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1 Nucleic Acid Interaction Analysis Field of the invention The present
invention generally relates to the field of gene expression. More
specifically, the present invention relates to nucleic acid interactions. In
5particular, the invention relates to analysis, detection and/or identification
of nucleic acid interaction components. Background of the invention The
study of nucleic acid interactions, in particular interactions in nucleic
acid-protein complexes and in chromatin, is important in understanding
gene 10regulation and expression. Studies of transcription factor binding
sites (TFBS) by genome-wide methods such as ChlIP-chip (Cawley et al.,
2004) and ChIP-PET (Wei et a/., 2006), have shown that most TFBS are

not located 5' proximy|ig|geNeSidSHasRig Rdanae remote regulation.
While whole genome ChIP methods can identify 15TFBS, they may be

Ei I!Eitgﬂ in their gaﬁability to detect actual interactions between the TFBS,
' ds are required. Analysis of these interactions by
electron microscopy, light microscopy and fluorescence in situ
Thaypréetisationvarntioongaaarathbyelatemitaltimifigidns gecte sadadssion. More
Sp%%eno L%h? Q@gg}[lfnlﬂ rd'ﬂg P@l@[@@s @nﬁdwcmgc‘?&mﬂﬂgractlons In

ation on t ese nucleic aC|d interactions.
particular, the |nvent|on relates to analysis, detection and/or identification of

nucleic acid interaction components.

Background of the invention

The study of nucleic acid interactions, in particular interactions in nucleic acid-
protein complexes and in chromatin, is important in understanding gene

regulation and expression.

Studies of transcription factor binding sites (TFBS) by genome-wide methods
such as ChlP-chip (Cawley ef 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 limitations, 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 ef 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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In addition, several recently reported methods developed to study these
interactions, purported to be high-throughput and/or unbiased, also fall
short of expectations. 2 analysing interactions, some knowledge of the
interacting sites is required, and the method is limited to single point
detection. Carroll et at, (2005) described a method coupling ChIP with
3C. This method indicates the nucleic acid molecules which interact with a
particular protein of 5 interest, but otherwise faces the same limitations as
3C. Simonis at al., (2006) described the chromosome conformation
capture-on-chip (4C) technigue wherein inverse PCR was first performed
using primer sequences targeted to specific sites and subsequently,

anBNAIPRY iAYARE[URIS, WamEIabIMRIbr ateehtdier(ing %\i@éa%'@é%boﬁ&i and

microarray) which interact with 10the targeted sites. Zhao at at, (2
theingiheddSilisniteddy ringledrairt sistertiBmosome conformation capture

(4C) wherein the captured sequences which interact with the specific
CaﬂtgleéSe(t]uem%)adieédeibéﬂed hyeﬂeqdl&imipgng mmamud 3Climitesl method

. Jts lication | that onl nces,which inter c tar

ind S R B R VL o H e A oY oG B Bigin o

intezrave d oG thkiatisedlickes therfenminiinsitatidhiples thtlon -mediated
amplification on a 3C library to generate a 5C Iibrary to detect global

%‘PQF féc)_lcdmems ?@ﬂ%@l‘(?&ﬁ%%‘fﬁ‘& ﬁﬁér%%[&ﬁ?@%ﬁdchnp

restrlct on or the genomic region mteres
(4®ésmﬁclttﬁaq5l@ wfmfals alqwmaR@RcmanfU@pprarmﬂ olgiegC primer

seHB@{XeéiéjrSE%?'%Qp%#‘&”&?e@yam? éﬁ%ﬁﬂ%ﬁ?% ﬁﬁc%@'ﬁé?eéﬂg%% was

limited in its application in that only interactions between sites

usegrtesgentiiiPtb TG iteenas axailedlelanmitieel rMomaEes) (WiSch interact with

the’zg%é}gg%ﬂ) provides a method utilising ditags capable of 25
high-throughput, global unbiased interrogation of nucleic acid interactions
and binding sites. However, in this prior art method, each tag in the ditag

Zh@osngft & JQ9GonARPHREAoPbeSiaektd oM RN FHcHRN Shipsrosome
coRfeRAiD AT dhstRdnteCICHAG fshg trrNESpIlRUDERIL RSB ORRH TAREARI with

is not able to segarate out interactions between different nucleic acid

thenSRRGITISS 1REAP S SERYERSS ShSiccIRRNtEGANBY. SRS RERNCaISIS: Resthed is
linfiteeniloie HpPAE SRPANAIHTBRIgCs BT ancEIRBRc attstelcialrs lspalbifit target

nucleic acid interactions.

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 al (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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5 Solexa sequencing or sequencing by synthesis is an example of a
recently developed sequencing technology (WO 2007/091077, WO
2007/010252 and WO 2007/123744). Solexa sequencing has been
applied to the analysis of ChIP sequences but only in the context of
comparing immuno-enriched chromatin compared to control chromatin to
identify binding sites of a protein known as 10NRSF (Johnson etal., 2007).
There is thus a need for more efficiegt methods and robust technologies
that may effectively address three-dimensional chromosomal interactions.
Summary of the invention According to one aspect, the invention provides
a method of preparing at least 15 one isolated linear composite nucleic

intereictify R adia SoRIPIS BedRideashRNBriF HAT AL At e ARl (AR dite! separate
nucleic acid molecule and at least one second tag from at least one

outsdpistaRiaRiPE eSO iR SRhdrefiaite P SRR SRR Armeisslioated
mom@!ﬂ@g!esmﬂeéa?tdna’%gfumagﬁ @¢¢@|5 fbiétlﬂ%@rﬁél? wltlmﬁeiarﬁ@e Ifﬂéhﬁrﬁbmposite
ecand tags are from different nucleic acid maolecules; comprising the
molggHIes GER 1 BTE R Bt RS RS WAL BB HE ER s ing at
least one first nucleic acid molecule interacting with at least one second
Soleveleseqoahoiote curl se2piehdiifgsbiatygtatkiasisone leeanpenpbsteecently
eic,acid molecule risin ' of
o e SRR, LS R T R 200 858 ano
WQWd1rﬂ,ﬁﬂéi4_:)aSio_lleuaIseqleemmgdhmﬂ_tsemmnnmddtca@'@maﬁm_of ChiP
sedIiRiet Burlaicacld maladiies, S Aterligaing thea0d3. o RS BHCIgIE matin
cid molecules, several types of nucleie deid nvolecules may Be formed,
conpercidoreentrolanherarfife foTldesdiin dinttinpnedtesoafpa gireteioldadeasn as

NR%?%?)M?B%CE?Q@’Z)%WQ self-ligated molecules, circular multimers

Ircular interactionis), iIncompletely ligated and unligated 10molecules (for

example, DNA with no linkers and incomplete linker-containing DNA).
There is thus a need for more efficient methods and robust technologies that

may effectively address three-dimensional chromosomal interactions.

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;

(ii) 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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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) 15linear 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 20molecule, 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

(iil) esstbBfg shineelsicoradinelpedm positat ivrstia Wmﬁdwlﬁl@fﬁcﬂhkﬂ%ﬁhg at
one second 25 nucleic acid molecule, wherein the first and secaond nucleic

leaglhpnm it ire Srret Ak restR Rl st it AE B APIFRHIBIATAA S ashone
secwiPngddesmratiieastidiese b ooiirisLrtdcmeirL wese culgoleseeiw K first

interacts with a different nucleic acid molecule represented by at least one
SeCneegs é?ﬁ&ﬂﬁ‘?‘iﬁ@tﬁw@@ R46 mArEESmprising interacting

nucleic acid molecules comprises at Iee}st one nL_JcIeic acid-protein
A T e B e P oo
acigrensesdiey chagnialifoimadndeeciigationt (88 18). example). These include
linear composite molecules (linear interactions), circular self-ligated molecules,
circular multimers (circular interactions), incompletely ligated and unligated
molecules (for example, DNA with no linkers and incomplete linker-containing
DNA).

