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| NVENTI ON The present invention relates to the
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nore nucl eoti de sequences in the nucl ear space.

Changes in interactions are used as a tool to detect
genone rearrangenents for diagnostics and prognostics.
BACKGROUND TO THE | NVENTI ON 10 Studi es on mammal i an

nucl ear architecture aimto uggerstand how 2 nmeters of

DNA is folded into a nucleusTof 10 .tm across, while

al l ow ng accurate expression of the genes that
SHELS QF INFENIION ype, and how this is faithfully
propagat ed during each cell cycle. Progress in this

field has largely conme from m croscopy studies, which
rENERe &t if@htio N RIAEER BE %nﬂr%ls bf Eﬁoﬂédﬁeﬁégf éNaedadtidon of two or
t he 'nhucl ear space. For exanple, densely 15 packed
heoerochotide séquencss de ther ruckadr spasm Ghangepireiteractions are used as a

Figp B L e R RRRA Tor SAE e e 8 prlbece,

rel ati onship exists between nuclear positioning and

pt i onal activit t hough transcription
oBAGKGROUNINEQUEHE INVENIION i nterior, active genes

that cluster on chronosones preferentially |ocate at

the edge or outside of their chronosone territory.

' $tadiey bo naimi4liapamekkanayhitdcgratin tppanerstmddosy 2 meteneof DNA is
transcription status, as neasyred agai nst reIatLver

| foldgd 1nfga ruisleus gh I ATRT o PG FBEHHfe expression of the genes
t ' I 8BS, ..GE . rd r

BELLAENY BRschihS OFRED L e b RERErd g en o il
aPegtesoin thihfeldHas iorgelyeoaenfremneictageyhendies) wiieh revealed that

nucl eus, as denopstrated recently b fluorescence in
SRS JIBAEGHTY PSS Jf {hﬁemt%ﬁ_-awsmen oy ceanplgy densely
??dccﬁ&i h&BloRfloBfhtin4® sefPREd GRRLMordESdnd&Rhromatin and chromosomes

anscription, genomc organisation is associated with
t dreupy alistiich driitomies finr thp | nusiear spacer dc dwbintagate melatienship exists
th robability .of .loci to transloca - (Whi .
| BD Hclerey s Bbeing A P RBEo B istyich " I BB, gragpeription
EicaAN BrbiighB O HeAfiBclear Bateeidr,0ctiveeghed hBAtr slaste008 dhiromosomes
is thought that the architectural organisation of DNA
i preferensiali locatn @) the §dges omowside ob thgis GIPHPSRE (ERI9RY-c Individual

fé‘éﬁ%é 'n‘Pargf m'l?’&al% N&nza%é&sﬂﬁﬁéhpg{slﬁ&%sé%gpgémeasured against

relatively large nuclear landmarks such as chromosome territories, centromeres or the

nuclear periphery. Moreover, actively transcribed genes tens’of megabases apart on
the chromosome can come together in the nucleus, as demonstrated recently by
fluorescence in situ hybridization (FISH) for the B-globin locus and a few, selected,
other genes. Besides transcription, genomic organisation is associated with the
coordination of replication, recombination and the probability of loci to translocate
(which can lead to malignancies) and the setting and resetting of epigenetic programs.
Based on these observations it is thought that the architectural organisation of DNA in

the cell nucleus is a key contributor to genomic function.



D fferent assays have been devel oped to allow an
insight into the spatial organisation of genom c |oci

WO n008ioga05 One assay, called RNA- TRAP has been Pew/a20@pm0625
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(Carter et al. (2002) Nat. Cenet. 32, 623) which

i nvol ves targeting of horseradi sh peroxidase (HRP) to
nascent RNA transcripts, foll owed by quantitation of

HRP- cat al ysed biotin 5 deposition on chromatin

n . o . . .
Ot A% el BRRTI OB RORIQERR HEAERARTAG gl organisarion
t eCgemoindgloci iwieh Pneussdpscalled BNA-TRASR bakybeehdeveloped (Carter et

st | organisatj f. a. nom c r.egi an. 3C .. .
5SS e, 32 P, i B T Porficion perovicse
CLEARB) ol fHsédn® RAA TtiaREHDRC ifSIFovRRL B §ilhnktiRiofli of FIR BXAtalysed biotin
restriction fragments, which gives a neasure of their
pdapesition pn ichromaginmgatbgar space (see Figure 1).

Oiginally devel oped to anal yse the conformati on of
chronosones in yeast (Dekker et al., 2002), this

t Aa6HE! 8GYy ias habeeen devansmd istoallédviediogane cohformation capture
rel ati onshi p between gene expression and chromatin

f GCai tghnetogyn twhieh pEo videtnal tral iy SRy cihe sttuirgl serganisagjon of a
: hyj . : . t X . ross-linki
SBOTE rerlf ' Cx5inoRg in?f g R Fhtfis of ross fnking

t frequentiogbetivewo twe givien DN X aestfictiomafragherds which gives a measure of
cross-1linking of cells and nuclear .digestigon of

cHhe B PRV LG e, O e PAEA (560 FRTY . CFOR OGP plgped to analyse
| h8 2bhfoRmefiorPhY cHrbABSBALsSint yealt (DRKkRerGt @8 S2002) Kk febhrdlogy has

one conplex. Ligation products are then quantified by )
P@Rn aflapte®@OR investigdte tlzer febmionship hetveasni gepe expression and chromatin

R T A

t PAKAOLQAY 2003 \ehd Efisser®a3412604f BriefliyeB@eédhasdlogy involves in vivo
frequenci es between sel ected DNA fragnents.

3C L
t empldelly Rress-Heking d@ﬁ/@ﬂéﬁo@adt@uqled!é%@igwiopn?%rcamqﬁ@ with a
t . . .
SRR IR iR BE DNl 980 Tepettg i
28ne @siplexct Lipatibn poydacts arathah yeadifieReaysPECRy Thadl@R amplification

strategi.es have been deyel oped that all ow screenin
tHep deduires e e iedpennl b SeRECriRpRBRA, Tgsngach Of the DNA

S?Qﬁﬁéﬂtss thdtalre tPIDEShpBlifidd.| MIREASE WeiddIGryDMOVIded HTeithsure of
of cthoice. They are based on 3C technol ogy " and are
cintdration\felqyencefsédetveetniselestsd DINA fragimantsogy' . 4C

technol ogy allows the screening of the entire genone

in an unbi ased manner for DNA segnents that 30

PYY $échablogy ihat Be&L Hewvdpad 2o Aty agerastingOéle@bits tRtwekE selected
technol ogy depends on the selective |ligation of

cpastss of ithek @enamng andabetbnteshnigues reayire j the j designr alypemers for all
of ..chpi 1 ~hait') C.Lec. % I h

TR ok, ) el ol S PRI e b e
allow screening the entire genome in an unbiased manner for DNA segments that
physically interact with a DNA fragment of choice. They are based on 3C technology
and are collectively referred to as ‘4C technology’. 4C technology allows the

screening of the entire genome in an unbiased manner for DNA segments that

| _physically interact with a DNA fragment of choice. 4C technology depends on the

selective ligation of cross-linked DNA fragments to a restriction fragment of choice

(the ‘bait’). In 4C technology, all the DNA fragments captured by the bait in the
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2 WO 2008/ 084405 PCT/ 1 B2008/ 000625 popul ati on of
cells are sinmultaneously anplified via inverse PCR

W@g00808440H bait- specific priners that anplifyPET/mBR008/000625

circularized ligation products. Essentially two
strategi es can be pursued to obtain these DNA circles.
One strategy 5 relies on the formation of circles
duri ng the standard 3C ligation step, i.e. while the
stl I r el
il 55 S BSES U B, (AR s v
mp%&iﬁe?ﬁﬁleﬁs‘ that el froht cigoubaized dlglaﬁ)ri prgditetd t o bot h
ends o captured restriction fragnent. If nultiple
restriction fragnents are cross-linked together,
C srsgljltf"a?g% s%tra{ég los ta l?ﬁnfbg EHF&IC@ Y oBﬁﬁYﬂﬁ%‘m%ﬁ'blgs ”@fn@ strategy
an one captur nt and w t herefore
Imhgyaon t]ﬁfoema@km of cuacsld:s dltlnmwthecsmmldmdem Digatigry slgpr,em sWhlle the

SBRACkLSE CTRLL  BHE AR 1 i, vl

SRENAESh FRBRENbathNéhdEs VBT the baft! FrafAGR B BeSlisaed e Ud&ﬁends of a
inthis set up. Four- cutters are preferred in this

n@pmui tregitigtion dragment. hEy multinle c@smﬁom elragneenty jage | gpss-linked

nt s (avera Pih
t|°§ (57 n?;ﬁYd&ei} ﬁ%arr%bﬁ% ?\{rp f | c Ai} gﬁ) r%?ﬁ e cap tured
Cﬁ‘é{énh}drﬁ dncDNﬁl tHeagore Hedargef] UA frexsde- &lﬁtshhhtHga&@nﬂgda DNA fragments

product size is _small. Essentj al I y, this (%
m@rdeqe % apphifed busnygiee BCRpdisipe, aefaspeﬁﬁs\nraqu@ acing outwards.

f )
RO AP, Pon LDt R, 408 s Fou
Scumhrsaa;reapréfepredi rin ahisbmethod ttboyghf cs)ncbutgat prcgiuch gmaller restriction
cfoss-1i ked nucl e sequence Leve the
SR RITEAREE (0 DhprFRUt i KR Gnaxaiigs) dgelitear PCR
nédﬁﬁlﬁfgah&? oBBRUEPRRY DNAI ASA& rédbird0thad the @d&rkgd PRduct size is
i'gonucl eot 1 de primers, erei n each rﬁqﬁ' nmer

muhadl du%e@uaby,tﬂnes mﬂloﬂethgaf@rescqmmseﬂ gteph@f: (a) providing a
nucl u iLnt.eres d .
PR ob (s TR B0, P RSt R R AR with g primary
agstristion Rng@he Nbuthng & hibpf 6:24USHIC yutedr; (o)t Bgaaingi tha cross-linked
bet ween t he DNA sequences. 25 The, second ? ra

arirtaetide searsncesi £9); régeréwgtth@ CFQSE rHIKingn angk %@@ﬁvy@gé&e one or
25151@ !%Jf%ptlhehgeaﬂaltcb@ ofasteRRe leﬁixg & Rt -t Kﬁgon%%lebﬁde primers,

escri rerrn and i n our ending applTcation
WER&AOIH/ %&iOﬁﬁmeMybkahmsl toe thet P& A sequem@est ¢t nitdndigthe nucleotide

|1 bi
fa §38§‘?\AP§ﬁia gf lgﬁgés?sﬁl@eeﬁ&[}o%e Spa\{llegl%Féear hygﬁg}sg to an array in order

Boiagistin det%ﬁ:n %%l tHS e quedicP 8 nBirARdndRtwtddhe DN@I sequences.
omtting the step. The 3C tenplate 30 contains a

target sequence or " bait' (eg. a restriction fragnment
O'I"hecse%{)nc‘ia strelljtegy advantageously relies on the formation of DNA circles after the

chromatin has been de-cross-linked as is described herein and in our co-pending
application W02007/004057. As described therein, 4C technology allows an unbiased
genome-wide search for DNA fragments that interact with a locus of choice. Briefly,
3C analysis is performed as usual, but omitting the PCR step. The 3C template
contains a target sequence or ‘bait’ (eg. a restriction fragment of choice that
encompasses a selected gene) ligated to many different nucleotide sequences of

interest (representing this gene’s genomic environment). The template is cleaved by



enconpasses a selected gene) ligated to many different
nucl eoti de sequences of interest (representing this

w@ems/ost4genorm ¢ environment). The tenpl ate i s PCEEB20GB/000625
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by 3 WD 2008/084405 PCT/1B2008/ 000625 anot her
secondary, restriction enzyne and subsequently
religated to formsmall DNA circles.. Advantageously,
the one or nore nucl eoti de sequences of interest that

are. ligate Q. lhe.ta I ' J

a1 SOG D oG RS S SR SERER SPofn mall DNA
whiedl&s..n AdvahggsdusbBinehebhérer moydnuclestide $equerdves todiintetest that are
sequence. 5 The second prinmer preferably

.al so .
hligrtedii e dhe olargrd Puglenptide s seenese, are CRRDlifed ysing, at least two
%)I;i ; {léle{)ﬂ\i/cg{éri&){tﬁ%, &}H&Jeﬁ‘lo% A8t He prith& 1Rdkidises to the target sequence.

nat e second prinmer hybri'dises to an
aiap seond ginerqeefiehebly also lhybadises tootheterget swyudagey such that both

S ot 1Al et LR e
gﬁl B@Jp&r%g%lﬁﬁ@e tHat 3ONBAE S 1d thetsedonhdhiydiebiricfiePigd UGeitat the two

et ween independent anplification reactions and 10
spawersi Jarflo thea nyleetider pE dnteresti Thmiqallyatleis Dpelds arpgtigsa of PCR

used a rimary .and sec [ Lcil : .
BT B it e AR RS estons and
Offecititefo}h ¥ giveylissed. SHEhAID and Diwillayiay by pbaiads! priragrgiand tsecondary
a control sanple_containing, genom c DNA iq%%%gg mgth,

t FRSITICHAR eBBYBET N§Xdnthsf a%‘sfie%i fragments BPnEE 12 and optionally
i . _ L t _
et B HELE featSFR SRERL bIE SolRalrl gfidpic DNA
adiigestet twith the chind ecapbjuatione ofirresteiogpdn fenednes. 3C technology has

Practically this .neang that instead of .form a .

CBrarere Dae modtied pab e RIS ot O iSO Pfbract with
f PladeBenidi oA RNeSuercB are QRHIMHed hePrabhcaflyathisSMheardNthat instead of
anpl i'fication is perfornmed using oligonucl eotide

ppérfreming amainphifibationi rdactiont witla pimarssguas speeifiador the fragments

fl.apks the, nucl eotj de sequences. of . int S . . .
AR ATEGEEHE §° RelvhE REAERIERN it SPHEHRE veing, ligoppeteotide
PhfinBi(§)Which hiyBlidiss & 2ONA eddidact that flfitks idRnucleotide sequences of
anplification step and can_therefore be used to _search

t inerest o AysivantagepuplynéC Arotibiased iyardytherdesign @hBfyRoprimers that are

T i [ r r.ty gh- t

T S PR AAPISARG 9 off S LMLy, s

gedinpietei genarie fiortih@sedngBNreeleientsDNA | oci® t hat cont act

each other 25 in the nucl ear space. Mreover, there

is a need for inprovenents in such technol ogi es which

PR tis RS mp) e i ' hyp! tematicall

PEREL s iompKH, AR iR Ak Rpup eoMOIbEP 12 can piematicaly
screen the whole genome in an unbiased manner for DNA loci that contact each other

in the nuclear space.

Moreover, there is a need for improvements in such technologies which permit the
simultaneous analysis of multiple interactions occurring with multiple sequences in the
genome, and for analysing the genome for insertions, deletions, translocations,
inversions and rearrangements which take place at unknown locations and which may

be associated with a disease.



genonme, and for anal ysing the genone for insertions,
del etions, translocations, 30 inversions and
wo e@snsngement s whi ch take place at unknown | OPEI/IR2068/000625
and which may be associated with a disease. 4 WO
2008/ 084405 PCT/1B2008/ 000625 The present invention
seeks to provide inprovenents in 3C and 4C t echnol ogy
and techniques related thereto. SUMVARY OF THE
I . I '
aoh e dpiaaribn SEANNG AR O8 SmENLE B Yo JEPAERG Wifology and
DiséhriiNgss ir¢lbted dorétons ow ng to the limtations of the
PCR anplification step, which requires know edge of
speci fic sequence information for each fragnent to be
aSaMMIRRY OPIEAYVENVERTIGRt i ng restriction fragnents as
candl dates for Tong-range 10 DNA interactions requires
5 a substantial armount of prior know edge (e.g. the

! ﬁ(? 3%%%2}0‘%&;1?52 eél%ﬁgééﬁliege?{g%t %SF%@]&YE% |8f \%gﬁnuqff% enumber of

f 4enetddODRIA-DN £ Vibetics oWty toOoRe 1inaegienONAEINRCR amplification

interactions described so far, the abili t%( tq
r geml ovhish regpisesnkropyledgmispeqitin sequenges infosmation fof each fragment to

SEAHET es(réc’l.ofMin%fan{rg ?%lec;ciln%%(éghi@ﬁor?ﬁggrﬁﬁntg%g ;Egrtﬁcﬁﬁates for long-range

ennan I NSu encer, oril I catl on

10 ODNAGinkddR/tiBARrequires a sgbstantiat amegntosf mforikmbeteegt (e.gstheHocation

as_a gene-dense or_gene-poqQr region . or repetitive .
ewfé»@ﬁtsensﬂ_e‘aens@?)e%ﬁf%_9 lgcatiof inttes’ phiFhis yvely ot available. Given
SBHYERFiBRal 1O PANCE G nidd éloﬁ%e%&ag@md-mAm&lﬁctiHb@desaﬁbad so far,

present 1 nvention relafes C technol ogy (ie.

cthpiabilidy tndnddralyascteenifoeDOGA eRMmehtsdhitilgeni toch paspmander)f interest — -

and, i nprovenents therein, which provides for .the.high-..

£ B ugﬁwoﬁugenﬁngf%qtg’ oF P RHEf P’éaﬁgﬁt FUGEET n?%}gc?ﬁ 5?@18{‘1“011 or
15 UNARIBARD! @r QUEnBRYid &esiorS BF aBRSS—isick he aD%&leﬁhse Or gene-poor

space. 4C technol ogy can be used to identify .

| isgignroa mepetitimhwplemrpt | eancgreaity Baditate the manpiRE ehsegnenseninvolved

fi%ladrirergnﬂlto ﬁet\%ﬁ((? to identify balanced and unbal anced

genonrc rearrangénents - such as translocations,

i nversions, deletions, 25 anplifications, etc - that

may underlje a trait or disease jn hyuman subjects. ;

RbRR PrRseRt, Inxentiod: KPS 9 ﬁﬁﬂ%@f@gv - LB E and' characterise co-

MoE41R84 " A Smhtth)2 3Rk YSprbindthl thEkBYTRRIR BRARIAL SfbrPihe high-
20 a s%ngée@géPecgegﬁéar ét sequence ?gbait')E(SinDnié ef gh

athrqughputuamalysis of the frequency of interaction of two or more nucleotide

sequences in the nuclear space. 4C technology can be used to identify long-range

DNA-DNA interactions (eg. study chromosome folding) but also to identify balanced

and unbalanced genomic rearrangements - such as translocations, inversions, deletions,

25  amplifications, etc - that may underlie a trait or disease in human subjects.

Routinely, 4C technology involves the use of microarrays to analyse the DNA

fragments captﬁred by a single selected target sequence (“bait’) (Simonis et al., Nature

Genetics 2006). Microarrays have the disadvantage that they offer a limited dynamic

30 range since probes present on the arrays can be saturated, which makes a quantitative

analysis of signal intensities more difficult. High-throughput sequencing circumvents



Genetics 2006). M croarrays have the di sadvant age that
they offer a limted dynam c 30 range since probes

wEe@sost40dn the arrays can be saturated, whi chPOEHKES08#000625
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quantitative analysis of signal intensities nore
difficult. H gh-throughput sequencing circunvents 5
WO 2008/ 084405 PCT/ |1 B2008/ 000625 this problemas it
offers an unlimted dynamic range. It is also
éfoﬁn‘rfgxﬁ\é 1tSJ) ahtunhﬁl tt‘o-:éf! émi%bﬁaﬁ é"t % 1 Uaﬁ%e Iaﬂmsmce it
sequ nces t I on, is preferred to an yse
i pﬁoetc&shbmemmbemlfheqnbmces.ar get sequences
simultaneously. This is true for all 4C based
applications and in particular for the 4C based
Al i, A is PRI Fro Gl sé‘wm&%cuéxg \Rfﬁl?'f’rﬁl@tll;ﬁg?(arga%equences
be used &s a I agnosti ¢ tool to allow the scanning of
t simudtanéauslyg efhgsris tiug fanalhﬁ@ﬂxawblapm;mtmns faod in pargicular for the 4C-

p esence. of noni c.rearrangenen es of target
RANEL S GhGRBRRIF TATORGOTT | AGt TOUUOReMBAsFLrEd & o

ahﬂa%ﬁ%ﬁbl 266188 allb®- thé tdfaRe EAt@@ERAGHE iMBY ulbiaddd manner for

used. Subsequently, in order to identify the genomc

r@arprameer@%tgen@m@ sfeq&mmnﬁh afh sefigs ofipragt sefusyces along each

baj n S

i by’ Qe SpLE Yy CRBANCE ] R GBS may be

Segedl Siiseyuently) &if @rdértb \idédntidy gie, gedbmid regfrangement,ahieisdqhience that

formed with all tar ences are anal ysed 15

sPRUPAPAYTES BY Which Bai tlﬁi‘i"mlgﬁ‘éh read needs to be

directed to the ligation junction and provide

suf ficient sequence infornmation to unanbi guously

i Gepm'reﬁyfrbgmbnts lren tbar spquenced doe nach Mgbttd@eumpt(thaﬁd) separately

RY. ASPECT THE ,PRES I NVENTI ON
ABHGRES gpotiahe ol it ProRU EBIAIPEE PGSBS ERPHL G Snalysed
aGERRASHISRY Fot liflfeach Pead ddeliSto BS I@ﬁ@éted 1) Ql[eehgaﬁlon junction and
prOV|ded a nethod for anal ysing the frequency of

i moefr@csufﬁwentoseqaem@r ipéarmatien dotyngmbigupyely cidentify nbasighe target
nmore n eot ces of interest (eg. 25 one
f‘eqf%sl?cgan noerr(fal W%%?ﬁ%gg%rg}prl sing the steps of. (a)
providing a sanple of cross |inked DNA; (b) digesting
t he crossllnked DNAvvltha restriction’

3\ ASPEL( S s ) e YN c| eot i de
sequences (d) reverS|ng the cross linking; (e)
optionally digesting the nucleotide sequences with a
sAspuetianfithe preserit drivientioreare prasentéd jn the jatéamm@ainying|clagas.i ng
one or nore DNA sequences of known nucl eoti de
conmposition to

In a first aspect, there is provided a method for analysing the frequency of interaction

of a target nucleotide sequence with one or more nucleotide sequences of interest (eg.
one or more genomic loci) comprising the steps of: (a) providing a sample of cross-
linked DNA; (b) digesting the cross-linked DNA with a primary restriction enzyme;
(c) ligating the cross-linked nucleotide sequences; (d) reversing the cross linking; (€)
optionally digesting the nucleotide sequences with a secondary restriction enzyme; (f)
optionally ligating one or more DNA sequences of known nucleotide composition to
the available secondary restriction enzyme digestion site(s) that flank the one or more
nucleotide sequences of interest; (g) amplifying the one or more nucleotide sequences

of interest using at least two oligonucleotide primers, wherein each primer hybridises



30 the avail abl e secondary restriction enzyne
di gestion site(s) that flank the one or nore

woeBesidile sequences of interest; (g) anplifyPCyIB20€8/000625
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one or nore nucleotide sequences of interest using at
| east two ol igonucl eotide priners, wherein each priner
hybri di ses 6 WD 2008/ 084405 PCT/ |1 B2008/ 000625 to the
DNA sequences that flank the nucl eoti de sequences of

| LR BRA sécﬂ)en&% Q%ét)dﬂagﬂkr{ﬁe nﬁ&@ot%ﬁg‘egﬁé B SEMHEGEES hybridising

to anarra et er m ni ng requency of

| thé e.fn@hﬁed) mqubmem a0 ah arraiNhdgBgletarméasng el mecplescacomdteractlon
spect e is ovi ded a nmethod for anal ysing the

f S?ﬂ?ﬁ?ﬁctlon of a target nucleotide

sequence mnth one or nore nucl eotide sequences (eg.

one or nore genomc loci) conprising the steps of. (a)

pnowisgtomyl aspeabpthereofs prayided &imethd [fmanelky)nnm desfrequgncy of

OREgARUSE of &R gurlenat he BB pis BRI ElBlgs seauences (ee
SRRUANAER: genbthid RIB! oinii@isingethe s@ps of:l @K bAidingh shihiple of cross-

optionally d|§gest| ng the nucl.eotide sequentes with a

slerded daN 4 (Dsdigesting dbe evesyliaked PNA with A pappsi FegiricHen enzyme;
%gllé% nlgg.g %I%gy-ﬂﬂﬁgdsnucgﬁ)é td@g? de Xésa?igggxeerﬁﬂ Y crB%Y fnking; (e)

sequences to t e target
mptlloﬁ%ﬂl)i %igeﬁiﬁg uknaecledtide secptenmawtly a bgcbndai'ysesm%ctldllfmzyme' H
amplijtle equences to an arr sing the

isriapisiog 'i‘@ cfu@}?@?:lé ﬁﬁqwngfﬁ 6% %’ ﬁ%aﬁ% (i TAgre nucleotide
agg hdcds ﬂilﬁf & rﬂgﬁieﬁgo eeatdep ﬁﬁ@%iﬁe%@gdcﬁl&% r(@F bptRhally hybridising

ween t sequences aspect thefre
i the amplifide dequeme¢shtadark @rray de ralnaltyymg ¢hoamplifiedsequences by high-

- D interactio t are j.ndicative
Firsehont sedir s a0 Ty 8P LR Bk oliptpetion between the
PENAQehdigest eps (a) - (|) of the met hod according to
the first aspect, wherein in step (a) 20 a sanpl e of
cross-linked DNA is provided froma di seased and a
ease eI I r _
R 2B RS s pifkea Bl G LAl RARNRS: BEREEPINA-DNA

fﬁl&i’achbﬁs tha$€a&5(i’xiﬂlémﬂ'e ngha gasRake diwadd Staiencbmpﬁﬁng the step of
difference in the Linear organj, sathclm of the

cIFFORB P émpl1pE e raghodacse @ GFst gsRsShtheyein in step (a)
V%%aﬁﬂ)lé g%cri)&dlllrﬁgh 'D’NEAQ; ﬁvf?i@& lofitd @fsedsb@hdd Qﬁoﬂﬂﬁ@@s@@ cell, and
state. n a ed

ourth pect there is provid
nehdreid aafiffesieacmioeweerothe [ﬁnquemg iof invéracticahi lmeuw tbc DNA sequences
fssoc W ac h

2 dgﬁgeﬂ%?%szggﬁ%rpon- 1Sease ﬁd 1nd1tca es aa ence 1n the linear

organisation of the chromosome templates (eg. a genomic rearrangement) , which is

indicative of a particular trait or disease state.

In a fourth aspect there is provided a method of diagnosis or prognosis of a disease or
syndrome caused by or associated with a change in a DNA-DNA interaction
comprising the step of performing steps (a)-(i) of the method according to the first
aspect, wherein step (a) comprises providing a sample of cross-linked DNA from a
subject; and wherein step (i) comprises comparing the frequency of interaction
between the DNA sequences with that of an unaffected control; wherein a difference

between the value obtained from the control and the value obtained from the subject is
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conprising the step of performng steps (a)-(i) of the
nmet hod according to the first aspect, wherein step

w@ a00so®aps i ses providing a sanple of cross-| i NREDTTEYS/000625

froma 30 subject; and wherein step (i) conprises
conparing the frequency of interaction between the
DNA sequences with that of an unaffected control;
wherein a difference between the val ue obtained from

nt n he..v, tal ned . t:o
oAb uelertis feBag b 56 SR8k Afng Rl RE s iticaive
tthet thelbjtgedt wikk seffidrifeom g disease étsyndiosease or syndrone
or is indicative that the subject will suffer from
the disease or syndrone. In a fifth aspect there is
v
CHYBE RO 2L BRI O REASRON i of o s o
cdyadx@mel caeseDNdy DidAassntietedc withna clompe i ml ngDNzPeDNAe plnteractlon

t‘iﬁ’n} rf g, [c]e% %f,[gé’g% 1“'%?1% %tei)Pﬁ ?g)t @;0{ gf tﬁ{ﬁ %ggorggmggto the first

sz A dWﬁ&eﬁl W)%&ﬁpr&é@%ﬁﬁldlﬁg @0saR¥fe bf efsitlinked DNA from a
upj ect; and erein said nmethod conprises the

aeﬁnbjept, andwheresp saif mathgd ¢afeprises fheraglditinnal gep afr(® idensifying one
t hat hav h
3o 3HE M BN RolF AORn Gt RALARASIRS bl 1 bocbated with 2

i disqas®)vi ded an assay nmethod for identifying one or
nore agents that nodul ate a DNA-DNA interaction
conprising the steps of. (a) contacting a sanple with

$%n t
(5P S Re: MRk DrAdH AP ool ncBich 109 EhERng S Hinore agents
vthatr siodulateep DEA-Ddifp intemstign @omgrisigg cthe sdepsi ok €d) Dbmactmg a
romthe sanple; wherein a djfference bet n (J. e
fﬁag&‘lfemt& S orinatierion and b hBGHEE SRR eﬁigéﬁte method
tREoRRSBNAE vk abftet, %%%m aRg (4) tomprires fﬂr@ﬁﬁﬁ{gwos@flmked DNA
interaction between the DNA sequences in the absence -
oo hthe aspamile;i whenethi eadiffecense batweengét the hﬁ@qu@@@u ot igteraction

t,h - iLnteraction. 20 In e e
SR g doNA et Fsneereatied ) R dbrhs BB dy efuency of
bigledteiod be@tdh Qliie DND@&e@ﬁérﬁiés e thierabBgr e the(#2@nt i8 indicative of an
trans| ocati on) ri sing the step of. (a) performng
sﬁgépfstheta}lodléatﬁt)he NAANfdnteEstiaRcor ding to the first
aspect; and (b) conparing the frequency of

i nteraction between the DNA sequences with that of a

2An aentithlaspeshthess is peovideais method for detedting tholdeatiin of a balanced

DNA- DNA .i pt eracti on freguenc
and/or unbalanced rearrangemen

transltocatlon) comprising the step of: (a)
performing steps (@) to (i) of the method according to the first aspect; and (b)
comparing the frequency of interaction between the DNA sequences with that of a
control; wherein a transition from low to high DNA-DNA interaction frequency in the

sample as compared to the control is indicative of the location of a breakpoint.

In a eighth aspect there is provided a method for detecting the location of a balanced
and/or unbalanced inversion comprising the steps of: (a) performing steps (a) to (i) of
the method according to the first aspect; and (b) comparing the frequency of

interaction between the DNA sequences with that of a control; wherein an inversed



sanpl e as conpared to the control is indicative of the
| ocation of a breakpoint. In a eighth aspect there is

w@e@siogiaas a net hod for detecting the | ocati on PET/EB2008/000625
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bal anced and/or unbal anced inversion conprising the
steps of. (a) performng steps (a) to (i) of 30 the
nmet hod according to the first aspect; and (b)
conmparing the frequency of interaction between the DNA

PRS0 b B Prih, SRR F ARl b KRIBAY o e

| edrefohistindivativeafurmoveesiod.or the sanple as conpared to

the control is indicative of an inversion. In a ninth
aspect there is provided a nethod for detecting the

| ﬂP?'iﬁxRﬁ‘ ecBtiiel R lgre(’ideé aCRERLH ShMEett iR the BScalbn of @) deletion
performng steps (a) to (i) of the nethog according to

t bemprisingsthe atepe of:; (ahpetfqrhling stepsaa) by (i) hEthermethed ageonding to the

i pteraction between the sequences. with that of

cBis et e dh Srheatite (P At e oNALEigAon Bewin The DNA
| flofEmes Math thhf 6flHQRGNM oL Mhekdif aSREWM NN 168 TMIASUNAOInteraction
the control is indicative of deletion. 10 In a tenth

afipauency fosthe sample as,qomnares tedheeamtrobis ipdicative o geletan.

| ocation of a duplication conprising the steps of.

(a) performng steps (a) to (i) of the nethod

ancHtediingpea thdie is provikied aspeahsd forrddtecting theripaation@ftahimplication
frequency of interaction between the seguences .
WGATRPRSHHE the SteRs e6n () FFHTOREE EleRS ) 19 1 08 diecmeiod according to the
d J i | il

T SRR, P 48] SPApalifl 3hE PRy, SPRGrCbR! blthen the DNA
i sefjueraes wathothat &6 aaccohtrpl;i wheréioranoinciease ot iaodecrdase am DNA-DNA

el event h aspect there j.s provided an agent, obtai ned or .
R HAB Aoy fer e SubRe RIS FoBERTBiag Thoraig) [pdicative of
| Ddaplicadd bhingshé@et there is provided a method for
anal'ysing the frequency of interaction of one or nore

target nucl eoti de sequences with one or nore

CHHEER s SRR A LT L5 S vy e e

amsthiepldescoibed hé@shr: | | nked DNA; (b) digesting the
cross-linked DNA with a primary restriction enzyne;
(c) ligating the cross-linked nucl eoti de sequences;

( VRh&! h | inkidda oF ing the f f
(55, 140 184 M5 SRR HAOGH RS e sy o
t inkardatientdf aep@cmotehtarget insclpotidel shgdermwesmstithoonef or more nucleotide

det er m ni t he presence of a enoni ¢, r ear r.angemen
PRSI AniegpRYES 7G OB EFETHE 10N FoRPHRE g ieps of: (@)
SHIMdngPh sample of cross-linked DNA; (b) digesting the cross-linked DNA with a

primary restriction enzyme; (c) ligating the cross-linked nucleotide sequences; (d)

reversing the cross linking; and (e) sequencing the ligated nucleotide sequences.

In a thirteenth aspect there is provided a method for determining the presence of a
genomic rearrangement in a sample comprising the steps of: (a) providing a sample of
nucleic acid (eg. genomic DNA), wherein said nucleic acid comprises a nucleotide
sequence of known sequence adjacent to the location of the suspected genomic
rearrangement; (b) digesting the DNA with a primary restriction enzyme to form a

plurality of restriction fragments; (c) optionally, purifying the restriction fragments; (d)



nucleic acid (eg. genomc DNA), wherein said nucleic
acid conprises a nucl eotide 30 sequence of known

W@ emaeswaes adj acent to the | ocation of the susprCT/E&2008/000625
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genom ¢ rearrangenent; (b) digesting the DNA with a
primary restriction enzyme to forma plurality of
restriction fragnents; (c) optionally, purifying the
restriction fragnents; (d) 9 WO 2008/ 084405

PCT/ . St Bofiiey o
AL g R A UL i
t the circularisealr DNAC (DpNdhgestifig thti geeatarised DMNA wiithcauseaondagyl restriction
DNA with g secondary restriction. enzynme to..form .
pPAYEe; 10 o (ae BlurRllty | r?%t%@wenffégmﬁlé% (8)gligsting g restriction
r eadhdrfzd 1 @ fornt 28PRMrRed ODNQGM(KR) TenP1AYihg € theD¥Rspectel genomic
anpl1fying the suspected genomi c 5 rearrangenent using
orearrgngementuing oey e mheet primensthit Jwbridise kethgunaclsotideisequence of

- TE NN N TP

aspect there is provided a database of nucleic acid
sequences of about 6-50 basepairs that directl

! . ! y
f Ingnfourtgenth @prachhera i nrovdferdie datahase i inwglelr geid psquenges pf about
1 . e Y e c y : o
5B Ry "GR0BT 03 Pl cbBRAIGRRRALY the, primmary resriction
saaymieaecognition dilef drethe sécoadpyatstribéore enzynyer wooghitiorasite of each
dat abase of nucleic acid sequences of about 12- 50
bAEEhEFAEChat directly flank all relevant primary and
secondary restriction enzyne 15 recognition sites in
the genone. In a sixteenth aspect there is provided
t Inca fifeendf asphet thkae idprevided a da@basic of autldicseigreqesnses ¢fgbout 12-

ol PPt et Tl PR iy, S8 et Brpicion enayme

. agPeatitidEtes in heReMtheled a nethod or. an agent or a

dat abase or a use substantially as described herein
and with reference to any of the Exanples or Figures.

QDI IVE . | j : gat:]
TR bbbl i Pl m: 62 qfhd Ense bRIdOR N Suences
ofor BArining the genohit pasditiyn obéaeh of the captupsd seqeericheidentified.
anal ysis of ligation products between target sequences
and cross-|linked sequences of interest by neans of

SR EREhiR8nth Spech it sHrBHEEP HimeBREAMCAL A or 3QathBase or a use

substantially as described herein and with reference to any of the Examples or Figures.

EMBODIMENTS OF THE INVENTION
Suitably, the ligation reaction in step (c) or (f) results in the formation of DNA circles.
Suitably, step (h) comprises the analysis of ligation products between target sequences

and cross-linked sequences of interest by means of sequencing (eg. high-throughput

sequencing).

10
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is for analysing the frequency of interaction of two

wW@roos0840% ar get nucl eoti de sequences w t h onePOT/IBRO0SH000625
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nucl eoti de sequences of interest, conprising the use

of multiplex PCRin step (g). 5 Suitably, the nethod

is for analysing the frequency of interaction of two
nore target nucleotide sequences with one or nore

S HPRL m BE RISP Bpld E 5Blanc S L AL 408 o more et

f Ricl@idl sequehbes Witk @@t or st enckestide safuepcet @Y iaterbst, comprising
subsequent_ simul t aneous anal ysis of their DNA

i the apaekmultiplex RCRSIN temig), two or nore anplified

sequences are differentially |abelled prior to pooling

and anal ysis by hybridisation to an array. Suitably,

t Switably, thermethog s for ahl i tha frequency of déeracticml dfytwo or more target

| abel | ed and anal ysed b hybridi sation to an.arra . .
WRBIPORE SEtIEn wh oas ohandlh Trep ik RbenRs A iR cpmprising.
_Sl%.btﬁb_@lliﬁ% S ofBlllCof Y PEREProdasld Sslifified T8 each of the target
identically |abell ed when the sequences reside on the

ssequenchs mraterole ard subsetjusnisimultanegus analysisy ofdheju PN Biteractions.
m ni mal overlap between DNA-DNA interaction signals.
20 Suitably, high throughput sequencing is used to

agdtapse tivb or mddabhplificd Beduenits aro diffstentially Wstetled prigeto pooling
se%fences and captured sequences of interest.

Swdranplyyis bydiyhedisatin tPgn@ta¥ct ed to the |igation

junctions forned between target sequences and .

captured sequences of interest by the addition of

aShaipibby, tve qirancesamplfiedespqiereds fcer idseteatiyclabejlet candhanalysed by

ends, of .the anplified sequences. ita sequenci n
RN Pl A ot P e e
target sequences and captured sequences of interest

by the addition of the conplete, or part of the,
aBapbby, twe qumoreeampléfipd seqaenices ars adansinalixnlgbeltedsvhen the sequences

over.han to the 30 oligonugleoti prd mers used

GBI £ P S0 ST 58S Sh A S B S e yioneh 3 il overlap
| pdtREQSONALDNAOnZRGi0a&fpkafs. PCT/ | B2008/ 000625

Sui tably, sequencing is directed to the ligation

junctions formed between target sequences and
gﬁ%h‘ﬁﬁg%@g@gﬁﬁ%&g& s%&uén@fn%rigﬁgecp% &rﬁgrsg% filgﬁj(oh(}&l&ifon?formed

between target sequences and captured sequences of interest. -

Suitably, sequencing is directed to the ligation junctions formed between target
sequences and captured sequences of interest by the addition of adapter sequences

required for sequencing to the ends of the amplified sequences.

Suitably, sequencing is directed to the ligation junctions formed between target
sequences and captured sequences of interest by the addition of the complete, or part
of the, adapter sequences required for sequencing as 5° overhangs to the
oligonucleotide primers used to amplify the one or more nucleotide sequences of

interest.

11
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or other noiety to the oligonucleotide primers used to
anplify the one or nore nucleotide sequences of

w0 ndosesdy fol |l owed by streptavidin or ot herw BEI/IB2008/000625

nmedi ated 5 purification of the PCR anplified material.
Sui tably, sequencing is directed to the ligation
junctions between target sequences and captured
sequences of interest by designing the oligonucleotide
. . a o . |
DSBS AR, PR (e 29500 BRESyS FBR! veen wrec
193Quere6s altDcapfuréd sequbnced @f irBerestAfy; the@pnjdgatin af a Biotif substance

4, 3, 2, 1 nucleotides fromthe ri mpry andj.or
s@c%ﬁa‘aﬂpl?t@stf’r&ﬁt‘?llﬁ‘?n%ﬂiv P2 nPs(r‘Taﬁoe‘/? W@’S’sﬁhe one or more
AMRIGERE - seinkb &P bY inRRIUERALRE 1y diréR&HEH bP otttewise mediated

1 gation junctions between target sequences and

capifigation efthe @aBResnplifiedmaterdadt by desi gni ng t he

ol i gonucl eotide prinmers used to 15 anplify the one or

nore nucl eoti de sequences of interest such that they
PSufifabB, ksquehcis@isdifkRd Yo Eheclidatipn YaddfiohdBetpeémarget sequences and
and/ or secondary restriction enzynme recognitign site
amsatuyech gequsneasapf ynteresly b ndesigninge thee gHeemiclsetide pgimers used to
L . . . . _

(ise U B GF R AACda g AR BFlohorbe ity 300, 360, 200, 150,
i 1000 190R80 70,6060, 4B 3000, 2le’ 7,0, Mok 8) 2i 3 misteatidexdfrom the
on . either side of the ljgation 'uncLLon.gﬁ

URTHRHY GOE/QE FSFOR fc?srrgﬁtmggewr{l% gnition it anairdeach
captured sequence of interest. Suitably, the target

nucl eoti de sequence is selected fromthe group

cSteblyt sequendingis digctyd o thiecligatian jenvtjienebatweer target s¢quences and
Z%P%h n%(iel{epcé%i §¢] l’ir?tgr%gtg P& 2&85 %]n Smugl I te? rgggcgrhugﬁb§{15é primers used to
t AAPLE [thd bh® Br Witiré nuélBotidd qleres o€ Mhtefeat sieh, thatathey partially or
reconbi nati on hotspot, a translocation breakpoint, a .
ceommetakyraverlap pa pEmagy gadier segandasy Fesificiien exzyme recognition .
gene; g%h'region, a repetitive elenent and a (viral)
'n&egr ion site. 30 Suitably, the target nucl eotide
sequence is a nucl eoti de sequence that is associ ated

wth or causes a disease r s located ug to, or )

G uiably SYQUERCS BT acrors the Heationdvneiie et that PR gultiplexed or
: | ' ' 15682212 hacleotid
TR RSBt iR 9 1 Mot
mrahere) isdebtsieedien cihdrssidsedfethe digatiorojunctien tpr enambiguously identify

isting of . AMJ ML, MWC BC,. BCR ABL1, |GH,
LSPER tarhoARPaepig 4 ERRBAP T eA A onee SRR g HOK or

other | oci associated with di sease as described in

" Cat al ogue of ) _ o
Suitably, the target nucleotide sequence is selected from the group consisting of a

genomic rearrangement, promoter, an enhancer, a silencer, an insulator, a matrix
attachment region, a locus control region, a transcription unit, an origin of replication,
a recombination hotspot, a translocation breakpoint, a centromere, a telomere, a gene-

dense region, a gene-poor region, a repetitive element and a (viral) integration site.

Suitably, the target nucleotide sequence is a nucleotide sequence that is associated with
or causes a disease, or is located up to or greater than 15Mb on a linear DNA template

from a locus that is associated with or causes a disease.

12
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WQOME/08448BN 3- 11-011607-3. Suitably, the targepPCT/IB2008/000625
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sequences are distributed along the |inear genone

tenpl ate such that the interacting sequences cover an
entire chronosone or the-genone. 10 Suitably, the

primary restriction enzyne is a restriction enzyne

that recognises a 6-8 bp recognition site. Suitably,

the primary restriction enzyne is selected fromthe

oS wtaply; ahs itsigeth guciéotidg! slehuenc& Ss I-sietedteldl fromcthel grofarcothsisting of:
Spel, Pstl and Ndel. Suitably, imary restrj

b MId, M@cﬁ@é BsLed B |IQ§I eﬁﬂén ddLlis §H0 rLA%tOIZO?Ckwa
sﬁégélgpé %@ ot 9 ed'n ggl' %s?rcefﬁ?& IV\;I{hV(?iséc'agg 4§ Ql%?c?fbe&% “Catalogue of

rorction enz

reabdlafcbd Thr&As0MR: ABairations of MELS2ral édltl@f[ &lbb@ Schinzel. Berlin:
nucl eoti de sequence recognltlon site. Suitably, the

sWaberoder Gruytes: 200d ¢ 19N arddyHd 69 FSogni tion site is

| ocated at greater than about 350bp fromthe primary
restriction site in the target nucl eotide sequence. 25
Buitably, Yhe target aoqichtenart rdiswibuied tlonpitlyh linedregeacme demplate such
freaﬁen0|es Is indicative of the |ocation,of a

& BHCTAFHNEeaRNsEs SOTERA ke FRTomOsaInE Shike #engme-

Sui tably, an inversed pattern of DNA-DNA interaction
frequencies for the subject 30 sanple as conpared to

t Sugtablyn theoprimaryi mestiictien enzyofe ian testrigtiereenzamg/ that recognises a 6-8

nbal anced nversi on. 13 WO 2008/ 084405
%ﬁ@@§7ﬂ%b625 Suitably, a reduction in the

DNA- DNA i.nteraction frequency for the subject sanple

as conmpared to the control, in conbination with an

i Suitablys éhej pnrnmrgwtme@m@@ isoyglected i theyerpen constsiing of Belll,

di,s t | [ of a bal anced and/ or
H aﬁg’n%% %J}?PI Sg ﬁgh%&lita y, an increase or a
decrease in DNA-DNA interaction frequency for the
sub sanple as conpared to the cqontrol is,
SHelleBit i POMABY BRISHTIOBTEHRIEGP SGIFG oo on its absence from, or

under representation in repetitive sequences.

Suitably, the secondary restriction enzyme is a restriction enzyme that recognises a 4

or 5 bp nucleotide sequénce recognition site.

Suitably, the secondary restriction enzyme recognition site is located at greater than
about 350bp from the primary restriction site in the target nucleotide sequence.

Suitably, a transition from low to high interaction frequencies is indicative of the

location of a balanced and/or unbalanced genetic rearrangement.
Suitably, an inversed pattern of DNA-DNA interaction frequencies for the subject

sample as compared to the control is indicative of an balanced and/or unbalanced

inversion.

13
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duplication or insertion. 10 Suitably, spectral
karyotyping and/or FISH is used prior to performng

we a00d/ogmvhod. Suitably, the disease is a genePdTIB2008/000625

di sease. Suitably, the disease is cancer. 15

Sui tably, nucl eotide sequences interacting with two or
nore target sequences are anplified. Suitably, the
target sequences are positioned at or near genomc

lssl}ﬁ{agﬁ)ljg%uﬁﬁorp & the DR INGAhRFANLE h‘efi\:e%b? ESRd siHj @k Sample as

e target sequences are selected W thout )
poontparddntovdhe dgatroln in kembnation evithodn irgreasain HMNEIENA interaction

S 31, FASEE SHE, Lt b LDLERECH DOLBSUERERS: e

tRetogdentified interacting sequences allow 25
reconstructing linear chronosone maps and genomic
rearrangenents that occurred w thin and between-

chr.onmpsones. Suit ahl t he 4 e :

IS BPRe 87 iipadk pt & Rrsfeast AL DATRIIYA e BEANERERRAE) for the subject
Hafrdp® 88 tcoiphied| 180Bk | @etraL 60 irlidigive Wft 4) dalangels kiid/oN unbalanced
in the genone. 14 WO 2008/ 084405 PCT/ | B2008/ 000625

Svpligdiop ordnfertigd: hod is for the detection of a

bal anced and/ or unbal anced rearrangenent,

transl ocati on, inversion, deletion, duplication or

i uieblyi, spectrAliaiydtyping hiomFISHis uydat pritirsa perdornsng paid method.
replaced with a sequencing step. 5 Suitably, both the
target nucl eoti de sequence and the nucl eoti de sequence

o '{aﬂgﬁflﬁ?ﬁsea@igaiggﬁéﬁcicfiieﬁge.by sequenci ng. Suitably,
ao}gpt f sequences are ligated to the PCR products. 10
Sui tably, sequences interacting with two or nore

tar. eqguences are anplified each in separate PCR
r@ﬁ%’gfyo%%%ﬁ‘?etlﬁﬁﬂffr'sequences interacting with two or
nore target sequences are anplified each

Suitably, nucleotide sequences interacting with two or more target sequences are

amplified.

Suitably, the target sequences are positioned at or near genomic loci known to be

associated with a diseased state.

Suitably, the target sequences are selected without prior knowledge on the location of
a rearrangement and are spaced such that the interacting sequences cover an entire
chromosome or the genome, and wherein the identified interacting sequences allow
reconstructing linear chromosome maps and genomic rearrangements that occurred

within and between chromosomes.
Suitably, the amplified sequences are labelled.

Suitably, the amplified sequences are differentially labelled according to their position

in the genome.

14



15 in separate PCR reactions and subsequently pool ed
for sinultaneous analysis. Suitably, sequences

WO 2080803 Ng With two or nore target sequencesPEr/EB2008/000625
anplified by multiplex PCR 20 ADVANTAGES The present
i nvention has a nunber of advantages. These advant ages
wi Il be apparent in the follow ng description. 25 By
way of exanple 4C t echnol ogy can be nultiplexed such
tng{ag ﬁlr a%lle gty %} Q_ﬁ’!lo defctiR’ Sf Ince§ qaiﬁf?{te%balanced

analys In~a singl e experi or exanple

areafhnpghRng Itrhﬁs/locaﬁybn,viﬁyer&bnj dﬁldthﬁ[ d@lmmd)reor insertion.
mul ti pl exed 4C technol ogy can be used to screen, for
30 rearrangenents in genonmi ¢ DNA throughout the

PO SR RS S e WP A e

5 hi gh-throughput sequencing can be used in place of

L Groarrays . to anal yse the capture me

DB GRh e A RRHE R oePih P e ieLoly SeEAep gl inerest
'qgggkﬁﬁgcdgyg%w%@Man further exanple, instead of
mul ti pl exi ng, sequences of interest captured by

di fferent target sequences can be anplified for each

pourEly. BEE eSO by e B oS Croat 1 ay.

10 By way of further exanple i nstead of nulti pl exing,
sequences of interest captured by 10 different targ][lftedeach
1

stable sequensrsHBICEASHNE M aAngiecaTeet SHAUERRER Sfaiy
S PR rea agggequently pool ed to be anal yzed
B% %ﬁeousf hi gh throughput sequenci ng. By way
of exanpl e, the present invention is advantageous

sjnce it provides inter commer use

Sl peblencas iEreBes Wit RO et sehateS At grplified each
15 1m sgyaréﬁ@?(ﬁi rchéfidrd@hd §1¥5%€E&lleﬁtly bB@le@ T&Ss%ﬁhltéxféﬁﬁﬁida%m' S

advant ageous since it provides for i gh

t hr oughput anal ysis of the frequency of |nteract|on of

t nor e nucl otlde equences i he nucl e .

Bl TR e R g wREIVE DS Tiore ol E R E re amplified by

| AMRIpldxCR.S advant ageous since using conventional 3C

t echnol ogy, each single DNA-DNA interaction nust be

anal ysed by a

20 ADVANTAGES

The present invention has a number of advantages. These advantages will be apparent

in the following description.

25 By way of example, 4C technology can be multiplexed, such that interactions with two

or more target sequences can be analysed in a single experiment, for example on a

single array.

By way of further example, multiplexed 4C technology can be used to screen for

30 rearrangements in genomic DNA throughout the genome, at unknown positions.

15



uni que PCR reaction containing a unique pair of

prinmers. Hi gh-throughput analysis is therefore only
w@omsioki4es i f PCR i s autonmat ed, but the costs OPCHIB2E8NN0625

primers will be too high. Accordingly,

hi gh-t hr oughput (genone-w de) anal ysis of DNA-DNA 25

interactions is not viable with conventional 3C

technol ogy. In contrast, the present invention now

oA B st OBA0, Wt i e o

Oivrsréddiys B8 aialst itecapaged DINA Grafiferitt Thephelsipleking and sequencing

invention will greatly increase the scale and

r EBPYRMEES 1BAY ayeR Begombingd. By way of further exanpl e,
the present invention is advantageous since using
conventional 3C technol ogy, the screen is biased

5  tByavagftintise eRivAplecnstead of multiplexihg, sbquencepooflioterast capgured by

primers were designed, order.ed d included in the

RSEFTST tareet SSlEeB0EE b ATPHTET HsoATHSh Supncerprparately and
Cifeh %s@éueﬁﬂ&ﬁo&k& PG a8RbH dRniHahERER dnsa fnVdRb&Ry. Y

based on  know edge concerning the position of, for
exanpl e, (distant) enhancers and/or other regul atory

ement s/ hypersensi tiv ites,that. it _is [ |
PESET o (RURF R TR, dErd s e Sl cehbo Pt HERsLtapgured by
10 | diffefeht eRp@tequdhidss cADbY Qfiplifisd Isepirately for @acid tdrgatasedsence and
the 5 design of PCR prinmers that are included in the |
FroRsegvently pacded terbegmalyzed gimuiiareonsty by high hroughputsguencing.
can be used to search the conpl ete genone for
interacting DNA elenents. This is because

aBp walyi cf @ikampleptheqireseat inverténh is aduenagesus sinekdt ipsovidds inter alia -

based on the r%ﬂ%FIed know edge of squencas t hat
craguaencialy uiFihnyclrotidet-Feguencas PLGEREHEODS&PA grrays:

15 investigated. Rather, in one enbodiment of 4C,
sequences that cross link to the 10 first (target)

B Maytof derthes grample, e prasentdnprntiph dxiadrentagequsminse iinproyides for

e iR BrorphA s B ke i ERe] EoBRRURRRE g Blford Hteorid

S§eB&tted BIthODE1EMNApadat er actions. By way of further
exanpl e, the present invention is advantageous because

using 15 conventional 3C technology only allows the

20 I‘Q’ﬁ e‘%' ot . ifeéf&l?l flegg?@ifpr eﬁf. il efititVas n%t?%e&ug escince using

nteracti on. nformative whe

t congentinEBYC tébheologe chciotingly DNA-INNArinterqotion suisshicdnalysed by a

that all fragnents that interact with a fjrst (target . .
npEAEOP ¢ B deacign sARainnge2 HBIRUG R i .PEHle‘éggHI%}b‘Fhéé‘{g%gﬁ 9'7a1y515 is
aiBletdrk Oty pdsiBe WRCROLs dutirhdted, b%fgié@ﬁts off @8 nn§SRiters will be

i nvention’i's advant ageous because

too high. Accordingly, high-throughput (genome-wide) analysis of DNA-DNA

25 interactions is not viable with conventional 3C technology. In contrast, the present

invention now allows the simultaneous screening of thousands of DNA-DNA

interactions. High-throughput analysis of DNA-DNA interactions according to the

present invention will greatly increase the scale and resolution of analysis.

30 By way of further example, the present invention is advantageous since using

conventional 3C technology, the screen is biased towards those DNA sequences for

whiéh oligonucleotide primers were designed, ordered and included in the analysis.
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technol ogy can be used to detect bal anced or
unbal anced genetic aberrations - such as all types of

w0 ca@sssaent i ons, del etions, inversions, dupli ceCT/mBee08/000625
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and other genom c rearrangenents - in nucleic acid,

for exanple, chronosones. 4C technol ogy (which

nmeasures proximty of DNA fragnents) can even

deternmine a subject's predisposition 25 to acquire

certain. trapsl ocati et |. . N 1on

TR odich o E 85 "HiReIsARlcT oSS {sPURIBIG Whused on Knowledge
bednera(g e poshidnadts fst déxanipdd, (dBtantnenhankelre tndiois pther regulatory
i nversions, duplications and other genom ¢ ) )

r demeripGEpRERRISYIVe Aten dkAt it 4y geb A wilf Pt ligk vt greegucleotide
i hiit §sS i RIEAGH thuk NG vERForEX BE! jsPBiRtdd RRvards th
o%qﬁl%g%c g[nigeb%g%éuse ahe resgl ution of 4C %Sechnol og)?r ° .e
i desipmodf RCRpriierscthat dre inchaettdtio thitePERtanidicatiomysiem rwhereas 4C is

; th 0 4C-bait' defi d by th g
:V T%SS Sﬂq’&a?%’ ?’SS‘ESF ctf)?lﬁer?mé‘fw Swﬁg?llgggeg ﬁF‘E{(?IB‘?w efo’g ir“'e‘g'féwng DNA
t flahers.© TR e eshke iaﬁléyliﬁ@élfoﬁcbfébf@éé-lﬁ&gd séfueh&@sARAC is not based

megabase or even nore) from the change. Another

aetv thetpaedicted &novledge af seguenges ghas stass-link ayith the uplgosde sequence
for a. 17. 2008/ 084405 PCT/ L PO .
i nrbighe Kokl 08 cbalt R4 bl that prosylink to the
bfitsaieger) anélcotidkadegisred caigbo amplifieCasing PGRIprintess that hybridise to

- Anot her advantage is_that 4C technol gy all ows

( t he
adiBunuleotidgessprangeof TiRatigeressnhdwyention aHows apdyiase! genome-
derebf for IRAIIRATRIKCbASL T Ction sites  between
I ch-changes occurred. Another advantage is that
cells need not to be 5 cultured before fixation. Thus,

for exanple solid tumours can al so.be.anglysed fo .
gﬁ)’] oY g?éﬁliiﬁ%n W sthe BRFeSRAY I5EHeR ¢ @3"%&%‘?‘3\’% ?’e‘faﬁl@e using
PERSERonaNYE MEHARIoLS oRRYVATIWANBE YelcOBaiiSlifidifor 6F a single DNA-
technol ogy can al so’ det'ect changes (eg.

BN dnfgaation.o) This i peloinfatmaivanwhen duvbridised to am amay. The
before all the cells contai se ¢ es, T t
cEeRiotoed s b B e Rt A P RO orl Win o e (argen
Oinfeftide betueadeSate nowlahiplified gpaeicstiadly dnptifisk. By way

of further exanple, the array design according to the
present invention is particularly advantageous as

i@gﬁ@éﬁé et Rurfist Skhigied ﬁﬁ? :?rgsefﬂl Lhvitiah _rigyﬁivé%%é{%gs Pecause 4C

I'egen genom ¢ t g arrays - since t si gn
afetimutogyeqandrantato deteabalnceddr urbaecedoganttioibdrtations - such as

enone per single ..B f le, f .
b (YRSt $lo ANURGAHRES r SRR NGO e RPEAoBS tind cother genomic

- SRS ARAUN richid a8, R (RaAPRUEL38RsQRE. #C @h@iology (which

each wll be sufficient' to cover, for exanple, the —~
conpustseproximaty afrDNAusagments) can even determine a subject's predisposition

to acquire certain translocations, deletions, inversions, duplications and other genomic
rearrangements (eg. balanced or unbalanced translocations, deletions, inversions,
duplications and other genomic rearrangements). An advantage over current strategies
is that it is not required to know the exact position of the change because the resolution
of 4C technology is such that it can be used to detect rearrangements even when the
‘4C-bait’ (as defined by the primary and secondary restriction enzyme recognition
sites that are analysed) is located away (eg. up to oﬂe megabase or even more) from

the change. Another advantage over current strategies is that it allows for a
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genone. For a restriction enzyne recogni sing nore than
6bp, a single array of about 20 385, 000 probes can be

was@d/osaorover, for exanple, the conpl ete humaPCDIB2008/000625
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nouse genone. The advantages of the array design are

that: (1) each probe is informative since each

anal yses an i ndependent |igation event, greatly
facilitating the i nterpretati on of the results; and

( ? | e S NYIE ﬁ%%h

s%%lt ede%[olr% gﬁ@&%ﬂl ggﬁogljriérg’m WAl cﬂ{el%?cost e é:g? %/ng ufgalanced
%nbmmmggemts a”&hmhidragemﬂ@eys that 46 ecthhalogy b.Hows the accurate
fi ne-map g of pootl char rised rear

o‘f‘?@?lﬂ%{PP Shages 8ineg ﬂb{?ﬂd@ﬁl&ﬁ 5?3&" r%’&cé‘? ﬁﬁflctlon sites
MOSE UR¥oh EHarbbs Sttlirred! C)motﬁ& 4dvah@BOng |tﬁ’aﬁyceﬂ§'heed not to be
advant ageously Be used for.the sinultaneous screening
ocultaresli before fizatioay Thus, fooekampleisolid tumounrsaganaalse e ranslysed for
t hat have occurr d near multiple loci. 18 WD
2T HA08 85EF °82008/ 000625 BRI EF DESCRI PTI ON OF

THE FI GURES Figure 1 The principle of 3C technology 5

Fi gure 2 (a) The principle of one enmbodi nent of 4C
t Bx: hrayl o Mceaﬁaplysﬂy prgsqb inynHer is advanagspus Rpeayse the 4C

di LI
Pl b U chle (. b BaNERe) 14 fle-p A e, e
nbaﬂneailll tte celteonwair thesg ahages. o Thu) yhedietlinml @yt cah(be used not only
fra nts ({}se fra nFnts will be anplified and
léan%gﬁ éiﬂ%%aseahvg Sp iR DEiPEPENORE CRBHEAE: such as
inverse PCR - on eg., Dpnll circles, using first

(target) nucleotide sequence-speci fic prinmers.
By etdyeaf furfher fekaraplieotheparoju designrageobting yo thel ipmdntt 'mvenﬁon is

the. rra as described h Hi ndl ||

i BduTaeEE R B BphEy 50 Bxisbind dehomE B bray - Such as
rNﬁﬁHlbg"etn' SRoRIZ MBS arrapd/CBinds tHe @sighalRes @pRkentation of a much
5-cutters - can also be 15 used. (b) PCR results

slargsr @EiédOfbt}ﬂe gENORIE cRer SO BESY-s BY OYAYt o cXamalpefrd e festriction

f et al | b
5 L e P AL S P B s 0
npr@b@aédchmnrwaaﬁcﬂemotmeeom rfer eeanplaethe wiolplete hithahpr mouse

of Hndlll sites, Thus, :
genome. For a restriction enzyme recognising more than 6bp, a single array of about

385,000 probes can be used to cover, for example, the complete human or mouse
genome. The advantages of the array design are that: (1) each probe is informative
since each analyses an independent ligation event, greatly facilitating tI;e interpretation
of the results; and (2) a large representation of the genome can be spotted on a single

array which is cost-effective.
4C technology can advantageously be used for the fine-mapping of poorly
characterised rearrangements originally detected by cytogenetic approaches (light

microscopy, FISH, SKY, etc).

