂﬂmmﬁrdoﬁﬂalﬁé‘mbmar; S%l;rﬁ?[ﬁ%%@ﬁ%gﬁgzgmgnmon

rawi ng thro hahypo

S”%? Q?{af’t"?egégﬁnéw AifteroRtaNAi frrgmiots teThare DN rlfmtmm@m &ach DPD
f, or at. |on

ORI T ONA iofon o g R s amantsumpn thare be tagged

‘bypiis onﬂﬂrﬂdem ditsigglogy t(ﬁEWCsﬂratélw qus tzb@tsoéﬁ%bf)es Type lis
vvledeor conjecture as to what ese ‘DNA .

reﬁﬁ%@rﬁent Iéé‘?éla&? ePnafgtred. B@B@eSt'ﬁfpeeriMestrlctlon

ena}?m@ﬁ%ah?agmtwlt@blé1 rgétﬁbﬁén C&#%{rzﬁ% ﬁ{}el,ﬁj rFq(: é/d@%ﬂlﬂ orhoming

ex are joined by spe

req?ﬁggth %ﬁszq%nl YoBBYsathe | i nker (about 20bp) ;:ont ai ns
es
ook TR A p{SSht e 6YRTR ! iogile Asoob. maraionyto identity

higmat tion@veDRDMedigibé by § ]
chipmatis ingeractiendve e by tmﬁ%'éﬁﬂgg%g{edéﬁ@ pPOtel®S such as

h'SE%Hu)er e%‘l g‘%ed%?D"BaAﬂé %ﬁ%g?%% bg e‘/'Y%&rb gifferers Qfmoamﬁrmmln another
asﬂ'@qiﬁtﬁ& pr@rﬂllﬁ%rﬂlbneﬁl@omsr Sﬁqgglb%éooaﬁ%gﬁﬁc?éot%e fgmprising at

d. Besides T restriction
|ea§{ Efeg‘r gt faghpRd r&fsiﬁ?g’fg@ne)ﬁeewzq rteg, whereumthg fffstp@gl is! obtained

froﬁ’]r ahOfi‘sf‘gﬂél%ﬁélbﬁﬂdémaﬁélzmée e%eqoﬁndbﬁggzgg@érg . 6?@,@t-rpﬁlj3$econd

resent "1 nvention provid
POIVBU(FI@@WIJ&% flheo‘hrsbamd sacomd polyRUCRBLEYS Bbaifsd idhea MYcleic acid-

proi@ﬁg&éé {?%Nﬁ' g nggﬁr o ergﬂgwééf:c{i}ys? gfezlb?q;n?gt?ns in nucleic acid-

prod:ehnomplm@s |Tfhe‘s@0tef§%r nRRPYen e%ru%ﬁgga t éﬁ%l&'s(e) " identify,
vi de n isolated ol igonuc eotl e cCONnpri si

an&ggg?tegzgﬁrfqmgqn tnigyaghien aventsd5iG8reaseSond t ag,

[008¥] TGS rbdlé‘t%dfdlfg%hg&@%té&ig gg%’ ﬁlrpgd J@%\?@%@E&#Ig@% ope linker. The

polynuc eoti de "an

linkeg eamyl bedngenied detween thaeads ost I&n«ér $R&PRE Jositioned upstream
nuclelc aci dprotein

and?B} Yj %gﬁ‘%%@dﬁ? %Pf:e g’g'ﬁgtrﬁ‘g & @Hﬁ%@abfw@lﬂrmmtnleast one

restrm:tlnu @reym eamddxghﬁibﬂl dite€ tHHJ ke Pé%%t oﬁaﬁgﬁrkﬁgﬁ eﬂ?%/mten%%ogmtlon
uenced tq apal yse, dentify, and/or detec

site] W% BRYmelretheqg éﬁétn@@e (e$iastion endyrbp. reb6GGiBbN site may
be fBﬂ%\ ﬂy§@|l%t|%§tr@tlb9@?\%g}n%c3r fg?ar%hlkﬁr LO%LuSS gﬁél me> A

| east one |inker
[0069] Alternatively, the at least one first tag may comprise a 5’ terminus and a 3’

terminus from the first polynucleotide and the at least one second tag comprises a
5" terminus and a 3’ terminus from the second polynucleotide. The isolated
oligonucleotide may further comprise at least one linker. The linker may be
inserted between the tags or a linker may be positioned upstream and/or
downstream the at least one tag. The linker comprises at least one restriction
enzyme recognition site; the at least one restriction enzyme recoghnition site may
be asymmetric, the at least one restriction enzyme recognition site may be for a
type s restriction enzyme or for a homing restriction enzyme.



i nker may be inserted between the tags or a |inker
may be positioned upstream and/ or downstreamthe at

wo e@gtiooome tag. The |inker nmay conprises at | eBST/SGIO7/000069
restriction enzyne recogniti 8 site; the at |east one
restriction enzyne recognition site my be asymetric,

[007ple Tave lir&&smweongrseiacfi'r@rresﬂmwﬁ re€saHi] SR8 rabbnized by a
.he for a t restriction enzyne or for a

’eﬂgﬁﬁ"ﬁ"g ef‘%é'??i cAae é’ﬁiﬁ?ﬁym dos dirstapelynuclentids Yo dtain the first
tagitariceasdecond rfeistrictioh a@cBBNjii | oq LSy 1 nus. and

a é termnus fromt hecg?ﬁllggﬁgﬁrey%%g%%?gdy gnrgsfrf@ogtenzym,e
capRRisof e deg dhvel seagne elmiusiaotisiesto dlstaili thessedshdtal (FIGS. 1
anf@m nus fromthe second polynucleotide. The isolated
ol i %onucl eotide may further conprise at |east one

[0071InKbe linkee mayneemprisy first nestFitEsh

reﬁr'étioz\f%f\ m% be gtﬂsi tjoned, upst'reamli;%th or %g@%zé(?gegiﬁ#ed by a
He eUlP 6RRARIGgO vingitee frstoalyesientidecéstobtain a 3

termmeug @$tthieC fird® NpGINBNEBofi®S 0gRit L O ite:. the. at |east i
one. restricti onpegzyneéfrlﬁé(:;’ogﬁéljt%o%ecér}dgr?ﬂycw recognition  site

recQgpiREt PV ca seronst resthistion nenzyess r Ay eMEWHing the second

i 1] P 1 Vi be. for type Hs restriction

P OIgﬁg‘iﬁgﬂ'%% R obtdif fﬁgﬁf‘é& Pt SPoBR R eT e, heematively,

thel linker may econprissen airbt rréétricﬁ@hrifé%bbﬁﬂiohegﬂglnféciogﬂized by a
e 0

e oy restric
resfidfin; RiAMe “Fanale (o Skavingokidreio pobuclectitio G witain & 5
termamis afidhe fike PulymRFeotidd, | MY 'L RIBhLE! ﬁ%%ﬁ%fo%c FRcRgnitipn site

ecogni zed by a restriction enzyne capa

rec{)g@z ScBha prRopmgc resiriciien tenzyineicapabie sgceeavinddthe second
pol{/rﬁlcg%:ctid]e BWhtin 2 bogzﬂinug]&oth'egq%%énga é%)&é}?{ 0 %(;yaa

irst restriction recogni
restriction enzyne capable of cleaving the first

[-y%nu ide to.obtain a 3 termnus of the first
f°°’%$|@%uﬁ%g@%{yaa,cfegnﬁe ek fdrthersaleavad byartbicd gestriction enzyme
recegnigingex tgird Z&€Ebdniti St i-Gti on apabl e .
f cllngav?gg t he dsig(':cg]ngﬁgg?%n%%ﬁe%ﬁgéﬁﬁ'gﬁgﬁﬁﬁggg@“w'eo“de
a”‘f é'?%sf?ﬁenaqulwa%@@mﬁj ey \heudlintiogri dieavad tley rafoEh Yestriction

enzyhfe tcBEREIHRY ' idd Ed ¢ 88LET cti.on
: Z?lecogn.i on s, tfg&iﬁgg%%%n?%%{ %i?/e i Pééﬁ"? ia‘c‘li i?%'ﬁn'@h'ﬁ)ﬂféhe second
POIB@W’ﬂdebfha:afel&th%né fiestftag svbltaméd' r}@ﬁ{ ﬁ%)étmbethtg%yoc%a@r}ermim
- ' the first polynucleotide, "and a
i@%?’gﬁ #@‘Wé%ﬁ%ﬁ”&é@% i'?gﬁrg@ﬁ gECORE & phtainey fram ligating
the Seandd’ rteshini of iten sebENIRoRARRRIRGE! ayl ®The fi
thi (iecond. ol ynucl eoti de t%r%o%?gi n dd%(':?%?’mﬁn%gd g? Th% first and
Ir é‘é%?ﬂi‘"g% VHGE | BaYi Bessgsgotie same seqeengmlaniuthe dsicdid and
fourtfredgnftiont RS 1A ' restriction enzyne
recodgé%i zing a t hléfggrgg%éoygtﬁi%tél%hé g?f“ée'?%?'obt ain a 3
[007gleMhenbiecleic acidsarotmin yoomlentdfdie isolated oligonucleotide may be
part of a chromatin structure. The nucleic acid fragment to which a protein of
interest binds may be any nucleic acid fragment comprising a region to which a
Protein of interest binds, for example, histone binding site. The polynucieotides
may be DNA or RNA.
[0074] The resulting CIA-PET sequences may be mapped to reference genome
sequences to localize the chromatin interaction junction points, which may be

either long range intra-chromosome (on the same chromosome) or inter-



and the second pol ynucl eoti de may be further cleaved
by a fourth restriction enzyne recognizing a fourth
WO e@ogeiosT on site to obtain a 5 termnus of tPEI/SEWONN00069
pol ynucl eoti de; the at |east20ne first tag obtai ned
fron1I|gat|ng the 5 and 3' termni of the first
chpgngsewedon |d¢f&ranﬁchmn@some@)$trhwﬁmf@ﬁfé1% 9 be Hsed for study

t the 5 and 3' termni
of g gf:(ﬂhg&%a%%g] %Phg g(grlgp@ahgn SHyckyes im Guﬁien gzocmdldated gene
reguiatich rinCReg Hiswn@é % TROroBO GtBurk "En ARG S “Meiated by

t he second and fourth recognition Sit

traﬁagré%t@ feptors.and ethwienigendticoakied hﬂeﬁﬂuﬂiﬂFﬂGS 3 and 5).
| h | at ed | eot i de
ro0h e YUY BEfblets CERo Reqdtetralable. Fin BoRbibleciccdaiop whole
genaamnroamemhoqueatlﬂyra]l mt@n@él dmbﬁbﬁﬁtmt@ré‘&ﬁaﬂ%ﬁWP&e ¢ ,genome
tlll@% Jauc elnc Bl 8 conprising a region to Wi

Fayds Angg pﬁ’qv& @g rasichder gespmeximiterregatinrs timvehich 20-60mer
oligomietidest &re Hiag ﬁobﬁoﬂ?gﬁ%hﬂ%s HRY %mtlwl 8P%W§d and DNA

0074] The resultin nce
Prahes; Mtﬁr@ﬁ'@@'@émﬂéerﬁécﬂfenbmldlmd tecahezgrréyleand the profiles of

ti oi nts, which be
hylérf’t{n%%@ % ranrﬂéﬁél ra-cagl ﬁ%sg% (8@?”{'?@33&?@%9 readout for
lntmmffgermtlmefementﬁ direpamaydRav bEeh ?ﬁ?ﬁonstrat%d useful for

Thi f or mat b
oY SR hae 79" BrorllnBodnscDpi faster binding sitsamben coupled

with rCHIRC{@hIP-g1 n
hlﬁ st aEKF and g{%@%ﬁt%%ﬁ)ﬁgﬁ%ﬂﬁ@g%ﬂ&hﬂ% %gfcé%"tb%e to its
ighlymulti artsinpwﬂebngturgntjlsannemceamtgemmn therafbridettion-based

detdudn | AiNS bFlGBapi aé}dd%}ec{g Rbritel ETBoesinnel dwo DNA

sequences ava
fra@ﬁﬁotaenaahmmatxmmetamodent ify all potential chromatin

i nteractions. Wole genone tiling array is an

attractive approach for genone interrogation, in which

Prediaraibreo thb icigonatiestibelgodiihd id ik BRI e

ent.l. fgﬁ] Qe I n mcroarrays,
[0075] leie Aftidpratein ccammpiek dinagdbe cobtainet rtasougaun Chromatin
mrﬁ@ﬁo;ﬂ’é@ﬁ)itb% gmb,gbrl di zation signal intensity of all

the array ele Is the readout for interrogation of
genetic elenents. Tiling arrays have been denonstrated

Chrossdid in{rﬂrné &n; if in ns, and for localizing
ng sites when coupled wth
[oomn(FhIPChlaE’ &P )useth et 98nridHe s € a
icient due to its highly rfaﬁﬁt %ergéﬁa%éﬁgghgl ﬂ%n'tlﬁcatlon of
genﬁ)gillﬁrrgglqnls pesqaitsd cwith agnesifin aroteine such as hlstones and other
tRy bl canabls
P et oot h0. (O PR S AL 168 SRl feptiawed i
TavemengicimGanomsa Biclc20ohs5(3): p. 210) The aim is to cross-link proteins

with DNA at their sites of interaction. This is accomplished quickly and efficiently

by adding a suitable fixative such as formaldehyde, glutaldehyde or methanol
directly to living cells in culture.

[0078] Crude extracts of these fixed cells are then prepared, and the chromatin
sheared by sonication, hydroshearing, repeated drawing through a hypodermic
syringe needle or by restriction enzyme digestion to an average size of usually
about 1 kb, then used in immunoprecipitation reactions with antibodies raised



Preparation of the oligonucleotide according to one

enbodi nent [0076] The nucl eic acid-protein conplex may
wheoooho@isned t hrough Chromatin i mmunopr eci pi t aPC€DHG2007/000069

(ChlP). Chromatin inmmunopreckpitation (ChlP) [0077]

Chl P has been used to enrich and thereby allow the

agad‘éﬁtﬂ'!el ENAessotiateh girotein egf q iat
hl%gﬁ%é [ NRr teins suc(hmggs lh| st oﬂ%ééitf}gg h@?négérr{gﬁgp ngactors or
d5 EEV‘&“ES &hrighed n'nna@GbllmmUIn@brpcrpiltetlﬂn are then de-

linkeamdrek =
lnzg%rﬁda 5?%1)rﬁlb@Vtcﬁ\éﬁgw' ﬂ}]eTla‘f(?éﬁ fIC%iIBﬁ Py q%?rléfy & an@th%is The
@iﬁgg,\@i Uging RellP is ithagsthisf apprioecads izple tJ hﬂgéeie" the in vivo gene

d tly by ad
re%ﬂ{a‘t l'e F’Bxat gégﬁcﬁr%ggq'ﬂ%%%g&gfﬁ@a@ alﬂglgdié‘le?ydmn histone
prajeinsetieaby irdtveeey Fepresehting Bgtrgé" b%’f rgqu%g blég‘f'ﬂt?ﬁy system at

] ude_extracts of these fixe
an%&aﬁ 'Qgrm%mfﬂ ©F 10 RAteriRk arifastse impasdry by dreterldgtius expression,
forhystapséeari ng, repeated draw ng through a hypodernic
[002&%“ nge needle or by restriction enzyne digestion to

B\‘?@P'&f@e @thethas inmralctbmtmhmdmntnﬁ] immtole%) bgﬁoh‘:%eﬂ_lé@ et al., Nat
actlons W anti1 poal es
Geh ZE) RIAPRAE %@‘Oﬁpmaél(ﬁuéklmhﬂneeéat Mol Call

rai’'se agal
Biol,e2904.t 24(%c ipi (880dn14)28h@r SpOr
) Qr st g\{/}fe? mafih &t al., Genes Dev,

ZOQ%%E gﬁge%%%gmlﬁ&q??qcygdhtrg‘y&% ewlphen fChIP-on-chip” approach
that grothisbs Q@*e‘n@Blebﬂﬁeagé’rﬁfrﬁ)]@'iéﬁ/e?prd%%% %ongozelpgnﬁgltng sites such

f using ChiIPis that t ap
as rfapggrﬂét-rort frcten binding gies (TEBS) alrevigwaet WOBKCI ¥nkaPikd, 2004).

t d oth - hi st
WHHE RR& dsbﬂhhﬁ&r {)th@%BSrﬁ)@'g Jﬂaq%e!ag% girﬁmnq%gtral’[:d ?Qjesmall genomes

pr ot ei ns,
suahi aswaastbf(udbeet@gull\ﬂlétoaén‘éys?@m 2550 208 eroP48 JheBost and

nt|aI tifacts inpose
Co"f‘eég%&;) of Bre g’ Hé%a%@mpmmpamemmn WoreicbMpies organisms

shllbem;mg‘nhﬁmb mc{d} whol e-genone (Lieb et al., Nat
Ge[gégj 2001 . 28(4): p. 327-34), whol e- chrormsorml
[0080F riglegd micraprrayssonGin| hishah, gertiic ﬁé@r?nbntsoof high CpG

4- 349 G t al., G )
Cong%gé 16(2) " LB% @4%13’@/\en‘?%arbg?$ré%'§0qw éon%‘:’omoyer regions

(Antagyiera tﬂmdp lrdr PtahNatoAeadisy] FoR! PO
evel Icl)cal'fzzgtglggngb?4 b ':P'I§§§ -9), such

mmFd%rfé‘é/@ n eg){ %ﬂeggﬁn%ﬂes%ﬁpmtseaﬂrwe»m the famation of putative
roBin iy kS SHTEEEY T o Ml opc O
upség%?ngpg adQunsigan rastale dedded, sas ihizsisy sk pptdxiRaf Slze of
sonihted ORIP ﬁ@@ﬁ\tents%%(ﬂhe C%%-nz:h pp Obe spot:%ea onttﬂg a?r%i’/t and

[0081] As an alternative, cloning and sequencing of the ChIP-enriched . DNA
fragments has previously been attempted but with limited success. The problem is
that the targets of ChIP enrichment are obtained against a high background of the
entire genome. Even a 100-fold enrichment of specific targets would still represent
oniy a small fraction of clones in a ChIP library, making standard DNA sequencing
a very costly solution. Therefore, sequencing ChIP ciones under these
circumstances is not a good approach for identifying the enriched targets. Serial
Analysis of Gene Expression (SAGE) and Massively Paraliel Signature



conpl exity of produci ng whol e-genone m croarrays for
nore conplex organisns still remains a limting
wo 207006047 0080] CpG i sl and mi croarrays cont ai nP¢IIB&Z007/000069
genom ¢ fragnents of high sz?content, and because CpG
i sl ands often correspond to pronoter regions

Sequenci@ éMPSmk(Bsenaer et gk, Nat Bioteatinlc 2008A18(8)98, 630-4) have

v c 95: L.croarrays represen .

alof S publestor o Sec P00t BRobRRa G G arvihmen

thepurdesiyingipmihcipde Heires tisdti the e endtatdd SbhPEHI¥-enriched DNA
nom C upstream and

| nferred exam ni ng, g
fraéfﬁﬁﬂgst W%itﬁ (kﬁ%d%f?ﬁ?nn[lmz Fper Jymbers cempaeeddpr el manespecific
backigesured. soni cated Chl P fragnents) of the CpGrich

robe spotted on the array. [0081] As an alternative,
[0082] ohinesf atf@ss cxpuichcthen dfe t napPeliPtenthehgend™8 sequence for

\ ; ent h i lv. b ' t t ed but th

ol 517 B T, T C. il e 10
repGieehtiagrthe hsueitatad draghicHtsr ' '

of the entire genore. O SRR the RUISAGEE AHEMPSS tags
S O&Eﬂecjﬁ iPeCHIcy 9Uqg§'|ndnsqat| Insiaseess tntdefineythe spatific genome
locaticrctord sbifl KAL RS TxhMice il geidoﬁc%%%pﬁﬁgf n%(p@: Z%%r gpstream

DNA sequencing a very costly
ands gguastiean Ci thec taghwhenndeppimede ther gendmancRes iis the same

- identifyi th i ched
pr°?‘§?%3?§€&%£ R TR T R R e A e —
covikags Wesipg Phresd ehethi ' : -

B ol arnoL - Sopaesl (o0 e AiaDlinl (8o BRSrequisite
resifiich pme /ggReREN £tes {erepingantIa ites); ffotesopaition site is
abséft #6hi 8GRI g8AGMI BB ion [t S} P%ﬁnﬁgﬁﬂﬁg H‘W brﬁ]g@lelﬂﬁﬂ from the

bei ng that the tags generate
coresRg REiNEsCblragmenpransthence thatrigeationuwitieses acBiM@sBEt” within
the gnfjgfe_non-specifi c background. [0082] These tags
ou then be mapped to the genone sequence for
[008BH ot itbat issneofddstebgenab@le, r ROsOBIcaF that &GRSt is( keuired to
esenting the sonicated

fac@%ﬁ%%ﬁ?é‘% Igi?lﬁh%{(ﬁ%np{i‘ﬁ&rlZGBHIaQKGQE’WiWS%m&i@@d to accurately
andsiapidiy giepsine ed thI@l%OH&B_ééhdé‘ﬁ%Esiff&?n?(ﬁ'@ﬁé@)t%ig tgﬁéi nﬁrggions,

t he specific genone | ocation, one st
as gmal;grag@yg;ég wheleogenamel grraykin this tregam, ahd novel approach

: whe ing to the genone. This
P R s B IRl e R selerel S ahatesaraghe tag
Seqappeesmdencratethby motee mathop! eft ¢the presareeinishiich 1d#8%iBle higher
spe&ﬁ&iﬂ?f - epends ,on _t he av€| lability of prerequisite
Festtict] &‘?pg}gzma?‘%%&@ﬁ _tt?BrY‘_’%Li'lgeaére@ﬁé(mﬁ kigown A9 have been
derised efipm 14 eontReasdl DNX &ddifiehf encompassed by the 5 and 3

signatures. This information facilitates precise localization of the genomic region of

interest, and obviates the need to repeatedly examine every sequence an arbitrary
1-2kb upstream and downstream of a standard SAGE or MPSS tag; (ii) the
method of the present invention is thus independent of any requirement for the
presence of mapping-enzyme sites; (iii) the concatenation of tags prior to
sequencing means that several tags may be identified within one sequencing

read; (iv) the region that is common to (i.e. overlapped by) all mapped tags in that



absent froma certain genomc |ocation, that

particular tag will be mssing fromthe correspondi ng
w@hioP16qoagment , and hence that |ocation will bRCEHSG2007/000069

"blind spot" within the geno®. [0083] Fromthe issues

descri bed above, it is clear that what is required to
clustgti therefoee gisiiines thev BINA regionsi pblveal i el AIRSY acid-protein

yisi S nmet hod to accurately and rapidly
Coﬁﬂﬁé&o’ﬁn@ﬁsﬁgﬁhucl ei ¢ acid sequences flanking protein

bi ndi ng regions, as an alternative to whol e genone
T arrays,. In this regard, the novel approach provi ded by
—éﬂﬁéﬂéﬁgégﬁt i nvention, possesses several advantages:
0084)) FbPthd pg | ope nethod of the
e B R R S0 BRI et el & ey drotide sequence

present 1nvention pr
or ndigpainGe bbtained fach a aguleid dadidr eesléclie KeMWYebRsents the

' £ ti DNA t
oL 5, L 8 o e rom. e
lynhicleotide avhitiads |ihtetdes ki j i t
b ygnoe_ e; ilonqgflhi nt er eg{ %ﬁgﬁg é)rg\F/?dzgtbégﬁljt ﬂ{e]a}ﬁégd&ﬁl@ mRNA,
ge’?%@gﬁ)'gé‘l’ gﬂ@ﬁﬁﬁ*m@@%wcg&fuence an arbitrary 1-2kb
- f d SAGE aor MPSS ,
(o0t UnAa& r SHNPLERTIR. Hro 0L S ryeiendh aolamnuicteotide
of thﬁdém@nmvmﬁioan?ayealspr@mﬂtﬁefcuueuhiﬁ GUERR ANRE tAs, a ditag is
- . ites: (iiji e. concat enati on of tags
R A NN
repreteits.f Prderably)i the Adifags RULE R ﬁ‘ﬂlcg %r’te@a: tﬁ)antlﬂg é{?qqgﬁgnucleic

that . is common to (i.e. overlappe mappe

acid \mpjegule. A8 cFoRSRIUSNGSE Ol e 1 @Erinkiegbl\lzher elifagnmay essentially
j j i Lqd-protei n conpl.ex in ,
conil sl DTS5 o0 B L pGRIBLE i 5 on
regidne(glece insticateg s ?’aﬁa'ga) n)l;; ttla?e_ ba'giniais naclkie la@il@lt h@%cujed Hence, the
, nature. in rom a, nucl ei ¢ aci
prb 0L SRE o] IS Aot AR50 0 i hiamrinece e
5 tapgea sis Glot ardhededf ' i : -
ol rﬁﬁ%ltggtisde which is fiel i édﬁgé(;mstﬁgi'éﬁﬁo%drmg to the invention
ret%?ré?)}/l'éesgms M9rr5%tlmatymmf the poigingl [DNA],e_idE atid-mefegule, namely
the SR¥an8thé BNG-sidrGrls MAEMULRS: BLigsent nvention, two

tags that are g,resent I'n an ol1gonucl eoti dé of the
[0086} elenb’ tag\anst 'dag feymiabdbe eitah rhay halé ¢k saslid @different size.

