WO 20071106047PCT/SG20071000069 1 NUCLEIC ACID
INTERACTION ANALYSIS Field of the Invention [m] The present
invention generally relates to the field of gene expression. More
specifically, the present invention relates to nucleic acid Interactions. In
patB3ar 84hvention relates to analysis, detection and iden#fitsiiznooh00069
nucleic acid-protein interaction events and components Background of the
Invention [m] Chromatin interaction is important in gene regulation. The
recently completed D@L EI QN FEGoa [ s of
genetic information. However, t%(!,[?u?r%an gemegylﬁzﬂj%g
information is often presented as a one-dimensional linearity, which Is
short to explain the complexity @ng:gp{ggﬁg%qt%fna cellular system. An
entirely different perspective is required for understanding how a genome
actually functions as an orchestrated system in a three-dimensional
nuéBiis Wmiﬂ@%@iﬁslfaénﬂmw@h&aﬂ%ﬁw {6 BectHRI @B Sxpression.
SRR BRI VRRNEERAYB AR el
eUs, |tt|$elmow t at(i romosomes are unevenly orgdnf _
etﬂ:%romafins and FARILERrSRTaIm analie: sletestiomged Ineotifioatiainof nucleic
prBfifrRralsn doierattisicaventy arahsonptideifactors for transcription and
replication. 1003] These activities appear to be ordered. It has been
observed that large chromosomal loops contain active genes.
Furthermore, it has been sgﬁg@éﬂuﬂf’ai’ﬁﬁgﬁah‘@mafbry elements such
as locus control regions (LCR), enhancers, and insulators act by -
reyoosiitioDHgnsa¢ g el of t ' ith active or silent
rRgREHRHON, Recent work E@s (fjgergréﬁgtr@tg(w}] aqapoeoir'{,e%ﬁfagﬂﬂst The recently
recently, in cytokine gana ¢IERAYFIoeS IRARIm Epmiewarismé garaliitinformation.
pIOAGIERS iy TRN-gRRSNON Hirisameeasit ORSISEAROHARIMEN JAISEARL] as a
withepdansisithan diiaient S is,possible.that intra- and
in&ggﬁg&g%%sgénakieqﬁggio%gﬁ gﬁ%?%hé%or%@%gi%céﬁ?ﬂn%og’tpqex’ty and
multiple gerieli Hoct In Cod aneHindY Rl shyHitieesnt Prrsrsetive is required for
pHiREIEHiRer hewomesoRmBpietitons ttivre alsodpesithiiRated systom in a
2003406047 RNS THESSE9 HPNRD daRlicatsd indissares. For example,
dyseegulation %E év%c Hansrﬁriﬁt Is%h??v%ﬁ%%r@%tﬁ?l \?&fma‘zﬁ% 6$ B two
the Immunoglo Gl Toci of chrSiBEgRsad & EOrepsRMesoRTisenfev microns
trafSSt dtich84RatRidalsolseans dhatychpumbdonis ara My s organized into
irsectincaratisomed intRER6ERRSTALHNBOlGHIGN | is pecessary tq. .
e albiRadin and il shed Ight o Fﬁizpé%/%é?%Zbﬁ'ecr?éb"_lﬁg%an%“’te'”s
in cells. OOZ}} echnologies Leed ToP Sty bedsasintion and raslioalionA
nifitber'dresppistiviies mpredetn beedrterstidit thashsesrdispeasienaihat large
stiroEsand] (6P eHAMEIBEO Hnal Wi ideraple limitations. |
T&E9 'E%Qg) |§|| g%blgtgo stm% %??%ﬁ%ﬁggiﬁ%h y%%aggﬁ{éauggested that
visualization todls, such as microscopy SFHoGHR destienty &&Rlybrnbpnasss, and -
(FIBHAH AR R reRosttioRINg, SResificganetiB éno ieryeaiMsamidigstive or silent

Rratﬂm@timﬂdmm%rmﬂﬁ@@%'&\gi‘?ﬁra%@h@%@%ﬂsgﬁnde most recently, in

i e\ %f C followed by c i
%ﬁ”&?&%ﬂsﬁ&%@ﬁ hjg‘?. oLPMidrsSs pitRERCt sifhirprematesarip long
SHRIRISES RivEsigarescoRopmaisps)RiBaKcrgzminasiat il SRind VR difforent
stichrogtagesetit & BexaghidNdiaoily-proyide; egment informatign
giequr%n%m% %pqg%c?rggggmes. F SH?ﬁ%ﬂgg‘rﬁ%ggn:ﬁorﬁ&%%@%eﬁﬁﬁaﬁﬁgns are

- direction, which localizes spedi@gdhé Pleognstifidarir phyiesdinating gene
|&%léﬁ%’bﬂfM@Bbﬁ@b%md%uo&ammmﬁb&t@d&hl& W& AIso been
probes hybridizing to genomic DNA. However, the resolution was very still
limited. Modified from FISH, RNA-TRAP is a method that may show distal
enhancers in close physical proximity with gene promoters. Nos]
Chromosome Conformation Capture (3C) was originally designed to
Investigate .chromosomal conformation in yeast (Dekker et al, 2002), and

has been used to study interactions of genetic elements that are

separated in long distance and/or in different chromosomes. In 3C,
DNA-protein (chromatin) structures are formaldehyde cross-linked in vivo,

and chromatins are fragmented by restriction enzyme digestion. DNA
franmenite tathared by DNA hindina nroteine are then inined tnnethear hy



d to be useful in identifying some specific intr_a-_and inter-
gﬁgfnnosst:)?:leal interactions, these approaches re!ieq on ex!stmg knowledge
or conjecture as to what possible distal chromatln !nteractlons may be '
present and primers designed to detect su_ch junctions by PCR one region
at a0 THéP&Tore, the current technolo es for study of chromeitinG2007/000069
interactions are extremely limited for identification of novel chro_matln
inteirapticatedid &M@@s&@aIm@&ﬁg{g&w@gﬂ#%%ﬁ%gis,rﬁggcrréb t 15 gghioved
congydegaRie, Jusiest ipdhgwa }Otnat %romosomes are spatia y:{) ag o e o
withip the nucleus and hOwW 1ha may %hlé'l‘étﬁ%ﬂ%‘%rléﬁﬁn Bines _BV@ n
in c?ﬁf&’é?ew deanireansnef itiirsomimfogientitin is cusresthomeBIRNe12. Further

It om0 s A LSt e
technalag'sR Hakanayeiigslve .ﬁ]%grj@holqe@@hwfﬁgrzg@mgrrﬁmugﬁons in cells.
chromosomal interactioris. [0os _
effilléf m&FuRlogiRerusad: feciatetiziestiinatoneytinfieesheiorddresSnumber of
Aheiieion dtesierib A D
i e LGl i
abdVE BYFARIARY D éouahinriessiiddtes waatiertityinbrNd(h as microscopy,
prepadrapedreasinoSiun kslieikiasikbse I8PGe rm@?ﬂﬂ%ﬂk QI’e“j-algging and
aCiFE_ Xoifn RQQ(B H;?er r .ro?l gnbéj'elc geid-protein Comph%é@fggﬂegf such as
particular, the method% accorglggg? e rﬂ%nm%WdéB% _
defAlRMR TARRINFPRARAEPPreqmaivng (RISt tvai nE0ei CAGHERIBRNeRFomatin
or m”mmpmmn@@gamg-protem complex. The present
[005] Microscopy was used in many early studies to investigate chromatin spatial
organization ‘in nuciei. However, such cytogenetic approach may only provide
rough segment information of chromatins in chromosomes. FISH is a significant
improvement in this direction, which localizes specific genetic loci to particular
physical locations on chromosomes through fluorescence labelled DNA or RNA
probes hybridizing to genomic DNA. However, the resolution was very still limited.
Modified from FISH, RNA-TRAP is a method that may show distal enhancers in
close physical proximity with gene promoters.
[006] Chromosome Conformation Capture (3C) was originally designed to
investigate .chromosomal conformation in yeast (Dekker et al, 2002), and has
been used to study interactions of genetic elements that are separated in long
distance and/or in different chromosomes. In 3C, DNA-protein (chromatin)
structures are formaldehyde cross-linked in vivo, and chromatins are fragmented
-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 biﬁding protein or transcription factors may be further enhanced
by ‘chromatin ~immunoprecipitation (3C-ChIP), in which the chimerical DNA
fragmenits cross-linked with protein resulted iﬁ the 3C procedure are enriched by
antibody pull-down. '



Invention also relates to oligonucleotides prepared with a method

according to any embodiment of the invention. There is also provided a

method to identify chromatin interaction eVenta mediated by

specifiCONA- binding proteins across long distances andbetween different
chPSRTS8BHIEYT In another aspect, the present invention solve@@ieG2007/000069
problem mentioned above by providing af isolated oligonucleotide
COppp¥{Sing, QL ifa e first.tag and at Jeast WO o
205767106047%1?7%%1‘26'6"? 5’&?2 iR BBf dSag e rernationsshate been
selEMPERYaisrt fiagshsr aiRetibidracideptiiying ceompiexspegifictiavtes, thei@ inter-
is phovidesbaralspiiemigontdestidgiogypesing aideast %Q%éﬁtﬁ%g{'e dge or

an e tag,.wherein the first tag is obtained
po%r?é%:?eég&(%é atrt?((}ﬁtﬁgtd eoc%sﬁb\getadg’g'so 't&ﬁf@&lﬁg?n‘%%@%ﬁﬂﬁn&?ﬁd&emm and

thO AP RPelensr dpenatisestdesativrsmdRieRmas meitia atigfprelEimerefore,
cotmlewrauetécahaw%%n%ﬂgevrwC&ﬁﬁa}}ﬂsﬁn%lé;%%ﬁ%% %fréhgéﬁr:%@n%ty limited

n i i i rom differept nucleic acid regions of the nu
aé*%ﬂ?ﬁg!ﬁ°%%%’n%?’e§5‘5ﬁﬁéﬁﬂams "oﬂﬁsm%reaﬁ@@%mmmw@e genome
ledBne restriction enzyme recognition site at least one linker. In
pdeieylandipitat doRsidArEIBSHIGHOS 8RN itign site Jpay, be .
mg];ﬁjﬁgzgha\h;’wﬁr h‘léh%LI‘iC léer ma¥| l?fe Inserted g?ﬁ/eek%n fﬂﬁ%tégg%sr &lrg spatially
linker may flank at [RS8 space 2GRl Z'E')%ﬁti’&ﬁéd' figeipte fransgrimtion of distal
d&ﬁﬂ?&é‘éﬁ?t&%ﬁd@ﬂ&t ritergy. aMbind keatirdommattnosaursayyevallable. The
relemgnaionfsiteativry iherasyupeet’is. IARRIGIdE8THARS T8ERISHASLERE ¥o0Rnologies
re@%nlﬁtﬁg‘py s@%égﬁ%g)}e, gcarc]?gs%m%e for a %/rlpe Hs restriction er;?/me or

for a homing restrictioh enzyme. porgfﬁ@ vang!  estippsy pfayphromosomal
cdmﬁﬁ‘fé'%[’g’ terminus and a 3' terminus from the first polynucleotide and

thiseal ledbbaneiseaONddagiROMRIISAs dop tRBRINGHRh %’u&%’{{iﬂguiﬁd robust

fr@é%hg,g&ggnq%glyﬂllééz(e%t}%%ﬁyge |soé%6t[ed ofigonucleotide may further

comprise at least one lirker, The linker Ay De iNSEREtMRATERA (e /agdens of

oPHEMARBMAA]tprstions thapmryavaisems thevisadamttges aslinttgions of

teipeTéMislingearcomprises at least one restriction enzyme recognition site.

The at least one restriction enzyme recognition site may be asymmetric.

The at least one restriction enzyme recognition site may be, for example,

for a type us restriction enzyﬁ%ﬁ%}‘ afffbenimeerdismiction enzyme. The

linker may comprise a first restriction recognition site recognized by a

regtacHRIs SNz EaR IS Y ving the first polynucAeotide to obtain

the fiEt ag, and a secon reee_st&r!lgtio':?lfgcla%naanrﬂ%rﬁ'%ﬁgé:?&fﬁﬁﬁdpwvé\d'”g a new

r&QfHRRSN Un ARiesihaldentfing angiore BeEidpohinisdebticstnablain acid

trmg;g ;&%ragg:i; d ,§hm;ce311&4? ::figwe z meﬁeéﬁgﬁgi%%f%fgﬁﬂga nucleic

i ) e~ LI

the firsgéao ynycrfggtid,e to%p@a%d gﬁ %errﬁltn Sg gf) ?ﬁégfﬂgttﬁé%m%fm provides

aRd"BBEREN  SSthCtiBe: ridesyiiving and/Rscorpnadndyah EEmntvo nucleic acid

e T S e S, vy o e

- terminus of the second po‘y.nuc‘(f)l:l)%tlt e.gl"é?{g%rs? a gth a metnod according to any
embodiment of the invention. There is also provided ‘a method to identify

chromatin interaction QVentsz_frhediated by. specific DNA binding proteins across
long distances and between different chromosomes. |
In another aspect, the present invention solves the problem mentioned above by

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



second restriction recognition sites may be recognized by the same or

different restriction enzyme. [0011] According to another aspect, the first
polynucleotide may be further cleaved by a third restriction enzyme

recognizing a third recognition site to obtain a 5' terminus of the first

polYh2&PaET &4 and the second polynucleotide is cleaved by a RSGY§G2007/000069
restriction enzyme recognizing a fourth reﬁognition site to obtain a 3'
terimiRusiohe lentide. According to this embodiment, at

lea Foqgr% first ta%ii%tﬁ%@%r%ﬁ%ﬁ%ﬂﬂgsﬁ'%ogo%m%'et@rrfﬁﬁ?o?fﬂ?e Risteic acid-
polénuc SofidI RIS -at e R Hitidase dhRERLAS | protvtdantcafroisoligtatingliiendcleotide

an@ENRIRNG: aff ibrstooerfitg thyanteatinasT BRdh r ,
é@%&ﬁpg%‘,'r&wﬁlrg{n the first tag

rece@HtIRRIt RS Mak; ﬁgg;g' the same or differ s lon
enzymes. Th%Iurther'Eaeqc%%nitio#légﬁééy?nné%/t%% fRGBDE (i 2Rfajseddrom a second

ligdtedodRS % RS FrrfAR SpeMIsURR I catidas tidadentahtamucieic acid.

seUPIGiPoIMpIOLTs rirspeaivebiontesBRiisdis L and IBEHIY the same

reAUEIM 18 S . ' ctor intq which the structu
polynuc eotide-ﬁg%rfeﬁéﬁgﬁ#%ﬂ%ézgiﬁg%"’? 'thEraiaes ff thr nudelctaeid-protein

third rd8thction site flanks the 5' end of the first polynucleotide and the
fourhe feetatatbalisivnficlaktidh endyeieidrtesmpros %p@g&u&h%o;g%%ié%()) 12
Yy

TheSouneis msids Rigte] Isolated, ol leotid zyme
pa{gggﬁ*@%ﬁ%*‘;ﬁ%&%? G eyt LIRS (bciohyingianzymo
St DI

e nucleic a
of inte CiagYhReARG HERTIR adiaieagitentickenprisingeainegiast tBotween
wHiéh Egrorsithef Iintieseshiyndankore ieusp EnditgNBHINUNG SURoIE upstream
pobsmisieadiesiraaion NASGRNG. A pnpfier spect e presert
myggégmt%rovgtes a concatemer of oligoricleoti s%%?ﬁﬁmnbeétl“@&’t enzyme
two is a_tc_aop oligon BRotifRs2s¥arnstisiatdhelighrieekiotde cosspiigig @hzyme
o5V RISSY ary didedst exangsiepiist tadtypbarsiRtiscHEs 2ndym or for
samnmm@mjm%ﬁ@ucleic acid-protein complex. IN particular, there a
Is[gg%ﬁid?féeaagoln%%ﬁemer f oligonucleotides comprising at least two
isolated oligonuciaotide, WRERALJRAY LUNBHRR Acblithemsmmprisidgal’ terminus
|leferb e fitstag iyl aletelitit @me tteoat ket Wherabtdie iy B0 Ases a 5
tapohiadistpelyaudeqtidgiand thsse ds ri1s a taBé)f second _
oJoY eptide, the firs%fe]l&,d second polynuc eoticﬁiesp g fPtidguciEhe isolated
acid-protem Complex. EOreTETiRe Abysastheneolinkese Fitdetiskenenay be
lifREPr'Pe AAREINayhsortamiseont theOIRRET/H08P4Bositioned upstream  andjor -

6 OAMSIEE2A 10 A0RIde L Re, repilict nzyme recognition site. o
Fﬁﬁgﬁﬁee%%é%qggﬁgi%li%ﬁanugigogggéomggcéﬁgaﬁgﬁne& a&?%ﬁnﬁ)&%é&éﬁr iction
least one restriction enzy & 8L etioRes festinion: esavmentscogtiittinrsite may
e e o s foas T S o, for
h S A
linkey W%pqﬁgyn&dmu nsétreanﬁand or%@v&sﬁt%eam Q.%{ﬁgtggqtgﬁee{%_me.
The linker may comprise at [2abonETEGiRBorPergyiinn retiegmitogsited by a
Tf%‘?ifg]ébﬁﬁﬁ@%sﬁqggﬁﬁgzmmqg@iﬁm siw/mﬁ%hbgg@rt@ W:R?ih'sth o firs
réagiicinah 2 RaYeR Geiiaibe iC . The first tag of eac
: ogggéﬂglegi%?ﬁg%pe gwoen(':at‘em%‘?gr'rﬁ?za{?)é/’Ir igrﬁé;)w ?grﬂnﬁsr%ﬁ% fjop enzyme
_terminus from the ISt polyiuciEbtRRYAdapidec 2 rrbtaly iy sonymdseag.  in
sPREHHIfls Wied linberemaneomorisehe Setanstriohsniiclealtio 03 RTbEnized
diigancesentide ehHyeneoRuHBRIe) ARSAFRID lnvention may be
inseHAdINo %\ée??é? and/or 3 C((e%lrlf The c@e Igr%t%)ﬁp t%—:- %Oyg&%ﬁé?géﬁp obtain a 3'
00143 The the polynudiectilé RoRdlgic apt-prErSANh Rslictinay rbeqgmitiof site
d SRR S¥uBtiecPRd pesfrictimotisteymaydapdorater eRiNE, B8 second
chromosome or may be located on different chromosomes. roots? In
another aspect, the present invention provides a library of oligonucleotides
or concatemer of oligonucleotides comprising at least one oligonudeotide,
the oligonudeotide comprising at least one first tag and at least one
second tag, wherein the first tag is obtained from a first polynucleotide and
the second tag obtained from a second polynucleotide, the first and
second polynucleofides obtained from a nucleic acid-protein complex.
mots] The at least one oligonucleoticie of the library may comprise at least

one linker. The linker may be inserted between the tags or the linker may
no<citinned 11inetream and/ar downetraam to at leact Nnne taa The firet tan



(b) preparing an oligonucleotide comprising at least one first tag _arld at

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

a nucleic acid-protein complex; and WO 20071106(?47 .
7PCT/SG2007/000069 (c) isolating the oligonucleotide. In particular, the
pr&RAGHRMAbN provides a.method of preparing at least one_lfﬁé”Yé{a“e?éIOW?OOOGS’
oligonucleotide comprising: (a) providing’5a nucleic acid-protein complex;

ing: li leqti mprising at least one first tag and at
o e & & R B Seinemomosiapbo. Tne frst ac

pdiFfitRfesttiictian #rcaenitng igoinande fremgnimabby the same or different
paBstitictentietezythe.first and second polynucleotki]desl_obtaln:ed I_rgm c?om .

j - j lex;_ and (c) isqlating the oligonucleotide r
S S L B BT ooy e
inQ¥rfind 4! EBRisHRNiAREY meMBrSIizindcashidereestittion en@yBesbtain a 5
reteogmiticosites And pélAleawing 8 edishand ss5ending é?é‘&i%l%“sd%?e"a%d by a

o e R o, o LB IgeRAaHiat i eobiain o 3
gg%nﬁ%i&"p%?@frfbaééﬁaédamlxag@epﬁmmmmmmmbmﬁmeaﬁpmpébbegfst one
tHissh e i obtﬁaéa\mﬂml@fﬁkli_@ﬂ%@34!9&;‘?@(%9%%%@%@6%%@@ r%;%otsde and
IS | ricygn.enzy. A 7 Y .
B e e

O15598mh Sy Nusigide rddwidhisd @ﬁﬁyfﬂ@rﬁe(regm'@ﬁﬁ_msiw& thep'be recognized
terynthesafidefidffaehitadeniis @Qﬁ&&?ﬁé%ﬁﬁ&r@%@%iﬁggosqpes may be

pm%maqndfdaptors ligated to the 5' end of the first polynucleotide and to the 3’
end of the second polynucleotide_, respectively. Alternatively, the third and fourth
restriction sites may be present in a vector into which the structure first
polynucleotide-inker-second polynuclectide is inserted. in this case, the third
restriction site flanks the 5’ end of the first polynucleotide and the fourth restriction
site flanks the 3' end of the second polynucleotide.

[0012] The nucleic acid-protein complex of the 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 polynucleotides
may be DNA or RNA.

In another aspect, the present invention provides 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 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 isolatéd. oligonucieotide 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 polynupleoﬁdes are from a nucleic acid-protein complex. The

. concatemer may further comprise at least one linker. The linker may comprise at



(iii) cleaving the first and second polynucleotides vv_it_h at !east ogcta .
restriction enzyme recognizing at least one recognition site to 0 ha
cleaved fragments; and (iv) ligating cleaved fragments to form the

[ tide comprising a first tag obtained from the first .
S%ﬁ%ﬁ&%@% seréond ?ag obtained from the seco_nd polynucrem@eoahmoow
tags comprising 5' and 3' termini of each p Iynucleo_tld_e, and thrﬁellnker
R e B e o R £UBbS, (oot Isoietod

iji ite i) is part o . . :
T R R s b aE A it pretebsircon ormymo
5 o liporim b sstoactv asabietiomiefyApin e RIS 26id may be
COMEREY A ' i t.and isqlation of nucleic
e 0 SR S5
IHRLOtel ex by. W ‘ ! .
Z(r:][t?ggéd tf?}nll"kl.(%féliated éreecll?)l %%8?1 %V%ﬂ‘ﬁnﬁiﬁnﬁ@%t@ﬂ tbehtiies. may positioned

ExAmpieaBreadier &‘memeameaéﬁ_ﬁbldﬁﬁrﬁmgﬁ’iﬂ%}/ p&% ris at least
Glunthiomtrigtionassisinseg BW%%&Qaggéég%aﬁFﬁpg%}g&g%%@mn enzyme
amaégée%ng?ﬁgﬁég é?é? t(lae?gsﬁ e fg%ﬁ%@ﬁyyggrgﬁympm a homing restriction
gtrjolf\//'?llﬂﬁ@%tiﬁé% firshiag rfoegichaoligipmotbin et e %@@b@ﬂgg may comprise a
coﬁi[ﬂésiwigu_s(a)'\ﬁravisi_iw@iﬂ%kﬂ%rﬂqg?pﬁ%g ' oaﬁramgﬁég gﬁpg%%&ﬁg&cond tag
v o sscnssmae
tsae 0 %I%Bl‘gm&'ﬁ@ﬁﬁa sedoncpuigtamdeotideo iR MROISREART may be
polysertiebitities witiainadrons 2N AGIdBIAE somplex: (©) .
Se%?ﬂcmthﬁ90|&9y%éFe(g{% %Ql%eic acid-protein complex may be part of a
chromatin structure The polynucleotides may be " located on the same
chromosome or may be located on different chromosomes.
[0015] In another aspect, the present invention provides a library of
oligonucleotides or concatemer of oligonucleotides comprising at least one
oligonucleotide, the oligonucleotide comprising at least one first tag and at least
one second tag, wherein the first tag Is obtained from a first polynucleotide and
the second tag obtained from a second polynucleotide, the first and second
polynucleotides obtained from a nucleic acid-protein complex. '
[0016] The at least one oligonucleotide of the library may comprise at least one
linker. The linker may be inserted between the tags or the linker may positioned
upstream and/or downstream to at least one tag. The first tag may comprise a 5’
terminus and a 3’ terminus from the first polynucleotide and the second tag further
comprises a 5" terminus and a 3' terminus from the second polynucleotide.
- In another aspect, the present invention provides a method of preparing a}t' least
one isolated oligonucleotide comprising:
(a) providing a nucleic acid-protein complex;
(b) 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



(d) mapping the at least two polynucleotides based on the nucleotide
sequences of the first and second tags, thereby detecting and/or

identifying the at least two polynucleotides. [0021] The oligonucieotide
obtained in step (b) may be amplified before being sequenced in step (c).
Th& 2#9if#@888n may be by polymerase ghain reaction. The ampiiSedoo7/000069
oligonudeotides may be subjected to at least one purification step after

arnplificatjonisslatheare ketehaemisapeed in step (c). The at least one
horesis. 10022] The oligonucleotide

puyificay ' e gel electro
acgcf)r?ﬁ]@ %ﬁ%@ﬁ% e%llsogrq tr%%\g/e %@oﬁﬁ%‘f@rﬁt@d’%ﬁwaﬁIééﬂr@nérﬁugtladarleast one
olibstﬂlﬁ‘fﬁgé’fl@%%ﬁiﬁﬁfw Srstfsings) to (b) before being sequenced.

