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nore nucl eoti de sequences in the nucl ear space.
BACKGROUND TO THE | NVENTI ON St udi es on manmal i an

nucl ear architecture aimto understand how 2 neters of
DNA is 10 folded into a nucfjeus of 10 macross, while
al |l owi ng accurate expression of the genes that
specify the cell-type, and howthis is faithfully
propagat ed during each cell 4¢ycle. Progress in this
field has largely come from mi croscopy studies, which
rﬁiiiﬁgﬁgigﬁg£%g§nones are non-randomy arranged in

t . For exanpl e, densely , packed
heterochromatin is separated from nore open
euchromatin and chro ones 15 C disti. .

© Bhe et gention el o PR AP o g AAieReT pdfetpeton of two o
I floAl iR RSHdeRe §ichsdsSn 8 weied sparecl ear posi tioning and

transcriptional activity. Al though transcription
occurs throughout the nuclear interior, active genes

tEQKz%hH?BﬁmrﬁﬁTHEQNW@§QH@E‘ preferentially | ocate at

t edge or outside of their chrompsone territory.

I ndi vidual genes nmay m grate upon changes in their

t Efﬁﬁfe bh Blab:Qhiish AldiSy aRRitdIRASHIAE uAGREtRRTho%D2 meters of DNA is

relatrvely Targe nuclear |andmarks such as chronosone

t éoldddtintoisesicleneoft l0gme rasssowhife-plowingrceaupie sEPR B the genes
reover, .actjively transecri. :

B Br R AR SE SI A0 Sikes Alepeiabanescle

NPEJeids in fss fladbaskrgaiyechniect@n tmigroboppy Fudisscxltielnewedled that

situ hybridization (FISH) .f.or.the (3-al qgbip I a
a SPRORRCS SBP é’(?f"é%ﬁdom&?g %?n%g {Bgthe g gllgadre gp a? %) aﬁ%‘c FIp % %nsely
ISRl hefRRBINEAA iORpirated SiHACnaieasbenietdhrath@in2md chromosomes

coordi nation of repljcation, reconbjnatiqgn.and th
preBRpidising tgniorigy i themycleaninpe 26’@1‘“‘6%1 reftiodie Py byigeen
MR, 41e83ap6Hiching@ BAd tthRs@ptibhal GackiRity. € Aethbughg traiiscription occurs
epl genetic progranms. Based on these observations it

i $hrovghaghtthe hacleah einteriohi ey REReSo M n PESES o o‘%“ﬁ\?iomes
[ . gel | f of eatr dhiith RbmE Gerfl Nindividual
f@ﬁ%%?%ﬁ@9§%”%f¥f§f§ﬁ$Qﬁgggeg have been develoﬁgg to .
algbwes may imghighipon rehengehdn st rapscrintign ffadis 2 fheagyed agamst

genom b Ra b Y Pha G iR 5S @¥omEsdhle 86k ridNRs, IddAfrorhdss or the
bé%ﬁ@%%%%%%ﬁg%lféhrté¥ etC )
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, gemomic 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.

Different assays have been developed to allow an insight into the spatial organisation

of genomic loci in vivo. One assay, called RNA-TRAP has been developed (Carter et
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transcripts, followed by quantitati on of HRP-catal ysed
biotin deposition on chromatin nearby. 5 Another

assay that has been devel oped is called chronbsone
conformati on capture (30 tg?hnology, whi ch provi des

a tool to study the structural organisation of a

genom ¢ region. 3C technol ogy invol ves quantitative

PGR- @06R)yirs Gefer.c3DF@3) Which rigyoles @grieigi @Shdd@tABRE HetdMidase

gi re jction.fragments, which gives a neasure .
o HRPY B paskd BN roprips EGHIRS, tomuiaih o dBP epigiiped botin
1)depdsitiogion@hioynatievedbped to anal yse 10 the

conformati on of chronosones in yeast (Dekker et al.
2002), this technology has been adapted to

| DUREHet dRhP tHPBad BbeRl dePOISHHADIs Qﬁﬂé’@&ﬁorﬂ%ﬁe%ﬂfoﬁﬁ%dﬁncapture
and chromatin folding at  intricate manmmal i an gene

cl(}fs} Echnglegye Whichy proxislap petoolTts Bty the stacturalpgganisation of a
Paksdniie r&iof! 3¢ ' | . 4 tinki

per S rEiof 3¢ (@Hdors o GRnbhe PRapfHEbE crossinking
c Atsgueniien kethgertwagivensDNAdrestrieticnafragiiegieswhioh gives a measure of

C i s AM [ GL enzyne,. 0l I owed
Rl ol SR UL ERALEDEYOBeindB] QB spetvse
oittee eofipineton ¢off dradesnmpy mdeest(Dekler than 200Nnthisf teetdoloyy has

P T . Lfication st requires the .
o 2Bl oo TRl B8k oy PR e rieiton apd ematin
DifAdin rag grimeuates miuhataliar gent elberafwrd, ifbi @dmplEh Usihuid Gt al., 2002;

t gchnol ogy ovides a nmeasyre of . Interaction . .

f Fantercr R ME DR SuPER: Al ghurtisolas irheein o
i ﬁorﬁraldehmr trans linkied olf @1l iagi-dublea! @V@m@btllont B6F RBRLABN with a
that.can systepmatic screen the whol e genone in an

u Fﬁf@@% e‘?%ﬁﬁeﬁ??ﬁ?%\ﬂearl% P NA ftf]%w% it Faesrressligked into
| Bnd B@npleC | EighticnR6@icts e thee gﬁHnﬁﬁ@c[‘B POKEMthk PTRSEEHN Fication
to provide jnprovenments in 3C technol ogy. SUWMMARY OF

TEIEP IRAART) Tt laewiedes qb Ity jeaenceutnfemetiqn. SrppackdofotheyDNA
alila @enta Ak 8d B BE afhphificd. t qq{uﬁ%@@f{chﬁé?%??ro%ﬂe?? @Eaesure of

DNA-DNA i nteractions ' omng to the I'tm ons o
pexeraton ifiepsacics betwanapleciafh DoVA fregmentses knowl edge of

speci fic sequence information for each fragnent to

There is an important need for high-throughput technology that can systematically
screen the whole genome in an unbiased manner for DNA loci that contact each other

in the nuclear space.

The present invention seeks to provide improvements in 3C technology.

SUMMARY OF THE INVENTION

3C technology as currently applied only allows analysis of a limited number of
selected DNA-DNA interactions owing to the limitations of the PCR amplification
step, which requires knowledge of specific sequence information for each fragment to

be analysed. Moreover, selecting restriction fragments as candidates for long-range
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substanti al anount of prior know edge (e.g. the

| ocation of hypersensitive sites) of the |ocus of
interest, which is usually not available. Gven the
functional relevance of many 4 ong-range DNA- DNA

i nteractions described so far, the ability to

randomy screen for DNA el enments that |oop to a

s ébNArinteracfionis it gtires b sutstadtislin&snivofeioe kpswietdee(e.g. the location

enhancer, .i.nsul ato ilencer, origin of replication _.
oroL Wiraie s3] &ty i B Flesebryhh s FruaEBot sadapliy Given
ashéfigei@nlRRyenceof §RAS IdRAEinge TRIA- DIN A intér8RRh HiséBbed so far,
el nenﬁ - can greatly facilitate the mapping of i
setg%‘?% fydo rapgaisigreeh forDA glaments that deanfg raksequencerpiginterest —
pragent 4 @‘él‘?d“?k&ﬁbtér?'eﬁﬁaﬁéeﬁ Qnhfatdre GIMREO Bighd ©f replication or
capture and characterise co- |ocalised ¢chromatin),
$HBv |l s gemgmiq Frgioni efhinterasoughgiues argansydinge of getpepoor
fr [ ' : I i de-
o Bt LRhEh e ah Bal] Sty TRl 47 i nvolved
chapaeulaiqry aetwork. ocal i zed chromatin) technology is a
nmodi fied version 15 of 3C technol ogy that allows an
unbi ased genone-w de search for DNA fragnents that
i Ntber pregentviittviantionl miadss of 4€ hiechnelogPr(iee fdapture3hdapladracsdrize co-

[ 0 . syal . .but. om t] he PCR step. .The
SRR R hen o L b Hondrlf R SR ency
f red gpieradtionfof timodrasore hindtotide sappass@shamgacspate.

interest) ligated to many different nucl eotide

sequences of interest (representing this gene's

g elof@hyiue aud blmgmizé co-Ideglide@ Rploaiatn) tsctﬁblaggé féldll IhNdiﬁ%l version
an er econdary, restriction enzyme, an i_gat ed.
AdD gft'lrtt%?a%%fﬂ@f at yllgys e%gnbaqseér&nemem t Eaihder [Ndfdeawens that
Ofinteratienighd 1obadf cBbibe. [Brday, eIt ilysh g perfolt8ld AUGLA MU BRitting
sequence are %Qfélfled using at | east one

t

( phefeRatpy Tharsq emplate spiaingi 3 Rpoadt @ sestersiop fiagment of choice
Wikt @hddmphfies @%eﬂe‘%ﬁgﬂte@ﬂ?ﬁ PhddTE mddy iR G8c1b Rid@ stf¥ences of
sequence that flanks the nucleotide sequences of

i AntetegdFeprepgiping ghis yzeng’h genopiie kaidroamgetd.t BrentewplaRGR cleaved by

.f raﬂ&ﬁ@r%e%oﬁcﬁ A r&%sﬁ%cm)lg 5arqu%5@g.u %dp%%égggﬁsyw %‘% g Or more

i ndependent &nplification teactions an ecifi or a
ginelpotideissgngnces |of inderest dlrb @cki gated, to thenidtdet awdeobda beqaemee are

u : - AR r restyictio nzyne. )

S35 BT P08 GRIENGAY el AR or
offite einkhityone hyrimérdiybeidist¢sotoanm RANA asgquenyitieadlflaykagei meleotide
a sg(ﬁlgztlcreg Iof %?eqpslt.eT}gpqgél@! {llﬁsn}gelgse z{] &{Regn %R fragments that is highly

reproducible between independent amplification reactions and specific for a given

tissue. In one embodiment, Hindlll and Dpnll are used as primary and secondary
restriction enzyme. Next, the amplified fragments may be labeled and optionally
hybridised to an array, typically against a control sample containing genomic DNA

digested with the same combination of restriction enzymes.
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|igated fragments that are cleaved by a secondary

restriction enzyne are subsequently religated to form

small DNA circles. 5 3C technol ogy has therefore been

nmodi fied such that all nucleofide sequences of

interest that interact with a target nucl eotide

sequence are anplified. Practically this neans that

i I’I_ﬁt(ﬁa(i)rélﬁrrdﬁeé’nﬁhbﬂfiﬁdmg o.ﬁFh_eqjﬁﬂef itf ihﬁéiﬁi?@,rthé Hgaéd ﬁﬁgtﬂérﬁd%hat are
rimers that are specjific for the fragnents that one

i et by aREmary TeCUORINEYTE At YRSGILHE TPligatRdcto form small
usHra cilegonucl eoti de priner(s) which hybridise to a

DNA sequence that flanks the 10 nucl eoti de sequences

of interest. Advantageously, 4C is not biased towards

t he deshdlBey 8ds RERRE DB SnddliRl REE thd GlivdRbolife ts&?xences of
PCR 0

R anplification step and can therefore be wused t '
s dnfieesst hpfeinterashvith @ tergpiomeleptide seauance etei ampliii Practically this
el GUR0 i SR pARRECES DE B RRESEN ol WENTL Qe 42 ae
Aspects of the prgsent I"nventron are presented in the
acpesipa oy the) fregraénts that oneawishessto amglyss; tap andpéifieatios is performed
pr.ovi d .Rod .f anal.ysi.ng.the f uency of
PPt o R B g AP BB O < BRAL RSP e s e
ornueiepiidersagiencdsiofl imterequ Adeasagobusiy) d€riesdt b{aggl tow2fds drealesign

or enomi ¢ | aci oMy §i t teps of: (a
oS RASES  reapagRe PR e BT Aoy 20 GEL PG be
t heedtoassreh thekatpliNAendrhd for inderadting PN elbmems.i on

enzyne; (c) ligating the cross-Ilinked nucl eotide
sequences; (d) reversing the cross linking; (e)

di geah AT WSPEQUS IoFOLHE eRESHNENRFENTION a secondary
restriction enzyne; (f) ligating one or nore DNA
sequences of known nucl eotide conposition to the
avRIpb@Pbeihe PreS@f BRERION afSsttdehted irPfle SREMPELY k. ON
sitée(s) that flank the one or nore nucl eoti de

sequences of interest; (g) anplifying the one or nore

n | i . i J .
AR AR PSRRI J BLECSRL st AP UclARE) ofWiutin
hyddai tefigetemicleotidelrequpiie Witk queesrcmeremheleotide seduendes of interest (eg.

g#%{e P ThAlE o SRAHE REH ToRbribil HeRips o Ve PRl 2 balipid B 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)
digesting the nucleotide sequences with a secondary restriction enzyme; (f) 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 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.
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nucl eoti d seguenc

second aspect, there is provided a nethod for

anal ysing the frequency of interaction of a target

nucl eoti de sequence with one or nore nucl eotide

sequences (eg. one or nore nom c | oci) conprising

the steps of. (a) providing a sanple of cross- |inked

DNA; (b) digesting the cross-linked DNA with a primary

r @ td k@obdrspsegyiEre B froyidbd gambigd tHE abdl@Esy ki keghency of
| Fs: (d) reversing the cragss. |inking;

( &yeragfioed i tige S eRtda ssatener Y L ARrefTcRe fRgipptide sequences (cg.

Sme Bl aloye @dhid Wel) MBmBAGNEBIe stdp} of: () %Blvﬁﬁigsi Sehpid6F cross-

nucl eoti de sequences; (g) .anplifying the one or nore

ndikebPNde (blsdaerbng dhe QrPﬁétlm%i%DNyiAgmtbé RIBNAEY gestrigtig enzyme;

nye) 1gatihSthe SRALENERS micRbiRPkhnnals! Q) hyRfdi b Bss fufléng; (o)

aggélfled sequences to an array, a (i) determning

t Kiggepting then eyicletiden sesuences owith 20 serondae nresthietiddNanzyme;  (f)

S 3 j t 2 rovi.ded .

o PAARER dniiolid SoRAREE. (o) Al Heltle G e pucteotice

arseugncse dwh drerligeted do thedargeiquelaatisle seipene; (h)eatibnadlp dyloddising

t ] nucl.egti de se nces are .. .

O fiElead0helead 56 R a5 8 L S R ARE SR BeBE o pigpction

sibeeeen s DA saduences.n sai d first nucl eoti de sequence

IS a target nucl eotide sequence and said second

nucl eoti de sequence i s obtainable by cross-1inking

gdme il 4p&t thete ia pfovidet b cheyiattd hitgdotidé SeqRée icB@Pridng a first

met hod for pregg&%n acirc Iariseg nﬁcleg{ige

s 8Bt nEEORD MBPP LIy SERECt WhLeBt cach Hd pefo ety 2ad 2 second

S anglb@tidefseGieBSss-dré BiRFhtANA; diffenent ROtridti@LSIZyMe rbdd@nition sites,

crogs-linked DNA with a primary restriction enzyne; )

( &yd whgzet sryd O vpelsetide) eancaee i fasest mREetiy pemiease and said

( d3coh@Hed1§0ta8 sdince iPStaihdblyFoss iBking bSfdil BB A he

nucl eoti de sequences with a secondary restriction

enzyne; and (f) circularising the nucleotide

S @R GRS aspe? thdte & f)ﬂotliﬁgﬂ ?%%H ﬁnhﬁxreﬁadn PLRLEG ﬁc}eotide

nmet hod for "anal ysing the frequency of 1 nteraction o0

a sequeRpst compeisias tthal stepreefu ¢ quoviding agsamplsr ofnayess-linked DNA; (b)

n [ ed; - . ge 1 ¢ logl).

C Sty 18 FRMARACONNHi Aty rPRIGORRHARG, (Efkaling e

sepsehuled rupleatidsi seiihenaey €Dt revereng thescrgs dinkibed (@ndigestiay the

Ofnucﬁgo(%ﬁgsse&u%rr{ge%lvlvilths gdsegorﬁdaarysrgsggcg{og enzyme; and (f) circularising the

nucleotide sequences.

In a fifth aspect there is provided a method for analysing the frequency of interaction
of a target nucleotide sequence with one or more nucleotide sequences (eg. one or

more genomic loci) comprising the use of the circularised nucleotide sequence.

In a sixth aspect there is provided an array of probes immobilised on a support
comprising one or more probes that hybridise or are capable of hybridising to the

circularised nucleotide sequence.
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seventh aspect there is provided a set of probes

conpl enmentary in sequence to the nucleic acid

sequence adj acent to each one of the primary

restriction enzyme recognitign sites of a prinary
restriction enzyne in genomc DNA. 5 In an eighth

aspect there is provided a process for preparing a set

of Inrsetzath apeqitliesd B @Provided astaFprebies cmplemeentiid ¥qlghce to the
each one.8f t he primar est ictiog nﬁ%ﬁ? recognj tion
SISl arid seppenen AR o B ofReC by e TFPAGh AETRICIopREzyme
( bpcdiaBiof Bitda®f B HERAS RAtHoAl &1zy6a pAdnem@f DRXbr i di si ng

to the sequence adjacent each one of the primary
restriction enzyme recognition sites in the genomc
DNAan ehthS¥pdcb @isteSis Pivida®a BFoRb8 For pAdrihgl) skQr HRBE dohidising
t he probes together to forma set of probes or N
sub% #tapt phI(R)yidentifing srchyenshefsthe primagy Fesimichomepsame recognition
sgﬁﬁﬁ?ﬁ%robes R%%?g?ﬁed o%lﬁ ?%ﬁ%% é”@?(%ﬁ§£%€%%%§§ﬂMImﬁ
d exspablp efihyheidising to1the |spaugnaecatliasentsypele one & the prinary restriction

pr . 5 r . r . e .

S LBEran o Bt s SR I-RL08 IR, )T BHsBsHE P Rofls aw @
el combinittg the pwbes topether to HHrprset o prbbanoraubsigntie by sdt of prgbes.
the set of probes according described herein. 20 In a
twel fth aspect there is provided a process for

prle paninthgaspect gharays powjied ai w8y of bebes bepubsfantially a set of probes
[ bi |1 sing. olid support,suhstantially the
ar PRt B?%’BE@C gY aleé)ﬁ?fgfsad%%r%?q e set of probes

descri bed herein. 25 In an thirteenth aspect there is
provi ded. a process .for paring an array conprising

thiR & 85h ebeoh B 115 FrN0cOrin TR CHMBTSRD (e PR aF PEpes or
of subtalpiey B séthog pedts ®kcrie@h&sin descri bed herein. In

an fourteenth aspect there is provided an array

obt ai ned or obtainable by the nethod 30 described

herginieviith 2434/ 134 @306l B3P @él@&%%ﬁsche set of probes according

described herein.

In a twelfth aspect there is provided a process for preparing an array comprising the
step of immobilising on a solid support substantially the array of probes or

substantially the set of probes described herein.

In an thirteenth aspect there is provided a process for preparing an array comprising
the step of immobilising on a solid support the array of probes or the set of probes

described herein.

In an fourteenth aspect there is provided an array obtained or obtainable by the method

described herein.
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the step of performng steps (a)-(i) of the first and
second aspects of the present invention, wherein in
step (a) a sanple of cross-linked DNA is provided from
a di seased and a 5 non-di seased cell, and wherein a

di fference between the frequency of interaction

bet ween the DNA sequences fromthe diseased and

NaR » $ifBERn 8shebidhdrs isiphsliidatagBethdibfor idk EDWAnore DNA-DNA
interaction is indicative of a_particular disease

stipferctions thet 4p Rdeativs oh spesticula eiwasessipip sppaigng the step of

Melehedninl stip qu)QE} of @he Efs@gtﬁ@ssb&ngfasge&é SEaRCpredddt Rvention,
SyndrorTe cause or associ at ed a ch ang e in a

Divthemia it piee (2 @t sa@ale of sryeiskedgPNAS @t@pﬁeéfﬁ%n fiseappdhgnd 2
St RRSdeAea del, hd %@ eld Escflffa'glgcesl%‘eq\g% fhe pl?&]‘ielénc(}f oft Hfraction

present 1 nvention, wher ei n step conpri ses
prietegh rie El\@asqqu@mm‘ from dhss dis¢askceahdDMi-difeasat glls indicates that

) aring the
7 iak SR RAGRIREESL D bR o SARLL ARBLATRET 19
wi th that of an unaf fected control; wherein a
i ned from

diff 15 _be the val b
c O SR ey e AT by ted Tiated ot HiRE s bRkt of a discase
| neli gadione &dnadd byher ssdopart wish aufiargd g af DNAMDKA interaction

di sease or, s ne.or.is in tive _that. the subject

W PPSGIRE e FFici RETHINE SHBR GO0 & B Froape Sspects of the
S g¥reRhtEfnlloM SR Elin #EEGEPcSprREOMbAERgA sHRbIB O c@bs-linked DNA
dlagn05|s or prognosis of a 20 disease_or, syndrone

a Spiyjecty angd ydgrsin, steRy (e amprisesioangans the freghgrepriainteraction

' %ﬁﬁé&ﬁ&h@ﬁNACééﬁ@&b& Wih Hﬁ?otsénelﬁlaﬁgete@%rfh@[ %Hé&n%“ﬁ @ference
(a)-(i) of the first and second aspects of

pristveaen thenvaduegbisined (foay e gonrob pnd thy V%lembtalg@%from the subject is
Prig¥itAiva9n A (RAEm|L: stuﬁé&r%sﬁbﬁl%@@s%or E}Vngfﬂn?e or is indicative

subj ect; and wherein said nethod conprises t
adbfittﬂilecﬂﬁléiectswnélﬁuﬁffr.ﬁ%l} the disgaspof fypiregpeone or m)r e | oci

that have undergone a genom c rearrangenent that is

25 associated with a disease. In an eighteenth aspect

t Haraeseivsntpmﬂv agpect thereas $aqwidedtd1mmbd> rof i@@msﬁs’. Pi ppgoosés of a

n%tra)slregqr a%es a:uge m) agslf) lf e gvntgglg thanl‘% 1n a b?\f&?‘ E)NA 1ntetrzhct10n
ortemphsmglﬂﬁe aepestt ﬁerfmﬁlg(dﬁe)ps ger{)asfrtha frss b,lﬁb&cén‘ﬁ) aspexts of the
( of the fir second aspects of th n

SRS R QPET ST SRR P B8 3T Rl AGChee DA
| iffdoech Ditfedty and tWheresa it €iethod comprises the additional step of: ()

identifying one or more loci that have undergone a genomic rearrangement that is

associated with a disease.

In an eighteenth aspect there is provided 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 the first and
second aspects of the present invention, wherein step (a) comprises providing cross-
linked DNA from the sample;



WD 2007/ 004057 PCT/ |1 B2006/ 002268 8 wherein a
di fference between (i) the frequency of interaction

whedoreetnst he DNA sequences in the presence of PCTEB2006/002268

10

15

20

25

30

agent and (ii) the frequency of interaction between

the DNA sequences in the absence of the agent is

i ndi cative of an agent that nodul ates the DNA- DNA
interaction. 5 1n a nlneteentg aspect there is

provided a nethod for detecting the |ocation of a

bal anced and/ or unbal anced breakpoint (eg. a

t rvelesdin A diffefince Getwees (1) Othe Meeqaémp oFf intefR}ion PRIWRA ThOI DNA

o 1Bt n 2 oot Sty e 5 Mot o7 lresdton Beween the

f IBNAEBGIEnEds h Bie QbRAEd GFThDLENES hdidalyvd IiAn 2644 ﬁﬁ@ﬁédmates the
with that of a 10 control; wherein a transition from

| FINAPNAGHCIBRIMDNA | nt er act i on frequency in the

sanpl e as conpared to the control is indicative of the

| ocation of a breakpoint. In a twentieth aspect there

i dnpr gipetgenth pspast Hisee fsoprovided atmpihod fier detesting dlre bfoation of a
b N v,

S?Jggaggﬁgan%gﬁ%aléﬁ %@ﬁ?ﬂ(&gﬂt %g ae%ﬁisfwaltgﬁ?w’nkp%&sﬂ%ftﬁe{]ﬁeg of: (a)
f inesfornaing stepr@Ehtd @sqfdiet Brsidndtsheong memets tof ﬂm\peassemtmwenamd and

( of AL ehagion, bet ween.
o SRR B8 Aol REHRGNaR bl B SRR TR P fic i i or
i rowetr@;led/h@raintaetransiﬁbn Bbta-10i4o hngh &N ufterramoﬁ fietj@dcy in the

or._the sa a red
| b SRS A PR S fhaichBra B PRERT ye 4 Preapoin
aspect there is prow ded a method for detecting the
| qcation .0 eti.,on coppri si of . (a)
peffo Pﬁ?“ﬁlﬁa’ ?SBE% gy 1 FUNG0? nﬂﬂ;gtlg’df F"F éféteﬁ §1$c]<9ﬁ%}'1°n of a
astpketal Mi/of BebapmesERersittY ethprRihe t'ﬁfb@telﬁ QN A peBrrhii® steps (a)
fre Sﬂgé}{ fgqs i nteraction between the sequences

t apdcsgepndqspectipirtes Aresent éﬁ’&’é‘t% and ) cp@poring the
D%q%y of it&rh@fohi HRBwdeh %%N%yseﬁﬁ’erncésh\%ﬂ? b @(ﬁltrol wherein
compared to the control is indicative of 25 deleti’on.
| fodnYeReA PpUee eb RN aBPécinterastipe fipgneppies/forthe sampistas sdmpared
f Q6 nidebRbdlifiaihRe! 099@%9? g;f a duplication
conpri sing the steps o performng steps (a) to
(i) of the first and second aspects of the present
[ n ) i t.h e .
| o AR R iob ) B0 TP BB b MICALRY e lopacgp of o
a delstion odmprisingrthe stelanof: ﬁab:p@ﬁmamgrst@s deOco Enetthe first and second

aspects of the present invention; (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.

In a twenty-second aspect there is provided a method for detecting the location of a
duplication comprising the steps of: (a) performing steps (a) to (i) of the first and
second aspects of the present invention; 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.



in DNA-DNA interaction frequency for the subject
sanpl e as conpared to the control is indicative of a

waleprioeasi on or insertion. WO 2007/ 004057 PCT/IB2006/002268
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PCT/ 1 B2006/ 002268 9 In a twenty-third aspect there is
provi ded an agent obtai ned or obtainable by the assay

nmet hod described herein. 5 1n a twenty-fourth aspect
there is provided the use of ghe circularised

nucl eoti de sequence for identifying one or nore

DNA-DNA interactions in a sanple. In a twenty-fifth
aspect there is provided the use of the circularised

nucl eoti de . sequence for t di agnosi s or pragnosi s _of

a BidEsEthrd aspech ﬁjaFFelS eléﬂyggg B et Obti’ﬁe‘g%%%béfdbm}’? Rssay
a 1BHRGRsdribe@n&B):- DNA interaction. In a twenty-sixth
aspect there is provided the use of the array of

probes or the set of probes described herein for

| A8 ok Bulh GisRict RS i PPV hd L& 8€ iHeOlR ulaBs@ nucleotide
sanple. 15 In a twenty-seventh aspect there is

pregegesdior entifgiag one eryporg DNA-DIA mtestsdionsin atshmpleet  of
probes described herein for the diagnosis or prognosis

of a disease or syndrome caused by or associated with

a Iohamgenty-fifth 45pest Théke iintreoadadi tha . us2 of] the acircularised nucleotide

t - ei ere i.s provided the use of t
ayggﬂ&engegog%ge%sgﬁgérﬁe iO% q)fr 50%;1051? ent FyThy one gre rﬁ?}l%elaeby or
Didésoisikdiwitherchetdeam s DNA-DNAaimpdractioh.n a twenty-ni nt h
aspect there is provided the use of the array

descri bed herein for the diagnosis or prognosis of a

dils aasentpsixdy fpe@ niiere aUugedddl/the isasBRE bRieof Wobdd ¢t the set of
change , 25.in,a -DNA i.nteraction. In thirtieth .
AdpUEt Fidpe P?e%i R 8r0h 6B Tk DY ARNAfinfsraghens, in o
a sa@pleof probes, a process, an array, an assay

net hod, an agent, or a use substantially as descri bed
herein and with reference to any of the Exanples or

Firg d kRénty- e MPagR0t7th 38 40méviikalthé m%@%@ pro%@s or the set of

probes described herein for the diagnosis or prognosis of a disease or syndrome caused

by or associated with a change in a DNA-DNA interaction.

In a twenty-eighth aspect there is provided the use of the array described herein for
identifying one or more DNA-DNA interactions in a sample.

In a twenty-ninth aspect there is provided the use of the array described herein for the
diagnosis or prognosis of a disease or syndrome caused by or associated with a change
in a DNA-DNA interaction.

In a thirtieth aspect there is provided a method, an array of probes, a set of probes, a
process, an array, an assay method, an agent, or a use substantially as described herein

and with reference to any of the Examples or Figures.



PREFERRED EMBODI MENTS Preferably, the ligation
reaction in step (f) results in the formati on of DNA

waeeochews? 5 Preferably, the target nucl eoti dePGEIROMI®2268
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is selected fromthe group consisting of a genonic
rearrangenent, pronoter, an enhancer, a silencer, an
insulator, a matrix attachnment region, a |ocus
control region, a transcriptjgon unit, an origin of
replication, a reconbination hotspot, a translocation
breakpoint, a centronere, a telomere, a gene |0 dense
regi on, a gene-poor region, a repetitive elenent and a
(viral |nteorat|on site. Preferably, the target

L B B deNTs 3 nucl eoti de sequence that is
aSSOCIated mnth or causes a disease, or is |located up

to or greater than 15Mo on a |inear te e.from

aPietreabdy, thedigatien wadion imsteri(fifesis & theENA §°%g@’@é£§&‘.res-

15 Preferably, the target nucl eoti de sequence is

sel ected fromthe group consisting of: AMI

VRieforably. this@Rget ABtpotidp GpfuenceLis selygtied fromatho gfqmﬁznﬁstmg of 2

TCRt x[.S | ' §1ﬁ£jc01W| al Phatrix

s R O AR e

Chmtmsmregmm erlpais iconteol iregidvia A trapsseipéd WiilpAn OAgiH @f feplication,

Schi nz l.i 0 R -
32IF° W%Té%of‘e%otsqgr efhéapgl%\%ugg %ﬁgﬁ%ﬁtuﬂ&&?rgﬁ P %E:etl(% on > Eme

e denseeegion, ageregiont ©fioo nepﬁtytne cleant ande é‘gm‘l)getggrau@l gte.

bp recognition site. 25 Preferably, the primary

restriction enzyne is selected fromthe group

C PRFbhBIOhO fargddiuticotide neldlehce EaoficleoBimRgueppe that Rsspociated
and Ndel . Preferabl th econdar tr

[ ik i el BR e AL PRI Pt e B, 15 88 ook BNA
NYGH AL 688 SIBEH4SRE & arsﬁié&gaﬂlvhﬂm caisbea dis@s®r ef er abl y,
t he 'secondary restriction enzyne recognition site is

|l ocated at greater than about 350bp fromthe primary
%Séf%ﬂaﬁz 8B tSlobenicbolille sdqpéiitis Bl&di@DErbRIEhs gﬂmp rUbﬁmstisﬁ@ of:
004057 PéT/ | B2006/ 002268 11 Preferabl g
nuidtidotilde MEGUBAEBFR #Bblk|IGE LYLI, TALL, TAL LM02 TCRA/S,

TCRp and HOX or other loci 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.

Preferably, the primary restriction enzyme is a restriction enzyme that recognises a 6-8

bp recognition site.

Preferably, the primary restriction enzyme is selected from the group consiting of
Bglll, HindIIl, EcoRI, BamHI, Spel, Pstl and Ndel.

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

or 5 bp nucleotide sequence recognition site.

Preferably, the secondary restriction enzyme recognition site is located at greater than

about 350bp from the primary restriction site in the target nucleotide sequence.



Preferably, the probes are conplenentary in sequence
to the nucleic acid sequence adjacent each side of

weamn/oots7 of the primary restriction enzyne repOQIB2006002268
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sites of a 5 primary restriction enzyne in genonic
DNA. Preferably, the probes are conplenentary in
sequence to the nucleic acid sequence that is |ess
than 300 base pairs from each,one of the prinmary
restriction enzyne recognition sites of a primary
restriction enzynme in genomc DNA. 10 Preferably, the
priedfembby the aacipdtiElaBejuanaé i Rbdllee. sequence that is |ess
then 300 bp from each one of the primary restriction
enzyne recognition sites of a primary restriction

erPzyBRbIy tHBeRobds CarOMWimpldRedtirgfif fsdhledee folBe RLOPRSacRI & quence

conpl enentary to the seayenpe that i s between 200 an

3@glacgh e ﬁhoﬁﬁeézf@hdb% of fheyiEnagy feiEeion @y mp Egcpghition sites of

e DEMTERY FeSIEIOMH dnizPe & JeRSmRIDNAPr i MAry restriction

enzynme in genomc DNA. Preferably, the probes are

conpl ementary to the sequence that is between 100 and

20400 bl?PthQ brdbed e J:&gglplﬂerft{r? B &36dh0 [beth? hudidl€adl Eeglﬁgr%e that

restriction enzyne recognition ‘sites of a prinar

r dslkes than 9 hasepais fiom epeh omd of tBNAIMEY edseictibh ynzymagecognition
?pﬁﬁ g: ‘ﬁH?Q!%  dihslng to the sequence

ggﬁ%%g% e ceggglnary r§§¥$¥%%#gﬁ%%nzyne recognition

site of a primary restriction enzyne in the 25

g ] .. Preferabl e obes overl ap or

o tabty, RS prcbe S B el 8 Ao dhe A eRubmaagg bp from
t lkach i ofutht potnhryerestrictd® dlzghe kabgnitior ks Pf @fimary restriction
seguence corr.e ds to all or part of the sequence

bETREEH EFEHMC e of the prinary restriction enzyme
recognition sites of a primary restriction enzyne WO
2007 0&@0 7 PCT/1B2006/ 002268 12 and each one of the

f it FEPr2Res 'gﬁB PY #15 cemplaRenisTy to diespquengedhatdnbssyeen 200 and 300
I ®F Cetihh leh@Norf bethe PRimady SRERALE Eﬂzyﬁ%%édzggftiong ?sit@@ éY M%rimary

Preferably, each probe is at a | east a
restriction enzyme in genomic DNA.

==

Preferably, the probes are complementary to the sequence that is between 100 and
200 bp or 0 to 100 bp from each one of the primary restriction enzyme recognition
sites of a primary restriction enzyme in genomic DNA.

Preferably, two or more probes are capable of hybridising to the sequence adjacent
each primary restriction enzyme recognition site of a primary restriction enzyme in the
genomic DNA.

Preferably, the probes overlap or partially overlap.

Preferably, the overlap is less than 10 nucleotides.

Preferably, the probe sequence corresponds to all or part of the sequence between each

one of the primary restriction enzyme recognition sites of a primary restriction enzyme



5 Preferably, each probes is a 25-60 ner. Preferably,
the probes are PCR anplification products. 10

woe@ee@bl y, the array conprises about 300, 000PED(B20@M02268
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probes. Preferably, the array conprises about 385, 000
or nore probes, preferably, about 750,000 probes,
nore preferably, 6 x 750,000 probes. 15 Preferably,
the array conprises or consigts of a representation of
the conplete genone of a given species at |ower
resolution. Preferably, one out of every 2, 3, 4, 5,
6,and eadh, o8 of thelfirspicidibouray; @il destictionl dnP@Ad recognition sites
chr.onoso tenpbate is contained in the array. 20

Pro&A SFRBIAY TS TCH EM9Mn from | ow to hi gh interaction
frequencies is indicative of the |ocation of a

bal anced and/ or unbal anced breakpoint. Preferably, an
iﬁ@%%@' » S350 PROPRISE 2 [SRELABRAS ™t er act i on frequenci es
for the subject 25 sanple as conpared to the contro
IS indjcative of an _bal anced and/ or unbal anced

i RrefeeblyreacipprobesiapPy-60 mef.educti on in the DNA- DNA

i nteraction frequency for the subject sanple as
conpared to the control, in conbination with an

i Feefergbly, the proks apNRCR ametifieation prodgds.f r equency for nore
di stant regions, is indicative of a balanced and/or
unbal anced del eti on. WO 2007/ 004057 PCT/ |1 B2006/ 002268
1 Preferablyr thp hiyay comprisasrabaig 300,00G40@00aastes.i 1 DNA- DNA
interaction frequency for the subject sanple as
conpared to the control is indicative of a bal anced
aPugfenblyy theadreayc emndispd iabat i 385,000 drnaeetprobes, preferably, about

Pr. bly, spectral. ka ng and/or FISH is used
pr75@56(? O%eér?’gﬁﬁlﬂref‘fﬁra@& %éé?fé%ﬁ@mmbq@r eferably, the
di sease is a genetic disease. Preferably, the disease

is cancer. 10 . . _
Preferably, the array comprises or consists of a representation of the complete genome

of a given species at lower resolution.

Preferably, one out of every 2, 3, 4, 5, 6, 7, 8, 9 or 10 probes as ordered on a linear

chromosome template is contained in the array.

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

location of a balanced and/or unbalanced breakpoint.

Preferably, 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.

Preferably, a reduction in the DNA-DNA interaction frequency for the subject sample
as compared to the control, in combination with an increase in DNA-DNA interaction
frequency for more distant regions, is indicative of a balanced and/or unbalanced

deletion.



Preferably, the two or nore anplified sequences are
differentially |abelled. Preferably, the two or nore
w@eplib406d sequences are identically |abell ed MEMB2602268
sequences reside on different chronobsonmes. 15
Preferably, the two or nore anplified sequences are
identically | abelled when the sequences reside on the
same chronosone at a distancq that is far enough for
m ni mal overl ap between DNA—ENA i nteraction signals.
20 Preferably, wherein the diagnosis or prognosis is
prieeRiadly, dhageest or o dfr@ge as IDNA-DNNANIAGHA fbguency for the
pr esent |nYent|on has a g#?ber of  advant ages. These
adV ARt G5 as| coppazsdnley dip contpliiy ipdigatyvg| ploi hjanced and/or
dasbhlhitell GhblicBNoYnsOfiog X anpl e, the present invention
i s advantageous since it provides inter alia
commerci ally useful nucl eotides sequences, processes,
5 PrEebembRNGeatdl RYSotypils BYd/¥@RsAfis Ilééﬁ#)ﬁ&r to? i saldGethod,
present i nvention I's advantageous since it pro es
for the high throughput analysis of the frequency of
[ [ . ucl eoti de sequences in
{ oty @0 d%%%s%\égo“ SBT3 04057 PCT/ 1 B2006/ 002268
14 By way of further exanple, the present invention is
a e . slnee using conventional 3C technol ogy,
eacﬂgéﬁﬁﬁﬁgﬁﬁﬁk9 fit eracti on nust be anal ysed by a
10 uni que PCR reaction containing a unique pair of

o e, £ b T Pl i tind fienel R, "oy

primers will be too high. Accordingly,

hi gh-t hr oyghput (genome-w de) anal ysi s, of DNA- DNA
i rﬁ%?rﬁgltg'i ﬂ%st%losorn re\ﬁ%@m?gv%ﬂ‘i’?nﬁ‘?ﬁrﬁ% idsntiepdly labslled when the
t aedquRaden Bidelon defRért aBfomokddesPr esent i nvention now
all ows the simultaneous screening of thousands of

15 DNA-DNA interactions. High-throughput analysis of
Diffe byl teCf@Corl QbR AT BghchCestRE idchBedly§86MEd when the
invention will greatly increase the scale and
r SSPIEnes Hridsfonghegainsicironmiomp gt adistinee thas is farenopgtefor mhirimal
PIoRERhelwish BN AN SinftHABh §888uS Si nce using
conventional 3C technol ogy, e screen i s biased
towards those DNA sequences for

20  Preferably, wherein the diagnosis or prognosis is prenatal diagnosis or prognosis.

ADVANTAGES

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

25  in the following description.

By way of example, the present invention is advantageous since it provides inter alia

commercially useful nucleotides sequences, processes, probes and arrays.