- i IS shorter th : | gi pal
Prebdt. 395 el BOBHHr bERobGEs cHhecBaonay bo of any
sizepttiut Ineietisrie free mmsainingflr @i babatagbbes @i\/bﬁ‘%é@ﬁlﬁa H&he parental
much shorter than t Rgeprl ginal nucleic acid np ecupe.

seqﬂgng%nggraum dF 13 rRerveRy i The myefertate siet @f amtag or ditag is
det@$siaBdd iby! dehome complexity. For a bacterial genome a tag from about 8 bp
to about 16 bp may be sufficient whereas for a complex genome like the human
genome, a 16-20 bp tag (or in other words, a 32-40bp ditag) may be considered.
In general, the size of the ditag is from about 12-60 bp.

[0087] For the purpose of the present application, the terms 5'-terminus, 5'-end
and 5'-tag are equivalent to each other and may be used interchangeably. In the
same way, the terms 3'-terminus, 3'-end and 3'-tag are equivalent to each other
and may be used interchangeably. In an original nucleic acid molecule or portion
inside a nucleic acid molecule that one intends to reduce or represent, each of the



conprises either or both the 5 end region (also
indicated as 5 tag) and 3' end region (also indicated
w@3003/10d0ay) of the original nucleic acid nol ecedESG2007/000069
Hence, the portion of the or24i nal nucleic acid
nol ecule that is originally between or inside the 5
5'-eRg 2adB - endireprésenton regidnucieporition tdese lt@%e Eheefith 3fhd most

far i il PG48 rblBn BURE ARG i mal muci e ¢ aci d
[oomql Acubeing &me)ne fabgeétt af tthé”ﬁe%@ﬁt mgﬁgﬁ” rfz?ch 3'-tag

he nuycgl e| c acid.
comﬁ)gsg fRgh Mta'aa@ hﬁgrggmﬁsm*f thef rfneiamlie S:I%/ed by a restriction

en%rﬁé 3:!0%%5@’1?0 ﬂw@%’-el?@vgn& geeﬁgnpeﬁaggﬁv?@&gofttﬁg %llélg eic acnd molecule

may be of any si
or n@ﬁnnrtgenfelof mmmjsuam@dqu&sme@méb %r%ét%ds@:ﬁtéd“ Accordingly, the

snz%%é;flg? ag %}r ir V\émay B‘;q Eﬁgstncglozéélgzem@]ed ebyymes used.
[oomnAB’@or@Di@%J Qﬁétlb{verﬁﬂfn Er&ﬁ&é§%h% gfébg %(?nlé/ﬁ%?’[@fs comprising

about bp to about 16
anfrgplagedcghgq; @c@tmommﬁmgweatriaaam ogenfirst, tag afd 20 leBst one

dit
Se(%:%%m ere}%r&mﬁ]&eﬁl%?g 9l ?hz)%%' gq'&mt%ag')r%tl FP&M“‘HQGWC&T@M the
SemUttaQZQB@"tﬂd fraes8 4 ﬁuonﬁhQ)dWHL@mld@f fH?ee f%fe%%t second

tf erm nus, -end and

POlg'?'géléq@Cf (fbéﬂ ?i(ﬁ’%tg(ﬁ ngeiRls a%{qdprﬂ@;n Bempied The ollgonucleotlde
maynﬁﬁﬂtdﬁaangiba‘ at nlebb? &rﬂiTE]an@V mEQﬁeBeBPva—fer} dhe.fggs. The

-ter -end -tag are equiva
0"9%8%508% ”??d/ya'@@ f%@@@r ¢¢m§ﬂ%¢1 ahigaaboge ilinkemineeftgd feflank a tag
th I I nside a nucl ei.c acid
e 0 ot R BB i Bt it U5 Auef pSwaseam the
at |@ﬂSttQT@5fag)and and 3'-end represents a region or portion
closest to the extremty and nost far fromthe mddle
region of the nolecule. [0088] According to one aspect
Linkér t he present invention, the 5 -tag and 3'-tag

conprised in the ditag are the regions of the nolecule
[00%g gg\%”ﬂt Igyjars epgh dipker May campiise al leest tortedfinshesditictiomdsite and

at [2agt 3' sédfd éé‘iﬁe&;ﬁ[ V%ﬁh%ho ltéh?ﬂg}'&gl &l %%@rgﬁ%@@?dgs’cncﬂon

or portion thereo I' it e
sitesepfeegrinineepchalitkerdinayl Iye onkeorsimoee obréfér%bw a8, TRY rB8triction

stef Bsiof KEE sPimhbiye TEHEIcPh s drv el gk atymmeina resircton

sﬁeelargdmnmh@ehdd&udéaﬁé laSiyminaétic ire@dgHish 9&?9%&&95 tﬁ?e Il (or
ri sin t opne first tag and at [east one

classse Uoisgogrigion \ﬁﬁ%? YPa He restristion ggzyrsesthati srédo fanenside of their

rechdridn Q.fég/g}@cﬁr@fgrbg% and the second tag obtained from
a second polynucleotlde the first and second

[0093} | HewRMes 08Ny decegnitiom eitef krowra imdieé eirt needyt BePlisddei Restriction
enz?ﬁl'@’rle%gnizmﬁ é’(l I.leggtngﬁé ?‘8&i)gdne|tion site within the nucleic acid molecule
and which may be used will be evident to those skilled in the art (see for
example, Current Protocols in Molecular Biology, Vol. 2, 1995, Ed. Ausubel, et al.,
Greene Publish. Assoc. & Wiley Interscience, Unit 3.1.15; New England Biolabs
Catalog, 2005). A list of possible restriction sites and corresponding restriction
enzymes recognizing is reported below.



may further conprise at |east one linker inserted

between the tags. The oligonucleotide may also further
weowpni@®er at | east one |inker inserted to flankCESG2097/000069

(that is, the at |east one |2dker nmay be positioned

upstream and/ or downstreamthe at |east one tag).

[0082]n Reran @geuiple,ra pesttictian anzymacitecoynizii é; Q?bélsﬁi@ﬂ?ﬁ IS} may be
at |least a

fi
s, for iR pirdRSs oF 158 preRATRl o fas citheraserding fmdhe invention. In
pariicatzera tyioerlmmzme o éké%lé’f\/ﬁﬁéﬂtwhgn %ﬁ@ l¢ lﬁﬁ‘e@c{ H®%nzyme

be one or nore, referably e restrlc Ion s

reqegpiass aaﬁe%%ﬁ?emﬂd@ ¢agalt of thel byp adaptorEttmtflaek thé nucleic acid
mASUIEBRE! Bnk SRidHdS! io Fb(ﬁ]cteesoﬁr Q ggﬁagttgggr%? &'@gé‘mg molecule

asyrmetrl C recognition Sites,
forgling @ ﬂag)ccrmpn@ng tli7en suut:mndémgeélsvlmbmscmd%ted in FIGS. 1

an@ 5L 08, 40X 150 ) £ Pedbieraloniaiasserity beoting drcoiigation to
formi & ditkg @Wprl&:@%@etndwot%su‘ﬁg difBesik rHe%é?ﬂ)tﬁﬂgﬁg/ splicing

gni zi ng | east one recognition-site
tOQﬁﬁ'@fre‘?rc ligating t|'i‘§| & darmeinasdandhitied 3migrniisusi o6 dhavisamd@ucleic acid
mofddyfient to those skilled in the art (see for exanple,
Current Protocols in Mlecular Biology, Vol. 2, 1995,

[0095]. Aﬁm@dampsie abymniastee retteBUllays hbe ARFr88ucey. Vﬁgﬁr}ﬁmetrlc site
Se%%%ﬁg 936 . hlt 3.1 .15; New Engl and Bi ol abs
B gcj ,& PH@OSEr of dag i RspEShie venten difesll): o homing

canwdmarsrees 8 se
o eport ed bgl g?v"{%r(l)%]&bgg@gg@@x:&nﬁ/ ”%585%29%1, k gR restriction

S€e ASYHMIMELHg @eﬁmalsftaSoﬁequeaceﬂayeb@gmmef By type Il
resiri&fﬁoﬁlgn%g)ﬁ-%s()f the preparation of the ditag according
to the tnvention. In particular a type Hs enzyne, for

[oosd} dripmingvestionWleasadrate iseldiand, dddtribe8 NHY New Eng!and Biolabs,
each of the two adaptor

rec uence i S|d
ino R 8RR R ENETRe I St Sreuences halsomsaliablerdnsne New
England eBiokds Datalegt $hé§§'fﬂﬁnﬁ1 eeﬂél'@ﬁ@élé?a%e: sagt/ K%Er%cogmtlon

a tag conpri si ng 1 nucl eof |
site, SPQURTRR aradam 1 ds 3 tadezpyvevewmrsthm aresgmtnwehﬂon the
recéglﬁihbh %ﬁ@'ééﬁu@ﬁeﬁéﬁﬂopgwﬁég% tﬂggg ga %%ggrd ot%se sizes.

forma ditag conprisin AUC
Pref%fahb/nc&%bfeﬂtmﬁ@nbyh@plngc|ermdmgﬁédiws Qfaddbgs’it bhdcliffifg the

sy BmbFEL A A% SN dhe R sae el Co .
Sce’m?l-lﬁ’ﬁpi rHrudodSceUleﬁ]MﬁﬂTﬁ{éﬂtl@)tnédté’o&t%Q HEWEGSr iésﬁgt‘ lexhaustive.
Othﬁg)[no:w%gplejrﬁggnsueclgases I?ncg)v(/r(xe Slﬁn’cheI ra]l\r/te;;t]ncli otﬂogé ewhlch may be later
discovered are included in the scope of the present invention.

[0095] Examples of type Il restriction enzymes include: Aarl, Acelll, Aiol, Bael,
Bbr71, Bbvl, Bbvll, Beel, Bce83l, BeeAl, Beefl, Begl, BeiVi, Bfil, Binl, Bpll, BsaxXI,
BscAl, BseMll, BseRI, Bsgl, Bsml, BsmAl, BsmFl, Bsp24l, BspCNI, BspMI, Bsrl,
BsrDl, BstF5l, BigZl, Btsl, Cjel, CjePI, Ecil, Eco31l, Eco57I, Eco57Ml, Esp3l, Fall,
Faul, Fokl, Gsul, HaelV, Hgal, Hin4l, Hphl, HpyAV, -Ksp632I, Mboll, Miyl, Mmel,
Mnil, Plel, Ppil, Psrl, RleAl, Sapl, SfaNI, SspD5l, Sth132l, Stsl, Tagqll, TspDTI,
TspGWI, TspRI and Tth111ll (the list in the web site of Rebase Enzymes®:
http://rebase.neb.com/cgi-bin/outsidelist: see also Szybalski, W., 1985, Gene,



endonucl ease asynmetric recognition site sequences or
ii) restriction endonucl ease asymretric cl eavage sites

WG emarnoes recogni zable by type Il restricti onPEnNEgIOZ000069
[ 0094] Honi ng endonucl eases dfe sold and descri bed by

- ~New Engl and Biolabs, ILnc.; a description of the
40 's@Qr}néthq diskimentignpdenbese i Kowkser a aidiadlitauisive NOMEN ype |

j t T hom d I
el o kO IHE TR AB5e MiVEE qwan e deter disbovemmrdncluded in

thesscdpe otHbheepresent iRvédtrpr esent i nvention the
iti limted to those

[Ooégcggmtlgn site sequences are not
qtd ﬁefé §1011 reCqaheinn §lt2|§s.anﬁr efealvagdlaysitéfshenft ;s_everal class |l

dteSlon ehx s, capabl e, of cuttin
© t he asym@?? i g%?%@ﬁ%ﬂ@%@@‘c’gg% @9380889'@@1‘3#"8&%%3 cleavage

site); Ry dGHSASG 8Y1 B Hoal CRACGB 5/ e Benit - {586AR8%0/14) stani
T i st ' b h ' t
(GEATE )T B (ALt Wlionucl eases known i the
[ooem t Aetifidizl hopsstidtioph d d
i ncl detlj i?]%he gg]opgﬂg?,q?%%g%%esewtﬁgliox%résﬁti g}rﬁe §6gs) These
e”‘BI&IFEEF%%ESoﬁT'Wp‘%e | prepakady it imﬁtmggwaeém?-u%'r é‘>|i’ér’r1ple, the
end¥iftldidaseAFRk| h%%ek?elggr@r?e%%}ﬁl by Ep%epr’tibggfqo: tt%t:?tﬁqléaves one

BceAl, Bcefl, Bcg
nugieeiide fwdhan Bwapstem, itSsglcoghitioh, sifs BN boﬁ?'@fangls of the DNA

/

, S , Bsrl, BsrDl, BstF5l, Btg
subgtinsélie’”é.3%3?%!%9%8%3993% rop. NatAerl ScRnssENISA 90:2764-
8, 98| SudFatéchniquds magklbh i loss N4
wit BbiratBYAY: i5p632 bo,rpHis F? PrfparE iR sridonucleases

I?DBF?',"" rECOgRiton ?e%ﬁﬂqesgme&w@diﬁtamceﬁtff‘dr&%‘eco%nition site
to chilagela@. | . TspDTl, TspGW, TspRl and Tthl 1111 (the
list 1n the web site of Rebase Enzynes(r):

[00981 t\Ynderr tsapeesarts . ioveritio, -thicnisoldisd d§lldofis
inve?ﬁi‘é‘?,a : be\g@ eidgss, Gene 4%):41/69_2. Thego.lﬁi g@ﬁgﬁ?‘%’iﬁ’& present
. above Nowey nNes Rbcoagpighseted, vithopthar isglséed oligomyctestide to
ormkrepwnncatenter off dligoMdiclddtiges WA | o
'oingi scover ed arg@i{sn%nﬁlded in }"'ﬁg?&dggéeg?f pﬂé&éﬂ%g%’qﬂes may be
Joine(l loge . Tqrotss putseses| ek sefiueaciognort fam ckintres imada suitable
plasthidayrageisi t es of several class Il -restriction enzynes

e (into h%)/arent hesis are the recognition site and the

ar
[009(;]‘?u %glgzgggng t d) ;a/nl:};ar Q%@GC{% $?S§H§bmedtigﬁg@a ftf&@atemer of
oli . . a ., anad Bs
l.Q( Amﬁ@@“%ﬂgé@ﬁﬁggﬁ f\{g/eilgtplafz%i;pilg@wqb@ptl es, each isolated
oligemudeciide asaprishyy at 30adicons Sitst TALSHE !
whe?%}é tZ'e ﬁr?gared %Erm ein engi ”eéet?i ng. 4 g%xéﬁezl%éfmnd tag,
i ﬁ_d FucPRdR @ _Pd e e difstepolynedeetitidand the second tag
obtaimeftorANg §8cdritfipolynueledBUES tR8%first and second polynucleotides
obtained from a nucleic acid-protein complex.
[00100] The isolated oligonucieotides of the concatemer of oligonucieotides may
further comprise at least one linker. The linker may be inserted between the tags.
Alternatively, a linker may flank a tag. The linker may comprise at least one
restriction enzyme recognition site; the at least one restriction enzyme recognition
site may be for a type lis restriction enzyme.
[00101]In one embodiment, the first tag of the .concatemer of oligonucieotides may
comprise a 3’ terminus from the first polynucleotide and the second tag further



nucl eotide further away fromits recognition site on

both strands of the DNA substrates. See Li and
w@hande@segar an, Proc. Nat. Acad. Sciences USAPGDSQAO%4000069

8, 1993. Such techni ques may2be applied to prepare

restriction endonucl eases with desirable recognition
coxpisencés andetsisiusabiremdithearseesntir PolyREMIIdY. OThe  isolated

BpHEeRC salh andr g
oGt RIq sk F (A8 Roblafnste PobmUEFebde deabpachuharsamprise at

ledishueatinker mspried HadivBed thE t5699A bofinti e fi
i sol ated ol ifgggucl eotide to Tor mtagﬁgiﬁg%%hglﬁ%& {he first tag of
|

the, CPRERIgRIES 0P Qlgonugisotidash Brayotoniprigena ch elerintiegs Woyn the first
oljRutlebhids dmpehnde sgs. of sequgncing or
P Por cloning | nt% %ecgc&[dt té%?eéaﬁf‘ggr%%ﬁwr@ﬁsvgcgoﬁef IBeddfom the
segbpelyngtiootiden anot her aspect, the present invention
is a concatenmer of oligonucleotides conprising at
| east two isolated oligonucl eotides, each isolated

[00td2] oansthep ehilfo diABRAE, | thE TosPiag @p{tﬁ%eéq?fcraiéfﬁg of ?)Egc%]udcleotides

at | east one second tag, wherein ag
M2YFOMA RS § PolRraingS 3pd gob Jenings tficde thae Hrst pelweckutide and the
dordl ' : c nucleotjde, the firs
SeGnd ?g;glgg@o {/’ﬁﬁéﬁ%?l gg%”g‘@% ﬁﬁgi g %‘o?r?'ggmﬁH%IfEQ’E the second
polyrucleplids. ei Theomidadated] 0@LiGOhudbetidsto! affed the concatemer of

ol [ des pf. the concatenmer of oligonucleotides
ol BRRMARE Phat) SR uHEr PREERSE R earicane Tmier rssked botween
thertags.be i nserted between the tags. Alternatively, a

| i nker flank a tag. The |inker may conprise at
[0010g£tl'ge @Hggﬁsegfaﬁitbﬁ @If]%bﬂigl Bnbatienents omys bbmmi%b%talbast one

RHS WRi 20 nition site may be "

o e R bl S LBt 7R 85 seBiicTon Saifune recoanition
sitecdiBy Merfona typédsrestsictiomgneymehe concat ener  of

|, | des conprise a 3' termnus fromthe
[00@3@@}5@'}‘@%@%&’( AotpicBrides miay ke insgrted into a vector or a sl
thefcell tnhay be mpbaciesalacdll’ term nus fromthe second

nucl eotide. The isolated oligonucleotides of the
[00@&1% SRAERGMS) 9‘2 Qligeslertidasy meycbe ffoomharchromatinsstructure.

Th i ' he t .| .
P i U AT e —

areéc!)qugqmmcgﬁenaméghmomps.i se a5 termnus fromthe

B I TN D L —

nunpiegryoiu oliganudeoctide20 80 2he IpheSerit IRPENHRSF Fckit b @ycatenated

first t of the_concatener of oligonucleotides
depgg%rqnsﬁ%aleggh af M aloasleptiglestandrmaysbe readityhdetermined by

thodd roft sk NHCIhROBHAGRRE: tWiRiue experimentation. After formation of
concatemers, multiple tags may be cloned into a vector for sequence analysis, or
ditags or concatemers may be directly sequenced without cloning by methods
known to those of skill in the art. Hence, the concatenation of ditags allows an
efficient analysis of the nucleic acid molecules, like full-length cDNAs, in a serial
manner by sequencing multiple ditags within a single vector or clone.