4C technology can advantageously be used for the simultaneous screening on a single

array for combinations of rearrangements that have occurred near multiple loci.
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each probe anal yzes one possible ligation partner. 20
Figure 3 4C technol ogy detects the genom c environnent

WO@R00BA8IABA (chronmpsone 8). Shown are unpr ocesBEDIB2008/000625
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rati os (4C signals for Rad23A divided by signa

obtai ned for control sanple) for probes located in
-15 Mo or nobre genonm c regions on nobuse chronosone
10, 11, 12, 14, 15, 7 and 8 (top to bottom regions

' iﬁﬁ\f@F ﬁ@ﬁg‘rﬁﬁﬁ@ﬁﬁ%@i%ﬁ from 25 each

the |l arge cluster of
strong signals around the (Rad23A) bait on chronosone
8Ff{gupeVI 7) , Whi ch denonstrates that 4C technol ogy
detects _genam c fra ments close on the |inear
cﬁh%ﬁ%%ﬁ%@ofé fiednelogyn agreenent with the fact that
interaction frequencies are inversely proportional to
the genonmc site separation). Note that the region
| Figueel2i n cis around the bait that shoms hi'gh signa

3 i tensities.is | >5 [ or

i r%lg}péf‘c of ?Iaﬁq%%afgﬁmé%t %@%% {se l%g E\WE’S’SEE pgriormed as
& % a@M’g 2) OOARdr red&sBf cross-links, DNA
2008/08440 PCT/ | B2 08/000625 lgure 4 4C

i mixe r\axﬂt icontginof {igst g(ttamth nmle@hd@ rasgesnse 7ligater3 s/ naryo different

a tran tiss v

ngﬁgrfl? tﬁ aggnﬁn sﬁélﬁ e P h rdgfl%s ?{%Hg? PY 18, 28 amplification
I fhdthodd —saal as ﬂﬁi{éfs@fﬂl’lﬁ oNQzEg‘?, Dl circleg-usmgdlrst (target) nucleotide
interactions with 3;%|0bln differ between t

5 .
($e|qklgq10)¢ sPeqiEn dpimery 1-abalded alaﬁlgfétpqtligpm;?ﬂlngsamgg sfhyiﬁigised to the
g né)r Cagt rélgsgzpll%%l QfeiRf I-Itzilqul(l Wnlls L0 gglteﬁ CasSE)IEHTﬁﬂlés, but other

arge regilon aroun
Fegbiqattonsrod: Semildloﬁr enfzymed ersadt asnb bh 8¢ 2ady# obiSreuiters - can also be

fet I I've cel The 4C a ach reveal.s that 0
3 Rl sepatried by; B S EOPRTERS 595t (90 dpdeendent fetl
tﬁ@er((ﬁl glL bind dr26 8 1) BPRHles3R) SMReRMRVreprER@®Rich W the location

|nteract|ons wer e preV|oust found by a different
t ef:thnomogmray prahes.diobercwererdesigned wythin Hi0sbp pHHjnddH sites. Thus,

d e Genet 36, 1065
(SSharee el e Bl RetoRBE g ange.

|nteract|ons detected by 4C technol ogy can be
verified by FISH and truly reflect nuclear proximty.
15igRrgdir e

4C technology detects the genomic environment of Rad23A (chromosome 8). Shown

are unprocessed ratios (4C signals for Rad23A divided by signal obtained for control
sample) for probes located in ~15 Mb or more genomic regions on mouse chromosome
10, 11, 12, 14, 15, 7 and 8 (top to bottom; regions shown are at identical distance from |
each corresponding centromere). Note the large cluster of strong signals around the
(Rad23A) bait on chromosome 8 (row 7), which demonstrates that 4C technology
detects genomic fragments close on the linear chromosome template (in agreement
with the fact that interaction frequencies are inversely proportional to the genomic site
separation). Note that the region linked in cis around the bait that shows high signal
intensities is large (>5Mb), implying for example that translocations can be detected

even with baits more than 1MB away from the breakpoint.
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4C technol ogy accurately identifies transitions
bet ween unrel ated genomc regions that are linked in

W@2®s/08ans5 t hese experiments transgeni c m ce WePET/IBOCR/000625
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that contain a human P-gl obin Locus Control Region

(LCR) cassette (-20 kb) inserted (via 20 honol ogous

reconbi nation) into the Rad23A | ocus on nouse

chronmosonme 8. 4C technol ogy was performed on E14.5

f;,%g%{/ Livers of transgenic mice that were honbzygous
forr"this insertion. A Hindlll fragnment within the

| ¢ efteRtiaR ofBsglebin®n dhisRsonres? (80Mb3 forkGrimattibing Tieue (fetal
data show that 4C technol ogy accurately defines both

ehaeg) @indt menanrgnsgabing iy dfetel brir) GabeGd hiay running mean
P phod vt il Raate bieragHon T ] KA A BRF HPRRN tsses

S@ikeBNED:ndd ofi | tRé tasciipienkatishse the gkid)ondépendent of the tissue
i ntegration on nouse chronosone 8 (upperthpgnel :
t

cHmparis signphademaseate plasgeregian @5 Mbyarpu the Bait.of
integration, see arrow) with signals on 6 other nobuse
chronosones) (conplete chronbsones are depicted).
TRigarexanpl e shows that 4C technol ogy can be used to

?%E’g’;qtﬂé&ggf %»?&%?#égﬁ@m‘@ﬁ%% ?q?%ﬁf"@%e %@Sbﬁg{‘*@mﬁ)@ch rgveals that
th i1 :
B ety WP TR BRI ARI0 M AR BRBALus ocated 30

VA2 908/ Ofi40 b GiftetaB2 68 (a0 biousig cfound dlyya diffdreh technology
can be used tg identify. genom c br eak%oLnts an
S

t GFélgfyP%é%ﬁei lrSitp Bybridisationgiag desoriped i Osperaf ¥ egyNafure Genetics
P56 %@%Znggﬂ] @fglgsgb?é\fgglg %M'M%%Sarx&ﬁg%fér&ﬁfoﬁg dEte@ted by 4C

y simlar. iologically
i edepdogyenh bé@eafpeby FEH sndwruly rpflect oncledt pooximiw, 5
fetal livers, using either the P-gl obin gene R ngjor

(upper 2 rows) or (3-globin HS2(bottomtwo rows) as
tpgupagt. These baits are -40 kb apart on the linear
chronosone tenpl ate but were previously shown to be
c#@seshnelogy ecourat¢ly ddentifiae wansitiqF dktdes uarelated genomic regions that

Mol ecul ar. Cel | _10,, 1453 (200 Depij ct [ - .

P Tt in s £5° B Ring Rt bihE S fefyisgg i conain o
f hefad ReloBimIIRBI ¢dtes - Rddien ARICR)S bansetld gh20 kb) inserted (via
reproducrbility between independent experinments and
deoroologoust rcombination) intea e Rad234|loets om maonse mhcoraegome 8. 4C

f ﬁgﬁxg)é(?ﬁl}ﬁ&vfwi E%?q&%%ﬁlr gxg 8@ﬂ§ fela? lli\%?éto?dugrllsigfﬁ@ €hfce' hat were
homozygous for this insertion. A HindIll fragment within the integration cassette
(HS2) was used as ‘4C-bait’. The data show that 4C technology accurately defines
both ends of the transgenic cassette (bottom row: only probes in the human LCR
(~20kb) give 4C-signals and not probes in the remainder of ~380 kb human {3-globin
sequence) and clearly reveals the position of integration on mouse chromosome 8
(upper panel: compare signals on chromosome 8 (for position of integration, see
arrow) with signals on 6 other mouse chromosomes) (complete chromosomes are
depicted). This example shows that 4C technology can be used to detect the genomic
position of ectopically integrated DNA fragments (virus, transgene, etc.). It shows that

transitions between unrelated genomic regions that are linked in cis can be identified
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4C technol ogy is applied to neasure DNA- DNA
interaction frequencies with sequence X (on

wabkoosiemsoire A) in cells froma heal thy person PeDm20e8/@0625
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a patient wth translocation (A B) (bottom. Signa

intensities representing DNA-DNA interaction

frequencies (Y-axis) are plotted for probes ordered on

| i near chronosone tenplates 20 (X-axis). |In nornal

Cftlehiueld." GAENanDNEIBIA b NUEHGT S ABRIAHRAMBERR! £ Hanslocation
ronosgne around sequence n patient” cel

&mmeeducti on in interaction frequencies is obser ved

for probes on chronosone A | ocated on the other side

of the breakpoint (BP) (conpare grey curve (patient)
'%p‘p¢ack line (healthy person). Moreover, the

transl ocati on brings part of chronbsonme B in close

p4r(§/$eohalogp rpma(duces yepeasiucible dafassinse the peofile fored§2rand B-globin are

P AP B B loRiraLLE Ry V‘YF’?Q‘?FE RGP GRp R on E14.5
thfh%b I R ?ﬂhérr fHaus! p0| £ fe FBJi}ia?ongI BEDQOHRVMIK? -globin

lI'ocafion of its brea i gure 0 (Balanced)
iHSﬁ(bettmn(e&o mws)bas ailm beit. eﬁrhbge bgts echrdl ddpy apart on the linear

versed attirn élg eraction, freguencie ,
AR BE5 HSIS ST 1 e ol o ucipgr space
X@oﬁ%&%%@@cﬁgbbﬁaﬁoﬁﬁ(@@@) Dieplc@sisis tal SSMbatgion on mouse

served in diseased (solid curve) as conpared to
ndwmerdosoeass & dhat (is 20261 MY avayviegmstho Jﬁedvblnvlmltsh The detgl show high
and Si e of the i.nver

t h
P %g “Wereen H?‘édfn‘d%ip&lﬂe{} g Pg‘&‘ﬁ% 8}a85‘37° fragments
F’Jl@ééelﬁ i Aufeldaf %54;@@ chalPNAvterb¥¥ gl pikRAER AR dlfcoieRiaitRSgenome.

(nmeasured by 4 echnol ogy as "hybridi zati on signal
intensities) in diseased (grey curve) as conpared to

n- d|§eased (black curve) subjects, reveal the
p@ % On and size of the deleted region. Residual
hygr ksthdsloppnis sipdiedl ® infeabilre DNABMAFE@erOﬁf frielpgencies with
di seased subject cone from.intact_ all el
(Y5EHNCH 29@3@@%@5@@}%% in qells fomehhealthy )PETSE%I K'Py) and a patient with

ors %b o QIF%I{E gl%ke?% @Bttbrﬁ 8 ih él§l|tlg£] @&J:Oprfée :Hngg' PINA GNA Ohteraction

I'rec eyon regi on
(frafuentiba(Y akiz) greeylottedj foreprobesadndmdtdmehmﬂaa ckromgasome gemplates

sl Sleble 6! L omle YRRk e BBt on

(cﬁﬁbﬁlbsonqéAFb&Hﬁ@ sé'qllence X. In patient cells, a 50% reduction in interaction

frequencies is observed for probes on chromosome A located on the other side of the

breakpoint (BP) (compare grey curve (patient) with black line (healthy person).
Moreover, the translocation brings part of chromosome B in close physical proximity
to sequence X, and frequent DNA-DNA interactions are now observed for this region
on chromosome B. The abrupt transition from low to high interaction ﬁequencies on

this chromosome marks the location of its breakpoint.
Figure 9

(Balanced) inversion(s) can be detected by 4C technology. Inversed patterns of DNA-
DNA interaction frequencies (measured by 4C technology as hybridization signal
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Duplication detected by 4C technol ogy. Probes wth
i ncreased hybridization signals in a patient (solid

W@ 008034465 conpared to a normal subj ect (sti ppP€mIB2008/000625
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curve) indicate the position and size of duplication.
Duplication as detected by 4C technology is typically
acconpani ed by decreased hybridi zation signals in

di seased versus non-di seased 20 subjects for probes
bﬁYe%Qﬁieggh Gred YDl Bl Ji&gledn gs()ﬁlfll ?t hOROIRGIRARE Don-diseased
thelrr genomc site separati rom the 4C Sequence).
Histippled t@ve)subject wgich reveal sitht ipoasenasiant s{z8 -ofj Klenwersion.
reveal ed by 4C technol ogy. a, Unprocessed 25 ratios
of 4C over control hybridization signals, revealing

| plogFafg i ons of (3-globin HS2 with chromosome 7 and
two unrel ated chronpsones (8 and 14). b-c, Unprocessed

dHetarozygouswdelétivaés) edrieationflat 4C technologyt disobgsnwith pduged DNA-

AL RS OARERa ) 46 e b o ion

r RRhOiEeS Bl Qisehdeat ?iéy QurieNt Br asthpoes tarﬁ)rﬂdhsefsv&((black curve)
either in the two tal |jver sanples 30, (b)_or, th

: tWé’J%FSaFWeg]aFﬁ?I pasitien andysige of the 5tq¢eggglqg1atR§Sfdgﬁl py]tgldlzatlon

lsr 48/ ﬁ?sdelgéhs?egg)qh%‘?%gr&séa%@ S cts Confdt {1%1{‘2 intact allele

pI ed emati c representation o
r@@teCUZSgoxis daeioh) DeREsH 8¢ ipfcallg Tict@APLB¢DBY G@Sincrease in signal
interacti.on th active

L Sl S e o

SHEPe the TAX U Lyeld mphfahdd/6f tﬁE‘ delei@®)! kMEe these regions come
obin interact with active and i nactive

chrod;ososmpfsicalr prgkionigy to thed@eequened (paith, Conpari son

bet ween (3 gl obin long-range interactions in fetal

a*ilver 4( runni ng nmean, top), mcroarray expression
in fetal liver (log scale, niddle) and the

| Eﬁfﬁdaﬁl?n abte@en Bf' 4CRedHn8 By P Pedte§ Witk iRéiBasdd hybidizA@nignals in

contains the gene U0s (-'30 My away from
Pa ghtignit i§olidstvove) rag qompareslctoi a/gorpg.l ghlip¢tr(stippled curve) indicate the

preferent.i al l nter th IV, . .
CRNEEr e At R0 gl e Bk BF U Estblgey s wpieally
bicRbparfie® Wyd décrédied iydridizdfioe fs@xﬂlsairﬁ‘ discastd Marsasnapn-diseased
from gl obin, show ng_ that |nact|ve§ gl. obj n

prubjestscint pedbey beyandr the dupligalcs TEeigs %wﬁ%‘@}} BigEeasgs their genomic

- gﬁ%?ﬁdl{ﬂ&ﬁflq?eal i (5%?&?1 eflt;1t Zggctlrgignw(tr ihght) in
terns of gene content and activity.

Figure 12

Long-range interactions with B-globin revealed by 4C technology. a, Unprocessed
ratios of 4C ovér control hybridization signals, revealing interactions of B-globin HS2
with chromosome 7 and two unrelated chromosomes (8 and 14). b-¢, Unprocessed
data for two independent fetal liver (top, in red) and fetal brain samples (bottom, in
blue) plotted along two different 1-2 Mb regions on chromosome 7. Highly
reproducible clusters of interactions are observed either in the two fetal liver samples
(b) or the two brain samples (c). d-e, Running mean data for the same regions. False

discovery rate was set at 5% (stippled line). f, Schematic representation of regions of
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15 Figure 14 Ubiquitously expressed Rad23A interacts
wWth very simlar, active, regions in fetal |iver and

whe@sis4465 Schemati c representati on of regi onsPGNIB2008/000625

chronmosone 8 interacting wth active Rad23A in fetal
liver (top, red) and brain (bottom blue). b,

Conparison 20 between Rad23A | ong-range interactions
(4C running nmean) and nmicroarray expression analysis

@ cale) in f l, liver (tap nglis): olahin
iREpe R gfth vk et oo arlimad s R by, B B-globin on
naheérRsdondy7.eXpr essi on anal ysis (log scale) in fetal

brain (panel 3 and 4) and the | ocation of genes

(bottom panel) plotted along a 3 Mo region of

cplrorrgojs_gorre 8. ¢, Characterization of regions

i'nPéracting wwth Rad23A in 25 fetal liver (left) and

bA@ive 4nd i@hétivel prglobinterhctgeiie actHvet a1t inastileadironbiomal regions,
Figure 15 Cryo-FISH confirns that 4C technol ogy trul
i ndspectivalp s, Gomparisan begweendb-globin bppgémmn@racaﬁnwarf@tabgver (4C

a (200 n ryo-section show n re .t 0 _nucl ej .
SRR 993 BT S NGO B 35 g SR e Ste, middre)
(0RO JocafieH 6f gdded Bhottof Jplottddenlény @b eepisrgthatmedtitains the gene
nucl ei do not contain signals for these two loci. b-d,

Hlzoep(~88 Mb eway|ftane| f-globin)asbowing the acies Baglalys preferentially

ARt PR oG A shar e st AEfY B iSteal brain
PRSI ¥ ORf Qhe cRisRE Rschie@™. 3&Mb a@&%ﬁ%ﬁo&ﬁ, sRowin@l that inactive B-

cont ai ni ng” non-contacting alleles (e- and a nucleus
cglobtini preferentinlly imtegcsbwith (igyctivehiegiongee.eCharacterizntion ofsregions

negati.ve f.or, jnter Lan. h-i., hemgt.i .. .

NGt ovith BrglaBi Sl B, (s RERREER i tegms of pen content
idgltdedgggiw_on wth (3-globin (h) and Rad23A (i) are

i ndi cat ed above the chronpbsonmes for regions

positively identified (red arrowhead) and negatively

islgi.ent IB& ed (blue arrowhead) by 4C technol ogy. The
dAEBACs were used for the two tissues. |Interaction

fUsiguRsBLE Sxpreasd Rad23W ififeyets— Wikl Yaey wheitarf waive] sdgiois in fetal
OR gene clusters in fetal liver and brain are ) )
i lier @nd dmpined.ovwhematic FpsesaigHeR of 1eRiensyf ehremosqmme 8 interacting
' 2; VB iy End b, lbfife). b, Compari
S04 Ko BLETRGRITE G, Ay oA R0 b, Compario
between Rad23A long-range interactions (4C running mean) and microarray
expression analysis (log scale) in fetal liver (top two panels), Rad23A long-range
interactions (4C running mean) and microarray expression analysis (log scale) in fetal
brain (panel 3 and 4) and the location of genes (bottom panel) plotted along a 3 Mb
region of chromosome 8. ¢, Characterization of regions interacting with Rad23A in

fetal liver (left) and brain (right) in terms of gene content and activity.

Figure 15

Cryo-FISH confirms that 4C technology truly identifies interacting regions. a, example
of part of a (200 nm) cryo-section showing more than 10 nuclei, some of which
containing the B-globin locus (green) and/or Uros (red). Due to sectioning, many

nuclei do not contain signals for these two loci. b-d, examples of completely (b) and
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of four independent E14.5 liver sanples show a very
simlar pattern of interaction wwth HS2 (top) and

wW@2008j08140% bottom) . (b) A large overl ap exi sts PEL/VE008/000625
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probes scored 15 positive for interaction in the HS-2
experinment and probes that scored positive for
interaction in the n-nmpjor experinent. Figure 17

Regi ons that interact with (3-globin also frequently

S
?;3; (cj% rlQﬂrﬁ% 515;(%1? \?éfgbrt?t?%tlnn gér} ﬂg e%vglg:ga\b%e all scored as
[ phsﬁti\refﬂoﬁ thtérgctibd. eige ekumoplegyf nuslei nbmanmtg mort-tonacying lallcies (e-f)
in fetal liver, showed co-localization fre uenC|es

cififa muglquy confaining GRlychrelphin £2)gMbiche 2ista gl s60%8 tqsarﬁgatwe for
b
E@?éf&{tl%ﬂnql £0 l?eg‘?"léfff,g dJ 1561? :jdgﬁgf}}eoslzlgﬁ-?g gdl@.u rI%réeﬁtages of

nmk&a@ioﬁmﬂm@mm@ag aad I’E@HBBAM@ afecindichted aba*&eihle ichpnafsomes for
DNA fragments interacting with nultiple targ

s@ﬁ@@ﬁcé@sm"ﬁhé Hsnfifiedys (red rareaehopdlbrAndy élﬁ&@h‘ffﬁbésldentlﬁed (blue
I t

e

ZEMA@M%uaﬁféd ﬁéﬁﬁl&:’d(h}OﬁQ&FIm datveeet IWd kistqont €3R igeme clusters

0 leti esen n | eu atient as
’é‘\fa'&fjg SE@[{E’J@’T%@‘S‘& ateq E‘?l@%(tthﬁégf’% & sequence
that is either at 2 Mo (A) or at 1.3 Mo (B) upstream

("tothe left') fromthe first breakpoint. Note that
dEigetd bhs cause a reduction of DNA 5 interaction

2 RS o HR R on e By i B HET LA ocessed 4C data
S&qﬁﬁf‘ﬁﬁ&éﬁﬂérﬁcﬁﬂ@@ FRMIShpRS Bdw &Very@nilardittetn ¢ mttei’b@tlon with

| ast breakpoint. This is particularly obvious whe
i HB2 r(top) iaod S-miajdr (battcgal (hudl bogd d@erlapeemﬁm (bethearmobeS scored

! R 55 T A o R0 o o
dgtei&Rdn" S e &MI nt was |dent ified by 10
sequenci ng: 331 I's sequence upstream of

deletion, in bold |nd| cated is an inserted
cl Eef’eH de underlined is the sequence downstream of
etion. Figure 20

Regions that interact with B-globin also frequently contact each other. Two regions
(almost 60 Mb apart), containing actively transcribed genes and identified by 4C
technology to interact with B-élobin in fetal liver, showed co-localization frequencies
by cryo-FISH of 5.5%, which was significantly more than background co-localization

frequencies.

Figure 18

Example of a heterozygous deletion revealed by multiplex 4C using a single dye for
the labelling of DNA fragments interacting with multiple target sequences. The ratio of
interaction frequencies observed in a patient (sample) over healthy person (control) is

depicted on the right.
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A heterozygous inversion revealed by nmultiplex 4C
using a single dye for the labelling 15 of DNA

wo c@gieads i nteracting with nultiple target sepUBIB068/000625
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The ratio of interaction frequencies observed in

patient (sanple) over healthy person (control) is

depicted on the right. Note that ratios near

breakpoi nts may be di fferent when the position of the

bﬁi hp nts relative to the target nucleotide

seggences is different. 20 Figure 21 Colours alternate
bEierpresence iof ldelstiongpreseng ot a ieukhentai pmiestemlenmsd by 4C using a

Y

1@&)3 fibfh HRI el Bﬂ%@kﬂf?ﬁtetﬂl&@ he dbietist Wadkesl reduction of DNA
idisation signal's. In case the amobunt of probe on

tmeraxtmwgrmlmat the adelgted iregjon, hiaut rlsee cayisg raml ingrsased ingDNA:DNA

be, d d 25 del
; eé‘%ﬁ‘ ?%B?r\%té?n oﬁéF%BS%r?%ﬁeﬁa?’ o Wé]?ﬁénucl eZ[)tg‘h?e dqulll t?) of the last

SIREAIgRERS ThithisC Bardichigil§ d¥tious3Wheh anéﬁicﬁ@ﬁd @ith( kargdtehicleotide
of an inversion. The ratio of interactiaon_frequencies

otsquenged atg classly pramirgs (see hotame YWo gEAPhpe Basad ot gk primers
(\%grgtJeg{%lm?d %nde%&ll %fd% tdéfetéd % ﬁre%ﬂﬁﬁnt Wi 1c%eﬁtelﬁed by

ye exper| I'gure

U&Quﬁfcu@l bhim’akt mgeqiyeﬁse updfresiy o ﬁ@l&ﬁ&&MB&ld indicated is an inserted
PCT/ 1 B2008/ 0006 facilitafed the detectjan of

rRKISOL AR SRERR @ei ke %Uﬁr?%fog‘inaﬁ%am @18 dﬁ%fl%n 't hat

rati os near breakpoints may be different when the

position of the breakpoints relative to the target
nbligheald de sequences is different. 5 Figure 23 Exanpl e

o R B Ao 1R Al b B ot b
féﬁgmnﬁ%ﬁéiﬁﬁﬁl@&ﬁdtﬂl@ With Fhuttiplé eirgditseduthed! Tﬁ@ ﬂaiﬁﬁ@ﬁﬁteractlon
Breakpoi nts of the inversion are |nd|cated

th
pﬁ_s@qmn@ps @bser\@d larpatlgrte(émn@lplgmeﬂréiealﬁly Pfﬁéoqo@mé?h) i depicted on
gg te ;rmeos GRot B{%hkfom fgayf OC ¢ 1?f {e%?gwgle? e position of the

Ion O nore CcoO

dmteﬂthﬁ@rewnve eatheangenmiteptie ssuances isadiffereatpl e
figure 4 and 5). Figure 24 Detection of bal anced
transl ocati ons. Each chronosone is |abelled with two
uﬂgg ; dyes that are used such that the dyes
er nate bet ween target sequences that nei ghbour
Colours alternate between nelghbourmg target nucleotide sequences, which allows for

the detection (in red) of a deletion close to a target nucleotide sequence (in blue) that
fails to detect the deletion due to saturated hybridisation signals. In case the amount of
probe on the array is not saturating the blue signal would also be decreased at the

deletion.

Figure 22

Colours alternate between neighbouring target nucleotide sequences, which allows for
the detection (in red) of an inversion. The ratio of interaction frequencies observed in
the patient (sample) over healthy person (control) is depicted on the right. Note that

compared to a single dye experiment (see figure 2) the use of alternating dyes
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15 on the linear chronosone tenplate. If
transl ocati ons are bal anced, each of the two

W@ boosioesiosre- speci fi ¢ dyes shoul d give strong PCT/IB2008/000625
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hybri di sation signals on a nutually exclusive set of
probes directly nei ghbouring each other on the |inear

tenpl ate of the unrelated chronosone. The breakpoi nt

on this unrelated chronosone is |located in between

t r i itV s o] ‘
Eigxhg/\gd ﬁ'xfehéetgctlog %gn%%%gﬁggo%gﬁ Salts gnrllg?rg%g{' ‘gfﬁg %tg'gesﬁlat ratios
t iar bfcaRpdginis riilay/\B&Jﬂﬁfemt hakh thenpositidreststhe Yreakpsih® relative to the
control (not shown in the figure) Figure 25 Proof of

plarast nuleotids sequeacesds difkeresh of bal anced

transl ocations. Detection of t(1;7) 25 translocation

as described in (R Burnett et al., Blood, Vol 84, No
AFigheeg2BBst 15), 1994: pp 1232-1236). Target nucl eoti de

ARG oL R B SO e HOA TN RS e .8 SUTERot dves

: tfé? thE Aa6dfing YAUDRGE fidglentsS int@aetipd wilS Uiff3eRt Ofardel Ssequences.

l ocus, and the blue signals representing
i Bmeekmts off $hamrw¢rs10near¢ mdg@teds@qtl@mpélttonaqf red and greep @ignals in

tﬁ? 8?% 61? S.l}?g axﬁﬁ%e t’t t(r)(e}n g&glse NDEeP%l%t&%g%@uc 10}1 ?? more colours

pta&ﬂkatéshﬁwet&&tﬁ)ntdfewfahgaﬁénw {(conRaredios exdnplt ifigtre 4T: ahﬂ 5).
m ddl e and | ower panel show the actual signal

di stribution. The bottom panel shows signals at a 26
é,g,ooz% 084405 PCT/ | B2008/ 000625 resol ution of
ual probes juxtaposed on the chronbsone
t]Betpd:tajneof bidareed hahslbeations skeachfcheorhadoarecsdabelled with two unique

AR PSSR RGP S e SNBSS agpneg hal eighbour

| gi ﬁfeclli}{eﬂfr‘aﬁl%ﬁﬁkoﬁ%ﬁl?ﬁaﬁ Qﬁhhﬁdl‘o&'t@ﬂsahr% bddaHced, each of the two
directly border each other on the [inear chronpbsone

tcémwhasomaaipemrﬁ@ dyearshbuldagiva gst®ng drybnidisation sigpelsnen a mutually

Posj ti on ue bre OLnt cribe

Pt SR b iSRRGy ARBNOR s BT oA hlel bBhle of e
ngfihted RhesthEs0af. Tithe Wredkipeik cdxmiPhdelatd ¢HiemESInRels PRated in
of unbal anced transl ocati ons. Each chronmpsonme 10 is

| bebwegnetheviiwonsatsvel prebss sheyng pesitiveahybridisagion signalsy Jhe parent
tcﬁﬁa‘o s%?neaL Eﬁ{lﬁ 3t l%lng %%F&Erbrgﬁg filt REAHRCRAS ttl?ha{ntensﬁy of the

ner g our 0 ono ne tenpl at e.
tgoatsl @oasHowmsin tlecfigureled Wit h | oss of DNA at the
breakpoints (i.e. unbal anced transl ocations), each of

Figure 25

Proof of principle for the detection of balanced translocations. Detection of t(1;7)
translocation as described in (R. Burnett et al., Blood, Vol 84, No 4 (August 15),
1994: pp 1232-1236). Target nucleotide sequences flank the TCRP locus on
chromosome 7, with the red signals representing DNA:DNA interactions with the
target sequence that is located upstream of the TCRp locus, and the blue signals
representing DNA:DNA interactions with th¢ target sequence that is located
downstream of the TCRP locus. Depicted are the interacting DNA signals found on
chromosome 1. Top panel shows the theoretical signal distribution. The middle and
lower panel show the actual signal distribution. The bottom panel shows signals at a
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the two chronosone-specific dyes will give strong
hybri di sation signals on a nmutually exclusive set of

w@e@Bosi4oh t he unrel ated chronosone that do noPCT/IB2008/000625
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~translocation 5 par

di rectly nei ghbour 15 each other on the |inear
tenpl ate of the unrelated chronosone. The del et ed
region is indicated. Figure 27 Detection of

unbal anced transl ocati ons. Detection of t(4;7)

RSB A3 IS3HE oS Pad oy G by Ao i i

niast el tidansed) uemsio@nbmctaget elevitidle requenees7flartkiveg the breakpoint

depj cted int eractl nal.s are

o¥lbshogomEmally e liaivg set %é%fé%%@om%?ﬁ@édnﬁeff&malgnﬂs that
f}? Yorder dach Qﬂ%r MRt fiRam cﬁ?bxﬁos@fnet fRepkie AR Manslocating

on chronosone 7. Interacting DNA signals | ocated on

cparmen shomodorae.ePosititinc af edjuehasd ltxoakpoum(g%ﬂcnbghuemﬁ et al.,

oo 3braroErn s ptwatine boHS TR bsome 4 has beer

deleted in this patient. Top: signals for the conplete
chronmosonme 4. Bottom panel 4C data: signals at a
ﬂﬂﬁﬂﬁ?&eglon around the breakpoints on chronsone 4.

f Seé?%i% ex E)Eefof‘%ed ioh '&? uh'baﬁg{ceh tt%ﬁéi&%du%hé Hich chromosome

ronosone contar ni ng ransl ocati on
big @aticied m'zlthl\/aﬁo ufligaé idiyes that aredumtaem*ich thatathe tjes alternate between

gr{ar%?rf EoRcCs ) mAERow G, IO 1STaRIME o felcations
8&?@%&%&@%&4 tl%ebﬁjeéi( dotht§ QWD g.nméd&e@ '&ar?sl@&l@oﬂs) each of

pl'ain sequence is from chronosone 7.
Zﬁ@ 810 8Hr6 6o sG10F-5 P8 A0Sy B 3GH Zhve FHiogy thgblidisatlon s1gna1s on a mutually

npso ific abel ng ,0f DNA t
EEBR LT EEPh b Biveladh ofbmBhans Baf 4o qtes Aoty neighbour
Sdagh dter 3R Rﬁ@hhéw t&ApIafr SRS QAR laled EMEMbsdri® The deleted region is
%ner chronpsones and t he

dpgicatedmat e position of the breakpoints. Figure 29
Sequenci ng of PCR anplified nucl eoti de sequences of
interest (blue: travel address) |ligated to target
neigheol7 de sequence (red: home address). Anplification

el T ”g@%ékgﬁt&%ébeﬁ%m%ﬁtk%‘z‘fé@%&@ﬁ% % described
\C/ﬂalﬁ 41%3?@1 é/a:r% aeg?aﬁ)% %Irﬁ g'[eg?@énéia& bgo3 N8B ¢8H2}:168-73). Target
nucleotide sequences locate to chromosome 7; the depicted interacting DNA signals
are located on chromosome 4. Two target sequences were used located upstream (5°)
and downstream (3’) of the breakpoint on chromosome 7. Interacting DNA signals
located on chromosome 4 are indicated (for both target sequences in blue). The region
in between the clusters of interacting DNA fragments on chromosome 4 has been
deleted in this patient. Top: signals for the complete chromosome 4. Bottom panel 4C
data: signals at a 11.5MB region around the breakpoints on chromsome 4. Based on
these 4C data, the HindIIl restriction fragment on chromosome 4 containing the
translocation breakpoint was identified and used to map the breakpoint by sequencing.
The sequence is provided at the bottom of the figure, where underlined sequence is

from chromosome 4, bold is found both on 7 and 4 and plain sequence is from

chromosome 7.
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the PCR products, as indicated. Figure 30 15 4C
accurately detects a bal anced transl ocati on and

w0 noensi4en (A-B) 4C technol ogy detects a bal ancEDB2008/000625
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translocation t(1;7). (A In a healthy control sanple,
target fragnments a (red) and b (blue) that are

| ocated at opposite sides of the TCRB | ocus on
chronmosonme 7 do not capture regions on chronosone 1.
(B) Inthe HSB- 2 cell line containing a bal anced
transl ocation t(1;7)(p35;935), each TCRB tar get

f Figgree?l8 20 captures a region on chronosone 1. The

regi ons captur.ed .Sev abases | size (zoom.

1 BrogopemE specils dﬁ%@?ngee@ﬁ%ﬁﬁ?ﬂ?%@m-zﬁ% F§npk fippearing on
 ARoMbHHOY 8hY 0fah S §Enal OAHRERRS B chrdhlo9¥the 1 98Raf thd traddlocation
for results other chronmosones.” (G-D) 4C detects a

bedrtaer ehtoinnsaenes and the Pprox¥imaterpositionypf gherhreakipondspl e,

target fragnents a (red) and b (blue) that are

| ocated at opposite sides of the TCRB | ocus on

Chiggrozpme 7 do not 25 capture |arge regions el sewhere
on chronmosone 7. (D) In a T-ALL patient, sanple,

h
Tormencing ef PCRq edpyalentids ssaucnger of Byiaiest r@b‘?bgg‘gﬁl address)
T . . 5' .

B4 Rl Rlepd B0 QRARIT o, TR B8R Ao was done

Chsiksd @rimetshéredp st 18ast tome gwhich rtegrge ndomplemehtane Yo target nucleotide
captures _a.region 3' of the clyster, . ,
CRRBFTGEr QDY AT ey BrEsil) cApe FBgHaRea 1 ApRigHsatpys g the end of
SHY PR pIBRALAS GRlidatesSi z€ (zoom 30 1) and directly

nel ghboll2 each other (zoom 2), showi ng.that the

inversion is balanced. Both target fragnents identify

t Figuker ¥bkpoi nt (arrow) near HOXA9 within a 6 kb 28 WO

2008/ 084405 PCT/ 1 B2008/ 000625 regi gn. Runni
s 2R yp%ﬁt%a,ab_ 68 CASIpRON, SO BB O S ORED B drmoloey
ShQ¥éts W BLIBR&ERS Ganstb@fBh (NTENQ) €S hEhledy @oﬁ’t%oplgsﬁmgle, target

accurately detects unbal anced rearrangenents.
aftagmenteh (redparsth éblue) thatzare lasatedi ap oppqsite Bidep 06 the: T3RA locus on

i n_conbi nation Wt ' del et i b d .
S P B ol el ABEf O sRior ol Gy IR BetFR 2 cell ine
W dnkhigiap 9 ialzklcedratdnslob@ion0 f(1;7)(H359L6), f éRUNEORS &urget fragment

(red) and b (blue) that were | ocated on opposite sides .
ofapfuies a segialk 9B HEamement-chissisaoNy capirpdcapsgyssal megabases in

PR ARG SR Can, (L0083 ik MARIRIRY cloned

t byealkgepit U amdw). See fig. S1 for results other chromosomes. (C-D) 4C detects a

- balanced inversion. (C) In a healthy control sample, target fragments a (red) and b

(blue) that are located at opposite sides of the TCRB locus on chromosome 7 do not

capture large regions elsewhere on chromosome 7. (D) In a T-ALL patient sample,
each TCRB target fragment captures an additional region at the other end of
chromosome 7. The most 5° target fragment (a; red) captures a region 5’ of the HOX4
éluster, the most 3’ target fragment (b: blue) captures a region 3’ of the HOXA4 cluster,
demonsfrating an inversion. The regions captured are several megabases in size (zoom
1) and directly neighbor each other (zoom 2), showing that the inveréion is balanced.

Both target fragments identify the breakpoint (arrow) near HOXA9 within a 6 kb
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regions wth high signals do not directly nei ghbor
each other, show ng that the translocation is

waemsnpans ed by a del etion on chronosone 4. ( BYCT/IB2008/000625
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Sequence of one of the breakpoints (arrow), wth
chronosone 7 and 4 sequences in small and capital
letters, respectively. (C 4C accurately identifies a
honozygous deletion in a T-ALL 15 patient sanple. A

t t I h g

BB RLABATERy WAEAGE R bR ARGy Hoe 2E-HOR Zooms show
surgpnadesseldsignakineatitient sanpl e (botton) conpared to

control sanple (top), showing a -2 M deletion on

9p2l . Signals 3 of the deletion are higher in

PRighFNS versus control, as this region is in closer
proximty to the target fragnment due to the deletion.

(45 Beyutaly edetentogmbelancedr ecakigogements. nth #Ce cicpyratelse detects a

50 ; ity deletion Pl .
Cr B Rl 220525050 L ol o PRftonf Gt L fvaanced
hicgRarfegiRat)Sini dh 6kl Eihe drone @h Qfiboin dhitth inétht duaigeiiited S8alformation.

probes show non- specific qhébri di zation. Figure 32 2
ABargetr Gragmenie it (red)eand Hrdlug) thatnyers locpiad <anHeBRGsER sides of the

p&%&lﬁ)%fnt? bn Hd3Biosbink 2 t\)Mdﬂ? %gkﬁ%’%c%%ﬁ&?sdsp&ﬁhgts%ﬂ%égabases on

sanpl'es were screene ng a targ
f ¢hagrestimen @ gfort digndl<CREB dtleer chramosohresrsafie 35). (H)e two captured

e e P TR Sis N hor a0 SBBE et SRRE] Hahd Ynat the
1@31&%?5&&118% : a%o\.Acméﬁ?ﬁeﬂ}gB aLRtion oR chrodidiSme AN (B O&REES of one of

see g. ! eletion is 30 present several’ .
ntbg diveakpainty (amome withashspmosama and; & seauaness) inppmall and capital

hronpsone,.1 0 1). .The .tr.ansl ocation Si LS .
;]]eé%réhrtesgqgtlgglg. @ ‘Bglﬁf%lﬁatsﬁ}olggmﬁgestalglgorfwogseéegeu BBl “ALL
ZPatiehBlanyRE UL NGRSt Brhgrhitokit@p P @hfnfosoimetd 4t 123 (B 3dentifies a
pl2.3); nucleotides In 29 W 2008/ 084405

Fegiongbepsrmaueys lagkinghigh signals ia the paienpsample (kofem) compared

cas I o A L:aki,Cs s O @b :
(B SelpEAr I 00, Pl a2 el AURT) Sl 3 B e deltion
odre thighei ) pgitnt pérdusSyontrbleas thishragionris of clo&RPproxmity to the target
positioned 70 kh downstream of the L ene.. Runni n
FREsamert 4 (e ApEBPE D) SRR bR, ErRB Bk TSRE by the
@Y, CORiRGRS FRAdAbERIPlotRd il BRRSFifire Sre Eh}%'ﬁ&%sed signal
33, 4C signals across all chronpbsones in a healt z
ciotensities. dtede highasiphads tadelgted gegions indicate that these probes show non-

specific hybridization.

Figure 32

4C screen identifies LMO3 as a novel translocation partner of TCRB. Fivé
uncharacterized T-ALL patient samples were screened with 4C, using a target
fragment near the TCRB locus on chromosome 7. (A) In one patient sample high
signals appeared specifically on chromosome 12, revealing a translocation,
1(7;12)(q35;p12.3). For signéls on all other chromosomes, see fig. S4. A deletion is
present several megabases from the translocation site (arrow) on chromosome 12
(zoom 1). The translocation site is present in a 6 kb region close to the LMO3 gene

(zoom 2). (B) Sequences of both breakpoints of t(7;12)(q35;p12.3); nucleotides in
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t(1;7)(p35;935). The bl ack arrowheads indicate
position of target sequences. The red 10 arrowhead

WO paBost4es t he position of the translocati on sPCEIB2008/000625
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Runni ng mean data were plotted, using a w ndow size of
-60kb. Scale on Y-axis (arbitrary units) is identica

for all chronpsones. Figure 34 15 :
Restriction-fragnment - paired- end- sequenci ng (A)

Schematic repre ' : ST o
0B Pl SPRCE R MG from 7 and i i are frgm wnkoown origin
Byakglenittic SegtsaaatorDof ahe itranslosativn  site toflet€T) 1 TGRS pi2B). The
HOXA on chronosone 7 (see fig. 30). thég 2‘5‘&% seguence

i ephancsg of 4§ R is praitipaed 10 ki dpynstrsem ¢idhe RenfcRunning mean
L&ERRk0 g)’ottfeﬂ,nugﬁ WesihdbhesiR 8PL§0kH BloonttREHOW Ofprocessed signal
transition fromcaptured to non-captured fragnents.
Tineensitids.sequence was 20 found with
restriction-fragnent-paired-end-sequencing fromthe

bl ack sequence and is |located in the TCRB-1ocus.

Fj:,%y;ee3335 4C signal s across all chronpsones obtai ned

with two different chronosone 7 target 25 fragments

i 4C asigmalsp laerossatly thrgmogemes) ip 15 healggsyontrph cang) acsample carrying

?t&%‘?%?%&i@i,iggé :%ﬂatgﬁ an%gv?l'{e solﬂdfg};tteitpa%:sﬁlg)%l c%%ﬁ%égpge%ﬁenc-ggefhe red

I cate e pos

t drasvitle@e dhdiedtes tHeepositRinnef the ti@BIbcaRdm site rRurpling nealn data were
using. a w ndow size of -60kb. Scale on Y-axis . .. .. .
(Rlpted: using agwingey sizs of ENlEY- Ssple 08, Y -aKis (RRitHRp YRR ds idgptical for

Fi signals across all chronbsones obtai ned
Wﬂ?ﬂ{rgmtggorngée;f sequence near the TCRB |ocus on

chronmosone 7 in two T-ALL patient sanples, one of
\%_i ch rrying a t(7:12) 30 WO 2008/ 084405
) 08/ 000625 translocation. The bl ack arrowheads

| REinS@oR-PRhdnk-PRir&-edBEcqBEnHROAUGAG €S Schbiutic€ drepresentation  of
arrowhead indicates the position of the translocation .
siiesteictiurfragmentrpained ¢ad-acqusneing p(BotBreekpoinsisagueaces efcanversion

i ze of .- ,60kb e om_Y-axis rbi kra .t ' .
lfedt ZoRAom PP fp dedafie £ ek bhe5Y, Hherick Sequence is
ENRAtES & 188 pbsitidn M-HOpat foand wstMy Rshndlens iLkgmes:s tierprobes that
was measured on '

mark the transition from captured to non-captured fragments. The red sequence was

found with restriction-fragment-paired-end-sequencing from the black sequence and is

located in the TCRB-locus.

~ Figure 35
4C signals across all chromosomes obtained with two different chromosome 7 target
fragments in a sample carrying t(4;7)(p15.2;q35). The black arrowheads indicate
position of target sequences. The red arrowheads indicate the position of the
translocation sites. Running mean data were plotted, using a window size of ~60kb.

Scale on Y-axis (arbitrary units) is identical for all chromosomes.

Figure 36
4C signals across all chromosomes obtained with a target sequence near the TCRB

locus on chromosome 7 in two T-ALL patient samples, one of which carrying a t(7:12)
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affynmetri x gene expression arrays. LM is expressed
in the patient carrying t(7;12)(g35;p12.3), but not

WO mooshgt4es her patients. 10 Figure 38 4C PCR prPadEIER0ESNH0625
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product to be anal ysed by Sol exa sequenci ng. Sequences
produced by Sol exa (arrows) first read the " Dpnl
prinmer' (18 nucleotides, including ,GATC (i.e. Dpnl
recognition site)), followed by the captured sequence.

. A ) . he capt |
PbePiR, o TSk RalE Rl bR B it seavepes The red
carprlicad dndicates tHet positiinaohthd trarstocstiansigr Rymningemsan data were

(lanes 1,5,9 from]eft to . right; over hangs). are., .
aPlgtieds MoRR 2 vapdaw giae of 260 STHIE ot by, i fyidentical for

FhiPWrSmidontr. Primerset 3 (139Mo) captures chronosone 1
sequences across the breakpoint in the HSB-2 T-ALL
cell line (on chronpbsone 7 at -142Mo, i.e. 3M away
fromt bait). For conparison, mcroarray results
E¥GT0wn. Note that the target sequence (bait) used

f Db O3hexpiésSToRain! TYATEK REiEREHmYIES Teds explesdio/Dyas Measured on
the breakpoint, explaining why it maps the breakpoint

o fyahettRogasGe XPTRISaNe AITaRy | iEBXpresErl brthyy patientcarrying

TR b e S SE B HHERRE,  feccri bed i detai
in Dekker et al. (2002), Tolhuis et al. 5 (2002),

Pal stra et al. (2003), Splinter et al. (2004) and
DFig¥eel® et al . (2004). Briefly, 3Cis perforned by

di e e : : ’ Ceti o
USRS G ENAAR0%) Bl Qhed oS
cprodanet ot Sdes. (adoss) fitttesal theri@pullriper! (fanudeotides, including

GATC (i.e. Dpnll recognition site)), followed by the captured sequence.

Figure 39
PCR results using primers with 5’°overhangs containing Solexa adapter sequences. For
comparison, results obtained with standard primers (lanes 1,5,9 from left to right; no

overhangs) are also shown.

Figure 40
Results from 4C-sequencing.

Figure 41

Primerset 3 (139Mb) captures chromosome 1 sequences across the breakpoint in the
HSB-2 T-ALL cell line (on chromosome 7 at ~142Mb, i.e. 3Mb away from the baif).
For comparison, microarray results are shown. Note that the target sequence (bait)
used for the microarray experiment was closer (<1 Mb) to the breakpoint, explaining

why it maps the breakpoint on chromosome 1 better.

DETAILED DESCRIPTION OF THE INVENTION
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of cross-linked fragnments, which is intranolecular, is
strongly favoured over ligation of random fragnents,

wovkioshs44e8s i nt er nol ecul ar. Cross-1inking i s thepCT/IB2008/000625
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reversed and 10 individual ligation products are
detected and quantified by the pol ynerase chain
reaction (PCR) using | ocus-specific primers. The cross

“linking frequency (X) of two specific loci is

determi ned by quantitative PCR reactions using contro

and cross- linked tenplates, and X is expressed as the
r 3C TEGHNOh®GH ount of the product obtained wth the

cross-linked tenplate and with the control tenplate. -

15 In accordance with the present invention, a 3C

?Fé) ket Sethdd F?lra? W)@&? geééﬁb&ﬁ it B&ailgh h&q&er E{teélc 2009 ”thuls et al.
nter et al (2004) Met hods Enzynol. 375, 49

| ((2.092) Phlstrag! dlel@Qﬂé)fSplmtercm al. ((QGQMQ)DIRSQQII el &t (?&34) Briefly,

PG frrtioSctbotec s pREsIiRR DR R o prifigy pejifitcion enzyme

Sftidwad by igh®di &, V‘éi‘)SI%WSBNN condédtiitions.| Bnddrtisie Uﬁmdi@oris ligation
cross-1linking agent - such as formal dehyde., The

pef ¢fa$3ylml@§t aemanty Wil irdnErrgelseylan iy gtrq%bhfqyemé%uhgatwn
SHE Irqantdh &-é%g Mﬁléh 1? gﬁﬁ(ﬁ dlé} t E‘lﬁ?sgq tls%eﬁ Egversed and

Clr 0SS- nudleus rano ecular tiIonis
pmﬁfmma digatioh @rods aendeadtedtand nq;.la@flﬁed éyathel psolymerase chain

B bt e F BRI BEE s 005t
E%&éf;ﬂcof&l B &t ﬁn&d g?t tlﬁﬁ{/é’\m RORGALESing IcBK®El and cross-

agrrents nol ecul ar or random
| Tinjeedi tanplatdSbartd, X ushecpmssedsas thekatioaofghe emevnsed thenprodings obtained

b f ' that | ded
R ek S

because they were originally close in the nuclear
space. 30 Since a primary restriction enzyne i s used
t In Qﬂcgleﬂgncet‘ﬁéh trypresenbinversianna 3G tsmplaibisgirepased using the methods

VST, Sadd A OO St ap. e
(f(ﬁlﬁlgﬁléhydéuﬂkzﬁﬂm deriag) eesthctiondenidytnendigbstivn] d@llgatlon of cross-

uence 32 WD 2008/.084405 PCT/lBZOOS Q00625 Zil
Hakade DANA j @%@E‘%Pts £0d o PA A gpyrificatien)y i BEgkYr éc%’gm ¢ ioruch as

S&élﬁ tlsSueks OF gntueﬁ bef y&eq alglﬁg a érb’éss%nl&ﬁé‘ Leak ) fidhlaS %l‘n‘ijﬁdehyde

séquence an I'i gate eot | sequence (i e.
| Thatpeichary eestrixdioneepugme ejigesHonUCIHRTT p@B)rBEQUEmEhat the DNA is

digested in the context of the cross-linked nucleus. Intramolecular ligation is then

performed at low DNA concentrations (for example, about 3.7ng/ul), which favours
ligation between cross-linked DNA fragments (fe. intramolecular ligation) over
ligation between non-cross-linked DNA fragments (je. intermolecular or random
ligation). Next, the cross links are reversed and the DNA can be puriﬁed. The 3C
template that is yielded contains restriction fragments that are ligated because they

-were originally close in the nuclear space.

Since a primary restriction enzyme is used to digest the DNA prior to the
intramolecular ligation step, an enzyme recognition site for the primary restriction

enzyme will separate the first (target) nucleotide sequence and the nucleotide sequence
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The present invention involves the use of nucleotide
sequences (eg. 3C tenplates, 4C tenplates, DNA

wo eooplost4es, anplification tenpl ates, DNA fragnmeel/sB2a081000625
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genom c DNA), which may be avail able in databases. 10

The nucl eoti de sequence may be DNA or RNA of genom c,
synthetic or reconbinant origin e.g. cDNA For

exanpl e, reconbi nant nucl eoti de sequences nay be

p . LS :

PERRHon Hpu0R, Rckidingly BleMirke RoBifftn sl istollid betpeen the
t fist gtarged meleotide bequendesamdiethie rlidtetionclentide séquencd (ig. the ligated
t he pd'i nmers jnto contact 15 with nmRNA or cDNA obt ai ned

f $65PRd $69PeRERANpl e, a nmanmal i an (eg. animal or human
cell) or non-mammualian cell, perform ng a pol ynerase
Cltfﬁidllir(? ﬁE@@OUEg@E under conditions which bring

apout anpirrrcatton of the desired region, isolating

the anplified fragnent (e.g. by purifying the

reacti on m xtyre,on an _agarose gel),and -recoverin

¢ R rsiAnt Frn oS O e Sufley st ueroh [ 55 Bftplates, 4
CRRApRItS, INAREDIAL, @831 ficatior RerRRaSEDNRC lehf3Nand genomic
sites so that the anplified DNA can be cloned into a
sDNgbwhich Inwayi beqaveidahlein datbasesucl eot i de sequence nay

be doubl e-stranded or single-stranded whet her

representing the sense or antisense strand or

CORDAEAETIAB SeduRacefiay bRDNArorRINE dfpeaehR, syrithétk or recombinant
preferred_that the nucl eotide sequence. is
SPRER 6-8 CPAe FoDrpample, rerombinantiyicleotide seayencss Mk pe prepared

il PERYIoAE (cEATE A BRES Bill hlvoly® bl e Bfof piftherk finking o
aegidawdl the séquanctedhBE infsddedited tonglbn, dsingig tWOprimers into contact
2008/ 405 | B2008/.000625 For sonme aspects, Lt isS

VG GHEILA F RRINA HEREE (05 O XamRfe A QT EATE (55d BBRT buman
_'ce?l_l)“?ﬂ nofsm&falién @H[,te%%ﬁﬁlﬁgcal BR/merdse! chafTReaBSRECRSR) under

it s preferred that e nucleotide sequence is = |
ctnmditivme nehicDNAring Hbdite amplifieasiondef sheydspiced wegion, isolating the

gonﬁﬁﬁesclﬁﬁ%gxfg%{tls%@( ;bgrr a 1é1rg]u laergécltig)rel Rixite B af %gé:%ge %el) and
‘recovering the amplified DNA. The primers may be designed to contain suitable
restriction enzyme recognition sites so that the amplified DNA can be cloned into a

suitable cloning vector.

The nucleotide sequence may be double-stranded or single-stranded whether

representing the sense or antisense strand or combinations thereof.

For some aspects, it is preferred that the nucleotide sequence is single-stranded DNA —

such as single stranded primers and probes.

For some aspects, it is preferred that the nucleotide sequence is double-stranded DNA

— such as double stranded 3C and 4C templates.
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The primary and secondary restriction enzyne
recognition sites will be different to 10 each other

w@r@sne44bs t ypi cal Iy occur only once in the nucP&DiB2d€8/000625
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sequence. In one aspect, there is provided a

circul ari sed nucl eoti de sequence conprising a first

nucl eoti de sequence and (eg. ligated to) a second

nucl eoti de sequence separated (eg. divided or parted)

by o olel 4P s, AN p?eféﬁ%ﬂﬁ?{ﬁé e RblidE tdq@ln@N¢ ¥8%omic DNA — such
recognition Site, 15 erein sard first nucl eotide
sapnert endre genondc dei. nucl eoti de sequence and said

second nucleotide sequence is obtainable by

cross-linking genomic DNA (eg. in vivo or in vitro).

Th& sBfdeBpettsAftds srefprdanat thesidldotidt yuendeiSehromosomal DNA.
recognition sites will be different to each other and

will typically occur only once in the nucl eotide

sequence... 20 In a further pe e i OV

TR dothole st B Bl (o nl e Ypiiflpd andior o
nseebPhucletide getpieace. and (eg. ligated to) a second

nucl eoti de sequence separated (eg. divided or parted)

by a primary and a secondary restriction enzyne

r I o I .

oA bl o, SicbfiderpIER A Tbrd Blgamic feSberitn, SR\ L by gifferent to
sach oflier and wilbitypeahin dcoun ohbyodrice én thequelkectide ssgeence.
obt ai nabl e by a process conprising the 25 steps of.

(a) cross-linking genomc DNA (eg. in vivo or in

Vint 812 aspedtOthefdl 19 §26viB&H A REculahfASmiclddkas s%é@ ddinpising a first
primary restriction enzyme; (c) I|gat|ng.t e

cnwdetide skpuncnand Ggt ligeted sejuapreend npelpotide serueneg sepasated (eg.

I

Civhérdinadai B Brst hecleutide aeduiciee fentaee ascledileReqlcdcabhd said second
t he second nucl eoti de sequence jntersects,

. eot | d . (eg. o
bauslesfidy sequenes issebtaingblg dy) croprplinking igsl@%lédagﬁc(@.g- in vivo or in
di . c ' r.i il Esit :
hSha R Eriokey RUCHEEMAEE AT S BT rL R vits, vill be
(diffepat Jo sadk bthet ardbwibtypiealiy ocaur onlywnce Bvith¥\Bucleotide sequence.
2008/ 084405 PCT/ 1 B2008/ 000625 portions or fragnents -
such as approxi mately two equally sized portions or

fmag ? aspelt) iz dld 6§mv BE aRGichiaPiiad RliclédiRe BRichcéVebhprising a
be at | east about 16 nucleotides in length. In a
f first haleatsloseqyench end (¢gs ligaioditoka second maiblgstidepsequence separated

sequenc of 6-50, basepairs that 5 directly flank P
S GRG0 ey BB B W St b snPlfe penition
I §&0GREeirPRiBfifsEnuddéotiie GBqueat ita tapatRAI I eédidact and wherein
and that can be used in the nmethods described herein

t wid festand yecond nuelgptifler sequrnsenate. obtainabl by, a Progepeeqmprising the

there 4.s \provi S 2-B0 4: o acti

b%g@esp%i?. ?as) {rﬁ%’lst lﬂﬁ&fg%mp EﬁI@AO(feg. ﬁ,%%l 6F 3n thro]} ; (59 digesting the
cross-linked DNA with a primary restriction enzyme; (c) ligating the cross-linked
nucleotide sequences; (d) reversing the cross linking; and (e) digesting the nucleotide

sequences with a secondary restriction enzyme to circularise the nucleotide sequences.

Preferably, the second nucleotide sequence intersects (eg. bisects) the first (target)
nucleotide sequence. Accordingly, the nucleotide sequence comprises the second

nucleotide sequence, which separates the first (target) nucleotide sequence into two
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10 directly flank all primary restriction enzyne
recognition sites in the genone and that can be used

WO pooslost4p®t hods descri bed herein to determ ne PEEIB2008/000625
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genom ¢ position of each of the captured sequences
identified. In another aspect, there is provided a

dat abase of sequences of 6-50 basepairs that 15

directly flank, and optionally include, the rel evant

S i_C

PR sl Chcfe SRt £ B BYl 3s84 PO Bhs B2 pments.
i Tiypitadly, thet;ioddms«beﬁagmbﬁsl whkk be anleass abolgribirfugleetidds in length.
target sequence. In another aspect, there is provided

a dat abase of sequences of 12-50 basepairs that 20

din' £ @lrther koK tRérk i§ ANt a2 REBRE VT sefiRmbed 6f 630 basepairs that
enzyme recognition sites in the genone and that can

bdiragtip dlank, andeoptionaldy inchislec thetrsianary restriction. @y @E Fpgpgnition site

<R R erulepr iy 2R e R Bl AR Basseribed herin

Tiaadértitp tadhligdgedeigdénceequence i s a target nucleotide
sequence. As used herein, the term"target nucleotide
sequence” refers to the sequence that is wused as a

| Yoft Gudas Bf 19Bh% that
OB nsHRRASIER s 54 | bt o 6,008 B P30y i
ndiedcdgtfladl aﬁqmmmy esstnétmnrmzymstremgrmwa smes mothe genome and that

SR IBERE Brihe B ASIOFD B8 o dE PSR ETITHS Bosipof cach

t e Lapiiel QA s $RGWEREE IS of known sequence.
Cross-l'inking is indicative that the target nucl eotide

sequence and sequence cross- |inked thereto were

?ﬁeglo@? | laéad o@srelb{; ;&gﬁg Ly %l Fdbasd 8F geqep%x?eqegfeé %rﬂag airs that

n sequences ar ose 10 eacC

odiRRfly flink, SandOsgtiddaRy tificludélethet filelant @écopdayptestrictibe enzyme
confornatlon of chronmpbsones and chronpsonmal regi ons

tli‘?éo@ﬂ)téﬁﬂ ate Ofc@ﬁh of theotargeh seqyigasesyaclpded. apd that ¢an e syl in the
%ﬁlgéis MRein b 1de§t11§%§§ﬁ ai'% %MBH% rstand the
ni sat 1 ons |

rlca ruc ural org n the genone,
for exanple when enhancers or ot her transcriptional

regul ory elepents co ni wi th distant
oiist apich BFE TN ebasho SeAbTHER o250, HaSqrgirs that
e&l%étl?%ﬁk Bi) et Pank B8R &R ?é.istﬁéﬂi%n enzyme recognition sites in the genome

and that can be used in the methods described herein to determine the genomic

position of each of the captured sequences identified.

FIRST NUCLEOTIDE SEQUENCE

The first nucleotide sequence is a target nucleotide sequence.

As used herein, the term “target nucleotide sequence” refers to the sequence that is
used as a bait sequence in order to identify the one or more sequences to which it
cross-links (eg. one or more nucleotide sequences of interest or one or more sequences

of unknown nucleotide sequence composition).
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posi tioning of a given genomc region relative to
nucl eoti de sequences present on the sane chronosone

w@ 2owsosEps as well as to nucl eoti de sequences OPCDIB2E08/000625
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chronmosones (in trans). Thus, it is possible to nmap
nucl eoti de sequences on different chronosones that
frequently share sites in the nucl ear space.