[0@23B] TheawdingRcing B8 REe-ERHST %Prb]%w?oggz]@l% ?3222&; by

muyjfiplex Ing such as pyrpsequenc]

anlddg)c‘))r id@%?%n%gyoﬁg%ﬁt%% GsTORBPRAsIE dgmsh @tarfirst tag and ‘at jeast
pofftfLERGIte s cbormiy Knatfisshisthas cttyiedufrorhta dpiePotiOkotide and
déhafiacoadyturleptislesndler desssdnPpumIkipeach oo s
n%%@&@k@&g%eé%t%%gﬁlgxes such as those inn chromatin. 1 a UifoAnd second
the nuicleic acid ragment thNhiRYESIE RAFRiRiR semplexaag be any

nu@kic depiatingtherplignnpelsetida.region to which a protein of interest
bitabs7fomeswaretbdrintne, Riaging St eotides may be DNA
or([RNA. iyggggggg{ got47pc1§/ %@%’%o%%%%%%&%%ﬁé’m” comprises:
oligonucleotide may be tranafediPinte HPrsiRg on kst Tonetrastfstitionsnzyme
mEFB8raIsteopBrhtion. The cell may be a bacterial cell. The

pdinucleletdieg ey HSDOMY QBN ther.aspect, the m
&%gﬁ@% ig%gﬁl‘ ucﬁe%ﬁgg Oftf restriction

Pressihl i vides g vector com _ igor
con_cateﬂt\a{rggé%ﬂgﬁuglgoﬁ%c\a%ag?tﬁ@qitf)%ﬁ?g&ttﬂlbml@oﬂ@éi@ser' to form an
cSeamurERtdsriepmegeinstionfisthieDebtaiysiGBsH HE ArustigitsifSide,

owended tijooktairesh debnt the Ressit RYGAIOBJAY Ao
Apgjysis by paired end (di)tag(s) (CIA-FE;I%?) sequengngghg{gﬁag]%ﬁﬁie een the
illustrates the overview of another method of the present invention for

CIRYW IR ErIOesET 16 Sem s afebimagping off tAnREion comprises:
CG%-PET@Wgsanﬁmteahmmﬂsﬁi@,ﬁﬁgi@ e FRECRd to span. two
digRERRM; iqagions, and multiple CIA-PET TR elPETghon enzyme
Clﬁ%@iﬁiﬁ%%%@&? e’ first H?)Efnucleotides aarr‘g ?t)m(g %%goné) polynucleotide

(if) adding at least one restriction enzyme recognition site to the 5’ terminus of
the first polynucieotide and. to 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 oligonucieotide comprising a first tag
obtained from the first polynucleotide, a second tag obtained from the second
polynuc{eotide, ;he tags comprising ' 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 con}:piex

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



room FIG. 4 illustrates the relevant restriction enzyme recognition

sequences for CIA-PET. Each base indicated with N or X may be any

nucleotide (either A, C, G or T). The regions comprising N and X

represent portions obtained from different polynucleotides. The sequences
whitl? aM3E8¢%H the figure from top to bottom are as follows: SEQ/H52007/000069
NO:1, SEQ ID NO:2, SEQ ID NO:36, SEGID NO:37, SEQ ID NO:20, SEQ

ID NtiBdd i NC; 1D NO:6, SEO ID NO;7, SEQ ID NO:8,

SEgul%% Né%i? %E%E%%@Z% &5 B I\?%?E -BediptpdNershnicge Fmmples of
NO: 24, 'SEUTEYRIBTES (SeeniEhRbs: el 2Streplesidialthitten [003iiathione.s.
FICTSRitReRYs olulptitioBeA-diBifk, CaRIRE s eSsBiigR thg
L . . " ] m
inteirastigioagions are expected to span two different genomic regio
anc} kt_i%eaglla-diPh is are expected to be clustered. The additional

information pro 'a%fdalﬂ??ﬁﬁ iR Presanif ineaioe hRET wslldeneseddl iy detecting
mappiigrtdetiipioiPa Teats the genANBeoSs from a nudlsic acid-protein complex,

ZOQHM@Q{’J&&}I}{%%Q?/OOOOGQ 10 [0032] FIG. 6 lllustrat
relzgjant rerstriction enzyme recognition sequences for CIA-diPET. The

ba {;!i?f\ N Zhavy &7 I3 AgidRERisiiec@ivie; A, C, G or T) and they are
obt&hed RiGPaditteamoligdynoidetdic esn; I resen

Uk B ROBAMHERT TSI igtﬁg@%?}%”%ﬁ Aot t e
while thy g&nrgegéals cf:’q?nd 4 representhucleotdse o i diidighRahgyeleotide and
termini obtained foTA RS FI50 | vh feeemidepalyrunientira)sthb, 2rd, and second
anBRYMGRalideprbtained romusieatier @ithrdiefn.danbidy: The _
se(tiencesyuistirPPeitbMefigyrs from top to bottom are as follows:

S ID 3.SEQ ID 4, SEQ | 26, SEQ ID NO:27, SEQ ID
: NI(-:S%S, gﬁ%m%%ﬁ&%éﬁﬁb N@:BBPQE@'@W@BBI},&@EQ o N3 Ahucleotide
SESHPRAESY thEisimiGarmERayE) NO:35 (SEQ ID Nos:24 and 25

re featsisy iastelind QNA Fidh ki I he vector p0138 containing

mwgﬁq? i(g%% l:;:Ifcy)nirﬂegl }lﬁi;é%gev iC ?iga%lig%lsrgﬁfg é%’%(%%ﬁ?ﬁ‘ﬁﬁt'tray be

used under th_e%rg%%n?? eRRHNRS0 B ster (B)ilmsi hesdroplified before being
ol fEHRIEBH dBsStRet(eb Aberameltidatien inagries vyllHanHEradb LR reaction
re$trec aonpEnEy ORFoARE dHRRe long: ill be removed by ) '
elgriPRIAERAL t'fﬁ%bs u ncge ﬁ{v%ﬁ?% e%ggje%{r}%%e?ﬁéﬁ%}f%}ﬁ Ripsifigation step
bottom are asl%)' pws:u%ckéoﬁﬁ %’8’.’3{’ SeH'AINRD: i s C)NDHE8aSERst one
I KRS8 stsRis Rey4s: St @4btmighddesREQ 1D NO:42, SEQ ID NO:43,
SBE@e2D Niedligord: Seldd NEd [ illustrates how ifonlya
Pashef 3 fiaker indpssried info olléqc?anc%gﬁe etfqlijr\ﬂﬂ SUfARRigated with at
oli onucleotid'er{?hat IS nggPrgg?l ecu%%ﬁﬂ‘ﬁ@n@é WikRR (eindeetbbybefore being
e %c sis as it will be too long. The sequences which appear in the
fifR9RsIrdimet spd0dpoligayeLaSIRIHIMS: -3 SE 0:4, SEQ
IRMYASISERIP mg:%? 95?(5 |D}%g:2§,t E'é%ggp?gé%f@%',‘%%%rw Uitiplex
sg\ﬁ ID.NO'51T, SEQ D RUESEMPSEQ ID NO:53. Nom FiG. 10 illustrates
nBRrah T eeing arsdiereidankingiinpyebasiotaranligoasleptissibakon of

P{Lpse matrix

ateetaeolyngcindicesiabiedarngngi and hﬂg%ga&ﬁg removed by
eigsH; resj uences which appear in t f?gur%sﬁgrﬁotocb%m and/or .
WQ ﬁ%@%ﬁd@@%@%ﬁﬁm@%@w HERYRitraviil fetiohvotIBEQniDucieic
|\§3‘. ',p§?§€§”|'6%@!%85@@%36@3@&39&@@@@%Sa%@iti%b'@é%@;@@ acid
IbAYOS, BEQIR NOBRISEQHING BHREERIBNQE0,SEQ 1D NOEL

: . gment
S}%QdPsNQQ%Q&QnS%%[?cN C¢'31'6p3rbteein of interest binds, for example, histone

binding sitg. The polynucleotides may be DNA or RNA.



ponj FIG. 11 shows the nucleic acid sequence of the vector pGIS8 used in

the examples with the various restriction enzyme recognistion sites

indicated. The sequences appear as SEQ ID NO:18 and SEQ ID NO:19 In

the sequence listing. Detailed Description of the Invention Nam

Déﬁﬂiﬁ%ﬁé‘f’%éw] Restriction enzyme - A restriction enzyme P&/3G2007/000069

restriction endonuclease) is an enzyme tRat cuts double-stranded DNA.

Theoes1ZTHe MBREESIMISHEIS] h each of the phosphate

be}?%?%”%ﬁ of the doub eﬁ#\eélixﬂvrﬁ?hg{ulf aﬁggﬁﬁgﬁgrﬁ%@é. %@Pcl?é‘rﬁic%?”- The

bonds tha ?ﬂe'@%&&ﬁe YIBISFTPReIPHR e DRt e bymatichermymeterial cell, The

kriRSOM el figlides et PéArimtiBN Aagments obtained from different

Co0PBPIPNRS Plep ' ther, provided their ends are

coap%%mek‘[[lt?{(}/ Ty@%e%%m éixzfr%%g%ﬁiinﬁ%egansBe%Yf%eﬁLﬁlgﬁcggq‘E%HBQ@”g the

and_ ul DNR St defii8d o8I elsOto Sigatislantideecognititie library  of

sédigenuelsetides Phegnmatduzesdiscrete restriction fragments and distinct

gel banding patterns. Type us enzymes cleave outside of their recognition

sequence to one side. Mmel as well as most of the type lIs restriction

enzymes produce variablESiPRIEWHEOP OF Hredorawiian2 showed that

IVImel can cut 18/20 or 19/21 bases away in a rough proportion of 1:1.

Theweiormdhe; ' [ in.a)l filgures each represent one common

L M SO SR ke vion o
§ IS ANEIRIRY RriEpAenING) trafa (o ks REE) stapiagcing.

variaplelen
into pGIS8 plasmids and M PET Intermediate), because the

prlyscladidecapdissahdifesing e Ill enzymes are also large
cembinatign resri tioﬁ-andg&é(y%%ﬁagt?ﬁ gﬁ%rrmeest.ﬁ?ﬁé%] teRressnsiawestion for
their recognmg g fuences and require two such sequences in opposite
orientations within the same DNA molecule to accomplish cleavage.
Homen B NIICISASRS arg oublerstyagded hat have large,
W eg%oc lzlllq,(é‘0.47PCT/SGZé‘gé%O%O%EQ?%{aESEﬁmn%?r%iﬁgﬁﬁﬂfﬁ%ﬁfgg’g real
(12-4 ade pngsr)sa'ﬁ]Becgﬁﬁﬁt?é’qEférﬁf&"tk%oar@ff@'@aﬂywmdﬂedgimns, and
Einistfelis RBRnarer enteickedirobeicd) sfeasdriction enzymes may make
cuts that leave either blunt end or sticky ends with overhangs. A
ickyv-end.fragment can pe ligated not only to the fragment from which it
vﬁ%rﬁ%&ill@q@%&/ﬁ St}ﬁ? 558"@155?/58?!% PR &ERYENE iegoardionsxiiences for
ﬂf‘eim ﬁgﬁ?_ﬁﬂé::n?ﬁ:wg&ndﬁ @gﬂb?esﬂ by CifeSncRRADIBIHEY A, C,
@beTgompatipgions a referred as an end |
%ﬁ&@ﬁt%&fjﬁrﬂ%”éﬁed' I&fﬁfy ty‘EJ epfl restricj[iadrg%ﬁ%/rrh{egoﬁ]?'ﬂ)%\liﬂﬁ%ﬂﬁg from
DNA seqliences, 1 a restr ?oﬁeéﬁ?y'}?@h‘é@"éhnéﬁp@@géhém&gure from top to
"Naﬁglgoxdg%évl&@@ssitg&@ &m%m; SPEUDCRO e semn?ib@@:gﬁa SEQ ID
iady Bens isenewhesdne o r reads
' tn%s-?ar%%bt? yper\%qfsg%gr c?iﬁ.on th'e%%%pﬁgrﬁg%r§ g@aﬁ]?XQ&CCﬁEQ ID
it is possible for nucleic dRPARECr SEY DR pRRRIIEMNO:23, SEQ ID
CERvORRIDDI RS BEBSNNES (8B thiNoleimiasid 9538084 thrice)
self-circularize. The meaning of "palindromic” in this context is different '

f fr Its linguistic usage. For example, the sequence GTAATG is not

g%% mﬁ%ﬁn%c Bﬁfi'%{eeéue'??é@?Wﬂile%%%’@&‘énc@l HPEG igepresaptesy  the
S RERfiEGoriReinyinasslcaxingtedhiesispanr stickyimiadsrindergRiMbtions, and
. EndipleamiAimolii £ igf| S ﬁ,avin %b{}unt, . .
chmgggeﬁgy%gr &%n%k%wgﬁgieﬁiﬁj?e@ &%%@ﬁd i} a(% {9t Ly Remation
- a phosphoric ester o ek o@ﬁ]é}%‘é’ﬁfgc‘é’t’l‘u%ﬂﬂqmﬁtl@fmpmm the CIA-
' glﬁ%ﬁﬁﬂlﬁb%ﬂm@meNucleotides form base pairs - one of the pairs of
chemical bases joined by hydrogen bonds that connect the
complementary 'strands of a DNA molecule or of an RNA molecule that

has two strands; the base pairs are adenine with thymine and guanine

with cytosine In DNA and adenine with uracil and guanine with cytosine in
RNA. Short strands of nucleotides are referred to as oligonucleotides;

longer strands are referred to as polynucleotides. Nucleotides may be

joined with or concatenated with other nucleotides. The term nucleotide

may be used Interchangeably with the term nucleic acid. A stretch of

nucleic acids possess a 5' end and a 3' end. The end regions of a stretch
nf niicleie acid mavy he referred to ac the B' terminiic and the 2 terminiic



[0044] Library - a collection of cloned nucleic acid sequences,
oligonucleotides or polynucleotides, usually comprised in one or more
plasmids. [0045] Vector - A bacteriophage, plasmid, or other agent that
transfers genetic material from one cell to another. [0046] Obtain, derive -

to JXQ #itNideeitlr biology and genetic engineering and manipulBtioNG2007/000069
techniques on biological material such as Rucleic acids and proteins to

confer upon the material certain desired characteristics. The terms obtain

anq g 2givg ﬁyag)( ﬁe used interchangeably under the present invention.
? m;l) icaligRratRs darirRlarrntesin iRtintheneymedletogwidsh S¥tiences for
metHAFRIRTmbnyhased IS that Efrﬁﬁlﬁﬁﬁ%qm?&%%gt%%ﬁg@;)ﬁ (())é;gjr T) and

- illed |
a%ﬁéﬁ@&ﬂﬁ%&%@ﬂ%&?ﬁé‘ %%%%%%%E%@@bﬁnd 2 represent

Tr%nusglecttian of transformation - ahym
moleCUISLARTS R BV TFiRRsion temnimiabisinsp iate rEClgtoSeotide while the

retfbmrelatevandeleepemaationraddis irim tRBSIYBALSD Are 'Hgﬁé‘té?r‘{éd from

of Hivtrach) sed. [0049] Chromatin - A complex
nugleie POGRUSRLIAY Hhi Rgﬂleﬁﬁ*sﬁohgs?m?th@eéﬂbhLﬂﬂemwhapresent any

éds and proteins, primari

o fiy WP bAsiE difeerahl Ebadeasentedaumiceppesoase figure from
duffRfebn s S fiolowd SEQINETSIS SEADIGSIE DI, Seq
corplex, 8EQQBSI%%OEE{§QEJ%§Q@; @gétacﬁawith_ other regions Iﬁ%r
on&l&et&ag%ﬁ: Si&fﬁrent’c rormosome. The e Pl By SRQnE) N3 beSEQ 1D
an INt&1=oF Ttrd= %%S%ﬁ%l'@v@@ﬁ%d&ﬁ@/lmvﬂmaﬁeesmgm;@j and 25
théepeataitthiiseXial at the regions Involved. [0050] Transfusion -

rearrangement of genetic information at the RNA processing level to form

a Eb%\z%/%ctp,mle]rl al transcript. [00511 Translocation - rearrangement of
genet IS %Wﬁﬁﬁ@egéﬁ?}ﬁﬁd@ﬁﬂ RRINK@ multiple unique cloning sites,

ZWMWP@WGQOQWWtHE@QE@s@HQﬁ&‘eﬁ‘ﬁirg'BFQﬁ%m invention

complex -. an interaction of genetic material and a protein such as that ’
e R8RS Gyt thone apbeits nsortc vil
.;steti):;:)tpi); :Z:i :it::tf:qz:i:; ::}i hence at'e too long and will be removed
are as follows: SEQ ID NO:3, SEQ ID NO'Zpg:ar o e vaure rom op 10 bottom
3 14, SEQ ID NO:38, SEQ ID NO:39, SEQ

ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44 and
SEQ ID NO:45.

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



structure wherein a protein binds between two stretches of nucleic acid

(DNA) of Interest. A stretch of nucleic acid such as DNA may be

manipulated to become a tag or an identifiable sequence of DNA. 00531

Tag, tag-linker structure - A tag or signature is an identifiable sequence of
nudBigt8tidettéfers to either the 5'- or 3'-most terminal nucleicPLaUs G2007/000069
sequence (terminus; usually 18-20 bp) défived from any contiguous DNA

re@iotiorar &gy 8NN R} t 5' : t terminal nucleic acid.
sefpaces ot m'refp%g%%o?]% hd?lj%s Dﬁﬂrigmg 1ir%1é9i§%rﬁ"9r%i§EQ ID
sequence o%’%tfééﬁ: a%ﬁis‘?%ﬂe’% QrRAr SRPSIRINDSS BEQAD NO:59, SEQ ID
ar&@@ﬁ-ﬁn@ﬁ%ﬁb@ﬁﬂ aBids WheleIB 2 Ak HE) INSg G Hetween two

tags. Another possible arrangement is a linker-tagtag-linker structure

w inker flanks a tag (that is, it is positioned upstream and/or
dg\ﬁi%ﬁfe[r&(n tga?’h%‘t TBARIC 1BEfs FreuRines ahdhandstgnaBISINAkd in the

I 3 s , . . _
o e S TGS A%
signatures of polynudeotides. A gtag ?ﬁ}ayénge@ﬁg&%agaﬁbgﬂmww listing.
20050255501 and/or US 20050059022, the contents of which are herein
incorporated by reference. Sequencing - The methods used to determine

the order of constituentsgyigy 4, i 8§’ er, in trP case, a nucleic acid.
Sequencing techniques used iﬁ‘?u é@gﬁaé’ iﬁ&ﬁb‘beaw
modifiedvarlations thereof, as well as pyrosequencing or the "454 method"

of¥B8LLefiniions 0551 In the following description, details and specific

queatifiaSea sy ar j to describe the embodiments of
s 2 RGBT (e amcieruconuciease) i

the present ipventi t shall be a
hhgqv’véﬁé?’ %%ﬁﬁ'?e% eﬂ%’??‘?w‘?é&ﬁaé)%&ﬂéea" heithozymachalets izo FaRIRE, one
tHBraeekilearhyoh e @ biespinite coatiingibsser AR AibRPAEH S out damaging

inenbasesl 0G5kl e.0f the_methods of the present
inygation, for a pe rﬁfg?%ﬁ%%%g% g% gg%ﬁﬁﬁoﬁf?ﬁgadg% kst tRformed by

purpose orcanying St Afeltddimdhes sestistione fregmenty albeabed from
u%%’&ﬁ’ﬁ %Wmﬁ&:@rm@em iedesonas t8RARUIRbRERNIIESlus are
r ! i i
RN O LA LD Do odic il soorces ard o
gnition sequences sites. They
produce discrete restriction fragments and distinct gel banding patterns. Type lis
enzymes c!gavg outside of their recognition sequence to one side. Mmel as well
as most of the type Ils restriction enzymes prodUce variable end lengths (‘Dunn
et al, 2002 showed that Mmel can cut 18/20 or 19/21 bases 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 pGlS8 plasmids and M PET
intermediate), because the polynucleotide can be of differing lengths.Type 1li
enzymes are also large comb'ination restriction-and-modification enzymes. They
cleave outside of their recognition sequences and require-two such sequences in
opposite orientations within the same DNA molecule to accomplish cleavage.

Homing endonucleases are rare double-stranded DNases that have large



restrictions sites, enzymes, vectors, primers, and the like, In particular, it

will be evident to any skilled person how to adapt techniques and material
disclosed for the other embodiments to the present embodiment of the

invention. [0057] A person skilled in the art will appreciate that techniques

not ¥fetiREANPtaught herein may be foung,in standard molecuRe15659y000069
reference books such as Molecular Clonin& A Laboratory Manual by
Sarabyovkeind RusgaltiohhiitbEdit ished by Cold Spring
Har@ggé,@b(g@l@égd%es!ﬁ. [glra_?S:]é(lj)%[ggfi%%%ﬁ%%8%29%%%0%7;%&%)%%%3 that are
invention relates to a new Metio Q}fﬁﬁeé@hﬁ\,)id%’ntiﬂ}ﬁi@sarﬁdrgteins). Restriction
prcﬁ?ﬁﬁ@%ﬁ f@_ﬁlﬁt"&ﬁ‘f_‘@ iEselirat isd seeitieercel wit forgroe BIEK9BRBYAIRIGverhan .
addostiobleanih ipaytirac o heBUAAIH B EY ARCATIRISG D o hich it wa

partg cording to the invention provides a e
ot e RIS T abhg PloepmAThuteia sodsalilorcesive o

etecting,
or _?ﬁllﬁ)?e?ﬁg'fﬁﬁﬁ%hu%wé psidyorsidip diffealeren I devaR{IQNs8I5Q compatible.
profidéiskipeatignm tties tides el RN SRtAMERY %Erﬁg%%”c‘if eqtides.

[a PRHIBELIPR36 38 eCEE), the present Invention provide S thigatef- Many
forhc romatin interaction ana(f§/J i%ad@fk?.”ﬂ*ﬁ(,pﬁﬁﬂ\%q&@@@#‘edf @ tesytiatien enzyme
noveSirfoIRSs9eRataliRalindormis givagartdNteN-eReMPse Mabroduces are
intsRroBaliblde tyalinbhioebadingsO0R I deryly chiomatn

in

intesagL jated by specific DNA binding protams. aiith ¥ one strand
bl mﬂ%%’é%%%@eaq{'deﬁtéqwggﬁflﬁf%ﬁ!%ﬁ%ﬁﬁ%§m. As such, it

histones, %?ross long ¢

[00B BCPRIB'8 Ao PSS BRaITIA traetaddeobtpiovidRsHEsIHRS dBBesive ends to
prewaet svantiomatedsrie thsUrItBR AdNHIONS. {@%ﬁ%&hagép . i
MBI EX RARLSINGI g aignalye (b 200p) O RGN TeEho o
twg ligated DNA frezg%lents o 1orm a‘r'} _ﬁmrﬁm-ﬁg’?%ﬁ@ HfeoredFto example,
"first tgg(ﬁ%%?es@g T{ady Pt &Rl dticay o P sequsties,(WENaHs  sequence
arfd TS SOdiFEEmseR0d thesnbtain N9 RBY LM UBISHEE D) Dicky onds

repigiagat r DNA f nts in a structure o
"PﬁT%link%]fég?’zg%ﬂa@? Ji'@@'?a:%ﬁﬁ%'@ﬁsrﬁé tagkieHian remmesdeaving
Cl

di é‘ﬂiﬂi%&'ﬁr@&ﬂ?%’é&ﬁ@h@@d@ﬁﬂhﬂdﬁIBxeﬂ%ﬂaeﬂd«m_g_technique
sUpak thiectadtitepyragaiapineing 83eshef, e for clonin )
an@sﬁ%@&ﬁ@QHﬁN%‘E%&’g&tigpag s§%1enrgg%§n%§%bgd?%%'C.S%dgra' ”f"t of
2097/106047PCT/SG2007/000 69 TR nEE RIS P RFEse RmEthenpairs of
prowdeg 2 mgﬁ%d%%rfé)ﬁﬁ@’ﬁ'ﬂé%t bﬁedsothaédmﬁg\@nudﬁ@tisgnp;ementary
coTFipRidmef fepbfodaguericl e RAATARGR IR K OMI RN boc,

oligarualeotdefREIRIR ne first tag and at least one seco
taguuherein éhgnfirst and g)éﬁé(i)}%da%gsggr%m afied¥sne inckNA and adenine

acl -pruoteln &g Sllé?@'ﬁﬁd"('gj iQHRRRY iReFINoRiidotiten deheffirsidaBtides are
M%@@g@a%d'@ongjbﬁdmwgg@_ée@ﬂt%?@@@?e?@ﬁgg'%% iBolynucleotides
obladNestffas mAmFasRD cleotide. the first and secon . :
. p I_yggg{éoetides ibtainedefq}c))@n{ha nu%%i%ae%?&{ﬁfgowf% CHIRpRCIAde pThe term

(b% may compns 9 RSk IischereaIRinavithkhectempisiniiat de RSt Aretch of
réStFiSio PeizyPessesgnEioarsitanand 3' end. The end regions of a stretch of

nucleic acid may be referred to as the &' terminus and the 3’ terminus respectively

W?th 5’ or 3' terminus of a polynucleotide, it is understood any region, fragment or
whole piece of a polynucieotide that comprises the actual

S"-or 3’ terminus of the
polynucleotide are included. '



(i) cleaving the first and second polynucleotides with a I_east_on_e

restriction enzyme recognizing the at least one.recognltlon.sne in the

linker to form an oligonucleotide comprising a first tag obtained from thg

first polynucleotide, a second tag obtained from the s_e_cond_polynucleotlde

any AFEAAREM In particular, step (b) may comprise: (insertingPEF /LGN
linker comprising at least one restriction@wzyme re_cognltltr)]n site b(latw(a((_alrl)

thg st ide apnd the second polynucleotide of the complex; (i

a(%fgﬁ a%yexa%ﬁ)ﬁ%prestér}&%ncé)r?}vr)r?gdre%ggﬁﬁi(&ﬁaﬁtet@’z?c}w&'ﬂ?g@ monomers
te?ﬁﬂe?ﬁg?ﬁstﬁe‘%twyﬁmmmlmsawmnw afifieesecapdcer. For the
pelymueotide tsi) pleawng thedkitss _rg_ncgs??gegttgméﬁgg%%ﬂg%\;\%g%te ast two
le Jolo[-% icli zyme recqgnizing at least on C

otﬁzém clegg\/&eﬁd&%%?ﬁ%%%?gﬁa%% fgsthg Hf&g‘\%%‘?féaﬁ?@ﬁ%‘f@%rm the A
ol cidBhBe elonipasing T fikanafgolimashentitesn thecfirsis a gene from one

pohgantteotidearosiesonddag Q@F@B%f&m%%%%f@éﬁb@wggke?%ﬂdghé%eeﬁng '
tatggm?m’résing 5"and 3' termini of each polynucleotide, arid the linker
inserted between the tags. WO 2007/106047PCT/SG2007/000069 17

168983} ﬁ#’éaﬁvesérﬁqﬂﬁ/@mﬁfmm@dwmwmbgqm_deeasi@@mgyﬁdes or
e e o B . protein

rising; ro - .
B S e —
aW%ﬁ@%@?@r@@é&H@ erptagierein the first tag is obtained from a first
prg4B)CBbiitie; afutivee-Sa60086ladMEAIBEBERYIG,A 56 UhBRY %Hc%eotlde

. ! : . neering and
U AU RSSO W S, Piaied oM & Nucerc Ao OIS e
to goﬁ%(ér upon the material certain desired characteristics. The terms obtain and
derive may be used interchangeably- under the present invention.

[0047] Amplification — increasing the .copy number of nucleic acids. One method
commonly used is that of polymerase chain reaction (PCR). Other amplification
methods known to a skilled person may also be used.

[0048] Transfection or transformation - any method for introducing foreign
molecules into a cell. Lipofection, calcium phosphate precipitation, retroviral
deliver, electroporation and biolistic transformation are just a few of the teachings
that may be used.

[0049] Chromatin - A complex of nucleic acids and p'roteins, primarily histones, in
the cell nucleus 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.