30 By way of further example, the present invention is advantageous since it provides for
the high throughput analysis of the frequency of interaction of two or more nucleotide

sequences in the nuclear space.



whi ch ol i gonucl eotide prinmers were designed, ordered
and included in the analysis. 15 The choi ce of such

wW@bkdogomest eoti de priners is typically based onPCT/IB2006/002268
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know edge concerning the position of, for exanple,

(di stant) enhancers and/or other regul atory

el ement s/ hypersensitive sites that it is believed wll
cross-link with the nucleotlﬁ@ sequence that is being
i nvestigated. Thus, conventional 3C is biased towards
the design of PCR priners that are included in the
PCR anplification step, whereas 4C is 20 unbi ased and
can be used to search the conp) ete.

i By evayc of rfartimpexapplendht PreseHi gw?xgmge A oﬁ@ntageous since using

aUéﬁvé tl oﬁats'(ﬂ@crﬁlfd g{:%%éh kih 1K B S PRUEH RS b beSnilgded by a
base he predicted know edge of sequences that

c e H’(Elh keawlqzhcmwéamm 2 Ipiges PR ARt SlishBronghput analys1s is
Fe%or!a g 5&%85115@5%11 id eﬁltd?ﬁh@ea? Bhasl pRAtreh nthby prnners will be

ences cross 1ink first (target)
ntuml hxth ddcsmdinelyc éuginﬂnr@shManr@dW@s) geelPER o r PHAriINA

th ! br i di asth esen:
er c‘,txég%iﬁrlm Sidbl Fith | '3 ntn&x% getd 01§ UENESitradt s 1' t

nventlon a "'ows an un genone- W
s @fvestion§ a6w DMWBNﬂneI sitresltagoilo rssreexayg vvefy ﬂl@ﬂsaﬁdﬂr toff eDNA-DNA

exa e |nv nti
R RS UG AL A BTLARERL A 25 0
S @lef&ik hwentaﬁfmlnfgmay mrea@a‘ tha scﬂilemgﬂ eesbiden GnBiyes.

interaction. This is not informative when hybri di sed
to an array. The technol ogy has been i nproved such

h‘ﬁlt wal lo dff fudg o Bk Snpld) athe | fré@hBGiveiidoh isa advan@apedus aﬂng:et Ysing
nucl eoti de_sequence are now a i ed tive
ameweml@@l 306 FoDrGhoSTPCT PR RPEB IS DTS Sé%“enges for

Ofy iy $11¥8hucteRP pAmetshRed [dBS bid¥ea tah@findhded in the analysis.
advant ageous because 4C technol ogy can be used t

ddhecehoirgl ahceeh cHigonuskaoldc qlmsEn &t TP PEPE ot Tnowledge
SUGH-effn o%]ﬂllel é)gl}{lgﬁ 9£9for teﬁﬁﬁb% QaRtahQREhandeh Qh(ﬂ/@f‘ Sther regulatory

i nver sl upli cdtions_and ot her genon1c
r efmreatfepesensitive isiiesnihet #iis babiyved Wi roreseAR| with the nucleotide

chr%%g\éoggtsis 6915% ﬁlcvgga&la@gy | CverdoAAH(ESs Blaldl ivkids the

ment s) can-even ern1ne a subject's
praesipis DDBGIR iptimerstthat amqmplltléed:le theaP GR emalificagem sepghereas 4C is

IS BLNS 1 LAVSE SO %y ok hALhons Bk eF iMEARIE DNA

balance
t I S GC AR Decated ahplifivation oﬁmomlmhgl sequinots inafG ismet based

and ot her nom earran ts t YL
cﬂtgﬁ?re@ﬁggtkﬁﬁ‘f"%g el‘gfrsieguel%ﬁ%‘t%ﬂart C}Olsss no%%r Zlgau@l%e 88 equence
Knemotiies@oae@l RA@et,lih ofie hbddiert bANQ esclpenatssbattchuss lmk to the
r I n
et?rgt (%a&gje% nucleotide sequence can be amplified using PCR primers that hybridise to
that nucleotide sequence. Thus, the present invention allows an unbiased genome-

wide screen for DNA-DNA interactions.

By way of further example, the present invention is advantageous because using
conventional 3C technology only allows the selective amplification of a single DNA-
DNA interaction. This is not informative when hybridised to an array. The
technology has been improved such that all fragments that interact with a first (target)

nucleotide sequence are now amplified eg. selectively amplified.



of 4C technology is such that it can be used to detect
rearrangenents even when the “4Cbait' (as defined by

w0 b@7pe408mry and secondary restriction enzyne PCT/IB2006/002268
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recognition sites that are analysed) is |ocated away
(eg. up to one negabase or even nore) from the

change. Another advantage is that 4C technol ogy al |l ows

t he accurate nmapping of 15 chgnges since it can be

used to define the two (pr| restriction sites

bet ween whi ch changes occurred Anot her advantage is
that cells need not to be cultured before fixation.
Thus, for exanple solid tunours can al so be anal ysed

f Gy genon Eirthere axanapieefie npresent dnvytionais advaniageauerbecause 4C
CXERPIGey L DoREEPE Herch WRALLPG: drbaiBfia aLage gﬂaréﬁsﬁsa.%ch as
t he t echnol ogy can al'so detect chamges eg.

r @dr tyan efrtiangcationsa dgletionsa tivgrroms, Qllrdtcetjonis and otherf genemic
aI l en%e% l Sin %nlt %' acg:{ ? rse“?(ar%nl%ngﬁgmos%;ﬁ}ég’ 4&hcgchnolo%¥ (which
t éctino ogy Scan ‘be use

d iInsamases Ibruxlnﬂiysxﬁ ONA ﬁiagnpnts)gyam sven dmtemius mb}ectz@raysposnmn

| ik S i, el b B P Bkl i B beomic

comn@inetno gl Shlafigedgen affbalariced lmgslarana:)ss deleSitfis) i@tGersions,

mc tiling arrays .- ce the desi
B{}\%‘g p??@@ t SO S Ha&‘gﬁ'ﬂ%rﬁ |A£r gntags r"f’e‘d’f‘mgﬁte“fategles

g emaﬁt Rebt iiiEHdeo RidwAthe cBet Wldﬁfofﬁmg% betfke fhe resolution
restriction enzyme recognising a hexa-nucl eotide

s deriedmgloayis 3ych that {fcaiibe psedfg fetesigisamngements, e gpakhen the
ea@@—b‘ﬁt" tas RR Sl by BleCPimir 268%8Eonddr9 refXABR! Szythd @ecognition
conpl ete human or° nouse genone. For a restriction
erfitmibat ase aeptyssdrig 1<mg¥eé apREfes Hp fo anesmagAbasegerreyyn gfore) from
atiﬁ)cuchan 354 r BB fakﬂ atbﬁ? fé@lﬁ{ol&ﬁ afl8WEthe at:&frate mapping of
exanple ‘t'he co uman or nouse WO 2007/ 004057
PChi#nge? 61067 60@268 usré tgalebne theTiwe @tivwarnt agdsctivh sifse between

alyiich &%ﬁh&an ed. h%‘iloth&lgdﬁﬁﬁg HHP ol elh %{T@J by Rultured

since eac al'yses an 1 ndepen I gation event

grbefurd Yixdtewoi Thusaforngxatmple solit ewpows atn also bofanilfiwed for genomic
resugkﬂmw d (2) a large representati on of the genone
can e gspo ted on a single array which is
cost-effective. 5 4C technology can advant ageously be

used for fine-mappin %aracterlse

- 3 b e eReG T e et Bpue iy SOPhBGe Pt the 4C

an@ﬂﬁaﬁﬁbeﬁan(dlsogti&ect changes (eg. rearrangements) in a pre-malignant state, i.e.
before all the cells contain these changes. Thus, the technology can be used not only

in the diagnosis of disease but also in the prognosis of disease.

By way of further example, the array design according to the present invention is
particularly advantageous as compared to existing genomic tiling arrays — such as
Nimblegen genomic tiling arrays - since the design allows representation of a much
larger part of the genome per single array. By way of example, for a restriction
enzyme recognising a hexa-nucleotide sequence about 3 arrays with about 385,000
probes each will be sufficient to cover, for example, the complete human or mouse
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



m croscopy, FISH, SKY, etc). 10 4C technol ogy can
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t hat have occurred near nultiple loci. BRI EF

DESCRI PTION OF THE FI GURES 15 Figure | The principle
of 3C technology Figure 2 (a) The principle of one
enbodi ment of 4C technol ogy. .3C anal ysis is perforned
as 20 usual, with e.g. Hndft (H) as restriction
enzynme. After reversal of cross-links, DNA mx wll

CORLEhE a{hg 'aﬁ% %Esa&gtﬁ& b 9&5@#@ ardl @ha‘[’%]}l @zﬂﬁ%rbliegi@tnﬁﬁnnatlve

t o many feren fragments hese fragnents wl | be

arqmqefep@oanamwaab@ep@mlewlgafsqwe%tnﬁmﬂy aititatipg thedtergeptation
iR, 008 R oprga b of MR Nchorhl | (2 Sspolt] i single

LadmlylvwhaﬁmstﬁffmnWon products may be hybridised to

the 25 arrays as described herein. Hi ndlR and Dpnl |

are given as exanples, but other conbinations of

r ed( r echnolnigy e cany radsa:ﬁagswsly &e 6sedr f@- tlending-ngapping of poorly

utter.s so _be. .

o fPREER et AT cbB BB dpmsashsy Cien

f efaikoscdpyy BISH, BKY, ). and br ain (B1, B2) sanples. (c)

Schematic representation of the location of the

m croarray probes. Probes were designed within 100 bp

of 4¢t-kaaBdidgySdah @8vanthigbtisly b3 hs&bfol tHer sibeltapbdls ke eninnen a single

possi bl e |1 gation fpartner Fi gu e 3 WO 2007/0 4015T .

PO ORI B et TSRS G B\ CeEtE FE pple loct

genom ¢ environment of (3-globin (chronbsone 7). Shown

are unrocessed ratlos 4C signals for (3-globin HS2

di BRE#EY 3LPd 2 BHE FHGERESr  control sanple) for

pr obes Iocat ed in -35 Mo genom c regi ons on nouse

chg one 10, 11, 12, 14, 15, 7 and 8 (top to

bot %om regi ons shown are at identical distance from5

eathe morciplsydtdedgoloent ronere). Note the large cluster

of strong signals around the (globin) bait on

chronmosonme 7 (row 6), which denonstrates that 4C

t eElgnad gy detects genom c fragnments close on the

H ES The %Iﬁ]ﬁc(:l)p D3P The gn%g@dnnet:n% og‘ L4e t«%‘o%n&%&? LYe analysis is performed as

usual, with e.g. HindIIl (H) as restriction enzyme. After reversal of cross-links, DNA

mix will contain a first (target) nucleotide sequence ligated to many different
fragments. These fragments will be amplified and labelled by using amplification
methods — such as inverse PCR - on eg., Dpnll circles, using first (target) nucleotide
sequence-specific primers. Labelled amplification products may be hybridised to the
arrays as described herein. Hindlll and Dpnll are given as examples, but other
combinations of restriction enzymes — such as 6 or 8- and 4 or 5-cutters - can also be
used. (b) PCR results separated by gel electrophoresis from two independent fetal
liver (L1, 1.2) and brain (B1, B2) samples. (¢) Schematic representation of the location
of the microarray probes. Probes were designed within 100 bp of HindIII sites. Thus,

each probe analyzes one possible ligation partner.

Figure 3
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| arge (>5Mb), inplying for exanple that translocations
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fromthe breakpoint. Figure 4,4C technol ogy detects
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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.

Figure 5

4C interactions of B-globin on chromosome 7 (~135Mb) for a transcribing tissue (fetal
liver) and a non-transcribing tissue (fetal brain) (analysed by a running mean
approach). Note that long-range interactions with B-globin differ between tissues
(likely dependent on the transcription status of the gene). Independent of the tissue
strong 4C signals demarcate a large region (>5 Mb) around the bait.
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4C technology can be verified by FISH and truly
reflect nuclear proximty. Figure 7 10 4C technol ogy
accurately identifies transitions between unrel ated
genomi c regions that are linked in cis. For these
experinments transgenic mce were used that contain a
human (3-gl obin Locus Control Region (LCR) cassette
(-Rgukls) inserted (via honol ogous reconbi nation) into
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chronmosone 8 20 (upper panel: conpare signals on
cf};.orms/.oms 8 (for position of integration, see arrow).
wi'tH’87gnal s on 6 other nouse chronpsones) (conplete

C MOOIBEROINES adutatelf @RhEfied Ahnsiildlis DetveanBhrelafed @¥fonkib 8dgidhS that
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v Lmlar. E bi al.ogi cal.ly 1nd ndent 4C
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14%2 Eist d6 b o Y PraRestip dheampindep e 5 kp fumag §-globin
- 4Q0qiehced Rad tcle@fly trbRals A8 bsitie b2 MRSLRIRnt G RbaCcHRsthosome 8
were previously shown to be close in the nuclear space
(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

accurately, which can be used to identify genomic breakpoints and translocation

partners.

Figure 8
4C technlogy produces reproducible data since the profile for HS2 and B-globin are
very similar. Four biologically independent 4C experiments were performed on E14.5

fetal livers, using either the B-globin gene B-major (upper 2 rows) or B-globin
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Figure 10

(Balanced) inversion(s) can be detected by 4C technology. Inversed patterns of DNA-
DNA interaction frequencies (measured by 4C technology as hybridization signal
intensities) are observed in diseased (solid curve) as compared to non-diseased

(stippled curve) subject, which reveals the presence and size of the inversion.

Figure 11

Heterozygous deletion(s) detection by 4C technology. Probes with reduced DNA-
DNA interaction frequencies (measured by 4C technology as hybridization signal
intensities) in diseased (grey curve) as compared to non-diseased (black curve)

subjects, reveal the position and size of the deleted region. Residual hybridization



signals in the deleted region of the diseased subject
cone fromintact allele (heterozygous del etion).
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signal intensities for probes |located directly beyond
the deleted region (note that the grey curve is above
the black curve at right hand of the deletion), since
these regions come 5 in cIo?gr physi cal proximty to
t he 4C sequence (bait). Figu 12 Duplication detected
by 4C technol ogy. Probes with increased hybridization
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line). f, Schematic representation of regions of
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discovery rate was set at 5% (stippled line). f, Schematic representation of regions of
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Figure 14

Active and inactive -globin interact with active and inactive chromosomal regions,
respectively. a, Comparison between B-globin long-range interactions in fetal liver (4C
running mean, top), microarray expression analysis in fetal liver (log scale, middle)
and the location of genes (bottom) plotted along a 4 Mb region that contains the gene
Uros (~30 Mb away from B-globin), showing that active B-globin preferentially
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| ocated - 38 Mo away from gl obin, show ng that

inactive f3- globin preferentially interacts with

i nactive regions. c, Characterization of regions
interacting with (3-globin ialfetal liver (left) and
brain (right) in terns of gene content 5 and

activity. Figure 15 Ubi quitously expressed Rad23A
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containing only (3-globin (g), which were all scored
a§7ne993|ve for interaction. h-i, Schematic
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partially (c) overlapping signals and contacting signals (d), which were all scored as
positive for interaction. e-g, examples of nuclei containing non-contacting alleles (e-f)
and a nucleus containing only B-globin (g), which were all scored as negative for
interaction. h-i, Schematic representation of cryo-FISH results. Percentages of
interaction with B-globin (h) and Rad23A (i) are indicated above the chromosomes for
regions positively identified (red arrowhead) and negatively identified (blue
arrowhead) by 4C technology. The same BACs were used for the two tissues.
Interaction frequencies measured by cryo-FISH between two distant OR gene clusters

in fetal liver and brain are indicated below the chromosomes.
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Figure 19

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-globin in fetal liver, showed co-localization fréquencies
by cryo-FISH of 5.5%, Which was significantly more than background co-localization
frequencies.

25
DETAILED DESCRIPTION OF THE INVENTION

3C TECHNOLOGY

30 The 3C method has been described in detail in Dekker et al. (2002), Tolhuis et al.
(2002), Palstra et al. (2003), Splinter et al. (2004) and Drissen et al. (2004). Briefly,
3C is performed by digesting cross-linked DNA with a primary restriction enzyme
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23 followed by ligation at very | ow DNA

concentrations. Under these conditions, ligation of

cross-linked fragnents, which;is intranmolecular, is

strongly favoured over ligation of random fragnents,

which is internolecular. Cross-linking is then

r QMW@yaigﬁitlonl adeleryileh AINA d:(glaéﬂh@ﬁoﬂ%r QL& thesd cBnditions, ligation
ecte quantlf ed by t | ymerase chain_ 5
8{%@1’“1?3 sy 1% ByaraEy é%‘i arels sirpngky &avoymgd oggrdigation

| |o!ﬂ KAndgm ﬁ@%ﬁ&fhc YvHich) 1s%tehﬂ&ecu¥aﬁ’ec¢rt)éscluh&%' isithen reversed and
det erm ned uantitative PCR reactions using contro

arfiivided élgaP?Ih Peqﬂiu@té A5e detegted apdy apantified st thespalymeragenghain
r %dcﬁo@@dﬁ)%sﬁ@éﬂys sﬁémﬁcgﬁ'u&r@ deGd o9t lﬂﬂc@gdﬁeqrmrfcg (5(51 6f two

cross-lInked tenplate an the contro
16pacHicatosb isddaieraringdt by arratijptiess BGR tepstions using cant8d and cross-

%ﬁi@éndgtté@pfafes gaﬁﬁe@{sgg%rgfse% hO5BTE &%%ﬁm&:ﬂ&%@%{ R68hcPYbtained
49\3ﬂ151§)37<.>r05(sr11n§ed tefuplatedndetithdbe ¢dngral template{ pri mar y)
restriction enzyne digestion, re-ligation of cross-

| inked DNA fragnments and DNA purification). Briefly, a
s Jln‘rpdcerdanmth ths precaltlisehtions 2186 tanplite ¢d @epared wifg th€phethods

SR SO e B Ao

p éorfratdekyliesfixcition, h@hniahﬁ rEdWAction endyrgeﬂtgedldnn rd-Rgation of cross-

con he cross- ed ucleus ranol ecul ar
|?B%%W4sé%%ﬁs ﬁa‘édr }.fmlan Catiogy Dﬁﬂe Yng Pkt moffch as
( Cells,tBurREPRE Qucleiboit ﬁx’édmﬁ? la) crosédbinkia fagéﬁ@ Ur $ach b @3tnhRBhyde.
b_gmeen cross-1.inked DNA fragnents |e i ntranpl ecul ar

QPFBRYY BRkiction .e@@'frreoﬁg%%@e frep pfprpdssuch it dheRNA is
f ARYHBN S tHel RntekNbLIHIRQS ALY Alcldhan ‘iﬁ’lfgn?rgecjulag Qitgb.t%ﬂ) is then

Next, the cross links are reversed and DNA can
pB?Iif(fm?@d at fyve D32 cwmptaap@s QfWanampley ab,ducl éd’ng/dlﬁt whith favours

r ﬁgét[ohctét&geq Ic E'ﬁﬂlg d DI he nuct]s telgltrgrggfa (}: %a%én) over

e orl I space.
phgatmnybertwsanr no:tt—cnoss -lnkzy N A sfrapnedtst Qe.d nmblet:ﬂﬂer bNAandom

ML TNCRE T T TEET
en:l‘(}ﬁme \iak |1s seldad abstaink @estrictioh fibfmege that ateClig@id tiause they
sequence nd t he nucl otlde sequence- that has been-

| Pyt BEAAL 8]8Fedlf1ﬁ€q ef‘ﬁsé’a‘f:ﬁ'l mary recognition site is

| ocat ed between the

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
that has been ligated. Accordingly, the primary recognition site is located between the
first (target) nucleotide sequence and the ligated nucleotide sequence (ie. the ligated

second sequence).

NUCLEOTIDE SEQUENCE




first (target) nucleotide sequence and the |igated
nucl eoti de sequence (ie. the ligated second

wGaegaemos) . 30 NUCLEOTI DE SEQUENCE WO 2007/ 004BEi71B2006/002268
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PCT/ 1 B2006/ 002268 24 The present invention involves
the use of nucleotide sequences (eg. 3C tenpl ates, 4C
tenpl ates, DNA tenplates, anplification tenplates, DNA
fragnents and genomic DNA), ich may be available in
dat abases. 5 The nucl eoti de sSequence nmay be DNA or RNA
of genom c, synthetic or reconbinant origin e.g.

C DA préserit if¥ABh Givolves Midhisé afiucidfdLRhdiReS@E URN eRiplates, 4C
may be pregared using a _PCR clonjng techniques. This

wi FRPlaigpoPIE Framlaies: éﬂ}@é}ﬁﬁa’f@ﬁ tﬁ?lPlﬁ@FssDNlAaﬁﬁgrﬁ‘@Ptsa and genomic

I SONAR whichirhe) REAHRMEn\WHabited t IS desired to clone,
br|ng|ng the primers into contact wth nmRNA or cDNA

obtai ned from for exanple, a manmal i an (eg. ani mal or

hufR N RoGR! sjeg ucdte #3901 Accﬁ”I c#eno f:r { fh@:i@ 8r Rcombinant

pol ymerase chain reaction |t|ons
vvmrtgm bei RPNAbdr emnmw,frc@atbnr@nt mfcletohée @belgmcesjma]e e orepared

t H etn%t a B&R élgl%.lr}[% fech rlélﬁése%h{s A8 TR ve ‘rﬁkﬁn)g e{%g RY¥ {)ﬁiﬂg}s "Mnking a

eact | on onh “an agarose
r gegive of ﬂug SBdDEnGHTWthh iiteig dBiitad td' bbnqa thicinging theagyrithes into contact

des. tab trictio

r ecck)%rl}llﬁﬁ on S| egﬁt%]geéjﬁg? %Oﬁ & ei Fﬁagan%@?ec%ﬁmﬂél or human

clelpdr hot-mammaliin sell, tpetfbeniag @I’Iiohgnetz&etdhﬁm réftgion (PCR) under

nucl eat i de. sequence y be.doubl e-

o RRTEo PRt abie ST UR Af iy PN s B dpolating he

aniniigies ragit@n@.g0 by Gufitying teoRsctioh ehR e o8 dinFAParcSO FEl) and
It rred t hat the nucl eoti de sequence

t f
Sk ‘gq%ﬁ%?ge%t%’%ﬁvg{ég - They BHmefs mavnbR desigued fggntain suitable

prfeﬂﬁé’cﬁm@ﬂﬂyrﬂé’ RIESnitidTOkites QI Bhal BROARpTified IDNA cB 6§ @foﬁ@djmto a
that the nucl eoti de sequence i s doubl e-stranded

sutHebisclonp®yetat r anded 3C and 4C tenpl ates. 25 For
some aspects, it is preferred that the nucleotide

sequence is genom c DNA - such as one or nore genomc
| e 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.

For some aspects, it is preferred that the nucleotide sequence is genomic DNA — such

as one or more genomic loci.
For some aspects, it is preferred that the nucleotide sequence is chromosomal DNA.

The nucleotide sequence may comprise a first (target) nucleotide sequence and/or a

second nucleotide sequence.



For some aspects, it is preferred that the nucl eotide
sequence is chronosonmal DNA. 30 The nucl eoti de

WG emoemMos7 may conprise a first (target) nucl eckCTEB2006/002268
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sequence and/or a second nucl eoti de sequence. WO

2007/ 004057 PCT/1B2006/ 002268 25 The primary and

secondary restriction enzyne recognition sites wll be

different to each other and yﬁll typically occur only

once in the nucleotide sequenice. 5 In one aspect,

there is provided a circul arised nucl eoti de sequence

conprising a first nucleotide sequence and (eg.

ligated to) second nucl eoti de sequence separate

(ed® PUERARY S%P“‘%@f Fesrtion, SngYp  TReAS)IiQR dites Wk bh é%ﬁefﬁnt to

I @dh! dilidr bADWANEYRBIY REQW brRB irSthe BucledMas ERfubhosal d

first nucl eotide sequence is a target nucl eotide

sequence and said second nucleotide sequence is

Olﬁ @h@?s%b& reCik ‘ﬁftﬁrldeli Rk 88RMb R ol sef8Bice EdnpHsH a first

in 10 vitro) he primary and secondary restriction

e ﬁzslmxldp é@wmq m@n(em ligated\ip) 2 sqgend pididodide sequerrecsgprated (eg.

0 I C I

ntljlgffdeegta(lﬂg)aili@d art glllr?l?rliy 2hd @ s%%% résstlggcgt}%’ dntg%r[ig ?ecogmtmn site,

p deerede@uhﬁxst mmlﬁoadep @eldemvu i aetatgedml@@qde sesigerse apd sad srgond
nu(t,le(j; nucﬁ&h ?eog» o%?ama%ﬂaugngr%ssa %genOTéCg% (e&lf)}n 9'1)0 or in

s&8ond e seéquence separa vi ded
owitar t b plmynaay [and macroyxdmokeﬁnst&moex@ny n'ee@nmont sieR will be

t tid
i R R s RS e A

said first and second nucl eoti de sequences are

O S50 D, B BERSOTBLL AR AL B35 s

( tﬁ)rst dﬂu@leé‘ﬁder&qﬁeh@e arfdl @g Sligated46)la E?I&Snd/\hﬁdlbo&d@ kdqfiBiicé separated
restrjction enz l'1gating the craoss-1inked 20

ndge dbdeded fé@&ﬁ‘}el)rhye% PrIfEy 406 Aeteeqndart KETEHPsnZy R Ricghition
anfle, (AbresH GEPHsNEhcldBBINeGhRBY is QQarg&%bﬂ%msse%ﬁeh& #hd wherein
secondary restriction enzyne to circul arise the
ngeil d6¥tjaad second aydeoside sqopgrfcay 2B |<>9ta1rtah1e byecpepss comprising the
nuehegt e auens ISR&! b A
(ta get ) Qb %u%qe ot I ggg h%%u%ﬁ%eég Alg ggﬁodérﬁlﬁ%ﬁa) (IB? dfg%gtﬁ% the
n@tisebnkedeDNAqwith @epmwwrnestestlmh@zme,om hzstmm thee@OSSdeﬂ(ed
s
- Slg#l {cﬁ 533{&359% e@g ge%:éxg%ngsdeé a'gss lhﬁc %%@é?ﬁ#g%stmﬁéh% nucleotlde
s yeduenss wppracsmqmdztrg Irgstriction wmle Itg/cxmukaade tho mualmmle sgquences.
fragnents. Typically, the portions or fragnments will ‘
be at | east about 16 nucl eotides in |ength.

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
portions or fragments — such as approximately two equally sized portions or fragments.

Typically, the portions or fragments will be at least about 16 nucleotides in length.

FIRST NUCLEOTIDE SEQUENCE

The first nucleotide sequence is a target nucleotide sequence.



FI RST NUCLEOTI DE SEQUENCE 30 The first nucl eotide
sequence is a target nucl eotide sequence. WD
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term"target nucleotide sequence"” refers to the

sequence that is wused as a bait sequence in order to
identify the one or nore sequences to which it
cross-links (eg. one or nnrezgucleotide sequences of
interest or one or nore sequences of unknown

nucl eoti de sequence conposition). 5 The target

nu@ mﬂ ihél&nﬁ SHIRAG € target AliclkRidaReARAE TER:s to the sequence that is

h n is indi atlv that the target nucl eoti
?f@ Da 5 WEpFE et ddentify g cH1S 1O Ut GoqEEs To Which it

0 rct@ls-ﬂ]ﬂksl (¥g Cdre B moke AltRotidbdef@ncssRAGReredYor B8 6 Hd:D kdiflences
t he 10 frequency by which séquences are close to each

otoh gpkn owqugegtggesspcg}}egcetqgrr@ﬁa@q@t and, for exanple, the
conformation of chronosomes and chronpsomal regions in
the spatial context of the nucleus (eg. in vivo or in
vilihe éarget ppeleqtide sequience] ig ofd@ewn peaenrss- under st and  t he
intricate structural organisations within the genone,

for exanple, when enhancers or other transcriptiona

r dgodsdinkmg islindieative thadrthu targratmacipptide iqeanae ang sequeneer goss-

151111(9&: %e?& 'xger? &Lﬁ%{ ?V%%Eel i Emr ar'ﬁ?ciea{': liL, gclger ’E%J ﬁetemnmng the

even p033| and t 05|t oni ng
g ifmqnenge g Whichr segiiempesragt closevte edah O‘llhBI.’J ie mtposlsabls aqum&ersmd, for

resen r QNDSONe
i S o e R g e e S
Theastexti df thesmpitens (dp). 6 it orap vitw)! dddréaber, $ieig lp@ﬁﬂﬂﬁtoamderstand
differe hr ones .. that, frequently. share sites
¢ e REP D QEomaRioRU b e Fenome: oy BXmALS afteR enfpgeers
20Qr dﬂh@cﬁarbahlﬂiﬂ)ﬁﬁdreg[ﬂld{o@f eléflends ageRtng@RLtwith distant promoters
S éﬁtlons - such as baéﬁﬂced and/ or unbal anced
JRAES BnevendB| 4o FYrtherRgEs df §riyen aossthle i pegfeestand the

a@dmﬁbﬂlﬁg oD£BRBA Genonf@FdzRNFEINERY B nﬁ@l@oﬂd@%@@ﬂeh%%r&ént on the
translocatlons in one or nore chronosones). In th

r Syas GhrogepRs dn gish Ay well anto puskegtide $eﬁu@ﬁ@§n@}egthﬁrnchmmosomes
Dl AN, TR € e b&'ﬁﬁe & mip ucleBA& §eg9é?1§%sl@1t diFBRnCHENIS omes

has occurred can be detecte
that frequently share 51tes in the nuclear space. Furthermore, it is even possible to

detect balanced and/or unbalanced genetic aberrations - such as balanced and/or
unbalanced translocations, deletions, inversions, duplications and other genomic
rearrangements (eg. deletions or translocations in one or more chromosomes). In this
regard, genetic aberrations result in changes in the DNA-DNA interactions at the

position that the change has occurred, which can be detected.

The first (target) nucleotide sequence in accordance with the present invention can be
any sequence 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.
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interaction in the nuclear space with one or nore

ot her sequences. 30 In one enbodi ment, the first

(target) nucl eotide sequence wll be greater than

about 350 bp in length sin027a secondary restriction
enzyme is-chosen that cuts the first (target)

nucl eoti de sequence at about 350 bp or nore fromthe
pritisanyy fiisiinide Gt Bigin Sirtie . foli2tiah Aud 0dpSidgical constraints (Rippe et

PCT/ 6/ 002268 @ 27_Thi s inimse a bias in
cﬁgékgﬁgg?wgfw m@ﬁ@”ﬁ%”?ﬁﬁ%?ﬁﬁg%ﬁl constraints (Rippe
et al. (2001) Trends in Biochem Sciences 26,

733-40). .Suitably, the first (target) nucleqgtide .
sejifaii&ethe dIstdinrery mgnofids scdurnss felowing eaplifipation cpmprises at

ahedst aBdt BY by WifthdI6r B hitandtasd nfilitlunt REHIRIIER least two

length of the at least two anplification prinmers used

t GupkFatoy rrimers Biedriel apiife te| sgeond ayglentide spaeensp @tet abpgt 16
basges .gach. In a preferred enbodi ment, the first

(target) nucl eotide sequence may conprise 10

conpletely or partially (eg. a fragnent), or be close

t qﬂ(a? refbrfbdl g’ﬁ?&ﬁrﬁé{t,mtﬂey ﬁ&t )(ta]r%p PSIRLE rseclllﬁﬂce may comprise
enhancer, a sifencer’, an Insu or, a matrix

atcompletedsnbr patjaln(egaa Ifmgmsnt),cariter dbserteenin the proximity of), a
tr | pLi nit,..an oriain.of replication, a .

- GRRGH, BBl B pi@itet o Aodlrfior, & 38 At Bienregion. 5 locus
c exhtrdnegien, adrah@kipti@r wyit, an gegie of eplieatior g oomidnation hotspot, a

ne-.poar .region, a repetitive elenent,. a (viral
0P BreaFol o SlyhElt hudSulisy R - dRsrEloR 4 gene-poor
((Zl&b@bﬂ, gq’lﬁpe’iitidé eleﬁﬁhtg alt(i'fiﬁ{n)sinlfi:gﬁti?@ kifd, leublleota{é sefiledéd in which
e, g.. di sease, ysi ol ogi.cal , unctional or ) )
stelbtions andla muiations arp pelaied y @\P&?%i e Mtease, adwriglogical,
POHBAR bk Stcturdl effeBUC hiRftak 48 SIPAWRBIE &Sk otiRPoRindrMsm), or

such del etions and/or mutations, or any sequence in )
wiiiglgotide spauengss) capfainigsuchodslstions anlorfEeinBp,Qy gy sequence in
| 1868 b RBirddtoldRPME Rt ARG MtiictioR i Ble nuclear space with
sg&rences. 20 As nentioned above, the first (target)

neEIcE BRqueRCCS equence may conpri se conpletely or

partially (eg. a fragnent), or be close to (eg. in the
proximty of) a nucleotide sequence in which genetic
alfer menttiopers above, b fizst (tdrge© nindretidasddusncenmap tomoprise-compketely

or partially (eg. a fragment), or be close to (eg. in the proximity of) a nucleotide

sequence in which genetic aberrations - such as deletions and/or mutations - are
related to an effect (e.g. a disease). According to this embodiment of the invention the
first (target nucleotide sequence) may therefore be a nucleotide sequence (eg. a gene or
a locus), adjacent to (on the physical DNA template), or in the genomic region in
which changes have been associated with or correlated 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.
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sequence (eg. a gene or a locus), adjacent to (on the
physi cal DNA tenplate), or in the genomc region in

whi ch changes have been associated with or correl ated

to a disease - such as a gen§§ic or congenital

di sease. In other words, the first (target) nucl eotide
sequence may be or may be chosen based on its
adémelimiting examples &f subh Bémealocphenouypesrl, mecpsef esarUBL,

30 enbo t changes _are changes in one or nore
APETSOHRLR e 14 BRdedes FuP OB At eutiaathes Toc
Ofin vir@fus Bk@MBbEsticAke@iasTOr € del etions, one or nore
transl ocati ons, one or nore dupllcatlons and/ or one

or nore inversions etc therein. WO 2007/ 004057
PG 320RALON2 408 ncay MO Ll Wbl exauTALes of such

genes/loci are ABL1,
|nnunoglobulln |OCI LYLl, TALI, TALZ, LMX, TCRcr 8,

e LA bgﬂ% ﬁj’l %8{;/ elllt%%}qlel g? ‘Qfgégagl?:ergﬁnglggo%e%m e
e Ih@B‘(/ FEAPINCI. nihlgaﬂ@hmesomwd%taman
h‘? é /(M g&n%‘ilx ne rg]éegetg(%/llélg(%’t 43 ?/Heg grg&%mf gi ?db=cance

hﬂlttm’/ngdpngInoscmnte.@ﬁvdyﬁgeﬁmyeﬁﬁsbl%ﬁe@%ﬁy
htt. o,/ / ww. progenefi x. net/ progeneti x/ Pl 4603437/ 1 *deogr

hhﬁpﬁﬁhmmhmﬂh@ﬂgh&ﬁ@bience conicytogenetics/cytol.pl?q

47, X htt um net . au/
S‘%”W%%Vl? gaé:é(é)godga%ﬁsubj ect/life/borgaonkar/index.html

hitf Avkomsiiebih in£yih G RIRA ﬁ&? BIPAYEORITRLD)
gt/llfe/borgaonkarllndex
W%@P“Wﬁ?ﬁtﬁ@}?ﬂg‘%ﬁﬁe@ﬁh?féz/query f cgi 2db=0OM M

15 eﬂvémwmﬁﬁm@e&&cg}séﬁe&t nomi cs/ deci pher/
http://agserver01l. azn.nl: 8080/ aruca/ecaruca j sp

O her exanpl es are described in "Catal ogue of

ggﬁl&tﬁlh- gn A?qug% tﬁé@%@%ﬁﬁ% é?%‘ggﬁ %zﬁféﬁﬁgom o&net %l:r)erratlons

200Man? geiedition.-Albgt sg_himv -E;erlm rWdtee derﬁmytmm@ﬂﬂl IEBN 3-11-
t 6{1go7adj acent” neans "directly adjacent" such that
there are

In one embodiment, the term "adjacent” means "directly adjacent" such that there are

no intervening nucleotides between two adjacent sequences.

In another embodiment, the term "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
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sequences. 25 In another enbodi nent, the term
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and the primary restriction enzyne recognition site

means "directly adjacent"” such that there are no

i nterveni ng nucl eoti des between the nucleic acid

sequence and the prinmary re% riction enzyne

recognition site. 30 SECOND EOTI DE SEQUENCE WD

2007/ 004057 PCT/ 1 B2006/ 002268 29 The second
NUBSQLddE S ROECBudnge ROIHRIINAR, BbtaRBd,aldHEHed, or identifiable by
identified, or identifiable by cross-linking genomc
D\Nossdigking gendmyie DBYA (ag. #ivived) 1 Vi#i@- second nucl eot i de
sequence (eg. nucl eotide sequence of interest) becones
ligated 5 to the first (target) nucl eoti de sequence

af Thersetondatvrlegtide ssauepte(egi nusleatids sgquente ﬂkimtvgest)g;gmes ligated

d di t] i . th =L i o 1
2 L BT RS0 R0 R SRS S (i T B
Nugdemtodridddigsstiertipaimg hibe auselithed yDMAr fagnrentyi nSudhyseqlenses are

in the. d li.gated to the first (tar
P Rdbod bt GaE e R okt et e s b et GREAH ctose
f apoie duclgat spate hed Wested ab alss fitdt (taekt) DNAldotidg s®ubsce He@ause

(intranol ecyl ar) pver random]igation events. Diseases
bad@lo%n GRSt i BIE" - hgaiign agetg'i?eé‘ns?ré}%sél]ﬂkﬁsp%g Tagihents
defigtdnfiiulab)bver Ghdsligatidh! B¥entsat i ons and ot her genonic
rearrangenents - are generally caused by aberrant

DNA-DNA i nteractions. 4C technol ogy measures DNA- DNA

| NbREAEL IRkd RIURAEHES - 1RcHVNsC iraBdlbdiBéis| Ydeii®n®? inversions,
function of the genomc site separation, 1e. DNA-DNA

i ndupligationd fod B GARINES TERTENEINBISSeP FSREBBY CRERA DY raberrant
t NENALBRA  infltRHARC th&&ngﬂogfﬂl_@%ﬁ% DN DAEE PrtdriioMequencies,
| oci present on t he sanme physical DNA tenpl ate (Dekker

et which , prim2@ihp )are Bhfignctien tofrthe i gsnemic oifsi stpatationt . AAWA-DNA
an . i J i ; v qid e 1.
acisabsr B SRy b e rpiions) BB BhER cidice (i ilobeses)
c abetiveenntsasDNAdloci2fresent dCtteenmaghygsal DA teplgte (Dhlgker et al.,

se cleqtide ence i s at | 4 '

& 5825 T ek EnGE WREE Grdele, B, RRPYy, R Blche DN
ustehplatesgis asniphiiikd Py dlteeddTBNA DN LR tatttons ael thislcenbé mgasured
pr%}g&ns and nucleic acid. Thus, two or nore

nu

el uences

Suitably, the second nucleotide sequence is at least 40 base pairs.

Cross-linking agents — such 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 cross-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(Il) and cyclophosphamide.
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with the present invention, including those

cross-linking agents that directly cross link

nucl eoti de sequences. Exanpl es of agents that

cross-link DNA include, bhut aj,e not 30 limted to, W
light, mitonmycin C, nitrogen Hustard mel phal an,

1, 3- but adi ene di epoxi de, cis

di @i dlﬂfeh&@gsq ﬁ?ﬁ( i famd cfo\gs:hﬂeh@ﬁnobﬁa% edR1atiV¥ly short

2007/0 4057 PCT/ | B /002268 30 Suitab

cr&sances miauety angkat 2w+ thesbynseledsg-ipfimats llitﬁlaﬁtIQ?ﬁlﬂé?é @an be
relkadiogel y short distances - such as about 2 A -

thereby selecting intimate interactions that can be
reversed 5 Cross-linking may be perforned by, for

exaiip a | g 1 o f 0
room t en'p g[?%r éé r}%g%’c edc%b’b)?orl g’é .L?]‘é lggqu%%eﬂﬁt S 2%
i nfofrfalddhydd at Ml\ibrﬁﬁn%ltﬁfés- suchpbs ebmammbatmgl I & 1R%ells in 10 ml of

p%?%g% e ChmelrBRB i ho 2l SRR, 1 ndS Byt room

" peinp@atard. estri ction enzyne" refers to a first
restriction enzyne that is used to digest the
cross-linked DNA. 15 The primary restriction enzyne
W PRIMDER ¢ IROSTRICERANENREME) the type of target
sequence (eg. locus) to be analysed. It is desirable
that prelimnary experinents are perfornmed to

OPA¢ WiChdrBiR, Bed8Rt HPme9NALitib@RSe 8 RELABLYa first restriction
restriction enzyne nmay bé selected fromrestriction

erenyyee thabie gepdite diggst threporegs-linkekPNG. bp sequences or

nore of DNA. Restriction enzynmes that recognise 6 bp
sequences of DNA include, but are not limted to,

AcThe pwﬂmmunestriem enZ3uisL Willl be cAg@n detpbading Spethe tRwl bf farget

a\ze:li}_%\ﬁ%[ ﬂ)cR@ %? %le §ngyged’sgclf Id {)l’e tP Stp];{BVl Mgl ex?{:?n%n’ts are
Smetforrﬁﬁi tXloptimise’gteldigestids, cobditiRis, Aat |, Sac I EcoRV,
Sphl, Nael, BsePl, Nhel, BanH, Narl, Apal, Kpnl
Snal, Sai, ApalLl, Hpal, SnaBl, BspH, BspMI, Nrul,
XOEHe, pridedry restvigtion enzBmk ImayBe et &8d komMedttictioA®diymasRetognising

Ahaat1 IleLe{'st 6 bp sequences or more of DNA.