Furt her nore, is even p033|ble to 15 detect bal anced
’f‘ﬁ e't‘HHc"He i?i%%%ﬂ:@@ffs'o‘% efds - such as
ance tra ocations, deletions,

|nverS|ons dupllcatlons and ot her genom c
rearrangenent.s éﬂg, tlons or tra slocatlonailn

of raseigkia o ipdtebie) Mt fhe; et muclsaiie S@Gélﬁaﬁ i sequénce cross-
af?ﬂ{eﬁa{lie% wére UJ)ﬁglhé]lyc ReRges iR hiled?Nésal h determining the
interactions at the position that the change

ofrequenexd by whichrsequencbearg el ase tte dachogham i is pessiblg tcawg?@rs)and for

!"?Uﬁcflgﬁ)? Iotﬁe sgﬁ% loé]nl g&g%g%oglgnc%d%ﬁr%ﬁlgsﬁnﬂ & %Sng in gle spatial

t Sorfiksd SF Mfucldus (Ed. SAlUBD QY iPhirkd)! AGebved)it ifipdseidle to understand
nucl ear space with one or npre other sequences, 25 In

oﬂilé lmaausﬁeeﬁlral praanfsptiens witkin dbg genoms &t Gxampite §ihen gghancers
h t b thagi

s B8 oSGkl AR, et Rk 08, By g promotr

flocsted i tear geé\)enrnmcdremtl Hertlsemoende meveabpmslbl?.ﬁm) tpdegstand the

nDTEfrom rlna reStrl tlon Slt
IATRE B B EEn AR CREOR YIRS 1o AIHetide SUERIES respt on the

CORR Elﬁ'blﬂh&ngg‘)gﬁ %6%5 welll as 04 lebtidé §&ﬂr§née@ A &Béfeéﬁromosomes
Sci ences 26 30 Suitably, the first (target)

niic kreoy). dbus; etgis emssablf: &6 Intapi nvgleatipd sdquerdes on dildergnt chegmosomes
a east .about 32 b vi.rtue_of fact that t he

ohrat TR SRR o3tes b R ik tBeck, FURdSks sER sl gressivle to
Petédt BFAREDURER? urddRhédd gatdtieNatiditatiBiiss - Usiekl dsObalanced and/or
anplify the second nucl eotide sequence are about 16

burhalanged: Hranglacations.c deletiens, cptersiondnduplicgions aad other genomic
(}eg{rgrgﬁeﬁeﬂ%c(lr g o&e'leﬁ%n? ﬁg Haﬁ]sq(?cam s MR drSffore %h.E) mospmes). In this

ragnment),
t&gﬁlﬁg gehdlict iit&npnom@ fﬂstllj mf()h,anges mrﬂi&‘DDNIA DaA 1nteract10ns at the
enhancer si |l encer, yl at or,, natrlx
SRS b th elngs 35, 0qcBEE WEgheAdie 0%

transcription unit, an origin of repllcatlon a
reconbi nati on hotspot a translocation breakpoint, a
cEt ﬁmlrélatget)aluchndeseel,uemegamec@éme withythe ipresant invention can be

ene-po
gany s qugrgce in which it is desired to determine the frequency of interaction in the

nuclear space with one or more other sequences.

In one embodiment, the first (target) nucleotide sequence will be greater than about
350 bp in length since a secondary restriction enzyme is chosen that cuts the first
(target) nucleotide sequence at about 350 Bp or more from the primary restriction site.
This may minimise a bias in circle formation due to topological constraints (Rippe et

al. (2001) Trends in Biochem. Sciences 26, 733-40).

Suitably, the first (target) nucleotide sequence following amplification comprjses at

least about 32 bp by virtue of the fact that the minimum length of the at least two
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region, a repetitive elenment, a (viral) integration
site, a nucl eotide sequence in which 10 del etions

w@r@sos44puit ati ons are related to an effect (e.BCT/IB2008/000625
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di sease, physiological, functional or structural
effect - such as an SNP (single nucleotide
pol ynor phi sm, or nucleotide sequence(s) containing
such del etions and/or mnutations, or any seguence in

. o (o) r
{ Bhiidlioh ety L8R OnfiAlS L AEcrlinlcl SRHE RCuchle are about 16
segesdachs. 15 As nentioned above, the first (target)
nucl eoti de sequence nmay conprise conpletely or
partially (eg. a fragment), or be close to (eg. in the
PIO%1 SRefetre@f dmBodiieh©qhd dBst BRPIBNASCIEMdeNEqle@NBial Ccomprise
aberriations - such as deletions and/or nutations - are
r@inaptletellyt or partially éegt a( agmend), dir dsaglede. toAEgo i thegprosimity of), a

this enmbodi nent of the invention the 20 fji t.ar

RTEmast b cOnacs ehess i sulr, Ainatix Al 36 88h.  locus
SEAUBNFRidne 8 trafsc@ipfibn Qhit, #h dridini 8T repHEAtRME A redotbirditioh Métspot, a
physi cal” DNA tenplate), or in the genomc region in
viinslpcatinmbrssknninte 2 [SERIFOTAYS ot TRleragrewA t2ENeyHenss (TR@iPRt & gene-poor
t dj - S, .G 0 i-tial : :
RaBach PRI (BR3P R O SIS sy whih
sdigtidne earfdéyt baitations Ny telatahos ean leffsetd (©g idissase, physiological,

associatfion with clinical ph type. In.a preferred.
S giel PhBCraTeh s 2% R SAels i GiEe gpSHstRhsm). or
ClilchéBBaQex rergfbgs)tclaﬁtaﬂﬁﬁf 8RB delB¥ndEnd?Sr RuGABRE GHERF Sequence in

of, for , one or nore deletions, one or nore

t whikh litois alesicausto deteemdre the frequiknol iof anterankion ailie onclearespace with
oghnore i nversions etc therein. Non-limting exanples

ot ERYEFes/ 1 oci are AMLJ, ML, MYC, BCL, BCR ABL1,

i mmunogl obulin loci, LYL1, TALI, TAL2, LMX2, TCR JJS,

TCR/'3, HOX and other loci 30 in various |ynphoblastic

| Ay kientiered ahower the fistiftasseth pecleptisler seguance may] @urprissjcempletely

%@%@gﬁ g%%géggrﬁ?ﬁt), ot 'be"HosP 88/ 9P 4dY4Re proximity of) a nucleotide

héelysrlcé viviwhichi geRétio abdiragions e rsutle zk lebatipn @gd/dd bmaations -  are
rchr onosones

ietaed o g shtericle:gnp Hissaie)-chrentding i dyin pbpdigent of the invention the
NfidsPlehp o RloREE Asfubre ay REQEBRAE I AHE detfleh €@ Agene or
ht 1qrus), wdiaceritanglon dbe ipbpsieal dANActemplpte)e or ds /thy genonmik Fggion in
uv%ﬁ%éﬁ%ﬁar@és hQ\tlet l?e:eélla\é%a?e%sv%llﬁlmop ggr’re%%d to a disease - such as a genetic -
or congenital disease. In other words, the first (target) nucleotide sequence may be or
may be chosen based on its association with a clinical phenotype. In a preferred
embodiment, the changes are changes in one or more chromosomes and the disease
may be as a consequence of, for example, one or more deletions, one or more
translocations, one or more duplications, and/or one or more inversions efc therein.
Non-limiting examples of such genes/loci are AMLI, MLL, MYC, BCL, BCR, ABLI,
immunoglobulin loci, LYL1, TALI, TAL2, LMO2, TCRc/6, TCRB, HOX and other loci

in various lymphoblastic leukemias.

Other examples are described in electronic databases - such as:
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htt p: / / www. ncbi . nl m ni h. gov/ entrez/ query. fcgi ?2db=OM M
10 http://ww. sanger. ac. uk/ Post Genom cs/ deci pher/
http://agserverOl.azn. nl: 8080/ ecarucal/ ecaruca.j sp
O her exanpl es are described in "Catal ogue of
Unbal anced Chronpbsone Aberrations in Man" 2nd
edition. Al bert Schinzel. Berlin: Walter de Guyter,
Z&Qﬂ/wa&BNanﬁﬁM]@v&hﬂréﬂi{u&yﬁgi?dmemmhnbnmmes t he
tern) adj ace t" ans "di rml éa{al\dj acent" such that
Pé‘m QrEPROHYS 980} des between two
qﬁgﬁ Hﬁ%ét/ I%g erlefix Q6053 7806 i BA4L the term
"a Jacent the conText of the nucleic acid sequence
alnttp: /Vw“pwhangbl%cmmc comfdytagenatiopioptol pilsyaryr#daysi t e
n*?F?Pe/? " di rectl¥l adj acent” such that there are no
WS PESHOCFBY i des between the nucl eic acid
SRR AitAtdbB®s.coi/ MBry restriction enzyne
reco nition site. 25 SECOND NUCLEQTI DE SEQUENCE The
wwmml@mqr@r&egg@dwde@s/m%fth&/h@nsa@lkadmdsx el
d%%n (wwvsgfl .rgc‘bl Rf}’eﬁlﬁgg &er?chg\%‘%{b%miMnk' ng genom ¢
eg. 1 n'vivo he second
nivtey: mwmngﬁwﬂk%s((h@onmﬁdee@hmde sequence of
interest) hecones |igated to the first (target)
n@&@ﬂ“‘ﬂ@%@é&%%@oma@?%‘ﬁdﬁ@ a sanple with a
cross-linking agent and digesting/ligating the
cross-linked DNA fragnents. Such sequences are 38 WO
20081 68l RETesdBbed st H0a8REue of babalhnged dchromosdmee Aberrations

o s SabuoA e Roriel SRR BalE R Ry R 200 Ry -
tdmehnst (target) nucl eoti de sequence because

ligation conditions favour |igation between
cr oss-linked DNA fragnments (intranol ecul ar) over

ngx},%m Ibo%at Inq nthg\fgr% a%e&"%ﬁ ?Sdlp&?lgdﬂdga{&ent" such that there are

i ons - such as |ons

llﬁb/ﬁitéiv&ﬁhig nudhmﬂéﬁwwmja%iﬂ&fmmesﬂ C
rearrangenents - are generally caused by aberrant
DNA- DNA i nteractions. 4C technol ogy neasures DNA- DNA

| Bl AbREE Erﬁﬂoéiﬁl‘éﬂfﬂ BRGEES "adjacent" in the context of the nucleic acid sequence
and the primary restriction enzyme recognition site means "directly adjacent" such that
there are no intervening nucleotides between the nucleic acid sequence and the

primary restriction enzyme recognition site.

SECOND NUCLEOTIDE SEQUENCE

The second nucleotide sequence is obtainable, obtained, identified, or identifiable by

cross-linking genomic DNA (eg. in vivo or in vitro).

The second nucleotide sequence (eg. nucleotide sequence of interest) becomes ligated
to the first (target) nucleotide sequence after treating a sample with a cross-linking

agent and digesting/ligating the cross-linked DNA fragments. Such sequences are
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which primarily are a function of the genomc site
separation, ie. DNA-DNA 10 interaction frequencies are
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kil obases) between two DNA |oci present on the sane
physi cal DNA tenpl ate (Dekker et al., 2002). Thus,
alteration(s) which create new and/or physically
different DNA tenplates, is acconpani ed by altered

SRl Y eI STy cos

siagthe nmesldas sphcd eﬂdSthgdﬁd tasthe plirist §target)osweld¢atidki segquence because
agents - ch as formal deh - _can be us t.0 SS
ionr BHEnE o Frhor BB HE0Y Sy TPON RS afpA ® fragments
n%l‘ﬁ}aﬁﬁcﬁe&ﬁér?ove-';t}hﬁion{ Weatidh eFBte nucl eotide sequences

can be cross-linked only via proteins bound to (one
of ) these nucl eotide sequences. Cross- Ilnklng agents
her th n form

ehyde can Iso in ordan
{.Sﬁaspﬁe aSB? eglén?lgqr é]ﬁt I Oﬁu I ﬁgl B‘aﬁlsﬁ ﬂ S géigtlons 1%961‘510115
Cuphizatidn3kdnd0othere Bérfontib bargtinpge@bhty -Cﬁl@sgenk:taﬂlb’l caused by aberrant
nucl eoti de sequences. Exanpl es of a%Fnts t hat

cDNésDNA]mt@mmnﬁc HGdechnelﬂgyame@sws@ NA-RNA intergction frequencies,
h%u{’l@ga\qﬁy% gcgmg%{)) Xlogeﬁleggéﬁo%]g site G, ie. DNA-DNA

dmfﬂﬂAdmedlfﬁefthemdi)ﬁEﬂ at Iumelﬂiel)l propordionyictoothh dmpaln'admtdmce (in kilobases)
Sui t abl %/Vﬁkt he crqss-1inki

chebween Pk PNAdeci piressgon 2'19%?3%?9%%@ 94 Gz aekker et al.
Sﬂﬁﬁ? A h@0OoYtertibh(s) 51? Bfeste! ﬁ&’{/' ﬁgﬂélmﬁhgﬁéﬁly different DNA

intefactions that can reversed. 30 CroSs-1inking
nesnplatesp isrdcoompahidal by ﬂmchwwpDé{A mnerammms and thigecandie| measured

or,mal dehyde at roomtenperature - such as by
|WCZEC§§EF’H OBYx 107 cells in 10 nl of 39 WO

2008/ 084405 PCT/ 1 B2008/ 000625 DVEM 10% FCS

suppl enented wi th 2% for mal dehyde for 10 m n at room
t%lmbbaﬂmwcommvdmm@w aNemt Y hEse Rirds used

herein, the term"primary restriction enzyne" refers

to a first restriction enzyme that is used to digest

t O ssliaking ldgoied dd¥A\.as formaldehyde — can be used to cross link proteins to

other neighbouring proteins and nucleic acid. Thus, two or more nucleotide sequences
can be cross-linked only via proteins bound to (one of) these nucleotide sequences.
Cross-linking agents other than formaldehyde can also be used in accordance with the
present invention, including those cfoss—linking agents that directly cross link .
nucleotide sequences. Examples of agents that cross-link DNA include, but are not
limited to, UV light, mitomycin C, nitrogen mustard, melphalan, 1,3-butadiene

diepoxide, cis diaminedichloroplatinum(II) and cyclophosphamide.

Suitably, the cross-linking agent will form cross-links that bridge relatively short
distances — such as about 2 A — thereby selecting intimate interactions that can be

reversed.

Cross-linking may be performed by, for example, incubating Ithe cells in 2%

formaldehyde at room temperature — such as by incubating 1 x 10 cells in 10 ml of
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The primary restriction enzyme will be chosen
dependi ng on the type of target 10 sequence (eg.
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prelimnary experinments are perforned to optimse the
di gestion conditions. The primary restriction enzyne
may be selected fromrestriction enzynes recogni sing
at Ieast 8 bp sequences or nore -of DNA. The prinmary
td"/o NrE§ZY, 1R RE witte 96! £t txlﬁﬁlefl§d%mfor 10 min at room
res r|c I'on enzyres recogni sing at [ east
sediperates. or nore of DNA. The primary restrlct|on
enzyme nmay be selected fromrestriction enzynes
recognising at |east 6 bp sequences or nore of DNA
FORIMARY RESPRICPIUN ENAVVRr i mary restriction enzyme -
nay be selected fromrestriction enzynes recognising a
4bp and/or 5bp sequence of DNA. 20 Using |ess
ue cutt rs wi I _.increase_the tan
céﬁﬂﬁ?iéwm VBF deffh pprimBEy RS oR IR PR, R A0 i gestrction
RAhRE t6 dippstIREIOBCRsked DPANA | ncl ude, but are '
not limted 25 to, Acll, Hndlll, Sspl, BspLUL1l,
Agel, Mul, Spel, Bglll, Eco47111, Stul, Scal, Clal,

I1. . | . | I
YR g B enBHRChy Y EposchRendiilon SPlpe of wrge
Em%nce%g | lbcus‘f,BaGIhe dﬁaly@:d IBpﬂlﬂesirhblelthataseﬁiln,inaw ekperiments are
Bantl Kpn Sn Sal |, ApalLl, Hpal
mme@%wtm%amqlg SRIP%FOH s Bell, Mstl, Ball,
Bspl14071, Psil, Asull and Ahalll. 30 40 WO 2008/ 084405
PCT/ | B2008/ 000625 Restriction enzynmes that recognise
nﬁheepmﬂnany rastﬁctupn smayoeroay bé sédbited fromugssrictien engymes m‘tﬂOnglng

e?s? %SEI? si:quegﬁqs AorI mo%ﬁﬁ@aghgfp%@ rﬁﬁmctl‘ilosrb% me may be
Mietected Rt réstrictidn enzyméd rebogdiingSet@8%87 bb sedqueheds &@iGte of DNA.
aggfcts of the present |nvent|on in the case of

plimelyoesEaigmerzymeanay ¢ selericd:Tam eHgioM ergymes recognising
B I i,nd 0 fe

ot gl o5 OB LSRR 0w pimary
I fb@ﬂridd@n eftyimeathey b@%ele&tedrﬁ‘bﬁdretmmldiscrEiymeNmedogmsﬁdng 4bp and/or
Nlal | | HpaII FnuDli I, Mael, Dpnl, Mool, Hhal, 10
Holn seAuenee 8F DNexgl . viRI, Msel, Sth1321, Acil, Dpnll,
Sau3Al and Whll. In one

Using less frequent cutters will increase the genomic distance captured (covered) by

each bait.

| Restriction enzymes that recognise 6 bp sequences of DNA include, but are not limited
to, Acll, HindIII, Sspl, BspLU111, Agel, Mlul, Spel, Bglll, Eco471II, Stui, Scal, Clal,
Avalll, Vspl, Mfel, PmaCl, Pvull, Ndel, Ncol, Smal, Sacll, Avrll, Pvul, Xmalll, Spll,
Xhol, Pstl, AflIl, EcoRI, Aatll, Sacl, EcoRV, Sphl, Nael, BsePI, Nhel, BamHI, Narl,
Apal, Kpnl, Snal, Sall, ApaLl, Hpal, SnaBI, BspHI, BspMII, Nrul, Xbal, Bcll, Mstl,
Ball, Bsp14071, Psil, Asull and Ahalll.
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enbodi nent, the secondary restriction enzyne is N all
and/or Dpnll. The term"primary restriction enzyne
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sequence that is recogni sed and cl eaved by the primary
restriction enzyne. 15 For sone enbodi nents, the
restriction enzyne does not digest repetitive DNA or
DNA that is relatively under-represented in repetitive

Bl A EARB M AP p SHChte, ua
tﬂm limeitedhtd BbeCridascf, AsStly Fetli Dot B2y kgPme BiIS6f & SgoAd, Swa I, Sap

?Se?ﬁbfaé e Eer BT st SeB800n. ) Gt on

Cross- Ilnked DNA, de-cross- I|nk|ng and (optional)
DNA purification. In one 25 enbodi ment, the secondary
rBart some  aspeath of nibei Bresang dinventinnonin dthe desse neld resuictiond enzymes

rarosang P GasPiet G BN ERTAL 2O TRy B 7"

conposition to the secondary restriction enzyne

recognition sites that flank the nucl eotide sequences

oReshmt@ne@tzym%ﬂlphre&ﬁ@u%&a|5n'§h§equml<§at0if dN4rinclude, but are not
SIGAHEDN G6 STHEIK MR, TAGH eQtdTae GHupPIOMAEQ, t . Mbol, Hhal,
secondary estrlctlon énzynme’ recogni t1 on S|tes t

fmaaam Radl, TEana @vlkae,ahnelsumlm Acd, Dphll, §hes Al dsiltle In one

S P oL SR TPl

favour the intra-nolecular ligation between the
secondary restriction enzyne recognition sites_ that
f Therterrn Spmeryrrestietbn mymeqméwnesnd” reifess 1 g éue in a nucleotide

I d h .f
GRS s RO RN Sl BN bripRL B P

known target nucl eoti de sequences fl ank unknomn

sequences of interest. 5 In another_ enbodi ment
| lf(lja%qn%?n ebodimgnisn desrestickinn Frzye | dost ingk d&?ﬁ‘pE?é’Fft“ilan DNA or

e ni [
NP P 0 5 B ERR KR SO i e e
mighted bf drerpegibbieads. of i nterest involves the addition
of unique DNA sequences of known nucl eotide
conposition, followed by |igation under conditions 10

t B ORBYONY REVRICTROREENZYME gat i on bet veen t he

secondary restriction enzyne

As used herein, the term “secondary restriction enzyme” refers to a second restriction
enzyme that is optionally used after primary restriction enzyme digestion, ligation of
cross-linked DNA, de-cross-linking and (optional) DNA purification. In one
embodiment, the secondary restriction enzyme is used to provide defined DNA ends to
the nucleotide sequences of interest, which allows for the ligation of sequences of
known nucleotide composition to the secondary restriction enzyme recognition sites

that flank the nucleotide sequences of interest.

In one embodiment, ligation of sequences of known nucleotide composition to the
secondary restriction enzyme recognition sites that flank (eg. are at each side or end

of) the nucleotide sequences of interest involves ligation under diluted conditions to
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recognition sites that flank the nucl eotide sequences
of interest and introduced uni qgue DNA sequences of

whp@sns4ot| eoti de conposition. I n one enbodi MEPCT/IR20€8/000625

secondary restriction enzyne is chosen such that no
secondary 15 restriction enzynme sites are within

about 350bp (eg. 350-400bp) of the primry

restriction site. In another enbodi nent, the secondary

r [ s e t  tioF
(G380 504 BRI ARRECRHEN Mo icion cnyme
| recginéiibni sitdshthat ifigak etalrgau aheettiddeseqdbneee candnthe Kinled nucleotide

the | t ed | d S d f. .
IR b A HOHEgY FONS BEfie JBEHRE of RAVA FBgpbi which
NHoWARhlE e REDHAE & ulRKks PRnkE Weﬁu&ﬁ@@& Merest.Or

bl unt) nds, the sequences may even be ligated in
order to circul arlse the DNA.  Accordingly, the

| Sfa%apfﬁr frabediBient pigdinnot Hevhen il HRfRLiod sobfdion o te

Rty RBRcti6h reﬁ%‘rﬂé téi:@%rhﬁﬂn Qitest thet Mivk edatehst eadbside or end
corrpatl bI e ends refera the secondary restriction

arfy ythe muslestide tseanensey of @teaeﬂ igvolyes, the, addgion; gk unique DNA
| “O"l
SEBHIEE o REGWH shl ARy Finp SRHTIGUONEE b} 36HRh Sak Bnditons
tthat Tayolal , inbdrahdlecuddru lligafibral Hebweerpahd , sebondatyl ,rediietion enzyme
Dpnl , 30I\/bo| Hae|Il., Rsal, Taql [ Msel , .
SeepERition siies that Bﬁﬁr fhe 199 fle sEryeRgss O mtrwsta?n&rler%‘fﬂcs@r unique
erﬂggl tces 6#1&10%991@%&&6 dstfonl On enzyme is Nalll
42 WO 2008/ 084405 PCT/ 1 B2008/ 000625
The term "secondary restriction enzyne recognition . _
¢ . e
e b Bl e R et o BT b R P MADRS secondary
rresttictiont ienzyme sitysrare withod Iabwtn@;SQHpe(@r FS9t406hp)niof the primary
t he secondary restriction enzyne, a further ligation
ESHHEHSites performed. In one enbodinent, this
ligation reaction |inks DNA sequences of known

nucl eoti de sequence conposition to the secondary
rlagnoihct ¢mhocbmzytr;r§1e wrepslanyl wirigtion crrlymenie chorsn sEchpkthe same

nces 1 ar e I e t
SCERGE Rl op e ine SThCB i) 0€ BT TeBBATHOHE Bl oot
tﬁ@uéiﬁ:@ RieOthedligied trogs- hﬂl&dméqhémb).d&nce the ends of the first (target)

nucleotide sequence and the ligated nucleotide sequence may be compatible cohesive
(or blunt) ends, the sequences may even be ligated in order to circularise the DNA.
Accordingly, the digestion step is followed by ligation under diluted conditions that
favour intra-molecular interactions and optional circularisation of the DNA via the

compatible ends.

Preferably, the secondary restriction enzyme recognition site is a 4 or 5 bp nucleotide
sequence recognition site. Enzymes that recognise 4 or 5 bp sequences of DNA
include, but are not limited to, TspEI, Maell, Alul, NlalIl, Hpall, FnuDII, Mael, Dpnl,
Mbol, Hhal, Haelll, Rsal, Taql, CviRI, Msel, Sth132I, Acil, Dpnll, Sau3AI and Mnll.

In a preferred embodiment, the secondary restriction enzyme is Nlalll and/or Dpnll.
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sequences wWith a secondary restriction enzyne. 15 For
sone enbodi nents, the nethod excludes |igating one or
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the avail abl e secondary restriction enzynme di gestion
site(s) that flank the one or nore nucl eotide

sequences of interest. TERTI ARY RESTRI CTI ON ENZYME 20

As used herein, the term"tertiary restriction enzynme"
refers to a third restriction enzyne that can be
optionally used after the secondary restriction enzyne

SsThe térim Osederidary Gedtrictéoar esgyne recugmition ete’Difersr ioothet site in the

anplifjcation. 25 Preferab) the tertiary restriction . .
eP3JFAside sseqHench z'?"ﬁ% if peroepistd gifseleavedoBy thy Sppmdary restrition
n tide recognition site. Preferably, the tertiary

restriction enzyne digests the first (target)
nucl eoti de sequence between the primry and secondary

r ri.ction gnzynme r.ecognition sites. .As wll be s
il ofF fERStER AL SR eBle 15t b of dytiper tigation
t RACHE i pBFYmicdS tTh iohé eMBodinTyitRhid tigstidileadiond ks DA sequences
first (target) nucleotide sequence too close to the

pef dapyn amitleptide rreavsnce r mepasitionotp dhey perOndayoERsiTiGlign enzyme

L5518 QP8 o5 Ch BB o trst oo

hydguestiese. Accordingly, it is preferred that the

tertiary restriction enzynme recognition site is

| ocated at | east the sane di stance away fromthe

PES e 2RfbodREARIANY méthisd bkQhddAMhE B Id thed Bucleotide
sites as the length of the priner to be used such that

t sequermep Wiithiasatondarymestneti¢rsgnzyme. stil | hybridise. 5 In

a preferred enbodinent, the tertiary restriction

enzyne i s one that recognises a 6-bp sequence of DNA

Thér dotfeembithbms Mhé BfetiddCdxcRide £ MR dne @R Gidrt IDNIA sequences of
site" refers to the site in the 10 nucleotide .
skepyansuclediide compesitenyin he @vailableseeandsgy paptricien enzyme digestion
terti est,ricti . R T TE
R%lge{(sr)?%%{iffomr]ﬁglﬁ g% Nt g F}‘é)gés]élgﬂgdrtgeg n yrress (th%}? 1%(5:11 eave the
sugar - phosphat e backbone of 15 DNA. In npost practica

settings a.§%ven restriction enzynme cuts both strands
oﬂa@b{?@y RESTRICTION ENZYME

As used herein, the term “tertiary restriction enzyme” refers to a third restriction
enzyme that can be optionally used after the secondary restriction enzyme step in order

to linearise circularised DNA prior to amplification.

Preferably, the tertiary restriction enzyme is an enzyme that recognises a 6bp or more

nucleotide recognition site.

Preferably, the tertiary restriction enéyme digests the first (target) nucleotide sequence
between the primary and secondary restriction enzyme recognition sites. As will be
understood by a skilled person, it is desirable that the tertiary restriction enzyme does
not digest the first (target) nucleotide sequence too close to the primary and secondary

restriction enzyme recognition sites such that the amplification primers can no longer
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DNA within a stretch of just a few bases. The
substrates for restriction enzynes are sequences of
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sites/sequences. The length of restriction recognition
sites varies, depending on the restriction enzynme 20
that is used. The I ength of the recognition sequence

dictates 'how frequently the enzyne will cut in a
Slg%?ﬁﬁ%e Aco Ei)[ i m@%feﬁfed AT Fegt ﬁ’g%ﬁﬁ@&fom e recognition
I'cCtion en cogni se a p Sequence of DA,

Tdire Belhpsated es ]am thla esamezdastanctdw atvay eftag nths eprtrhm'y4adnb secondary

o u%{l]gig ﬁgy}n%l\rlg@g%géggsgt}:g ?sethg\?gu;gﬂ'? %e t&p ;’)}m@ e used such that the
I FnuDl | CTAG (Mael),

Eﬁ%ﬁ%ﬁda)wugﬁ%ﬁ(ﬁm st ybridiie. §Vb2|“) b (thu v b

(HaeIII) GTAC(RsaI) TCGA (Taql) TGCA (CviRl),

i RSt oeat SO e ol GRS s coeises a 0o

r@gﬁédcgbfm@nzynes recognise a 6 bp sequence of DNA.
The sequences and the enzyme that recognise the 6
base-pair bp sequence of DNA include, but are not

LRI b RS B e Y i

(ReMotidd 39queACeCRETs febggijed MOTGREVed bl the)tertiayTradHfiction enzyme.
(Spel), AGATCT (Bglll), AGCGCT (Eco47111), AGGCCT
(Stul), AGTACT (Scal), ATCGAT (O al), ATGCAT

 (BWEbONITIONME (Vspl), CAATTG (Mel), CACGIG
P%(Pv ull), CATATG (Ndel), ‘CCATGG (Ncol),

CCCGEEG (Smal ), 5 CCECGG (Sacll), CCTAGG (Avrll),

SshrotohcerdhicI B 177 st clerrs doc3ueRpphdsphad EsiBone of

% AL Gkearldsef dupl
Cﬁ@hﬁl-rﬁﬁl frdat rh&tlca%%g { Seed }esuﬁgge Plﬁé}ﬁﬁ%ﬁ@A/b&th s uplex
@‘gl thiamsiretch otm&m@ Rases.) ﬁz@@@bﬁ@ tqsAr Fostricior guzymes are

(A r?cfs %ﬁ%ﬂ?ﬂ%ﬁ ?@ﬁ%ﬁ&?é% e e

(BspHI) TCCGGA (BspM 1), TCGCGA (Nrul), TCTAGA
Xbal TGATCA (Bcl | TGCGCA (Mstl) TGGCCA (Bal,l
( fﬂe%sgtbssf s4uqt§c)ncreq%gmfm {ties .vru)les ﬁmwg(%%rss%nﬁ??& enzyme

Ttﬁ%-ﬁie%fhge'rah alrht )lengi? oB%h¥e¥co Wg'gutlfoﬂrge fénck Xcﬁ&ﬁie? fhoav frequently the

restri Ion enzy recogni se
sagymacdll cut in a sequence of DNA.

By way of example, a number of restriction enzymes recognise a 4 bp sequence of
DNA. The sequences and the enzyme that recognise the 4 bp sequence of DNA
include, but are not limited to, AATT (TspEI), ACGT (Maell), AGCT (Alul), CATG

~ (Nlalll), CCGG (Hpall), CGCG (FnuDII), CTAG (Mael), GATC (Dpnl, Dpnll,

Sau3Al & Mbol), GCGC (Hhal), GGCC (Haelll), GTAC (Rsal), TCGA (Taql),
TGCA (CViRI), TTAA (Msel), CCCG (Sth132I), CCGC (Acil) and CCTC (MnlI)

By Way of further example, a number of restriction enzymes recognise a 6 bp sequence
of DNA. The sequences and the enzyme that recognise the 6 base-pair bp sequence of
DNA include, but are not limited to, AACGTT (Acll), AAGCTT (HindIII), AATATT
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of DNA. The sequences and the enzyne that recognise
the 7 bp sequence of DNA include, but are not limted
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TCCNGGA Pfol. 20 By way of further exanple, a nunber
of restriction enzynes recognise an 8 bp sequence of
DNA. The sequences and the enzyne that recogni se the 8
bp sequence of DNA include, but are not limted to

TS e i SRS P e SFRAREAGacy .

T . L TACT (Scal)
ATEOATCohead e T asaibnad AT ORE S AR T RNRY, cAacaTG

%@I@A@dﬁ gl‘btﬁllﬂ, FAYATG 'fNHéI?':FS?A‘Tt}G 69441, LECBGG (Smal),

are sen ve to this ne ation and 'w
cCEBRGG (Baciyt IGCEASH s@qubhc €GATGG Pwal), WEGECREE (Xmalll),

VEBAGS WSalh 068 G DRI CREEAG hfpon TR G AT 'caaTTC
C{IRRRY), @J@ca\rcftwaﬁ'{)?@m@@m@e(ﬁaa), GATATY (FoR V)i GCION®C (Sphl),
i nstances the eukaryotic nethylation sensitive

e GEFIRHECa Mt GLGHGCIABBTR )6 DEGGOENhe]), GGATCC (BamHI),

PR REIRGHIAIERECC RR OTACE ipnlF GFRTAT (48, GTcGAC

r eSull), @TgordAce (K p4TH),[GTDYAC a(}gjﬂéu)ﬁ EEIEJSGI}’EAe(Sflﬁl); TCAi'dTGA (BspHI),
enzyne | gestion site, n I n
o EE G (RsmdH, G A MruDTCLAOA CrRAb T T CARBEDD, 1GCGCA

| [ e iAN
TSP, B e Bal, rfaRiEmETduY, FTERNO@MATICAN (hsul)
r agt TTTAAAN(Adailye, fol l owed by ligation. Preferably,

a secondary restriction enzyne is chosen that cuts the
first (target) nucleotide sequence at greater than

aBQWaydr Hther €QampieCa ARERR)of és@ridtioR @nByfrhéSredognide a 7 bp sequence

reStriction site.” Advantageously, this mnimses a
boaBNA dhe sbauehorsnand b cdzeme dhat agrorpige dha 7 bp sequence of DNA

BB b AR R iSSR0, comvace

I BRI 4id TOCNGOARIJIS a frequent cutter recognising a
4 or a5 bp restriction enzynme recognition site. Thus
it is possible to obtain the snall est

By way of further example, a number of restriction enzymes recognise an 8 bp

sequence of DNA. The sequences and the enzyme that recognise the 8 bp sequence of
DNA include, but are not limited to ATTTAAAT (Swal), CCTGCAGG (Sse8387I),
CGCCGGCG (Sse232I), CGTCGACG (SgrDI), GCCCGGGC (Srfl), GCGATCGC
(Sgfl), GCGGCCGC (Notl), GGCCGGCC (Fsel), GGCGCGCC (Ascl), GTTTAAAC
(Pmel) and TTAATTAA (Pacl). ‘

A number of these enzymes contain the sequence CG that may be methylated in vivo.
A number of restriction enzymes are sensitive to this methylation and will not cleave
the methylated sequence, e.g. Hpall will not cleave the sequence CC"GG whereas its
isoschizomer Mspl is insensitive to this modification and will cleave the methylated
sequence. Accordingly, in some instances the eukaryotic methylation sensitive

enzymes are not used.
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20 restriction fragnents for equal anplification
efficiencies of all ligated fragnents during

wa@ppBs44cati on. Prior to the secondary restri cP@DIB2008/000625

enzyme digest and ligation, the DNA tenplate wll
conpri se one secondary enzyne recognition site in the
first (target) nucleotide 25 sequence |ocated at
greater than about 350-400bp'fromthe primary
restriction site and another secondary enzyne
recognition site |located in the nucleotide sequence
tlhahe bmbodikrat) alre@ghitidn site is axdigéstionaitend nucl eot i de
sequence). Preferably, the secondary restriction
enzyme digestion step is perfornmed for more than 30 1
t I (Y f
(i Sne n%}ﬁ%&%g %)r%ggcél;og 8‘121&8{5% P%%‘/’ Bzoogi/%%g% 6 2%51!&80@ eneyme
Rhgﬁamamky, the DNA in this reaction mxture is
purified using conventional nethods/kits that are
known in the art. Followi ng the secondary restriction
EROTLARBANG on step, a secondary restriction 5
enzynme site will be located at greater than 350-400bp
fromthe primary restriction site in the first

tar nche ngd_ . . . - 7 .
AT R Sy SRLEREL P R B8 1 \BhiD, R Batial for aC i
Ipr@p”aiaﬂb l&émgl ONAsegelende digesting the S€C eentplate okitlotal sbeondary
ggﬁence? Since the ends of the first (target)
dinn peymecfoiaved By Heatipd. | | gat ed nucl eot i de
sequence have conpati bl e ends, the sequences can be
ligated in order to circularise the 10 DNA. The
dirgfesablygna seemdagy tréstrictioal bmzwd: sy chosgat thah cutsdthe first (target)

d|| conditions that fa ou 'nt a- | ar .

nelepits SORencenel Beneh tha 400t 35005 (6B dSPAMP fromhe primary
Cregmaidnbk@e emanﬂi%\(ﬁl%@f %@%ﬂunﬂssﬁ al big9 i @ﬁclee@ﬁhmrh due to
is perforned at a concentration of about 1-

rigpdlogical sbnsteaiity (Riphee 4l g@00 bri needsciniBieche. é@mm Aed733-40).
for nore than 1 hr (eg. 2, 3, 4 or nore hrs) at about
16-25 C. 20 Accordingly, following the ligation

reafetdbby) theCidcbntlady tesaittibhlénsyaye Be Médghioar @mter koegnising a 4 or a 5
circularised DNA wi |l conprise_the recognltlon si.tes

flpr restrictien SnZye reergaitioar Site. r d8B$ iit{s BASSH Jenobiain s smallest
REHR A %theﬂtg ﬁ)?céaﬂgla%pﬁﬁée{tfdncéﬁﬁﬁn@fég Ydresll 1idated fragments

during amplification.

Prior to the secondary restriction enzyme digest and ligation, the DNA template will
comprise one secondary enzyme recognition site in the first (target) nucleotide‘
sequence located at greater than about 350-400bp from the primary restriction site and
another secondary enzyme recognition site located in the nucleotide sequence that has

been ligated (ie in the second nucleotide sequence).

Preferably, the secondary restriction enzyme digestion step is performed for more than
1 hour to overnight and followed by heat-inactivation of the enzyme.
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circularised DNA containing the first (target)

nucl eoti de sequence, the primary 25 restriction enzyne
WO emmegsd4ds on site and the secondary restricti OPCEIB29082000625

recognition sites will define the ends of the first

(target) nucl eotide sequence and the |igated

nucl eoti de sequence (ie. the second nucl eoti de

sequence) . Accordingly the first (target) nucleotide

en li g e q

< BPFER, e DNy O BUE roifd BhiHfe SRTUERAR Mihe, conventiona

eﬁkﬁmﬁykﬁ§ﬂgﬂm%mﬁawﬁhﬁﬂwamw the secondary 30

restriction enzyne recognition site. 47 WD 2008/ 084405

PCT/ 1 B2008/ 000625 AMPLI FI CATI ON One or nore

gm \&ﬂng at%}é %g é{nﬁgﬁ't Dﬁ% b g%yeg?grgé’ Qfﬁ%ﬁfl@ﬁ ‘itép,F Iag;{a%?%%a?& mJl’t'c)alstrlctlon

5 benzgmef site rveith h¢siocage<hatrgncd1:a'rthmf 3%0- #@(ﬁlpe(mml’tbd prmiaryt istriction site

F be . ... )
o e TS BN BT S giHEPS 580 BRI SEPriam, BAricigs gpayme sit
e%l@be locaR8%1 thel li%@d' RRIc0BEE qBehd2(RR. tHket st hueldEide sequence).
[ification , 10 Foster and Mahan, 1991;

Cﬁmcv gh¢ sndsaf gpq first | (targgh nuﬂg@tgiﬁagqﬂuemrﬁgggw ]agﬂjed nucleotide

S elglallalgd&héaﬁg gq?l}lg?tlble réi &1% %actfu%%él Cfg 3?1@91{3%%9%)& to circularise the

10 sgb@ksustalned sequence repllcat|on systen1(Fahy, Kwoh
and G ngeras, 1991) and strand displ acenent
anplification (Wl ker et al., 1992). 15 Suitably, DNA
[ I 0 Jxesh

T Bhepion et i Wn JeffowgTF 1B udor i, EIgiGohs A favour
4ifdGaEmdl8tulihiaterattions arvecirulueisitionh dfahe DNAcvie dlsd wgnpduble ends.
concentration of a segnent of a nucleotide sequence in
a mxture of genomc DNA wi thout cloning or

15 PPrEABIGE HRNMigaAon! lréa&fb% RNRLHriBdat a DX $6nddatfatién of about 1-

used. |nhverse PCR (I PCR) (described by Cchman et a
(3988). Genetics 120(3), 621-3) is a nmethod for the
rapid in vitro anplification of DNA sequences that
flank a region of known sequence. The nethod uses the

POl ErRbIFS fhe AlpaliOn F&RRESN Xpdrfieikd fUnotel thBRS Hrheg. 2 3, 4 or more

primers"oriented in the reverse direction of t
ubrsaht aboieli-2% PGn. The tenplate for the reverse
primers is a restriction 25 fragnment that has been

20 |jgated upon itself to forma circle. Inverse PCR has

fTwaMord If&ﬁiwlﬁgﬂlél 41iBh 964¢tias, GRARHEEEDNACMag%a PRépared. The

he anp i cation an |dent|f|cat|on of

c1rculansed DNA will comprise the recognition sites for at least the secondary

restriction enzyme or the primary and the secondary restriction enzymes.

circularised DNA containing the first (target) nucleotide sequence, the primary_

25  restriction enzyme recognition site and the secondary restriction enzyme recognition

sites will define the ends of the first (target) nucleotide sequence and the ligated

nucleotide sequence (ie. the second nucleotide sequence). Accordingly the first

(target) nucleotide sequence and the ligated nucleotide sequence are separated (eg.

divided) by the primary restriction enzyme recognition site and the secondary

30 restriction enzyme recognition site.
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sequences flanking transposable elenents. To increase
the efficiency and reproducibility of the

wa@ppiiogd44eati on it is preferred that the DNA ci PCT/ER068 0625
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linearised before anplification using a tertiary
restriction enzyne. Preferably, a tertiary 30,
restriction enzyne that is a 6 bp or nore cutter is
used. Preferably, the tertiary restriction enzyne
cuts the first (target) nucl eoti de sequence between
the primary and secondary restriction enzyme sites.

- ASMRDIPTTOSTIOR 405 PCT/ | B2008/ 000625 Di gestion of the

3C tenplate with the secondary restriction enzyne,

optional circularisation, ligation (eg. ligation

uoﬁi@ or Shdrtl laatbliFiR A ¢AB%Ins RSy BBtcPBAhed i BRRF it6 akiphfy the 4C
first (target) nucl eoti de 'sequence-cont ai ni ng

dDNéltempiatﬁlds a DNA 5 tenplate for anplification ("4C

DNA tenplate”). For the anplification step, at |east

two ol igonucleotide prinmers are used in which each

PONPAEAmPNfEAtdh SRSy b parféRiftdS@inien aambeabl Hiffeidst diRods that are
nucl eot1 de sequences of interest. 1In a preferred

koo inethe arht qréégmpwwucgem@cme@tﬁ@euwg Hhsr Rolymgrase chain
SRRSO R AP, B8l i,
| Fdsesr @atl Matlan, IBTH é]hbt@dimmm Spirime 199, K dtdnaewy KKurnasotviaad Spirin,

RSB sk bt recbon o ROy B el ad PR REeB e 1991)s the
ek uSQinell %qgfenc@ Ndbli@kion tYSteRM @ﬂ"ﬁ@t ikdRo1S &R Q‘ﬁﬁgergsf 1991 ) and

interest a | east one primer bridises to a
1$rasd displacementt atrh:élfma&mr(véalher(eégl lt%?é) 3' end) of the
nucl eotide sequence of interest. Preferably, at |east
one forward primer hybridises to a DNA sequence

m@@@nbm gs emplifiéEOsing PERS' “FORY) re@iérs th qlermsﬂhe@tofcxe B. Mullis
uence of interest and at | east one reverse prine

E} i Rats dost 4683 0RA, JffdNee and 4,965, bitd dhat odpgeriley 2 Fﬁ@md for
mcr%ggﬁeg ;ﬁ(ee d&th% nir, o%oc%f gg?%ﬁet%g rﬁ,cr?fc(l)éq(ydgtsgalfeﬁt:e i thikture of
cgenbaxd DA withomrcldiydy ordiusidication. neans that at | east

one priner hybridises to a target sequence adjacent

one end (eg. the 5' end) of the nucleotide sequence

' olfn dnRle o im@R Gndrsd ﬁéﬁtls QRR. Rfk¢FES P@Rk{fp sfﬁésctn@e@by Ochman

target sequence at the other end (eg.
tdten (LA8BY Glehetérs IR (3G - Hfis narm@h@tfor tlmsraprderhevta@ agnphﬁcatlon of

L@S@é ﬁgcﬂaeegfeé)s;%ﬁql | merrégf?) | 3w ge(c)lugnctear"l%e method uses the
polymerase chain reaction (PCR), but it has the primers oriented in the reverse
direction of the usual orientation. The template for the reverse primers is a restriction
fragment that has been ligated upon itself to form a circle. Inverse PCR has many
applications in molecular genetics, for example, the amplification and identification of
sequences flanking transposable elements. To increase the efficiency and
reproducibility of the amplification it is preferred that the DNA circles are linearised
before amplification using a tertiary restriction enzyme.  Preferably, a tertiary
réstriction enzyme that is a 6 bp or more cutter is used. Preferably, the tertiary
restriction enzyme cuts the first (target) nucleotide sequence between the primary and
secondary restriction enzyme sites.
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end (eg. the 5 end) of the nucleotide sequence of
interest and at | east one reverse prinmer hybridises

W0 008/ 08anyet sequence at the other end (eg. theCBIB2008A)00625
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of the nucleotide sequence of interest. 30 As used

herein, the term"priner" refers to an

ollgonucleotlde whet her occurring naturally as in a
purified restriction digest or produced synthetically,
which is capable of acting as a point of initiation

of synthesis when placed under conditions in which 49
Vﬁ@ﬁﬁlﬂi ©84¢h0 53@Clem e 081th 0082 Secosgary heesirstion enzyme, optional

pr.i exten i on product which is Ierrentar to .
neiEquiATisatign, ¢ ggtfqnané& Sligatign c #gder L‘g uted ncoflﬁ’éloéf)es"éﬁc gptional
OfindarGdtRAt b Eidst a('[ﬂﬂgél)" ruBRBGdd gecﬁﬂﬁ&tc&‘t&ﬁngsclrc%elds a DNA
pol ynerase and a suitable tenperature and pH).

prempiate fos applifieatidnl (74C Yy templatedhded for maxi mum

efficiency in anplification, but may be doubl e

stranded. 5 If double stranded, the prinmer is first

t F6rah€ Bmbhfisation s&pLat 1bsst $Wé ang‘&@%ﬁﬂ@pﬁﬁhbﬁ@@ aed 1h®vh1ch each

prepar e extensi on_products. Pr eferably, the prinmer i

aPrimen ybaidisgy a4 & Isepienefethat ﬂﬁg(srgh p,g.‘rleqﬂglgtse%nces of interest.

syf fi G I th

obt el iop et s Rty i8R plmieks & RAGHR hich cach

epriraér Hybridisbstoahe tanget pequencesflauking e peclidotale sequemyes of interest.

factors, including tenperature, source of prinmer and

the use of the nethod. 10 Suitably, the priners wll

bﬁ) GHe dnftidaiment, 5;he Pérﬁnf ‘GlARY ¥ Ak cbﬁt@)?tto éﬁxm@r]}ybﬁ&sat;&l fAéans that
0, for exanple at |east 25, or 40 nucl éotides in

| adgashondvpmher}athryd;ses brea BApA |s¢qu@acq ahacept mﬁemi (agethe 5’ end) of

30 nucl e des 15 Pref
Ty feplife 3ot 37 GRERR aBg of J88sT opd prirhéi BB Rlges tpe DNA
tib@uéi{cb N&I'the fftebr e‘hﬁc@@d @Hey 37 efd) of tHeOhuckddtiddBequence of interest.
recognition sites that separate the first (target

nRrefesahly it leagteang dprevard peimen By bridises do @ PAA seaignce ad)Jacent one end

U5, B8 P GBI GRS Pl HOBADR 450 i

alpybitidis8d to AODNAD sefience a0theddther3end g tHd 3’ QndBpf Yhe pucleotide
5 4, 3, 2 or 1 nucleotide(s) away fromthe primary -
a??ﬂ“e%°§§5‘ifﬁ?iary restriction enzyne recognition

sites. Suitably, the prinmers may be desi gned such that

they partially or conpletely overlap the primary and

skca pdderyed embodinent rthe mrgrméﬂm&f dgrthe icontext oéprlmzﬁ hybrldlsatlon
tS Iﬁlg{m%t Ia]t Iegset Oglﬁn.%glrt}eégla{)%@??ﬁg gerggt saeal?en%g %h] Ceht one end (eg the

5’ end) of the nucleotide sequence of interest and at least one primer hybridises to a

target sequence at the other end (eg. the 3’ end) of the nucleotide sequence of interest.
Preferably, at least one forward primer hybridises to a target sequence adjacent one
end (eg. the 5° end) of the nucleotide sequence of interest and at least one reverse
primer hybridises to a target sequence at the other end (eg. the 3° end) of the

nucleotide sequence of interest.

As used herein, the term “primer” refers to an oligonucleotide, whether occurring
naturally as in a purified restriction digest or produced synthetically, which is capable

of acting as a point of initiation of synthesis when placed under conditions in which

49



towards the second nucl eoti de sequence. |In one
enbodi nent, the anplification may be conbined with the

wa@odasosans of additional sequences to the endsPOf/IB20€8/000625
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anplified products. Preferably, these additiona
sequences 30 are adapter sequences required for
hi gh-t hroughput sequencing. Suitably, prinmers contain
an overhang (eg. a 5 overhang). Suitably the overhang

f
SR o O L DR o i i

pﬁtraiidrls inchi¢ed)@i. Zomﬂﬁaéké%c@ﬁﬂ' huBediies @.ﬁd)@ﬁﬁnducmg ggdent such as

an over ang (eg. r han t hat ad rt .of, .or
g b suiait g iiind RES. DR brfieh 4 breferably
f aﬂgte'seandea 10 At %My%%@ﬁﬁbﬁﬂm &thrﬁé}dbé‘%ﬁble stranded.
one enbodi nent, the prinmers overlap partially or
ctfrdohbleestryndﬂdt tlnelphlmep is finat tyeadertitoseparstedisistiands before being used to

restriction. en re t. th th da
LR EE qreien b, S7 i bh dus PhfRe o Y diByBioRbfleeotice.
t Phd PAmRF hiiBf be buffieiedily I6HE ©Fpririe thiesyaktesks aifiexeensioh roducts in

y g .

prinmers contain a conjugated noi et eg. biotin) that

athe iesenem ek thednduaing agent-| bhe efact 1af dhe pEmEFSOWiLE flgpend on
g h

AR g B ey B i theTRE B he'rthod

10 anplificati on reactions are carried out on about

0 ng of 4C te r .abo P
- Sy riherPRIERY Bl e I SrlprabBit AG ps B 18, 19°0r 20, for
r@)&kﬂp‘f@ta? léDaQR 5 fﬁ%} '4@nﬁlcgéoﬁﬁe§ BPIAGHC] H’&et‘aﬁlfsyu k&S amplification

(see 'FI gure I ncl ude a maxi mum nunb

| ppatiscue ﬁromrﬂtéstoﬁémuéie:ﬁhdmantangﬂl 15 Preferably, the
i nverse PCR anplification reaction is perfornmed using
the Expand Long Tenpl ate PCR System (Roche), using

- Bpfetnbly, BfeCHYirdem thré ‘deilgﬁbd”ﬂ)nbé as lcldserasSpossible to the primary and

i nstructions. SAMPLE The term "sanpl e" as use
hescendary réstriction snpanaieapenitiemsiteg that sepasge ehenfiryt @@g@w‘ pucleotide

o?@ﬁgé&%l and) ttflet %Q@p%@? %o 1H9tsebl§%1% | §p€ 398‘9&? may be

el ng Cross-

dédsigred Sﬁcﬂﬂﬂl’ihthh@}l' agivddlin ﬁt&iwﬂO@huclédﬁld'Ehesmlabomé)jD 8@ 70, 60,
or nm e derived fromone of nore entities such as .
or® 4(5%/3 'é{e(st)

: Brot® 10¢8y 8,57, 6pRetot: 2ok bHEIEP Gway feorg the primary and
Ui 8hGary AR cEdn eKBﬁn@f&béﬂn@&l qry be or may :

Suitably, the primers may be designed such that they partially or completely overlap
the primary and secondary restriction enzyme recognition sites.

Suitably, the amplification primers are designed such that their 3* ends face outwards

towards the second nucleotide sequence.

In one embodiment, the amplification may be combined with the addition of additional
sequences to the ends of the amplified products. Preferably, these additional sequences
are adapter sequences required for high-throughput sequencing. Suitably, primers
contain an overhang (eg. a 5> overhang). Suitably the overhang adds part of, or the

complete adapter sequence required for high-throughput sequencing. Suitably, primers
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be derivable fromany entities in which DNA - such as
chromatin - is present. The sanple may be or nay be

waeleooswedos rom one or nore isolated cells or onRCDIB2GR/@®0625
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i sol ated tissue sanples, or one or nore isolated

nucl ei. 30 The sanple nmay be or may be derived from

living cells and/or dead cells and/or nuclear |ysates

and/ or isolated chromatin. 51 WD 2008/ 084405

P . T I '

e WP oSN AR (R HARERHE oPHF (P cORpleKPiequence
magedlie paimenthy sdumenkang veadtién omhigh-shrojighptut sdymendisg. Accordingly, in

suspected to he sufferin 5 f.rom a di sease..[T .
OBt 06y PGS 400 PR PO it s, pimpsy sndlor
U QcBfdar# 8dshitttioR enyifie récb%ﬁkibﬁ‘ Qfdh Witk the! RPteWahd seibARLpriming
froma disease inthe future. 10 The sanple may be or
meequereesi eddedeas § overkangisite the primer.vinaasiditigyaet imthe alterative, the

material . The fi.xation of cells _ a i.§SU far .0 ..
opaees e b BhE Moy (& Sl fich ahBHS SylPludht Soplation of
SPECRHPréduckifréth the %&8%4%&&51&&&. Enzymol . 375, 493-507.

15 LABEL Preferably, the nucl eotide sequences (eg.
anplified 4C DNA tenplates, priners or probes etc.)

affetpé %H@iih@&i&n%%ﬁ& thdts IS Rlinbdsd PER .tﬁ’é?l‘ﬂﬂgé bRAed that the
applrcations - such as array hybridisafion. By way of
eamnapipfi@tion heaciGhd M8 darrind attem atmyt HE0-HEB @kl FDNAI of#C template

e L B o LI AN 3 et
CHBLEAUIGS SRUSER G PR B nc A M o o

r Bighitioneetntslpar, P@Rrsanken. f | uorescent, chemi | um nescent,

or chronpgeni c agents as well 25 as substrates, -

cofactors, inhibitors, magnetic particles and the

| Pllé?eralﬁ?t #a! BivE8@ PR AmplifBatibhereabticit i pérfdiBled sy tHECExpand
US-'A-3817837; US- A-3850752; US-A—3939358; US- A-

3begBTanplas- PCR Sy3usi7(Rodee)Ausing Budfer 4 adcasding-tg sgsmanufacturer’s
Addi tional |abels include but are not limted to
(BSE4HRB% 0si dase, invertase, green 30 fluorescent

protein, |uciferase, chloranphenicol,

acetyl transferase, (3-glucuronidase, exo-glucanase
aﬁﬂhéﬂdkoanylase. Fl uorescent | abels may al so be used,

as well as ‘

The term “sample” as used herein, has its natural meaning. A sample may be any
physical entity comprising DNA that is or is capable of being cross-linked. The

sample may be or may be derived from biological material.

The sample may be or may be derived from one of more entities — such as one or more
cells, one or more nuclei, or one or more tissue samples. The entities may be or may
be derivable from any entities in which DNA — such as chromatin - is present. The
sample may be or may be derived from one or more isolated cells or one or more

isolated tissue samples, or one or more isolated nuclei.

The sample may be or may be derived from living cells and/or dead cells and/or

nuclear lysates and/or isolated chromatin.
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fluorescent reagents specifically synthesised wth
particul ar chem cal properties. A 52 WO 2008/ 084405

wEAsh8RA0DE8/ 000625 wide variety of ways to nmeBSTIE2008/000625

fluorescence are avail able. For exanple, sone
fluorescent |abels exhibit a change in excitation or
em ssion spectra, sone exhibit resonance energy
transfer where one fluorescent reporter | ooses
fluorescence, while a second gains in fluorescence,
sonme exhibit a loss (quenching) or appearance of 5
f Thessaapbemay be whinky be demivaddpun diseated mndionhomdiseased subjects.
In order to obtain sufficient material for |abelling,
mul tiple anplifications may be pooled, instead of
Im:rml@sla L Ive o Wiy dirivedBlohd i S@je@Mh4)E bieBedi&d to be suffering
reaction.. Alternatively, |abelled nucleotldes can be
|®@Dﬁﬁbﬁ@$€d into the last cycles of the 10
anplification reaction (e.g. 30 cycles of PCR (no
| abel) + 10 cycles of PCR (plus Iabel)). ARRAY 15 In
aIHbaﬁzixﬁplbllrﬁi}J Ye aﬂ\»fﬁi}t by eletisect filoara nsabject thae igh€ BblAested for the
tengbates that are prepared, in accordance with the

ead thatbey el sy diom & difedss msiPBrSed to an
array. Accordingly, array (eg. micro-array)
technol ogy can be used to identify nucl eotide
SHeusampbsmay beiohmayg be derdvaddrdm aiatengraion-viatde patient material.
frequently share a nuclear site with a first (target)
nucl eoti de sequence. 20 Existing arrays - such as

ERY BoationbraRlls af€ RO f&Y UsdYA prepading ABe Y6a8mpIAte is described in
accordance wth the present invention. However, the

plegaskeintSplintes at aler€2QQ4§ dethasle Enexmely H14, 683156%4 arrays
(eg. DNA arrays) as described herein. 25 An "array" is
an intentionally created collection of nucleic acids
vhABBI.can be prepared either synthetically or

bi osynt hetically, and screened for biological activity
in a variety of different formats (e.g., libraries of

SﬂJeféPA ?}ﬁ tg&g argﬁfébgff? | %@g %ésb(ggr A551ifdd 4€' D (Sjtetn?ﬁl!ﬁ@i%mers or

res or- ot her so
sprp;mrdts) areAdbi¢lleddnalrder, to talsmst ihaheir dawnst;dam applinatéss — such as

t hos rarle of nugleic ac red, .
Ao LR, B PR PLomRIe thf ACINA drraRpsS T teRTRd using
(ﬁn&,m fihfeig dr dik RRAWIH0A000 nucl eotide nononmers in
Iengthf onto a substrate.
A wide variety of labels (eg. reporters) may be used to label the nucleotide sequences
described herein, particularly during the amplification step. Suitable labels include
radionuclides, enzymes, fluorescent, chemiluminescent, or chromogenic agents as well
as substrates, cofactors, inhibitoré, magnetic particles and the like. Patents teaching
the use of such labels include US-A-3817837, US-A-3850752; US-A-3939350; US-A-

. 3996345; US-A-4277437; US-A-4275149 and US-A-4366241.

Additional labels include but are not limited to P-galactosidase, invertase, green
fluorescent protein, luciferase, chloramphenicol, acetyltransferase, B-glucuronidase,
exo-glucanase and glucoamylase. Fluorescent labels may also be used, as well as

fluorescent reagents specifically synthesised with particular chemical properties. A
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and docunents. These include Lem eux et al., 1998,

Mol ecul ar Breeding 4, 277-289, Schena and Davi s.

Parall el Analysis with Biological Chips. in PCR

Met hods Manual (eds. M Innis, D Celfand, J.