[00107] While term vector or recombinant vector it is intended, a plasmid, virus or
other vehicle known in the art that has been manipulated by insertion or

incorporation of the ditag genetic sequences may also be used. Such vectors



second tag further conprises a 5 termnus and a 3'
term nus fromthe second pol ynucl eotide. The isol ated
w@bkdiogomeat eot i des of the concatener of ol i gonurCESGREZB00069
may each further conprise at28east one |inker inserted
bet ween the tags. [00103] The linkers of either of
copigin @ remmiereaemmrmwm cﬁamntam the efigfnt Qfé?lscrlptlon The vector

enz tJon site; the at | east
tyr{mga;i{y ﬁt%g'% fi? 8ct'iOBn asprmelgy, pe welt aa Spﬂmdlc genes
thatsalloesphidrttsio él@aﬁ’ﬁﬁ | CHiga
ol i aﬁﬁcl eo}tlilﬂdess nay ggtﬁﬁggﬁ%@gml%gt%@ %gﬁ)&? Syjtabje for use in

the, prgsent fyegtipn inglyde éormexampler pBlualript ( Sﬁ@ﬂé@@hneﬂlﬁ Jolla, CA);
] romatin
I Sl S BT,
or gHdifi omtheheo dsesthicf t
e %rz o sofpr;? W@i[l(l) ]h 69 \glv]ﬁrllllih;re\{éﬁgcg% I@QJ\AW’(O those of skill
pre (‘3’ %%'?i'g '?Z:?)t n; theyp(SENZZ dgp@rehas h)émt mdt[ﬁﬁed and
thbH‘Q@Ifelﬁd ®b I@Oﬁ@ﬂss ) des ﬂfanghf’l()p %ﬁgﬂ\[ ¥ﬁ§f’ vg rflso been

be _concat enat ed depen

d;se{cﬁssgmjéseﬂ,gﬁgéy?amrwaynmpomdd Iby rdfdrensg.ned by

[Oﬂgd)??gﬁrl ﬂn'%nﬁllgdlugﬁgn thgeqag?w pgﬁl Ie@gﬁgaqre%q:lglc acid molecule
fro muwh ichitee tagsondijagrewetrotesiéd 4 ﬁlllllél"?é’d?’\'rl|bfr§|rlesS %ﬂMﬁBféevectors

di t t
me o6t 4B, AcofihEe soiaR et nuio Larevmithin thmseop:é of the
presknt linvantioRe @et thé®Ghherbie tﬁ?nﬁﬁ([élgd%ﬁ)tel W% & Clvgc%gsdoes not

al |.ows an efficient anal ysi's €l c
COMRpIisR: ihes Sam%éeﬁtﬂquheﬁ@@ hceDpsed i in ahseada{btof’éirﬂéﬁﬂqng the

polg?{ucg&gt%&;éqﬁ 3’8?68%35‘,\%@;1 éeé}ﬂ$g tg &y }qﬁqi%aﬁlfeferably, the

'nVQ@fdﬁerFdee$ ai mcﬂndMeremplh@SV@cﬁor ‘blabl@or‘?é (6t rth?in within the
stuffgmeﬁlcﬁ'. Eg&al L thlg | InatS has hbeen nmani pu

nse '?’H%d% Pt FI8RAINgs sitasethat isatergeved idaring Insertlon of
thesmﬂwamtamd@wo@ss@otb@omgﬁ@b R st HBEHAiBE WH2AA the second or

furtB r se%qence that facilitates t
F%lﬁ%%tF'Ptﬂﬁq es Tihat \Pé@t@ﬂmmwct:mtbyth@oadapmS afh eatufar, the

vectdr H@@élrﬁﬂt é&ﬂ r|§e RheNBt féast qgr&% ic lﬁli sEci ei fG nIgs’type Ils

t hat al ot ypi c se
reSEE'@F'P% Slt@’b@ﬂd}ﬂbeawe@ilsecbnd arsfarther té!ﬂnd?ﬁcﬁﬁ@nﬂi comprised in the

t | Bl ueS
depRISTMAR, bPYieHiESy e e fasupocicinel (b i surer
reglﬁarﬂhabesdrenﬁﬁ)ecﬁddnﬁ@ﬁﬁ@éméﬁrd?riﬁéébol éc?cibe esorﬁot comprise

dified vectors thereof as well er S|m

Mm\ggé %.Bsa 'ovvn to those of skill |n the art. As a
[00199!'}4“ ékérﬁbier&?éd&\aé'\/éetortrrb? CB%YEﬁgvﬁﬁ:teolrlnhaany Pegu)n outside of

fied
the stuffer is the vector pGIS8 shown in FIGS. 7 and 11. In pGIS8 the Mmel

recognition sites were deleted by mutagenesis.

[00110] Accordingly, the present invention provides a library of oligonucleotides
comprising at least one oligonucleotide, the oligonucieotide comprising at least
one first tag and at ieast one second tag, wherein the first tag is obtained from a
first polynucieotide and the second tag obtained from a second polynucleotide, the

first and second polynucleotides obtained from.a nucleic acid-protein complex.



will be referred to as pAS8 (FIGS. 7 and 11). pGEM
vectors have al so been disclosed in US 4, 766, 072,
waeoogitesodncor por ated by reference. [00108] ForPCT8G2007/000069
production of the parental p8fynucl eotide or nucleic
_acid nolecule fromwhich the tags or ditags were
Theee {8 8lgo rrovidetla lienagy of lcbheatengsr(s)sef él@@'nﬁcl\é%ﬁ&ﬁé ccording to

sed. Accordingly, suitable vectors
th Ii%:ﬁnﬁolﬁhe scope of the present invention, are those

[ommfl'ﬁlenat headrashd WigonlicieBBd¥est e qﬁ?grtyhgf gﬁﬁgﬁ%lgohdes may

same restriction site corrprlsed

Compé'ﬁﬁl"ﬁg @Rk Oope|lpkac ik settedobetweerdtheatagsafAiRimatively, a linker

may #¥tbad Mtk érxggp%*ﬁ/é“ %e tdﬁ@)é%%{pﬁfes%%&owﬁnmus and a

I’nvention provi des a v
terminks froen (hos Fiest ndhﬁTqudtlajmahGQhétéHcBﬁﬂ téﬁ%ﬂﬂer - gomprises a &

| t t hat
terifish 5% A FemiBo fromh fraysegansbpelsnideptiames. not
[00¢R)Whe pRlyrRIddtite thuchsit Gkt R)@elﬁ' &o‘?n@ﬁg ,ﬁag,:%é S‘é?[ &q’téﬁéhrom atin

further restriction sites t at are ¢
SiruefHER- ok e Pplynyalentides anay brelovatetdoon dhesanes chRSMbESHe or the

fHay! | t f le t Hs
ol RBciEbI oy (o BERfr AT h et asthipeor 1t her

[OoiﬁiAcc@Umgwtosom@ aspevy; itise dligdntEI8oRER R Qfdiif é@rleor example, by
(other than wthi {Re

I t b
usifp %%Prr%@' Bﬁ‘efﬁggw%;amgﬁg%mmatws et Phpiifersand the
b)segukbace
R L pk e A T T

the, %ag% Qp,pr@ugly,, §uitablet RERs puiffars cnczrretdpendm@tw sp&tific tegions
ms?lfétot‘gg \{Ae%;[cgrj % Lé%egg'%c%lrelggﬁésﬁggn thet 8bqoq{ﬂlé§c%%ggcl>r§1bgglng the
dltag;cﬁncma@py?rst :%%Br es®nthd rw@fdﬂn?éul pdlﬂétdt@e%natﬁé Biei%n (self-
¢l eot i de | at | east one
mrc?xlarfya'rqg@ﬂé&cfaré to pﬁ@nbnﬁ 62@?%@13;&@ 286hp) PSRhpraatucts.
[0011@H§hesmECR pﬁidub@th%‘ﬂ@:oﬁialﬁ ?ﬁétre&?lﬁeosﬁ?é’g#d ;asgthen be cut with

wherein the first tag is obtained froma
an SBFYME Peeanidng dhe at ?ﬁﬁsé &ecnud rasfrictiomisiie inkidemhe adaptors) to

o enet cat oot ol Fioh An RGBS LR e seepanizing the
secopHIrdurtinae restiictionl site, [Badellmlayifdrl é)(a@rﬁMlee used, and cohesive

e T ot B e 1M e BaleeonE powiieataun pi iithat of

genehatirlg Hit htumhvegientel ge !
e 1 kg‘lr?S’IC jgsert ed betﬁggﬁsgrﬁgﬁgécﬁraftééﬂb%ry SRplification,
WhIGH Maay, ?l@)’éﬁ"fﬁ yIriottlR'@?{”Sfm’wlﬂﬂsth@aﬁﬁelfﬁdlmlaraeuagggéh€plasmlds

Thé:c ?IZTE‘I{I%@;%}!IIQ%%& ynuc eotél dée s@gﬂ?ﬁ@/ ggcegwg’gchﬁom the vector
(in thig ph@pp[%rbfyrqhg@@tlw ®ith BamHI) and concatenated in long stretches of
DNA or RNA for subsequent cloning and sequencing analysis (FIGS 1 and 2).
[00115] As a particular aspect, the invention discloses a cDNA library wherein the
oligonucleotide(s) comprises at least one ditag, and wherein the ditag comprises
about 34-38 nucleotides and is obtained by splicing nucleotides from the 5’
terminus and nucleotides from the 3’ terminus of g full-length cDNA or fragment
thereof.



termnus and a 3' termnus fromthe second

pol ynucl eoti de. [001 12] The pol ynucl eoti de nucl eic
wa@ceoodAapioat ei n conpl ex may be gart of a chr onat PET/SG2007/000069

structure. The pol ynucl eoti dé8 may be | ocated on the

sang_ chrompbsome or the pol ynucl eotides may be | ocated
[006H51§ih?f@r':3@nhbrfm gm@n?s iIo Elmf)ln\?]tiloﬁciieggﬂré%rn&ég;\gnngﬁ the library
CO@)%/)HUEQHB %@ﬁaor{rag%?%? h%?'gkw&fﬁ? I'lf:?"l exempie. nwhapdse library
compesiPGRher huelek acid mdkeduleDes aSRAY S ide li
dit%)rj%ared. based on the infornmation o?ﬂgﬁep&sﬂg%g%ggd%élbrwy’ the

$he P alis repesenitivgl 9f thei iuliergthoitay iliveary Each ditag clone

coprises BORieH ikBriBfch ‘rEra@alioRg shi SRt IEISHR done. More

. o regi ons :
ImpQHRH terdjtachef thietinyentinh eotaptises thPSReR@Y¥NES -end of an original

OSSR PR LBS XstlohFoh! 85 e, aitamisin crmplo. Honce

theeditagpis eegRRbplatiVERfARE & i
looﬁ&fi{aﬁt at hat acont ai n tﬁbﬁaﬁ?%‘%ﬁéﬁyﬁgggﬁgﬁ hen be

FARINGl, dhizysriTicierbignsequrnoehandianblyastthe etag dlones of the
ditdE fibFArGt | ite (dnsj or,s), to generate the
e L "Bt € el O Tl 2 BLAR s elteBRosipgr-ength

requi red short
polyriiigelide mpu be setecded aod praganed frestih GUll-Rehgfth ey ynucleotide
0

|
: X e be.used, and cohesive ditags
"brméi%%éﬁe@ér@ Q%EkTﬂ% déﬁ?\?ﬁ}ﬁtféfg‘@ EargehRNA samples by reverse

traresqpiptio h-patynerast emairs rédtiibn TQP@‘FQ?“ ing ditags
[ ed to produce a ditag library

cireunvents the ne
[001gﬁ{,$$qqmmq)§he G(FQQWQH%QP% @vibededettiomotay be performed by the

“4587 | fefdihGH! #d Rl asmi gs.
Thigiﬁ%?’??'?@éd“@fﬁ"%% renciho) d@{éﬁﬁ‘?‘?t k@lﬁ?@ﬂﬁgeg‘%@r@fyzgga, or
CoNngREMaRIZac iTiotinBgerc BNA stistchids forealanmiceto Makd @?&IS'@"] library

| atepnated in long stretches of
and(,)\frdl%ﬁ%amgesc@l%gg@@g%tm%Iﬂb%Sﬁﬁgﬁhaa@E%ﬁyéﬁémﬁ’@- anal ysi s
[001(1 83 ACSotdiagly, 2the [P84eri5lid\feritiopa dri r P
oli éﬁv nt h@n | sl o.s'jgs 2 CDNA b grr?/ﬁ\%gr efnﬁnﬂ??%e to! Bepare  the
g P@Sﬂ e ti'&%('gye'&t&f’prF%éjﬁtﬂﬁtlngemdlmnédmﬁfwgg ahdeast two
Iwhedsdtideshfofl ¢ rb S8S t.34- nucl eoti des
be and is obt f_;lioﬁ.'eolaal g])'/"l% gg‘? |%‘|§§ rﬁ%c e%’?'ﬂ%fég’ ﬁnﬁrrfcf H¥egare vectors
compiiSigthe aligpnmeisclides due concatehated oligentiedtided of the present

invdrfibh- | ength cDNA or fragment thereof.[001 16] The
ditag library according to the invention is

Thusefir apetheatispectothe peeddriaventPMrovRidag Pl :
For exarrpniwe, Me%hﬁgeﬁicgrd;ra aring at

| gj ci d. nol ecul es. . €
Ieas@%ﬁgﬁ%‘@?ﬁ?g &I%J”HGE%O@S@ CRPIRTIS®RW-ecul es is a full-1ength
pe)y nuc pesvidieg d hirsiaiyacid Pt rary is
r epr esent atiyg of the flﬂl-:a??tginr{g b!e?ég l'ibrary Each
di%ag cPERATEENPR icligendcleslids eomprisigy ableaenone first tag and at
iz it ceful |l -] th cl . Mo
cleasA6h8'setbRd thy EwRBRR e fifdt dnd SNgLh {ags are obtained from a
nucleic acid-protein complex; and
(c) isolating the oligonucieotide.
[00120] In particular, there is provided a method of preparing at least one isolated
oligonucleotide comprising:

(@)  providing a nucleic acid-protein complex;



important, the ditag of the invention conprises the
5'-end and 3'-end of an original full-length
w@oiogheuoleot i de derived fromthe nucleic aci d-peDs€007/000069
compl ex. Hence, the ditag is3tepresentative of the
structure of the polynucleotide. [001 17] Accordingly,

(b)i t  Peeraing an eligonucigetide compisingpagless drieeridt t¥89 and at least
of

| the ditag |ibrary. Ln di t
;’h“i& nﬁ%%% Whelth e ArSL Bl is.oBiiieet fiom B irhgolynucleotide and
eyond | tagt obi | d th
gpskegond | tagt obmimey fen sg! febad BBF}/nBF%BﬂHS, rtrf%% gﬁ%&l aEgRsecond

full-1length pol cleotide library, tor exa
PO'éKF‘”‘&F*Pﬁ%% 9%‘%@#&%@0@@ acithproteib yommiex; smd

t r aRsRtinBt i chain reaction (RT-PCR).
E;z;a%)m] ngghgelbl@iehéa?ﬁg&éél i gonucl eoti des of the

L ient etdm(yed tivg dshect 4bthe REGMRICESHprises:

a (py enci met ho Margulies et al, Zogjgf, o? '
0 con@gggﬁ@r ?gel%g%tn%e hﬂﬂ‘ﬁl(erc I4Rg cAlcleast fane eesiriction enzyme
recbgnitiekesite]| An®ET | i brary and fol | owned by sequenci ng
.\ USI t.he Sanger capillary nethod. [001 19]
(i1 Acc‘{r']gﬂY'Hgltge 5k aRdesernnd pobynuckeotijeswiittes akhede fedtriction

en 22 : [ ti the invention, to

R apfodiising) b BHIERI O s8Lediar iy T8 inker to form the

0“9|96M9W@Bﬁ@o@¢FOpBSmgomférs’nmmj aibtainet dfrBrO e Hir&O Igﬁﬁcc:feotide a
ri sing the oligonucleotides '

re.vectors co )
secBiif g ALERRLE @Bmofheg%‘?ﬁﬂﬂ BelvaEslestide randhtheskinker between the
tagé.nvention. Thus, in another aspect, the present
inventigg rovides a nethod of preparing at | east one

[00t2¢Hp Anoihey| ergbadisnen: stee (bbapihis aapect(af)the irmendbR Gomprises:

i) NUGh&ArEindChd] teld l.ex: preparjing an , =

% ol i onuggeotiﬁﬁcﬁnﬁglﬁgﬁgsé}prﬁgﬁgtﬁtgﬁ_@Stf PB@thSHQﬁIQﬁdenzyme

receg@ni I@aé‘;!tedwét\l@@oortbetfmgt, polrucieodtiidarid fie sadshs E‘gf}ﬂggleoﬁde

ofﬂt,@gg &cobtained froma nucleic acid-protein cohplex;

(i an ?@ I’'sol ati ng the oligonucl eotide. [00120] In

i) paradding at, leaberond Sedtfichord GzoniE o T&RaLLNg at ,

ternh)iﬁaSt ?n [ Sﬁr[ gd ed ol i gonucl eg?i detrgo ri‘rﬂ;losrlpnsg: %é?ﬁ o the 5

gvi 8 ng’ea Fe| BPQ’“HEIEG’F"ER of8fin teenB! eterimusprafpahé ngecond

polymuciddtigenucl eoti de conprising at |east one first tag '

and at | east one second tag, wherein the first tag is

(iit) opelaaving thefirst and secpud poiciuectides anith 138e $8COY restriction

onz} 8 rBoodhian st AR dtiEERtn BBn Htidn tameaedeagments; and
(iv) acligaiing tieaned draghestits a6 €orm the oligonucleotide comprising a first tag
obtained from the first polynucleotide, a second tag obtained from the second
polynucleotide, the tags comprising 5" and 3’ termini of each polynucleotide, and
the linker inserted between the tags and the at least one restriction enzyme
recognition site in step (ii) is part of a vector.

[00123] The nucleic acid-protein complex may be obtained by chromatin
Immunoprecipitation.

[00124]In another aspect, the present invention provides a method of detecting
and/or identifying at least two polynucleotides from a nucleic acid-protein complex,
the method comprising:

(a)  providing a nucleic acid-protein complex;



(c) isolating the oligonucleotide. [00121] In one
enbodi ment, step (b) of this aspect of the invention
weopni®es: (i) inserting at ast one |inker PCT/SG2007/000069
conprising at |east one restY4ction enzynme recognition
site, and (ii) cleaving the first and second
(b)gol QWFQSt@@wgwwﬂeald%agmmmmg aisteaszbtanenﬁrshtagrem at least

t on s
oné SeeeRUTLBIWHRIR the TSt 1S OB, kAl pctirst pabnupeetide and
thet sgcomd drgedbtainad tfrlr?m fa rmgndl Felyﬁhlel@gylaﬁeﬂzeng%toaﬂd second
nucl e
PO'Wi'ggﬁ@é%“ Gl b BEERRCaB S imormins
c) enbseljuetting tHeedlidopliclebtiib! sngspect of the invention

conprises: (i) inserting at |east one |inker
(d) @P@ffwg the' @éalpashriwor emlvnm:leohdmzwned esrogthiet |rﬂﬂ:leot|de

| epti d nd t second
Se@?“’?ﬁﬁﬁ"!ﬁ? Art 4 sqcndBGE HEr8BY Helecdin Anaion idgsttying the at
leagfriwor pelynideotidesnzy me recogn:tlgndzl ;ﬁde?ﬁg go the 5'

eot |
e 'W‘ﬂf?e@{b bﬂg é%%f?ﬁd%(#ﬂﬂ%&%sﬂ dfethe (inventionl eampries:
(I) t heinsértisly andasee6A8dinRe} EBHer%maq QF%é@tthﬁeaFeskr?c%on eCognition

restrlctlon enzyme recogni zi ng east
ggnltlon site to obtain cleaved fragnents and (iv)

(") l ' g-f-péé\ﬂg Cth@ ; rsbat 20 P‘Et gz)&ggglpnhagg p{@ olgggtl 8gtel rde%trlchon

conprising a
enz‘ymrgljm@@q)gmzlngetheaaisEasncbrteagewgrﬂtlmdslt%r Fh”’[ﬁge'hﬁnfiécfﬂ“?orm the

oligBRLYBURE 0 Bisads FESt e oined ricam e drstepolynudieotide, a
secbati vieg rotithietafiomahed ddrdnat pblgﬁé%lieﬁglﬁ? S?%Bj;{h't 004@2 between the

enzynme recognition site in st :
tag% ect or . [00123] The nucleic acid-protein conplex may

[00126] IR RISt bR o G BLL S @STQP{P%’ rec?é% gﬁg%&{%phgg%éﬁmnses

I n anot her aspect, the
() netingrrtiog @ieteastloma hnkﬂrocomﬂﬁistng‘ it Ngagt oh@%tstrldﬁﬁn enzyme

anucl ei ¢ aci d-protein co
rocf GG PR HRAdTSH BV Bioplisngng hecresand polyhucisofide
-of thee cdmpleat;ei n conpl ex; (b) preparing an ol i gonucl eotide
risin at | east one first tag and at | east one

(if) 22 diNg & leqfk Qgien restdctiany enzyme irecagrtitom aitef each ao the 5
termiihist opotﬁénufﬁls?obb@ﬁuéggtlde and the 3’ terminus of the second

polynucleotide;

(iiiy  cleaving the first and second polynucleotides with at least one restriction
enzyme recognizing at least one recognition site to obtain cleaved fragments; and
(iv) Iigatihg cleaved fragments to form the oligonucleotide comprising a first tag
obtained from the first polynucleotide, a second tag obtained from the second
polynucleotide, the tags comprising 5’ and 3’ termini of each polynucleotide, and
the linker inserted between the tags; the at least one restriction enzyme
recognition site in step (ii) may be part of an adaptor or a vector.

[00127] The nucleic acid-protein complex under the present invention may be
obtained by chromatin immunoprecipitation. The nucleic acid-protein complex may
be obtained by incorporating a photoactivatable moiety into the DNA and/or the



the second tag obtained froma second pol ynucl eoti de,

the first and second pol ynucl eotides obtained froma
woe@rade@4aci d- protein conpl ex; (c) sequenci ng PEESG2007/000069

ol i gonucl eoti de; and (d) mapﬁ"f’ng the at |east two

| eoti des based on the nucleotide sequences of
Prﬁg‘]@ygfﬁgﬁer%ﬁda%déwaﬁoagy, DiNA¢prstigindedraptexn by aastitvidy-mediated

, Lo _ | | eotj des, [00125].
by e P LTS Ak v
tedhmiquesi dnclodepstreptavidin) bioter tglyﬁlﬁtfﬂéné—@aﬁén%?aéé/glé?étathione

| S| . , triction recognition sit
IR Yoo e REVlEI S viona siidepantmsc eot | des
) RRSIU i ifdd a0 ni_zi n e _
T east one 1 Geaon e on i SR dOF il B4 afified fesbre being

se%fqar%q! UBIsieR (@etheonmipiiicatipnamay rb@gby p@yﬂ%{r@é‘,@@gaﬂrg%bﬁon. The
e ; ; tag obtained fr

anpted bighopalamel ol e gibepasf ga fitanel om0

ampéifieation0iout2efoten baimat $equerrsed dh reay chz)ftfﬁg atbadf orgv$ burification

' [ : I nserting
Steﬁzﬁ%?bgggféaltﬁpe r:?%%g?ﬁtégrsfggpglt SIezast one restriction
' bbii bdrgi L £ 1 st .
e o o B R NRE Tal sk BaY bgcccoatsnated with a
leagb &)othef i 9ligeaurciegtide bbtainecniey reteps i (cet)lf @dtnh@j')fzbgﬁ,tre being
itk i j 0. 5 termnus o e firs
S o L3 B b PRk ABELdre he second
[00156] {lﬂﬁjsequelhdag nfay by byl the\Sarper iretholiir @P%Lﬁgﬁ&?gequencing.
0 leotides with at |east one restriction enzyme
Théf)eﬂgégﬁ)f% T HENPEGs MBh PG RYBeFRAUEHEING. t ANy oswitakdé nmethod of

f 5 by )by | i e ragment s
sewgﬁ fa g?dSltJ(ﬂZggFtr‘ Sgﬁucl e(rnltb iégebycg%g%{ltgg%gbgﬁﬁe&sget ployed. The
”U‘{')‘HE’ ﬁd@ﬁagmﬂt o ahigh stpretsiry of) 'tritelerm'st _dgxdsapﬁgct{mdny adcleic acid

i L : ROl eot.de, e tags
fradtiedt SaphSBE 2 MDA BIPR = Btal i Bromisings: Tasexample, a
histang bimding isiteeThe pobmuetbdietuees bEONAGS RNAE at | east

oo THE° RS FbAoRed. oBethr SepoB Lomprmamere or the
polyudientidesandy pedbeatad S BBen RARSMbEGmMBE S ent

[ [ be obtained by chromatin
fW?Eiﬁ?QB%&%fgtaml@rnidenﬁé/immémaen be dor trapsfuisaimor aapksation of

the PBWnucleotides. .