Restriction enzymes that recognise 6 bp sequences of DNA include, but are not limited
to, Acll, HindIIl, Sspl, BspLU11I, Agel, Mlul, Spel, Bglll, Eco4711I, Stul, Scal, Clal,
Avalll, Vspl, Mfel, PmaClI, Pvull, Ndel, Ncol, Smal, Sacll, AvrIl, Pvul, Xmalll, Spll,
Xhol, Pstl, AfIII, EcoRI, AatlIl, Sacl, EcoRV, Sphl, Nael, BsePI, Nhel, BamHI, NarI,
Apal, Kpnl, Snal, Sall, Apal.l, Hpal, SnaBI, BspHI, BspMII, Nrul, Xbal, Bcll, MstI,
Ball, Bsp14071, Psil, Asull and Ahalll.

Restriction enzymes that recognise more than a 6 bp sequence of DNA include, but are
not limited to BbvC 1, Ascl, AsiS I, Fse I, Not I, Pac I, Pme I, Sbf1, SgrA I, Swa I, Sap
I, Cci NI, FspA I, Mss I, Sgf I, Smi I, Srf T and Sse®387 L.
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I, SgrAl, Swa l, Sap I, Cci NI, FspAl, Ms I, Sof
I, Sm I, Srf | and Sse8387 I. WO 2007/ 004057

PCT/ 1 B2006/ 002268 31 For sone aspects of the present
i nvention, in the case of re% riction enzymes

recogni zing 6 bp sequences, L.rr, H ndl I f or EcoRI
are preferred. The teen "primary restriction enzyne

I ¥ Gbink| APedd 10" thé q&@s%ﬁt LvedtB, ShitBe idAsd 0P UEdtBQIoh dhzymes
5 sequence_that is recogni sed and_cl eaved by the

pEFRENFINE 8O SpRENcss RgflfhndIll asfooRImRyTefEstRI CTI ON

ENZYME As used herein, the term"secondary restriction

enzyne refers to a second restriction 10 enzyne that
J'hg éss@ “arimary pyifictionpnryeeetie¢agnition sieiZgfers tol ithgesite inpmnucleotide

' (o R AR PR e Do o R kB

secondary restriction enzyne is used to provide

d%ﬁb@ﬁﬁ)@% dI\PE oti de sequences of

e ligation of sequences
of knomn nucl eoti de conposition to the secondary
tr |on gnzyme. recoan sites ;h fIank
% rﬂﬁ%: erem, ee g%lau 8668%%9% {:nr?F %1} %Ig?m | ¢ oa secon restrlctlon
e l&hzwherthaths used gfiéri pRiMmady reStECi@NEDEEMe ﬁ1gksﬁi@iﬂ4’hgati6ﬂ 8Qdrbsd inked

C sition . .to.the econ rest i ction enzy

" DB it (SR RN AL e, T S0, eEpeimgpt, the

eB8étondiry rdstition ehSaleiisl ascgag lp@(fiﬁi&sd&ifned DNV Bxfids tb MEOkERBtide
[ [ conditions to 20 favour the

i gation nder di
i ARG P ’&‘Eﬂf%ﬁ erlé’aftﬁ]%d’ﬁ fordbsubigiioniod sewensss aF kmown nucleotide

I @6rhpds@ionOfd BIRZIABhdaFye ERERIbA RAzythd BRobii@dn tt@Nthat flank the
target. nucl eoti de sequences and ‘the |inked nucleot|d

s Blentide seqyencenplipieEsst. This effectively results in the
formation of DNA circles in which known target
nucl eoti de_sequences flank unknown sequences of

i Hit enegmbodimgenty ligaiion Hdrsequenend| Qféwpwnanngh@ncmPosﬁwn to the
S?&Hﬁ&?f%s@fcﬂ&p @%Qéo%f?l‘ﬁbﬁi SitdsHRIH %ﬂ’{ (g% SIet at ea s1E1e or end

secondary restriction efizyne recogn
f PBrtke fregeotide ecquences ofiingdreie irprolven digamm)uxﬁhedlhm&:d @mtlitidﬁs to

SD%%US[” > 1_91fra-h1rc1 gﬁlgrs t11 V0| See}lh addl ! onlrg%n 1on enzyme

sequences 0 nuc eotld
f IIICngmm:h ISlyeSI mgaﬂankntabged anclectitdi steQﬁHﬁrSes Iuhﬁthef naked mucleotide

. se gnce Ctléléegtrz } h@ %ﬁ%ctwclgly resuiNemr]ché g?mgtleo%o I}%%X circles in which

ri C
known target nucleotide sequences flank unknown sequences of interest.

In another 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 the addition of unique DNA
sequences of known nucleotide composition, followed by ligation under conditions
that favour inter-molecular ligation between the secondary restriction enzyme
recognition sites that flank the nucleotide sequences of interest and introduced unique

DNA sequences of known nucleotide composition.



30 recognition sites that flank the nucl eotide

sequences of interest and introduced uni qgue DNA
waegaemoes of known nucl eoti de conposition. WPCT/IB2006/002268

2007/ 004057 PCT/ 1 B2006/ 002268 32 In one enbodi nent,

the secondary restriction enzyne i s chosen such that

no secondary restriction enzyne sites are within

about 350bp (eg. 350-400bp) g{ the primry

restriction site. 5 In anothef enbodi nent, the

secondary restriction enzyme is chosen such that the

S afffyne SAGOMARALY the 88dohifk k&ﬁhcﬁ&?éﬁﬁ?m@ it c%oée% shé}{(tﬁli%ots@condary
be | ocated in the |igated nucleotid uence (ie

t hiestriptipay evgyEIeositss |4 Rethin abeys id8hp (g rfc -408kp)e iy $hegprimary
thﬁﬁgh&%%ﬂgtarget) nucl eoti de sequence and the
| i gated nucl eoti de sequence may be conpati bl e cohesive
(or blunt) ends, the sequences nay even be ligated in
or [
O 08 SIS B8 ARy SN Tt Sy e s
c oxredortdaynsestriction eﬁzymuslta uflikelynol bezllrbmtedlmtthaf digsted macleotide

corRafBih 12 s s Bpl PR e St it e e

e nmgctmudeesquemcé lad t}EI ligatet] smelectide seduehye majcheeadnpaeible tbhesive

se n|t|on site. hat .recogni.se 4.0
5 b ELa0 ot OB oD ok v D b Sppps e Dva.
10 EgAfGBS@@Néy,ItNHEI}geTtloﬁ:_dgdpi 1|s :‘iﬂl&iv&dd Hjipl@é_l_ ahclz)n Eﬂdb@dﬂuteﬁﬁiﬁﬁdmons that
, 0 a e
St 13 intrgiolectlpy, iptqrachieny Hmamqulansthnaofﬁh%ﬂ)é% &l the
enbphafiBBtadst he secondary restriction enzyme is Nall
and/ or Dpnll. 20 The term "secondary restriction
enzyme recognition site" refers to the site in the
NUBERAIHI eheSREMHIRG S edthi@on! eRzfnRCRBInARY sBO qjs £h 68y %ﬁ nB¥eotide
t he secondary restriction enzynme.” 25 Followi ng t
15 di B Reopirition lie. s dwayrder that esegnisct 4 on Sebix yeamencgs of DNA
fu G p
ot ot 48 b b8 MaSuPRIL SYIPRE o (DI, Mocl, Dovt
of MbﬂleaInHeﬂHoRsﬂ,eTaslé@mTc bselp Afhd331t Ach Dpoll Be3Al and Mnll.
secondary restriction enzyne digestion site of the
one or nore sequences that are ligated to the target
nulnl agv¢fenled ersledgineemt,éhe secondary restriction enzyme is Nlalll and/or Dpnll.

(9,

20
The term “secondary restriction enzyme recognition site” refers to the site in the

nucleotide sequence that is recognised and cleaved by the secondary restriction

enzyme.

25 Following the digestion with the secondary restriction enzyme, a further ligation
reaction is performed. In one embodiment, this ligation reaction links DNA sequences
of known nucleotide sequence composition to the secondary restriction enzyme
digestion site of the one or more sequences that are ligated to the target nucleotide
sequence.

30
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enzyme that can be optionally used after the secondary
restriction enzyme step in order 5 to linearise
circularised DNA prior to anplification. Preferably,

the tertiary restriction enzy is an enzyme that
recogni ses a 6bp or nore nucleotide recognition site.

10 Preferably, the tertiary restriction enzyne digests

t ERTIARY RESTIRIETION ENZBOMEde sequence between the
primary and secondary restriction enzyne recognition
sites. As will be understood by a skilled person, it

| Asdestnaiig thé1admt Nertibf tds@ichod eyt tibes ®NZ YR 88 tion
not di gest tge first (target) nucleotide sequence tqo

c 1589 HaticRR beprtipapy usd 28t isgsanptary restiGHoR Fpameetepy prarder
I @6 BAAEd ARuBHRDISN pRot BampliexRAP! i fication priners

can no |l onger 15 hybridise. Accordingly, it is

preferred that the tertiary restriction enzyne

r I . .

G S aably) B ey Setiof SRORE ko HEAEE N Ged@TRs o 6bp or more
r égeleotideiresagwifionysite- recognition sites as the length of

the primer to be used such that the anplification
prinmer(s) can still hybridise. 20 In a preferred

e Roaferiablynthe tertipery testriciion ynzyms tdigests iterfiretr(ayge) rivsleotide sequence
t ' - ence of DNA. The term .

» BBk SRPLRRY fl esRuee BHRRGE gfimel Eopetiipn SC g it e
t anddrgoad byea skillddyrsonuit lissdesirabde thenthe reatary Ratriction enzyme does

recogni sed cleaved by the tertiary restrictio

e mobdgest fis fiebliareal AFlepil seqtensecipp R g b AP SR Rary
arEstriinipy mntehaéogﬁitﬁﬁ\é@est sllildl fhpee -aﬁii}ﬁﬁ@iﬁ_aﬁ prikefkan A6 longer
(0] NA. n nps practlca ettin S, a glven .

r ilg'?ri‘% i%‘i‘f"@fﬁg;’hét I8 BreLerd et i BHEY SPUGHN @gyma grepspition
Wisitdliid) 1ctaell r@t16d3t @e pdisd dRtah@VaRas Eom TREpSHBG! At &Sondary
for [estrlctlon enzynes are sSe uences,of

d GRFHICEOR A2 &ePOBEOR: Bifes agithe fithegprimer to be used such that the
S kBB GRIGH BRAESs) NOANRHHRA057 PCT/ | B2006/ 002268

Ina prefeﬁed embodiment, the tertiary restriction ehzyme is one that recognises a 6-bp
sequence of DNA.

The term “tertiary restriction enzyme recognition site” refers to the site in the

nucleotide sequence that is recognised and cleaved by the tertiary restriction enzyme.

RECOGNITION SITE

Restriction endonucleases are enzymes that cleave the sugar-phosphate backbone of
DNA. In most practical settings, a given restriction enzyme cuts both strands of duplex
DNA within a stretch of just a few bases. The substrates for restriction enzymes are

sequences of double-stranded DNA called recognition sites/sequences.



34 The length of restriction recognition sites varies,
depending on the restriction enzyne that is used. The
wo engbinost the recognition sequence dictates hPOI/IB2006/002268

frequently the enzyme will cut in a sequence of DNA.

5 By way of exanple, a nunber of restriction enzynes
recogni se a 4 bp sequence of DNA. The sequences and

the enzyne that recogni se th§44 bp sequence of DNA

i nclude, but are not limted-to, AATT (TspEl), ACGT
(Mae]), ACCT (Alul), CATG (Nall), CCGG (Hpal), CGCCG

( Fﬂié)@!:r@ch oﬁ-gﬁgbtﬁd\tﬁ%wgflt@-g&s(mgﬂ depeRBink on t]§a1‘é§tﬁ1:t16% enzyme

Hael I 1), GIAC. : Rsal ),
('Ith‘gﬂ 1§, usqdy el(gjq, |ofq|t1)e req:qgm@wpe)nce S(vaf@gmnﬂy the
&Gt dut BN GhelCe 6VA) By way of further exanple,

a nunber of restrlctlon enzynes recognise a 6 bp
sequence of DNA. The sequences and the enzyne that

5 1 P9 o{zﬁﬁp@ %)ﬁ'%??e?%k o ai?ﬁ?%ﬁeg ’IQJ%%%F\A BF bddfEnce of
( HDNAI | The sobdATT afd tHeSsaiine NCATGENEBEELUDDI SequenGOGEPNA
ceipde. ps o et by A AET (e A ardsB gy Rl Joata
AT(&elam),( %DAGG) glﬁhwq@\(ﬂlﬁdm), mmﬂ(Mavsp |@T{‘»TCC/€Di5ﬂIG Dpnll,
2 %ﬁé‘lﬁ'}l SR ?425@? @a&%@%@ﬁy 5*&6%@@%5% (TaqD),

10 CIAGCE (C(iRYY, Irr A AQBAETECCBUEHh] 33C0CE (AW bidl CCTCQMn)
CGTACG (Spil), CTCGAG (Xhol), CTGCAG (Psti), CTTAAG
(Afl1), GAATTC (EcoRl), GACGIC (Aatl), GAGCTC (Sacl),

GAl; Sﬁ%ﬁ%ﬂexmﬁﬁéﬁ%ﬂbgpm rhstrictiohelkdmet N8 Enise 486§ kdquence
(BsePl), GCTAGC GGATCC Bantl ) GECGCC

( NIy W@%wd) © EEYH H{Kﬁ?ﬂﬂ)‘se t@%‘?@&epelshamquence of

GT C arce 11
(Slgigéﬁn,lﬁéabﬁa %%d(tm TT gJ ﬁA@A@dnﬁfl ()H iﬁ?CADQTATT

s (o) A@z@@t@qp&wm SR o, p G B, GERT (SpeD.
(SR bum AQEOCIORPHATEY)  ACECER Sy AGTAT o)
eXATEOT (Il SRICAT (Awdll), ATTAAT EafSA A B Hifelk GACGTG
PERRHE AR (e T (A BCR PR bl OB (smaD,
ar €C66Ga i(smsd COTAGHENASGI).SAIGATCGCINVADS CESE0G  (Xmalll),
20 CBEEKEG (SplD), CTCGAG (Xhol), CTGCAG (Pstl), CTTAAG (AfIIN), GAATTC
(BcoRT), GACGTC (Aatll), GAGCTC (Sacl), GATATC (EcoRV), GCATGC (Sphi),
GCCGGC (Nael), GCGCGC (BsePI), GCTAGC (Nhel), GGATCC (BamHI),
GGCGCC (NarT), GGGCCC (Apal), GGTACC (Kpnl), GTATAC (Snal), GTCGAC
(Sall), GTGCAC (ApaLl), GTTAAC (Hpal), TACGTA (SnaBI), TCATGA (BspHI),
25 TCCGGA (BspMII), TCGCGA (Nrul), TCTAGA (Xbal), TGATCA (Bell), TGCGCA
(Mstl), TGGCCA (Ball), TGTACA (Bspl407I), TTATAA (Psi), TTCGAA (Asull)

and TTTAAA (AhallD).

By way of further example, a number of restriction enzymes recognise a 7 bp sequence

30 of DNA. The sequences and the enzyme that recognise the 7 bp sequence of DNA
include, but are not limited to CCTNAGG (Saul), GCTNAGC (Espl), GGTNACC
BstEIl and TCCNGGA Pfol.
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sequence of DNA. The sequences and the enzyne that
recogni se the 8 bp sequence of DNA include, but are

not limted to ATTTAAAT (Swal), CCTGCAGG (Sse83871), 5
CGCCGECG (Sse2321), CGICGACG,(SgrDl), GCCCEEeC (Srfl),
GCGATCGC (Sgff), GCGECCEC (Notl), GECCGECC (Fsel),
GGCECGCC (Ascl), GITTAAAC (Prel) and TTAATTAA (Pacl).

A nunber of these enzynmes contain the sequence CG that

may be nethylated in vivo. 10 A nupber of restriction
er%wex of rfarthernexapplee at Bropher ©f FRFHASHOR: $spmen ecpenise a8 bp
g:sg fce SATNABTRY Lﬁh&c%%ﬂ&hﬁ@&ﬁym@ 1t rechdHide tf#, 8 bp Rbence of

ve the sequence ereas Its 150schl zoner

VEPTA jisclydes brtsire inoelimied toi &TWW@W@BQ C@ﬁ@fc\fﬁqqi (Sse8387I),
f'éﬁd@(}hﬁ% {}g&i% ak%cé&@éf(ﬁgﬁ%aq,%ééb%& Ysrit) NcE@MBcGe

nstances t eukaryotic ne ion sensitive
er(3gite SCHECEOE (N AR GACO (EseBnBbOdIGEHEIC (&scl), GTTTAAAC

regogni ti i [ di gestion site. In one
eggﬁgﬁﬁ%%??Aghﬁg%%§?€QWon enzyme recognition site is a
restriction enzyne digestion site. 20 Cl RCULARI SI NG

I n, accordance wi th one enhodi nent t he present .

| T B o U Shrhes P e Ssienee O el G pE g tiviated in vivo.
cre aﬁxmg JIDNALEdBE eSmidy afhl @astiveng thib ?ﬁalgldtiegph@ml Wottdleave
a secondary 25 restrjction enzyne, followed hy )

| ité%fnie@ﬁgteérsé‘i‘@?% P g &Qbﬂ?}ﬁ?ﬁ? @&SFWP%‘HQ AP yhereas its
| SisdabRssier IVIGHI i€ Wkénste td iiShodifiodt@Atahd WillGleaod idanethylated
sequence at greater_ than about 350bp _ (eg.. 350-400bp)

f ri6tHentfe phocREdSElY.r Bs pome distaressi the. cukauate dpeibylafiop, sensitive

tmnarﬁgsryrm&%eda bias in circle formation due to 30
t opol ogi cal constraints (R ppe et al. (2001) Trends in

Bi ochem Sci ences 26, 733-40). WD 2007/ 004057
Pq{/ohgéggﬁrg%?a%cognition site is a digestion site.

In one embodiment, a restriction enzyme recognition site is a restriction enzyme

digestion site.

CIRCULARISING

In accordance with one embodiment of the present invention, the material for 4C is
prepared by creating DNA circles by digesting the 3C template with a secondary
restriction enzyme, followed by ligation.

Preferably, a secondary restriction enzyme is chosen that cuts the first (target)
nucleotide sequence at greater than about 350bp (eg. 350-400bp) from the primary
restriction site. Advantageously, this minimises a bias in circle formation due to

topological constraints (Rippe et al. (2001) Trends in Biochem. Sciences 26, 733-40).
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frequent cutter recognising a 4 or a 5 bp restriction
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the smallest restriction fragnents for equa
anplification efficiencies of all |ligated fragnments
during anplification. 5 Prior to the secondary
restriction enzyne di gest ang6ligation, t he DNA
tenplate will conprise one Secondary enzyne
recognition site in the first (target) nucl eotide

S epfeall9, the sabetirpiesticOat &izyrhd an Rhpedt cahf rdQ3hwink 5 A®Br a 5

tﬂe pri.mary restriction sjite _and  another secondary

e B YRTISHOB AT Sprognifian st attdys ithist Prssihlgcloeditag dhe smallest
SQQGURAEE fidiRlenta®r §falDERNifAchERl BficlchQed Bf LNl SBIORoments
nucl eoti de sequence). Preferably, the secondary

r dusing 2ppligisationy y e di gestion step is performed for

nore than 1 hour to overnight and foll owed by

heat -i nactivation of the enzyne. 15 Preferably, the

DRi0s o the: segopdasc restistion snzyme digesipandi ligdatioh, dled PYA template will
C a | a - .

F O e pecoll B MA Loty 6 i e ) Ahteoniae
stepencg lemtednt gregter than about 3 WA00bp fipmeths ptimanyi rbdtridien site and

I eater than..350-400 fromthe nrimar
, SRS Sphadll SRh Lo b0AR PR aRRR ol AR HRE TRl ot has
s bepndipated &iadh thn etdoad nedatddsaqyencest ri cti on enzynme site

will be located in the |ligated nucl eoti de sequence
(ie. the second nucl eoti de sequence). Since the ends

lOPretfdfrebdlff,i thes Tecéﬂcﬁfy@@ﬁ@icﬁdﬂ@n@ﬁﬁi digession e @@g;’;‘fﬁﬂnddgﬁr morﬁ than
i, gat ed nucl eot i sequence have, conpati bl e ends, the

s égﬂ‘érrfe Qge%’ﬁﬁt 3&8%‘1}0@?@%& ?‘Fﬂ"’&ﬁcHWIOP B%F RO i se t he

DNA. 25 The digestion step is then followed by

Ii%Etion under _di ] uted conditions that favour

i Atctereiy) ey DVA | By dis cerqtins BiduTe 1Sc preiigds Asing n cgsventional

t hRtHol W BatlREeRARAIERlte ends. Preferably, the
ligation reaction is perforned at a DNA concentration

of about 1- 30 5 ng/l. WD 2007/ 004057
Pgﬂd\@ﬁé’ @&/ &Q&%ﬁ%’ resttiction enzyme digestion step, a secondary restriction

enzyme site will be located at greater than 350-400bp from the primary restriction site
in the first (target) nucleotide sequence and another secondary restriction enzyme site
will be located in the ligated nucleotide sequence (fe. the second nucleotide sequence).
Since the ends of the first (target) nucleotide sequence and the ligated nucleotide

sequence have compatible ends, the sequences can be ligated in order to circularise the
DNA.

The digestion step is then followed by ligation under diluted conditions that favour

intra-molecular interactions and circularisation of the DNA via the compatible ends.

Preferably, the ligation reaction is performed at a DNA concentration of about 1-

5 ng/pl.



Preferably, the ligation reaction is performed for
nore than 1 hr (eg. 2, 3, 4 or nore hrs) at about
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circularised DNA may be prepared. The 5 circularised
DNA wi Il conprise the recognition sites for at | east

the secondary restriction enzyne or the pri mary and

the secondary restriction ené circul ari sed

DNA containing the first (ta et) nucleotlde sequence,
the primary restriction enzyme recognition site and

t r [ r tyi tze
i e e s e R R
sdgg)ehgwunh@2i fe | i gated 10 nucl eoti de sequence (ie.

t he second nucl eoti de sequence). Accordingly the first
(target) nucl eotide sequence and the |igated

n u@doeﬂliﬂgdiﬁ felbyinnthe ligateonsepaivmtodtuloggd DNA miadéelprdpyred The

th trict t
S B S B MO B e L A e
QNE’%&%&AI&%Z%CB@ ﬂgﬂr pHBR&ES aiﬂl)lﬂflé |steﬁinﬂw fe@@ictiorORABzyIRY. In
e ertr.orne I n or r | e
{ GiBATEE DO BRAES) 61 B ((5FEehe oot P ERE e ey
a BHARRA éi’&yrﬂé féc@étﬁfﬁn ﬂ@teﬁh@dﬁe bddohdany &stﬂéﬁm\@hzll}]fﬁhetr%gmtlon
ng t

art. For exa can be amplified_usi

pottprEikh definh éhenendﬁ hdbg Hrst ((@éﬂek)u nycfeofifle seqpepggyand the ligated
i : r fi SRbid}ly the fi

(AR L Y O L8 R by e G
srﬁargem) nuobeside reugrrgeAnd the ﬂlﬁ@t@@@u@lmds;ﬁmence arpggpArated (eg.

a ( e I
16 LEERE EX B ARy Ty L ARIROR et e socondary
r epétrictiomi eoryneyreteamitioBallyy, Kwoh and G ngeras, 1991) and
strand di spl acenent anplification (Wal ker et al.
1992). Preferably, DNA is anplified using PCR "PCR
r eARIPEIRIGATTHONNet hod of K. B. Mullis U S Pat. Nos.
4,683, 195, 4,683,202, and 4,965, 188 that describe a
met hod for 30 increasing the concentration of a
seQieett mofe anplifichéei teddione enagrteeparformedrinxdrderctoodmplify the 4C
wi%ngA wi t hout cloning or purification. WO
8%95-pCT/ | B2006/ 002268 38 I n one enbodi ment,
inverse PCR is used. Inverse PCR (I PCR) (described by

DIr\Irz"inampliﬁcation rﬂay be perfoﬁned using a number of different methods that are
known in the art. For example, DNA can be amplified using the polymerase chain
reaction (Saiki et al., 1988); ligation mediated PCR, Qb replicase amplification (Cahill,
Foster and Mahan, 1991; Chetverin and Spirin, 1995; Katanaev, Kurnasov and Spirin,
1995); the ligase chain reaction (LCR) (Landegren et al., 1988; Barany, 1991); the
self-sustained sequence replication system (Fahy, Kwoh and Gingeras, 1991) and

strand displacement amplification (Walker et al., 1992).

Preferably, DNA is amplified using PCR. “PCR” refers to the method of K. B. Mullis
U.S. Pat. Nos. 4,683,195, 4,683,202, and 4,965,188 that describe a method for
increasing the concentration of a segment of a nucleotide sequence in a mixture of

genomic DNA without cloning or purification.



et al (1988) Cenetics 120(3), 621-3) is a nmethod for
the rapid in vitro anplification of DNA sequences

wo baw/o640smk a regi on of known sequence. The neP¢DIB20GH®2268
the polynerase chain reaction (PCR), but it has the
primers oriented in the reverse 5 direction of the
usual orientation. The tenplate for the reverse
prinmers is a restriction fragnﬁnt t hat has been
|l igated upon itself to forma®circle. Inverse PCR has
nany applications in nolecul ar genetics, for exanple,

Eé*@ﬂnb difial! ﬂ@erg{lgb}k ?sevﬂ[aél Fin¢akd BER QfpCRS %&Bé@rﬁﬁg $y Ochman

flan transposa enents. To i ncrease
efdt ub{léSﬂij@mtdcs 126(3).5Q4E) i 4 inethodfor theerapidyit Vmp@mpﬂlﬁpﬁtlon of
e]?lklgeg gﬁéq%és,? %l‘ljattf?a%fc ! g%g%NA f Cl&l%%es%a n%eI Tﬂee %éﬂrcb%duéleg the
np iCAtiOn Us) rtiary restrictio

er;my;nﬁmsermﬂ sdattion PARYY buiattyhas rthstpnnmﬁrs oricrdery ymrehe reverse
tter d. Preferabl.

5 1 ctpliiy T o BRef PRl e U EetB S RE b E LR gy cn

n Uﬁﬁdgﬁ@ht et Baobeen digalde ttip&e ftsdlh® fmﬁnrmmybleﬁ rIdverseB@R] das ynany

restrlct|on e sites.. 15 D t|o
el oh SR sSichr i B A enicaon of

opfe@Aads fahkify | idspadablen eletiesis! | 0'[10 ( Breatel OB | éfficiency and
under diluted conditions). and optiognal linearjsation

of reproflubilityzi s wﬂ&fw@% it éSePfé’c@HE%H@Eﬂ’&d?Néﬁ"FF §are linearised
10 %&&r@%@ﬂlﬁlcgﬁ)nag% feoup) @idioh ARhé.f C@Efe%ly( ‘dertiary

tenplate") 0 For the anplification ste%
| exggfrictionoensymg dhai b dof i beorpmPIPefuien i uspde ghre ram dpe tertiary

tegrga%tc 'ég{a{nﬁ@ YR i8S tat R hubl REGYERRAEELdRE the AMSry and

e sequences of interest. In a preferred
endsoatidapyrestriciionleazyane sitg® ol i gonucl eoti de prinmers are
used in which each prinmer hybridises to the target
sequence fl anki ng the nucl eoti de sequences of
15 anemsh oi?!ﬂlel rSCo tampéatba&ﬁi&nﬁm setondary erestritfidna gizymien optional

t he ol X t i di o) a .
| cautgiopy P ok g’ 3R BEERad k) M, gptionl
0 nki’ne@ﬁtﬁltl()le @f ﬁrkte(teﬁ'get)E mdyleqtide seenouicintmting eirsles yeldsea DNA

of infer one r hybridises to a
Dl\lﬁ’&mp dﬁ f@qg?h?ﬂéggiﬁgﬁp %‘ ge. the 3' end) of the
nucl eotide sequence of |nterest Preferably at | east

one forward prinmer hybridises to uence
20 o A o Bt DY GG et BROER B Bovgfpeach

egﬂdﬁé}(h%bﬁ&sés Nb BITRSA séfidn@lthdtFRSEs 88 Budledtide S@lua{dem interest.
di Ses to a DNA sequence at the other end t he

3 Inearmfemd arodimaRIL o eRElno shisprarleetids ﬂ’nPﬁfséFee‘éSFd i pich each
2091‘?141(9‘@1%915<¥1s£ G the %Q&’ @écﬂt@x?c%%nkmg the nucleotide sequences of interest.

25 In one embodiment, the term “flank” in the context of primer hybridisation means that
at least one primer hybridises to a DNA sequence adjacent one end (eg. the 5’ end) of
the nucleotide sequence of interest and at least one primer hybridises to a DNA
sequence at the other end (eg. the 3’ end) of the nucleotide sequence of interest.
Preferably, at least one forward primer hybridises to a DNA sequence adjacent one end

30  (eg. the 5° end) of the nucleotide sequence of interest and at least one reverse primer
hybridises to a DNA sequence at the other end (eg. the 3’ end) of the nucleotide

sequence of interest.



39 In a preferred enbodi nent, the term"flank" in the
context of priner hybridisation neans that at |east

wo@p@7/00408Er hybri dises to a target sequence adP@EUEBRN06/002268
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one end (eg. the 5 end) of the nucl eotide sequence

of interest and at |east one priner hybridises to a 5
target sequence at the other end (eg. the 3 end) of

the nucl eotide sequence of interest. Preferably, at

| east one forward primer hyb??dises to a target

sequence adj acent one end (eg. the 5 end) of the

nucl eoti de sequence of interest and at | east one

reverse prinmer hybridises to a target sequence at the
otlherprefieded egbodiment3thecak) “Bankt He theneanitexd of gemee hylsidasation

of interest. 10 As used .herein, " th
r é‘?egpss,&fltoa% i\eﬁ St § ﬁrili‘ygglfal ?’%{Se?q\kﬂ g‘?ﬁg lggé:gcaﬁi ‘ .‘L‘IESBE end (eg. the
nat whd) dfythasudidotide pagnérice ed intersitrand tf past dng esmenhybridises to a

produced synthetical | icgh i able ..of acting.

D gt nesnon 1 ofie e (" 85 it e oL BB el Sl st
C Retbiabn st ledkt 0hé Edtwasslyprinke Siysridifesato pr farget segpéren sidiacent one
product which s _conplenmentary to a.nuclei id 15
Stendee. 8§ ensh & oy pucleoticy peabepee ol duresangyl least oo roverse
NUEIRPHyHRSIsANE ARatktditghdt@e 2PaRE ofee Rnd@Yeg. ONA 37 end) of the
pol ynerase and at a suitable tenperature and pH). The
prijvgleptideseqiensecf aMeRst: si ngl e st randed for maxi mum
efficiency in anplification, but may be doubl e

stranded. If double stranded, the primer is first .

t rAvansed hereinethe terme “Irimers rofans de FpetligorudiRotidey wasther (agourring
pr B { BeesPbiSr6mRBA YyntHehal! WHRHA id &pabl
an“%‘g’?{@o%é}é%%‘@%anﬁi .gtg)tql [ (ggee.s Z_IS&The rsimmsr nlgst ) .bel. pa_ °
s ufffactingeast 4 poihtoefgnitiatier dfwynthhss shen hlagsdsungpr eopdibigns Bywhich
products in k 14 -2 DR&ic acid
e IPEHE s iputf RRESEBloaR I, SCUEMHRATIL o BRIC ac
f athnd &, indwed,udenn the preemmt wf eyclewides andodn diging agenisuch as
t se.of the t hod... ..Suit abl e ier.s. w.

at %a%o(lylﬁfg?sepafn % raaﬁu[ltﬁblgt{ erflg%% 62%1?1 I?Ig); nga?rrpi e l%ap Rfferably
| esglle fband@DfoR maimudDefficieheyth iadpificatioh,cmgtiay be double stranded.
Preferably, .t anplification,priners.are fr 16 ¢

O o o b PREFLHGER teRraPar e i ffptf g Bed peed to
desrbiehine exthiidiepraducts. OBRc@sbIRaRS ipbiher iar bRgdaeoxyRibynitdtide.
secondary restriction e zgrre r.ecg%?i tion é%é)gs t hat ducts 1
s ePrmiimeeTipst e pficiently 138 Yo PRiEP E5t valesing! sy paoducts m
angle HRGeRE GO iﬂ&ifclir%ﬁé A€ THE @R GRgthd E el irians wilkilegesd on
desi gned such that the

l . are within about 100
nuBkBdstaesincluding frrpsTae $purgpot mmer #rr the gse ofghe mehod.
30, 20, 10,
Suitably, the primers will be at least 15, preferably at least 20, for example at least 25, 30
or 40 nucleotides in length. Preferably, the amplification primers are from 16 to 30

nucleotides in length.

Preferably, the primers are designed to be as close as possible to the primary and
secondary restriction enzyme recognition sites that separate the first (target) nucleotide
sequence and the second nucleotide sequence. The primers may be designed such that

they are within about 100 nucleotides - such as about 90, 80, 70, 60, 50, 40, 30, 20, 10,
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Suitably, the anplification prinmers are designed such

that their 3' ends face outwards 5 towards the

primary and secondary restriction enzyne recognition

sites so that extension procgeds i mredi ately across

the restriction sites intot second nucl eoti de

sequence. |f the anplification method that is used is

| eI B, BUR3, 4 BeNnhdledtide B &fa§ HoRttht pAnatyd sdQndary restriction
npllflcatlon reactions are Carried out ‘on about

1 FOZHIRRICRYEIEONBNRS- of 4C tenpl ate (per about 50 | PCR
reaction mx) or other anmpunts of DNA for which

replicate PCR reactions give reproducible results

( Segtality ghe emplification primeny dee designsd sghtlet thsir3’ ehds face outwards
li P

| SR EARE, B Stk Akl HinhleC bk chleo

t h‘aateEsdpla pobcedds mgmEdintelyzacmsPOR rSyddtmmsitéointvethe sacond) gucleotide
B%f according to the manufacturer's

i NS ruéilons SAMPLE 20 The term "sanpl e" as used
herein, has its natural neaning. A sanple nay be any

p caI tity c t hat
P Bis ot BPagn mERRT bl Brdban e CR o fiop o naypfoed e the
MaynphiicAlidhi reftiohs @echiried 0@l rohboiml @0-4G ng aﬁDmeoB@'&ln@late
be derlved fromone of npre entiti

b
o (b7 heul et BER aacgion g0 o othgh et AN A e eich ispliggiePCR

OlredPRbAS dilS RpfodaibR! Bsits (136 F‘i"g%}é U ﬁﬁ lﬁaudebaem%mmnmb@er of
derivable fromany entities In - such as

c Higaven ¢vents pprP(Fk eegetivn. The sanple may be or may be
derived fromone or nore isolated cells or one or nore

i solated tissue sanples, or one or nore isolated
nReeleiably3 theThaersa PPReamplifichizonoreagtion iaa)edfenmx‘bdshﬁg tmw Expand

l ' V' gq*eﬁ@ alk }E@Ig %/g% ?glej: %|81|n§ B%@tg{ Paccor %%e rsﬁﬂiacea‘?’rer’s

mstructlons.

SAMPLE

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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subject that is suspected to be suffering 5 froma

di sease. The sanple may be or may be derived froma
subject that is to be tested for the |ikelihood that
they will suffer froma disegse in the future. 10 The
sanpl e may be or may be derived fromviable or
non-vi abl e patient material. The fixation of cells and
tissues for use in preparing the 3C tenplate is
described in_detail in Splinter et al., (20

Veths SRIBPIEAY be pr masBe d 64935) Hom dispased apgtpr mpéiﬁ@ﬁsgéwbgects
the nucl eotide sequences (eg. anplified 4C DNA
tenplates, prinmers or probes etc.) are |abelled in

orthssample arpyibstor imay thi dleviveddvams & sekieat Hiapisi seenertofh &0 be suffering

?(];ng&lseagéray hybridi sation. By way of exanple, the

DNA tenpl ates may be | abelled using 20 random

primng or nick translation. A w de variety of |abels
( r | ab

gﬁlges%%gfg &1%;6 2(}: rom ﬂeérlleen%%d tf%ar S%%}F‘%t?tﬁat i§ fo Cto% te%q:%d for the
arhklelﬂfqod Hiak they stlepiffeSfromablieadedb dleduturec| ude

radi onucl i des, enzynes, fluorescent, chem | um nescent,
or chronogeni c agents as well 25 as substrates,
c it Gérapls maly BB bbinkpbsderived fiehiviabfadrinof-viablegiatlert hfaterial.
like. Patents teaching the use of such | abels include
US- A- 3817837; US- A-3850752; US- A-3939350; US- A-

3996 Ikation 5T A1¢ dd dskhés deuﬁr ﬁ%}@bﬁﬁg aRB AR AS G6R4kibed in
Addltlonéi | abel s i nclude but are not |limted to

( Sepiiner BT ghde CQOAVYPYadenagreledls: 48P0 Tor escent

protein, |uciferase, chloranphenicol,

acetyl transferase, (3-glucuronidase, exo-glucanase
a@lucoanyl ase. Fluorescent |abels may al so be used,
as well as fluorescent reagents specifically

synthesised with particular chem cal properties. A WD
2 Gusteeblyotie CErlid2¢qesroe (88 amplifiag 4o DN iternplate$, priamess or

t %ﬁé‘gi%é‘?#'r)gfé; %gég%tﬁﬁ ‘Bngféf toaa(s‘é‘nﬁtaﬁé%éﬁﬁ%\ﬁgggégﬁ ﬁﬁiﬁg@dn‘ﬁ — such as
exeiy bytiridisaton. &y way ofiexspples tha4C vk twmintdml thay be labelled using

random priming or nick translation.

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, inhibitors, 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 B-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



resonance energy transfer where one fluorescent

reporter | ooses fluorescence, while a second gains in
wo bawonewsence, sonme exhibit a | oss (quenchi ng)PCI/1B2006/002268

appearance of 5 fluorescence, while sonme report

rotational novenents. In order to obtain sufficient

material for labelling, multiple anplifications nay be

pool ed, instead of increasing t he nunber of

anplification cycles per rea £i on. Al ternatively,

| abel | ed nucl eoti des can be incorporated in to the

| ast,_cycl.es | ofd I LO 1130 some

cyBie S5 BERiph o8 ripaf Pl Eae AR bERal ok ap D som

| shetesjent AREIAxhibE d phaagpar ekdation by emibsign tsaefdigysome exhibit

enbodi nent, the 4C t t LA
acospein caoa Pt a o, Bl FBlrbRPRERELER,, Wle o
hysasdndi geeh iro flasreseemcay somé\eghibiti 1dosy , (quenching) ey appearance of
m cro-array) .technol o an be used to identify

5 anéioé‘?ﬁf?nﬁ% @@ﬁ%ﬁ'&?@%‘gz{mé’d’gﬁl DUPERSmi ¢ fragnents -
that frequently share a nuclear site with a first
(target) nucleotide sequence. 20 Existing arrays..-
SUBtPIgE te,iEs R e GaRoi ety SRR, fniiua oy be
AGLRIHaERead Vol hctddfin® 8BS afimber \WE NrhliTicatiddveydss, pérh eeaction.

present invention also seeks to provide novel arrays
( edltermixelyy fabgliod npsleqlides Gapey WeorBPTAted 78 to\fhe: last W?"ysi of the
10 a”a%ﬂﬁﬁ%d onaldoy (EECH eeb160b PR (6 14851) MU CH @idlesast PSR (plus
whi ch can be prepared either synthetically or
bileksiht hetical |y and screened for biological activity
in a variety of different formats (e.g., libraries of
sol ubl e nol ecules; and libraries of oligos tethered
t )OARBAIYNn beads, silica chips, or other solid
supports). Additionally, the term"array" includes
those libraries of nucleic acids which can be prepared
15 byIn3Dp@pailiryngivimiedeaiscenatmiditsentfthe 46 MNA sgrhylatemihal &p grapared

. 0., f 1. boyt .1000 . ' i arr
f:ﬂg?%ffdrsﬁc‘t@owgﬁ ag}%ﬁlggse%e%ggcgbgr%%g&l}mgmgeﬁ fo"an array.
PCALIBROEG/ 82268 mitdo-Atdydtedhaclogolagye aswl tohidentidy nodeotide
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dOGMIRILS) mIdREE: defedndgle Leni eux et

20

Existing arrays — such as expression and genomic arrays - can be used in accordance
with the present invention. However, the present invention also seeks to provide novel

arrays (eg. DNA arrays) as described herein.

