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1 Nucleic Acid Interaction Analysis
Srrrrererrerererrererererrrrererrrrrrrrr *159159+*
Field of the invention The present invention generally
relates to the field of gene expression. Mre
specifically, the present invention relates to nucleic
acid interactions. In 5 particular, the invention
relates to analysis, detection and/or identification
of nucleic acid interactiom conponents. Background of
the invention The study of nucleic acid interactions,

in particular interactions in nucleic acid- protein
conpl exes and in chromatin, is inportant in

under st andi ng g : ti.on ,and expression. f
St udi es of tranmle' Ade i ?' sites (TMM"”””M”I"

by genone-w de nmethods such as ChlP-chip (Cawl ey et 59150
Field of th2dfvientiomd Chl P- PET (Wi et al ., 2006), have

shown that nost TFBS are not |ocated 5 proximal to

enes, .suggestin extensive renote regul ation. Wile
ThePsen dRERRIA PGk SBEtEs 0 ftherleld ¢ Dsnerexpressiay. More
spetmical§, 'the1 bRiend inDBhfiorf SRR L 8€; i
pi_ntergcti an _bet\/\:een t he TEBS, f%nri:%léoitghgghneﬁftht%gons' In
particelar.ethgl inventionaielates tofanalgsie, detestiant amdier ligentification of

ect 1 .GLOSCO [ight m croscopy and
nu‘ﬁ%"ggarcgs)@%%@g{'?i8%'?%8”?39%i di sati on are constrai ned by
technical Iimtations, such as lack of resolution, or

Backdrbumdibf thel invemtipar i ng sanpl es, and may not provide
20 enough information on these nucleic acid -

I

interactions. In addition, several recently reported _
Theﬁ@bﬁ&d%fl %{}%'Fo?fé% IRtgragtions. inmeardiculandrterratiopsdn nucleic acid-
hj hpat; nbj 0
PO g B e R L OnEHA R et " erBpEaning® gene
regdlationiansexpessio’.one Conformati on Capture (3C), to

Studies of transcription factor binding sites (TFBS) by genome-wide methods
such as ChIP-chip (Cawley et al., 2004) and ChIP-PET (Wei et al., 2006), have
shown that most TFBS are not located 5 proximal to genes, suggesting
extensive remote regulation. While whole genome ChIP methods can identify
TFBS, they may be limited in their capability to detect actual interactions

between the TFBS, hence other methods are required.

Analysis of these interactions by electron microscopy, light microscopy and
fluorescence in situ hybridisation are constrained by technical Iimitatiohs, such
as lack of resolution, or difficulty in preparing samples, and may not provide

enough information on these nucleic acid interactions.

In addition, several recently reported methods developed to study these
interactions, purported to be high-throughput and/or unbiased, also fall short of
expectations.

Dekker et al., (2002) described Chromosome Conformation Capture (3C), to

study nucleic acid interactions. As this method requires the use of primers for
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25 study nucleic acid interactions. As this nethod
*requires the use of priners for ~~~~~~~ FEEE Tt
freer rerrr 11111 ~~~~ ~l1~ *@0002* 2  anal ysing
i nteractions, sone knowl edge of the interacting sites
is required, and the nethod is limted to single
poi nt detection. Carroll et al., (2005) described a
nmet hod coupling ChIP with 3C. This nethod indicates
the nucleic acid nol ecul es phich interact with a
particular protein of 5 interest, but otherw se faces
the sane limtations as 3C. Sinonis et al., (2006)
descri bed the chronobsonme confornati on capture-on-chip

: j i n PCR first f or.med
angf g’ BERALIE, SO BYEE 3F A Ty BR bbisies 5 redinggy and
thesmletiesiligriinhited 10 singlargoit dstettich.s was used to

identify other sites (as avail able on the mcroarray)

whi ch i nt t wth 10 the targeted sites. Zhao et
Cagoll ot 3o dap0aLeerrhed a mehan dspinlies fhlPowith dicar This method
. : r i er ej_n.. .
e Eoieh ACRL ATl RPICH YR WhES D protein of
intergst diut othpreisectacas ¢the dameilimitadiong ase@ienci ng. Thi s
method is limted in its application in that only

; e S | int. t wth specific.target 1 .
SRt ENETs ANOBeCHBRTTHe EhioledSiTs cobrafetSp sgpfyre-on-chip
(4Clesechiigde awhbrfa eyetsey RORSwashifiedt pBFLHASS using  primer
erformng a nultiplex Iigation-nediated _
seqiiffGes; tardates to apeciticsiteh aRd subseguerdlyamicreagay analysis was
' . > CLate ' e forward, .
used 85 RichihP ofter s (a8 RaunbSHd Bldroghdl Rhicroin/EHate i
thertasgetedtsites. fragnents for the genom c region of 20
interest. As a result, the 5Clibrary is a

antitati ~carbon. cqpy" qf ,a pajt of, the  3C
Zh%b?&r?’?’ 4¢0qgl eq‘?‘ﬁ_ﬁﬁ'gﬁgpra_ I?cifﬁtf@él_ {Wnleﬁie deul'i rBrymosome
confeAflatidi captieé ad) wherédih thé @dptutel tseBBRLES AhicPintdtact with
that only 1 nteractions between sites corresponding to
the specific target sequences are identified by sequencing. This method is
limited in its application in that only sequences which interact with specific target

sequences can be identified.

Dostie et al., (2007) described a strategy termed 5C which includes performing
a multiplex ligation-mediated amplification on a 3C library to generate a 5C
library to detect global interactions. The 5C forward and reverse primer
sequences are designed for all restriction fragments for the genomic region of
interest. As a result, the 5C library is a quantitative “carbon copy” of a part of the
3C library, as determined or limited by the 5C primers used. This method is
limited in its application in that only interactions between sites corresponding to

5C primers can be identified.

Ruan et a/ (US 2007-0238101 A1) provides a method utilising ditags capable of
high-throughput, global unbiased interrogation of nucleic acid interactions and
binding sites. However, in this prior art method, each tag in the ditag is short

and occasionally may not be adequate for identification and/or mapping of the
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5C prinmers can be identified. Ruan et al (US

» 2007- 0238101 Al) provides a nethod utilising ditags

- capabl e of 25 high-throughput, global unbiased
interrogation of nucleic acid interactions and
bi nding sites. However, in this prior art nethod, each
tag in the ditag is short and occasionally nmay not be
adequate for identification and/or mapping of the 3
interacting fragnents. In agdition, this prior art
nmethod is not able to separate out interactions
bet ween different nucleic acid nolecules from
self-ligated nolecules. Further, ditags may al so be

: r n ' i | ecul es d .t hese
LIRS RS, OSSR, GBS BB, meECIL A, 398 erae
outSinteractivegubsiveeh differeatialdlg HidsiidRAes frémaBelf-ligated

xanpl e_of a recently devel oped sequenci ng technol ogy
mof%rg%ow@@qroﬁt,amowsm@25@@%’ fram Jong /lingar £omposite

i ad 1oLk lyvsis of

OB BT A ot e B RRP L EEIC S0 M PRARNS T ng

i mruno-enriched chromatin conpared to contro
Solexaosequeancing iodesequiencinignbly reynthdsis iofanaepamipls of keneecently

10 NRSF (.Johnspn et ) re ijs thus a
deklaned sPoRopEngr erBneRey T RoAl0 Lha 1965810 2007516252 and

oe laguas ' i
WO a0bneagiay Shota RGN 18EK ARHBIS e gnais;of ore

sequencef it Pl incther epnigxt of eesmpatinge tmmune-dntichadi chromatin

' . i | 5 .
colp e 5 o At afinCler BRI uPlingt Ribsof & Bfgein known as
NR&#h@EIbhasog edt/.| 2601). one first tag fromat |east one

first nucleic acid nolecule and at | east one second
romat | east one second nucleic acid nol ecul e,

-, taag I
TheRasehHS ihaepr ior mote eicent meliers Andambyshigchpglagios that

ma'?/rem@bﬂ@élyiaadaes%tmk@é-eirﬁ@rmompeh%rﬁo Sharfpeerakfiondre

irst and second tags are fromdifferent nucleic acid

mol ecul es; conprising the steps 20 of: .
Summary of the invention

According to one aspect, the invention provides a method of preparing at least
one isolated linear composite nucleic acid molecule comprising at least one first
tag from at least one first nucleic acid molecule and at least one second tag
from at least one second nucleic acid molecule, wherein the first and second
nucleic acid molecules interact in a nucleic acid mixture and wherein the first
and second tags are from different nucleic acid molecules; comprising the steps

of:

(i) providing at least one nucleic acid mixture comprising at least one first
nucleic acid molecule interacting with at least one second nucleic acid

molecule;

(i) performing a ligation reaction to ligate the ends of the nucleic acid molecules

to form at least one linear composite nucleic acid molecule; and
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(i) providing at | east one nucleic acid m xture

- conprising at least one first nucleic acid nolecule
interacting with at | east one second nucleic acid
nol ecule; 25 (ii) performng a ligation reaction to
ligate the ends of the nucleic acid nolecules to form
at | east one |inear conposite nucleic acid nol ecule;
and 4 (iii) isolating at |east one |inear conposite
nucl ei c acid nol ecul e conprigsing at |east one first
tag fromat |east one first nucleic acid nolecule and
at |l east one second tag fromat |east one second
nucl eic acid nolecule; wherein the first second tags

PR AR PG ol PRl BBl bShorsng a
Ieastamﬁééﬂrsﬁ tepefforafatnogsdtadre fidtindclend a6id! RsIERIE BRd at least one
fornmed. (See Figure 4 as an exanple). These include

seqqnkiag z{r@ﬁwsll%stmeeéawgd Oppﬁé‘aﬁcidnmwt? owbgrein the first
seagar{ocwg@ ar&§toki hlf@%adng@é@%%laerﬁpmtcﬁ;é cular multiners
circul ar

i nteractions I'NCO ‘|igated and
unl i gat ed 10 nol ecul es (for exanple, DNA with no

Atel, ISR T, e (1dne TR B 45 (P PRUoP nSeYRTAbbopayof nucieic

ac@%@fe%hﬁesollﬁta %@f&hé&f ‘{Sbﬁ %?1‘(? hea'%sén %ﬁ%rﬂox#lg)eafhese include

onposite nuc elc acid
Ilneafmomp@lte mlequm&a(hneen]Iﬂeraodaonﬂ)c Ioafculaacslelf-llgateﬁ: mMadscules,

ciigl e e e hrRaienely (o iaie loaied g Phlgated

motdculen ffor @iﬁmpﬂ@ﬂDNN with i’ Ilhlﬁﬂ@tarﬁﬁﬁm%%lé’l% Iﬁke'r%%ﬁfammg
one linear conposite nucleic acid nolecule form at

ast one adapter-ligated |inear conposite nucl eic
acid 20 nol ecule, and isolating the adapter-1igated
I i near conposite nucleic acid nolecule(s).
Further, the method according to the invention may separate out and/or provide

at least one linear composite nucleic acid molecule or a pool of (more than one)

linear composite nucleic acid molecules from the other nucleic acid molecules.

According to another aspect, the method further comprises ligating at least one
adapter to at least one end of at least one linear composite nucleic acid
molecule to form at least one adapter-ligated linear composite nucleic acid
molecule, and isolating the adapter-ligated linear composite nucleic acid

molecule(s).

According to another aspect, the present invention provides an isolated linear
composite nucleic acid molecule comprising at least one first tag from at least a
first nucleic acid molecule and at least a second tag from at least one second
nucleic acid molecule, wherein the first and second nucleic acid molecules
interact in a nucleic acid mixture; and wherein the first and second tags are from

different nucleic acid molecules.

In particular, for each isolated linear composite nucleic acid molecule of the

invention, there are at least two tags, with each tag representing a nucleic acid
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According to another aspect, the present invention

* provides an isolated |inear conposite nucleic acid
nol ecul e conprising at |least one first tag from at
least a first nucleic acid nolecule and at | east a
second tag fromat |east one second 25 nucleic acid
nol ecul e, wherein the first and second nucleic acid
nol ecules interact in a nucleic acid m xture; and
wherein the first and secong tags are from different
nucl eic acid nolecules. In particular, for each
i solated |inear conposite nucleic acid nolecule of the
invention, there are at least two tags, with each tag

1 )l =Y i | ecul e ich

ol ERAE ST itefoct B & frenCopdRic "5 dnflBh B fepresented by

at leapt es€otiRat thy. at | east one other tag. In particular,
the nucleic acid mxture conprising interacting I
nucl.eic a ecul es conprises at | east one nucleic

In d@rE‘P ?rot ﬁ]en ’E@%ﬁ’ e3CidnangHre @%ﬁﬁ’ﬁtﬁr&%@ i interaglinghuycieie acid

moféduedn &Mbﬁsé@y Pelegéfd&?eedn ; a{df@gmgm AGHABIEK "Snd/or
to one aspect, e nucl ei c aC| m xture nmay be

chrprrmim edhéy nuclbroorm:ud nmixtunenapae chei paiducsd ( Bbll Bhy method.

t her, the 03|te nucl ej ¢ acid | ecul e(s)
AL L08R PRF Iy e NGRS AT ATDE Btk st droparel by
Ch,@mﬂnf,hﬁﬁu,h@}eg@qtgggn mpk)e used, i ncl udi ng but not

O limted torolling circle anpllflcatlon and/ or

ynerase chain reaction (PCR). Further, the l|inear
Fur‘e"@%é@e théeﬂugpmp@saﬁamcm aeidl mpicule(s) hbthenireentiom may be

amgﬁﬂ?cf‘lslﬁl‘s?y %rg:doa?r L @jflc%glﬁgﬁhéfr{o%dg{ggt b%lﬂspﬁe including but not
hmltw&otmﬂmg mm}%Iamﬁlﬁrcatzonm&i/ditegalyﬁie?a% amgdw %eactlon (PCR).
e s of the invention nmay be sequence e
Fudits ik Bed sqmbesii T de R R MalerS@her fiiaenton may also
be fsamealdr%uﬁﬂeb%ﬁuﬁﬁbﬁaﬁawgul es may be obtained by
any sequencing method. In’particular, the sequencing

nmet hod used nay obt ai n sequence i nforrmtl on from at
Acearding tonenaethgs aspectief therieventioom s lineamcernpositeaniudeic acid

molecules of the invention may be sequenced. The sequence of the tags
comprising the linear composite nucleic acid molecules may be obtained by any
sequencing method. In particular, the sequencing method used may obtain
sequence information from at least two tags of the linear composite nucleic acid

molecules.