[00133] The oligonucleotide may be transfected into a cell. The transfection may be
by electroporation. The cell may be a bacterial cell.

[00134] The embodiments of this aspect of the invention are described in more
detail below as the CIA-PET and CIA-diPET techniques below.

[00135]In another aspect, the present invention is a vector comprising the
oligonucleotide, the concatemer of oligonucleotides or the library of
-oligonucleotides of the present invention.

CIA-PET
[00136]In the CIA-PET method (FIGS. 1 and 4), DNA fragments tethered by
protein in DPD complexes will be joined by linker sequences through ligation. The



be obtai ned by incorporating a photoactivatable noiety
into the DNA and/or theprotein of interest and

W0 s@labdoan of DNA/ protein congl ex by anti body-Pers&rwd000069
precipitation or by affinity fredi at ed t echni que.

, Exa | es of such affinity-based techniques include

linker sequRNcei sentainst fwp Mmel sites. After reversal of the cross-linking, the

: i One- S | i tri d

gt BNA AP olgeRRa! B0 iE(e0hy SAE11A8 el 4 e (con-pET),

Eqapoa2p GihePEMsguontained lidleerohitiaitie i nkest t%@s((labotﬂﬁmbp each)
e

(Bl 2B 56 1 oo ghe g eauenced i e ol Uhe P -+
twangiibial igedetid 'r_@?i@ﬁ@' pat 'ﬂgﬁa%ﬁffﬁwje%%bggﬁh%g H’ﬁﬂ[?tear genome

| east one purifijcation step anpl
segeente Miingradideingethermnd eediated Mhe spedidaptoteMesuch as a

hidighe bidighi on step may be gel el ectrophoresis. [00129]
'Tﬁe Efﬁﬁg@num eoti de according to the invention may be

[00d 871 At tzet EHAVRE Ts ate behptrifiats saetqh@hcélép@emé%&gﬁb Care added
i.ned a) 1o, (b) before bheing sequenced to

to %gitz'gs e_cocfrb{%%ﬁig@? Eﬁiﬁ’) Wf‘icégﬁ{)@cth%%@m&led[moﬁf (Step 3 in FIG. 1),

Theeamphidd CIABEDS By tlﬁﬁd@éagﬁéegﬁém %E/bgmeMl)fe'xplseec)fuencing

squenm ng. The mult|pl ex sedquencing maybe
meiDedseutierrs e AAG4's praseauansin dmethaxk qore rariynatksic suitable

se h%ﬁ&nﬁ%ﬁeéi@ég%:c%eﬁ%ﬁgﬁgﬁ%%damggog ergaélfggﬁg{;ﬁleg%gp cloning to

maket E1AREDilibcrynayd Hellewyd rsiclsetgensing Gsing PRt Sanger capillary
ri].ﬁin 125 i on to whi cﬂ g protein of Interest

me&ﬁﬁ@s, Por /_g-xaﬁfﬁﬁ&qugnﬁﬁgtw ePBi A@PRGdsite etheTreference genome

sequenodec Tam cHRImAmY iferdetibn %ritegwﬁay RO iﬁi%&@ggﬁg )} frequent

ol ynucl egt i des_nmay | ocated on the’ sane C
OCEWEETS! OintitA-E6 T ghistersyintepacificaloet] whichi Willebe nlistinguished from

- | | dentifyi
oolyoRe e b0 LU SHARRRTEI L pl
pol ynucl eotides. [00133] The oligonucl eotide may be

CIA_r@Jiect ed into a cell. The transfection may be by
~oporation. The cell may be a bacterial cell.

[0of QI3 4le TIR-dIPETiERNGS (PIGShDSaRS Lt eeldg\%ﬁ% Jitag_ sequences

i nvention are described in nore detail
reqﬁa%@rﬂ@g egrgg ¢t the dwprrelated RiNA fregmestoare pRAGHH dmi sequenced
r L.Nwent. i S a vector . ,
co@gﬁ%etbiegoi %S%ﬁéﬁ g%? oeﬁuci got |Cgé?A%t %Lel&goﬁpgafees[yitmgoplA-leET will
corgringlmger dagy is¢gsiences Hian ithe anys af i QHMUREEhEEHSS. of will be

apﬁ%@ia‘?éae%?né p'epéloenmskfﬂgd inatﬁépgg that the CIA detection method of the

present invention is thus more specific in mapping chromatin interactions than
other methods of the prior art. The DNA fragments in DPD complexes are joined

by a linker sequence that contains a Mmel site and a Gsu1 site. After reverse
cross-linking, the ligated DNA will be randomly broken by sonication.

[00139] The DNA will then be size fractionated and cloned into a pGIS8 vector
(Step 2 of FIG. 2) that contains an immediate Mmel site and a Gsu site at its
cloning site (FIG. 7). After transformation and propagation in bacteria cells, the |
library clones are subjected by sequential manipulations of digestion, self-ligation,
and transformation to create the single diPET library. The plasmid DNA of the



[00136] In the CIA-PET nethod (FIGS. 1 and 4), DNA
fragments tethered by protein in DPD conplexes will be

wQ eionaabolyy | i nker sequences through ligation. FOEBGHEN00069
sequence contains two Mel sPbPes. After reversal of
the ¢cross-I|inkin the ligated DNA wi ||l be digested by

single iRl Tyl &rea/swﬂ?he qbges’@d byloBdmlHaﬂg td CbIbaBE Tthe @pg-r structure

h P k th t fl
(Sl%ggg ((aoécggﬁ? %’Dp\’&ggﬁhb‘ r quréIM\émpggu@[\p,\poqq csuasrl]rjge thehdIS-PET
sequendiag smethoaiorefdrther Q:oﬁbéfte'?x%'fe& Dists g‘i\/\cg{jﬁﬁfa;%%t sé@@encmg The

Cl,g ilgél]_ enetic relgl ons that are far
queRsss Wi ,Ispgrma%qdéﬂdbe rbfﬂrenoe g@eaotriengequences. True
chﬁ@ﬂﬁiﬁﬂer@@ﬁoﬁ%ﬁéfh‘%ﬂl %10%’&?Iﬁ§§ q ! O]I wg}%uﬁance of CIA-

hi stone protein
diRk) b@tersuedspegéQUchwm@ewnf be cﬁdﬁﬁ@tﬂéﬁecﬂﬁ%nﬁg? JBE”d noise

rarfiifly S o8 Sndelass (R Bl i 11 0. G A PLts m my e
[ood4aq Hamnxg aewg@a@féupydéséﬁséd Qh@xm%SﬂH@PC{H&g ﬁg‘ﬁlﬁ &@'u be more

the "454" pyrosequenci ng mnet or a
reaéﬁyttgﬁsé tgga Ggr,wlghgregf@pﬁgq do the followimgesreamn ;zled thatt &re provided
K
by W?g?l{/%gﬁb %ﬂd%ﬁm%%t&@h%@ 'r’gg %ﬁd%@lﬁﬂ g)f EF:)]% p@ﬁ%\é invention.

[00t44pion aualityreonisel. arthto é]hﬂ;rBE:Brmumé?%n of lihkdre dTBaQ:Fé%
True chronatin %rs gel

f uences.
eb&ﬁ?@ﬁ% %‘f%oﬁsr §gﬁ§§'%§§y %éemgé!ﬁt HRyaptash fegments r(E4GSnt8 to 10)
during:tiverpocesaf Cl A- PET clusters in specific loci, which
wi Il be distinguished from background noi se randonly
scattered as singletons (FIG 3). ClA-di PET [00138] In

Exdrhpies! A-di PET method (FIGS. 2 and 6), paired end ditag
sequences representing each of the two related DNA
fragnents are extracted and sequenced conpared to only

jpsequence.  As such, the resulting Cl A-di PET

Me@m{bl%’lo‘o?g/nﬁn | onger tag sequences than the tags of the
[001@RIFIRENaney HEHhSChth(WI factbeirmpRiae BS %nlt(mg%aﬁa?m#: PET data

|l ed i t the Cl A detection
for f\lﬁbog Al E@)éﬁ% gf-ﬂ fransripdiondiastasp soch ias G)ct4rm1rp80g2 were
us chas Itno gk@{ gg%rﬂgﬁ?io Iﬂr?;ggtr_l’% tﬂﬁ%ﬁ% é}g @y@n iay). egge IP-PET
datg prw%? adiagaemew @f‘rwhelteoﬁmeaertsarfsclmm mdt@rsausiﬁdao Céhtl will be
-4 nkin
ooc8) b e I RS oM OB 2 S pbas) Tove osmctions

betwaem chtenatire werzaedéneatdd e ehathgds! @
d vector (Step 2 of FIGWZ) t hat cont a?ﬁgEg:]gr?H él"ggﬁﬂ

Mrel site and a Gsu site at its
[00143] The sequences used in the examples are as below, and in the sequence

listing. Where two strands are shown, the top strand is the sense strand and the
bottom strand is the antisense strand. All sequences are shown in the 5’ to 3’
direction. Where a nucleotide is denoted by N or n (or X or a numeral in the
Figures), it means that any nucleotide (A, C, G or T) may be represented in that
position.

M&M linker
5’ GTCGGAGGCCAAGGCGGCCGTACGTCCAACT 3’ (31 nt) (SEQ ID NO;

' GTCGGA 1
5" GTTGGACGTACGGCCGCCTTGGCCTCCGAC 3’ (31 nt) ()S(EQ ID NO:2) )
5" ends are phosphorylated



cloning site (FIG 7). After transformation and
propagation in bacteria cells, the library clones are
WG aaetoed by sequenti al mamngul ations of di geBCT/8G2007/000069
self-ligation, and transforn@ion to create the single
di PET library. The plasm d DNA of theQO single di PET
library will be digested by BanHlL to rel ease the di PET
D{ﬁ@dﬂ&@yre (Step 4 of FIG 2), which may be dlrectly
5 s@_a;wca@w@@ee&e@m@m@memmt SEQ ID NO:3)
5" f GTORAGCBTACSGTECACBTTCEUT TS pég @ENO4
5' éhds diPplossHigaeRp W || be mappe to th referen
genone sequences. True chromatin interaction sites may

|::,1k2ﬁ,nicgpéﬁdt,fn“eéh o\ fiqgquent occurrence of C Adi PET

'Rﬁé g % S‘tglégsu n UI shed
e e b
5 %ﬁ%ﬂéﬂ fe@ﬁaas%@sm h@sm@g;;@gezxgna under st ood

vvay of illustration and are not intended
oh j ’-‘ Bé;ﬂt@' nvention. [00141] For
, G CeOTest (2BAN(ISBQ WS NO:7)
5 A‘«ﬁ%ﬁ AdAALHDT BT CACHTABRBEATIONRSS $31 it RSEQNEGD:
5 etrtsi plliopadaptenistdwsphaytetatis (F1 GS. 8 ti 10))Rdurclgp19 8)
5 angeobboiies adabteripnes phesitastolaegy of Cl A [00142] The
Nanog transcription factor in nouse ES cell (E14) and
D1 @i BT igTadtaster fRIVIRNAIMQY and ot her key ES cel |
5 t@@m@@rrﬁc\mmmwm&@cﬁ@o@?b% 8 d
bt L
5" dnitVéeitobUapldiSis a prow E'}JP )
5 aMAEH D tﬁﬁﬁ%dtag gb gl'ﬁ%bﬁ r bi nd to and wi Il be
nce a

used as re chromatin
ti.0 ata. i nter actl ons bet ween chromati ns
D2 WS A d by P Léjé ds,, O APET and O A di PET.
§ '%M@T@?J@T@@GQT&a(SW nt) (SEQ
sequence listing. Wiere two strands
8 ALAGBEAGSARGAE TEGATGCAN 3t p&! nt)
(SER P4 “vand is the antisense strand. Al sequences

5 e&ﬂé"cstﬁemalpﬁﬁrt'ﬁ@hQSPhQJ“yta’Cedi| rection. Wiere a

5" epd@fdmtione adeptesimneiphnspiicoylated or X or a nuneral in
_the Figures), it nmeans that any nucleotide (A C, Gor

, i represented in that position.
5 -GATGTGCTGCAAGGCGATTAAG 3’ (22 nt) (SEQ ID NO:13)
5’ ends are phosphorylated

()

{jed b

=

PMRO012 primer
5’ AGCGGATAACAATTTCACACAGG 3’ (23 nt) (SEQ ID NO:14)
5’ ends are phosphorylated

RecA selection oligo
5 AGTCGGAGGCCAAGGCGGCCGTACGCTGGAGT 3' (SEQ ID NO:15)
(Biotinylated)

pGIS8 vector

This vector was derived from a pPGEM vector (Promega) and contains the multiple

unique cloning sites for the following restriction enzymes in this order:
BamH1->Mme1 ; Cleavabie region ; Gsu1 —~>BamH1->BseR1




M&M | i nker 5' GICGGA GGCCAAGGCGGCCGTACG TCCAAC T 3

(31 nt) (SEQ ID NO. 1) 5' |
WOSTIEEN0ET ACGECCACCTTGECCTCCGAC 3 (31 nt) ('SEPIT/STG2007/000069
NO 2) 5 ends are phosphoryi aBédM&G | i nker 5' GTCGGA

GGCCAAGGCGGCCGTACG CTGGAGT 3' (31 nt) (SEQ ID N0 3) 5
Tf@ﬁe&@mﬂ@w@m@%mmmc% 3" (31 nt) (SEQID

5 WITM%@M@AMMT@OAGM@W% % (43 nt)
(SEGulR MO:(6VR 0 11) 51 GGATCC CITAA
e SO AN B AN CEAGARTTCATOSTCGAGTGREATCC & (43

5’ bﬁh@)ar&'ph@é%d? Iat&P adapter is pho_sphoryl ated 5' end
ThefreBOb1 B \REedY n{)?c&?%@?&%w %ﬁ\ﬂme’l or Gsu1 sites.
concat enat i ng aTa$ er N 38 n) (SO 1B NG T) 5
ST T ISR o T2 0 S, 7. o
setile@)e §f thansbro seanadagien ih SEIIBANG. ’V%%nggé.ﬁeﬁggnce of the
Dot tom adapter is not phosphorylat ed ' ! e
anusRIRSe P r?rpg%p@ %%)'%W&Cﬁ Ot CRoUTg GHeCEARATHM S restriction
en%e@ﬁéézoérﬁﬁ@n bﬁéw%ﬁkec%g&%ﬁ@ Il?sl.\bOﬁt' 16 eaed T)DS inserted into
thaweeatey. e sequastcetlistingdappeiSs shDM’ﬁgJﬂgi %%rﬂ%jt?égrééﬂtr;]c@iﬁﬁ enzyme
reéggang[bﬁ Q?ﬁ?ﬁ@%w%?n E&g P PO/EI%I;] 8{I¥e|r6}/te(ce:tor fulfilling the r%quirements
mMagAT OEMATFEC A0 TCEa Y ATEAMIT GEEATGREE 3 (39 nt) (SEQ

IDNO1 1) 5 '
AGCGGATAA)CAATTTCACACAGGGAGGAGCATTGGATCCNN 3" (41 nt)

2) 5 end of top adapter is phosphoryl ated
MElpE Ec)inrl\ﬂ@-%t%om adapter is not phosphorylated PVRO1 1

5’1\3\'”}!ﬁ&l\lNNNNNNNNNNAGTCGGAGGCCAAGGCGGCCGTACGTCCAACTN
NNNNNNNNNNNNNNNNN 3’ (69 nt) (SEQ ID NO:20)
5’NNNNNNNNNNNNNNNNNNAGTTGGACGTACGGCCGCCTTGGCCTCCGACT
NNNNNNNNNNNNNNNNNNN 3' (69 nt) (SEQ ID NO:21)

M&M adapter PET with adapter sequences
5’GATGTGCTGCAAGGCGATTAAGGGATCCNNNNNNNNNNNNNNNNNNNAGT
CGGAGGCCAAGGCGGCCGTACGTCCAACTNNNNNNNNNNNNNNNNNNGGA
TCCCCTGTGTGAAATTGTTATCCGCT 3'(128 nt) (SEQ ID NO:22) |

5" AGCGGATAAC AATTTCACAC AGGGGATCCNNNNNNNNNNNNNNNNNNA
GTTGGACGTACGGCCGCCTTGGCCTCCGACTNNNNNNNNN NNNNNNNNNN
GGATCCCTTA ATCGCCTTGCAGCACATC 3 (128 nt) (SEQ ID NO:23)

M&M final PET (after cleavage of adapter sequences)
5’GATCCNNNNNNNNNNNNNNNNNNNAGTCGGAGGCCAAGGCGGCCGTACG
TCCAACTNNNNNNNNNNNNNNNNNNNNG (77 nt) (SEQ ID NO:24)

5 GATCCNNNNNNNNNNNNNNNNNNNNAGTTGGACGTACGGCCGCCTTGG
CCTCCGACTNNNNNNNNNNNNNNNNNNNG 3’ (77 nt) (SEQ ID NO:25)




5" GATGTGCTGCAAGGCGATTAAG 3' (22 nt) (gEQ I D NO 13) 5'

ends are phosphoryl ated PVMR0O12 pri ner
wmmmﬁm&m%mmmee 3" (23 nt) (SEQ | D NCrAH}GHI07/000069

ends are phosphoryl ated RecA38el ection oligo 5 AGTCGGA

GGCCAAGGCGGCCGTACG CTGGAGT 3' (SEQ ID NO 15)
M B svaftdraonidatisnvect or was deri ved

un| que C@Qj WQ@@W@EW@&%@H&QE&&&CGTACGC

T@@AﬁmNNNNNNmNﬁNNmNNNNNNWNNNﬂ S0 = 09P 90:26)
N@N@M@WSGM AP NNNNAGTCCAGGCG TACGGCCG

o AT hee P b3l e Rivo27

f
(v rsgde b NO 17) 5' ends are phosphoryl ated. The rest o
?he vector do not contain any BseRl , BanmHl , Mrel or

Gsul sites. The pd Sd plasmd is one exanpl e of a ]
M&@cdaptért INANRURRIcuS edtet BldRind int peg of the

I ven I n equence

d
(”‘gtgnfsﬁ%'ésghﬁne@lﬁs gud i Pahehown)SEQ I D NO 19. A mul tipl e

5@G?mmAcm§ﬂWNNw@§mwgwwﬁ TN
i ef\m&wﬁA@T@@@A@G@@AAGI&:G%@@de@TG@Aé?NNNNNNNN

N“@@Sog“n PN BTNV RN RN anmsaTCC 3 (140

nt)(SEWID NO:P8) | i ng the requirenents may be prepared and

5 é%&@%l |1 ed erson in the art kem«‘ PET
NNNNNNNNNW&%W%MN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN NGTCG
GATCC 3’ (140 nt) (SEQ ID NO:29)

M PET intermediate
5’.GGATCCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAGT
CGGAGGCCAAGGCGGCCGTACGCTGGAGTNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNCTCCAGGATCC 3’ (132 nt) (SEQ ID NO:30)
5 GGATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNACTCCAGCGTACGGCCGCCTTGGCCTCCGACTNNNN
NNNNNNNNNNNNNNNNNNNNNNNGTCGGATCC 3’ (132 nt) (SEQ ID NO:31)

M and G diPET

5 ATCCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAGT
CGGAGGCCAAGGCGGCCGTACGCTGGAGTNNNNNNNNNNNNNNNNNNN
NNNNNNNNNCTCCAGGATCC 3’ (116 nt) (SEQ ID NO:32)

5 GGATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNACTCAGCGTA
CGGCCGCCTTGGCCTCCGACTNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NN NNNNNNNNGTCGGATC 3’ (116 nt) (SEQ ID NO:33)




NNNNNNNNNNNNNNNNNNN 3° (69 nt) (SEQ | D NO 21) MM
adapter PET with adapter sequences

WO GATETBECT GCAAGCCGAT TAAGGGAT CCNNNNNNNNNNNNNNNNMKIMAGE007/000069
CGGAGGCCAAGGCGGCCGT ACGT CCAAGCT BINNNNNNNNNNNNNNNNNGGA
TCCCCTGTGTGAAATTGITATCCGCT 3' (128 nt) (SEQ I D NO 22)
5' AGCGGATAAC AATTTCACAC AGGGGATCCNNNNNNNNNNNNNNNNNNA

ee. 0 ACTNNNNNNNNN - NNNNNNNNNN

(S
RefgeRde ) WiEame & 3 (128 nt) (SEQ ID

5 mm@GWNNNNNNﬁNMmNNNNR@\}MQ@WNI@QRNI&NNNNNNNAGT
C%&ﬁ%@é&%ﬁe«mmmmm 1GAGT EIARRINNNNN

