1 METHOD FOR | DENTI FYI NG NUCLEI C ACI DS BOUND TO AN ANALYTE CROSS- REFERENCE
TO RELATED APPLI CATI ONS [0001] This application clainms the benefit of
priority of US provisional application No. 561/479, 236, filed April 26,
2011, the contents of it being hereby incorporated by reference in its
entirety for all purposes. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates in general to the field of nolecul ar biology, 10
particularly, nethods for chromatin characterization. In particular the
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nore target nucleic acids bound by one or nore anal ytes. BACKGROUND OF THE
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protei n-DNA interactions often | eads to human di seases. A key chal |l enge

has bE®ALl o Hhisappli¢msiontrdaioscthe dpsfitaft ricaiis of Lt prowisicnel epgicefot Noomat i n

inan i nsi i/ hi.gh thr shi r I .

| manbi Gt e SR 228y e Toand BF A4 ero b o N Rl des . o

i nt er acéniay fbralPPurpbdes. However, current Chl P protocols require a
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col um or nagnetic capt ur §ugh 9 DIVPHEINVERSPORC Washing to dilute out

unbound material and renobve non-specifically bound proteins and DNA. These
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conventional protocols rfequire mllions of cells, and nuch effor¥ has been

i nveserdoteranfdyfidi ng el aborate protocols to reduce the nunber of cells.
[ 0004] The ability to assay in vivo protein binding and the distribution of
epi genetic marks 30 across the genone starting with many fewer cells would

greatly facilitate expgAUKROROUNDORTHY ¢SVENEONSanpl e material is
limtin such as in developnental, stemcell, and cancer biolo?y,
gene

ilrﬁmnliﬁ)log@}y, Broteime N 4 antesgsiions arg gwenapily Wespansiblst fos hp| regulation o
expression in cells. The misregulation of protein-DNA interactions often leads to human
diseases. A key challenge has been to determine the occupancy of transcription factors on
chromatin in an unbiased, sensitive and high throughput fashion. Chromatin
immunoprecipitation (ChIP) is a powerful technique to detect protein-DNA interactions in

20 wvivo. However, current ChIP protocols require a mechanical method for physically separating
antibody-bound protein-DNA complexes from DNA, such as centrifugation, collection in a
chromatography column or magnetic capture, followed by repeated washing to dilute out
unbound material and remove non-specifically bound proteins and DNA. These mechanical
steps are time-consuming, difficult to automate, and among the greatest sources of variations

25  1n signal strength and signal-to-noise due to losses of material and uncontrolled variability in
the washing steps. In addition, ChIP tends to require large amounts of material; conventional
protocols reqﬁire millions of cells, and much effort has been invested in finding elaborate
protocols to reduce the number of cells.

[0004]  The ability to assay in vivo protein binding and the distribution of epigenetic marks

30  across the genome starting with many fewer cells would greatly facilitate experiments in
many arcas where sample material is Iimiting, such as in developmental, stem cell, and

cancer biology, immunology, and medical applications with patient samples.



2 [0005]Proximty ligation was first devel oped as a sensitive nethod for
detecting and quantitating the abundance of specific antigens such as
proteins, viruses, and cells. In this assay, a unique DNA tag signaling
the presence of the antigen is generated when two distinct DNA nol ecul es
(half-tags) are ligated together. Ceperation of the ligation product is
made to 5 depend on the presence of the antigen by |inking each half-tag
to an anti body or aptanmer that recognizes the antigen. In the presence of
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conprisin contacting said sanple with a first probe

immunoprecipitation, are well known. In particular, they are cumbersome, insensitive,
subject to operator variability, and are challenging to reproduce. Additionally current
chromatin analysis techniques are not well suited to scaling up or multiplexing for the
15  detection of multiple analyte targets.
[0007] Whilst refinements to the basic protocol for chromatin immunoprecipitation have
been described for increasing its sensitivity and dynamic range, no improvements have been
made that eliminate the need for mechanically separating antibody-bound protein-DNA
complexes from DNA. '
20
SUMMARY OF THE INVENTION
[0008] In a first aspect there is provided a method for identifying a target nucleic acid
bound by an analyte in a sample comprising: contacting said sample with a first probe
comprising a first nucleic acid or first oligo tag and a first analyte binding domain and a
25 second probe comprising a second nucleic acid or second oligo tag and second analyte
binding domain, wherein said first and second probes are capable of binding to said analyte,
such that said first and second nucleic acid or first and second oligo tag are in spatial
proximity to form a complex with said target nucleic acid if said target nucleic acid is bound
by said analyte in said sample; incubating said sample with a ligase capable of ligating said
30  complex to form a ligated nucleic acid template; amplifying said target nucleic acid template
if present in said sample; detecting the presence or absence of an amplified nucleic acid

template..