According to a further aspect, the sequenced tags representing interacting
nucleic acid molecules may be mapped to at least one reference sequence. In
particular, the reference sequence comprises at least one sequence database,
such as a genome sequence database. Mapping the sequenced tags to the
genome may determine which nucleic acid molecules interact in close spatial
proximity to which other nucleic acid molecules. The interacting nucleic acid
molecules identified may be located at some distance on the same
chromosome or they may be on different chromosomes. Importantly, the
invention accordingly may provide a global de novo picture of these

interactions.
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nol ecul es. According to a further aspect, the

* sequenced tags representing interacting 20 nucleic
acid nol ecul es may be nmapped to at | east one reference
sequence. In particular, the reference sequence
conprises at | east one sequence database, such as a
genone seguence dat abase. Mppi ng the sequenced tags
to the genonme may determ ne which nucleic acid
nol ecul es interact in closegspatial proximty to
whi ch ot her nucl eic acid nol ecules. The interacting
nucl eic acid 25 nolecules identified my be | ocated at
some di stance on the sane chronosonme or they may be

Acgcgrgg{rg{j)( ﬁmx&aﬁﬁ%&?@@nmﬁg oa}ocils?vﬁ% fgh@'otﬁl ;’bir%;pg site(s)

inciutse for né)ea“rﬁpltel, qr@asoﬁptléﬁcfarctbm%hr)dmg hgitdIVRNHaPic Uiy the

identify and/or di scover protein .binding site(s)

INVEREPR Maygidestify e%i% discoyerrsitesi on ﬁtﬁ@rqﬁmr&/mbsemrﬁ@ nucleic
[ C %

aci hiffeclfs RANEN HidPast Wi, ohB SAAHRE Y WilE Bibielhys) andlor

transeripdioa factor(d).nol ecul es which interact with one
another and with protein(s) and/or 5 transcription

factor . i ef. description of the figures Figure 1
Brigf0s ' g 1 €8 | ustrates an exanpl e of the
nmet hod and the isolated oligonucleotide(s) of the

Figurey entis @n didgrgt &vhicH sllustrteXdbanexdmple bf ItHetmaid hRd the
ISo%gneral the nucleic acid interaction 10 analysis

ehaligeuaeridess) ofithe investiappl i cation 2007- 0238101
Al). This nmethod available in the prior art generally

PSS e B il SR Beh B8 e aqy peractin
analysjs naéthod iaf Ruadeettalg $USappicatioh 2602-0288d01 Adff). This method
avaAI%IbLe mg]aéhﬁ& an g%nre(r:éJl‘yaFels% tslircl) rIe,hcc))frt ct]i?aegs ggauns%cihe tags are
generated following restriction. In addition, these tags also include tags
obtained as a result of self-ligation or circularisation of the same nucleic acid

molecule.

Figure 3 is a diagram which illustrates an example of the method of the
invention. In particular, Figure 3 illustrates how non-linker ligated molecules
may be eliminated following purification and immobilisation and how circular

molecules may be eliminated following adapter ligation and amplification.

Figure 4 is a diagram that illustrates examples of molecules which are produced

following ligation and reverse cross-linking.

Figure 5 is a diagram that illustrates examples of molecules which are retained

after immobilisation to streptavidin beads (SA).

Figure 6 is a diagram that illustrates examples of molecules following ligation to

adapter and amplification.
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15 Figure 3 is a diagramwhich illustrates an exanple
* of the nethod of the invention. In particular, Figure
3 illustrates how non-linker |igated nolecules may be
elimnated follow ng purification and inmobilisation
and how circular nolecules may be elimnated
follow ng adapter ligation and anplification. Figure 4

is a diagramthat illustrates exanples of nolecul es
whi ch are produced 20 follpwi ng ligation and reverse
cross-linking. Figure 5 is a diagramthat illustrates

exanpl es of nol ecul es which are retained after .
i mmobi lisation to streptavidin beads (SA). Figure 6 is

oy 8 Syt a8 AR FRIECHifisers near
intéragtiores af mucleic dickmaleduies aftér digd s@leesior.he nol ecul es

whi ch represents linear interactions of nucleic acid
ules, after, size selection. Figure 8 is a dia

. ol ec! . . ram
Fighe §§'§r%ﬁ'?ﬂjawa5'ﬂﬁ gling mappinggé the dags Iﬁr@mﬂ%wtgod of the
prelsBAt inREREE I THEWEBEAQhes TAGicURS frﬁ:‘:@éngn@@é g'aﬂdéﬁﬂé ®ags that

t he sequenced part of the tags that na up the
makai pedtheagairetl tags iof othat é&blaﬂeidg@ﬁgorhmie?tiiBH of thiee present
. ' ion., Th nged parts o e tags are
invBRERT T naflen oo pefie 51 M iahe g st aRdneREing to the
reféreniuengendrhet ARG Mt aBEEENEY idbpieh 2nBBd BFCABSLIt"800 bp
to the sequence information of the reference” genone to

acqopdipg\terthe fequpnpe finfagnetiers of the refetericeogenome it@uﬁcsr)n virtual
' iy f 10 the
N hUEI B hoorkd IEKBFEAS i balegTok Hbetfid Bt most o

theimappedt tagsnsf the invalitishakill pderitiy oftetdetions fioth ist0HRRSIBT the
ci s-int eracti_ons'?%or_ interactions fromdifferent
sarpé Bipsteshias (eisriatesactions) qe intersiionsopudifferent chromosomes

(trah@LihePaétRIns) | TI8S  doHEE AHdRizbReal ;ﬁrﬁ@s”"inﬂ’it:afé“ %he . sp'glng of the

interactions. (See boxed mapped interactions in
integactiornse (Feppeakedag@ppeddntaractidns imokigure 18)s That mapped tags

(no?Lilrtng ftﬁéﬁ@é){)r@ggﬁgter %%togﬁfe@rx rrﬁ%\f)Se Irfefg%rnesmmaylﬁa\r/rg pﬁﬁgrent
mapped tag densities.

Figure 9 is a diagram iIIuStrating mapping of the tags from the method of Ruan
et al. (US 2007-0238101) which identifies single binding sites (from self-
ligations) as well as interactions from distal part of the same chromosome and
interactions from different chromosomes. The vertical lines indicate the
sequenced part of the tags that make up the paired tags of the isolated
oligonucleotides of this prior art invention. The sequenced parts of the tags are
used for mapping to the reference genome and the sequence is then extended
by about 500 bp according to the sequence information of the reference
genome to form virtual DNA fragments (firm horizontal lines). The dotted

horizontal lines indicate the “span” of the interactions.
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Figure 9 is a diagramillustrating mappi ng of the tags
* fromthe nethod of Ruan et a!. (US 2007-0238101)
which identifies single binding sites (fromself-
ligations) as well as interactions fromdistal part of
the same chronpbsone and interactions fromdifferent
chronosones. The vertical lines indicate the 20
sequenced part of the tags that make up the paired
tags of the isolated oligopucleotides of this prior
art invention. The sequenced parts of the tags are
used for mapping to the reference genone and the
sequence i s then extended by about 500 bp according
Deﬁﬁﬁkng sequence information of the reference genone
mvirtual DNA fragnments (firmhorizontal |ines).
The dotted 25 horizontal |lines indicate the "span" of
“‘Adapter” megeractol ansoligbnudigatidiet mosculd\datitieris toeberiggdted or is
n,oli onucleotgde nol ecul e which is to be ligated or
t

"geﬁlg,d 10; Higt €498 °ft ReNUHEIS BFiIdaMAlRsUs c Adlapteriomayube . used for

amPAfEtRNS s8§Yerkénd' 8B ok l‘i’rﬁserﬁ’ﬁ@)bgﬂcﬁé hg@ifrﬁgﬁf;imdqg vector.

and/or Inserting a nuclelc acrd frag _
vector. 5 "Circular multiner(s)" refer to multiners
“Circgilareullirear(g)'f fefeeto multisegrar tarmednudieni diffecént or separate

I r igated gt their. end o.formclaosed . . .
nudlBir e ofstios, AL et AT BieinERGR feraiosss, pucteic aci
molewtlegle Aatirdgas nuUitimes AR irfledd 4e l@dst tAe! SepdrateefULIBR: acid
moiei,g:gft ed at the ends to forma closed nol ecul e but nmay

Wdkoaied @t thagnds e feupar elosedurplerdledaitanay include more
thaﬁgwg%ép%fate%éié}‘ggefasrlnb[jqcméc‘sl_ ei c acid nol ecul e" refers

to a nucleic acid nolecul’e conprising at |east one
first tag fromat |least one first nucleic acid

“‘Canpesitel rucieid axtid nezle¢ulebrefesetoom cutkeic Aeidnmalecuigasémprising
at G Q68308 BatiraBrsBhp s Sivieli g olegile and Bt teast

ondrekesnd &5y frAnt RSt lohe SBEIRI KudBictadiB!RsiBkEles. wherein the

__conprises at |east two tags, but may conprise three or .
firsh gnapyacondgiagsvanenfreac Hiffesgntoeiigigict acich moltickifes: etcomposite

nud?éieléadid: rﬁ&égulgoéo“?ﬁbjl]i&s ﬁ least two tags, but may comprise three or
more tags, with each tag being from a different nucleic acid molecule. A

composite nucleic acid molecule may be linear or circular.

A “linear composite nucleic acid molecule” has two free ends, i.e. the ends are
not joined together. A linear composite nucleic acid molecule comprises at least
two tags, but may comprise three or more tags (muitimer), with at least two tags

being from different nucleic acid molecules.

“Isolated composite nucleic acid molecule” means a composite nucleic acid
molecule which is separated or isolatéd, and is substantially free of other
nucleic acid molecules which are not composite nucleic acid molecules. Isolated
composite nucleic acid molecules may comprise at least one composite nucleic
acid molecule or may comprise several or many different composite nucleic acid
molecules as long as they are substantially free of non-composite nucleic acid

molecules. Substantially free is taken to mean at least about 60% free, in
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conposite nucleic acid nolecule may be |inear or

- circular. A "linear conposite nucleic acid nol ecul e"
has two free ends, i.e. the ends are not joined
together. A linear conposite nucleic acid nolecul e
conprises at least two tags, but may conprise three
or nore tags (multinmer), with at least two tags 20
being fromdifferent nucleic acid nolecules. "lsol ated
conposite nucleic acid nol egul e nmeans a conposite
nucleic acid nolecule which is separated or isol ated,
and is substantially free of other nucleic acid
nol ecul es which are not conposite nucleic acid

ooBUBE 45t 4514 e BRI B LR SRR a0

fredrahe endst pesferably @bont 95%..several or many different
conposite nuclelc acid nolecules as long as they are

. ubstantially free of non-conposite nucleic acid _
'Sﬂﬁ'ieélc near canpesittnuglaiy acikanglgcylgk sneans deliReat composite
. 0, f , i I: i I 0f.
TR SO T
other gwidlgid acidt molesfubesabvhiclabanet nBb%ineat | Gwhpositk Inuckde acid

mofeiae it et it SnPofTh Mt aice A, BRIsculese fiabseumpese at
leastS8hallipear @Bhposité HRAAOER] MolééR8 A may Wrhsfise several or

nucl eic acid nol ecul es which are not |inéar conposite
many dierend dingamsiostnasés . nucleicaaed molesalesceapopgtas they are

sutfEHES AL e RS MBS RGBS ot bRRBlo<CSfprianuaty
fresdy ¢al@in @ memnyt st et 60% dese, GAMEIECHIAr ABBUET7TEY free,
acid nolecules as long as they are substantlall¥ free

h
mogg im gatticulas Abaud f95si PefaiablyepboulcP@%nisee @ndemost preferably
abo?H@‘St%i.nti ally 10 free is taken to nean at |east about
60% free, in particular about 75%free, nore in
_particular about 85% preferably about 90%free and
“Linkest refersf tor am lofigontinientidesmoledulekdich isefiseds ta bnkuor links the

encfs! %%Eﬁ[]{:'l%Lceg&i(jd%o%%'u?e%u{o%e\(wgr?t& iir‘?’keursﬁgytboe luisgg fSF ligating to

another linker to join the ends of nucleic acid molecules.
“Nucleic acid material” comprises nucleic acid molecules.

“Nucleic acid-protein complex” refers to an interaction of nucleic acid material
and a protein such as that found in chromatin or when a transcription factor

binds to a stretch of nucleic acid.

A “tag” refers to a nucleic acid molecule which represents a larger nucleic acid
molecule, such as a gene. The tag may be sequénced and the sequence of the
tag may be used to map the tag to a genome. Tags may also be used to identify
genes.