25  An “array” is an intentionally created collection of mucleic acids which can be
prepared either synthetically or biosynthetically and screened for biological activity n
a variety of different formats (e.g., libraries of soluble molecules; and libraries of
oligos tethered to resin beads, silica chips, or other solid supports). Additionally, the
term “array” includes those libraries of nucleic acids which can be prepared by
30  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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manner I nto an array y Spatl sep aratin
mefHsewle, @eng Hc,scwem, anaycer Essganch e(Ma@t, %Q@DI §blbm:el 285x dis7@4672;

F O§cnafsl @Y b1 D000, Nat Genet;24(3):236-44; Ross et al, 2000, Nat Genet. 2000
Mar;24(3):227-35), SNP analysis (Wang et al, 1998, Science, 280(5366):1077-82),
25 drug discovery, pharmacogenomics, disease diagnosis (for example, utilising
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1999, Cancer Resl;59(19):4759-60) and toxicogenomics (a hybrid of functional
genomics and molecular toxicology).
30
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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libraries, as well as libraries conprising any
nol ecul es, such as ligand libraries, anong others. 5
The sanples (e.g., nenbers of a library) are generally
fixed or imobilised onto a solid phase, preferably a
solid substrate, to linit diffusion and adni xi ng of
the sanples. In a preferred enbodinent, |ibraries of

p u
ORIEALED OB T PRRRADRH, of B LR v,
plpapﬁde polybeptidp hasie prateig | luhjarmg, e rmlhaeslitagries comprising any
nQn- us .substrat.es.such as stic and glass. 10
Flﬂ?(fl & e%a,ﬁ%h asq}‘?’e @tlbr eessa%?né Or%‘%é?er ably arranged in
such a way that |ndeX|ng (i.e., reference or access

58 G0 P ) i BT R o

Capld @h@sspgef@am %r‘fﬁolfdiayubb@atadaphﬁd diffusivthiasd agtubypasef the

For e i nobi | d,on. the

® faé’r%EIE?({) pes enfeﬁtbf?&es vﬂftlh Aubid eligants,may be
| 'bré’bai%ﬁ' Thpafticuldt, ttﬁb lii'br&ie@ @ha beaRRIoBilisét ©aAbsItikily Blanar solid
Furthernore, the solid substrate may be a_nenbrane

s (PBpseq énchdine; mEBTaNes Rk Do PTYTO ARDSHRF FUpheas( Plastc 4nd glass.

R RRore /RIEDLADES S B frkbl Iaﬁhﬁgeagn QUdHES WAB Mhat Jindexing (i.e.,
Al'ternative substrates inc :g ass, or silica based
C

s upfStenest ersaccas ig 2 Rafficulps rwpﬁlg) 1§r ifiigiegi Topicelly theysagmies are
S lﬁgt)l?eql & s E hed gﬁ&] %‘iﬁla{l&ydb il ass stErhé Eﬂ% Be a@é/pted for this
ge TN ractlons chem c coupling t
waluimser Fasoxpopleodn aray mey bg nnmpblhm osuth¢ alerﬁacepf f mcroplate
S r
neemgérgﬁﬁh rglgltlg%agfrr T@%a%.l % g\{v Iflnggr,a@gi? op- t gféz F]a'n%ﬂl@gn MGdh well.
p&@nhahwuzﬂwaoh&aﬂsﬁﬁcnhyﬁeunamdnbmbbkbpeanquﬂhb$@gynwon
el ect.rost applicati.on, etc .
S |lTlefrléb5?'P bgttgre c? % ;{Qle men}?(rﬁnef i R ognlr1 gbblﬂ&mgm&%g Dttsl)l iAsltéeglatlve
t Gubstaes geluds dlaks, r tsllhea baadrpibesaten Thing thehiample® bre ilmenobilised

e e R L g e L

MedhbiiBalloeplaig t6 GROVAIE B bettde Pt tvell) @r haRiffe of the membrane.
general , arrays . nma cig?@descrlbe

d. as nacroarra
i Qherapsagg ot aeRgingap B Ry s g forevanple. pipetipg, drop-touch,

S HiRb8leHIOInSansMAkL & ahl BUBH1S ¥tk &AbloYy, cew&ﬁagtﬁlcsagpmaaon, etc. In
spot sizes of about 300 mcrons or |arger . an

edbs ¢aje phpilifen-baspdshipsnbaigliorraplrmay bg v @%Wér@ngwé fix the
S asg}ﬁbﬁs SPRE chip.

s

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



30 sizes in mcroarrays are typically less than 200
mcrons in dianmeter and these arrays wusually contain

w0 bwosetsds of spots. Thus, microarrays may regedT/B2006/002268

speci al i zed robotics WO 2007/ 004057 PCT/1B2006/ 002268
45 and i magi ng equi pnent, which nmay need to be custom
made. Instrunentation is described generally in a
review by Cortese, 2000, The Scientist 14[11]: 26.
Techni ques for producingilﬂnﬁﬁlised i brari es of DNA
nmol ecul es have been 5 described in the art.
GeRgf @hdgin g&\ﬁﬁmcﬁ‘ft' Rhich rrg ﬁ) bd %ﬁﬁ&la brggc}eh (iéf%u]ilglentation is
syntheS|se Si'ngl e-stran nuc el c acl d nolecule
| ] B?Saﬁbeéﬁenmlmg afrejieve hraﬁ?ptt@semm Hg Scizotinildues26.t o
build up various pernutations of sequences at the
various discrete positions on the solid substrate.
U. Bechpiguen tfoNprodseis® AndRibilited ditiries ah DINyp r:rﬁMedlle”ﬁEhmd been
fo YS i nmobi | sili
CfieseRSH SO the DA R0t SR U B et gl AT g pynthosise
t eehgig{stn:g:yled huclpandid msbllatl].e bravies, RRin@ Mor Mample. iadin8 Fehniques
@esxg s%rateﬁ% cal.l ed "tl||$- t o synt hesi se
speC| P IBPLUISHTBFREWS of seausures af gV@EFF refeROsttiophen the
onscmd mﬁﬁé ales.whitelt NBY 5(837.83%2 ddds itk O &8Bkold¥ method for
ilis i.braries_of the present invention.

U, B9 ‘ﬁ?é‘lgeﬁg’ways immpbilised 1) sijoqsy BibsiRies based paiens i scale
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SO. be built using photo deposi tion chem st
%/ag\lﬁ %tsyngg:glse &ecg&pqe’gsdg PrRes pq;@)athﬂyydeﬁngblop@mns on a

SYﬂl‘bE\tﬁﬁé &Eidh Gy Be §ééﬁft@ﬁx%dh&'d%e BB Ased Bﬁk @rﬁ%@ ¥f B8 Gbsent
distinct library nmenber (e.g., unique pept
selfuation) Uk PatentgNecY, %%832 @dle‘bwde&jrelf@mts fim eariet keehniques
ar hadmay'di HedgR i ty of each library menber is 20
detern1ned by 1ts spatial location in the array. The
Iocatlons in the array where binding interactions

SM%% le (e. a target or
pr obe) %ﬁﬁogjg?%ﬁ/@ng%g%r ar@os}{1011 Cgergg%%c
determ ned, thereby identifying the sequences of the
I e8&dJsVEF pebii e ' tial .
I ocat}: on.> th(gﬁ %ﬂpiﬁﬁ%@ﬁ%}@é’)g&%ﬁ?l %égl%yﬁf‘ﬁ§%g On%afue% cma
Nonamger that glaees cyghodistis 0 ibragnmembe 1. £000R2e Penlide sequeade) at a

( 1&&%&: %ﬁb&%ﬁ@d la%:gt?onz gll 736.%;; 1 Qg éen?ﬁrdgil: od g{ I}b% 19 9ri|igmber is

O al
| 6@9@1’1@11’&1?1 by ity ﬂlabdllbofttlms mdhd amayd Thclosaios ﬁlbbév&)athﬁeb&lb’indmg

a%néﬁ}éu&n%ao%%%n 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. 5,143,854; W090/15070 and W092/10092; Fodor et al. (1991) Science,
251: 767, Dower and Fodor (1991) Ann. Rep. Med. Chem., 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 ef al., 1996, Genome Res 6(7):639-45.



detectabl e reporter, for exanple, a fluorescent,
bi ol um nescent, phosphorescent, radioactive, etc
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targets/ probes, etc are discussed elsewhere in this
docunent. Labelling of probes and targets is also 30
di scl osed in Shalon et al., 1996, Genonae Res
6(7):639-45. WD 2007/ 004057 PCT/ | B2006/ 002268 46
Speci fic exanpl es of DNA arrdys are as fol | ow For nat
| : probe cDNA (500-5, 000 bases long) is imobilized to
a solid surface such 5 as glass using robot spotting
and exposed to a set of targets either separately or
i nSpgcifigiexanyples of INA amstshocksifsllow:del y consi dered as
havi ng been devel oped at Stanford University (Ekins
and Chu, 1999, Trends in Biotechnol ogy, 1999, 17,
211701‘)211181) proBe ICBNA (5[)0~5&(000m’al§@y101€g°) ioinraehikiiel @@ iselaBsurface such
%ﬁé mer ol.i oreferabl 10 ol i
or

35 T5he Ao Sl SBrel o, F aprad s o e Reay or in o

e| mhen-e | This hltelﬁlddOi’s \Qlldblp)cgﬁlﬁlder&%/ af QBvif %tbb&ﬂ abvefapad he Stanford
111 zatl on. e arra
oSt $ng FaECh o Toe: Frbiorerlpptsi 380 T eh-118

|dent|ty/abundance of conplenentary sequences are
det ermi ned. Such chip is sold by Affynetri x,
| niormat, Hy@p 4y Ofc%lfgemleﬁ@fiﬁs 2029ametr RligoagPrefamblantP-60 mer
N' b Beptide Qluﬂ[n@\éblq(?Pﬁﬁg(ﬁ@Qés%r@g}ﬁl@éﬁséﬂﬂler ity gcin] chip) or

genom C tilin arrays sone conmmner Ci
a\}%Y qoaYsmgoRFl éjﬂé@ﬂﬁéﬁ;llwd ﬂmtos-cmpemwbﬂ@mom BheTatsiyds qxposed to

bahyed %%pﬁl E@IANE}{]?@H&E%, aa%% o qg / ab]ugg%m Nﬁ\t é’gnﬁ)lementary

Bi ot echnol ogy, 16( uct
ArseaEneRy mﬂﬁemmgda rSueh 2 N4 thitlepolﬂelaidAﬁﬂymemUﬁlcl runder the
Si C h 0,,000- 26

PR R A A L e
prgsb@dlcwlmma@hsa) a, GeneChip 1 ner oligos onto | abel ed
30-40 nucl eoti de Fluorescence California silicon
waf ers, which fragnents of sanple

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).

» WPr‘oduct .
Company Arraying method Hybridization step Readout
name
In  situ  (on-chip) '

. hotolithographic 10,000-260,000 oligo
A tri 2 : , , i24
ffm—é%nta synthesis -of ~20-25- { features probed with
Clara, GeneChip® | ™e€T oligos  onto § labeled 30-40 mucleotide | Fluorescence
Ca??omia ~LERELAD | dilicon wafers, which { fragments of sample

are diced into 1.25 | cDNA or antisense RNA
4 | em®or 5.25 cm? chips o _
Brax, ' L. 1000 oligos on a
. Short synthetic oligo . .

Cambridge, : .~ ' { “universal chip” probed | Mass spectrometry
UK ) synthesized off-chip  § tagged nucleic acid
Gene _Logic,
Inc., ™
Columbia, READS
Maryland
Genometrix !
Inc., The | Universal |
Woodlands, Arrays™
Texas | _




are diced
cn? chi ps Brax,
w@bkdiogoo4o€anbr i dge,

into 1.25 cDNA or

anti sense RNA cnRor
1000 oligos on a Short synthetic
synt hesi zed of f-chi p "uni vePGHIB2006/002268

5.25

chi p” probed Mass spectronetry UK with tagged nucl eic
READSTM Maryl and

acid Gene Lo

Ge

nonetrix

i C,

I nc, The

I nc.,

Col unbi a,
Uni ver sal

Wodl ands,

ArraysTM

Texas WO 2007/ 004057 PCT/1B2006/ 002268 47 GENSET,

France 500- 2000 nt DNA4%4 sanpl e cDNA spots

Paris,
san‘pl es pr| nted onto pr obed W|th 8 OOO 7- rrer 0.6 cn?
(H ;'@;,55 a3 r~ot & haC3-9 A o e 90 nn
<=bf ncga p DNA Radi oi sot ope Hyseq I nc. ]
. _ - 4 - .' o 3‘5‘ 2 P
D .V‘ V [J0 . v '1' .'.u.v‘ --v 62 sae C
m:-‘Tbr anes nmgr ol igo prl 'otQt Blloﬁed tﬁ%‘ébf(ﬁfgﬂ
Fabri cat ed 8- mer Uni Mo &ﬁi (H3lEI3icsP | bEHas Rhy@{oﬁﬁgeac gioisotope
ol{gos printjed as 1,|ld sigots’ peabed=500k bmplaRDIAr a&?
on é—%aé%s anpl e cDI\P\?r%Veltyhbel ed | Edap@ebgd)with 300 7- 1. . . ..
5- Sa 1% go,| BIEPTT gaeabene a Pi ¢ %;efescolveer}gltgr’l c @ederdt i ng
; 1
<_? 616) (eveﬁt ual I'y Fabricated 5-mer { Universal 1024 oligo Fluorescence
oligos printed as 1,15 { spots probed 10 kb
cm’ arrays onto glass sample cDNAs, labeled
(HyChip) S-mer oligo, and ligase
g;xcarniaceutica Piezoelectric printing § <=1000 (eventually
ls. Inc. Palo | GEM for spotting PCR { 10,000) oligo/PCR { Fluorescence  and
X’ﬂo—“—" fragments and on-chip { fragment spots probed { radicisotope
Calif"ornia synthesis of oligos with labeled RNA
AI\;Iyélecular
Dynamics, Storm® 500-5000 nt cDNAs { ~10,000 cDNA spots
Inc., Fluorlmager prmted by pen onto | probed with 200-400 nt { Fluorescence
Sunnyvale, ® ~10 cm® on glass slide 1 labeled sample cDNAs
California e
Prefabricated ~20-mer { 25, 64, 400 (and
. oligos, captured onto | eventually 10,000) oligo
_I%am_oge_n, San | Semiconduc electroactive spots on { spots polarized to
iego, tor i, f hich | enh hybridization t Fluorescence
California Microchip silicon wafers, w ich § enhance hybridization to
are diced into <=1 cm~ { 200-400 nt  labeled
chips sample cDNAs
Protogene 2(?’56(1;_1 ;e:};?:hzzling <=8,000 oligo spots
Laboratories, 9 1 gh probed with 200-400 nt i
Palo  Alio cm® glass chip via Jabeled  sampl l Fluorescence
, ple nucleic
California printing o a surface- | _ ;g
tension array
Sequenom, .
Hamburg Off-set printing of 250 locations per
G ? MassArray ) SpectroChip interrogated
ermany, and SpectroChip | &T2Y> around 20-25- by 1 desorbti a4 Mass spectrometry
San  Dieco pectroChip § e oos y laser desorbtion an
£0: g mass spectrometr
California P Y
Synteni, Inc., 500-5,000 nt cDNAs § <=10,000 c¢DNA 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 . .
Iglrsrtl:rlgsg;:rr:c Whole- with 5 probes per gene 5;11;;cron scanning
Ivza dison ° Genome 17.4mm x 13mm plattorm
60mer
Microarray
The German vPrototypicm PNA
Can_c er m§croch1p Wlt.h % 1 Around 1,000 spots on a | Fluorescence/mass
Institute, chip synthesis of 8 x 12 om chi
Heidelberg, probes using f-moc or cup spectrometry
Germany 1 t-moc chemistry




Phar maceutics for spotting PCR 10,000) oligo/PCR
Fl uorescence and |Is, Inc., Palo GEM fragnents and

wo@peockiqosT ragnment Alto p gnent spots probed  PCT/IB2006/002268
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radi oi sotope California synthesis of oligos with

| abel ed RNA Mol ecul ar Dynam cs, Storm(r) 500-5000 nt
cDNAs -10,000 cDNA spots Inc., Fluorlnmager printed by
pen onto probed with 200-400 nt Fl uorescence
Sunnyval e, (r) -10 cnR on glé's slide | abel ed sanpl e
CcDNAs California Prefabricated -20-nmer 25, 64, 400

(2o P! B80S 1eGRREMAY a0l BYSHHADA ik 0arIPrmlld 9O
R

Nanoger, em-con ectroactive spots”on spots
pol ari zed to Diego, tor silicon wafers, which enhance

hybri di zation to Fl uorescenc California, Mcrochip .
ar B qades dej eenerade data fremprroBast e @ssaYs 4 sighaf sceagiegdhal ﬁ%ﬁhﬁss the

CONOSned B GitRerY Bk MgBdEsafbn BERL&OLBRLE 284 AQRcRblidGequence.
spots 40-50-ner oligos onto Laboratories, 9 cnf g&ass

chile Nb@pﬁpwéign firther crpogmpbites direqt|apd indiaed }lﬂp@llinggqc ques. For
éa[%@%'ngw | deLiNEbelf; glﬁéﬁjp&faég SruoteRRat %%é@i@%hg dfﬂﬂd Cthé& nficleotide

rnia aci ds on array Sequenom 2 ) )
| os=génoesthgdiybridisntothaprrappssogisied prabas (ergy dyes ate inepmpyrated into
and ' .ay” - 25 .
"SRR LRERLD s PSR 8 e BB uoas o
SaPCRipeigers) Cidigectrizbeltitg sphemGayickdmtnong hytergdisation signals, typically .

PSP BRSOy o e e PR s

onfufl ard sipfplbe dmpletnant? D préfitred embbdiments cemprising direct labelling of
nucleic acids, cyanine or alexa analogs are utilised in multiple-fluor comparative array
analyses. In other embodiments, indirect labelling schemes can be utilised to
incorporate epitopes into the nucleic acids either prior to or after hybridisation to the
microarray probes. One or more staining procedures and reagents are used to label the
hybridised complex (eg., a fluorescent molecule that binds to the epitopes, thereby
providing a fluorescent signal by virtue of the conjugation of dye molecule 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 second 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 comprises a nucleotide sequence
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Genone 17.4mm x 13nm pl at f or m Madi son 60ner

M croarray The German Prototypic PNA Cancer
macrochip with on Around 1,000 spots on a

Fl uorescence/ nass Institute, chip synthesis of 8 x 12
cmchip spectronetry Heidel#rg, . probes using f-noc
or Germany t-noc chen1stry WO 2007/ 004057

PCI/.1.B200 2268 of cur

iy 158?%?%‘9 7 ST st of Soincrn g ih g et Sefafyiaisr Segoin
gethe nmleotdatseqlfeﬁ@nbeavaeayh&mﬁh ﬁ'yaSSﬁ&tﬁn&anﬁgogn&mn s1t? that
ete ies the presence of or. absence o
B e e Bl hastredus o e e dtaEber o aide gaience, and their

S @g4ROGR neighbditRig RERE@RY rer@MﬁdSH d:r@flmf: wWebfBfion sites.
contenplates direct and indirect [abelling techniques.

For exanple, direct |abelling incorporates fluorescent

dyg §ingle RBEY iy cothprise RRIEPIE (8 WwodR mosd DR E’&ﬁc?ncgfh at

hybri dise to the array assocCi ated probes (‘e.g., dyes
are incorporated into nucleotide sequence by
engyBEs C synthesis in the presence of |abelled
nucleotrdes or PCR priners). Direct |abelling schenes
yield strong hybridisation signals, typically 10 using

fam Li&snQbinf kto eﬁ'ﬁ C‘?{:gbe’d X?fﬁrsvvlot Q n% E@u afe é} h.gﬁlmo??onucleotlde

structures ah aracteris are's
| riphedhree noccuttimgp rnetfu@rlly eds eimbaed u)nnﬁﬁds resbmjtons diggstdior gabduced

r..al e apal ags.
| AR SR, 95 R UARHES, B0 LS53R, 3SR
a rmbghs:e snoléauleotoff emtemb qelgreatiother i o‘l@bmeﬂﬂotﬂi@b &Vhdon @robes are
sed .to n te e £s Into
ORISR o LRSS B R S BB P
hythe detbaivh] dBntifidatidiCantiSss SO factieulde @&ag%s (e@’l legegé ls&f@%ﬁces)
r r nd r ents_ are ed to | ape
Stﬁ‘s escrgoea h%ge?nd lilt 12 Scone%ergplatgg %13’[ probes usecll'I ?n the present invention may
be labelled with a label so that is detectable in any detection system, including, but not
limited to enzyme (e.g., ELISA, as well as enzyme-based histochemical assays),

fluorescent, radioactive, and luminescent systems.

With respect to arrays and microarrays, 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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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 i mages, which need to
be transformed into matrices’d tables where rows
represent for exanple genes, colums represent for

ex .0 i ssues ,or

exp %“%e%ﬁ?a écﬁglrcfg %{m) iFons, res%m?onrr%%zlyrsne fd 1oL, o the, pgtual fjrst or
exﬁﬁgﬁbnohakaﬁ&emqmmw@he expression of a particular
sequence (preferably, 25 a second sequence that has
ligated to the first (target) nucl eotide sequence) in

t hWhilgaextisting | aarays asrp be ussbhds gocbmitideCOEh BV srebedt Bvention, it is

rt know edge about the
uh@gePy?HE%BFgFWHWESW%E¥6@8§%eS ?s to ge extract ed.

Met hods of data anaIyS|s (|nclud|ng supervi sed and

u A t Si S, as as bi.oi.nf tjcs
ag%?bg‘gc Eﬁ%%ﬁiaggg |es ¢ I os SROPH V@% AR3YL34 d?ﬁ1$1’88 5‘52?‘2‘5%?(55‘63’ can
FEB&ritlise bloéﬁﬁu( tl@ sited-tRat arc3dlgdseddnsibe phdrynestabtibnt ASyA¥ &ore

e seqQ ( DNA tenpl at e)
© PR e, B 6 % S, ERur A bp o g Praig o pcnenzyime
arneeggnamne gasreq)réfaﬁb@pﬂlb @eob%@,q dRNGENIYEb R 8F /b Qﬂ*% primary
PCT/ 1.B2006/ 002268 .49 that Is enriched for sma
st P EHEIPRLIBIEERHoBS G t h a di stinct si gnat ure i e.
spannlng t he nucl eoti de sequence between the prinary
ction enz me recognition site that was |igated
‘%“ﬁ v e pg&;eﬁ gearithieatoyt {¢{by (egsebopt Brrig@ by, about 20-100 bp)
rirklRy BRRRIBHEEzyRb gect)%}ﬂﬁcgn sife€Spective
nelghbourlng secondary restriction enzynme recognition
sites. 5 A single array may conprlse mul tiple (eg. two
or use
© i TR BBAMED & Shele, G PobR (ko BAGwlEh S0 o cach
ol sidge thel séfext theteire dlmwnhmunary rasgictiar etzgby as in a
purified restriction digest or produced
synthetically, reconbinantly or by PCR anplification),
t Hatanpther profenleéd coﬁﬁgwdmn dthsma@ubms of§1@t iefesB®b9GHd SecOhdary

I8 ol cleo i de). \Wen pr.obes
Es%nc%on e‘nzynge relaBve e positi sﬂ:es dtigeste& by the pnmary restriction

s1tes 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 enzyme recognition site. In this configuration, for example, no probe is
designed at the side of a particular primary resiriction 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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targets (e.g., gene sequences). As described herein,

it is contenplated that probes used in the present
invention may be labelled with a |abel so that is
detectabl e in any detection system including, but not
limted to enzyne (e.g., ELISA as well as

enzyme- based hi stochem cal assays), fluorescent,

radi oactive, and | um nescent systens. 20 Wth respect

to arrays and microarrays, the term"probe" is used to

r eTﬁlefet othenyonfigyiation]itga bl moregireles &dg. 815, 6,57 @fff dotadte) @n be

the ur pose of .detecting a nucleaqtide.
sl BREE S8k sk O P Beeth G B e BsaBhtion e, SFich can
Prthére babi;eyl to tdﬂm&gaw thb aamanigatin- eveflk. e the GluntbONGRY posiion of
Stra%ﬁ%les f or obe desi gn are described in

51@% e tglga ppraaf%r tloW gg}fgmtlg? ﬁlaeeﬂ@@xact genomic
al loeatidn aithifdgdeath R OHIBry W hectDR %ﬁ%&e‘ 1@€ognition site can be taken

interactions, it is advantageous to prepare an
arP®P°%"h probes interrogating every possible (eg.
uni que/ non-repetitive) primary restriction enzynme
recognition site in the genone. Thus, array design

onfyEpedeDnGigptian, BT P BOGEISe 263 4 506.deprdrmd anae) can be
{NRERO fidhr Ghotd it rel Fitid] ERR ROZYHR AR Hoelile of he

the actual firs secondary " nu e sequenc
WHISRESEt sesandary mesiriation yezyeeretngnition ditd. nindlsis cordnmeionyiafliprobes

t rbﬁcﬂfﬂﬂ &H8Ye dl&gqgtthé)gﬁnhr% IJG ctﬁ)npé fteec%grﬁlﬁ 1 Bifes ggrﬁegerably

alternative confi gur n one I on,
orwithsn 20Ghrotfdke wsirictinm site). ay ar e desi gned such t hat
they can hybridise close to the sites that are
di gested by the primary restriction enzyne. Mre
présdventagroysly t the lapeodesigs and nlso et dekipn &laoudes 2Qrdbe pof (sideeof a)

oA e P R, S P 4B Hodigrat sty

p rregiEdtipn eﬂ@n’fe@iﬁ EanfHinabion @AtA WEkveh @EAERI reétAftiohichBme.
Sui tably, the probe(s) are within about 100 bp (eg.

about 0-100 bp, about 20-100 bp)
Advantageously, the use of multlple (eg. 2, 3,4, 5, 6, 7 or 8 or more) probes per

primary restnctlon enzyme recognltlon site can minimise the problem of obtammg
false negative results due to poor performance of individual probes. Moreover, it can
also increase the reliability of data obtained with a single chip experiment and reduce

the number of arrays required to draw statistically sound conclusions.

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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a preferred configuration, a single, unique, probe is
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are digested by the primary restriction enzynme. 15 In
anot her preferred configuration, the positions of

sites digested by the secondary restriction enzyne
relative to the positions of sites digested by the
primary restriction sites ar’@ 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

s eElisnarmayy meg Sopdrcanyogeneme yingludiog gugrimilion @@t lbumpdn, gnouse (eg.
di I 0 pLohe [ [ t

o g AR e i) PR el AE Lot A, Deast,
r eigpgal ot insaet Ggzimweophde)pgeriomesn site. In this
configuration, for exanple, no probe is designed at

the side of a particular primary restriction enzyne

r elncgfinithérquefairddeenttiodimedng she arsyaoondarys pebésrdar@ind@lery unique

enzyme recogniti.on site wthin 10 b t that. sane.

Sy EERIiR &t ol i, FomePle o e &6 Fofigion enzyme
ardiggstian.e desi gned such that they can 25 hybridise at '
either side of the sites that are digested by the

primary restriction enzynme. Suitably, a single probe
atPreRedblS ithte nakintuhe diRfah SR EYm! @S tsith G irridti03 YoiByme digestion is
rg;ggnltlon site can be used. WO 2007/ 004057

PCPPHEP9®8/ 002268 51 In yet anot her configuration,

two or nore probes (eg. 3, 4, 5, 6, 7 or 8 or nore)

can be designed at each side of the primary o

r 8t # ifethep WI%W‘?@@'@%i of the pspseed, inyprition, amays fonegstriction
besnusck  Qich BY B5LMYHERE %%ﬂfm A 98t Qe £HE Mamnfe®ibn or non-
t he hunber and position of 5 probes relative to each
pringramglianegsnetestaroproeided; dulvendegegmily,itemdesigh of thehgapsxdrstribed
g . S I .
7R Sl @ el i hEIQR RO e PRARY Halhenoe, progiced
acamelysis is ferfoynetd imthetshree speoigb.i gurati on, two or nore

probes (eg. 3, 4, 5, 6, 7 or 8 or nore) can be 10

desi gned near each primary restriction enzyne

r SEXHOF PROBESt e i rrespective of the nearest

secondary restriction enzyme recognition site. In this
configuration, all probes should still be close to

t hes el tBel, e Sérfl ‘Gbi TPpreREYREr{ REOGIRE bi ©Bolkkti@Sof probes that

(q{ t,rabky within 300 bp of the restriction site). .
ybridise to €ach 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



15 Advant ageously, the latter design and al so the
design that uses 1 probe per (side of a) primary

WO e®@u004957 on enzyne recognition site, allows tPeT/iB00f02268
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different secondary restriction enzynes in

conbination with a given primary restriction enzyne.
Advant ageously, the use of nmultiple (eg. 2, 3, 4, 5,

6, 7 or 8 or nore) probes per 20 primary restriction
enzyne recognition site can r3ni m se the probl em of
obtaining false negative results due to poor

performance of indivi duyal ,prohes. repver, it ca .
P s PR S oBt vt A Picpiany gt BB s orp bmestary in
Si seghence I theaxipleici atRdeq@snde hdjadeaCeach RRle DERRA or@fof the primary
arrays.required to.draw statistically sound

c TGy MO EcCqgnalion SEEHE thegenom@ic DAt he array may be
greater than 40 nucleotides in Iength and may be
isg-thermal . Preferably, probes containing repetitive
DNAlssals Rkl to,deding 2 rinlow e 300 ees - eHORDI 2P, 1500p
Uhe 1088 L fr6ihl R prithdr§ SestritBbn BhAyRRrbobehitiBh Kted in #hh BEH5r more

to the first nucleotide sequénce are expected to give
vebrgbesttop iy s pan bt designedh Shehfactorsathat #raimpertanb ithdefining the
XG0 dyifthO hich G0 REQ | .

PCT/ | B2006/ 002268 szé}l %g%gdrbrggﬁm\ﬁh% R lgo‘iﬁiéggs%%%ﬁeme of
i riealindiomdc seavanaes that cirfprmibaivpin struatwrs®s niasgnum by OEUSOhE of a
7)) r .g [ ~£Qr JNoN-vertebrate .
( e%jl?g% gﬁe g}r%ingfﬂ:éoé%as%?&ﬁﬁ% aﬁ? é%grt Olf §%’8 ? C?ne g(? complementary in
Dr ssgagphé tajle nyelsmnaesl scgudnge dhdt uy tekethap360ter fred each one of the
e ' . -1he array coptai.ns. 2-6 pr around every
u[’ﬁ quierg?%ﬁcﬁéllrpflnzyrélg %f’%rflll%nnsuf? el 1c§55§ 10se as

possible to the site of restriction enzyne digestion.

10, Pr ef bl t maxi.mym di.st an fromthe site of . .
-t o% FIET PRIl oy R Bt 1 AL G b Bt s ey estriction
f Uniziae reobgfiton sivd iesrdadb MRAfify RbtiinHep M8 S et leadhrua@nttioaRite.

arrays for restriction enzynmes - such as H ndIR
EcoRI, Bglll and Notl - that cover the manmalian or

NOR-furtifer RRMOEEAS of 8 PRBREntaH RNnB6A helRE of probes are complementary
Advantageousb%@hthe deS|gn of the arrays descrlbe&)

helP it Sequpeaintpeints lesietheredll bp fraan gedi gie o thaypsingagy restriction
eV&%é ?écggﬁméﬁ GHL A Gendhi@ VAR complementary to the sequence that is

between 200 and 300 bp from each one of the primafy restrictionéniyme recogﬁition

sites in genomic DNA and/or complementary to the sequence that is between 100 and

200 bp from each one of the primary restriction enzyme recognition sites in genomic
DNA.

In further embodiments of the present invention, the set of probes are complementary
to the sequence that is from 0 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) .



analysis is perforned in the sanme species. SETS OF
PROBES 20 As used herein, the term"set of probes”

WO 2402108406 a suite or a collection of probes tPh&r/1B2006/002268
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hybri di se to each one of the primary restriction

enzyme recognition sites for a primary restriction
enzyne in a genone. 25 Accordingly, there is provided

in a further aspect, a set of probes conplenentary in
sequence to the nucl ei ¢ acid3equence adjacent to each
one of the primary restriction enzyme recognition

sites for a primary restriction enzyne in genom c DNA.

Sui tably, the set of probes are conplenentary in

S ENWE RE endrd ptdbes taky Sdver be GRsifed. thatdar GapabBloft Byfeisir to the
50-60) or .nore nucl eotides that are adjacent to each .
orEaPCR, AUSRERF R, PrIFASE CPAtIOR PR, FRECHETcsiiet mghe genomic
SibEg.in genom c DNA. The set of probes may be

conpl enmentary in sequence to one (eg. either) side or
both sides of the primary WO 2007/ 004057

PClilel R0 2900888 orpartafy bldrab] #the PrBBEovVeASPBA HeQWPRerlap is
site. Accordingly, the probes may be conplementary in

s eRfeisrbly, less thirel hapslestidesaci d sequence adj acent each

side of each one of the primary restriction enzyne
recognition sites in the genomc DNA 5 It is also

pOBGR lagmends pfesenting thei fivstolnd (lenyicledBdisdem 1-20p $210; 1-60,ch80, 1-
asypop! 208bp, C K 00BP, 54~ HOyR L he Jpri mary.

7 olp PR 420 B, 088, 12005001244 1ol 280 llBbofe) e
noflask eprhgmsry estrictien egyme atodstichesite gaesso BBuskd.f act or s
that are inportant in defining the w ndow wthin

whi ch to design the probes are, for exanple,

CrCh it gmntnts alag @l3o deaked paprobd ridtieRactlgFoaespesd tddich ¢abmic

for.m hai.rpi tructures, maxinmum size to stretches o
L O Bt et b e B oR EAsteiepegmyion 308 2@ the firs
Of nefiihbbieEs; ectdnd Gestitioh edrRtha my¥cdghitios G ENBEcHr@inkIRE the probe

nucl ei c aci d sequence ihat is less than 300bp from
e aCAHFe TR GORESPORH ‘9natlyor Ragt of tiei apeaer, Pyecn each one of the

I SGREHN brdsBibtish eBSmid reBEARIINCsittNARd bdchi che DR BAS SLBhSOuring
to define a w ndow of about 100 bp fromthe primry

r SSEQIIRETRYTICtiPB CRAYHIPHRCOSRIEOR AifSSi on site in order to
identify optiml probes near each restriction site. In
further enbodi ments of the present invention, the set
ofT)ﬁaﬁC@BESthgrpéohg:@ngragn@fnprgbgs or set of probes will be immobilised on a

support. Supports (eg. solid supports) can be made of a variety of materials - such as
glass, silica, plastic, nylon or nitrocellulose. Supports are preférably 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.



to the sequence that is | ess then 300 bp from each one
of the primary restriction enzynme recognition sites
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20 between 200 and 300 bp from each one of the primary
restriction enzyme recognition sites in"genom c DNA
and/ or conplenentary to the sequence that is between

100 and 200 bp from each one of the primry

restriction enzyme recognitiéfh sites in genomc DNA

25 In further enbodinents of the present invention,

t { e ue .

L g eablyy ool Tl B SR toord Biah R SRR Byimary
r egttmqtlonle@mmaercpygmncmemwg erqhom ﬂ;e tces ofia gd:pommng}%uictlon

Y Q uenc 0to
SOUBEE PRARL ot e RESr D nrt, oD DR B B Oy fevse
r eengum.t i on S|tes in genonlc DNA and/ or conpl enent ary
to the sequence that is between 0 to 100 bp 30 from
each one of the primary restriction enzynme recognition

SiFoes réstrigien @fﬂy@)eﬁ%gn(sﬁ@ a 80 8pl recb@hitidDseqdbhce ADsind0 array of
om each one_of the primry

- aborky ?g%&r&m% PR @6 grrdke SRV fos gxqmply é’i‘F‘o?ﬁ”&PlﬁRlA)‘man or
Vol derdRd Obith Pprbbé B2R004L80#420éh reSifictiohitdr nore

probes may even be designed that are capable of

hybri dising to the -sequence adjacent each prihary

r Qﬁ’fa ﬁ)k&éﬂé@ﬁtﬁ? ﬁé!s'i@l ﬁféCthQf‘hﬁdl&'P ofpiloBe inBleuﬂgs &e:{léwétpnucleotlde
DNA. probes hmy overlap or partially oveflap. If

t H%qlﬁﬁmmfésem the e énint lrge Gvesss iphamologone fregmenity present in

a0 | S L 9T L o,

1fRgmernts replesqiing g¢non®o regiont4dose 1o me(apal}]_zeﬂl&mgzledndz@equence on

ﬂ%ﬁlgleax]chgo%m%er@&e %ll ﬂie glglgr Qg%egsol}x lthdae@ Ig/bnazzfmonl sample (as

prinmary res enz ne r'ec
aldswnb@i us eidgur®CR. fToag)hant slumtayatarlesmfdm;imedbaﬁ pyb@ikiaatlon

xact Q d to each genomc ite that is
¢ PRIGBERE bt el AR ARR N8R by 35 D e Bk e st of
S Isarﬁpla nic b<h éhybriidi zetd aﬂLBorn gricgako Ithe) Gumb&0 6l nicdedulds Céfi @Ngiven
e nition Accordlngly, t he probe
éé&ﬁ&% WﬁgagﬁﬁFégﬁ ﬁﬁ”@%mﬁir or part of the sequence

betmeen each one of the

Thus, for the detection of reglilafory DNA elements that frequently contact, for
example, a gene promoter element it may be necessary to use an array with probes that
represent only the selected genomic region (eg. about 0.5-10 Mb), 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,

efc. - 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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one of the first neighbouring secondary restriction
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array of probes or set of probes will be immobilised

on a support. Supports (eg. solid supports) can be

made of a variety of materials - such as gl ass,
silica, plastic, nylon or nitrocellul ose. Supports are
preferably rigid and have a 5pl anar surface. Supports
typically have from about 1-10, 000, 000 discrete
spatially addressable regions, or cells. Supports

havi ng about 10-1, 000,000 or about 100 25 100, 000 or
abfxrdys bDQbEO0: fllwa%wels nﬁalyQJeCs@ﬁb meuiselg '(i)ihe stji-glbggfoelb dnner on a
cells is typica t eas Qu

108PRA0 °6 .DXIQ %@3 ig QS AT g qHaF Ethodt hBmtesis is
| 'WLSIPSENS L(@sp&fsérﬂ)ed & Us ealdb $585:01 B 4740 ﬂ?i wcHRMiB4he use of
m xt ur es oféﬁ%obes or a set of &ﬁobes n ot her

sUigbbi direct dhaesyhiesis of ol zerasleptidegrighespidrightdensity, ypindpturised
Ofarlﬂgf@ bESorfthme fo?Qfemgrg of Hfa%ecé reddBd t}fétﬂ?.(ﬁ{bel‘:@l} $RtHRES c?fcles are

occupi ed, at | east gree of purity obtal nab

b;ﬁeS@e@ynUﬁe%ﬁ G%Btanédég 5b559 #3%i dgtazs eypdsobe synthesised in a

ol P
Prdg ng%alslﬁ el%%gzé cri glﬁg > ﬁ(gg;éell r?%% O%E [ ség ﬁwcg%lcauy
t Mnsttan@dplOWethp@s dpﬂcnhqh;a ER @05 cAirays oengsqbe syntheSISed by

r es%?lglﬂgtréa nt§|0tneto X“l O@n)rt] Gsntl %n C]ﬁ? jerj[cp?nn%er beD t&.u ‘é}tta e(ﬁe EP

75085@Q)t|nes per hunan or nouse genone. 5 For a
restriction enzyne recognising a >6 bp recognition
sequence, a single array of about 2 x 750,000 probes
cdn the custed 6fOthe present moentexAHel ©rmd habsantialietae sdi Lufqﬁobes”

on‘ u i t.h .1 probe at ch,.side o
s PPEERRE AP, ofibotts B Prect T p Sy e mptbes cpuorises
t Qit @éasﬁ%ﬁﬁleﬂ'o @b, 700 eh@oNDS BB BEDIAr 99 PbMBE FlILIEH di’)ﬁip'léd@set or
y IS in large excess to

resen the arr
h ¥ 8@ W@e% r%faf?@ﬁfys rssfs%f ¢ pray elpgobrs iz ) @ qogpite set of
hxﬁmkgbgq@oyg such array. Gven the nature of 4C
technol ogy, "fragnents representing genom c regions
close to the analyzed nucl eotide sequence on t he
| 'Iﬂ%?i‘ef&@é’%o'dﬂnetn? i Bl cmnt)hsepﬁ sinte! lﬁﬁ(?l %@?slﬂé]of each
the 4C hybrldlzatlon sanpl e (as 15 descr Fi gure
2)Primpgy Tstigion eraime ireqehiien it Geatpresentdb @ngen genome. If this

hyREded: 5@&08& exceeds the number of probes that can be contained by a single

array, the array may preferably still contain a representation of the complete genome

of a given species, but at lower resolution, with for example one out of every 2, 3, 4, 5,
6,7,8,9,10, 102, 10° or 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,



efficiencies of such abundant fragnents, it may be
necessary to reduce the anount of sanple to be
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a given oligonucleotide sequence probe on the array.