conprising a first nucleic acid or first oligo tag and a first anal yte

bi ndi ng domain and a 25 second probe conprising a second nucleic acid or
second oligo tag and second anal yte bindi ng domain, wherein said first and
second probes are capable of binding to said analyte, such that said first
and second nucleic acid or first and,second oligo tag are in spati al
proximty to forma conplex with sai 9 target nucleic acid if said target
nucleic acid is bound by said anal yte in said sanple; incubating said
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conprising a second probe conprising a third and fourth nucleic acid or
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detection of chromatin state. Several new inventive steps are required in

or der bindingslompind secend ¢aniRingTEIRMNSLSingeh 89oPYd PIQRe $pRpESsing aghigd W in a
conpl gl)fcieié acid or third and fourth oligo tag and a second analyte binding domain; and
instructions for using the first and second nucleic acid probes to detect an analyte in a sample.
[0012]  The invention described herein details an approach which enables sensitive, fast,
30  scaleable, and convenient detection of chromatin state. Several new inventive steps are

required in order to use proximity ligation to identify DNA sites in a genome or in a complex



library of nucleic acids that are associated with anal ytes, specific
proteins or covalent nodifications. [0013] Further disclosed herein are
nmet hods for detecting and quantifying an anal yte- bound nucl ei ¢ aci d.
Generally, the method conprises: (a) contacting a sanple conprising an 5
anal yte and a nucleic acid nolecule, which may be part of a sanple
containing a m xture of nucleic aci d4nol ecul es, with a first pr obe
conprising a first analyte binding domain and a first oligo tag; (b)
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wherein tachnent of the oligo tag to the anal yte-bound nucleic acid
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3, 4,5, 10, 20, 30, 40, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 anal_yte-bound
nucleic acids. The analyte binding domain of the probes may bind to the same analyie. The

30  analyte binding domain of the probes may bind to different analytes. The oligo tags of the
probes may attach to the same analyte-bound nucleic acid. The oligo tags of the probes may

attach to different analyte-bound nucleic acids. The method may further comprise heating the



10 domain, wherein said first and second probes are capable of binding to
a first and second anal yte, respectively, such that said first and second
oligo tags are in spatial proximty to forma conplex with a nucleic acid
bound by said analyte in said sanple; (b) attaching said first and second
oligo tags to said nucleic acid to forma nucleic acid tenplate; (c)
amplifying said nucleic acid tenplaté; and (d) detecting the presence or
absence of an anplified nucleic 15acid tenplate. [0015] Further discl osed
her e: samaple. Tt hmﬂﬁ)dfrﬂ)a’;y fueihet ¢dnypring iﬁglﬁuaﬁhg( t}ieéampttﬂmrwl?ga isglt aﬂht(g)ﬂ. Mhe

sanmpl e conprising: (a) contacting said sanple with a first probe
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i dent i fi %:q%i on 6 sequence, a priner binding site, or any conbination

t her eBfst #Bfesespng olige tighin saed Berielr Acigdy fovan a Auelsicippddympb () ampdyiag
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nedy camtangdate. 5 | i nker conpati bl e region, unique identification sequence,

a pripgr .pi ndi sji.te, any conbinatjon,thereof The apal yte bi ndi.ng
dorat WOFY Dtk iRt oo e RneLodh ey Rerera Kl EC Sior | se
a plupad bérﬁ'pl@fcoﬁipﬂgﬁézs(af*‘éghﬁa{:&@éah(y sarhie witt §_ﬁ?ﬁ3bréﬂzzcédﬁﬂﬁ-isﬁ1 4 ﬁ?stt'aﬂ%,
agent. In other caseS, the kits nmay conprise instructions for attaching

t he pieebed pbgmtagaans] a/fiest boalpig hioding idomaoi; dind B0fe0@LBprobe cempesiogedbird t he
ki'ts a%%dfoﬁﬁﬁp(ﬁlsgiot gag na%ddait gé:clog& %glalr)}?er gfnﬁin%agon?aomrtp%esr%masd% Osgc%nd oligo tag
20  provides a region of complementarity for said third oligo tag and one end of said target
nucleic acid and said fourth oligo tag provides a region of complementarity for said first oligo
tag and another end of said target nucleic acid, wherein said first and second probes are
capable of binding to said analyte, such that said first and second oligo tags and said third and
fourth oligo tags are in spatial proximity to form a complex with said target nucleic acid if
25 said target nucleic acid is bound by said analyte in said sample; incubating said sample with a
ligase capable of ligating said complex to form a ligated nucleic acid template; amplifying
said target nucleic acid template; detecting the presence or absence of an amplified nucleic
acid template.
[0016]  Also disclosed herein are kits and compositions for identifying analyte-bound
30 nucleic acids. Disclosed herein is a probe comprising: (a) an analyte binding domain; and (b)

an oligo tag. The oligo tag may comprise a linker compatible region, unique identification



conprising (a) an anal yte binding domain; and (b) an oligo tag conprising
a |linker conpatible region, wherein said |inker conpatible region
facilitates attachnment of the probe to a nucleic acid. In other cases, the
kits and conpositions disclosed herein may conprise a probe conprising (a)
an anal yte binding domain; and (b) an oligo tag conprising a uni que 15

i dentification sequence, wherein sai 8 unique identification sequence
confers a unique identifiable marker to said probe. The kits and
CONMPOSéduetdts a skt bidihg it coranyaynibimpion sieredfa) headalyts bindmgtdanmaér may
conprising a first probe, wherein said first probe conprises a first oligo
t ag ah@aﬁaﬁﬂ¥§ﬂ-analyte bi ndi ng domai n; a second container conprising a