"Tag length”, in general means the length of a nucleic acid tag comprising a
nucleic acid fragment from a longer nucleic acid molecule. The tags of the
present invention are generally longer than 19-21 bp. The tags lengths of the

linear composite oligonucleotides of the present invention obtained depend on
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ends of nucleic acid nolecul es together. A |linker may
‘ be used for ligating to 15 another linker to join the
ends of nucleic acid nolecules. "Nucleic acid
mat eri al” conprises nucleic acid nolecules. "Nucleic
aci d-protein conplex" refers to an interaction of
nucleic acid material and a protein such as that
found in chromatin or when a transcription factor
binds to a stretch of nuclejc acid. 20 A "tag" refers
to a nucleic acid nolecule which represents a | arger
nucleic acid nolecule, such as a gene. The tag nmay be
sequenced and the sequence of the tag may be used to

B B SERE T, JASB o A B bRy o o
Ionbenqt-lbwef/el’ql appedpridte aizak bRthe RSN SdMPoSite %5|téblé|f6f ‘Further

a\c:ld fragnent from a | onger nucleic acid nol ecul e.
anglygs rB?Y%ﬁese@?t@Qé‘ﬁf FFaneXamRIe, H]T@U@@ﬁ&&laW'?Cﬂlngfethe linear
h t
o BB el Pacid ldfior, B Tenihs  out, 553909, pgymay be

selettedi fnednct&aprtmdao nad lendths o§ aboaasmmoom ﬁhn‘gl DBy bessslected
a to be af st ., about

for; B 8128 S Lrcarpmepsiemeluidivarariongier fenda tag lengths.
Foﬁ@fl@rﬂ Ié E?f a@gle‘ﬁgﬁgraré%d Bﬁb bAAL Yiplksr gp?’hg:&%te molecules

sel ec éxa rough size s
WOtJIdeb¢ aheafr 20@-@%@ trmteu tleatdhe tags drerekpected <o beagnequal and

0- 1000 bp may be 5 selected for. In
ha$ 8@%§%F§$%ﬂbg | engt hs of about 50-300 bp I ong may be
selected for. The sizes of the |inear conposite

“VirtwhlcDNAekagment”aefsrs tbhatag Whetsio thé%bhénce Wextended from
exanple, if the tag | enghs are 50-300 bp, the linear

thecgeigraiIced Rarteefluthes tagufoliaying mBERING2 b e gefasepemaenome.
Folldwahgt ute%ﬁmgartﬁe @é%%%h VQ dfothgets"qu%qHééd @6‘%35“'3{}58 tag to a

different |ength rtual ment
referenaet@@ameré)met hmp@@dueawe‘tuai @NAefrdgme‘m asn gemﬂated by

mcl?@]ﬂ*@re Cge aek%;ﬁg rom e re |ofnoltllg%agpelﬁéﬁpdp%or}gat}o%tt%% bp, thus

extending the sequence. The direction for extending the sequence information

of the tag for the virtual DNA fragment is so as to include the sequence of the
part of the tag which is not sequenced, and may be deduced from the method of
generating the tag and the sequencing method used. For example, if Solexa
sequencing is used, the sequence of the virtual DNA fragment is extended in
the same direction as the sequencing method. Further, as another example, the
direction for extending the sequence information of a first tag may be towards

the adjacent tag ligated to it.

Detailed description of the invention

The present invention relates to a method of detecting, identifying and/or
preparing at least one isolated nucleic acid molecule from a nucleic acid
mixture. In particular, the invention provides a method of preparing at least one
isolated composite nucleic acid molecule comprising at least one first tag from
at least one first nucleic a'cid molecule and at least one second tag from at least
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Fol | owi ng sequenci ng, the sequence of the tag is used
''to map the tag to a reference genone. Once napped, a
virtual DNA fragment is generated by including the
sequence fromthe region it is mapped to for about 500
bp, thus 15 extendi ng the sequence. The direction for
extendi ng the sequence information of the tag for the
virtual DNA fragment is so as to include the sequence
of the part of the tag whith is not sequenced, and
may be deduced fromthe nethod of generating the tag
and the sequenci ng nethod used. For exanple, if Sol exa
sequencing is used, the sequence of the virtual DNA

ond BAERE AR e 0 i o

‘maléaubes imerabbin the endéictadid enisRad eifciewhsfem s Fitst aid second

first tag nmay be towards the adjacent tag ligated to
taqstarerﬁwa%vfaedea*e@mlsﬁc&qmew i nvention The present

invention relates to a nethod of detecting,

Acéd?'&ﬂé itd Wi &‘Bgfztofhe %5 RGP Fd\{}(gefsah rln‘égﬁ{rji Qpnﬁrxeitp%ﬁé.atqﬁﬂeast

nucl @i ¢ acid &cul e from el'c acl
ongégalatediliaear compositenucieic mld\mdesule carhpriging bt least one first

a e . .sal at o gsite nucleic
e B o sioneciRh Rk a5f Molisul Bk ot Bast Bpersasond tag
fromt af RSt opBesddohat Nk eAcd Qﬁél@c@?@' Wér@maﬂ‘n@ fﬂ‘sf aﬁ@ssfecond
one second tag fromat |least 11 one second nuc

nU%{QECdaqﬁlr@@'@p@les\/mtmectnmt aducleie tacithmixtaice Mdnwbemlrm the first
ang ShChnd PR e BLRE] e I BT BBl e steps

of: d| fferent nucl eic acid m)I ecul es. According to a first
ct, fhe invention provides a nethod of preparing
at e%{Qt"d"BJ ah'@a?»%%m%ﬂée'evq AddMmixbirg somrrising Bkleastione first

ol QdKbie &GARhbIRLNG RlerhEAT] wiRCaf |{a§§ ongageféc{ easﬁélelc acid

| east one first nuclelic acid npl ecule an one
secvateculey from at | east one second nucleic acid

nmol ecul e, wherein the first and second nucleic acid
nol ecul es interact in a nucleic acid m xture and

wheiigiperfoRfing &Sligation reaction to ligate the ends of the nucleic acid
molecules to form at least one linear composite nucleic acid molecule:

and

(iii) isolating at least one linear composite nucleic acid molecule
comprising at least one first tag from at least one first nucleic acid
molecule and at least one second tag from at least one second nucleic
acid molecule; wherein the first and second tags are from different

nucleic acid molecules.

According to a second aspect, the present invention also provides an isolated
linear composite nucleic acid molecule comprising at least one first tag from at
least one first nucleic acid molecule and at least one second tag from at least
one second nucleic acid molecule; wherein the first and second nucleic acid
molecules interact in a nucleic acid mixture; and wherein the first and second

tags are from different nucleic acid molecules.
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and second tags are fromdifferent nucleic acid

" nol ecul es; conprising the steps 10 of: (i) providing
at | east one nucleic acid m xture conprising at |east
one first nucleic acid nolecule interacting with at
| east one second nucleic acid nolecule; 15 (ii)
performng a ligation reaction to |igate the ends of
the nucleic acid nolecules to format |east one
| i near conposite nucleic acid nolecule; and (iii)
isolating at |east one |inear conposite nucleic acid
nol ecul e 20 conprising at |east one first tag from at
| east one first nucleic acid nolecule and at | east

: . I t. one, secand nucleic acjd . .
g S RuBR B, el 8 hBY: cPBPvsfat 860 ordgBukle eRfhprotei
compfeixeardrbr chrarhaiin. Tisé thuelic adldemixtdfe AMeBObEigEpARdeby any
?ec d aspect, the present invention also provides an
mefaol AnaRprticyiab dhe quigirisiacid mishes macbe Freparediy 2 modied
S : o\l &t I on
AR i ngbrekERio e A b HPBropd SE AN ot .
1998)gmay dra ased éarsdbtaivirey thecomontatial mutovias isdm@m@awilbgtions. In

. . ; . I

pailfef abe' Mociicaliens e ool the Ruriec aga MRl fotn eluted,

reverdes troidirk@eoff rerdBvd 388 f@frﬁalﬁéﬁgag'cfr{)@%-ﬁﬁ]{s BHGLRRSd. The
acid nol ecules. 12 The nucleic atid mXxture may

chregiini repared by dhisomethad eiycbebodng rtotssipharasenbéads or any |

ro in., The nucleic acid m xture may be
°thgfgﬁgé%§k'¥?§1§ﬁ9ea%t hod. In particular, the nucleic
acid mxture may be prepared by a nodified chromatin

Sonicatior piacbeiusatii torbregk Iup) lond ritcksle icl FDIEEURPIRE %bﬁarate
Olando et at., 5 1997) may be used for obtaining the .
moﬁerﬁuiﬁﬁs\ﬁ]or‘quy@( » et RUEBigeacid diteractionsrare Netaingd heceusarof the

croﬁ;élﬂinm?@i. lflhfgg'é ORay Afiftetdtling! RECRIE!Rid HRsI W Ar8! widely
is not "elu ,
separated on the same long nucleic acid molecules are broken into separate

molecules and may be identified by the method of the invention.

The ends of the nucleic acid molecules in the chromatin are then end-filled, for
example by T4 DNA polymerase. A ligation reaction is then performed to ligate
the ends of the nucleic acid molecules together.

This may involve a “first ligation” step comprising ligating linker(s) with at least
one non-ligatable end to at least one end of the nucleic acid molecule(s). After
the first ligation, excess linkers may be removed and the ligated linker(s) may

be converted to make the non-ligatable end(s) ligatable. The linker(s) are then

‘ligated, thus linking the ends of the nucleic acid molecules to form at least one

linker-figated linear composite molecule.

The following are non-limiting examples of linkers which may be used for

ligating or linking the ends of the nucleic acid molecules.

Linker H (first strand): 5 GCG ATA TCG GAT CCA AC 3’ (SEQ ID NO: 1)
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reverse cross-linked to renove the formal dehyde

" cross-links or purified. The chromatin prepared by
this method may be bound to sepharose beads or any
ot her suitable type of beads. 10 Sonication nmay be
used to break up long nucleic acid nolecules into
separate nol ecules, however, the nucleic acid
interactions are retained because of the _
cross-linking. In this way,13nteracting nucleic acid
sites which are wwdely separated on the sane |ong
nucl ei ¢ acid nol ecul es are broken into separate
nol ecul es and may be identified by the nmethod of the

LinkB¥ PR S T TaRcan i vt AECod Tt s GFa 1D
NOI£2)DNA pol ynerase. A ligation reacti bn is then

performed to ligate the ends of fhe nucLeic acid
nol ecul es together. This may involve a "first, _
Th?i#ﬂ'ﬁfisgﬁ“ds?'g‘g E&OPFi strard 19 glinkengH! farms: the ligkem Hawith an
ovérfahy: one non-ligatable end to at |east one end of
the nucleic acid nolecule(s). After 20 the first
ligation, excess linkers may be renoved and the
5" |igated FFRRERTSFGARGCBACconvéfted to make the
3" non-CCgataBraTREACEAGETHEt abl 8/ The |inker(s) are then
ligated, thus Iinking the ends of the nucleic acid
nol ecules to format |east one linker-ligated |inear

1 te nol Le.. The follow : -limti _
g BB ok 101 R o e s nd0Bierasia mdloraigguatig the
LAl ¢ o , L+&i.& 1agi | )
ovéL?ihﬁt% F%Ld??ﬁdrﬁ@tgagﬁ gﬁggﬁéﬂggnkéﬁf tﬁgé’l_ A&'_Fli_igg %T&%Sﬁtgesnuclem

acid speleewleNO 1) 13 Linker H (second strand): 5 GIT
GGA TCC GAT ATC GCG GCC 3" (SEQ ID NO 2) The first

PO BEAFHH 885008 SRR Alpl Tt PO B 18810 S
one end of the nucleic acid molecules, as shown in Figure 1. The linker(s) may
be coupled to biotin for subsequent purification with avidin or streptavidin. It is
understood that the linker(s) are not limited to being coupled to biotin molecules
and may be coupled to any other component. In particular, the component may

be used to purify or isolate the linker-ligated nucleic acid molecules.

In one non-limiting embodiment, the fifth base, T (in bold) of the first strand of
Linker H (SEQ ID NO: 1) is biotinylated.

The ligation conditions may be modified or adjusted, as required, so as to
maximise the ligation of the linker(s) to the end(s) of the nucleic ac'id molecules,
or to optimize other conditions relevant to particular embodiments. Any ligation
condition may be modified or adjusted, including but not limited to increasing or
decreasing the time for the ligation reaction and/or concentration of the
reagents. Following the first ligation, the nucleic acid molecules may be eluted

off the sepharose beads. Alternatively, they may also be left on the beads.