(c) sequencing the oligonucleotide; and (d) mapping the at least two
polynucleotides based on the sequence, thereby detecting and/or

identifying the at least two polynucleotides. [0063] As the linker sequence

carries two Type Il restriction enzyme recognition sites at each end (FIGS

2 aNdP2potnésefore, after a Type |l restriction digestion, one tagrEapm®nER000069
sighature each (about 20bp) may be excib®d from the two linked DNA

fra t ag-linker-tag structure, in which one tag represents

on DA eI A SR = he BIAEPE Tehamebeamstesal and o
frorA"aledt SRy Re oAt daung émehramatiniiffershbohsotasemaioRhisctor binds to
paistebiehdoflitagislieicitite, I8 rBigARfIgiIAD ' ' ay be ,
effigmé{rgw%é@e% through cog?%?ensﬁgnﬁ}iﬁt@%rbggs,ﬁ elf%% Péf DAR'S, specific
directly analyze sé’quenciﬁ'g?. 10 %m%?ef"wgt%ﬁg’hﬁké?f Jugipipestd (DNA) of
malP iR t §¢ gieliel ackhieshagt@NifkeasisaiiRip iRRESIbecome a
thigapethadidbetinubleisafidmoiipgamplexes, such as native

D tein-DNA (DPD) complexes, are cross-linked by a suitable fixative

su%ﬁ%‘rgr%’a%gré%gf &%‘t’g}gé%y(ﬁe%g RefirAbreTitedridentifinble BFmence of
corﬂﬁ%{%’é’gﬁméﬁf@@f?agff’ﬁénte@@;ﬁ’smﬁc’ﬂtmpshydfﬁﬁﬁ@aﬁmao acid sequence
(Hytosinasy ,L@m&Ma@msﬁ),dsm%ﬂﬁaaﬂp%%ﬁg%%%@ﬁP der[ln;% or a tag

Syrj of by restrigtion enzyme digestion ] agrﬁ%?l%
orig?r?g[ébﬁ%%ed{?ﬁgﬁegn\tecﬁrg%% ofﬁgg?é?%‘i"fﬁld‘é!@?dﬁ@iﬁréqmﬁaﬁéé by termini
DNX BINFRBSHAEMONATE BRD Adinsieie anliniteithe 86 EaeBifwadas acids.
reqliiee sagMinkagsnovteada s < aMiEC se RNA .

fragments A eeﬁgaag Jeaen rate&CRﬁ%ﬁégﬁﬁgﬁ]%@o?@\?@ f?a?édrﬁe\ﬁt%erei" a
with distal re%atlonsig"np ounded g lﬁ‘ﬁé&?fnﬁ’ﬁ%?l%[?e"’]ﬂﬁ‘f&?ﬁ‘f@*p’é@ﬁ&nmr‘tag-
linkBF YNSRI GHHGEHTENWhS 20TKEIBIKEPC REGRRATE0A09GD B8 stream

Theridibedéabeticatbr) e@néalstsoieof YRS i .Stﬂ?éiqgrﬁﬁzégg nd sépgﬁture may

re il To]] -.ends, of different DNA fragments tethere
pr%ﬁgien?ggfﬁ% é%%%%&%ﬁegx?rfﬁ% SRR IUFSHIBR the two related DNA
fraldRtéhiQiRagy thershertysealiny 20 gunoteleicditaig grag tRET ) eaie g¥rminal
(UBQROOBERAEEGEE Gf pelysussbirian &MY easosl i SiPS &S ding to US

pr id el et , any other suitable
o o RS i TGO G oyHile oy herein
be' TRURCIBES AYitRieraNepresent invention provides in one aspect, a
méthadeting ntifhehnomtati intesestiondersnitracdisteray SPesifickNAs in «
bingipgiprieing. ghich.asdisto gée%cg%ﬁ lQng distances and between

different chromosomes: In’another aspect; t S%Ur%@‘é'ﬂpiWBRHWH%MS@S‘“C“C’@
an BRI InsHerd sted iesniriatepatnasepbas fineiitag pyrdsedeasting or the
ondéSéomttodioe eeepasnding first tag is obtained from a first polynucleotide

a Y] 'iﬁ'ﬂnﬂ%} ! a nd pplynucleotide, the first and

sgcd;gg\bg Qﬁ%@iﬁeotides%%%gfﬁgghf%%%fc’%i)cg %%?f&%&‘@m“ﬂawnéxpweters
ta§ ec8’f$§&¥6 ntP 9555 Be Smhedimentnatitie aviespnbiaivectonplakeshall be
Tkﬁ%@ta.(ﬁtmamhehim sfnecﬂt(tgnsnﬁ ga@%ysg%igémt#hmvmﬁm rfﬁ%et% practiced
chramsti ’ e . e isolate

oligg uﬁﬁf%%uﬁ@?&?nﬁ%&% eg“s%%HS%iREe??%‘H Rt Ignggh so as
be %3& acb‘é‘fv\%%r‘l”ff?é‘f% or a linker may be positioned upstream
arlyoeldbortberemmicimantde astion it dd6f HHK QS rERRK CRTRHESRS G A58 icular

ONMISSITRLRN y ition site: the at |east one restriction enzyme
recognition site%{rﬁgyr%%ggg)ﬁr%ﬂw(gfﬁg?,ot%ée&afquafsf oRERESRiCRb P RS mOUt other

reCBYRMBIPAIRFh Y DS HAY BaK aesthetivpeshagitherer iereinhinmingrated by
resﬁfﬁtﬁoceenjymgqnmhmteréta{m@lw&ﬂe aelegshiane SsbHEeMaY condition s,
comprise a 5' terminus and a 3' terminus from the first polynucieotide 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 recognition site may be

asymmetric, the at least one restriction enzyme recognition site may be for

a type lls restriction enzyme or for a homing restriction enzyme. WO
2°007/10ROA0PCT/SC2007/0000R0 10



100701 The linker 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

polyRJEBEHE 0 obtain the second tag (FIGS. 1 and 4). (007 FREHREPI06

may comprise a first restr_iction re_cognition site r(_acognized .by a restric_tion
enzypmietmpables| ahegrieg, hedises PehmsRIcalidena AREITAZARIINUS win be

of eyt ide, and a second restriction recognition’site -
recognizeggé%/xgégﬁgﬁ ?é% rri]cﬁg\rﬂve%zaﬁﬁg c[§§ BiaHssans\ atasial disclosed for

st ARResknaatEt o s Rresent anibodivkitestmhyention.
pdeasatidotidesohlteikiativelysHE eaknkar W&am@f{ﬁgt%i&ﬁekﬁ&é@ﬂ?,{‘ gspeciﬁcally

regéq&m{i(ﬂg@i. ized by.a restriction enzyme capab eaving "

the first polyn't?c,le t[gd‘g’e%[%ug té?nsgagdt%ﬁnmﬂ@%f'ﬁﬁé’ﬁ?’ﬁgddl?fﬁﬁ@lmmépks such
arff aMelesHiprsteringh rsdoaparatonitdenenize S bynBroerOBAd Russell, Third
reEulittion2002y mebhisnsd syt sie BFRAg ﬂghq.&g,q_ogpfg%y leotide to

obtain a 3' terminus of the second polynucleotide. [00 ﬁ?'ﬁqgsﬁfst
polynucleotide may be further cleaved by a third restriction enzyme
rel08efiAgeerinlied recognition site to obtain a 3' terminus of first

pabpaeiciEbtide-esththieasarid méyayq@%ti%ww&r?&a“ﬁ%?&%sgged [?Xe%ﬁfying
0

fo ictl me recognizing a foyrth recognition site o”?gina
o R S T R th it ot ey o auciei

frédigamRieh s Pariralae fiami afnheidicapilmatizotdmplest the Bhigasbr, the
omeetieat rektaeiiefait af &I oM SRS N HHIGIR AN RJRISRINIC Bgagc%%r%?anﬁenﬁfying

p leatide. (FI 6). The first and third recognition sites
p%?ﬁéiéﬁ%%éﬁe%i%%ﬁ% e%‘nu(f the BELLRRMHARYYRN Fagmantoframmea nucieic

nﬁg}dﬁ8§§8§§ fleeneline TbquiYEatimD Z83a Heravinsicfacidtgaialeotides and/or

completaniaiseistllgted cbgaaggleotide may be part of a chromatin

S re, cleic acid_f ent to which a protein of interest binds

mméggl]le %aﬁégﬁac ei&:_gag%%frgé%gegr%ﬂ %%?n F%?ﬁﬂtaiggﬁmf? fo RiRMides profaathod for

of Pé?@é’f’biﬁ&%ﬂafépéxmbé?’%@%-biﬁéﬁn@éﬁteiﬂkﬂewmwﬁtﬁﬁre novel

miafp trecDMA alydlNAistBD CohTbE refiB NG fd AnRr bIReMSI RS ML P tons de
n .

e r uences to localize the chromati
:ﬂ?' e B 818, 800 fh@raafy sissacton events meciated
i

¥a§&ﬁ‘8m098{‘ﬁebfﬁﬂ"ﬁ9e@'8?ﬁ@%’h%ﬁ%m;tonﬁﬂ;eacm long distances and
2DeME06AIERBT¢BGARRDRIEN069 20 chromosome (on different
C o349 IS | ti , be used, for study of chromosomal
Sgﬁ?nsioneaﬁag?ggﬁzgﬁéﬁt%%iw relg"c? i,%’&oRﬂ%‘é{ gder the present
rSYRHSA 1R Astrrtirdch (N i Retigss direrelttbrrEineBE T esathedidted extracts

by da)g@;tﬁgi?grf@m(;abfmt auts;)drigeaati &W@Wﬁﬁfdﬁ%@éﬁnem to
a X uencges aval e, ILIS possinle
ffn® ?éﬂﬁ YR tBP ?5?59%? 3% Gaesn(t;}%sél?%%? ﬁﬁﬁ%?ﬁafﬁg) paired

to develop whole genome approaches to'i

in ?ea%'fﬁﬁgé\gWﬁ(ﬁ SEIgHFRy Birapdsthe GlkedtifET apptbadittiat obtains two

gesitatesintatitaga(BET)Ntovhaphe2rfi Inecidlipn e eaaesa diledilPa structure
a

CON eplire Me | iCLO nd D robes with _biologic
cgfgﬁaﬁﬂﬁéiﬁ%??éﬁ%%%%réﬁ‘?ﬁﬁmep%ﬁfgeomaaeeﬁrg Tand CIA-
nal

IRBNRE Frefiinhsesiapead Acmatisreseautauirgr tetbniqgatiarchias the
g"éﬁé’fi@ﬂmqn@mc‘lﬁbmaﬁe&s&%b@@hﬁ%mm@%@ﬁ&%&hen ing using
i@gﬁgggﬁgn%}(ggﬁugﬁ%f rnl‘% izing transcription factor binding sites w e%

hiP (ChIP-chip)

coupled with C . Though the array-based approach is
efficient due to its highly multiplex and parallel nature, it is inconceivable
that the hybridization-based detection will be capable of detecting
non-linear relationship of two DNA fragments in chromatin interactions.
Preparation of the oligonucleotide according to one embodiment 10076]
The nucleic acid-protein complex may be obtained through Chromatin
immunoprecipltation (ChIP). Chromatin immunoprecipitation (ChIP)



porn ChIP has been used to enrich and thereby allow the identification of
genomic regions associated with specific proteins, such as histones and
other proteins binding to nucleic acids in nucleic-acid protein complexes
(reviewed in Taverner et al., Genome Bid, 2004. 5(3): p. 210). The aim is
to croSEMARYPEteins with DNA at their sites of interaction. ThisPET/SG2007/000069
accomplished quickly and efficiently by a?)%ling a suitable fixative such as
fornaielal o/, Vet r anol directly to living cells in culture.
(0078) (Ergéli? extrafgi%? t&he;z@ele[fﬁfég’ %%sv 'éJreés’ thelp floPreRaring at least one
chromatin sHEL{E 9t§t?n?@5'ﬁ67'|?’ﬁ9€jroshearing, repeated drawing
through &ehppoddingia sycieeatizhgleteinorasisiction enzyme digestion to
an average s then used in immunoprecipltation
reactionaé @ﬁégﬁﬁh%ﬁ@)g@gg Ie\k/@%@8%%%’52ﬂ£@ﬁ§@?9(f%@ﬁﬁ)%d at least
21 against DR dgiwersiardne dirmtterssseeandr taserpdiasbtained from a
factors or histoleispcidbhatiiagroaipensighed in each -
immunopreRigisaHaR-Ar -linked and purified to allow their
idegﬂ@c&éqﬁ?g%gﬁe@%gﬁéﬁgme advantage of using ChlIP Is that
this approachdsABYePR ohtained dremhaifitsyealynageletide) aeiwekdacond tag is
e ool Eed e ) W oo M feotes
heshyRiREEaRSHUN BRI SCIRIGIIES ST e ny p
_tlm?hg%{eeof otential artifacts imposed by eterol_ogous_expressmn, for
mstance@p[ PREYBRAIFEChIP has been combined with whole-genome
(Lieb et(@l., Nasapingeat 2065t G4 ibr3mpising gl S ,
(Euskirchen as@lgriigh GRY Bigh 2004. 24(9): p.%%Of—ﬁ%ﬁ%C%%ﬁ?gigﬁdenzy me
(Weinm on ali‘al ,Gi;‘e:vﬂr}eﬂs1 Dev, 2002. 16(2): p. 235-44) or microarrays in a
“ch1pP-dhlp" SPRARENSTES nd seepnshrelinpeinatisies withalisashene restriction
fgenombe-lgv@mmézamgmm@tbmmimmg)ﬁﬁe@d@@hg@ %ﬁg%@ﬁ%gﬂﬁer to form
_ factor binding,sitg Vi in.Buc Ligb, 4). While the
usefulness of t isﬁg T1’lrzjc;a %%%s%%%ﬁgé%oﬁstrgﬁd%& s E?%Jmag the first
such as yea§°§] ?é"g%?t)té%'h?a?m,t%@?@&?@)f@@lﬂesaﬁ)pdw qesynucleotide
and complex@gddhpiidecing whole-genome microarrays for more complex
orgapsmicuiiH| g@p@ym?}iggﬂmi@qtor. [0080] CpG island microarrays
contain Q:Jm%n (_%rqor#i? raﬁments of high CpG content, and because
CpG islg, ds often CofreSpshans B%ﬁfo‘f@mgﬁ'tﬂﬁlsiﬁ\'ﬁwma egsdrBilah enzyme
Proc Natl ACEESINIIBASIEOIRIBOEA): thel ISV PuRIBHEE3FAYShe sacond
represent a poRFIttREAIRPIISRoFIBIEVET, the location of putative
protein(mndi (gd;snite%ts'till has to be indirectly inferred by examining
genomic DN upgtrear%a%a%m{%% RiYHIR recognitiantisiteisded to the 5
approximate'iFdngs rtivatistrRyicapntass hof thee CPERsh R Wahe second
spotted on thelaitakotld@81] As an alternative, cloning and sequencing of
the ChiR~enriched DNA fragments has previously been attempted but with
Iimited@l ccé@sﬁv e%‘r%b?é%ﬁ i€fitht SREART g P BTLCIaptidasicMitlenatirsast one
obtained agEEStAMgPnEUTIey reand ifitie atnliespeneniecEyfiion 1981 bbtain
enrichment ofegpesgifiadarasts weyld still represent only a small fraction of
clones jn\a ? librar king standard DNA sequencing a very costly
solutiorq&)l'h?ai%%}%?%é]}égr?ﬁq ehipteiiies the Rliopnuslestidereomntsisgsa first
not a good 4ppHeines: iwenthenirsheaymictieotitegetecSeHaAN AYEIHEE from
Gene ExpreggieadSd and i ignatute wp.., L
2007/106047 npq%s@ a%/oowé%%%%\gﬂgeﬁ%?g# %%@)ﬁ@nﬁ%’%‘?' of each
al., Nat Biotechnor 066 £88650% TBkeL iysksied briwpenihaiggssted as
useful quantitative tools for detecting ChIP enrichment, the underlying
principle being that the tags generated from ChlP-enriched DNA
fragments would be present in larger numbers compared to the
non-specific background. [0082] These tags could then be mapped to the
genome sequence for identification of the general region of interest (i.e.
assumed to be 1-2kb, representing the sonicated fragments). Although the
20bp SAGE and MPSS tags should be specific enough in most instances
to define the specific genome location, one still has to examine all '
sequences approximately 1-2kb upstream and downstream of the tag

when mapping to the genome. This Is the same problem faced by the
CnC icland microarravy annroach Eirnirthermore comblete covverane 1icinn



the genome. 100831 From the issues described above, It is clear that

what Is required to facilitate genome level transcriptional regulatory

analysis Is a method to accurately and rapidly pinpoint the nucleic acid
sequences flanking protein binding regions, as an alternative to whole
geNSHEHHBY. In this regard, the novel approach provided byPf6SGRA&HAR006
Invention, possesses several advantages: (i) the tag sequences

gdnes2xeThey prasentthadeatitic RIeseRH-HwEsTion Pravide highe i
SH@%’N&#’%&)@ @BQ{%obﬁgﬁ%%% ea{:g gr would already be kgr?ové‘ﬁt?oc f}l%g/eand/or
been derivéd from a cont QuUOUS [5R%'sR Fﬂ%?eﬂ%@ﬁiﬁe@%@@@%‘e@mme& the
arfBe$hor FARPEEINEhis Information facilitates precise localization of the

geadrnic regidding wirresic atiProRIRTHIgIISed to repeatedly examine

eBfy squl%%%'@ I@_Lbipar 1-’2kl§ ﬁkjé:)stream and downstream of a )
staridard SAGE 0 g@?aac@ﬁ' RIETRES'B8 AkIBRst oneifivet-tasnard at least
thﬂg‘?r%mﬁd@% d?féﬁfﬁ"reég})rﬁrﬁémgds thietgiresk froenod mmmagmwm@lie and
sites, @& cRRCATARMLRN PEROS REEhLQ noing.means that severa
tagg,rgagxlgg islengfied within one se%encin??gggﬁ%\% 'ﬁ}é%&oﬁ?ﬁaﬁﬁ second
common to {l.e. o_ver?appeéqong/)aaﬂ% lc?p%‘iﬂ'é’gﬁ%tﬁﬁfkﬁafn%:2007/106047
24ICT/SESMENEDodBe Qigsideetiserertbiines the DNA regions

infived imp@ing elRicaarid RIS DA BISK g YRt d ditacis
[0R84%:5 BQ&BH é)r%’?oorfigée fofér},eser% a%ﬂicgﬁ]ieogn, a tag?g g%?u%%%ﬁa%e’

sequence of signature obtained frgn'a RUERT MaPrigEiratides-

rdpPeserits the %Bﬁ%ﬁééﬁdéqr@ﬁﬁfiﬂh-imqh'@mgleUbt&iﬁeéﬁyﬂeri%gmﬁon
freitesTarcaolyruelPlids whieh i2ynisadeskio shy mavhe
RNA, @$%qggrq@én'§ DNA: fulla-llzw t%CD%hﬁ Qéﬁﬁﬁiﬁ%&@?ﬁmﬁg%m
present vention, two 1ags that ars %? Quhafbm MB¥rReIestisedbfam the two
pHESEH iRbéhisRomapisisivedermenciiedinkeittay Lskedags, ardiiagich one tag
sheptestinds the digmabylueiels acishrorlessisdam)Yaieh Atd%}gfﬁgaﬁ%sﬁgésents a

oy ly. the dit t be much shorter t
Z‘%@E%ﬁ% IO o e e T Sk e i pairc

dfRg nliP SEREMIG dSmisfiemsditiferasr BEIMRE T, emdicigione(alse  officiently
irtiqattbes Girtagheeshdarntiiepiondalspidicaied 85 BNAD, O iPQ§t1
OBQIQ%W acid molecule. Hence, the portion of the original nucle
acid moIecuIe,%:hat is originally between or inside the 5' tag and 3' tag is =
nSPRfIMAtRIYaakeTRRAMRAG S Bt vifRNo thee timo dngertaglaldsathinker-tag-
ntagtlinkermtativiufestures of the original nucleic acid molecule, namely the
stasbsnehthsenbaigpa nugleic acid. miss] The 5' tag and 3' tag
f(grmiﬂ t@%ditg% ?ﬁ*%%?ﬁﬁé@iﬁ& (HRTE KPP tS R rSHoBI AR HRRNIVE DNA-
BRI ﬁmé‘ﬁ’u%%?faPW&%oﬁawmfelm@g ryebeuitaiiy fieivbusuch as
n@em@webgdaew&mh&dd ar\AotADARLE TV EESSIARIRIINSES! EBlRbIex may
SR PESEAMN . referre e of a tag or ditag IS
determined %yeengrkrlljg ?Sﬁn%%\é%g‘yTHg{%F%%%[@ﬁj%&?@%&af tdgepsnMachines),
arl%) pEUheLtRIEh mdyRedamis shtingrreestiora bymestriction enzyme
gégestiiikd ikelmaagyenasierigin 8t fonagiferdntRRINENTHR or at long

% ' [ eneral,.the size of the ditag is from ‘
SR IR B S ) i, Dok o

§nut ég-ﬁo bp. [0087] ‘

S SRR BHES G dnawiedan alaonieaanh astie whad these DNA
Hea;;gngsterermgeabngénaméma Weshdhe Eﬁf%é'g(;sf:ﬁimésarég—,ﬂ%ﬂts with
an . er and may be used interchangeably.

In an origirﬁﬁi@fg@ aﬁgélﬁrg?ecg@;?oﬁq r%(na}%s{aggdn%lﬁ?@%[@f"d“”ker e“rOUQh
rﬂ% &fe that one intends to reduce or represent, each of the WO
2007/106047PCT/SG2007/000069

Canaly?ed



24 5'-end and 3'-end represents a region or portion closest to the

extremity and most far from the middle region of the molecule. [00881
According to one aspect of the present invention, the 5'-tag and 3'-tag

comprised in the ditag are the regions of the molecule cleaved by a
resWetigA7apA¢me closest to the 5'-end and 3'-end, respectiveBGT$Gae7/000069
nucleic acid molecule or portion thereof Wifich is intended to be reduced or

rep t I {ze of the ditag may be determined by the
resgﬁfb’[?gnﬁr?;h ﬁrﬁ%@%ﬁ%%@? Lg%%{? %@ﬁ/ﬁ’@@o%ﬁ@@?ﬁﬁé fimforecognition
pro@ﬂ?ést%f?igé}ﬁ@&‘?ﬁiQéﬁﬁfﬁéﬁﬁtd@h‘bmmmsamsel’étedy proteins in each DPD

oligegrplextitiescON® jistiatcrt B a5E GRS K one_secon
tagbwhﬁgeinggofir%éagﬁagb}gin d r'frﬁhﬂ§ tt1(:Ii:rest pol %é?ﬁgégemaarﬁ%ﬁg%e tagged
second tag obtained from a g(?(%r?d %ﬁyﬁgfﬂfﬁ%{dé, e409pBARHEEddNd Type lis
polffFiEfEHa eI TeaTmbitican sifesc ateidbpatseinicBeRIEds e Il restriction
oligommyotestidmynashBHtEer AN PESARbIS linker inserted betyeen
th%%%@%ﬂﬁ%@gﬁfq}ige may also furtar?érgé?ﬁr%pﬁ?ygﬂgaﬁ%%émn?{ebommg
inserted to flanka tag (%a %,uﬁ?e ‘at least one linker may be positioned
upStPERnTaMN/ $heI BREaRE dRventioat fravidescitaghd. isucl089ARtHdd to identify

parfvokatiscintelintesimas seRsiasal 18Pt Q08 IFs e-%m&tr%g??g ei%gfj such as

at lg e jacent restriction, site. Therefore, the num
restr?ﬁﬁé'si?gs% g’iéﬂeﬁé ﬁgg%%%eﬁni%dr BROHESeR sTaromersmBty ivanother

Thgsi%%(ffic%@ﬁé%ﬂ?‘lﬁ%"ﬁﬁrh§mi¢@rmwthﬁdmﬁ@enEmamﬂlé%@fnprising at
asignsataine fEstﬁaﬁ(I{nEitSSléé%tmi@@m@&l%ﬁxmgﬁiaﬁ is obtained
. Type us

regRgRItign fites pe If (or class Il) recognition sites
restriction enfﬁflmpeeé9 &Lgc?%}ﬁ é oannedsiéi"g oPfifEPYeBgnimbiziords Bam a second

prERVIMAISRN9S1 ey frebAor sRgonstpghmioriesitis ks mbtainddiramt BAMISIC acid-
usk@telestaoiigaxe iyt gecognsy leagt r itian.site within., .
therusieicsniddpalecHiz and whi ﬁfr%at be ds?ggswﬁf%&eﬂgﬁgﬁtﬂtjﬁgg%c acid-
skilleg} in égéeeart see for examagg-:‘,qau)(renia rg?oc,s(ﬁghlﬁqﬂ%q’eé%Iél”B'Mﬁ@gWenﬁfy,
VAl 210 SRR SRR inier aptian e e (fiGsh3 Assios). & Wiley
|nt@@&_‘zgl}gibe,i@@@pn@mmglmdma@sc@ﬁ{gmszg}qggsﬁgg thnker. The
passblekestrst responding restriction enzymes_
recognizin e %ﬁg&g?b%&mfg& 365 €bIRes Btat B peptanedoenstream
[085%%&_5 é\ﬁ{@&%@@ha AldarsicneriagmEhe dibleizingyaawabittianaiteast one
mEgEEtineafeytiterpagosientifee m@ﬁﬁféﬂ%ﬁétp@sgi@ﬁﬁgﬁ%QQé%ognition
(heiovasyien L pReHEr AVRAIREORYTS MLSXaDIE e Jhie
Mpe} s used, 1‘1t’his' enzyme recognizes a sequence insrae eairesfionite may
adgaéptorg tﬁ\{g? érﬁ?ﬁﬂﬁmmm%mem@m orRiriotiendsymeduce,
b Msinativeln tbleiat deicnoatefrie tymiag o RBrEPESIBYT2hnd & 3
NUEHANHGE Fréae b/ [l GS. 1 and 4). Two such tags
may fe addition Iy@o@@%@%ﬁﬁ%@nﬁ teg%??o%')?osf%?ﬂ?g Begpmprises a
comprlsingu§4- n%cel’ec}ﬁfi@g‘.ulshg‘ﬂﬁag’%; Rereedoipeliymatioptidicifioe isolated
tﬁ%@f@%@ﬁ;ﬁf@i@mﬁnm?ﬁd the Bzl Sne BANGREFIGIGY pe
atidariete a3 e y tric sites.may be
in&r&g}{&ed. As%mmeérizﬁéegség%n@ﬁsgﬁﬁgre th%oﬁlf'%%%z Ypgiieam and/or
Ehich ateAswW Rotnd BRbHEEIcaswEsemAtelsist one restriction