R B R R A

secon I ng mal n; Frnstructions for using the first
and s embadompeibesart anathat otdimndanah yné-abaligd tagidheicdigadagimian campanphe.
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anal yLBkYothATEp EFE0, YU AANUEGHINe ST <§ Rt })‘m};{ng i€t “c 8 ai ner
CoONpr i ShBBafor] iHefdofPTRY Gnf9EPbihding Ucdndih edy BNEn S8ERRE. Qhe d@stAGIswed a
first analyte binding domain;, a second container conprising 25 a second

pr obehetsimpmiagi fugther térprscandlimalift b dinkess. M@t@ndlmrge&Wmmw@@® Bi ndi ng

domai n; .and (b).instructions for using.the first and.seco o]
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DRAW habyt3o@RE Bhcléie abiavention will be better understood with reference to
the detail ed description when considered in c%% unction with the
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speci thmpitibl©feckdia wiletah B&id lifkien gorapatibithadionefatilieftest dtachmerdtad the smbebed
herein. Fig.. 3 shows the results of an anaLyshg ?f %he DNA bi ndi n

speci fa g nBgleigraciRan ghheacass. theikig and SAmeATHRSRISHLOSSH DEFRn MY IFSBPHES 8 i bed

o R B B o e (i B e A The
med hoitledéficationestgnenei nwhiseing said 10nifjad dderdigstidrosequench romttrs m coiquared to
g?gog?c%g’%i{iéblg ?r}a%e? ?od salucrl] pllﬂ__c;b%: %ﬁe Iglgsrarn%isc%?n%%isi% nst &sélgged%g{'e?xgr}ar}ai}f %o&%rqgee:nt of
(a) a first container comprising a first probe, wherein said first probe comprises a first oligo
tag and a first analyte binding domain; a second container comprising a second probe,
wherein said second probe comprises a second oligo tag and second analyte binding domain;
20  and (b) instructions for using the first and second probes to detect an analyte-bound nucleic
acid in a sample.
{0019] Further disclosed herein are kits and compositions for identifying analyte-bound
nucleic acids in a sample comprising: (a) a first container comprising a first probe comprising
a first and second oligo tag and a first analyte binding domain; a second container comprising
25  asecond probe comprising a third and fourth oligo tag and a second analyte binding domain;

and (b) instructions for using the first and second probes to detect an analyte-bound nucleic

acid in a sample.

BRIEF DESCRIPTION OF THE DRAWINGS
30 J0020] The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying

drawings, in which:



10 Fig. 5 is a schematic of an enbodi nent of the disclosure as described
herein. Fig. 6 is a schematic of an enbodi nent of the disclosure as

descri bed herein. DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON [ 0021]
Wi |l e the making and using of various enbodi ments of the disclosure are 15
di scussed in detail below, it should_be appreciated that the disclosure
provi des many applicable inventive céncepts that can be enbodied in a wide
vari ety of specific contexts. The specific enbodi nents di scussed herein
are npigehys i kdhestatiabi ¥eembodipeai 6f the dBylesitre as@dseribrchensie. t he i nventi on and

do not delimt the scope of the invention.  [0022]To fagilit t he

under Eigagdi ang # shayy thedpsadts 95 an é‘,‘al&sl%?fﬁgﬁp]{ﬁ gi"é}‘\%ﬁpﬁ? CIHEPT RY 20 bel ow.

[0023th%_ LB ggﬂeﬁgﬁo&iﬁ;ent%Ptggn?éﬁ%d'&egﬁli‘beﬂr}ﬁnﬁ?t intended to refer to only
ty, but ude

a singular en I nc the general class of which a specific
exanpFip. Bajiowethesedlts of an hhalgdis aff thoDNA bB@iig sphafitier of ERelobmedseinghai n

reaction (PCR)" refers t n enzyne-: nedi a .reaction. t lif
e ST T R AU
the DMy yeHRlalR redulits bBal Ay ADLELE ONK BEHGE JFedifitidnsf PRE SbeaRidesing! t he

targeted DNA sequence. This is useful when a Dbiological sanple contains
onl y smambodimenneishomeiivd deraidel dersér vsingla dUrfold meducHpx ineheo@atii ai ni ng DNA

Geoxyuartt PubernfinoSe ser e Rroser w e LR R schPH or 5000, o

[ 0025}c]khe term "conpl enentary” or "conplenentarity", as used herein,
refers to a nucleic acid sequence that is conplenentary to a specified
nlt| eFig. &ds a seheatinoban egbpors} qiibe diselosurpas Aescribskbei@i8d herein to nmean

any single- _stranded.ol i | . being used as a
prime 1g9ﬁ,ls?S@egl%gﬁﬁfae{le‘%@ﬁ&ﬁé\%ﬂ%&%&%ﬁﬂggﬁﬁgﬁﬁ%&h according to the
dlscLFsur$ refers to a single- stranded ol igonucl eoti de sequence that is
capabl e of acting as_a point of initiatio i a priner

ext ensi on pr ooﬂE&AﬂthP BESCQ{]?JE%QEE }ﬁ@éﬂﬁmﬁﬁ% nucl ei ¢ acid
Str anfodad) DO b fRing ah@" WA oPT IR} AibodithEkaruel alel distlogurb exer se
conpl ement of the nucleiC acid sttand to be copied (for a reverse priner).
Ali’pgI [ E'Bbusﬁa'y ibedesail haloive it ashoukle be mppiaviatek dmpl by ESROEE Imevideyy manP027] As
gfe agprliecl:;zgl’e i%\?eentigfg rcg]ncelp%so’lh%% ggn b%?n%%dfegai% aawP ecxlfa%je gf: Isgecz 1(:I ggn"féx%. gene,

The specific embodiments discussed herein are merely illustrative of specific ways to make

and use the invention and do not delimit the scope of the invention.
[0022]  To facilitate the understanding of this disclosure, a number of terms are defined
20  below.
[0023] Terms such as “a”, “an” and “the” are not intended to refer to only a singular
entity, but include the general class of which a specific example may be used for illustration.
[0024] The term “polymerase chain reaction (PCR)” refers to an enzyme-mediated
reaction use to amplify a specific target DNA sequence. By amplifying the target DNA
25  sequence in the DNA template, it is then able to produce millions more copies of the targeted
DNA sequence. This is useful when a biological sample contains only small amounts of
DNA. PCR is carried out in a mixture containing DNA polymerase, a pair of primers
(forward and reverse) and four deoxynucleotide triphosphates (ANTPs) with the aid of
thermal cycler.
30 [0025] The term "complementary” or “complementarity”, as used herein, refers to a

nucleic acid sequence that is complementary to a specified nucleic acid sequence.