As the linker(s) are dephosphorylated, it is expected that the linker(s) are

unliklely to ligate to form dimers or concatemers of linker(s).
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3" CCGGCCCTATAGCCTAGGITG '5' The blunt end is for
ligating to the ends of the nucleic acid nol ecul es
while the overhang is for ligating with another

l'i nker, thus joining the ends of the nucleic 10 acid
nol ecul e. For exanple, at |east one dephosphoryl ated
linker may be ligated to at | east one end of the
nucl ei c acid nol ecul es, as shown in Figure 1. The
l'inker(s) may be coupled ty@ biotin for subsequent
purification with avidin or streptavidin. It is
understood that the linker(s) are not limted to being
coupled to biotin nolecules 15 and may be coupled to

In %Q&mgﬁh@n ‘éoﬁﬁop@&d S): @rgﬁigéﬁfﬂo&%qlﬂ{gg lf ?sgpgl(?(ggc dnﬁ'}ét the

'Ilnkléln(@) may hgatd tmhe%hb§|§horylatém@nﬂ§6f theThlitIBRE acid molecule but

i ment 1fth base, T (in bold) of the first
carmt aaateoto Ilrmtﬁgetheﬂﬂaesstgiq; of K@ nugleicsadid Bialesulauatil they are
i on conditions may be nodified or adjusted,
phé@iﬁ’) eqlgll%tfjed so as to 20 maxim se the |igation of the
l'inker(s) to the end(s) of the nucleic acid nol ecul es,
Therdepbosphonylated anusr ot thvediigateds limtarés) care anahd)s's;mdrylated.
mbhodi nents. Any |igati.on ond| tjo be npdif|ed .
Folfmiag S: acsecont ety BaerRanes | Alw fhe Rdseldhhguceic
aC|@rmoI€§@é§Q§'I|§§tet h'ﬁetlig%ﬁoﬁ%nﬁfﬂl%nk'rﬂév b@%é(ﬁﬁé@ 'o?rédhusted as
nd/ or concentration of the reagents. | owm ng t
r equlredx spiamte sreximise the ligatiornof dhmrﬁl@uﬁedlﬁﬂa@ntb@uclelc acid

mofle s e Bt 8 R IR RAB 58 AR ALVEIEL Rl e e
selﬁﬁgﬂt@ﬁpbom’eorayﬂsaﬂ@d ofi thel 8néxfFcad disahutlBR acid molecule
| inker(s) are unliklely to ligate to formdiners or

anq{ehé%ma%@nsobplrwlﬁkérmlgmerSany f 4bailigaban eanditionsnmay be

e ar
oA/ 4 ERTRR ) ke of SRRSO Ut for e
ligatibnt teaction | and/oacodcentratioun ef ihé reagantfs). | Ingather twords, the
ds of nucl ei ¢ ac

Ilg%lhﬁlkrpg{:)lﬂafhgrreeé Bﬂg F%ép?/qi ﬁ?@&o maximise m%ermg?elc%?aurlli%ation of

separate nucleic acid molecules. In particular, the ligation is performed under
very dilute conditions of the nucleic acid molecules to maximise the ligation of
the ends of different nucleic acid molecules and to reduce the formation of

circular multimers.

Alternatively, at least one dephosphorylated linker comprising at least one
restriction enzyme site may be ligated to at least one end of the nucleic acid
molecules in the nucleic acid mixture. This is followed by cutting the ligated
linker(s) to produce ligatable ends. The ligatable ends of the ligated linker(s)
may then be ligated to ligate the ends of the nucleic acid molecules. The
ligatable end after restriction may be a blunt or have a cohesive end with a 5’ or
3" overhang. In particular, a restriction enzyme which cuts rarely may be used.
In other words, the restriction site for the enzyme should not occur too
frequently. The reason being, to reduce the possibility of cutting the nucleic acid

material in the nucleic acid mixture to very short fragments.
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5 The dephosphoryl ated ends of the ligated |inker(s)
are then phosphorylated. Following this, a second
ligation is perforned, to allow the ends of the
nucleic acid nolecules to ligate. The ligation
conditions may be nodified or adjusted as required,
so as to maximse the ligation of the ends of
different nucleic acid nolecules via the linkers to
formlinear nucleic acid nojsgcules and to reduce the
10 self-ligation or circularisation of the ends of any
one nucleic acid nolecule and/or formation of
circular multinmers. Any of the ligation conditions nay

B bR HERE L ki 8 or
linkaerdlinking othee fitstahiiclgicofacidhendleagdenkhd) thel Be8bRE! nucleic acid

(fl the ligation reactions are adjusted or
moﬁdﬁled to maxi mi se internolecular ligation of 15

separate nucleic acid nolecules. In particular, the

FoI'Idh\Mﬁb' e Isechrd f Efa‘i‘%ﬁ l{ﬁé’eﬁuclé,{l@réicﬂ' H&?riégoﬁ?gi%rfgﬁeag d to

e nucleic aCI nol ecul es to naxin se

- reverge thelforotaldéfiyder erassHinksedard aarifiedroPeadfidationaoidat 2ast one

R i a0 o oo T i o
corﬁpﬂ@ihgsatrl@aétt @ @dpohentsl vhe&tat ihi &t I'e9§t BHEN g nent is
ligated to at | east one end of the nucleic

be
cowﬁe@ctﬂ dhej linkate andclasi teastial secondr e:omrmr‘@nt sblnds the first

coAAESG IR 15 | PR ol 3, R oo

compokant(ssbncluﬁiey biut eareb@ot i lipaitedt! tb OsiréSrat/riin- B%tlﬂndeﬁvldlﬁ biotin,
he nugpel c acid nolecules. The |igatable end after

pro,teégta,qtl fy RNRESF ragnetimagnetismatariala cohesi ve end with
a5 or 25 3 overhang. In particular, a restriction

In pARNIRIBIGthyEHES Ifnﬂéflhdatgﬁyn@(ﬁelﬁsﬁgd m'a dr%tl h@rpd’r‘ﬁ’l(egsusmg
the restriction site for the enzynme should not ‘occur

strepiavidiry @qadﬁt Gnly the mecisionatidi mgferiab thatiwoataihe biotinylated

tin ucl ei id, mater
inBRE e ittt thet et Bty Aphstn Emadhent i
boum:w thenikers Ubed | dtbiak sybtame! sfiguridfing tﬁ@ ln@él@iceéé&i ri&%¥cules
onpri se at | east one

swtable for the component may be used.

Following purification, adapters may then be ligated to the ends of the purified
nucleic acid material (See Figure 1). As can be understood from Figure 3, only
blunt ended, non-circularised nucleic acid material can be ligated to the
adapters. Self-ligated nucleic acid molecules and circular multimers cannot be

ligated to the adapters. The linear composite nucleic molecule(s) with both

adapters and linkers ligated may then be isolated.

Either the linker or the adapters or both may be coupled to at least one first
component(s). The coupled component(s) may be used to isolate ligated
nucleic acid material. In particular, the coupled component(s) may be used to
isolate linear composite nucleic acid molecule(s). The coupled first
component(s) bind to at least one second component(s) which may be used to

isolate nucleic acid molecule(s) which are coupled to the first component(s).
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i nker linking the first nucleic acid nolecule and the
second nucleic acid nolecule. Follow ng the second
ligation, the nucleic acid material is then treated to
5 reverse the formal dehyde cross-1inks and purified.
Purification of at |east one |Ilinker-ligated nucleic
acid nol ecule may be perfornmed using a binding system
conprising at |east two conponents, where in at |east
one first conponent is couged to the linker, and at

| east a second conponent binds the first conponent to
isolate the linker-ligated nucleic acid nol ecul e(s).
The 10 conponents include but are not limted to

Th§ld 8?12{5(9’\\’%3% 2?%%4? @Y‘h%(‘gﬂ%&? itk Wg%{?%@gp@?n%io%ﬂ%vidin-
blonunppmwihaamnbouyralnerorlma@ﬁ@tﬂnagﬁét&j matstidl material is
purified using streptavidin beads. Only the nucleic

I b | ated | k I 1
ACBér'd?r}ﬁsﬁ{e:rﬁﬁwogdsa%&niqabg%@%? lnas! e solaled Ky memposite
nu&erPeAE Yhol e%u@g@ﬁﬁﬂg nﬁoatt st Iopefist Ll'%%qron‘?téi%ast one first

gt I'ecul’es

syst ens of pur i e Ul eic aci :
nuglaict at¢itd embtacutehendca’rﬂeaemmms,ecbad uagdroroat kewsﬂgne second

nudlplc; St AR, e el Fhel Seraf Sicisig ag analpeules
inté¥actiam h@clé@éﬂ"ém%ré r£H8 Wheri the fn%? b¥d SI%lSHﬁfl t?@&% from

non-circul arised nucleic acid material can
diffegenthaugeicaagist eneecdess Inj additen,nthe dsalates dinear composite

nufRis Yl FRIEeG) b @@Qgpsé“ﬁﬁ‘égéta@%ﬁ Bbei'c mol dcul e(s)

with both adapters and l'inkers |igated may then be
The ssblategl lin&art bempoBite Imoleeulefs) hay admpriee Satoleakpidhe linker

oS BaS, Seh %&ézﬁast“eze&ag@dwq@gqsgfz@&/&
malyi &@ttﬁtﬂln ybRed Wil @ch?pI@@'tQ emﬂtﬁér‘ @b bﬁeﬁf‘f&r‘ G gutrllﬂﬁng or

coupl e conponent( ) may be used I solate T1ne
isoleing dbetlimkautigated and/ar adaaf@ulllg(ate)d linésr cooupbdsite huclsic acid

nt(s) bind to at | east one second conponent (s)
mo\fﬁ%ﬂgeggﬁay be used to

The method of the invention does not isolate interacting nucleic acid ligated to
form circular multimers (circular interactions in Figure 5). However, it is
expected that the number of non-circular ligations is high, and with careful
adjustment of the ligation conditions, it may be possible to maximise the ligation
of the ends of separate nucleic acid molecules and reduce circularisation of the

ends of any one nucleic acid molecule and/or formation of circular multimers.

Further, it is expected that the method should not produce substantial bias as
there is no aspect of the method that will make it more likely that DNA species
of a particular type will only form circular interactions instead of linear
interactions. In addition, while PCR of fragments of different lengths may result.
in a length bias, the size range of the fragments used in this protocol is small. In
addition, sonication tends to produce mostly random breaks in the DNA, hence
sonication will tend to have an equal chance of producing short or long

fragments.
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i sol ate nucleic acid nol ecul e(s) which are coupled to
" the first conponent(s). 16 The conponents may i ncl ude

but are not limted to streptavidin-biotin, avidin-

bi otin, protein-antibody and/ or magnet/ magnetic

material. Accordingly, the nethod is able to obtain at

| east one isolated |linear conposite nucleic acid

nol ecul e conprising at |least one first tag from at

| east one first 5 nucleic gcid nolecule and at | east

one second tag fromat |east one second nucleic acid

nol ecul e, wherein the first and second nucleic acid

nol ecules. interact in a nucleic acid m xture, and

B 0 58 g Bt B

coiﬂplﬂleﬁdg msgmsv:ag% tnawltﬁlec naélieft raal&qH{eeé@t)oﬁT%\haiyéﬁé hRéthod
npri se_adapt er i solated |inear conposite

d'ﬁ‘*’?{ﬂs@(éu‘neﬁ\@?n r?éyalcdHﬁ 2@@7'9?33 @5 A ndhei tagdengthi ektheglinear

CO'HE)%Eer ?131)0 fd Aol déc‘é{l’e? aP@%xé@j@% 6‘50?45:'%)'@{ éf}grgﬂg 21 bp in

Ier@dmpTlmjtag)leagtﬁsherthe ¢|rrpanermhp69|te HetedUulePrd ﬁépén}dé?ﬂ on the
.ati n the I|i n d. and/ or adapter

sopigRuSH ce 8§?t“ée SP & i e 12e) '6891*@(%6thellmeﬁﬁéomposﬂe
mdlEEIesIntly 8§ Ieﬁ¥€él$dtﬂr50‘?pg§r gt né’éreccirﬂﬁ@srn%%bl&ules of

nucl el c ac:ld igated to rmc:lrc
suitale csizes folntfmtlwt apalysisnmiaygbe eseﬂécte&lofmevmng idize selection

t t h nb of, no C|rc atiq [ .
mefBFE WGRAMAR AME T SKUBR B Thenerort dinexaig (Bouch size
seledfich bf 80S lindédr EBVpOSitdASEIER Scil Qn@l@ébl@bsﬁagt Bﬁgths about 50-
10%%@“ on of the ends of separate nucleic acid

dupg desrlected fer |nipatiicuian $2g lengths of abo@B@368 bpf long

ic acid nol ecul e and/ or formati on of
yec%ﬂg?%uq})ﬁ mers. Further, it is expected that the

nmet hod shoul d not produce substantial bias as there
Acc@rdmg acsmacftmbér elspededhdie tihaentidn, | PERK enayt bEDperformed to

tha es a.particul ar
Hﬁ’y ey me@fr%mpﬁs'ﬁenf@g&&q b Molepulss Jlfhyq ||'H%%rr composﬂe
nué|Bice Gafkt lnﬁ’cﬂéeulbé‘ Herki 8p, aﬂ@?" hophfiEatRh, fhagBetsei@fted for
different |engths may resul
suitable sizes, by any standard method including gel electrophoresis and gel
excision. The main considerations in selection for the appropriate sizes of the
linear composite nucleic acid molecules are that the sizes should be above the
size of primer dimers and unannealed adapters and below the sizes of long
linear multimers. Long linear multimers are undesirable because they may

complicate the data analysis. Long multimers are chimeras and may comprise

~ several linear composite molecules linked together (Figure 6). They represent

false interactions and accordingly are regarded as “interaction noise” (Figure 6).
Moreover, long linear multimers may result from the ligation of several nucleic
acid molecules and accordingly may represent false interactions. In particular,
linear composite nucleic acid molecules with sizes of approximately 200-500 bp
may be selected. (The tag length of each tag in the linear composite nucleic
acid molecules are unequal and about 50-300 bp). Further, if the ligation

reactions are optimised such that long linear multimers are formed only with a
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25 in a length bias, the size range of the fragnents
used in this protocol is small. In addition,

soni cation tends to produce nostly random breaks in
the DNA, hence sonication will tend to have an equa
chance of producing short or long fragnents. 17 1In
addition, the nethod of the invention generates
nucl ei c acid nol ecul es conprising |onger tags than
the nucleic acid interactiofg anal ysi s net hod

di sclosed in Ruan et al., (US 2007-0238101 Al'). The
tag length of the linear conposite nucleic acid

nol ecul es are expected to be longer than 19-21 bp in 5

ow) et afeu BRabiesibR T YarBRf cufREPdmAs gfclinear

comsesite Inmcm@eaadj mbleuledd nhwgidﬁ%ew‘ctéd?eAbngly, with size
03|te nol ecul es may be at | east about 50 b