20 Thus, for the detection of regulatory DNA el enents
that frequently contact, for exanple, a gene pronoter
elenment it may be necessary to use an array with

probes that represent onIySFhe sel ect ed genom c

region (eg. about 0.5-10 Md), but with each unique

DiARE BILS BLidh, Tklchl! R AARM sididfh, &bhtiok) Wljntieth,
63% ti'ons onnf e’ array. gﬁc designs may al so_ be
prisdtetr @ dné hundiidigero grate timyhploidisss fogheieamegestrigion fragagnt-
wi thin 25 about 10 Md) genom c rearrangenents - such

as del etions, inversions, duplications, etc. - around
aprfetdly(, @hq repgRattativh dfnthe cemplete Fnemarof @y givery sregiepet daver

about /3 x 750, 00 robes, ..4 .x 750 :

Pt CopRBEsIos Y s ap Y g aBhp R tsed hromosome
MefBlaRise Deraibly, e abtaiayd Ggniphiriesot ar nBfe PEDOGO those
probes with 2, 3, 4, 5 6, 7 or 8 or nore probes at
egaanmaq 1geiont that-sbpw highest PRPP 855UY 1 e, Most preferabl y,

the array conprises 6 x 750,000 probes with 3 probes

at each side of each restriction site. WO 2007/ 004057
PEYBREDIREVIOND 268 56 Arrays of probes or sets of

probes may be synthesised in a step-by-step nanner on

a support or can be attached in prgsynthes'zegF¥org) dof
COlfiee twat Hlbridisatsanyi ek vl detein shalf mede Tt Progess GRS BStand ©
in US 5,. n LehbRBpairng” bRellae the
OFW%Q%ggéjé?gaﬁPﬁggFEFﬁ§%§§ﬁ%%§gﬁ§Bo oligonugleotide )
ppobes dfranipliflatibenasi cayriednoutiing for esamplegpqlgygrase chain reaction
/Mﬁ JJ nslf%r desi gn of nmasks to reduce the nunber of
s§ t e st °8§%?es are described in US 5,571, 639 and

US. 5,593,839. Arrays can al so be synthesised in a

c inatorial fashion. by deliver ] 1 GElehsS 75%,
o gl eocss SRaun e vl v R SRS Gub bR rk
aprefif sy hthesh §5ror BFYGRImMOE Prefdnblpyiseastds Yabrs3 Yplemologous to the
synt hesi sed by 10 spotting.yeagents on to_a.su t

L Sprrgpainen RopRIEm T S plids o SRS (R wiopptP Al Teast 20,
128240y at lAstid3eoiCT0) teXinst@rice 4 deaptr 405 €50t ori H00eorthom, cotfigmous
ternms "substantially a set of probes"” "substantially

t maclegtidas; of probes” neans that the set or the array
of probes conprises

“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
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
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

hybridise to the target sequence at equilibrium. (As the target sequences are generally



15 at | east about 50, 60, 70, 80, 90, 95, 96, 97, 98
or 99% of the full or conplete set or array of probes.

woe@ieombl y, the set or the array of probes i sPer/iB2006/002268

or conplete set of probes (ie. 100%9. In a preferred
enbodi nent, the array conprises a single unique probe

per side of each 20 primary restriction enzyne
recognition site that is present in a given genone. I|f
this nunber of probes exceed8 the nunber of probes

that can be contained by a single array, the array

may preferably still contain_a representation of the

c ofFpicet B Ferient Topfo0%0 af fie frabgs aiecnccumizs atpquilipyip). Typically,
r eél%e)géhi! R ditidhd Rch@ 2 SAPTRLB DN FUt 1688t 26YRT01%0 1D MNa ion
5, , 7,8, 9, 10, 102, 103 or 104 etc. probes as

or Waediratien (dether selts) at RHoWD 0 R8 andript tameeraiurp e sfelgast about
0 c y . . et .-
e e Rl SEYB0 s RS SRTRLEIE oqon o
bedepstabilising egentsvesncthasgfhentiaaddd arttetonalkgl arayenituhabitscover

part of the sane genone, for exanple in cases where
transl ocation partners are to be found. Preferably,

t has Wﬂpb@&ﬁ]ﬁl #stbtl @g (t)lﬂfse bhiltiar ate rﬁeﬁmﬁb i) gﬁftr)xgenogihg’sﬂiﬁization
speci.es at_ I|.qwer resol uti on i s qbtaine . propes
orCHIE Uit Setiiey OrdRefet B LBIReO0e poEes BEHL L pemediat

f r @O IR stdfpefBit BibRaHa@dd @h tdiGestd Bty toh dBteltf dilBdrYor related
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seventh, eighth, WO 2007/ 004057 PCT/ | B2006/ 002268 57
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hi agrﬁ“égf‘%%? nshier SHRPSHeSHVBRI DI SATION 10 The term
"hybridi sation" as used herein shall include "the

pﬁ&ﬁﬁiﬁP'%¥ﬁ9ﬁﬁ£&ﬁk§2: 19 of nucleic acid joins with

a cofnprenentary sttand-through base pairing" as well

20as the process of anplification as carried out in,

25

30

foéua%ﬁiayq].?gl ﬁfgat{:c))gl %gq?nrar?c?e% gfhraeistlr.’llctrio%a Elén%]nts gives a measure of their
cross-linking frequencies. Suitably, this can be achieved using PCR aé used in
conventional 3C technology as described by Splinter et 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 ez 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,
it is preferred that the ligation frequencies of restriction fragments are quantified using

the arrays described herein.
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preferably at |east 95% or 98% honol ogous to the
correspondi ng conpl enmentary nucl eoti de sequence over a
region of at least 20, preferably at |east 25 or 30,

for instance at |east 40, 60_or 100 or nore contiguous
20 nucl eotides. "Specific hybridisation” refers to the

bi ndi ng, dupl exing, or hybridising of a nolecule only
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e specific sequence
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ot her salt at pH 7.0 to 8.3 and the tenperature is

at | east about 30 C for short probes. Stringent
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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.

The 4C templates may be differentially labeled (eg. with two or multi-color
hybridization) and/or may be identically labeled in case such loci normally reside on

different chromosomes or on the same chromosome at a distance far enough for



Met hods are al so described for the hybridisation of
arrays of probes to | abelled or wunlabel ed nucl eotide
wGee@ammpes. The particul ar hybridi sation reactPONB2006/002268
conditions can be controlled to alter hybridisation
(e.g., increase or decrease probe/target binding 15
stringency). For exanple, reaction tenperature,
concentrations of anions and cations, addition of
detergents, and the like, carfOall alter the
hybridisation characteristics of array probes and
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interpretation of data as al so described in Splinter
et al. (2004) (supra). Since the 4C technol ogy
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be sinmultaneously hybridised to the 5 array. Contro

sanple(s) wll typically contain all DNA fragnments

(iagsaehefagdpntial  second nucl eotide sequences t hat

have Tigated to the first (target) nucl eotide

sequence) in equinolar anounts and, to excl ude a bi as
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oY B8 OBt 184 SO 8 o o o
20 codentidying erepir atoge agehis that modulate a DNA-DNA interactlon

As used herein, the term “modulate” refers to preventing, decreasing, suppressing,

restorating, elevating, increasing or otherwise affecting the DNA-DNA interaction.

25 In some cases, it may be desirable to evaluate two or more agents together for use in
modulating the DNA-DNA interaction. In these cases, assays may be readily modified
by adding such additional agent(s) either simultaneously with, or subsequently to, the

first agent.

30  The method of the present invention may also be a screen, whereby a number of agents

are tested for modulating the activity of the DNA-DNA interaction.
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ates errogat| ocus from
t ha&ms@lsrmnqb ahdyeententunlly bb| recformaly ol druinghs. | | Silch grlals owillogemerally
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case..su OCI mal | y e di fferent
c R i G B iFiony i Sy Bl AsouiEt B tatogisseto search
15 f afor eRSUHHet IthaV‘Qa?ﬁ&%/sﬁﬂd&%&uo%& drBRAMGN)@R368 60
m ni mal overl ap between DNA-DNA interaction signals.
As an exanple, material froma subject with T-cel
| epkamiesTRYrEIRGocessed to obtain 4C tenplates for
TCR6V9 (T abeled in one color, in order to detect
translocations), and ML, TALI, HOX11l and LMR2 (each
| abighealy! Al o8tiEe 8L RRELrALO ozl ABEQR 1 GettF 1 huailable
ot her genetlc rearrangenments). These five
20 t enplealarsyivagnete Hgebriqusz edlthengbndher pIZ3Y, comparatlve genomic

hybridization technique (array-CGH) is a newly developed technique for the detection

of chromosomal amplification and/or deletions with a resolution of 35-300 Kb, this
technique is not suitable to detect balanced translocations and chromosomal
inversions. On the other hand, spectral karyotyping (SKY) or conventional
25 karyotyping is often performed on patient material for the detection of chromosomal
translocations as well as numerical changes, but the resolution to define translocation
breakpoints is low, usually 10-50 Mb and 5-10 Mb, respectively. Consequently, results
obtained by both methods and especially SKY will lead to time-consuming and labor-
intensive validations experiments like fluorescence in situ hybridization (FISH) and

30  molecular breakpoint cloning strategies.
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5 as are the drug devel opnment prograns thensel ves and
phar maceut i cal ositions conprising such agents. A
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Co—”El?c%l fl thals or humans. The frequency of the DNA-DNA interaction may be
quantified by comparing it to a dilution series of positive controls. Then, standard
values obtained from normal samples may be compared with values obtained from
samples from subjects affected or potentially affected by a disease or a disorder.

25  Deviation between standard and subject values establishes the presence of the disease

state.

Such diagnostic assays may be tailored to evaluate the efficacy of a particular
therapeutic treatment regime and may be used in animal studies, in clinical trials, or in
30  monitoring the treatment of an individual patient. In order to provide a basis for the
diagnosis of disease, a normal or standard profile for the DNA-DNA interaction may

be established. Standard values obtained from normal samples may be compared with
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non- human animals and may eventual ly be perfornmed on
humans. Such trials will generally include
determning the effect(s) of different dosage |evels.
Drug devel oprment  prograns utilise conmputers to
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oA oA Bscearely BForh ot bt SV BhsBpE PTG M o o te

t hadlsdiae abiRAs Mgt Welrhlydsl (uBigugab-3changesAditagtfigly, 4C
resolution to define translocation breakpoints is

| xphnqleayampy be gsedgo MsteghepyssepemgrberaiioReiet i @pgpmpanied by a
O@ﬁ‘ﬁl Q'ﬁ??@r{oﬁnc 51%F£&10n%@é&%&r%g&@§eﬁuéfﬁ&§‘ﬂﬂsa 30 Gequence

especi al | ead to tinme-consuning and | abor -
i thaithef qbeweasmepﬂnﬁmgwmefor preEpde, P jasrepse 5 deceasp dbesnpmic

i zat F liar 4 n g
ol BB, 62l L s, g e

6 ZepadSentaigdnrios @g%rlphmns) of segupicos posine (ergatlp t,oacvr gleatasdhan 15
o M TR Rd BREY AYBLHRS 2on RRbREeAAEEE: & rpgrmangements

inte I es etmeen yS|ca
I iawkzedad@NAf og egUBSICRERd With tiisezlscmjr euph assatdee (&g cbw@aemla) and

i fi cat Qf, recurrent)
cAPShiso e PasTa e PP BEEEr
nallgnan0|es/nult|ple congenltal 5 mal f or mati ons or

t ar.dat t t
T L SHR 00 TP LA SRS, O o

MaRPbNGr @hbilfiRed peRInNio| dit chirénésohRY iabdirafibng) nihylude ik ake not
t housands of basepairs, Another advantage of . 4C
t@gﬁﬁat%d?fiqaggepﬁg H@ns&ﬂc pligns, mversions, msertions, delefions and other

mutations of nucleic acid (eg. chromosomes) and also losses or gains of part or whole
chromosomes. They are a leading cause of genetic disorders or diseases, including
congenital disorders and acquired diseases - such as malignancies. In many
rearrangements, two different chromosomes are involved. In this way, genes (or
fragments of genes) are removed from the normal physiological context of a particular
chromosome and are located to a recipient chromosome, adjacent to non-related genes

or fragments of genes (often oncogenes or proto-oncogenes).

Malignancies can include acute leukemias, malignant lymphomas and solid tumours.

Non-limiting examples of alterations are t(14;18) which occurs frequently in NHL;
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breakpoi nt, since breakpoints will be detectable even
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the 10 breakpoint. This has al so the advantage that
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of specific chronbosomal rearrangenents covering |arge

breakpoi nt areas. The accurate mappi ng of genom c

rearrangenents by 4C technol 64y will greatly

facilitate the identification of aberrantly expressed
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programmed cell death.

25  The BCL2 gene consists of three exons, but these are scattered over a large area. Of
these the last exon encodes a large 3' untranslated region (3' UTR). This 3' UTR is one
of the two regions in which many t(14;18) breakpoints are clustered and is called the
"major breakpoint region"; the other breakpoint region ivolved in t(14;18)
translocations, is located 20-30 kb downstream of the BCL2 locus and is called the

30  "minor cluster region". A third BCL2 breakpoint area, the VCR (variant cluster

region), is located at the 5' side of the BCL2 locus and is amongst others involved in
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of genomc DNA linked in cis to the 10 nucleotide
sequence that is analysed (sée& Figure 2-3 and 5).
Advantageously, 4C technol ogy may be used to detect
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Thepiar e a | eadi ng cause of genetic disorders or

di seases, including 25 congenital disorders and

acqui red di seases - such as malignancies. |In many
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are renoved fromthe normal physiol ogi cal context of a
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pr ot o- oncogenes). 30 Malignancies can include acute

| eukem as, nalignant |ynphomas and solid tunours.
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ftranslocatlon is suspected in a patient but chromosome partners are unknown, spectral

karyotyping (SKY) may be performed to find translocation partners and obtain an
approximate estimate of breakpoint locations. However, the resolution is very poor
(usually not better than ~50 Mb) and additional fine-mapping (which is both time
consuming and expensive) is usually required. This is normally done using
Fluorescence In Situ Hybridization (FISH), which again provides limited resolution.

Using FISH, breakpoints can be located to +/-50 kb region at maximum resolution.

DNA-DNA interaction frequencies primarily are a function of the genomic site

separation, i.e. DNA-DNA interaction frequencies are inversely proportional to the
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example at every 2 Mb, 5SMb, 10Mb, 20Mb (or other intervals as described herein) to

fine map the breakpoint and identify for example the gene(s) that are mis-expressed as
a consequence of the translocation.

25
Typically a translocation will be identified by way of an abrupt transition from low to
high interaction frequencies on a chromosome other than the one containing the 4C-

bait sequence, or elsewhere on that same chromosome.

30 In apreferred embodiment, the sample from the subject is in a pre-malignant state.
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20  side of every other primary restriction enzyme redognition site as ordered along the

linear template of the genome of a given species (e.g. human).

Thus, arrays to detect translocations, deletions, inversions, duplications and other
genomic rearrangements by 4C technology contain probes as described herein that
25  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, eight, ninth, tenth, twentieth, thirtieth, fortieth, fiftieth, sixtieth,
seventieth, eightieth, ninetieth, or one hundredth etc probe that hybridizes to the same
restriction fragment. Arrays to detect translocations, deletions, inversions, duplications
30  and other genomic rearrangements by 4C technology may contain probes as described

herein that are distributed equally along the linear chromosome templates. Preferably,
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sanple fromthe subject is in a pre-malignant state.
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In another preferred amray design, probes as described herein on a single array

20 represent 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, 7TMb, 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.

25 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
kb, 400 kb, 500 kb, 1 Mb, 2 Mb, 3Mb, 4Mb, SMb, 6Mb, 7Mb, 8Mb, 9Mb or 10Mb -
(eg. from about 50kb-10Mb) around a selection of loci known to be involved in
translocations, deletions, inversions, duplications and other genomic rearrangements.

30  Selections can be made on educated criteria, for example they can represent only the

loci that are implicated in a given type of disease.
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detection of the breakpoint in cis (on the same chromosome as the 4C-bait) and in

25  trans (on the translocation partner).

Advantageously, multi-color, instead of dual color analysis on micro-arrays may be
utilised allowing the simultaneous hybridization of more than two samples to a single
array. Accordingly, multi-color hybridization can be used in 4C technology.

30
In a preferred hybridisation, multiple differentially labeled 4C templates obtained with
one sequence (4C bait) from diseased subjects and one differentially labeled 4C
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Iysates and/or isolated chromatin etc. (as described herein) from diseased and/or non-

25  diseased subjects.
Detection of inversions

Inversions (eg. balanced inversions) cannot be detected by methods - such as

30 Comparative Genomic Hybridization techniques - but can be detected by 4C
technology particularly when the (balanced) inversion is close (eg. up to about 1-15
Mb or more) to the 4C sequence (bait).
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necessary to titrate the amount of template that is to be hybridized to the array.
Detection of deletions
Detection of deletions is based on identifying those DNA-DNA interactions that were

different between diseased and non-diseased subjects. Deletions will result in the

absence of DNA interactions with a 4C sequence (bait) located near (eg. about 1, 2, 3,
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tenpl ate froma non-di seased subject are hybridi sed

sinmultaneously to the sane array. Differences in

DNA-DNA interactions allow the detection of the

breakpoint in cis (on the sdde chronpsonme as the

4C-bait) and in trans (on the translocation partner).
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subj ect, obtained with nultiple different sequences

(46 bai each represent another possible
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di $683e6ntA o kiR suBcdi seased subj ects. Detection
of inversions Inversions (eg. bal anced inversions)

20 cannot be detected by nethods - such as
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.
Preferably, an increase in DNA-DNA interaction frequency for the subject sample as

25  compared to the control and/or a reduction in DNA-DNA interaction frequency for
more distant regions is indicative of a duplication or insertion.

Prenatal Diagnosis

30  Advantageously, 4C technology can also be used in prenatal diagnosis.
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can be detected by 4C technology particularly when
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1-15 Mo or nore) to the 4C sequence (bait). WO

2007/ 004057 PCT/1B2006/ 002268 71 Detection of

(bal anced) inversions is based on identifying those

DNA-DNA interactions that were different between

di seased and non-di seased subPects. Inversions will

change the rel ative position (in kilobases) on the
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which the majority of aberrations occur in the foetus.

Determination of genomic integration sites

25
4C technology also allows the determination of genomic integration sites of viruses
and transgenes, etc, also when multiple copies are inserted at different positions in the

genome (as described in Figure 4).

30  Determining predisposition to acquiring certain translocations
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will result in the absence of DNA interactions with a
4C sequence (bait) |ocated near (eg. about 1, 2, 3, WO
2007/ 004057 PCT/ 1 B2006/ 002268 72 4, 5, 6, 7, 8, 9,

10, 11, 12, 13, 14 or 15 Mo or nore) the del eted
region. This may result in tHe conplete absence of
hybridization signals for all probes located in the
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the 4C Sequence analyzed (bait), which will result in
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are different between di seased and non-di seased
subj ects. Probes in the duplicated region wll show
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(bait) located near (eg. about 1, 2, 3, 4, 5 6, 7, 8,
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control non-di seased subject. Probes beyond the
duplicated region are further apart fromthe 4C
seg@aNe and consequently will show decreased
hybri di zation signals as conpared to signals froma
control non-di seased subject. 20 Preferably, an
| NThe agt %ayabedep beéaﬁie dopotld ol BT aehlin f’I‘Héodé@ﬁtCﬁ‘lay be a
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antibody, for example, a polyclonal antibody, a monoclonal anttbody 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
rodent variable regions and human constant regions (Winter, G. and Milstein, C.
(1991) Nature 349, 293-299). This reduces the human anti-mouse immunogenicity of
the antibody but residual immunogenicity is retained by virtue of the foreign V-region
framework. Moreover, the antigen-binding specificity is essentially that of the murine
donor. CDR-grafting and framework manipulation (EP 0239400) has improved and
refined antibody manipulation to the point where it is possible to produce humanised

murine antibodies which are acceptable for therapeutic use in humans. Humanised
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Typically, the entity will be an organic 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 substitnents. 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
form a cyclic group. If the hydrocarbyl group comprises more than one C then those
carbons need not necessarily be linked to each other. For example, at least two of the
carbons may be linked via a suitable element or group. Thus, the hydrocarbyl group
may contain hetero atoms. Suitable hetero atoms will be apparent to those skilled in
the art and include, for instance, sulphur, nitrogen and oxygen. For some applications,
preferably the entity comprises at least one cyclic group. The cyclic group may be a

polycyclic group, such as a non-fused polycyclic group. For some applications, the
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aberrations. In this way, it is possible to determ ne
the predisposition of the subject to acquire certain
genetic aberrations. 5 Thus, in addition to the

nmedi cal uses described herein, the present invention
can be wused in diagnosis. SUBJECT 10 The term
"subject" i ncl udes manmal s - such as animals and

R Bh st et DR g ane Fely e IRkt RO

|Sgﬁhia|nable fromor produced by any suitable source
whet her natural or artificial. The agent may be an
am no acid nol ecule, a polypeptide, or a chem ca
deTheveatityBast dbafa@Phalo Blouss -GRERAsTRILID BulbEH B0 -or Tcl?l@ groups.
agent may even be a po ynucleotlde nol ecul e -
may be a sense or an anti-sense nol ecule, or an 20
antARadY m&y%on%@[ﬁm St méte QPJﬂMﬁl Qﬁ@!y, éﬂylp gééde # and alkenylene
monocl onal anti body or a nonocl onal unan g
angPBs cywhighampy be unhranghedy oekraehodchpden devel oped to
produce nonocl onal antibodies with human character,
whi ch bypasses the need for an anti body- produci ng

line. For 25 exanple, useful nouse
nonocl onal anti bodi es have been "humani sed" by Iinking
rodent variable regions and human constant regions
( Vit mtilkbg a@re(’émdi % ¢ H@Efes'lqﬁledﬁ“n the(aHO@AL) thd\axritity ena@ 49 derived from a
F?ﬁrﬁgru )er%x T f’esr dpl%%(): alﬂf u%e una abrgg}ol eg@o%glfp(s) which may not
| npussesy qﬂiafmetcyilogﬁalr elkcavityeds bsylch!l fbhu andf, inheerfi4if €ingAinces, be

V re Mor eqve gen- bi nd
HiRgreg R Sh Gl of B r e g fref Ao A oA dhe body to

dQBﬁﬁanEﬁﬁygﬁa&@h@gmaﬂq§&mgqawgrk mani pul ati on (EP

0239400) has inproved and refined anti body

mani pul ation to the point where it is possible to

Provieble frbaRipk SRSy iBildeNBurast iRPdinfiRd V] ©x@bicin, Mitomycin,

acceptable for therapeutlc use in_humans. Humani sed
Phenol Mustard, Methotraxate, Antifolates, Chloramphenicol, Camptothecin, 5-

Fluorouracil, Cyanide, Quinine, Dipyridamole and Paclitaxel.

It will be further appreciated that certain moieties known as “pro-moieties”, for
example as described in “Design of Prodrugs” by H. Bundgaard, Elsevier, 1985, may
be placed on appropriate functionalities of the agents. Such prodrugs are also included

within the scope of the invention.
The agent may be in the form of a pharmaceutically acceptable salt — such as an acid
addition salt or a base salt — or a solvate thereof, including a hydrate thereof. For a

review on suitable salts see Berge et @/, J. Pharm. Sci., 1977, 66, 1-19.

The agent may be capable of displaying other therapeutic properties.
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may be attached to an entity (e.g. an organic

nol ecul e) by a linker which 5 nmay be a hydrol ysabl e
bi functional linker. The entity may be designed or
obtained froma |ibrary of conpounds, which may
conpri se peptides, as well as/7ot her conmpounds, such as
smal|l organic nol ecules. 10 By way of exanple t he

entity nmay be a natu subst ance, a m

T EhARST e 5 e TR b e RO g esgpticaly actve

mafgpisal s such as bacteria, fungi, or animal

(particularly mammalian) cells or tissues, an organic

or an inorganic nolecule, a synthetic agent, a
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synt hesi sed synthetically (such as, by way of exanple,

elther u5|ng a peptlde syntheS|zer or by reconbi nant
FREQ &S K] < ereof , a reconbi nant

agent an antlbody, a natural or a non-natural agent,

a fusion protein or equivalent thereof and nutants,

deThe adtity ﬁ&y cexist: andternasdnmnsartdive igeahetrig Gsofgm € akl the entitg may

npo nd
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e 15 g ) e S rean espinelr e ptras Sf i fies and

subsithieygRtcnor, Exanpl es of such substltuents may

i ncl ude hal o-, al koxy-, nitro-, an al kyl group, a

cyclic group etc. In addition to the 25 possibility of

t hepawhsAcEugnt s BRiAg a cyclic group, a conbination

of “substituents may forma cyclic group. If the

hydr ocar byl group conprises nore than one C then those
carhons bé‘ﬁfxﬁuﬂﬁt‘é{%ﬁ%@ﬁl& e |ﬁth‘ﬁ?&@eﬂtf€alﬁﬁ£cEeﬁ%Ui@sralt

For exanp €, east two of the™ carbons rmay be

linked via a suitable elenent or group. Thus, the

hy { dSHeh d &
ot AL R IPIE Y BT Rl ffed R} Bnd for
t hexamle, ancludenibbsedmentiooed by Bewmace al, sul/gtharm. Sm,t6;60 @dﬁ (1977).
an en | i catd ons e

en g}n?%ﬂ C%% g ég rﬂasl aérg g nngﬁeflrogn CFl.dS Q&h%fh fo?rg.lxﬁ n—tgy?lc salts and
gr @i¢chudaake hydrachlonde, hydrobromide, hydr01od1de n1trate sulphate blsulphate

phosphate, hydrogenphosphate, acetate, trifluoroacetate, gluconate, lactate, salicylate,

citrate, tartrate, ascorbate, succinate, maleate, fumarate, gluconate, formate, benzoate,
methanesulphonate, ethanesulphonate, benzenesulphonate and p-toluenesulphonate

salts.

When one or more acidic moieties are present, suitable pharmaceutically acceptable
base addition salts can be formed from bases which form non-toxic salts and include
the aluminium, calcium, lithium, magnesium, potassium, sodium, zinc, and

pharmaceutically-active amines such as diethanolamine, salts.
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one of said cyclic groups linked to another

hydrocar byl group. The entity may contain hal o groups

- such as fluoro, chloro, brono or iodo groups. 5 The
entity nmay contain one or nore of alkyl, alkoxy,

al kenyl , al kyl ene and al kenyl/@ne groups - which may

be unbranched- or branched-chain. PRODRUG 10 It w ||

be appreciated by thgose skilled in the art. that t .
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t h%%%%tg;ntogﬁ[e%gkggt?m an entity that is

phar macol ogi cal ly active. Suitable pro-drugs my

i ngl t iyl f84. to, Doxorubi cin,

M c?n%‘g‘?tﬁ‘?al';’ eﬁﬁéﬁlﬁggﬁj&s ard, Methotraxate, Antifol ates,

Chl or anpheni col , Canpt ot heci n, 5- Fl uorouracil

Oyani de. Qui nine. i pyr) Lich4h theRGorbtexists
vwf%e1%@% Xﬁ%%m%ﬁﬁ?g%%g?g' t gggggﬁggiﬁ rmieties0 Hes
K nigaoror asors petroliomedtd fosths. Woere aggenglcentains de sikenyh eralkenylene

"Desi gn. of . Prodrugs”". by H Bun rd, &l ier

O By A CA PR R AR S nRp s b oo inyedtfinciodes
agmptiadiviadsinstpreodortigs ofrthe algam andg Iwhehed appbprivitey théandividual
scope of the invention. 25 The agent y be in the
fo?%PHFnﬁkﬁﬁ%ﬁﬁﬁPgﬁﬂ?gﬁTWéhg%ggﬁggﬁFQEEalt - such as

an acid addition salt or a base salt - or a solvate
thereof, including a hydrate thereof. For a revie Lony 4
suPepamtien sf] dEsteBRISPBSY PTefis Fnd FaPs S{Y. PO 1 FYet Y
66, onbentdnaidOnilifie 208Nty fRYioRE cSaRRRARNOEhrehspiaptiyg HP.L.C.

ot her therapeutic properties. ..
of a stereoisonaeric mixtl’fre oFt)“ the agent or a suitable salt or derivative thereof. An

individual enantiomer of the agent may also be prepared from a corresponding
optically pure intermediate or by resolution, such as by H.P.L.C. of the corresponding
racemate using a suitable chiral support or by fractional crystallisation of the
diastereoisomeric salts formed by reaction of the corresponding racematé with a

suitable optically active acid or base, as appropriate.

The agent may also include all suitable isotopic variations of the agent or a
pharmaceutically acceptable salt thereof. An isotopic variation of an agent or a
pharmaceutically acceptable salt thereof is defined as one in which at least one atom is
replaced by an atom having the same atomic number but an atomic mass different
from the atomic mass usually found in nature. Examples of isotopes that can be
incorporated into the agent and pharmaceutically acceptable salts thereof include
isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulphur, fluorine and
chlorine such as 2H, °H, 2C, c, N, 70, *¥0, 3'p, ¥P, %S, *F and **C], respectively.
Certain isotopic variations of the agent and pharmaceutically acceptable salts thereof,

. . . . . 3 Y4~ s -
for example, those in which a radioactive isotope such as "H or "C is incorporated, are



WO 2007/ 004057 PCT/1B2006/ 002268 77 The agent may be
used in conmbination with one or nore other

w@barmemeut i cal |y active agents. |f conbi nat i POBIBA06/002268

5

10

15

20

25

30

active agents are adm ni stered, then the conbinations
of active 5 agents may be adm ni stered

si mul taneously, separately or sequentially. STEREO AND
GEOVETRI C | SOVERS The entity nay exist as

st ereoi soners and/or geonetri’® i somers - e.g. the
entity may 10 possess one or nore asynnetric and/or

geongt r.i c, cent nd sq. may..
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PCEHERAROG! §PR2ABSISMARAHDIbY maceut i cal |y accept abl e
sal't of an agent may be readily prepared by m xing

The agent may be prepared by chemical synthesis techniques.

It will be apparent to those skilled in the art that sensitive functional groups may need to
be protected and deprotected during synthesis of a compound of the invention. This may
be achieved by conventional techniques, for example, as described in “Protective Groups
in Organic Synthesis” by T W Greene and P G M Wuts, John Wiley and Sons Inc.
(1991), and by P.J.Kocienski, in “Protecting Groups”, Georg Thieme Verlag (1994).

It is possible during some of the reactions that any stereocentres present could, under
certain conditions, be racemised, for example, if a base is used in a reaction with a
substrate having an having an optical centre comprising a base-sensitive group. This is
possible during e.g. a guanylation step. It should be possible to circumvent potential
problems such as this by choice of reaction sequence, conditions, reagents,

protection/deprotection regimes, etc. as is well-known in the art.



toget her solutions of the agent and the desired acid
or base, as appropriate. The salt may precipitate
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recovered by evaporation of the solvent. 5 The agent
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(E) and trans (Z) isonerismmay also occur. The
present invention includes the individua
stereoi somers of the agent and, where appropriate, the
i rithie ¢omip@inds bl alisimny be fepamied tinkpwidfed by ogethonaluethods.
m xtures thereof. Separation of diastereoisoners or
cis and trans isoners nay be achieved by 15
C%}iﬁﬂt}ic%rﬂﬂﬁ&a&t@&bﬂbﬁ&ﬁﬁy be. aﬂuet:]\&yl Byr &inieﬁl’bﬁabl techmques e.g. by

stal lisatjion onatograp

R e T R %‘gﬁﬁﬁ o & saiseRpnisge of
Orcoﬂlgaﬁﬁaabf Y&tdulte (1§ Or- a Aflitablen Qelltv ofl Witivaiva nhéredre ran0individual
t he agent may al so _be preﬁared froma correspondi ng

oFnmtiemey oby eempevnd offamykd Dapanglsq kespyprarshsom é&@ﬁe%?gndmg

bYophiediiylpufe infkmbdife GPb) RIQRNH, Bth o 8G HMRLE. W8 iR oftesponding

SUItab| chiral support or by fractiona

crgestate jusing i 2 Fuigable (ebirg Osugpers tear Boifeshenel crystallisgtion of the

f t t
%&Ee??oa 5%%1& i{o@ﬁ%f{y Jg%ﬁo@ gf‘ glgl%gﬂgk?blg@né 949@1{]?:& Hithia slaltably

appticgdlyiaaties ackher baggent nay al so i ncl ude al | SU|tabIe

i sotopic variations of the agent or a

pharmaceutically acceptable salt thereof. An isotopic

v drtieazbrgmayf beaproduged using clemi@b nptlmdn‘amyuﬂlbsiw thy agent in whole
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O e Su S |ncorporate ar e
ZG@manpStherpqﬂ' parg@@%fogg@wg various sohd—phase techniques (Roberge

JY et al (1995) Science 269: 202-204) and automated synthesis may be achieved, for
example, using the ABI 43 1 A Peptide Synthesizer (Perkin Elmer) in accordance with

25  the instructions provided by the manufacturer. Additionally, the amino acid sequences
comprising the agent, may be altered during direct synthesis and/or combined using
chemical methods with a sequence from other subunits, or any part thereof, to produce

a variant agent.

30 CHEMICAL DERIVATIVE




79 useful in drug and/or substrate tissue distribution
studies. Tritiated, i.e., 3H and carbon-14, i.e.,
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ease of preparation and detectability. Further,
substitution with i sotopes such as deuterium i.e.,

2H, may afford certain therapeutic advantages
resulting fromgreater nmetabolic stability, for 5
exanpl e, increased in vivo hdlf-life or reduced dosage
requi renents and hence may be preferred in sone
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pharmaceuticall'y acceptable salts thereof of this
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agent may be admi nistered as a pharmaceutically
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desired acid or base, as appropriate. The salt may
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certain conditions, be racem sed, for exanple, if a

base is used in a reaction with a substrate having an
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g%%%%gﬁgﬁTﬁrTﬁ—%b—bﬁ§§H5r€—§uring e.g. a guanylation
step. It should be possible to circunvent potentia
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ZQ@JeIpQ%QgﬂleE gfﬁén@%Q&ﬁérQ%?%ﬁ@vant and/or combinations thereof.

In a further aspect, there is provided a vaccine composition comprising an agent.

In a further aspect, there is provided a process of preparing a pharmaceutical
composition comprising admixing an agent identified by the assay with a
pharmaceutically acceptable diluent, carrier, excipient or adjuvant and/or combinations
thereof.

In a further aspect, there is provided a method of preventing and/or treating a disease
comprising administering an agent or a pharmaceutical composition or a vaccine to a

subject.



80 The conmpounds and salts nay be separated and

purified by conventional nethods. Separation of
walr@sversoner s may be achi eved by conventi onal PCT/IB2006/002268

techniques, e.g. by 5 fractional crystallisation,

chromat ography or H P.L.C. of a stereoisoneric mxture

of a conpound of fornmula (I) or a suitable salt or

derivative thereof. An indiv%?ual enanti omer of a

compound of formula (I) may so be prepared froma
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pr ](%g} g‘#e \91%01?‘1&? \i-ﬁg?arcget @glﬁr excﬁ]) ae 1?%1%%{11! Ja!n%g spl¥cted with
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Mol ecul ar Prlng pl es,. WH Freeman and gﬁ YQ K %N%Mnﬂ
ThEhe BRESHIGRD HOBROSITHES BPH ERBPTE Bent BeSuiay the

10 C O&fc Eﬁéﬁ? dr BYucANbRP a6 baRiRI(Y)s lubriGint(s} etspending agené(s)g coating

dman degradatlon procedure; Creighton, supra). 20

Syﬁﬁﬁ@@ﬁ@h@ﬂwﬁgﬂgﬁﬁ@ i nhi bitor agents (or variants,

honol ogues, derivatives, fragments or ninetics

t hereof) can be perforned u5|ng various soli hasg .

t eRdasereptizes, SRbBisprgedyey ynatevey flgveyyny agents ey segovided in the

20 & edps &e&* ERYatREs Heltide\e8iuml Bdnzoate,
élgg(%uu5|ng % ABI i%ﬂ% A etld% Snthesizer

15 ( Penlidic mcillang edters nf adw@uoamemwm pgtigpiganisppd sppendipgagents
prOV|§egsz oghe manufacturer. Additionally, the amno
act’d” equences conprising the agent, may be altered
durlng di rect synthesis and/ or conbi ned usi ng

9 rﬁ%ymt%t h%gtélgmﬁ tcgl'{ngos urzr:hg.l?at{oﬁ 01[6??11? gé%féﬁgss H%éﬂ&én% ron the
G‘@Meﬁﬁt-ddﬁﬁ&ly\éﬁsﬂﬁiﬁ Nﬁv&ﬁ)@f?dx@nﬁiﬁlé&he Fﬁﬁfﬁh@@ﬁ@ﬁ £OOPHERN of the
20 present invention may be formulated to be administered using a mini-pump or by a
mucosal route, for example, as a nasal spray or aerosol for inhalation or ingestable
solution, or parenterally in which the composition is formulated by an injectable form,

for delivery, by, for example, an intravenous, intramuscular or subcutaneous route.
Alternatively, the formulation may be designed to be administered by a number of

25 routes.

If the agent is to be administered mucosally through the gastrointestinal mucosa, it

should be able to remain stable during transit though the gastrointestinal tract; for

example, it should be resistant to proteolytic degradation, stable at acid pH and
30 resistant to the detergent effects of bile.



The term "derivative" or "derivatised" as used herein
i ncl udes chem cal nodification of an agent.

wo kdoaso4oat i ve of such chem cal nodificati ons wedl/tB20e5/002268
repl acenent of hydrogen by a hal o group, an al kyl
group, an acyl group or an am no group. 5 CHEM CAL
MODI FI CATI ON The agent may be a nodified agent - such
as, but not linmted to, a chgyically nodi fied agent.
10 The chemical nodification of an agent may either
enhance or reduce hydrogen bonding interaction,
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10 pfk&ﬁﬂﬁﬁ??ﬁduglﬁbegﬁé o@%‘cﬁl@&a@g}aﬁdéﬁ founike, the sslutie@r isotonic with blood.
exci pi ent or _adjuvant and/or_ conbi nations .thereof. 30
| rFos bpesal prefublagak pdmipligtion; e FTPRASHORS Faybe Agfpgyered  the
PISME BE 1aDBts 3P Hz8get BRh CAObHo LS B a coaNItH0Sd] Agmner.
adm ni stering an agent or a pharmaceutical conposition
or a vaccine to a subject. WO 2007/004057
PGl a?%?t@ﬁlag 824848 in BmbilfioRRAMNBGBINHESRN. CRNRRS s &Rkmnown
may be for human or ani mal usage’in human and . .