ol igonucl eotide is essentially free fromthe remai nder of the human genone
and associated 10 cellular or other inpurities. This does not nean that

t he product has to have been extracted fromthe human genone; rather, the
product could be a synthetic or cloned product for exanple. [0028] As used
herein, the term"nucleic acid" also used in context as '"target' nucleic
acid means any single or doubl e-strafded RNA or DNA nol ecul e, such as
MRNA, cDNA, and 15 genomi ¢ DNA. The expression nucleic acid can be used

i nter @(lb[m@eamhy twﬁi hp@%elgj’oist@gd Hef0R2 9p Ascansary sieglei atrardey hligdhuddsitidor
"anneal s" neans_that the prinmer or, oligonucleotide forns a_noncgval ent

i nt er §23UcBFe GrRakle; ple beige gised rmsce aFiancs e 1o PERINS DR Beieoltolidar hus: 3

stringency.. j41. gl Z1 r.i ' '

cont ai Pk R0 e FlEo AL T PHnple BRindRl ol BPRUEACRELOR TR o the
nonc owadapable iofi hetirgcdsi oppintofgnitiaioR G&r syntiekis of amesder icgtengnn erxipethat is
recognition site to facilitate clonin 0030] Fur t.her nore, as used, herein,
g Rytsrdeduifitieal € i bEisie deln B % PRECHIICOPRLPENEY FIE dFm
"Stri QERRhiGRP N 1008 HRBRMANST DAL Abid0RraA@ A6 bk RPRAVIMCA rdletsew t he
priners to bind specifically to a nucleotide sequence within the allelic
expangriorr). Buprimet mayp ba syitablehfor useuinl SoekauplefuBiedyoloEpr exanpl e,

speci t| ybr,i di sati on of robe to, a nuckejc 25.acid target region
under f[d@gﬁ]i n(jxgnlfs"a’g?ﬁ’ﬁ?m’ glilesgetrﬁ%oﬁsoi%tﬁ%i PieBs, a* ﬁélluﬁlslec %"6‘%8@?‘%’% &len"as 3X
SSC, Qliddfueltiid@ts &atially fhee Mbrh Hhé rdnfandiiftth®huhe gekdrhd a6l pebsardt o

vary the paraneters of tenperature, probe |length and salt concentration

sl 3 Fﬁhtlarsqré&hffriif!lphsiﬁ?ﬁ- dl adpesnnat apcasethaicthy dveict bsdpibgve hegrogrtegiedwas h
iy o tled ip _
o e s hnl? stndt O ARIRR W NEIRIG doEy bis BRI EnePRAREOG R 21

Har boexanpl¥. , (1989), particularly Chapter 11 therein. [0031]"Specific

bi ndi ng" or "specific hybridisation", wth respect to nuclejc acids, neans
that 1HE3pri Aerusedbfreinathgipmesauckdutie: 367 4iddn CAER St Faa%efs%'ﬁﬁ@ﬁ@@yl wi th

the allghd fny gngle or double-stranded RNA or DNA molecule, such as mRNA, cDNA, and
15  genomic DNA. The expression nucleic acid can be used interchangeably with oligo tag.
[0029]  As used herein, "hybridizes” or “anneals" means that the primer or oligonucleotide
forms a noncovalent interaction with the target nucleic acid molecule under standard
stringency conditions. The hybridizing primer or oligonucleotide may contain non-
hybridizing nucleotides that do not interfere with forming the noncovalent interaction, e.g., a
20 5’ tail or restriction enzyme recognition site to facilitate cloning.
[0030] Furthermore, as used herein, any “hybridisation” is performed under stringent
conditions. The term "stringent conditions" means any hybridisation conditions which allow
the primers to bind specifically to a nucleotide sequence within the allelic expansion, but not
to any other nucleotide sequences. For example, specific hybridisation of a probe to a nucleic
25  acid target region under "stringent" hybridisation conditions, include conditions such as 3X
SSC, 0.1% SDS, at 50°C. Itis within the ambit of the skilled person to vary the parameters
of temperature, probe length and salt concentration such that specific hybridisation can be
achieved. Hybridisation and wash conditions are well known and exemplified in, for
example, Sambrook, et al., Molecular Cloning: A Laboratory Manual, Second Edition, Cold
30  Spring Harbor, N.Y., (1989), particularly Chapter 11 therein.
[0031]  “Specific binding” or “specific hybridisation”, with respect to nucleic acids, means

that the primer forms a duplex (double-stranded nucleotide sequence) with the allelic



expansi on under the experinental conditions used, for exanple under
stringent hybridisation conditions, and that under those conditions the
primer does not forma duplex with other regions of the nucleotide
sequence present in the sanple to be anal ysed. [0032] The nucl eoti de
sequences presented herein are contiguous, 5 to 3 nucleotide 5sequences,
unl ess otherw se described. [0033] THe term "dNTPs" refers to

deoxyri bonucl eoti de tri phosphates conprising the four

deoxy expesios heaéd te sxpatiddital dehdtiofdaiRdang eddmfle undbcdiriagent pgbridivitioned by
DNA pol ynerase to produce DNA. [0034] The term"chromatin" refers to