Selﬁeﬂfgbran il Y%H@Q%M@MQQQ bRgasdoviigess m@wbe@djn@rﬁ)@te@@ their
f
izl 68 o8 o/ 313, FOLES TR, bkt hal 4 B

unanrealédadaptenpbed prlmellniylmess mylé}s@beemtnmitedf t he
i near conposi te nucleic acid nolecules, tag | engths
articul ar,

o 080 058 SRR BB o) S it
by 5&indaf$ astHbag h%a’hn&klb? hﬁé Iéﬁ@ﬂ%orﬁfollba%dn%@htaheﬁ method -

PCR may be perforned I'i near conposit
(Ryancetealc Uﬁaaphﬁﬁt@@m‘déwﬁﬁa may@e usethposite 15

nucl ei c aC| d nol ecul es, before or after anplification,

Acé@%ﬂw@etos H%Fg ggpééf'(ff Leﬁr&% rﬁtﬁ)zfslﬂgé( ﬁoﬁé’t&@tlﬁ\ zF‘Irc(gl)mposue
nualeici atidn debeulafal mayOItoel degatneuth Im wetiedar, othe ®eqliBAcing

riate si es of the |inear osite nucleic
mefticel; URed dpay dbtaineSeqgncennTaions FBM ¢iffeseat saionsof the
nudéigeabid PidIBBlIcdifBR examle YRR e $ShAdaR %ésanj the linear
bel ow t he sizes of long 20 linear multinmers.

compegite nugleiciatid madeeulendesi r abl e because t hey rmy
conplicate the data analysis. Long multiners are

For‘:&i(émf)l%:c’ tﬁé‘%o@ééd %%'E%rié: 3&id molecules may be sequenced according

to the Solexa method (llumina) which is cépable of pairwise sequencing two
different regions of a target nucleic acid molecule. Accordingly, the Solexa
method may be adapted for sequencing at least two different tags from each
linear composite molecule However, other known sequencing methods,
including but not limited to Sanger sequencing, 454 sequencing, sequencing by
ligation (Applied Biosystems SOLID system) and the true single molecule

sequencing (Helicos Biosciences Corporation) rhay also be used.

The Solexa method is a technology that can provide ultra-high output
sequencing of paired tags from the isolated oligonucleotides (WO 2007/010252,
WO 2007/091077 and WO 2007/123744), the entire contents of which is herein
incorporated by reference. The method, also known as Sequencing by
Synthesis, basically involves the following steps: (1) fragmentation of the DNA;
(2) ligation of adapters to both ends of the fragments; and (3) attachment of

single stranded fragments randomly to the inside surface of a flow cell.
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several |inear conposite nol ecules |inked together
(Figure 6). They represent false interactions and
accordingly are regarded as "interaction noi se"
(Figure 6). Mreover, long linear nultiners may
result fromthe |ligation of several nucleic 25 acid
nol ecul es and accordingly may represent false
interactions. In particular, linear conposite nucleic
acid nolecules with sizes ofg approxi mately 200-500 bp
may be selected. (The tag I ength of each tag in the
i near conposite nucleic acid nolecules are unequa
and about 50-300 bp). Further, if the ligation

Fo L @ DR BT BaalRBP T Hge appitiaton

invotuesbi@) palfosiirg %lﬁdl@tstﬂahﬁgdrfrégfrﬁéﬂtsf 102BERN S @Imé liMBakontact
cu

osite nucleic acid nole es may be sel ected.

W'*E\ gpanaf%@% omyly thousdzen the|irside cﬁhlrfasﬂ Hdharflaweeils (b) single
I e e
suifad KSR LR Tty AT efpth biEton (o
denafalgedaanclehabf anmplificatiosharg reﬁeamanﬁl.@c&i elﬁbtadﬁlnbﬁi of cIonaI

e B A s e W con
OFSEgBy SHRo AN (0804 VIS gl n

polygespss.i cati on 11 /449, 872) may be used. According to
yet anot her aspect of the invention, the isolated

Sik. t ' cid ol l.es may be
SolesBTRuERBRBTTS e Higi htoth fn B SR iy V€l R asgumany
dnﬁea@ntomcﬂeculesqcmmrenﬂpoaﬁat hencd r gendtald &f aafge Qﬂ]a‘?ﬁﬁy of

of the, _nucleic acid nolecule, for exanple, from at
sequence infermatioe ard tis suitahigaior usenpithi the methasl of dhe dresent
invBRiiGsul e. For exanple, the isolated nucleic acid

mol ecul es may be sequenced according 15 to the Sol exa

met hod (11 um na) which is capabl e of pairw se
The ¢netbedi oftheviovention Qroem:tesr kngasreonopositet Bugleic acid Inrdlecules

cofBHEIPBIoRS Gus it BrG0R seb8BeRgs Rrolt BRDOTER) thén the
nudleienacidcihteraction analysis method disclosed in Ruan et al., (US 2007-
0238101 A1). The tag length of the linear composite nucleic acid molecules are
expected to be longer than 19-21 bp in length. In particular, the tag lengths
about 50-300 bp are selected for.

The linear composite nucleic acid molecules comprising the longer tags may
accordingly be sequenced directly by the high-throughput Solexa method

according to the manufacturer’s instructions.

The Solexa method has several important advantages: (1) the Solexa method
can sequence “tags” of 20-36 base pairs per read presently. This tag length
may also increase with further technology improvements (2) Solexa may be
capable of sequencing tags from both sides of the DNA fragment, providing
paired end tag information (3) Solexa is capable of performing reads on long

DNA fragments. of variable length.
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| i near conposite nol ecul e However, other known
sequenci ng nethods, including but not limted to
Sanger sequenci ng, 454 sequencing, sequencing by 20
ligation (Applied Biosystens SOLi D systen) and the
true single nolecule sequencing (Helicos Biosciences
Corporation) may al so be used. The Sol exa nethod is a
't echnol ogy that can provide ultra-high output
sequenci ng of paired tags fggom the isol ated

ol i gonucl eoti des (WD 2007/010252, WO 2007/091077 and
WO 2007/ 123744), the entire contents of which is
herein 25 incorporated by reference. The met hod, also

SR8 Ro R8BS My ARAREIT R R K g e o

the(idvehiigabi digatif @dlépteﬁ'é wHich bed BlsengdsleRh ddpters or prlmers to
fragnents; and (3) attachment of single stranded

they Pagm@@ aneleayies: d heninventioacthetefors: @r@wdas fa @iveamlined

megrgérc# w negwf:%]ééo%blﬁ%é nlnﬁa[ (c@mc&%élt%gﬁu? voI glgz?“%&é?,culeg may

diredtlydvé nged forghe high- mndeghrjut@fmm sed@eruingniethad e
into contact wth prinmers randomy bound on the

d f f the flow cell b) sin st randed
The | e B UERGi PTHGET Jos COMAMATNach o AR: S1anih sequencing
rea@h@né hedtcUfing Genaddtamsl: &Xclme oguﬁéﬁé | At 'b%n 8kfected.
repeated such that mllions of clonal clusters

(W ©133F4hded DNA are generated in each channel of
the flow cell, (5) Sequencing is then perforned,

R R R ] R —

sedquencienthe isoldted tllneaﬂ coppasite muckiy ackOndlédus£nh particular,
nmol ecul es co curé@ﬂ and hence generate a | ar

SC{RAING (Pedirods €7 fi9AUPREINSJFPMArR! Ipastsior dFEert spgions
of lﬂﬁ@ M‘dxél@lct beid#hhieeugs, He eB(a 8! frdnR V&S 'tggs Jth‘i‘he linear

of the invention provides 1inear conpds
COmD@&@ ustdic aaid emlmllea:mmw |bB ngseldon@seralteemgstn(el rexamples

muRﬁ)rlé)l Bglo%ry sesq%le%%Fn%d(éhen aré e I 52%0% @ pglrr]gé] sequencmg
with the Applied Biosystems SOLID system and paired end sequencing using
the Heliscope Single Molecule Sequencer (Helicos Biosciences Corporation)
may also be used to sequence the linear composite nucleic acid molecules.
Mate-paired sequencing may be carried out using the SOLID Mate-Paired
Library Sequencing Kit (Applied Biosystems).

Following sequencing, each tag of the linear composite nucleic acid molecules
can. then be mabped to the genome. The method produces nucleic acid
molecules comprising longer tags (in particular, selected to be about 50-300 bp
in length) which may be mapped accurately to the genome. Since the tags are
longer, the rate at which the tags may map uniquely to the genome is expected
to be high. Each single tag may be used to identify binding sites. Paired tags
from each isolated nucleic acid of the invention may be used to identify nucleic
acid interactions, particularly interactions between binding sites of proteins in

nucleic acid-protein complexes.
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15 nucleic acid interaction analysis nmethod di scl osed
in Ruan et al., (US 2007 0238101 Al). The tag length
of the linear conposite nucleic acid nolecules are
expected to be longer than 19-21 bp in length. In
particular, the tag lengths about 50-300 bp are

sel ected for. The linear conposite nucleic acid

nol ecul es conprising the | onger tags may 20

accordi ngly be sequenced digectly by the

hi gh-t hr oughput Sol exa nethod according to the
manuf acturer's instructions. The Sol exa net hod has
several inportant advantages: (1) the Sol exa net hod

; . 0-36 b ' . d
TR TR O o Bled InEarag S eREhe ~pERcL S rmolecuies
cofmprisimgr tagscfror| atggastiveo difeestsor Qépé@t@#ﬂe@ﬂnﬁ%u%ﬁeic acid
encing tags fromboth sides of the DNA

ble of
malRciiienand ghe(aTare glimiRatee nuskict agdi mplacwes eAMpBRIng tags

- f : i .
rofPYt s 2R R B S0 POISR gl 0 oon ser
ligated nuelejaracice thotetulel beirtg girautart ire noicpreisentiti the material for
nol ecul vention by ]igati n%badapt ers whjch

es of .tpe i |
sediencing, Aerdingha dalewing ausheiRsr e & BAeU9icnapeing, only
tag’JsCfé“{)ré@érﬂg'lgI Qﬁferéﬂtgoﬂ BSarat htkhfiiR %&A&F%&é@?ﬁo%cules are

stream i ned nethod wherein the iIsolate |
obtaingsbs(See Migurei ¢).athd ‘moisel urem seguenatisr eonfriputesl by self-

o438 el 60 Tl ley EEBU B8 EYiTER R 2SS many

sequenci ng reactions occurring in parallel on the

Thisucdrabe better beddestesd ad.disdudbed Beldw 2t fBferdriceits Figures 3-
nder st ood that other sequencing nethods may also bé
7. EQ@%‘”‘PSr"gai'Q”ﬁ?ﬂJé‘h‘(ﬁrﬁ% arpgs-liddngsiepy shewn i drigarsi Belinear

intéraetiohs: SH-shdPh8CHhRSsitd f‘.s%ff—r@iaﬁ'&ihér(cpllﬁ Vﬁ}gidWA with no
nmet hods capabl e of sequencing from at | eas
linkeirs f eicuniar riagltiorars (dircutes  mteriaetionsjci ldngolirezarl asultifiers and

incgﬁ%rmﬁihkgrr-g&t%y\rﬁné B g;e (t)tr)]t%ineldJ &ee%rFigure 4).

DNA with no linkers may be eliminated during the purification and
immobilisation step (see Figure 3 and Figure 5).

Self-ligation (true site) of a nucleic acid molecule comprises a site that interacts
with a particular protein of interest but it only represents a single site interaction.
Self-ligation (ChIP noise) on the other hand, is a false negative piece of nucleic
acid molecule which does not interact with the particular protein of interest at all
and can be regarded as a “contamination” of the ChIP preparation. As the
method of the invention provides for studying interactions of sites located at
great distances or on different molecules, these self-ligated molecules may be
eliminated because adapters may not be ligated to them and accordingly, they

may also not be amplified by PCR. (See Figure 6).