Sninsky. Ge |

iaB bty BRVAIF OB AP Hliesch el pr EPRREIC RO ERAAPR, some
Mluobesoertalhbel ekhibit zUmthgresmt axcRat®es or @xfissich, spdisira, some exhibit

1999), The Chip Forecgst (Nature Genetic eci a
| TesqRance jeRTaY tymzfgﬁsgvglgai) Bn%ﬁemcent RPRETJORREs affue cgnce, ' while a

ALEGRR . ApdiRelis Ao 16, B4R e o

Ghyoneseeraedwiig snmévtepon aotabgnahmeivgments. t he 10 next

revol ution in nol ecul ar biology, Science, 1999 August

6; and Eakins and Chu, 1999, Trends in Biotechnol ogy,

I, oraér7t023§tmnA§Jfﬁ¥1ehleﬁﬁ&‘PiaP%r RyENiaLBaIPIE amplifications may be
di sadvantages with traditional net hods i n nol ecul ar
mooledgynst@mi o Jg)gwgqnag I tihﬁv\)fbllmiﬂi)flin of ampmlidicgidone qyplegnper reaction.
elﬁ)g%z%‘tg%ry, l?lg/ezill?g Sucledt H %JﬁgP% Rhco or%itgw tht%otﬂg n%tcy@f}g of the

appreciate ure
aengiffceie reBtiorOg.5e80 Icycled be POR (io H:bBl)HCat)loynEs focli rPCR (plus
arra% technol ogy include the identification of

nce (gene/ gene nutation) and the determ nation of
expression | evel (abundance) of genes. Gene
expression profiling my nake use of array technol ogy,
ofRRAYal |y in conbination with proteom cs techniques
(Celis et al, 2000, FEBS Lett, 480(1):2-16; 20
Lockhart and Wnzel er, 2000, Nature 405(6788):827-836;
Pﬁlai‘ Slicithrly a&\%%& eo&%@ﬁod@rﬁ@ntgihe 42 bNA Q&ﬂﬂ)lh&@ttha@%e prepared

array tec nol ogy are al-.so known in th art; for
enaacpbxglan@emthdﬂscm@éxosi desaribed heé@leana@hb% Wmxbsidiseth 6@ an array.
Gél en e .289: 1670-1672

GrBLioef o cfsees] ol sl b, i e, by ppetectide

“@E]uéh@és?) 'sdely as3 Be¢nonSbHraghahissi thal ﬁédjlg;nﬁy shhre alﬁlﬁlﬂear site with a
Science, 280(5366):1077-82), 25 drug discovery,

pﬁfé‘r(ﬁﬁi%@béw‘é?ﬁt@@ seqHedshse di agnosis (for exanpl e,

utilising mcrofluidics devices: Chemcal &

Engi neeri ng News, February 22, 1999, 77(8):27- 36),

tEnditil agys (Ruck ab expreskidi and &906)ic aﬁmywbd:ant becased in accordance
et al 1999, Canc

g\g’é Zgjyelpge?sggz @éﬁtggg QWNEVED Mmeegm(/gml §q %ze%f to provide novel
f4RGE (QNBINA SEARThE SesBibed RI&RY! ar t oXi col ogy) . ,

An “array” is an intentionally created collection of nucleic acids which can be
prepared either synthetically or— biosynthetically. and screened for biological activity in
a variety of different formats (e.g., libraries of soluble molecules; and libraries of ‘
oligos tethered to resin beads, silica chips, or o;[her solid supports). Additionally, the
term “array” includes those libraries of nucleic acids which can be prepared by
spotting nucleic acids of essentially any length (e.g., from 1 to about 1000 nucleotide

monomers in length) onto a substrate.
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libraries for arraying 54 WD 2008/084405

PCT/ 1 B2008/ 000625 include nucleic acid libraries

(i ncluding DNA, cDNA, oligonucleotide, etc libraries),
pepti de, polypeptide and protein |ibraries, as well as

ARSI SRRATI L0 PO CHEEL B8 g3HERige Ldopd v

Ocﬂesanbddtgeaémlly i Quervas a&ﬁtbodkis xad dOd:un'lemtm Hihesesimdluda ﬂ_@mleux et

d‘i’lf’ rokoMs 2%5135&4%?@4 oot R85, Sy 5 DIl P gl ot palesis with
9%1(9}? pipd. iR %tﬁ?;ds %zﬁz‘l Q&isn Q1. | Ingﬁn W GBMn8E). Sninsky),

prep npartlcu ar, the |ibraries may be
i Scheha |andeDatis, 499 bSerant iGdriownep| conda Chips) il DNHadbcroarrays: A

et priogG: M oS RgRon ROt He Y ARe O, T, 1999),
PIRd EnBRing BbFaRGWahlre ERrias ¥Fial Hue] Mﬁéﬂyang S€pplement),

reference or access to a partlcular Sa

f etk SchenedEdJy Mierautray thiechiprfecbrolegye atspvaé)élslalgg Company),
S@%’éﬁs 26? ”§czen9st‘i‘£L19225 We %ﬁ(? %%g ayl%cgggrrgja&ngﬁszs the

n-arra
oexk mbniolrzszﬁdnéi?czﬂ&ﬁbﬁw’gﬁz,aSﬁeﬁtfe &1999 Alugﬁﬂtéﬁ, eind Eﬂikidsezmd Chu,
mnth mul tiple sanples in a well, or with a single

b Erepds é’a@ﬁ’eﬁ@ql"g)’ly Rt more, the solid

substrate may be a nenbrane, such as a nitrocellul ose
or nylon nenbrane (for exanple, menbranes used in
bAnay teshnelrge pvereorhes) the Alisadvardages ovithsuibtiorsl ewxthads lin delecular

|I|c based substrates. Thus the
R Bich SeBAIY Fo5h g1  Cka et f o SRREHGURAT | TARn desulting in
Aty thrQlghBeaial fe iRbil Qt?atbgi% Fedlatd et Fitivle R:Eur@’y of gene function.
cemcal coupling tot Is or bottomof the wells

ofurrénslys tiref maior fpplieasions for arey teobnaloge ingladm ﬁleotdentlﬁcatlon of
Sﬁreélg?n | Rgenaezgr%g%)lni(%{ig)ﬂ?aﬂd Ble déy ergn aftiglfl o?)égﬁggs?on {?vel (fabundance)

prezoe ec rrc ne

acndgela@b lheleadxptegsibim ptoiiiing Ay fiake ababf m@pwbhmﬂxbgy; mptionally in
etc. In the case of silicon-based chi

peesRbinationoith prRteoraips irehpiques eelist & aly S(Hj@gé?%ﬁqu‘ft{ x80(1):2-16;

t e PN T
PRABTH VRO 280 PR GBI Y R 1. 19
t20(3):228¢9)D e)thdox@hbgmdmamf anraybtpchnuﬂmgygamgésooknawbm rtlmsart for

Lo %Zg‘cfngts 1?&92{? a:":la%% 15 e RM% tSﬁléenXe 3%9 1670-1672; .
difHBT @GR DOOUIANANEeR2A(DR36DA; Ross et al, 2000, Nat Genet. 2000
Mar;24(3):227-35), SNP analysis (Wang et al, 1998, Science, 280(5366):1077-82),
drug discovery, pharmacogenomics, disease diagnosis (for example, utilising
microfluidics devices: Chemical & Engineering News, February 22, 1999, 77(8):27-
36), toxicology (Rockett and Dix (2000), Xenobiotica, 30(2):155-77; Afshari et al.,
1999, Cancer Resl;59(19):4759-60) and toxicogenomics (a -hybrid of functional

genomics and molecular toxicology).

In general, any library may be arranged in an orderly manner into an array, by spatially

separating the members of the library. Examples of suitable libraries for arraying
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sanpl e spots. Macroarrays typically contain sanple
spot sizes of about 300 mcrons or larger and may be

weamslog44diraged by exi sting gel and bl ot scanneP&T/IB2Es/000625

sanpl e spot 30 sizes in mcroarrays are typically |less

than 200 mcrons in dianmeter and these arrays wusually
contain thousands of spots. Thus, m croarrays nay

require specialized robotics 55 WO 2008/ 084405

PCT/ | / ‘ . . qui : : o
AT Ee A ok TR TN EWORPT Chipo A LRIET Y forerics
qrepadal polypeptider and @rotein Gbrdries,e as 20€1D, asThibraSies ecompsising any
14[ 11]:26. Techni ques for prodyci ng i mobilised
IH‘%‘P‘&#F%§“¢6¥“I&W‘%P@E‘E%@§‘°H&\9 ®feen 5 described in

the art. CGenerally, nost prior art methods described -

how to synthesi se single-stranded nucleic acid

riiHeesamples (el amembersusfi mfjbifacy) ars geptrellyrdiskd 9y immobilised onto a

t echni.que 0 ild [ [ ..
R S e o B
SQhiptksS WP St padferred).etboliah@m! libried, F3DNIS DiftheE Iligadds may be
an inmproved nmethod for  producing DNA arrays . .
i rrepsinéd. il particulasthe Hbrariesumay bairamobiiseditoon Substaptiplly pjanar solid
le .10 i I t [ 0g) [ : S.
e iRtk “BEIbL0s GRS MRy olbsRREt SGH 3k pitta and glass
.-Edrih:bﬁlﬁ('l)'re,t gle?ﬁlﬂiﬂéalsére q}rﬁeﬁblyf argarped Siré shiclprobss that indexing (i.e.,
spatially-defined | ocations on a strate whjich ma
petcrree %@Cﬁﬁ%éda @ehﬁrgﬁéarl A s Seciliied. | &W‘gmyeg‘eo?};lples are
J&gli&{ & §8¥ts id Q%ﬁ&tfbl?ﬂhtioiﬂ- ComhRheRiay Y stemsGRdy BS8dapt&Pfor this
Vides it et ces for ? h y

t
P efere earlier techni'ques that nay
ghusposbe Fos edamfls, An nayy mayybeaiuotikseduin theuwifaee phamicroplate,

deposi t.ion chem stry. Arrays,of peptides (or .

PR ot FRIEE) Smafes, it 6 1EIS A HUR| S Sal Samels; o sach well
| FyrtherriGNGE sbi@ butdtraea8ayeReA midinbrdneC §uchi B aaditodBHIIEE or nylon
(e.g., unique peptide sequence) at a discrete,

pnemdbiane elforl esamplen membraesaupegy in Thigttinge pxperinests) e Adigmative

library . er.is 20. [ ' . -1
RS FTEE i PR 0%, Tl SRR gr immobilis

&8 Qiiadiengethbd kabaftih ARs alefoneramplepby dhirge imtaxadtions, or by
nmol ecule (e.g a target or probe) and reactjve

| ghsmiga), connting te thscwalls qrdofement the, walls. or dheepytace of the membrane.
i o ' . _
80U I By HP Ao, A, o
nitdvelistriar meabs sinkijbeahdi bubblef:t techaolepy, dlectrostatia 3p@ication, etc. In
90/ 15Q7Q. an 92/10092;.. Fodor, et al. (.19
P GR6a1 sHisgn-Dased chigs, PROSULPOBREBAG Pe pBETH® Afppee and fix the
Rempld¥Ra thehiap . 260 271

The samples may be arranged by being “spotted” onto the solid substrate; this may be
done by hand or by making use of robotics to deposit the sample. In general, arrays

may be described as macroarrays or microarrays, the difference being the size of the

~ sample spots. Macroarrays typically contain sample spot sizes of about 300 microns or

larger and may be easily imaged by existing gel and blot scanners. The sample spot
sizes in microarrays are typically less than 200 microns in diameter and these arrays

usually contain thousands of spots. Thus, microarrays may require specialized robotics
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To aid detection, |abels are typically used (as
di scussed above) - such as any readily detectable

w0 e@ansan; for exanple, a fluorescent, biol um PEFTE208/000625
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phosphorescent, radioactive, etc reporter. Such
reporters, their detection, coupling to
targets/probes, etc are discussed el sewhere in this
docunent. Labelling of probes and targets is also 30

a5 hR838k, <D BRROE Wb ey, 23EP R b 8RB PRl Jasrmentation s

S cribedpenxralip ires revievobiACartesey 3000, EhaScibrrist d4f11F26.mat

| : probe cDNA (5005, 000 bases long) is immbilized to

a solid surface such 5 as glass using robot spotting

o hBRES §6r [Roduchil iRindbAs88t Bbratitd®F DRPATHAbIBEMeL have been
in a xture. This nmethod is wdely considered as
hdescritgpdbiaethe cietv leapratly.amoSt pridroartl methidy alesdribpd (e fos synthesise
and .Chu 99,. Trends {n Bi.qt echnol.o 1999, 17,. .
Snel5iindeg gprigie o gy BB EER GiRin sXBRle hikine techniques
(8 Gudla-upevarid F@tfﬁlutﬁ[dhfs F 38duénceblat Bkt Vaous Hikcdté POsitions on the
or peptide nucleic acid (P ;hggobes are synt hesi sed

esolide pubistratsi tW:S¢ Ratesmi Pp. M3 TRB2c dasraibes Aafimpipyedhempthod for

foll d on-chi.p | Bl i '
U 0SB B W S S 4y e
| iglegtatioy/ tadmolbgnCcn particalap| & Se RhentyNos 68482882 desuribes a strategy

~determ.ned., Such a DNA chip is,so

.ned, ( d by Aff trix, .
| Gréled “tiliper tor syathestss srsifie yo7s o4 BR ?ﬁa%tﬁspa%edl\@r jned fopations on a
N Bo-5£9 W?uc?l.l xﬁﬁ' B Rl 48 pdbil the irBbBiSed BSFA liBraries of the present
genomc tiling arrays). Exanples of sone comrercially
ams¢rdtmnl .8 RatoaNays, 835,852 slsapeoidds roferericas Tarbdaglier techniques
%$|OMI aee alsa Marshal | and Hodgson, 1998, Nature '

PR BBRAS? BgYSedee(1), 27-3 1). Product Conpany

Arrayi ng nmet hod Hybridi zati on step Readout nane In
situ (on-chi B%) Af , etrix, photolithographic
18rrapomasdsobobwitivging phato Epasition ghaysisy.s of - 20- 25-
features probed with Cara, GeneChin(r) ner oligos
onto | abel ed 30-40 nucl eoti de Fluorescence California
shtrayoof perftides (onvpeiptidomimetiash mayodlse hepsiathesiseddor @ purface in a

ir?lg.l(l)ne% 'tl%a? p‘fa%'éslAegcrh c?lrs-]ttullc% i %a?‘y qunl\tlee‘nber (e.g., unique peptide sequence) at a
discrete, predefined location in the array. The identity of each library member is
determined by its spatial location in the array. The locations in the array where binding
interactions between a predetermined molecule (e.g., a target or probe) and reactive
library members occur is determined, thereby identifying the sequences of the reactive
library members on the basis of spatial location. These methods are described in U.S.
Patent No. 5,143,8'54; W090/15070 and W092/10092; Fodor et al. (1991) Science,
251: 767; Dower and Fodor (1991) Ann. Rep. Med. Che}n., 26: 271.

To aid detection, labels are typically used (as discussed above) — such as any readily
detectable reporter, for example, a fluorescent, bioluminescent, phosphorescent,
radioactive, efc reporter. Such reporters, their detection, coupling to targets/probes, etc

are discussed elsewhere in this document. Labelling of probes and targets is also

. disclosed in Shalon et al., 1996, Genome Res 6(7):639-45.
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15

cmRor 5.25 cn? chips Brax, 1000 oligos on a
Canbri dge, Short "universal chip" probed Mss

wGop@ssanetry synthesized ized off-chip si UKP@I/1BR008/000625

tagged nucleic acid Gene Logic, Inc., READS "'
Col unmbi a, Maryland Genonetrix 1Inc., The Universal
Wbodl ands, ArraysTM Texas 57 WD 2008/ 084405
PCT/ 1 B2008/ 000625 GENSET, Paris, France 500- 2000 nt
DNA 64 sanpl e cDNA spots sanples printed onto probed
with 8 000 7-nmer 0.6 cnz (HyGhostics) oligos
($pecifesexh@ples of DR hwaysairoaefollow: - 18 cn? ( Gene
<=55, 000 sanpl e cDNA Hyseq Inc., Discovery) spots
probed with 300 7- Sunnyval e, HyChi pTM nenbranes mer
[
et L O T3 OO o hBEERRY b IEpRIARAR o ol surface such
hsl@asspmtrg obotspabtting dd mppsadrtaym sa roif aargb‘rasasthstawph@tely orina

F‘P@‘?H& Re, eéjhﬁfll E?/v\gllaﬁle' re(ig{z?sgﬂ?w '1% d%vesloped 2 8tanford

University (Ekms and Chu, 1999, Trends in Biotechnology, 1999, 17, 217-218).

Format II: an array of oligonucleotides (20-25-mer oligos, preferably, 40-60 mer
oligos) or peptide nucleic acid (PNA) probes are synthesised either in situ (on-chip) or
by conventional synthesis followed by on-chip immobilization. The array is exposed to
labelled sample DNA, hybridised, and the identity/abundance of complementary
sequences are determined. Such a DNA chip is sold by Affymetrix, Inc., under the
GeneChip® trademark. Agilent and Nimblegeri also provide suitable arrays (eg.

genomic tiling arrays).

Examples of some commercially available microarray formats are set out in Table 1

below (see also Marshall and Hodgson, 1998, Nature Biotechnology, 16(1), 27-31).

Product
Company Arraying method Hybridization step Readout
name

In  situ  (on-chip)
Affymetrix photolithographic 10,000-260,000 oligo
Inc Santa synthesis of ~20-25- | features probed with
Egr‘a, GeneChin® | Te€r oligos  onto } labeled 30-40 nucleotide | Fluorescence
California SeneAP— | silicon wafers, which | fragments of sample

are diced into 1.25 ] cDNA or antisense RNA

cm’or 5.25 cm’ chips
Brax, . . 1000 oligps on a
Cambridge, Shotrl: si}:;;hzt;fc_ gilgo, “universal chip” probed ] Mass spectrometry
UK YIS chp with tagged nucleic acid
Gene Logic,
Inc., ™
Columbia, READS
Maryland
Genometrix
Inc.. The | Universal
Woodlands, Arrays™
Texas
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Phar maceutics for spotting PCR 10,000) oligo/PCR

Fl uorescence and |Is, Inc., Palo GEM fragnents and
wWoreosios4a03 r agnent spots probed radi oi sot ope Al POT/IB2008/000625

synthesis of oligos with [abeled RNA California

Mol ecul ar Dynamics, Storn(r) 500-5000 nt cDNAs

-10, 000 cDNA spots Inc., Fluorlnmager printed by pen
Sunnyvale,

ont o probed vvlth 200 400 nt FI uor escence

WE 20‘db *ih

4 Isample c

Dot S

DA

tff%f it R et Qago ; 's
i ch enharjce hybri dioz aIllgo(@g% ng;gl wé‘ésmoasaMmelfwa JR"‘diOisotOpe
Jrivséli cat.ijnto <=1 ¢misck@y 400 nt | spieposbd vadhizps 7- |

asmiyealé; AsHITI" g ¢ Atmblanes hi p sy nthesi Soligh <=@eflOP
#r ol igos onto
Labor gfehricsied 9 chmngr glPla\§§alprB’8éd ofbed

chip Jvia | abel @H%"éaﬁﬁ?deasrﬂu]él ePEs  embydr o’r“nl kp

DFluorescence

%I §nt? é

r|nt|ng td a surfa ~“

AN

dieiom

E
DECDU(V)O met rojigoBAIR | Fluorescence  and
tTOChi p fréregnpinis guon)ip| [afagmeny s spetss probed | radioisotope
Reshr@et rly  Cal i f grynthasiSyoliseni , |l Wit labelsORNA 000 ht
e 10, [PO0TDONATSpOtS
Dynamics, Storm® 500-5000 nt cDNAs | ~10,000 cDNA spots
Inc., FluorImager prmted by pen onto { probed with 200-400 nt | Fluorescence
Sunnyvale, ® ~10 cm’ on glass slide | labeled sample cDNAs
California
Prefabricated ~20-mer | 25, 64, 400 (and
Nanogen, San | Semiconduc oligos, ca}ptured onto { eventually 10,(?00) oligo
Danogen electroactive spots on | spots polarized to
Diego, tor 5 & hich | enh hvbridizati Fluorescence
California Microchip silicon wafers, which | enhance hybri ization to
are diced into <=1 cm” | 200400 nt  labeled
chips sample cDNAs
Protogene On-chip synthesis of <=8,000 oligo spots
. 40-50-mer oligos onto .
Laboratories, 2 . .} probed with 200400 nt
9 cm” glass chip via .} Fluorescence
Palo Alto, rinting to a surface- labeled sample nucleic
California Prining acids
tension array
Sequenom, .
Hamburg, Off-set -printing of 250 lo_c ations per
MassArray K SpectroChip interrogated
Germany, and ? | array; around 20-25- . Mass spectrometry
. SpectroChip . by laser desorbtion and
San  Diego, mer oligos mass spectrome
California | P try
Synteni, Inc., 500-5,000 nt cDNAs | <=10,000 cDNA spots
Fremont, UniGEM™ | printed by tip onto ~4 | probed with 200-400 nt § Fluorescence
California cm’ glass chip labeled sample cDNAs
Homo
. sapiens 38,000 transcripts o .
Nimblegen Whole- with 5 probes per gene 3-mmicron s¢ g
Systems Inc., platform
. Genome 17.4mm x 13mm
Madison
60mer
Microarray
The German Prototypic PNA
Cancer macrochip with on- ‘
Institute, chip synthesis of ?;Oll];dcnll’gﬁlo spots on a fh;z::osl(::ce/mass
Heidelberg, probes using f-moc or P P try
Germany t-moc chemistry
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Frenont, Uni GEMIM printed by tip onto -4 probed wth
200-400 nt Fluorescence California cm2 glass chip

wo adwehedosanpl e cDNAs Hono sapi ens 38, 000 t r aPGSDIB20082000625
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Ni nbl egen Whol e- with 5 probes per gene 5-mcron
scanning Systens Inc., platform Madi son Genone 17.4mm
x 13mm 60nmer M croarray The German Prototypic PNA
Cancer nmacrochip with on- Around 1,000 spots on '

a
E [eSee . | it i i 12
TG R
or Germany t-noc chem stry 58 WO 2008/ 084405

PCT/ 1 B2008/ 000625 Table 1: Exanples of currentl
alnairtierttb @eherbiei dataz fromcunrayibosalbassayy afsigrraéissdtht@kéetr sigrgfies the

generate_.data fro rray-based [ | S,
CRRSRtL g R LE O R AR N b S g gpavence
iy hedicnfinventiditfurmacontapipiies dingt andisdire@llabdling techniques. For
sequence. 5 The present invention further

cexamphp| diteet labieHingt ingergroratasi Heerescentdyasi digectlycinta Higeucleotide

For exanpl dixe i.00.: ] t : :
oS B Epy 30 Rl A8 PR B L Uit
hiiRidotide @ecfdén&eh‘gy _axlizymatiasgnlix:hésiﬁ #oithppedsesce( . labelled yasleotides or
are _incorporated into nucleoti se ce.by. . .

PR rmes)s yRirFedaReling sHhemss a;ii goR by balsisatign signals, typically
n&§+%ﬁlﬂ_iﬂ€sso u rgs@ghtm'ghmtﬁ)sim% GetnidaR Bhdrirad asf BRRSeristics,
yie strong ﬁ%rl Isation signals, typically 10 using

f aaxdli dré eisnpdé tof il(xjnmar:]raemelhm prbfersedwingbodsments epmptiging dig¢ct labelling of
structur.es and characteristics,..and are.singple to .

B ATES. cyRnIpT Y PrenalaRs g HiEd T Bl TRgr srihggqtive array
| #R8)skd. Nth YtherNbtbbdifeA] dfidirdey AAbEIRNPT schbA¥ canabodsilised to
are utilised in multiple-fluor conparative array ..
am?ms@@. eplwggs inge lﬂmgéﬁlmwds eithgsirios de or afien hx)gﬁlglsatlon to the
schenes ca e~utilise . ' '
ST SRS OB R SRR rEREAORR M tael it
hiyybridibed aoirplext Qegt, e flibresdent amldcale thaobiasgls tOrthe epitopescthereby

stainin rocedures and reagents are used to.l abel th
providingga F%‘luorescent signal by vutge of the conjugation of dye moleculee to the

epitope of the hybridised species).

Data analysis is also an important part of an experiment involving arrays. The raw data
from an array experiment typically are images, which need to be transformed into
matrices - tables where rows represent for example genes, columns represent for
example various samples such as tissues or experimental conditions, and numbers in
each cell for example characterise the expression of a particular sequence (preferably,
a secohd sequence that has ligated to the first (target) nucleotide sequence) in the
particular sample. These matrices have to be analysed further, if any knowledge about
the underlying biological processes is to be extracted. Methods of data analysis
(including supervised and unsupervised data analysis as well as bioinformatics

approaches) are disclosed in Brazma and Vilo J (2000) FEBS Lett 480(1):17-24.

As described herein the one or more nucleotide sequences (eg. the DNA template) that

are labelled and subsequently hybridised to an array éomprises a nucleotide sequence
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nol ecule to the epitope of the hybridi sed species).
20 Data analysis is also an inportant part of an
experinment involving arrays. The raw data from an
array experinent typically are inmages, which need to
bﬁla{ 1s% % sfngfl %frefgﬁésr 6165%3 chSaWitﬁSa NI sf] .%Fh:e ie. spanning
rep F Esent exa umms represen or

ethal'ﬂmbleoki&‘ sesqu.iSnc&abavWeal &H@mrmytrésl;mnmm @zyme recognition site that
experlnental 1$nd|t|ons and n

[ ell for .
eXaieaied eéps@om@reesept}l% Siares) %ICEQP?? ggfugpce, and their
S GEné hldbnd2ry restaEEa @1z§1% tibhaftednas
Ifegg‘%gd ?&Q{lﬁg]ﬁ?gr st (target) nucleoti degglelquen%e in
the particular sanple. These natrices have to be
anal ed further, if e

el sy B PURpE B BlELE 480 B g et skienetie
l\/bt hods of data analysis (including supervised and
unsupervi sed data analysis as well as bioinformatics
di sclosed in Brazma and Vilo J (2000)
FEBS Lett 480(1):17-24. 30 As described herein the one
or nore nucl eotide sequences (eg. the DNA tenpl ate)
t Mhdre 1§lrf&rtlhe’ihﬁs&rﬂﬁddﬁﬁﬂe@@&&ﬂﬂﬁﬂiﬂvplvh}ﬁ)tﬁedﬂmmttérizaﬁm of DNA
array conprises a nucleotide s ﬁ@yence

R chatil g PRl pragfmity, for the
gBJszeSSf &k gﬁﬁ ng{ru& Sm¥ddn't Mafé 844 %ﬁEaﬁélﬁ&ﬁBé&ﬁ& maps)
spanni n e nucl eoti de sequence bétween th
pandmhe diagaedticiiddnitificatemmzofrhanges anthiesé dompsane tmaps was
ligated during the 3C procedure to the first (target)
nucl eoti de sequence, and their respective
NRWY blhdlg suek AHAgved &41 bd SiplRA femmgmsne jsés oeuch as to
sites A single array may conprlse mu |pIe eg.
orecmmum):t phiysicab ehiemnseme masROVSOMEeNy dhangdeite %e maps as a
urt her des I‘el bedc her e! %rr% et hod invol ving the
cﬁoﬁsﬁ%‘fegﬁ HTON of ragnments cross-linked as a
consequence, of their spatial or physical proximty,

for the purpose of the (re) tructlon of chromso )
nﬁb% meghpdology ¢an akSﬁrWé fﬁﬂagj &) SRROTBICYRgEPR that is not

GRLdabi) apfstsé) ecptmtﬁmgfesbdt ?nag £ QIR0 80 TRBRain Hait (eg. a
A vant a

eous such techni qu be applied for
dnﬂgﬁabsﬁbahaxaunqabﬁas) such as to

In one aspect, there is provided a method for constructing at least one linear
chromosome map of an individual comprising the steps of: (a) providing a nucleic acid
sample from said individual; (b) cross-linking the nucleic acid in said sample; (c)
digesting the nucleic aid with a primary resﬁiction enzyme; (d) ligating the cross
linked nucleotide sequences; (€) reversing the cross linking; (f) analyzing the ligation
products; (g) constructing at least one linear chromosome map; and (h) identifying one

or more genomic rearrangements in the linear chromosome map of said individual.

In a further aspect, there is provided a method for diagnosing a disease or identifying a

trait caused by one or more genomic rearrangements in a chromosome comprising the
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reconstruct physical chronosone maps and to identify
changes in these maps as a consequence of genom c

w0 e@ssagenent s. The net hodol ogy can al so be UBETIR2008/000625

identify (natural) genomi c variation that is not 20
necessarily associated with di sease but may predi spose
a subject to a certain trait (eg. a nental or

behavi oural trait). In one aspect there is provided a

t ho f onstructin t S e n . -
Shirorb Ak SR YoieAlety, afSrhnBRpNA SR p pripan, resrction
Qdnzytha) (W) lopatidp NBe @rdds dinked nacledtide? Sequenqes e (d) rreversiag the cross

b% Cross- Ilnklng the nucleic acid in said

d dual
Jinkie: <l33c9n4wsg’ésfhen eatien ATROPESC (%m GORSTUAIG 3t ilpast yone lincar
(%xﬁbs% oHla f&nué@rzgeg)h@&t H?)ge EQ§§T ?l‘n{ﬂgﬁg in the linear
nuc

eot i g ‘quences; rever3| e Cros ing;

(cﬂ))ommh;enm;g an€g) ¢ogmelating thqoomndam:thsre gegdmimrestrangemienty with a
%% | east one | i near chronosone map; and (h)

WA A ¥Ylone or nore genonic rearrangenents in the
i near chronosone map of said individual. 30 In a
further aspect, there is provided a nethod for
dRBBSi ng a disease or identifying a trait caused by
one or nore genonic rearrangenents in a chronosone
conprising the 60 WD 2008/ 084405 PCT/1B2008/ 000625

A€ psedhereid) theli 986 tipisbed R&IPItE Dimdlesks (¢.50 l@@doll@éﬁucleotlde
with a primary restriction enzyne; (b) .ligatjing the

covlsther| jopREENG ueme@tl ydas sy neiEied( asstrghng, <figrst ¢ ofe produced
R T
(ainpthietl emblefnyllengf an'emst (e, ag@thennochgommlafoadg)e n@fen pmbes are
the | ear chronD ma orrel

hgopelses e MR aaglﬁéﬁg%%@rﬂ HpferraRog ?&gﬂfé afg; useful in
: e% ahd Wllettior, R&&%ﬁca&& AR 45BHon8f %bﬁlcufah %E&E '@ g > PLEREsequences).

ers to a nolecule (e.g., an oligonucléotid
mdd:senb@bhmmg itgs nmt@malateyl that prabes lpsgd il ﬂ@opresent invention may

t & fhé{ﬁ{h 1agglsst8ﬁ§¢§d§ﬁ%$tﬁ? Ilr&%li/y ilofxﬁl?fi%tt\!rpsmcludmg, but not

qﬁﬂl@ézi € Qhzyi® (k. g, SEMS AL Cas wemtdseénzyﬁiearasécﬁ htochemical assays),
interest (e.,g., anot her ol i gonucl eoti de). \Wen probes .
dtugresgentoradinariavss priblmingsgertgysteras.si ngl e- st randed or

doubl e- stranded. Probes are useful in 15 the

detection, identification and isolation of particular
tWitgeﬁespeé:E 1@ .arrageand smiqroanaes )the term “probe” is used to refer to any

hybridisable material that is affixed to the array for the purpose of detecting a
nucleotide sequence that has hybridised to said probe. Preferably, these probes are 25-

60 mers or longer.

Strategies for probe design are described in WO095/11995, EP 717,113 and
W097/29212.

Since 4C allows an unbiased genome-wide search for interactions, it is advantageous

to prepare an array with probes interrogating every possible (eg. unique/non-repetitive)

primary restriction enzyme recognition site in the genome. Thus, array design only
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wel | as enzyne-based hi stochem cal assays),

fluorescent, radioactive, and | um nescent systens. 20

Wth respect to arrays and mcroarrays, the term

. . . > .

( RR oh o' Shbleq B Rk Fiuiion (YRIK AR o Gleh@l first or
dsdcendarngudeotideceqencele sequence that has hybri di sed

to said probe. Preferably, these probes are 25- 60

mers or longer. 25 Strategies for probe design are

doafii Bedtidd) aBROEnl BO sedEth Gddordande anith 1D Breséft Zhention, it is
Since 4C allows an unbi ased genone-w de search for

i priefarmedito usesalteimativs configmatiogeous 30 to prepare an

array with probes interrogating every possible (eg.

uni que/ non-repetitive) primary restriction enzyne

r Boargnionfiguration,eneror e geotesen thitharsay ate dasigoksksugh that they can

only...61 WD 2008/.084405 PCT/ 1 B2008{ 000625 d nds_on

R <P U5 P ot S CHHCRER O Lo DRSS T RGPS Gpedme. More

t BRfeslyiathef proBé(sPhre WRERNSHYLY 20Ulgi @0 tthdl PrisRey eEsti@&ion enzyme
iI'st existing arrays can be used in accordance with

t tecogritiere site. iMere mreferably, the probe(sharstwithia @bpet YfLbp of the primary

alter Lve configqurati-ons. I n one configuration, one

o> cﬁgﬁﬁ?zggéesrgéé Oglééérg'r ay are designed such that

they can hybridise close to the sites that are

di gested by the primary restriction enz¥

ne. re

pPafablya s/ Probefe) preowithiaabgytel A bm(eg. élz%lup-lé)@’\@b aBput;305100 bp)

' I Cf: ition site. More
B{’%@g?éﬁ"aﬁ&gtﬁgﬁ%@oﬁgz s)rggorgéﬁt\;ﬁv)?lt I'n about 50 bp of the
primary 10 restriction enzynme recognition site.
Sui tably, the_prohe(s) .are wi.thin about 100 .bp.(e
lst et s OB EADO SEE GO Progl 5 PRIERPH SR 00 bp at cach
r ﬁﬁ% bf B SRES (BARYBigQELBP tHe Rty ttrickidn @n%éfsfﬁif. erred

configuration, a single,” uni-que,” probe is ghed
within 100 bp at each side of the sites that are

dinge%?(}tﬁeq pbrgfeg'rlgg c%Bhg%E or[’etﬁé rplogittilor(i)sno rs]i%é/sng’l'gested by the secondary

restriction enzyme relative to the positions of sites digested by the primary restriction

sites are taken into account. In this configuration, a single, unique, probe is designed
only at each side of the sites digested by the primary restriction enzyme that have the
nearest secondary restriction enzyme recognition site at a distance large enough for a
probe of a given length to be designed in between the primary and secondary
restriction énzyme recognition site. In this configuration, for example, no probe is
designed at the side of a particular primary restriction enzyme recognition site that has
a secondary restriction enzyme recognition site within 10 bp at that same side.

In another configuration, the probes on the array are designed such that they can
hybridise at either side of the sites that are digested by the primary restriction enzyme.
Suitably, a single probe at each side of the primary restriction enzyme recognition site

can be used.
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primary restriction sites are taken into account. In

this configuration, a single, unique, probe is

designed’ only at each side of the sites digested by

the primary restriction enzyne that have the nearest
secondary restriction enzynme recognhition site at a

di stance | arge enough for a 20 probe of a given |length

tin yee amtﬁhérg:mﬂgmmtidnettwe @n nidre pmbien(ﬁgy3,a41 @, ée% on8ar ynore) can be

restriction nition site. th

c‘g?%*%“_aﬁi eLERrSIoF oF the BB, TeBIehPR Faryite FFQEFIAR ity which can
t{hen Bk ARePto MvRSH tecﬁhle%”anﬁrlig'ﬁﬁbﬁ Bt FbE tHeOfunSHE B position of
recognl tion site hat has Secondary restriction

embmelagw tmeéachqringary eeswmtiﬂnrcnmnb pecogritiph gite, §h¢rﬁxact genomic

ot R AR B RS RSB T o pe ken

eintfdcowitde of the sites that are digested by the

primary restriction enzynme. Suitably, a single probe

at each side of the primary restriction enzyne

; L . _ ‘ A
PTG 06 KA RPN 5005 657405 r o con
ndesiznpd aleass edohgpridary4drestrictibn eﬁzyme &emgnltmnesltec Hrespe;:tive of the
deS|gned each, side of the pr.i.nmar.

e TiHio8 SRS e B HGR s B 6onESfation, all probes
gﬁﬁlt tﬂfiBg cldg tééﬂi@phfngﬁl E‘é%ﬁl&\ﬁﬁrgnzyxﬁe reddpBitIMMRRE (preferably
position of 5 probes relative to each primary
reithini3O0 ibprof éheagstactiarcoghi ti on site, the exact genomic
| ocation of its neighbouring secondary restriction
enzyne recognition site can be taken into account. In
YRHV ih%eb@ly,quaheﬂd@igxmm d1swothedebiBh €nad SREIS pobg peBside of a)
, 7 or 8 or nore) can he 10 designed near each
ppriWyres@gtm ERTYORE EPPOERMION cHitsg @lloWs ihejuse of different secondary
[ r
SRS Lok elbn Sain AR ¢ BRERARaN SR b LA
probes should still be close to the primary

restrlctlon enzyne re itjon_sjt (pr ferab
v YAntagS oSy, fhe fuse 196 m@gﬁrf d’:’&’i %n§=s 1 5e)<>p Fgr 8 of thore) probes per
ﬁﬂ%ﬁ&g%%eéw e?%% ¥&B§ﬁﬁo&' %ﬁé An 3RiiAise Ghd BRLIES |@Mbbtaining
ses 1 pro er a) primary restriction
efabsynegat%crgmﬂts idoe tcs p@@ peaformametdfendls@u@lf prdbést eMemover it can
cond conb nat. on Wt

A Crate e Sl Apifty o8 BB OIS it ZTRAE Ship 3T ettt hnd reduce

Uhe nﬁ&bé‘i‘-ﬁfta&'@&@reﬁﬁﬁed . drdw séﬂs@cal@ sound¢onBlugionsIor €)
probes per

The probes for use in the array may be greater than 40 nucleotides in length and may

be iso-thermal.

Preferably, probes containing repetitive DNA sequences are excluded.

Probes diagnostic for the restriction sites that directly flank or are near to the first
nucleotide sequence are expected to give very strong hybridisation signals and may

also be excluded from the probe design.
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20 primary restriction enzyne recognition site can
m nimse the problem of obtaining false negative

w0 e@aloga0slue t o poor performance of i ndivi dual PQT/TE2068/000625

Moreover, it can also increase the reliability of
data obtained with a single chip experinent and reduce
the nunber of arrays required to draw statistically
sound concl usions. 25 The probes for use in the array
may be greater than 40 nucleotides in |length and may -
be iso-thermal. Preferably, Probes contalnlng
r Bise a5ray VeayDsgves ciyegwdeaeluding magumalisg (sgobugan, mouse (eg.
c o r [ t
BSOS ) berl Byl ERE MR ot SRRkl G5 lcterial, yeas,
afupg#xp astaded. Orgsophile)y) pgnahesong hybri di sation signal s
and may also be excluded fromthe probe design. 63 WO
2008/ 084405 PCT/ 1 B2008/ 000625 The array may cover any
R ORFtheNSrefitiel ¢ niBRAIRe L e Ry cHMBRE 2-6TBiébEs ﬁﬁﬁnd every unique
chronoso 7)), vertebrate (e.g. zebrafish)),
rwnnargrneabpaore sitegndbrscelosd as ,p0§eelalstto the | sigaef tﬁstnctlon enzyme
(eg. Drosophila)) genones. 5 In a further
gﬁgp?ed enbodi nent, the array contains 2-6 probes
around every unique primary restriction site and as
cl ose as possible to the site of restriction enzy
oﬁ’rg@sqhhon emamefredmﬂnye ﬁt%tbﬁaﬁthﬁqr%ﬁt@%tmwnﬁhgestwn is
restriction enzyne digestion is about 300

t
‘ ﬂ%uf I%urther preferred enbodi nent of the present

|nvent| on, arrays for restri cti on enzynes - such as
Hindl Il 6 Eco - that. cover the

aniditisr RIS CeodiAa b BeATHSVERon, AGY 4 &Y. estriction
AQYORESISRUSAYHinbIE EHBRY B/ and NAL frY Sovde B Ihﬁiﬁﬁilahan or non-

hereéin circunvent the need to re-design arrays fo

emamnnatian gatonss qrﬁepmmdeér@d'\rad@@emaba Iﬂ}esﬁl@lgnsofﬁbfr mmscﬂbed
L Lhe, sane pt?x § E Aga.r S[ Capence, rovided
Hreip ircpaeqtalPR, negd ¢ Sof- e et JrifiSinyepcs, o
Wsis%béxﬁhﬂéﬂ iPtHeReme lspedies. hybri di se to each one Of

the primary restriction enzyne recognltlon sites for a
primary

SETS OF PROBES

As used herein, the term “set of probes™ refers to a suite or a collection of probes that
hybridise to each one of the primary restriction enzyme recognition sites for a primary

restriction enzyme in a genome.

Accordingly, there is provided in a further aspect, a set of probes complementary in
sequence to the nucleic acid sequence adjacent to each one of the primary restriction

enzyme recognition sites for a primary restriction enzyme in genomic DNA.

Suitably, the set of probes are complementary in sequence to the first 25-60 (eg. 35-60,
45-60, or 50-60) or more nucleotides that are adjacent to each one of the primary
restriction enzyme recognition sites in genomic DNA. The set of probes may be

complementary in sequence to one (eg. either) side or both sides of the primary
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sequence adjacent to each one of the primary

restriction enzyme recognition sites for a primary
restriction enzyne in genom c DNA Suitably, the set
of probes are conplenentary in sequence to the first

nuct?lgu{ne%zgﬁlt% % artfégagé agg%?rgt & aac &)rgsnges ng%%nt?ehceomplemenmy w
euaicy to theshudleit acid sequence adipcagreath side oif ash ome of the primary -
genom.c DNA. The set of - %ﬁes ng¥ g conpl ement ary
|ﬁq5t§é%?¥l?é’n‘f’6e‘iﬂ$8m@§§“e 10yt g§nogig ?\8}1 both sides of
the primary 64 WO 2008/084405 PCT/|B2008/ 000625

restriction enzyne recognition site. Accordingl t he
pI:t s praibledo defips @mindoar (egi 300bpey lesh c suetoast 3 p, 200bp, 150bp

C]toﬁhg CI d se uenceﬁsﬁ} &lgﬁ%%%ggg?%gg% Ee)grﬁ%'si’h M oene or more

'ﬁ}oBé&efongﬁEJBQt‘?ca@N% deBignkd. Sueh FRctoRSthatdre m@oﬂﬁftlm&ieﬁnmg the
w ndow (eg. 300bp or less - such as 250bp, 200bp

15Epw Withinoeh 1o desian 1R eToRasAR.yIoF EXERTIEt GG reoaleppbsence of
[ SR8t Shhde M Qo RicfihaBidfh GhuclBEL maRirARfE Sizk % sikdibhes of a

can esi gne af are 1 nportant
| finglefrypel nidiedtided nd@urd/mglm thevuiet ofl ptabesi esn @a cbhr:plementary in
probes are, for exa ont

e
FEAaTgE Ghrithe getie e ScEsCe i P haR ?ﬁ&ﬂ) f9m each one of the
Sé &g?és@ﬁct BY&bgfitibR sitds iR lgehisicNA, 10 single

nuc eot1de. AccCordingly, the set of probes can
be conplenentary in sequence to the nucleic acid

p& g Ce t H3 ita tqebﬁg Zlnt nwscgto agDS)H{ ﬁﬁ%ﬁ§$%$7e RﬁIna}yh Festriction

Qeda@ﬁtloh kitd fn FU&Qo p@ESiIRPOFihA pieHes Reardah RYaWtiOh site.
about 100 bp fromthe primary restriction 15 enzyne

recognition site in order to |dent|fy optlnal pr obes

t Mearce% ro%%érlt‘s: %)If g{r% p%%#eﬁt mlantEc#lr ng%gemt&n%ementm

esent 1 nven

CtoNnfhk &GEna¢ Yhattie ledsether @@eriqe ﬁbhﬁbadhsoﬂleeeﬁ thehprimafOrestriction
bp from each, one of, the restriction
r%&@ﬁur@?%ﬂm giesiip gf@ﬂ’é‘%ﬁ MCOW%FWn’Pa&? %‘/38“?”&8 that is

()t 4t 30 l};ﬁoﬁeéa@ﬁ' 8he 6Pfhe 29 et tion @R PRE Recognition

oneo e prlnay restriction ezyme recognition
sditee$n gesnogam dmiA: afiMar eordplementargptoctire mcmeycet that isdetween 100 and
ween 100 and 200 bp

oA R B st oF oL BineR ‘EwEyien PeeBerIe g Fs M fenomie
OpR@AM ¢ DNA :

In further embodiments of the present invention, the set of probes are complementary
to the sequence that is from O to 300 bp from each one of the primary restriction
enzyme recognition sites in genomic DNA, complementary to the sequence that is
between 0 to 200 bp from each one of the primary restriction enzyme recognition sites
in genomic DNA and/or complementary to the sequence that is between 0 to 100 bp
from each one of the primary restriction enzyme recognition sites in genomic DNA
(eg. about 10, 20,‘ 30, 40, 50, 60, 70, 80 or 90 bp from each one of the primary

restriction enzyme recognition sites in genomic DNA) .
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restriction enzynme recognition sites in genom c DNA,
conplenentary to the sequence that is between 0 to

200 bp fromeach one of the primary restriction enzyne
recognition sites in genom c DNA and/or conpl enentary

to the sequence that is between 0 to 100 bp 30 from

each one of the primary restriction enzyme recognition
sTWesarimoxgepmhéscm@Nkveﬁ ¢bg. deatpned tha), ar@ Gapdide of yybsdising to the

60, 70, 80 or 90 from each one of the
B ONE ot AR GRE R Srgte THogRHURLY e eenomic

69NWO 2008/ 084405 PCT/ 1 B2008/ 000625 Two or nore
probes may even be designed that are capable of
hybridising to the sequence adj acent each primary

str t| on enz qo! { Sigt
ol Sy A B0 vl boghe 3B A ppenap s
ﬂibﬂ)}b@@ssmrlloaﬁmtebﬁ&est he overlap is preferably,
I ess than 10 nucl eotides. PCR fragnents representing

the first 1-300 nucl eotides (eg. 1-20, 1 40, 1-60,

frabi = 020.11-280--60. 1-80. 1-
PO ke ehjsepfipd b (i 500 nbpitBitics es p0, P4p g, 1-80. 1
eHoh 1 A0 %0,rle 560, i1€800 h-20021-220, r1e24ﬂgﬂ|-260cm ]sI&Oenucimtides) that
af:l%& be used. PCR fra nents may. al sp be use probes
CBSABRIPGTYIBHFIELIM 98GR 2159 Pelfflar i s
flanked by the primary restriction enzyne recognition
site and the first 15 neighboring second restriction
PR fgmeotsgmay alsa bsiused asl\pmbpﬁﬂmgleyacﬂvmrmmé to each genomic

o e S BB ey et pBls ReogliaR SHaRe e firs

thi ORcsid eSstrditidneasynten eecofnitibe sﬁﬂer StAccordingly, the probe
nelghbourlng secondar restrlctlon enzyne recognition

sfegeence IpayTgpiresapng to aHeonpabef the speuengs bgivsaseagh one of the
be, t
S BRI Wb BRSOl R0 st plghpouin

ofecoriay iestristion sniyeascogaitimssitesi | i ca, pl astic, nylon
or nit rocel | ul ose. Supports are preferably rigid and
have a pl anar surface. Supports typically have from

0 I
a1, SR, AR Tk S fora H1ERe i o

muppMUSupmﬁts (eg. solid supports) can be made of a variety of materlals - such as
glass, silica, plastic, nylon or nitrocellulose. Supports are preferably rigid and have a
planar surface. Supports typically have from about 1-10,000,000 discrete spatially
addressable regions, or cells. Supports having about 10-1,000,000 or about 100-
100,000 or about 1000-100,000 cells are common. The density of cells is typically at
least about 1000, 10,000, 100,000 or 1,000,000 cells within a square centimeter. In
some supports, all cells are occupied by pooled mixtures of probes or a set of probes.
In other supports, some cells are occupied by pooled mixtures of probes or a set of
probes, and other cells are occupied, at least to the degree of purity obtainable by
synthesis methods, by a single type of oligonucleotide.
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centineter. In sone supports, all cells are occupied

by pool ed m xtures of probes or a set of probes. In

ot her supports, sone cells are occupi ed by pool ed

m xtures of probes or a set of probes, and other
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NS SR | B SBPL. RarexTiclyy (UEO0E fimes; g, hman or mouse

r§§khkgtion enzynme recognition site, which in the case

of a 6 bp cutting restriction enzyne occurs, for

exanpl e, approxi mately 750,000 tinmes per human or _
use enone. 5 For a.restrigction enzynme recagnji sin

PO rsHRDRR G Pe reoRYtBRcL S P AFseR o e AP & pBfarmay of

2abouf 2G P00 plRBSs Edbdesed 36 Gol&, Eample) thecdd@nplbte, human or

the conplete human or npuse genone, mﬁtﬁ 1 probe at

emehsestegemef wish d [prohestt eachy sidapisaelrestrigtipn side. pr ef er r ed

array design, the total nunber of probe nolecules of a

gi ven nucl eoti de sequence present on the array is in

| B §)prefotred s raly alebignpthe gstalsnunitsey W€ ptabe moleades ofi ngivemeucleotide
4C sanple to be hybridjzeq to such array G'vgn t he .
neRduFRcegITeseR PR TR, 10 1nes GRS Lo halagaps fragments present in

OBRAUE Sarh gitStrl%el%{b?iﬁ?LeH Qo shéh 3R&Y.Y GaderHfe! mngm technology,

sequence on I near chromati’n tenplate will be in

| fragmeentx capsasenting gemot® teginmisdilosattd the amalyred npelsotids sequence on
d i b i n Fi 2) .., .Jo. qbt ai [ [ ..
B ke e o ML in gk Rty bR HE b igization fpmple (as

BB ih ' RGERNDS., Tol obBih REamMBEEES MbrhAionedbe@ hiridization
anmount of sanple to be hybridized and/or increase_the

nefffigisncies ofiguchabliadany fragmgnts.ci may| hegrsserspydioj rgduce the amount of
sequence prahe . h r r .
S0 5, B Bl B sl gD kB Bl o o aiven

coligonatleotidy seq@oteeptabe oa themeaypr onot er el enent it may
be necessary to use an array with probes that
represent only the sel ected genom c region (eg. about

(r)rhfﬁs% gf)wee éi.gfég i of 11'8%!?3'%388 ’rﬂlqﬂeel%eﬁ’t@_ B4CERBterdYy contact, for

out 1000) positions on fhe
aexample, afiznb prhmsitenelement ity bbeeqessafetorusd aha@rray with probes that

die% er;gnstt (i)rﬁy pthlé psg egt%d tg%ngr%}ce(r:égiclno e%l. a%ggt' O\Q"-ltd1 iI\Eb), but with each
unique probe present at multiple (eg. about 100, 200, 1000) positions on the array.
Such designs may also be preferred for diagnostic purposes to detect local (eg. within
about 10 Mb) genomic rearrangements - such as deletions, inversions, duplications,

etc. - around a site (e.g. gene of interest).

The array may comprise about 3 x 750,000 probes, 4 x 750,000 probes, 5 x 750,000
probes, or preferably, 6 x 750,000 probes. More preferably, the array comprises 6 x
750,000 probes with 2, 3, 4, 5, 6, 7 or 8 or more probes at each side of each restriction
site. Most preferably, the array comprises 6 x 750,000 probes with 3 probes at each

side of each restriction site.
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about 3 x 750, 000 probes, 4 x 750,000 probes, 5 x
750, 000 probes, or preferably, 6 x 750,000 probes.
More preferably, the array conprises 6 x 30 750, 000
probes with 2, 3, 4, 5, 6, 7 or 8 or nore probes at
each side of each restriction site. Mst preferably,
the array conprises 6 x 750,000 probes with 3 probes

aArr@RCIT probetcoraktsesfitobesshay bé syhesised in @ Atdptby-step manner on a
2008/ 084405 PCT/ 1 B2008/ 000625 . Arrays of probes. or ..
SUPROTHIOT (faphles afgshed dnsprRERBassized fPAna Ope @ﬁﬁ@%@é ynthesis is

t H . .
LS00, S4B 5 SA0 9 AREIRLA, i s o
\light 7854kt (hessyddmsisidfealigonudlStisle 1pr8b@5in bigh-demsity, miniaturised
405302 s B 5 e 5 Bl S s
hie8EHaNaITY 5,971 H39t4401 19$05,599, 83/ S ArAl g @hh bRBTef Fithesised in a

i
design of nasks fo reduce the nunber of synthesis i
opoitesateniad fashéecby Welivering wsonsTs teedlsxef swpport by mechanically

5,593..8 Arrays can .al so eslsed | :
oA LI Ao P n AR B PP 62405 ARG e b be ypfhsised by
Os’poﬁingull%_e%ms oy teshapbatlusing apnsk jai préder (seepairhaxample, EP
as described in EP 624,059. Arrays can al so be

k28t H8%i sed by 10 spotting reagents on to a support

using an ink jet printer (see, for exanple, EP

728,520). In the context of the present invention, the

tlar e comtdns todnthe girksgnt irventiaf, the dbmss' “substabigalbnai st lof probes”

the array of probes" means that the set, or the.arra .
srubanaly i rosterols” sentitet teseber 8 gy of Hiybeygomprises

9 leadPabot® 50960, 7880 9P V% 06, 9718319 bs Bl VF RomPlete set or
or array of probes. Preferably, the set or the array

cfrrayraflpeebess Paeferably, dhe setwpthst arayeaf myobesps gfall of icemplete set of
10094 ... | referred enbodi ment, the array conprises
d”gﬁ%éF%Tg@%gue probe per side of each 20 primary
restriction enzyne recognition site that is present in

a given genone. If this nunber of probes exceeds th
Horrorefeoed smbedinent, the amgy eRmPrissh 2 ingleupgueprebe gereside of each

r V. ' i O; ;
Sl RS, 0 PR B BB e 1 genome. 1
sifibet Df probesadxcbelsethe mambetibf probewithadt danrbecotatgihel by@ single
out of every 2,

3.4, 5. .6, 7, 8 9, 10, 102, 103,
1Y the. gy IRk Prederghly SHE OBIAITY AECRTPSFALEFOR 6 o Sghiete genome
tcﬁ"gjéi@énespecies, but at lower resolution, with for example one out of every 2, 3, 4, 5,
6,7,8,9, 10, 102, 103, 10* etc. probes as ordered on the linear chromosome template
present on the array. Such arrays that cover the complete human, or other, genome at

sub-optimal resolution may be preferred over high-resolution arrays that cover part of

the same genome, for example in cases where translocation partners are to be found.

Preferably, the representation of the complete genome of a given species at lower
resolution is obtained by probes on the array that each represent a single restriction
fragment as obtained after digestion with a primary restriction enzyme. Preferably,
this is obtained by ignoring every second, third, fourth, fifth, sixth, seventh, eighth,
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25 present on the array. Such arrays that cover the
conpl ete human, or other, genone at sub-optinal
wo e@slost4ddn may be preferred over high-resol ut PONB2008/000625
arrays that cover part of the same genone, for
exanpl e in cases where transl ocation partners are to
be found. Preferably, the representation of the
conpl ete genorre of a given species at | ower 30

O3 Ubh@n tkaé pai Ry f&’il%ﬁesﬁf? Bhl hsqxt%tﬁ a%e&e‘ﬁﬁ&th, eightieth,

eReH" r'epresent a single restrittio

Ofiihétietig cbr ke Ghﬁndiledtthetgl setond tidn one hnmdmdth) etesprobc: thad) hybridises to

enzyme. Pr efer ably, this is obtained by ignoring
é@éﬁ?n%§§ on flRgMENt. f ourth, fifth, sixth, seventh,
ei ghth, 68 VD 2008/ 084405 PCT/ | B2008/ 000625  ni nt h,
tenth, twentieth, thirtieth, fortieth, fiftieth,

5 S]Pnefeirai:ﬂh thsevpmisdnm:timn o gxhtdomme,te geherae ioftah given speees at lower

undredth e sec r,edt
ok S SR 0 LB PN, b6 GRS ncsome
H@ﬁlfpﬁd&é@,blmefeialapy rtﬁféf RS smwoay nokilg GNPl Ghdte OHOBEREIn those
of a given species at |ower resolution conprlses

pgepbesc tegions dhag shijve highetipedbedlgnsifl y al ong the |inear
chronosone tenplates. Preferably, this is obtained by
i gnoring one or nore probes in those genom c regions
10 tH¥BRIDBADIGNIest probe density. 1 o HYBRI DI SATI ON The
term "hybridi sation" as used herein shall include "the
process by which a strand of nucleic acid JOInS Wi th

. t
gls'l?e?tﬁ‘xgﬁ d"i‘{a)ﬁor?)’ : &sg%g? }1?:[ BHGA1 RRTEIP T f)xﬁgess %? W a strand of

ocess cation as carried

f mrcledo actpl jeins pdthy aeomplenehtary straskthraugh ase (pﬁm)g” aS well as the

technol qgi e Nucl eoti de seq u.en es _ca bI e, of

SRIPEOY I iR, 3 (B 1L 1o TerGrRIg. pgnerpsq ghaip reaction
15 @UR) habrerR! v at | east 85 or 90% and nore

preferably at |east 95% or 98% honol ogous to the

correspondi ng conplenentary nucl eoti de sequence over a

S B e WGty b BB it 15

eas

CprefetAblioat Seast85Cdr0OY4 dismore pReferablyat Ry 96U (&@B%Jllibmologous to the

refers to the binding, duplexing, or hybr|d|31n g %
nesirResRANAing o ﬁ‘l’fyplﬁ’é‘e%fa'ﬂaﬁltl‘i’lé‘?}}dﬁr S‘PQHEII“'QOPY‘He sEgIeBnek at least 20,

20 ?}%g%@eﬁi 5%[1%%% kg?:ﬁ, fd6 1 xluénc@ leg‘ﬁ% agl or 21@0 Cl)rlﬁfﬁgc\contlguous

. O -Cltrate
Stucleogéest conditi ons are conditions under vvh| ch a
probe will hybridise to its target sequence, but to no-
ot her

“Specific hybridisation” refers to the binding, duplexing, or hybridising of a molecule

only to a particular nucleotide sequence under stringent conditions (e.g. 65°C and

25 0.1xSSC {1xSSC = 0.15 M NaCl, 0.015 M Na-citrate pH 7.0}). Stringent conditions

are conditions under which a probe will hybridise to its target sequence, but to no other

sequences. Stringent conditions are sequence-dependent and are different in different

circumstances. Longer sequences hybridise specifically at higher temperatures.

Generally, stringent conditions are selected to be about 5 °C lower than the thermal

30 melting point (Tm) for the specific sequence at a defined ionic strength and pH. The

Tm is the temperature (under defined ionic strength, pH, and nucleic acid

concentration) at which 50% of the probes complementary to a target sequence
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tenperatures. GCenerally, stringent conditions are
sel ected to be about 5 C lower than the thermal 30
nmelting point (Tm) for the specific sequence at a
defined ionic strength and pH The Tin is the

PG 5L A5 9, A1 03 v ey

Ppro&eds irc exqeks; e M r30% of chet probet ars egugriedat &RiilWdium). Typically,

2008/ 084405 PCT/ | B 008/.000625 hybri dj s t
seHpeEsRE sonditignsunelpgs » sai cm@%@%@?@l&@ﬂ@iﬁ%‘ﬂ@b LE@W Na ion
OGGREEAi%n ( gf ‘Sﬁl%f”sal'tspla??ﬁe'?ﬁ 11038.3 bRl tﬁ@%xﬁ’ﬁeritﬁl% RrAhest about

are occupl ed at equi Typically, ‘stringent
c3N forashsrtiphetesd Stringeat ¢ond1mme oan aliso b adfiewd wiglaghte addition of

about . 0,01 to 1.0 MNa ion _ conce tion t her
seastabiliszg agents - gughyasgommapige Opte @%‘%PBP&IH 53?
| east about 5 30 C.-for short probes. Stringent

conditions can also be achieved with the addition of
das talb bk usderstoad; by theose of skill imthefagt, amaximunr smmmgjahklgndlzatlon

a niumsalts,..As wil| .be .under st t hos
“““qe S e S et i R RO Be g BEAr Gy prermedite
@R 16%) h‘tﬁﬁgeﬂc? HybEiRiZafidn 64n BE LS tol idestifly G| debaee kisilar de related
quences e an internediate 10 (or | ow)
ymugtaotide gdvenetiszat i on can be used to identify or
det ect simlar or related polynucleotide sequences.
Met hods are al so described for the hybridisation of
aMeftiods Qe plsohRscribed| fobelid Rybritlisatiun|cfbetagsl of l;md)lmsttbdebelled or
se uences. The particul ar: hybrégl sation reacti

abeledonucleotide sgapegeese o Hie Parfigian hybndisaion Feaction conditions can
éo gbx‘fﬁ'(ﬁl%tl' BNalfef- l'g'bndfs%ne @:‘Sﬁp créiRE T0R aReraRs PRIbLALE&! binding

I'ng stringency). For exa reaction
t m‘mmy).lrﬁor axampkantafaauommpafam; melamilooabf @msns and cations,

|t|o f deter Land the |ik
457! drteenon i iFaiRe Fr o et e EFidatiof shiegiggstics of
tﬁf&eﬂroﬂ&l £20\rgst m&@cﬁgﬁEQJENCY OF | NTERACTI O\l ‘
Quantifying ligation frequencies of restriction

fragnments gives a neasure of their cross-1linking
f@m is can be achi eved using PCR
a Q fﬂ-.‘%’%@ﬁsc technol ogy as descri bed by
Splinter et al. (2004) (supra). Briefly, the 25

formati on of PCR products _can, be mfasured by scannlvr}g
t Quaniifyingl ligatoa s aRsen of EFSrICHAPaFTAEMERS FAVSSt hifasHe of their

P%gggéf?rﬁoﬁé %é&ﬁgnc"i‘&?r RGaBIG! Fhis ¥ah Mk GcHIARACEAN AR as used in
conventional 3C technology as described by Splinter ef al. (2004) (supra). Briefly, the

formation of PCR products can be measured by scanning the signal intensities after
separation on ethidium bromide stained agarose gels, using a Typhoon 9200 imager
(Molecular Dynamics, Sunnyvale, CA). Suitably, several controls are used for the
correct interpretation of data as also described in Splinter et al. (2004) (supra).

Since the 4C technology described herein provides for the high-throughput analysis of

the frequency of interaction of two or more nucleotide sequences in the nuclear space,
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(supra). 30 Since the 4C technol ogy descri bed herein
provi des for the high-throughput analysis of the
frequency of interaction of two or nore nucl eotide
sequences in the nuclear space 70 WD 2008/ 084405

ééhrgﬁ gltgagqg Itfon eq@gfc];e?sr rfét"gs i ﬁé‘égnénlts?ﬁ% qg%mﬁed using

re ric rag rrens are

uajeragaygmc@mdda;eseldescrl bed her ein. For quantitation,
signals obtained for a 4C sanple can be nornalised to

signals 5 obtained for a control sanple. 4C sanple

gﬁgr gﬁzﬂﬁﬁ?ﬁ on> %%é&%@%& lfoP h@bfah{ﬁ) i WI% 3 nSHdaliSELW signals

I'scer nabl
bebtsmmh Ifdramemmil yarhpler 4@ samplet andt dvatrohsanzple(sOwmll bellabelled with

P S P 58 3, 590 e S8 i o

hé%?y | Cgﬁ‘t}(ﬁdsahﬁ)lé(gbewﬂl fypically 28RN al WN AL Fdefients (i.e. all potential

sequenc€) in equinolar anpunts and, to exclude a bias
i sechydnidécsieisoquentdsi thathavy ligatadyo ﬁhd’ustc(ta@eetl@uqﬂ,ﬁmdle gequence)

in sizeto the. s dn tlde (

By ERol S S R oGl BRI Bl gy should be
( §itnilah8n Ssae 0 ﬂ[bekécﬁ)nb&ﬁié&bﬁd@ d;e@i:‘en&é(@)i Tiaed cblﬁlr(ﬂbteﬁipll‘ate will
the 4C tenpl ate), ]gested with both the pripar

t fpicgBy e‘w&am;gen@@tor@ A (oh therpapggengticchackarapndes %@ Y55 to obtain
Sﬁl@%@@%&?a? f gltggsteé aé}ﬂ%ﬂﬁﬁl'e%ﬂﬁl'y ard %1:3 Geé (ﬁdgl?r@gtﬁ[:ft?on enzyme

Such npl at'e es’It possi
f ard pbelhet by thxr @hﬂe diléthcaf esng.emndasm l;ﬁ'mg) stk Cotemplate. Such
effic&ency

I's .t L .
S onip! SPERAtS ks ot PSS lss 7 olest T prabedomiaty difforpnces in
t ﬁﬁﬁﬁhﬁfloﬁ B MR NINRY&Tisih @ BE R ?Vs?ﬁfaﬁs to le@ﬁ@&leﬂ'ra@@lgnals makes

tenpl ate may even be hybridized fo an array with
wittphssiltle to expirésk egsshis instietnys dfdnsichaient@ver whdemepents. and
wWth or without one or nore differentially 20 |abeled
other 4C tenplates. Ot her 4C tenpl ates can be

upslicdt ad k@nplhieS nfhG bAPIbaL Bybridifedetampl erray twitlyorbevithout a
obtained fromdifferent tissue and/ or obtained with a
ddnﬂfeeefnenldy labstedpronfral, sasple pork With 98 Mgthopt pne ok mre differentially

DB 4 RIS, BB OBy ROl Al 06 4 i,

Sfdﬁjeﬂﬁrhplarlt magwdjetdlmimedsﬁmml diffeient (isueand/oe obﬁamekllmgl a different
hybri_di t it t hat

g%ﬁrglf }nl(ygrase IP(C)IT{ griamergr gr e:xa?nplea rtl?e %ust Z?(? te Iﬁgt%tn?a%' lIeopatlent material
and the second 4C template may be obtained from a healthy subject or a control

sample.