ISR ity (£ 010200

5’ @@W@C@&G@MNNMNNMNMNWNW&NMNMNNNNN&R@JNRCTCCAGCG

t
SRR AU b odiisamts o

N NIRRT TGN 3" (SEQ 1D NO 26)
5' NNNNNNNNNNNNNNNNNNNN&%NWNNW@?ICCAGCG TACGGCCG

CCTTGGCCTCCGACTNNNNNNNNNNNNNNNNNNNNNNN- 3 ( SEQ 1D
Mma%@ﬁ?‘érwif%@;@%;emﬁ gggﬁter DNA sequences after

note: rest of the plasmd
[ NNNNNNWMNNNNNNNNNNNNNNNNNNNAGTCGGAGGCCAAGGCGG

INNNINNINNANNNNNNNNNNNN
C%@WW@%JWNMWN 3 (o

nﬂmsﬂmwggNNNNMNNN?QFNQNNNNNNNNNNNNNNNCTCCAGGATCC 3" (140
%&Nﬁw@amm NN NN NNN B AR BIG G TTCCGCCGG

A R T R L ST

(SBQ IPIMO:3%)) (SEQ I D NO 29) M PET internediate d'
GGATCCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAGT

Oligonucleotide of FIG. 8 before insertion of M&G linker

5" NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNN 3’ (53 nt) (SEQ ID NO:38) '

5 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTNNNNNNNNNNNNNNN
NNNNNNNN 3’ (53 nt) (SEQ ID NO:39)

Oligonucleotide of FIG. 8 inserted into plasmid (rest of plasmid not shown)

5 GGATCCGACNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCTCCAGGATCC 3’
(140 nt) (SEQ ID NO:40)

5" GGATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGTCGGATCC 3’ (140
nt) (SEQ ID NO:41)




CGGAGGCCAAGGCGECCGET ACGCT GGAGT NNNNNNNNNNNNNNNNNNNNN
ININNNNNNNNNNNNNNNNNNNNNCTCCAGGATCC 3" (132 nt) (SEQ ID
WODR3a)60d7 PCT/SG2007/000069
GGATCCT GGAGNNNNNNNNNNNNNNNNNMBINNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNACT CCAGCGT ACGGECCGCCT TGECCTCCGACTNNNN

mmnummmummwmwwmﬁ@%m%é%? plifshniél He¥ahdn)

MMMMWWW@NNNNNNN
At R NN AN BN vpnnnunanon
NINDENINSENTENABHINN

- NNNMNNNNNMNMNNNNNNNNMNNBW@@GM‘CC 3’ (140 nt)
S CCGACT NININNNNNNNNNNNNNNNNNNNNNNNNNNN - NN
( ﬁm TC 3' (116 nt) (SEQ I D NGO 33) Rel eased

& EEG#EH"C@'RGGB@NNNNNIWYNWNNNNNNNNNNNNNNNI&LIISINNNNNNN
AT (O '\ NTNINNINNININNINNNNNNNNNNNNNNNNNNNNA

IRAHINANNNINNINARINRININ NN N NN

T s
(SERdBNEAT

GECCTCOGACT NNNNINNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNGTCG 3' (- 111 nt) (SEQ I D NO 35) M8&M adapt er
PET before Mrel digestion 5'

@@WW%%WW%}M
%W@%WBN\INNNNNNNNNNNNNNNNNNNNNNNNNNN

R RN R RN RN R ey N
NN&E@NWWT@A@a udnemt) (BEQS IDFNQ:44) bef or e

ﬁmmmw@m@mmmmWNmm

NNNNK BINNNNN(I\EBHQ\JNINNNN&&)NNNNNNNNNNNNNNNNNNNNNNNNNN

RN

Oligonucleotide of FIG. 9 before insertion of M&G linker ,
5" NNNNNNNNNNNNNNNNNNNNNNNTCCGACNNNNNNNNNNNNNNNNN
NNNNNNNNNNNN 3 (59 nt) (SEQ ID NO:46)

- 5" NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGTCGGANNNNNNNNNN
NNNNNNNNNNNNN 3’ (59 nt) (SEQ ID NO:47)

Oligonucleotide of FIG. 9 after insertion of part of M&G linker

5" GGATCCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNTCCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCTCCAGGATCC 3’ (140 nt)
(SEQ ID NO:48)

5" GGATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGTCGGANNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGTCGGATC

C 3’ (140 nt) (SEQ ID NO:49)




A igonucleotide of FIG 8 inserted into plasmd (rest
of plasm d not shown)

W OHAT/DEGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAC T/S G2007/000069
ININININININININININININININININININININININININININNNINNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCTCCAGGATCC (140
nt) (SEQ ID N040) d'

T \

\ NNNNNNNNNNNNNNN .
=-=, iction enzyme

INNNNNANNNNANNNGT CGGATCC 3 (140
onucl eotide of FIG 8 inserted
NNNNNNN(NNNNWNNNNNNNNNNNNTCC

G%ﬁﬁﬁﬂﬁﬁﬁﬁﬂ@ﬁpﬂN&Rﬁﬁﬂﬁ&ﬁNﬁﬁ&ﬁﬂﬁﬁﬁﬁﬂﬁ&ﬁNNNMNNNNNN

NWNNNNNNNNNNNMNNNNWNNNWMAN@N@C@G@M@% JEAEDNO:50)

%@%MMMNNMNMNNMNW NNNNNNN

\ NNNNNNNNNNNNNNNNNNNNNNNNNNNNWWNNNN
NNAYNNSEDINNY NN BN NNV T CESBATBECoB’ (FRENtB(SEQHDNO:51)

M&G | i nker inserted renoved by el ectrophoresis d
GATCCGANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

d'
NNNTCCGA

NNy nt) WWWNNNNNNNN
NN NYOANNNONNNDIC R GAG3 HaR0rm) (SEGIDING 5) V&G

5 R RN Y AN NN HNNNNNNNNNNNN

NNNN]NMNNNMNNNNI\B\IN(\E\Q\INNNNWNGI@@@%N&INNI\ITINNI\N“NNNNNNNNNN
S e AR

A igonucleotide of FIG 9 after i nsertion of part of

M&G | i nker , . . .
Oligonucleotide of FIG. 10 with M&G linker inserted into the opposite orientation
5" NNNNNNNNNNNNNNNNNNNNNNNAGTCGGAGGCCAAGGCGGCCGTA
CGCTGGAGTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 3’ (85 nt) (SEQ ID
NO:54)
5 NNNNNNNNNNNNNNNNNNNNNNNNN’NNNNNACTCCAGCGTACGGCCGC
CTTGGCCTCCGACTNNNNNNNNNNNNNNNNNNNNNNN 3’ (85 nt) (SEQ ID
NO:55)

Oligonucleotide of Fig. 10 inserted into plasmid (rest of plasmid not given)

5" GGACTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNAGTCGGAGGCCAAGGCGGCCGTACGCTGGAGTNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGTCG
GATCC 3’ (148 nt) (SEQ ID NO:56)

5" GGATCCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNACTCCAGCGTACGGCCGCCTTGGCCTCCGACT




GGAT CCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
INININNNNNNNNNT CCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
W(NNNIXHXI)NNNNNNNNNNNNNNNNNNNNNNZIIZ\INNNCTCC‘AGGATCC BCT/§G:2007/000069

nt) (SEQ I D NO 48)
GCGAT CCT GGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
INTNGNIN RO ONINANATIA ININ YNNG NINNNNEMMNINNNNNNWGNNNNNCTC

g}w NNNNNNNNNNNNNGTCGGATC C 3

CE %E NW%@WN&B gonucl eotide of FIG 9 with
parti al M&G l'inker inserted after restriction enzyne

gi ven)

BUINNINNNNNNNNNNNNNNT CC

5 WNNNNNWNWWW%WN

NRINBING TCGGATCC 3’ (62 nt) (SEQ ID NO: 58)

i QWMNMNWWNWNNWW

NWNNNW@WM(MN@@E@WQ@ 592 (126 nt) (SEQID
NG 51) digonucl eotide of FIG after excision from

plasmd d'
IntGAMEHGACH) R INNNNNNNNNNNNNNT CCGA

NNNNN |\||\||\||\||\||\||\||\||\u\n\INNNNNNNNNNNNNNNNNNNNN
5 (I ANNRCHBG NN ISR BINNNIS D NN NN NSE NR NSOV SRINNNNNNN

NWmmmhmmmmmmmmmmmm
' WWWNW@VMNﬁﬁQNMWWNNNAﬂNNNN

BT CHAR Y L Shdbcnom | T

5" NINNNNNNNNNNNNNNNNNNNNNNAGT CGGAGGCCAAGGECGGECCGTA

CGCTGGAGT NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNG 3 ' (85 nt)
E%E}Q_ngnm_ggllde of FIG. 10

5 A NN SR g

NNMNNNJ\B\B\)NNI\IWNMNWNWMNN’NWNWNNNNNNNN‘NNI@NNNNNN
NNRIRRINANGRRICRECRET19 405 (SEESB Nos62)

5" GATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNTCG 3’ (114 nt) (SEQ ID NO:63)

Example 1 — Protocol for CIA-PET using mouse embryonic stem cells

[00144] The CIA-PET method (FIGS. 1 and 4) comprises five sections: (1)
Generate ChIP DNA-protein-DNA complex, (2) Prepare CIA-PET, (3) Amplify ClA-

PET, (4) Sequence CIA-PET, and (5) Map the CIA-PET sequences. (FIG. 3)

[00145](1) Génerate ChIP DNA-protein-DNA complex
(a) Mouse embryonic stem (ES) cells are cultured under feeder-free conditions in
the presence of leukemia-inhibitory factor (Chemicon).

(b) About 1 to 2 x 10® cells are coliected and crosslinked with formaldehyde (final

concentration of 1%; Sigma) for 10 minutes at room temperature.



d' GGACT GGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNAGT CCGGAGGCCAAGGECGECCGTACGCT GGAGT NNNINNNNNN

W(NINNIXHXI)NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNC-F'm(EW@GDOO@

(c

(d)

' (148 nt) (SEQ ID NO 56) d43
T OOGACNNNNNNNNANNNNNNNNNNNNNNNANNNNNNNNANNN
MQMNNRNWWM@GCC@CCTTG@CCTCCGACTNNNNNN

(148 1) CSED DB RS T o ARGt AU IOk P de P EREAL 0.15 M

of Ma&l, 110 SDS, 1% Triton X-100, 0.1% sodium deo late, all from
: NNNNNNI{)INNNNNNNNNNNNNNNNONNNNNNNNNNQKIRN)
NI G

TCC 3 (62 nt) (SEQ I D NO 58)

COTAONBIRAINNN ALk N M
N(NBﬁSEINCTCCAGTCC SN' Yot g@“’!&“ﬂﬂ%@ NN’\I a Branson 450
| nt &¥trasanig eelbdisganioc(2096 iduidy Bow[ar BUtput, ED second, 5 to 8 times;).

< CRACTRCARINHMNRLNRNNNRAAN AN,

N N
d' GGAT GheAEKIRABINISNINNINNIND AR Ash Ng o Pr'\wﬁﬁo rom for 10

NNNINN CCA CC 3 "' (62 nt) (S uct
&%%gm@mﬁ oy 10 N %NNNNNNNNNNNNN
Wﬁﬁ NINININNINNNNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNN
mmmmmnmm@twes ( 1 14 NT) (SEQ ID NO 62)

AN AN RRRRRI AR IRRRRRRRKRRnta Cruz) are

NNNN&NHNMNMMNI\G@@pBaros(el(-P‘ha?HaCGaﬁEQ I D NO 63)

A- PET e enbryonic
st eﬁ?cih??"{t g@'%fg’}%glﬂﬁ{e P@"ﬂ%l%zllﬁﬂgwgﬁge chrematid extract at

conpe 16 hyerssections: (1) Cenerate ChlP
DI\Ig\m (Egiﬁzlén %I\E conpl ex, (2) Prepare Cl A-PET, (3)
8 bﬁj‘gﬁ a'(e4§h69ewa§heé vathAttiRETollomvirky bﬁffe}\éi[}eb@@nts from

3 00145] (1) Generate Chl
gll\lﬁsp@r%gt el n%%onr}égh@ (ag {\/buse enbryoni c stem (ES)

cel I's ar Washl buffed 1 uS@emM e4BPES, reenMOBOTAI @5 I NaCl, 0.1%

SDS, 1% Triton X-100, 0.1% sodium deoxycholate) 2 times
Wash buffer 2 (50 mM HEPES, 1 mM EDTA, 0.5 M NaCl, 0.1% SDS,
1% Triton X-100, 0.1% sodium deoxycholate) 1 time
Wash. buffer 3 (20 mM Tris.HCI pH 8.0, 1 mM EDTA, 0.25 M LiCl,
0.5% NP40, 0.5% sodium deoxycholate) 1 time
Wash buffer 4 (20 mM Tris.HC! pH 8.0, 1 mM EDTA) 1 time

d4. The protein-DNA complexes are then eluted from the beads with elution

buffer (50 mM Tris.HCI pH 8.0, 1 mM EDTA, 1 % SDS) for 20 min at 65°C.

d5. The eluant is then dialyzed in PBS (Ambion) to remove SDS for 3 hours
at 4°C.

[00146] (2) Prepare CIA-PET
(a) End repair
Perform end-repair with the Epicentre End-It kit and chemicals:

Chromatin (up to 5 ug) 2.5 ul 10x



t he presence of |eukem a inhibitory factor (Chem con).
(b) About 1 to 2 x 108 cells are collected and
wee@sdbdomked with formal dehyde (final concent rBtT/662001/000069
1% Sigma) for 10 minutes at 4d4oom tenperature.(c) Cell
lysis and chromatin preparation: ¢ 1. Cells are |ysed
i n 151d RepairfBuffef 50 nM HEPES, 1 nM EDTA, O. 15 yM Nadl,
1% , I@%ﬂﬁbi@{g X-100, 0.1% sodi um deoxychol ate, all
f r omi"Anbi on) . » The chromatin is sol ubiliZedl by
soniamMATEsI ng a Branson 450 ul trasonic ceé lgl
di rsnrgrg) &r %2 % duty power output, 30 second, to 8
ti ,(i-_eg!r MenMbiratin is diluted 10 tingslto
| owgNydibseSfrse | 1% c4. The extract is then cleared
ogé cer_ltlérgffsf ugat ?A%ﬁ&at 14, 000 rpm for 10 rrf‘%u[@s“lat AC.
Vogiex migfly toxmidaand itisers irmubdtatt 866 tleﬁ{rie'rat‘dﬁ@%for( f% minutes, stop

D4 By Lpitatd.an. d 1. Two mcrogrames of o
reémnoc?%%%%bﬁﬁtﬁygg f@ﬁ?‘,]o BURYigs o Adipshihe soneentration to 65ng/ul
byadding 870 cenlvRedrddRatemci @) . d2. The anti body

coated beads are incubated with the chromatin extract

at 4C for 16 hours. d3. The beads are then washed wth

(b} Afai i@él owi ng buffers (reagents from Si gma Cheni cal
Company): Wash buffer 1 (50 mM HEPES, 1 nM EDTA, 0.15

M NE®A 0.1% SDS, 1% Triton X-100, 0.1 % Sodigup
deo ti mes Wash buffer 2 (50 nmM HEPES, 1 nmM
EDTR,bC'B.MS&’%‘f %%)?h%él% SDS, 1% Triton X-1000-®ul %
soditOmEidaxiffer ffakhrd) ti ne Wash buffer 3 (é%ﬂy

' 0. 5% NP40, O

Tris, pEIIS.O, 1_nmM’EDTA, 0.25 MLidl,
5% SSAPUROHEDRREROIAEER) 1 tine Wash buffer 9.52D nmM

Tri siddfdaseiré: Qatel ™ EDTA) 1 tine d4., The protei n- DNA
| exes are tﬁeeal- eluted fromthe beag’s Wi gﬁ L@I ution

co
,Inoy@g?%m ? RCRimashine BCY23CH @ 80 ndin MMeRDPA. 1Lis% P E)%Igé out the

B 5000 o SR o bl 5

(c) Ligate DNA with M&M linker (SEQ ID NOS: 1 and 2)

Chromatin DNA (200ug) 3.1 ul
M&M adapter — T tailed (38ng) 3.1ul
5X ligase buffer with PEG (Invitrogen) 6 ul
T4 ligase (5U/ul) (Invitrogen) 1 ul
Nuclease free water 12.3ul

Ligate overnight at 16°C to obtain oligonucleotides (SEQ ID NOS: 20 and 21)
inserted with M&M linker. A‘ |

(d) Reverse cross-links with Proteinase K
Divide DNA sample into 20 ul aliquots, and reverse cross-links by overnight
incubation at 65°Celsius in the presence of 15 ul of 20 mg/ml proteinase K
(Ambion). The next day, add 1 ul of 10 mg/ml RNAse A (Qiagen) to degrade RNA
is degraded 45 min at 37°Celsius, followed by phenol extraction and ethanol



[00146] (2) Prepare ClIA-PET (a) End repair Perform

end-repair with the Epicentre End-It kit and .
web@mite@ks: Chromatin (up to 5 ug) 2.5 ul 10xBed/Reparno0oco

Buffer 5 ul 2.5 mM dNTP M x 4 ul 10 nmVATP 5 ul

End- Repai r Enzyme M x 1 ul Nucl ease free water to 50
pragipitadionenf INAeRegpuspemd in 20dl bhElutiorcBOFéCaRd SR8t -20°C. The

by heat
coh A BhHalngt i Helal 50T e aoncont rat i on 1 0°
an@/tenom aadobewarmham cahﬁbﬁagfuﬁﬁnﬁs ity fil‘&é)bNA obtained

oche

on @1—6{{1 ggﬂ%fta\'lfga(kﬂggap(g[}l -Rangg, |LaE5d$E€q apd| Iymro@ee l((ﬂa-lma) ladders
an§- 055 il oNH%t@Q%Iefr%ﬁeFag)V\@ﬁg rmétt%H fr§hb bat @@SIPS‘E gmeared on

machi ne at 7 0 mn
thet gl @ngushaute notiblesw amy hight barrdtdn@rd)umthéJBOMmB@b ﬁlta‘?k
once incubation at 72C ends. (c) Ligate DNA with
linker (SEQID NCS: 1 and 2) Chromatin DI\lA_(_ZOOug) 3 1
(e)Mmb&Murdapter - T tailed (38ng) 3.1 ul 5X iigase
buff th PEG (Invitrogen) 6 ul T4 ligase (5U ul)
(I nvgyg\g@g 1 ul Nucl ease free water 20.8ul Ligate

oV eq i Sl'EtBlj?Fe Jgr%\,&g Etn@'@if:% onucl egb qes (SEQID

NCS: 20 a |nser (d) Reverse
cr o$@ex SAM(SN&thng%am Biolals® K Di VI de DA ganpl e into

links b ht
it LEh IeBiF b BES EiCIERE oy esenc0st 15 ul of 20
ny/ Rlucipasé-Figeagatal 120 ul

Split into two tubes and incubate overnight at 37°C. SAM should be prepared
fresh.

Phenol chloroform and ethanol precipitation with glycobiue.

. Quantitate DNA and perform quality control by running 3 ul on a 2% gel or PAGE
gel together Wifh Takara Wide-Range Ladders and Invitrogen Low-Mass ladders
and with 0.5 ul of material from step (d).

(f) Gel purification
Load DNA obtained onto a 2% agarose gel in a Scie-Plas medium-sized unit (60
ul per well) together with appropriate ladders, eg 20 ul of Takara Wide Range
ladder. Run at 80V, approximately 1.5 hours, and visualize at 365 nm UV.
Oligonucleotides with incorrectly inserted linkers will be removed by the gel
electrophores@s (for examples of incorrectly inserted linkers, see FIGS. 8 to 10).
Excise ditag band and electroelute using disposable Fermentas ElutaTubes
according to manufacturer's recommendations. Electroelution is performed for 1-
1.5 hours at 90 V and the harvested ditags are ethanol precipitated thus:
For every 200 ul eluate, add
- 3 M NaOAc pH 5.2 (Amresco) 20 ul
1 M MgCI2 (Ambion) . 4.5l
Glycoblue (Ambion) : 24l



(Ambi on). The next day, add 1 ul of 10 ng/m RNAse A
(Q agen) to degrade RNA is degraded 45 mn at

w@Z@ehedows, foll owed by phenol extraction and PCT/SG2007/000069
et hanol preci pitation of DNA 4&esuspend in 20 ul of
Elution Buffer and store at -200C. The concentration
obt 400%dethanobual [y 500 ng/ul. Quantitagm NA and

RBGELATRHP It o B Bo5h (  ldhan Ber lingn) s0dewd 2-5 ul on a
4-20% pAGEtmmw tbgém%aﬁth'm&iﬁ/fa%s '}Qj ééM‘vlthfg ﬁ?&@’raélg'&y check

from(a). The ial from(d)

angnwg;qﬁg c&gntlgﬁg’u@mo@pﬂeﬂﬂn obt&bmﬁcbld}tabmfgive thensbdqutences given in
SER MBORER ARG (Rew Engl and Bi ol abs) 20 ul 10x SAM

(New Engl and Bi ol abs) 20 ul Mmwel (2U ul) (New Engl and
00 g3 BRI T noubat o over i ght at 370G SAM shoul d
(a)oRddpteniRy=Ridnt (G atd?2ng 5 o@?t@rr&] ag?ﬁtb;ftqe %@%@ﬂ ’

preC| tatlon with glycoblu

per &0angk y control by running 3 uI6 un a 2% gel or
PAGEq er with Takara W de- Ran Ladders and
In\(/%t ?@ieé:ﬁ?@% Mass | adders and with O. l of

mat @0x hgas‘.er buffst @mﬂ(sberrrﬁﬁlheﬁel purifi cag lupn Load DNA
obt nt o arose gel in a Scie-Plas
md?ﬁm’ﬁﬁgas%?ﬁ‘ﬁ@ 218"13’0968? wel 1) togédt¥er with
appNoplege Freadyiatesy, eg 20 ul of Takar g A\,de Range

| adder. Run at 80V, uf/prom mately 1.5 hours, and

vi sliBg total velugwsisrith IHQDha@@aU&ﬁ%lfmrd%hmu@
incorrectly inserted linkers wll be renoved by the
gel electrophoresis (for exanples of incorrectly

i ns#0x kghtidmbeifer, witle SpBHBEinSis badB)up &xci se dit ag

e op O LG Ear R Prialuf act osaole Fermentas

recemm&mmlgmAm%@)ctroel ution is perforned for 1-
(51 MS at 90 V and the harvested ditags are ethanol
pre@ B Nabd (Ambien)For every 200 ul eluate, add 3 M

NaOfggRHl BSA (VW BRGRNAS olbs)

70mM Beta-mercaptoethanol (Sigma)
TmM ATP (invitrogen)

20mM DTT (Invitrogen)

10mM spermidine (Sigma)

(b) PCR amplification

Amplify with primers PMRs 11 and 12 (SEQ ID NOS: 13 and 14 respectively) and
the Hotstartaq kit from Qiagen:

DNA 1 ul
10x PCR buffer (Qiagen) 10 ul
dNTP mix (10 mM of each) (Invitrogen) 2 ul

PMR11 1 ul (0.2 uM)



1 MMWA 2 (Anbion) 4.5 ul dycoblue (Ambion) 2 ul 100%
et hanol 800 ul Resuspend precipitated ditags in 12 ul
wabariioge4Buf fer (Q agen) and run 2-5 ul on a 4PQRUSGROBE0069
m ni gel together with Low Maglg Ladders (i nvitrogen)
for purity check and visual quantification. Correctly
~ obt &#MBd2di t ags have the sequences gi venu|(o§l§@1)| D

| oA SHA e A ERBFIFSa g S | DA 5 1o o

DNA NU&8aswFrée Watddapt er (10 ug) 6 ul (10 jgase
buffmer (Wth spermdine) 1.5 ul T4 DNA gjl gase (5U ul,

Invitrogen) 1 ul Nucl ease Free Vater 0.5 ul The total

%élﬂlfné@%a}? ﬁ;'ﬁC\,ﬂ {g%légﬁ]te at 160C for 16 hours. 10x

|gat|on 6fmi dine i s made up of: 60nM
Tri sk HE mpidies 95AGDI on) 60 MyCl 2 (Ambi on) 50rM NaCl

A 1 BSA (NeW Engi and Bi ol abs) 70rM
ée@'%% gﬂényég{;hanol (Sigma) 1nM ATP (Invitrogen) 20mM
DTT 3 or® idif 8gem) 10OrM spermi dine (Sigma) (b) PCR

anplification Amplify with prinmers PMRs 11 and 12 ( SEQ
Ir[T)prQO§ M¥B7/2%d 14 respectively) and the Hotstartaq kit

fro PCR buffer (Q agen) 10 ul
dNTE? Qj :?80% ?’éég%#%% nvitrogen) 2 ul PMR11 1 ul
(0. 3. UDDIﬁIVRZlZ’CL ul

Purify using PCR punflcatlon kit (Qlagen).