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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Further, the linear composite nucleic acid molecule(s) of the invention may
be amplified. Any standard amplification method may be used, including
but not 10 limited to rolling circle amplification and/or polymerase chain
reaction (PCR). Further, the linear composite nucleic acid molecule(s) of
the invention may also be isolated or purified for further analysis.
According to another aspect of the invention, the linear composite nucleic
acid molecules of the invention may be sequenced. The sequence of the
tags 15 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

mo‘l‘&fﬂ@%@ﬂ?ﬂﬁ&a’r&@W?meé?ldﬁferéﬁwm&wd%éi&Ff’(dﬁé@:ﬂ@e@?ﬁ@@ented by
sequenced tags representing interacting 20 nucleic acid molecules may

at I5ashapp&iNETdeRast one reference sequence. In particular, the reference
sequence comprises at least one sequence database, such as a genome

In gEtienkze,datebasecidapacid thexenu acmegisgstotie getirmmeusiic acid

mo eeéSLénin% wnrq\icriﬂsnuclgic EilCid énolecules irlléeract in _clogf %Fatig#zpf&rjoximgx dlor
16 Which SthePRGeRihcid idieRlfes MRE Eﬁte?&qir% tlleitd
chnolgiinled fdentifiekbinasidie |otiatedeatraamebdistarochioadhéwgasre method.

chramospme or they may he on different chromgosomes. Importantly, the
A Ry T B haR Y A gREpared by

chiioteatictiomsuibopcecimtatibn (EhiRyention may identify and/or discover
protein binding site(s) including for example, transcription factor binding

Futiies: IRPAMEH A tSISYe MRy teRti AR HPTAYSHIERTEH may be
different and/or separate nucleic acid molecules which interact with one

ampfibieser ARy sl rotenry)ldiealinremaibedpitay faadiegd Bingluding but not

|imﬁ§§0f60ﬁi8n‘iﬁé BRI URDHRUIR A SRIHREEIELI SRS Aon (PCR).
example of the method and the isolated ollgonucleotlde(s) of the

P
Fuiifirntion lingaireonmpasiiadrasieioreitinetesids (s géribminventigaanay also

be Rt GICHORTEY 0RNRIRPS MG Ruan etal., (US application
2007-0238101 Al). This method available in the prior art generally results

in short ditags because the tﬁ%‘s?are generated following restriction. In

ACCRIGSh LRt hg) BSRBGHRIRE LSRNk 4908 SAMBPSER-WKIRIR acid
moRsdiilelasfsation eféhesameanupeicagisbRtdacUle 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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15Figure 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 20following ligation and reverse
cross-linking. Figure 5 is a diagram tgat illustrates examples of molecules
which are retained after immobilisation to streptavidin beads (SA). 7
Figure 7 is a diagram that illustrates the molecules which represents linear
interactions of nucleic acid molecules after size selection. Figure 8 is a
Acstrgriaghyillusératinenmap ping, abitifaas-anss thedoesngsteiRerrasstsite(s)
invention. The vertical lines indicate the sequenced part of the tags that 5

inciiding ufPih EXamRira JRorHRINadRF Mg HiniRd ighe S 1Re Bretiewar, the

invEWRSYIORay RcpEALERaRS RRstD 08 EhatéagsrAERMesertianalapBEEId tE R ucleic
reference lgenom,e and the sequence is then extended by about 500 bp

acig MBPHRTY RS Yty UBIRE Gh YR o PRI RE e RIME Y h RIS fSInANd/Or

tramBtdiptioN fabe@ents (firm horizontal lines). As illustrated, it is expected
that most of 10 the mapped tags of the invention will identify interactions

from distal. parts of the same chromosome (cis-interactions) or interactions
Brighdes a{lg 2 {?]etﬁ, ories (trans-interactions) The dotted horizontal
lines indicate the "span” of the interactions. (See boxed mapped

Figﬁ[@récﬁ@r@ iﬁim@%fr@. Ebhfvheiuﬁéﬁp&_ﬁteﬁj‘s @mptﬁe%(i@allmfh_@tmd the
iso%@d%}m&%gt@é’dgrémih%ﬁtﬂiﬁ?rem 15mapped tag densities.

Figure diagram illustrating mapping of the tags from the method of
. Ruan et al. (US 2007-0238101) which identifies single binding sites (from
FiokhiigalfoRsy29aN 48Rk MAdebRieR Im aRASIFatiBiME!sigReid Interaction

an&lyENeRInR ATRinserecipnsiompdficsesh luomosseest Alg. VEslEalethod

lines indicate the 20 sequenced part of the tags that make up the paired
availgblgsit e ARG GENRRIMiIcRR PR SRS SHadSPRERUSHANe tags are

generieacedipadagf iberiagsarelysed daionappisgelotis redeieneseiude  tags
genome and the sequence is then extended by about 500 bp according to

obtained RRAcEeRHE Rl iFaHen f6 eHEIEsRIAR &f it SAteBRIgc acid

moleagments (firm horizontal lines). The dotted 25horizontal lines indicate the
"span” of the interactions.

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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8 Definitions "Adapter" refers to an oligonucleotide molecule which is to be
ligated or is ligated to the ends of a nucleic acid molecule. Adapters may
be used for amplification, sequencing and/or inserting a nucleic acid
fragment into a vector. 5"Circular multimer(s)" refer to multimers formed
when different or separate nucleic acid molecules are ligated at their ends
to form closed nucleic acid molecules. A circular multimer will include at
least two separate nucleic acid molegules ligated at the ends to form a
closed molecule but may include more than two separate nucleic acid
molecules. 10"Composite nucleic acid molecule" refers to a nucleic acid
molecule comprising at least one first tag from at least one first nucleic

FigRell molecuigiand 'l%ﬁtmn&%@@nﬂw@Wé%lﬂé@@ﬂﬁl@Heré?F@é%ts linear

nucleic acid molecules, wherein the first and second tags are from
intefagligns Al eiciackomelaedles B8RIERSRIRAERNacid molecule

comprises at least two tags, but may comprise three or 15 more tags,
Fig\uiﬂa gaishatatideging ﬂtmtmm'rf@emappmgem amé;zltag:deﬁwlﬁ theongosideof the

nucleic aci e mearo ar. A "linear,co
P B A o L e e R T Arele T 90 WAk EHEcp Hedass thet
maiogetirerthie Inpaaedomagssm mhréelrscaiamdaain@ibgutmcmmlsescﬂt lmstpvesent
ay compris Ig[hree or §multlmeré§m h at least two

inv arg“sdEObelng fom difr& erff%rtﬁ%leolc ec% Rs! = @&%%'Sgitéo the
refererieie gEdonwdeard” theasewemmasut&hwnleuiemibdwd@c@bouhuﬂ@ﬁs bp

acco ﬁi&1rat(§o ﬁp{ isolated, and | suthantl % free. of other nucleic

CRiles Which & l#gﬂncoe[ 'c%r%&%%&%”nﬁde% i Roiecnes WSO?at e virtual

Dl\b,‘brﬁnpgmmwtm(:lem audmmﬂalclmm)né\)ﬁ diusprasedatii ess@eeteahipatsiteost of

the W éé % ? ?) %Sn |onWIF?{nR{|f§e %ﬁgc?lo%rs H¥(§i '%{ {%r%\trts of. the
composi cleic ac MolecUIes a5 10N oy are substantially free O
sam@rrsbommmmmelMmmhmlewlremt@ubswmﬁmmr@lﬁwaakehrrmmeames
(traﬂ%qﬁfér%%ﬂgﬁgp%ﬁreedérfte% horizontal lines indicate the “span” of the
interactions. (See boxed mapped interactions in Figure 8). The mapped tags

(not in the box) illustrate that different mapped regions may have different
mapped tag densities.

Figure 9 is a diagram illustrating 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.



10

15

20

25

particular about 75% free, more in particular about 85%, preferably about
90% free and most preferably about 95%.. "Isolated linear composite
nucleic acid molecule" means a linear composite nucleic acid molecule
which is separated or isolated, and is substantially free of 5 other nucleic
acid molecules which are not linear composite nucleic acid molecules.
Isolated linear composite nucleic acid molecules may comprise at least
one linear composite nucleic acid mglecule or may comprise several or
many different linear composite nucleic acid molecules as long as they are
substantially free of non-linear composite nucleic acid molecules.
Substantially 10 free is taken to mean at least about 60% free, in
Defiwitiomgar about 75% free, more in particular about 85%, preferably about
90% free and most preferably about 95%. Linker refers to an :
« p QlQQRU e the.en [og
A e o G ahde O SMIER 145 60 8 e o
ligaiatetaotisinahderdsafmiaic acld rsienutss. Ad&ﬂ@csamﬁyn@@ria&ed for

amBRBIIEAS Qg 'ﬁcﬁﬁgdéﬂm‘é?%%%rtﬁb‘%l‘?{ﬁ&%lg QE?JW% t% ﬁr%f%%{&

an interaction o ic acid material'and a protein suc ound in
chromatin or when a transcription factor binds to a stretch of nucleic acid.