chr oneetsivaensprpd filxas nderk Byoy cerditions %ﬁdﬂﬂw dopg mokfor & Aupkeskyith otles  pna

fromcel | ul 0 j t EBH@ i oropl asts, and
extra? %%ﬁ%@%ﬁ%ﬁﬁ§§§%??@géﬁﬂﬁgﬁPﬁhﬁﬁg a %%?ggagﬁéggnd viral genones. In
one ef@3p| e, Tabrmokbiide REYyuehedseprebantal bomepl e cdntipuclseiX tacd’ dsudedide

proteins in the cell nucleus,that stains readily with basic dyes and
cohdeHERenges, yieshotireite detre®ediuri ng cel | division. The term "chromatin
frag 1 r hqmgﬁge 1 f'ﬁﬂﬂs : 15 by
neangﬁg?§ ne?%g&%gre 0 Ssg%?%&??%%éwﬁgggﬁgﬁgﬁégr, n%%ﬁﬁ?gg?%g%ﬁﬁgﬁhﬁ

acous tieaxynibemartdotidbs: Sh&EP] d§TPpaiGER shdkdBHY awhinly, arp gosageized ripudiNA
French pressure cell,_or enzymatic digestion with restriction

endonfl et U PNARNase, or similar methods. [0035] The term "l ocus”

(pl ur gdo3 41' | 0Ghe YeriClcBfomdiR rbRrd 18 Gatdrbsotfal BN RS Qlkad ofds Ottirbin6athal
sequence thereof) on a chronosone or on a |inkage map. The term "genom c

| b us DNAefremsprokargotes, HIN Adeem icoltularf organgdies such aganitnehendnigandcbbzanlasthe term

"bound”, refers to the binding,of rotein,. antigen or_,o I

o ectid FhEititobie! Ao bicHien, SR 8 Talid 90 PrchAgeE TR jong
ol ecetnplé,t dhrémBChal GefRE tdda copleidT nubRiNAtEdLind @6icthsdA dthddsadl Ridicus
antigen or other small nolecule are in coval ent or non-cqval ent_ chem cal

conbi Rt siias wpadily sigh basihdyes aogreoadensps © oricdrsesopies during celhdivasionan be
"boungl. . dj I e i i.d. I 1 Lei n may
o1 n 1o S0 bl RBHENE fordieuf chldh b os TSI RuEnBnil O RAHLE 1, OO
t 5 t hby neineiof @ dr nidte tdfi sond@ciondnexdisrphenr bntbulipataine iansustin/nidebardcalpl ex
are "bound” to the nucleic acid. [0037]. By, "biological sanple". s nmeant a
sanpl YBHNE: PSSR scarips napsee Hasuges K5k g%@l&eg?@;ﬂf %ﬂé\_%%%dig?stﬁogm at ed
from g;iRatd&dton %@gmeas& Blase @,gmaga%r éihMlhf‘ﬁeﬂiB@én' sm including 30

eukaryotic or pr ryotic cel rown in culture or isolated from
envi r f9F8ht alThs gampl Gecus” APluF0 38" Thdensap the bisttdmetis gone (wder sigmificiniont as

used herein js ant to be used inclusively. That is, it.is intended to
enconTFLE hSTRL PB GRS ThneE Py JOFLTEY HePBHUOBEO R
SEITP| fhe WbcaBiBY oNHGEROM SdBosRapEMAce derived fromthe sanple. [0039] As used

herein, the term™"aptanmer” refers to nucleic acids having a desirable
acti of#036] The term “bound” refers to the binding of a protein, antigen or other small

mojecule to a nucleic acid or union of a protein, antigen or other small molecule with a
nucleic acid, wherein the nucleic acid and protein, antigen or other small molecule are in
covalent or non-covalent chemical combination with each other. For example a transcription
25  factor can be “bound” directly to a nucleic acid. In another example a first protein may be in
a complex with a second protein, and the second protein is attached to the nucleic acid. In
this second example both proteins in the complex are “bound” to the nucleic acid.
[06037] By “biological sample” is meant a sample of tissue or cells that has been obtained
from, removed or isolated from a patient, animal, plant, or other living organism, including

30  eukaryotic or prokaryotic cells grown in culture or isolated from environmental samples.



5 on a target. A desirable action includes, but is not limted to, binding
of the target, catalytically changing the target, reacting with the target
in a way which nodifies/alters the target or the functional activity of
the target, covalently attaching to the target as in a suicide inhibitor,
facilitating the reaction between the target and another nolecule. In a
preferred embodi nent, the action is ¥becific binding affinity for a target
nol ecul e, such target nolecule 10 being a three di nensi onal chem cal

st rucfa03@] ot mae teivarobtadady noc aéatved efrbat asbiisedshéreint Benmpitanebe tiedugh a
mechani sm whi ch predom nantly depends on Watson/ Crick bas&@g@in%ﬂg gr

tripl &chisrick- ﬁhaansagt la/mr@ie% 19 FECHPRASHERY dWEISOHER SHmgRce: te

physi ul e. [0040] The
tern1ﬁg g@n Hgg8?%%£§%ﬂ&%@83&g59%é%%ﬁﬁ&?@ ersg?%ﬁgntlbodles
antlbgdw9}5 ﬂ%agﬁﬁmﬁ&nanﬂtamhéqnamﬁf&ﬁﬁsamnauememdﬁhswn@adsmdbkamﬂsn whi ch

arg capabl e of bi ndj to an antige [ 004 1 The bad sed
het ei A%i% HREH i glgedtic sufioa Polupdl dhut 1 ot BRkied o wbig, of the el