Given the striking hybridisation patterns that are to be expected for genetic
rearrangements it will not always be necessary to compare diseased subjects with
healthy subjects. Accordingly, multiple (eg. two or more) 4C templates, each
interrogating a different locus from the same patient or subject may be hybridized to

one (eg. one or more) array.
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each interrogating a different |locus fromthe sane
patient or subject may be hybridized to 30 one (eg.
one or nore) array. 71 WD 2008/084405
PCT/IBZOO8/000625 The 4C tenpl ates may be
t|a el.ed,. I )
dpb S\Itn P%n% g/ {6? dlﬁgﬁgtxﬁ%gﬁl§e"fé§d&| F%/ I"a elt‘g(g &r multi-color

Cl@&)?ldﬁdaﬁbnﬂ aﬁﬂyorﬁﬂi}nﬁé ldenﬁﬁiydlabtﬂéﬁ irdc4st eneintoci normally reside on
chronpsones or on the. sane chronosone at dlm%n
fdifferenb gBrPTIasPmEsYioR; BatheotAsiq SFOROSOE At [Aistaaae far enough for

[ S ﬁ@ﬁg ri
IHOJ eglfbvmémﬁ I é%rﬂ DN%Eem g rmy{1 géﬁg%eséégﬁt%{a&mea material
ofbdrai a sulfedt ewiph Jt-eedl fenkemikORay /H8 }éﬂoad:ssécbcb obtagnéC templates for
color in order to detect translocatlon

qd Hhang pIeT.(Barider i3 deieqt fAnS %f@tleeﬁgea%ft%(d TALL
Cﬁb%l anl 19\459 r(e£c$ IQ%I&fﬁn HeShme 9&8{?& lc6lor, in order to detect other

rearrangenents) hese Tive 4C tenplates may be
tgdnemd mmﬂngﬂnﬂmﬁ dheseyfive Whi tmplated nmbflbn/\hybmhzed to one array,

0 anal ysis at nultiple |qci [ m c

PL e e L SeanPhed apdlkSs 18 mufbleIEORT & genomic
%ﬁ@&dgéhﬁﬁtds%blﬁéd vith@keadikda08 frequencies, absolute
signal” intensities or ratios over control sanpl e may

al so be considered In addition, signals of probes
near chro

th
3?&5 qq%tea{rittﬁi-l‘%fgﬂ{l, ? )}nterﬁl (ﬂuenc ?%%rr%lglge@#r?atl ?nthsYtlg o:fgatlos over

Statropsenple eingl alsd’llﬁd)édmidetﬁd i15 aduiedrg rsigdlals o?fnﬂbbezeudjdaynt on the
ordering the probes on the Iinear _ chronosone tenpl ate

ainganeiaPepIRe terplalp 8y beaised Ej)nlgpntil@ftl@ﬁgqcfm%ghm’@lo somal regions.
r@ﬁcgg)%sﬁ) Y)ﬁ%l 6ac Lﬁ(ﬂl 15#) ]@ﬂf;y%nﬁigg&?léﬁ Pruc%)r:llrl% gﬂeqﬂr{g%g onotlr1e linear
rdhﬂdsmag)mm thn&piata pmdoamﬂbsmg ﬂ(& él'ﬂisehftet aigneh mtersfties, or ratios over

interacti of ope, or ret et nucl eoti de uen
§onkrob franrlete Signals. by Fidbie; WINAQHCARMRASESS fUsing 10F SXgmPle running

(f6an &1nMhe FRAEANIPPRFHes! OCi) :obtained according to
t he nethods descri bed herein may be used to

reconstruct parts of, or entire, |linear chronosone

B Rk AT el B M ARRL TR Bt i e o

- CRbRMAGIER e YdYBERIeD TUltiferest S(elge dhE a6t BITRE tggn@hie loci) -obtained

indicative of a trait or disease. ASSAY METHOD
according to the methods described herein may be used to reconstruct parts of, or

entire, linear chromosome maps and identify balanced and unbalanced genomic
rearrangements that occurred within and between chromosomes, wherein such

rearrangements are indicative of a trait or disease.

ASSAY METHOD

In a further aspect of the present invention, there is a provided an assay method for

identifying one or more agents that modulate a DNA-DNA interaction.
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2008/ 084405 PCT/1B2008/ 000625 As used herein, the
term "nodul ate" refers to preventing, decreasing,
suppressing, restorating, elevating, increasing or
ot herwi se affecting the DNA-DNA interaction. In sone

case it _ma es| 5 I o
5 PPt gk R e g s
| raéteratiff | edévatihg ihﬁ&g@&ﬁﬁcrw&%&ﬁ&&m@&e N A -Aligteraction.

nodi fied by adding such additional agent(s) either
simul taneously with, or subsequently to, the first

A0 Bhe ¢ Wﬁﬁﬁ%pge eésuta @ﬁﬁ@fe tWBVdR HhorehgBRY t eﬁﬁr B8 use in

a screen, by a nu of agents 10 are tes
fmoduhmhg the DNATINA amtlrawlmry Infth¢skh cagobllasbiya may be readlly modified

h h
ek il aciionEh A ga) st kS R, SR SO guy to. the
amgte{g@ﬁge scal e screening of agents as well as in

gquantitative assays. 15 Medical uses of such
therapeutic agents are within the scope of the

S 5 nth,gd {pﬂ%ﬁ@)& st ink (tjl%rﬁ El'la&')a?sodJetﬁgsc Vel RAE %lnumber of agents

ves an naceutlca tonpos

C@mstealfagmsmhn@me etividy aftikgDNAVBINGD imedrhctipnogr am
may, for exanple, involve taking an agent identified

or identifiable by the nethods described herein,

gﬁgé'/ ég{f)@:t%a thag‘iﬁ%%zisgé)nn&eﬁﬁbdg 5f e g?&ghtf 1Y1’vé}glo‘nt\§ﬂlsl5er HEthbiE Sor both

provi ovel conposition 20 conprising
ssmiadl andiladgyscae scrpanifigofiagentsfasmeH es m;qumlutl%lve @sPys.
toxicity studies and /or studies on activity,
structure or function). Trials may be perfornmed on

NOBARMREs oﬁmdﬁﬁh&aﬁéiﬂlc'@}ént@‘éf%mvﬁﬁin' the Q@oﬂéﬂfff tRé PRYe@nvention
humans. Such trials will "generally incl

dast ae rﬂnmdmg developfrieat progyanmesf themiselzeseand ab@rmgéeut@@leccgnpomnons

devel opnment a i u
UL AR, DRl AT P, o
PakdE Gh a%%ﬁﬂh@&ﬁtﬁﬁad&ﬁ‘dﬂ@ﬁtlffabl’&ﬁy the, méthodsimt:nf)e}d herein, optionally

p033| bl e agoni sts_or antagonists, to search for ?t her
nopdifyieg i r{ag Mﬁhﬁ’&”\‘ge itgj shucire and{ps providing. a novel composition

f S r
S, BRI, TEAE S50 0 ottt o

cetiidied ol yctivigy, Isahétere omfimctiorr - Tridlo geayebe peitfemind quaen—hmnm
Al t hough the, arra nparati v 0 zat.

RS And ay r?a‘ﬁ?n@ély spg?(ﬁgﬁﬁygrﬂ E‘V@aﬁie@ﬁ?‘eb’ﬁ’bﬁ Ei‘ﬁ]lé generally
fiak b &eteh@tihs Ofe effect(s) of different dosage levels. Drug development
programs may utilise computers to analyse moieties identified by screening (e.g. to

predict structure and/or function, to identify possible agonists or antagonists, to search

for other moieties that may have similar structures or functions, etc.).

DIAGNOSTIC TESTING

Currently, various genomic rearrangements remain difficult to detect by available
molecular-cytogenetic techniques. Although the array comparative genomic

hybridization technique (array-CGH) is a newly developed technique for the detection
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bal anced transl ocati ons and chronosonmal inversions.
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o) ge(él?]li‘ntglgf %%ﬁ%f%gsg{alt%@or mental retardation. An

i mportant advantage of 4C technology is that it

allows for the very accurate napping of the bregkpoint

4F techegloen B IVGh FypraseieAbat GRAILEANER GHroBgSuRe parangements
i for Ee0RIY bdtwedd PhydlealRr liflked DNA
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(EroRTALoTeRBPHACTIONY don a2os B5%R cmaienipis Bplp *Brneenia
t MR SRR oRPbE mERAIUSAERLIGAN ANEmipoaant diarkthe: of ikt REhndogy is that
of specific chronosomal rearrangenments covering |ar
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dafledgeun dajulingd @ tHe sas @osidon of enebreakpdimpsider breakpoints will
which w |l inportantly contribute to a be tesr
Ubrd detsetablai Gvgn owhqm@ezé%@ﬁo%eﬂ]a@l%wéde?%tﬁje 1-5 Mb away from the

gtgéil&;oﬁﬁ.i S haPHi S B aliVarkdRAhATRI saﬁlﬁé:ﬁa?ﬂl RRudiRK tAIbENEd for the

I nportant” prognostic information. In one .
eddtexdionesft spefifit vhrgmeseral reaamgements comerorglbrget breakpoint areas.

provide a basis for. the .diagnhosis or. pr 0si s, of .

(s aecaate, ghapping, oF Seoar TFATANSRRerts b, 40 JeRBlogy vl ereatly
facilitate the identification of aberrantly expressed gene(s) underlying diseases or
genetic disqrdérs, which will importantly contribute to a better understanding of the
genotype-phenotype correlations, assist in treatment decision-making and add

important prognostic information.

In one embodiment of the present invention, in order to prdvide a basis for the
diagnosis or prognosis of disease, normal or standard values from a subject are
established. This may be accomplished by testing samples taken from normal subjects
— such as animals or humans. The frequency of the DNA-DNA interaction may be

quantified by comparing it to a dilution series of positive controls. Then, standard
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may be quantified by conparing it to a dilution
series of positive controls. Then, standard 74 WO
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PaLL! icular therapeutic treatnent reginme and may be
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exi.sting therapeutic agent may be adm nistered

t Yadugsnebigingd drom sagp e&aﬂr@ressqwt%ﬁotsewrwﬁ%ptedp Do |dysorder or
t fiScATE ng‘/ﬁ&(?rher ‘ %g ar %@Ws&&c@vﬁﬁ%sﬁf Qﬁ"e%'tﬁe Igsence of the

eval uat e ues progress towar d turn
t dis¢ae sige.mallf aliseasenidastblistetoran. e)Ssm:ttgeshﬂrmmutlc agent may be

AP BaTb 04 Aot BRI AY SRIVER Ty e RIS KiBgBr Jhe method
n?l% iBe Tfr:ﬁdegteﬁ%harfgﬁgﬁy bRGE W Saflare %Eﬁ@lt ﬁlea\talde§ ?&ﬁ(fr@sMioward or

geno ed Incis to the 20 nucleo
smqlmmdletﬂwm:ﬂ o stavalardspatterns e%lwcsgmemezhseré mdofdys may be used to
nol o sed to 1t ec
PopbR SRREe L B e B P TR DR R i ofeF hRGtns.
change in genom c site separation between rearranged
sﬂguences and a 4C sequence (bait) of choice. Such

eghinplepy securpisly dstentprieleastro N of @ssemisy DY liakedain; gis to the
genom r.at
uli;ll(lcheou?g S%éléeglﬁ | 01% al(nglgs&f ( ?ﬁons In %)\./efﬁdggntageously, 4C
I epiretat may de 1(sad; to ﬂeﬁ(:lpdmyf:@noﬁﬁs ebeatataghanisescompanied by a
proxi mal (eg.., up to or, greater than %)étotc{]e ?C
s@w%&gﬁww yite ‘Pelzﬂr%tm tws%wags?ﬁf% SeqUeNSES arg B 45 sequence
OfbaltFof 1O Bh thange may be, for example, an increase or decrease in genomic

site separation or may be an under-representation (as in deletions) or over-
representation (as in duplications) of sequences proximal (eg. up to or greater than 15
Mb) to the 4C sequence (bait). Typically, such \genomic aberrations or rearrangements
are a cause of or are associated with diseases - such as cancer (eg. leukaemia) and

other genetic or congenital diseases as described herein.

Genetic aberrations (eg. genomic or chromosomal aberrations - such as balanced
and/or or unbalanced genomic or chromosomal aberrations) include, but are not

limited to rearrangements, translocations, inversions, insertions, deletions and other
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are a cause of or are associated with di seases - such
as, cancer (eg. |eukaem a) and other genetic or
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partner genes have been identified. Sone of these
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to g heavy chain (IGH), Ig

Rearrangements in lymphoid malignancies often involve Ig or TCR genes. Examples
include the three types of translocations (1(8;14), t(2;8), and t(8;22)) that are found in
Burkitt's lymphomas, in which the MYC gene is coupled to Ig heavy chain (IGH), Ig
kappa (IGK), or Ig lambda (IGL) gene segments, respectively. Another common type
of translocation in this category is t(14;18) (q32;q21) which is observed in about 90%
of follicular lymphomas, one of the major NHL typeé. In this translocation the BCL2
gene is rearranged to regions within the IGH locus within or adjacent to the JH gene

segments. The result of this chromosome aberration is the overexpression of the BCL2
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of the aberration as expl ained herein. 25 Detection
ofeukgmiesri c rearrangenments In a particularly preferred
enbodi ment of the present invention, the nethods

20 descri bed

Advantageously, if a genetic aberration is suspected, 4C technology can be applied as

the first and only screen to verify and map the presence of the aberration as explained

herein.

25  Detection of genomic rearrangements

In a particularly preferred embodiment of the present invention, the methods described

herein can be used for the detection of genomic rearrangements.

30 Currently, genomic rearrangements - such as translocation breakpoints - are very

difficult to detect. For example, comparative genomic hybridization (CGH) micro-

arrays can detect several types of rearrangements but fail to detect translocations. If
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difficult to detect. For exanple, conparative genomc
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performed using currently avail able nethods Iike

SB¢ WaSIQJf example, 4C technology can be applied to the screening of patient material

for translocations near loci that were chosen based on their frequent association with a

given clinical phenotype as described herein.

If translocation is suspected in a patient but chromosome partners are unknown, an .
initial mapping may be performed using currently available methods like spectral
karyotyping (SKY). This may identify the translocation partners and provide a very
rough estimate of breakpoint locations (usually not better than ~50 Mb resolution). 4C
technology can then be applied, using ‘bait’-sequences in this region located for

example at every 2 Mb, SMb, 10Mb, 20Mb (or other ’intervals as described herein) to
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resolution). 4C technology can then be applied, using

"bait'-sequences in this region |located for exanple

at every 2 My, 5Mo, | OVb, 20Mo (or other intervals as

descri bed herein) to 78 WD 2008/ 084405 -
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In another preferred design, probes present on a single array represent the complete
genome of a given species, but not at maximum resolution.” Thus, arrays to detect
translocations, deletions, inversions, duplications and other genomic rearrangements
by 4C technology contain probes as described herein that are complementary to one
side of every other primary restriction enzyme recognition site as ordered along the

linear template of the genome of a given species (e.g. human).
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technol ogy contain probes as described herein that
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restriction.enzynme recognition site as.okder al on

LERBOE L BB 6 o b b amaRL 3o ER OGP to detec
SRARIoBSIdnS; deletidH¥RMiverstinisaiigplicaticiet 8@ othe palodsiatrieafhgements
del etions, inversions, duplications and other genomnc

reafe dedhaniogy copipin prabes R psEPedrligrelh FITBPISMSRIEHR O ongs side of
§ o . . S "
SRS 08h R v 0 SR Rp R RRLE, SGRORE i

t foftide eddktidthi,aneventeth] aightiede! rihetiets, or noer diuadsedth efc primary

dupl.i cations and ot her ,genonjc arragngenent s 4
tEHARTORZY R e RRsmtan S5 23 Hgier%%ﬁagg ﬁ@g&eﬁfp@&n%? g} the genome
WH LAVEEEHERS Ké%eﬁ’tﬁﬁéﬁ) SiARRNE 1Pl 1BRTAnEIBSdtionS, deRFions, inversions,
enz recognition site in the genone that can be

rdypliestioms @dd bthea gemingjo ecgoranpemerds) b A€etechnoloagygnapeeontain probes

preferred array design ropes as, descri be er.ein_on
s AR Wiy QBiesti Jon SRR BIPC BFIRES gl 165§ sffbte probe
Svefy - 100UQtH10BEseRPOUAmads kid, deRet kibansfBkidels, &MionS0 inversions,
kb, 400 kb, 500 kb, 1 , 2 Mo, 3My, 4My, 5Md, 6My, |
7duplicgigms and/othsr gemwmic rearrangements by 4C technology may contain probes

as described herein which represent every single primary restriction enzyme

recognition site in the genome that can be represented by a unique probe sequence.

In another preferred array design, probes as described herein on a single array
represent genomic regions of a given size - such as about 50 kb, 100 kb, 200 kb, 300
ki), 400 kb, 500 kb, 1 Mb, 2 Mb, 3Mb, 4Mb, 5Mb, 6Mb, 7Mb, 8Mb, 9Mb or 10Mb -
(eg. from about 50kb-10Mb) around all loci known to be involved in translocations,

deletions, inversions, duplications and other genomic rearrangements.
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walagBiogads ons and ot her genom c rearrangenment SPCB0B203/000625
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2008/ 084405 PCT/1B2008/ 000625 I n another preferred
array design, probes as, described herein on a single
array represent genom c regions of a given size -
such as about 50 kb, 100 kb, 200 kb, 300 kb, 400 kb
500 kb, 1 My, 2 Mo, 3Mo, 4Md, 5My, 6My, 7Md, 8Mo, 9Mo
or 10Mo 5 (eg. from about 50kb-1Owb) around a

skl agdthé@nprefertedcarrdyn desigh,oplobes modasadbddnherein on a single array -

transl ocati ons, deletions, |nversjons, l.ic

ARBFSH SENQBIGIRIENT Bt BHRR SHEmsych axabout oD ke T RBL200 Kb, 300
rﬁ?dj%ombe%tﬁﬁﬁ QoGB! b INED,] Avib ] AL EXRBPERIL, b, 8Fb, 9MDb or 10Mb -
represent only the "loci that are |an|cated in a

dlegefrotny peoudf50ib< 688 . ardtnd a setrstibe rofplpelf knover tarbeaipvolved in

deSI g)ggt}f{}lr oggétm%‘% gl%?ég(inggglgzplc tﬁ?rg raél L ?r g%ggncarea%ngements

esaémﬂﬁ #DBe Khade 3AQdkkuteBOR K, foft BRarkple thdyOfinkibpre§dd only th
CTAERORs otk Hibds SHOdIedHRelY, fof Girtilo ey an s Bpreiial only the

Mci thatnase impplivbted ima piyendyays, of fiseRls: 20 M, 30 Mp, 40

Mo, 50 Mb, 60 Mo, 70 Mo, 80 Mo, 90 Mo, or. 100 My (eg.
100kb-1 OVb) (part of) a chronosonme or nultiple

Clr egib@ e feritidt Arrahb desigh, probbe abedersgnbedphaeimbada single array
multiple (eg.. 10,. 10 1000) |nes to
qﬁ?ﬁ’ﬁ’ﬁ‘?‘t"&t&emcﬁéﬁ%ﬁ’g% g oyt ﬁ%@&lh@@@ 20 I 300 kb, 400 kb,

[ I e m@g 7 Mb,
GO b0 RE, 70 182800 6 0P KE TATEIENE) D Mt Y WIS MR 6 MO,

ab ML, 90Wb, 1010bb20 MH)RH MBOHILMbASK Mb, SORH, thSO Mb, 90 Mb, or

200kb 300kp. 400 kb, 500 kb. 1
) Ve oo D e SR chrbgome b g chidgsomes, with
140 pRibeliRity l@ﬁﬁéseﬁtécpmuﬁmélgego 10500, 1000y@nes for Alow heantitative

actual rearranged sequence_ (i.e, breakp0|nt in case
oheasutaments afhabridisjtion signal intetsities atieash Hrabgiseauenesh, two
differentially |abel ed 4C tenpl ates obtai ned with one

25 sequence (4C bait) from a di seased and non-di seased

Shaly ﬁﬁferﬁﬂ%xbb‘lhheﬁalzcﬁﬂlglﬁ thala@ aapneucd (Sbatt)Jlst\hlﬁuﬂ abeut 0kb, 10kb,

R a0k @ibf?fﬁc%f)aé&@p&mkb,. o SAER D B4, NS v, v,

| t t
CANBIDIBIEMDS fﬁg’?tsﬁg D 01k 1191p, UDMBS 1698, 131% or 15Mb (eg.

I'n"a preéferreéd
h&dsml aortad-l GMb) wn infdre Iﬁ@ndtlfefmt@trcaatahged sigetmxt (4€ breakpoint in
ng tes bt ai ned wth one sequence (4C bait) from
a5 YN di seased subj ects are hybridi zed

In a preferred hybridization, two differentially labeled 4C templates obtained with one
sequence (4C bait) from a diseased and non-diseased subject are hybridized
simultaneously to the same array. Differences in DNA-DNA interactions allow the
detection of the breakpoint in cis (on the same chromosome as the 4C-bait) and in

trans (on the translocation partner).

In a preferred hybridization, multiple differentially labeled 4C templates obtained with
one sequence (4C bait) from diseased and non-diseased subjects are hybridized

simultaneously' to the same array. Differences in DNA-DNA interactions allow the
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(on the same chronosone as the 4C-bait) and in trans

(on the translocation partner). Advantageously,

mul ti-color, instead of dual color analysis on

mcro-arrays may be 5 utilised allow ng the

Sdéfé&ibﬁ%?%é bRARpbitl ?I?Iéz*s QH? Qe SRAE chid@bsb¥R =8 anPl4esbdi and in
a single array. Accordingly, multi-color

heydorsi (dn theet traoslocationgmrtmend i n 4C technol ogy. In a

preferred hybridisation, nultiple differentially

| abel ed 4C tenpl ates obtained with one sequence (4C
b&d&&lﬁg&@ﬁ@lﬁ'rﬁ@lﬁsﬁﬂo@ #ateaa to¥ dar cOIBE afdlfdie bathiced-hitays may be
| abel ed 4C " '10 tenplate from a non-di seased, subject

art%iishoy pHowiingghe simuliancone ybridizatipn; ¢fanergthampyasamples to a single
2 . : : .
Do KBk, B B A ASbA Rl KO Seppotony

chronosone as the 4C-bait) and in trans (on the
transl ocati on gartner). I n_anot her

d ) )
ity prefested ihy hridisaiiong minitiple didtegantiplly g{bglfeg B‘rcifeﬂipm ohtaiged with

P R s BS508CKA B5 onE LAY el ac
rtempha;tfsﬁbrgmmrhéiseqsexs sniblﬁaéoe tatoerl?trl]nsiﬁtsedisirmgtra?mbéno,th? s?ne array.
neo ) . . us .S .
s DA DN frssetons Alow T, 33018 o s et cis (on
tREBARL ShrBfnosdhé S QUi BAE @5k (bR ﬁé&:@m&agmfpmer).

carrying the sequence of interest (4Cbait) wl
identify the transl ocation partner chronosone and the

eakpoi nt_.on e .20 trapsl tLan [ A
AnceRarr arePird Bordiohr B8 AEREARBTAGEL uc! Amplates from the
Hahdeaonndiseakddysubflet lobehitd Wighpl@i#ferdnt eequehées (4@+Baits) that each

non- di seased subj ect, obtained with nultiple differ en{

SJEBigEME ARotharessibles franslqeation Ratner e dybHgisgh sinpiancously fo the
| . yad |

SRR, SLANS B R BALMER sty IXBAA R Bk el of

hahibgirh ol osraes iunrel sted) teathe chivsersord camying hikee $eqnerae of émtpiestt (@ C-bait)

of _chromsopes unrel ated to the chronpso arrying.
oyl e IBe. S| TSRS BEHOSOWE| 1 Iy rFkRpiRG on the
Lt ARRCAH Jofepar t ner chronosone and its breakpoi nt

for the sequence of interest. 30 Material used for the
detection of transl ocations, deletions, inversions,

A hnchR e B OGoR GRS AR R L 4 € et Rates from

ftHE ke nBhQERESINEIbieds odasedi Wig mufiplk idvifaentceljhénces (4C-baits)
and/ or dead cells and/or nucl ear ) .
that each represent another possible translocation partner, are hybridised

simultaneously to the same array. Clusters of strong hybridisation signals observed on
the linear template of chromosomes unrelated to the chromosome carrying the
sequence of interest (4C-bait) will identify the translocation partner chromosome and

its breakpoint for the sequence of interest.

Material used for the detection of translocations, deletions, inversions, duplications
and other genomic rearrangements by 4C technology can be obtained by cross-linking

(and further processing, as described) of living cells and/or dead cells and/or nuclear
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82 WD 2008/ 084405 PCT/1B2008/ 000625 |ysates and/ or
i solated chromatin etc. (as described herein) from

wale@sasads and/ or non- di seased subjects. Det ecP¢DIB2008/000625

inversions 5 Inversions (eg. bal anced inversions)
cannot be detected by nethods - such as Conparative
CGenom c Hybridi zation techniques - but can be detected
by 4C technol ogy particularly when the (bal anced)

itlgé’ ?rssén%riiéolﬁlec?%ﬁm gipte;ﬂ& (ﬁsgd%gl?lgéd HerdiR) §Nx?;b<g§ea§w dfor non-
DNA

e segueéence ction © ance
| diveakesd subfeciss based on identifying those - DNA
interactions that were different between di seased and
non- di seased subjects. Inversions will change the

{g}etng{ﬁoyz%fg,?,gélth’?,gn (in kil obases) on the physical DNA

ate (but the nost centrally | ocated)
sequences of the rearranged regi on as 15 neasured

ai nst sequence nearb nth a chr.onoso t.hat
8Versionn (68 HEancedoiBRERehRIot BF (EiceHia pRoods ~ such as
| (8 Bp RGO GhbREY IMHREzaN0R tedMBGS®R! ¥ bl aiethel detected by 4C

genom c site separation, diseased subjects will give
i tashmolngy paaticudartyswhen Higbtbalenoed) iimyersipmiseplope (gs upde about 1-15

rob l.oc d in the.rearranged genom c region,
ZIQIL@EH}%‘%Z%QCO age ugﬁqec@gigased subj ect. Thus, 4C
technol ogy allows the identification of position and
20 size of (bal angced) inversiaons. Accardi to this

d3grectiong fo_ft Iapeed)e VTN obpsedy - gt _éfig}tlf Beqdhnse aPOY-DNA
AhleRbndfs | @ WQEPHifRESHP "b@i%%? ORisBasti NGh® Aé-Bdeased subjects.

representing genom c regions of a given size - suc
daversions vall klmngd Gbe kblatiP® Pokiltion 3@ Killobas¢s)0 ok bthe Sikysical DNA

kb, Mo My,. 3My,  4My, .. 5Mo, 6My, 6 My, 8Mg, .
GFIBPBHS SEADIOU S TBHASTREN Jooaie0L AR b i A grion =
t asuteldVaailsPl s‘égué?fcé Hearb§ 6 BROGERN EhromoSeta® Edt €6l .takle as 4C
anotherdgreferre dedi catéd array design, probes on a

ssequgnee (baitly Binse dIALDYén dri¢ractiqne Fe@iencies ase daveessly related to

size (50 kb, 100 k 200 kb, . 3 . Dye s
ROt e Gty el pobfbee it A% it Red By P of Ryortizacon
| ipdeasisEP oraill Srobey lot&ad i fgemRingded gehGpiciegdn, Aotompared to a
reliable quantitative anal ysis of sigpal iq%ensities

1

tnaa-disassest swiechr b, fletseholegy alipwvs the 1dentification of position and

size of (balanced) inversions.

According to this aspect of the present invention, a preferred dedicated array design
comprises probes on a singlé array representing genomic regions of a given size - such
as about 50 kb, 100 kb, 200 kb, 300 kb, 400 kb, 500 kb, 1 Mb, 2 Mb, 3Mb, 4Mb, SMb,
6Mb, 6Mb, 7Mb, 8Mb, 9Mb or 10Mb) (eg. 50kb-10Mb) around the locus at which the

inversion or other rearrangement is suspected.

In another preferred dedicated array design, probes on a sihgle array represent genomic
regions of a given size (50 kb, 100 kb, 200 kb, 300 kb, 400 kb, 500 kb, 1 Mb, 2 Mb
etc) around the locus at which the inversion or other rearrangement is suspected. For
reliable quantitative analysis of signal intensities the amount of probe present on the

array is typically in large excess to the amount of cognate fragments that are
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array is typically in large excess to the anmount of

cognate fragnents that are 83 WO 2008/ 084405
weEaBLBRA0DE/ 000625 hybridized to the array. TPeT/E52008400625

it my be necessary to have each probe present

multiple tinmes (eg 10, 20, 50, 100, 1000 tines etc) on

the array. In addition, it may be necessary to

titrate the anount of tenplate that is to be

U9 0 S, P8t T, BL05 8ol b 8 prpe rsn

DAt tiinBd @A 20,150, 1061000 tiénesaitd)foarthe trripe tvaddition, it may be

di seased and non-di seased subj ects. Deletions wll
FRSSEYSATY 1A AL the BEEHRIeO! SPmpAE thatrinioda IVGREIZRA hihs 2arey.
sequence (bait) located near (eg. about 1, 2, 3, 10 4,
5 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 Mo or nore)

5 tDetecttdredfeldieriegi on. This may result in the conplete
absence of hybridization signals for all probes
| ocated in the rearranged region if the deletion is

PHEREHn SMNRQioRs & bREESH (ATBANS BHéSe DNK-DNA lifekietiddthat were

for di seased versus non-di seased subjects of signal

i differest bewecen fdisdaseddandenpodiseased piubjsetst Daletemsy wWithgesult in the

5RO P 0 40 Pl g1 25

10 tembkar s Hoid he, #L 1SemencEMbRInysterthe dbteld)regivini THis may result

will result in stronger hybridization signals f

pito hes completce @beemee (il hybriskizaion sigpaly deetadly pr@ggglﬁ?ated in the
. ool oot !
Ao HECBULR 3 praOEASBI AL ooryamns. o o

I's typica ying t

FeduddA fot disedsad vemmsndrhdiseaaed subijédteofsignd) éntemsitres if the deletion

di seased and non-dj seagsed subjects.. Probes in the
o ATEERL 8 ORGSR [ERRREOHSr oDEelioh PaRe s gl scquences
S i | Hee analyzed
15 SR PloferbfoRigeyfon IREIR9GEal NG il ol M2 Sod e analy
16hait)y wariclp Svitroesailt inhstrongen hybrigization gignals fos prahepdecated directly
to signals.froma control non-di seased subject.
ﬂ?eé'ﬁggﬂﬁe%&%ﬂieﬁ’émdupl icated region are further apart
fromthe 4C sequence and consequently will show
decreased hybridization signals as conpared to signals
- f Pefartionceindupdicatignis)di seased subject. 30 Preferably, an
i ncrease or a decrease DNA-DNA i nteraction frequency

for the subject sanple as conpared to the control is
| Deliection W dlplacation| iscaypioallyorbaseds estt i identifying those DNA-DNA

20

interactions that are different between diseased and non-diseased subjects. Probes in

the duplicated region will show increased hybridization signals with a 4C sequence

(bait) located near (eg. about 1, 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14 or 15 Mb or

25 more) the rearranged region, as compared to signals from a control non-diseased

subject. Probes beyond the duplicated region are further apart from the 4C sequence
and consequently will show decreased hybridization signals as compared to signals

from a control non-diseased subject.

30  Preferably, an increase or a decrease DNA-DNA interaction frequency for the subject

sample as compared to the control is indicative of a duplication or insertion.
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reduction in DNA-DNA interaction frequency for nore
distant regions is indicative of a duplication or
insertion. 5 Prenatal Diagnosis Advantageously, 4C
technology can also be used in prenatal diagnosis.

t e

\I)gr(ré#eg% ﬂ r%% ﬁ?ﬁgr]gf\l n%\%%ﬁ&%h%ﬁ%ﬁ&i{% for 'ﬂﬁg%xbject sample as
Qfompaﬁdﬁpioethe ajontrok amt/@sa sedigtiomén IDNA- DNSAmhtemumon frequency for
ammiofic fluid fro tal, cells i.n suspenS|on

%fe&t%t?fﬁé?%ansd%“ég]‘iﬂ“ﬁ’ﬁf’ ﬁldFlg}caE%%%’f‘é‘Ferﬂﬁ’}s (Mercier &
Bresson (1995) Ann. Gnt., 38, 151-157). Nucleic acid
fromthe cells can be then extracted. The collection
oPrentwal Dédgrosis |1 may nake it possible to dispense with
the culturing step and avoids the collection of
amiotic fluid. These techniques nmay be 15 applied

R AnBlpebubly, UC (EcHRRIES cBth a6 Bk abddin prétatd faghedis.ect i on
of chorl al villi and 13-14 weeks for ammi ocentesis),

but with a slightly increased risk of abortion. A

fﬁ%ﬁ?lc 8 Q! lag goggu efd éo% fetjaL 8%.% Ln&.{%qnétﬁ&ﬁl th%faré Eﬁown in the

cor can al'so e use talrn nuc
adit. d Bybwhy tof eikax@ibley am@ipsbmtesis @ai darused te lobtirc amniotic fluid from

?\2@8%?6 lt;ﬂ;eeﬁp Iugplthsg%t?mqrﬁgrpteigrggég A g!.ﬁo de for sevearlal days (Mercier &
Afﬁ?é a@ggﬁs n. GRNEiS CSﬁbﬁm ANRISc (a%gi HORNAY ClMcan be then
ronos

errati ons as rearrangenents,
texmasﬂedxc élthemmd;lpctmlveﬁ sliopiab v1111nw miak &, pageiblet tooqhspem@ with the

g sieB e evpids dh€ PSS Y Ay Thedltpiial@ may be
aiﬁhé@&érﬁ&s(ubqs 7 W&k Wf%eétﬁtlcﬁﬁfo@ ﬁ;eswmaétlcﬁb@frd}@hapﬂﬂ) and 13-14
such as rearrangenents translocatlons |nverS|ons

i wesks forcamnioceatests), bt witha stighiby insieesed; riskofiahortion.
chronmosones 21, 18, 13, X or Y and al so | osses or
gai ns of part or whole chronosones 21, 18, 13, X or Y

NRMdifeet dﬂ)ﬂ%ﬁi‘dnedf fetahblol et lavet of ke whbitical ok ean also BOused to
whi ch the ngj Orlté of aberrations occu

he f
ehtain uelpic gpidoduldyically Tequiey atteyn %llggmta%@ Sw%?atllsed in this
084 QRAIRn &Gl o). BRSYRS FORP Bhapn. Ther., 10, 192-199).

Advantageously, genetic aberrations (eg. genomic or chromosomal aberrations) - such
as rearrangements, translocations, inversions, insertions, deletions and other mutations

in chromosomes and nucleic acid - may be detected at this stage.

Pfeferably, genetic aberrations (eg. genomic or chromosomal aberrations) - such as
rearrangements, translocations, inversions, insertions, deletions and other mutations in
chromosomes 21, 18, 13, X or Y and also losses or gains of part or whole
chromosomes 21, 18, 13, X or Y may be detected since these are the chromosomes in

which the majority of aberrations occur in the foetus.

Determination of genomic integration sites
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4C technol ogy also allows the determ nation of genomc
integration sites of viruses and transgenes, etc,

wa@bk®e/osdzeh nultiple copies are inserted at di fPET/EB08/000625
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positions in the genone (as described in Figure 3).

5 Determ ning predisposition to acquiring certain

transl ocati ons Advant ageously, 4C technol ogy can al so

be applied to non-di seased subjects to neasure the

genom ¢ environnment of loci frequently involved in

genetic aberrations. 10 In this way, it is possible

t4T dehasleinalsohglopsatle dprsmination of gefiemslibjegritioh Gites of viruses
acquire certain genetic aberrations. Thus,

FAnSEEED oh @leoHeBATUIBIECORiEs 3R BEerHER ditferertpositions in the

P j At used in diagnosis. 15
M%ﬁ??@kﬁ&ﬂ§§a%ﬁgﬂgﬁgg%§f invention allows the

si mul t aneous anal ysis of the frequency of interactions

of nmultiple ar%et nucl eaqt. de seguenc s with one or

B¢ IS IBE RIS LG IR HELTIBY cersryn inqrepedions

Anplification may be achi eved using nultiplex PCR

Such nethods allow for an unbiased screen for bal anced
ahdvantdgadushc e4C gleclmelagyr eart ralsag bereapplied to gnon-diseased subjects to
transl| ocations, Inversions,, de i . upl i cak | .
R s 0R s T PREeR OFeEr B8R0 Tt dehitie Mirations.
Nt thadea .o iHPosisild tb Aetetimitel fhy fredisgasiiont & e subject to acquire
rearrangenents at very high resolution, typically
viertaingengiihabermatipifhases (on average 5kb). The net hod

25 can be used in diagnhostic applications as set forth
above, for exanple prenatal diagnosis, postnatal
ditagn s bdditow td dre mbdicanaky desribéd hemedr, tlanpres¢rfténvention can be
di seased sanples to identify genom c rearrangenents

UHRge I YRERPStY seases or predi sposi ng subjects to

di sease. Anplified nucl eotide sequences of interest

can be analyzed on tailored 4C mcroarrays (as.
de8H/TIBBBXaACOVe), or on genonmic tiling mcro-arrays,

or by sequencing 30 as described further herein. 86

WO 2008/ 084405 PCT/ |1 B2008/ 000625 The si nul t aneous

SRR i Enti Pl ToRRARE IR uStaRdousdhdly 3¢ 6f the Gleqiidiewof ifteractions

be associated wth a di sease. .
of multiple target nucleotide sequences with one or more nucleotide sequences of
interest. Amplification may be achieved using multiplex PCR. Such methods allow
for an unbiased screen for balanced and uhbalanced genomic rearrangements i.e.
translocations, inversions, deletions and duplications that may have occurred anywhere
in the genome. The methods can be used to identify br¢akp0ints of rearrangements at
very high resolution, typically within twenty kilobases (on average 5kb). The method
can be used in diagnostic applications as set forth above, for example prenatal
diagnosis, postnatal diagnosis and for the analysis of tumor and other diseased samples
to identify genomic rearrangements underlying diseases or predisposing subjects to
disease. Amplified nucleotide sequences of interest can be analyzed on tailored 4C

microarrays (as described above), or on genomic tiling micro-arrays, or by sequencing

as described further herein.
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For many di seases, syndromes or phenotypes, nultiple
possi bl e causative DNA 5 alterations are known and

WG ipseges need to be screened to identify the BXEIE2008/000625
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rearrangenent underlying the

di sease/ syndrone/ phenotype. For exanple, in the case
of | ynphobl astic | eukem as rearrangenents invol vi ng

AML1, ML, MYC, BCL, BCR, ABL, inmmunoglobulin Ioci,

EI[%'L% lAaLnIeb sTf%;’ge’nz L‘B'ra ﬁtshn’_%l 9[009 Q?Z%Lrp}oybe associated

o re ue unde ease;

. tweghodisegye. can be appli ed to 10 identify which | ocus

and rearrangenent is involved in a patient with the

given di sease. In this enbodi nent, 4C technology is
' Rdrobid® drOPher®lypel! RUAHe Jod6ble bakMIve DNA
g%{rﬁ be ana%ysed epgr at el ryﬁ et?uiyp'e [t plgﬂeel oci gan al so

bedtermtiahy el lgiowunl taadesibiHcts need dosbngiceeened 49 . identify, the exact

4C screen can, i.nvol yve the a I|f|ca

e EERATCRS  hsaet AR A B p S, Fan el $ne case
NSEClyRfhbBastRe IHRBMBS féﬁﬁange&emsotnvomeg lAvIi 1} MILL NREXIS, BCL,
to be anal ysed for rearrangenents. et seg/uences at

dBCReaBIL, hmgmnoglobulna tagi, ch‘ébenTbééea" i TeRPaHOX and

ment, b&n %tg ﬁ{:%qeg I|f| e;h%@} Eggl tgé}ﬁ-jg?oﬁye?an be_applied to

eiﬁ@rﬁl Z\Quélﬁb%tanﬁh‘ ?bﬂ@ntﬁ@ﬁﬂ@%d in 8 patiehid wit the given disease.
perforned si mul taneously in one reaction volunme by

mul tiplex (inverse) PCR The -latter is to be

| Flﬁteté}%;r egl? Bedt®d SteXﬁh%'i‘%fg c;l.Feg{e'ddt% ?agfr] g%g{{ﬁﬁz%ﬁ? of in grest Each

ATEY ac INng W rent
SIe61LeaIan &8 anglgsedeparatelyt, baadhlipledloei daacdlseiHelanalysed 51mu1taneously

conpron13|ng t he analysis. This be.the ¢ f ol .

e@éh?rﬁ}né QRN (1965 e TECAICaR TBYPIYR Mecinsistsel AL BrpuBlification of
?leeﬁ’tg Qfa&do%:)&ﬁnﬁ e 27 nfXfRe wgetstﬁﬁfeoﬁaé 96&21%19&@ mhr each of

ance ar en for m ninmal "overlap between DNA-

Dhlé\locmtlmt acids mwbesarg:dm;led forgearrangements. Tirget soquenpbesmt or near these

bet wee ctions ified fromdifferent

t19figLe © nl?ﬁ? B%SF#&B%%H@%%% W%W. nterfere wth

the detection of genom c rearrangenents. 30

Amplification of nucleotide sequences of interest
i Amehﬁmong)fwclhotmef sequanges efzinteeast caulq pastarmed separately for each

G5 LA B S S BlcB, 68F hscio

Hﬂﬂﬁhécﬂyl ﬁiﬁ&lplée@ﬁlvél@e)bECRabHiel Rttediis fcf:‘lben;bl’eﬁermd inhexses when
inverse PCR priner sets interferge th each ot
amﬁslqwlrie sequspces fof jiptereslcipterasting oyigh litierqny tasget nuc [tetiad sequences

V\n‘%?h t t c%ll#rqgfé 1b& Wit ERfFONRding BieChafsis. Thi AgY bB%he case

e var
for example when loci are located on different chromosomes or when loci are located

on the same chromosome at a distance far enough for minimal overlap between DNA-
DNA interaction signals, or in cases when overlap between DNA-DNA interactions
amplified from different target nucleotide sequences does not interfere with the

detection of genomic rearrangements.

Amplification of nucleotide sequences of interest interacting with different target

nucleotide sequences is preferably performed separately when each set of DNA-DNA
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5 target nucl eotide sequences are hybridised to a
single or multiple mcro-arrays containing probes

WO epsesani i ng the conpl ete genone (e.g hi gh dePSi/iB2008/000625
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arrays or tiling arrays) or a selected part of the

genone, as described above. Hybridisation signals wll

be conpared to those obtained with a control sanple,

where an increase or decrease in DNA-DNA interaction

fur ncj es .

RGO e B E L aigRerk T R CR Bk 1B Soterfere
swithkfch dertydmpiFRadtigeslicizney.de screening for
rearrangenents at unknown positions in the genone. 15

In a second enbodi nent, 4C technology is applied for
aﬁiffé‘?&tﬁﬁﬁgm SERHEAT a)’\fagaledss%gﬁﬁl@eg Ot infled 'u§t¥ract1ng with the various
rearrangenents i1 n sanple froma di seased (o

narpedimekotdd sequenies ire \hybridisedhdo ream%g:enmnh@leamcro arrays

revi.ously unknown and/or occyr at un ocC.
oS Gl R en i e caP et SERAn (ot N AsBr BT or tling
CHRRRE ot Dsditéd RotltRe & md, 8RAERABE BIdlve. HitidigutioR signals will

sequiences are thus not known or suspect ed to be
assomhparatitozboss abitainddewith 8 canteol sam@iee adpere; ancipcrgpse or decrease in

BB PGl Sh et HeplAlP Y A5 ENARGR ccRBP TEmple is

CiauRhBELf0ph DN rédifaap@hér in the the shrfiplest i gat ed.
Preferably, the entire genone is covered. For

i nstance, target sequences are chosen such that their

i 5 %ﬁﬁzﬁgéapgeél?%g ﬂfzg% ?f?e%szrﬁﬁ Pe ;r%'zge:’{z] entO& Mn%ﬁtﬂol‘mons in the

e seque y |ng the target
smam@.ce, i.e wthin 5, 10, 15, 20, 25, 30, 35, 40,
or 45 to 50 Mo fromthe target sequence) cover the
conplete or a substantial part of the genone or a

Chyr QrEQWerﬁﬁocﬁmEﬁ‘f t4C0ftecﬁn016§‘§ QERBHRES forhdrS udbihdedabdrde-wide
reconstructlng p ySlcal chr onosone maps present N an

sscbqeacto olentifl rearrppgemeds fpra samaple aﬁr‘geta s@ga@dc@% non-glseased)
nt. on the |inear hrormsomete e t h

%.{Qch oHRsG t}?en]ieg?%em?ﬁ SN PEEUE r?'cléﬁg'(’ ea“c3’8°er riap p?tnlénknown

JRBANS. Bthiy QitRIkhent, the %&get&gqﬁwcaﬁ&&ﬁ&%dd%sen to be close to the

PCT/ | B2008/ 000625 need to be, for exanpl e, 5,

oparrageniot. Bl targst seggencss asythpgsnatdmons ngag‘pep‘qegm be aésociated
1@@@ 108 Bfsc "HSteal EQURL ANEn 381! BLELARIUIREEOR b chosen

tar e ences separate 0- 300
" genogret or&éﬂi&ﬁﬂﬁ'@n&hé soe o lpm:{udeTmfﬁamrcowhmgc ofitheecheomatin to

be investigated. Preferably, the entire genome is covered.

For instance, target sequences are chosen such that their interacting sequences of
interest, being mostly the sequences directly surrounding the target sequence, i.e
within 5, 10, 15, 20, 25, 30, 35, 40, or 45 to 50 Mb from the target sequence) cover the
complete or a substantial part of the genome or a chromosome or a part of a
chromosome. This will allow reconstructing physical chromosome maps present in any

subject or cell type.

For two target sequences adjacent on the linear chromosome template to have

overlapping interacting DNA sequences (i.e overlapping genomic environments) they
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genonme wWith target sequences separated -50 My, 40-60
target sequences are required. 5 In an ultimte

weedpss4rent , only one target sequence per chroPOBEBEOS/®0625
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required to cover the conplete genone. Al nucleotide
sequences of interest that interact wwth the target
sequences are anplified as in 4C, either together in

a single reaction mx (or a limted nunber of 10

re I exs (4 r &¢€)

Q8514 BE 15} EEIREYS. THL S RS (0L 857 A2 B0 RE LAY away from
| kR lothehUT liuSptoe(XoviEERlei ®nipletd gepomé €2-8ed] (D%p¢ assﬁ)stangae sequences
nucl eot.i de 2ue2§£s of interest interacti

Wit h
cepraledn 1 OMp gEY SRAUERSRS HE ETREY. [P cover the complete
%ﬂpﬁﬂe%m thr e@ u%ﬁ&s‘%ﬁeﬂ&k‘& ~§@m QoL6Y Bket SRuences are required.
ysSi s cation w | done separ ately fo
elmhn mlamgm embmﬂlmenu, dalymuerg:ts sequenceepas ['vhsamoseme is requlred to
DﬁA nteract| ons belonging to a given target
Sy fetie £omB lefke48™50 | abel | od di £ £ erent | y and/or when
inverse PCR prinmer sets interfere with each other's
a lification efficiency. Identification of

1 r sughrotide serwincee ofr itfgesiethels igferept adthd dheefaraeis sequences are
I Hselrflelqons 4 elaigr ef % 'a%ﬂ?gp c{imbﬁg ggld qﬂﬁited number of

IWVGTS 10 n one erre I ment

afehctibiphixtd)dy hiNdples QMGaee)sPG:R],tc&m Setpamje (/mvdrsd) IRE€ Rseetactions that
of target sequences froma test sa

paaY &8t Peelsth labgr. Mléltlp]&é rR(F]%alp|t9 lpeaggqréedl g)ngases when nucleotide
g%g\%fﬁe of ‘?nt%fgs?{ t?%ﬁ@f@n??ar@étemfc@é'ﬂ?ﬂé edqWénths can be

se 0 acontro e.g. 25 from heal
sidegtivally Jatetied rvmthoam dompgumslagphegndams bénwlﬁpatmnswdl be done
tothes a di.fferent col our,s e a
PR dPE coreh oleoh e BIIFRICR, FayEe VB et g A DNA-DNA
ﬁférréacﬁ%ﬁs %Eloﬂgﬁﬁactbeﬂsgffvdnnta%% @&lﬁ:ﬂcé‘trﬁé@&% ®8 labelled differently
frequency for the test sa conpared to the control
sandyfsirewhen j invkresatAGRe prﬁnerasm phteefate avithi §ady other'sopmplification
deﬁJgetlon in the test sanple. It can also be
FE3% ve for an inversion. 30 Fi gures 18 and 19 show
a deletion identified by 4Cin this manner 89V\D
2008/ 084405 PCT/ 1 B2008/ 000625 | n anot her lfer re
equer@feﬁqq@ﬂre of &HIACHTF QMR OTIRNT AEEANGREEIY'S St b e Fﬂ@{w’tSﬁmons and
st sanple (e.g.
AR horl and BB ed S UARGE e FRLRIES B2
coI ours alter nating for target sequences that

nI%I o%re]:%?g erreé] emggdllmlegte aa[l i %@8?)%3 sequences interacting with the set of

target sequences from a test sample (e.g. a patient sample) are identically labelled and

genome-wide interaction frequencies are compared with these of a control sample (e.g.
from healthy subject). Control and test samples can be hybridised to the same array in
different colours, or they can be hybridised to different arrays and compared. An
increase or a decrease in DNA-DNA interaction frequency for the test sample
compared to the control sample is indicative for a duplication/insertion or a deletion in

the test sample. It can also be indicative for an inversion.

Figures 18 and 19 show a deletion identified by 4C in this manner.
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tenpl at e. Nei ghbouring target sequences are cl ose
enough on the linear chronpbsone 5 tenplate for their

WO 40808305 Nng sequences to be overl appi ng. ThusPCT/IB2008/000625
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nei ghbouring target sequences nay be, for exanple, 5,
10, 15, 20, 25, 30, 35, 40, 45 to 50 Mo away from
each other. Such an experinental design prevents that
rearrangenents are mssed due to saturated

h br ' ﬂ-& %{' érpedsén%b dﬁ:&elﬁl 8? ifi4 BNA %’ EallerdBS Btdractin ng \ with the set of

none- w ractron trequenclies a
C e‘nbdsffgtrh astestahmplec@y. rp@tlelﬁa;mmlplf) (aee @beh‘lerd)lm two colours,
10 subject). Control t est  sanp
dWFthéPé’h‘Fﬁ %lrerrgﬁtlrla tf%q TRERSt SRAYCRSPD fi'?aa ing@ag?lg qnh‘g flggmé:%romosome

ate %elggﬁ%ﬂ?]lg ﬁ%@t S4REA AL §1%d015§é QolufR R e ﬁﬁéﬁ)&ﬁromosome

rease or decreasé i n DNA- DNA
i mn;ﬂaate tfmoilheir retgractingy séquendels o tbesivedmmmga Thwspeeighbounng target

PRSP hen CERFB S0P Tt &0 o Dy b A 4116 50 Mb avay from

S@d@ﬁ' dther. StclCallexdefiticR@l ek pleh¥fs TRk rédfrahfon@drtd &8 missed due
15 A subsequent 4C analaigl s directed to target

f@qm@ hylmdxs;ﬁgn signafsslgee tae givenrtargshseAUsAre: @gnome-wide
e e RS

t SubfectR ﬂohﬁbl aﬂmfﬁbtesah@&mtdaﬁIb&&llffélentlalryvlabdledmnldrhyﬂahdlsed to the

test sanple. This is depicted in Figure 2 20 |
f EAmRaTFayp PEFhEY carib %hiﬁlmﬁofi?éﬁf’ differentiaysan @ﬁ%ﬁi‘gs‘“’o‘m@%e or

I DtRLRSL 1 nlbﬁ'AaﬁN'An Elrtéﬁ‘aétkbn (itfeﬁ{: Bor ﬁ@rtgﬁtsﬁﬁﬁuﬁﬁﬁﬁa?ed to the

j uxtaposed on t onosone tenpl ate are | abell
Wedtrol darfiple rieimidicdties for Reduplicatparipsergornora deltaarnt mdhbyest sample.

t he appear ange or .di sappearance of interacting DNA
Ft g@ %ﬁ“f ‘éat‘ﬁfﬁif?ré’ﬂt‘ggeé P-e conpared to the control

sanple. This is 25 depicted in Figures 21 to 23.
I dentification of balanced and unbal anced ) o
t Aaissbsoqaant oS . analysis fireethdrtoptasgelr sesyeraed oflanking or inside the

rml : hﬁ%eﬁnéj%ﬁéf ’ egegé%}e:cabl }{egfo \A%él gon Ig&/egﬁ%y ﬁl@grsﬁﬁg NAn inversed
af)ﬁtdﬂﬁ&if Bytshiidakiah §1 g€ Scomhpaedad ea daﬁtraleennplarglehuﬁes the
sequences that nei our. on the linear_chronosone

t Eyprstanen thg testrspgples rTé)gsmé derictedAn KU/ i di sed

together to an array containing probes representing

the 90 WO 2008/ 084405 PCT/|B2008/ 000625 conplete -

gEm arferthéfhrefetred tehdbodment nnued eobiNid-sBivencest aff mterésd isteracting with

Sf}(g?ent target sequences juxtaposed on the chromosome template are labelled with
different dyes. Rearrangements are detected by the appearance or disappearance of
interacting DNA signals in the patient sample compared to the control sample. This is
depicted in Figures 21 to 23.

Identification of balanced and unbalanced translocations.

In a further preferred embodiment, multiple dyes are available (e.g. 48 dyes) and each
chromosome is labelled with two unique dyes that are used such that the dyes alternate
between target sequences that neighbour on the linear chromosome template. All DNA

fragments can be hybridised together to an array containing probes representing the
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chronosones that occur in test sanples but not contro
sanples are indicative for a translocation and

WO d@asf4ys t he two rearranged chronosones. The PCT/IB2008/000625
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transition fromlowto high signals on an unrel ated
chronosone identifies the primary restriction enzyne

5 recognition site near the DNA breakpoint. |f

transl ocati ons are bal anced, each of the two

C h I rfgg 0 n%ngl%gc I fﬂlg qge%ﬁﬁ%ﬁﬁ)lﬁl d %‘fﬁgn %teractwni between

rsation signals on a usi ve set

mlﬁchﬁssoﬁiers ahatl c)tculnﬁl @btbsmmplésgblﬁamh conthﬂrsampldsrme lindiemive for a

enpl ate of the unrelated chroppsone. The

t € .ne | 0 »
pravslegeion andrideniily therive rsareapeeth RBIO39MCS: éf%F Gengidep frpm low to
%gﬂ\@%ﬂafsr@l M&t?d Qﬁroﬁfog&ﬁé id Sk e BARIaly Yé?‘«;mctlon enzyme
hybri di sation signals. See Figure24. \Wen tested on
pratagnitfonssitemear the DN A bregkpointhr onosone 1: chr onosone 7

transl ocation the results shown in Figure 25 are

obtained. In this particular sanple the 15 target

SIE W4R{168Bi0AY afe KAl ACER KabIEBf BiE TR @ErdinSs8hRCdpkific @yes should give
sequences |ocated next to Hindl Il sites (see above

fstrong hbybrédisatieni signals par gemuiuablyesaelyyive | set of probes directly
tra Iocatlo S fr ENALRE

e 8 ‘E 081%Punbafg me&htekr %ﬁs ocat | onstgi@%(}e]{aoé%os%le The

tlheaktpwlt ohrbisuafEiFed E)lﬁﬁmfols@?md )seIScaM:d In ptweerstheawg se@@f probes
bridisation signals on a nutuall¥ excl usi ve set of
mmﬂwﬁéwbﬁg auansienahy Sffki8HEZfhat do not

di rectly nei ghbour each other on the |inear tenplate

of the unrelated chronosonme. The probes | ocated on

t Waenintestedt enl & hpatiens samplen itratlviegna cltremomns et:shrofnosome 7

prObEEQ%QI%%ﬁ% Bg“er cﬂ{ éwgﬁgaﬁgggggg teractlons NSmple the

QbR sRuRR&S &Y tHehhrPay RGrRBntBR K sdltei0R DI héﬂc@§ ll&ﬁted next to
sites near the breakpoints on the unrel ated chronosone

(BiadIIFsitpsi(scexbpve fonthederivatiemofgarest ?fatlﬁ@ﬁﬁ) sanpl e

i nvol ving a chronosone 4:chronosone 7 translocation

with an unknown anount of deleted DNA at the

brf epdsiR R Afiordsheccufredl | with 164308N DNA Fatgtheebdkpguists (i.e. unbalanced
obtained. In this-particular sanple the _target
sexpslosetianshn cedhe o0 the riaKp &@wmpspgﬁsr%@ﬁeeém will give strong

?ﬁjbﬁﬁr efs%}f %fl%ﬁfsqm al eﬁl ﬁt @)ﬁclw sE dJil Bbkd ot ttﬁé unrelated

trans ocation and t
dehr@hosome( thapdono N&léct}yr mlgiﬂtoar: tach othdr MOLROLGBYa0 Mplﬁte of the

PCT/ | B2008/ 000625 t furt f

SRR SRIomasaE: 3P Pepes locater] Omthe apBISied hrdpsome ip petween
aRd twhs6d otfcbré*éécsfsﬁf)@{]{g' it ¥hioRRRbmEPDN A WNARSEFBtions represent
(Frgure 28 Thus, DNA sequences

the genomic reglon that was lost The most outer probes of this region mark the

restriction sites near the breakpoints on the unrelated chromosome (see Figure 26).

When tested on a patient sample involving a chromosome 4:chromosome 7
translocation with an unknown amount of deleted DNA at the breakpoint the results
shown in Figure 27 are obtained. In this particular sample the target sequences on the
array again represented a selection of sequences located next to HindIII sites. The

result shows that both the translocation and the deletion (approx 2Mb) are detected.

91



that interact wwth target sequences present on the
sane chronosone are | abelled identically and

waledoBesant from those | ocated on ot her chronosPOEEB20041®0625
identification 5 of DNA-DNA interactions between
chronosones that occur in test sanples but not
control sanples are indicative for a translocation and
identify the two rearranged chronosones. A subsequent

4&’ %?,@S %‘ﬁréh%f s %ﬂ %{I}J fl‘ﬁlhtkr%{? ggéé%%; gﬁesglalre available and

t heeditd thﬂ:r‘enﬁalyl IQBeIOéacb rchalapsbmie(Figdes 28). (TthS oall B&bh sequences

chronosone iis labelled with two unique dyes that are
uihet! inieraRt W tapgeh pealanest RESSNT HR \F&Mﬁﬁf%ﬂﬁﬁt gre labelled
ﬁl%ﬁll'i@afl g d Wﬁérgntt 12618 $hose q@éé?é@lcﬁrq oth B¢ hrORbSIMARUThO Mentification

ronosone tenplate. 15 If translocations

5 aofDbal- mmealmemandmsdietwm chmmokmmmh@mcgpecierst samiples; but not

shoul f 58“‘8%& %é Ir L@(gg gg{ebfyf %%%%gcgagr}gaggl f\?entﬂ”yathe two rearranged

n@drgﬁg%ésng each other on the i near tenplate of the
unrel ated chronosone. The breakpoint on this
unrel at ed chronosone is |located in between the two

R aRBE R g OIS PERLITAE, BNPERPS BBy ot i

10 [mé ahndlbeitibh ealkp@ nhe identéficatiobadfarbeedtpoints. Here, one or each

transl ocati ons) each of the two onosone- s ific
dshemppame i labelladr WHE tWRNqUS O%6 | tgarﬁ aLs Ysed %“cgntﬁ%t théy alternate
WP e Set QqulefGes it SlefhB8ur on the li
%@%@?h@tﬁéﬁgnﬁnﬁa |gr ect: ygene%hbojr eacﬁéhot heorn e et
ochrbimesdmmtemplatenpl ate of the 25 unrel ated chronosone.
The probes | ocated on the unrel ated chronosone in
between the two sets of probes show ng

15 | HifhslbAtRIR SRB larddbidy i off meem»cém&ﬁasdnedor;esmtdyeg Kkould give

genom c region that was |ost. The nobst outer probes of

t strangr dyybodisationk signels rosstar |rmml@lry sexchisivge et tofe probes directly

Bﬁ%&lﬁbﬁ’m 1 G AN A RPIS0 0 BB el ApihiEme. The

diﬁ\"tﬂlsl wnrelaed chiodndsbing € logaled g betdlebn BeAWwo sets of probes

fragrrents that interact with target sequences present
oshopying pesiiive otbrigisaieniignathus, with 1,2, 3, 4,6, 8, 10, 12
etc dyes, 1,2,3,4,6,8,10,12 etc. 92 W 2008/ 084405

20 PCT/ |1 B2008/ 000625 chronosones can be | abel |l ed

Ul grasslocatibmb etduetd DN loag wE DN Abet ey bregkpaintsatife. ofbalanced -

translocations), each of the two chromosome-specific dyes will give strong

hybridisation signals on a mutually exclusive set of probes on the unrelated

chromosome that do not directly neighbour each other on the linear template of the

25 unrelated chromosome. The probes located on the unrelated chromosome in between

the two sets of probes showing inter-chromosomal DNA-DNA interactions represent

the genomic region that was lost. The most outer probes of this region mark the

restriction sites near the breakpoints on the unrelated chromosome.