“Cirgglariapuitinadsb JiRede dpitimascdrrnetnyepresifigsentagjeseparate

nudiéieleieacidansiamiearsiofyata wntelneiad MAYRMSer4acd @8R acid
the sequence of the tag may be used to map the tag to a genome. Tags

molaghiesso AetiissipioMiEimS gwik ictrdg Iéhb?HStlﬁVﬁéﬁéﬁﬁ%@aH%l%C acid

mol8BaIssafgaRiirIgiaREIdiag EOMPHFRGRIR MeRIELAS 8 draameHdiee nore
longer nucleic acid molecule. The tags of the present invention are

thagdyer sAPRsAlRPHeRIc 899 HR!eiSSgs lengths of the linear composite

oligonucleotides of the present invention obtained depend on 10 the
“Cosnpusitonudeiitaid nesidane’ arferspecteduoléie acidasioibaule Bdhiprsing

Ion er. H W op tes Zes 0 linear composite suitable for
at IRt IS G R B snirane P Ao cn TS cangat feast
oneokthmhde’wgcbmpoattéeasblerceaseﬂ:memummctagltemgﬂscalm;t\ﬁﬁel@mthe
a be5 Iected fo cula Ien ths ofa out 50-300 b .
s e B PR For e L e OF IR OB B fengnsie
nudtmgercitjarm\daﬂm:tag lengiinis Eonexensp ey tlagsta@d&nglay aniiSOatpe or
the Ilnearc p05|emole ules ouId be %ﬁ 00- 5% .bp (cngte that the
mo{?g%agré expec?e%f Baegu r(ljlih%\v tarenl'E %s? molecule. A

composite nucleic acid moleoule 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 (multimer), 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 isolated, 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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10 "Virtual DNA fragment" refers to a tag wherein the sequence is
extended from the sequenced part of the tag following mapping to the
reference genome. Following sequencing, the sequence of the tag is used
to map the tag to a reference genome. Once mapped, a virtual DNA
fragment is generated by including the sequence from the region it is
mapped to for about 500 bp, thus 15 extending the sequence. The
direction for extending the sequenced'nformation 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

palfidtigH a%?%%"f‘f-‘é‘e‘?frﬁB‘?erH‘ﬂé%Wé\drféF@BHEWB@%‘?X%?&%%% 90%

same direction as the sequencing method. Further, as another example,
freghandlre@rdiprefesriaidig Uh8%4quence information of a first tag may be
towards the adjacent tag ligated to it. Detailed description of the invention

“|sdlaeeRraprarinnpesiteldesdr aduiathadiet detectiaanilentitying anfiPlosite
25 preparing at least one isolated nucleic acid molecule from a nucleic

nuglgis AEGURPIRPPLGNICR, THeeRREHREPPiSlaeCa FEHD S ReatK frae of

otHeashoeigilsciaiad gRRROREE MHIEIC add Moelepidarcestppoisiteanedsic acid
ne first ga%ﬁfro zat least one first nucleic, acid molecule and at least one

MAIBCHIES 1A5HRIRM N NERE COTBAS S NSt BRI a@%ﬁw@mmﬁlse at

led$ediist nshsenangdtigleitisleiid reig e dullerast MdheoHipeiseasisleral or
mixtyre and wherein the first and s?c,ond t%gs are from diffe([ent nucleic

Ma TG D SREBPTIRG W% AHY'SSpBEI BAIRRAER S ORgeSg they are

sulﬂeﬂﬁihﬂdll@f frezpafingadieest cﬁ)mp?lﬁ@atadlélaﬁatlti@pmb@itft_?erw@eibsig'rdiauy
molecyle comprising at least one firs om at least. one first nyc

Rt FABRIL b AR fodBrah@CRLbRl g P A RELL UAe GBEbh % free

margdieipaticutanlatdet Boepraferdiss andsec09d freeleiddaitbrtofeetdesbly
int in a nucleic acid mixture and wherein the first and second tags are

ab?r‘éﬁé?l%fment nucleic acid molecules; comprising the steps 100f: (i)

providing at least one nucleic acid mixture comprising at least one first
‘Linketéitcimisl tncecaliganecteniidewihlacidasybich secmad riadieic aciinks the
0 1 A5(1) per i ligat agti I e ft .
en{r%c ei(}:{ lg%llé m%ﬁ%urﬁa{)sr%g\%gsm%a#gﬁéﬁ oﬁe%é%r‘%%ﬁé%si@%ﬁc@c}ﬂggw g to
anetb&rdinsentujgiin thelamig af kacieinadideaelestipssite nucleic acid
molecule

“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 sequenced 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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20 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. 25According 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 tagpfrom 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 30tags

are from different nucleic acid molecules. 12 The nucleic acid mixture
theManicamihise Adikass edurlaiarRCigxpEiRn e9Pelex rGIOAIOIEHAtEL or

The nucleic acid mixture may be prepared by any method. In_particular
longgr -nﬁa\é/févgéidarﬁ%ﬁ%(&%%%@sp@p%%&@ﬁﬁé RASBRRSIBHFBfiARiR for further

andlpBisitnaTeEsP kalisstd§ d) FOsteMapCHR aEptesed EBRRm SfatheSinear
1997? m%}%e used for obtaining the chromatin byt with some
|

COmRRAHEatIteh ASHcMYAE FRodiRBatRREEFe B SHUIUER fRgmay be

selmﬁwilﬂiflﬁ%&ﬁﬂ@%r[&ﬁgffﬁwgt%%ﬁfd{ﬁmffﬁéﬁgﬁl);]@pﬁh@ﬁ%r%é&db@f@lected
cross-links or purified. The chromatin prepared by this method ma
for g RS R LB RTINS bR CURSAHES PR SRARANe B Tenths.

Foﬂ@ﬁ@iﬂp%iqq malytév@ l@ﬁgﬁh;*,Oéiééablml)d)_bbg,Déﬂiéaiﬁ@@lfdcmﬂtﬁt@ﬂt@sﬁmgcules
S rate mo Wi Ver,t e nuclejc acid Interactions are retaine
WO B e PR el i e o R O Unggual and

hawehitiffexemiistedyhsgparated on the same long nucleic acid molecules are
broken into separate molecules and may be identified by the method of

o s iDe QM. t ic.aci | int ti

VB (SR PtRINE FON4Te AU AR aSaHiaradle SNORAlfon
theim@tuﬂmﬂd_rmed tqflil:jﬁetage.@ﬁqw'wfgh?\auple'g: amimmdlgf@nme genome.
rolBYEHCEe A RAL Y e AL Ioa e ten formessng Iaihe tao o o
refengsier geidamsieduige) dtavedo theviitdalidaién feagresslinkegeneagtpd by

, ; i i : (6}

e e A R L R edFdeno oy ths
extgrdingl$hef gesineoiksc hbil dirsiebureforodsiending ke aras lisker ligdosaration

i ite. B Howi NOY:IRItA

of Wﬂ% \?V{#i@ﬁgmtgﬁq ePused 5?%%%5;%\%@0%%&1%}19% ége?'] S%é%ﬁg%ﬂ@i%ghe
pardtithfegugydch 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 acid molecule and at least one second tag from at least
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Linker H (first strand): 5' GCG ATA TCG GAT CCA AC 3' (SEQ ID NO: 1)
13 Linker H (second strand): 5' OTT GGA TCC GAT ATC GCG GCC 3
(SEQ ID NO: 2) The first strand and second strand of linker H forms the
linker H with an overhang: 5GOGATATOGGATCCAACS
3'COGGCGCTATAGCCTAGTETGS' The blunt end is for ligating to the
ends of the nucleic acid molecules while the overhang is for ligating with
another linker, thus joining the ends ¢f the nucleic 10acid molecule. For
example, at least one dephosphorylated linker may be ligated to at least
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

on8li§stavidinultisadeysteed s0at thenbnkel (g KoL N ItRE M Oe B eic acid

coupled to biotin molecules 15and may be coupled to any other

mc&@ﬁ%%%é'ﬂ@rﬁ%éﬂt%lﬂaﬁuﬂ%@%aﬂﬁdﬂ@ﬁtlFﬁa@ﬂﬁ’e%%@t'a Haififgrassiaacond

tadS@ oI gRtesmHelaitcIs ddriesidesids one non-limiting embodiment,
the fifth base, T (in bold) of the first strand of Linker H (SEQ ID NO: 1) is

d Theli d difie djusted, a
ACTEE b AP £0TEE 200 bR e R BB FEVVIRER b it st
onthzsolatdeldineat nsmiqnmm mmmmmomwlmlmﬁ@mglavmw one first
ticul d ati t' be
tad FTleR RBIHIPELIch UM G IEEHG O eflORER 6 SRecr tog
frothedigamsn w@csenomwmudemcantdahmieﬂulme nela@mrtstﬂr@ﬁmmlrmmeecond

first I| n, the nucleic, acid molecule be eluted 250ff th
nugéarl) arose eli; sP é%eé? \%}Ilyn e@“r% %gogb@?é%rgnqﬂg i’ﬁf?m 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;