15 v elbdoinn sncipsion dné pereingligionicpmpleyqsi Wit fxpe mlssules.o Fappption of a
on ] f i . ids -
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f candfon estatyiléy tiropeStyus a adreg wedlbculg oviPruggyelpdexirin complexes are
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direct complexation with the drug the cyclodextrin may be used as an auxiliary

20 additive, e.g. as a carrier, diluent or solubiliser. Alpha-, beta- and gamma-
cyclodextrins are most commonly used and suitable examples are described in WO-A-

91/11172, WO-A-94/02518 and WO-A-98/55148.

If the agent is a protein, then said protein may be prepared in situ in the subject being
25  treated. In this respect, nucleotide sequences encoding said protein may be delivered
by use of non-viral techniques (e.g. by use of liposomes) and/or viral techniques (e.g.
by use of retroviral vectors) such that the said protein is expressed from said

nucleotide sequence.

30 The pharmaceutical compositions of the present invention may also be used in

combination with conventional treatments.



Rem ngton' s Pharmaceuti cal Sciences, Mack Publishing
Co. (AL R Cennaro edit. 1985). The choi ce of
w@banrmemeut i cal carrier, excipient or diluent PENIHE2E06/002268
selected with regard to the intended route of
adm ni stration and standard pharnmaceutical practice.
The pharnmaceutical conpositions may conprise as - or
in addition to - the carrierg,10 excipient or diluent
any suitable binder(s), lubricant(s), suspending
agent(s), coating agent(s), solubilising agent(s).
PrasenNETRYEIONSt abi | i sers, dyes and even flavouring
agents nay be provided in the pharmaceutica
conposition. Exanples of preservatives include sodi um
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na&abumpmayhmmofaerosol for inhalation or ingestable
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formul ated by an injectable form for delivery, by,
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adagents.sfos rlrg@e@yte—, idalasgdas medified-n susfpinedo Msed- A controlled—release
sqgggah%ggy or pessary, topically in the formof a
(e} sol ution, cream ointnent or dusting powder,
by use of a skin patch orally in the form of tablets

20 Coﬂ‘ttﬁ{e 3)'1191%121%5&{0 ' Ene{ % elﬂchxgﬂsﬂ['xes‘ b r}n%r c!n@ﬁhoei Ip1eﬁfs &h as
capsul 65-0F ovules ‘eit one or I'n adm xtu
emlqmoeystﬁhnemellulnset heetobgy sodinh ity icalsiuns carbanpigndibaic calcmm

phosphate and glycine, disintegrants such as starch (preferably corn, potato or tapioca

starch), sodium starch glycollate, croscarmellose sodium and certain complex silicates,
and granulation binders such as polyvinylpyrrolidone, hydroxypropylmethylcellulose
25 (HPMC), hydroxypropylcellulose (HPC), sucrose, gelatin and acacia. Additionally,
lubricating agents such as magnesium stearate, stearic acid, glyceryl behenate and talc

may be included.

Solid compositions of a similar type may also be employed as fillers in gelatin
30 capsules. Preferred excipients in this regard include lactose, starch, a cellulose, milk
sugar or high molecular weight polyethylene glycols. For aqueous suspensions and/or

elixirs, the agent may be combined with various sweetening or flavouring agents,
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w@arenoesal |y, for exanple, intravenously, PCT/IB2006/002268

10

15

20

25

30

i ntramuscul arly or subcutaneously. For parentera

adm ni stration, the conpositions nmay be best used in
the formof a sterile aqueous sol ution which may

contai n ot her substances, fogs510 exanple, enough salts

or nonosaccharides to make the solution isotonic with

bl ood. For buccal or sublingual adm nistration the

c anjposng metks ardyesbeith dmukifgihg aml'zioﬂ sospehéding ﬁganm amfl with diluents

SR N0 5, B o

conbination with a cyclodextrln Cyclodextrlns are

K gﬁ)\émlg%eég %ﬁaﬂﬁo? %ﬁaﬁﬂ@n u > Iaa @%ﬂ nn,hllit I’;%Irﬁ.log #mlged to, one or more
drof@rat Y& . Q6 @tdvidtNcal gan@loexs aﬁm MIJ 361t108), EPliddinkicbadl (e.g. as
dlssolutlon rate, |oavallab| and/or st abij |

priciER tshragior 4oigpel dormiphaletiope gyl Lr@reek}ea Id&ex ot #mhiny jectable form),
C QAR INERinal SntrBFAA! ﬁl&ayeru&%faulmtﬁaﬁusemt iste8dRs | AffiRerine,
and adn1n|strat|on routes. As an alternative to
diirteaogulannp| elefradesmalyi t h miEsTadiakg t hénteafrashsalext r i iptravaginal,
b%ﬁb%@l@bl%%rﬁﬂc@éfxﬁlﬁh%éﬁr%Osuﬁ&ﬂntebl}{s 0 lﬁhﬂmbca(?wﬂldmé d.ntraVltreal

carrier, diluent or solubiliser

g mﬁﬁracmalb;d@mdem tgetel, brssal, vginab nprylunah @eblingranl.

suitabl e exanpl es are described in WO A- 91/11172,

WO A- 94/ 02518 and WO A-98/55148. |If the agent is a

prio@8E hEVERBN said protein may be prepared in situ in
the subject being 25 treated. In this respect,

nucl eoti de sequences encoding said protein may be
delyipicellyd phipsiciers evilbdetsronine\the adtual dedapd ghieh W(llébegmoh)sum for

P apr BT Sttty 06° et AE PR B Gpfierh 4oueS B any

eXfartReRe patfehifysied whried med wilildeperdS oIS ﬂ@r&ty Sadib® including the
pharnac onposi ti.ons of t pre inyventiqn

eut.i cal
ey g Peof e weatic CHmP%‘Bﬂb?%?XGSnHW Pk m%%hﬂ.l% (fafl length of
t ragadTeNthat 0%0%9@7&1@ Qé@ 53 @thBQg@Q&élol%ﬁﬁ &ex Bdlet, mode and
ADM NI STRATI, The term "adm ni stered” i ncl udes
deimns &F ydmynisiiation, w5tc RGP drag IRAMGEaLOn, \ie gpverity of the
d ai-t}éﬁfayccfﬁ‘aﬁi%ﬁndn%'ﬁe &G dHQ%n@é%Eon%% thef28 | I mt ed to
adenoviral vectors, adeno-associa > viral (AAV)
vect os, herpes V|ral vectors, retrOV|raI vectors,

| gRsgintf AlrigRot or s, and

The component(s) may be formulated into a pharmaceutical composition, such as by
mixing with one or more of a suitable carrier, diluent or excipient, by using techniques

that are known in the art.

DISEASE

Aspects of the present invention may be used for the treatment and/or prevention
and/or diagnosis and/or prognosis of a disease - such as those listed in WO-A-
98/09985.
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hy, R4 Qﬁ@@cﬁ%r f E}X[nﬁx% (hi mﬁémfnliﬁl\@ssom ted with atherosclerosis,
hydr oxypropyl cel T ul'ose , Sucrose, ﬁ At n and
acmtenesclemm, taﬂm@cle;otic heglotr |d¢,sa¢sen gemgfgmng iniveyy eardiac arrest,
Q({ecg]l!dtam o atvlgsrc]né r | C gisg%lﬁ% 81%5]%{} *?gﬁ%ﬁ?sts %yndrome
Slcm biher tc}mﬂibpﬂhy:maiys dlsbaseg nmlﬂalylﬁdtlas dssdclageds wiith peptlc ulcer,

gelatin 30.capsul e Pref red i pients
T e
S Ugidhios@l ofi giheNTHepatit afiscagdsghhyrpiditisetony bthee glhydnbir s diseases,

For aqueous suspensi ons _ and/ o xirs, the agent .
e leBBIoRERI £ T TR “SeBpiasier gt phbR of gt ofo hino-
ageRhsoloMéal 2084468 UtBRAitiR Gl dﬂ%gQﬁﬁﬁeﬂQﬁs%ﬁs%s j&ﬂoﬂﬁitﬂtﬂideﬁl@s or
mat ter or dyes, with emul s ng and/ or. suspendi ?
agibarsdeatall digeases, dirphin o5 ep@s*\érﬂ o-gechifigt arfertify Qprgdal trauma or

Pr Ry eRGmB¥OHed aNEBhME € GisBase@Nh15RAAI NAYRM%ion, placental
thereof. The routes for admnistration (delivery) may

i riosufficienciubabiipel ahortion; pglarersia; pre-eakenmsia #sk ethersingpune and/or
- Btid, £

@h?ﬁ% ?ry %%Be?c%gécgfogg}gg@§%§% p@srterﬁﬁ u9Ehti nﬂﬁﬁﬁ@@t uveitis,

anterior uveitis, conjunctivitis, chorioretinitis, uveoretlmtls optic neuritis, intraocular

inflammation, e.g. retinitis or cystoid macular oedema, sympathetic ophthalmia,
scleritis, retinitis pigmentosa, immune and inflammatory components of degenerative
fondus disease, inflammatory components of ocular trauma, ocular inflammation
caused by infection, proliferative vitreo-retinopathies, acute ischaemic optic
neuropathy, excessive scarring, e.g. following glaucoma filtration operation, immune
and/or inflammation reaction against ocular implants and other immune and
inflammatory-related ophthalmic diseases, inflammation associated with autoimmune
diseases or conditions or disorders where, both in the central nervous system (CNS) or

in any other organ, immune and/or inflammation suppression would be beneficial,



a nasal spray or aerosol for inhalation), nasal,
parenteral (e.g. by an injectable form,

W(gacsmmon estinal, intraspinal, intr aperl t oneaPCT/IB2006/002268
i ntranmuscul ar, i ntravenous i ntraut erine,
i ntraocul ar, i nt rader mal , i ntracranial, intratracheal,
intravaginal, intracerebroventricular, intracerebral,
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subcut aneous, ophthal mc (inghuding intravitreal 10

or intracaneral), transdermal, rectal, buccal,

vagi nal , epidural, sublingual. DOSE LEVELS Typically,
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dua un ergoi'ng therapy.
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ex&amaedsﬁ mfebt}bms of thg ONS; Imﬂaqmrytchmpomms of mwularratrbptées and

30 As s of the ent_ i nve
DB P TP G AT A1 1t SURI! DHCLRIR Gfootders of
dl g ROGT a3 aREbriPherpl RGOS bBteals, postirswngie mﬂesmmzhloaSSeptm shock,
those listed in A- 98/09985. .\\WO 2007/ 004057
PCPAIcBoD 61587595 e Tacgatery, cuarticatigns, ofr pifle FECtS of qurgsyy, bone

t Nafarrbiv StradsSlaOénP 60 Vihehe eanspRaEph agplichiioy bel/yt side effects,
and/or T cell inhibitory activity, an

antflampRicar AR o fpngiee poPRLratioand .SWﬁﬁgfect%eis gpp (Rprapy; gg. due
| N Rfeb@5ywhh b eEhicaR R R $iflafrkdioh UkEiaRB Wi AIMETRY dbpress or

I Mmune response, |nclud|ng a 5 response not associ at ed
wi inibiitref humareltang/er cedlinles ag@snea@w@ﬁeafce@eam #inglioFaie wgnocyte or

anf%ﬁ&cyt g]ﬁrbl%{erah% Rasds! &1k 35 e foéﬁucm fhe th‘buﬁth)? monocytes

abi ity macr ophages’ an s to adhere
exbr foathocytes forathe | prevenigro aredierstreatigertt | df) rmféégpcﬁlonag cases of

V\B‘:r.lms%ﬁmﬁgor{ 5 Hllt@ltafegr Eﬁ?lmal cells, tissue and organs such as cornea, bone

marrow, organs, lenses, pacemakers, natural or artificial skin tissue. Specific cancer -

related disorders include but not limited to: solid tumours; blood born tumours such as
leukemias; tumor metastasis; benign tumours, for example hemangiomas, acoustic
neuromas, neurofibromas, trachomas, and pyogenic granulomas; rheumatoid arthritis;
psoriasis; ocular angiogenic diseases, for example, diabetic retinopathy, retinopathy of
prematurity, macular degeneration, corneal graft rejection, neovascular glaucoma,
retrolental fibroplasia, rubeosis; Osler-Webber Syndrome; myocardial angiogenesis;
plaque neovascularization; telangiectasia; hemophiliac joints; angiofibroma; wound
granulation; corornay collaterals; cerebral céllaterals; arteriovenous malformations;
ischeniic limb angiogenesis; neovascular glaucoma; retrolental fibroplasia; diabetic
neovascularization; heliobacter related diseases, fractures, vasculogenesis,

hematopoiesis, ovulation, menstruation and placentation.



receptor expression in T cells; inhibit unwanted
i mmune reaction and inflammtion including arthritis,

WO p@b70aiosy rheumatoid arthritis, inflammati on PCT/IB2006/002268
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associated with 10 hypersensitivity, allergic
reacti ons, asthma, system c |upus erythematosus,
col l agen di seases and ot her autoi nmune di seases,
i nfl ammati on associ ated with_at heroscl erosis,
arteriosclerosis, atheroscle?gtic heart di sease,
reperfusion injury, cardiac arrest, myocardia

i nfarction, vascular inflamatory disorders,
respiratory distress syndrone or othe

cdtreferablyl thoriigegsedis senesies such s aRArTRAeCECIodea (A Ty peute
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d'§ﬁ&§?§hﬂﬁwﬁ@ﬂﬁﬂﬂvmﬁ5t&hmdlSorderS mhere, both in the

central nervous system (CNS) or in any other organ,

i mmune and/or inflamation suppression woul d be

bepgfg cial, WO 2007/ 004057 PCT/ | B2006/ 002268 87

Parkinson's di sease, conplication and/or side effects

fromtreatnent of Parkinson's disease, AIDS-rel ated
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preparation of kits.

Such a kit may comprise containers, each with one or more of the various reagents
(typically in concentrated form) utilised in the methods described herein, including, for
example, a primary restriction enzyme, a secondary restriction enzyme, a cross-linking
agent, a ligation enzyme (eg. a ligase) and an agent to reverse the cross-linking (eg.

proteinase K).



Sydenham chorea, Al zheiner's di sease and ot her
degenerative di seases, conditions or disorders of the

W@N®B7/004067T anmat ory conponents of stokes, post -PpoOl/IB2006/002268
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syndrone, 5 immune and i nflamratory conponents of
psychi atric disorders, nyelitis, encephalitis,
subacut e scl erosi ng pan-encephalitis,

encephal onyel itis, acute neuggpathy, subacute

neur opat hy, chroni c neuropathy, CuillaimBarre
syndrone, Sydenham chora, nyasthenia gravis,
pseudo-tunour cerebri, Down's Syndrone, Huntington's

di sease, otrophic | ateral scl.erosis, inflammtor
SRR mex e b BdEr o O ERE G PR D B o e
| Nk gsHiliR0 Sor o solliRn @S, a disfilledrwapdrot Yuftaepantiohy ewf

muscul ar atrophies and dystrophies, and i nmune and
inflammatory rel ated di seases, conditions or disorders
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post-traumatic inflanmation, septic shock, |nfectious
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of surgery, bone narrow transplantation or other

transpl antation conplications and/or side effects, 15

i nAlsetrofirsovgrioanatiloaisa mpically hedesdidedat i ons and si de

effects of gene therapy, e.g. due to infection with a-
viral carrier, or inflammtion associated with Al DS

t oUSEppress or inhibit a hunoral and/or cellular

I mmune response, to treat or aneliorate nonocyte or

| eukocyte proliferative diseases, e.g. |eukaem a, by
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cabe SPal e RS O B Sig EBPIoRR P et Tpoidf xje or in
celib@, tissue and organs such as cornea, bone nmarrow,
organs, |enses, pacenakers, natural or artificial skin
tissue. Specific cancer related disorders include but
NOBy |V AY beekdntple, 4 it&khhdloBLES: bBlwRad tdefiufly theTEIEsS dBnkdRional
as | eukem as; tunor netastasis; .benign tﬁﬂpyrs, fgr
ex@EpEtRe R AR SRS aR RSt & P%ﬂﬁf&  technology can be used to
neyr&f idd QHBSof LhAIOMRR t@RKPNRO Fatiérs Gihathe| GRS dimensional
rheuratoid arthritis; 25 psoriasis; ocular angi ogenic

di engamisation pheneex mept gene Hichbet i ¢ reti nopat hy,

oretinopathy of prematurity, macular degeneration,
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corneal graft rejection, neovascul ar gl aucona
r eBy ovaynefafurthirexepplas #@, technblegs can baogsedrto\salgydhe role of frans-

Syndr one; C ' EW%I iSs; plaque
ne%%gggﬁwg$¥%é%%%ﬁ?&? Ian%%%%%%gia; henophi | i ac

joints; angiofibroma; wound granul ation; corornay

coll ater ..cerebral collaterals: .ar IO

oY Ottt e S, AE e ofl s, 18 e 1O YERP e range gene
nepgaktod anigl ucomd; retrol ental fibroplasia;

di abetic neovascul ari zation; heliobacter rel ated

di seases, fractures, vascul ogenesis,

By way of further example, 4C technology can be used to study intra-chromosomal

proximity and interaction.

By way of further example, 4C technology can be used to study inter-chromosomal

proximity and interaction.



hemat opoi esi s, ovul ati on, nmenstruation and
pl acentati on. WD 2007/ 004057 PCT/|1B2006/ 002268 88

woe@7m0@bl y, the disease is cancer - such as arCI/EB2006/002268
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| ynphocytic | eukem a (ALL), acute nyeloid |eukem a
(AM.), adrenocortical cancer, anal cancer, bl adder
cancer, blood cancer, bone cancer, brain tunor,
breast cancer, cancer of theopjenale genital system 5
cancer of the nmale genital system central nervous
system | ynphoma, cervical cancer, chil dhood
r Bb d@iyry@fs airﬂiomzcarmﬁia,l 4B dechneleey owm, bec saginioc identify nucleotide
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on and re cancer,
errelgme,tongmi ofcraplmetiqn YR AR, icahtramre,ctnia:neesm iai‘n;agmad sequence
E [ st e ?g | bl adder cancer, gastric
oS ﬁggfﬁg % &l tract cancer, hairy cel
Ieukenia head and neck 10 cancer, hepatocellul ar

L A T —

I efukaeﬁneaotybé deaePiAGRSes WhieRtth 1GXAGAT and/diablegdiiabpens to affect a
fibrous hlStIOC% ona, nalignant thymoma, nel anona

el eTeBdAtery ot nd thoB| BwRpingnthersiore failss 49 R,fa‘{}il? ysuch
angropasimpasal sinus cancer, nasopharyngeal cancer,
nervous system cancer, neuroblastona, non-degkin's
| ynrphoma, oral cavity 15 cancer, oropharyngeal cancer,
OS§LRSALE fifer QUADIANC GANERbey BANG §RH ke FARGRY reconstruct the
par-at hyroi d cance peni | e cancer pharyngeal ‘cancer,
pispefial apopformatien qil genva lasa| flargs @pt)ra@mreams ey wvei\isomplete
| VPR B Pr OSt at e cancer, rectal cancer, respiratory
system retinobl astons, salivary gl and cancer, skin
cancer smal | intestine cancer, soft ti ssue sarconm,
t h yyr g Canc:e? exam q%g Ai;(l,n tefgn %yt CéarIT11 cetalﬁsgee rto fde 11?3”}90 ential anchor
S acqueness ﬂm@edp&lertm nlaremosona:s tagethier mythd lm’asiear space.

" Wl denstrom's nacrogl obulinema and WI ns' tunor.
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KITS 25 The nmaterials for use in the nethods of the

pngsezay of muehet ia;cumpaer acCi réetaiology Shth bhe hsddoto evpiitef1Br @tdmdtiuct at
uc kit. ma rise containers, each with
iibﬁf>s<iiii5t t@? posiianipl pf gem VRS S °PE Al P@er- n
concentrated form utilised in the nethods descri bed
herein, including, for 30 exanp primry

r 5t g tof dhrtss A arBple.at(s dechnlagy cfmeét PF"@t ino‘i‘ia@ﬁil? g, prenatal

Crsiodid) W id@&ct or identify genomic rearrangements and/or aberrations - such as

translocations, deletions, inversions, duplications.

GENERAT RECOMBINANT DNA METHODOLOGY TECHNIQUES

The present invention employs, unless otherwise indicated, conventional techniques of
chemistry, molecular biology, microbiology, recombinant DNA and immunology,
which are within the capabilities of a person of ordinary skill in the art. Such
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



agent, a ligation enzyne (eg. a ligase) and an agent

to reverse the cross-linking (eg. proteinase K). WO
wQe@7/0004057 PCT/ 1 B2006/ 002268 89 O i gonucl eocpCTEBR00602268

al so be provided in containers which can be in any

form e.g., |Ilyophilized, or in solution (e.g., a

distilled water or buffered solution), etc. 51In a

preferred aspect of the present invention, there is

provided a kit conprising a set of probes as

descri bed herein, an array and optionally one or nore
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e axd Dlypiaahdnt e o PO iy STRRIGEy AGRPBRF Press.

f Ak REBMER gten&altta&@ﬁ HeicHBASIRakd bpfgaaicsat i on of one
or nore gene loci. 20 By way of further exanple, 4C

technol ogy can be used to study the role of trans-

a?fﬂfquv ﬁ&li QAP n@v@ e HuBier BAUHRIUYwRNG BBIFRN bhichBYe WR¥nt to

urt exanpl e, 4C t echnol ogy can be used to study
10 | owrye rtcans}@t ordigary skjill| im theayt inpayyipg guighe inyertiopgnd pip not

st uﬁg‘ﬁedf‘# gﬁﬁﬁmﬁﬂpﬁﬁfcoﬁ&fﬁ& hRelRgy can be used to

onosonma proximty and interaction. 30
By way of further exanple, 4C technol ogy can be used

b@;g%g&iggzter-chronosonal proximty and interaction
057 PCT/ 1 B2006/ 002268 90
15 Materials & Methods

4C technology
The initial steps of the 3C technology procedure were performed as described

previously (Splinter et al. (2004). Methods Enzymol 375, 493-507 (2004), yielding
20~ - ligation-products- between Hind[II-fragments-This-HindIII-ligated -3C- template-(~50--
ng) was digested overnight at 100ng/pl with 50U of a secondary, frequent cutting,
restriction enzyme, being either Dpnll (HS2, Rad23A) or Nlalll (B-major). To avoid
constraints in DNA circle fc;rmation (Rippe et al. (1995) Trends Biochem Sci 20, 500-
6), care was taken to choose a secondary restriction enzyme that did not cut within
25  about 350-400 bp from the HindII restriction site that demarcates the restriction
fragment of interest (i.e. the ‘bait’). After secondary restriction enzyme digestion,
DNA was phenol extracted, ethanol precipitated and subsequently ligated at low
concentration (50 pg sample in 14 ml using 200 U ligase (Roche), 4 hours at 16°C) to
promote Dpnll- or Dpnll-circle formation. Ligation products were phenol extracted
30  and ethanol precipitated, using glycogen (Roche) as a carrier (20l.g/ml). The circles of
interest were linearised by digesting overnight with a 50U of a tertiary restriction

enzyme that cuts the bait in between the primary and secondary restriction enzyme



By way of further exanple, 4C technol ogy can be used
to identify nucleotide sequences that function with a

w@e@moo®s? enhancer, silencer, insulator, | ocuBCTBO@I02268
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region, origin of replication, MAR SAR, centronere,
tel onere or any other sequence of interest in a
regul atory network. 5 By way of further exanple, 4C
technol ogy can be used to iqﬁptify genes responsi bl e
for a phenotype (disease) in cases where a nutation
and/ or deletion happens to affect a distant

I RIUAGAY e |u§H§ e BN6kvink edstriohBR PhAynek: rweeama, Psali (Rad23A)
to provide such information. 10 By way
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used to define potential anchor sequences that keep
certain chronosones together in the nuclear space.
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8:qh%%émlf1§(? ﬂ’or dtllhcsat rgal (@ﬁﬂ?{ongf Q(!H?;Llatg e\%f@' AMES tPPCR reactions,

gy, mcrobiol ogy,
r eﬁfpﬁﬁem DNA Bidfermh dvas o rwt oqun agakise kgehed RIORh produgie were

I T I Y

'\S/BQ%R Iréﬁ&tlcﬁfl( |1ﬁ;\)/%11]:ts ﬁflﬂib r%@kr ralﬁge ot ardf:hﬁtaimh Hntb 2 PCR
niatil s ecular in

ngﬂg‘,gpns WRIg mqgle add ﬂ)plaﬁled tébsoi%g tefx%;slate Esg ?@ph%zén%?%éeoude

8‘ )7%|;I’CT/ |%ﬁg§ﬂ2 bplrifiel-4OMemlatedtvas (B85 aMihybridized to

06/ 002268
arrays accordlng to standard ChIP-chip protocols (Nimblegen Systems of Iceland,

LLC). Differentially labeled genomic DNA, which was digested with the primary and
secondary enzyme used in the 4C procedure, served as a control template to correct for
differences in hybridisation efficiencies. For each experiment two independently

processed samples were labeled with alternate dye orientations.

4C-Primer-sequences used:

HS2: 5-ACTTCCTACACATTAACGAGCC-3’,
5°- GCTGTTATCCCTTTCTCTTCTAC-3’

Rad23A: 5°- TCACACGCGAAGTAGGCC-3’,
5’- CCTTCCTCCACCATGATGA-3’



91 and periodic supplenments; Current Protocols in
Mol ecul ar Biology, ch. 9, 13, and 16, John Wley &
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bait in betweenthe primary and secondary restrlctl
envaripus window sizes were used, ranging from 9-39 probes, which all identified the -

same clusters. Results shown were based on a window size of 29 probes (on average
60 kb) and were compared to the running mean performed across randomized data.
25 This was done for each array separately. Consequently, all measurements were
appreciated relative to the amplitude and noise of that specific array. The False
Discovery Rate (FDR), defined as (no. false positives) / (no. of false positives + no. of
true positives) was determined as follows: (number of positives in the randomised set)
/ (number of positives in the data). The threshold level was determined using a top

30  down approach to establish the minimal value for which: FDR<0.05.
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an agarose gel and PCR products were quantified using
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GCTGT ATCCCTTT CTTCTA Rad23A: 5'- | )
Torbsedoosaghgraeme calculated the sum of the expression of all genes found in a

20  window 100 kb upstream of the start and 100 kb downstream of the end of the gene,
including the gene itself. Resulting values for active genes found inside positive 4C
regions (n = 124, 123 and 208 respectively for HS2 in liver, Rad23A in brain and
Rad23A. in liver) were compared to the values obtained for active genes outside
positive 4C areas (n = 153, 301 and 186, respectively, where n=153 corresponds to the

25 number of active, non-interacting, genes present between the most centromeric
interacting region and the telomere of chromosome 7); the two groups were compared

using a one tailed Wilcoxon rank sum test.

FISH probes
30  The following BAC clones (BACPAC Resources Centre) were used; RP23-370E12 for

Hbb-1, RP23-317H16 for chr.7at 80.1Mb (OR gene cluster), RP23-334E9 for Uros,
RP23-32C19 for chr.7 at 118.3 Mb, RP23-143F10 for chr.7 at 130.1Mb, RP23-470N5
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cryo-attachment (Leica). Using a loop filled with sucrose, sections were transferred to
coverslips and stored at -20°C. For hybridization, sections were washed with PBS to
remove sucrose, treated with 250 ng/ml RNase in 2xSSC for 1 hr at 37°C, incubated
for 10 min in 0.1 M HCL, dehydrated in a series of ethanol and denatured for 8 min at
80°C in 70% formamide/2xSSC, pH 7.5. Sections were again dehydrated directly prior
to probe hybridization. 500 ng labeled probe was co-precipitated with 5 pg of mouse
Cotl DNA (Invitrogen) and dissolved in hybmix (50% formamide, 10% dextran
sulfate, 2xSSC, 50 mM phosphate buffer, pH 7.5). Probes were denatured for 5 min at
95°C, reannealed for 30 min at 37°C and hybridized for at least 40 hrs at 37°C. After
posthybridization washes, nuclei were counterstained with 20 ng/ml DAPI (Sigma) in
PBS/0.05% Tween-20 and mounted in Prolong Gold antifade reagent (Molecular
Probes).
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The 3C procedure (i.e. formaldehyde fixation, (primary) restriction enzyme digestion,
re-ligation of cross-linked DNA fragments and DNA purification) is carried out
essentially as described (Splinter et al., (2004) Methods Enzymol. 375: 493-507),
yielding a DNA mixture (‘3C template’) containing restriction fragments that are

ligated because they were originally close in the nuclear space.

Inverse PCR is performed to amplify all fragments ligated to a given restriction
fragment (‘bait’; chosen because it contains a promoter, enhancer, insulator, matrix

attachment region, origin of replication or any other first (target) nucleotide sequence).
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circles of interest is done in 100 pl with 20U of restriction enzyme (overnight),

followed again by DNA purification.

For inverse PCR, two bait-specific primers are designed, each as close as possible to
25  the primary and directly neighbouring secondary restriction enzyme recognition site,
respectively, and each with its 3’end facing outwards so that extension proceeds
immediately across the restriction sites into a fragment ligated to the bait. Inverse PCR
with these primers is preferably carried out on 100-400 ng DNA. of 4C template (per
50 pl PCR reaction mix), to include a maximum number of ligation events per PCR
30 reaction. We perform inverse PCR applying the Expand Long Template PCR System

(Roche), using buffer 1 according to manufacturer’s procedures.
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Detection of translocation using 4C technology

4C 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 9).

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
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Interactions were analysed in two tissues: E14.5 fetal liver, where the LCR is active

and the 3-globin genes are transcribed highly, and E14.5 fetal brain, where the LCR is

25 inactive and the globin genes are silent. In both tissues, the great majority of
interactions were found with sequences on chromosome 7 and very few LCR
interactions were detected with six unrelated chromosomes (8, 10, 11, 12, 13, 14)
(Figure 13a). The strongest signals on chromosome 7 were found within a 5-10 Mb
region centered around the chromosomal position of B-globin, in agreement with the

30 idea that interaction frequencies are inversely proportional to the distance (in
basepairs) between physically linked DNA sequences. It was not possible to interpret

the interactions in this region quantitatively. We reasoned that these nearby sequences
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restriction enzyne (overnight), followed again by DNA
W@o7ooat i on. For inverse PCR two bait-speciPCTIB2006/002268

primers are designed, each as close as possible to 25

the primary and directly nei ghbouring secondary

restriction enzyne recognition site, respectively,

and each with its 3"end faci out wards so that

extensi on proceeds innediatﬂﬁy across the restriction

sites into a fragnent ligated to the bait. Inverse PCR
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random
R
afB&h d0fey dives and ﬁ@ﬁﬁm;: alnstes ofp poditi, mgmalﬁ;mggj 1®pt1ﬁed on
|ncrea3|ng t he, nunb of P cle react
anchremesepRab j QfEnsaC ?‘F %boﬂ I%?i%e?f negie %egrb%vla
n u Bﬁﬁt T%§ cfﬁ@t@rsh?plbﬂﬁloéoﬁgﬁtéﬁ @ ndiflintalte ZOlsasgirob}:y Ozlflﬂslnorfeased
. 30 cycles (no label) + 10 c Cles é; oi%ﬂ
20s1g)qAW@EJLg(taposed on the chromosome template ( 1gure 1 —c% ach probe on

15 the array analyses an independent ligation event. Moreover, only two copies of the
HS?2 restriction fragment are present per cell, each of which can only ligate to one
other restriction fragment. Therefore, the detection of independent ligation events with
20 or more neighbouring restriction fragments strongly indicates that the
corresponding locus contacts the B-globin LCR in multiple cells.

20
To determine the statistical significance of these clusters, data of individual
experiments were ordered on chromosomal maps and analysed using a running mean
algorithm with a window size of approximately 60 kb. The running mean distribution
of randomly shuffled data was used to set a threshold value, allowing a false discovery

25 rate of 5%. This analysis identified 66 clusters in foetal liver and 45 in brain that
reproducibly were found in duplicate experiments (Figure 13d-f). Indeed, high
resolution FISH confirmed that such clusters truly represent loci that interact

frequently (see below).

30 Thus, 4C technology identifies long-range interacting loci by the detection of
independent ligation events with multiple restriction fragments clustered at a

chromosomal position.
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cof ion of elevated hybridization signals is
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chromosonme B. In fact, the abrupt transition between
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similar or even larger distances from [(-globin compared to foetal liver and with the

great majority of interactions (43/45) located towards the centromere of chromosome
7. These data demonstrated that the active and inactive B-globin locus contact different

parts of chromosome 7.

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 19). Thus, our data showed

that the B-globin locus mostly contacted loci elsewhere on the same chromosome, in
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et al. (2004) Nat Genet 36, 1065-71 (2004)). Interestingly, in brain contacts were

observed with the two other olfactory receptor gene clusters present on chromosome 7

25  that were located at each side of, and 17 and 37 Mb away from, 3-globin.

Not all transcribed regions on chromosome 7 interact with the active B-globin locus in
foetal liver. Therefore, we searched for a denominator shared exclusively by the
interacting loci but not by other active regions in fetal liver. The -globin genes, Uros
30 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
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WeEXAMPILEWenced by the sequence conposition of the
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20  The genomic environment of a housekeeping gene is largely conserved between the

tissues

It was next investigated whether a gene that is expressed similarly in both tissues also
switches its genomic environment. Rad23A is a ubiquitously expressed gene that
25  resides in a gene-dense cluster of mostly housekeeping genes on chromosome 8. Both
in E14.5 foetal liver and in brain, this gene and many of its direct neighbours are
active. 4C analysis was performed and identified many long-range interactions with
loci up to 70 Mb away from Rad23A. Importantly, interactions with Rad23A were
highly correlated between foetal liver and brain (7=0.73; Spearman’s Rank correlation)
30  (Figure 15a). 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 15b-c). Regions around interacting genes displayed statistically
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chronbsone 7, we conpared the interacting loci to the
chronmosomal positions of genes. In addition,
AERAMPIER expression array analysis was perfornmed to
determ ne 10 transcription activity at these positions
in the two tissues. Although the average size of
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enstectate gvhily offexieg ynmp'feﬁgp@mtlon in the z-axis by the preparation of ultra-

thin cryo-sections (Branco, M. R. & Pombo, A (2006). PLoS Biol 4, ¢138). 4C data
were verified by measuring how frequent B-globin or Rad23A alleles (always n>250)
co-localised with more than 15 selected chromosomal regions in 200 nm ultra-thin
sections prepared from E14.5 liver and brain. Importantly, all interaction frequencies
measured by cryo-FISH were in perfect agreement with the 4C results (Figure 17). For
example, distant regions that were identified to interact with B-globin 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 -globin in foetal

brain but not liver scored co-localisation frequencies respectively of 12.9% and 7% in
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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
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( Rlegpttirgy. Thi-i@aa. is Be grodifent mathridfe icell @naxiig stgdigestesing restricted

di spl.ayed statistically WO 2007/ 00 .
PCRP B GO PG oL DA PRI ROSHE (R - YUY Cer Bl 12,
0e4m-AC0V1)) ¥n€ FHPIER dvithOstadibd v aat ahdeahdfdnabin position
the chronpsone, as determ ned by ~ynni n SU@.

al GErmoation i Eeqaw@ﬂr)elfppﬁgﬁed%’mg#fes@ﬁéﬁ‘jlm %h%‘%t GipeicRpserved
t e th3pphahbhof @AY Essdri 8. KA 324 e TRitibAt6olL B (RO @éhich, D.
in a gene-rich region preferentially interacts over

di eitahkel Hd-7A16¢ KEI03Dhr onpsonal regi ons of increased 5
transcriptional activity. It was observed by FISH that

t he chronbsomal area containing Rad23A resides nostly

at FUREHERGASPELCTSA0% or outside (109 its chronosone
territory (unpublished, D. Noorderneer, M Branco, A
Pombo and W de Laat). However, the 4C analysis only

r eBether chspentsr of dlier presgwniabention earaciet dorth dhetdvnan ghe ugbered
chronns%ne 7, 10, 11, 12, 13 or 14 reproducibly mnet
ou?mg¥%?ﬁgent criteria for interaction. Thus, 10

Rad23A is nostly involved in intra-chronosonal

! mi.e E’Xas%% I0 Ig]r(s)béshc%gnp eq'neenfsalry oI e%(r:ryl sri]det c\)lfoevery primary restriction enzyme

recognition site in the genome of a given species (e.g. human).

2. A set of probes complementary to onlty one side of every primary restriction enzyme

recognition site in the genome of a given species (e.g. human).

3. A set of probes 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).



very different tissues. If Rad23A has preferred
nei ghbouring loci on these unrelated chronbsones,

w0 b@y/oawshot i nteract frequently enough to be PE/E2eEd02268

5

10

15

under the conditions used here for 4C technol ogy. 15
EXAMPLE 7 Validation of 4C technol ogy by

hi gh-resol uti on m croscopy To validate the results
obt ai ned by 4C technol ogy, ¥Z FI SH experi nents were
20 perfornmed. Cryo-FISH is a'recently devel oped

m croscopy techni que, which has the advantage over

Cuar ANdet %@Iﬂb'éﬂ c%sfe&e&b@ fohate kifle l@etet«ap tl@iE@Sf@ﬁM@Sﬁﬁm &ixth,

nucl ear ultra- structure while offering inprove
r esoenfhi eighty pinft denth, diicntiqi, thiskethyr @ﬁmﬂatﬁfﬁﬁh’om"éﬂtﬁsrsﬁyentleﬂl
th I NSye(
E%h%{t%?rxﬁe’?ﬁﬁllsg@e @%&%g@apr%m% ereséfédﬁ? Q?mﬁ ££088on site as
nreasi@reld atpnp the lineazderapiate E8thg [zesinee dia MQEMI% I(¢ &|heman).
(al ways n>250) 25 co-localised” with nore than 15
sel ected chronosomal regions in 200 urn ultra-thin
se6t Acasofpreparepckséntinmgtilomib rdgions rof argiveh sk feg. about 50 kb, 100

| PRGPRA Y8 b LSPAGH! B BSRORE, B, RGBT

r e Shib 9Mﬂ:bg oMbl (9g. SBkb- IOMX)iIimiuﬂd alli btiaktiowre¢d dasnvolved in

:2? !BCBWS % ttllf}{f},saeﬁ(‘jfgfté%nl Eaﬁé&gga hgf%hg%{cr}eatﬁ/anégnents.

i nterveni ng areas not detected by 4C 30 (7.4% and

9.7% versus 3.6% and 3.5%. respectively), Aso, t

t wh- 1St AfrORSP FRESTIPS SPRANISIRFO§OR @ exyelsize (G, about 36 1, 100

i deptdohied3dyitd %o B 300 ke Y M) 2ivib, SN UM, ERIb( 8MB| 6Mb77Mb,
in foet al brain but not 1iver scored co- Iocallsatlon

f r 8ihe D &5 19MB) 6130kl Mb) argundpygelsshonyof Ipgi kpgym to be nvolved
20/ QIQ&SQ&:ZIU&)I@T I LERG! O%@éﬁms ,10quptAions \4BA SUsthe?- B8nomic
and 1.9%1n |iver sections. |n sunmary,

cor¢agargenwaisi on frequencies neasured for | oci

positively identified by 4C technol ogy were all
significantly higher than frequencies neasured for

ba@k Bre6uatdy, |toc4C spraona@bai-is awthin, abppt Hokis 1100 &l, 200k, 409 kb,
te o) a f ul r [
%ﬁ% 5 kfbuge ?rlmé %‘ﬁ@‘l—i{%’ %e@o‘%s@ét et gglt% Flg@i 10M,

| déithbf 123db tlél\/libnté‘é\lﬂaon 15MI br a8redtonbthn acthal oedimegpdesaquience (i.e.
eac s was true for two active

tacte ot
20?2&%%%“%&!}8%%? adtraé\%%f’aqogi ge chronosomal distance in

25

30

foetal liver (Figure 19) as well as for two inactive

Pk SR ToHRh FF BERTRRS TP B FERTE Bt &S DRtSRGBD oo

th%&%etﬂéﬁresentmg a single restriction fragment as obtained or obtainable after

digestion with a primary restriction enzyme.

9. A set of probes representing the complete genome of a given species, with probes

equally distributed along the linear chromosome templates.
10. An array comprising the set of probes according to any of paragraphs 1-10.