30  In another preferred embodiment, less than 24 dyes are available and each dye is used

to uniquely label all DNA fragments that interact with target sequences present on the
same chromosome. Thus, with 1,2,3,4,6,8,10,12 etc dyes, 1,2,3,4,6,8,10,12 etc.
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t hese chronosones can be hybridi sed together to an
array containing probes representing the conplete

wW@ensei40The appear ance of hybri di sati on si gnaP&T/1B2008/000625
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representing DNA-DNA i nteractions on an unrel ated
chronosone identifies this 5 chronosone as a
transl ocati on partner. A subsequent 4C anal ysis
directed specifically towards the chronosones

involved in the,transl ocati I t -
o e BE e RPbRERG TrLRILEBRiA Rements belonaine to each of
| the@N @hideiosomesd ejahede elixppidiser Nfogethes Sot Ardnardsy dystsinittge probes
avai |l abl e and each 10 chronpsone is |abelled wWih two .
usPgsetiage dhe repmplete gerame ydiber gapearaney &f ¢ Bybiidisation  signals

br% P@?&ng'\pyfg-m r}h%rzicmn%r At Lﬂ]qlrﬂ’é.lgtgdt Sfibsome identifies this
seguence at “nei ghbour on the linear chronpbsone
t chigrthedome ashanshdchtior?pattrer.8A ddhséQuebd 4CGNnARsiR dir2@ed dpecifically

etc dye ,2,3,4,5.6,7,8,9,10,11, 12 etc., chrgnosones ..
e tﬁswﬁmwom%ﬁ d%‘é%z!ﬁd 1ny fhepirgrsloeption gllaws thsdgification of
hyrRL i e s UeQebbEabdve).an array containing probes

representing the 15 cohpl ete genone. Hybridi sation
signals on an unrel ated chronosone represent inter-

ronpsomnal = i pteractio ang, identify_tHhi
Ty SRBBereread  pabadibEe et Warf it HEL ALY alalale, and cach
f SHRSmbMd B 1AbdidSWEN &k ualua tyds Hek ate dsedYuoh ke they alternate
identifies the primary restriction enzyne recognition

shetweanddN At fregnmts infesatingivith tapast pequgness that geighkqur on the linear
| | h ol Pl
PR I S 2RI B e

eac not e’ 't hah t wo
unRg14es5,67¢839,1 01at, 12r éc.uskodnriscined kah bdrdgbellad t@nqadye All DNA

bet ween DNA fragnents interacting with target ,
SERATATE S P Y HA B98P O ThETRY ReBipingley BiRBRiofraresenting the

t . § i di ——
X &(;ﬁgg&& gsrrlﬁl‘bé.c ol dtlé'aﬁgﬁr%%?ﬁs CAMnDG MR cﬂf&ﬁ&ﬁﬁﬁ%ﬁl@?&m inter

al ni ng obes representing the

cahmqrh esomal ENDADN Ayibteragdtisnst dndridenitfy his clmomesoRé as a translocation

ORI SEBTA0R FORCIoR R M GRRTAT O P i e aaprgme dentifies
aht bARRHPRSH-A6n Bitdyhiatcoghhtfon site dBgd the DINA beakpdy. t 0

hi g si'gnal s on an unrelated chronosone identifies
the primary restriction enzynme recognition site near

the reakpoi 0,4 | f e i
AU AP TGO Ao 1, SHEE gl and e
ofteorabsopiR dake]led cdtidinog: than awy uaiquehiyes thaatregised such that they
nment i oned above_ can subs%%uently q§éused to identi

fy
Al iSaIao bottEcTo PN/ g gnts frjerapting; with 387 Ssgbmeestabaciehbour on
R /lihgaa'c&%rg(?sgﬁl%stemplate. All DNA fragments can be hybridised together to an

array containing probes representing the complete genome. Hybridisation signals on an
unrelated chromosome represent inter-chromosomal DNA-DNA interactions and
identify this chromosome as a translocation partner. The. transition from low to high
‘'signals on an unrelated chromosome identifies the primary restriction enzyme

recognition site near the DNA breakpoint.

How to identify other translocation breakpoints
Breakpoints identified on one chromosome according to any of the strategies

mentioned above can subsequently be used to identify breakpoints on the translocating

93



partner chronosone. This can be done for exanple via
sequenci ng of products obtained through |ong-range
WESRSo%ans DNA j unctions or |igation-nmedi ated (REF/IB2068/000625
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t hroughput DNA sequenci ng prQqm se
Vi

or inverse PCR on DNA circles created by restriction

enzynme digestion and religation of (non-crosslinked)
genom ¢ DNA, using priners specific for the one

chronmosone 5 that read i nto sequences of the other

chronos . lpn._one.pr r ephodi - - th

PP STl SRS ey S FIOEIIL 8 e procs
bebthiabd taebhlyngirahgd PCR ecr HO! A jymetiomeotligdtiowatedihited (LM-)PCR
agai nst target__sequences near candi date breakpoi nt .
t OF MRS PERASPYA elesies qr?t?ﬁsmeégl%mﬁpzme Eb%ﬁg‘&ns religation
t t i Ve hor ' f me
R e B o Sy T P K iione chromoso
cthabiead thtd sequemash patheatisdr ghoorosemet he genone for their
occurrence. 15 If genomc tiling arrays are used

i nstead of 4C arrays, transitions in signa

It %ﬁ@'ﬁrbféﬁedfé?ﬁbcﬁﬁxﬁgﬁ,s clabi tAP@E esofiindniienéd REREns for genomic
chronosone tenpl ate that are observed in patient, but
nisarrangesntsrrody, bes follosd  byi andiidicated 4Ghexpssisnent gieied against target
br eakpoi nts as i W I

(R RR R RRACHE Plsdboothily hanPBRILE LERIF MRTRERn

site near the DNA breakpoint). 20 SEQUENCI NG Hi gh

to, be

af\sRactss It memodpescr Ve farithe detpation el e et ypes of genomic
Rt _ : i
UK AP S OSSRl ool 1t o

apgufandees are listed in E. Y. Chan, Mutation Reseach
573 (2005) 13-40 and include, but are not Iimted to,
near- term sequenci ng approaches such as

CHYeRoRid B £APay3RRE QaaNBSteadof ¥ORFBHE taBREHOADIN signal intensities
appr oaches and eéxonucl ease sequenci ng, revol utionar

s fog peotes M@ﬁp&ba@ ﬁ@slir@gcﬁlra@osmtegMQ itk a&(@bserveg in patient,
E@Lﬁﬁ%ﬁé@ %Sﬂ%%é NGh rl])g“gg ?r?%?alé{] _ﬁ%e;] Pc|>s|i iﬁna[) %?&ké&h?sl Erl]SéOCiated with a

cu oughput ‘séqtienc
NRHRRAS rédrngSfter(tPiristdad el heCpritgary Sebtedstion GRAANE recognition site
Anal ysis System  Agencourt SOLID sequenci ng net hod

( PgsptheddNAdreakpomt8/ 084405 PCT/ | B2008/ 000625
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SEQUENCING

High throughput DNA sequencing promises to become an affordable and more
quant.itative alternative for micro-arrays to analyse large collections of DNA
sequences. Examples of high-throughput sequencing approaches are listed in E.Y.
Chan, Mutation Reseach 573 (2005) 13-40 and include, but are not limited to, near-
term sequencing approaches such as cycle-extension approaches, polymerase reading
approaches and exonuclease sequencing, revolutionary sequencing approaches such as
DNA scanning and nanopore sequencing and direct linear analysis. Examples of
current high-throughput sequencing methods are 454 (pyro)sequencing, Solexa
Genome Analysis System, Agencourt SOLiD sequencing method (Applied
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Bi osystens), Ms-PET sequencing (Ng et al., 2006,
http://nar.oxfordjoumal s.org/cgi/content/full/34/12/e8
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hi gh-t hr oughput analysis of the results 5 of 4C and

ot her approached based on detection of genom c
interactions. The frequency of occurrence of a
sequence is indicative of the frequency of association:

tﬁloststgem enoneMsap]chan ngélgﬁah%sed ?Q%t he e wWqy as 2006,

di sation results nal yse |nt e
flﬁqﬁgmmforaj@uﬁamwg/egmntmt/ﬁﬂmmWeSM)on the tenpl ate
as provided by steps a-g, described in claim 1.
Alter natively, the sequencing can be perforned on the
| OGS t
SRS ) 5 SO ES REPALBB of e sl
b(yf 4Ci and eitheal appr@chedidmsail on detedijomi bf g&ﬂ@nlczme@mns The

Sequengi n tiated f.romone or _both ends of . . .
CReauBtRY P OHHLETRSS B SrALTRES oA ve SR GER of Hssociation in
CRRYeRbmES aft6ArP BE 'aﬂ@l SROE tHeesankf w'ég%‘éﬁth@ hobedibtita results are
conposition, with Ieast one end being target
nu@l)@@dud@e§@qgmnge and fl ank a nucl eotide sequence
of interest that was interacting and ligated to the
target nucl eotide sequence. Depending on the
SSsuench® ¢ peefonBed uf etk teAghidt as provied hgesteps m-@&ieadﬂied in claim
to one or both ends of ~ 20 the PCR roduc{bé lEcters .
nhy‘\E%m%ﬂ‘fe@bﬁhF‘cF"élb‘?lP% seglsrresiorped op tsgP ¢ Brprpfists obtained by

68E L0 G {TEH0P %?; A orh yHr st Lal., WRUIIC [?67%3 913 MRy %t 2006 or by

naln nmoleties that for exanple ow themto bé

chlmgwreﬂ,.ScMame,si4nﬁq;nlk%06|2§8t2§/‘d to the PCR products
directly or after blunting the ends of the PCR
products. Alternatively, PCR prinmer sets, as used in
Sé&ﬁeﬂclﬁg iQintlialdd froYore VLR eI AE PER Pratiudts BEE @hlls of the
adapt er sequences or 25 may contain overhangs that
i P@untqdi@t censistiof muoleotides sequensies of kgews inpelgotideagonanpsition, with

5 1547 b0 PR SR A L BTy R588] enc o

ArtcRedp Sidt FRRdtifitefddeihg ahdrlipated Ge el tappet heclawaesseqmne eBepending
interacting with a single 30 nucleotide tar

s@qﬁm@@wn%gmh%vgseﬁemt%m@}éaeeda@rlz?s%i edh ?ﬁq orelioph ends of'
|

eﬂhg n%tg Pr%ﬁﬁ% A(dﬁ]htg{ghgr%ays I@lgloxtéll#']b?eogfeagueﬂﬁ‘édéeé i @dlite@ for the
| efgoenvirid enethel obtimteresid widich dam iof ymésh@ot wohtant iéeties that for

zge;;qgug)epn! qce 0% tb%}%;tggg‘(s)t Ine%‘gﬁégaptgrs 1%1&?)1 Be llgateyi\l%o the PCR products

directly or after blunting the ends of the PCR products. Alternatively, PCR primer sets,

as used in step g (claim 1), may contain overhangs that represent adapter sequences or
may contain overhangs that introduce restriction enzyme cleavage sites that can be
used for subsequent ligation of adapters specific or non-specific for each end of the

PCR product.

"In 4C experiments that aim to identify the DNA sequences interacting with a single
nucleotide target sequence, sequencing needs to read across the primary ligation event

(step ¢) and/or the secondary ligation event (step f) such that sufficient sequence

~ information is obtained to identify the nucleotide sequences of interest. Typically, this
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requires the sequencing and identification of
stretches of mnimally 8-30 nucl eotides beyond the

wo e@absans j unction into the nucl eoti de sequenckCDiB2008/000625

10

15

20

25

30

interest (see figure 28). In nultiplex 4C sequencing

needs to read across the primary ligation event (step

c) 5 and/or the secondary ligation event (step

f).such that sufficient sequence information is '
obtained to i [ -par I i :
OBt Fol<pRRb bl S Reh S SELREIB AR 850 mapleotides
t egyohd eie 1fgafion junetion @ad themupleotidecdequeyp iof adtéryst ($eeifigure 28).
requires the sequencing and identification of

stretches of 8-30 nucleotides at each side of the

! fngx?mtﬁibéd W%E.L%Bcing-g@:@?é. fenbi fabfRd itlfén?%afyhl‘?ga&i%ﬁgﬁtent (step ¢)
nucl eoti de sequence w Il provide each 1igation product —
1&hdvartthe secomdany ligatimeseht (sepj/herch that edfficrens segpenpetihfprmation is

hybr.i dise.,to.the target nucl eotide sequence need.to
piptiagpadetes Both 8 Hiea AP A prarg U ycieoudé Rquence of
SRR AlaY tdgeBRE Fstth the WaefidrPprolib@l TYsicdlBy, 8o fid@ited B sequencing
sequenci ng to unanbi guously identify this. "h

aatdridentificatberpefistratehes of 8139 nvsleatidesoft caeyside of %@nﬁig@ﬁ%juncﬁon-
dj.st Lnimal |y . : 80
71 iy O B Wil nifeclte stdbeots vl et 2 ion produc

| Wik tal ‘BBme ldddiess’s Priglets edXn ateph gnthat hpbridisel (g thettergeffiitleotide
products consi st of a nuc) eotide seguence i nt eres

f t. .
fseanecg nsRd dads lerated gl adisteiee frRRR | 1By Prigany ga%éﬁ?f’é‘g, ligation
{ _]ﬁlﬁgﬁ(ﬂlg tHat Q8N b En £t "dq@dncldpe 1 ERaRbRHsy Q&?Jn@iﬁﬁ this. “home

e primary ligatidonh junction, "and reading fromthe
oaddesss’e Mitpedding en AERmpthod wf tsequendisg, thisedistenenmiay yninimally be 0,

20 Buhatced Bosdishian 150 ainlcriERERuay o™ e Theagt unction.

product are sufficient for the analysis of DNA-DNA
i nteractions. Sequences obtained fromthe other side

o single-plgRgmydtiplex 6y When FSRIproguess apnsistef e nyelepiide sequence

ver. ta. See Figqure 29. Priy 0

el oo PO ek o Bt b Ele P gl e from the one
PEATBS the BER rppoduich @kiossi gedpiiaiyhkgatieapaadtiong and reading from the
h%%h-thro%%ﬂgat sequencing@glatfor . |t .can al so pe

dether andtad Rprofigbacessibmescardasy figwiap jupgiion, provides the same
Pk hatiby. 1 scééqpén%fefgg%aﬁ%@ FrofPorle Bde 6MUE P@g y&gﬁm_t are sufficient
priners used to anplify sequences captured a given

t fot gled armbGiscofdNA - IDNiAsintevadtiong Seqeertces ebtrimadiflogn theether side of
entire inyerse PCR priner seqguence an | ] oy t he

B8 R PIOR g PSP ST R Sy Gpiaa SeF OB

whi ch. therefore can be 30 identified nore easily and

mapped to the genone. These custom made sequenci ng .
pPrimingsofithe adtenl seieencparacitians gambaetone tusinghtheatiansieet  primers

i%@ﬁgﬁ?ﬁiﬁg%ﬁgt@ S—H%?l{f@ps Lse S%x_{c%{]gd platforms; It can also be

done with custom-made sequencing primers that partially or completely overlap the

inverse PCR primers used to amplify sequences captured by a given target sequence.
This would prevent re-reading the entire inverse PCR primer sequence and allow the
reading of more nucleotides of the captured fragment, which. therefore can be
identified more easily and mapped to the genome. These custom-made sequencing
primers may then also partially anneal to the adapter sequences normally used as the

DNA strand complementary to the sequencing primer.
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the inverse PCR anplified DNA products can be wused

si mul t aneously, such that each target fragnent

included in the analysis has its 5 own uni que sequence
primer. The overlap with the outer ends of the inverse

PCR anplified DNA products (ie. the inverse PCR

primer sequence) should be such that sufficient

nincd awitipdes sevfupt maltiple spemeseng primersathet oterlap bathawiththeadapter

(RN 301 4 HE AHeD SR TGP A BB A Products can be

DaRE NHh Mne Oty NBickh @idt leBclR B &t UtRBher® findl@dedein the anal ?)is has its

sequences anal’ysed sinultaneously, this neans that
i oW eiqueiregienee tprimene The quentap wathpthe reutes endy of the inverse PCR

hybr i di t o .20 nucl.eoti des . fromthe

rAgplfeg By BRESs R VRONESE KK Hrimel SHobE) sl e such tha
t HTHEENntIREAIEHES oFitkk fafRt sf%@ﬁw 26 s6i gudnbER. forl buencing and such
identification of each conbi nation of target_ sequence

athat eagh faresteaqueachdvme-ardyess) &8 hséd%}f@du@mgﬁ%rpuqlggmpending
DR B 530S 0 L9, s s o

efihe@i sietidiméhtethe eqgemcingprimérsenay yteidikesi gn2@ nfideotides away
each target sequence _such that.th are close to the
roehs rehinton NEdBATYS MesRrin BwEHS fireiaieet sciuenie and the
r SPRE tsbc?fé e TIRSidRRAidRiIeH ENhcABbnBIfItloRPoP B gdt eh¥ence and
or “conpl e efly wth the primary and/or secondary

r eptured sdquencenuaynalsa ecdnpeiusingrdi$ag sequenving, séich provides sequence

one enhodi , _the. hi hroughput seguenci ng

t Hey 9% an‘%%oeqeﬁ%lgéb\[‘%ﬁgg%f'ﬁl aPﬁlef%;) sequenci ng.
In one enbodi nent, sequencing nay be directed to the
side of the primary restriction enzyme recognition

sintanotieh embadiynept, dhespquencing PMErs IR Hesignsdtipheach faigelssequence
th ' . f ' . ..
BB ord Db RGP RSB OBl el e s gnicon

tdies seabRedrayd mep tovetap gartiillyy or complegely twithn thé tpeima39 and/or
Dat a anal ysjs Ligation products an?géaed by 4C
t WERBLEFSITiCHAN ERAYTSIEELEHMION SIS ARAIYSHr ess’ ('t ar get

NCLROL B iﬁl%ﬂtlﬂ%ﬁ?gh%l%ﬁpﬁtnéeﬁﬁéﬁﬁé‘&cﬂlﬂbéohbéi'leis the Solexa
sequence of I nterest ('travel

(Illumina) sequencing. '

In one embodiment, sequencing may be directed to the side of the primary restriction
enzyme recognition site. This may prevent reading random ligation events that occur

during the second ligation step.

In one embodiment, sequencing may be directed to the side of the secondary

restriction enzyme recognition site.

Data analysis
Ligation products analysed by 4C technology are composed of a ‘home address’

(target nucleotide sequence) and an interacting nucleotide sequence of interest (‘travel
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In cases of multiplex 4C, the hone address' is
identified by electronically conparing 5 the obtained
target nucl eotide sequence agai nst a |ibrary/database
containing all target .nucleotide sequences included

B T P I oy B o o e o

ahget mMotidk kyquenedailyded) t s sequence to a
| i brary/ database containing all genom c DNA fragnents

that are located between a primary and 'secondary

r [ e )

RSA U OEMES ROB R 8 | hed P ork T Romparin
rthef)btrahﬁd targadichetitie emhncw@qmsna‘ htiralry/gatabacsn cpntanhmg all target

sleoptc GrpRoREe nclidel B DB aHDEis dTS, PUADGR Thgel address’ e
ﬂlfc&%ﬁhe ?%%ES&Sof 1ﬁﬁ%¥)qgtldegﬁﬁ§& Bﬁ %[k‘éﬁ‘oﬂt:alli &Srﬁ}ﬁﬁﬁfg)lts sequence

nlque co codes reveal one address' of each
| to gdtbiray/detabaseatontaindng 11 gmpnfuc 3T rﬁmgmgfltsdbat@m logatedbetween a

Gy a7 pesdPa i Seivicn Soahh EShEHuE S SRl i ng

each i nteraction frequency neasured in the one sanple

(e. g obtai ned froma patient) over those neasured in

tFre visupkise thengate and, fgcilitate dhe Baalysimyinsabjrelerryd epphodument each

AR B 5 080 LA RO i of e

| dhk@hewiriesatithe gerermtiy 1ocativhef tiestrasengaldesss’s(nucldotidet seqeence of
for a_deletion. Ty ically, this cainci,d '.h an
interts Dnidversolepiion e e ameraRifrae i cath igatoh product and

Sthél lﬁ%ﬁﬁﬁﬁ? Q)?Xi@fégtl&h 6t BRI glish dtodAbERKRAGAEA 3faphically. Genomic

nmeasu romthe target sequence. An increase in
thkfzﬁgémlemﬂs eambe detacted by divndipg achtinteraction frequgricy megsyxed in the

i ndi cat licatio i cal |l t hi

B seralede s ohaded EBr Bl i @bty s ger sample (e
f S URARKE Ssuﬁj%t) S FHERNGABesOEMOBE PloveedTahg Gthstlitlear chromosome
breakpoi nt as nmeasured fromthe target sequence. An

i tamplagds@a well- DNA- DNA i nteraction f requency in the test
sanple is indicative for a genom c inversion. The
detection of DNA-DNA interactions across chronosones _
i & deb@hspaini DNALDN AR irtéractiinoejuienty. inBthe akgp sample iarirdicative for a
det ect ed_as
deletion. Typically, this coincides with an increase in DNA-DNA interaction
frequencies for sequences beyond the most distal breakpoint as measured from the
target sequence. An increase in DNA-DNA interaction frequency in the test sample is
indicative for a duplication. Typically, this coincides with a decrease in DNA-DNA
interaction frequencies for sequences beyond the most distal breakpoint as measured
from the target sequence. An inversion in DNA-DNA interaction frequency in the test
sample is indicative for a genomic inversion. The detection of DNA-DNA interactions
across chromosomes is indicative for a translocation. Breakpoints are detected as

described for the micro-array analysis.

98



30 described for the mcro-array analysis. 98 WO
2008/ 084405 PCT/ 1 B2008/ 000625 Bl OVARKERS The

w0 desosfocat i on of rearrangenents - such as  PCT/IB2008/000625

10

15

20

25

30

transl ocations, inversions and del etions, which are
associated with a disease allows the identification of
bi omar kers which can 5 be used to diagnose the
di sease. For exanple, hybridisation probes or PCR
i e be desi gned which detect a given
E%gﬂﬁéigégg%t, and used to di agnose the disease in a
patient. PCR probes can be designed according to
techni ques known in the art, _ such Hhat a region )
sheidprtififation gf reamARgemydiferiuch gs frapslecatiens. gpvgrsonsgnd deletions,
Lt . _ Y _ ]
Bich pLERHEHES vl ABELPElGws [RGAARAGROEDY bidfharkers which can
phecsedce diagnd€e thostisease. oFot exantfile dydedisatiareprobes oePCR primers

e SRR ) P R 7l gat e
o 4 PRich€AHEBRIBEY ban b HSdiGTkdRcOsr@ingSto teshialdued EndWR M the art,

rearrangements can_be detected by techniques such as |
asuch thatip regione suscentiblg torreamangbmenteis aglisdagmetete axemplifiigdjusing the

to.techni ques kngwn in.th r . G

S5 e 6PN R oo B I BE ISP ST Yonce o
agbseie Bltise diRchsélUNBBSativel, YGENBatldteprabesdr priyerbeartibe designed
organi c_conmpound or other chem cal. The agent y be a
cwhishumidl, hylisidise exclusiiel i bince Preseftee o %hss%qﬁc%fdﬂ%yfeaﬁgfngemem-
S : r ]

S bR el i O Rarraf ot ol b b oot such as
aan?ibody detectivin with antitiddies debiznedh¢conding tac teatmigadsi loyown in the art
thereof The agent may even be a pol ynucl eoti de
n%rg%%msaeclmm??% may be a sense or an anti-sense

nol ecul e, or an antibody, for exanple, a polyclonal
ant i body, a nonocl onal antibody or a nonocl onal

hSUBMECEd anti body. 30 Various strategi es have been

devel oped to produce nonocl onal antibodies with human
character, which bypasses the need for an '

ankd A8 Y subjduiatnded waRmale! Juch b$gnimaBrand dxfians. e,

useful nouse nonocl onal anti bodi es have been

"“humani sed" by Ii nking

AGENT

The agent may be an organic compound or other chemical. The agent may be a
compound, which is obtainable from or produced by any suitable source, whether
natural or artificial. The agent may be an amino acid molecule, a polypeptide, or a
chemical derivative thefeof, or a combination thereof. The agent may even be a
polynucleotide molecule - which may be a sense or an anti-sense molecule, or an
antibody, for example, a polyclonal antibody, a monoclonal antibody or a monoclonal

humanised antibody.

Various strategies have been developed to produce monoclonal antibodies with human
character, which bypasses the need for an antibody-producing human cell line. For

example, useful mouse monoclonal antibodies have been “humanised” by linking
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reduces the human anti-nouse inmunogenicity of the
anti body but residual immunogenicity is retained by
virtue of the foreign V-region franework. Moreover,
the anti gen-bi nding specificity is essentially t hat of

ﬁ?‘ l_B'ur i n %ﬁre%%gg&?gcg\gg% oﬁsté}lq r%g Ieléd (gﬂgéépr §, and Milstein, C.

N Ho DALAESNP BHRLODN THis teld&cd%&h@humhte alti-ntouks 1mmunogem01ty of
p033| ble to produce humani sed, nurine anti bogll es. Whi

athe anfihadytbab Fesidugl immenogerigity & retadned by vigs et the forel I Cb—reglon
nl_%%}ﬁ%wdog'ﬁ (?rgé%egs\%l: ISI?]U ) 12@{1@’ ?#&'dﬁ@ Sl s%gtlzﬁf}htﬁﬁt of the murine
dc&mor i b]é)R—lgmﬂd% An®@ BadkeGprk ﬁﬁm‘ﬁhkatlag e(EPSO2ﬁﬁ§O(b éhas improved and

ftgts*é{l oo gylan enﬁ%@%&&ﬁ@%p gvgtfﬂ%gi? Iﬂﬁcﬁﬁlj}? tuglr.%%)dt?éé humanised

Ellfﬁer antiioRie8 WY a@Xec@ﬁtagl%Sf'og fRGa 5;%.\ 110 Ris@ i @t mah® MHAmanised
| brar onpri se peptides,

y of conpounds, which
wtihedhbs ey be Imbtalmadmgmgmbe,r rgqjgtpdsagellshmwn mt@gm‘t((for example as

es exanple, the entity may be a
Ct§ld &@B‘fxa%?’?éo a biological macronolecule, or an
extract made from biological materials such as

bacteria, fungi, or animal (particularly manmali an)
CBhd agepts may e atiachgd to Ay SRty (8- %Otgaawgaﬁteeulebby a linker which

a sem -synthetic agent, a
@t"ﬁ@%ur%ﬁﬁ%@@ gﬂlcglr?g q?nltkrerltetl c, a peptide, a '

pepti dom netics, a peptide cleaved froma whol e

protein, or peptldes nt i sed nth ticall )
Ol i may, B e BanecE or abRed o BGh T SOpBpIidze which may
C‘%’E@I? fnga éﬁfdeQ Relf a%m lcBABburl R CHMRh @Y §Bal? brganic molecules.

Fons t her eof, a reconbi nant agent, an
anti body, a natural or a non- nat ural agent a fusion

OR¥ | VAT b SRS i B EhePe ot Y caloRgics ng biologiea

efhdrbMolchle, BeardBxtedch afdide floTBilbcal rdteriddéBuch as bacteria, fungi,
i nst ances, the organi ¢ _conpounds wi | | conprlse two qr

nar enimalipersiewptly gnampsliamepdls opdissugsman- ‘Pf%nlé cHr 5I§/|1n0rga1nc

B 0 S48 SATELI 00 Pl £ 39l b fhily i

Salbéﬁtidey@ﬁkﬁtld@hmbﬁﬁ piptidle cleased $iont aevticde profein, or a peptldes
i ncl ude hal o-, .al koxy-, nitro-, an_al 511}1/1

egls@( d;%thgtlu@llﬂ (sughy Asi |b(ynv&(a§ phex Ipl CIHIQI" uasing a peptide

synthe51zer or by recombinant techniques or combinations thereof, a recombinant
agent, an antibody, a natural or a non-natural agent, a fusion protein or equivalent

thereof and mutants, derivatives or combinations thereof.

Typically, the entity will be an orgahic compound. For some instances, the organic
compounds will comprise two or more hydrocarbyl groups. Here, the term
“hydrocarbyl group” means a group comprising at least C and H and may optionally
comprise one or more other suitable substituents. Examples of such substituents may
include halo-, alkoxy-, nitro-, an alkyl group, a cyclic group etc. In addition to the

possibility of the substituents being a cyclic group, a combination of substituents may

100



10

15

20

25

30

possibility of the substituents being a cyclic group,
a conbi nation of substituents may 100 WO 2008/ 084405

wEAs8R0DE/ 000625 forma cyclic group. |f theCT/IB2008/000625

hydr ocar byl group conprises nore than one C then those
carbons need not necessarily be linked to each other.
For exanple, at least two of the carbons may be
Iinked via a suitable el errent or group. Thus, the

dr ocar i}%ﬁ&"%&o%&lﬁrﬁéﬁ itgr(i het e(ryglgg%%n% !0;19? Bien those

td’&ﬂ)oﬁhﬁ the@fbtinR6¢sualdly beQinked &4 @d&ﬁ&),thesUIthebEamp]e tat dgeNtwo of the
and oxygen. For sone applications, preferably the

esarhany meaynhsr linked vig a|sea%hle slemeay ef groupr Jiws, thﬁéYé@?embzl group

% B h%%r@ atopr% Y&¥GbleChe®r8 %mss%ﬁhb@ﬁ?%:&ﬁ% fiR€ Akilled in
cyclic For some applications e entity

Cthérairt Iaﬁdeihcaldel ﬂaasﬁstdrhe, soiphugfnitseded anyg okygieng rkougsme applications,

Iinke t @ anaqt her drocar byl oup. 10 ntit
5@» the FRGY epr@w%sﬁﬁgt feashiog Yl BionPo, g‘f%gw}(lp may be a
r 7 0?5 gTlegl s&‘hoéépe? nor-Rge& 'Hol}lc¥clf85‘§roﬁﬁmf%'r @oﬁ‘i@eapﬂhcations the

al koxy, al kenyl”, " al kyl ene
ainkigngomprises gt taagtsthe onhiof saidegychie gomips émlmbtb amgther hydrocarbyl
branched-chain. 15 DI SEASE Aspects of the present
iZ19%hti on may be used for the treatnment and/or
prevention and/or diagnosis and/or prognosis of a
di sease - such as those listed in WO-A- 20 98/ 09985.
Fbhe entiiemay corsqiahalecgroupsarsuclpes flugre, ¢hlere, bremeayyiodo groups.
provi ded: macrophage inhibitory and/or T cel
inhibitory activity and thus, anti-inflammatory
a?icei anitity/inaq nbiiltammnemlelnmé of allkyl, alkogy, alkenyl,ilkydene and alkenylene
effects agalnst a cellul ar and/or. huporal inmune
rEQyRSTswhich H&Ylhﬁlqﬁlgraéwl%i & Brsgried- ‘associated with
i nfl ammati on; di seases associated with viruses and/ or
other intracellul ar pat hogens; inhibit the ability of
mISEAREages and T cells to adhere to extracellular
matri x conponents and fibronectin, as well as
up-reqgul ated fas receptor- expression in T cells;

'Ri]ie@ﬂstofutﬁﬂ@i‘&&ﬂt ifVeHiéh hRHChd asedans thélfti'eaﬂi‘i@itleﬁiﬁ/or prevention
inCcluding arthritis, including rheumatoid arthritis,

mmﬂ!oandmgnom angdesoplognesds Wi t# dibeasey psrde s ithesg listed in WO-A-

@%@BC reactions, asthma, systemc |upus
mat osus, collagen

For ease of reference, part of that list is now provided: macrophage inhibitory and/or T
cell inhibitory activity and thus, anti-inflammatory activity; anti-immune activity, i.e.
inhibitory effects against a cellular and/or humoral immune response, including a -
response not associated with inflammation; diseases associated with viruses and/or
other intracellular pathogens; inhibit the ability of macrophages and T cells to adhere
to extracellular matrix components and fibronectin, as well as up-regulated fas
receptor expression in T cells; inhibit unwanted immune reaction and inflammation
-including arthritis, including rheumatoid arthritis, inflammation associated with
hypersensitivity, allergic reactions, asthma, systemic lupus erythematosus, collagen
diseases and other autoimmune diseases, inflammation associated with atherosclerosis,

arteriosclerosis, atherosclerotic heart disease, reperfusion injury, cardiac arrest,
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di seases and ot her autoi nmune di seases, inflanmmati on
associ ated with at heroscl erosi s, arterioscl erosis,

w@ehwsieses eroti ¢ heart di sease, reperfusion i NPCT/B2008/000625
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cardiac arrest, 101 WO 2008/ 084405 PCT/1B2008/ 000625
nyocardi al infarction, vascular inflammtory

di sorders, respiratory distress syndrone - or other
cardiopulnnnary di seases, inflamation associated with
peptic [

50l o SR R B 8580 L Br B SHARES gaoms

Cor' loftRsi car@io \(Dlhhiﬁéryh eixehses, dnﬁaﬁmason tdsyoctdtet! twish opeptic ulcer,
ot her gl anduF di seases, gl oner ul oggﬁhrl tis

HIFRTatiVeorRLlts g ofles Kisgree’s o SieagBomnigsiingdrash Hgpaiis, fbrosis, liver
%ﬁh&qé nGr +tﬁ%ﬂy NRBLRD! Giddasel S &altlsd I TRktek §laﬁﬂu1ﬁr diseases,

der ma ses perlodo al di seases or
delomatul shiephrtie o1 aﬂmrrmenalsanﬂ usqdogic oﬂlmsesr ofitis iag, other otO-rhmO-

|nfert|IJ or chi t.rauma, or he nmune:

Bomgplgeich! Hisdsty ﬂnﬁtftasc%hf’%r 89%1?3& ﬁfé%eﬁ%eﬁ P?fr"é‘g’sﬁi Hfteases or
| s fiAlemSdased) aRERiH@ lor %Mﬁlhﬂﬁorcﬁﬁisammﬁty, orchidal trauma or
pre-ecl anpsi a and ot her i nmune and/ or

| othéranmiramuongrelasbdt destigplane cdibasgise alpleﬂea@bs glysfunction, placental

53%1% ?:fggcryc gﬁﬁﬁ%ﬁbﬁt{nc}ne%rﬁﬁi %:bpléé;/(%:'rl#ntnﬁs’la aftD bfet Ynmune and/or

U1Y1ﬁ@l&1ﬁiatdiy-trd:1§tcd Q@ybhérolvgival distaseb,Npdseeion luseitis, 1ntermed1ate uveitis,
inflammation, e.g. retinitis, or cystoid . nacul a

o@ﬁ@wa uvggtlrfrpa%'étqﬂeﬂﬁpﬁhm?ﬁ%tls Ué’EWéWPJfIF Soptl,ceptepﬁpf,, igtraocular

olesalely
e g e ner a | VE %tlg ”cgl g%%éslg nﬁ&?f:a r?lgrat or ysg%prsf‘pﬂ%frﬁlg n(t)pshthalma’

os‘clemmj mmitrsqugmcntosau iramunhe fihdinfimmatoySconzponents lof degenerative
ctioon, proliferative vitreo-retinopathies, acut
|§’B msEaSSptl &GP0 SeTRgne é’gs%‘i“??é LR, | 9fylar ginflammation

&gx%é&’v' ﬁ’ﬁ'&ﬁﬁﬁ Mprblifetdit! %&pﬂlﬁbpd@lﬁles | pwee 1schaemlc optic
I'nf ammati on reacti on agai nst” ocul ar inplants

ameirepatiey, ekenssive seamdng, iend. Ifaﬂmn@rglaucen@t feleratbprh ppRIptgTs immune

fl
e g Re. BRI Bhi bR CTURE imne and

Cﬁﬂhﬁmﬁiatd}?fré!l@ﬂé& o?)hﬂfaﬁﬂilc (cﬁféﬂ%esofnfﬁﬁlmamoﬁmﬁs@idﬁﬁi withg@atimmune
i mmune and/ or [ ammat i on sugpressn on woul d

b@mas«:smraqondltlpa?r i HHEQIAers VieES A9 lné%iﬂnﬁrébre%(PPSa%f&F@r(CNS) or
d
S'I ﬁ'xg][c E)rz‘gatar Bnlh& 3haBP tj.\'éi?(&ttﬁﬁ%ﬁ A 5§1on dkG8@R beneficial,

enent1a conpl _
emmb@i'g ﬁfsédisy, cheplication dindoa side etﬁwihe froantredtoreetpf Parkinson's

Al zhei ner's se and ot nerative .di seases, , ..
c@ms%a./*épsg et et complex TS PP SHPRADH Pevic's disease,

ARSRRoRh, RlZAKERr's BR3 AP Fh&YRGERIRIvedRisdalB¥liBéhditions or
an i nflammatory conmponents of psychratric disorders,

”@“G‘br‘ieﬂssqf grec Episal inflarsmatosy lrawposends | o r sekeng post-polio syndrome,
g%ggﬁrg’f %Ei ) ilrguln?itor}? con cbr?eln% £ lsly(t:ﬂla?ti'lc %s%‘f ers, ny},’e?ggtelﬁ}éephahtls

subacute sclerosing pan-encephahtls, encephalomyelitis, acute neuropathy, subacute

neuropathy, chronic neuropathy, Guillaim-Barre syndrome, Sydenham chora,
myasthenia gravis, pseudo-tumour cerebri, Down's Syndrome, Huntington's disease,
amyotrophic lateral sclerosis, inflammatory components of CNS compression or CNS
trauma or infections of the CNS, inflammatory components of muscular atrophies and
dystrophies, and immune and inflammatory related diseases, conditions or disorders of

the central and peripheral nervous systems, post-traumatic inflammation, septic shock,
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neur opat hy, chronic neuropathy, CGuillaimBarre
syndronme, Sydenham chora, nyasthenia gravis,

w@s@adsxduimour cerebri, Down's Syndrome, Hunt i PQL/BR063/000625
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di sease, amyotrophic lateral sclerosis, inflamatory

conmponents of CNS conpression or CNS 30 trauma or

infections of the CNS, inflammtory conponents of

muscul ar atrophies and dystrophi es, and i nmune and

i nf.l r el i i

T Wb P RPN 905 Pl SPLARER, bon

P@atrow! &a&rsptahfaubﬁfdrammai Itﬁﬁs plaggtionc c&hpktdanonsl@ﬁdMD side effects,

2008/ 084405 PCT/ 1 B2008/ 000625 i nfecti di.seas

.wﬂa@m@mwy 33 meue%mwaalécaélpn%%m% P%E%O gefgeﬁafépxp e.g. due
t t | t

orecfiB b o RN RARE AhMin bt ASeipba VAR ATS (b Slippress or

aindibitra humorabamdiondellokat ummnarﬁ#pmsdetoeiefae ot smdﬁorgte maonocyte or

S B LRSS

| WhiydphoytBY "RE dhe PRA/ERfior @hd/bt FeatnBRURDE grEf H@J@@t?on 40 cases of
treat or arrel I orate nonocyte or | eukocyte

prraisplastation \of nattgela@esrtlﬁelab cellse tissuarhnd otgang suelc ih gornea, bone

BT BTS8P bISDSAAR, alfeh, oeinc cncr

CREES] @hordérs angadetinit abt Iihliilt@(ﬂ td18blid Almadis; dldddf bozh almours such as
cells, tissue and organs such as cornea, bonpe marrow,

ol.eglsmas | WSS STetBHAUsTRRGIEL (RS- ofor satiple; perqngionags, aeoustic

L R s e

spubhaas ochian kegibgenic disenses, fimtexampk dzabﬁmegmﬁathyo tatmopathy of
neur

for exanple h i 0 acoustlc
n@&mafqn&,oﬂsgg Hg%qqsﬁiggn Sorge y%r@gnf ecti ﬁ’n BF%Vﬁagﬂar glaucoma,

rﬁ%féﬂ{a?'fﬁr%{lg‘i'ﬁlbéosm Rl Webser Bailcie; @H%d&&ﬁ&' &ngiogenesis;
di seases exanpl e, "di abetic ret’i nopath

Y,
rplaqumpwvlascu@fnzamre rtaltauglcctysm méenioghilide jeints: angigfibroma; wound

Cor n‘ﬂe} ?{?;‘%’fﬂ}’ﬁné}!e J&gﬁétlg{ogg Eﬁgﬁé lella%&? ?ary 32 noujs malformatlons

Shé&%lﬁﬂﬁunlméﬁgﬂg&ie@is @B@a@@ﬂﬂegllaﬁcomaﬁheﬁul%ntal ﬁbroplasm diabetic
neovascul ari zat 1 on; telanglecta3|a henDphlllac

j mtoveseulasizgfiost i bhelipkactapouelatedr adisPases-on fragiyresy naipsculogenesis,

ﬁ%r# ;r)emgglss bv&lg{lc%) nﬁénsﬁlﬂt filtaﬁg %la%cntgﬁcsner | ovenous

ons; angi ogenesi s;
neovascul ar glaucona retrol ental flbropla3|a :
di aheti.c neovascular|zat|o i Qbacter .r t ed

hel
dP@Eﬁi%‘ﬂ&’ the (disepsy Scancers c%lpﬂgé ﬁg‘étlF gymplwyﬁc Tekefia (ALL), acute
LRPRLRShS: (I:;“Q\\{?eaéd&%coﬁ%ﬂséaﬁﬁ&t R4l @REkr, bladder cancer, blood

p centation. rably, the di sedse is cancer - such’
asanaen, bend yanohn cbyam ¢urhex, Ibe&aslace(mtrl,.):ancac af éle fepeleoganital system,

L&gﬁg&;ﬁbé% gerﬁla.[) e(r:I? rcte}lC nel(':VaOrl]l(S: %}rfstemrf 6}1%: Cetvical cancer,
childhood rhabdomyosarcoma, childhood sarcoma, chronic lymphocytic leukemia
(CLL), chronic myeloid leukemia (CML), colon and rectal cancer, colon cancer,
-endometrial cancer, endometrial sarcoma, esophageal cancer, eye cancer, gallbladder
cancer, gastric cancer, gastrointestinal tract cancer, hairy cell leukemia, head and neck
cancer, hepatocellular cancer, Hodgkin’s disease, hypopharyngeal cancer, Kaposi’s
sarcoma, kidney cancer, laryngeal cancer, leukemia, liver cancer, lung cancer,

malignant fibrous histiocytoma, malignant thymoma, melanoma, mesothelioma,
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cancer, bone cancer, brain tunor, breast cancer,
cancer of the female genital system 25 cancer of the

wordos/ogni t al system central nervous system | POPIB20ER/000625
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cervical cancer, chil dhood rhabdonyosarcona

chi | dhood sarcoma, chronic | ynphocytic |eukem a

(CLL), chronic nyeloid | eukema (CWM.), colon and

rectal cancer, colon cancer, endonetrial cancer,

en trial sar i

JAPBE b @pma ik e, PLARGAh paRAR SRKSaREE Resopparyngea
t daBlCdr, KNG systeai Eancere heurbblaktenapnoiHadglking Ipapkorig) oral cavity
cancer, hepatocel lul ar cancer, Hodgkin's disease,

HAPeRsh AroPhsBEEeRla faRGET, REEOWICOMa, SAYAI3Rn CANEF nRYACTeatic  cancer,

i - ; ' bV BituifR Gor, | plBga cell
dRiGgroid SneRHReERRE phEVKER Sancor, PP fion| Hakina ce
tieppiasm, prilmhynONS , lympbahh girostate canck)3edM @DOB] G8P4QEry system,

PCT/ 1.B2008/ 000625 l'tiple nvel oma, L . _nasal .
CSEOPABTESIRTEe STy el ganber B ceaper B P Yms ARG, soft tissue
CaARGRa, sitRiaéRandet S kBMRaciRRafler, BituRR|cafi¢e®Mhyroid cancer, urinary

" non- Hodgki n' s | ynphona, oral cavity cancer,

ovysieacynugn alitetng cercomss tvaginal carrsr. BisgrianFysighe eWaldenstrom’s
ancreati.c cancelw...parathyroid cancer, penile cancer,
B‘H%?Qﬁﬁé‘gfnegg%%iwﬂﬁ% &?{‘g&fly tunor, pl asﬁa cell 5 -
neoplasm prinmary CNS | ynphoma, prostate cancer,

rectal cancer, respiratory system retinoblastona

sklliS;ary gl and cancer, skin cancer, small intestine

cancer, soft tissue sarcomm, stomach cancer, stonach
cancer, testicular cancer, thyroid cancer, urinary

Shist matecialscfer useiie tienmethads ofrthe praspnt atvention @rg ideally suited for

vascul ar system Wal denstrom s macrogl obul i nem a and

\ETERAEatg 1S. 10 KITS The materials for use in the

nmet hods of the present invention are ideally suited

for preparation of kits. 15 Such a kit may conprise
cSuvhad kiemsgy eaaprisgi qontaiess, Gachmvid erfe emhmormef thgsvarious reagents

reagent s typjcakly in.concentra [l i.sed i B
G o A YBLER) b PR B el Bt e o
SexRIpleR b Yprinf$y Fdsridtion efAANd]R. seondeBaBsttityor @slymec4 tioss-linking
enzyne,_a,cross-llnkln%_ a%ent; a Ilgatlon enzyme (?%d
aagenlg adigption gnayme (en e 1iggse)cApd raficagepetocressise (e kppylinking (eg.

(§9teinalOKR) O €i nase K).

Oligonucleotides may also be provided in containers which can be in any form, e.g.,

lyophilized, or in solution (e.g., a distilled water or buffered solution), etc.

In a preferred aspect of the present invention, there is provided a kit comprising a set

of probes as described herein, an array and optionally one or more labels.
A set of instructions will also typically be included.

USES
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A i gonucl eoti des may al so be provided in containers
which can be in any form e.g., |lyophilized, or in

w@odoasans (e.g., a distilled water or bufferedPCT/IB2008/000625
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solution), etc. 25 In a preferred aspect of the
present invention, there is provided a kit conprising
a set of probes as described herein, an array and
optionally one or nore | abels. A set of instructions

S A 555 A G o

pthe $p#xial iongamisatiom of auclésidesequanoeso+ dech 4sogevotmae foci in vitro or in
i nformati on about the spatial organisation of

nti¥?-eoti de sequences - such as genomic loci in vitro

or in vivo. 5 By way of exanple, 4C technol ogy can be

used to study the three di nensional organisation of )
oBg way wbrexamplee 4Cotéchnologpanani beubised, ta lstudy tthe Hhrsie odjynensional
can he used. to study the r.ol.e of.one or [ e

| PRSI T AP A PG 1951 T rhRcis I i [FEibloey can be used to
O§tG@N | tBEt foRN oFf o &r 0ok rteans@itftionO€dctord OinByhewalre®f dimensional
furt’her exanple, 4C technology can be used to study

t drganigationgif ope QRIMOTERANE dRFif act ors and cis-regul atory

DNA el enments. By way of further exanple, 4C technol ogy

can be used to study | ong range gene regulation in

VBY Woayoof futthet ¢gamplb, BY teehnotigyfaant breusedxtanpidy, théGole of trans-
technagl ogy can_be ysed to study intra-chronposonma
pRSRBHRAtgrs apd cisetaten BNA |Gy of further exanpl e,

4C technol ogy can be used to study inter-chronosonal

20 proximty and interaction. By way of further

eBpnpdye of fithee campleg yCetenhindog)s eah bo userb e isfudy long range gene
nucl eqti de . sequences that function wth a pronoter, '
efTRUREER 7 TP ShEEYYO i nsul ator, | ocus control region,

origin .of replication, MAR, SAR, centronere, telonere

or any ot her sequence 25 of interest in a regulatory :
nBy weaykof fythemoxaniple. 4G teohnelpgynshe be ssed & FHEY drfja-ehgpmosomal
beousei t%iin%%ﬂ:hiolfly genes responsible for a phenotype

(%ri g8y e3n| n-cases where a nutation and/ or deletion

happens to affect a ‘

By way of further example, 4C technology can be used to study inter-chromosomal

proximity and interaction.

By way of further example, 4C technology can be used to identify nucleotide
sequences that function with a promoter, enhancer, silencer, insulator, locus control
region, origin .of replication, MAR, SAR, centromere, telomere or any other sequence

of interest in a regulatory network.

By way of further example, 4C technology can be used to identify genes responsible
for a phenotype (disease) in cases where a mutation and/or deletion happens to affect a
distant regulatory element and their mapping therefore fails to provide such

information.
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exanpl e, 4C technol ogy can be used to eventually
reconstruct the spatial conformation of gene |oci,
| arge genom c regi ons or even conplete chronosones. 5
By way of further exanple, 4C technol ogy can be used
tQ. defi ent.i t
B i RS el P Aol SRR ek 8 vy recppotruct the
vepatiglt  conformetioreXxefhgese 16, t Regen alenginic avgioas usrecdvew complete
eventual |y reconstruct at high resolution the
PHPEMGYg of chronmpbsones with respect to each ot her
10 By way of further exanple, 4C technol ogy can be
used in diagnosis (eg. prenatal diagnosis) to detect
OBy ivagnof firthge reamples 46r techngpdogyntan baasal toabefineapatontial anchor

- such a ransl ocati ons, deletjons, . inversions,
ASATICSS gk kecP FRTEp QoA 0 PAERAF BRAUSIEISPIEL OGY

TECHNI QUES The present invention enploys, unless.
ot herwi se indi cated, conventional techni ques of
cBenayt of furthet example, 4F s¢chpglogyrican &biuspd iy eventually reconstruct at

CRRRTPIERh o BRR e B S en Wi o thd el 7

Such 20 techniques are explained in the literature.
See, for _exanple, J, Sanbrook, E. F. Fritsch, and T

MBniveyi ef furtwe exwplec dCateckaalomsngan he usesd imdigeposis (cg. prenatal
A B 030 o R gfrn B R o

pearisiid attorsyggéteomsninsersicus, daplicafions.ocol s i n Mol ecul ar

Bi ol ogy, ch. 9, 13, and 16, John Wley & Sons, New

York, N Y.); B.. Roe, J. Crabtree, and A Kahn, 1996,
DHANZR A 1S REROMBIRANTISNAMETHOD BB oY TRCHNIOUESIUEeS,

John Wley & Sons; M J. Gait (Editor), 1984,

A igonucl eotide Synthesis: A Practical Approach, Irl
PTliespresenn thveftionmpldys, inleseythervise) indigatebatdriyentignall @okniques of

t hods of FE l ggy: DNA,Struct t A .

A nes ShalfEER BTG, Ayl oteprRt fva 0 immunology

ERBIHDrE O¥ithiACHE Slabsbilti&sS 6f a gé%h of driiase genenathe art. Such
y

texts is herein incorporated reference. 30
techniques are explained in the literature. See, for example, J. Sambrook, E. F.

Fritsch, and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second
Edition, Books 1-3, Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995
and periodic supplements; Current Protocols in Molecular Biology, ch. 9, 13, and 16,
John Wiley & Sons, New York, N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA
Isolation and Sequencing: Essential Techniques, John Wiley & Sons; M. J. Gait
(Editor), 1984, Oligonucleotide Synthesis: A Practical Approach, Irl Press; and, D. M.
J. Lilley and J. E. Dahlberg, 1992, Methods of Enzymology: DNA Structure Part A:
Synthesis aﬁd Physical Analysis of DNA Methods in Enzymology, Academic Press.

Each of these general texts is herein incorporated by reference.
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the art in carrying out the invention and are not
intended in any way to limt the scope of the

i nvention. 5 EXAMPLE 1 Materials & Methods section
that goes with figure 2, 13, 14, 15, 16 17, 19. 4C

I f
tﬁ?@ﬁggrﬁ% \1'81 IT(;W M de 3 b wgg 5 e ousﬁcﬁgﬁ’e meant to

rocedure were ornE esc
(éﬁb&d totagsistadneadf. ordlﬁﬁ)@éh)qll Melhb artdin Earying louBits, mv@f&oﬁ @#d are not
(2003%41 yi el di n I.i ati on product S, bet ween Hi ndl I |
f ke ‘tnsany'Wﬁy§ Lty IS‘-"PHeQ’S {REO¥RR008 ) at e (--50 @)

was di gested overnight at 100ng/l with 50U of a
secondary, frequent cutting, restriction enzyne,
bEXAMRIE her Dpnl| (HS2, Rad23A) or Nalll (R-mgjor).
To avoid 15 constraints in DNA circle formation (R ppe
et al. (1995) Trends Bi ochem Sci 20, 500- 6), care was
t Bk RPials % MNIRGE secfRARCRIeY With Figiie2,11GN1 £118Y I6; 7h29.
did not cut within about 350-400 bp fromthe HindlIlI
restriction site that denarcates the restriction

f4Gpehmologyf interest (i.e. the “bait'). After
o e PR EcPe et raEr e PR P B sisa et OfiRed as deseribed

| Spfbﬁaﬁsly'z [(bplintki BRLEA2004)) MMbrils Erapmol 38, 495- 5((170(2@04) yielding

Tesion grodseirtecan A lgkaamesats 164 BRE e S emplate (-50

L GO BigRLOS UG A TP 1805D0! WEHIRELEY scBilafl MARRnt cuting

(RGribSé EnzymE) Beitibefth@SDBAI (HSREREEI3 AYRIreN Al ¢pmigiedl To avoid
by di gesting overnight wth a 50U of a tertiary

rcmsirrmtsum@N@nzylmafommonc(mmaetehel 57%5) |Tﬁerk§€st3mfdwmt$ré 20, 500-
pé)c g%r:q?/xy%n do%rsg a s%%«% af){c %ﬁ%ﬁncﬁgﬁ% that d1d not cut w1thm

ow ng restricti

eafbefTBSOASDSip ﬁUﬁZ)he HSﬁdHI( fesEidBén suar’tﬁatpﬂémircates the restriction
(a-major). This Ilnearlsatlon step perfaormed to

laegmant f cinteest dbiethe ‘bpi ). néﬁehyfﬁomew&ﬁeﬁ%lﬁtl% ERAGNg Kigestion,
THRA wWal %ﬁ%logxt?&%dar% ?)ﬂ{giﬁﬁtedaa&? gﬁ’érﬁ’l UGdated at low

wWere puri using a nucleotl

(ctnOgnteatibi (50 (Lsagple)in laGant@Rxgrz(E)dﬂ iligase cmx:he)pé ﬂaborsrmd6°C) to
usi ng the Expand Long ate PCR system ( Rochg
u@PWQtecQﬁEHt o &pnéla@e% rﬁprylaaa@. Figglion PrdyCE Were | gl extracted

Wﬁéﬂe% t?tfs d;l%e t% %er? klt%(géi‘e) %anéagngr (%g@nﬁ? OPMiodircles of
Clﬂfbﬁiést ivdRé linearised by digesting overnight with a 50U of a tertiary restriction
enzyme that cuts the bait in between the primary and secondary restriction enzyme
recognition sites, using the following restriction enzymes: Spel (HS2), Pstl (Rad23A)
and Pflml (B-major). This linearisation step was performed to facilitate subsequent
primer hybridization during the first rounds of PCR amplification. Digested products

were purified using a QIAquick nucleotide removal (250) column (Qiagen).

PCR reactions were performed using the Expand Long Template PCR system (Roche),
using conditions carefully optimized to assure linear amplification of fragments sized

up to 1.2 kb (80% of 4C-PCR fragments are smaller than 600 bp). PCR conditions
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107 WD 2008/ 084405 PCT/1B2008/ 000625 were as foll ows:
94C for 2 mnutes, 30 cycles of 94C for 15 seconds,

w®2@s8/0844031 i nute and 68C for 3 mnutes, fol|pPUETBY/@625

final step of 68C for 7 m nutes. The maxi mum anount
of tenplate that still shows |inear range of
anplification was determ ned. For this, serial

d| | utions of tenplate were added to PCR reactions,

L BT i, S ) o O B s b

SR{nuvesf: 68FHof 3! rhﬁﬁutel Of1169d "lb? aof'mél el &168°Q%r 9Qnihutes. The

PCR reaction gave products in I i near range of
amotimiuinc atnount oﬂ@emplatkztlﬂ(:ﬁtlllrml lomear venge pb@mplifigadon was

rifi e is,4Cte te
RO el sy S0u5orty of S B e b, o PER ggactions
ﬁﬁﬁlif@ﬂeDN%S matdfil Qﬁ'asaﬁﬁll Bitobh GinZ gghrése aidr BER products were
according to standard Chl P-chip protoco (Ni nbl e

Syauiife! i éohgran smxyareDTf/plealbhtliOaﬂIOQ Hgaobteapiae per 50

FR Tederioh b rarSdutSth O absCralibt oL Rl Y A0 22 PeR

GRAtions Wepdpbalk€ ah@ pudifie@ Ghisf4W tenthlitt aiskigCte Qlﬂ\qulck nucleotlde
hybri di sati on efficiencies. For each experinent

m@ep@lr{aém syptenp (Qicgeme ur e Hestemplate Wap éab@k?dv@mdhhybndlzed to

S MRk Gathg®t OW&MQ@WW@U%&ES of Iceland,

AATST DiffesehaiallydaealdLgéondic DA, Whith3vks digested with the primary and
TCACACGCGAAGT AGCCC-

(S8SORGaR; snzyme uMqﬁ@qwmc%T%eﬁlate to correct for
i GEsT mmg&mﬁ:ﬁ% 3For 46t ekAdtindNi! AY iRd¥hendently

anal ysi's wer on NCBI build nB4. Probes

(1 6casmdsspmples ovese labeled avithf aliemathdyesstgatations 100 bp up
-and downstream of Hindlll sites. The CG content was
30 optimzed towards 50% for uniform hybridization
A Paker-sdfuchRéc@\i8Ed: cross hybridi zation, probes that
had any simlarity with highly abundant repeats
(RepBase

HS2: 5’-ACTTCCTACACATTAACGAGCC-3’,
5’- GCTGTTATCCCTTTCTCTTCTAC-3’

Rad23A: 5°- TCACACGCGAAGTAGGCC-3’,
5°- CCTTCCTCCACCATGATGA-3’

B-major: 5’-AACGCATTTGCTCAATCAACTACTG-3’,
5’-GTTGCTCCTCACATTTGCTTCTGAC-3’

4C arrays
Arrays and analysis were based on NCBI build m34. Probes (60-mers) were selected

from the sequences 100 bp up —and downstream of HindIII sites. The CG-content was
optimized towards 50%, for uniform hybridization signals. To prevent cross-
hybridization, probes that had any similarity with highly abundant repeats (RepBase

10.09) ® were removed from the probe set. In addition, probes that gave more than two
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10.09) 3 were renoved fromthe probe set. In addition,
probes that gave nore than two 108 WD 2008/ 084405

wEAsh8RA0DE8/ 000625 BLAST hits in the genone WeCHIE0682000625

renoved fromthe probe set. Sequence alignnments were
performed usi ng MegaBLAST (Zhang et al. (2000) J
Conmput Biol 7, 203-14) using the standard settings. A
hit was defined as an alignment of 30 nt or |onger.

n S al;ra
DA SE RN RS CechBieTbARS ik hosoily BREE, RReTMG s
\/dhgngllahbntz @@r%&ﬂ%rﬁie@ﬁﬁh&ﬁ%egﬁnﬁm €Zipmg\et db200p) J Comput Biol 7,
Ni egen stens. Data were . 10 apal yzed using the
P23 kL éls{% &-standgid, settines; Ackit dvaé)m' ﬁ%@? 2P plighgpent of 30 nt or
ﬁﬁﬁ . Unprocessed hybridization ratios showed
C ters of 20-50. positive 4Csignals along the
chronosone tenplate. To define these clusters, a
rypnin an was applied. Various wi ndow sizes were
Gggg@&g%ﬂgi%g from 9-39 probes, which all identified
the sanme clusters. Results shown were based on a

e %ﬁa? kAR m—s g@@@b&&&m&&% @ﬂ&ﬂﬂt@d €& dabBl pAM and the data

onpar ed runni ng mean perfornmed across
neasddsiatieed WathaﬁlgnaTWB sofiwargqprevided bg é\bmbhqua)&‘,ystems Data were

S5R5eE hs HSRUREANY, SIRLAEL Shfny o me

tihro SR ﬁ)’tﬁldﬁfaﬁ@ﬂ ratibd&hbwk® @1us@r§ QDZ@ISU 1@e @E%lals along
defined as (no. false p03|t|ves fal se

pbs ichropeasomerigmplgte. To e lp@aéhctswégﬁ)terﬁ,ag remleg FeA8gWag applied.

bR 08 58k RS, s, i 250 ORI AR s80ine
| sarel cluvtess. ClEdsﬁl‘tmmﬁdl wsierighsed bop witkdow sma:mfc?&cﬂsrobcs (on average

establish the mmrml al ue for. which <0. 05. glext,
H0okRIAndawerg fomnazadstoe éwwe&t%ew%foea%sa?@as randomized data.

Windaws GO fSEkadd %.rra% Weﬁéla&lﬁ ConehdhaJuRlll fRhRSements were

wer e cons&%éred posi t Wher ‘conpari ng’random zed
2ppokatated miatwentmm wepktudband néiseof chat spectfmt hrray The False

e Bt e (ER Aol Pl 0Pt Bty (B0 Al RS + o of

GhR3dsIePORAs deY@mimidea ol &% r(ﬁﬁ:ﬁb&rbf%aﬂtﬁ('&d & tBO rdndbmised set)
each tissue, three independent mcroarrays were
pemamberdf g@sn’@vqgunghq data). The threshold level was determined using a top

down approach to establish the minimal value for which: FDR<0.05.

Next, biological duplicate experiments were compared. Windows that met the
threshold in both duplicates were considered positive. When comparing randomized
data, no windows were above threshold in both duplicates. Positive windows directly
adjacent on the chromosome template were joined (no gaps allowed), creating positive

arcas.

Expression analysis

For each tissue, three independent microarrays were performed according to
Affymetrix protocol (mouse 430_2 arrays). Data were normalized using RMA ca-

tools; www.bioconductor.org) and for each probe-set the measurements of the three
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109 WD 2008/ 084405 PCT/1B2008/ 000625 m croarrays were
averaged. In addition, when nmultiple probe-sets

represented the sane- gene, they were al so averaged.

Mas5cal |l s (Affy library:. ww. bi oconductor.org) was

used t I res " e . ' .