(ii) 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 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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14 In addition, since the linker(s) are dephosphorylated, it is expected that
the linker(s) may ligate to the phosphorylated ends of the nucleic acid
molecule but cannot ligate to link together the ends of the nucleic acid
molecule until they are phosphorylated. 5The dephosphorylated ends of
the ligated linker(s) are then phosphorylated. Following this, a second
ligation is performed, to allow the ends of the nucleic acid molecules to
ligate. The ligation conditions may brgzmodified or adjusted as required, so
as to maximise the ligation of the ends of different nucleic acid molecules
via the linkers to form linear nucleic acid molecules and to reduce the 10
self-ligation or circularisation of the ends of any one nucleic acid molecule
ThaneagRmALan ALGLRY A KRR ANLETIDRIEHEN FEIECRS BiBltein
be modified, including but not limited to increasing or decreasing the time

cowlm@a@@/ﬁmk&am@tﬂnaﬁm@rwé&ﬁai@bmbme reayebR($ranasaedy any
metfias1AnSdigatinn raacianseteRAUUSIRELAL MATRY fOJBHRNSE a modified

intermolecular ligation of 15 separate nucleic acid molecules. In

chioapatinAm e RpAsBIR IS fieRrorh i) LM dda veayHWP suineon §nfango et al.,
199¥FiRis A6 RalpeuiesHR MAY THESHIBARANCBRIING SRS IHR  Mons. In

nucleic acid molecules and to reduce the formation of circular multimers.
partiggRtteyediEisstions RsphiphBigIdialaitkacib i df 1t @Hf_éed,
reveRIE RSN NG F flIRJVBYRE YeAtRldernyleasioeBaiRke! BF tBEIddSIFhe

acid molecules in the nucleic acid mixture. This is followed by cutting the

chipyaaitn iMeREs oy dhiscE RYaRsb B RS, hownrhiaaspplkamesepads or any

otHisrdaddmkase prydhes 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 §' or 25 'ove(han . In particular, a restriction
SOBIEIRE WALIPEHSSS, S, troakiiP ot oG A6t ECIREIES o Regrate
mdiecthessraywesshotld notRecuidiopifiemaetilys Hre retsordevgalee of the
redyce. the possjhility of cutting the nucleic acid material in tkﬁa nucleic aciéi
CrOSSAG vihy Chor Y BHECHEG I ot e Hited Mike Soiticely
sepaditedle(s)thuyaomdoag alucast eidlinksletolasodiee hirskewdltis aejshrate
molecule and the second.pucleic acid molecule, Following the second
ORGSR 308 NS AR HEtD Pl R aR e 205 BVEDERLE te
formaldehyde cross-links and purified. Purification of at least one
Thénkedsigdtiee mutdic atimudéecides ity the pbomatid asintharbentigled, for
{RiNg,at o n i i ,
o ENA RIS ECTRRAR IR S U B ERACHT tgate

thevgntistobtlissnuctaisorcidtmpleoldeas togéithian-ligated nucleic acid
molecule(s). The 10 components include but are not limited to

Th%ﬁ@{lww@ﬁn‘fﬁé’ﬂf@a@i@ﬁ“ sRIPIBBHBHING gAY IARERSY MAENGRlIRast
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-ligated 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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In particular, biotinylated linker-ligated nucleic acid material is purified
using streptavidin beads. Only the nucleic acid material that contains
biotinylated linkers will be immobilized on the streptavidin beads. If
another component is 15bound to the linkers used, other systems of
purifying the nucleic acid molecules suitable for the component may be
used. Following purification, adapters may then be ligated to the ends of
the purified nucleic acid material (Sgg Figure 1). As can be understood
from Figure 3, only blunt ended, non-circularised nucleic acid material can
be ligated to the 20 adapters. Self-ligated nucleic acid molecules and
circular multimers cannot be ligated to the adapters. The linear composite

Linkeclai¢gaateriistangthreh@Tadeparyead dpieirigaddeacthes PSEQ ID
NOiZ(Zjl ated. Either the linker or the adapters or both may be coupled to at

t one first component(s). The coupled component(s) may be used to
isolate ligated 25 nucleic acid material. In particular, the coupled
Thedingostmatid) ara beamsell sirmodatef lileleercdbnfmsite tioeldinkeridd with an
ovenr]woelxﬁ ule(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). 16 The components may
>" include bufaferTstTirsteri e Stréptavidin-biotin, avidinbiotin,
3" proteff-afissdy drdior ighelimagnefic material. Accordingly, the

method is able to obtain at least one isolated linear composite

The blunt end is for ligating to the ends of the nucleic acid molecules while the
overhang is for ligating with another linker, thus joining the ends of the nucleic

acid molecule.

For example, at least one dephosphorylated linker may be ligated to at least
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 acid 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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nucleic acid molecule comprising at least one first tag from at least one
first 5 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. In addition, the
isolated linear composite nucleic acid molecule(s) may further comprise
adapters. 10The isolated linear comppsite molecule(s) may comprise at
least one linker linking the tags and/or at least one adapter. Either the
linker(s) and/or adapters may be biotinylated or coupled to another
component for use in purifying or isolating the linker-ligated and/or adapter

In YoRfBEANSRICEPIRRORHRIND CIF A RO GMIR( Rt ThagnehadighthRat the

invention does not isolate interacting nucleic acid ligated to form circular

linketfinesy (BRI ieraleasPRaR i€ By s e AU HSCAE crRIGRALe but
cartR8tigaROINObEEMARHEBIRISIP g huansddid s Asfubaruriment Plare

the ligation conditions, it may be possible to maximise the ligation of the
PhSRIVBY8shrate nucleic acid molecules and reduce circularisation of the

20ends of any one nucleic acid molecule and/or formation of circular
Thendiiphersphomjlatedt éhdxpelctbe thaatde irkbigd)shmiltheat prodpberylated.

bstantial bi there is. f th thod that will it .
o b TR BB R R A A B
acithtedetafes itslepdaf Tinedigatieractindiidnsacdifidre wiitifieCRraddjusted as
o JR e R R AETE B0 BT Mo e
mo@mﬂad}a&@&iatﬁ@ﬁrﬂmqusdddomnbﬁbrmudem boﬁﬂhsdted:lp@@lsmd temneduce the
o ETHIRINE 2 A aieee e e e
andlod footetidasafoommisamgnharfiifeetag Athamthealigetoactbddiacsiomay be

nalysi thod discl in R etal., (1) O,/- 01.AD..T
o S SR e e e R LSR8 1P e
ligdtingerahatiohd-didhy icdnieergtatidheatdhengtagent(se limeatitemposits, the
. lecules. h icati it . L,
i S O RO S A
sehratelongreid iacidr toiegokie hmolsdiesarf, dhitalije ioressfqeidaimreed under
lysi : I f i ' i 1.
ver U R B S 0 Rl g e s BB Rg e 3 8Fon of
thdireraiscoinddfire mu cledteicid citb lrmiéss, | sy dealg ties relolores Urel do0Tiasion of

: d for. In particular, tag lengths of about 50-300 bp long
C'rgrggéj gﬁuse e%g'd for. According to a further aspect of the invention, PCR

may be performed to amplify the linear composite nucleic acid molecules.
Altwﬁﬁggﬁ c@imigastkeone 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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15 nucleic acid molecules, before or after amplification, may be selected

for 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 20 linear multimers. Long linear multimers are

undesirable because they may complcate 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,
Actngifigear thslllipees nriciseub i@ miiedigation mbsevsrmbhssleic Bast one
.acid molecules and accordingly may represent false interactions. In i
linketrdinlfingitesr U ikleinuert ReEsIRANS Mt seeNr nucleic acid
moddfieximately 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

. Eurther, if the ligation reactions are optimised such that Igng linear

o B, S R e A ey e e o
revirae dige feireal dedynie e lindar anthpesifeedu@erifiaatibmateatlésast one

. _,may be selected. Accardingl ith size selection, an advantage is.that
ISR SRTeRT PhTerS Ty Be Wi AR R T Dot ke SaTlhaystom

corsipdsiagget Kastaiyo fcagmpenanisatvene o drshbrie&stnana datkddcadapiesnt is

coliPrimerdimpte payalsope gliminated, In prdiion, e iNeahas the firs
omposite nucleic acid molecules may be concatena y standard

conmetheds. Itoparadater, the lelinkk religateliedremietersation metbod¢RyanThe

corg\bglﬂe%@ ap]lglligggog&lﬁéf?%@), ‘?%5) etgsg%eoé%?%ngiéﬁg eta‘?‘}i?é)lm%'iotin,

ect of the invention, the isolated linear com nucleit ac
pratedresolizoniag hd/ceoegnedtnagpatidomalietiaé sequencing method used
may obtain sequence information from different regions of the nucleic acid

In PaVGEUS: THGHARR TiRRbAlRASHIWR RgE YdheHReRiACAAHfed using
nucleic acid molecule. For example, the isolated nucleic acid molecules

stropiguidindiRrte PABESRENGURIRS tREIGJRETRb iR (DORHAS Wirtindated

linkSHRARIR BEPATMINGIRRAMEACIAE Wi BHHGIGN 5RBIESIPLAMRBRIHHIIRent is
acid molecule. Accordmg@l‘)&}he Solexa method mz;égre adapted for

boupd ieribmyritacasstio eifferaysiegsiim ¢iyinands: repfieagid molecules

suifBBleqdethio weNploEReERPHE gssyencing methods, including but not
limited to Sanger sequencing, 454 sequencing, sequencing by 20 ligation