' mmn@&élggyéllgﬂqcﬂahgﬁ C{Q 2t féPéh@(ixll QRAy; 1Wﬁi’%ﬁ Qﬁ@hﬂ@s@bers the

pol ycl onal § ni sed, bispecific and heteroconjugate

ant i btmig@swr thee ﬁlnctgiml a@m@biféhejtmmt,movalem disarhing @rih¢ boghy as &na ﬁ\gellde

bi ndi n ag nol.o I ffective, fragnent | e Fv,
di aboﬂg’é@{ Tgﬁﬁ é’*ﬁrﬁ'ﬂm %Ctmﬁolﬁf%ﬂ e}/nT !fn aﬁ if%cPf)rE‘? A B erHto a
non- | gmegdiBieht, WY sioh&SsgeerT tinthhestmtytier z{’fa@ge@hfbl&ﬂ&l PRAIthripgt mblegilder to
obtain binding to a Iigand other than its natural |igand, for exanple a

dbbrai heingiacthrdesdimensiphaisgheicad fsiractyeeathen thas e E@lméplf#omdmthﬂéng%@pt

conS|st|n 2 Evi.h t i cul es
cuch B Braeh SPECh e IO R bGP dsond 2 oo R WEE pRRHEEC LS
Heat Sflﬁi-iﬂe RelRd ﬁhﬂﬁlgswﬁeﬁﬁth@a@&n@@deﬁaﬁﬁve tiiclasiver physioldgieud Surlnoidy) ;
ankyrin repeat protein (DARPln) pepti de aptaner; C-type lectin domain

(TetrQﬁhﬁﬁgh@wuﬂﬂﬂﬁﬁu§g@ﬁ?%¥%ﬂ¢|n and hunan ubi quitin (affilins); PDZ
donal NR40p COTRL Addyt OXGMEN T cﬁngﬁgﬁelﬂ@ 91 RlreftHERGs S QhiRFREs! BRI OF S:
ro n has

and f ectin ctl een subjected to protelin
englnﬁagmagsbﬂdoﬂﬂepnﬁﬂn@hhanm&bsmﬂlmgktmmaswﬂgdndemmpﬂﬂebﬁhmdu@SOHatura
ligand., 11 [0043] The term "peptide aptanmer” refers to conbinatori al
recogﬁ?ﬁ?&n nmol ecul es that consist of a constant scaffold protein,

typi caigay) thirRE RARiibddy o ol Hicheif AR ISR GRAR HALREE MBfcbabl RitRept | de
oop nse ted at the active sit
an immunoglobulin-like domain and includes monoclonal, recombinant, polyclonal,
chimeric, humanised, bispecific and heteroconjugate antibodies; a single variable domain, a
20  domain antibody, antigen binding fragments, immunologically effective fragments, single
chain Fv, diabodies, Tandabs™, etc.
[0042]  The term “non-Ig scaffold” refers to a non-Ig domain which has been subjected to
protein engineering in order to obtain binding to a ligand other than its natural ligand, for
example a domain which is a derivative of a scaffold selected from the group consisting of
25  CTLA-4 (Evibody); lipocalin; Protein A derived molecules such as Z-domain of Protcin A
(Affibody, SpA), A-domain (Avimer/Maxibody); Heat shock proteins such as GroEl and
GroES; transferrin (trans-bodjf); ankyrin repeat protein {(DARPin); peptide aptamer; C-type
lectin domain (Tetranectin); human y-crystallin and human ubiquitin (affilins); PDZ
domains; scorpion toxinkunitz type domains of human protease inhibitors; and fibronectin

30 (adnectin); which has been subjected to protein engineering in order to obtain binding to a

ligand other than its natural ligand.



[ 0044] The term "specifically binds", as used throughout the present
specification in 5 relation to antigen binding proteins neans that the
antigen binding protein binds to a target epitope on IL-Ib with a greater
affmty than that which results when bound to a non-target epitope. In
certain enbodi ments, specific bindi nlg] refers to binding to a target with
an affinity that is at |east 10, 50,!''100, 250, 500, or 1000 tines greater
than the affmty for a non-target epitope. For exanple, binding affinity
may beOES]| redbkerteth Myeptidet aptemert fofids to eombinabyial Geagniieni mplerulel HBA or by

nmeasurenent of Kd with B] A ™ KIN Tm, or . PROTEONTmM .[.Q045] The phrase
"si nglensishr pfaBl eorgrhisraiiolds Brodeth.o tpicali; g}@%ﬁd%%ﬁW%r%%%l ﬁObﬁmSa& e

domai %J(l??]- h hat iHRakLsPgel fically binds an antigen or
epi toggﬁsﬁt%{élgg)gn entte??\t{g%b;\é?ﬁeﬁeé?eﬁt vari able region or domain A "donain
ant i bgaby#4] or TheAbtin rfepeciffcaltiy tiods] dereedd ttheughont the raesest spricelication dp e

dopmi n" which is ¢ bl e of .binding,to,an anti.gen. A singl.e,vari abl

dotmi IR Bt RRAme ROt o4 i e A e el bR B bred g o
anti bagyopeadd e wqﬂarr@gﬁ%tefr LOiRt thah ERealias raatiewasn bodrNb { he-teexanpl e,
as disclosed in WO 00/29004), nurse shark and Canelid VI-11-1 dAbs,