Tea
present Inven

r@ﬁ%@%@@ue&e@erﬂﬁ)@gﬁr&t@mﬁfbﬁﬁh%%@%%Bﬁﬁi% site may
C ‘é&gﬁtmaﬁcs,qgg%qg§g e |l restriction enzymes,
ﬁ&R&'}@g’?ﬁéﬁn %%%ﬁ}?e%?/%gw‘eﬂ dngy be for a

[QmlH mEiBrg .endonucleases are sold C

Biblabs, Inc. & da &K Ve Aoyminaderiristion enapmees Is also
available in the New England Biolabs Catalog. These homing
endonuclease asymmetric recognition site sequences are from 18 to 39
bp. However, in the present invention the recognition site sequences are
not limited to those sequences nor to these sizes. Preferably, the
restriction homing endonucleases capable of cutting the asymmetric site
sequences are selected from the group consisting of: 1-Ceul, P1-Seel,
PI-Pspl and I-Scel. The list mentioned above however is not exhaustive.
Other homing endonucleases known in the art and those which may be
later discovered are included in the scope of the present invention. [Om]

Examples of type Il restriction enzymes include: Aarl, Acelll, Alol, Bael,
Rhr71 Rbhvl Rhvil Reel Reaf21 ReeaAl faretl Rnoal RelV/l Rfil Rint Roll



WO 2007/106047PCT/SG2007/000069 26 40:169). The list mentioned

above however is not exhauStive, Other. type Il, enzymes known In the

art and those which may be later discovered are included in the scope of
thwes(%ptoinvention. [0096] Examples of recognition sites and cleavage

sitds or SAVEPAT class Il restriction enzymeg are (into parenthe$iST4tE7H{e/000069
recognition site and the cleavage site): Bbvl (GCAGC 8/12), ligal
(GROCICTHELNkBsmE) (CRE 4 Giid S /9), . and Bsp | . .
(ARGTRf - JAeLATE el Festrction ing#ﬁ%%@@ﬁnﬁﬁ%gegé’gmzed by a
usgd, These endonucleases may Be pr%;g Felf glyRayReicieatidiaderivktairothe first
exfﬁl’ﬁﬁ‘e5&‘?88HJ&%‘%@qﬂowwwéarséagmwdddmybpsgrmgn enzyme
th&er vésloadmy theosiste fie ther, Ay, its, ition_site on bo '
st@ma)(_)f the DNA substrates, Sgeﬁl,_i and%%gﬁ%g@g’ggﬁ%ﬁg%&%@g &?lGS' 1
Mgd Sciences USA 90:2764- 8, 1993. Such techniques may be applied to

pr

°|85}é .éﬁrﬁé‘ﬂﬁ&ﬁ BRIGIRTBRStEGe fitsh thesiatiie recogiisn éi%%@t%a@ﬁzed by a
arfg@iesiiab|erdigtes cesplibie BFCOmaAling e tﬂrg{e$3|$,%% éggf osa r‘F@der '
thﬁwtdp\{ﬁgtiﬁ&t%&' olated qligonudeotide of the present invetan a 3

bl ucieqlige : . .
may be joined or conca erg ed wi ﬁ otfe19sBIReerory Sesitiiistieaodgnition site
a o @é{'éﬁ?erbéf 8liFSRABE JRsictiany enapiper ohplighn ueleigandNaYeP  ccond
johvirnugiettide fior dbeapLEPSSRFAMSRISEHE rglpning into a .
sufablgalasmid og YaGIL, %)Ogr%lt Acc?r.d %’? %rg% S%Rép?ua%%%é‘?f’ﬂé"ema“ve'y’
present invention IS a concatemet o?e(_ﬁ g% Ié%mt&ﬂnﬁ‘ﬁ%irfgmeasu by a
two i &3?&%8?&1&@8?8&,Qia@ﬁ@s’s’matédeoIfgmlmd@ﬁud@am@p[@@g@;n a5

letwsmomesficdt tag finst aidgastireicscend tadsuhereinde first tag IS nition site
obsaing-sem bsLagiyRurlegiide and he second ag obiaifcd F6rPd
secpnd @og/nucleotide:,t e firs a_n8 LT ISolsARRRR tofe SleBtdnse dHeosecond
amMIeic SdsTRRIR LA IEiNHA Afibdswated phyosiedtides of the
concatemer of oligonucleotides may further comprise at least one linker.
Thoerbnkerdnay le B%%)eem, t e‘_‘[,z_z1 s. Alternatively, a linker may
flank an?%:?'rhgh”n er may .Comgfsgeeafj e gsrt%ﬁ%"?éjsm&i "érigptfistion enzyme
recognitorisie! H%'ﬁ?%@%@'?@éﬁiﬂhﬁﬁ@ﬁz?htemm(gnﬁfm&it AMcleoti
1 . _ Selly tide
b@lg;tbetyﬁﬁcqsdamimé;mu;_eﬂdymﬁa@gé ArtRPNASLPUPEN, NG ISt - vion
tagaf e ef @ oo (é] tides. may comprise a 3' terminus .
from the fi%ﬁr%cleotide'% ﬁé% Sé‘c%hed%i\‘\%@rs terminus of the second
a0 | ?dg X '

polynucieotide; the at least one first tag obtained from ligating the 5' and 3' termini
of the first polynucleotide and the at least one second tag obtained from ligating
the 5" and 3’ termini of the second polynucleotide (FIGS. 2 and 6). The first and
third recognition sites may possess the same sequence and the second and
fourth recognition sites may possess the same sequence.

[0073] The nucleic acid-protein complex of the 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 polynucleotides
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-



WO 2007/106047 27PCT/SG2007/000069 comprises a 6' terminus from

the second polynucleotide. The Isolated oligonudeotides of the

concatenated polynucleotide may each further comprise at least one linker
inserted between the tags. In another embodiment the first tag of the
contQ&MESPBligonucleotides may compyise a 5' terminus frdtfHRETMS(00069
polynucleotide and the second tag furthef"Comprises a 3' terminus from

the ceonrabpoly o lgiFriee-| A odiment, the first tag of
thecﬁq{m}ﬁg%%r I?)fI %[i(?onucﬁeot@ﬁﬁag/gc%hnféﬁgé%@%%iHl?sy igel for study

a

terminus from the firs "BEI0RGER R niratite siebi@sdn fudwir coordinated gene |
corfRféaton sitelonmudistatca 3aternacossratahsnseonshBebbE EAlidRted by

Therisalatiptionigaerslontifssaf Q}ﬁg%%‘ﬁ@t%%goéggggé‘ﬁ‘s? A deia_rgﬁé/ 5).

each, tl'}&ﬁt omrgrir':, at least one linker insert

[Ooqlo?#T e ﬁnﬁ?erg 8?3&?1%?@Frﬁ%%%e@maﬁémsiw@ywmm drvelop whole
|eagt?Bﬁ@?@Qﬁt@ﬁﬂh@@Menﬁg@rﬁm@rﬁﬁecﬁb@f@tlﬁaﬁi&a&iﬂ?ﬁ[mm% genome
enzyime 48699850 JBIRED is restriction enzyme. [00104

The, %Q%?cgg%%r of oliggn égltc(}a%%rdegﬂ m%?%%ﬁ%@gr@f Wgaﬁ%@bfﬁr"ﬂ?ﬁ‘ 20-60mer
cell; f#?a celrmay be's lﬁé%%ef?alceé'ﬁr 108 19WirFreeaemsatoneicoiarays, and DNA
oligRrRR N dinlegieat frontemisheoenatbritie e HOLRAYNHALHILS ofies of
arenioraedton thigRam M &HIMOSPMS Ofﬁgeé?%gnlé?leoé:zitl%rs e “rsadout for

on:dj romosomes. [001067 While thes areeﬁ? e
coﬂgfé%%%,gu{n&ﬁﬁ%g a?b?{%?é}ﬁ?-tﬂé{mérfﬁ}fﬁB@V@m@bﬁameoammmnsefm for
'tﬂimmmhglm'&mmrm dij oer b hméa?éﬁﬂa Pboupled
them ¢OH d MBLBE | > those of skilled in _
th%@ﬂlwwﬂﬁglg{\gﬁﬁg%ﬁrirngntéﬁ%n.,},l&%?e%é%g:a c?ﬁ)é 0 (Borﬁsc&@ﬁﬂ%?é,d“e to its
mul%%le tags may be Bloned into svddianselyablathah tigshyboidttiatigs-based
or CORCHEmEHY rh8y Fpahlectiyf sdgtemtiogd nethine 1 ordngBNsMBtNodswo DNA
knbagrtertisdaeinoskdliinniibg sstioHgnce, the concatenation of ditags

allows an efficient analysis of the nucleic acid molecules, like full-length

CDA\IS, in a serial manner by sequencing multiple ditags within a single
veetsP-BEURal e ehgonvelrs idemaceandino taecenabinadinestor it is
infepridT beplaseiiid, wicitS RbRIRC YRR QRN 5@%?{&31%%%58 ﬁ)sg omatin

mﬁﬁjﬁg}@;@%g it t} incorporation of the ditag genetic sequ
may also be ugegﬁ%{uigf‘:ﬂ \%c'tors WO 20071106047PCT/SG2007/000069

28 contain a promoter sequence that. facilitates the efficient transcription.
T frtymina igitasiam (kg of replication, a promoter, as well
ic selectjon of the transformed cells.

aSePECifi t Il henot

o e e T R rFrRON RIS danigaiioaton of
plg?un ApiEeniAnsaeiated with erociiBEreu@iRs0sLi¢indgogetdnes and other
Chrtdains, AJiagdop@EMRZ 4Bceme g dMRdisRN AT g&ﬁ‘?ﬁi‘&%ﬁ%"{é di

thresosf a Taa] t nowyn to those of skill in't eart, cwed in
Moty Sou DAL UL
paithe D %tgglb@@qﬁ:i@gaytm Thip [sGEtOmetithrschquiialsahesticiently
diselesidéhin EJSultﬂnﬂé,@Zati\herﬁk@ﬂnﬁgrmﬁ*ﬂjehycf@,feﬁﬁﬁgﬁ'ehyde 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



[00108) For the production of the parental polynucleotide or nucleic acid
molecule from which the tags or ditags were dervied, as full-length

libraries, suitable vectors may be used. Accordingly, suitable vectors,

which are within the scope of the present invention, are those wherein the
ba¥ih#lEBFte vector does not comprise, the same restrictioREREG2007/000069
comprised in the adaptors flanking the pgﬁlnucleotide or the ditag, after

insmytimetotitae ide, P -ably, the invention provides a vector
et D T R e Faopdon. factors or

wr}%%%gje \{ﬁlﬁkﬁ)r rackbope (otf ) .
containing’ multiple' GISARG SidY qu'?eﬁﬁﬁfédfmﬁmmmbﬁwf the then de-
poliHfaeiedtidie) tied riot edovpribeithidinsticesisiction A ANANG SEEs. The

or dduietaiRSHIGIGAS tesH rised intg the adaptors. In ~—
pati ¢ oes Z%%ﬁfgrﬁ%% H%i%ag 15a8PIP Aostlieges dhe ovivo gene

Ml r. the vector C SE |
exargpéqybenﬁtswl%'% idARfe$ra%8-tinking lefschepoatirophtitithior non-histone
reBIRERIBR Sherebnirisedinrtecadafitey s Moee Bf&tﬁ@@“hmeeggﬁ% system at

b B Gthein ) it - region that is removed during
ina??g)grtl of the pglqﬁlpsgeot?gﬁ%gg ?\tr'ér %%A{Bﬁggq\qrhélréﬁﬁﬁ'@%%ﬁ expression,

Rtance. - . .
toolosjAn example of such a vector not comprising Mmel in any region

oS BrasrndiufiGhiB thasveetor pGASRNOMA MAIESohARY ?Fre'”et al., Nat
1 ,

B A N SR L plomideMol Coll

ojAccorlingly. present invention provide

coé‘rél‘3 ?’rigﬁw%gat%ggs)t She’Bigoiticriutider thistingbietiutidercemarisiogls Dev,

1e48PBntofRt Rag3Mdditdeattoaerseeng T@G!MBﬁf&iBFb@mﬁB@Qﬁﬁ" approach
a

oltitaf e adi ide ¢ secopd tag obtained fro

s%go?gigw ucleﬁi{%ﬁelé |rs%%%qsgéqggm%%6%?&8&8%36%9'619’891@8 fitaf such
a nucleic aci 9&0%‘%%%&%5189.%6@%%@%%# 18 ERER7ARDLAG) 2004).
2Y'bife b 9sariyIpRos ¢é this imaryachdencakesmaskm &t A9RBYEIEG L Senomes

asaohding i@ébﬁdDi&f‘@@rh!P%gp%@ﬁﬁa%%qazggg%q:ﬁg?%t?%@i:&% cost and

l igonucleotides comprise at

b%%?v%’egnf‘@}e%?a@s". Kﬁ@ﬁ]&f@%?aﬂﬁmgrfﬁwmamamm teamplee Brstanisms

&hreRaissphisatiog fastarinus and a 3' terminus from the first

piobaopcaidelang Hrree! h prises a 5. terminus and a
o o AT AR b eideon Cro

3edekmipus from the second polynudeoti
ncl:JcIeic {;ac%gé)rrcr)ifg i com p@@@m%@ﬁaa‘?ﬁ@f‘a epifeeRat stiuciomdtee regions

i o oo,
9 ?5% & WOWGV%HIZEG é%qagQQ n%l e’utative

g rding: a t, the oligonucleotide is amp
e B JUE SN b 1o iR rrh doremeetiocsxemiaips Benomis DNA
ErEmnant pmsmiseany (esialy may kb, preparedi®areteBtitmate size of
intoinza6io ChfR TragheRErss méf@pﬁt_ﬂgﬁ-ﬁg%gr%%%lgd sui %ble PCR -
e

imerscotresppnding to specific regions inside the vector are*li8éd. Such
?ég?cﬁn? ﬁargf tigg% i&c%,ﬂ%'clgqgﬁngcaﬁppﬁﬁﬁﬁe(ﬂ@@ta@‘ dhe LhiftersideR. DNA

&@ﬁgﬁzmwméh;‘mﬂ?médm(s%ﬁilﬁﬂi@&@&@&?s&‘?%@@é%}em is
) ©6E KNI B S, [00114] These PC
@ﬁﬁg(&é&@@‘tﬁcg\}%naﬂ?s dgq@iredfﬁga%r@n%%tﬁ r%‘ 'Bét & Wﬂ??%%%mﬁé’f the
recognlzir%ﬁt e at least Sec 3 f%ﬁ??@ﬁé‘ﬁ%ﬁ@@‘fﬁ?@éﬂﬁ%fadﬁmusﬁmepresent
QQWe?aiE‘ é‘:}thﬁ‘Qﬁétf §W@:{:@Uﬁrg6mhg8y,ﬁﬁgga@i§tmgm?mg sequencing
recogniziogstiie senewh or str, may for example
[aT=RY S =Tel c'gkhes(i\ée dite(lfs of 5{356p %%@gﬁgﬁgteWe‘gﬂ"\%téﬁ@%ﬁ these
his ampﬁl ication step LIRAAPERAR A ifanifinarthmaritsethdangetd tSerial
® adlitdgEnsrat @nsskivatiBAGEChanay heaayrislgd PyamL, Signature
transforming the self-circularized tagged plasmic's. The amplified
oligonucleotide may then subsequently be excised from the vector (in this
example, by digestion with BamEll) and concatenated in long stretches of
DNA or RNA for subsequent cloning and sequencing analysis (FIGS 1
and 2). fooitsjAs 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 a full-length cDNA or fragment thereof, WO 2007/106047
AN0PCT/C2007\X000NA0 fOnticl The Aditaa lihraryy acecordina to the invventinn



ingly, it is sufficient to sequence and analyze the ditag chnes
g?:hm:gﬁgg]dlib?a{y. In case a ditag of interest is found, the corresponding
full-length polynucleotide may be selected and prepared fr'om the
full-length polynucleotide library, for exz_am_ple by PCR or dlrec_tly from_
targ &AW/ KAdples by reverse transcript -pol_ymerase chalmre_fasmm/oooow
(RT-PCR). [00118] Sequencing the oligonutleotides of the Invention may

y ! ! i in et )
e PP o 4 SR SN 8 00 hve
cloning to make éoi\s-%g'laﬁblf‘g?féﬂﬂ%ﬂﬁﬁéﬁ W@efjﬁe‘i’ﬁ@iﬂglﬁ‘@m@nnchment,
sarigRrisisyersineildduisptier thagtigthgeprasest IRYANEMIP-onriched DNA
profragraentihadsitp Becpresdhe iRligRpLF!SaHdS.Qf ¢ goen%?)\%%] |0t§, %?8' Jon-specific
detggglg &qgéor identifying at least two polynucleotl_ esfrom a nuclei
acid-pro@gln complex, and to prepare vectors comprising the

olig8PRRIEIRRES dAgscormeiteriied dligomagipatides ohIqURSRRt sequence for
Inviekesitificai:s, wmthgéﬁéa?%gmpgqsmgpggfrgi%ﬁ %%)wdeg%?do e 12k,
mefg l%ggnq[g in%at.le st Qne isolated ollgonucleotide %‘P .(_

provigln an (3{'e|ec é’(ﬂ{ﬁ{%&g{ﬁ%ﬁﬁ‘ﬁ&e‘mtﬂﬂé‘p@%@)m SRfBRLTEDIRSS tags
corffidthdPat RResibneenenghgimmat Iéﬂsﬁaﬁﬁésis@@_oagﬁm',m@egg#@iﬁf}e genome
A S T e e
angd{g) { téla%ghe oygt nucleotide. loom][ In particular, pIC .e

a method of preparing a?'faeaé?o%%cﬂ%‘?@&%ﬂg%@'&femmemiﬁharig.the same
(a) PrRRARMmJReRE c%ﬂd*&@i@lﬁﬁ:‘oieﬁandomma( r Wchaﬂl@mo@%‘tﬂermore,t complete
31 PRS0 AIOCAGS0 (1 AR BB O LD SRS Blerecuis

' d at least one second tag, wherein'i rstta ) '
f@%ﬁéﬁ%@f@% {)egliﬁﬁﬂ'c%%ﬁﬁ%séﬁtﬁﬂw%eaﬁma@muﬁwmmon site is

seBBRABHIgRLEIEEHAN apeoink lanaticecdhat palificutie atig eRICBEARNSS AP b M the

a mectespandiryy GRIP seiGRe;, and H@%é%oiﬁgp%égﬁo%"g/ﬂpgg lgqgﬂﬁd spot” within
the genome.
[0083] From the issues described above, it is clear that what is required to
facilitate genome level transcriptional regulatory analysis is a method to accurately
and répidly pinpoint the nucleic acid sequences flanking protein binding regions,
as an alternative to whole genome arrays. In this regard, the novel approach
provided by the present invention, possesses several advantages: (i) the tag
sequences generated by one method of the present invention provide higher
specificity for mapping, because each tag would already be known to have been
derived from a contiguous DNA segment 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
bresence of mapping-enzyme sites; (i) 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



[00121] In one embodiment step (b)_ of this aspect of thT |nvten:]|gn

comprises: (i)inserting at least one linker comprising at e.asi o] e cond
restriction enzyme recognition site, arlld.(H)cIeavmg the flrs_ an Seco
polynucleotides with a least one restriction enzyme_recognlzm_g B A osncs
leaBt LA B Yhition site in the linker to fgym the oligonucleotide o,
comprising a first tag obtained from the firSt polynucleotide, a seco g

| I tags.
obrkista ftbenctioesseendpahusieotidgiand s linke” be We%‘g% - protein
[OQ%;Q iﬂ%@&f qlmbodiment, step (b) of thIS' qspect of'thre i
comprises: (i)insert?ng at least one linker comprising at least one .
restriction enzyme recognition site between the first polynucleotide an

thd aasand dithgsucleotide of the complex; (I)adding at Ieas]E '?hnefirst
icti nition site each to the 5' terminus of the AT
R S 0 b yascattamte soqonc

s Pt aiRgdefion pol iotider WibRIGaSIANE

' . presents the
sg)gtl’?j'\ﬁf‘a@%mﬁg ﬁ'ﬁ gﬁﬁg@;"dﬁg ﬁieggﬁ‘@ (ecogpition site to,ﬂgﬁgtazn er:m The
cl & -gn\t%.gﬂds(i\{%li ing cleave fragmenstc_)%r e .
olﬁ)%()%le%%éae corﬁpris’mgg ey aﬁ’oﬁ?ﬁfﬂ%&‘frfﬁﬁfﬁﬂ@mmay be RNA:[hmRNA,
p ﬁﬂamgogﬁé'éﬂééﬁﬁ@m@%wjneﬂNmm the second polynurc]:lelg)tls(eer, e
tal§oasdriimisinth &' resent IpRBItid 4ash '¥Ré*tcé?8.té?r%§ggﬁ tﬁe{ég}igonucleotide
ingefied hetween he fags and tqe at least one restrictic yfle -
reéo nition site in sftae]ot P battoes 9%9@09?(.5[6@33%.@1&@@95, a ditag is
adl %ﬁ%t@?ﬁ’b&f?ﬁméiﬂ'ﬁﬁws@@imammmecm@mﬂnwmmufﬂ%%ﬁmet?%hgch it

[OBpPehisafotferaampetio ARy eseat @VW&”S%@N@%?&%WQ%T%%%& nucleic

. i ifvi 0 polynucleotid€e
ggﬁggt@g&%ﬁegg’%ﬁg%%g%ﬁgtﬁ%%%gv wFBEs%QT‘(%)'B%Mimﬁgcﬁtm‘m essentially
agWﬁ’(bﬁ%ﬁmp@Xth the 5" end region (also indicated as 5' tag) and 3' end

region (also indicated as 3’ tag) of the original nucleic acid molecule. Hence, the
portion of the original nucleic acid molecule that is originally between or inside the
5" tag and 3’ tag is not included in the ditag. The ditag according to the invention
retains the most informative features of the original nucleic acid molecule, namely
the start and the end signatures of the nucleic acid. .

[0086] The &’ tag and 3’ tag forming the ditag may have the same or different size.
Preferably, they have the same number of nucleotides. The ditag may be of any
size, but needs to be meaningful and advantageous over the size of the parental
sequence from which it is derived. The preferred size of a tag or ditag is
determined by genome 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



ing the
WO 2007/106047 32PCTSG2007/000069 (c) sequenOmg_t _ _
oligonucleotide; and polynucleotides obtained from a puclelc amd-protem
complex; one second tag, wherein the first tag is obtained from a first .
polynudéotide and the second tag obtained from a second_p_olynucleotlde,
the TWS24HA&@¢bnd (b)preparing an oligonucleotide comprisingpatrieasio?/000069
one first tag and at least (d) mapping the%f’_t least two polynucleottlhdeerzb
asBtnd HreliB1EiROVEESSaNR"E PORNG shand second | BGSEIY and most
det ,tiﬁgnq@‘%or j&l ntifying the at least two polynuc €0 - [O0L2610
one?imbodlmerrw, ég %ﬂﬂﬁﬁf@%gﬁéﬁ@d}ﬁhe inventlon_co_mprlses. (|)
insdPABR] A geerstinmddinier eopamisaigtias Ip@é@ﬂem@émﬁﬂmﬁécr%qg ('aoapnd 3-tag
Sitec@nﬂriéé)ddﬁqm@gj&lg@ R e Fé‘gﬁ&’ﬂg gﬁ%guclgfﬁtggg f\gl%ta(‘,’gﬁgﬂ theestriction
recQapizing the at Jeast gne recognition site in ollab t . s.
afir‘gsagt}fé%ggﬁ%slﬁg it %?%@W@‘Sbf&ﬁ@ﬂ@hﬁ@mnmm acid molecule
poIFherélond ataaf tabsH{ooL 26 doanotiereemiRrin Asiidh) REBfRIngl, the
wspeas o e smiTie) SR WU T e en e

ol Rt B ol el 5, avidlschmeiaieshpisonucsbadelogmprising

at I@ﬁsﬁ@ﬁ@@e@tmlenﬁyﬁl@metmwi@o@ﬁil@a§ﬁ@?1&0ﬁrﬁ 53@59?4?3%3&&13’[ one

insbesobaanails i iRt

Sgg?%lgﬁgﬁgr%?tgriég%t@%ijﬁzégﬂggg%ﬂ@ regbghitientisies tthebtist and second

C|ea%a%gtﬁai@ed from a nucleic acid-protein complex. The oligonucleotide
may further comprise at least one linker inserted between the tags. The
oligonucieotide may also further comprise at least one linker inserted to flank atag
(that is, the at least one linker may be positioned upstream and/or downstream the
at least one tég).

Linker

[0090] In particular, each linker may comprise at least: one first restriction site and
at least a sécond adjacent restriction site. Therefore, the number of restriction
sites present in each linker may be one or more, preferably two. The restriction
site may be an asymmetric restriction site. Examples of asymmetric restriction
sites are homing endonuclease asymmetric recognition sites, and some type Il {or
class ) recognition sites. Type lls restriction enzymes that cut to one side of their
recognition sites are preferable.

[0091] However, any recognition site known in the art may be used. Restriction
enzyme recognizing at least one recognition 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.