Applied Bigsystems SOLID system) and the true single molecul "
Fo Lo B AL o R L DI P R i R Seer thgppurifed
nu8elexiciaethndriala Shraegy thalieasdi padendigistbish PofpWRigure 3, only

sequencing of paired tags from the isolated oligonucleotides (WO
DI SRR DL EONE SBlot A OO RE OB eo8) A eerlrted to the
adsptisntSefivibtedsereiic 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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25 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
~ aflow cell. 19 Following this, (4) bridge amplification is performed. The
bridge amplification involves (a) allowing single stranded fragments to
bend to come into contact with primeggs randomly bound on the inside
surface of the flow cell, (b) single stranded fragments becoming double
stranded fragments, which are then (c) 5 denatured. Cycles of
amplification are repeated such that millions of clonal clusters of double

Thel'@s1Age AN arR genairiedn: eaeh rbanimnkef thestewtadlbitRbiotin, avidin-

Sequencing is then performed, u reversible, fluorescent terminators
bioting Ef&%ﬁb?ﬁ@@bﬂ@QQ’QééU%ﬂBﬁg"@W%@ﬁ%ﬂﬁim in the sense that

it can sequence many 10 different molecules concurrently and hence
Acgeriinafle o her gecthvedntisyabflseq ums’temi@fpréaati@m@mbia&dtab@famﬁposite
ith the. eth do the%%esentlnve tio Thefn q&% fthel nt|
&8

Ui R TASIPCE1 B T I o Th SBE LS AR TR R g firs

nucilexpaamullatommmww bt Iabeuw{ém‘bnd ttsn ﬁfmn 14t nesktioasidecond
mteractlo t}god disgcl n Ruan et al. 007- 0238101 |

U A TRt TR o LA SO I Rl GG R0 Ecules

mteoqmated tmdekoagrer gty de9) - aﬂadnwlneiengthelﬁrp’awmumcdim tags are from

S ab ut 50- 3(5)0 b(a are seIeFted fdrtton Ilnear c %ppsne nucleic

di a?(gl m&ecu'gs %%lmprlsmg the ronger ags m’ay F}ng composite

nusbmuenubdwdlm:ﬂlg(byrﬂm/mgthmroug’rmlﬁesmemermthod according to

the manufacturer's instructions. The Solexa method has several important

Th@d‘é%”é?@@%n(éérthé‘oﬁ‘Ff%éﬂé“ﬁ{B%%&%@s?%lé?”%n¥BH§e 052 Rs36t P8R8 linker

pairs per read presently. This tag len
linking the tags and/or at Ieast one adapter Either the linker(s) and/or adapters

may be biotinylated or coupled to another component for use in purifying or
isolating the linker-ligated and/or adapter ligated linear composite nucleic acid

molecule(s).

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 szstantiaI 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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may also increase with further technology improvements (2) Solexa may
be 25 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. 20 Solexa sequencing
may be carried out directly on the nucleic acid molecules of the invention
by ligating adapters which are also Solexa adapters or primers to the
nucleic acid molecules. The inventiopytherefore provides a streamlined
method wherein the isolated linear composite nucleic acid molecules may
5 directly be used for the high-throughput Solexa sequencing method. The
whole sequencing process is computerised, and many sequencing

In 'S@HRRS PREUFHBThBYPArate: Ol fsriasearaYde Aetrstehd¥ Gholecules
2007/123744). It is understood that other sequencing methods may also

CORRNRIBE fRNEPE s IR th & oMtelifin @it ot ERREORu ABRIVRIRY method

disBloteeH s RiprEicHlar(980p60 7102 384 thods FaTARIL FESeNsing & WiMear
at least two different regions of the nucleic acid molecules, for example,

COmBRHEAYE BRI MOl LR B KRR dRNaREShATy 19e2 s 8. In

|en@ﬁxarrwméigee@gaﬁﬁoiﬁ&hmuﬁaé%@mﬁasﬁf@eméﬁm(meaeyéﬁ@ém@n the
2005), mate-paired sequencing 15 with the Applied Biosgtems SOLID

SoniGalion SRAPHRRY UREGHuERRRIGudf iR InRate 5 HiRdingabereosite

mokRflleneeselieor BiosPisres SR MAK A dPRSEs fblecules of
sequence th Iin}gar composite nucleic acid molecules. Mate-paired
s e o

GeRBRT A28y WENGI AN ISR 1R St SO RL AP HAG L ifgrpelection
mebegueneiogiKitdApeligd Biosyskamse) iZGhellawingseexanpng, easidadsize

s BEHmt T RGP BIERTE S HEISH P MAUCLARSs 5 BRAIRS Rrelds 50-
1008gsdimpgrbsdatesrigdied ta barabakl S 08hainis dErmBblmsicBonaphieng

m pe?ﬂ accyrately to the genome. Since the tags are longer, the rate at
ma\)(/l%%f? %Cffggf%‘ay map uniquely to the genome is expected 25 to be

high. Each single tag may be used to identify binding sites. Paired tags
Acéadlirgadio isolitdteruelaieatidfothbeimuenition REFoenasedbéo peefuifped to

AR ThOLE effgpsRe Al BgeRgRE e S
nummt@@itﬂnmIeonipssi@hr@g@*aaﬁbmdamﬂﬁ@imnpnmm tzgyssketeoted for
ool B8 MO0 SSRARE AU AN EREASHET A gy o
exeisidie sEmernaicltorgidenadiens|ilisgitetjiaodethtre Syhraeliate 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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5 ligated nucleic acid molecules being circular are not present in the

material for sequencing. Accordingly, following sequencing and

subsequent mapping, only tags representing different or separate

interacting nucleic acid molecules are obtained. (See Figure 7). The

"noise’ from sequences contributed by selfligated nucleic acid molecules

and long linear multimers is reduced. 10 This can be better understood as

discussed below with reference to Figures 3- 7. Following ligation and

reverse cross-linking steps shown in Figure 3, linear interactions,

self-ligations (true site), self-ligations (ChlIP noise), DNA with no linkers,

cicurlar multimers (circular interactions), long linear multimers and
lowngRIpBkReJinkerrRaptaaing LXYM araphianrk (Sep U gheONA linear

with no linkers may be eliminated during the purification and ‘ '
COMRRIRIRISHBRIcIES G OERRIHES APRVFRRIre Yotk ifsterinay sidlhorsize

sel@didHeitrpsiel BIAIRGIIR eRAINGISE T RctiFantbRliRsaris VIl SiRARUSEIRES their
protein of interest but it only represents a single site interaction.

SiZeR it B AP HifsSj%6h RBIShsMARHYis fagneeHe ghte iR doBrshort,
un&niEiRife XA RpEROMRRUIRIMBICRINRSS RyRG SVl ticular

protein of interest at all and can be regarded as a "contamination” of the

hiP. jon. h hod of the i ' ides f dyi
I SR Rat SRUEREF A G ek AR P Ik i bt

0
by ttesel selfigtted sodlepaltsnwy the dbmitiatechtetizdseadaiterstionayrathod
be ligated ta.them.and accordi ey 25may also not be amplified by
(Rﬁx_%é?ééel%ga&@ '853 \%naﬁ%/i%ég% oﬁ&lﬂﬁ%g%%ﬁete linker-containing
DNA are also obtained after immobilisation to streptavidin beads (See
Aceugdirgsl; ives enheaesnepreidheciovendancibey indilatashlineavicwseosite
Hidrangs e digatonah,Adartg 23end-of lnpse mple i
nu and these mo ecu[?es may hot be aér%lé%fﬁeec?%y chﬁfjigﬂr{g the nex%tél@pﬁncmg
methpthéisecpowribebieiz seatgner reiemediom denigaiitareastitifediarer of the
nudtdie anaterinkenen ResemAlRrIeRdsPerasspf 'nféggp!@ftethe linear
reversal of the reaction to make the ends ligtable. It follows that these
copprideusgigpaiddnmiesytae to the adapters and hence may not be
amplified '
For example, the isolated nucleic acid molecules may be sequenced according
to the Solexa method (llumina) which is capable 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) may 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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(See Figure 6). After amplification by PCR (Figure 3), both linear
interactions and long linear multimers may be obtained (Figure 6).
However, long linear multimers may be eliminated by size selection
(Figure 7). Size selection of nucleic acid molecules 10may be carried out
by any standard method, including gel electrophoresis and gel excision.
The present invention allows the study of global nucleic acid interactions
de novo without limitation to the primgrs or microarrays used. However,
the prior art methods utilising primers may require initially an assumption
of interactions 15 (pre-conceived surmise) and may not be truly global,
since the construction of primer pairs representing a global perspective of

Foltb@itRiefisiBCe Hepamp s Mpmsdiiah hedieseridnvRYIgtageosidification
provides a method capable of studying global nucleic acid interactions,

InvoliR didg e YN Sigh Rt RAREICaRERTE iR RGRal SPrRR BB FRNtact

withnetRerd taadBiaIP s gedesal e ansided thr beventing, iIBe seane will agle
more readily understood through reference to the following examples
THalhote then (©

Straflen RETSoAIP MPoPTiE oSHANIRE JROHAe e

deﬂxk;mﬂln@@.otj{@dy@e?wfwﬁemgn 2ed= 1At SsEtandiast maleeidast clonal
iology. techniques known_ jn t t and not ificall

clustersgoxc deouble(e:I stranged rE) nA §g rgeannerz?’(%dsi egla}; ac¥\annel of the flow cell,
(5) Sequencing is then performed, using reversible, fluorescent terminators and

polymerase.