In addition, although incomplete linker-containing DNA are also obtained after
immobilisation to streptavidin beads (See Figure 5), it is likely that the presence

of the strepavadin bead provides a hindrance to the ligation of adapters to one
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conposite nucleic acid nol ecul es may be used. As

al ternative exanples, nultiplex polony sequencing
(Shendure et al., 2005), mate-paired sequencing 15
with the Applied Biosystens SOLID system and paired
end sequencing using the Heliscope Single Mlecule
Sequencer (Helicos Biosciences Corporation) may al so
be used to sequence the linear conposite nucleic acid
nol ecul es. Mate-paired seqpgnci ng may be carried out
using the SOLID Mate-Paired Library Sequencing Kit
(Appl i ed Biosystens). 20 Foll ow ng sequenci ng, each
tag of the linear conposite nucleic acid nol ecul es

t h . Th t od
end20 HRER RIOIEEARE Sokiirede R, M4 050 be yBbfiiet BY PR
dupiagtthe nleat stege Faehed & @oéﬁbléb@ﬂéor’é@rh?%er@is |hébH1§l6E€ fidation
MF‘e pped accurately to genorre Si nce
of In{ﬂg@démg} gnothgﬁbrélfer qq«,@e,sgtr@olgpul@ﬁu% ecaudse agan irpmplete
re\P@Q?]IU R qt‘ﬁ%' Yeécﬁlotnh?o gﬁ]%ﬁgegie e%g é >;ezblt gqllﬁe hi f?ag these

single nmay be use

mcFPacwlesI nnagalsof mcﬂrhgam:to treohaastdraand ¢iehcahaly ﬂbt bB @mplified
S ¥ent| may be used to identify nucleic acid
( ?% HUEBlons, particularly interactions between

bi nding sites of proteins in nucleic acid-protein
Aftepraphsiifieatio? by POR mg@fé B?rb&hq}ﬁe%‘?ﬁnﬂe?gét%gdarﬁd ilfrg;' linear

conposite nucleic acid nol ecul es conprising tags
mulimpesaBayt e obtained énigueer 6$e‘;brawavw iloTtge limeeari mgltimark emay be

I nat cleic ac

olf¥fieled By 52 sERou i bl 7) e ReletBR al Puleia, ao afgleCules

mayub¢ eaaieat odt bplagguwtandargaietidd AHRLNMAL - g@%btﬁﬁh%ré:sls and
ted nucleic acid nol ecul es being crrcular are not
ge}p?’%é%‘?ﬁ‘ in the material for sequencing. Accordingly,
fol |l owi ng sequenci ng and subsequent mappi ng, only

Thé asresesPIrRentibh 'Hllost fiar %Hyctg %I‘é gg%?gcﬂéﬁﬂaﬁérg%ons de

nucl ei ¢ aci d nol ecul es are
nov avitheyt §enitation to $be urinoers Qfomarobuaml ubgd sklbfvever, the prior

artlrh%toag Jh‘ﬁ%fn@' ;’):raﬁé ggmrar?llrgahjllree ?nlfa :QIR/ an a SI|.1r|n?)?on of interactions

nNers i s
(pre-conceived surmise) and may not be truly global, since the construction of

primer pairs representing a global perspective of the reference genome is
impractical. The present invention accordingly provides a method capable of
studying global nucleic acid interactions, with longer tags representing nucleic

acid interactions and a reduction in “noise”.

Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by

way of illustration, and are not intended to be limiting of the present invention.
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10 This can be better understood as di scussed bel ow
wth reference to Figures 3- 7. Followng ligation and
reverse cross-linking steps shown in Figure 3, linear
interactions, self-ligations (true site),
self-ligations (ChlP noise), DNA with no I|inkers,
cicurlar multinmers (circular interactions), |ong
linear nultinmers and inconplete |inker-containing DNA
are obtained (See Figure 4)23 15 DNA with no linkers
may be elimnated during the purification and
i mobi | i sation step (see Figure 3 and Figure 5).
Self-ligation (true site) of a nucleic acid nolecule
QP Eses a site that interacts wth a particular
'El%rcrl—e%-sr of interest but it only represents a single
site interaction. Self-ligation (ChlP noise) on the
Staotdaed rhaledular sbialobgl teehnigges i krown meh@farﬂldmbehﬁt 8Pecifically
acj d nol ecul e vvhll)ht}eﬁioes not interact with t

deyditedc WeRF gre CWad i <leSaribaf | i Samiyaskpend Russel,
Mo!&ﬂf?érc@%nﬁﬁna\ L§§ tﬁ@’?‘ﬁ%@%‘. g:%idp?@ Ié&‘es hLEP cgEa{o ‘New

Fo' s

Yorkni20043t i ons of sites |located at great distances or

on di fferent nDIecuIes these self-ligated nol ecul es
ém- ﬁpapters may not be |igated
' T C O TR fiey- 25 may al so not be
anpllfled by PCR. (See Flgure 6). In addition,
Celd t hemghgrawmrmbexeetéd nlfefmgld@h?déll BebsEkate aMds cchromatin

obt ai ned afte l'isation to streptavidin beads

Imrpgg%prpp@}@ged;—,?ccqrplqgstq plepdard pEacadyees vatbeslight nandifieations
(sedl FGPAUARHIR BAZIP g‘zéﬂ“f@g? p#Mé@é}C?m o%ﬁ??lg’e a%%t\k‘%% with

of adapters to one ése nD ecu
TEtthefsr, the ecatkds! rsayohetuteda fmrplthél Imiad!.y rB@Bsedcrbbﬁ{linked or

pule, Atead R ralei € B P ga slgren ldcBiuntTisher

on these nol ecul es i s because of an |nconplete

As lzesentesl) anfalighet wasahkem ahe s!lﬂif@:tédi'@o Nétforl 48d a®leétse Idross-
follows that these 5 nol ecul es also not ligate to

linking-ageRgingr to thrdtardarg nfagpq%foaen@mpr af.i t907) The amount of
DN H'n‘é'&/eo@ljetermmed according to any standard protocol. The aliquot may

also be checked for proper ChIP enrichment according to standard protocols
(Haring et al., 2007).

Example 2 End filling nucleic acid fragments with T4 DNA polymerase

Following ChlIP, the beads were resuspended by pipetting. A volume of beads
suspension corresponding to ~ 100ng of ChIP DNA, as determined from the
DNA quantitation was used for end filling. This volume of beads were collected
by centrifugation at 100 g for 5 minutes and resuspended in 150 pl of sterile

distilled water.
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After anplification by PCR (Figure 3), both |inear

" interactions and long linear nultinmers may be
obtai ned (Figure 6). However, long linear multiners
may be elimnated by size selection (Figure 7). Size
sel ection of nucleic acid nolecules 10 may be carried
out by any standard nethod, including ge
el ectrophoresis and gel excision. The present
invention allows the study of gl obal nucleic acid
interactions de novo without limtation to the
prinmers or mcroarrays used. However, the prior art
nmet hods utilising primers may require initially an

j [ t 15 (pre-conceived surm se)

Thgzggﬁug{/r{ 'ﬁ@i‘?’%% p?épﬁ#rgagqsgfgg?v’vési nce the construction of
prinmer pairs representing a gl obal perspective of the
ref erencBegésione is inpractical. The presentq50 yl
i nvention accordingly provides a nethod capabl e of
st udyi ng alobal nucleic acid interactions, with |onger
tags repi&xs8uffenfomid PAPolymearase(Riomegans abdlph
reduction in "noise". 20 Havi ng now general |y
descri be ' i on same will be nore readily
understoggﬁﬁﬁpyﬂgﬁqkbﬁgpgéﬁg to the foll owi ng ex&hpl es
which are provided by way of illustration, and are
not i nt eTWENA PoEnélagklPREMBFat NGuRNESENt | NVERLjon.
23 EXAMPLES Stgﬁggrd ngleculgr biology technﬁﬁg é
known in the art and not specifically described were
gener al | Htearie dishibed deOdescri bed i n Sanmbr ook 43817 pl
Russel, Ml ecular Coning: A Laboratory manual, Cord
Springs Harbor Laboratory, New 5 York (2001)5@5x?nple
| Chromatin inmmunoprecipitation Cells were gr H
harvest ed, fornmal dehyde cross-|inked and chronmatin

The neastiopreas thidnainedbated it &7r°C 109 15t At Swih @RAEEMRiRing on a
th sl |”%h, nodi fications (see, for exanple Ol ando

with | I
rotgipr.a(Inte r Rigbv 7kyling). | Bwipagiauiry, 1thet maasfaciiner's pre-
program F8 (30 rpm) may be used.

Following the reaction, the beads were washed thrice with 1 ml Wash buffer (10
mM Tris-Cl, pH 7.5; 1 mM EDTA; 500 mM NaCl, all reagents from Ambion). The
beads were mixed well by inverting the microfuge tubes and collected by
centrifugation at 100 g for 5 minutes at 4 °C.

Following the last wash, the beads were collected for use in ligation of
biotinylated linkers.
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10 TE buffer, the material is not eluted fromthe
beads, reverse cross-linked or purified. Instead the
material is diluted 1 in 2 and stored at 4 C until

use. As a control, an aliquot was taken and subjected
to elution and reverse cross- |inking according to the
standard protocol (Olando et al., 1997). The anount
of DNA may be determ ned according to any standard
protocol. The aliquot may 1% al so be checked for
proper ChlP enrichnment according to standard protocols
(Haring et al., 2007). Exanple 2 End filling nucleic
aC|d fragnents MAth T4 DNA pol yner ase F0||OMAng Chl P,

DNA, as determ ned fromthe 20 DNA quantltatlon was
Thesedctfoor mbndas iprépargd abfosows! une of beads were

coll ected by centrifugation at 100 g for 5 m nutes and
resyspended 50 | of sterile distilled water. 24
The PE'Q@!W%I’E\‘F%(S\(\%QO PR4BLAR® as fol | ows: Beadd0 160 |
1 Ox Buffer for T4 DNA Pol ynerase (Pronega) 50 | 10mM

dNT o T ase (Pr a,

7. 95%%)@@?%% elpranat SER I IfoUER 535§ 2EERr
The reaction was then incubated at 37 C for 15 m nutes
Wi t 4 @A ILegasex(30Q/ W Fermentagf or . (I ntel li-M xeq pl

RM 2L, Skyline). In particular, the manufacturer

pre- 10 program F8 (30 rpm nay be used. Follow ng the
reabePon, the beads were washed thrice with 1 86 Mash
buffer (I0 mwV Iris-ClI, pH 7.5, 1 MVWEDTA
NaCl, all reagents from Ambion). The

1000 pl

The final concentration of T4 DNA ligase was at 20.1u/pl. Following the final
wash from above, the beads were suspended in this reaction mix and incubated
at 16 °C with gentle mixing on a rotator (Intelli-Mixer RM-2L, Skyline) for 16

hours. The manufacturer’'s pre-program F8 (30 rpm) may be used.

Following the ligation, the beads were washed three times as described in

Example 2 to remove the excess linkers.

Example 4 Phosphorylation of linkers

The reaction mix was prepared as follows:

10xT4 DNA Ligase Buffer (NEB) 100 ul

T4 DNA Polynucleotide Kinase (10u/pl, NEB) 20 pl
Sterile distilled H,O 880 pnl
1000 i

The washed beads from the ligation reaction were resuspended in the above

reaction mix and incubated at 37 °C with gentle mixing on a rotator (Intelli-Mixer
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beads were m xed well by inverting the m crofuge tubes
and collected by centrifugation at 100 g for 5
mnutes at 4 C. 15 Following the | ast wash, the beads
were collected for use in ligation of biotinylated
linkers. 25 Exanple 3 Ligation of dephosphoryl ated
biotinylated |inkers The reaction m x was prepared as
follows. Biotinylated |linkers (200 ng/l) (IDT) 10 |
5xT4 DNA Ligase Buffer with2d®’EG (I nvitrogen) 200 I 5
T4 DNA Ligase (30u/ul, Fernentas) 4 | H2086 | 1000
The final concentration of T4 DNA |igase was at 2:0.1
u/l. Following the final wash from above, the beads

VBl € n { 0.1 hd i ' nd i.ncubated 10
RIBL KRBT 0 bR, bRty s, P BRI B Riforam
F8RBD2pbm) Bkayt beresedor 16 hours. The manufacturer's

pre-program F8 (30 rpm) may be used. Follow ng the

ligatiqn, t el beads were washed three tines as
Ex ong | o renpve the excess |inkers.

Exanpl e 4 Phosphoryl ation of linkers 15 The reaction
Th81secHAg ligafhR FeHtti ; ENAe Ni

( NEB) o T%tlgﬁlﬁA V&% b’ﬁﬁ?ﬁ"&%‘% igégéaKti nas? r%éﬁ?&fgth@éf‘kers
by zpiding 6spkof ITéd BINA iLligase (BIDW0, Fednéltak).2Dhdwontents were

washed beads frgmthe |igatiqn,reaction were
il L IR ShATbbSeibkoa) 2o Sate e aen au otaor
(Ingdli-RiTxe? RMLIL, GBKYihe) fBrieo@8. f pattiRLRK, thethghlifachdr&fS pre-
program F8 (30 rpm) may be used.

Example 6 Elution and reverse-crosslinking

Following ligation, the ligation reaction was separated into 575 pl aliquots, with
adjustment to the required volume using sterile distilled water if necessary.
150 pl of Elution buffer (1 % SDS, 0.1M NaHCO;) and 5 ul of proteinase K
(Ambion, 20 mg/ml) were added to each aliquot and the beads were incubated
at 65 °C overnight to remove the cross-links and elute the nucleic acid

molecules.

Example 7 DNA purification

The solution was then centrifuged at 16,100 g for 2 minutes and the
supernatant was transferred into new microfuge tubes. The DNA was extracted
using phenol: chloroform:isoamyl alcohol (25:24:1), pH7.9 (Ambion).
Alternatively, a phase-gel tube (Eppendorf) may be used to extract the DNA.
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26 RM 2L, Skyline) for 30 mnutes. In particular, the
manuf acturer's pre-program F8 (30 rpm) may be used.
Exanple 5 Second ligation reaction The second |igation
reaction was perfornmed to ligate the phosphoryl ated
linkers 5 by adding 6 | of T4 DNA Ligase (30 U I,
Fernmentas). The contents were m xed imedi ately and

i ncubated at 22 Cwith gentle mxing on a rotator
(Intelli-Mxer RM2L, Skylipe) for 16 hours. In
particul ar, the manufacturer's pre- program F8 (30
rpm may be used. Exanple 6 Elution and
reverse-crosslinking 10 Following ligation, the

L i\ O agt i ' arated ipto 575 I aliquats,
Thei tq%N Aag?/ %f’gt @é{rﬂ%?t Wﬂégfé‘amgr SPAYNuRCSIRIEN gk dpPproPancl
pretipitatidnesk fefibes: i f necessary. 150 pl of Elution

buffer (1 %SDS, 0.1 M NaHCO3) and 5 pl of protei nase

K (Anmbion, 20 ng/m) were added to each aliquot and
the beadPNAfaftarpbepat edraciionss C ovePAPgt to renove

the cross-links and elute the nucleic acid 15

nol ecul e 6@ rification Be sol uti on was
t hen cent%’M &ége ’gﬁz‘a%g%&)for 2 m n§ é’g and the
supernatant was transferred into new m crofuge tubes.