11. A method for analysing the frequency of interaction of a target nucleotide

sequence with one or more nucleotide sequences (eg. one or more genomic loci)



di stant OR gene clusters were also found in foetal
liver, where they did not interact 10 with the OR gene

w@bkwsverst hat cont ai ned the actively transcri bedI/1B2006/002268

5

10

(3-globin locus. These data indicated that nucl ear

i nteractions between distinct OR gene clusters were

not a peculiarity of the foetal brain tissue

analysed. It is tenpting to spgcul ate that such

spatial contacts facilitate the conmunication between

the many OR genes required to ensure that only a

Si eghsisalglthd Gseiof a hiiclEBRlE is@REnde af hir&CsfQPrybed OLI4 661 of probes or
h klnd B %@95 15 Hum Mol Genet 14 Spec No 1,

@F”’ | ear organisation of active and
inactlve chronatln domains 20 The observations
descri bed herein denonstrate that not only active, but

al £ 4 mgthep\fer idgnsHising eng emerssDNArIN 4 inferapliqns ey jagsrigdicative
| Nof NEarfibtidr SREass @é?eecoh{fﬁtsmg QY Bf Aokl SquiRB 3F an arcay of
contacts, strongly suggesting that each DNA 'segnent
haBropescor §\at 9f P@%é?r ereag} agray as gefcribed beraimt | ons. Qur data
suggest that when the P-globin Iocus is switched on,
it leaves 25 a transcriptional silent genom c
enV3.r drmethed af diagmesésr er aragnedieaf aatigasenbesgmdrome caused by or
in C Vi

%s?éciqﬁ&% &'gﬁ f’l h a{n@% %‘tébﬁﬁ\drﬂ% Orlllﬁ)rl%frilg tﬁe% ?%%‘) % gIrI]CIBOtlde sequence
t r amnmapbf probds ona sétwlipiobes oray amey bs mm)edhhd:rbnrrar k only
of tissue- specific genes that reach a certain
expression |level and, nore inportantly, lie isolated
f r o4 Aot hssiy method ﬁ)rg&&’iﬁfylﬂgl oiihér ﬂmbme@énts:hﬁoma&ﬂﬁre a DNA-DNA

| ate, as is the cas obin. 30 It is
or BB5R 0 HEP18 E e PERUSS SIS of Bhytpafigeobes or o e
| nbﬁfraﬁ‘dsloﬁﬁlﬁaﬁdyab dedcBbdddepdin.f i ed both between
i nacti ve and between active genomc loci, reflects

I5cell-to-cell differences in chronosone confornations

25

30

oIS ANaRHRRi 08 RicehS eRHIeEER0D fof A ARk FOIAD VBN hiind(¥2at
2007/ 004057 PCT/IBZQ%%/OOZZGS 106 durlné |Eterphase ation)

( Crranistgdheyse gf 2 npclentily spguendReoy aa®t ofgrotge or 7 yet of probes or

(ZQKQQ as QERAbBRYy, di fferent degrees of
de- condensation after cell division drive the active

genon1c regions away frominactive chromatin (G | bert,

1§tA%e éc?@oQ@etegﬁ\ll% t}ge]'ﬁ)catloisé' 9161&7%91%%)()0 F t}ﬁe use of a

contacts etmeen ant loci of simlar c
compdstité eaquence of as paigi bf webksrmpsitsetyoft frotmagh aafafray] pe dessribed
beﬁ&gﬁn chromati n-bound proteins. Spatia

17. A method for detecting the location of a deletion comprising the use of a
nucleotide sequence or an array of probes or a set of probes or an array as described

herein.

18. A method for detecting the location of a duplication comprising the use of a
nucleotide sequence or an array of probes or a set of probes or an array as described

herein.



j uxtaposition between distant |oci may be functional,
but may also sinply be the consequence of the

wapdosloaiory patterns of a chronosone. Wil e i ndPei/tR2a06/002268
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loci can nove within a restricted nucl ear volune, the
general conformation of a chronobsone would | argely be
mai nt ai ned t hroughout the cell cycle and requiring
cell division for 10 resettiq This idea is in
agreement with life cell imaging studies show ng
restricted notion of tagged DNA |oci in the nuclear

| N{@r TiRrust GhkRRoaghysh 4C(t2(@193]b gt 1Herﬁ|fﬁdall)1ﬁNA s@@tﬂexﬁ@that are

(2002)) and fits well with studies show ng that

nuél e seatiabpra iy o3 PN/pteemeniraf cheits- on is frequently
propagated during the cell division wthout being
conserved in the population of cells (Essers, J.

al 20. mmlgp@ray@@mamlr& probs-tpgojopousty; DXGA sequences tdlrectbsadJacent

et redtfetio zt%ﬁ}ﬁépr es%:ﬂ&l sitbs g@éﬁﬁrﬁﬁ? E%ﬁn% I'elgtKﬁl that

Furt as ects o i nvention are-set
beisamludedm élemmrmss éwinchZ@n;ba rtizegroapbede gehomA o part of the genome):

pro cﬁ pr(ii)o rIpca% gre L pf w1th %?368 %ro(ljne 09 Inla)% % %Lé withi nr%’O}t)g ffrom a

r eSS 'on“en eco ni
a gmqm psipacH e&u{oeog enlaymar’r):cogﬁﬁoﬂ sité, seetalﬁerfnamedgbes designed

I ST TR i ——

a @smﬁorsaagme&c()@l@onmﬂdnan), 3. A set of probes
conpl enentary to one side of every other primary
restriction enzynme recognition site as ordered al ong

t hei. |A1{1€1&£y tﬁtte@haiea Hefeid BEnGNARNROE:s BmPlevRAtary3fd sequences of
species (e.g. human). WD 2007/ 004057 PCT/ | B2006/ 002268

10?31‘??3‘1,40%1&?"}1‘?5?1“6?’&%@3’ ADFFBTSTREHIVE Of theoppists peomgrof a given
evedeyiebhird, fourth, fifth, sixth, seventh, eight,

ni nth, tenth, tmentieth, thirtieth, fortieth,

fiftieth, sixtieth, seventieth eightieth, ninetieth

Or >®N&y QHQQ ﬁ&g;d;hgpt{) 'p%?%}e)ﬁ 9% tV(’llleCfélh B3 16¢1 2 Moci assoc1ated w1th one

recognition site as red along the |1 near tenpla

of ot heregiéssans® of a gi ven species (e.g. human). 5 5. A

set of probes representing genom c regions of a given
size (eg. about 50 kb, 100 kb, 200 kb, 300 kb, 400
kb23.580 akhy adcoMing @ Pdnagr@fibl1 divbaragsiyih, 226 MheredMthe Selvlgnces of

selected loci included sequences that are up to 20Mb away from said loci.

24, 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;

(e) digesting the nucleotide sequences with a secondary restriction enzyme;

(f) ligating the nucleotide sequences;

(g) amplifying the one or more nucleotide sequences of interest that are ligated to the

target nucleotide sequence using at least two oligonucleotide primers, wherein each



8Mb, 9Mb or 10Mob) (eg. 50kb-1QOwb) around all |oc
known to be involved in translocations, deletions,

w0 pooenedosns, duplications and ot her genom c  PCT/IB2006/002268
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rearrangenents. 10 6. A set of probes representing
genom c regions of a given size (eg. about 50 kb, 100
kb, 200 kb, 300 kb, 400 kb, 500 kb, 1 My, 2 M, 3M,
4Mb, 5Mb, 6My, 6Md, 7Md,  8Mp;o 9Md or 10Md) (eg.
50kb-1 OWb) around a sel ection of | oci known to be
involved in translocations, deletions, inversions,
dupimhedtybridisesand labtke DNk rsam'eﬁce that flapRYs thamyelsetideSsequénces of
Pre bly, the 4C sequence (bait) is within about 50
kbmei?fg kb, 200 kb, 300 kb, 400 kb, 500 kb, 1 Mo, 2
l\/b(h) B 1d1s4!rMahe Mlﬁe@lyéqueﬁd%) to/dbrra§Mad OMo, | OVb,

&$ 12My, , 14Mo  or 15Nb or more_fromthe actua
@%&W&%ﬁﬁr@%@%qf inferactiny bgpvees Hsi PRASHIUEREE of a

translocatron) 8. A set of probes representing the

| ete genone of a given species, with each probe
réﬁ&%@gﬁgﬁﬁ§§$ﬂ§éhgle restriction fragment as obtai ned
or obtainable after digestion with a primary
restriction enzyne. 25 9. A set of probes representing
t hitilt dirihice eepegie redrthe pfesent gnxentiorns precses fortiwbelawpinothe stumbered

éﬁ? distributed along the |inear chronpsone

ates. 10. An array conprising the set of probes

accordrng to any of paragraphs 1-10. 30 11. A nethod
f of. f&mal ﬁl%lnge% ﬁuc?eo (flgrcl: c%m&msfner a ltrslt gaPlggz{ Fe&gltlc? rngglgotide

nucl'eo Uence Wi
Seggemce sep@mg:d byreepriharprané a gesondarg rdsmbn)m WZyme recognition site,

200,/ 004057, PCT/I 006/ 002268, 1 onpri sing the use

of VTR PR T LG, A47ER P SO SFUBBE 0 s second
s efuclbtigy @EsicoOrs obRAthable b ¥rodsliglase gdnbiit heaei n. 12. A

nmet hod for identifying one or nore DNA- DNA

interactions that are indicative 5 of a particular

di 3 eBsaiShRtiRdHBstide| BehchfLaddsdingfto DanfbBAl WllErein the target
sequence or an array of probes or a set of probes or

arptg}e‘og@e sequenss srselselgd ﬁr@méprﬁ group consisting of a 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.

3. The circularised nucleotide sequence according to paragraph 1, wherein the target
nucleotide sequence is a nucleotide sequence that is associated with or causes a
disease, or is located less then 15Mb on a linear DNA template from a locus that is

associated with or causes a disease.

4. The circularised nucleotide sequence according to any of paragraphs 1-3, wherein
the target nucleotide sequence is selected from the group consisting of: AMLI, MLL,
MYC, BCL, BCR, ABLI, IGH, LYLI, TAL1, TAL2, LMO2, TCR¢/d, TCRf and HOX

or other loci associated with disease as described in “Catalogue of Unbalanced



13. A nethod of diagnosis or prognosis of a disease or

syndronme caused by or associated wth a change in a
wORTDNASTONpPri sing the use of a nucl eoti de sePLETR2006/002268

10 or an array of probes or a set of probes or an

array as described herein. 14. An assay nethod for

identifying one or nore agents that nodul ate a DNA- DNA

i nteraction conprising the ui@'of a nucl eoti de

sequence or an array of prob or a set of probes or

an array as described herein. 15 15. A nethod for

deél%ﬁ*mb&gnet ol &a@ﬁﬂg i PREAF 28d QHﬁ@K PRIHRk écﬁglzela Berlin: Walter de

trans ocatlon onprising the use of a nucleotide

s elgquiee. €001 I&BNér}rlaQ/UéW probes or a set of probes or

an array as described herein. 20 16. A nethod for
detecting the location of an inversion conprising the

use ok cétculaﬂstﬂemblieaéie%qwecm@cmdhmto any af pobgieplsbled, wherein

5 Z %,g{pﬂg% 881‘ 3 eotng Er:lffrge ?e{r:r tro% sit ?SCE ISbD%(‘*eca)gﬁ{tlﬁh Igite ]p¥eferably

oca
C Ogefrcied | fign theegrose coﬁsmmg (ﬁ“SBg‘lI]i;:HeﬂiﬂII,dkoﬁé,qﬂﬁmHE .ngeI &l and
a;& of probes or a set of probes or an array as
ibed herein. 18. A nethod for detecting the
| ocation of a duplication conprising the use of a

nucl eoti de, sequence_.or an arra rob or a set of

prdbLae %Puaﬁs%r%&ffoa@e Ry %%‘dmgcs R o he Prgscing paragraphs,
10 20QUd0R40S decbhdbly BRARELPOLAAR reddPRitibh sitd ka US® Dbp nucleotide

mcroarrays in 4C technology to identify (all) DNA

s e¥pABICce racpgitionys#e. j n cl ose spatial proxinmity to a DNA
segnent of choice. 20. A microarray containing probes
honol ogous to DNA sequences directly adjacent 5 to
t hé Bhe eiesipripasistueleetideotiqusnos apeordmgde Amst ¢iche Biegeling paragraphs,
pr
R T
15 t habogt¥f®hne from thaptimpry a¢strictioe sitees preferably within 100
bp from or maximally wthin 300 bp from a unique
primary restriction enzyne recognition site, or
al 8.eThatitoulkiyed micesdagwreuncharwdng teashoithé prergding paragraphs,

reshrl ct enucﬁaoga/en&qﬂe%geog[l]abei on site and its cl osest

20 9. A nucleotide sequence comprising a first and a second nucleotide sequence
separated by a primary and a secondary restriction enzyme recognition site, wherein
said first nucleotide sequence is a target nucleotide sequence, the second nucleotide
sequence is obtainable by cross-linking genomic DNA and wherein said second
nucleotide sequence intersects the target nucleotide sequence.

25
10. A method for preparing a circularised nucleotide sequence comprising the steps

of:

(2) providing a sample of cross-linked DNA;
30
(b) digesting the cross-linked DNA with a primary restriction enzyme;



10 restriction enzyne recognition site. 21. An array
as described herein conprising probes conplenentary to
wGeemoemoes of selected |loci, wherein said arrByT/iB006/002268

representative of the conplete genone of a given
species. 15 22. An array according to paragraph 21,
wherein the loci are | oci associated with one or nore
di seases. 23. An array accorgtgg to paragraph 21 or
par agraph 22, wherein the se nces of 20 selected

| oci included sequences that are up to 20M away from
S &icfl1ib Ak theaFoss AnkE fRAofi® segabessi Ng the frequency of
interaction of a target nucl €otide sequence with one
or nore nucl eotide sequences of interest (eg. one or
no, ' 1. conprising the steps of: 25 (a)
pr@SFﬁﬁﬁgggﬁggﬁﬁﬁéigg’cross-linked DNA; (b) digesting
the cross-linked DNA with a primary restriction

en e .. . =11 .

5 ool Dant b BBl ALy AR IR o RS e PUELE Bl ana
di gesting the nucl eoti de sequences with a secondary
restriction enz »...30 (f) ligating the nucl eotide
se@ué’ﬁ% ?S%gﬁe‘ﬁ%ﬂ“ﬁﬁe 'éf“%‘f‘?e one or nore nucl eotide
sequences of interest that are ligated to the target
nucl eoti de sequence using gt | east two.oligonucl eotide
or Tk el B dropase s ogorrao b s Ene B gus 02265

10 110 prinmer hybridises to a known DNA sequence that
flapks the nucl eotide sequences of interest; (h)
hy{3) PVdmgg semalegiprossldgd O¥tience(s) to an array: and
(i) determining the frequency of interaction between
t he DNA sequences. 5 FURTHER ASPECTS 2 Still further
as{be digsstisg therreosprliakediPNAWE R Propara Festrichon ¢Ray R bel ow
in the nunbered

15 (c) ligating the cross-linked nucleotide sequences;

(d) reversing the cross linking;

(e) digesting the nucleotide sequences with a secondary restriction enzyme;

20
(f) circularising the nucleotide sequences; and
(g) amplifying the one or more nucleotide sequences ligated to the target nucleotide
sequence.

25

12. A method according to paragraph 11, wherein the circularised target nucleotide

sequence is linearised before amplification.

13. A method according to paragraph 12, wherein the circularised target nucleotide
30 sequence is linearised using a restriction enzyme that recognises a 6 bp or more

recognition site.



par agraphs. 10 1. A circul arised nucl eoti de sequence
conprising a first and a second nucl eoti de sequence

waepanatsd by a primary and a secondary restriPRCT/IB2006/002268
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enzynme recognition site, wherein said first

nucl eoti de sequence is a target nucl eoti de sequence
and said second nucleotide sequence is obtainable by
cross-linking genomc DNA. 15 2. The circul ari sed
nucl eoti de sequence accordi ngl o paragraph 1, wherein
the target nucleotide sequence is selected fromthe

grpup consj stin f pronpter, a ncer, . .

o PonEmnatb! ey B B0 Savrisgths Qdnsiersiegofroslinked
| onuteotiddetidinct BGPlifiedusidg BIRSCri ption unit, an origin

of replication, a reconbination hotspot, a

transl ocati on 20 breakpoint, a centronere, a tel onere,

a DR REmSBASL R Fatﬁgr@;ﬁf‘ﬁl‘, RAGYein tBIErOE- lirfked hfd&HidE kefBence
el enent and‘a_(V|rg¥2 integration site. 3. The

ci I epphaiisdusingineredGRde sequence according to

paragraph 1, wherein the target nucl eotide sequence

is a nucl eotide sequence that is associated with or
calfs e methodmcagrding se paregrapis 14 ercperasmphdSs wherein the Bispand Long

a_f&ﬂﬁﬁgpgﬁﬂgéggﬂg?&g)ggggia l ocus that is associated

wi th “or caus sease. 4. The circul ari sed
nucl eoti de sequence accordi ng to any of paragraphs

1- ' t rg leot] sequence i.S .
s eﬁé c%(\ggétﬁérd; Ao E’gal%rﬁlgu %% c%%@f’%?’i (r)lg %‘6??“‘9%%%? a)\ffiget mygfeotide
MysEueBGt witlBCGRie #Bindre hu@ldotitleylsdquenicad l(eg. AR 2y thddPgenomic loci)
TCRcl S.. TCR, 6 and X..0r other |oci associated w th
o DTG $y3e B mctPorRy s Bt e emer et pareEd -
2007/ 004057 PCT/1B2006/ 002268 111 Chronpsone

rations in Man" gdition. Al bert . Schinzel .
el AR A7 §f Epohes P edion sgpiort SogKisinE PR 91 mgiyarabes that
5. hybHiéis€ bf &rdlcapdbiest HBEIRREI6Q nSCEMARGERREOERbIMh @ any of
an of%garagraphs 1-4, wherein 5 the primary

305 b1 enzyme recognition site is a 6-8 bp
recognition site, preferably selected fromthe group

consiting of Bglll, Hndlll, EcoRl, BanmH , Spel, Pstl
and: AN of probes complementary in sequence to the nucleic acid sequence adjacent

to each one of the primary restriction enzyme recognition sites of a primary restriction

enzyme in genomic DNA.

20. A set of probes according to paragraph 19, wherein the probes are complementary
in sequence to the nucleic acid sequence adjacent each side of each one of the primary

restriction enzyme recognition sites of a primary restriction enzyme in genomic DNA.

21. A set of probes according to paragraph 19 or paragraph 20, wherein said probes
are complementary in sequence to the nucleic acid sequence that is less than 300 base
pairs from each one of the primary restriction enzyme recognition sites of a primary

restriction enzyme in genomic DNA.



6. The circul ari sed nucl eoti de sequence according to
any of the precedi ng paragraphs, 10 wherein the

wG@emondasy restriction enzynme recognition sitePCHIBR066/002268
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or 5 bp nucleotide sequence recognition site. 7. The
circul ari sed nucl eoti de sequence according to any of
t he precedi ng paragraphs, wherein the secondary
restriction enzyne recognltlon site is |ocated at
greater than 15 about 350bpl¥rom the primary
restriction site. 8. The C|rcularised nucl eoti de

o o, FEFRRE Lot Blnf of PP RBRCBE PRRGE BT s o

n lmh@medtarssteq:hee sECecIeo It iisslessghem F0Ortpt fnmn elaca @e b e primary
tid ted d .
Bk S5 BERUERon S B000 AP Pt A e v

said first nucleotide sequence is a target nucl eotide
seguence, .th secon nucl eot | sequence is .

o P15 PSP ASBEE kG O BB IGPe et probes are
S &othpRAREAL; toNHE b@rcd hat ROBLENGEE 200kRd 36CbS ﬁbﬂleeatcla BT the
nuc] eoti de sequence. 25 10. A nethod for preparing a

c | i AERATA PSS OR LVZEBE | ré@%%‘aﬁ eWER O hpFIPenh estistions te€6§ne in
foendme DNARQVI di ng a sanpl e of cross-1inked DNA;
% di gesting the cross-linked DNA with a prlnary
restriction enzyme; WO 2007/ 004057 PCT/ |1 B2006/ 002268

112 (aCletldr Qf%ﬂeg Qcéotﬁﬁné: kPImy bt Bﬁgﬁaﬁﬂéqﬁ% 'v@%rem e probes are

sequences; reversing the cross |
di ogemtmwgtanh@ thfa sdaquentce dleat sckpirearo d90and ﬂO(hbls érommaaln yne of the

e e BA i Rne Whpnidgh el 68 £ BB P ren gomyme

nushepicilidA.sequence conprising the steps of: 10 (a)
provi ding a sanple of cross-linked DNA, (b) digesting
the cross-linked DNA with a primary restriction

erddy et of probes according to any of paragraphs 19-24, wherein two or more probes

are designed that are capable of hybridising to the sequence adjacent each primary
restriction enzyme recognition site of a primary restriction enzyme in the genomic
DNA.

26. A set of probes according to paragraph 25, wherein the prdbes overlap or partially

overlap.
27. A set of probes to paragraph 26, wherein the overlap is less than 10 nucleotides.

28. A set of probes according to any of paragraphs 19-27, wherein the probe sequence
corresponds to all or part of the sequence between each one of the primary restriction
enzyme recognition sites of a primary restriction enzyme and each one of the first

neighbouring secondary restriction enzyme recognition sites of a secondary restriction

enzyme.

29. A set of probes according to any of paragraphs 19-28, wherein each probe is at a

least a 25 mer.



15 (c) ligating the cross-linked nucl eotide sequences;
(d) reversing the cross linking; (e) digesting the

wo@reotstle sequences with a secondary restri cCeCDIB2006/002268
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enzynme; 20 (f) circularising the nucleotide

sequences; and (g) anplifying the one or nore

nucl eoti de sequences ligated to the target nucleotide
sequence. 25 12. A nethod according to paragraph 11,
wherein the circul arised target nucleotide sequence

is linearised before anplification. 13. A nethod
according to paragraph 12, wherein the circul arised
target nucleotide 30 sequence is linearised using a

r Xt Al set ofpmotes 2gooslingtatany eCogagraphs 1228, wiprain egphipeobes is a 25-
rgép nition site. WD 2007/ 004057 PCT/1B2006/ 002268

11 F: A method according to any of paragraphs 10-13,
wherein the cross-1linked nucleotide sequence is
anplified using PCR 15.. A.net hod. accordi hg.to
patiadriaperssiRr PRASMSiAFeYL TP anTisTe S Sﬁ?}’é Plot de
sequence 5 is anplified using inverse PCR 16. A

nmet hod accordi ng to paragraph 14 qr paragraph 15, .

wh@) ety eep e Afdhy pnm@%&&%“@t@@?% ERrgERmnes for 2
IS UsRfharylBstrdcfion AnsYRid 1A Geddic BN YSi ng the frequency

of interaction of a target nucleotide sequence wth

one or nore nucl eotide sequences (eg. one or nore

ge L GodifC GRS S j £t ddth8ent each one
S e@ g%%%hrgéé%él?eé i ng ltteo&gér}%} %@Bﬁ?‘g&gg"pﬁ‘g @%L@- 9. 13. An

ar r apf e ppmetyasstiietipnisniinsageasnitian silgspo the sevmpie g

one or nore probes that 15 hybridise or are capable

of hybridising to a nucl eotide sequence according to

anfe) afynthpaisiegythaptebest a®@d 19. A set of probes

conpl enentary in sequence to the nucleic acid sequence
adj acent to each one of the primary restriction

engly nnibatng thet probes Sogeivr ¢f fampa seranf\protes tor isehstaptially a set of

probes.

32. A process according to paragraph 31, wherein the probes are PCR amplification

products.

33. A set of probes or substantially a set of probes obtained or obtainable by the
process according to paragraph 31 or paragraph 32.

34. An array comprising the array of probes according to paragraph 18 or substantially
the set of probes according to any of paragraphs 19-30 or 33.

35. An array comprising the set of probes according to any of paragraphs 19-30 or 33.

36. An array according to paragraph 34 or paragraph 35, wherein the array comprises
about 300,000-400,000 probes.



20 enzyme in genom c DNA. 20. A set of probes
according to paragraph 19, wherein the probes are

weewpletsnt ary in sequence to the nucl ei c aci BCT/IB2006/002268

sequence adj acent each side of each one of the primary
restriction enzyne recognition sites of a primary
restriction enzyne in genomc DNA. 25 21. A set of
probes according to paragraph_ 19 or paragraph 20,
wherein said probes are co I@nentary i n sequence to
the nucleic acid sequence that is |l ess than 300 base
pakf s tion
oo iR RGN i of AReRh R 4G WISl B B ST about
gehTNIt) ONMore3 probed, 206@R B4 8Bt PSTODBI08EE, 01&31%6&efeia§b4|y, 6 x
227<fb&pt,§f probes according to any of paragraphs

% Wherein the probes are conplenentary to the
sequence that is | ess then 300 bp fromeach one of the

5 Pr I restr tion en ne recogni tion S|tes of a
pr Pty FEL ARSI WK S RIS BAPGOHOH» BAERIR if §roxmimber efprobes
\(/)\;1 exfeeaehe ﬁﬁﬁbﬁ%dﬂf@ﬂob&@ﬂﬁﬂ&anq;e RAf8H0 3P B Sink Afay, then the array
erein the probes are Ienentaré to the séquence

t h%ﬁmlﬁ%%ft%%ﬁs Qbareawaenaélen Bhthe complegesneneobs giverespecies at
PriokRf dsdlegd | Ction enzyme recognition sites of a

primary restriction enzyne in genomc DNA 10 24. A

set of probes according to any of paragraphs 19- 23,

10 Wheg, eAR akfea R6ARSS o ﬁﬁrgg ]grp lg@x@%ﬂ{ HeYout ﬁf §r » ?:th 1687, 8,9
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that is between I00 an rom eac He ™
pr ‘anla’rpyobeé 8% ¢rdered oma Encay nlgomemtpmplam is¢dnggnedfin the array.
primary restriction enzyne in genomc DNA 15 25. A
set of probes according to any of paragraphs 19-24,
whédk: eifnprioegss for prepacingaro resy compeisidgﬁegﬂﬁﬁﬂoftlhﬁiobﬂfsﬁng on a solid
c r|d|S|n to the s ence a ent each

o R sBha Ry o S0 H0 e Ped TR Ponetats B G Eitintaty e
p rsehmfr;yobee sd:crordmg orne n?Zyaapriphs 1980 gesmm ¢ DNA. 20 26.
A set of probes according to paragraph 25, wherein the
probes overlap or partially overlap.

41. A process for preparing an array comprising the step of mmmobilising on a solid

support the array of probes according to paragraph 18 or the set of probes according to
any of paragraphs 19-30 or 33.

42. An array obtained or obtainable by the method according to paragraph 40 or -
paragraph 41.

43. A method for analysing the frequency of interaction of a target nucleotide
sequence with one or more nucleotide sequences (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;



27. A set of probes to paragraph 26, wherein the
overlap is less than 10 nucl eoti des. 25 28. A set of

w@e@bestoarcor di ng to any of paragraphs 19-27, RIETBE006/002268
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the probe sequence corresponds to all or part of the
sequence between each one of the primary restriction
enzyne recognition sites of a primary restriction
enzyme and each one of the first neighbouring
secondary restriction enzyneltecognition sites of a
secondary restriction enzynme. 30 29. A set of probes
according to any of paragraphs 19-28, wherein each
probe is at a least a 25 nmer. WO 2007/ 004057
PAD) kB2B06/80R268inkihgs 30. A set of probes according
to any of paragraphs 19-29, wherein each probes is a
25- 60 ner. 5 31. A process for preparing a set of
pr @ eigestiapcinatiogtideReqeh@R witfa'sedollark dRdibY bRgneach
one of the prinary restriction enzynme recognition
sites for a primary restriction enzyne in genonic

j cireflatibihg SR RLABING sBLRR&RS; that are capabl e of
hybridising to the sequéence ‘adj acent each one of the
prlnary restriction enzyne recognition sites in the

t
crD Pl 16 o K S Pl Q8B BRL R el i aree

rmyﬁbéﬁaﬁWM@m%y a set of probes. 32. A process
according to paragraph 31, wherein the probes are PCR
anplification products. 20 33. A set of probes or
s ulbs ortivnaldt hypridismg tthadmpdifiol esuedztaionadray; anbt ai nabl e

by the process according to paragraph 31 or paragraph
32. 34. An array conprising the array of probes
ac@odetemgnihg thpdregaenap bf ihratios biiwtarthe BNAYseq@dcéshe set
of probes according to any of paragraphs 19-30 or 33.
35. An array conprising the set of probes according to

ang4. of npitfod Foitddbistifds 30e 6f moB-DNA-DNA interactions that are indicative

of a particular disease state comprising the steps of:
(a) providing a sample of cross-linked DNA from a diseased and a non-diseased cell;

(b) digesting the cross-linked DNA in each of the samples with a primary restriction
enzyme;

(c) ligating the cross-linked nucleotide sequences;

(d) reversing the cross linking;

(e) digesting the nucleotide sequences with a secondary restriction enzyme;
() circularising the nucleotide sequences;

(g) amplifying the one or more sequences that are ligated to the target nucleotide

sequence,



36. An array according to paragraph 34 or paragraph
35, wherein the array conprises 30 about

WQ®70005700, 000 probes. WD 2007/ 004057 PCT/IB2006/002268
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PCT/ 1 B2006/ 002268 116 37. An array according to any

of paragraphs 34-36, wherein the array conprises about
385, 000 or nore probes, preferably, about 750, 000

probes, nore preferably, 6 x 750,000 probes. 5 38. An
array according to any of paﬂH@raphs 34-37, wherein if

t he nunber of probes exceeds the nunber of probes

that can be contained in a single array, then the

array conprises or consists of a representation of

t h@) otivphieyt keyboidismgeheafmrdifigil wedewide sdqesncat to an@wey; and
resolution. 10 39. An array according to paragraph 38,
wherein one out of every 2, 3, 4, 5, 6, 7, 8 9 or 10
Pr @@ terMminy e Feghenty ¢ ihtenetion tehveentediFA seqpha@se | s
contained in the array. 40. A process for preparing an
array conprising the step of immbilising on a solid

S UpR&Eh aiRsEB bbtdleby the Req@he pof ifterapliciiRsy &a elor INAGedu@nces
par agraph 18 or substantially the 15 set of rgbes ..
b cbomdn gisegech g Pt ealihincipates fiap fhedaNAANA gnteraction is
Pr AaRsSvel Bh pRIERE! difkdsediitdr ray conprising the step of
immobil1sing on a solid support the array of probes
according to paragraph 18 or the set of probes

acgor di i ed\by or
R T s SN i e
t oassesizert with a 4ilinge in PRNAGPHPHhntaractiopTompriging Regteppef:

anal ysing the frequency of interaction of a target

nucl eoti de 25 sequence with one or nore nucl eotide
se@leroiding £gampdnef coossHhinkel PFAdTnTa fubgec, conpri si ng

the steps of. (a) providing a sanple of cross-Iinked

DNA; 30 (b) digesting the cross-linked DNA with a

pr (yyaigestingshe drodstinRe @DXWWRIth 2 frithary irgsaricting etdyene;
cross-1inked nucl eoti de sequences; WO 2007/ 004057

PCT/ | B2006/ 002268

(c) ligating the cross-linked nucleotide sequences;

(d) reversing the cross linking;
(e) digesting the nucleotide sequences with a secondary restriction enzyme;

() circularising the nucleotide sequences;

(g) amplifying the one or more sequences that are ligated to the target nucleotide

sequence;
(h) optionally hybridising the amplified nucleotide sequences to an array;

(i) determining the frequency of interaction between the DNA sequences; and



117 (d) reversing the cross linking; (e) digesting

the nucl eoti de sequences with a secondary restriction
wepwynoets75 (f) circularising the nucl eotide SPCUEB0@#102268

(g) anplifying the one or nore nucl eoti de sequences

that are ligated to the target nucleotide sequence;

10 (h) optionally hybridising the anplified sequences

to an array; and (i) determ ning the frequency of

i nteracti on between the DNA d&juences. 15 44. A nethod

for identifying one or nore DNA-DNA interactions that

ar g, 1 ndi IV of a particular disea state )

ol PEEE! ik Freafe o floracin RirabnFR R el wih tacof an
crassfetteddomttoDNA from a di seased and a non-di seased

cell; 20 (b) digesting the cross-linked DNA in each

of the sanples with a primary restriction enzyne; (c)

| | ghdréingn tdlfteraice Botwden KBE vAME l0BBlired Sr$i AHEREA! andSthe value
(d%aneve sig% tgf Cross Llnklng;ﬂéf) digesting the
nudhiEBd RIEeS mfoevesthatdBo ftbincl/is saleringdiqre the disease or
engMaPine of {s)indibdty bk theisited: AR AMEE GO HEHSEH/ GG B ome.

30 (g) anplifying the one or nore sequences that are
ligated to the target nucleotide sequence; WO

20657/ QOARMAd ReddrhiRg 40 600220815 h il i
hybri di si ng f%erangl{?%egééuclégéggg'%é%ﬁ%%@ggk%%k%mu)hgh
ar’pigiactigihfiequengiesde indicaiivei af ghetlbeatibn efpilemapoint.

1o i nteraction between the DNA sequences, 5 wherein a
di fference between the frequency of interaction
betTwdemeting agiinlisg trupmagaph 4% eherthendheesd qaitancdf DNA-DNA
P%ﬁfg?a'g@ | o%ﬂllegc%sl for {hré%hl%gét%gmyt)lg aag cct)mhl?are o_t%ntrol is indicative

of an inversion.

wn

15 48. A method according to paragraph 45 wherein a reduction in the DNA-DNA
interaction frequency for the subject sample as compared to the control, in
combination with an increase in DNA-DNA interaction frequency for more distant

regions, is indicative of deletion.
20 49. A method according to paragraph 45, 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.

50. A method according to any of paragraphs 45-49, wherein spectral karyotyping
25  and/or FISH is used prior to performing said method.

51. A method according to any of paragraphs 45-50, wherein the disease is a genetic

disease.

30 52. A method according to any of paragraphs 45-51, wherein the disease is cancer.



indicative of a particular disease state. 10 45. A

nmet hod of di agnosis or prognosis of a disease or
wa@yediotws’ caused by or associated with a chanper/iBRoes/002268

DNA- DNA i nteraction conprising the steps of: (a)

providing a sanple of cross-linked DNA froma subject;

15 (b) digesting the cross-linked DNA with a primary

restriction enzyne; (c) ligating the cross-Iinked

nucl eoti de sequences; (d) re¥&dsing the cross |inking;

20 (e) digesting the nucl eotide sequences with a

segpngdary. restriction en circul arising
nutl €ott %Odge%ﬁhgﬁ%oésg Ol?groé@()s'is Pri(p'fll‘ﬁ?fisr?g % ﬁ%’dfﬂ‘i%e 83rused by or
noassocgagiieitceshahfain adDNAI DA rgetaétidnichbRptidh@@e steps of:
nucl eoti de sequence; (h) optionally hybridising the
anplified nucleotide sequences to an array; 30 (i)
defappudtiding@ skiflefof ERBERMEd DINA BbRlaghieen between the
DNA sequences; and WO 2007/ 004057 PCT/IBZOO6/002268
5119 (j) conparing the frequency of interaction between
t h@) Diéstin g eeRRGEEIin AN RAth Ofrindhy rddRfibifGlgflecont rol ;
wherein a difference between the val ue obtained from
the control and the value 5 obtained fromthe subject
| S(ch el e ok MikedRloSHY Eiilenles, SUTTering from the
di sease or syndrone or is Inhdicative that the subject
will suffer fromthe di sease or syndronme. 46. A nethod
ac h 45, wherein a transition from
0 gﬁﬁg&ﬁgéﬁ%(?%%ggégalon frequencies is indicative of
the | ocation of a breakpoint 10 47. A net hod

dj d
of C DR R LR Bty MR R ctnly P EHR Sl

sanple as conpared to the control is indicative of an
gﬁ 4 met hod according to paragraph 45
%ﬁc‘h 381?% ars f‘)(hl ACTRECHINA- DNA i nteracti on

15frequency for the subject sanple as conpared to the

cont rol
&S amphfymg two or more sequences that are ligated to the target nucleotide

sequence(s);

(h) labelling the two or more amplified sequences;
20

(1) hybridising the nucleotide sequences to an array;
(j) determining the frequency of interaction between the DNA sequences; and

25 (j) identifying one or more loci that have undergone a genomic rearrangement that is

associated with a disease.

54. A method according to paragraph 53, wherein the two or more amplified
sequences are differentially labelled.

30



conmbi nation with an increase in DNA-DNA interaction
frequency for nore distant regions, is indicative of
waledoenissr 20 49. A net hod accordi ng to par agrBEhBLE06/002268
wherein an increase or a decrease in DNA- DNA
interaction frequency for the subject sanple as
conpared to the control is indicative of a
duplication or insertion. A nmet hod according to
any of paragraphs 45-49, wheF@in spectral karyotyping
25 and/or FISH is used prior to performng said
MesNOgy mrbl-hodAadE@fdli}%dtoaﬁﬁgﬁﬂbﬂi G4! QnaR e RAS 38 r:ﬁ&ssamphﬁed
45-50, wherein the disease Iis a genetic disease.
5 zeqyenpast o idensisrlbi nigbalisd amfienf &paﬁ%glp%ﬂ@hsf%@ﬁSP}l different
m@ﬁ&mggz%gg di sease is cancer. WD 2007/ 004057
P 8067002268 120 53. A method of di agnosi s or
prognosis of a disease or syndrome caused by or
5 3550 Ci atn?e% \thgaor?l h?o”g%a%ﬂ SQN’évh 'tﬂét ngoa%f 'n%}? amplified
conprising q provi |ng a Sanple
C rsogeentdsrakeidemdiidllyf labetied véwh ﬂacsbquen&s tdsjdechinglssgameghtdn@some

cross:.link DNA Wit h |ct|o X .
(S Sigaes e A Sl TPl R, br G BB RK R ttegggton
( Kignagversing the cross linking; (e) digesting the
nucl eoti de sequences with a secondary restriction
enzyme; (f) circularising the nucl eotide sequences;

10 15%7( GAn &%y hkdhod GortidEntiBFind BcCor SRS QRS thhabduddte a DNA-DNA
ligated to the target nycleotide sequence(s); (h)
| dptsractippcormBisingdrecterite anplified sequences: 20 (i)
hybri di sing the nucl eotide sequences to an array; (j)
determ ning the frequency of interaction between the
DN s@vasting & sampin itk Snq gnmergagRnis yi ng one or nore | oci
t hat have undergone a genom c rearrangenent that is

ﬁ_

15  (b) providing cross-linked DNA from the sample;
(c) digesting the cross-linked DNA with a primary restriction enzyme;
(d) ligating the cross-linked nucleotide sequences;
20
(e) reversing the cross linking;
(f) digesting the nucleotide sequences with a secondary restriction enzyme;

25  (g) circularising the nucleotide sequences;

(h) amplifying the one or more nucleotide sequences that are ligated to the target

nucleotide sequence;

30 (i) optionally hybridising the amplified nucleotide sequences to an array; and

(j) determining the frequency of interaction between the DNA sequences,



associated with a disease. 54. A nethod according to
par agraph 53, wherein the two or nore anplified

wGeewaemoss are differentially | abelled. 30 WO PCT/IB2006/002268
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2007/ 004057 PCT/1B2006/ 002268 121 55. A net hod
according to paragraph 54, wherein the two or nore
anplified sequences are identically |abelled when the
sequences reside on different chronosones. 5 56. A

nmet hod according to paragrapH&SB, wherein the two or

nore anplified sequences are identically |abelled

when t he sequences reside on the sane chronosone at a

di stance that is far enough for m ninmal overlap

beimean aDisRNde ibatveradl)i the fregigpanl of. intbrcBin bafwears $hgy DNA

nmet hod faor .identifyi one ol ,.AqQre. agen t .

o T eepeseign o Bt ] G iRl g i lerigp bopgeen the
of DN A &P queBEds AE thie ABseAcSETN zeitiit mdipatvearf anagat thyembdyilates the
15 (b)jﬁroviding cross-linked DNA fromthe sanmple; (c)

di PEStPNG tEHecHoss- | i nked DNA with a prinary

restriction enzyne; (d) ligating the cross-Iinked

nucl eoti de sequences; 20 (e) .rev rsin% the cross, .

| i ¥k dgimethed fay (leteptingy then &CAiRY gbe e effged {irsipegtion)
se ’ LEtion enzynme; 25 (g) circularising
tH%Bﬁﬁgﬁég%ﬁﬁggggquences; (h) anplifying the one or

nore nucl eotide sequences that are ligated to the

t . (=Tl a0 (i) optionally
h?%?ﬁ%ygl%%jg ékgﬁﬁﬁggyggggﬁggeotide sequences to an
array; and (j) determning the frequency of

ool FRSHBRRSRR R AT ARAHED FeBic HREIRE 004057

(c) ligating the cross-linked nucleotide sequences;

(d) reversing the cross linking;

(e) digesting the nucleotide sequences with a secondary restriction enzyme;
(f) circularising the nucleotide sequeﬁces;

(g) amplifying the one or more sequences that are ligated to the target nucleotide

sequence;
(h) optionally hybridising the amplified nucleotide sequences to an array;
(i) determining the frequency of interaction between the DNA sequences; and

(j) comparing the frequency of interaction between the DNA sequences with that of a

control;



wherein a difference between (i) the frequency of
i nteraction between the DNA sequences in the presence

woRoovhetoagent and (ii) the frequency of i nterapd€T/IB2006/002268
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bet ween the DNA sequences in the absence of the agent
is indicative of an agent that nodulates the 5

DNA- DNA i nteraction. 58. A nethod for detecting the

| ocation of a breakpoint (eg. a translocation)
conprising the steps of: 10 ({2 providing a sanple of
cross | i nked DNA; (b) digesting the cross i nked DNA

o e et PR b G 8B TR TS it diay P e sompte

t has compasd td thk conixol sendichtigest theBeitha of W eteapidigle
sequences wWith a secondary restriction enzyne; 20 (f)
circularising the nucl eotide sequences; (g) anplifying

t hD. A getibd FRdBteSIRBUBOREAIohRBAN RN &sivh Oathsit ut%%& B8ps of:
target nucl eotide sequence; 25 (h) optiona

hybridising the anplified nucleotide sequences to an

ar @ providi a@%ﬁ@%@@ﬂo@luﬂ@@ﬁl\f@quency of interaction

bet ween t sequences; and (j) conparing the
frequency of interaction between the DNA sequences

gg# %200%/00226§Qm%§%ﬁ§ﬁ%?gin aqg%éﬁglgé%ﬁwPron1low

to hlgh DNA- DNA i nteraction frequency in the sanple
a he icative of the
IiggggﬂﬁéQ?CRQ%xeadgﬁpégﬂkggiwﬂygbthod for detecting

the Iocatlon of an i nversion conprising the steps of.

anple of cross-linked DNA;, (b)
g%?Q%SE e cross “Pi nked DNA with a primary

restrlctlon enzyme; 10 (c) ligating the cross-1linked
U(CJ cﬁgeshgge thg Ielu lieoq: équér(lzI es erletH g rsgcloggar;f Pegtn%agns gnzlyrlng ki ng;

() circularising the nucleotide sequences;

(g) amplifying the one or more sequences that are ligated to the target nucleotide

sequence;
(h) optionally hybridising the amplified nucleotide sequences to an array;
(1) determining the frequency of interaction between the DNA sequences; and

() 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.