[00148] (4) Sequence the CIA-PETs

The CIA-PETs may be directly sequenced according to the protocols for the 454
multiplex sequencing machine (454 life sciences). The technique is taught in
Margulies et al (2005) and US Application No. 20030068629. These references
are hereby incorporated in their entirety by reference.

[00149] (5) Map the CIA-PETs

Mapping may be performed using the Compressed Sufﬁx Array. Multipie joins
across two different DNA fragments (n > 3) shall be taken to represent real distal
control regions (FIG. 3).

Example 3 - Method of CIA-diPET

[00150] The CIA-diPET method (FIGS. 2 and 6).comprises the following sections:
(1) Generate ChlP DNA-protein-DNA complex, (2) Prepare CIA library (3) Prepare
CIA-PET library (4) Sequence and (5) Map the CIA-PET sequences (FIG. 5).

[00151](1) Generate ChIP DNA-protein-DNA complex (as above)

(a) Mouse embryonic stem (ES) cells are cultured under feeder—free condltlons in
the presence of leukemia inhibitory factor (Chemicon).



Hot St ar Tag DNA Pol ynerase (Q agen) 0.5 ul Nucl ease

Free Water to 100 ul Mx well. Incubate in PCR
wore@hie®d7 1. 15 minutes, 950C 2. 0.5 min 940C BCT/BGH07/000069

mn 550C 4. 1 min 720C 5 . 4Bepeat fromstep 2 25

' ] ' i f [ PCR I fication
(b%{%@@ g‘@ @1501833 E@éaz_%e% cgﬁéétsé@urél'r&gsslme%u@rpﬁrma:umwe (final
- be: I ording to the
coRbSnfEekn OmILLShaper 1Y MRINEDSER e A LA o !
(454 life sci ences%.OSThe geagnkgulei I(:Ztitgﬁgllllg in
' 2 a .
(C)%g%gg%fgghéh@@ F?rg%)@FagW%S arg her eby i ncor porat ed

: - o i I :
i nct heklls ary lyset ¥n ysis mfeéérggg?nng/([j Qggtg% ﬁ?em npé,gg 15 M NaCl,

guﬁ\?/f EBE %%ag Rjrini\ﬂ%l %r{?%log%j- g%@@wo@wmbolatef,fa?rfmm lAmMon).

. 3) o . es rea .
o SEa e onary s SRR oy S4fiEalido S Bronidisgo giraconi
Cl soelbdisa;ptpome]dufmpommdmwmmeem,@gﬂgﬁ?gd
ool TRACA PRt DA S Reies tospupr b oo ar

. T, H . H
t( ﬁ¢é4.F’ﬂi?gfét_T;a§| éﬁaﬁ‘cgsh?g@/ cé@:fﬁ%ﬁ%@lﬁ}?@%&%rfgﬁgo mlnutes‘

Chf - prot ei n- DNA conpl ex (as above) (a) Muse
eMWﬂE%Xﬁﬁ@ﬁ‘sgs;ﬁﬁéd%ql-ééCQLrﬁil Egé.t ured under

feeder-free con ons In the présence of |eukem a
inhibitory factor (Chemi con).(b) About 1 to 2 x 108

(d)?ﬁnﬁ&n&.@?eog@w@ct ed and crosslinked with formal dehyde

nal ™ ¢on dtion of 1% Si gma) for 10 m nutes at

' r [
20t Reombsiarne G Rotlr s £ AR ) g oo

ﬁ{\f'pﬁgé%t %géh%ﬁ%ﬂséﬁh?rmaqig)m NaCl, 1% SDS 1 1% Triton
X-d90Th8 -ahtitod P LodB BAXHS 2L M &ubabd WillPB IR AMin extract at
4°C for 16 hours.
d3. The beads are then washed with the following buffers (reagents from -
Sigma Chemical Company): ‘ |
Wash buffer 1 (50 mM HEPES, 1 mM EDTA, 0.15 M NaCl, 0.1% SDS,
1% Triton X-100, 0.1% sodium deoxycholate) 2 times ‘
Wash buffer 2 (50 mM HEPES, 1 mM EDTA, 0.5 M NaCl, 0.1% SDS,
1% Triton X-100, 0.1% sodium deoxycholate) 1 time
Wash buffer 3 (20 mM Tris.HCI pH 8.0, 1 mM EDTA, 0.25 M LiCl, 0.5%
NP40, 0.5% sodium deoxycholate) 1 time
Wash buffer 4 (20 mM Tris.HCI pH 8.0, 1 mM EDTA) 1 time
d4. The protein-DNA complexes are then eluted from the beads with elution
buffer (50 mM Tris.HCI pH 8.0, 1 mM EDTA, 1 % SDS) for 20 min at 65°C.

~d5. The eluant is then dialyzed in PBS (Ambion) to remove SDS for 3 hours Coa

“at 4°C.

[00152](2) Prepare CIA-diPET library



c2. The chromatin is solubilized by sonication using a
Branson 450 ultrasonic cell di sr uptor (20% duty power

WO ipae60480 second, 5 to 8 ti c3. The chronsG2007/000069
is diluted 10 tines to | owe he SDS to 0.1% c4. The
extract is then cleared by centrifugation at 14,000
rpmfor 10 m'nutes at 4C. c5. This extract IS stored

' d 1.
[ooﬁs%:;az%:'djfgdaj#r nocl Sj%p;% ant i mé%‘% a nrg, @F@i?p%F with the
Episenine Ene-ibkit ei n G sepharose (Pharmacia). d2. The

ant oat e eads are incubated with the chromatin
extdrzg'g)%aatfn@@%g U96 hours. d3. The beddsulare then
was’rdemutRegd}eBﬁﬁéﬂ |d°éiht ffers (rea elnts from Si gnma
Chem_cal any) : V\ash buffer 1 (50 HEPES 1 nM

EDFA? Wl@\l M@(Ep@em@ms 1% Triton5X{ 100, 0.1%
SO Y, 2 times Wash buffer 2 (50 mM
HEgggm'\qﬂm %ﬁt@)s MNaCl, 0.1 %S D’%U' 1% Tri t on
x-JEmrJ R@pﬁ%&mymmi\,ﬁ)ea%mcmk@)t e) 1 timpypash buffer 3
%UW )g H8.0, 1 nVEDTA 0.25 MLiCl, 0.5%
NP4 P %R4 K5t Heoxychol ate) 1 tine3Magh buffer 4
(20 m\/ITrls HCl pH 8.0, 1 M EDTA) 1 time d4. The

#f - DNA conpl exes are then eluted fromthe beads
Brigfjyt Ypré%tq BHX, bhhleﬂelﬂcvwerﬁtll IPois feiGperatu®: for 415 mmlﬁIaEAstop by

1 S, L |
i Ay +7RRd B iES AdRist dhecternatrgtipupSbamalu by
4Caddy@182 1l p2Nublemysarfee€Mpatéi PET | i brary4 g [00153]

é d repair preparation of ClA-PET),
(b)é@%q Eg’n’?seﬂ @ﬁ%%ﬁ the Epicentre End-1t Kit:
Ch@NAtin(uptoSug) 2.5 ul 10x End e ?II‘ Buf f er
r

(qu CeR/TdAe\}P(R%lchg) 5 mM dNTP M x ( Epi coeg ¥ e) 5 ul
10x ExTagq buffer (Takara) 2.5ul
ExTaq polymerase (Takara) 0.5 ul
Nuclease Free Water 1.5 ul

incubate in a PCR machine at 72°C for 30 minutes, then 4°C forever. It is best o

take out the tubes and perform the ligation immediately once the incubation at
72°C ends.

(c) Ligate DNA with M&G linker (SEQ ID NOS: 3 and 4)

Chromatin DNA (200 ng) 3.1 ul
M&G adapter- T tailed (38 ng) 7.6 ul
5x ligase buffer with PEG (Invitrogen) 6 ul
T4 ligase (5U/ul) (Invitrogen) 1 ul
Final-volume 12.3 ul

Ligate overmght at 16°C to obtain ollgonucleotldes (SEQ ID NOS: 26 and 27)
inserted with M&G linker. :

~ (d) Reverse cross-links with proteinase K, as above for CIA-PET,



10 mM ATP (Epicentre) 5 ul End-Repair Enzyne M x
(Epicentre) 1 ul Nuclease Free Water 3 1.5 ul Briefly

W orragsosd i x, then incubate at room tenper at BEESE207/000069
45 minutes, stop by heating @80 700C for 10 mi nutes.

- Adj ust the concentration to 65 ng/ul by adding 27 ul

D'\dﬂe NabiPe sgepie datovnR0enl afigyols,; tand |ragers@3cﬁﬁé\4ﬁ‘1kfsoby overnight

mcéi'bé iOf L?é'é"ar afwf %Pﬁrﬁrév' é}%égg”{ﬁ?%nﬁ @egf -lélgké%ml (p!rrg(tqelnase K

(ABﬂbl chasaeEr ,\égidet ullod10!
dr?) L 7206(5@; r 30 m nut ﬁ”sd’ﬁ?mﬁ%’é (Ragir] to degrade RNA
Eﬁe‘%d ?’ ik to ? Gelsiusybaliowedl bye phenet ektratiaratandnethanol

prédi%ﬁiigﬁ% DNADRRSlbEed Eg?@?lg&%%@&fgr”%@% Ep)rza at -20°C. The

cougryradionrs oswaly2600 ngjul3. 1 ul M&G adapter- T tail ed

uf h PEG (I nvit
QU e }gi*gr%seLaﬁsvse ol Sl PV iite kP vopanE 1% gel
togezh@ with Tegatse\V\iuesReritf | addd@0snd Mapb&d 1 Low-Mass ladders and

0. %@P V\%%l‘a?t Ifog‘)?sﬂgsm% g%s%sﬁggn%dshaﬂlﬂ :bgfigres rwmrléd out on
thedgelaavEll EQho?&ﬁoﬁ%Trg[Br\rﬁh@%a 0 ¢ t?@fgﬁ ovi% %6—&@ bp mark.

aliquots, and revers 0SS
i ncubation at 65Celsius in the presence of 15 ul of 20

| pase K (Ambion). The next day, add 1 ul of
(e)&%@%tﬁﬁmg A (Q agen) to degrade RNA is degraded

S
tot8 N‘m il at -88PCe(halfvige i ® mempg a|P¥803"(f§)nP|ac°e>6rT2 %% JP%&B% use.

et h pre itation of Resuspend i n
El u@ﬁ@h(aﬁﬁquﬁ E?ﬁ)él T4Dr e at -200C. The2dbncentrati on
'S YOKUREBURAA M Englah BB@’[ § and per orm quality

ontrol check by runn on a 1
Nialll (New England Blolabs) 1 ul

- 100x BSA (New England Biolabs) 0.5 ul
Nuclease-Free Water 41.5 ul

Prepare five tubes of the above reaction. Incubate for 1 hour at 37°C.
Phenol chloroform ethanol precipitate with glycoblue, resuspend in 10 ul of
Elution Buffer (Qiagen).

(f) Polish ends with the Epicentre End-It kit:

DNA (up to 5 ug) 34 ul
10x End Repair Buffer (Epicentre) 5 ul
2.5 mM dNTP Mix (Epicentre) 5 ul
10 mM ATP (Epicentre) 5 ul
End-Repair Enzyme Mix (Epicentre) 1 ul

Incubate at room temperature for 45 minutes: stop by heating at 70°C for
10 minutes.



together wth Takara W de- Range Ladders and invitrogen
Low Mass | adders and 0 5 ul of material from(a). The
woratoend@h7 from (d) shoul d be | ess sneared out PET/BGH07/000069
gel as well as not show any Bfli ght band at around the
50-100 bp mark. (e) Digest with Nla Il Store N a |11
(i) 4&longdoio aHe(BISE veetor {SEQUB NO St 18 &HIC) 9; PI@se 708nd 11) with

ice ' | 2 ul 10
M r o3 1AM ERTrsnd b1 of abe) 5 ul Nalll (New
SeEnglamnidePisihgas) ml nhicrafl gy u?@élg (Q_d!%;/vngﬁg,y@%e?:).ol abs)

0.5 ul Nucl ease- Free Water pare five tubes
of ﬁﬁ@%‘ﬂ)‘(ﬁf@c‘r‘%ﬁ on. Incubate for 1 Houir at 370C.
Pheppip chl or of orm et hanol precipitate g th gl ycobl ue,
resuspend in 10 ul of Elution Buffer (Q%gen). (f)

Pol bxtigasel Suffier with FREEfIrmdtrégen)End- It loig: DNA (up to

[ ff Epi t 5 ul 2.5
ot el (Bffedem 10 maTP (g contre) 5 u
Endirfdedatd  dvermight M1>2-€§ph6§F§gr%)( {68 ﬂon%gfgiﬁwe ?iépnucleotides
roomtenperature for 45 mnuteées; stop by hea |ng0

7ooterresented Ry @ID NP ST 2shand 20) a PGhS:\j/h:;iCt o(r]I SE?
; : : t an u
MRl Bt )

flanking sites ng 1.7 m mcrofuge
tubes (use nmultiple tubes): 40 ng/ul precut pGS 1 ul

Tr%ﬁ'w I'ull gf; élléé ?g%ﬁ%b%%%mwpkgégﬁf og lq@c!tr}qrq:ggggﬁ)t@rznt 'lIJ'|OP1O cells

4 (lngltreggﬂ)glgslv :fib?_‘g&?éﬁ?ﬁ ﬁ%ﬁfﬁ%&‘%‘%&g%ﬁk@;’ LBgmedia at 37°C for
1”2@3%‘.&” ,Qlf%t@‘%létt Iy serigscebpevenal dilugens (on dehegat + ampicillin) for

quality control and titering.

Then scale up this process by plating the remaining culture on large agar plates

(Q-trays), and performing maxipreps using the Qiagen HiSpeed Plasmid Maxi kit.

[000153] (3) CIA-diPET library
(a) Mme1 cut

10 ug DNA | 100 ul
10x NEBuffer 4 (New England Biolabs) 20 ul
10x SAM (New England Biolabs) 20 ul
-Mme1 (2U/ul) (New England Biolabs) 12 ul
Nuclease-free water 48 ul

Incubate overnight at 37°C to obtain oligonucleotides represented by SEQ
ID NOS: 30 and 31. SAM should be prepared fresh.
. Phenol chloroform and ethanol precipitation with glycoblue, resuspend in 12 ul of ,
Elution Buffer.
Quantitate DNA and perform quality control check by running 1 ul on a 2% gel or
PAGE gel together with Takara Wide-Range Ladders and Invitrogen Low-Mass
ladders and with 1 ul of material from step (e).



Transform 1m of the ligation reaction per 50m of
el ectroconpetent TOP10 cells (Invitrogen) by .
web@cto@pdr ati on. Recover each_aliquot in 1m RGI/EE2I0A000069
at 370C for 1lhr, then plate @4t in a series of several
dilutions (on LB agar + anpicillin) for quality
- (b)eifgwlarization titering. Then scale up this process by

' i I on | ; | at es
SeP kPl 98 MR BT bR Ry dRiieiBng e el agngr (£ Ragesron):
Hi Sgé6chgDhigyri d Maxi kit. [000153] (3) #- di PET
l'ibrar 1 cut I OCug DNA 100 ul 10x NEBuffer 4
( I\Ie@v'ﬁiﬁﬁggﬂim&ﬁbﬂ Akakarad-igatiorokit sene) Nég) UEI_ng: agd) 0
[ i }M@Seﬂr I 2\ Engl and Bi. ol abs
5: OE%?fEEgyglbtée mtegéhﬂgvatﬁ&gﬁ%\"ubggeaover ni ght at
370maubaihatil 6°Gldvgonight.eot i des represented by SEQ I D

: . . shaoul d be prepared fresh. Phenol
Pe%r%&c’f ﬁﬁ%‘ﬁ"&‘*‘é’f‘ﬁ@%@e@r Ié’ﬂhptﬁf%ﬁ FelimRS, egusrensing in 40 ul of
Elutien\Bipitarcbaoh, $Rind ried 1d°s biapBf Bbroximaf@ipfs Lt e DNA

and perform quality control chec y running ul on a

2% gel or PAGE gel together with Takara Wde-Range
(c)\cslgegst and | nvitrogen Low Mass | adders and with 1 ul

of material fromstep (e).(b) CGrcularization Set up a
Sebep @ubepiofit e with each wel | containing the follow ng

. in 100 ng DNA 50 ul Ligation Solution 1
g%@?‘?ﬁ%&%%p@n Kit ver 2) 50 ul Seal 18Idte tightly

I
t o1(mx buﬁat.TkN@I@p%émm : taé)?cqubat e) at tlﬁ@ﬁ#,g\éeggi glr};s
Perfo rification agen) w . | ums,
reiéf&%gﬁgﬁ%"?’%ﬂ g, Biddabg)l ut i on BuffeB.Gel?Ic)h, Ggl \1/| ngt
ri , proxi mately 120 ul. (c ul cu
Setég%c%g%gg?ng%taaor cul ari zed DNA 12LIIHI ‘
Nuclease Free Water 55.8 ul

Digest at 30°C for at least 2 h, but do not cut overnight. Oligonucleotides
represented by SEQ ID NOS: 32 and 33 are obtained,

(d) Circularization
Set up 9 tubes containihg the following:
Approx 100 ng DNA 50 ul
Ligation Solution 1 (Takara Ligation Kit ver 2)  50ul
Incubate at 16°C, overnight.

Phenol chloroform ethanol precipitate, resuspend in 12 ul of Elution Buffer.

(e) Ampilification with Rolling Circle Amplification (Templiphi kit, Amersham)
Thaw solutions on ice. Prepare 3-4 tubes of the following:

2.5 ng of DNA 1 ul

Templiphi kit denature buffer (Amersham) 10 ul
Heat at 95°C for 3 minutes, then briefly cool on ice.

To the reaction buffer, add:



10x buffer TANGO (Fernentas) 8.6 ul 10x SAM ( New

Engl and Bi ol abs) 8.6 ul Gsul (5Uul) (Fernentas) 1 ul
wokarae®er Free Water 55.8 ul Digest at 300C f oPCEBG2007/000069

least 2 h, but do not cut ovefni ght. digonucl eotides

represented by SEQ I D NOS: 32 and 33 are obtained, (d)

G Tempiphizidt pemige{Amersharapes cont ai niftutt he

; Palopie 0, .DNA 50 ul Ligation Solution 1
M'%wzi”;ﬁya@gpbréoﬁ{)@éﬂetyvg%'%' 50 ul incubate at 160C,
InaubateatyBO°C Rie sledkiag) 16 oM@ mawshanol preci pitate,

in 1 | of Eiution Buffer. (e)
Exé%gﬁ@?ﬁ%gﬁtgﬁia 'fgﬁ en%amnlﬁmgbsomi@r@iwwngm ohtli should be viscous.

idipi&d r jons .on jice.. .
Oy & )& shrondel DRy RRBah Ao (al8riamopia assay
kit dmgicuigiPrebestenat ure buffer (Amersham) 10 ul Heat at
950C for 3 mnutes, then briefly cool on ice. To the
reaction buffer, add: OO Tenpliphi kit premx

fBamittthewt)y 10 ul M x wel | by tapping or gentle
(50% xi ng.. . I ncubate at 3Q0C, no shaking, 16 - 18
ug

hou fii ne the materi al , for exanple, by ul

' 0i i . VI SCOUS.- antitate
?oﬁ%?gij@?rbgﬂggﬂgﬁmlﬁf%w%@co rl%zaér)l%#ﬁ%?l met r?é(‘?want -1 T
DNIO@sBayinei $erump Alisumiar(NEnoBrglantifBioRaaM cyty100 ug

I j BanHl ,buf f er _Engl and Bi ol abs)
robamHsed Sub 2 e rameh v g Red HisTgPand s of abe)
1 NuciBas#lFré@Waien! ; 2-flc:)I d e\ﬁteSS) 7él\le;/v Enghapd
i Oi I ree er u
PreBda?Ie ?rtl)gl)e fh%e%l asl\l,lrjlgeggc? (teo digest the DNA; incubate at 37°C overnight to

obtain oligonucleotides represented by SEQ ID NOS: 34 and 35.

(9) Gel purification

Load onto a 2% agarose gel in a Scie-Plas medium-sized unit (60 ul per well)
together with appropriate ladders, eg 20 ul of Takara Wide Range ladder. Run at
80V, approximately 1.5 hours, and visualize at 365 nm UV. Oligonucleotides with
incorrectly inserted linkers will be removed by the gel elecitrophoresis (for
examples of incorrectly inserted linkers, see FIGS. 8 to 10).