The DNA @gcaBiue @wrﬁ?/ml sAm@ighenol : 2 ul .

chl orof orm i soanyl al cohol (25:24:1), pH'f.l9 ( Anbi on) .
20 Alternatively, a phase-gel tube (Eppendorf) may be
used to @W@%@nQ'M@(fﬁ@.(smaﬁhe DNA w20 filir t her
purified using sodium acetate and i sopropanol

B ReLR AR Pefiaha oK Rl R Bypreptate was
obtained by centrifugation at 16,100 g at 4 °C for 30 minutes. The DNA pellet
obtained was washed twice with 500 pl of 75 % ethanol and resuspended in 30

ul of EB buffer (Qiagen).

Example 8 Preparation of Dynabeads

50 ul of resuspended Dynabeads M-280 Streptavadin (10 mg/ml), (Invitrogen)
were transferred to a 1.5 ml microfuge tube using a magnetic particle collector
(Invitrogen) according to the manufacturer's instructions. The beads were
washed twice with 2XB&W buffer (10 mM Tris-HCL pH 7.5, 1 m M EDTA, 2 M
NaCl) and resuspended in 30 pul of 2XB&W buffer.

Example 9 Immobilization of the nucleic acid molecules comprising the paired
tags

30 pl of the DNA (from Example 7) was added to the resuspended Dynabeads
prepared from above and mixed well. The mixture was then incubated at 22 °C
with gentle mixing on a rotator (Intelli-Mixer RM-2L, Skyline) for 30 minutes. In
particular, the manufacturer's pre-program F8 (30 rpm) may be used. The
beads were washed twice with 100 pl of 1XB&W buffer (5 mM Tris-HCL pH 7.5,
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5 dycoBlue (15mg/ M) (Ambion) 2 | 1sopropanol (-20 O
(Sigm) 500 | The reaction was incubated at -80 C for
1 hour and the DNA precipitate was obtained by -
centrifugation at 16,100 g at 4 C for 30 m nutes. The
DNA pell et obtained was washed twice with 500 .tl of
75 % et hanol and resuspended in 30 10 | of EB buffer
(Q agen). Exanple 8 Preparation of Dynabeads 50 pl of
resuspended Dynabeads M 280p¢Streptavadin (10 mg/ni),
(I'nvitrogen) were transferred to a 1.5 m m crofuge
tube using a magnetic particle collector (lnvitrogen)
according to the manufacturer's instructions. The

o SHRUPAS 19 WEEIE R AE LA oS vt

W|th%M&gﬁéﬁtﬁ?anmlé@oﬂle@tﬁ)r@XB@MQ@Mfef Exanpl e 9
I mmbl I | zation of the nucleic acid nol ecul es

the p |red tas 30 | of the DNA (from

SIS dat Nas—aO-a- 86 l S 9 Sh& | OHANE l.)??..::i"...e.:l aucle

mols ed from above and ni xed wel |l . The m xture was
_H%ncubated at 22 C with gentle mxing on a
rotator (Intelli-Mxer RM2L, Skyline) for 30 m nutes.

The A\-talling oltinealdNA: & wellrasf thet Ilgaelohsofpﬁcdem agapter&§lli(dna) to

the, OBheEis88  eIBiorr 8P STINRCHIPS - MAS pReTOBMegs Ugng the
SoksibERIMinal PHIrdaGnd SH?ﬁpI@ypﬁiiﬁR‘iislté\‘?%ﬂ O@QBb@Cé&:grdm? to the
during each wash wth g_lﬁetlc Particle Col

maopfﬁﬁtlﬂrﬁégémﬁtrucmﬁaﬁ;ﬂxeeabthet berdoWesdwashed dajseafter each

ercPralt e TBR VR B VSRR R B TR e oy 2.5 05

mMiEmﬁEr’SM NaloWYTR@) Dy fabedae waﬂéoémlelcfe@ﬂd&% 8hEh AdsH with a

nol ecul es was perfornmed . using t
Magnetic Particle Collector (Invitrogen).

Example 11 Polymerase Chain Reaction (PCR)

Following the ligation of the adapters, the dynabeads were washed twice with
100 pl of 1XB&W buffer, again using the Magnetic Particle Collector (Invitrogen,
for collecting the Dynabeads for eaeh wash. The Dynabeads were then
resuspended in 50 pl of EB buffer (Qiagen) and transferred to a fresh 1.5 ml
microfuge tube. PCR was performing using Accuprime according to the Solexa

preparation protocol (lllumina).

Example 12 Purification of PCR products.

The PCR products from, typically 1-25 reactions, may be pooled. The
Dynabeads were then removed using the magnetic particle collector leaving the
supernatant. The DNA was precipitated from the supernatant with isopropanol
precipitation in the presence of GlycoBlue (Ambion) as co-precipitant as
described in Example 7. After the final wash, the supernatant was discarded
and the DNA resuspended in 40 pl of TE buffer (Qiagen)
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Sol exa/lllum na Paired End Sanple Prep Kit iten
#1001809 according to the nmanufacturer's instructions
except that the beads were washed tw ce after each
enzymatic reaction with 100 | of 1XB&W buffer (5 nv
Tris-HCL pH 7.5, 0.5 10 M EDTA, 1 M NaC). The
Dynabeads were col | ected during each wash with a
Magnetic Particle Collector (Invitrogen). Exanple 11
Pol ynerase Chain Reaction (#CR) Followi ng the |ligation
of the adapters, the dynabeads were washed twice with
100 pl of 1XB&W buffer, again using the Magnetic
Particle Collector (Invitrogen, 15 for collecting the

h.. . Th na en
THRASRRSTER 180 SRR Soe AR BE TP RGHIS8. 1.0 mim, 5
wellr gngfregededto ne. DE6264BOXYIat PDE O fe8e3d thRutdCRINESDNA
perform ng using Accuprine according to the Sol exa

standaphsiae Brarkerst veesl were 1thaifapp pddenand the Low DNA
if4 ' cts. 20 The PCR products
MBS liddaeR{BARA f.l%fym Roadm

rom typical ctions, may be pool ed. The
Dynabeads were then renoved using the magnetic
TheddNAcfremcthid sample larsesi ofjappxiraaiedy Q@Detfqﬁo bphia §ixés Iwere
s.precipitated fromthe supernatant with i sopropano
ex‘ﬁ?%%gﬁﬁtpéﬁ%sﬁ uiSH\gtthggﬁﬁggJesi\Crge %GI ycoBl ue (Anbion) as
co-precipitant as described in Exanple 7. After the
Gel chigh methiod t he supernatant was di scarded 25 and the
DNA resuspended in 40 | of TE buffer (Q agen) 29 The

DNA was then el ectrophoresed in Novex 6 % TBE PAGE
Thgggxcisedpgaihpieses Wware qqliggiad: e -8 anl. mierofuges ekt have

el pideac ot Bp BRGNP B2 [0 e JTHPER) 01 Rinsgruggiube

wabtdacddidtiea 1.6 mlhsdrewrnalpnmidrofagertube andhserBiifgbd e 1600 g

at £ Raga ARiRs ne Bl iugRion Hocgss SEieBinmaehalees which are

then collected in the bottom of each 1.5 ml screw-cap microfuge tube.

200 pl of TE buffer (Qiagen) was added to each 1.5 ml screw-cap microfuge
tube and resuspended well with the gel pieces using a pipette tip. The gel

pieces should be completely immersed in the buffer.

The 1.5 screw-cap microfuge tubes containing the shredded gel pieces were
frozen at -80 °C for 1-2 h, and then transferred directly to 37 °C for 16 h

(maceration).

Following the maceration step, the contents of each 1.5 ml tube were
transferred to a SpinX centrifuge filter (Corning) and centrifuged at 16, 100 g,
4 °C for 10 minutes. The 1.5 ml tubes used for the maceration were rinsed by
adding 200 pl of TE buffer (Qiagen) and subjected to a brief spin in a centrifuge
to collect the TE buffer to the bottom of the tube.

The TE buffer used for the rinsing was then transferred into the corresponding
SpinX centrifuge containing the gel pieces, resuspending the gel pieces by
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Gel crush nethod The excised gel pieces were collected
into 0.6 m mcrofuge tubes that have been pierced at
the bottomwith a 21G needle. The pierced 0.6

m crof uge tube 10 was placed into a 1.5 m screwcap
m crof uge tube and centrifuged at 16,100 g at 4 C for
5 mnutes. The centrifugation process shreds the ge
slices which are then collected in the bottom of each
1.5 m screwcap mcrofuge gybe. 200 | of TE buffer

(Q agen) was added to each 1.5 nl screw cap mcrofuge
tube and resuspended well with the gel pieces using a
pi pette tlp The gel 15 pieces should be conpletely

o R, i ORS8O 8 Moo

again at8ﬂs,ﬂ)m gr 42¢Foh20anidutdzen transferred directly to
37 Cfor 16 h (namceration). Follow ng the nmaceration

h tent f h 1.5 mM tube were 20
o, G BRSCEROE S o S5 o i onppanad o
for 10 m nutes. e 1.
re%ﬁ%ﬁ%&%‘ﬂﬁgégﬂ Pg‘?Et rrg %tnl ‘on were rinsed by

addi ng 200 | of TE buffer (Q agen) and subjected to a

Alterriativelyphe DNAamagriie phrifisd with (QIZAEE)QCII (QibgenFabedriiglg to the
e bottomof the 't E buffer used for the

ub
me}'\ulf%‘?qug?r\ﬁ/d@sq‘I‘fgW”?r ﬁﬂ@ﬁgﬁ?@dﬁ Zﬂnﬂbof hE kidter éQjasienng

25 SpinX centrifuge containing the gel pieces,
TOS AR St e R P A AR oo
a cuhet theurgicogereslgBNA with e TODOIDNA Chipokit B@glmmpa@ﬁ)rdmg to
I tat
e BB B ARt Hudsbl B SSHE A of
recovefedl DNA AES e d@te‘?‘hﬂr@é@Gbinﬁe;h?ioérlé%n%nﬁ?é&r;b?uant-ﬂ DNA

r|f|ed with ? according to't
assayitlt Adelgrelar Erw%&)ra@@@fdcm o Hiedmanutastireris MstiuctionsE
buffer (Q agen).

Example 13 Solexa sequencing

Solexa sequencing (lllumina) was performed on the purified PCR products

according to the manufacturer’s instructions.

Example 14 Bioinformatics analysis of the sequenced nucleic acid molecules

comprising the paired tags

Following sequencing, the paired tags may be analysed using the software
described in Chiu et al, (2006). The tags were mapped to the relevant
reference genome using an alignment approach based on a compressed suffix
array algorithm, in which the entire relevant genome was indexed as a
reference database (Hon et al, 2007) and the tags were matched to the
database. Alternatively, the tags may also be mapped to the relevant reference

genome using the ELAND program provided by Solexa.

Following mapping, the sequenced informatio_n from each tag is extended by
about 500 bp in the 5’ to 3’ direction to form a virtual DNA fragment. The virtual
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The quality and quantity of the recovered DNA may be
determ ned by analysing a 1 ul of the recovered DNA
with the 1000 DNA Chip kit (Agilent) according to the
manufacturer's instructions. Alternatively, the
quality and the quantity of the 10 recovered DNA nay
be determ ned using picogreen fluorinmetry (Quant-i T
DNA assay kit, Mol ecular Probes) according to the
manuf acturer's instructionszq Exanple 13 Sol exa
sequenci ng Sol exa sequencing (Illum na) was perforned
on the purified PCR products according to the

manuf acturer's instructions. 15 Exanple 14

DA TR BGPIEL 07 b5 BYSISGHAUR R r86L6hey o

tags eppped toga pafculan regfbr 4@ d@f)snP? 'Hﬁ@'u)‘lﬁ@ﬁed“ﬁé@sglrf FRyure 8
sof t ware e(Sfefscrl bed in Chiu et . The tags

illugiratesnas ifterent Hégloéllseb%Yﬁ d'ff%fﬁétréﬂ%@ dﬁﬁd@@ (Reaks ean be

R G SRR B o B o
asgma#sndnthedhmg?anumbéenoértatgsgagy?am?{:ﬁéb%e ?fhtg@éctions can be
. and the tags, were c o the = database.

dekRE) s fioding miltEle Bptedodaiiva’ Bebnapmien bua pinding sites,
ané h&yiam cdrﬁ‘fd‘éh@@%ter&ﬁ%@?ca‘f'ﬁbé‘%éﬂ?i‘ﬁegﬁ'\ﬁuﬂﬁ e gpalred

provi ded by Sol exa. | owm ng nmappl t'he sequenc
tagsnthet man batweeasha éaradmg ifei mmbatrmrdbmdmg Sips wweu d&s08ingle

dIrECJ to,forma virt
PP, it {F5t s Betvat) MESbInRe et i mdaliap. Hta,cbiainest from
thet fretiesby Ruain érya/daysrzmmmmsmlm fnﬁ%ﬂ BRCHe %teﬁﬁa@sd with the
ma ped to a particular region (ta ensit
FoRdle paesent invengiondo édentify bmdm sites anrd Ierfactorsit
regions have different map densities. Peaks can be

In bé’rﬂﬁbhéér‘?%é%bﬂ’%' dé%%?fﬂb@ﬁ dé}gelr ag (@%E%dﬂ%s%% Al the

bi ndi ng sites can be |dent|
types mﬁmtewfctloag iderttifigtl incindé dmgdmblndimj atﬁs (6rosn calf |I§8tl0ns) as

Weu%t%wég ekl%\s\[/)fr%' I”(ﬂ@t gpgqg{ f I%e sg‘?r{er ce:r?rotn?ogssome atndrrﬁ1 eractions

from different chromosomes (See Flgure 9).