R 3180, e R on. SRS PR o AL Rlrcned
aiah&y@ne,rtﬂeﬁWewfm&ragﬁd v Mas Scdblis g€y 1ithnamy: @&rwmbibeonductor.org)

cal | ed expressed. 5 ,E(g‘t Jver-specifi
Seal” W TerEbar 415 CBeY g1 Wy = present”

cvassused 1%65%lseé‘ﬁ@§evftha@
ee%ﬂrlﬁsﬂ’letﬂ:éeM ?E ghd Iah\éﬁﬁre?s‘i‘(gl Qade B%trg@r thhasof e cﬁllé&eé(pressed

hi gher expressifon values conpared tTo fetal brain.
piFetal dlwexaspeeﬁ'mugmes’f wrﬁe clabdified an gcnepspthabmﬂt Qm:tqrmrtwof being

cipeesso S daP 3Gt ePdreomRe B REcRBR: Hiier cabrepgipn values

28818 Y8 SrainC Th ptRedd DRetsnine Of ovichl LaRE/StEInANacBivity around
all "genes found in a 10 wi ndow 100 kb upstream of the

seagh {gepn b THODINE SUTOWAS ePRiisth Ber thife vsem@seéflog-ﬁémg‘@m@d expression

AT i S A, ) A
aﬁﬁldBQ& OelPestrientl of thostattiaad i100 Ildb\tRiWnsReaiﬁ A thenerdr afi the gene,

and Rad23A in_liver) were conpared. to the_val yes
dBFlélFiWédh‘F 8Fne itpslt; é*egelﬁeg valyes fore actiyg gepes, foung nside, gositive 4C

Flong'grfl)’ £ 1@@%&18&)8 f n@&%%l?'\/i%k HSIMEfierNRAEB3 A in brain and
(040 er

responds to the active,
NRad23 At & élmtn) ngere gmmmarem &5 ¢t vdaes/vebtam;etlefom;@tlve genes outside

centro ion nd the tel onere of
RASHHE Sk Eg;\g% "184 ig% geaggf LVl RSP 123 <GoFgsRends to the
OfifnBedl b€ QCtWel Cr%oiﬁtéiﬁ:ﬁh %&hése plesertt! BéIwWRER RS 6t Ttromeric
fol | ow ng BAC cl ones (B C Resources Centre) were

UgtetactiRP2ERIGY @lEllQleftdpmeﬁmf chrormpspmes)7 tiedWoggrow s Werg compared

80. 1M cl ust e 3-334E9 for Uros,
?%l‘%ﬁ?ﬁl&ﬂi‘mf °P Vb, RP23- 143F10 for

chr.? at 130. 1Mo, RP23- 470N5 for chr.7 at 73. 1M,
RP23-247L11 for chr.7 at 135.0My (OR gene cluster),
5 for Rad23A, RP23-307P24 for chr.8 at 21.8

I\ﬁ}eaﬂﬂo%%éc&&és &e BACBAC Re [u'cgé Clﬁtge YAvdp usegioRP% -370E12 for

onoso centro re speci IC probe we use
cibine, RPZ9-317Ke6 dorectSyiat 86 Mn€OR gehatchmtm)edl&%ti:MB&wfor Uros,

OB (B FRVOTNENLIS | a5 Pe bt M ezs v
S8BT at 73.1Mb, RP23-247L11 for chr.7 at 135.0Mb (OR gene cluster), RP23-
136A15 for Rad23A, RP23-307P24 for chr.8 at 21.8 Mb and RP23-460F21 for chr.8 at
122.4 Mb. For a chromosome 7 centromere specific probe we used P1 clone 5279
(Genome Systems Inc.) that anneals to DNA segment D7Mit21. Random prime
labeled .probes were prepared using BioPrime Array CGH Genomic Labeling System
(Invitrogen). Prior to labeling, DNA was digested with Dpnll and purified with a DNA
clean and concentrator-5 kit (Zymo research). Digested DNA (300 ng) was labeled
with SpectrumGreen dUTP (Vysis) or Alexa fluor 594 dUTP (Molecular probes) and
purified through a GFX PCR DNA and Gel Band Purification kit (Amersham
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ng) was | abeled 30 with Spectruntzeen dUTP (Vysis) or
Al exa fluor 594 dUTP (Ml ecul ar probes) and purified
through a GFX PCR DNA and Gel Band Purification kit
(Amrersham 110 WO 2008/ 084405 PCT/ | B2008/ 000625

?51%%81 r?c%g)tet%)re#n%vé Eﬂflﬁ\é(grpg %ﬁﬂlc?e%'hﬂése g?&eﬂél:fgfgf ﬂl%éleﬂ robes was

ecCl es was net a
Stested df nm@hasreesﬁre‘adopﬁepmd frenEsurine ES celBlyo- FISH 5
Cryo- FI SH was perforned as descri bed before 5.
Briefly, E14.5 liver and brain were fixed for 20 nmin

| AnA%Re af or mal dehyde/ 250 mM HEPES, pH 7.5 and cut
|HI ‘tissue blocks, followed by another

f CryatFISH waseperﬁfmﬁdhssiesqmb@%hsﬁmafs .oBriefly] dhiyideliver and(hrain were

RS S e PRSP 1S Rk o sma

hgdsde blRRE SNeWed bPaBGhENfikAtidA Hepbf DABETh 8% paforheldehyde at
bl ocks were stored in liquid nitrogen until

sf%‘.t i Kinechgissugl blogkshiwere ripaessedi ignd-30M supresopmaPemin at room
2O BB o 7 BT A AT ATF pfgen. Tiome

fblbéled wetd lBtogedC D dijuids edtrdgeRSumir sbctlbﬁngf &fwrattlint oryosections of
coverslips and stored at -20C. For iﬁl‘l dj zatio ) }
smqmg chiere) REISHER Gt tingEsS Reichsrb iramistripmed? equipped with

@taﬁgch#e&lg(lgegga) n%élﬁ% Ffé\!?fﬁﬁuéd“wﬁﬁ S5G ok seckions wte BffSferred to

ubat dehydrat ed In a
smveshpmﬁndattbmdmt -20f¢C. d“@ndwbm@daﬁom s&tions veete washedi with PBS to

70% f or mam d /2 5. ct o

FERPOF SPbe e R Py e/ SR ZRgRE 6 £ 37 DA G gepubated

nﬂ)r |1@laﬁh &l onrqu}@cmng@rawd%la&eﬁ@st Sk tNirolN akd Gerfuré ¥ S min at
(Invitrogen) "and dissolved in hybm x (50%

f8:ﬁ°ﬁcam7@% forp §ﬁl pHU.§. aﬁeétw@mc:agasg dﬁhxdrated directly prior

RSB 8 DL e RS L SR 80§ o
hgbri ﬁNZ"@ghfvﬁfog%ﬁ) |a§@$ilsséﬁlebr1§ Bybrax (509 tfe¥mamide, 10% dextran

post hybri di zati on washes, nucl ei” were count er st ai ned

kuﬂﬁatez 2x$%f7.rfi0 miPphqsshajerbyffera pHEES) Brabsssvridsnatumed:fpg 5 min at

d | °
UL a8 2005 B RO AR .
| ﬁ&ﬂﬁbn&&aﬁkﬂi Whiles af e e rdTtauntgstaiped WithOID nghAMAPI (Sigma) in
2 ocpg)%g/gh‘weépéo%mgu%gdl 1\4le}’rolgxggu IG%FI)E dan}tqﬁfatdg r%ag%%lt) (Molecular

Probes). :

Images were collected with a Zeiss Axio Imager Z1 epifluorescence microscope (x100
plan apochromat, 1.4 oil objective), equipped with a CCD camera and Isis FISH
Imaging System software (Metasystems). A minimum of 250 B-globin or Rad23A
alleles was analyzed and scored as overlapping or non-overlapping with BACs located
elsewhere in the genome, by a person not knowing the probe combination applied to
the sections. Replicated goodness-of-fit tests (G-statistic) 6 were performed to assess
significance of differences between values measured for 4C-positive versus 4C

negative regions. Overview of the results is provided in Table 2.
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| magi ng System software (Metasystens). A m ni num of
250 (3-globin or Rad23A alleles was anal yzed and

W@ c@wsesh4as overl appi ng or non-overl appi ng w t hPGRdB2008/000625

| ocated el sewhere in the genone, by a person not

know ng the probe conbi nation applied to 30 the

sections. Replicated goodness-of-fit tests

(Gstatistic) 6 were perforned to assess significance

of differences between val ues neasured for 4C- positive
versus 4C negative regions. Overview of the results

i Althoughiveefbuhd sthtistically sighititani(di fo@B¢d3 Hédden background (0.4-3.9%)

PCT/IBZ 00625 Al t hough we .foun |st|caII
@a%f % w f‘ft%f%‘fﬂ%g PRSI it BAY %@ o that dregu cef%measured
Qfsd r?rf) lP?Sl({Férgﬁ)%{‘ihah%@s% 3fdasired fb&%‘ﬁ&é@@ﬁdlﬁ%ﬁilffe}emﬂ?ﬂ}@ Protocols.
eaf that frequencies neasured "by cryo- are
I Smtapnmg amay Isoparataesose éderpoting hasi gmdsq:rmg-FISH measurements will
rotocols, 5.Sect te
bt ehhy | e EReien g BRI AERet BB L6 Sotper hand
td’iﬂ’eﬁf Qe &id gbt FISH! pakeastes RRillCovdremtimatd eea€ tpetdtntages due to

«frequenm es. On the other hand current 2D- and 3D

IIEFPbee@@btiglil insthgizrdirestien. d8 tha fitteres masevedaniceqscapjetechniques in
c%?nbu?atlonl %ﬂleglgfee§§éc%é %SH? gl‘ %s ZwﬁilI 'Bgffér' %Q/ n%ll H‘u@ t'!i'f‘lteractlon

roscopy ni ques I'n i nat
Wirdquentiee speC|f|c FI SH probes will better reveal true
interaction 10 frequencies. EXAMPLE 2 The 3C
procedure (i.e. formal dehyde fixation, (primary)

r@ﬁmrtggn enzyne digestion, 15 re-ligation of
cross-finked DNA fragnents and DNA purification) is
carried out essentially as described (Splinter et

o iR SR R AR g ioH e Beston

f&ﬂf@iﬁ@ﬁ Sft &1@§s Bdled bl\mtffh%nﬁﬁ@;ahhﬁﬁ UNI&YpMﬁfoﬁtlon) 1s carned out
originally close in the nucl ear space. 20 |nver

|Q§Sq§1émflbra$ed#5@@b@&1nb3nlm§ﬁraﬁt | al, r@@ nMgthOanE@tY"?lo 355 493 507),
L
N R

didatti beemise tiRgi Wdte oﬁgingllﬁ cloke fnethb hacleargpacet any ot her
first (target) nucleotide sequence). For this, DNA
circles are created by digesting the 3C tenplate with

AP &S0 P s ?grﬂ')ﬁﬁéd' b LhPR r&ﬁyHEgIﬁéHt?fl bRl & glven restriction

frequent cut recogni zing tetra- pént a- nucleoti de
Sfeapmeane € Hajt’;f dlokambetabse iticgatainsna prcdmteldlebhmer insulator, matrix

TR TPOITE 1 T P EEE N
to topol ogi cal

For this, DNA circles are created by digesting the 3C template with a secondary
restriction enzyme (preferably a frequent cutter recognizing tetra- or penta-nucieotide
sequences), followed by ligation under dilute conditions such that intra-molecular
interactions are favoured. To minimise a bias in circle formation due to topological
constraints (Rippe et al, (2001) Trends in Biochem. Séiences 26, 733-40), a secondary
restriction enzyme should be chosen that preferably cuts the bait at >350-400bp from
the primary restriction site. To increase inverse PCR amplification efficiency and

reproducibility, circles are best linearised before PCR amplification by a restriction
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constraints (R ppe et al, (2001) Trends in Bi ochem
Sci ences 26, 733-40), a secondary restriction enzyne

w@bh@alogtab® chosen that preferably cuts the bai PCEHIB2008/000625

>350- 400bp from 30 the primary restriction site. To

i ncrease inverse PCR anplification efficiency and
reproduci bility, circles are best l|inearised before
PCR anplification by a restriction 112 W) 2008/ 084405

(onarnE e Y R0 R oRIEUET s RurGnd sRH oRIGEn e BUEARE primary

sedaschadyryrrestictiat siten site. Digestion of the 3C

tenplate with the secondary restriction enzyne,
circularisation 5 through ligation under dil uted

019@9% fonOSSth8 ¥t hdfifiate! with 1N sQbndR reGARGH BiAthe, circularisation
circles are perforned under conditions standard for
sthrugbiyatiom upderadilutets condlitjans | ad dirPhidsatios ms] baitecohtaining circles

[ P lificati '4C t ‘) . . .

A AL el 16, ST Sbtmiops il 0 DA
WeinBlatOfdr ffvetsB PCreSAPKIRdaYion QO B@blake).i ON enzyne
(overnight), followed by heat-inactivation of the

enzynme and DNA purification. Ligation is perfornmed in

10 M ..(1 ng/l ith 50U.T4 |}ga hhESHarat. ¢ 16C
eriitdy Brye Dol Sinaded = st AP0 2007 g i secondary
| e§ifiatidrSeizy R 6@%&&@0, fllloGk8 by Heat- Mb&vakibn b tHEQMEye and DNA
100 I with 20U of restriction enzyne (overnight),

foirificesan. ddgdtion by peermed rin f10 awalt (1 g/ MIIBNBY wi 44 ligase (4 hrs

PCR, o bait - ci.fj c pri ar e.desi gped ach .as. \
AFdSiCad gonal N Ry EvoPNR PR F ety iedrfilon of the
NGB DS Tritd}Bst S8 CRIMEARY 10(E B Witk ROU 8 ZsEfRctioRC& RN @Pernight),
site, respectively, and each with its 3" end facing
dotlomediagaioby PXNA pwitieationn proceeds i mmedi ately

across the restriction sites into a fragnent |igated

to the bait. Inverse PCR 20 with these priners is

FoRfigverd FCRAFW Balt-Sptcifpriérs 4680d Aedeh A4 Glose as possible to
tenplate (per, 50 | PCR reaction mx), to include a

rths iPritann end direasty neighhourng seeondary pestripiegn enzyast fegpgnition site,

VS0 L850 G4, PR ! AR o, ot
tihnieiiiélgatiosetheSequrictivackitee into 2 Fragiment ligakeatonie BADRInverse PCR
Cv¥1%1|1 (tehsesg {)Sm%resrifs %rre er(zlialy g'a'rriezd ﬂtnongflo%-foo r:lig5 D?\?fg o%ig template (per
50 ul PCR reaction mix), to include a maximum number of ligation events per PCR -
reaction. We perform inverse PCR applying the Expand Long Template PCR System

(Roche), using buffer 1 according to manufacturer’s procedures.
The following PCR cycles are performed:

1. 2 min 94°C

2. 15 sec 94°C

3.1 min 55°C

4.3 min 68°C .

5. repeat step 2-4 29x (or anything between 25-40x)
6. 7 min 68°C
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el ectrophoresis is perforned to anal yse

reproduci bility between individual PCR reactions.
Typically, identical product patterns should be
obtained. 5 In order to obtain sufficient material for

Iabell7qg_by random primng and array hybridisation,
mul tipl'e $CR reacti ons (each obtained after 30 cycles
of PCR) can be pooled, (instead of increasing the

PSS L 5Bl v S e bBbER bR re
bx%aét{bae.fﬂgﬁéllgﬁdéﬂiéabgrodﬁ& pafisths SHEHlIEBe SftalBeR (e. 9. 30
I (no label) + 1

cycles cycles (label)). EXAMPLE 3
Det ection of translocation using 4C technology 15 4C

technol ogy,.,i s used.to neasure the d.nteracti,on . .

fﬁe&@gﬁ gﬁg’ Logn, s lcéefrgerﬁatglééugo clgg%im%(rgo s et g%lnp ERreicy and array
CRYLRIAREAGE riultiple FRER edctions @eatte abtatied a@ei 80 tcyeldslof RCR) can be
cells froma patient carrying a single, reciprocal,

t paghesd, dénstdadno ew@émgcﬂ}emb@g?re of Bl @yclist per fegetion). As an
b ' i . . .
PAERER0) fbr c3loReoine ik finR PAHARG Gudlch e AR D cBporated in the
elas\cgtleslof BOR i(elp 23 éyetes$hglsbbly H1i0. ayclek (labelPnt

interactions with X) for (alnost) every probe | ocated

wi thin 0.2-10Mb of sequence X on chronosone A (the

agxmg ze of the chronosomal region show ng strong

Cross- 1 nking signals depends nostly on the
conplexity of the sanple that was hybridized to 25 the

apray). sewhere on.th a chronosone A, as.well as
ohetS%/’%?é’ro?gﬂ(‘\éPﬁﬁ‘yﬁ’Mf”g &ﬁg&eﬂogar ge region (on the
i near DNA tenplate) of probes with el evated ,

hybri di zation signals is observed. . .
C technology is used to measure the interaction frequencies for a given sequence X

present on a given chromosome A in cells from a healthy subject and in cells from a
patient carrying a single, reciprocal, translocation between chromosome A and B with

the breakpoint being close to sequence X (as shown in Figure 8).

In normal cells this analysis reveals elevated hybridization signals (i.e. frequent
interactions with X) for (almost) every probe located within 0.2-10Mb of sequence X
on chromosome A (the actual size of the chromosomal region showing strong cross-
linking signals depends mostly on the complexity of the sample that was hybridized to
the array). Elsewhere on the same chromosome A, as.well as on other chromosomes,
no such large region (on the linear DNA template) of probes with elevated

hybridization signals is observed.

In patient cells hoWever, hybridization signals with all chromosome A probes located
on the other side of the breakpoint are reduced by ~50% (one copy of chromosome A
is still intact and will produce normal signals), while a unique (i.e. not present in

normal cells) concentration of elevated hybridization signals is observed for probes
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In patient cells however, hybridization signals with
all chronosone A probes |ocated 30 on the other side

wo@Rooslgt4bs eakpoi nt are reduced by --'50% (one POPYB2008/000625

chronosonme A is still intact and will produce nornma
signals), while a unique (i.e. not present in nornal

cells) concentration of elevated hybridization signals

i s observed for probes 114 WO 2008/ 084405

RCT4 1 B2008/ 0 ' the hr I s
TRHTEoRE Erakpiny oRPihbiihe B, B BEEARE Abnff wansidon between
[robsssheving M@ vérsusv sttadigshybtidzatorh yignalslionathramoseingni Irsveals the
on chronosone B reveal s the |ocation of the

Hpeattop it the tapakpring A8 sbiomosoms BexaAvPLE 4 Anal ysis of 4C
technol ogy results 4C technol ogy was used to

characterise the genom c environnment of the nouse 10
EXAMPIIE4uUs control region (LCR), focusing on a
restriction fragnent containing its hypersensitive

site 2 (HS2). The LCRis a strong erythroid-specific

LRI oA RPhnol9veallery el ement required for high
l evel s o0f P-gl obin gene expression. The (3-globin

| ocus is present on chronpbsone 7 at position 97 M,
re.it. resides in a.large .9 M. cluster of
ot b iges St et Yo dnelhEiiss iy b, SarTosElerS o s prouse B-
16BA1680S QRHEPREion A Y, €6ABINg06IS a WestActimafry@Reht iddntaining its
gvvo tissl_Jes:.Elgf?%éofgdtallmlive.r,g vvhgre the LCRis .g.
dypessensitivedsithd (Sl dibienLgRnissa Hireng resribraidspesific transcription

hi ghl nd E14.5 fetal. brai erg.the | LS: .

el e o f hishReds of B Bpnd {risfion. The P-globin
tb&EUS DrestitCorDEIRBinosEhO i dt YoSition 9MtMb awhéreiSregiiee in a large, 2.9
found with sequences on chronosone 7 and very few LCR

iMbeeluster ofelfagtare repspior geres\thatare xansenibed gakygn olfactory neurons. -
h . . . (Ei —
WARSATc! Bl i o Wl mAL 1o S A2BER i st

i Rhé B 3:16bid Geddd ard &ﬂis@ﬂb&ﬂﬁ%&l@r,eﬁldaEWﬁ tethlt@ain, where the LCR is
chronosonmal position of (3-globin, in agreenent with

tihectivedend theagldbin eeenes it stendq e rhatle disayes, ith @ress | pajority of
Cional t : . . t
ORI SRk | Bubd Sk SE0GERL R (RARERAHESY BSLYETrew LOR

tiﬁtekd&}iaﬁpmtﬁ détbgt\zcil Rt skt %malﬁteﬂmhrr]dsthsmn&gi (gn 10, 11, 12, 13, 14)
uantltatlve Y. reasqne at thes nea eq e
g(@eg%é%@- dbe m%g%a@eﬁ% Pnﬁﬁqumqsgm@ Biere fagind within a 5-10 Mb
f t [ I i i )

S SR 8l B el Pl HESRERSRR Ahh i i

sall on sanp espon

. paebeabat Theéractivas fiequériciesedrewiererselye ppepdrtiomabdto the distance (in

Ao h oo phtcal KT D) AiSaueessc v o PO o iterpret
ME SeiGe iR hid ReidadfABntiBHYe1POWd RatdHRd tYt these nearby sequences
were together with B-globin so frequently that their large overrepresentation in our
hybridisation samples saturated the corresponding probes. This was confirmed when
we performed hybridisations with samples diluted 1:10 and 1:100 and found that

signal intensity was reduced at probes outside and at the edge, but not inside this

region (data not shown).
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rati os of 4C-signals over control hybridisation
signals for two 1.5 Mo regions on chronosone 7,
roughly 25 Mo and 80 Mo away from the f3-globin gene.
At this | evel of resol utlon the results from

e

p@ﬁbsl Ioﬂ GCSs;lgniEEli svie tentiod Ehybnﬂlsembm mgnaih rformbsonteS Mb regions on
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ligation event. Mbreover, onIy t.Wo coples of the 10
repompasome g PN faf GFaspesomal 1ogaiornfensHf megabases,apay,drom P-

@t
6, S5l 88 Qg AR By it s
| sigrel rivs gueapssetionithe 2hrootosome ¢ermplatg(Bigure h2p- c) Each probe on
pents stron i ndi es that th

strict f j t
cfg? @Q’é}ﬁ@:‘}o Yﬁ@rgfg&ggpglgﬁ@ta]ég 10 heé/el(ttg%&)rsmeﬁ pibp tqu copies of the
s 3 i tofl fr ot al® pBLART I8 1811 BRhSIfaWhieh iceRlonly ligate to one

significance o these clusters, data of individua

eome'rrcstecmm frwegneentr Therefdre mhazcintﬁmog @ﬁaldelmﬁlsnfdmtlon events with

S8 AR, R BB A AN
ddo?ﬂeﬁﬁdhﬁiﬂgQBcus@‘onfa@ﬁd}i’éTB Yl CRad rélatiglewalss. used to

set a threshold value, allow ng a fal se discovery
rate of 5% This anaIyS|s identified 66 cl usters in

B g cohesin skniisnes G fiiod “Jom Bl gl Clivicual

héx@Bnmé@@ Qé bRferdd &i"clﬁ@ﬂl%bdrﬁﬂdniﬂ%adndsdiﬁlysé‘d uﬁhg a&'unmng mean
truly represent locji that interact frequently (see

ovihm Witug window siep rbpRiggximséaly o9 ks Thsqgoniag gan distribution
' e (ﬁ)‘fﬁl&f 'gg'léijrt;ligg Ida qugf(?&)t ﬁ%ﬁi uBsHld yeee 'apggg%e@ﬁﬂE discovery

I|ga I on’ ev e restriction
chatesées%d This anabfbfsodﬁﬁﬂ'n&ﬂlﬁpdastmsan foétak tingxl atdesty in brain that

d t f 4C t .
PPRORCIRBY sroribund 10 ef SUCHBRO TS So (PR, 1200, ndeed, high
'grg%(gﬁdrg g E&ﬁilﬂf‘eﬁo Flaf ﬁﬁ_H' Elﬁﬁ@ﬁnhugi rbf¥8selt MBEiOkhat interact

frequently (see below).

Thus, 4C technology identifies long-range interacting loci by the detection of
independent ligation events with multiple restriction fragments clustered at a

chromosomal position.

A completely independent series of 4C experiments was. performed with a different
inverse PCR primerset that investigated the genomic environment of the f major gene,
located ~50 kb downstream of HS2. In foetal liver, the § major gene is highly
transcribed and frequently contacted by the LCR. Almost identical clusters of long-
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| ong- 116 WO 2008/ 084405 PCT/1B2008/ 000625 range
interactions with O magjor as with HS2 were found, both
in foetal liver and in brain, further substantiating
that these loci frequently contact the 3-globin | ocus

Figure 16). 5. I\/PL.E5T n| t. . :
el I Soli by RAR 1BS% ke R, PR h el ver and in
Cﬂgﬂarﬂﬁﬂé? Qﬁ)ﬁ%ﬁﬁﬁu‘ghﬁlaﬁ WResk | ReU ERqhdIgat&ifladt ik B-BRbIn locus
actively transcribed P-globin 10 l'ocus in foetal

| (Fvmre i)t eracts with a conpletely different set of
loci than its transcriptionally silent counterpart in

~brain (i=-0.03; Spearman's Rank correlation) (Figure

12k AMPItE 5 excl uded that results were influenced by
the sequence conposition of the probes. In foetal
liver, the interacting DNA segnents were | ocated

ek Sttt EREP GER Al R e e s

the telonere of chronosone 7. In foetal brain,
interacting loci were found at simlar or even |arger
dAwammwmbqﬁwem ke dvio rtlsewave@&dttbatftbetaaﬂway vénscah@d p-globin

th the na t inter i O /
it et Toeher (Rl far SOBPRER SABuSE s40 bt g han it
{HRRSY rsﬁérﬁdcohﬁf&pdrhﬁl Bfalin (£=-8/0d; SPpediinad® Rank correlation)
(3- gI obi n l'ocus contact different parts of chronbsone

7(Figte 5219 Thik @xcludq:cbﬁrasmmlss yere influenced by 2he gegquenng cpmposition

W&E‘? gicbsy ?Eh%ogf%ﬁ Herdcfine PN ANEem %g%ge located within a 70

tVBI fe@lon cerfRRBCALRA 't§é3| %e&norbchbewith n@armadiity (40/66) located
tenpl ate and often were sent fromduplicate

etopiards thntetomere 96 chromespmg 7ndafodtelhehia, nteresiingtlpeisyere found at

SOSRSSCE R Jerb il U B el o p GPeq 4§ ToepdyJulef g with the
data miemEr midctibhe (4333168l foNakss tHP Sthtyoreé?d bchRhosome

|'©oci el’'sewhere on the sane chronbsone, in agreenent

Wit Thesehdatpdahaenstrettd|tioas e antive and hiagtiveob-glpbimiscuecangast different
own c?ronnsone territory. We note that the a-globin

| RS OF GRFOMOSAYe r esent on the array (chronosome 11)

and did not score positive for interaction with

(3-globin, in agreenment with the,
Six other chromosomes 8, 10, 11, 12, 13 and 14) were represented on the micro-

arrays. Strong hybridisation signals on these chromosomes were rare, typically
appeared isolated on the linear DNA template and often were absent from duplicate
experiments. Also, running mean levels across these chromosomes never reproducibly
came close to the levels scored for chromosome 7 (Figure 17). Thus, our data showed
that the B-globin locus mostly contacted loci elsewhere on the same chromosome, in
agreement with the preferred location of this locus inside its own chromosome
territory. We note that the a-globin locus was also present on the array (chromosome
11) and did not score positive for interaction with B-globin, in agreement with the
recent demonstration by FISH that mouse a- and B-globin do not frequently meet in

the nuclear space (Brown, J. M. et al. (2006) J Cell Biol 172, 177-87).
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117 WO 2008/ 084405 PCT/ |1 B2008/ 000625 I n order to
better understand the rel evance of the observed

‘long-range interactions on chronosone 7, we conpared

the interacting loci to the chronosomal positions of
genes. In addition, Affymetrix expression array
anal ysis was perfornmed to determne 5 transcription
datdrdértty battert indsrstandsthé¢ redeancerof the dbaerved kmgasnge interactions on
Althou e average si.ze of interactjng,area
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enbedded in a very different genom c environment in
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| 2nt Qetivity (Fip@e, 1N ER, he Blgl&biﬁ lbé‘usfib Ghibedded inv & velt different
interacts preferenti al | y wth actively transcribed

rgenPwits eiiroamstt irthe tpfOthSnemt Irybtam;m e thgeloggs is not active, it

t el o {/Iotg(g}l a}cgs &ap?c%h %8"%? SF?lllmEcol\%)c1a n alieéia téxl%fls égi/bcentromere of

fdh%ﬁl&s%nﬂi gbi mh fgtQenas, iwtees aké IIBGJs\NllsI highhe az€ivé,vé interacts
éﬁ%Iobln | ocus |nfetal liver, tfé\é;reema\nt vvlth

mr restially bathragtively feansethed 59glmlss'|qcze B gromginently togyards the

ltonfeglg Atk Ii’l%fuoﬁ?dg ¢35, lrni)gﬁéntyyl 403044 ogg identi gled boﬁn Uros and

eresti n In ral n ntact’s were erve

tmﬁf , {(MR0Mb Iaazvay Glok fiplobiny BogpEOintgastimgoitis therastipe Pesotin locus
on chrompsome 7 20 that were | ocated at each side of
andetalrligmgingpragmenhagthreripus-olienpiions made by FISH (Gsborte, C. .
t S o)

ST, 0 RSV ERDENT i BASRRCTn Pl clfes e
saevhd ehﬂhahe azvajeuhemlfmtmy rezdegtoe gemxdhsters pedsgnton ¢1hremosome 7

interacting | oci_ but ot ctiv

fthataverg jqrated atrgachside gy oﬁm 2%7 %@Wéyg@ %&5@& are
all erythroid-specific genes that may be regul ated by
the sane set of . transcription factors, and it is an

atétrallctranderibederagibhadn thires®séme Uantsracowith dienatiee Bhglobin locus in
Vecieb et caher ot b g6 SROBITAIY AR PIOmve b the
Eééﬁfscf‘% %é:ghlét!sﬂo\f ‘BS: O\Me'i' Qcﬁ%%gf&ks irpﬁta"l‘ hivEY, 2} ﬁ Blobin genes, Uros
and Eraf are all erythroid-specific genes that may be regulated by the same set of
transcription factors, and it is an attractive idea that these factors co-ordinate the
expression of their target genes in the nuclear space. We compared Affymetrix
expression array data from E14.5 foetal liver with that of foetal brain to identify genes
expressed preferentially (>5-fold more) in foetal liver. As such, 28% of the active
- genes on chromosome 7 were classified as “foetal liver-specific”, of which 25% were

found in a co-localising area. Thus, we found no enrichment of “foetal liver-specific”
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expressed preferentially (>5-fold nore) in foetal
liver. As such, 28%of the active 30 genes on

wa@hoos/esiohe 7 were classified as "foetal PCT/IB2008/000625

l'iver-specific", of which 25% were found in a
co-localising area. Thus, we found no enrichnment of
"foetal liver-specific" 118 WO 2008/ 084405
PCT/ 1 B2008/ 000625 genes in the co-localising areas.
t t 0
MR8 HTRE o eting Al vk Bliodfily, 19 6 3¢10610%) neracing
Ix"eglloﬁs thiendfoontirc o fifdetad dicdret-$pgtifivliand d'msaths’ﬂfmm dormblded that our
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tﬁ)?t Y(EO to&ﬁé‘%%%& %:ﬁl ne k)gd %l J SlI'ﬁlsr gﬁ’aqg% § q'evealed that

ound I'nt er a

AeMeSriptdRaln aétivilydlreand hﬁt@ra@ﬁﬁ)gl l’généboﬁfas inot ighet |th@l around non-
active genes on chraonosone 7 867; WI coxon

REieRaCHDERCtVeERRNRFUECEomgsoPRRy7 n8r28é7eW\ﬂi°%%%ﬁtk T)a
housekeepi ng gene is |largely conserved between the

ti ssues It was next investigated whether a gene that
iBXAMRIdE6ed sinmilarly' in both tissues also switches

its genom c environnment. Rad23A is a ubiquitously

expressed gene that 20 resides in a gene-dense

CThesgamomid embedrimenh ofis dloasqkeerting gers isolargily oomsored [Btween the
Both in E14.5 foetal liver and in brain, this gene and
fé¥eSof its direct neighbours are active. 4C analysis

was performed and identified nmany | ong-range

interactions with loci up to 70 Mo away from Rad23A.

| lrpeas nexttinyestigated mdicthena gens that mgeﬁsed@ireﬂarﬂﬁ ghivgph tissues also

Bl FREAS eoRBmE SBrraRR k50 TR gL Setdied gne

h@hh&ﬁ%& gdnetdeasecllifed ofwasstFdRiuseKebpihg ioblds di0ctréhosthe 8. Both
actively transcribed genes. Thus, 1n both tigssues

rlcu@ﬂﬂ § Towieh bestandniacbrain, fhiageng aad gpany\f ity diect neighbours are

1
RIS A e B 300 A1 8 0 ragons it
decieun s 701 My avmypﬁdsrﬁd{ztdBAcﬁmpmmlyemteﬂasmdmwﬂh ®Rad23A were

t he
hlghly correlated between foetal liver and brain (‘r =0.73; Spearman’s Rank correlation)

(Figure 14a). A shared hallmark of these loci was again that they contained actively
“transcribed genes. Thus, in both tissues roughly 70% contained at least one active
gene (Figure '14b-c). Regions around interacting genes displayed statistically
significant higher levels of gene activity compared to active genes elsewhere on the
chromosome, as determined by a running sum algorithm (p < 0.001 for both tissues).
Thus, unlike the B-globin locus, the Rad23A gene that is located in a gene-rich region
preferentially interacts over distance with other chromosomal regions of increased

transcriptional activity. It was observed by FISH that the chromosomal area containing
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gene-rich region preferentially interacts over

di stance with other chronosomal regions of increased
transcriptional activity. It was observed by FISH that
the chronbsomal area containing 119 WO 2008/ 084405
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U(E}fr&h%cﬁﬂes Ghdy0 @Iﬁsﬂéfeﬁ)terbﬁefreq’&nﬂy’t erlodgBracbe detected under the
freguently enough to be detected under the conditions

itipap aseddieraifor dedpefBolgy: 10 EXAMPLE 7 Validation
of 4C technol ogy by high-resolution m croscopy To
validate the results obtained by 4C technol ogy,
CEXaMIPIIH7experinents were 15 perfornmed. Cryo-FISH is
a recently devel oped m croscopy techni que, which has
the advant age over current 3D-FI SH protocols that it

éﬁcﬁﬁzon @rté’c’?zﬁgfo bﬁy&lh%folbi‘ll&f Ricrésebpyct ure while

ering 1 nprove esolUtion in the z-axis by the
preparatlon of ultra- thin cryo-sections (Branco M

IS WAL SR

Radoied! | EFISR Y8 Yecenity A8V el St dChickxeapy eebnidid, hvhlch has the
nor e than sel ected chronosomal regions in 200 nm

vadventagh IOMCI' %r,em SRSFISTE pratesels thehritebedtes; prasgraes Higgnuclear ultra-
Eélaulgﬁnee avr}r]@?/ sy é?glngﬁw\e\% rreektoﬁfti%ﬁtlh ?lﬂec% ki %gﬂﬁé E)?eparatllg])n of ultra-

t fhéh &Gorsestivnk f{B(ﬂcg,uMe RI& Poﬂbb Ae(za(mﬁ:)l BLoSi &dlahtelSS) 4C data
regi ons that were identified to jnteract wi

(®erg| wsbifiad by mcasusineg: hows (fsgyers B-globiay QIM\émﬁraéleles (always n>250)

DRI AT s P Y€ B8 F A Ana (R 200 5 ula-tin

r @SRes! prepdryd frofl Bo4.5tiher hﬂﬂ)bﬂiumtlmpbrtaxhﬁ)a(allangeractlon frequenc1es
receptor gene clusters id nt|f| ed b%‘?’i‘l hnoI o

DYy er E%Hgm)wq of agggepent AGresuyi Uigyg; 16). For
%&g&q 1547’@{: %éﬁsﬁ'é IR WeRAUGRGinReS foSIREGE! Rty [pélobm by 4C

technology co-localised more frequently than intervening areas not detected by 4C
(7.4% and 9.7%, versus 3.6% and 3.5%, respectively). Also, the two distant olfactory
receptor gene clusters identified by 4C technology to interact with B-globin in foetal
brain but not liver scored co-localisation frequencies respectively of 12.9% and 7% in
brain, versus 3.6% and 1.9% in liver sections. In summary, co-localisation frequencies
measured for loci positively identified by 4C technology were all significantly higher -
than frequencies measured for background loci (p<0.05; G-test). We concluded that 4C
technology faithfully identified interacting DNA loci. Finally, we used cryo-FISH to

demonstrate that loci identified to interact with B-globin also frequently contacted each
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brain, versus 3.6%and 1.9%in liver sections. In
sunmary, co-localisation frequencies neasured for

wooms/opasitively identified by 4C technol ogy WeCEIE2008/000625

significantly higher 30 than frequenci es neasured for
background | oci (p<0.05; Gtest). W concluded that 4C
technology faithfully identified interacting DNA | oci.
FinaIIy, we used cryo-FISH to denonstrate that |oc
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]E\mh thdi GR @ehe Eidstgethat contsihed thevaetieelytraosciibed f-globin locus. These
d%%gﬁieclala\éﬁrgeteqm@ %ﬂntgrg%t[ltg}ls not%é}tét&erq? ger\xlg clﬂstgrr;ewere not a
t e@nﬁé}ft& R dnE 16t APAin! RSHS -andRSSE It ket QgUBg'tS 35‘1:)@&11&9 dhat' such
Ilear i nteractions between distinct géne clusters
wpamlrwntaats fpaibitald &:mcbynmﬁuctahenfoc@mn the miany QR genes required to

SRl PRI 1 9ab-SREBHL O BbvH i p. oo

tﬁ@mm)ge%g@s&%}q@qmﬁd to ensure that only a
single allele is transcribed per ol factory neuron

(Shykind, B. (2005) 10 Hum Mol Cenet 14 Spec No 1,
%'BQL@%NPLE 8 Nucl ear aorgani sation of active and
[ hromati n donai ns 15 The observati ons

descri bed herein denonstrate that not only active, but

al so inactive genom c regions {1/ rmdi stinct regions

i Mucleqs ongenisation 9h deilverad inqciiye FemMedRYOrais- range
contacts, strongly suggesting that each DNA segnent

has its own preferred set of interactions. Qur data
sTiggetstrviations ddsexmbetdhlmr@ﬁ -dginwinstrate demt snlyvactivéy it @lso inactive

!eé?&‘lf)&%%ﬂzrg ‘réﬁir% é tl(lﬁlgglﬁlég?s Inlg %q glla? involve many long-
| Rh&S BGHAR) %tr%%l?sﬁé%ésﬁ@g ﬂﬁﬂ@éthDN?\engﬂiéﬁﬂh&Cits bwn ipseferred set
uc

anticipated th a dramatic repositioning upon
tofdntecactipns. dPvarl dagecsuiggest ithat whey theeB-glabin bcmmsmtrchedm yt leaves

gi}f( talélgér&ghnglg @?nt agg%%ﬁgf%r} Ihat rgtgcﬁgii;len%? aI %%qleg{ c3pea where

flhfé%c‘ﬁbﬁﬁ WifRCickive dORRRS 28 fhiRirdd. Neay a:ﬁi&[éﬁfedsmﬂﬁ‘such a dramatic
tenplate, as is the case for. (3-globin 51t i

IS
preppsitéaning kipen traesceiptiensd iagvation ik weil heom gallmageonly of tissue-
| sqotecellﬁgcgtem% at r%géh 2t grtaj.rgi gﬂgreésﬁo%dlevel and, more importantly, lie isolated

from other active genes on the linear chromosome template, as is the case for B-globin.

It is proposed that the extensive network of long-range interactions that are identified
both between inactive and between active genomic loci, reflects cell-to-cell differences
in chromosome conformations more than being a consequence of dynamic movements
during interphase (Chakalova et al. .(2005) Nat Rev Genet 6, 669-77 (2005).
Presumably, different degrees of de-condensation after cell division drive the active
genomic regions away from inactive chromatin (Gilbert, N. et al. (2004) Cell 118,
555-66 (2004)) and contacts between distant loci-of similar chromatin composition are

‘stabilised mostly through affinities between chromatin-bound proteins. Spatial
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bot h between inactive and between active genom c | oci,

reflects cell-to-cell differences in chronosone
w@omBos4Ipi i ons nore than bei ng a consequence OPCTYBRAOR/@0625

novenments during interphase (Chakal ova et al. (2005)

Nat Rev Genet 6, 669-77 (2005). Presumably, different

degrees of de-condensation after cell division drive

the active 30 genonic regions away frominactive

?%%ﬁ%ih&ng hidif réltsmmblo%{ n?éa/ bé %8%411)111@2%& o, also 3nfif be the

et ween di st ant simlar

ctomemichee o theosnfolding pat&amsbﬁbldhrcﬂaaboumt\vhllet hrdmgual loci can

affinities betweepn chromatin-bound 'proteins

oD AEIb A R G tsekl CalRrBeR B 8firomosome
b&bURS: t%glysﬁé‘ﬂfaldtﬁﬁéd RYugdhBufl B Ckil @8l anB UequiBig 818 division for
sinply consequence of the unfolding patterns

5 fesatmgr”ﬂumsdnass iMagteemeenidwith difecell dmpging studigs\sbowing restricted

o o o B 4 LS s AR oo cur it 12

B3N RI(DEUD)} Bhd HIetl Witk serlids shotlisg and Ifuelwt chridghatin position

cell division for 5 resetting. This idea is

agltf@éwélﬂtl isvirequently repapated dupng &eﬁeu&lwél%m% being conserved -

[ r
TL(L. gélﬁ%a%l éegg(}g%sc.njs,( 28@% r llI 1% Z@@ 75‘@0@2‘, Gerlich, D.
10 (é’tQﬂ)Z)'e)llla]r?dﬁl-Gs (203)). wi t h st udi es shovm ng t hat
nucl ear chromatin position information is frequently
propagated during the cell division w thout being
c in the population of cells (Essers, J. et
a%@;'ﬂ%flﬁfiﬁ%?ol Cell 16, 769-75 (2005); Gerlich, D. to
et al. Cell 112, 751-64 (2003)). EXAMPLE 9

é?og{f i, 23@1%1:13}23 Js} ?ﬁzcémgot eCthug'latg%dfz cé%tg {f%yee%]fé‘j qgtﬁzzgctit‘?ent sample

15 Pymg@Rege)of a deletion present in a | eukaem a patient
as revealed by 4C using a target nucl eotide sequence
that is either at 2 Mo (A) or at 1.3 M (B) upstream

dzflo 18 ce! 6 ddedd® eg%ﬂf il Ul?ﬁkﬁ%kﬁgﬁzﬂf%hpﬁs rdVahiSd thS}a4C using a

|ons cause a r Ion O eraction

Sta%b@hﬁclééhdeh@qﬁhhbet}ﬁdlsrétgem 2 Mibt(Adlos at h&Mle(Bz)npstream (‘to the

I ncrease 1 n i.nteraction fk¥auen0|es
1

skedioe foas the ek bgﬁahmm%tN%tarﬁhet Selefifes Ayt ) regpct{oﬁxe of DNA

20 ﬁﬁéract%eﬁgﬁ’ﬂé B the! BliStell Sre%@ﬁt HEUAIRS Icubi Hiéseadb8R DNA:DNA
interactio wth target nucleoti de sequence B are

cinvradtionefraquenaies fcxeseqlhnmx:esodnrmhky dpvaphredm (B ghel right’ 1 of the last

BreBBin, G s EE DA POTAE NN BRRed iy tget nucleotide

sequence B are closely examined (see bottom two graphs). Based on 4C data primers

were designed on each side of the deleted region and breakpoint was identified by

25  sequencing: plain text is sequence upstream of deletion, in bold indicated is an inserted

nucleotide, underlined is the sequence downstream of the deletion.

EXAMPLE 10

30  Proof-of-principle: 4C technology accurately detects a balanced translocation in a

patient sample (Figure 25).
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the del etion. EXAMPLE 10 30 Proof-of-principle: 4C
technol ogy accurately detects a bal anced transl ocation
in a patient sanple (Figure 25). 122 WO 2008/ 084405
PCT/ 1 B2008/ 000625 Proof of principle for the

tegtion of . bal e . I [ j . .
B Bl Brhe LB AT Son LR Befiliion of (17
afransldBhtid, as\@dsciBsed NO(RA FuAngtist all5Blood,19Y8H 84pNo 4 (August 15),

1232-1236) . Target_nucl eotj de, sequences fl ank t CRb
| K¥%ds mh 1_)2é%-rla ohwest niFlentide sequsgees ﬁ?&?sl{‘w 1eRb Beus on
r g X [ i < M . . .
SRLSABIN 1O BRI ARA0R DG DR ftins i e
atarbet sequehcee thait gndodmtedr epatresmnof thy DNRbONGus, and the blue signals

LR KA B R WRTIRI G Yottt OB o tocate
| vifsaedrh W tRNVACRORRLS Dephdie are the hiterRE®ONA sig@@ls found on

panel shows the theoretical signal distribution. The
néhaethesoarad 1. Tempangdshews sheotheenstical signal distrigion. The middle and

' i butipn. .The b . ' .
35t LRy 5 DDA BRRBhSh I SRR e Gt

ClRESIGRGOORindBidlad peobelpi-@agosal on the easmosimatchgllaaclote that in
transl ocati on target nucleotid? sequences f]anking the )
braseep &i planced translegsfion trget aIqlePtids Seqienges giking the breakpoint

dﬁlg%}&%g gg%.g%i?' eg%v%{%&ﬁéﬂ%%e‘rt %rﬁf)m Dy A8hteraction signals that

i near chronpbsone
t dirqetlgtierddr dable dilieansl dealineag chpemdsome emplatoodrthe translocating

cieriner Shromgsad Fosion, SRR by dpout (oo i BUFRet et al.
byg9 10 iRgiRskd b%hﬁf}ﬁ al thefogehr pahepr i nci pl.e: 4C |

techhol ogy accurately detects an unbal anced
translocation in a 20 patient sanple (Figure 27).

[@&%ﬁ@éﬁf unbal anced transl ocations. Detection of
t€4 sl ocation as described in (RJ Galjaard et
al., AmJ Med Genet A 2003 Aug 30;121(2):168-73).
Target nucl eotide sequences |ocate to chr

{ Proofiefprvane: #€ sechoo by AERAISD GREACS T ABnPeR fetioegtion in a

BARE i pgroct seduences vere ussd | oon o

on chronosone 7. Interacting DNA signals
Detection of unbalanced translocations. Detection of t(4;7) translocation as described
in (RJ Galjaard et al., Am J Med Genet A. 2003 Aug 30;121(2):168-73). Target
nucleotide sequences locate to chromosome 7; the depicted interacting DNA signals
are located on chromosome 4. Two target sequences were used located upstream (5°)
and downstream (3°) of the breakpoint on chromosome 7. Interacting DNA signals
located on chromosome 4 are indicated (for both target sequences in blue). The region
in between the clusters of interacting DNA fragments on chromosome 4 has been
deleted in this patient. Top: signals for the complete chromosome 4. Bottom panel 4C
data: signals at a 11.5MB region around the breakpoints on chromsome 4. Based on
these 4C data, the HindIII restriction fragment on chromosome 4 containing the

translocation breakpoint was identified and used to map the breakpoint by sequencing.
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has been deleted in this patient. Top: signals for
the conpl ete chronosone 4. Bottom panel 4C 30 dat a:
signals at a 11.5MB region around the breakpoints on
chronsonme 4. Based on these 4C data, the Hi ndl ||
restriction f L 0 : :
¢ PG SO s PO 0 AT B BTl EAORRL BRERR sequence is
niemt Eieohbsahdpd| bbldys famdeuth rog. 7 ahA34 \46d 20108/ GGE4ES is from
PCT/ |1 B2008/ 000625 The sequence is provided at the

PBASBME {-he figure, where underlined sequence is
from chronosone 4, bold is found both on 7 and 4 and
pl ai n sequence is from chronosone 7. 5 EXAMPLE 12
REKIAMPBLENE2 esol ution identification of bal anced
genom c rearrangenents by 4C technol ogy 10 Sunmary
Current techniques to study genetic variation fail, or
ARGt ik GESoRktRInY ideiBiddrion ofo BhRNERH gehurmioOfarmIngements by 4C
rearrangenents (inversions, translocations) that
flecknedoi y occur in the human popul ation and can
cause di sease. Here we denonstrate that 4C technol ogy
detects bal anced i nversions and transl ocations, as

unbal anced 15 transl ocati ons and del eti ons, at

a resolution (-7 kilobases) allow i mredi at e cr .
seumIR clerpigest ife SHEY 865616 ariatien gg&hﬂ’oldﬂg?)ti accyeately identify
t QP3G a&ﬁ'@fhbgo?n% eﬁ%ﬁﬁ%[aé@ﬁﬁﬁﬂt va5ERS | ¥AithcaRAES thifkrequently
abnormalrtires an eukaem a. e LMO3 gene 1s
i ket if thedhmsanapoputatioh and aas lcacsatdisasgp aHereewe demphgrae that 4C

F%}ﬁ%}p@%@jﬁtﬁgéﬁ ﬂ@gaglggﬁ érTYQc%Pf %_?IIJ -F%]gxlgll cz%g)gx%ﬂe?% well as unbalanced
egiRRlchfdhsd tnd ]gfelm%ﬁ’,g}it &S résoRIPIORT {45}" kA6bdzeyy &lléwingalmmediate

research tool for the accurate analysis of genomc
r sqnencingofthe dreakipains: dntechnnlogyi isgised ite cpragiezergarrangements

prognosi s and.. ultimately, ' . P ent . :
PERBSeioBAcu BrUE o P e B Befc it s
andlel ftiaadlbtA108, paree oS ithe' T, célt aepe e igens \TCRB) darT kell acute
t he cause of disease, particularly when they affect
gmpheRlBpislsrimia (b Al These Tevults s @bluth 4foibtology s a powerful

CL&ALARE .fregeﬂt?bihg{lh'ogte{gf §he UeclrERORAY N 0P %eAbmic rearrangements,

transcriptionre .
important for diagnosis of disease, prognosis and, ultimately, optimal patient care.

Introduction

Chromosomal rearrangements (deletions, amplifications, inversions, translocations)
can be the cause of disease, particularly when they affect gene expression due to gain
or loss of genes, creation of fusion-genes, or repositioning of transcription regulatory
DNA elements. Rearrangements arising in the germline can give rise to congenital
defects, those in somatic tissue can result in neoplasia. Following the completion of the
human genome sequencing projects, it has now become a major task to characterize
structural variants in the human genome, as it is becoming increasingly clear that
genomic diversity occurs naturally in the human population and can be linked with

susceptibility to disease (I-6).
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linked with susceptibility to disease (1-6). 124 WD
20053684 435e PCIhpBANAS £ EHINGR hybillizatiar (maykié@Hhi is a w1dely used

compar ati ve genonic hybrl di zation, (arr
viigiesthoughpyt Zanaynics H‘PB‘ES’@ that san diﬁ,;egg cg{%\}oag qua Jifications or

C&'ﬂetgﬁ% &fita %gcgﬂﬁ’cﬁf qwl kflbtRtd %Psev%ﬁ lege! @G'[LP R8lidl on the
a resolution o | obases or even | ess.
rmédseement tdfe ch'ﬂngeasnr Bh@ntcopy pirabere sudhn aE)l\wenomy deletions or

JIITACITELN. O IR XN A T .

| PSSR 11888 Sort Shid 0P TINA. codtehnt) qutls LAlsfoval h@i freq@bntBNéuch balanced
content. It 1Ts unknown how frequentl%/ such bal anced

ewvenis scoudwt tsytare Rtimated toeennistiitesep 10020% € ell struetuggh variations
20% of al t 3

oS0l i A R g BARRS s o

ajhpsracsoRes katyetypas, %dhﬂfa@ﬁﬂ&dﬁddvktﬁammewnﬁmeﬂﬁs (approx.

have the di sadvantage that they mss_event a OX. )
99%) anvipiowi: Warird Ao bop {TBR YRS L InBEATE S, T Hecesstate
%E.gg‘a%% infisfvel foafdgﬁtlfP' d;HE ta@tﬁﬁl enetlc aberratlon underlying

Uf-1ntensive, analysis to entlfy he act ual
g.hel distase aHerer o idemonstchty thyt Ghrontatie Ginderamtion Haptyre oweChip (4C)

oforeste) ideshten Bl CRisnoeamt PTPLACHD ERATAF Arrseesmepts ot

%&tﬁh@&p(em %n@ée sew@ma@ragm ¥nfediateiclbRing &HA! GheBing of the
(-" 7 kb, see hat | ows i medi ate cl oning an

- sehpraescinTa bmfakpm:ets tébl’dals highergrqlution sfrategy requires the use of
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e mcroa t'0 screen
genone and therefore is cost- effectlve QJI‘ initi aI
results wth 4C showed that no matter the fql ding

t Qe iaiab rrstith wath ¢ G showed dhat sgnaties dae foidiag 9 fheabgoraﬁmhand the
glﬁ}{% Padggcﬂﬁ ra% f 5@%@%ﬁvg§g§g% ggﬂlérﬁ!se diose on the linear

ate ar ,
edhibrao e *gemplae akd mlvgrys mapmlrenhgloamdfﬁcwhﬂ;e,nreewleng in strong and

sat urat ed [ .ion signals for es W t.hi '

lsoen peetre B e g AR @Eobel B ATFOR AG 2 least 5-10

tlﬁé%h%‘éasé SHYSRtng B tatedtSeditnsd ERE R Th aptdethehiRith @RAdea that the
DNA segnents | oCcated closer on a flexible

cPNAmaegmentts Hegated [clostmoar acilexiple echromatin fiber will interact more
frequently (9). Local fragments are also captured much more efficiently than segments

0RE ey ) frcth Mk GFROL bAoA AL AR BB

megabases away that frequently loop towards the target sequence (8). Random
capturing of restriction fragments is rare, as demonstrated by the very low frequency

" of signals from probes located on unrelated chromosomes. Thus, 4C technology .

allows reconstructing physical maps of chromosome templates around target
sequences and hence it should also be capable of identifying changes in these maps as

the result of genomic rearrangements.

125



25 frequently (9). Local fragnents are al so captured
much nore efficiently than segnents negabases away

wo bas/ogqueqiuent |y | oop towards the target sequePCEIE28)8/000625

10

15

20

25

- 30

Random capturing of restriction fragnents is rare, as
denonstrated by the very |ow frequency of signals

from probes | ocated on unrel ated chronosones. Thus, 4C

technol ogy. allows reconstructing physical maps of

orF | ates around target 30 sequences and
&g%§§2§3£§#%§£§ al so be capabl e of identifying changes
| Surkpleprepipidnas the result of genonic
rearrangenents. 125 WO OO8/Q§3§O§»PCT/IBZOO Pg described
VAl Batien saparlpv AR ReaHBY SOp | sagmples Aere (fs describe
ﬁﬁ@ﬁbﬁ%y Pérhtehéf d&io%e&@émﬁ 511248 3(']?5!' ©B08¥ 'Simonis er al., Nat
an desc

previously (\iierberghe et al.,
| Gerer r38a1248, (N4 20060 The BBY)-trarSformed scebtling denvmétfrorrs the PAP

| PN R Gt R Pk fenerti DR (SRPGR el dln g Gener 38,

hm@l(%vazi) I\zS(%IjaHﬂth el o% g M&I Condrd EX1, 268 (ARN30, GO0BX
1348 | 2006) ; Galjaard et al., Am JMed Genet A

121 168 (Aug 30, 2003). 4C array design 10 The 60 bp
p r.e designed within 100 bp froma Hindll
{¢g”aﬁgeﬁa1crlterla descri bed previously that for

ERIRITB) dpSplobes werdl Jesitied UeittDNA 09el ronea HisdHbsits, wing criteria

al Nat Genet 38, 1348 (hbv 2006) able to

cdsseribedrprevipwsly tha Sorgrrampna 1¢19ch enlym‘tsg‘aﬁgr BHEENCER G imonis ef
t a

1400 0 TSSOy TRENPIE B4 1y G006 GRS with

p408E00pprobed that Ifit ohrmgnamblegemmemarr@y, d Selegtonowas awade. Probe

sid Seco wer e | ect ed suc

Spiber o eyt 28 ke E ol 28 Fohs U At fpaghling fpstead of
OGRS eactt GidRNSEAORHTY, ffobRs VedSicteclSsubk kiap tHEREhadifg of probes was
descri bed previousl'y (2), using the follow ng priner

2% esugjuas possible Berosidie PNOPBRB CATGAAGAAACGAGCACCC
CCTTGATGITTCTCCCTTTACC 3'-end of TCRB
TGTCAGGCTCTTCTCCTACAC GICGTCCAGAACACTCACC 25

4C analysis

4C analysis was performed as described previously (2), using the following primer

sequences:

5’-end of TCRB CATGAAGAAACGAGCACCC CCTTGATGTTTCTCCCTTTACC
31mefTCRBTGTCAGGCTCTTCTCCTACACCHCGTCCAGAACACTCACC
Centromeric t(4;7) AATCCAGGGCTACTTCCAG CCGTGATGCTATCTGCCA

Telomeric t(4;7) TGTTGGAAGACCAGGTGAAG TGTCGTGGAAAGCGAGTG
Deletion 9 CAATCCCAGATACATTCCTCATACAAATACTTTCCAAGACTGG
AC

3’ of TCRA GAATATGTTATGCTTGATCC TTCCATGAGAGAAGTCTAG

126



10

15

20

25

30

Centroneric t(4;7) AATCCAGGGCTACTTCCAG
CCGTGATGCTATCTGCCA Teloneric t(4;7)

W BNFBMCACCAGGT GAAG TGTCGTGGAAAGCGAGT G Del ep¢DIB2908/000625

CAATCCCAGATACATTCCTCATACAAATACTTTCCAAGACTGG 30 AC 3

of TCRA GAATATGITATGCTTGATCC TTCCATGAGAGAAGICTAG 126

WO 2008/ 084405 PCT/ |1 B2008/ 000625 4C data was

vi sual i zed using Signal Map software. To create whol e

chronosone view pictures of the 4C data, a running

mean with a wi ndow size of 29 probes was cal cul ated

usl dgratwas vRufaki‘txeldagmg(SﬁgrtaWbp wofiwarep Tojcecate wholp chfdmosome view

Restrictjagon fragnment pai.red-end-sequencing 10 f

GIRBHRSCODR (Rdaih & (UERBEITEAR PRESHOMBIOY, iFF Db 2) probes was
: Q&rk'h WAVl ' 11, Bglll or

%{(%Rl &?gs%ﬁ ﬁi%g{rﬁa%ﬁhourg)s?/ Sanbéﬁ)zgew%w pur i figed by

phenol - chl orof orm extracti on and et hanol

preci.pitation. Subsequent | .10 sanpl es were ligated
i sf"ﬁ‘l"”’ ‘f&ﬁ”ei’ﬁpffr%‘fgg’fqgﬁeggém(%che) for 4 hours at 16

Q(ﬁﬂg_&%enﬂiinwm Has FstCdighdt @R ire 906 pMAies 10T ef an enzyme that
puri fied by phenol -chl orof orm extracti on and et hanol

pecagnies i ibases (HEndills i dordEgeRDi @A Kadorpeérhavryre §amples were

Wi t estrictihon enzyne that recgani zes 4-bases

(it P e iR Bl A TP PARES sbseaquenty
dgsfpldshedle fihtell € 2 GDRRE 40 (L6 PBEsE I(RECHR) FoH¥Ehours at 16 °C and 30
Subsequent [T gation was al so as descri bed above.

Sainmpkessat @@FE. purified by phenol -chl orof orm extraction

and ethanol precipitation. Selected fragnents 20 were

PCR anplified from50-100 ng of DNA, using the

folheW BnpIRdivkicOnrifidd 8¢ phéHol-3hIbrdYeieS extiaib@WAAd ethanol
by "30 cycles of 15 seconds atp 94 C, 1 mnute at 55 C
aprecipitatinnut es at 72 C and one final step of 7 mnutes

at 72 C. Results 25 Identifying translocation

br eakpoi nts

A second digestion was performed with a restriction enzyme that recognizes 4-bases

(e.g. Nlalll or Dpnll) under the same conditions as described for the 6-base
recognizing enzyme. Subsequent ligation was also as described above. Samples were
purified by phenol-chloroform extraction and ethanol precipitation. Selected fragments
were PCR amplified from 50-100 ng of DNA, using the following conditions: 94 oC
for 3 minutes, followed by 30 cycles of 15 seconds at 94 °C, 1 minute at 55 °C and 2

minutes at 72 °C and one final step of 7 minutes at 72 °C.
Results

Identifying translocation breakpoints

To test this, 4C technology was first applied to the HSB-2 T-ALL cell line, containing
a reciprocal translocation t(1;7)(p35;q35) between the T cell receptor (TCRB) locus
on 7q35 and the LCK locus on 1p35 (/0). Two independent 4C experiments were
performed, each analyzing interactions with a different restriction fragment on

chromosome 7 located on either side of the breakpoint in the TCRB locus and at a
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To test this, 4C technology was first applied to the
HSB-2 T-ALL cell line, containing a reciprocal

wo ea@sesqaeation t(1;7)(p35;935) between the T ced1/1B2008/000625

receptor (3 (TCRB) |locus on 7935 and the LCK | ocus on
| p35 (10). Two i ndependent 4C experinments were 30
perforned, each analyzing interactions with a
different restriction fragment on chronosone 7

| T \ _ ; . . '
SR 0N b B B g
direirginhe TaiRBHERuk bn ahnR88mk 1, weresbserved &l g healthybeinkrol sample
I AL e SH o B Bk o
G AroR@80th& (BB 30 fAFSB33. 3R MInfrast ] ke HBH-ROsample showed

sanpl e showed no, “or background, si gnais on all other
caddivnglovery highi signaBOsecifically 889ss ajmegabasertggion opHg35 (Fig. 30B).