(iv) ligating cleaved fragments to form the oligonucleotide comprising a

first tag obtained from the first polynudeotide, 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
restéa847/&¥2¢Me recognition site in ste %ii) may be part of arratiapboimoooss
a vector. [00127] The nucleic acid-protei% omplex under the present

B O e o R AR . BT emay be

acid: in,complex m e obtaine ncc{rep
mo%?%qfhe%}ﬁ? séfn@&?%@%ﬁ%ﬁ&@&dﬁag according to the invention. In
33PREHIder e dsoseypeidir ekmmm.iw}%pmmepﬁﬁ%rgt%@s .
corepigniscabeiaiediiad Biegifianar by atfnemegiated © 7
tem&igag ?éa{’n les. of such affinity-based teeRniesSithatdank the nucleic acid
streptavidin jiot rﬂegfﬂfﬁﬂﬂﬁﬁ@-ﬁeﬁﬁ%fé?ﬁtsélgmtaﬁdhimm mafsic aBRl molecule
m&r&@%m@@gmmamyme mﬁﬂé&ﬂiﬂ@%@@ﬂ@lﬂ‘i@f)?&‘g '&%ﬁcated in FIGS. 1
ol@wug_lemgeggggagggg ,lﬁla§tgg_ é@dmgxalﬁe amplified before being o
segpenced in ste %céi; the %r%nﬁ?llflcatlon Ry RIS Rycbhwrting and ligation to
r?]aCtI%tnﬁs d t@ﬁrﬁﬁ’ﬁ IBG%RJorh Brelratidenalhecdiabjectende able splicing
pURgeHiRrrs ligating thendliteation Huhbafuesbeing d.in ste , 3 "
Tineotdderst one purification step may be gel elgﬁ%ﬁ)ﬁ%ﬁgﬁs[gag‘fgﬁ (i Ic acid
olig&gwc}\esotide according to the invention may be concatenated with at

least one other SiYBR(TANERTBHinatesy mrpS e) tot(in)retorabpingetric site
sé&ﬂéﬁaéastdlﬁﬁkbfarcmwm@faﬁliwBg@g;;@lqﬁve[,qg}rgg],;hﬁ i ,

. ~ . : 0 homing
. SendenailgaEay BeymniBgioandeLgARInQd Qrby multiplex sequencing.
ThRJoKliplex eseéqsul){encin ,maé%? vrosequeittin GRS SERabRE mibthostriction
of sequencing suc 'H@‘ﬁqgé%ec A5 FigsBaRRYEN(RB063 cugyiheble by type Il
eFﬁB‘B?%ﬂ PRAEYARSleic acid fragment to which a protein of interest binds

niensle lomingCRiacHie cgcmpr' ing,a region to which a protein
ofrjgteéeggg'ngg for e agé%?ﬂ%s.tone ?r?d%%sglr%gg Y N EeietsmskBiolabs,
may be DN.i r?{}\I%\.%%ﬁﬁlﬁr&%msﬁawlmmedlabl&m the New
SaREI GHRiRbmE deive pDipsactumtities shaRel8saled G ALHRE Moconic
chitensegomes PaiRZifoe driegding apg/ rjquigntifyin may be for gnition
trapshiin Qlranslocation of the pol n'u%?eot?dgs’. fgoY?sPﬁﬁ?m invention the
oligonucleotide may beransfe R imtied kethasseseausfemionanay thedy sizes.

dideirspbbatidhe Thestéstiomay remargaceeriareaieases capable of cutting the

asymmetric site sequences are selected from the group consisting of: -Ceul, P|-
Scel, PI-Pspl and I-Scel. The list mentioned above however is not exhaus'tive
Other homing endonucleases known in the art and those which may be latell
discovered are included in the scope of the present invention,.
[0085] Examples of type Il restriction enzymes include: Aarl, Acelll, Alo| Bael
Bbr71, Bbvl, Bbvll, Beel, Bce83l, BeeAl, Beefl, Begl, Beivi, Bfil, Binl, Bpl! ,BsaXl’
BscAl, BseMli, BseRl, Bsgl, Bsml, BsmAl, BsmFI, Bsp24l, BspCNI, Bspf:A! Bsrl,
BsrDl, BstF5l, BtgZl, Btsl, Cjel, CjePl, Ecil, Eco31l, Eco57], Eco57MI, EspBI' Fall’
Faul, Fokl, Gsul, HaelV, Hgal, Hin4l, Hphl, HpyAV, Ksp632|, Mboll, Miyl l\’/lmel,
Mnll, Plel, Ppil, Psrl, RleAl, Sapl, SfaNl, SspD5&l, Sth132], Stsl, Tagqll ';'spDTI’
-~ TspGWI, TspRI and Tth111l] (the list in the web site of Rebase Er,1zym<—:'s®j
http://rebase.neb.com/cgi—bin/outsidelist; see also Szybalski, W., 1985, Gene:



Loot34jThe embodiments of this aspect of the invention are described in

more detail below as the CIA-PET and CIA-diPET techniques below.

[00136] In another aspect, the present invention is a vector comprising the
oligonucleotide, the concatemer of oligonucleotides or the library of
olighiPurotides of the present invention. CIA-PET [001361 In tag/sG2007/000069
CIA-PET method (FIGS. 1 and 4), DNA féyments tethered by protein in
DPBoctsoplexgs Wi Qi )(/?'ggnker- equences through ligation. The

wQ, oorg& 604;‘\{ %é@}%%%% fi’)b%c%lg"ﬁ}ﬁ%&e@fe}eﬁé%@ﬁvai.nm ‘type I,
Mmel‘Sites; AR PIOPERRS BRseswiRing dhbédateRbAMIESe included in
dighegamenhtbbtpresimatsevistipaired end ditag (CIA-PET). Each of the

ClAobdel ERaRIBISS NI, flanked tags (about 20bp each) (Step
The '?v%ﬁgpaé c%i%gin%rbdlnc VAP ESitesuefregremmht class ||

21 led.in FIG. 1).

twc? %%T%‘%%ﬁ@ﬁﬁ&ai% (At eReenthesiapfedimearcoiiien IBENRA the cleavage

gefific BeYuACA GO ditejacing iagettstagd gied 2&88&%‘“%/14) Sf

prqemstshs 29,3 m(s%e! Bg\(%[&t{.%&]%l After the CIA: are aNl
ific adap

gel-nurified, sequence spec rs'are added to each side of the
uk@%@,’(}ﬁﬁgfw af€tiicHtmpRndarspiPaRStenay in &KG. 1heThgisad These
anﬂﬂﬁ@wdﬁaséETmayay)bepﬂé"ﬁ@@dsggugp&@%bgmggirplex e uencin

metheshsddngs tBsARds qygg&e&;quncin ethod orf any otfier SUitgHfmPle, the
segHggcln eé_tpods, or concatemerizat %é?&voﬁ@%ﬁrm% serelfodted fopaves one
cloning 0'0%32' BSh- B |f5RRNtante eotumiienh bsitsequebeiNGstaEstRE the DNA
Saithetetasl| Sgenhb totChied SRS RIS EAYENGEE WHLQ%B{%RQSQ )Lf%g%o:zmzt-

refBrengs. GIHNR SSANEEES S, e chragmatin interaction sites ma
identified bang on frelgﬁenﬁg%s(’:urrgnacpeo c')?%fﬂ-?@?q{ﬁﬁ?éfﬁqm@nﬁmucleases

locl, which Wil BE SR SEeHaReRs isnskdesiratiaalistararddrohy recognition site
scRideavage siitgletons (FIG. 3). CIA-diPET f00138] In the CIA-diPET

mpieed (M&sp. Ba ' ag sequences representing each of

the hwqikelated %Nﬁ%rr?wae‘ﬁ?sg rg}%qéi%bgcé??%ﬁg LQligoaHeleqtidspfathel wresent
only one tag pér S2dbi8 g?%%ﬁéﬁ?ffﬁéﬂﬁbwmngtﬁnmsﬁﬂ%&éavﬂl!g@ma%ﬁde to
lof5er ?a@%@%@ﬁ@é@f@@d)hecﬂagﬁdﬂslhﬂr@l&@%W%ﬂgqm@’l@#ﬁdgg may be

afpreciaiegeihen RSIALD i in t rt that the CIA detection me
theReRe8E invention is tkﬁljﬁrﬁ%% ?ge%ﬁ%“%”%%%p%gf@hﬁmm info a suitable

interactions than dthgar methods of the prior art. The DNA fragments in
DRHYoARseNtBgiYe foinndthsr tinker, thgUsRERHGL GG i Iaﬁ';@@%eﬂg%,er of

antgaribsidatithy s \Seh e linking, the gated DNA wi
r%gmjglgé%gnc%sonjca%%rf ‘?sét%ss] Qg?g?\%\gw? [9RBIRUdRs. each isolated
fracti

ionated and cloned o % 6@%@9@0&5@(3@ andf fli e}t thak second tag,
cOREIRE dRarfirab tRatdsablelnsit faod & Gisst PSR IIUNG N (FL3 g tag

7¢.wadrmform&u;@a@1%&gﬁge%%g ir}'p?ac\;t?srla ce%s, the librar
C ie by sequential manipulations of Afge§RId- Polynucleotides
sﬁﬁmﬁc?ﬁ?ﬁ%%%n%%?ﬁﬁ O G¥RRlake single diPET library. The

plAEBHTBRsOlptRe dligonolTioso 47 85 dna4ieRRr /8PMEShucieotides may
further comprise at least one linker. The linker may be inserted

betwee
Alternatively, n the tags.

na 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 oligonucleotides may

comprise a 3’ terminus from the first polynucleotide and the second tag further



[ iIPET library will be digested by SamHL1 to release the dIRET
?t?l?(l‘,fu?(IeP(Step 4 o)f/ FIG. 2), which may be directly sequenced using tgle
MS-PET sequencing method, or further ,cpncatenated for cloning an
sequencing. The CIA-diPET sequences will be mapped to the_ referenc()ew000069
geg‘b 20 98hces. True chromatin interaction sites may bg_lc!@ﬁ‘fﬁ@g_ ‘
based on frequent occurrence of CIAdIPET clusters in specific loci, whic

: L oA ) i | t as
e e S RN, T i

thT same will be more readily un Gﬁm%fél%héétxb fhwther. comprise at
fo

BTG B AHPISEpd oot dtientagmayroA MR BRNLABMAIR, b first tag of
int’éwdegrtoate}ri&nib'lﬁgm@m@@é@‘s@@ts|W§ptmnﬁggé4%]e}i%2{8%n control

A the first
arpojgng&%ggdgogﬁgt {'ngrtion of Ii{nkers or adaptors, g 0] ﬁ(_)ﬁrggﬂs’ e frs
is gerformed to remove InwaIsd ngtfr‘féﬁii‘fér (FPERrigas e0Bduengitie from the
pr

d@Qly &Oﬂﬂ’@thodology of CIA [00142] The Nanog transcription
factgogrgi% mouglmES cell (E14) and ChIP-PET data for Nanog %ndsottrrl]sr key
iption factors such.as Oct4 and Sox2 were used a . '

E,?gﬁ%gﬁﬁg?ﬁ 5 rB?’g’c e Hie Brolefid hifh coneatsmrerre igataicieotides
prOAUESBAMRER mder BﬁW‘fe?@Cﬂmé’etamgulsipt@n thetarst YR AcRBINI LN the
beeswidageiathscetmynlidate; the eRramRLIL tgra\,’ct%%rr}"c‘ih%[lgs. ;l;g& tpe-pecond
in tieRs hptwe &hrom?titns were detected by two methods, -

an )gﬁA-diPETf [00143] ThE S8queti@yceatidane exfamiiles arermstemer  of
bSHRLAE AR SieryurAck fiutther vommesevat baads s aiRkEMAsERBABbtwoon

sttetbgsthe sense strand and the bottom strand is the antisense strand.

. . . i leotide i
AeTTICHRIR LU Up R0 diecion hore arucleoders

mer% | :
TLG88 R2eme, 5eag Wit e sstonboreponto MEM UTKEL
5s®rm%eéﬁé@mﬁﬁ@aﬁ@&%%T_CCAACT 3'(31 nt) (SEQ ID

- SEQ ID
N6¥1oupT B%é{éﬁlf&%@?g{%%%T %Gagﬁi%ﬂgé@%g%mgm@ cell:

:2) &' h
g@?%@ 'ﬁﬁgji%eé%%%%&{%CCAAGGCGGCCGTACGCTGGAGT 3 (31
nYYREIQHD MDcB)ShET BICAIGEHaTIRG R HGGR TRGCS TECCACTS

?errla iﬁ n structure.

(ThepdRRQURNG 45 808 A"5-ARgSpop/ed P concal

Puele hromosome or the polynucleotides
agr%%ecraged on different chromosomes.

[00106] While these are preferred concatemer(s), it will be apparent that the

number of oligonucleotides of the present invention that may be concatenated
depends on the length of the oligonucleotides and may be readily determined by
those of skilled in the art without undue 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



' (28 nt) (SEQ ID NO:5) 5'
GATCCCITAATCGCCTIGCAGCACATC 3' ( : :
gETGTGCTGCAAGGCGATTAAGGGATCCNN 3' (30 nt) (SEQ ID NO:6)
5' end of top adapter Is phosphorylated 5' end of bottom adapter Is not

. 5!
lated P2 concatenating adapter (PMR 0121 4 '
g@%&@WGTGAAATTGTTATCCGCT 3' (29 nt)(SEQ IDN(&ﬂz)o@oooow
AGCGGATAACAATTTCACACAGGGGA%CNN 3' (31 nt) (SEQ ID NO:8)

5' ewﬂitﬁﬁtéﬂﬁiﬁ?%ﬁgmg%%ﬁﬁﬁgg ﬁgfe%%girgn??raagg%;igigg The vector
SO BRI e eTat A ORImmC et (SEOMBING Bt sanoe
GAYBTHOT COANABOBRTIABHSATEMNNA $3ANYERER ANBEET use in
5' et @fégﬁ?@gﬂ[{)éﬁgéglzﬁﬁfg?ggéﬁ%?m%%% %ﬁg{n(gtrgtggene, La Jolla, CA);
g%o% el ERERRT fegtiebrd AN TG POEMEG BRI Madison, W)
(SI%‘Q'IDW@dl‘lE)@"S 'thereof as well és c(:}tger snmg\gl_r_l_vé;&tg\cf CE(BW g (tEfsfﬁ)of skill
AG@@@%FAM@@E&E&%&%&%nﬁm ﬁ% 8@@@@@h@ﬁ@@ﬁmmgﬁiﬁed, and
(S%V(Rilgel\}gfiﬁlz 5§%§{é&%‘%&5&ma b. PGEM vectors have also been
adapter is not pho o~ . "ends are
CATSISTITTURAGERITATHAGE iRstRoRdSBRARNRLL3) 5 en
PhesRbemA®E production of the parental polynucleotide or nucleic acid molecule
from which the tags or ditags were dervied, as full-length libraries, suitable vectors
may be used. Accordingly, suitable vectors, which are within the scope of the
present invention, are those wherein the backbone of the vector does not
comprise the same .restriction site comprised in the adaptors flanking the
polynucleotide or the ditag, after insertion of the polynucleotide. Preferably, the
invention provides a vector wherein the vector backbone (other than within the
stuffer region containing multiple cloning sites that is removed during insertion of
the polynucleotide) does not comprise the first restriction site and the second or
further restriction sites that are comprised into the adaptors. In particular, the
vector does not comprise the at least Il restriction site (for example type Ils
restriction site) and the at least second or further restriction site comprised in the
adaptors. More preferably, the vector backbone (other than within the stuffer
region that is removed during insertion of the polynucleotide) does not comprise
Mmel and BamHil.
[00109] An example of such a vector not comprising Mmel in any region outside of
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 oligonucleotide comprising at least
oné first tag and at least 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 g nucleic acid-protein complex.



PMRO12 primer 5' AGCGGATAACAATTTCACACAGl_G 3' (23 nt) (SEQ ID
' lection olioo

NO:14) 5' ends are phosphorylated RecA se ' _

51AG'IzceGAGGCCAAGGCGGCCGTACGCTQGAGT 3' (SEQ ID NO:15)

(Biotinylated) pG1S8 vector This vector was derlv_ed fr_om a pGEM vector

(PrE a1 889d7contains the multiple unique cloning sites for tm_!:imrt.lowmlgooom

restriction enzymes In this order: BamH1ffmel ; Cleavable region ; Gsu

duanid qﬁé 0069 37 The
B 1s-alds l Vihj[%g) 298¢ Aiﬁggéé&g{é%%r g)og{% igonucleotides according to
ing oligonucteot ides are ; . C
2&@#2& GACTCGAGGATGAATTCTCCAGGATCCCTCCTC 3' (43

nt){SEE TheNa: 1898’ one oligonucleotide of the library of olj clpotides may
T T e I

: ' h . .
ol SR, e B (sletas Gl sorsories pOSIpIRFIA i - o
not contal ’ ’ (FIS s&ohlig nce of the ,
on@@%@#ﬁ)feom e Mﬁ%@f‘;ﬁ;{# th stequenc ofthe comprises a 5
Zﬁmmgﬁﬁﬁgﬁé}é‘?ﬁg%& ® AN %oaaﬁﬁﬁogﬁé-containing
rel%ﬁ%ﬁ’%%&?%P&%&ﬁﬁ&?’%gwﬁépm@nm@wm&lﬁm é@%maﬁn
17§t'l§C}W§§rt§de'mofﬁnedecﬁdesThfaﬁQwa?&Qé&%ﬁ%tvﬁ% ﬁ%?gcﬁpé’n%% € or the

EWSUG Sl M2 ition sites ar AT

\é%?r vg tg&rrﬁﬁling tgg%zégﬁ%?ﬁnéﬂtgﬁneéﬁr@&%@ﬁa?@mﬁﬁd used by any
ERE) I
skille

erSonINhE &feentddtineripenucieotide is amplified. For example, by

5 NPMNRBTNPINTIN WNWTWMW&QG@QQ%EA&%%%M the

AN SRANASADAARE o (S0 e e ns e
M RN S e S omorors o

inside the vector are used. Such regions flank the oligonucleotide comprising the
ditag and adaptors. PCR may be performed directly on the ligation (self-
circularization) reaction to obtain short (for example 200bp) PCR products.

[00114] These PCR products that contain the required ditags may then be cut with
.an enzyme recognizing the at least second restriction site (inside the adaptors) to
generate the required short cohesive ditags. As restriction enzyme recognizing the
second or further restriction site, BamHj may for example be used, and cohesive
ditags of 50bp are generated. The advantage of this amplification step is that of
generating ditags circumvents the need to produce a ditag library amplification,
which may be avoided by not transforming the self-circularized tagged plasmids.
The ampiified oligonucieotide may then subsequently be excised from the vector
(in this example, by digestion with 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 &'

terminus and nucleotides from the 3’ terminus of a fulldength cDNA or fragment
thereof,



M&M adapter PET with adapter sequences
51GATGTGCTGCAAGGCGATTAAGGGATCCNNNNNNNNNNNNNNNN

NNNAGT
CGGAGGCCAAGGCGGCCGTACGTCCAACTNNNNNNNNNNNNNNNN

NN@’@AW(’E@@@TGTGTGAAATTGTTATC%GCT 3(128 nt) (SEEQ1BG2007/000069
NO:22) 5' AGCGGATAAC AATTTCACA

AGIB@ GIRTHECERbGNRHNMNABDI NG N U]O i RAGkgtive of the library
GGCCGCCTTGGCCTCCOAL TRNNIGRAS '
ﬁ&%ﬁ@%@@%@%&“ﬁﬁ% BelrrdoaEonenrTols; (WB8mthe library

S W%B@Zﬁ)ﬁ%&)ﬁﬁ@@Em@ﬁwleé&/agmmf@%t BRAALRIEAS library, the
(s-géfacomwwNmmmwwwwm%ﬁmgg facEccolt

CTAGBASCAGRTNNNNNNNNNNNNNNN B FRansEesinditag clone
NO24) 5 - o eent It

; rmation characterizing the specific full-length clone. More
I ‘ j b L \Ga RS S e original

GATELRATN e [ agrofifom fonentidiNeoEIe 9

GGUBGERGE GApARERNTN NS MNY NMM%%%‘ (%\I%J%I%% %géé][ggéjsfg f(:ggly%i@x Hence,

NQP@MXX;‘?S%Q??J&&?O& 7Pg‘-|£(1%Gst2r82t7u/re of the pol leotid

sequences aftef SOMmceation polynucleotide.

i i cC
51 NI eRRsinglyit i e NW&W@A@&Q&&@ GleGRREE of the
G THMEE B AR NNAR N NN RINNN ‘gl\jflélul\rl)'g,N{\rlre I\clzlc\)lyys,lgoNn%ﬁ? full-length

&}@%@@Nﬁmﬁ{ﬁﬁﬁm&%mwmmam%m polynucleotide

N .
TAEBBCES example by PCR or directly from target RNA samples by reverse
COPNSBAICH GEIEeraSNNNANPNNINYNINNNNNNN 3" (SEQ

: % fter cloning into
S SR T ey oy b s s o
glé ATE??G%(@NQIN(‘QMNWQN@INNNNNMN&INWMN%@PNQN%), or
NERIAINNBBABEQCHEB GO ANGHES B GSTACEGTGSAG TN library
HWﬁﬁﬁ%ﬂﬁﬁ%ﬁﬁﬂmﬁmmﬁﬁﬁ'ﬂﬂ@N‘F@RMNNRmG@CAGGATC
C%Oli%@ﬁ%f@w,@mggﬁgnt invention provides methods to prepare the

G@AW'@@AWNWWMWWWW@?%@@@I NNNNNNNN

NN ‘ RETRINRASt two
HMNNNNMEQ@%%W%%%%%% QRIRENERN RN N IR RIGTEC @ectors

GW%m?lt § H{F@Eéeﬂgcﬂ@@:w W ReaTemaesneliiaifucieotides of the present

invention.

Thus, 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 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

(c) isolating the oligonucleotide.

[00120] In particular, there is provided a method of preparing at least one isolated
oligonucleotide comprising:

(@)  providing a nucleic acid-protein complex:



5I
GGATCCGACNNNNNNNNNNNNNNNNNNNNNNNINNNNNNNNNNNNN
NAGT
CGGAGGCCAAGGCGGCCGTACGCTGGAGTNNNNNNNNNNNNNNNN
NNKRAPRHRIINNNNNNNNNNNNNNNYNNCTCCAGGATCCPST(EGRA(p00069
(SEQ ID N0:30) 5'

GEATC OTRBEGE MNNHIHNDE NS MABHINA R INNNNANNNNN

N NNNNNl\éINN?\lNNNNAC%‘%@X&E%’FA‘EP&&E@@@@?@@UM@@M@ and
T!@?\ﬁ\lﬁ?fiﬁ{l’ NRE QRIRIRREN K RN RO NG T OB ATC Gha' 6432 B3 second
(SEyMOceOtige)s biaiddi diBin B Micleic acid-protein complex:
ATSHCCAGMMNALDINNNALUANNNNNN NINNNRRRERRINIIRINNNNA

GT '

cgs&&e@@m@é@@@a@mmm&wwwmwwwggg;
NEIN NNDEENINGI NN GEEICAG G WERT ID NO:32) 5'
G@@J&@g@%p%wNNNNN@&ﬁ&IﬁNNNN’@&%\ﬁRﬁ?&ﬁWA RoB enzyme
TA _
C@bcﬁé&%@%@ﬁtmwmmhgﬁyWN uw&a&smg{mﬁm
NRREHTIIN SENBIHEERYINING BE (66 Ine bR SHILISER 'R N2 Haker Jo fo

1 ds 5 m the
gﬁ?@%@%ﬁﬁ%ﬁ%ﬁﬁﬁﬁ%&ﬁﬁ%ﬁé&ﬁhﬁNﬂNNNNNNNNNNMNNMNN&%,a

ATTond tag obtained from the second polynucleotide and the finker between the
JelAGGCCAAGGCGGCCGTACGCTGGAGTNNNNNNNNNNNNNNNN

GhretrS e NRIER AR R essiimanees ooages:

TA inserting at least one linker comprising at least one restriction enzyme

CERIBET GIT GEURTC BB ARE NNNNNNNNN
NSRANBSMNNNNNNGTCG 3 (111%)%@%%%%”%%% S RoVpksieotide

ore Mé%el di%eigon 5' o
n NNNIRRA RN IGRRSNIOR NIRBTGHaON eI GO G ERE GRCAMRGE Ghe 5
rminus of the first polynucleotide and th 3 i
WQQ@QAACTNNNNNNNNNNNNNNNl\?NNlelel\lnﬁNKﬁ\lﬁﬂll\fRﬁ\ll\Fe?‘md

(91 nt) (SEQ ID NO: 36) 5' '
%@NNIQ%%W&I\T FRINRIK NRAORAM RRINUNNHEAS GIET 8O GGT SRCRSHction
&@-yme recognizing at least one recognition site to obtain cle

, RIS and
coressagraasa i IR R e

ID,NO.37)
ﬁ)?#&é?ﬁeéjs Frgm the first polynucieotide, a second tag obtained from the second

RIRIKIY IR NN Dohbiity NN RN RENNANNY N ANNNNNNNND
bR INSN i3t & SoRblesin QHE H8s53§?ad the at least N) Nnucl\'eogn\'ﬁ, and

recognition site in step (ii) is part of a vector.
[00123] The nucleic acid-
immunoprecipitation. '

one restriction enzyme
protein complex may be obtained by chromatin

[00124]In another aspect, the present inventioh provides a method of detecting
and/or identifying at least two polynucleotides from a nu

cleic acid-protein complex
the method comprising: ‘ ne

(a)  providing a nucleic acid-protein complex;



5I
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTNNN.NNNNNNNNNNN

N NNNNNNNN 3' (53 nt) (SEQ ID NO:39) Oligonucleotide of FIG. 8

. . . . 5

nserted into plasmid (rest of plasmid not shown)
éGRﬁﬂ@@N@NNNNNNNNNNNNNNNNgyNNNNNNNNNNNMNNNmNMmm@

N
N NN NINPIIarihgN AN RN BIBE IS BN BNDLN NN NN

and at least
HH&I\IJTI\?NSI\?&OI\?ISI i l’\lmqlel\'l:eN"I)\l Rk faRnA Rinaimed I‘ﬁ'fqml'\ﬁlﬁfmmﬁde and
C Sthfllﬁ? %‘ff’ ’\é’@ I@ﬁ@?ﬁbf@m a second polynucleotide, the first anc’t\| second
GemmmmiggmﬁNNNNNNNMMNN&&Nu&mu%mm%%%m&yNNNNNN

mEﬁ@Nﬁﬁﬁﬁmﬁﬁ”ﬁﬁﬂﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁhNNNNNNNNNNNNNNNNNN
N

mapping the at least two polynucleotides based on the nucleotide

CC
e e M A o .