Solexa sequencing is ultra-high output in the sense that it can sequence many
different molecules concurrently and hence generate a large quantity of
sequence information and is suitable for use with the method of the present

invention.

The method of the invention provides linear composite nucleic acid molecules
comprising longer tags (in particular, selected to be about 50-300 bp) than the
nucleic acid interaction analysis method disclosed in Ruan ef 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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described were generally followed as described in Sambrook and Russel,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory,
New 5York (2001). Example 1 Chromatin immunoprecipitation Cells were
grown harvested, formaldehyde cross-linked and chromatin
immunoprecipitated according to standard procedures with slight
modifications (see, for example Orlando et al., 1997). However, following
the last wash with 10TE buffer, the mgterial is not eluted from the 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- linking according to the standard protocol

Soléxdassiauenaind A9y -bEneareUBLOHPAAIYRY the deleeninRibasrIEdNgs of

to any standard protocol. The aliquot may 15also be checked for proper
o

thedRysTiipi ki dapHedoRd I e5Ss HﬁrarSréf%@o@Wiﬁ@@E.@ﬂO@ﬁmers to

theExamele 2&adfibraunuslerreithliagmaniharisiold BRAIGSYmesamlined
Following ChIP, the beads were resuspended by piPetting.‘ A volume of
megfaegwherein the “isolated linear composite nucleic acid molecules may

directly be used for the high-throughput Solexa sequencing method.

The whole sequencing process is computerised, and many sequencing
reactions occurring in parallel on the surface may be detected.
(WO 2007/123744).

It is understood that other sequencing methods may also be used for
sequencing the isolated linear composite nucleic acid molecules. In particular,
sequencing methods capable of sequencing from at least two different regions
of the nucleic acid molecules, for example, from two tags of the linear
composite nucleic acid molecules may be used. As alternative examples,
multiplex polony sequencing (Shendure et al., 2005), mate-paired sequencing
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 mapped 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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suspension corresponding to - 100ng of ChIP DNA, as determined from
the 20 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 ill of sterile distilled water. 24 The reaction mix was prepared as
follows: Beads150 [11 10x Buffer for T4 DNA Polymerase (Promega)50 pi
10mM dNTPs (Eppendori)5 p.1 5T4 DNA Polymerase (Promega,
7.9u/up6.3 pA Sterile distilled H20438.7 pA 500 H The reaction was
then incubated at 37 C for 15 minutes with gentle mixing on a rotator.
(Intelli-Mixer RM-2L, Skyline). In particular, the manufacturer's pre-10
program F8 (30 rpm) may be used. Following the reaction, the beads were

Theagiieghiisrcerdiidbanlitbasadulire 40 s8MpBsiel, piitier e Ridktules

500 mM NacCl, all reaients from Ambion). The beads were mixed well by

COMRERING tRdsTiiemraldarsietiondHisiericd mPearmiruGiRG g awiglesr scid
molisutes airtGhbpsfollevanethatiastivamic theibeatdssrerecdlaainkiag tags
use in ligation of biotinylated linkers.. L
from the ends of the same nucleic acid molecule ligating together. Such self-
ligated nucleic acid molecules being circular are not present in the material for
sequencing. Accordingly, following sequencing and subsequent mapping, only
tags representing different or separate interacting nucleic acid molecules are
obtained. (See Figure 7). The “noise” from sequences contributed by self-

ligated nucleic acid molecules and long linear multimers is reduced.

This can be better understood as discussed below with reference to Figures 3-
7. Following ligation and reverse cross-linking steps shown in Figure 3, linear
interactions, self-ligations (true site), self-ligations (ChlP noise), DNA with no
linkers, cicurlar multimers (circular interactions), long linear multimers and

incomplete linker-containing DNA are obtained (See Figure 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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25 Example 3 Ligation of dephosphorylated biotinylated linkers The
reaction mix was prepared as follows. Biotinylated linkers (200 ng/p1)
(IDT)10 pi 5xT4 DNA Ligase Buffer with PEG (Invitrogen)200 pl 5T4 DNA
Ligase (30u/ul, Fermentas)4 pl H2086 pi 1000 pi The final concentration of
T4 DNA ligase was at a.0.1utpl. Following the final wash from above, the
beads were suspended in this reaction mix and incubated 10at 16 C with
gentle mixing on a rotator (InteIIi-Mix% 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 15The

entE R BUXWRS RIRRAERY aﬂz]égléo 1 QS %\ﬁ? W%Fstge)z%rq; ified by PCR

(NEB)100 pl T4 DNA Polynucleotl e Kinase (
during the next step. Further, a possible reason why there is incomplete ligation

of the linker with another linker on these molecules is because of an incomplete
reversal of the reaction to make the ends ligtable. It follows that these
molecules may also not ligate to the adapters and hence may not be amplified
(See Figure 6).

After amplification by PCR (Figure 3), both linear interactions and long linear
multimers may be obtained (Figure 6). However, long linear muitimers may be
eliminated by size selection (Figure 7). Size selection of nucleic acid molecules
may be carried out by any standard method, including gel electrophoresis and

gel excision.

The present invention allows the study of global nucleic acid interactions de
novo without limitation to the primers or microarrays used. However, the prior
art methods utilising primers may require initially an assumption of interactions
(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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Sterile distilled H20880 pl 1000 pl 26 RM-2L, Skyline) for 30 minutes, In
particular, the manufacturer's pre-program F8 (30 rpm) may be used.
Example 5 Second ligation reaction The second ligation reaction was
performed to ligate the phosphorylated linkers 5 by adding 6 RI of T4 DNA
Ligase (30 U/ il, Fermentas). The contents were mixed immediately and
incubated at 22 C with gentle mixing on a rotator (Intelli-Mixer RM-2L,
Skyline) for 16 hours. In particular, thg manufacturer's preprogram F8 (30
rpm) may be used. Example 6 Elution and reverse-crosslinking
10Following ligation, the ligation reaction was separated into 575 RI
aliquots, with adjustment to the required volume using sterile distilled
Exwg,l;prLiégecessary 150 RI of Elution buffer (1 % SOS, 0.1M NaHCO3)
of protelnase K (Ambion, 20 mg/ml) were added to each aliquot
and the beads Were incubated at 65 C overnight to remove the cross-links
Stad}%@ufm e Gio Jemcss: KR e PORR ARrieicRPeAEically

deseriéen Wé{%ﬂ‘@@r@ﬁwf%ﬂ@w@d%@@és@f BefimteuaitdbR and Russel,

Mo e G ORI Bt ) R Bl AP ory, New
YofR(2gion).

Example 1 Chromatin immunoprecipitation

Cells were grown harvested, formaldehyde cross-linked and chromatin
immunoprecipitated according to standard procedures with slight modifications
(see, for example Orlando et al., 1997). However, following the last wash with
TE buffer, the material is not eluted from the 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-
linking according to the standard protocol (Orlando et al., 1997). The amount of
DNA may be determined 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 ChIP, 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 ul of sterile

distilled water.
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20 Alternatively, a phase-gel tube (Eppendorf) may be used to extract the
DNA. 27 The DNA was further purified using sodium acetate and
isopropanol precipitation as follows: DNA (after phenol extraction)-500 pl
3M NaOAc, pH5.2 (Ambion)50 pl 5GlycoBlue (15mg/m1) (Ambion)2 pl
Isopropanol (-20 C) (Sigma)500 pl 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 minutes. The DNA pellg} obtained was washed twice with
500 pl of 75 % ethanol and resuspended in 30 10pl of EB buffer (Qiagen).
Example 8 Preparation of Dvnabeads 50 pl of resuspended Dynabeads
M-280 Streptavadin (10 mg/ml), (Invitrogen) were transferred to a 1.5 ml

ThEYERIHSS ReVRIND FrENRlifREHs!e collector (Invitrogen) according

to the manufacturer's instructions. The beads were

Beads 150 pl

10x Buffer for T4 DNA Polymerase (Promega) 50 pl

10mM dNTPs (Eppendorf) 5 ul
T4 DNA Polymerase (Promega, 7.9u/ul) 6.3 ul
Sterile distilled H,O 438.7 ul

500

The reaction was then incubated at 37 °C for 15 minutes with gentle mixing on a
rotator. (Intelli-Mixer RM-2L, Skyline). In particular, the manufacturer'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.