60. A method for detecting the location of a deletion comprising the steps of:



(e) digesting the nucleotide sequences with a
secondary restriction enzyne; 15 (f) circularising

wo b®7oumobeot i de sequences; (g) anplifying the PCEIER2006/002268
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nore sequences that are ligated to the target

nucl eoti de sequence; 20 (h) optionally hybridising
the anplified nucl eotide sequences to an array; (i)
determining the frequency of interaction between the
DNA sequences; and 25 (j) coipharing the frequency of
interaction between the DNA sequences with that of a
control ;.. wherein an inverse%{ attern of DNA- DNA

i NeLPI¥dng 3 spals b poselirked PNbe sanpl e as  conpared to
the control is indicative of an inversion. 30 60. A
met hod for detecting the location of a deletion

c ofpigagting therseoss tigked IINA Wi gty pspKtion enzyme;

PCT/ 1 B2006/ 002268 124 (a) providing a sanple of
cross-linked DNA; (b) digesting the cross-linked DNA
wi (chligetipg thewrgss-liskedmuelepteds sequeyers; 5 (c) ligating the
cross-linked nucl eotide sequences; (d) reversing the
cross linking; (e) digesting the nucl eotide seguences
wi (dhresersing Gredtarsy linkisg;r i cti on enzyne; 10 (f)
circularising the nucl eoti de sequences; (g) anplifying
the one or nore sequences that are ligated to the

t afepéivesing the abitldatideseqpenies @/ith h3edonfarg pdsirizfiah Enzyme;

hybri dising the anmplified nucl eoti de sequences to an
array; (i) determining the frequency of interaction
betfyeralatisieg BiAudesideRemsaceggnd 20 (j) conparing the
frequency of interaction between the DNA sequences
with that of a ’

(g) amplifying the one or more sequences that are ligated to the target nucleotide

sequence;
(h) optionally hybridising the amplified nucleotide sequences to an array;
(i) determining the frequency of interaction between the DNA sequences; and

(i) 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.

61. A method for detecting the location of a duplication 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;



control; wherein a reduction in the DNA- DNA
interaction frequency for the sanple as conpared to

wao b@7oesTol is indicative of deletion. 25 61.PEU/m20évid2268
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for detecting the location of a duplication conprising
the steps of (a) providing a sanple of cross-1linked
DNA; 30 (b) digesting the cross-linked DNA with a
primary restriction enzynme; (c) ligating the
cross-1linked nucl eoti de sequices; WO 2007/ 004057
PCT/ 1 B2006/ 002268 125 (d) reversing the cross
linking; (e) digesting the nucl eotide sequences with a
secondary restriction enzyne; 5 (f) circularising the
nugj eeirkifgtsesenaass; (g) anplifying the one or nore
sequences that are ligated to the target nucleotide
sequence; 10 (h) optionally hybridising the anplified
NUe) BRLHALEhS BAUIEIHEE SedubnBiwah b 8onddry) redlc86 MG, t he
frequency of interaction between the DNA sequences;
and 15 (j) conparing the frequency of interaction
bepwaeatidae BNA 2 i..th that of a control;
mﬁ@reinmgﬂﬁ%ncré%ggﬁggggéﬁ%%rease i n DNA- DNA
interaction frequency for the subject sanple as
c ' indicat iy . . .
o BaBfhyhg hEFnEBAGE skReh ohfake By  BUdeEPhilbice
bysequsaceassay net hod accordi ng to paragraph 57. 63.
Use of a nucl eotide sequence according to any of
par agraphs 1-9 for identifying one or nore DNA- DNA
i nihpapgioadliyrybiidisiag gerplpdifie@iuckétidd equankesto anakrgot | de
sequence according to any of paragraphs 1-9 for the
di agnosi s

(i) determining the frequency of interaction between the DNA sequences; and

(3) comparing the frequency of interaction between the DNA sequences with that of a

confrol;

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.
62. An agent obtained or obtainable by the assay method according to paragraph 57.

63. Use of a nucleotide sequence according to any of paragraphs 1-9 for identifying

one or more DNA-DNA interactions in a sample.

64. Use of a nucleotide sequence according to any of paragraphs 1-9 for the diagnosis
or prognosis of a disease or syndrome caused by or associated with a change in a
DNA-DNA interaction.

65. Use of an array of probes according to paragraph 18 or the set of probes according
to any of paragraphs 19-30 or 33 for identifying one or more DNA-DNA interactions

in a sample.



or prognosis of a disease or syndronme caused by or
associated with a change in a DNA-DNA interaction. 30
wG2007/08®5Df an array of probes according to par@EmIBEP66/002268
18 or the set of probes according to any of
par agraphs 19-30 or 33 for identifying one or nore
DNA-DNA i nteractions in a sanple. WO 2007/ 004057
PCT/ | B2006/ 002268 126 66. Use of an array of probes
accordi ng to paragraph 18 or 12he set of probes
according to any of paragraphs 19-30 or 33 for the
di agnosi s or prognosis of a disease or syndrone
caused by or associated with a change in a DNA- DNA
| NtEr ved 6f@R arrby 6ffprodds @ckdifgtoddatByapRa6 OF feRE: Jf ProdBYacbrding
para%h%BFs 34-39 or 42 for _identifying one or, nore_
DNE- RETagARYS) bhi0 ioF 33 nAR diagsis eisrrogposignofas dipase or
ac sRdEinikatiRdd) Y¥r AkoRAELAHIRR BRandé in3PDRA-BRANiRErabRG:.
di agnosis or 10 prognosis of a disease or syndrone
Scaused by or associated with a change in a DNA- DNA
I nger | ' 20f
54 o g ek eI REY B BB 59 or B AR one o
pr BRERINAINY ietretions iny sgwbssi s. 15 70. A net hod
substantially as described herein and with reference
to any of the Exanples or Figures. 71. An array of
pr @bhdsse il tagmy redotdingi® ahysdpatagthphed4B9 onnzl fori thé diagnosis or
re el 0. f 0 the les or Figures. 72.
0 e{n%%[fdg%rog gedégg%bog CANL T Al F%}lsegié(gygse)rsac?Fc?cﬁ? & ‘Wg‘} %?%‘H%H‘ a Ba-
wi PNAriefeeccdoice t o any of the Exanples or Figures. 25
73. A process substantially as described herein and
with reference to any of the Exanples or Figures. 74.
An6@r iy wubigingrbdisal|of @eagepse ubed daesseiwheRRd the dikenosis or
reference to aqy.of t he Exaqyles or Figures.
prognosis is prenatal diagnosis or prognosis.

15

70. A method substantially as described herein and with reference to any of the

Examples or Figures.

71. An array of probes substantially as described herein and with reference to any of

20  the Examples or Figures.

72. A set of probes substantially as described herein and with reference to any of the

Examples or Figures.

25 73. A process substantially as described herein and with reference to any of the

Examples or Figures.

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

30
75. An assay method substantially as described herein and with reference to any of the

Examples or Figures.



30 75. An assay nethod substantially as descri bed

herein and with reference to any of the

Exanpl es or

wo-r@anens7 WO 2007/ 004057 PCT/ 1 B2006/ 002268  120CT8820461002268
agent substantially as described herein and with
reference to any of the
use substantially as described herein and with
reference to any of the Exanples or
10 Interaction in 4C N % oven?2apping in Cryo-FISH P
Chr.7 73.1 Mo + 258 7.4 + P < 0.001
- 254 3.6 B-globin -
Chr.7 127.9 M

10

value B-globin -

Exanpl es or

B-globin - Chr.7 80.1 Mo (OR
255 3.5 B-globin -

Chr.7 118.3 M -

( UV(P SAn 'Eggrgf %ugstﬁltﬁllg

+ 413

ag cﬁs&@éd h@regi

B- gl

obi n

Fi gur es.

Fi gur es.

5 77. A

TABLE 2

f_?d %}lth Q?J{gge ]tg%g} of the

dz;ampleg@ﬂws B- gl Obl n - D’IMt21 x 258 0.4 Chr.7

80 1 M- Chr.7 135.0 Mo x 2563 5.9 + P < 0.05 Chr.7

73.1 Mo - Chr.7 130.1 Mo x 254 5.5 + P < 0.05 Rad23A

5 - ChrA uge spbstantieBy es @5Eriled hereinrand viittOf ferdRael RBAy-of GlerExafhples
1244 + 261 8 + P < 0.001

overlapping In Cryo-FI SH P val ue

73.1 Mo - 256 3.9 B-globin -

12.9 + P < 0.001

B-globin - Chr.7 130.1 Mo

B-gl obin -

Interaction in 4C N %

B-gl obin -

Chr.7

Chr.7 80.1 Mo (OR) + 256

Chr.7 118.3 M -

- 263 3 B-globin -
135.0 Mo (OR) + 256 7 + P TAB1ED

Interaction in4C_ N % overlapping in Cryo-FISH P value
B-globin - Chr.7 73.1 Mb + 258 7.4 + P <0.001
B-globin - Chr.7 80.1 Mb (OR) 254 3.6 -

B-globin - Chr.7 118.3 Mb - 255 3.5

B-globin - Chr.7 127.9 Mb (Uros) + 259 6.6 P <0.001
B-globin - Chr.7 130.1 Mb + 413 97 P <0.001
B-globin - Chr.7 135.0 Mb (OR) - 261 1.9

B-globin - D7Mit21 X 258 0.4 -

Chr.7 80.1 Mb - Chr.7 135.0 Mb X 253 5.9 + P <0.05
Chr.7 73.1 Mb - Chr.7 130.1 Mb X 254 5.5 + P <0.05
Rad23A - Chr. 8 21.8 Mb + 255 59 + P <0.05
Rad23A - Chr. 8 122.4 Mb + 261 8 + P <0.001
Interaction in4C N % overlapping in Cryo-FISH P value
B-globin - Chr.7 73.1 Mb - 256 3.9 -

B-globin - Chr.7 80.1 Mb (OR) + 256 12.9 + P <0.001
B-globin - Chr.7 118.3 Mb - 242 4.1 -

B-giobin - Chr.7 130.1 Mb - 263 3 -

B-globin - Chr.7 135.0 Mb (OR) + 256 7 + P <0.05
B-globin - D7Mit21 258 6.2 + P <0.05
Chr.7 80.1 Mb - Chr.7 135 Mb 261 5 + P<0.1
Rad23A - Chr. 8 21.8 Mb - 260 3.8 -

Rad23A - Chr. 8 122.3 Mb + 258 + P < 0.001

8.1

242 4.1
Chr.7



6.globin - D’Mt21 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

WO 20600858 Rad23A - Chr. 8 122.3 My + 258 8. 1PGI/B2606/002268
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5 SWTAPLEES Rewife oy rsfROR, e R BB CE i g BB M,

ar]ﬁ’ekﬁ&* ¥, Bloef GAh2005n PR ini@NamdN gt diatd Redulfory Rlegithis@n the beta-
has been described in 5 connection MAp%%s ecific

predatin logps remtsa G- and FOGHL M) gl Ly ood t hat
the invention as clained should not be unduly limted
to such specific enbodi nents. |ndeed, various

nodi fications of the described nodes for carrying out
the invention which are obvious to those skilled in
nol ecul ar biology or related fields are intended to
be within the scope of the followng clains. WO

2007/ 004057 PCT/1B2006/ 002268 131 CLAIMS 1. A nethod
for analysing the frequency of interaction of a target
nucl eoti de sequence w th one or nore nucl eotide
sequences of interest (eg. one or nore genonm c |oci)

5 conprising the steps of: (a) providing a sanple of
cross-linked DNA; (b) digesting the cross-Iinked DNA
with a primary restriction enzyne;



10 (c) ligating the cross-Ilinked nucl eotide sequences;

(d) reversing the cross linking; 15 (e) digesting the
wo@7eofstle sequences With a secondary restri cPCDIB2006/002268

enzynme; (f) ligating one or nore DNA sequences of

known nucl eoti de conposition to the available

secondary restriction enzyne digestion site(s) that

flank the one or nore nucle éde sequences of

interest; 20 (g) anplifying t one or nore nucl eotide

sequences of interest using at |east two

Ol iAGOPiiHc8RInk ABerRiohdi IS the"‘i’l%‘z@'sﬂec@i@&ﬁoxp rakérﬁérem incorporated by

hybridi ses to the DNA sequences that  ank the

nu&fergrded &V siogumndidisations ppd wrigtens afthy mcwé me&w@s Ayl system

t h%f al@‘%x}emﬁ#wﬁ?@%g%ﬁﬁb thdde SN 7dYs afWitnbitMdeparting from the

determning t uency of I nteraction between the
DNacope qud ripay . of2the Tientiest. hddthaegho th@l ingenttion dlaaibeery described in

5‘“‘8‘8{3@%&;@?% :sg@&ﬁf Bﬁkﬁ%gltér the ‘%g 6}8’3‘3 B?é@!}ér&o&d‘ that the

PCiiveBRA0S Cl@ﬁ’miﬁ&hoﬂlﬂm@ beTlhldu]yehrth@ﬂ tncsm:hchpagﬁc @mbod1ments

cl ar. cl et nucl eot i . .
et oo Bl R B lieldet BoBS R EruffhgHGpe javention
gembivhars ebvicwlrtg erosa tkill@l mrméledular divlogndrasiard fiels are intended
sil encer n i nsul trix attachnent region, a

| o, e%’é‘ﬂ?%“‘?@é’ﬁﬂ%&%“?@ﬁ%u ption unit, an origin

of replication, a reconbination hotspot, a

transl ocation 5 breakpoint, a centronere, a telonere,

a gene-dense region, a gene-poor region, a repetitive
elenent and a (viral) integration site. 4. The nethod
according to any of the preceding clains, wherein the
target nucleotide sequence is a nucleotide sequence

that is associated with or causes a disease, or is 10

| ocated up to or greater than 15Mb on a |inear DNA
tenplate froma locus that is associated with or

causes a disease. 5. The nethod according to any of

the preceding clains, wherein the target nucl eoti de

sequence is selected fromthe group consisting of:
AML1, ML, MYC, BCL, BCR,



15 ABL1, | GH LYL1, TALI, TAL2, LMX2, TCRer/S TCR, 6
and HOX or other |oci associated with di sease as

wale®enoidsd i n " Cat al ogue of Unbal anced Chr onosPEEIB2006/002268
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Aberrations in Man" 2nd edition. Al bert Schinzel.

Berlin: Walter de Gruyter, 2001. |SBN 3-11-011607-3.

20 6. The nethod according to any of the preceding
clainms, wherein the primary _restriction enzyne is a
restriction enzyne that recJ&ﬁises a 6-8 bp

recognition site. 7. The nethod according to claim6,
wherein the primary restriction enzyne is selected

f Qe group consiting of Bglll, Hndlll, EcoRl
BarnH, Spel, Pstl and 25 Ndel. 8. The nethod

according to any of the preceding clains, wherein the
saconfhathyd foreailyding the frequenyynef intsraatioresftartangti mwleetideysyguence
that recogni ses 4 or 5 bp nucleotide sequence . .
r GRBT% oo TIEEoRtE G POIHDRY (BerPP RogUaF s loc)
138mBrisidde ABp6RI according to any of the preceding
clains, wherelin the secondary restriction enzyne
recognition site is |located at greater than about
3PRRoVilliRen kheple Bf &bRLINKEEDNA; Ction site in the target
nucl'eoti de sequence. 5 10. The net hod according to any
of the preceding clains, wherein the nucl eotide

SqBHA | fhe i DNA with a PR BFrciabt Al Ng t he
frequ%%ggé%?c?ﬁ§gygggﬁgn of a ta?ﬁ%t nucl eoti de

sequence with one or nore nucl eotide sequences (eg.

0 . ] i) rising the steps of:
(3 BaghPEE AR rhOEddte sSdhofREPTL & "D By P

digesting the cross-linked DNA with a primry

r rictiop en . .15 (c) ligating the cross-Ilinked
nﬁ@tree&rls]a%ﬁigecaoége(%uslgﬁ (d) reversing the cross
l'inking; 20 (e) digesting the nucleotide sequences

W (te)hdigesarelg e %{‘}&Xet{d‘% Ss<t3qru|er(1:ctels M § ggc\érqgary restriction enzyme;

() 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 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 (f) results in

the formation of DNA circles.



(f) circularising the nucl eoti de sequences; (gQ)
anplifying the one or nore nucl eoti de sequences t hat

wae@7i@mat ed to the target 25 nucl eoti de sequRCIEB20§61)02268
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optionally hybridising the anplified sequences to an
array; and (i) determ ning the frequency of

i nteracti on between the DNA sequences. 30 12. A

circul arised nucl eoti de sequence conprising a first

and a second nucl eoti de seddénce, wherein each end of
the first and a second nucl eoti de sequences are WO

2007/ 004057 PCT/.1 B2006/ 002268 ,134 separ. -

o A7 BEE0S P RE P GRTBSY AP BCTAE ey boride equence
WieERédieds bel fhe r@bup ooislseng iofle gamudn ceariasgement rigemoter, an
nucl eoti de sequence,and sajd second, nucl eofi de :

s ERRFBPRE e FISTESp AR ALY, %91&3?‘063@9 %kfeﬁa’“gaefrﬁ’s}lﬁ conppigeeign. @
13andripBdnh@st, faB loriRire PRfepNehtidn Ca Féudhdinatied hotiyml e trambéocation
sequence conprising the steps of: é%)'E{OVic“4%§ a_ .

s &FpkRoiwf aceBsYDIPk SHOBRIE, 2 1859F BT THEYI hETIHD " B0 @
C&%{éﬁﬁ% dksdh DA Wb iegpdtion®ity, restriction enzynme;

(c Igating the croSs-11nked nucl eoti de sequences;

(d) reversing the cross linking; 15 (e) digesting the
nycheg ttﬂe%ﬁ)&%@%??ﬂ% &)Sanmoff fhe Preedify diRfnYs, VRSl thd fafdt nucleotide

enzyne, Ircularising the nucl eotide i .
sequences.a RElebtde fequenchdbptfie pssapialeq SVithgort (RESeE rAediEr@ffe T 1S
of interaction t > ' | t is
orteseln Pt o B n t BAGP PG crRTRLIRAS, 10 ha

g es@aiatedlvaihi oy causenypdisembang t he use of a nucl eoti de
sequence according to claim12. 15. An array of probes

i mobi | i sed on a support conprising one or nore probes

t FRAtThe 28etiyibicédiiag toanyaf theqapatiing chfmd yhetedti the fagget pucdeotide

nucl eoti de se ce according.t.o cl.ai %2 16-AReet BCR

ofSHBHE s@%ﬁ%&%#&r §°rh C%I% HaR ok ’iugk ’hAéIL%’ujgliYef c

aCABi]? qaHe nee;agiecento, t bMeRe tramags, IFCR A endp HOFA DY other loci

restriction enzyne recognition sites Of'§1ffin§f%

r eassqciagad; with disease as described in “Catalogue of Unbalance hromosome
Aberrations in Man” 2nd edition. Albert Schinzel. Berlin: Walter de Gruyter, 2001.
ISBN 3-11-011607-3.

6. The methdd according to ény of the preceding 6laims, wherein the primary

restriction enzyme is a restriction enzyme that recognises a 6-8 bp recognition site.

7. The method according to claim 6, wherein the primary restriction enzyme is

selected from the group consiting of Bg/ll, Hindlll, EcoRl, BamHI, Spel, Psi and
Ndel.

8. The method according to any of the preceding claims, wherein the secondary
restriction enzyme is a restriction enzyme that recognises a 4 or 5 bp nucleotide

sequence recognition site.



enzynme in genom c DNA. 30 WO 2007/ 004057
PCT/ 1 B2006/ 002268 135 17. The set of probes according

W@ 200c0@i081 16, wherein the probes are conpl emene@r/1B2006/002268
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sequence to the nucleic acid sequence adjacent each

side of each one of the primary restriction enzyne
recognition sites of a primary restriction enzyne in
genom ¢ DNA. 5 18. The set of probes according to
claim 16 or claim17, wherei®3said probes are

conpl enmentary in sequence to the nucleic acid sequence
that _js | ess than.300 bas airs.fraomeach ane

ot riabs e S0 BrgnE PEEBGRIEE Srapratf f sdebfary
PrrdtBdtion dngfihé réebitforesiiystodatedynmedita thivAabol 33Ghp fFbve the
set. of probes according to_any of clains 16-18,

WHSHRAT oSGl R Di5 43 ths faaeet PEHHEREIIIERIS- t o t he sequence
that is less then 300 bp fromeach one of the primary
restriction enzyne recognition sites of a prinar .

r 6t r Tt method psarding fp ghehite nsRgeding sfpimswhereip thg nucleotide
Prebes AceRefidlgd to any of clainms 16-19, wherein the
probes are 15 conplenentary to the sequence that is

bet ween 200 and 300 bp from each one of the primary
regtrict EREY. i lekd i i ' nucleotide
e P pieBRacRE MR RE Ao o gtudh BY & TRl mucleord
proopescacstr aiengr moreameleofide begduamres e Pne g sREP reeppaic loci)
probesi%rgﬁsépsggnplenentary to the sequence that is
betWBERE 0% *aRhd 200 bp or 0 to 100 bp from each one

of the primary restriction enzyne recognition sites of

' ) trjct.i . i ic DNA. 22. Th
B ppvghse Rt Fr A Y of *Claime 1621,

wherein two or nore probes 25 are capable of

hybridising to the s nce adjacent, each prinmary

r e figesting ﬂ‘eé‘ﬁ%"ﬁﬂ’ﬁkeq'e[gﬁgﬁﬂﬁ‘ﬁ %Jﬁnag?' fesrSHOL Y e v
restriction enzyne in the genom c DNA. 23. The set of
pr obes accordin?,to claim?22, wherein the probes

oV ligating thesxesgligkgd puclsoliqe SgEPeness; 24, The set of
probes to claim 23, wherein the overlap is |l ess than

1Q nucl eoti des. |
(d) reversing the cross linking;

“(e) digesting the nucleotide sequences with a secondary restriction enzyme;
(f) circularising the nucleotide sequences;

(g) amplifying the one or more nucleotide sequences that are ligated to the target

nucleotide sequence;
(h) optionally hybridising the amplified sequences to an array; and
(i) determining the frequency of interaction between the DNA sequences.

12. A circularised nucleotide sequence comprising a first and a second nucleotide

sequence, wherein each end of the first and a second nucleotide sequences are



WO 2007/ 004057 PCT/ |1 B2006/ 002268 136 25. The set of
probes according to any of clains 16-24, wherein the

wEe@beo®syuence corresponds to all or part of P€TIEB2006/002268
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sequence between each one of the primary restriction
enzynme recognition sites of a primary restriction
enzyne and each one of the first neighbouring
secondary restriction enzynme recognition sites of a
secondary restriction 5 enzipfe. 26. The set of probes
according to any of clainms 16-25, wherein each probe

s at least a 25 nmer. 10 27. The set of probes .

R SEBFTNYY GOy TSI FEVDS Ten AR Surh BRI R sEg st
| Su@edtle $BQudHBSE -is 28 tarddt PIRREHEE EjierRe eir k4@ seconétnuefeotide
probes conprising the steps of:.%gﬁ&a) i dentifying
ed@ﬁwﬁﬁésﬁmﬂmﬂﬁe%%?ﬁﬁﬂVmF€éFP@E?i ‘enzyme recogni tion
sites for a primary restriction enzyne in genomnic

DNA; (b) designing probes that are capable of |

hylBr iAlimsthed feroprepesing aqriealerseddjusicatide waesncd AETPTEng; the steps
prjchary restriction enzyme recognition sites in the
genom ¢ DNA; 20 (c) synthesising the probes; and (d)
conmbi ning the probes together to forma set of probes

or, \S .ant i al ty: nobes. 25 29. The process
aé%gﬁgﬁégg%gﬁnléPﬁygﬁ}H%%%Pgﬁﬁ t he probes are PCR
anplification products. 30. A set of probes or
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of clains 16-27 or 30.

(d) reversing the cross linking;

(e) digesting the nucleotide sequences with a secondary restriction enzyme; and

(f) circularising the nucleotide sequences.

14. A method for analysing the frequency of interaction of a target nucleotide
sequence with one or more nucleotide sequences (eg. one or more genomic loci)

comprising the use of a nucleotide sequence according to claim 12.

15. An array of probes immobilised on a support comprising one or more probes that

hybridise or are capable of hybridising to a nucleotide sequence according to claim 12.

16. A set of probes complementary in sequence to the nucleic acid sequence adjacent
to each one of the primary restriction enzyme recognition sites of a primary restriction

enzyme in genomic DNA.



32. An array conprising the set of probes according to
any of clains 16-27 or 30. 5 33. The array according
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about 300, 000-400, 000 probes. 34. The array according

to any of clainms 32-33, wherein the array conprises

about 10 385,000 or nore probes, preferably, about

750, 000 probes, nore preferably, 6 x 750,000 probes.

35. The array according to ah%yof cl ai ms 31- 34,

wherein the array conprises or consists of a

re entation of the conple eng of .V, .
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aceqichicé1 ¢p the natlaic rcidsequines adjaceainech wide of emhemy oF the3primary
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chrﬁé}ﬁﬁ%%‘rFé‘Z%‘?FﬁF‘éﬁ‘léthég%%%aé’Pﬁlé‘H’ TeRTIEYRR SRPPAY ™ e5pomy DNA.
A process for preparing an array conprising the step

of immbilising on a solid _ support_ substantially th
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t heaitstfegm egchiomeebilie psimagy sistrigtign pzymersCogpibign sites; ¢ primary

ar fea¥ici@n RLARER RARGALHNW to claim 16 or the set of
probes according to any of clains 16-27 or 30. 39. An

array obtained or obtainable by the nmethod according
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the step of perform . AL ' - 1.1,
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I NéRipdhéndty tdit \sefidndeltRatDNBetseqLEIICad 300 b fidaeeach one of the
di seased and.non-di seased.cel I, iqgicates thg%t.the .
DNPRITAGA, ToRpgliofe PRgie; BoramificRatiieg colof TTHAY (FRRftigp hzyme in
di geemecBlate. 5 41. A nethod of diagnosis or
prognosi s of a di sease or syndrone caused by or
associated with a change in a DNA-DNA i nteraction

COPPrim 89 Jrhfotrt @Rcdding to any of claims 16-20, wherein the probes are
complementary to tﬁe—sequérfce that is between 100 and 200 ‘bp or 0 to 100 bp from
each one of the primary restriction enzyme recognition sites of a primary restriction

enzyme in genomic DNA.
22. The set of probes according to any of claims 16-21, wherein two or more probes
are capable of hybridising to the sequence adjacent each primary restriction enzyme

recognition site of a primary restriction enzyme in the genomic DNA.

23. The set of probes according to claim 22, wherein the probes overlap or partially

overlap.

24. The set of probes to claim 23, wherein the overlap is less than 10 nucleotides.



performng steps (a)-(i) any of clainms 1-11, wherein
step (a) conprises providing a sanple of cross-1linked
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conparing the frequency of interaction between the

DNA sequences with that of an unaffected 10 control;
wherein a difference between the val ue obtained from

the control and the value obtained fromthe subject

is indicative that the subjdéf is suffering fromthe

di sease or syndronme or is indicative that the subject
wi_ Ll suffer fromthe,. disease.or. s one. .15 42. T

e h 8BS &6 PERRG P eORETEAD % o e i it B g Seffence
f coRshOWs k@ all bPpart bithescy0érico betfweed exhaine sf the primary restriction

i ndi cative of the | ocation of a bal anced and/or the first
U AAIEEERENILIN SR OF APTIMPS TepiIctinh ERERe TR 28R qge b the firs
4] eichbiRkiRE BecBhdarP ¥R fsh Bk ketosfititNAEDR katbeiaBEicstBition
20 grequen0|es for the subject sanple as conpared to

t kezyewwntrol is indicative of an bal anced and/ or

unbal anced i nversion. 44. The nethod according to
claim4l, wherein a reduction in the DNA- DNA )

i 36eThetseoof frplergweensding & anshel deibjsdét25s whper qsh probe is at a
c%ggggﬁﬂm&p the control, in 25 conbination with an
inCrease In DNA-DNA interaction frequency for nore
distant regions, is indicative of a balanced and/or
unhal.anced .del.etion...45. Th : i [ .
42T B RG o et P o af B HERNR ACRRL S bk T2s
I roerecti on frequency for the subject sanple as

conpared to the control is 30 indicative of a

bal anced and/ or unbal anced duplication or insertion.
V‘@SZ@%ML@M&:}E@E@ b BROD prode2admdrisih Shedbeps Af: net hod
according to any of clains 41-45, wherein spectra
karyotyping and/or FISH is used prior to perform ng

Sghyl idéﬁt&\?ﬁl%- eaffif -ond I (Fe phiRdryars@ictbm endytneanyogaition| diesrgor a
41-'46, erein the disease is a genetic 5 disease.
ASriTARETeREICHTEIETRS FCAICd MMy of cl ai ms 41- 47,

wherein the disease is cancer. 49. A nethod of

di agnosi s or prognosis of a disease or syndrone cause

by(bbdesignineasehse Fist s copable of Bybradigiae forfhs sqRpnepydjacent Sach one
! n&f%ea;&hﬁa(}{; rsiR6A &izHde Hzggrﬁﬁ&psi@;g in the genomic DNA;

(c) synthesising the probes; and

(d) combining the probes together to form a set of probes or substantially a set of

probes.

29. The process according to claim 28, wherein the probes are PCR amplification

products.

30. A set of probes or substantially a set of probes obtained or obtainable by the

process according to claim 28 or claim 20.



performng steps (a)-(i) of any of clainms 1-11,
wherein step (a) conprises providing a sanple of
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met hod conprises the additional step of. (j)
identifying one or nore |oci that have undergone a
genom c rearrangenent that is associated with a

di sease. 15 50. The nethod according to claim 49,
wherein the two or nore anpl %7 ed sequences are
differentially labelled. 51. The nmethod according to
claim49, wherein the two or nore anplified sequences

208 larAn FERYFOMPEFING the Ay pEprobtrancardiag deeltiankieer srssingelly the
0 nsegbifﬂr&fe@ Blcofd i LBREP BB ainR 4 6-272¢ 3¢®t hod according to

claim49, wherein the two or nore anplified sequences
are |dent|caIIy | abel | ed when the sequences reside on
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slgnals 53. An assay nethod for |dent|fy|ng one or
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Wi 300 (moeomoommeesagent s; and WD 2007/ 004057

PCT/ 1 B2006/ 002268 140 (b) performng steps (a) to (i)
of any of clains 1-11, wherein step (a) conprises

prawi thengragrae66dink ik eﬁly BNAaiids3m-33) @vlféfﬂﬁpﬂ@ artid) @b6:@priked about
di fference between (i) the frequencg i nteraction

betSheldR qrraomenpobes, sediieineonh 78Hha00 probes deore forefaebly, 6 X

agﬁﬁﬁ%»jg&%g|) the frequency of interaction between
sequences in the absence of the agent is

i ndicati ve of an agent that nodul ates the DNA- DNA

| nser %ﬁ% aﬁQy ?c%r d%f@%ﬁggf “cﬁ[rnsd%%ﬁttzﬂ&e e | fgr%?‘ cbx%{;‘nses or
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nparing the frequency of |nteract|on bet ween t he DNA
sequences with that of a 15 contro

36. The array according to claim 35, wherein one out of every 2, 3,4, 5,6, 7, 8, 9 or

10 probes as ordered on a linear chromosome template is contained in the array.

37. A process for preparing an array comprising the step of immobilising on a selid
support substantially the array of probes according to claim 15 or substantially the set

of probes according to any of claims 16-27 or 30.

38. A process for preparing an array comprising the step of immobilising on a solid
support the array of probes according to claim 16 or the set of probes according to any
of claims 16-27 or 30.

39. An array obtained or obtainable by the method according to claim 37 or claim 38.
40. A method for identifying one or more DNA-DNA interactions that are indicative

of a particular disease state comprising the step of performing steps (a)—(i) of claims 1-

11, wherein i step (a) a sample of cross-linked DNA is provided from a diseased and



wherein a transition fromlow to hi gh DNA- DNA
interaction frequency in the sanple as conpared to
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breakpoint. 20 55. A nethod for detecting the |ocation

of a bal anced and/ or unbal anced inversion conprising

the steps of: (a) performng steps (a) to (i) of any

of clainms 1-11; and 25 (b) conparing the frequency of
interaction between the DNA ggguences with that of a
control; wherein an inversed pattern of DNA- DNA
|nteract|on frequencies for the sanple as conpared to

t he newriseased ol iandivdareiny e dfferancei heiwgeni th fregepngs of mteraction
Meb ek (BE D?@i 8&ubids HBR 4119?1@%%59? 18& gr%g@éagéd s indicates that
conprising the steps of: i
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of any of clains 1-11; and (b) conparing the frequency

of interaction between the DNA sequences with that of

a 41c omtmahod 6f ilagnasisnoraprogohstst bHa diseateher E}N@fdﬁﬁ@\caused by or

in tiaQn fre uency for ared.to
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DN Whﬁfeérr 4 ifteypnce rhefitreRdle Malbe Rhlemed B°f°§%:fhe atrph gnd the
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ighaffapll &EiPmeHy léélsdéﬁﬂtlﬂ%fl% &lea%lb@@fdwﬂlgsuﬁ%r &P 'ih? mlgease or
2Osyndrome.

42. The method according to claim 41, wherein a transition from low to high

interaction frequencies is indicative of the location of a balanced and/or unbalanced
breakpoint.

43. The method according to 41, Wherem an mversed pattem of DNA—DNA interaction
frequencies for the subject sample as compared to the control is 1ndlcat1ve of an

balanced and/or unbalanced inversion.

44. The method according to claim 41, wherein a reduction in the DNA-DNA
interaction frequency for the subject sample as compared to the control, in
combination with an increase in DNA-DNA interaction frequency for more distant

regions, is indicative of a balanced and/or unbalanced deletion.

45. The method according to claim 41, wherein an increase or a decrease in DNA-
DNA interaction frequency for the subject sample as compared to the control is

indicative of a balanced and/or unbalanced duplication or insertion.



59. Use of the nucl eotide sequence according to claim
12 for identifying one or nore DNA-DNA interactions
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according to claim 12 for the diagnosis or 25
prognosi s of a disease or syndrone caused by or
associated with a change in a DNA- DNA interaction.
61. Use of the array of probes according to claim15
or the set of probes accordildg to any of clains 16-27
or 30 for identifying one or nore DNA-DNA interactions
in a 30 sanple, WO 2007/.004057 P /IBZOOG/?%ZZGS. 14%y
646. Hgeethed paardmertaynp Pt Jrigliéd-Re BEFEINEeTg . KaTgpiHp g and/or
OFIEIPPEu%&ferfrtdé;Se?@?rﬁin@%ﬁ@h@tﬂ%ﬁ. to any of clains 16-27
or 30 for ‘the diagnosis or prognosis of a di sease or
syndronme caused by or associated wth a change in a

- ' I uitela . i ALY idiaN@netic
L A o B e P e or ™
nmdiseaseDNA- DNA i nteractions in a sanple. 64. Use of the
array according to any of clains 31-36 or 39 for the
di agnosis or prognosis of a disease or syndrone
c @85S The inythod a@ssiing tateylofuldims 41-dRavigpeein thealispgals CROCIDNA
i nteraction. 65. Use according to any of clainms 61, 63
or 65, wherein the diagnosis or prognosis is prenatal
di4ag RO FiethoBdof PAiNEIOSS 08 . prddnofi6 .of A distdsodr sgndrame sppussfl by or
probes, .a set o r obes, es n_array,.an.as .
ratgaied Wit apdnetzeop & BRAPETRC e poatsio R REY oo
hekgbimiAd lepd ()3(i) &f 2 @A eRinksOl -2 ywiefeid hep (fcanpties poviding a

Fi gures. o .
sgmple 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.

50. The method according to claim 49, wherein the two or more amplified sequences

are differentially labelled.

51. The method according to claim 49, wherein the two or more amplified sequences

are icientic;e;lly—labélled when the sequences reside on different chromosomes.

52. The method according to claim 49, 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.

53. 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
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(b) performing steps (a) to (i) of any of claims 1-11, wherein step (a) comprises

providing cross-linked DNA from the sample;

wherein a difference between (i) the frequency of interaction between the DNA
sequences in the presence of the agent and (ii) the frequency of interaction between the
DNA sequences in the absence of the agent is indicative of an agent that modulates the
DNA-DNA interaction.

54. A method for detecting the location of a balanced and/or unbalanced breakpoint

(eg. a translocation) comprising the step of:
(2) performing steps (a) to (i) of any of claims 1-11; 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.

i

55. A method for detecting the location of a balar;céd and/or unbalanced inversion

comprising the steps of?
(a) performing steps (a) to (i) of any of claims 1-11; 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.

56. A method for detecting the location of a deletion comprising the steps of:
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(a) performing steps (a) to (i) of any of claims 1-11; and

(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.
57. A method for detecting the location of a duplication comprising the steps of:
(a) performing steps (a) to (i) of any of claims 1-11; 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.
58. An agent obtained or obtainable by the assay method according to claim 53.

59. Use of the nucleotide sequence according to claim 12 for identifying one or more

DNA-DNA interactions in a sample.

60. Use of the nucleotide sequence according to claim 12 for the diagnosis or
prognosis of a disease or syndrome caused by or associated with a change in a DNA-

DNA interaction.

61. Use of the array of probes according to claim 15 or the set of probes according to
any of claims 16-27 or 30 for identifying one or more DNA-DNA interactions in a

sample.
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62. Use of the array of probes according to claim 15 or the set of probes according to
any of claims 16-27 or 30 for the diagnosis or prognosis of a disease or syndrome

caused by or associated with a change in a DNA-DNA interaction.

63. Use of the array according to any of claims 31-36 or 39 for identifying one or more

DNA-DNA interactions in a sample.

64. Use of the array according to any of claims 31-36 or 39 for the diagnosis or

“ prognosis of a disease or syndrome caused by or associated with a change in a DNA-

DNA interaction.

65. Use according to any of claims 61, 63 or 65, wherein the diagnosis or prognosis is

prenatal diagnosis or prognosis.

66. A method, an array of probes, a set of probes, a process, an array, an assay method,
an agent, or a use substantially as described herein and with reference to any of the

Examples or Figures.