Olioonucleotide of FIG. 8 inserted into plasmid (rest of plasmid not olven )
5 [00125]In one embodiment, step (b) of this aspect of the invention comprises:

G@ATC@G&@NNNNNNNMNNNNNNMMNMM§QN&MN&%NN NINNNNN

restriction recognition
NNite, and

NNONNNNINNNNNNNNNNNNNNNNNINNNNNNNNNNNNNNNNNINNNN
NRII'Q:NNIQ eaving the first and second polynucleotides with a least one restriction

NISREVIIR NTOOI ARG NN N NINBINB AN Nitd GG TG T3 form the
oo 1SRN HIANR TRAISR ORI s nmlroits,
NRECOn tag obtained from the second polynucleotide and the linker between the
NERIRINNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNdNEYIn another embodiment, ste &?&ﬁfﬁﬂﬁﬂﬁﬁﬁﬁﬁ NN@riC@cgtmrgprises:
NNNNNNNR .
2\'1' E ':gl *Fg?‘gN W%Nf{l\flclj\l%} SNGolrigestRIBRIISMG. 28 eittsoLind &Estind®n enzyme

inSRG68 Hom Gltedbspvedentr tphdiresisdiynucleotide and the second leotide
E&T&QﬁﬁmmwNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNﬁﬁNNﬁ

N"N ing at Jeask itinmr .‘NNNNNHNNNNMNmeS’
NNRAGITR NG N RN R NIRRT RIN IRy ROR N0l Nt
HE%IWNHNNNNNNWNQJ@@A&&H&W) ﬁ%EQ"Dté\‘Qrﬁt@ 50f '\fhi”\fecond
GATEGIIEEASNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

RN N R i R ARG TR YR Geriah  NUAN BN N AN iction
ﬁ”gyml‘l\lﬁ KRR NN BEINOHE TELB Gitibhosiib) tfﬁ%%frpc%gﬁé)fragments; and

Qliqonucieahderibiid rAHAINR RSRITIAY %g‘%d:‘gilé%ﬁde comprising a first tag
obtained from the first polynucleotide, a second tag obtained from the
polynucleotide, the tags comprising 5’ and 3’ termini

second

of each polynucleotide, and
the linker inserted between the tags; the at least one restriction enzyme

rebogniﬁon site in step (i) may be part of an adaptor or a vector.
[00127]1 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



5
NNNNNNNNNNNNNNNNNNNNNNNTCCGACNNNNNNNNNNNNNNNN

N NNNNNNNNNNNN 3'(59 nt) (SEQ ID NO:46) 5'
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGTCGGANNNNNNNNN

N NRRIRAIIRFRIINNNNN 31(59 nt) (SEQ 13 NO:47) OligonucleBgae@opi@0069
9 after insertion of part of M&G linker 5' o

ﬁgAt?@chmmmwu NSIHHBHN DINDIRAY P NN R N D NS N e diated
N %%Wﬁfm NI R ToRiRIRA R RRRIRIGN RN AUaaRiNy-based
N

piques include streptavidin/ biotin, glutathione~8-transferase/glutatathione

NI BB BN NNETFGAGGATCC 3

( 4 ! .
%ﬁﬁﬁ%%%%%’ﬁ@ﬂsmﬁﬁmﬁmmmmqwmmmM»N being
NREINRARRANR RERIFeN nararmmiivation NEN BB TG GANNAN NAMN . The
Nennplified oligonucleotides may be subjected to

NNNNRINNNNRNNNNNRINRRNGRERieation atgp after
¢ %WI(J ﬁ?&?ﬁ%\r‘ ?Dy RO AHNFS LI tars (v Blost st ds260v/60p0BBCAation

43" estoRboeRiRh partial M&G linker inserted after
rédrdheoliyorioiigaat (seebRiRipe Mk M HHERes ,
%JQQQMNW&WMNNQN N‘NNmﬁ{hﬁﬁﬁwﬁmRﬁ@mﬁfﬁq’Wﬁh at
CcC

otide "obtained by steps (a) to (b) before being
SREYIRRAINRRRIFNNRNGRIRMEMNRINISOHINBIRBENNNNNNNNNNNNNN

%mﬁwmwwmwwmﬂg%%ﬂ%?& %&gpr?gx(gelzq%encing.
GGATCCTGGAGNNNKINNRRNR NN IS RAYRREDIN KR NN NNGtNDd of
NRuencing such as those described by Bonetta (2006) may be employed. The
NOMDUDINALEN G ROSANAMASHNNHSIN NNMHM%%Q@%@%%‘@'\@%\QC acid

' NNNNNNNNGTCGGATCC
R g SOy eot: By e Gobalele o inisEeplddnds. r example, a

::E;)' NO:5é? licionucleoti .
RIPEE BN RINTORI RNV At RsNney R NI ISNRINANNNNNNTC
©G’1] The polynucleotides may located on the sa

m
GOIDHOUNDRIAN NW# NNNNNNNNNRIGRNRINRRASRR N the
NNNNNN NNNNNRNNNRNANR CTPECREBEIDS e (SEQ ID NO:52)
$10132] The detecting and/or identifying may be for transfusion or translocation of
tha POIEMGEAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Nmﬂ LKQN%iﬁ%ﬁﬂﬁoﬂﬁ%ﬂmﬂﬁﬁﬁWf@% & ARINKeNTaRsiRatinRay be
RIFeRIRATN AR FRIIN R PeNNE Fleta 33620 ne (SEQ 1D NO:53)
Ugl@ﬁﬂ'@ele@i@edjﬁiéiﬁs 1 Wit %&&ii@feﬂh@qﬁvgrqigﬂoa%eé&%ﬂggg in more
eg@ﬂt%ﬁm SNNH NN RET teehaiueschelone GCGGCCGT
@%%\@"rc?@ﬂ FNRRAIRINNPEN RIGREON LINRINIIN NS NN MBBN NS B8&ing  the

PUOPBBCHIBIdeO 5t 5'concatemer  of  oligonucleotides  of ths ~fhwaty  of

- DIROHMBOHIDINY ANNNN NNNNNNNNNACTCCAGCG
CGC CTTGGCCTCC%AC%M%%NNNNNNNNNNNNNNNNNN 3' (85

nt) (SEQ ID
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



NO:55) Olinonucleotide of Fig. 10 inserted into plasmid (rest of plasmid
not given) 5'
GGACTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NN
NNWQNWNN@TCGGAGGCCAAGGCGG%GTACGCTGGAGPW}N}MGﬁ

NNN
NN s N SER DERBEN SN B AN A RINDAUN DARDHN BN N I¥}|1\l<-:!\lcl\zI'ol\lsg-l}gr%’dng, the

st SRR RKNRR rrross o esoiiou ET).
N

ach of the CIA-PETs contains a linker with two flanked tags (about 20bp each)
NN KNSENI NBEBINAN KGN Apﬁfﬁgft\%&gﬁ&%ﬁ&@ﬁ GTERFET U%C?épresent

SG2007/000069 42 -
R e i e
CTEELRBPR Y ieratnesigeiDonand T tetatbiate isonsgREfEshch as &
of FiStob@ otein.

NNNNNNNN
NN R TN I RS 3488y ety Trkenempaociic adaptors are addoc
GGR FEEEE IR KNG TRIKITeR eI BRI NN F1 G 1),

NNTHA ded WM&GB&&@@Q équ&%c%‘%) Weémngz lﬂiﬁ)t%x sequencing

ggﬁ%@g&%qc? |r\1'2 Ngl\gl |5 r&% @1@% NRXRFRRHERFRIN G HIREU NN Nothe Nsuitable

NWWWS'WHS%SEQQD’N@MPZS” into longer DNA stretches for cloning to
GGAGKCOGACENNIDHIN NN NHIRIINOHN DN %%NMN@ Nl'é‘i'r\\%l %Ngla'\rlwygxl Ncapil lary
lewﬁﬁng@fé%%}g%%u@nzcgg S\‘/SI’I'IE(BeI mNag;ZDBed) It:)orothlejec reference genome
%f%‘é%?ﬁﬁNmmmm NATAEPINSE RN RUNDENNH NN S BBUNMNNrequent
NNpccurrence of CIA-PET clusters in specific loci, which will tl)& %ﬂwﬁﬁed from
N N NNNNN NNNNNWNINN !

NNNINK INHRRNANANRINC TS 3 GRS A NO-62) 5

GATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNCIA-diPET

NNNNNNNNINNNNNNNNNN
R NN TNKRCELLS 27115 B (Gl PSP naences
1 T PRIRER0IPE CFR PEH RS 7Rl ObiA rgemientseameceXisacted and sequenced
compared to only one tag per sequence. As such, the resulting CIA-diPET will
‘contain longer tag sequences than the tags of the CIA-PET method. It will be
appreciated by a person skilled in the art 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



|1001441The CIA-PET method (FIGS. 1 and 4) comprises five sectlo::s. (1)
Generate ChIP DNA-protein-DNA complex, (2) Prepare CIA-PEL,E(T)

Amplify CIA-PET, (4) Sequence CIA-PET, and (5) Map the'Clél-\jA
sequences. (FIG. 3) [001451(1) Generate ChIP DNA-prOtem-mysczoowoooow
coMip 8L/ i88% ouse embryonic stem (E Fcells are cultured u 2
feeder-free conditions in the presence or leukemia Inhibitory factor

T ¢ | | nd crossli
e (o gectater o O STEES ancur
room temperature. g;bvﬁﬁ((f‘g/l@g& Bc fgéb'om 4es{oy -
lySRILRELPPomEte s ahetionr .cbnwmmlm%ladvﬁsa?ﬂgﬁgéﬁgn@%. The
TP IRAS, St oo AR ol iees. e
oy ETNCIRAS: s 200080 PGS CaBien fmonezbosaimsmos of i
pWter baltersdnsepepific dow, Srimebsyil 6a diserguieRstindmAMesdOnd noise

imaes! % extract is then cleared by
tl e e dlctih gﬁr}gn%?fes at 4C. cb5. This extract is

: : for 10 . ‘ .
o b 42 AR Ratore T e amrmmindse more
of%ﬁ%HBéﬁfﬁm%tM@@Wrefm‘ @r iy ABHIWAHG IR RENR Qh%ta?é% provided
sbplveapsé ilRbesmaciand & A8RBHR0LY P8 ead% & prasen 1 vention.
; e
Vb HAPERTON ﬂﬂp xirart at 4C for 16 hours. "d3. THe beads'd e ;
washed with rt%e fo??o%%gaBuf SR ERteerbssitineollnkaisalr adaptors, ge
ﬁqﬁ‘ga{)?resis is performed to remove unwanted fragments (FIGS. 8 to 10)

during the process.

Examples

Methodology of CIA

[00142] The Nanog transcription factor in mouse ES cell (E14) and ChIP-PET data
for Nanog and other key ES cell transcription factors such as Oct4 and Sox2 were
used as the biological system to practice the present invention. The ChIP-PET
data provides a linear map of where these transcription factors bind to, and will be
used as reference to validate the chromatin interaction data. The interactions
between chromatins were detected by two methods, CIA-PET and CIA-dIPET,

[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:1)
5 GTTGGACGTACGGCCGCCTTGGCCTCCGAC 3 (31 nt)(SEQ ID NO:2)
5’ ends are phosphorylated



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 Wa§h buffer 2 (50 mM
HEPES, 1 mM EDTA, 0.5 M NacCl, 0.1% SDS, 1%, Trltpn X-100, 0.1%
sodium deoxycholate) 1 time Wash buffer 3 (20 mM Tris.HCI pH 8.0, 1
mMYEPPR/1994 M 0.5% NP40, 0.5% sodjum deoxycholate) 1 BERSHLa8H000069
buffer 4 (20 mM Tris.HCI pH 8.0, 1 mM A) 1 time d4._The _
protein-DNA complexes are then eluted from the beads Wlth elution buffer
(SOM&E Tinked Cl pH 8.0, 1 mM EDTA, 1 Q/D SDS) for 20 min at 65C. d5.
Thé e GHEEGABRRIYASACBBECETHOBEYSBARYE $Ps Y éﬁ%ﬁﬁfg&om
4c5{0@@@@@@@@@@%@&%@@%@@@@%mt 0w4)
the ERNEH T PRaskhordateéhemicals: Chromatin (up to 5 uglz/lz;AS\TLIIDI' 10x

' r 2.5 mM dNTP Mix 10 m
\évnq, Q04406041 ‘o‘ Repay Ber 2.5m

SRAedrok water 44 PCT/SG2007/000069 5
ul Bul GATETEE

ATC CATC 3 (28 nt)(SEQ ID NQO:5)
AAGGCGATTAAGGGATCCNN 3’ (30 nt) (SEQ ID NO:6)
5" end of top adapter is phosphorylated
5' end of bottom adapter is not phosphorylated

P2 concatenating adapter (PMR 012)

5 GGATCCCCTGTGTGAAATTGTTATCCGCT 3" (29 nt)(SEQ ID NO:7)
5 AGCGGATAACAATTTCACACAGGGGATCCNN 3' (31 nt) (SEQ ID NO:8)
5" end of top adapter is phosphorylated - .

5' end of bottom adapter is not phosphorylated

D1 diPETing adapter (PMR 011

5" GGATCCCTTAATCGCCTTGCAGCACATC 3' (28 nt) (SEQ ID NO:9) :
5 GATGTGCTGCAAGGCGATTAAGGGATCCNN 3’ (30 nt) (SEQ ID NO:10)
5' end of top adapter is phosphorylated

5’ end of bottom adapter is not phosphorylated

D2 diPETing adapter (PMR 012)

5 GGATCCAATGCTCCTCCCTGTGTGAAA’I’TGTTATCCGCT 3' (39 nt) (SEQ
ID NO:11)

5 AGCGGATAACAATTTCACACAGGGAGGAGCATTGGATCCNN 3' (41 nt)
(SEQ ID NO:12) _

5" end of top adapter is phosphorylated

5’ end of bottom adapter is not phosphorytated

PMRO11 _primer
5 GATGTGCTGCAAGGCGATTAAG 3’ (22 nt) (SEQ ID NO:13)
5’ ends are phosphorylated

PMRO012 primer
5" AGCGGATAACAATTTCACACAGG 3’ (23 nt) (SEQID 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 PGEM vector (Promega) and contains the multiple
unique cloning sites for the following restriction enzymes in this order:
BamH1->Mme1 : Cleavable region ; Gsu1->BamH1->BseR1



Vortex briefly to mix and then incubate at room temperature for 45

minutes, stop reaction by heating at 70C for 10 minutes. Adjust the
concentration to 65ng/ul by adding 27ul of nuclease free water. (b)
Adaling, R0 ul 10 mM dATP (Roche)0.5 ul 10x ExTaq bulf,f 20 7/%)069
(Takara)2 5ul ExTaq polymerase (Takama)0.5 ul Nuclease free w erto
ul_Incubate in a PCR machlne at 72C for 30 min, then 4C. It IS best to

GAG Pt ASAATLAMET CTOCAGRABCTANGRIC 3 (43 n)
ada ter - T tailed (38ng)3.1 ul 5X

. @@é%ﬁééﬂﬁ% G4 e G CaNARGEEHSTFC S’ (43 nt)
@lﬁ%%,féeﬁ] y4 Ligate overnight at 16C to ObtamM I|nker
e e G e R 0,
alifeqiS|SAdlasisaCmss- angmbwmtfeém%EdKPQ/klaﬁﬁkgn a@%gx‘%ﬁe@ﬁc‘!‘ 7). The
t rotel
L S ARG ) SRR DR sl dbgrmemuipnss of the
AMiseRsRosian 'ﬁ)ﬁﬁ@dQ)Méﬂolr“emmnnmmiﬁmjhﬁt@bontammg restriction
enzyme recognition sites (represented by SEQ ID NOS: 16 and 17) is inserted into
the vector. The sequence listing for pGIS8 showing the various restriction enzyme

recognition sites are shown in FIG. 11. Any other vector fulfilling the requirements
may be prepared and used by any skilled person in the art.

M&M adapter PET

5’NNNNNNNNNNNNNNNNAGTCGGAGGCCAAGGCGGCCGTACGTCCAACTN
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)




ipitati f DNA.

WO 2007/106047PCT/SG2007/000069 45 precipitation o .
Resuspend in 20 ul of Elution Buffer and store at -20C. The con.centratlon
obtained is usually 500 ng/ul. Quantitate DNA and pgrformkquallty control
by running 0.5 ul of the DNA obtained on a 1% gel with Takara

RHEAEE adders and Invitrogen LowgMass ladders and P& 1pgF007/000069
material from (a). The material from (d) should be less smeared on the gel
a BNévsaoydrfigst drenrdaniss@end the 50-100 bp mark. (e)

MERKR RN SRR Bicgqag)géggéjclamcec
A A e e corno
o@mmuummsnmwwwngmmmmwmhmbgg%%% Bcce

BTOISAN N lere o
contol ot omos o SSRGS bbbt No:27

C .
V\?i 1?%?159 Ladders and Invitrogen Low-Mass ladders qnd with 0.5 ul of
material from step (d). (f) Gel purification Load DNA obtained onto a 2%_

el in a,cie-Plas mediym-sjzed unit (60 ul per well) together with
agﬁ%%s%aﬁlt -‘o '&S R CREATELERNINAIBte 9GS Splasmitsin at 8OV,
a d ) O OT T akatee— e SDC . .
a@%&%@ifﬁ%@ﬁﬁh@ﬂo@m@ #ndolisha¥ing at 365 nm UV. Oligonucleotides

R GRE ene e R RN RE ™

O A i a1 O RAGTBNNNNAIN

aENN A RN BN SINNR SN SN RN NS GATCC 3 (140
petfesBedioNd: g hours at 90 V and the harvested ditags are ethanol

p@@@ﬁ‘%‘&%‘éﬁ@ﬁﬁmﬁﬁ%ﬂﬁﬁ%ﬁ?\iﬁﬂﬂmwNNNNNNNNNNNNN

NNNNNNNNN NACTCCAGCGTACGGCCGCCTTGGCCTCCGACTNNNN

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)




3 M NaOAc pH 5.2 (Amresco)20 ul 1 M MgC12 (Ambion)4.5 IIl Glycoblue
(Ambion)2 ul WO 2007/106047PCT/SG2007/000069 46 1.00%

ethanol800 ul Resuspend precipitated ditags in 12 ul Elution Buffer
(GRIRH),ARgksun 2-5 ul on a 4-20% PAGE mlnig_el togetheﬁr _Woomooom
Mass Ladders (Invitrogen) for purity chegg and \(lsua! guantification.
Correctly obtained ditags have the sequences given in SEQ ID NO_S: 22

and 23). (001471 (3) Amplify PET (a) Adapter ligation (Concatenating

apapiese® HOHD WH S BLERNALA0 ng)6 ul Adapter (10 ug)Out 10x
i [ ldi . 4 DNA ligase (5U/ul, Invitrogen)1 ul
llll%i%se reAef%a’E@ri@ﬁMﬂ%WW@@WSWNMMNMWAGT
16 A6 ACRAYRRABCRPGITAGHETHGAS ENNAMNNNIINGOTIINNNNNNN
TNEHIRNNKNS TRBRGTY (111 nt) (SEQ ID NO:34)
5' GATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNACTCCAGCG
TA CGGCCGCCTTGGCCTCCGACTNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNGTCG 3’ (111 nt) (SEQ ID NO:35)

M&M adapter-PET before Mmel digestion

5 NNNNNNNNNNNNNNNNNNNNNNNNNNNNAGTCGGAGGCCAAGGCGS
CCGTACGTCCAACTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 3 (91
nt) (SEQ ID NO: 36) ' ,

5’ NNNNNNNNNNNNNNNNNNNNNNNNNNNNTQAGCCTCCGGTTCCGCCGG
CATGCAGGTTGANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 3 (91 nt)
(SEQ ID NO:37)

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

5 NNNNNNNNN,NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNN 3' (53 nt) (SEQ ID NO:38) '

5 NNNNNNNNNNNNNNNNNNNNNNNNNNN.NNNTNNNNNNNNNNNNNNN
NNNNNNNN 3’ (53 nt) (SEQ ID NO:39) '

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

5 GGATCCGACNNNNNNNNNNNNNNNNNNNNNNNNNN.NNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCTCCAGGATCC 3
(140 nt) (SEQ ID NO:40)

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




60mM MgC12 (Ambion) 50mM NaCl (Ambion) 1mg/m1 BSA (New

England Biolabs) 70mM Beta-mercaptoethanol (Slgma) 1.mM ATP

(Invitrogen) 20mM DTT (Invitrogen) 10mM spermidine (Sigma) (b) I;?(’ZR .
mplification Amplify with primers PMRs 11 and 12 (SEQ ID NOS: 13 an

1 ggﬁ(g@t?\%‘ﬁ/) and the Hotstartagq kit frgﬁn Qiagen: DNA1 ul HOX55¢[R7/000069

buffer (Oiagen)10 ul ANTP mix (10 mM ot each) (Invitrogen)2 ul PMR111

ul (i UMEL 20 G161 QGRITRG TARGAQ0; Dﬂl%%g%e?gggkgﬁ%e%ﬁg%m

e SRR R RARR it smennnn,
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

. NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNCTCCAGGATCC 3’ (140 nt)
(SEQ ID NO:42)
5 GGATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGTCGGATCC 3' (140 nt)
(SEQ ID NO:43) '

Oligonucleotide of FIG. 8 without M&G linker inserted removed bv electrophoresis
5 GATCCGANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNCTCCAG 3 (112 nt) (SEQ ID NO:44)

5 GATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNTCG 3’ (112 nt) (SEQ ID NO:45)

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)




2.0.5min 94C 3. 0.5 min 55C 4. 1 min 72C 5. Repeat from_step 2 25_
times. 6. 10 mm n 72C. Purify using PCR purification kit (Qlagerl).
[001481(4) Sequence the CIA-PETs The CIA-PETs may be directly

S ording to the protocols for the 454 multiplex se%uenc 09 00060
m%géjh%@gﬁg?aﬁﬁfe sciences). The technigye is taught in Margulles S

(2005) and US Application No. 20030068629. These references are
hereby mcorporated in their entirety by reference [001491(5) Map the

greantrol regions (FIG 3). Example3 Method
05WWWNWNMNENNWNHWRWMNWWNTC

theAleNVIR\REGH REARA I*I in- complex h
M(geé)eare CIA I|braréy:§]%: @M&@V M@ ?,JJ\I(N

E@ﬁs‘@ CEQA{@@BKQQ@ GeiRératy (SER 1D NO:50)
me@memmmmmmmnmmmmmwmm

NN

resence of leu emla

F&m& actor hemi @ﬁ)&wm%&g@\i# OINDHERMENN
NN NO@"&@%"&M&I@@WQ@&WM&SEQ ID NO:51)

formaldehyde (final concentration of 1%; Sigma) for 10 minutes at room

t%ﬁ@@ﬁa&ggtté@ Oc% %”(9/%5 relg g&glon I'Oglr% aasrnquon

5 GATCCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTCCGA
CNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNCTCCAG 3' (120 nt) (SEQ ID NO:52) :
5' GATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNGTCGGANNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNGTCG 3'(120 nt) (SEQ ID NO:53)

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 &' (148 nt) (SEQ ID NO:56)

5" GGATCCGACNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNACTCCAGCGTACGGCCGCCTTGGCCTCCGACT




cl. Cells are lysed in lysis buffer (50 mM HEPES, 1 mM EDTA, 0.15 M
NacCl, 1% SDS, 1% Triton X-100, 0.1% sodium deoxycholate, all from
Ambion). c2. The chromatin is solubilized by sonicatlon using a Branson
450 ultrasonic cell disruptor (20% duty power output, 30 second, 5 to 8

tiMtés*68 2% He chromatin is diluted 10 fjges to lower the SDEHEAYE000062

c4. The extract is then cleared by centrifugation at 14,000 rpm for 10
M NI N ENNABNGRUE RN SIQREIN N ONNNNEEN FUNNNNNNCTC
Inm@poqf%ci(gi&%tm §EB/\1%%i6[§g§ams of monoclonal antibody (F7,

Santa Cruz) are bound to protein epharose (Pharmacia). d2. The
antibody coated beads are incubated with the chromatin extract at 4C for

ldreumediite dlisohaskdsde thenpnashgd with the following buffers
i ical : ffer 1 (50 mM
R A o S D AR KRR SR vomnna
sONNNNSTCRPAEEE B2 WaBERMBNOS8)MM HEPES, 1 mM
(IJ:_I o ' A ffMN%WN'V' Tri 'IQI& H8 OWmW% NN
r miVi Trisil-la .0, ,
O%W%%%?%ég@%&% 6‘8&9&?@@@)}:}1 time Wash buffer

4 (20 mM Tris.HCI pH 8.0, 1 mM EDTA) 1 time d4. The protein-DNA

C e Ok shRldtadifrongitedqads with elution buffer (50 mM
T@sé@k HG%Q. A, 19 for 20 min at 65C. d5. The

eluant Is then dialyzed in. MY RSV Y RN BINNAB NN BINNNN
WM@@@@&MM@G@W)OOOO% foonsj(a) End repair (as for
P IBEAIRDCTE AONRIRINRNAANRNRAR R ARG RRRRA

NNNNNNCTCQAGTCC 3' (62 nt) (SEQ ID NO:61)

Product oligonucleotide of FIG. 10

Y GATCCGANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNCTCCAG 3’ (114 nt) (SEQ ID NO:62)
5 G-ATCCTGGAGNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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 CIA-
PET, (4) Sequence CIA-PET, and (5) Map the CIA-PET sequences. (FIG. 3)

[00145](1) Generate ChlP DNA-protein-DNA complex

(a) Mouse embryonic stem (ES) cells are cultured under feeder-free conditions in
the presence of leukemia v~inhibitor;y factor (Chemicon). |
(b) About 1 to 2 x 108 cells are collected and crosslinked with formaldehyde (final
concentration of 1%; Sigma) for 10 minutes at room temperature. |



Chromatin (up to 5 ug)2.5 ul 10x End Repair Buffer (Epicentre)5 ul 2._5
mM dNTP Mix (Epicentre)5 ul 10 mM ATP (Epicentre)5 ul E_nd-Repalr
Enzyme Mix (Epicentre)1 ul Nuclease Free Water31.5 ul Briefly vortex to

nwé% jagHpate at room temperature for 45 minutes, stop {)ggél;ag/t%fow
70C 10

r 10 minutes. Adjust the concentrggion to 65 ng/ul by ad Ing
Nuclease Free Water. (b) A-tailing, as above for CIA-PET DNA20ul 10
i fdRirbsir8eA Sl amatinorenaratianffer (Takara)2.5 ul ExTaq

polymerfaseC@w&(afr@)Q/Eédl NUE@QS&M@ KaiRfd- ﬁlﬂb@uqar;wou ) Ro.15 M

machin 2¢,fo then 4C orever It is best't
tubes aﬁl(? %er%r;m%e ligatfon .ﬁ%@é‘ APy 8nté tredivensispny eholate, all from
ends. (c‘}"ﬂ@'@f‘bNA with M&G linker (SEQ ID NOS: 3 and 4) Chromatin

DNA (2@9.ng}b1dHromatin is solubilized by sonication using a Branson 450
ultrasonic cell disruptor (20% duty power output, 30 second, 5 to 8 times;).
¢3. The chromatin is diluted 10 times to lower the SDS to 0.1%.

c4. The extract is then cleared by centrifugation at 14,000 rpm for 10
minutes at 4C.

¢5. This extract is stored at -80C until use.
(d) Immuno-precipitation
d1. Two microgrammes of of monoclonal antibody (F7, Santa Cruz) are
bound to protein G sepharose (Pharmacia). ‘ 4
d2. The antibody coated beads are incubated with the chromatin 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
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



M&G adapter- T tailed (38 ng)7.6 ul 5x ligase buffer_ with PEG

(Invitrogen)6 ul T4 ligase (5U/up (Invitrogen). 1 uI. Final-volumel12.3 .LI|
Liget@ overnight . at 166C to obtain oligonucleotldes‘(SEQ_ID NOS: 26

and 27) inserted with M&G linker. (d) Reverse cross-links with protemg;swow
K VIS 288148t CIA-PET. WO 2007/106p47PCT/SG2007/008685SY

Divide DNA sample into 20 ul aliquots, and reverse cross-links by

overnighEmg WeadimrsafepCelsius in the presence of 15 ul o%\&mg/ml

roteina i0n). . he next day, add 1 ul of 10 mg{ml se A
?Qiagen??oéyﬁiggg%%% is degraded 45 min at 37Celsius, folbwed by

e -
phenol eiﬂé’&l‘(%’r\T%d ethanol precipitation of DNA. Resusp”(g;nsgtolg 20/u|| of
Elution BEwgRepdistergyate 4@¢- The concentration Is usua ng/ul.
Quantita apd ge;forﬂahty control check by running 0.5 )lﬂl"’é)n a 1% gel
together Wlf&eFaﬁaFge\M‘%ngange Ladders and Invﬂrog&h L6@Wass
ladBERXEIS ol mibnane ibefromybitd e oetetiahierat(ih sapuld Rfinutes, stop

Cossmmgaing et eon i RS

the 505100 hp mark. %Digest with Nla _

6 %o%‘?éé“ﬂ&%@@f 2561{7e® WRlhefore use. DNA (approximately 1 ug)
.10x NEBuffer 4 (New England Biolabs) MAI (New England Biolabs) 100x
B&) ANaiigngland Biolabs) Nuclease-Free Water 2 ul 5 ul 1 ul 0.5 ul

AL paa 20 ul
10 mM dATP (Roche) : 0.5 ul
10x ExTaq buffer (Takara) - ' : 2.5ul
ExTaq polymerase (Takara) 0.5 ul
Nuclease_free water ; - to 25 ul

Incubate in a PCR machine at 72°C for 30 min, then 4°C. It is best to take out the
tubes and perform the ligation immediate once incubation at 72°C ends.