Cad AR SRS i R S o B S L it o the o

JeBmentsTHE SRroMd3OMEST £ PISBSENineidatigs tHat phito 0f filiesg rohrintosomes
on chronmpsone 1 captured by the two fragnents on

cFere bpexteht iy close plomical praximityt Thegmestdelogierics (R B tagggsequence
ohr . o . o

SHLOTRPFS 155500 A8 By i A4 o cBEONER s o
TLCR gty @tchireiosomé i oOorfveesglye tiesnb s wemtdsmérive7CRB target sequence

centroneric side of the 10 LCK h 1. .
oAV Ergmerin B MEdHPMSHBRIGE OF ek 1 TG 8 Doirafod with the
hidhieH &f IURALP) ttﬁﬁ‘ﬁ{)&?io%.h REBORAERKE firbd ?es@ﬁctieﬁl'(gr_agments

I's Is.in agreement with the ori-entation of the t(1,
Tepturaihsi cdrembsyme M batherperirhents directlyflagk thepriewiqusly identified

fragnents. . captur on rompsqne .1 i.n_ bot - P
SREPTaT L aRpHRE o, £ICTRS FRabettha §erbnsint 19 g gosivon in
Qféﬁ@égﬂ&ﬁ@?hr lBf probEOThat reproétits thié GranSitioh €font hesapraed it®taptured
breakpoints to a position in 15 between the pair of | )
pegitieton fiagmensp Lo dhip case; the twp Afsexnegments@ppalyzing interactions with
nen- rgd C L -GY | t
RBRLY 9t RS salF NS 100, HEARERR S hmosome 1
| AV elvedini the balahdel t(1cHrtramnsiscation within @ekbsequences each
identify the breakpoint on chronbsone 1 involved in
the bal anced t(1;7) translocation within 27 kb. 20
I@@Q TERVIE .nversions Next, we tested if 4C can al so

en %ﬁlzz?g iNRrsibhs

[ I nversions. W applied 4C technology to a

Méekt] weitestdd M 4C paniabsot ideninfyl isversians. Wasapplied 4€) Sehnolegy to a-

BTG SRET BRI SihatS ity e B FENRERE oty debression
AURRES W 4k tsMsped So terry R ihRasibR g eledthoginet N1EnV@RB15q35). This

| ocus into the HOXA gene cl uster .
abnormality leads to the rearrangement of the TCRB locus into the HOXA gene cluster,

as was previously described for other patients (//, 12). Again two experiments were
performed, using the same set of TCRB target fragments that identified the t(1;7)
translocation described above. The two target sequences efficiently captured many
fragments covering megabases of DNA on the other side of chromosome 7 around the
HOXA locus in the 4 patient sample only (Fig. 30C-D). Moreover, each target
sequence captured a distinct chromosomal region around the HOXA gene cluster,
indicating that the two fragments are linked to different parts of chromosome 7. The
most 3’ TCRB target fragment captured the most 3° HOXA fragments, while the most
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breakpoi nts
megabases away from the nearest breakpoint (see below). In both experiments,

v-l

genomic fragments were captured not only on chromosome 7 but also on chromosome
4, at 4p15.2 (Fig. 31A; fig.35). In contrast to what was found for the balanced
translocation, the chromosome 4 fragments captured by the two target sequences did
not directly neighbor each other. One breakpoint was located at position 17.28 Mb
(NCBI 36) and the other was found at position 20.08Mb of chromosome 4, showing
that the t(4;7) translocation was accompanied by a 2.8Mb deletion on(chromosome 4.

To verify that the transitions from captured to non-captured restriction fragments

~ indeed mark the positions of the breakpoints, the breakpoint that was least obvious
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one of which being 4 megabases away fromthe nearest
br eakpoi nt (see below). In both experinments, 25

"genom c fragnents were captured not only on chronosone

7 but also on chronbsone 4, at 4pl5. 2 (Fi g. 31A

fLg.35). nt f '
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SLI T2 and revealed that it was rearranged with an

mtejgenl C se uence on chronpbsone 7 that was 4 M
aldalytl qaélnnpﬁée etianget sequence used to identify the

in t e
DS R Bloeolhed aA8.Ac" Dby B9 SherBERE AR Wt i
S\?‘]&eébliﬁé@nmﬁha b@rfsmcaﬁdgnt Faarthiss averanhlymelga:hnhcﬂspmgnc T-ALL
en analysis js direct bot h f .
g%@m e e chasad oo AT HRARA Camg et éntopfayyous deleion of

y)gfg% I@ I%J 120 ﬂ‘%@ﬂlb&ﬂn 9p INYRE Sk size o ﬂ{eac[b@é%ﬁl)n%dkﬁe actual

t1ona rearrangenents such as a
dbrleaitpoﬂns @uereenotdambwhaﬁéae@@ﬁned@ tangehfragrn@atbqatﬁdoﬂ Mb away from
del et S i.nvesti at ed whet her, t.echnaol o
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t he 1.5/ 1 c r 0 SiZ
S B et RS oot olBIRR S BoralfE o RRlorS I closer
? Pro¥dinity\6n ﬂ?f Buﬁ&ﬂ te&lnﬂlaé g&ﬁhef ww&]‘agrdeﬁcmm th2 dbletiamelyased on
rom one of t eest|rmt d b k t
r &igi Hn dates IBGRy Rﬂr@egé : r\?\g%ﬁ_gl gelgted reglon \Secrte ecijes1gned that

allowed - amplification across thg breakpoints; sequencing of the PCR products
confirmed the positions of the two breakpoints flanking the deletion (Fig. 31D). We

conclude that 4C technology can identify homozygous deletions. Deletions reveal
themselves as regions containing reduced hybridization signals in combination with

more downstream sequences that show increased hybridization signals.

Uncharacterized patient samples
4C technology was applied to the screening of uncharacterized T-ALL patient samples
for genetic rearrangements associated with the TCRB locus or the T-cell Receptor a

.(TCRA) locus. In T-ALL, chromosomal translocations frequently occur during
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observed, demarcating the deleted area (Fig. 31 C). An
increase in hybridization signals for the region

w0 pomsaisad®l y downstream of the del etion i s obsPCT/E&LOSN00625

the patient 20 sanple versus the healthy contro
sanple. This is because the region is in closer
proximty on the linear tenplate to the target
fragnent due to the deletion Based on the 4C dat a,
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yze nol ogy, using a
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whi ch” was subsequently confirned FI SH. One
pﬁagxmmlt-pamcrbbmi-muemg wa$ umsldoaconﬁansthaidh@sc @rolss dgmarcate the

CRB and t.he f chrgnosone 1 Fi f
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ﬂ% an oligo 10 arrayCGH experi nment &?ata not_ shown)
¢ dosgof etsingle ntscl¢q§1éa¢‘<¥hllle eseakiaFhiqresomee was accompanied by

tg élaétlio%cc?ftdh?lgst gﬁﬁﬁpﬁlﬂf L ear abites K@ﬁ"t 2}33 ! s d%fétl()ﬂr\agi@tposmbly

sequences can i ange ver larg

ddlfet ndeistionl Beents ansbla‘edtwmlm attémpted) YDg 35eqmﬂlﬁn£)onhafsthe TCRB

not been descri bed before . in T-ALL, The t r obes .o
PO T RreakpOiT S AlSq BPHARFE IV EHEE bpSSRAELS L AEROWn origin (4 and

gs%gn%épe%{idelyp RAREP s SdpreSst the tr@Bm| ARIEHRIALS thiehR Rormally
also incorporated during VDJ recombination. Interestingly, the translocation positions
the enhancer of TCRB 70 kb downstream of the LMO-3 gene (Fig. 32C), which is
comparable to its normal position relative to TCRB. Microarray expression data
showed that while LMO3 is normally off in T-ALL patient samples, the gene is highly
expressed in this T-ALL sample (Fig. 37). The protein family members LMO-1 and
LMO-2, but not LMO3, have previously been found as oncogenic translocation
partners of the TCR loci in T-ALL. Interestingly, LMO3 was recently found to act as
an oncogene in neuroblastoma (/4). Thus, 4C technology applied to the screening of

uncharacterized patient samples for genetic aberrations led to the discovery of a
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regi on containing the breakpoint. Sequencing of the
br eakpoi nts present on both derivative chronosones
denonstrated that chronpbsone 12 was rearranged w t hout
the | oss of a single nucleotide, while the break in
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té’xgglff)leo%&bﬁﬁaﬂﬁﬁnﬁ%ﬁﬁhb sqpedidbAdficd Bascd Owith| (\é%tlﬁ@W)f many
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smaller fragments should even further increase the resolution of this technique. 4C

=

technology can be applied to all sorts of cell types such as blood cancer cells, solid

tumors, amniocytes collected for prenatal diagnosis, etc., as long as sufficient cells can
be isolated (or cultured) cohtaining intact DNA. We currently start with about 10
million cells, but this amount can be reduced, as we hybridize PCR amoplified ligation
junctions originating from ~0.5 million genome equivalents. Current 4C technology
requires selection of a target sequence and is therefore particularly suited for the
screening for rearrangements near loci frequently involved in a disease, such as the T
cell receptor genes in T-ALL or the B-cell receptor (BCR) heavy and light chain loci in
human lymphomas. The technique is also very useful for the fine-mapping of poorly
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rearrangenents does not rely on capturing the single
sequence fragnent that carries the breakpoint;
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rearrangenents based on the capture of nmany fragnents
covering several negabases across the breakpoint. For
15 exanpl e, reciprocal translocations are identified
based on the capture of many fragnments |ocating on
one [ f h 0 t [ ngce:
orloe redbILBERS T B B B SRR Gk BERNE pat were
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and sequencing of the genetic breakpoints, as was

d ggﬁg t for four different 20 rearrangenents.
Egen ?%aj%gints | ocat ed several negabases away from
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st 4Gr8eqUeRGif@nt s created by the restriction
enzyne. ‘Using an enzyne that creates smaller
fragnents should even further increase the resolution
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" psifesi agllgfya?(g}-[grﬁi fvgggefs&nea @ogomggrrs%g’;}l{] SIS (F8-mers) that each
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. 2008/ 084405 PCT/1B2008/ 000625 characteri zed

rearrangenents, for exanple of translocations or .
i hhiee daraeissequrmcesibaits) Wag selesisd on h&WaBWﬁWBW&IZ respectively at

K S 1 _ . y : 4
SHEIRE 18 SR, She Al g nos B s copr
sky edchlof lhegb baily avel ghfallbwsequenci ng t echnol ogi es

85 Mb:

Dpnll-primer: atgtgactcctctagatc

Dpnll-primer with adapter: aatgatacggcgaccaccgaacactctticcctacacgacgetcttccgatet-
atgtgactcctctagatc

HindlIl-primer: ccctgaacctcttgaagct

Hindl1l-primer with adapter: caagcagaagacggcatacga-ccctgaacctcttgaaget

105 Mb:
DpnllI-primer: cggcctecaattgtgate
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is directed to the ligation junctions. Therefore,
inverse PCR prinmers were designed for each target
sequence such that they are close to the primry and
secondary restriction enzyne recognition sites

(B3 er R adffyct? SaBRBR RO ek DUERG AR ol fccgatt-
védgbettdmattgightonry (Hi ndl11) and secondary (Dpnll)
restriction enzyne recognition sites anal ysed. The

JandllL PEESH 1SS A RS ce- prining sequences were
a as 5! ' . ' « Fi g.
S e o

human chronosone 7, respectively at 20 position 85,
1]%; d 139 Mb. The priner sets used to anplify the
f g‘ﬁgnts captured by each of these baits are as
fp},,l,m.\pﬁineﬁﬁttﬁ@écc%aé atdri mer: atgtgactcctctagatc 25
nll-primer wth adapter: '
hraegyvifiedapiegaacact ct tt ccct acacgacgcet ct t ccgat ct -

PR a b Ok R Mg HECHARRE L RREAE0C!

MEr="w

CHagUdpAagacgaasicatggeotaagt gaacct ct t gaagct 30 105 Mb:

%{;’I | - pr.imer: c%gcct ccaattgtgatc 133 WO 2008/ 084405
AlIEPOmST BifbESapters tAREcagArdRsReAACRa-Faqplacptaagectaage.

aat gat acggcgaccaccgaacactctttccctacacgacgctcttccgatct -

cggcctccaattgtgatc Hindl I -priner:

geachtpyidr tse ot theaylaptersyivrad luséd jora saparaid PERardagtionr 3 PCR reactions

- e R RE AP o R R TR R NS BB brdsd TR conditons

@efti8Ed in Simonis et al., Nature Methods 2007, vol.4, 895-901). 4C template was

aat gat acggcgaccacc%aacact ctttccctacacgacgctcttccgatct- |

tprepaed drang dbedd®B-2 T-ALL cell line, containing a reciprocal translocation
t(1;7)(p35;q35) between the T cell receptor-beta (TCRB) locus on 7q35 and the LCK
locus on 1p35 (Burnett, R. C., et al., Blood 84, 1232-6 (1994)). PCR products are

shown in Figure 39.

Subsequently, the PCR reactions were pooled per primer set and purified over
Amersham clean up columns. The DNA concentration was measured and equal
amounts of material amplified by each primer set were mixed. This mix was analysed

by Solexa sequencing.

- Solexa sequencing results

Total number of reads (one lane): 4.9 *108 sequences.

93 % of the sequences start with one of the expected primer sequences.

When analysing the first 12 basepairs (bp) across the Dpnlil ligation junction and
comparing these 12 basepairs to a local database containing all 12 bp genomic

fragments that flank the relevant DpnlI sites in the genome (ie. those directly adjacent
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10 Hindl I I -prinmer: agtcaaacataagcctaagc H ndl I I-prinmer
W th adapters:

wWe amgosgengacggcat acga- agt caaacat aagcct aagc EartT/pB008000625

10

set (wth adapters) was used in a separate PCR
reaction; 3 PCR reactions (using 200 ng of tenplate
per reaction) were perforned under standard conditions
15 (described in Sinonis et al., Nature Methods 2007,

vol . - g .

(e JrunIP sl ot 8 HERIOL CokED REGRZLA SUOR 348 contain non
t tugiged D2t dach, add 2998 O3, pIxpedied Wkbpcatble T cel |
receptor-beta (TCRB) |ocus on 7q35 and the LCK | ocus

on | p35 (Burnett, R C., et al., Blood 84, 1232-6

(éggaﬂ) 1.9 HEB RuAILELS3A% ConB¥INpriMer i OiGue38atc032% contained
Subsequently, the PCR reactions were pool eéd per ‘priner
sptiment nooruniquectatoherin tgjabtherefoneci6da nontpingd lan rerpectechfirst 30 bp
DNA concentrati on was neasured and equal amounts of
n¥d8F14l anplified by each priner set were nixed. This

m x was anal ysed by Sol exa sequenci ng. 25 Sol exa
sequenci ng results Total nunber of reads (one |ane):

4Pg primeyaetsthe trid pambenafl sgauencenandsthe natyecef thesgsequgness are as
ORge g&,the expected priner sequences. 30 Wen

angPysing the first 12 basepairs (bp) across the Dpnl
ligation junction and conparing these 12 basepairs to

a | ocal database containing all 12 bp genonic

fragments that flank the relevant Dpnll sites in the
genone (ie. those directly adjacent 134 WD

2008/ 084405 PCT/1B2008/ 000625 to a HindlIl site) we

find that: 37% contain uni que 12bp catch, 34% contain

non- uni que 12bp catch, and 29% contain no expected 12

bp catch. O all 4.9 * 106 sequences: 34% cont ai ned

primer + unique catch, 32%contained 5 prinmer +

non-uni que-catch. In total therefore 66% contained an
expected first 30 bp sequence. Per prinmer set the

total ‘nunber of sequences and the nature of these
sequences are as foll ows:
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10 135 WO 2008/ 084405 PCT/1B2008/ 000625 Prinmer set 1
(85 My): Primersetl 2.23 * 106 5 8.59 *105 6.94 *105
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catch catch catch (39% (31% (30% 10 1 1 4.3*104
1.9*104 different different catches catches 15
Primer set 2 (105 Mo): Prinmerset 2: 1.23 *106 20
3.48 *105 5.47 *105 3.35 *105 12bp 12bp non- 12bp

- _unj que expected . catch catch catch 25
(n%é‘%”%g%‘swa% 2.3 104 Primersgtd different different
30 catches catches Prinersk?23 310139 M): Prinerset3:
35 1.07 *106 '

8.59 *10° 6.94 *10° 6.78 *10°

12bp 12bp non- not
unique unique expected
catch catch catch
(39%) (31%) (30%)

4.3 *10* 1.9 *10*
different different
catches catches

Primer set 2 (105 Mb):
Primerset 2:
1.23 *10°
3.48*10° 547*10° 3.35*10°
12bp 12bp non-  12bp non-

unique . unique expected
catch catch catch _
(28%) (45%) (27%)

23*10*  1.1*10*
different different
catches catches

Primerset 3 (139 Mb):

Primerset3:
1.07 *10°

T

475*10° 3.10*10° 2.85*10°
12bp 12bp non-  12bp non-

unique unique expected
catch catch catch
(44%) (29%) (27%)

2.7 *10* 1.4 *10*
different different
catches catches
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4.75 *1.05 3.10 *105 2.85 *105 12bp 12bp non- 12bp
non- 40 uni que uni que expected catch catch catch

WQ 20BNSURDY) (27% 45 2.7 * 104 1.4 * 104 di f PET/EB08/000625

10

15

different catches catches 136 WO 2008/ 084405
PCT/ 1 B2008/ 000625 Wen captured sequences are plotted
at their chronobsomal positions, the data are shown in
Figures 40 and 41. 5 In sunmary, the data provide a
proof -of -principle for nultiplex-4Csequenci ng. For

h S& C
AR FraubkikEs 2B el Gl AR RF HISHER, URE deta arc
lshoS@qmﬁg@llrésgﬂf(miMMe better directed to the Hi ndlI|
side (instead of the Dpnll 10 side); this prevents
readi ng random|igation events that occurred during

ng, .l

JRppED e JAEPIAMIE] BRof e gt L7 afullipRa kayencine. For
i each eseqnencet hhe gmnandl thed¢captuarad eeqmpccu(:@dbe{ idsntified]) Thg technique
each, b g a restriction enzyne that does not
dPa%he aﬁ’é‘ﬁ%‘c‘?ﬁrp ‘DNA (or is relatively 15
under-represented in repetitive DNA) woul d i ncrease
the nunber of, interpretable reads. 137

2008/ OaumesimOmay be betsrr ieeied to thefingH s«n@:(n_:@t@dpf the Zpnll
o Do i IRV diE B AR Blert B! AGhHAN dfHngtne
ce W one or nore

target seque

nucl eogeb&ﬁilmuﬁ@téps (eg. one or nore genomc |oci)
conprising the 5 use of a nucleotide eg ence or
o4 473

art gy Gfingfspireausnt guiiess (7o pr Bicatias insiead of frcufigrsywould increase
descrifede kit dftance captured (covered) by each bait.

3. Using a restriction enzjrme that does not digest repetitive DNA (or is relatively
under-represented in repetitive DNA) would increase the number of

interpretable reads.
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2. A nethod for identifying one or nore DNA- DNA

interactions that are indicative of a particular
wolc@msasaost ate or carrier status conprising thRCT/ER06H000625

a nucl eoti de sequence 10 or an array of probes or a

set of probes or an array as described herein. 3. A

met hod of diagnosis or prognosis of a di sease or

syndrone or carrier status caused by or associ ated
ﬂﬁ@QT %h §§§C*§1a DNA- DNA conpri sing the use of a

—egﬁ%dg—sequence or an array of probes or a set of

probes or an array as described 15 herein. 4. An

assay nethod for .identjfying one or nore agents tha
b G ERIBO A DA ERRE 1erfTealsT GrmieTHHPR e hEoEH @ plsal gy sequence

awﬁh'%hﬁ 8f indfe ARMIBAE Sedend (%. [R¥ of IndPE B8RMie ‘105&) iﬁ‘ﬁprising the

of probes or an array as described herern. 20

5 nisehddh fuadeatide sequenge bhen lageptof probes oa alset ak pribas of ey .array as

a.translocation) conprising the use of a nucleotide
§§ﬁﬂgﬁ%éw8?“an array of probes or a set of probes or

an array as described herein. 25 6. A nethod for
detecting the location of an inversion conprising the

us A ofethed fauidentfyingeonseayueere ONA-RINAdniezartions habiye dndjgative of

il PAGRE S oL P or A5l BETse 8D Shleotide Bquence

10 CorRRrarl o pidbes tiSesed bf probecrenidrthg as ABscaibadirerein. or  an
array of probes or a set of probes or an array as
described herein. 138 WO 2008/ 084405 PCT/ |1 B2008/ 000625
33. A rﬂ@ty)]((l) &l RhorSk %}gﬂlﬁgxé&sﬁkeof QCALda® oPfsyRdrome or carrier status

dupl'ication conprisin use of a nucleotide

seqseihbe arasascigted awithoh ¢haoge sn ar DANASNAfcoprpoising the use of a

an ?rna% as described h reLn. 5 9.t ? nq#hod for described
PEISPULR §EAURROS PTeRLRTDY OToPTOPER € HET i D PTOIes £T 21, AfaY as describe
15 ugligoti de sequence w th one or nore nucleotide
sequences of interest (eg. one or nore genom c | oci)
conprising the steps of: (a) providing a sanple of

TR A . A AR o

t Agravtion Somptikiag tidiedeasttd Allctide 8EfiRAce or an array of probes or a set

of probes or an array as described herein.
20

5. A method for detecting the location of a breakpoint (eg. a translocation) comprising

the use of a nucleotide sequence or an array of probes or a set of probes or an array as

described herein.

25 6. A method for detecting the location of an inversion comprising the use of a

nucleotide sequence or an array of probes or a set of probes or an array as described

herein.

" 7. A method for detecting the location of a deletion comprising the use of a nucleotide

30  sequence or an array of probes or a set of probes or an array as described herein.
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(d) reversing the cross linking; (e) optionally
di gesting the nucl eoti de sequences with a secondary

WO e@Bio84ads on enzyne; (f) optionally |igating PEEIB2008/000625

10

15

20

25

30

nucl eoti de sequences; (g) anplifying the one or nore
nucl eoti de sequences of interest that are ligated to
the 15 target nucl eoti de sequence using at |east two
ol i gonucl eoti de primers, wherein each priner

bri di aat: f1 .
ohoBERER o kBB MBI BupiBlich, TR he e of a
aneldotite deqrateaca( arayt of pobey oray setrof peopesroriancartalyes described
anplified sequences; and 20 (i) determ ning the
fW%ﬁBency of interaction between the DNA sequences.
FURTHER ASPECTS 2 Still further aspects of the present
invention are -set forth below in the nunbered 25 ,

* par Agnethbd for hnalgsiog treufrequeseydofintetastion d6a tasgeiameleotide sequence

R e eSS RCPEHRS R P oE P Ao 1o
&kﬁﬁﬁghﬁgﬁéngs&@id first nucleotide sequence is a

target nucleoti de sequence and said second nucl eoti de
3@) proyisérg @ sareple bf efopmbnkeddINA; 0ss- | i nki ng genoni c

o sigrdinedfn T R A 3 RS, (Pt Ep S

PRy Agdtitglthd crovhBhilddmutleetidesegaéncesiucl eot i de sequence
is selected fromthe group consisting of a 'pronoter,
EvREsifgcthe crogs EnkiBgcer, an insulator, a matrix

EG)
?ﬁegﬁ@mﬁ% .d%%%’%}th? AudlOsHR sfc\ﬂﬂ%l?ég witle 8 sQdnd#ty restriction enzyme;

crip an ori gi replication; a
r @ceptivnakly ligatingahs pad¢otide sequestescat i on 5 breakpoint, a A
ceptronere, a tel onere, ene- dense region . :
enamplibing i o, oF 0ore aplePe B R AT MUt 4T g Lgged to the
| B0 hAt1eMUeSidgBencd ustipeatClesst ¥iva I dIpetudlettidqirird@s, wherein each
sequence according to paragraph 1, wherein the target .
nerherohybaidisse d e koewn DA meauanse ithps {laaks thecruclaptile Sequences of |
asgggLated Wth or causes a 10 disease, or is |ocated
|'08%hen 15Mb on a I'i near DNA tenplate froma | ocus
t (hrthybfidisapstie @hsltfied $dquariceGius em arsl seasquending The amplified
circul ari sed nucl eoti de sequence according to any of
p¥ABecay#8d1- 3, wherein |
(i) determining the frequency of interaction between the DNA sequences.

FURTHER ASPECTS 2

Still further aspects of the present invention are .set forth below in the numbered

. paragraphs.

1. A circularised nucleotide sequence comprising a first and a second nucleotide
sequence separated by primary restriction enzyme recognition sites, wherein said first
‘nucleotide sequence is a target nucleotide sequence and said second nucleotide

sequence is obtainable by cross-linking genomic DNA.
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the target nucl eotide sequence is selected fromthe
group consisting of. AML1, ML, 15 MYC, BCL, BCR, ABL

W@ 2008@54403. YL | , TALI, TAL2,, LMX2, TCR a/8, TEBR/BB2a08H00625
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15

20
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HOX or other | oci associated with di sease as descri bed
in "Catal ogue of Unbal anced Chronpbsone Aberrations in
Man" 2nd edition. Al bert Schinzel. Berlin: Walter de
Gruyter, 2001. ISBN 3-11-011607-3. 20 5. The

chrgul ari i d r.di

o i e it iR BOERARE G it Wbl the target
r ael@idé s@ueficd B selected Groth the greqpoonisisting of atpeomoter, an enhancer;
preferably selected fromthe group consitj n% of .

By lenceri A inpulaiego Rl maisnaftacheicat regiopy 2, JgfUs pggfrol zggion. 2

. r . H N C 1 g .
Sy, 0L g5 A, SRR AR SR inocsion

skreakpointy arestromete, anteboragrae ar genoglansei mgicg, tae géne-poot region, a

or 5.bp nucleotide. sequence recognition site. 7. The
cﬁeP%tHf‘%F?%%edﬁﬂ{ainwfh@%%@%%ﬁg% according to any of
t he precedi ng paragraphs, 30 wherein the secondary

restriction enzyme recognition site is located at .
3. The circHarised aiveleptids stsyenqecaecendingdiol perasyanhe bt wherein ghe target

site. .140 WO 2008/ 0844085. PC], 08/ PO0 T

cPicTeplF RedRngR o dobraleotde o el sRctited hftn or cases »
t figeapé, sz adllatadaeaothepiSMb whearlizicar DNA tengplatotfiode a locus that is
sequence i s labelled, 9. A nethod for preparing a

cisseainted Wit @r serseeadisesesequence conprising the steps

of- 5 (a) providing a sanple of cross-linked DNA;, (b)

di gesting the cross-linked DNA with a primary

r £s The circwlaried ayeteptidd Sequencel dcgardingptotdny afrpasagrapha Ked] wherein

S S B GRSl AR s HOUE cORRe e e L, MLL
NYRACE %tg,d B UWRC G H! EyénDiPALfﬁi gsiles imaoZCﬁﬁR% T&RPAnd HOX

net héd aécording to paragraph 10, wherein the
corosthet ilodi eabsociated owithl eliscasp) @s odescritedaimp [Chiategue sifnnbalanced

Gimaone poeraiehe i Mg BERHIOEARRSRT el Fater ac
SEalyRn 2082 CINBN BSI 1USEI$07-3.

5. The circularised nucleotide sequence according to any of paragraphs 1-4 wherein
the primary restriction enzyme recognition site is a 6-8 bp recognition site, preferably
selected from the group consiting of Bgl/Il, Hindlll, EcoRl, BamHI, Spel, Pstl and
Ndel.

6. The circularised nucleotide sequence according to any of the preceding paragraphs,
wherein the secondary restriction enzyme recognition site is a 4 or 5 bp nucleotide

sequence recognition site.
7. The circularised nucleotide sequence according to any of the preceding paragraphs,

wherein the secondary restriction enzyme recognition site is located at greater than

about 350bp from the primary restriction site.
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20 25 30 141 WO 2008/ 084405 PCT/1B2008/ 000625
TABLE 2 Interaction in 4C N % overlapping in Cryo-FlI SH

we2008/084305 B- gl obin - Chr.7 73.1 Mo + 258 7.4 +P@I/AB2008/000625

10

15

20

25

30

0.001 B-globin - Chr.7 80.1 Mo (OR) - 254 3.6
B-globin - Chr.7 118.3 Mo - 255 3.5 B-globin - Chr.7
127.9 Mo (Uros) + 259 6.6 + P < 0.001 B-globin -
Chr.7 130.1 Mo + 413 9.7 + P < 0.001 B-globin - Chr.7

12505 Mk i S P 2y s,

GRRKerdin t8e duddotide 6¥uercelisPabtlldh x 254 5.5 + P < 0. 05
Rad23A - Chr. 8 21.8 Mo + 255 5.9 + P < 0.05 Rad23A -
Chr. 8 122.4 Mo + 261 8 + P < 0.001 Interaction in 4C

s A FRLERRAGs R LIS NGk ol 0 ising b sopsof

129+P<0001 B-globin- Chr.7 118.3 M - 242 4.1
| obj Chr. 7 33 B-globin- Chr.7

1@ p@vwﬂngmmgleg goss- Ll"’X%dP 5 B-globin - DIMt21

258 6.2 + P < 0.05 Chr.7 80.1 Mo - Chr.7 135 Mo 261 5

+ P<0.1 Rad23A - Chr. 8 21.8 M - 260 3.8 Rad23A -

Q) digestir@ah@crss-linkeg DA with pprmgrOGstricigrpenggme;

2008/ 084405 PCT/ | B2008/ 000625

(c) ligating the cross-linked nucleotide sequences for circularisation;

10. A method according to paragraph 9, wherein the cross-linked nucleotide sequence

is amplified using PCR.

11. A method according to paragraph 10, wherein the cross-linked nucleotide sequence

is amplified using inverse PCR.

12. A method according to paragraph 10 or paragraph 11, wherein the Expand Long
Template PCR System (Roche) is used. '
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I ndeed, various nodifications of the described nodes
for carrying out the invention which are obvious to

w0 besesski | [ ed i n nol ecul ar bi ol ogy or rel at edP€T/e82068/000625

are intended to be within the scope of the foll ow ng
clainms. 145 WO 2008/ 084405 PCT/ |1 B2008/ 000625 CLAI M5
1. A nmethod for analysing the frequency of interaction
of a target nucleotide sequence wth one or nore

t {d u i pt . ' e :
LAY BRI fr B RRSI1400, S PgH 2002 Looping
pareMinttraegon bsveph dypdrsensitive-sitesninate Bitive Wekagldbipdetusndylolecular
the cross-linked DNA with a primary restriction _

gl h:1453®%5(c) 1igating the cross-linked nucl eotide
sequences; (d) reversing the cross linking; 15 (e)
optionally digesting the nucl eotide sequences with a
s¥alard@R yLettisg Dlg tGhetdod iY,ySawado (T, \Bender Mida|Grpuding M. Wgiss MJ,

CBR0E I BReIA: 2R BAR S o R A St SRk ricpen o the bot
efaYinBodis 9&ffiled GASTA 2 (28l FOGHL. Mokl 1TR45862 Or  nore -

nucl eoti de sequences of interest; 20 (g) anplifying
t he one or nore nucl eotide sequences of interest using

i sequences that flank the
nucl eoti de sequences of interest; 25 (h) hybridising
he amplified sequencgis) to an array; and (i)

t
dbt¥tiie i g 1Hduwr Y HQdhcy of inter action between the
%gﬁ%‘d@ﬁg@ ol , NardBA4TELJROGI@EERREONY to claim 1,

I'gation reaction in step (c) or (f) 30
r 2dulFesk,ix R.I@aron; 8aWi. Schayér, BiARe Gernas 3, 851 debYZH06).

2008/ 084405, PCT/ | .000625 3. T th [
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means of sequencing (eg. high-throughput sequencing).
5 4. The nethod according to any of the preceding
wae b@sosi4bdr anal ysi ng the frequency of i nter apCT/tBR0eH000625

two or nore target nucl eotide sequences with one or

nore nucl eoti de sequences of interest, conprising the

use of nmultiplex PCRin step (g). 5. The nethod

according to any of the preceding clains for anal ysing
Jb?% RS mBhtiontd bn{}ﬁrgo%tvl: oélﬁeahcétm %1 hiRbBtated by

n cI ot e sequences W one of hore nucl eot |

s&ﬁh‘awee vV aﬁous miodificationcandpvariations o fihe gesdribad nethclsmad system

B S PR oy LS5 b s S A s
Sécﬁ‘%]taﬁﬂ et o AR MEStide tﬁhﬁioﬁgm i\ eBfiae tHa been Hescribed in

hod according to claim5, wherein the two or
5 nomeectinpl withespesifiqueatcersd samebodithériter drshonld be luaderstoed that the

prior.to an S bri di sation

P P S 08 SRR B ) 425 BBt Bbocimens
WREES], RatiB®s foBiflRhtioRr &F theTlebdribed m@c&ﬁ%ﬂ@z&ﬁylﬂg Qut the invention
|dent|cally | abel  ed and anal ysed by hybridisation to

avhigh razg obiews qoﬁbosezscbtﬂkéqaémle@ﬂ@re@p@gym related dicldstare intended
vﬁb%%ﬁﬁgﬁ? StC§ e(;r effﬁfo%?%@ SrdI ng to claim 5
erein e ied sequences are

identically Iabelled when the sequences reside on the
same chronosone at a distance that is far enough for
m ni mal overl ap between DNA-DNA interaction signals.
25 9. The nethod according to any of the preceding

cl ai ms, wherein high throughput sequencing is used to
anal yse the ligation junctions fornmed between target
sequences and captured sequences of interest. 30 10.
The nmet hod according to claim9, wherein sequencing is
directed to the ligation junctions formed between
target sequences and captured sequences of interest by
the 147 WD 2008/ 084405 PCT/|1B2008/ 000625 addition of
adapt er sequences required for sequencing to the ends
of the anplified sequences. 11. The nethod according
to claim 10, wherein sequencing is directed to the
ligation 5 junctions forned between target sequences
and captured sequences of interest by the addition of
the conplete, or part of the, adapter sequences
required for sequencing as :
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5' overhangs to the oligonucl eotide priners used to
anplify the one or nore nucleotide sequences of

wo paosoesids 10 12. The net hod accordi ng to cl ai PeL0B2008/000625

wherein sequencing is directed to the |igation
junctions formed between target sequences and captured
sequences of interest by the conjugation of a biotin
substance or other noiety to the oligonucl eotide
primers used to anplify the one or nore nucl eotide

égﬁkﬁuges of interest, followed by streptavidin or

se nediated purification of the PCR anplified
material. 15 13. The nmethod according to any of clains
9.t R nlethodof Eﬁél?siﬁ§gfé%h%t)" oF iftefa8GSE0F 4 Pirgdt Afcleotide sequence
l'i'gation junctions between target sequences and
owith wne dr seoreemckestidé sequeecassef ingeresd dgg.gonengr trioge genomic loci)
ol i gonucl otidefpriners used to anplify the one or
& rﬁﬁ@ﬁﬁ%ﬁ?ﬂ%"sequences of interest within 400,
300, 200, 150, 100, 90, 80 70,60, 50, 40, 30, 20, 10,
209, 8, 7, 6, 5, 4, 3, 2, 1 nucleotides fromthe
f(r) pravidingraisanple eterpeialinked Al ction  enzyne
recognition site(s) analysed. 14. -The net hod accordi ng
to any of clainms 9 to 12, wherein sequencing is
dby gigktaihglte crobelihked N AMWitH@ptimarysefieittieeenzymeget
sequences and captured sequences of interest by 25
designing the oligonucleotide primers used to anplify
the: . I ] es of interest such
t(Egltléb?ﬁggﬁ ep‘g?%ﬁé 9 ng?lu():%%p g‘tgéeb'%gsc’ overlap with the
primary and/or secondary restriction enzyne
recognition site.anal ysed. 15. The nmethod according to
a(ﬁ&re Frs’cﬂga}ﬂ‘ﬁ‘émés ]ﬂlgmﬁz, wherei n sequences are read
across 30 the ligation junction such that when
mul ti pl exed or pool ed PCR sanples are anal ysed,
daJ éptwnelty digesiingribenualéatidaaequsncesayjth a seca &siTEféion gpzyme;
nore) is obtained on either side 148 WO 2008/ 084405
PCT/ 1 B2008/ 000625 of the ligation junction to
WP oabIDy § b atingteet drf iore BN At e @icess e0kevae nadlebtide @omposition
captured sequence of interest. 16, The net hod-

dedbe @vailableosespydasy restactionernaymg fliggstppsiteithdiatiflnk e one or
trﬂ&%%hcle&i%hﬁ&fck?@fiﬁ?e?éé?nce is selected fromthe

group cons I'ng of a gendm c rearrangenent,
pronoter, an enhancer, a silencer, an insulator, a

matri x_.attachnment region, a lLocus contr.al :region :
HELATEHPERG i 0h oT TIEC BRPISPdc FoPERer G isfest yoing o least two
r BRI AR PRirth2s, SRRreinBeach primer hybridises to the DNA sequences that

flank the nucleotide sequences of interest;

(h) hybridising the amplified sequence(s) to an array; and
(i) determining the frequency of interaction between the DNA sequences.

2. The method according to claim 1, wherein the ligation reaction in step (c) or (f)

results in the formation of DNA circles.
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transl ocati on breakpoint, a centronere, a telonere, a
gene-dense region, a gene-poor region, a repetitive

web@sost4soand a (viral) integration site. 10 17PCTIB2008/000625
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nmet hod according to any of the preceding cl ai s,

wherein the target nucleotide sequence is a

nucl eoti de sequence that is associated with or causes

a disease, or is located up to or greater than 15M
L ingar P | at: I ' . .

ks 30t RRR sop Rl B R T 6P Oty 2 ARHT kD dofnprizes e gnalysis

asflipatibm prodacts bytween tdiget gequeacksgd crab-linkeddeguences dhimterest by

target nucl eoti de, sequence is selected fromthe group

cBeasof sedyiensing fag highypoughmutsequencinglscr - ABL1, | GH,

LYL1, TALI, TAL2, LM, TCRcr/8, TCR/ 3 and HOX or

-

ot her | oci associ ated with di sease as described in

"£aTlad mgthed atcortlibg kaayedf thpeoedingrelaidds fabeanalydingthe fiequency of
Man" 2nd edition. Al bert Schinzel. Berlin, Walter de .
GRLFAeGP 33019, of Tefgniash nBISeI o5auGes Y oR; poore mucleotide
AGHREHENES hRréN toRbribi! _tﬁ&ﬁ%@hﬁﬂtiﬂé}@PGR,in\M&P (g.n the
target sequences are distributed along the linear

genone tenplate such that the interacting 25

S nce over ..an, entir.e, chr . e )
S et RS aBR A A Sp PR TR} AR scquencyof
Clnterdtbion Wiewei dt héie tafdetrngleotidesdetjueicewithnotendr msereanucleotide

‘restri ction enzyne that recognise

; a 6-8 hp-
rEEUIES PB ANtgTcle COmPrising tm PORKR ok sawe sl gf tthe ECR; poducts

| g%tag%ﬁ:?ﬁif Sach Nt BB IREY séq%@ﬁcreg Ghi b Zéfﬁesdb§ﬁuﬁgtl Isilrn,ultaneous

romthe group consisting of Bglll,
EmaRisis oBavdil DNBpateradtiehd. and Ndel . 149 WO 2008/ 084405
PCT/ 1 B2008/ 000625 22. The net hod according to claim
20 or claim2l, wherein the primary restriction

€8 2DHTEndtBo b SlcBdifs tod@sigHs OPhdréin tﬁ@ﬁﬁf‘@ﬁm&fe%splﬁ'fed%qlﬁnces are
representation in repetitive sequences. 5 23. The

s ffewsditialisclebelled grioo taapgoling and angly e bxihyhyidisatiprrio an array.
wherein the secondary restriction enzyne is a
restriction enzyne that recognises a 4 or 5 bp

MUC T8O teffod according to claim 5 or claim 6, wherein the two or more amplified
sequences are identically labelled and analysed by hybridisation to an array when the

sequences reside on different chromosomes.

8. The method according to claim 5, wherein the two or more amplified sequences are
identically labelled when the sequences reside on the same chromosome at a distance

that is far enough for minimal overlap between DNA-DNA interaction signals.
9. The method according to any of the preceding claims, wherein high throughput
sequencing is used to analyse the ligation junctions formed between target sequences

and captured sequences of interest.

10. The method according to claim 9, wherein sequencing is directed to the ligation

junctions formed between target sequences and captured sequences of interest by the
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sequence recognition site. 10 24. The method accordi ng
to any of the preceding clains, wherein the secondary

WO e@BB4QDF on enzyne recognition site is | ocat ePICHIB2008/000625

greater than about 350bp fromthe primary restriction

site in the target nucleotide sequence. 25. A nethod

for anal ysing the frequency of interaction of a target

nucl eotide 15 sequence with one or nmore nucleotide
SERAHFIACSE aé sgg'@engés ﬁﬁecg §5108q0 ﬁc@&% lo ﬂﬁogﬂ?fs'(ﬁ" tﬂg amplified

the steps o roviding a saﬁpf cross-1inked

Did4ueness. ( b) di gesting the cross-linked DNA with a

primary restriction enzynme; (c) ligating the

cross-1linked nucl eoti de sequences; (d) reversing the

Cf 05%he \thétkdd Socordimg (P12 0 OWRLeM figBGRIrge dilkgted to the ligation
nucl eoti de sequences Wi th a secondary restriction

‘gnagtives forfried britweanl targes smyenm and slaplordddssquengae AE ierest by the

i f h
S R, BRI S B R
150verEand @8 ﬂQ&ﬂfg@ﬁud?éEﬁ'db 3¢ (4¥d63 amplihy) thephé Gﬂﬁiolr@/nucleotlde

hybri di si ng the anplified sequences to an array or
aseavspsesef inteeest.anpl i fi ed sequences by sequencing (eg.

hi gh-t hr oughput sequencing); and (i) determ ning the
frequency of interaction between the DNA sequences. 5

2. The mdthatladoordingl entlaiiy il ﬁ,gwherein(ﬂeqmncblg[iklﬂirBNéd to the ligation
interactjons that are indicative, 6 of a particul

dPaiegs ferarldboduny Each goauRacesAB) BPiufd FORSRCHY OF insgest by the
(é?‘)njl.%'a ox?Bf le fﬁssu%sta% orvmﬁérerh&etyntosﬂlg Bhééﬁuc&oﬁaé'rﬁhﬁlers used

0Sss-11nk e I's provided froma di Seased a
rtorantjilife sleecheca mpreamstle\mhé¢ e¢queaca§|dfﬂ1etp@ﬁfe éolbmadelehstreptawdm

ST LSS R OIS

[ nd| cates a difference in the I [ near or gani sati on of
t he chronosone tenplates (eg genomi_c

r@aﬂbgm@q;m%gcord%toc@y of qqugys @a'qo, 126 wherein Epgpglpce@g jgrdirected to
lhﬁat(i)c;n S]%n?t?&%gae’a{féaeh &%17 seﬁ«aﬁ@g BRd ggtu.%li %9&\%[:@5 & interest by

| Sease one ca
demgnmg the oligonucleotide primers used to amplify the one or more nucleotide

sequences of interest within 400, 300, 200, 150, 100, 90, 80 70,60, 50, 40, 30, 20, 10,
9,8, 7,6, 5,4, 3, 2, 1 nucleotides from the primary and/or secondary restriction
enzyme recognition site(s) analysed.

14. The method according to any of claims 9 to 12, wherein sequencing is directed to
the ligation junctions between target sequences and captured sequences of interest by
designing the oligonucleotide primers used to amplify the one or more nucleotide
sequences of interest such that they partially or completely overlap with the primary

and/or secondary restriction enzyme recognition site analysed.
15. The method according to any of claims 9 to 14, wherein sequences are read across

the ligation junction such that when multiplexed or pooled PCR samples are analysed,

sufficient sequence information (eg. 12 nucleotides or more) is obtained on either side
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Eiit i

15 associated with a change in a DNA-DNA i nteraction
conprising the step of performng steps (a)-(i) any

W@R008/08440%5 1- 24, wherein step (a) conprises prpwi/tB2008/@0625

sanpl e of cross-linked DNA froma subject; and wherein

step (i) conprises conparing the frequency of

i nteracti on between the DNA sequences with that of an
unaffected control; wherein a difference between the

v A o : : 2 I

o5 48 1001 Ph ftedch o, hREERRNSR, FRELS DA fience and each
saapfuead seiqsermefof antemgt. from t he di sease or syndrone or

is indicative that the subject will suffer fromthe

di sease or syndrone. 28. The nethod according to

Cl@il M/ methHr §éddrding '8Nyt bPhd REBeiRY EIRink, GPherdid the target
interaction frequencies is indicative of the [ocation
afucteotid¢ saquenteds srleated fibml thergroup cgenigingeof a genomic rearrangement,
rearrangenent. 29. The net hod accordi t 7 ] n
ORIy S ase o P GTCoP . BRIy &b gfacment 16Ei6h,"a locus
f doRBYERGI0RS a trahsckipBos Uik, efloripadrdf £pHSatioaNP dcethbimtibit @otspot, a
control 'is indicative of an 30 balanced and/or .
urasslogatiaagbrepknoingi @ entiomergys talerpgrgga gore-dense region, a gene-poor

;%{O&E%%Q%tmoe@%gentﬁgd a{ﬂﬁglﬁé{ecg d: ﬂ%&lgr ding to claim

'n"a reductiron-in i nteraction
frequency for the subject sanple as conpared to the
control, in conbipation wt n increase in - DNA
i M er'Eher mstnodr aefoaties P o dheRTEHEe ¢ %E‘@%f?@ the target

c@ 193 Aassidendq@éncinhad ANeREciHRISWItRbr causes a
o

d according to claim27, wherein an
i dismaeg e iplocatedeuy tasregicateDiban Vb jont @ HineariINA template from a

fre cy for. the.subject s |l e as conpared to the
clSH‘%rL{E‘Ftlggsso?lﬁtﬁaé‘gﬁ‘lQ}Jé:alésfesg%fn)%?sghced and/ or unbal anced
duplication or insertion. 10 32. A nmethod according to

a% of clainms 27-31, wherein spectral_karyotyping .
akfdl/ ofhe megied; scagsding ppi &1y 06 tg@rnr%ﬁeﬁ«\nﬂgclgaw Whargigthe target

33. .. T hod - ' t l.aj 2
: , BCL,
e BB ge08ud Rl g bgfl A2y o
drMR,OAJB@g qoH]iDYe 1t PABNYIALR, ALMOOBTCR &B3 TORBendi MOXToe other loci
| Sease |'S cancer.
associated with disease as described in “Catalogue of Unbalanced Chromosome
Aberrations in Man” 2nd edition. Albert Schinzel. Berlin: Walter de Gruyter, 2001.

ISBN 3-11-011607-3.

19. The method according to any of the preceding claims, wherein the target
sequences are distributed along the linear genome template such that the interacting

sequences cover an entire chromosome or the genome.

20. The method according to any of the preceding claims, wherein the primary

restriction enzyme is a restriction enzyme that recognises a 6-8 bp recognition site.

21. The method according to claim 20, wherein the primary restriction enzyme is
selected from the group consisting of Bg/ll, Hindlll, EcoRI, BamHI, Spel, Pstl and
Ndel.
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35. A nethod of diagnosis or prognosis of a di sease or
syndronme caused by or associated wth a change in a

wOROASIOBIA0F Nt er acti on conprising the step of: POI/IB2008/000625

10

15

20

25

30

performng steps (a)-(i) of any of clains 1-24,
wherein step (a) conprises providing a sanple of
cross-linked DNA from a subject; and wherein said
nmet hod conprises the additional step of: (j)

~identifying one or nore |oci that have undergone a

genonm c rearrangenent that is associated with a
d23 e ghe methoB ccoting & alﬁlrﬁm()fmtblﬁmr 21 d\&hldsr'eihynha @riomaey oestriction
nore agents that npdul at teraction.

O FIeCR 1S1eE1eg BAEEPER . Sopace LT et MR FeREmsiaion inyyepetitive

%-Qé cfore agents; and 30 (b) performng steps (a) to
(% any of clains 1-24, wherein step (a) conprises

provi di ng cross-1linked DNA fromthe sanple; 152 WO

2008/.08440 CT/ | 008/ 000 wh di f f.e

e e Rl BTy i

%cﬁ@ﬂl&%ﬂﬁﬁ it A 18@icRbE TARRRe Qﬁattﬂéeo%ﬁ&ma angt § |Bp) nucleotide
e DNA

the frequency of interaction between t
ssequenveaecagnitionsitebsence of the agent is indicative of
an agent that nodul ates the DNA-DNA interaction. 5
37. A nethod for detecting the | ocation of a bal anced

apdl/ Whe&ﬁbt@bﬁ&@ﬁddlng&?rdr@n@eﬂﬁr}?rec(efdglg elainisa villepin tth® s§condary
i sing the step o a) \perform ng step
(te;g@floraﬁyzme EFCaBIEION - Szta IS dergted g gsdter Giap athHL ﬁ@ from the

tthll%@ A0 sddienddNA sequences
v&?ﬁ%&%ﬂ%ﬁ%gg%& ‘@ﬁﬂé@. nsa transition fromlow
to high DNA-DNA interaction frequency.in the sanple

12503? A0 ofop,Balkge e istuendyof HBEREHPS o3, & iR nucteotide

ubReahitR bne & mdrdaLABGERR s"itrdlqéﬂlfes Y8R abrN 6L thore genomic loci)
ersion conprising the steps of: 20 (a) performng

st@m@ningﬂmﬁﬁm$?fof any of clains 1-24; and (b)
conparing the frequency of interaction between the DNA
sequences with that of a

(a) providing a sample of cross-linked DNA;

(b) digesting the cross-linked DNA with a primary restriction enzyme;

(c) ligating the cross-linked nucleotide sequences;

(d) reversing the cross linking;

(e) optionally digesting the nucleotide sequences with a secondary restriction enzyme;
() circularising the nucleotide sequences;

(g) amplifying the one or more nucleotide sequences that are ligated to the target

nucleotide sequence;
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control; 25 wherein an inversed pattern of DNA- DNA
interaction frequencies for the sanple as conpared to

wo bh@soeabs ol is indicative of an inversi on. 39PCEIB2008/000625
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nmet hod for detecting the location of a deletion

conprising the steps of: 30 (a) perform ng steps (a)

to (i) of any of clains 1-24; and 153 WO 2008/ 084405

PCT/ | B2008/ 000625 (b) conparing the frequency of

| {H) eé]ﬁﬁ)tnh% HYBHURETE tHeC aliDHifi 1&?%@?‘1%@& YB fal 51‘95}1 oPfandlysing the
cont rol erein a reduction in

i amplifiest Sequericeslyisnqugnding (eghligh ahrphghpat secﬂemmgiamsij to

the control is indicative of deletion. 40. A nethod

for detecting the |location of a duplication conprising

t ipdaémfifingfthe fré@lenOesf ifefdckign Heteyesn (R)DNA deljleneés. any

of clains 1-24; and 10 (b) conparing the frequency of

i nteraction between the DNA sequences with that of a

cent ol - s ats
e el i N KR Hor DA ARA S i AL naicarve
coﬁmpartichlamdlsdase siamtcbniprlsmg lthechtqad)ﬁ peefoahing stepsl(a)e-6) dbHelaims 1-

Oé% g@@?ﬂ%b I1r§frs] tep ﬁ%} %ﬂﬁ%? crﬂﬁ Igﬁa lﬁgAégaﬁ)&x@gsﬁom a diseased and

' @h@ﬁ-@ﬁehﬁéﬁ It Bnd WehePdin MDigfeteAb BetvR@f UBE FRYuEHcS of interaction
mplified. 20 42. A met hod accor di ng to claimi4il,

mbféwe¢rh thehENAarsg@teanﬁemcﬁag diseasgsband nepdiseasedcgells indicates a

n I S

i ersBE0 90 s AR SRt U2 SRGIBL Webilos .  genomic

wheefraigenieht) , wWhichelk nscﬁcaﬂiee 0€5 partieulaetraic bedisease stateut

prior knowl edge on the | ocation of a rearrangenent and

are spaced such that 25 the interacting sequences

0%7/ ek ABMBALJ1' GiablUsRITBS Pnbéis ldFea gl?s‘é@ééeor 3Pslir¥he " @used by or
e identified i nteracting sequences allow

r ssonged ueith ng ¢hangarinchr DhNZsDINA ninfesactind  cepaprising the step of

SOROATER B SR PR 5 groviin

l“s']agipll’T @ro%%l?ﬂ&ﬂ 'DNAQ'ro’il‘iTB lshifje@ Jand3Rhérei@ $EPAE)ScoRipRises comparing
apel l e
the frequency of interaction between the DNA sequences with that of an unaffected

control; wherein a difference between the value obtained from the control and the-
value obtained from the subject is indicative that the subject is suffering from the
disease or syndrome or is indicative that the subject will suffer from the disease or

syndrome.

28. The method according to claim 27, wherein a transition from low to high
interaction frequencies is indicative of the location of a balanced and/or unbalanced

genetic rearrangement.

29. The method according to 27, wherein an inversed pattern of DNA-DNA interaction
frequencies for the subject sample as compared to the control is indicative of an

balanced and/or unbalanced inversion.
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according to claim44, wherein the anplified sequences

wa@e@s/ogi4hs erential ly | abel |l ed accordi ng to theP€T/1B2008/000625
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position in the genone. 46. A nethod according to any
of clainms 41 to 45, for the detection of a balanced 5
and/ or unbal anced rearrangenent, translocation

i nversion, deletion, duplication, i nsertion. 47.

Aﬂ) a nt m toa cecgrcﬁti%%) 8511218947 ex&ﬂXreLrhg ﬁﬁ&%nnﬁxt h%dDNA-DNA

accordi ng A et or anal ysi ng
tm&rédtleﬂuﬁeqwenoff fort ereactbject e:im;ﬂaeasnrcdmmaeed dogthe control, in

nucl eotj de sequences wt nmor e .nucl eot i de
s@&%té%% Wi A BFERE TeNA R iNSTRGHN SRR Top apgpe distant

5& % %ﬂ@e &f £05arled aﬁ%r Rkt gelgicampl e of
ed DNA, 15 (b) digesting the cross-Iinked

DNAV\/lthaprlrrary restrlct|on enzynme; (c) l'igating

t oss-| i nhked nuc| eqti de.se uences

il TS o Pl o i 07 SAMERCH Lnsfitsd B a goprase in DNA-
| DRAl GfeabEdre Sleljblhcd St QRS 88bjed Osanthléeis fkﬁﬁhﬁa@d‘d to the control is
deternmining the presence of a ‘gwnom C rearrangenent in

aindigativecof imlaneadandiprignbelaacesk duplicafon g YnssFtif di ng a
sanpl e of nucleic acid (eg. genonmic DNA), wherein said
nucl eic acid conprises a nucleotide sequence of known

sEnuana@hed heoedihg toaryhef ¢laieatd 731, ofherdin spatimpkatyetyping and/or
enoni ¢ rearrangenent;; 3Q, (b) dlgestlng the DNA with a

% ﬁ'alﬁ}‘s‘?de@qult%P?réWn%&%@mteg‘%r ma plurality of

restriction fragnents; 155 WO 2008/ 084405

PCT/ |1 B2008/ 000625 (c) optionally, purifying the

r¥st The method acgrding & aryddf tlagrest 2Td21 wheneimstheidiseasmis a genetic

%gents to formcircularised DNA, 5 (e) optionally,
p‘{}ﬁ §ing the circul ari sed DNA;

34. The method according to any of claims 27-33, wherein the disease is cancer.

35. A method of diagnosis or prognosis of a disease or syndrome caused by or
associated with a change in a DNA-DNA interaction comprising the step of:
performing steps (a)-(i) of any of claims 1-24, wherein step (a) comprises providing a
sample of cross-linked DNA from a subject; and wherein said method comprises the
additional step of: (j) identifying one or more loci that have undergone a genomic

rearrangement that is associated with a disease.

36. An assay method for identifying one or more agents that modulate a DNA-DNA

interaction comprising the steps of:
(a) contacting a sample with one or more agents; and

(b) performing steps (a) to (i) of any of claims 1-24, wherein step (a) comprises

providing cross-linked DNA from the sample;
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(f) digesting the circularised DNA with a secondary
restriction enzyne to forma plurality of restriction

wo eagoenrds; 10 (g) ligating the restriction fregnEBes/ 000625

to formcircularised DNA; (h) anplifying the suspected
genom c rearrangenent using one or nore prinmers that
hybridise to the nucleotide sequence of known
sequence; and 15 (i) sequencing the suspected genonic
re e 5 h

PR5LR00 R Bease B Sell N0, BEARAAL 2, fhrbn bl B DNA
fs&mllém%hnvﬂlé preseree g ehecageg aﬁxﬁé{ﬂ) the @refydenc olﬁmtbnachon between the

according to claim48 or claim49, wherein both th
AN Jeravrnseidithe) gbsegg;ch{éh% agent i lpqi,lgath‘{g(ﬂ(af {aegt that Iodulates the

‘ﬁﬁggﬁﬁﬁﬁbg{rﬁﬁﬁﬁrest are identified by sequencing. 52.

according to any of clains 48 to 51,
wher ei n adapt er sequences are 25 ligated to the PCR
base. of, n acid se uen s of

Od Ctﬁ%"%a@épg%? ngh 3pe of oFém oyt £ bAKDcS dfot Snbalanced
%&&@@aﬂnleﬂt (24 tiflochtich) RbpASig ﬂﬁ,ssttép &t i on enzyme

recognltlon Site or the  secondary restriction enzyne
recognition site of each target sequence. 30 156 WO

fobrarir el BROR By om0 880 500l < ¢ e

directly flank all relevant primary and secondary
restriction enzyne recognition sites in_the genone, gl

ob) campare the feguang a8 dnterpctinichediveensibe PN gerRess Vith that of a
Clofir .53 or claimb54 for determning the genomc

position of each of the captured sequences identified.

6 A nethod or an agent or a database or a use

Sistan a8, 05501 Bed 0o AR ML SLRLNE: sample

as compared to the control is indicative of the location of a breakpoint.

38. A method for detecting the location ‘of a balanced and/or unbalanced inversion

comprising the steps of:
(a) performing steps (a) to (i) of any of claims 1-24; and

(b) comparing the frequency of interaction between the DNA sequences with that of a

control;

wherein an inversed pattern of DNA-DNA interaction frequencies for the sample as

compared to the control is indicative of an inversion.
39. A method for detecting the location of a deletion comprising the steps of:

(a) performing steps (a) to (i) of any of claims 1-24; and
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(b) comparing the frequency of interaction between the DNA sequences with that of a

control;

wherein a reduction in the DNA-DNA interaction frequency for the sample as

compared to the control is indicative of deletion.
40. A method for detecting the location of a duplication comprising the steps of:
(a) performing steps (a) to (i) of any of claims 1-24; and

(b) comparing the frequency of interaction between the DNA sequences with that of a

control;

wherein an increase or a decrease in DNA-DNA interaction frequency for the subject

sample as compared to the control is indicative of a duplication or insertion.

41. A method according to any of the preceding claims, wherein nucleotide sequences

interacting with two or more target sequences are amplified.

42. A method according to claim 41, wherein the target sequences are positioned at or

near genomic loci known to be associated with a diseased state.

43. A method according to claim 42, wherein the target sequences are selected

-without prior knowledge on the location of a rearrangement and are spaced such that

the interacting sequences cover an entire chromosome or the genome, and wherein the
identified interacting sequences allow reconstructing linear chromosome maps and

genomic rearrangements that occurred within and between chromosomes.

44, A method according to any of claims 41 to 43, wherein the amplified

sequences are labelled.
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45. A method according to claim 44, wherein the amplified sequences are

differentially labelled according to their position in the genome.

46. A method according to any of claims 41 to 45, for the detection of a balanced
and/or unbalanced rearrangement, translocation, inversion, deletion, duplication or

insertion.

47.  An agent obtained or obtainable by the assay method according to claim 35.

48. A method for analysing the fréquency of interaction of one or more target
nucleotide sequences with one or more nucleotide sequences of interest (eg. one or
more genomic loci) comprising the steps of:

(a) providing a sample of cross-linked DNA;

(b) digesting the cross-linked DNA with a primary restriction enzyme;

(c) ligating the cross-linked nucleotide sequences;

(d) reversing the cross linking; and

(e) sequencing the ligated nucleotide sequences.

49. A method for determining the presence of a genomic rearrangement in a sample

comprising the steps of:

(a) providing a sample of nucleic acid (eg. genomic DNA), wherein said nucleic acid
comprises a nucleotide sequence of known sequence adjacent to the location of the

suspected genomic rearrangement;

(b) digesting the DNA with a primary restriction enzyme to form a plurality of
restriction fragments;
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(c) optionally, purifying the restriction fragments;
(d) ligating the restriction fragments to form circularised DNA;
(e) optionally, purifying the circularised DNA;

(f) digesting the circularised DNA with a secondary restriction enzyme to form a
plurality of restriction fragments;

(g) ligating the restriction fragments to form circularised DNA;

(h) amplifying the suspected genomic rearrangement using one or more primers that

hybridise to the nucleotide sequence of known sequence; and
(i) sequencing the suspected genomic rearrangement.

50. A method according to any of claims 1 to 46, wherein the array hybridisation

step is replaced with a sequencing step.

51. A method according to claim 48 or claim 49, wherein both the target nucleotide

sequence and the nucleotide sequence of interest are identified by sequencing.

52. " A method according to any of claims 48 to 51, wherein adapter sequences are

ligated to the PCR products.

53. A database of nucleic acid sequences of about 6-50 basepairs that directly
flank, and optionally include, the primary restriction enzyme recognition site or the

secondary restriction enzyme recognition site of each target sequence.
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54. A database of nucleic acid sequences of about 12-50 basepairs that directly
~ flank all relevant primary and secondary restriction enzyme recognition sites in the

genome.

55.  Use of the database of nucleic acid sequences in claim 53 or claim 54 for

determining the genomic position of each of the captured sequences identified.

56. A method or an agent or a database or a use substantially as described herein

and with reference to any of the Examples or Figures.
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