It will be appreciated that various modifications and improvements may be
made by a person skilled in the art without departing from the spirit and scope

of the present invention.
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and nmedi um confidence interactions can be identified
by finding nultiple paired tags that map between a
bi nding site and a non-binding site, as well as single
pai red tags that map between two binding sites. In
addition, data obtained from 10 the nethod of Ruan et
al. (US 2007-0238101) nay also be integrated with the
data fromthe present invention to identify binding
sites and interactions. In gpnparison, the nethod
described in Ruan et al. (US 2007-0238101 Al), the
types of interactions identified include single
binding sites (fromself ligations) as well as

Relf%ﬂ{:él%tl ons fromdistal parts of the same chronobsone

eractions 15 fromdifferent chronosones (See
Figure 9). It will be appreciated that various
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cap%@PéOfMC) uncovers extensive networks of
epigenetically regulated intra- and interchronosonal
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A afipproviding at least one nucleic acid mixture comprising at least one first

nucleic acid molecule interacting with at least one second nucleic acid
molecule;

(i) performing a ligation reaction to ligate the ends of the nucleic acid
molecules to form at least one linear composite nucleic acid molecule:
and

(iii) isolating at least one linear composite nucleic acid molecule
comprising at least one first tag from at least one first nucleic acid
molecule and at least one second tag from at least one second nucleic
acid molecule; wherein the first second tags are from different nucleic
acid molecules. |

The method according to claim 1, wherein step (iii) comprises ligating at
least one adapter to at least one end of the linear composite nucleic acid
molecule to form at least one adapter-ligated linear composite nucleic
acid molecule and isolating the adapter-ligated linear composite nucleic
acid molecule(s).
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1. A nethod of preparing at |east one isolated |inear
conposite nucleic acid nolecule conprising at | east
one first tag fromat |east one first nucleic acid
nol ecul e and at | east one second tag fromat |east one
second 5 nucleic acid nolecule, wherein the first and
second nucleic acid nolecules interact in a nucleic
acid mxture and wherein the first and second tags
are fromdifferent nucleic ggid nolecules; conprising
the steps of: 10 (i) providing at |east one nucleic
acid mxture conprising at |least one first nucleic
acid nolecule interacting with at | east one second

oot TPanePb8 B Eopih e el Sl omiies1s

nmol ecul es to format | east one i near conposite
nucl ei ¢ acid npl ecul e; iii) isolating at | east

one(d); igaiingcatnisast peertmkleéuvvt at tpasblaneunen- Ingetabie sndgto at
f
i (SRR BRI AOT TR Ieb 8R4 BR MU G et Cre:

| east one second nucl eic acid nol ecul e; mhereln the

first, second t are fromdifferent nucleic cid
ol B FIVeTing i rncligaiatle oRd(Eh T e dicated inkerer tor make

st efhehﬁ ligatabRiMRANgses |igating at 25 | east one adapter
to at | east one end of the linear conposite nucleic

acid nolecule to format |east one adapt er-ligated

t hel L4952 kTS B1baré BnsBale & ik Repleic Geanooules
ol tecfolrd(at)leastGndSinkdr-lidae dTRichP dorpoeitd nBleiCadl Fhdlkcule.

1, wherein step (ii) conprises:

The method according to claim 3, wherein step (iii) comprises:

(a) isolating at least one linker-ligated linear composite nucleic acid
molecule;

(b) ligating at least one adapter to at least one end of at least one linear

composite nucleic acid molecule; and

(c) isolating at least one linear composite nucleic acid molecule with both
adapter(s) and linker(s) ligated.

The method according to claim 2, wherein isolating the adapter-ligated
linear composite nucleic acid molecule comprises using a binding system
comprising at least two components, wherein at least one first
component is coupled to the adapter, and at least one second
component binds the first component to isolate the adapter-ligated linear

composite nucleic acid molecule.
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(a) ligating at |least one linker with at |east one
non-ligatable end to at |east one end of the nucleic
acid nolecule(s) in the nucleic acid mxture; 5 (b)
converting the non-ligatable end(s) of the |igated
linker(s) to make themligatable; and (c) ligating
the linker(s) to ligate the end(s) of the nucleic acid
nol ecules 10 to format |east one linker-I|igated

.linear conposite nucleic acggl nol ecule. 4. The nethod

6.

7.

according to claim3, wherein step (iii) conprises:
(a) isolating at |least one linker-ligated |inear
conposite nucleic acid 15 nolecule; (b) ligating at

e e REERL Al 1 b MG NED 8 ob55 s

| sobatdimgsypsteeeshprsiag lat ket (e BATIONRNE WIRirintdt 18ast one
m)l 1erlcul e wth both adapter(s) and link er(s) | i gat ed.

R FRPRBaeRic dor@upied doctha dinker,waed egh leastl anengecond
the t r equ
il ggﬁifbghggl;]%lrr?%e@%ufslr%ﬁ cbh‘l"p@x?\ea’??m@oﬁé tH% @J&lﬁéﬂq‘ggf’%cg linear
at cempostewucleitpacid malecwker ei n at Ieast one first
conmponent is coupled to the adapter, and at |east one
second conponent binds the first conponent to isolate
t heTpd I GRRErR j I :
nol ecuﬁgétﬁgg d?fﬁ akﬁﬁghl’?}g%ﬁr@t od acﬁ*ofrrf? BMG[”? ééf&&lndcf mprises
wheths rcosmme(rés} eforspreptavadinsbiotina &)lldldfmgtlmy$)fmimn -antibody

two _canponents, wherein at | east
onggﬁé/% E’?"g?‘&‘rﬂg?a@ﬁ“%’@a‘@é'a led to the linker, and at

| east one second conponent binds the first conponent

8 to isolate the linker-ligated |inear

10.

The method according to claim 6, wherein the binding system comprises
the components of streptavadin-biotin, avidin-biotin, protein-antibody
and/or magnet-magnetic material.

The method according to claim 1, wherein step (ii) comprises:

(a) ligating at least one dephosphorylated linker to at least one end of the

nucleic acid molecules in the nucleic acid mixture;

(b) phosphorylating the dephosphorylated end of the ligated linker(s); and

(c) ligating the phosphorylated linker(s) to ligate the ends of the nucleic

acid molecules to form linear composite nucleic acid molecules.
The method according to claim 1, wherein step (ii) comprises:
(a) ligating at least one dephosphorylated linker comprising at least one

restriction enzyme site to at least one end of the nucleic acid molecules

in the nucleic acid mixture;
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5 conposite nucleic acid nolecule. 7. The net hod
according to claim5, wherein the binding system
conprises the conponents of streptavadi n-biotin,
avidin-biotin, protein-antibody and/or
magnet - magnetic material. 10 8. The nethod according
to claim6, wherein the binding systemconprises the
conmponents of streptavadi n-biotin, avidin-biotin,
protei n-anti body and/or magpet-magnetic material. 15
9. The nmethod according to claim1, wherein step (ii)
conprises: (a) ligating at | east one dephosphoryl ated
linker to at |east one end of the nucleic acid

pholohsraar e, ReRtéd, Bnfertdn b e isniiont dvyme(s) for the

| i gaite@) té pkﬁl(c@doh@@ﬂe drids; bhgating the
phosphoryl ated linker(s) to ligate the ends of the

nucleic acid nolecules to formlinear conposite

nuc ﬁ] ﬁgaﬁ@gdth@% Ss%gn?es (enag &fothe Iﬂ%eg@t) nglq%?%gl'ﬁg |r?n gtof the

erelrn conmpri se

I easuolemeacdémhmjephies yd> &dradlinearic@mpuyiemuidig asid herslles.
one restriction enzyne site to at |east one end of

the nucleic acid nmolecules in the nucleic acid

11M XTHE SheBBdHecofdihg %beagr% inds &ﬁh?ﬂ? h? 25(ep) oflldidlting

the restriction enzymeg( pro
coh&ilineaepermpositel n(:cl)3|d acgdtmaigcwlbs ot ﬁﬁ@éO@ebpends of
the linker(s) to ligate the ends of the 5 nucleic
acid nolecules to formlinear conposite nucleic acid

12nol ghel ﬁ&athodlacéﬁ?rﬂlngewoélaﬁﬁc‘?r duRBef TomF #the step of
further conErlsn n e step of sel ecting for near

conBEwHityint *@lma@ré;@rrtp%ﬁewgle@sa@ﬂ raolecal@e bp.

13. The method according to claim 1, further comprising sequencing at least

one linear composite nucleic acid molecules.

14.  The method according to claim 13, wherein sequencing the linear
composite nucleic acid molecules comprises sequencing at least two
tags from the linear composite nucleic acid molecules to obtain sequence
information for at least two tags.

15.  The method according to claim 13, further comprising mapping the
sequenced tags of the linear composite nucleic acid molecule to at least

one reference sequence.

16. The method according to claim 15, wherein the reference sequence

includes at least one sequence database.

17. The method according to claim 16, wherein the sequence database is at
least one genome sequence database.
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10 12. The nethod according to claim1, further
conprising the step of anplifying the |inear
conmposite nucleic acid nolecules. 13. The nethod
according to claim1, further conprising sequencing at
| east one |inear conposite nucleic acid nolecules. 15
14. The method according to claim 13, wherein
sequencing the linear conposite nucleic acid

nol ecul es conprises sequencg®g at least two tags from
the linear conposite nucleic acid nolecules to obtain
sequence information for at |east two tags. 20 15.
The net hod according to claim 13, further conprising

mapRi t S tags._of the |linear conposit, .
16 hSn i SERURTRE et im0l IR SAIRESASE miure

sequempeised at [tast dhe niieleivdciagsefeth BEmMpfexCaA/Bt dromatin.

wherein the reference sequence includes at |east one

sequence dat abase. 17. The nethod according to claim

1012, AR BEoqRPUERE S AU B o B B

accobigimegl by chfcmatinlimmbropriegigitationucl ei ¢ aci d ni xture
conprises at |east one nucleic acid-protein conplex
and/ or chromatin. 19. The nethod according to claim

201, MRekSlated hﬁeé‘ﬁjﬁbﬁfp@)sﬁ@irﬂlcfgiétzd&ﬁc? m}a?%gﬁgﬁrﬁbﬁlﬁﬁ%gér{ least

chromatin i mmunopreci pitation. :
conpoe first tag floan at least onelfiestuiueleiomeid sioheruié ahdagtieast one

ol ST e kBt B Seodad pucleiarHanplcufe aterein the
onefirge emdthaliebebrid atictbitRE thleces' Btdtatfh a nucleic acid

mixture; and wherein the first and second tags are from different nucleic

acid molecules.

21. The isolated linear composite nucleic acid molecule according to claim
20, wherein the nucleic acid molecule further comprises at least one

linker linking the tags.

22. The isolated linear composite nucleic acid molecule according to claim
20, further comprising at least one linker linking the tags and/or at least
one adapter; wherein the linker and/or adapter is biotinylated and/or
coupled to another component for use in purifying or isolating the linker-

ligated and/or adapter-ligated linear composite nucleic acid molecule.

23.  The isolated linear composite nucleic acid molecule according to claim
20 wherein the nucleic acid molecule further comprises at least one
adapter.

24.  The isolated linear composite nucleic acid molecule according to claim

22, wherein the adapters are for sequencing the nucleic acid molecule.



10 first and the second nucleic acid nol ecul es
interact in a nucleic acid mxture; and wherein the
first and second tags are fromdifferent nucleic. acid
nol ecul es. 21. The isolated |inear conposite nucleic
acid nol ecul e according to claim 15 20, wherein the
nucl ei c acid nolecule further conprises at |east one
linker linking the tags. 22. The isolated |inear
.conposite nucleic acid nol esgul e according to claim

20, further conprising at |east one |inker |inking the
tags and/or at |east 20 one adapter; wherein the

l'i nker and/or adapter is biotinylated and/or coupled

to t. 0 ent [, use in urlf S lat n

25 o8 et SR randis! Al B0 mlebEle” i "B
conposivhereini tHeehdclaiel abidphirieie eomprised e Iééé!'dhber%clelc acid-
I i near conposite nucleic acid nol ecule according to

cl aPrpteinomplax apdion chrrmaiitl ei ¢ aci d nol ecul e furt her
conprises at | east one adapter. 24. The isol ated

I i near conposite nucleic acid nolecule according to
claim 22, wherein the adapters are for sequencing the
nucl eic acid nolecule. 30 39 25. The isolated linear
conposite nucleic acid nol ecule according to claim 20,
wherein the nucleic acid m xture conprises at |east
one nucl eic acid- protein conplex and/or chromatin. 5