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

Chromatin DNA (200ug) ‘ 3.1ul
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 A 12.3ul

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

(d) Reverse cross-links with Proteinase K
Divide DNA sample into 20 ul aliquots, and reverse cross-links by overnight -
incubation ét 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



Prepare five tubes of the above reaction. Incubate for 1 hour at 3_7C.
Phenol chloroform ethanol precipitate with glycoblue, resuspend in 1Q ul
of Elution Buffer (Qiagen). (f) Polish ends with the Epicentre End-It Kit:

D 0)34 ul 10x End Repair Buffer (Epicentre)5 ul %@rwoomooow
dﬁ'léPz(&IQ‘/?lég(Gggcentre)S ul 10 mM ATP (Epicentre)5 ul End-Repair Enzyme

Mix (Epicentre)l ul Incubate at room temperature for 45 minutes; stop by
heRfiRjtatiqooffONAD ResuspentO220017¢1 EHOHGH BIFSCRD ARG, The

e e o D foe, Lsing L7 mi miorofuge

j ] anking sites , U . .
RO o KGR HGIY Bralil e G e PE gBYHA obtained
baffér fithaeE@thrkatagelt)iiedRanfNlatigese #oid/iittueitagemMals ladders
|r3§183@.t§ Qver m&;gfmgé})rs}ﬁé MG)%PW (Hp&%iﬁhe gtel g&SES sSmeared on

SEQ ID NOS: 28 and 29).
r?ﬁ)erzegse(?%tﬁ s%ulggot show any bright band at around the 50-100 bp mark.

(e) Mme1 cut

10 ug DNA 20 ul
10x NEBuffer 4 (New England Biolabs) 20 ul

. 10x SAM (New England Biolabs) " 20l
Mme1 (2U/ul) (New England Biolabs) o 20 ul
Nuclease-free water 120 ul

Split into two tubes and incubate overnight at 37°C. SAM should be prepared
fresh.
Phenol chloroform and ‘ethanol precipitation with glycoblue.

. Quantitate DNA and perform quality control by running 3 ul on a 2% gel or PAGE
gel together Witﬁ 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 incérrectly 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 hoursat 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) - 2wl



Also set up a vector self-ligation control. Transform 1p1 of the ligation
reaction per 50p1 of electrocompetent TOP10 cells (Invitrogen) by
electroporation. Recover each aliquot in 1 mi LB media at 37C for 1hr,
th%n gl()%t7§l.(gbjt7in a series of several dilutions (on LB agar + am iciIIin% for
qual ¢8RSt and titering. Then scale upghis process by platifig'{ig2007/000069
remaining culture on large agar plates (Q-trays), and performing

maxiprep8QisiethtroRiagen HiSpeed Plasmid Maxi kigadQQ0153] (3)

C_ﬁéQUDsEJn' %Xi& E’Mg]éltgé%’ ?‘noliig I?Eu 10er%\1§Buffe_r 4 (New England

Biolabs) 10x SAM (N & Brotdln) KRR D8N Yaera 2gHAP-5 ul on a

O e O AT el ' oo

\mdigistial GUéhtiicdtian) aligesst ' Qs ...

g%gﬁggt.l:ézt!\%;a%%(gge%repargﬁiﬁ?gehegﬁgﬁgﬁg%%r%m%g#ﬁ)ee&‘ﬁ%%&'Ven n
g

precipitation with glycoblug, resuspend in 12 ul of Elution Buffer.
Quantitate DNA and perform quality control check by running 1 ul on a 2%
gedmu RIS Ergelitopether with Takara Wide-Range Ladders and Invitrogen

BRI o588 S50l e oA Sdoub a o6 wel

plate witANAEHPREOontaining the following (MJ Resgaich):

Adapter (10 ug) : 6 ul
10x ligase buffer (with spermidine) 1.5 ul
T4 DNA ligase (5U/ul, Invitrogen) 1 ul
Nuclease Free Watgr 0.5 ul

The total volume is 15 ul. incubate at 16°C for 16 hours.

10x ligation buffer with Spermidihe is made up of:
60mM Tris-HCI pH7.5 (Ambion)

60mM MgCi2 (Ambion)

SOmM NaCl (Ambion)

1mg/mi BSA (New England Biolabs)

70mM Beta-mercaptoethanol (Sigma)

1mM ATP (Invitrogen)

20mM DTT (Invitrogen)

10mM spermidine (Sigma)

(b) PCR ampilification

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

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

PMR11 1 ul (0.2 uM)



100 ng DNAS5Q ill Ligation Solution 1 (Takara Ligation Kit ver 2) 50 ul Seal
plate tightly to prevent evaporation. Incubate at 16C, over_nlght. Perform
PCR purification (Qiagen) with three columns, resuspending in 40 ul of

i each, giving rise to a total of approximately 12 ln&@z&%'&oosg
El%%%ﬂtoﬁr&;%ﬁ‘t[abes of: Circularized DNALz ul 10x buﬁer.TAN%g

(Fermentas)8.6 ul 10x SAM (New England Biolabs)8.6 ul Gsul (5U/up
(Fermerf?&éﬁ?ﬂﬁl Nuclease Free Water55.8 ul Digest at 80@.fouRf)least h,

but do n%%gpﬁw.@?ﬂg%o@g%%ﬁgreseme% %yu§EQ ID NOS:

32 and e obtained,  (d) Circularizati et up 9 tubes contai_ning the _
foIIowing:i}géep%?( 1@@%&%A50 ul Ligation Solution fo(T@&ke#s Ligation Kit

ver 2)50 ul Incubate at 16C, overnight. Phenol chloroform ethanol

prasiRigieINaBEReN B IERL G, 4L R Eution Buffer. (e) Amplification with

Rolling Circle Amplification (Templiphi kit, Amersham) Thaw solutions on
ice. Prepare 3UHIBRIS the following: 2.5 ng of DNAL ul
2. 0.5 min 94°C :

3. 0.5 min 55°C
4.1 min 72°C
5. Repeat from step 2 25 times.
6. 10 min 72°C.
Purify using PCR purification kit (Qiagen).

[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. Multiple 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 ChIP DNA-protein-DNA complex, (2) Prepare CIA library (3) Prepare
CIA-PET library (4) Sequence and (5) Map the CIA-PET sequences (FIG. 5).

[001511 (1) Generate ChIP DNA-protein-DNA complex (as above) - . ‘
(a) Mouse embryonic stem (ES) cells are oqvlturéd under- feeder—free coriditions in
the presence of leukemia inhibitory factor (Chemicon). -



mpliphi kit denature buffer (Amersham)10 ul Heat at 95C for 3 minutes,
;rheenpl):)r?efly cool on ice. WO 2007/106047 53PCT/SGZQO7/OOOO69
Templiphi kit premix (Amersham)10 uf Mix well by tapping or gentle
vortexing. incubate et 30C, no shaking, 16 - 18 hours. Exar_nme thSeG2007/000069
mARAY718f Wkample, by micropipetting, 1 uf. It should be viscBb:
Quantitate double-stranded DNA by picogreen fluorimetry (Quant-IT_ DNA
a$BafrauMotecikr B8 atsils)=(f B%ﬁé@uhaqg?m@dﬁhwm Albugrﬁi;ﬁ,de (final

abhdd e E ' x Boyine Se

(BN ew Englané1 ms?%ﬁ%gﬂ I???Zﬂbgg%u]i? ??&d¥%9<1@éa§§5u(ﬁEW
England Biolabs) 10 ul Nuclease Free Water78 ul Prepare more tubes as

néedeeltlyeikyant thi@hAiniprezataion 37C overnight to obtain
oligonualeeufleneRisse M Rbaf (BONRTHERRY T3 (PEBFA, 0.15 M Nac
PUTCHUOUDS, 196 Triton X100, 0.1% sodium deoxycholate, all fom Ambion).

c2. The chromatin is solubilized by sonication using a Branson 450 ultrasonic

'cell disruptor (20% duty power output, 30 second, 5 to 8 times;).

¢3. The chromatin is diluted 10 times to lower the SDS to 0.1%.

c4. The extract is then cleared by centrifugation at 14,000 rpm for 10 minutes
at 4C. '

cb. This extract is stored at -80C uniil use.

(d) Immuno-precipitation
d1. Two micrograms of monocional antibody (F7, Santa Cruz) are bound to’
protein G sepharose (Pharmacia).
'd2. The antibody coated beads are incubated with the chromatin 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.HC! pH 8.0, 1 mM EDTA) 1 time
d4. The protein-DNA complexes are then eluted from the beads with elution
buffer (60 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

at4°C. . , : '

[00152] (2) Prepare CIA-GiPET library



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 80y, approximately 1.5 hours, and visualize at 365 run UV.

Qligenysleatides with incorrectly Inserted linkers will be remoyeg, &y, 188000069

gel electrophoresis (for examples of ind&rectly inserted linkers, see FIGS.

8 to 10). Excise ditag band and electroelute using disposable Fermentgs

. ElutaTubes according to manufacturer's recommendations. Electroelution
ipradtian&dorpat. &:bdurwwémndﬂmmﬂmt%ﬁaés%ﬁaer%yaﬁwth the

@sg&l{%egrm%skfor every 200 ul eluate, add 3 M NaOAc pH 5.22

M MgCI2 4.5 ul Glycoblue2 ul 100% ethanol800 ul Resuspend

precipiEfEAeAbE f4rito12 Y@ EIution Buffer and run 258ifibn a 4-20%

PAGE mmllﬂﬂtag@mesm@rlégwdgm)Ladders (Invigogen) for purity

check Hamtlfl tlon A 2007/106047PCT/SG20071000069

54 (00 quence BN EPET (a)Concater%an of gel-purified

BamHI @dﬁ NEFIERTSNTEA-diPETS 200-1000ng6 SilulOx ligase buffer

(with Smﬂﬁmlﬁ%@@mm%&p (Invitrogep)lyl Nuclease Free
Water?f\lwclease Free Water 31.5 ul

Briefly vortex to mix, then incubate at room temperature for 45 minutes, stop by
heating at 70°C for 10 minutes. Adjust the concentration to 65 ng/ul by
addit;ng 27 ul of Nuclease Free Water.

(b) A-tailing, as above for CIA-PET

DNA ) 20 ul
10 mM dATP (Roche) ' 0.5 ul
10x ExTaq buffer. (Takara) 2.5ul
ExTaq polymerase (Takara) 0.5 ul
Nuclease Free Water 1.5 ul

!ncubate in @ PCR machine at 72°C for 30 minutes, then 4°C forever. It is best to

take out the tubes and perform the ligation immediately once the mcubatton 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 obtam ollgonucleo’udes (SEQ ID NOS 26 and 27)
inserted with M&G linker.

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



Incubate at 16C for 2 hrs to overnight. Then heat-inactivate at 65(_: for 10
min. (b) Partial BamHI redigestion of CIA-diPET concatemers_ Pu_rn‘y the
concatemer DNA using the Qiagen PCR purification QuickSplrr]l kl][. T‘he?
uantitate the DNA by using 1 uf for Nanodrop (Nanodrop technologies),
gn\ﬁoolﬁ"(g/é?ﬁ%f BamH1 re-digest: Concaggmers20ul 10x Bam?ﬁ"iﬁf?ﬁ??m”m”
(New England BiolabS)Sul BamH1 (diluted to 1U/ul) (New England
Biblsios) DNAI $80wiB SALGNREY Englm@@jo@ﬁg)@&gﬂsé\h&&%ﬁ%%gg ( f‘é?might
W I for 30 min, not apy, longer. Quickly a [
o ﬁ"ﬁ“”é %ﬁ%ﬁ%@?ﬁ%&%H%ﬁ%"éﬁiﬂ"&ﬁ%e‘%e 6%%{0%?({5‘ opfoteinase K
Pﬁ‘tﬁ'r&}f’ﬁ’é?ﬁ- P st HﬁMfi@gﬁdn%Pﬁéﬁdﬁgéﬁé@N@AﬂifQ?EéI'QEbio_&ddbgrade RNA
ensirdegpadield piehenabht iewam%gffg_n@mwwwl@%i ér’ggt;j)ggh gweth anol
fl s ide-Range and invitro ow S la V
S B RPE 0. 2 i RS Sirioth SYEREC. The
GFRBRANERIPIK sally F DMk Reader transilluminator (Clare
Cheantihdoage issangElE R RRRCBPRARG IS IS o 1% go

- ' fractions, | 400-1000bp); medium .
COBBRSRE A R PR Mot tisgcers ang
si?eh S sraisrirhimahianidiuyeterss toa Hd) Slearidissdedsasihsared out on

beiteogemeishwaiPaSrioeeslion BRiSBHEH e HDS iSOlRRERNse & bd Ml
micro?ﬁge tube, and WO 200%1056047PCT/SGZOO7/000063@5 g r

(e) Digest with Nia 1|
Store Nla lll at -80°C (half-life is 6 months at -80°C). Place on ice just before use.

DNA (approximately 1 ug) 2ul
10x NEBuffer 4 (New England Biolabs) 54l
Nialll (New England Biolabs) 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 chioroform 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) 5ul

End-Repair Enzyme Mix (Epicentre) 1 ul

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



centrifuged at 16110 g, 4C for 5min. The gel pieces are thus conveniently
shredded and collected in the bottom of each 1.7ml tube. Add 200p1 of
LOTE:NH40Ac (167:33) (LoTE according to the recipe below, NH40Ac

fraE HPkiopy, to each tube and elute by heating at 65C for 2_@&/%81(57/000069
buffer: 3 mM. Tris-HCI pH 7.5 (Ambion)®2 mM EDTA (Ambion) Separate

the supernatant (containing the eluted concatenated DNA) away from the
b1 plenss ifnarRCARB orenterospRiller NAIEs 48 befdraé SbFERRINGad 11) with
Wi anlOBYH01 Heniiegfsitas phenol/chloroform extraction on each eluted

ize-fraction, then ethanol precipitate: Eluted DNA fraction 200ul :
e B 5 S o as et 22 T kiotmibaminol s00u1
Keep afBu@ul3metnt B§ES spin 16110 g, 4C, 30min; w@sh 1x with 75%
EthanopRgsuspend the pellet in 6ul of LOTE buffer6 ul
5x ligase buffer with PEG (Invitrogen) 2ul
T4 DNA ligase (5U/ul) (Invitrogen) 1 ul
incubate overnight (12-16 hours) at 16°C to obtain oligonucleotides
represented by SEQ ID NOS: 28 and 29).
Also set up a vector self-ligation control.

Transform 1ul of the ligation reaction per S0ul of electrocompetent TOP10 cells
- (Invitrogen) by electroporation. Recover each aliquot in 1m! LB media at 37°C for

1hr, then plate.out in a series of several dilutions (on LB-agar + 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
(2) Mme1 cut

10ugDNA | 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 oligonuclectides represented by SEQ
ID NOS: 30 and.31. SAM should be prepared fresh.
- Phenol chioroform and ethanol precipitation with glycoblue, resuspend in 12 ul of
Elution Buffer. '
Quantitate DNA and pérform 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).



(e) Ligation to pZEr0-1 vector Prior to use, the pZEr0-1 cloning vector Is
prepared by digesting 2ug of pZEr0-1 plasmid DNA (Invitrogen) with 10

units of BamHI (New England Biolabs) for 2 hours at 37C. The digested
pl%vsomzioctln[/)l'(}lsﬁhgs phenol chloroform extracted and ethanol precipitated,

then resuspended in 60 ul of LoTE at a ggncentration of 33ngfpit 11 000069
plasmid may be validated by setting up a vector self-ligation as a control

(tHerEispidalizaiiofew colonies), as well as by running on an agarose gel.

Sebvpghedigat f : NA fraction6 ul
BamH |‘/;%§o§4’1% ra1@5%? ﬁg g‘ﬁ?gﬁ %ﬁkﬁ@%@&%&ﬁﬁé@’é’ﬁ%\fﬁeﬁ%&h)3
ligase (5 E?g? trogen)lul WO 2007/106047PCT/§62007/000069 56
Incubaté-igelieCSnietioiyht( DaaratihgaidRactivaies)Alsp st up self-ligation
of the veglgr ﬂféf@@“ﬁkl% 31’89@3”(0&\/%%%‘(}?%&“”9 the vector for

i et

self-ligation, replac he concatemer Aetion with nuclease free
water. FJUH\‘SP%’QC'H ﬁ@a@oﬁ\f@rzﬂﬁﬁfﬂ to remove salts before electroporation:

agmgzgé@l%?é; tp”memi‘mFm’zgﬁ?ﬁﬁeﬁ‘M‘a‘t%t%lwﬁg,r%s%sp(enﬂ%ng in 40 ul of
PBRR n.e ion ng ethanol precipitate (wi

GlycoBlue) eigt %%8 gﬁ%&ﬁ%p&pﬁtoﬁﬁ? AreroXIEELRe1RP thice with

70% ethanol, and resuspend in 12W LoTE. Add 1 ul of the purified ligation
réactmaintot25ul electrocompetent cells (e.g. E. cloni from Lucigen;
ngggpf@md%g/gﬁogen), in pre-chilled 1.7m1 microfuge tubes. Do NOT

pipette up and down to mix; instead, gently stir with the pipette tip. Stand
on Ice%ﬁﬂﬁﬁﬁ?ﬁﬁ@h"ﬁfansfer to pre-chilled Biorad eld@umgporation cuvettes

(0.1cnm@aplffer TANGO (Fermentas) 8.6ul -
10x SAM (New England Biolabs) 8.6ul
Gsul (5UMul) ('Fermentas) ‘1 ul
Nuclease Free Water 558Ul

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

(d) Circularization

Set up 9 tubes containihg the following: :
Approx 1OQ ng DNA 50 ul
Ligation Solution 1 (Takara Ligation Kit ver 2)  50ul

incubate at 16°C, overnight.

Phgnol chioroform 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 ; 1ul

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

To the reaction buffer, add:



Stand on ice for another 5min. Electroporate using Biorad Mlcropulse;r :

unit, single pulse, program Ed. The timel constant IS uguqlly betweefn .

to 5 ms. Add 1 ml room temperature plain LB media Wlthln'losecoo

pulsing; transfer to 15ml Falcon tube, and recover at 37C, ihr, 20 rprrom/000069
sh PE1a#*between 20-50ul (out of 1y1) orclj a sérgg(l:lig%é aﬁtwsc
containing Low Salt LB agar plus Zeocin mmedia _ :
Invitrogé’«gmahdﬁiridubaémwe(r,ql,igg,tsﬂg%c. (f) Library qﬂ?ldﬁy control Count

jes and determine library efficiency arter eliminating
thwmpg?igﬁ%%@é%%%ﬁ%%&?ﬂo% colonies for PCR screening using

:)hrﬁﬂsré?ff%@ﬂ%d@ﬁhﬁwmﬂﬁlddémamntrol PCR on thelpZErO]:l
veSwmitseltBasaleomihPGRpREy Btk bR droo el platesof

CORRHEQE &58!&@%#%%@0%%%%%%% Fb?é:lé@ﬁﬂd@maﬂemﬁ assay

en), plasmid pu . :
Lnt}%ﬁr‘;)(@’fﬂ%&f?%fd%r BE?%%sert. At this stage, the Ilt_)rary can be stored in the
form of purified ligation mix at -20C, until one wishes to perform large

' [ [ d sequencing. (g)
sc rmations, plasmid extractions an
Se%kzgn%?r%pl%qgr plating and colony picking WO

2007/1480k9 SG20071000069 57 The transformed TOR 0

] lates
(Invitrotien) biagie B sRisHyese @W%&?\%ﬂa %f&i%%ggﬂ agarwlo&aE t
- ' ith col nsity of less than Z,000 per eto
ggciﬁ?@?ﬁ%&%ﬁ%ﬁ%@. ri%?%tl'g‘jgl%?{rﬁé@\%ﬁe%%é@ and eliitured in |
384-w§?5?5¥b@ kUL Rl exessis) (dmneiboyrnatSidamaieraight. Multiple
copiesW@Sdse/\leiéQIWQsearg replicated and stored in -SOC%me
PIRPARE Mbhe YaRLCELo (Bi3) digest the DNA; incubate at

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

37°C overnight to

(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 fadder. Run at
80V, approximately 1.5 hours, and visualize at 365 nm UV. Oligonucleotides with
incorrectly inserted linkers will be removed by the gel electrophoresis (fbr
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 y| on a 4-20%

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



(h) Template preparation Plasmid DNA from th_e pZERO-1- derlvechAones

is prepared using the Sprintprep solld-phase kit (Agencqurt). (.1) D
sequencing Plasmids are sequenced using the sequencing primers

PMRO11 and PMR012 (SEQ ID NOS: 13 and 14 respe_ctlvely) to
seqWer88TimdBth directions. [00155](5) Ma th_e CIA-leET§ Mempsizzgo7/000069
may be performed using the Compressecf3 uffix Array, Multiple joins

across two different DNA fragments (n > 3) shall be taken to represent

rea] distal gontrol regions (EIG. %gMore than 3 PETSs have to show
reat?ang%‘%i%? S?ﬁ?%%g?ﬁ&éﬁ’é’ﬂ bf DNA - that is, tag 1 and tag 2
sef@&ieersieaalisteokestbminiedtBamiidhesiacatsghen different

petosg m{'?era consisting of tags that map to different
eafone AP ) taken to be representative ®tgenomic

' e,Is
LZZ?:E:&%E?&%H&EM%W&% of M and G vektor pGIS8 for
use (a) CbRINAHCASS (Gebitdy (ItbkBgplify by Rolling Cjygle Ampllflcatlsciz
as beforqydisaaliphikiyAgrersham) Thaw SO!U'[IOI’IS o&n le%:-e' Pr(_epr?rlf_t
tub,%s Cgt e quI ing: 1 rig of DNA (from Maxmr_ep)l ) empliphi {
denaturs bufte g%’&?ﬁ%@f 2 8¢erBigBtnii hateBeahémablieity a08500 f6€:10 min.
58 To the reaction buffer, add: Templiphi kit premix10 ul Mix well by

tanp BRI AEHIRNOREIIBE 0N of CIA-AIPET concatemers
Purify the concatemer DNA using the Qiagen PCR purification QuickSpin kit. Then

quantitate the DNA by using 1 ul for Nanodrop (Nanodrop technologies), and do a
short BamH re-digest: ' - L '

Concatemers B ,  20ul
10x BamH! buffer (New England Biolabsg) 3ul
BamHi (diluted to 1U/ul) (New England Biolabs) 0.2 ul
100x BSA (New England Biolabs) 0.5ul
Nuclease Free Water 6.3ul

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 I, 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 (400-1 OOObp); 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 needle. This pierced tube is placed inside a 1.7m| microfuge tube, and



Incubate at 30C, no shaking, 16 - 18 hours. Examine t_he material. It _
should be viscous. Quantitate DNA by picogreen fluprlmetry (Quant-It kit,
Molecular Probes). (c) Perform restriction enzyme digest DNA2|5ué Xhol
20U/up (New England Biolabs)1 ul EcoR1 (20L_J/u1) (New Englan

(Bi&' . etk Buffer Ecor1 (New Engjand Biolabs)5 ul 100k BSAXIEN006?
England Biolabs)1 ul '‘Nuclease Free Water17 ul Incubate at 37C for

1608ptiitigedrift VI TCR m&ﬂfi@aﬁ%ﬁ.(@ikl)@gegﬁ%} Bﬁlééégﬂgﬂl% ihgg'éEﬁgnvemenuy
I ' : re two tubes of:

N TSI s 2o o

A afég}%ﬁ%%ﬂﬁéﬁ JREPIEEASSPRAINGIXtD uthe recipe below, NH4OAc from

Ambion) to each tube and elute by heating at 65°C for 2hrs.

LoTE buffer:
3 mM Tris-HCI pH 7.5 (Ambion)
0.2 mM EDTA (Ambion)

Separate the supernatant (containing the eluted concatenated DNA) away from
the gel pieces with the aid of microspin filter units as before, by spinning at 16110

g. 10min, 4°C. Perform phenol/chioroform extraction on»eaéh eluted size-fraction,
then ethanol precipitate: '

Eluted DNA fraction , : 200ul
-3M Sodium Acetate pH 5.2 : 20l
GlycoBlue 2.2ul
100% Ethanol ~ 800ul

-Keep at -80°C, 30min, then spin 16110 g, 4°C, 30min; wash 1x with 75% Ethanol.
Resuspend the pellet in 6ul of LoTE buffer.

(e) Ligation to pZErO-1 vector

Prior to use, the. pZErQ-1 cloning vector is prepared by digesting 2ug of pZErO-1
plasmid DNA (‘lnvitr'ogen) with 10 units of BamHI (New England Biolabs) for 2
hours at 37°C. The digested plasmid DNA is phenol chioroform extracted and
ethanol precipitated, then resuspended in. 60 ul of LoTE at a concentration of
33ng/pl. The plasmid may be validated by setting up a vector self-ligation as a
control (there should be few colonies), as well as by running on an agarose gel.