15 washed twice with 2XE&W buffer (10 mM Tris-HCL pH 7.5, 1 m M
EDTA, 2 M Neel) and resuspended in 30 pl 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 20 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 pagticular, 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, 28 0.5 mM EDTA, 1
M NaCl). The Dynabeads were collected during each wash with a

ExAfagrey¢ RattisieoFabpaiosdhariiiaganidiampie iaddaation of Solexa
adapters to the immobilised nucleic acid molecules 5The A-tailing of the
DNA as well.as the ligation a adapters (lllumina) to the

Th%ﬁﬁ) |ﬁ§e@’ﬁdﬁ?€%@%‘? é) f%??was performed using the
Solexa/lllumina Paired End Sample Prep Kit iten #1001809 according to
the Biatinfdstadeliskiest(2ibng/eXcdptithat the beads were washed twice
after each enzymatic reaction with 100 i_LI of 1XB&W buffer (5 mM

;:rcr)lllseg_'éig ?_{ uring Ig%%? Wgﬁrngll@lﬁl\ﬁjgg’\@etlc%g%gi [C):)c/)rl]lzgt?)a: htrrogen)

Example 11 Polymerase Chain Reaction (PCR) Following the Ilgatlon of

5 the ddalpidfsl.ibassy et amneniashed twice with 4 ul
H>O 86 pl
1000 pl

The final concentration of T4 DNA ligase was at 20.1u/ul. Following the final
wash from above, the beads were suspended in this reaction mix and incubated

10 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

15 The reaction mix was prepared as follows:

10xT4 DNA Ligase Buffer (NEB) 100 ul
T4 DNA Polynucleotide Kinase (10u/ul, NEB) 20 ul
Sterile distilled H,O 880 ul

1000

20 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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100 pit of 1XB&W buffer, again using the Magnetic Particle Collector
(Invitrogen, 15 for collecting the Dynabeads for each wash. The
Dynabeads were then resuspended in 50 RI 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. 20The PCR products from,
typically 1-25 reactions, may be poojgd. 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
RMgscrivegii Framaeninh ey, the Haslcuash.tHe SipemRiant M@pre-program
discarded 25 and the DNA resuspended in 40 pA of TE buffer (Qiagen)
F8 $30rID RIEXRR #58H electrophoresed in Novex 6 % TBE PAGE gel, 1.0
mm, 5 well (Invitrogen cat. no. DC6264B0X) at 200 V for 30 minutes. The
Exéamifics@Bdauhdifigatiankesaatioed were the 25 bp DNA Ladder and the
Low DNA Mass Ladder (both from Invitrogen). 5 The DNA from the
] - . e .
T e e I B s
by piddeowerel collldetedholOghsd 1(F0rdflige thbesdhédd)javEneceam@ttedvere
.at th t ith a 21G needle. T ieyced Q.6 microfuge tube 10 was
m'%écgg?ﬁ\%g %}%’Yg r%%éc'r%%—%%%%ni@?c?@ge uBE AN ecr%(:a‘”n ri u'é(érlpaf) TGﬁLdBtStor
(Intadlit\dixer RitialteSkyiiine céortrifdidetion. gropesicsitapdhi¢chamgelifdiceser's pre-
' e Il in ottom of each 1.5 ml screw-cap microfuge
proﬁ%@? r_a%gg}eg) c&?%@%?%ér'}(%%pgen) was added to each 1.5 ml screw-cap
microfuge tube and resuspended well with the gel pieces using a pipette
MDY 6 FAutiomBad SENRISRIEO $8IHAkK B¢ely immersed in the buffer. The
1.5 screw-cap microfuge tubes containing the shredded gel pieces were

FolftRép Ayt & ferligdtiornbtaioH anstesegcheiieatints 874° foadéubts, with

(maceration). ) _
adjustment to the required volume using sterile distilled water if necessary.
150 pl of Elution buffer (1 % SDS, 0.1M NaHCO3) 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 sblution 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:isoamy! alcohol (25:24:1), pH7.9 (Ambion).
Alternatively, a phase-gel tube (Eppendorf) may be used to extract the DNA.
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Following the maceration step, the contents of each 1.5 ml tube were 20
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 ',1l of TE buffer (Qiagen) and subjected to a brief
spin in a centrifuge to collect the TE buffer to the bottom of the tube. 30
stirring briefly with the pipette tip. The TE buffer was collected by
centrifuging again at 16,100 g, 4C fg5z20 minutes. The filtrate was pooled
and the DNA was precipitated with isopropanol and resuspended in 21 1A
of TE buffer (Qiagen). 5 Alternatively the DNA may be purified with QIAEX
Il (Qiagen) according to the manufacturer's instructions, and eluted in 21
The! N bufier (Q%@P)-pmﬁié’&a'ﬂﬁﬁ{?d SHRORY AfdbR{ECRrRIeiBNbpanol
may be determined by analysing a 1 ul of the recovered DNA with the
PreciRitrtinee R MY Agilent) according to the manufacturer's instructions.
Alternatively, the quality and the quantity of the 10 recovered DNA may be
determined®MNEGRigqsieAd| faseriorsiy) (Quant-IEEygARssay kit,
Molecular Probes) according to the manufacturer's instructions. Example
13 Solexa ing Solexa sequencing (lllumina) was performed on the
purified Pﬁmfg Qgggéd{ '?Il?g manufacturéregﬂ structions.
15Example 14 Bioinformatics analysis of the sequenced nucleic acid

molecules GiyopBhiey tHerudimed(fagdion) 2 ul
Isopropanol (-20 °C) (Sigma) 500 pl

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 minutes. The DNA pellet
obtained was washed twice with 500 pl of 75 % ethanol and resuspended in 30
pl of EB buffer (Qiagen)..

Example 8 Preparation of Dynabeads

50 pl 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 pl 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 ul of 1XB&W buffer (5 mM Tris-HCL pH 7.5,
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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 20 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 usingghe ELAND program provided by

Solexa. 31 DNA fragment may be used for the analysis, by determining

the frequency of tag mapped to a particular region (tag density). The

unboxed tags in Figure 8 illustrates that different regions have different
0.5maR dengifies ReatscN TeidSyWASERS 0feMREddn ter iRy £8881Wash

_and binding sites can be identified 5 as peaks with a high number of tags.

withy gy Ylaghfdicca il SN RUANYERESMYied by finding multiple paired

tags that map between two binding sites, and medium confidence
Examgriactidhsl daation ideniSsidxay tiadipte rsuliipl¢hpaiiednicioiidbat mageic acid
. eeg\d\iegn a binding site and a non-binding site, as well as single paired

t map between two binding sites. In addition, data obtained from

10 the method of Ruan et aL (US 2007-0238101) may also be integrated
Thevitnteilingaeh ireniNA preveait s thritoatiadeftiSolsndingaittesailumina) to

int Toln c ison,the m cri in 5”?9 A
theZO?)@-%%%%%é? A(I))rﬂ%fjeéft‘?/pe%%int@g%gc{ﬂlgsédegn%%ed Inc uc@‘ eﬂng%s%ng the
Solgxeitiysies fareddingdemnpadiien K iienaéiond $finatisetingticothe
malifF S COTABARAMA LB RASHINS bt WEIRIl FHAMRIOMES each

(See Figure 9). It will be appreciated that various modifications and
enzyipesicereentiomayithe 1BAdd Iy 488 6h kukdfrsd(f thil aFrigithGLtpH 7.5, 0.5

mr\ﬁ’%ﬁ‘ft}i‘,%f'f\‘}i’Rthﬂ)?P{‘H%%ﬂ%%%oé’aed8“&%?&&%%8@%48"88#88e%@h wash with a

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 each 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 (Illumina).

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 ul of TE buffer (Qiagen)
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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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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
recovered DNA may be determined using picogreen fluorimetry (Quant-iT DNA

assay kit, Molecular Probes) according to the manufacturer’s instructions.

Example 13 Solexa sequencing

Solexa sequencing (Illumina) 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 ef 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 information 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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least one isolated linear composite nucleic acid molecule comprising a

tagriraPRREfIIM 2 RAIRUERIECLGE HaRdaasiie J Becunbasgthinasaigdtisnge 8
ilusiistels acd aneeeie raherainihedigirnemseeandiensigisatdaks can be

.. molecules are different nucleic acid molecules of a nucleic acid-protein
idepdifisleasalRarreRrRmin (e iasierRpie 3rhSIBAING silesreaniRg identified
as |pRSKENR/IMICACIRIGE I GroriRIP 6PTHYEX AIYHOCERFRIBALE iEHIBtions can be

comprising at least one first nucleic acid molecule and at least 10one

idegBs AR RIS WIS I 1898 il P8 RSP BRAWR PR Sites,
andh@8dileiccapitiBRiecniRs ARy st ifcaidignarRigiB Eomdiley ANMBle paired
tag%htrt?erlrt]arﬂg;p between a binding site and a non-binding site, as well as single
paired tags that map between two binding sites. In addition, data obtained from
the method of Ruan et al. (US 2007-0238101) may also be integrated with the

data from the present invention to identify binding sites and interactions.