Excise ditag band and electroelute using disposable Fermentas ElutaTubes
according to manufacturer's fecommendations. Electroelution is performed for 1-
1.5 hours at 90 V and the harvested ditags are ethanol precipitated thus:

For every 200 ul eluate, add

3 M NaOAc pH 5.2 20 ul
1 M MgCI2 . 4.5ul
Glycoblue o 2 ul
100% ethanol ‘ 800 ul

Resuspend precipitated diPETs in 12 ul Elution Buffer and run 2-5 ul on a 4-20%

PAGE minigel together with Low Mass Ladders (Invitrogen) for purity check and
visual quantification.



Prepare nore tubes as needed to digest the DNA;
i ncubate at 370C overni ght to obtain oligonucl eotides

wo epras@mt ed by SEQ ID NOS: 34 and 35. (g) Gel PCT/SG2007/000069
purification Load onto a 2% adarose gel in a Scie-Plas

medi um si zed unit (60 ul per well) together with
appropri ate | adders, eg 20 ul of Takara W de Range

ly 1.5 h : d

o R o R B AL MRl Y L hours, e
a)Ometmﬂom OMGRpk Aflel BHRcshedVOpiFeDVed by the

el horesis (for exanples of incorrectly
Qé/stcgégr?%%r@ Oé’léle FIGS. 8 to 10). Mxali se ditag

bangxenggséebgﬁé,r gg?,%%%&dl sposabl e F?r nment as

El ut aTubes acco facturer's
re&Hrr@nNAdl@ES@ﬁ&U/LEE} @ovitrogémlt i on is perfigqned for 1-

V d the harvested ditags are ethanol
prec?%llérgt%geg&age arIgor eSery 200 ul el dadle, add 3 M
Indhlib%apfﬁq’n) forZ0ng tOJOMNMBQ ZI'Fﬂan5hé5t- %&Blggé gféé’.é f(?r 10 min.

100% et hanol 800 ul ResuSpend preci pi
12 ul Elution Buffer and run 2-5 ul on a 4-20% PAGE

dd I nvi trogen)
(b)méﬁ'gﬁ??'w’ Frdibstion br b gF@%ﬁ §fL?{6‘lFﬂeréﬂi%r§oﬂw[ 001 54]

U(lw)thsesmgatmnemBN@l Using e QiagdwPOR Oﬁﬁﬁ%&fi@g@ug&%p{n kit. Then

B pRAT a0t Xém%b%? iNapadmpdpsolagiesT4nd do a

shdhBamiglagediges ul ) (1 nvitrogen) 1ul Nucl ease Free
2 ul Igncubate at 160C for 2 hrs to overnight.

Théﬂn gfMSPacti vate at 650C for 10 mi BOul(b) Parti al
Bafdy Béﬁmlgﬁﬁﬁérgnew‘a%@}%igéhconcate rs Purify the

bCR kication
concat ener pur¥ :
Qﬁ@%ﬁ%l(dlluted to Thidul) (NewtErigiaed Bistab¥yA0 yyjusi ng 1 ul

Loio)PSA B, ERIBH gl noLo0 ) g o0 2 shor

Nuclease Free Water 6.3 ul

Incubate at 37°C for 30 min, not any longer.

-Quickly add 6ul of loading dye, heat at 65°C for 15 min and chill on ice before
loading on PAGE gel.

(c) PAGE purification of concatenated CIA;diPETs

Load the entire sample preferably into 1 well of a 4-20% gradient PAGE minigel,
flanked by Takara Wide-Range and Invitrogen Low Mass ladders to aliow sizing.
Electrophorese at 200V for about 1hr. Stain for 15-30min in SYBR Green |, and
visualize on the Dark Reader transilluminator (Clare Chemical) for gel excision.

(d). Excision of concatemers

Excise the concatenated DNA in 3 separate fractions, low (400- 1000bp) medium
(1000-2000bp) and high (>2000bp). Place the gel slice of each excised size-
fraction into a 0.6ml microfuge tube that has been pierced at the bottom with a
21G needie. This pierced tube is placed inside 3 1.7ml microfuge tube, and



10x BanH buffer (New Engl and Bi ol abs) 3ul BanH
(diluted to 1Wul) (New England Biolabs) 0.2 ul 100«
wB3A7(1Mew Engl and Bi ol abs) 0. 5ul Nucl ease Fr eePQ¥5€2007/000069
6.3 ul Incubate at 37C for 38%5m n, not any |onger.
i ckly add 6ul of |oading dye, heat at 65C for 15 mn
ceghitiuged 1at HH11i0cg, b‘b°£‘orfer|‘$anh nﬁh@rgéPAﬁEc€§|are( ﬂiué%.@ﬁvemently

| cat en t d| P T Lo dt
oI S Rl SR 010t e A o b Acd 20001 of
LogEamHaonDmc? BBNi(UeTE Eb@cﬂkjﬁfb lw tﬁék%ﬁpé/\' tS’&o{%aWQﬁmAc from
vitrogen Low Mass | adders to al
'BEi F’ m@‘g’é ad elgtp by beating gt 637 forkhtisn f or
15-30min in SYBR Green |, and visualize on the Dark

Reader transillum nator (CI are Chemcal) for gel
Lodfechwifesn. (d). Excision of concateners Excise the

i,n separate fractions, |ow (400-1
3’%@@%} ﬁﬁn@d. u%&*&ﬁ%"?&ooom) and hi gh (>2000bp). Pl ace
0.2 m GE)TAs(Amisionf each excised sizefraction into a

0. 6m m crofuge tube that has been pierced at the
bottomwith a 2 1G needle. This pierced tube is placed

Se'paﬁdtg E%hé shg@?‘ﬁatﬁhﬁ gcfgrﬂ?ﬁlﬂgu B ofRdS ecr@'\ Led}%&%q] a[éN%\sgg%voay from

I"eces aret
thesgelemq@%s witll the pidcot amicmapmhmmatmterasotbefea@ T}lsﬁlﬂﬁwmg at 16110

accor d| ng t 2%{ 'ﬁ‘epi?e&ql-rﬁég%%w eﬂ&ﬁl‘%&@ ? &@Pmﬁimﬂ@) siggrfraction,

theasm:lhahuhm'eamdael ute by heating at 650C for 2hrs. LOTE
bu Tris-HC pH 7.5 (Anbion) 0.2 nM EDTA
A%?%Pi@g%% U3 the supernatant (con?@@lﬂil ng the
eI gwpgodqgﬁ,c,@équl@tm ) away fromthe algl pi eces Wi th
the aid of mcrospin filter units as b% re,

spGin Bileat 16110 g, 10mn 40C. Per f ops2ul
of orm extracti on on each e
SI Ze- rac%lﬂéln t hen et hanol precipi taté‘%‘ﬁl ut ed DNA

Keép mr&s@ﬂﬁ: 206nih, BivhSpih UeA0 S, aPe, Bbivn:Avash i x @ittt 9BYYEthanol.
Resuspend the pellet in 6ul of LoTE buffer.

(e) Ligation to pZErO-1 vector

Prior to use, the pZErO-1 cloning vector is prepared by digesting 2ug of pZErO-1
plasmid DNA (invitrogen) with 10 units of BamHl| (New England Biolabs) for 2
hours at 37°C. The digested plasmid DNA is phenol chloroform extracted and
ethanol precipitated, then resuspended in 60 ul of LoTE at 1 concentration of
33ng/pl. The plasmid may be validated by setting up a vector self-ligation as a
control (there shouid be few colonies), as well as by running on an agarose gel.

Set up the ligation as follows:

~ Concatemer DNA fraction 6 ul
BamH|/pZErO-1 1 ul
5x ligase buffer (with PEG) (Invitrogen) 2ul

T4 DNA ligase (5U/uL) (Invitrogen) 1ul



100% Et hanol 80CQul Keep at -8C0C, 30mn, then spin
16110 g, 40C, 30m n; wash 1x with 75% Et hanol .

w@Rewoameat the pellet in 6ul of LOTE buffer. (BQT/SG2007/000069
Ligation to pZErO- 1 vector PiG6or to use, the pZErO 1
cloning vector is prepared by digesting 2ug of pZErO 1

Inpuilzaieiad 16RB vienvight. @rendt MédtindGtivapet s of BanHl  (New
Al | and Bi laag_s for 2 hours at 37C. The di gested

%F%?ﬁfla Iq 'ObkFécntBP VEHiQT if Ranslielxas accadraln henhpreplaring the
veRteCliopi deftir@itiobh h ' of .LOTE. at a

concent r at ?ggogf ?éé%lﬁg?qﬁrg . i%éérﬁfag®r§]l% fFPa%;'OBeW'th Nuclease free

WaIgl.i dat ed by setting up a vector self-iigation as a

PLﬁﬁﬂ%{égg lig%\{?@ﬁ ?ee?cgﬁ)guls’@ r%@ﬁv%vs\%@?shtgggpﬁé)q]chém\g%{%odg Séld?uyst volume

an aga

to 2810ubwsth lmieadee free WAL p@gH! ,
se.buf f er } pPEG)nQ?)Ih%\?iB!/?@g(Fear#) h%{’&r%fﬂ'mpf* 7.9)

| | : i th
ang %tgégo'l(f%%ﬂ?wye( fwith %ﬁ\?ﬁ)&gﬁlyehat 1808 Qoter S0amin166in, wash the peliet
BERK R . IDPO t Al i .
atsel f?)lwigeg‘{l? on _%?ét{jﬁgél\’/gbggrggl:lér/ﬁép@'QlA‘%fq Lijtaugont rol.
Adghdwl &\@apuw@ed Higatiare reactioor inte | 25Ul isjedticvdmpRehaEsls (e.g. E.

3 L i th | ea f ter.
I o TR ToR0 1P bRt onr ol Grbemaphige tubes.
DoeNext pipptie aipi amd dadmuatmy@Imgf@a(g,gggrquéﬁrvwi{mm%gﬁbggéﬁip. Stand

fre ter e[ f orm phenol / chl or of orm extrac
°“1§%f°r\éﬁﬂ'"eif¢éh£fﬁnﬁggéé¢ pre-ghitled\ipioradelpctiBpastioatcuva@8E (0. 1cm
‘gappr 30m n. Spin, wash the pellet at |least twice with
70% et hanol, and resuspend in 12ul LoTE. Add 1lul of
Stanekon ige faranatheagmim Hlectropamate nsingXBiokad Micropulser unit, single

I . g.. E. i f L ;
B GPEAEE! T Sl Sl B Bt ST e

Addubek roduo fs@iparanett siaind LBNeh @ yitin M 'eCi&Sbl?lgﬁil ; transfer to
Stand on 1cée org’

tir wwth the pipette tip.
15%&%!%93%61? Egeovef gt g? &&.cHin E@@rpﬂm shaking.
Plagé @eliwee® 28500 (6UV : T nd on. ice for
anot her 5min, El(ec_t ?%?J@ﬁ)aérce) aﬁg’:ﬁ]ﬁg aérpiét%hﬁ%ﬁg'ﬁm%ls?w Salt LB
a93nPlus Seagne(lmmedia Zeatin AgECInvitrdhen) iame menB&RNbvbight at
37ysual |y between 4.5 to 5 ns. Add 1nl roomtenperature
plain LB nedia within 10sec of pulsing; transfer to

(f) Library quality control

Count the numbers of colonies and determine library efficiency after eliminating
the self-ligation background. Pick 24-48 colonies for PCR screening using primers
PMRO011 and PMRO012. Include a control PCR on the pZErO-1 vector itself.

Based on the PCR results, pick 1 to 4x 96-well plates of colonies for overnight
culture (in Low Salt LB + Zeocin, Immedia, Invitrogen), ptasmid purification and
sequencing to determine the average number of ditags per insert.

At this stage, the library can be stored in the form of purified ligation mix at -20°C,
until one wishes to perform large scale transformations, plasmid extractions and

sequencing.

(9) Sequencing library plating and colony picking



15m Fal con tube, and recover at 37C, 1hr, 200rpm

shaki ng. Plate between 20-5Qul (out of 1m) on a snall
w@gar/imoat e contai ning Low Salt LB agar plus ZBODEG2007/000069

(I mredi a Zeocin Agar, |nvitrbden) and incubate

overni ght at 370C. (f) Library quality control Count

Thenhtgamsfatreed TOPJOI (dmiiesgemdoatstbas iale wérer ?Fifagend out on 22x22cm

.G f [ i [ h [ -1
aofit, plee S IRtirals:. CheSabd i bRk arsny s Sa fhamA90 per plate fo
faojlistia’regrqhdtiﬁlﬁexbiakiﬁbﬂ?ﬂildlviéﬁéi e\ oy 'Wé Cé%ﬁ?%}@oﬁlfu?gd Fi>n 84-well

la?n the pZErO- 1 vector itself. Base

Pl Wiy LB Rk Zeoein (sregihove) |a;c WgCea/enhighnIM?litipfédédﬁies of 384-
V) + Zeocin, |nmedia

wel n@??ﬁgg'&%? %bléﬁg?ngﬁp#r%‘fﬁt‘ﬁbncdﬁé SeBiEsRBPA Pt % glycerol

(Sigewgr ni ne the average number of ditags per insert. At
this stage, the library can be stored in the form of
purified ligation mx at -200C, until one w shes to

(h)prenipgiate ppaeatfsial € transformations, plasmd

| extractions and sequencing. (g) Sequencing library
Plasmjd ?%MW&EE@%E Pckidryived cloaes i praphrd®bhg the Sprintprep

j ria cells were plated out on 22x22cm
sol(d—ﬁl’-{ééél g@g@%%&@}r@ . s p u X

agar p ys, Genetix) with colony density of
| ess than 2,000 per plate to facilitate robotic

o BhGKI | ndi vi dual col onies were picked and cul tured
(')*'?}ﬁ'%qngpl ates with LB plus Zeocin (see above) at :
Pla3itiids airer se@lidncebliLibing! heCosd ; tes

aispesk i) 8eco8iito Whoteblitla. g Purora

replicated and stored In € pr
(Sﬁi@{?d}?%éﬂ glandsi 4 fespectingly renge quencer iegmthdirestidisas i d
DNA from the pZERO 1- derived clones is prepared using
the Sprintprep solid-phase kit (Agencourt). (i) DNA
[00155H( &0 Mam thePCiAwiiPETair e sequenced usi ng the sequenci ng
D NCS; 13 and 14

j 11 . and PMRO12 (SEQ | :
MaBRIoBEhi, BE Do e einice the, CRmAresseecENBISATEROMSBple joins
acr6sy twbplifférenCONAlRERe PN W&a g

e Compr caved Suf B L PP 1B 6 REekah et aistal
COMiY fregions . B)-aifeeEmtkan 3 BETS hawsl o Ishowakeamrangement of the
. samhE Rt _dj | ons_ ( Fl 5).,.Mre
sotemean oiph sk, 60 o8l £6% SRy adBRE of mor
than 10 kB or located on different chromosomes, before any chimera consisting of
tags that map to different locations of the genome, is taken to be representative of

genomic rearrangements.

Example 4 - Preparation of M and G vector pGIS8 for use
(a)  Obtain pGISS8 vector.

(b)  Amplify by Rolling Circle Amplification as before (Templiphi kit, Amersham)
Thaw solutions on ice. Prepare 3-4 tubes of the following:
1 ng of DNA (from Maxiprep) 1 ul
" Templiphi kit denature buffer 10 ul
Heat at 95°C for 3 minutes, then briefly cool on ice.



same stretch of DNA - that is, tag 1 and tag 2

separated by a distance of nore than 10 kB or | ocated
w@eooditédoer ent chr onosones, before any chi nera PCT/SG2007/000069

consi sting of tags that map ©8 different |ocations of

the genone, is taken to be representative of genomc
qu@&rreaﬂmuﬁer afdanpl e 4 - Preparation of Mand G

vec hS for use (a) Qotain pd S8 vector (b)

ﬁ/' PI$RE Gircle Anplification!®yl before

(Termklwzmn tdppi méawnhsol utions on ice.

Pr epare éektél?pep?‘[?fré?ﬁ? }/%-I I ovwﬁng 1 ng of DNA (from

I\/BX|'Eﬁl31?)teft B0°Genpehakingk16 —d‘e‘.hhouxrse buffer 10 ul

Exefifihe e fRtra0lt sholldHe Yol Busblizie INARY Pichassen

FfluedmetryNQuaneli kib Waelepplianrebbegent | e vor t exi ng.
I ncubate at 3Q0C, no shaking, 16 - 18 hours. Exam ne
the material. It should be viscous. Quantitate DNA by

(c)pi CPuiepm rekttibRRImzYmcdygasy |t kit, Mlecul ar
Pr obesg (c) Performrestriction enzyne di gest DNA 25

(20U ul) (New Engl and Bi ol abs) 26 ul EcoR1
(20 | 1 ul 10 uf fer EcoR1
iy Eh AR BB BERE) "esn { NeWHEng and
B| oE=bR)! (20W/ulN(idéwdseylane Bidlabsy 17 ulq Yncubate at
370 Purl f ith PCR purlflcatlon Kit
gSé% fﬁefé%"%ﬂﬁ W fnglang, é@é@bﬁée geldul(d) End-it
bl unoomsm(reewmglm&&ébs)m 22.5 uly J0x End Repair
Buffer (Epicentr e{
‘Nuclease Free Water 17 ul
Incubate at 37°C for 16 hours.
Purify with PCR purification kit (Qiagen).

Test5ulona 1% agarose gel.

(d) End-it biunt
Prepare two tubes of:

DNA 22,5 ul
10x End Repair Buffer (Epicentre) 5 ul
2.5 mM dNTPK Mix (Epicentre) 5 ul
10 mM ATP (Epicentre) 5 ul
End-Repair Enzyme Mix 1ul
Nuclease Free Water 11.5 ul

Incubate at room temperature for 45 minutes, stop by heating at 70°C for 10
minutes. |

[00156} It will be appreciated that various modifications and improvements may be
made by a person skilled in the art without departing from the spirit and scope of
the present invention.



2.5 MM dNTP M x (Epicentre) 5 ul 10 mM ATP (Epicentre)
5 ul End-Repair Enzyne M x 1 ul Nucl ease Free Water
wda 2005/104041 ncubat e at room tenperature for 45 nMPEEE€H07/000069
stop by heating at 700C for 50 minutes. [00156] It
wi || be appreciated that various nodifications and

[001&7IFov exantpie, thy GiA meteodyf thensresomt iﬁ{iéﬂlt’icﬁfjn’idg/ B%‘G?%d in other
ki St ﬂntﬁ]out departi gf‘gﬁomthe spirit and sco of ‘the
’gieg Gells suehdSonentioesty insteac vk mammalise cells. Miisboihstead of
n.f Chﬁ:), i j ._ L Ki nd f , .
o e o ey beerfitingt? ol SRess iy Pl BfFasle fxative
witogh nepd dqrdgunignorreriniaton An thisevarietibo dtheayroliscol is:

1.peﬁ-La‘?{}é€EE%eﬁé’ cross-linking with a suitable fixative
wi t hout need for inmmunoprecipitation. In this

2. vafirass-timk withdopnaitiehpdie e 1A mifraf sext, cel l's. 2.

Cr -dink. with fornal yde for 10 min at 36C. 3.
3. el Yy withiheonResier, [Egveq by peRiiuasfiopdatatitaingasimematant.
4.1 0ShlebAIDNA BYPESMBLEGY - ﬂgd ro%ﬂ%?ﬁnmat% B@%&tdhﬁ Qt’h rough a

hydr osheari ng, repeated draw ng r
sy PYPRRErAie 8Yiings needlerdroestiction enapmeidigsstiom. 5 .

5. Repy 2f NS W S d Trjton-X
Tht r gmnt. rg[rggg# ?Eee?ﬁgﬁﬂﬁn%ﬁyﬁggn& BREpent.
praaftsss dte ( BINA binat ibeg futthaatiresessad 886" bRERNAD IS
de%%&lscf% Further, in another vaqri ation, qr ol i ng Q?r gi@gtlon) as
9 7R on nay be used instead of PCR In such a
[00YS8] i Rirtiest, ihhaneihek ogtiatlof! | MY (want ed
, ﬁ%tei ns is: 1. End- bl unt’i hgﬁWDﬁ&agg.gmﬁlﬁé?ﬁ?mdnw be used
Instpgd 08 PCR.j lgasi@na variatiel, Ithe protocol follangintg Femalaost unwanted
prdtBihsie performed with a suitable comercial kit such
as the Tenpliphi kit from Anersham Bi.osci ences. 5.
1. Quenditflunting affDNA. DNA; nmay be performed with the
2 ng\l_tgnigg%qgld}@&.ecul ar Probes’ PicoGeen fiuorinmetry
3. Ligation.
4.  Rolling circle amplification; may be performed with a suitable commercial kit
- such as the Templiphi kit from Amersham Biosciences.
5. Quantification of DNA; may be performed with the Invitrogen/Molecular
. Probes’ PicoGreen fluorimetry kit.
6. Digestion with Mmel restriction enzyme to obtain the isolated
oligonucleotides.
[00159] Further, in another variation, the A-tailing step may be omitted and a

suitable blunt-ended adaptor may be used.



6. Digestion with Mrel restriction enzyne to obtain

the isolated ol igonucl eotides. [00159] Further, in
w@p@rheq4vari ati on, the A-tailing step nmay be POT/BGHH7/000069

and a suitabl e blunt-ended a@@ptor may be

used. Ref erences Antequera and Bird ( 1993), Proc Natl

Acad Sci US A 90(24): 11995-9 Ausubel (1995) Current

Rgrot ocols in Ml ecular Biology, Vol. 2, 1995, Ed.
, et al., Geene Publish. Assoc. & Wley

A”&E?‘ﬁ%’??@g%ﬁ;‘m 1o N ARG G e AoB -0

AusUBELCI9E mprque)s md\/lo@:&()la# Halolgyavd!. 12, G@QGZEag)b\usubel,

n 0 r Man

ot g e Kb, ASaEr s ISP budreslasBRy Ut TS punn
cheﬂfl (2oaepl;mmemtaoa@3eza)r qh1-14%|71 %041722( é) 765
E B .

BratGa: 4 (700, Nt Bitestogh 2900, 165 préad nai . Acad.