Set up the ligation as follows:

Concatemer DNA fraction 6 ul
BamH1/pZEr0-1 1 ul
5x ligase buffer (with PEG) (invitrogen) 2ul

T4 DNA ligase (5U/uL) (Invitrogen) 1ul



Nuclease Free Water11.5 ul Incubate at room temperature for_ 45dmt|r?uttes,
stop by heating at 70C for 10 minutes. [eons] It will be appreciate ?("Iled
various modifications and improvements may be made by a person ski

' [ i f the present
[ thout departing from the spilt and scope o
:2\}2‘??8??2‘?\/7\,&'?96“50075106047PCT/SG2007 000069 59 100151 PEK/SG2007/000069
example, the CIA method of the present invention may be used in other

kindsmmﬁﬁsﬂsuem\b@a@}ﬁqﬁg i,qgg%gt%g@vmartnalian cells. Also,

of linking with
[ ' P. the method may be per orméq by cross ing .
Ia? :ﬁg%)g#jﬁ%g *v%/lll'ﬁ%t? e FoYAih IR sediRliegiencantthls Waisatiorsparing the

the Y7613cAPisself-Hastinnst etlece. toeossHtakenith foNpaiARmide dAF, 1P freo

at 38@e8. Cell lysis with bead-beater followed by centrifugation to obtain a

nication, hydroshearing, repeated
o SRR3R el oesrsibmmafine aciust volame

. 3@&%@0&] eoleanmiietcdateataerovith @i@&aﬁ&?ﬁ@%@%ﬁé‘m 7.9)
Therdetinatins Habiomay %Wtﬂ%o@ﬁ%zsﬁst‘?gdfé‘a‘g% #%iﬁ%’&%iwyash the pellet
desgribgg %‘8&;&8 %Egétﬁgrrwto ?;nlg l%nsutspeern\é in 12ul LoTE.
amglcligc?{}?gfr?@/ pgri?»eg ligation reacfion into 25ul electrocompetent cells (e.g. E.

cloni from Lucigen: Top10 from Invitrogen), in pre-chilled 1.7ml microfuge tubes.
Do NOT pipette up and down to mix; instead, gently stir with the pipette tip. Stand
on ice for 5min, then transfer to pre-chilled Biorad electroporation cuvettes (0.1cm
‘'gap). - _

Stand on ice for another 5min. Electroporate using Biorad Micropulser unit, single
pulse, program EC1. The time constant is usually between 4.5 to 5 ms.

Add 1ml room temperature plain LB media within 10sec of pulsing; transfer to
15ml Falcon tube, and recover at 37°C, 1hr, 200rpm shaking.

Plate between 20-50u] (out of 1ml) on a small agar plate containing Low Salt LB

agar plus Zeocin (Immedia Zeocin Agar, Invitrogen) and incubate overnight at
37°C. .

(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
PMRO11 and PMR012. Include a control PCR on the pZErO-1 vector itself.

Based on the PCR results, pi@;k 1 to 4x 96-well plates of colonies for overnight
culture (in Low Salt LB + Zeocin, Immedia, lrivitrogen), plasmid 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



instead of PCR. In such a variation, the protocol folloyv_ing removal of
unwanted proteins is: 1. End-blunting of DNA. 2. A-tailing of.DNA. 3

Ligation. 4. Rolling circle amplification; may be performed Wlth z_;lswtable
commercial kit such as the Templiphi kit from Amersh_am Biosciences. ?/.000069
QUARHALALSH bf DNA; may be performegwith the Invitrogen/MEREHP
Probes' PicoGreen fiuorimetry kit. 6. Digestion with Mmel restriction

enfymeaos_ﬁmedheosula_tgdmm@awm@ﬁé-,ﬁ@%&%ﬁé{gﬁg@l érbt on 22x22cm
Srﬁgﬁﬁﬁgﬁgt{%ﬁggﬁﬁéﬁﬁﬁ&%ﬁf é)épmlsi’?y of less than 2,000 per plate to
2085 B0 IPRS6Y Rickingy Insbiidee 60! ety avmes piktRl UREGARGBI G 384-well

(19885 Rvitic mubl&e@bsanusee.%%)étlé99é'8véﬁgjggl Current

9
2.1995 Ed. Aus ggtqllzlfﬂ?? gabigs of 384-

i iologyVol. ,
P B e iSOG ety Mk glyoero
MZ%‘%’B%(Z): 141-147.

(h) Template preparation
Plasmid DNA from the pZERO-1- derived clones is prepared using the Sprintprep
solid-phase kit (Agencourt).

(i) DNA séquenc;ing »
Plasmids are séquenced using the sequencing primers PMR011 and PMRO012
(SEQID NOS: 13 and 1 4'respectively) to sequence in both directions.

[00155] (5) Map the CIA-dIPETs
Mapping may be performed using the Compressed Suffix Array, Multiple joins
across two different DNA fragments (n > 3) shall be taken to represent real distal
control regions (FIG. 5). More than 3 PETs have to show rearrangement of the
" same stretch of DNA - that is, tag 1 and tag 2 separated by a distance of more
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 pGIS8 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) 1ul
" Templiphi kit denature buffer 10 ul
Heat at 95°C for 3 minutes, then briefly cool on ice.
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2005025514 Wel DOERRIEDOPaen BE20OBOOEB629 US 4,766,072 _
WeinmaninetibhteGnesd e g%ée,@):_z%sh%@smmcsup Claims 1.

' | leoti mprising at least one first tag, at least one
Ceco A SR bR i T A b bcrnerace
tagdeprimalivnéfeussibilikiitdiolesmimtdiobes).

(c)  Perform restriction enzyme digest

DNA 25 ul
Xhol (20U/ul) (New England Biolabs) 1ul
EcoR1 (20U/ul) (New England Biolabs) 1 ul

* 10x Buffer EcoR1 (New England Biolabs) Sul .
100x BSA (New England Biolabs) "1l

‘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 blunt
Prepare two tubes of:

DNA - 22.5 ul
10x End Repair Buffer (Epicentre) 5ul
2.5 mM dNTR Mix (Epicentre) 5ul
10 mM ATP (Epicentre) 5ul
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. The Isolated ollgonucleoticie according to claim 1, wherein the first tag
is of a first polynucleotide and the second tag is of a second .
polynucleotide, and wherein the first and second polynuclgotldes are
polynucleotides of a nucleic acid-protein complex, 3. The isolated

oliYSHIAEBEY according to claim 1, wh ein the linker comprREKSE2Aa%8p0069

one restriction enzyme recognition site. . The isolated oligonucleatide
aqmndmgdaeaampm,etﬁtattmprﬁéﬁma%ﬂﬁwemﬁﬁ%mﬁﬁﬂlﬁgsﬁé’gged in other
Iin}gﬁrdgs msgé’ﬁgdsg tween thetta ﬁor positioned upstream to the firsttag

or downstream o feﬁeasse SAd tacfg. % InigadophiaprIgalierisslisieAlso, instead of
actIRar b dhgrirether anaihbeepretirerae ey torms sk igfiaMtie BZ3MSble fixative

reedioitionestidosifaarnspratiiRtisicianisazymais, The +§8{3&%P;s:
oligonuglg}gggte gﬁcording to claims 3 or 4, wherein the _at_ east one
restrictian enzfmes'recognition site is for a homing restriction enzyme. 7.

Tie iso%@é‘@ﬁﬁﬁﬁfbd@@ﬂé@@hmcfmglﬂ)rainw_bﬂe@‘.the preceding clairrl1$
1 & 6, obkiriR Wihaldgashened ﬁ%ﬁ&%ﬁ%&a@io@@%%i%%dsagernatant.

teymin f 2 firsh pplynucleotide and the at least one secondtag
coﬂgpri?eps% %ﬁ eémgg;g%?? '%mterrdq’XH[%sB?%”é‘QcorrﬁPﬁ%\?ﬁuérém,ﬂiﬂtﬂgh a

WhereiﬁXH%dﬁfﬁtiﬁﬁH%m%nQW&tﬁxﬁea aneypoly digelensinles of a
Al iAo e T A S
a he, pr ing claims, rein the linke . .
re?t‘ngcﬁé%ﬁgr}éc%gni |§Jr?‘ si?é’?écgfn%&/ RIEFRRSS skt 1bluntingy liggtion) as
described above, o : .
[001583 Further, in another variation, rolling circle amplification may be used

instead of PCR. In such a variation, the protocol following removal of unwanted
proteins is:

1. End-blunting of DNA.

2. A-tailing of DNA.

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 enzymej 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. '



62 a restriction enzyme capable of cleaving a first polynucleofide to obtain

the first tag, and a second restriction recognition site recognized by a

restriction enzyme capable of cleaving a second polynucleotide to obtain

the second tag, the first and second polynucleotides being polynucleotides

of QY281 %8 -protein complex_ 9. The isolated oligonucleo®ga/5G2007/000069

according to any one of the preceding claﬁf%s, wherein the linker

comprises a first restriction recognition site recognized by a first restriction

enz%g}gr%agggle of cleaving a first polynucleotide to obtain a 3' terminus of

the cleotide, and a second restriction recognition site

' recOGipRseTBARGBEI{A998) RtionNatzyae Bgable Af 9&2&%991%%—@”"
polyustipsitideds)adiaisna by i f the sec polynuycleotide, the

firsgggpl %?r(g;end )o'é%n%cfﬁ%%get‘)%?ﬁgﬂgg?éﬁia&egg??&g&)é?(g'ﬁuél%?é- Ed. Ausubel,

acid-protein cBren% 7o’ Wis%l‘éf@dﬂ@ﬁﬁﬁ@@?@@idérﬁ&drmﬁﬂg to any

ond38Mita (7866} NatwiaiMethatie B(2)thelinker comprises a first restriction

recBeshHeR St mnﬂi j T Z pable of

cleg\{liagaa}1 (?'r L é%éﬁ%?ﬁ?&%%@g?g@%%ﬁé%%@% first

polynucleotide; a RSBt ABBnition site recognized by a

Cod2RlkredTinge EnBakescapahtiiboleaying 20805 SUbRAYALEIRRUAS- 1806 1 4

ob@ima &t éﬁ(EﬂOQ?@éﬁBﬁqé%@%@%’%ﬂ? lﬁo{%—'%gm and second .

a C

po tides bein lypucleotides o ucleic -protein complex.
11%0?%@ '%%?&%%11&8??&%%’8& 2008+ dHGXPadP¥hd 4f claims 3, 4 or 9,
whiek8MtRbanrkeseoanunista93 fiPsboe Bisiclinm de Srasiian olia resospized
bylaéhfsitrgs,tﬁjgui@bﬁggmmg%@@ppo glﬁ y}ing a first polynucleofide to

obial ' termin e first polynucleotide, and a second restriction
reéggh%g%sselgg l'r’e%aoogi&]%t&rﬁy"‘g-/s%é%éﬂﬁcﬁéﬁ 8A8%me capable of

clef&%mégsé@%ﬁ@pb@mmmaeaa.mmrmag%éwrmmgmgg%ﬁcm
poSxyieipatide,, thesirstarl/nsiggide further comprises a third '

re it} ite recognised by a third restriction enzyme capable of
CIS;%\%%%%?e&;itfﬁs't pcﬁ&?ﬁw&(,gdﬂ}(;g%%ﬁ-’t@}\z& 8 terminus of first
po%@(agﬁ?i%@ﬁmd the second polynucleotide Amended Sheet IPEA/AU
MOS13606803gmERises a fourth recognition site recognised by a fourth
regg’cé%sgggt%? capable of cleaving the second polynucleotide to obtain
a 3' terminus ot the second polynucleotide; the first and second
poﬁ%&c@&ﬂf@s being polynucleotides of a nucleic acid-protein complex;
thiVadnezstrostealii GénsOD@IN2H0PORLHHSHE NG 5 and 3" termini of the
first polynucleotide and the at least one second tag obtained from ligating
the 5' and 3' termini of the second polynucleotfde. 12. The Isolated
oligonucleotlde according to any one of the preceding claims, wherein the
nucleic acid-protein complex is part of a chromatin structure. 13. The
isolated oligonucleotide according to any one of the preceding claims,
wherein the polynucleotides are DNA or RNA. 14. A vector comprising the
oligonucleotide of any one of the preceding claims. 15. A concatemer of
oligonucleotides comprising at least two isolated oligonucleotides, each
isolated oligonucleotide comprising at least one first tag, at least one
second tag and at least one linker, wherein the first and second tags are
tags of a nucleic acid-protein complex. 16. The concatemer of
oligonucleotides according to claim 151 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
acid-protein complex, and wherein each isolated oligonucleotide
comprises at least one restriction enzyme recognition site.



17. The ccncatemer of oligonucleotides according to claim 16, wherein the
at least one recognition site is included in the at least one linker. 18. The
concatemer of oligonucleotides according to any one of claims 16 to 18,
wherein the at least one linker is inserted between the tags or positioned
upstream to the first tag and/or downstggam to the second tag. AmendddCSLLP
Sheet IPEAJAU . MCSLLP 64 19.The concatemer of oligonuclectides
according to any one of claims 16 to@@imMgherein the at least one
restriction enzyme recognition site is for a type Is restriction enzyme.

0.The cor? emer f oligonucleotides according to any one of claims 15
to 19, vflwer%? PiRd f? ‘gcﬁﬂﬂ%‘?é?é@@ IordfideRshon @ Brskiagnat eest one
the fursﬁpémmtﬂeoam ahtg alst srednbaagvhatbierthenipsisesiasacevaniays are
and a 34gsminus femmn: thasprstath Relpisleotide. 21.An oligcnuclectide
library comprising at least one oligonucleotide according to any one of
claims 1 to 13 22.A method of preparing at least one isolated
8I‘igonuE'P@oﬁ&@WHQM‘%%%%ﬁ%ﬁ&@%%@%did%@m tenfipsesag is of
b)(i)ins@firsg rererst eamtiel diraicer thenapeisiag s deastawmaatfi&m@eéme and

recognifiosrsite #Pz%t\/v#@cn FhHrSRRAUGLRAHR
polynug r(Iaq%de of ¢om lex; % Ieavmg the flrst Sagsegghmucleondes of a
polynucleo Jes Wit af3 fea&”&‘ﬁ estriction enzyme recognizing the at

least one recognition site in the linker to form an oligonucleotide
Bomprigimy dsfitsteiagotivtaineld Jtde W dighpolynuelptide. \drepePN @ inker
0bta'n%r@ﬁﬁmé@eafs%%?gﬁ@%@%%'gﬁz@ﬁ%%%&&lﬁ%on site.

4. The isolated oligonuclectide according to any one of the preceding claims,
wherein the at least one linker is inserted between the tags or positioned
upstream to the first tag or downstream to the second tag.

5. The isolated oligonucleotide according to claims 3 or 4, wherein the at least
one restriction enzyme recognition site is for a type Ils restriction enzyme.

6. The isolated oligonucleotide according to claims 3 or 4, wherein the at least
one restriction enzyme recognition site is for a homing restriction enzyme.

7. The isolated oligonucleatide according to any one of the preceding claims 1
to 6, wherein the at least one first tag comprises a 5' terminus and a 3'
terminus of a first polynuclectide and the at least one second tag comprises
a &' terminus and a 3 terminus of a second polynucleotide, and whersin
the first and second polynucleotides are polynucleotides of a nucleic acid-
protein complex.

8. The isolated oligonucleotide according to any one of the preceding claims,
wherein the linker comprises a first restriction recognition site recognized by

Amended Sheet
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(c)isolating the oligcnucleotide comprising at least one first tag and at

least one second tag, wherein the first tag is obtained from a first
polynucleotide and the second tag is obtained from a seqond MCSLLP
polynuclectide, the first and second polynucleotides obtained from the

nucleic acid-protein complex. Amende%Sheet TPEA/AU 65 23.A me_tr_lod

of preparing at least one isolated oligo dcleotide comprising: (a)providing

a nucleig agigraroteln spmples HUNNsering *ﬁ&%&gﬁéﬂgé(@ﬁvcéee {0 obtain the

compri t least. one restriction enzyme recognition ( -
polynusze]r%t%g'aar?g & SEE5hd B61 rﬁﬂeﬂafﬁﬁ’@%?W@E%W'Gﬁda%mﬁ%ﬂdw“
least o RYSHRCEIABIE Pindae g ithareit reghuiahids’ temhiaisthé thecond

first polyamiclestiest and seechdespNAusSstites 35 haghRMseREdel Uikucieio

cleaving the iRk andhaggard polynucleotides with at least one restriction
enzyme recognizing aﬁﬁgas't one recognition site to obtain cleaved

fragments; and (iv) ligating the cleaved fragments to form an N
oﬁ%gonuEl%ﬁméaé@mpmmcaemwg:mmq@gme@ aMehe frecubirGofaims,
the firstixpdysi GleolifRe Cos RN S0 PRNISERE INE o AL R sl PalLY B‘E%‘é‘d by
the secgnd polypygleatide, and Ctgleaweke |?ser_ted b%atV\t/een the facts; : 51 9 ta
(c)isolating the oligonucleotide Comprrs: o SE 188 EONE fﬁgiyt’é‘b.‘.’?ﬁﬂd& in
least or?egé%réwﬂ%ﬁé’,fm%ﬁﬁﬁ RAbTHeeRtly s amiarratdrohrestiction recognition
polynucidetide ezt $gcanddashis Mﬁ%fw%ﬂdble of cleaving a |
PolynUGEESKE ptniikb81d BN IR A UGN ACSr AREAULES IO G cieotice,
nUde'Ctﬁg'%psrtogenlg %%rggAgxbolynUCIeotides being polynucleotides of a nucleic
acid-protein complex,

10.  The isolated oligonucleotide according to any one of the pr'eceding claims,
‘Wherein the linker comprises a first restriction recognition site recognized by
a first restriction enzyme capable of cleaving a first polynucleotide to abtain
a &' terminus of the first polynucleotide, and a second restriction recognition
site recognized by a second restriction enzyme capable of cleaving a
second polynucleotide to obtain a 3' terminus of the second polynucleotide,

the first and second polynucleotides being polynucleotides of a nucleic
acid-protein complex,

11.  The isolated oligonucleotide according to any one of claims 3, 4 or 9,
wherein the linker comprises a first restriction recognition site recognized by
a first restriction enzyme capable of cleaving g first polynucleotide to obtain
a 3’ terminus of the first polynucleotide, and a second restriction recognition
site recognized by a second restriction enzyme capable of cleaving a
second polynucleotide to obtain a 5 terminus of the second polynucleotide,
the first polynucleotide further comprises a third recognition site recognised
by a third restriction enzyme capable of cleaving the first polynucleotide to
obtain a &' terminus of first polynucieotide, and the second polynucleotide

Amended Sheet
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- 24.The method accordino to claim 23, wherein the at least one restriction
enzyme recognition site in step b(ii) is part of an adaptor or of a vector.
25.The method according to any one of claims 22 to 24, wherein the
nucleic acid-protein complex is obtained by chromatin MCSLLP
immunoprecipitation. Amended SheetdPEA/AU MCSLLP 66 2EA method
of detecting and/or identifying at least two polynucleotides from a nucleic
acid-protenn s pieXotiveh nretivaghitiom prittingio@psadd g @ NIRIC restriction

acid-proteinronarieidb M) igssting ﬂ%éeéék&% FBWUEFEB{%'&'QQ PRASt 2 3
one rejtrlctlon re R%HIIIOI’] site etween w&glm%‘nuc leotide and a

second polyntcreotiae BTk %%Kﬂﬁ‘é?o S RPN Rl¥Brgectides
polynubRIBH R XRiRIeRldast Pne rusititionienzgieio eopieizirthehet deast one

least ofiesreeagniinaisde indhe lindeare foren an aligonicleatislei of the first
compr the, firstaoly
ob tam?g’ ?ﬂ%élé&é@f&%@ #nuc eotl eg§nd t%] tgﬁ 4(8% lgIeg[({’N%(zl’] t (1 the S

(©) seq?fé%éﬁﬁ’fﬁ@'d?fg‘&ﬁtﬁﬁé%%é"%ﬁ#ﬁ?ﬁ%eat least one first tag and at

least one second tag, wherein the first tag is obtained from a first

tr?'yf””mé&ﬂmf'@f’@'M"?@gag%é“ﬁ ‘?‘5"3‘ 2R CORECh O U Coims,
e TIr na secon otiges obtaine ro
o B e S O et sTupe-

13.  The isolated oligonucleotide according to any one of the preceding claims,
wherein the polynucleotides are DNA or RNA.

14. A vector comprising the oligonucleotide of any one of the preceding claims.

15. A concatemer of oligonucleotides comprising at least two isolated
oligonucieotides, each isolated oligonucleotide compriging at least one first
tag, at least one second tag and at least one linker, wherein the first and
second tags are tags of a nucleic acid-protein complax.

16.  The concatemer of oligonucleotides according to claim 15, 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
acid-protein complex, and wherein each isolated oligonucleotide
comprises at least one restriction enzyme recognition site.

17. The concatemer of oligonucleotides according to claim 18, wherein the at
least ane recognition site is included in the at least one linker.

18.  The concatemer of oligonuclectides according to any one of claims 16 to
18, wherein the at least one linker is inserted between the tags or
positioned upstream to the first tag and/or downstream to the second tag.
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.nucleotide sequences of the first and second tags, thereby detecting
and/or identifying the at least two oolynucleotides. 27.A method of .
detecting and/or identifying at least two polynucleotides from a nuglelc
acid-protein complex, the method comprising: (a)providing a nucleic
acid-protein complex; Amended Sheet IPEAJAU MCSLLP 67_ _
(b)(1)inserting at least one linker comprising at least one restriction
enzyme feeogoitiaresiter between afisianyidelentideant,asecondiaims 16 to
polynuclegtide gf.t HQh(\eog]Pé%)éi ane)?gg (ﬁt leazs%woen?eg%sqm?ggnsn edélﬁoé a type
recognltlgn site each to the 5" terminus oft e Tir polynu Eotide5h

3' terminU '§PAE" S8 &I B6lynucleotidei (iii) cleaving the first and second
polynucleotides with at least one restriction enzyme recognizing at least

onz&)recogmﬂ@@h%@@etﬁéamawslﬁﬂ)@é’oﬂm%w tGVzMQ%tr'wrégo?|%%Yr‘%@ 15 to

fragments,t iganycleotide comprising a first ta rising the
5' and 3%&&%%&% %1 %rst CR/nBcFeotl%é gseggﬁoa tho% %V@'ﬂéftﬁ@m the

5" and 37 tSHRRY TS tHESBEE B BIFRNEISi BBt e deePTiskerdfidetsanus and
betweenatRettagsn e) sequensing thepoliganuelegdide comprising at least
one first tag

MCSLLP

21. An oligonucleotide library comprising at least one oligonucleotide according
to any one of claims 1 to 13.

22. A method of preparing at least one isolated oligonucleatide comprising:
(a) providing a nucleic acid-protein complex;

(b)(i) inserting at least one linker comprising at least one restriction
enzyme recognition site between a first polynucleotide and a
second polynucleotide of the complex:

(in cleaving the first and second polynucleotides with at least one
restriction enzyme recognizing the at least one recognition site
in the linker to form an oligonucleotide comprising a first tag
obtained from the first polynucleotide, a second tag obtained
from the second polynucleotide and the linker: and

{(c) isolating the oligonucleotide comprising at least one first tag
and at least one second tag, wherein the first tag is obtained
from a first polynucleotide and the second tag is obtained from
a second polynucleotide, the first and second polynucleotides

obtained from the nucleic acid-protein complex.
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" and at least one second tag, wherein the first tag is obtained from a first
polynucleotide and the second tag obtained from a second polynuclectide,
the first and second polynucleotides obtained from a nucleic ac d-protein MCSLLP
complex; and (d) mapping the at least two polynucleotides based on the -
nucleotide sequences of the first and ségond tags, thereby detecting
and/or identi the at least two polynuclectides. 28. The method

actordift ngiS%E;ﬁg IPreRHER A {RRShl aSOHiR T eLERISIRBIES BRETPrising:

recognition site in step b(iii) is part of an adaptor or of a vector. 29. The

method aggprding t9, RivyyaneRfaiaims. 2R 1012 8oWiBRKein the nucleic
acid-protein complex is obtained by chromatin immunoprecipitation.

Amended Sheet IPEA/AU MCSLLP 68 30.The method accontng to any
one of claif&26 td 2T iigeréils 2t Bidnkeicstiveristort atenbetbwithtattion

least one further oligenuelectidgrohiaingd bysteps (a’i)ﬁ?@t(l@bl@ﬁi@@ch%‘@gand a
sequenced. 31,The methad arciding o, WN%%%B gaims 26 to 30,
ont

wherein the polynucleotides are located e same chromosome or the

polynucleotides are located on different chromosomes. Amended Sheet
1PEAJAUD 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 polynuclectides with at least one
restriction enzyme recognizing at least one recognition site to
obtain cleaved fragments; and

(iv) ligating the cleaved fragments to form an oligonucleotide
comprising a first tag comprising the 5' and 3' termini from the
first polynucleotide, a second tag comprising the 5 and 3'
termini from the second po!yndcleotide, and the linker inserted
between the tags:; and

(c) isolating the oligonucleotide comprising at least one first tag
and at least one second tag, wherein the first tag is obtained
from a first polynucleotide and the second tag is obtained from
a second polynucleotide, the first and second polynucleotides
obtained from the nucleic acid-protein complex.

24. The method according to claim 23, wherein the at least one restriction

enzyme recognition site in step b(il) is part of an adaptor or of a vector.

25. The method according to any one of claims 22 to 24, wherein the nucleic

acid-protein complex is obtained by chromatin immunoprecipitation
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26.

27.

MCSLLP
66

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;

(b)) inserting at least one linker comprising at least one restriction
recognition site between a first polynucleotide and a second

polynucleotide of the complex;

(in cleaving the first and second polynucleotides with at least one
restriction enzyme recognizing the at least one recognition site
in the linker to form an oligonucleotide comprising a first tag
obtained from the first polynucleotide, a second tag obtained
from the second polynucleotide and the linker between the tags;

(c) sequencing the oligonucleotide comprising at least one first lag
and at least one second tag, wherein the first tag is obtained
from a first polynucleotide and the second tag obtained from a
second péiynucleotide, the first and second polynuclectides
obtained from the nucleic acid-protein complex; and

(d) mapping the at least two polynucleotides based an the
nucleotide sequences of the first and second tags, thereby

detecting and/or identifying the at least two polynucleotides.

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;
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28.

29.

(L))

(i)

(iii)

(iv)

MCSLLP

87

inserting at least one linker comprising at teast one restriction
enzyme recognition site between a first polynuclectide and a
second polynucleotide of the complex; .

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;

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

ligating cleaved fragments to form an oligonucleotide
comprising a first tag comprising the 5’ and 3' termini from the
first polynucleotide, a second tag comprising the 5 and 3
termini from the second polynucleotide, and the linker inserted
between the tags;

sequencing the oligonucleotide comprising at least one first tag
and at least one second tag, wherein the first tag is obtained
from a first polynucleotide and the second tag obtained from a
second polynucleotide, the first and second polynucleotides
obtained from a nucleic acid-protein complex; and

mapping the at least two polynucleotides based on the
nucleotide sequences of the first and second tags, thereby

detecting and/or identifying the at least two polynucleotides.

The method according to claim 27, wherein the at least one restriction

enzyme recognition site in step b(iii) is part of an adaptor or of a vector.

The method according to any one of claims 26 to 28, wherein the nucleic

acid-protein complex is obtained by chromatin immunoprecipitation.
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30.

31.

MCSLLP
68

The method according to any one of claims 26 to 29, wherein the
oligonuclecotide is concatenated with at least one further oligonucieotide

obtained by steps (a) to (b) before being sequenced.

The method according to any one of claims 26 to 30, wherein the
polynucleotides are located on the same chromosome or the

polynucleotides are located on different chromosomes.
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