In comparison, the method described in Ruan et al. (US 2007-0238101 A1), the
types of interactions identified include single binding sites (from self ligations) as
well as interactions from distal parts of the same chromosome and interactions

from different chromosomes (See Figure 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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15(Hi) (a) ligating at least one linker with at least one non-ligatable end
and one blunt end to at least one blunt end of the nucleic acid molecules;
(b) converting the non-ligatable ends of the ligated linkers to make them
ligatable; and (c) ligating the linkers to ligate the ends of the nucleic
acid molecules 20to form at least one linker-ligated linear composite
nucleic acid molecule; (iv) ligating at least one adapter to at least one end
of the linker-ligated linear composite;gucleic acid molecules; 25 (v) size
selecting for linear composite molecules comprising two tags; and
(vi) isolating at least one linear composite nucleic acid molecule
30comprising afirst tag from the first nucleic acid molecule and a second
Refigdeom the second nucleic acid molecule; with both adapters and
_ﬁﬁk_e”r's"rgated 2.The method according to claim 1, wherein step (vi)
rEperes usmg a blndl system comprlsm at least twg_ compagnents,
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The method according to claim 2, wherein the binding system comprises

the components of streptavadin-biotin, avidin-biotin, protein-antibody

and/or magnet-magnetic material. The method according to claim 3,

wherein the binding system comprises the components of

streptavadin-biotin, avidin-biotin, protein-antibody and/or magnet-magnetic

material. The method according to any one of the preceding claims,

wherein step (i) comprises: (a) ligagig at least one dephosphorylated

linker to at least one end of the nucleic acid molecules in the nucleic acid;

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

1"y1 C S Li. P 36 (c) ligating the phosphorylated linker(s) to ligate the
RuSRAs ofhiRyadein agidRpleiies 10 fosmlipsaa o Pesianyeiri acid

molecules. 7.The method according to any one of claims 1 to 5, wherein
Rustepr(iiNgCPMPBlsesd@) Noatingal leasyonssdansirsnider viateddisker
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Sanieeik aid IRossllemindbe auciRisiagidApIeiBET SRMPMEMMI/ACold Springs
Haghse matsioralory(bieuttingrkhedgajed linker(s) with the restriction

enzyme(s) for the site(s) to produce cohesive ends and (c) ligating
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(v) comprises selecting for linear composite nucleic acid molecules of
200-500 bp. 20 9.The method according to any one of the preceding
claims, further comprising the step of amplifying the linear composite
nucleic acid molecules. 2510.The method according to any one of the
preceding claims, further comprising sequencing at least one linedf C 5117
composite nucleic acid molecules. 37MCSLLP 12. 5 13. 10

Claims

1. A method of preparing at least one isolated linear composite nucleic acid
molecule comprising a first tag from a first nucleic acid molecule and a
second tag from a second nucleic acid molecule, wherein the first and
second nucleic acid molecules are different nucleic acid molecules of a

nucleic acid-protein complex and/or chromatin; comprising the steps of:

(i) providing at least one nucleic acid-protein complex and/or chromatin
mixture comprising at least one first nucleic acid molecule and at least

one second nucleic acid molecule;

(if) end filling in order to blunt the ends of the nucleic acid molecules of

the nucleic acid-protein complex and/or chromatin;

(iii) (a) ligating at least one linker with at least one non-ligatable end and
one blunt end to at least one blunt end of the nucleic acid molecules;
(b) converting the non-ligatable ends of the ligated linkers to make
them ligatable; and
(c) ligating the linkers to ligate the ends of the nucleic acid molecules
to form at least one linker-ligated linear composite nucleic acid

molecule;

(iv) ligating at least one adapter to at least one end of the linker-ligated

linear composite nucleic acid molecules;

(v) size selecting for linear composite molecules comprising two tags;

and

(vi) isolating at least one linear composite nucleic acid molecule

comprising afirst tag from the first nucleic acid molecule and a second
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tag from the second nucleic acid molecule; with both adapters and

linkers ligated

The method according to claim 1, wherein step (vi) 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.

The method according to claim 1, wherein step (vi) comprises using a
binding system comprising at least two components, wherein at least one
first component is coupled to the linker, and at least one second
component binds the first component to isolate the linker-ligated linear

composite nucleic acid molecule.

The method according to claim 2, wherein the binding system comprises
the components of streptavadin-biotin, avidin-biotin, protein-antibody

and/or magnet-magnetic material.
The method according to claim 3, wherein the binding system comprises
the components of streptavadin-biotin, avidin-biotin, protein-antibody

and/or magnet-magnetic material.

The method according to any one of the preceding claims, wherein step

(ili) comprises:

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

nucleic acid molecules in the nucleic acid;

(b) phosphorylating the dephosphorylated end of the ligated linker(s); and
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1.

tags from the linear composite nucleic acid molecules to obtain sequence
information for at least two tags. The method according to claim 10,

further comprising mapping the sequenced tags of the linear composﬂe
nucleic acid molecule to at least one reference sequence. The metéd LLP
according to claim 12, wherein the3gference sequence includes at least
one sequence database. The method according to claim 13, wherein the
sequence database is at least one genome sequence database. The
memmﬁg@tmmm@t@amwyemﬁthm@cgﬂmgig@thénﬁme/vmcﬂei@fsad@ alucleic
east a\lne 05|t nucleic acid molec e has e of
T S5 e O bR OTRRAF R B pOS Rl cia

molecule comprising two tags, a first tag from a first nucleic acid molecule

ik TENS AL IM i e P T sacH R ST et (1)

caropgwiteesucleic acid molecule; wherein the first and the second nucleic

acid molecules are from different nucleic acid molecules of

chromatin-immunoprecipitated nucleic acid-protein complex and/or

cHianhigtinghat iimiatemhlénéap cospbasiiatad ik acisb mphatute dckerstinge
m_ 16, wherein th ker nd/ rada terl ted an

RS DA SRR 8 1 B o et e olecules

I|nhetrhbgrammbanda&mt-adapiardagamd>dlaadto¢mhmﬁaemuclelc acid
molecule. 38 18.The isolated linear composite nucleic acid molecule

according to claim17, wherein the adapters are for sequencing the nucleic
ac(bl)rrmlétngeﬂﬁagig'zimdisdiaked(ﬁmmﬂmomW&Jmmtﬁdﬁcwemce(d)ngﬁothe

aneltgpses 6‘ (Fl)l'%l SC%.GC t?\eswg%yn Bg a S%e of approximately 200-500 bp.

(c) ligating the cohesive ends of the linker(s) to ligate the ends of the

nucleic acid molecules to form linear composite nucleic acid molecules.

The method according to any one of the preceding claims, wherein step
(v) comprises selecting for linear composite nucleic acid molecules of
200-500 bp.

The method according to any one of the preceding claims, further
comprising the step of amplifying the linear composite nucleic acid

molecules.

The method according to any one of the preceding claims, further
comprising sequencing at least one linear composite nucleic acid

molecules.

The method according to claim 10, wherein sequencing the linear

composite nucleic acid molecules comprises sequencing at least two
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15.

16.
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tags from the linear composite nucleic acid molecules to obtain sequence

information for at least two tags.

The method according to claim 10, further comprising mapping the
sequenced tags of the linear composite nucleic acid molecule to at least

one reference sequence.

The method according to claim 12, wherein the reference sequence

includes at least one sequence database.

The method according to claim 13, wherein the sequence database is at

least one genome sequence database.

The method according to any one of the preceding claims, wherein said
at least one linear composite nucleic acid molecule has a size of

approximately 200-500 bp.

An isolated linear composite nucleic acid molecule comprising two tags,
a first tag from a first nucleic acid molecule and a second tag from a
second nucleic acid molecule, at least one linker linking the two tags and
at least one adapter at each end of the linear composite nucleic acid
molecule; wherein the first and the second nucleic acid molecules are
from different nucleic acid molecules of chromatin-immunoprecipitated

nucleic acid-protein complex and/or chromatin.

The isolated linear composite nucleic acid molecule according to claim
16, 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.



18.

19.

B4 S £ £y
MCSLLP

38

The isolated linear composite nucleic acid molecule according to
claim17, wherein the adapters are for sequencing the nucleic acid

molecule.

The isolated linear composite molecule according to any one of claims 16

to 18, having a size of approximately 200-500 bp.