B@lméb%zﬂ%éﬂ&ﬂr& (8938668 -, Nat Genet, 2001 .
327-"34 Margul | es et a 2005 Nature 437,

Dekket eidipeds aurkep0ond NGciEray N (2D (32) B clbrscaCR081(9868):1 306-11.

s =l 2002 GofEs My 1ef (7o brol 2003,
ELSkth)hémét allJ$/GI0DEDB i S0 4.2 4290 p0BEERA2 U5032030068629
072 Ve

t al Ge De
Li 5% Snesdiesenpe 1% Frias NabiAgred Soiangon 448 0:2264-8
Liekosiuli, Ngﬂ@éﬂeﬂm 08) fd@§t7 349 and at | east one
|

second tag, wherein the rst and -second tags are tags

QSQU'aeSn%kﬂleiQo%NlaﬁpEcﬁ@ , B766304) €6 Sap 2008¢ i sol at ed
Nepl EBGRHE SOEbE - AE8 20 N EoBlebie iotat e cana
Szylg@sklszf 18856eBene, 4mhigaucl eoti de, and wherein the
Tag!?rrn?r e?gﬁl, égﬁgrrr]]% éllol 3&?}591' g3t I20‘|I%S are polynucl eoti des
US 20050255501
US 20050059022
US 20030068629 -

US 4,766,072

Weinmann et al., Genes Dev, 2002. 16(2):235-44)



nucl ei ¢ aci d-protein conplex. 3. The isol ated
ol i gonucl eoti de according to claim1 or claim2 ,

wob@raodq4t he ol i gonucl eotide further conpri sesP@Er/SGCEaR00069
one restriction enzyne recogfiifition site. 4 . The
I sol ated ol i gonucl eotide according to any one of
clains 1 to 3, wherein theQbingonucl eoti de further
conprises at | east one linker. 5. The isolated
ol i gonucl eoti de according to claim4 , wherein the

1. 11 nie¥ is6 e i
recogni tél on gﬁﬁﬁedtﬁ%g?olngg g?‘ ‘%él?sttgoﬁgc %gec?@d at least one
acc8PEPNG tag whaiein ith)iflrsilmdnSEpomAjdagds rare hagsabf lzeagtleic acid-
one nserted bet ween the tags or positioned
upspk%tgme%mh?he first tag or downstreamto the second
tag. 7. The isol ated oligonucl eotide according to any

f .cl 6, wh h |
2. e TRPdo BlF AlarIcRRaEg AGEEANGi oeiaiat f ovnarein oo Rest tag is of
r eshrfirst ﬂ)&?nt‘i‘élébﬁ"&‘é afd thsé@ebér?cﬁ mg SHd gg%ﬁfgc{ Sﬁﬂgggfleotlde and

according to clains rein
onewhesein; the 6lﬁ3teﬁ|29n@eoca§wogmlynlmleoildee afe fpplyrucleotides of a

of 1 BRRSITAAERITRGRENT 1 any one of claim 1 to 8,

wherein the at |east one first tag conprises a 5
t er gj nus da3 rmnus of a first pol ynucl eotide
3. andﬂ‘ﬁe‘sgﬁ ?%QQQOQH@Q @@oﬁ@CQVQ@&Mng\eéy@ ®@aim 2, wherein the
~terg 3 m a c n
Bii dastics 3furfref McBHHries éFF; {%'égt pﬁh?ﬁ ﬂ%é@ﬁ;{{)g ‘'enzyme

and erein the first and second polynucleot

pol [afeEINEien 8ites of a nucl ei ¢ aci d-protein conplex. 10.
The isol ated oligonucl eotide according to claim5 or
claim®6, wherein the linker conprises a first

4. r esﬂ'héaﬁ;d»latedr@limmnbtebﬁde fécberdlﬁ?%%ln?%ebdf @laltms 1-to 3, wherein
eaving a firs

resgriction A able of c
pol 'f%ﬁcg‘@%g?w&b | PTPRESeS ptleashgne linkera second
restriction recognition site recognized by a
restriction enzyme capable of cleaving a second
5. pol yhﬁcIS@@ﬁtP@eoggprb@le&ﬂldet Recerstimmdiot atgimt e Whesdin athe linker

sec? ReLy gl"fé'ag%hg?ec‘stn cﬂ'geﬁ%l%gﬁél ﬁ?é)rtkd (g?e gl&eo fa

acidprotern co
oli gonucl eoti de accordl ng to claim5 or claimb®,

6. r ec Ui 3o R BRI storfing ¢ Hlain o claim 3, wherein the at

least one linker is inserted between the tags or positioned upstream to the
first tag or downstream to the second tag.

7. The isolated oligonucleotide according to any one of claims 3, 5 or 6,

wherein the at least one restriction enzyme recognition site is for a type lls
restriction enzyme.

8. The isolated oligonucleotide according to claims 3, 5 or 6, wherein the at

least one restriction enzyme recognition site is for a homing restriction
enzyme.



restriction enzyne capable of cleaving a first
pol ynucl eotide to obtain a 3' termnus of the first

w@olwnuokeot i de, and a second restriction recopei/8GT07/000069

9.

10

11

site recogni zed by a second 6@striction enzyne capabl e

of cleaving a second polynucleotide to obtain a 5

t er fihevisolzfted bgsmuestidehydbraikoibol 46 ohd & Eldir?n% PRAS wherein
sec?lgd ?gﬁlgnucl ot des being pol ynucl’eotides of a

nucles &t 1zq Opediret tRoGommprises a 5. terminussandieed terminus of a first

ol | goflcRYtiddCarRE tHer étiIBQstt&:ééé’(%drnscf’ta?ggc&%@Jﬁr%sg% 5’ terminus and

wherein the |linker conprises a
r ec@ghi termmusi efea secanmhpelydubleotidej asd wheséini theifrst and second

ot SPrRRRAEs B RSV IoRRuep k3 ol dcetatei, comdlex.

a second restriction recognition site recognized by a
secqnd rels?tri ct].i on enzyme capabpl e of cleaving a second
pol jﬂ]&cﬁsg ted Oliggnedeatide gcgording e mlaimob arhelaire dhnaherein the

pol YRk b e b EiSiti tides -
bei ng po(f};t%;nchlgeeso?tél Flgségégt?lkgéﬂﬁ%i a CAE ‘lggé %érbg%b%%d bya restriction
conphexmez:apae pEdeavieg a)flinfgp\r;hlwljebbﬁ?ﬁ t@?fb@f(iditlﬁlél fith) tag, and
any .o . : r..11, .wherein the |inker

con‘Sr ?é%ésﬁda?%?ﬂrr's 0'?@???@@"?%@"%5%“@‘5%%iEiéeStr'Ct'On enzyme
r ec ogpabledofogleavihg res secsrad polhuBRoEAE YT B AR SsRond tag, the
cl eavin firs doO?)lg{n cleotide to obtain a 3
terﬁ{%@cgﬁe?ﬂ% f ch%ﬂtsdﬁ&cb@agiMynwwmebadnucleic acid-
r esprdteln &mpR&OgNi tion site recogni zed by a second

restriction enzyme capable of cleaving a second
pol ynucl eotide to obtain a 5 term nus of the second

| YAUCLEQEL de,: i+ st _pol yaucl eotide_furth _
Bomneag8ehed BiiogiFasteldH pBIY IS Bltioh icfcaiy 6 wherein the
t hi limkeresomipcisesna dingty r@tﬂ@tﬁﬁmréc@éniﬁdrﬁ%‘ﬁbnﬁbé(%@ﬁizfeidr B a first
S

pol ynycl.eotide to obtajn 5 termnus of fir .
pol JFRIFHASE ?B@,’m%rﬁﬁipﬁgl@ 9€6Wl%ajﬁ%tcm@mwdeoﬁde to obtain a 3’

CONriviRSs of fHaufirsh p6|9ﬁ@@l@bfi&é’,g% éé (;%fef;gﬁ&’ gé‘étﬁgﬁ?rﬁ )éec%gnition site

fourth restriction enzyme cap eavin
sectfPIRHS DY 1288t Testdtticn pnayBe dapabie of oidawviriee a second

sec I i.de:. & irst .and second . i
oD PSSt e 5 Bl = S T8 by s 55 %0 ryengeetce, the s
aci drgrsetend potyrpictedtideb ety beBgilclededés b$h hddeic acid-protein
obt (%I% gqfrom ligating the 5 and 3" termni of the
fir g’ Xynucl eotide and the at | east one second tag
obtained fromligating the 5 and 3 termni of the
secgnd pol ynuc| eotide. 14. The isol ated

ﬁgﬁuwg{ﬁd qligenudratidegaceprding tmelabh & loaialsinil 6t evherein the

13, jinker comprises a first restriction recognition site recognized by a first
restriction enzyme capable of cleaving a first polynucieotide to obtain a 5’
terminus of the first polynucleotide, and a second restriction recognition site
recognized by a second restriction enzyme capable of cleaving a second
polynucieotide to obtain a 3’ terminus of the second polynucleotide, the first

and second polynucleotides being polynucleotides of a nucleic acid-protein
complex. '



wherein the nucleic acid-protein conplex is part of a
chromatin structure. 15. The isol ated oligonucl eoti de
wa@ewmonaiomy to any one of clains 1 to 14, wher ePCI/8GB07/000069
pol ynucl eotides are DNA or RB 16. A vector
I sing the oligonucl eotide of any one of clains 1
13t omi'Be i5vlated cdigoavelestidefaasbirdjngicl any ighes of elgimissbnNg or 11,

o1 i WERTAinAR HHRS, Sirir S, MRt PERGHOR racdaniian Sieyragagnized by
at benst r&ﬂ%t@ﬂ@@ﬂ@@apdﬁ]@@'c[éé% hiflrstp cﬂ?ﬂ.lcﬁé&t?&dto obtain

tags ,are tags of a nucleic acid-protein conple
The aé’b ﬁ%ré‘i”BH% of the st gelynerlestinacand ecnogndgesivictivmirecognition

17, s}f@er’e%g?niggﬁ by r5tsdcdfd! Rectridifh %ﬁwg@w%%%ba%lesgg%%avmg a

pol ynucl e e an t he secon tag IS
pol yammdapoiydedeohée 1ta> pbtaimads’ semmindispsfl thie lsebemﬁ lpd%fhucleotlde

cach's b5t BpBathfaegR Hiar botaBttes 1Bk rarcatui Stmescoonised

r esbyisCthiresiioion sregAunNchpahleditdeavifly tﬂ_@%r?t PO nYn%cleotlde to
concgt emer _of oligonucl eotides according to c

whePBIHN Ehe terminusse’ Wise Prbwiglactiden aQﬁttbel SﬁCDnd | plwlicleotide
in abmippRes 2NRodrnn ‘fSé%qrﬁigoq ZQ% 9898%3 nfO{JFFg restriction

ol i gonucl eot 1 des accor
| eashzyine tapidde O cleming dide bsdowren goﬂwucm:der to obtain a 3’

Po° IrBEEgh A S6R! foniebldit b8 fesl i Second Bolymideotides
ol i peimdcpeighiiclesti@ées of & AdcleR aBM-HBtIRfcdrh@ERBtHB at feast one

20, wherein the at | east one restriction enzyne
r ecHEfhi taPnokiained sfromr ligatipge the pesand B dﬁrmmuyné the first

22. riwQf )
o p§ Xﬁu%@%@ﬁa%ﬁ? tling atq’éézéi??mlé \A%we:c?)t&dgt ‘i%?\ g tfpcﬁgglgjatmg the 5
conphil S termini ofttbe isienasd potynackbtide nus fromthe

first polynucl eotide and the second tag further
conprises a 5 termnus and a 3' termnus fromthe

14sec<‘fhd [polated colRmiriudRotidd. aéébr@idgg@@uéh)ﬁ%ded%ﬂélgfn% ¥ to 13,
at | east aone oligonucleotide accordin

risin
any ée'Bf%h% INYEleiC acigdpratein samplexdstnastioba cpraspatin ﬁtgucture
at | east one isolated oligonucleotide conprising: (d)
providing a nucleic acid-protein conplex; (e)

15pr epéei isglatad ovliggnugisolidei decardiny itsi any aind edistlaione 1 to 14,

fi f%e?é\g tﬁggg%utcgegiaeg%e BREPBARNGD: wherein the

first an

16. A vector comprising the oligonucleotide of any one of claims 1 to 15.

17. A concatemer of oligonucleotides comprisiﬁg at least two isolated
oligonucleotides, each isolated oligonucleotide comprising at least one first
tag and at least one second tag, wherein the first and second tags are tags
of a nucleic acid-protein complex.

18.  The concatemer of oligonucleotides according to claim 17, wherein the first
tag is a tag of a first polynucleotide and the second tag is a tag of a second

polynucleotide, the first and second polynucleotides being from a nucleic



are obtained froma nucleic acid-protein conplex; and

(f) isolating the oligonucleotide. 25. The nethod
w@e@onaiony to claim 24, wherein the first tag PGI/SG2007/000069

obtained froma first pol ynuéleoti de and t he second

tag is obtained froma second pol ynucl eoti de, the

f i r scidapbtsiee o odmpidsy Nuad otviiseeirp blaajcped; a :
nucl ei ¢ _aci d-ﬁr ot.ei n conpl.ex. 26. Thtg%lrcr:gt hlcs): rag%%oroclfpﬂaucleohde
to 8? RHISS2 2leasy ongresticioseazyms rasegpitionesite. (i i )
inserting at | east one |inker conprising at |east one

resh_ri ction enzynme recognition site , and (ii)

1% ed¥iengPnaatemer of aligansdeotidepakyoniees ches 18, thhdrein the at

| ea r Lot recogni zing the at | east
one%aesg % g‘r? i rt%?%gh@)b %ﬂﬁﬁgﬁg}aqcﬁwé{q%ﬁfwﬁw :
ol i gonucl eoti de conprising a first tag obtai ned from
the-first | ynucl _eoti de, a_ second tag obtained from

20; he@&c%?m?ag%%%@éwiaw%ew% Recorditigeto claiin Tehavherein the at
et et aRedirfkeR @s irfbefledl r rein step
conprises: (i) i nseFﬂeﬁg@é\?’éﬁggéﬁgﬂgew&ﬁpﬁﬁglpneg up%?r)eam to the
conjgfﬁt:*ﬁ%éndforlmstmm toetbier sextanaintagnzy me r ecogni ti on
site between the first polynucl eotide and the second
pol ynucl eoti de of the conplex; (ii) adding at |east

21one Thestaricatérer ef ojigenudsstitbg b@ébr%ﬁrlge’gﬁtéﬁ? o%w% $'@aftns 18 to
e

terghnus of. the firs ol ynucl eoti de an ;

ter hW@e'fﬁmﬁ}H% %%ER%P%'GH@%@WMQE recbgpition sieiispr a type
t hell§ iréstticiowl efepRd pol ynucl eotides with at |east one
restriction enzyne recogni zing at | east one

recognition site to obtain cleaved fragnments; and (ivV)

[ j r s.tp formthe oligonucleotide
zz'cogngf‘.é@r?%%?ﬁlgfgf °ﬁ§‘5ﬁd3°l‘?°§|0%8da?%mn9hf@ iy gpe of claims 17 to
pol ¥huehersin des fiest $ag oothptisgs abs’ abARMUEHIA 4 BeesSHRI rom the
pol cl oti%(??.thet %s conprising 5 and 3" termni
of ﬁ%@ROE&W Z'Fl@cﬂr]dd@', S&?@“ﬂﬁéglfuahéﬁ compesesd 5 terminus and
bet wetertrifug i tRfecbh JERHIRGLARRL! i ng to claim
ne

27, wherein the at | east restriction enzyne
recognition site in step (ii) is part of an adaptor or

230f Rn‘éﬂi@&ﬁﬁcleotide library comprising at least one oligonucieotide according
to any one of claims 1 to 15.

24. A method of preparing at least one isolated oligonucleotide comprising:

(d) providing a nucleic acid-protein complex:

(e) preparing an oligonucleotide comprising at least one first tag
and at least one second tag, wherein the first and second tags
are obtained from a nucleic acid-protein complex; and

H isolating the oligonucleotide.

25.  The method according to claim 24, wherein the first tag is obtained from a
first polynucleotide and the second tag is obtained from a second

polynucleotide, the first and second polynucieotides obtained from a
nucleic acid-protein complex.



29. The nethod according to any one of clains 24 to
28, wherein the nucleic acid-protein conplex is

wW@bdoaiteed? by chromatin i nmunopreci pitation. 30PCESG2007/000069

met hod of detecting and/or i@Gentifying at |east.two
pol ynucl eoti des from a nucl ei c aci d-protein conpl ex,

26t he Tninet metharbagrdrding 4o CHimm@ P w1 QB N@hardiy Gt} ) co (Rns s:

aci d- tein cqmple h) preparing an ollgo ucl e

conpr i Sng Bse ﬁ@&sf"ﬁﬁﬂg fqr}esf nk%rgcgmrlamgl ahigasbrane restriction
second t ag, eMARRE rébdgARioh di is obtained froma

first o(f')io' ynucleot | dedgglnld nﬁ}? sée@(gnd tag obtained from

a secdi @wngcﬂ@otﬁrsieand hsedonthtpcmjrmcmmded with a least one
rotein

I | eot t d
Coml ox: - (1 - SRARH RNE®, wECEh Py e abieRakond feeagnition sie i
mappi ng t hethat IlhkasttothDmp@nnyl@bﬁQélbgﬁée b@%ﬁ?n&ﬂgt Be first tag
nucl eot i de %@guenc:ﬁ_ﬁ of the first and secon

t her eby det By &he iTish polynusipatide, seeaad tegoobtained
pol ynucl eOtﬂr&ﬂsthe%eéonJ SlyﬂﬁE@%ﬂgé%ﬁ(&rtﬂbq@F%P claim

30, wherein step ( nser g at | east
one |inker corrprl SI ng at | east one restriction

27V €ceg

28.

29.

30.

secongi . nuc C%r?'ﬁgg g(ﬁr%l"lﬁ OP%%s‘gh%rP?g‘ ;ngt(b gggmﬁises;

enzyms(l)r mm;mglatg lddse arie limket @frﬁpf‘ﬁﬁggﬁﬂ bsdt 6héerestrlctlon
inthe linker to formthe oligonucleotide conprising

first tag o%?zzﬁmfe&e?qmqrhéltﬁ peiweass yﬂ”lﬁ:lfll'a&it lbfdynutdeotlde and
second tag pbisdicHRd pBNﬁUbFeBﬁdgga‘??@%CBﬁ@Y%Pd eotide and
e o]

the linker between th d according
to cl dll}rﬁé@lng\ﬁiéﬁ?@&tmr@tr@ptr(dbl)nncmmymesm:oghitibnl $iReeat® the 5'

at least o e st Q
restricti oﬁgerhn!znyrgreafr nﬁfﬁt (ﬂﬂmé?'?%t“ﬁ%ﬂﬂgeﬁ‘et He tgfimigus of the
pol ynucl eotsad:endrmlyrimelmdend pol ynucl eoti de of the
conpl ﬁx: éi ?]@ g ? ast one restriction enzyne
r ecogril® Pget abiftt t?@CQ”dt Belynuelgotides vt iatsleast one
pol ynucl eotredgicds dridonm ré f c
pol ynucl eot'ide; (il |r|190| eavﬁd@%ﬁé ?LI ?0% sé;% glon site to
pol ynucl eotqkiais Q\&edaffagraaets and
(iv) ligating cleaved fragments to form the oligonucleotide comprising a
first tag obtained from the first polynucleotide, a second tag
obtained from the second polynucleotide, the tags comprising 5’

and 3' termini of each polynucleotide, and the linker inserted
between the tags.

The method according to claim 27, wherein the at least one restriction

enzyme recognition site in step (ii) is part of an adaptor or of a vector.

The method according to any one of claims 24 to 28, wherein the ﬁucleic

acid-protein complex is obtained by chromatin immunoprecipitation.

A method of detecting and/or identifying at least two polynucleotides from a
nucleic acid-protein complex, the method comprising:



restriction enzynme recognizing t |east one recognition
site to obtain cleaved fragnents; and (iv) ligating

web@aue®4T ragnents to formthe oligonucl eoti dePCT/SG2007/000069

conprising a first tag obtaig@d fromthe first
pol ynucl eoti de, a second tagobtained fromthe second

pol ynyg) eot i sievidintea haGReic SERLBIAN cBmgdag S term ni

of each polynucleotide, and the |inker !ns’erted _ _
bet wedR) t he Rregaringan Pligomweleoiidiea coommtisiy tab lehsi one first tag

wher ei triction enzyne . _
ecognit1on 2 atjer<f e 8BRS 10 fhotiin ThEMiRtag nopbtained
of a vector.fr@.a Titet poyrivtectiieonnd Mee s@caAd t8§ Db¥ined from a

clainms 30 to 33, wherein t nucl ej c aci d-proteéein _
conpl ex is oﬁﬁCQPHeBC’@!{?UE'ﬁPgaﬁt ithe | first syt seeppd t pelyoucleotides

i ; i i .30 t
35. The net haslameaardh Rondde elcl?-??otgfn &%r@h%&e 0

34, wherein the oligonucleoti S’ concate d with
at | eddt onessuenawg theialiganutleotidetcarabt ai ned by st eps

: e bei d. 36. The t hod
feror Mg ¢ dfafbifigh e 0aR RHEL G | SSlualdEniies phasad on the
pol ynucl eot inletedtide deauaneds of thidfirst afE slRbAFRSGHE O

[ l.qcated on different
Eﬂsoﬁgbﬁg@/ %gelc%ﬁa a%rd?or i8en{ifying the at least two polynucleotides.

The method according to claim 30, wherein‘step (b) comprises:
) inserting at least one linker comprising at least one restriction
recognition site, and V
(i) cleaving the first and second polynucleotides with a least one
restriction enzyme recognizing the at least one recognition
site in the linker to form the oligonucleotide comprising a first
tag obtdined from the first polynucieotide, a second tag

obtained from the second polynucleotide and the linker
between the tags.

The method according to claim 30, wherein step (b) comprises:

(i inserting at least one linker comprising at least one restriction
enzyme recognition site between the first polynucleotide and the
second polynucieotide of the complex;

(i) adding at least one restriction enzyme recognition site each to
the &' terminus of the first polynucleotide and the 3' terminus of the
second polynucleotide:

(i)  cleaving the first and second polynucleotides with at least one
restriction enzyme recognizing. at least one recognition site to obtain
cleaved fragments; and

(iv) ligating cleaved fragments to form the oligonucleotide
comprising a first tag obtained from the first polynucleotide, a second tag
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33.

34.

35.

36.
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obtained from the second polynucleotide, the tags comprising 5’ and 3'
termini of each polynucleotide, and the linker inserted between the tags.

The method according to claim 32, wherein the at least one restriction

enzyme recognition site in step (ii) is part of an adaptor or of a vector.

The method according to any one of claims 30 to 33, wherein the nucleic

acid-protein complex is obtained by chromatin immunoprecipitation.

The method according to any one of claims 30 to 34, wherein the
oligonucleotide is concatenated with at least one further oligonucleotide
obtained by steps (a) to (b) before being sequenced.

The method according to any one of claims 30 to 35, wherein the’
polynucleotides are located on the same chromosome or the
polynucleotides are located on different chromosomes.