Canel epitofBH mcetdnmmhodjinebisl specifichynding saferale bindvgdp A tweetwpen #8&ity hat

are derived .fr S 8S~d NGl AL N . | T y, and
guana?i‘?,t %i%%?gb’oﬁﬁ@@ﬁh%%% Ogh%ﬁ ﬁ)oéﬁ%rlﬁ%s F%tgll ‘irlllag urea?fllf@ﬂgg(?/ro‘?dg o¥ |tght
chai ngpitdpec FoMieRaH PR bingiHERN ety it AR e S8 dmassaeddby) goiitinesinathdds, cb.4.ebhini ques
available in the art, and such donmi ns are consi dered 1.0 j

ahl i beempeiitionad’[J8Ad oRrebri megrureme| @deKdc vt iRIAKQ %m%ﬁé‘ﬂf?g&g’rm

used Eﬁ{(ﬁt]{m&m term "domain" refers to a folded protein structure which
has 2 ertiary structure independent of the rest of the protein.
Cener §004¢] dahmiphgisardngle spenblchlomaiot refirs or et entigendiinding fprqgeioparinbles of

proteins, and in many cases may. _he added,ilfre ved,or trapsferred .Eo ot her
pr ot effRaill (REUEXABES ofw: f Yiet i G &att?ﬂﬁc ’@ﬂl&})nta%‘ils i tap[gge[gr St efR“&fid/ or
of t hﬁq&ég&meﬂﬂy bOQ4Tterbnt vhidgleSe¥idhior BbRaBO MR mdiS aftitilyd e “pRbyREAPt | de

domai n conpri si ng sequences 30 characteristic of antibody variable
dofrai bs.cohgiddrbe thd saree anal trbede canpbletdonmim’i oith aapalilt of donding o and

nodi fi ed variahl e domgj hs, for exanpl e, in whi.ch, one.aqr re. | Qo have
been PRH%Hced BYeEe h@e@orﬂﬁl"lcﬁa%g’g %W@ﬂﬁhﬁ?% Vet e glf% e i%llnlgélfo
var i ablgdde Rk RSantiBbd PMridbRINomdids ¥dhi ahbespdasiuts adhbddnt (fay exhgae as
truncated or conprisé N- or C-term nal extensions, as well as fol ded

f r agméntloset ivaViCawE9a0hai musashak anst diamedd VeastAlshe Gamdidnyract®vi ty

and specificity.of the fyll-lenath domain. I: ' {,gen or
epit oB’BmiuH%ﬁBl@'ﬁH]eng‘f/ V%IFEH’ ¢ 8|0 er%or%?peggfi%a%fﬁeaq?gglzl ‘E)‘L“r(]i Cfgé}ngg%g?sﬁﬁc@%go48]
Apo anthfen lhinkdidigachr agmedtaryieind @uiidey] Gedelb prodead shealy ahuangetiteidiesof one
or nore CDRs on non-antibody protein scaffolds such as a domain, Jhg
donai Ratseallysteveidgy tighhchaies. 586y Vor dempinsdnay oIS acreTinede JBRfdrdt i ve
of a fald i€ thd [iBHR Lt} dafedOh teltddnthin hitRRARK?.N.
N e T L S
fi br opsesédhaeinec) inoludvdiatielidabéenaisubj ected to protein engineering in
or der [(50916%0 OAgtuaslec? hgtl'e?nd!chrégtegnq ‘%gm%]&’l rfers toOta glrde& rIljgior‘]seitnhs g%}eu(:v%kchl llla%and
25  tertiary structure independent of the rest of the protein. Generally, domains are responsible
for discrete functional properties of proteins, and in many cases may be added, removed or
transferred to other proteins without loss of function of the remainder of the protein and/or of
the domain.
[0047] A “single variable domain” is a folded polypeptide domain comprising sequences
30  characteristic of antibody variable domains. Tt therefore includes compleie antibody variable
domains and modified variable domains, for example, in which one or more loops have been

replaced by sequences which are not characteristic of antibody variable domains, or antibody



[ 0049] An antigen binding fragment or an inmmunol ogically effective
fragnment may conprise partial heavy or light chain variable sequences.
Fragnents are at least 5, 6, 8 or 10 amno acids in length. Alternatively
the fragnents are at |east 15, at |east 20, at |east 50, at |east 75, or
at | east 100 amino acids in |length. 15[0050] The word "substantially" does
not exclude "conpletely"” e.g. a conﬁ@%ition which is "substantially free"
fromY may be conpletely free fromY. Were necessary, the word

" substaiibleddnidingraiiichdaosrbéchachrkatdot bempiédei N driltenminal betennioenes vell

of  CoMparldn Sreiioot SRHAGHPBRES Bt Ardahe 9 DIBUREACRD R od
val ue, &ch%g&%\%{ﬁ%ﬂl&g%tﬁ dofhikiP A BHRaiAQas bitdes a‘.ﬁﬁ%&iﬁm HoPe indebedichity +/ - 3%

of th&stat e typically, +/- 2%of the stated val ue, even nore
t ypi caf 4 gtiffetent ¥8fiaifle tdgensiralpeshinval ue, and even nore typically +/- 0.5% of

the stat val ue.. [ 0052] Thr oughout this di.s¢]l osure ertain i nts
s, LRl dedtitiehn Bndisdeaparnatey B Pergtr b BEeG iR Bye T e
descr jRfd @R of HALNEBONAbrdidin "RAFbMs fs0Eh 69RVEThAACThS Jomath bragvid ¥ and
shoul d not be construed as an inflexible limtation on the scope of the

di scl demdinramigedy Ac owy diernylymainhwhigh 4t pidstivasivest msqalpliesderirg Aopethe

consi dered to. have cj f,i cal | y. disGl ase 1.t [ - S as
bkl Bk TR e e e S A g R i

descr R§ES an@fibAntangainsesd) vatch hanbéentsabecisd aupbidie enginsirtheriadrda thave
specifically disclosed sub-ranges such as froml1l to 3, fromlto 4, froml

360 t ooBtairf hinding tq an aptigerorther tha e nppeghligaRdy 6 etc., as wel | as indivi dual
nunbe i t hi ray e, : +and [ pplies
regargﬁggl ofﬂﬁh@ﬁ%PeaQ%%goﬁgé%gﬁfgﬁég.m$?%&F%%%§§iﬁﬁgﬁgﬁrg?ggggeg?ﬁthe
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anal yte omal n, wherein saird first and . )
15 [0050] The word “substantially” does not exclude “completely” e.g. a composition which

is “substantially free” from Y may be completely free from Y. Where necessary, the word
“gubstantially” may be omitted from the definition of the invention.
[0051] As used herein, the term "about", in the context of concentrations of components of
the formulations, typically means +/- 5% of the stated value, more typically +/~ 4% of the
20  stated value, more typically +/- 3% of the stated value, more typically, +/- 2% of the stated
value, even more typically +/- 1% of the stated value, and even more typically +/- 0.5% of
the stated value.
[0052] Throughout this disclosure, certain embodiments may be disclosed in a range
format. It should be understood that the description in range format is merely for convenience
25 and brevity and should not be construed as an inflexible limitation on the scope of the
disclosed ranges. Accordingly, the description of a range should be considered to have
specifically disclosed all the possible sub-ranges as well as individual numerical values
within that range. For example, description of a range such as from 1 to 6 should be
considered to have specifically disclosed sub-ranges such as from 1 to 3, from 1 to 4, from 1
30 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies regardiess of the breadth of the range.



5 second probes are capable of binding to said analyte, such that said
first and second nucleic acid are in spatial proximty to forma conpl ex
with said target nucleic acid if said target nucleic acid is bound by said
analyte in said sanple; incubating said sanple with a |igase capabl e of
ligating said conplex to forma ligated nucleic acid tenplate; anplifying
said target nucleic acid tenplate; dbtecting the presence or absence of an
anplified nucleic acid 10tenplate. [0054]In a second aspect there is

provi deeba meh Rofrst 8dpetd@b tréyphinivantic Bférs o1l étod Chrdideptifytheby tafet
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said tar : j @&#ﬂf wWhehel | L SL : : apabl e
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and saudeichicidl isabalidobyr sdid mudieiio sasl senpleeincubasipg tshall saprpde wnibt 3 ligase20
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 tenplate; anplifying said target nucleic acid tenplate; detecting the
pl@setaeplate. absence of an anplified nucleic acid tenplate. [0055] In one

enbodi of the second,aspect., the.secand, and,fourth nucleic.acids 25
oot 45 . D in y EecH RS B R ol B STRARRL A bkl oGP hE0 B8 bR 20
aci d apghd be 4o hsdlytend £ eatnpie wmgir%iiﬁg:a@nch@ting Rhigl $aenAéel WAt ageeuprér it
| ocates the ends of the first and third nucleic acids adjacent to the

r espe€empEsiag asfitst andriscent gealeinaeideind abr apayte|binging gpmaing apd pisegnad
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appr e whatetrd sdib atcont @utleadcidproofdet hacgios loficomplehdataeity fdreaidGhipd abelsiccan be
changed., Accordingly, .in one epbodi ment qf the second aspegt, the first
and t RPIFANA 98P &nd Ohsaid darpelyusleiq i ARy saif f%lﬁﬂhqu?%fﬂmsrpé%‘@ﬁ%r%qwfs econd

and f@b‘lﬁf)ﬁlﬂ%ﬂ&&@} Go2EdifSrirst nucleic acid and another end of said target nucleic acid,

wherein said first and second probes are capable of binding to said analyte, such that said first

and second nucleic acids and said third and fourth nucleic acids are in spatial proximity to

20  form a complex with said target nucleic acid if said target nucleic acid is bound by said

analyte in said sample; incubating said sample with a ligase capable of ligating said complex

to form a ligated nucleic acid template; amplifying said target nucleic acid template;
detecting the presence or absence of an amplified nucleic acid template.

[0055] In one embodiment of the second aspect, the second and fourth nucleic acids

25  provide a “bridge™ or a “splint™ between the ends of the target nucleic acid and the first and

fourth nucleic acids. This is advantageous as it locates the ends of the first and third nucleic

acids adjacent to the respective ends of the target nucleic acid for ligation. It will be

appreciated that the numbering of the nucleic acids in the probes is interchangeable and is not

intended to be limiting. It will also be appreciated that the location of the nucleic acids on the

30 probes can be changed. Accordingly, in one embodiment of the second aspect, the first and

third nucleic acids may be located on said first probe and said second and fourth nucleic acids



14 may be | ocated on said second probe. Accordingly, in one enbodi nent,
one of the probes may conprise a first and second "bridge" nucleic acid.

[ 0056] In anot her enbodi nent of the nmethod as described herein, the first
probe may conprise a first probe conprising a first nucleic acid and a
first analyte binding domain and a 5 second probe conprising a second
nucl ei ¢ acid and second anal yte bi ndifg domai n, wherein said first nucleic
acid provides a region of conplenentarity for said second nucleic acid and

an eneha3fbd Reatkd e &hid¥eebiRi prodel chcbﬂﬁﬁ‘%l/, innoreNEniERasiMBRe of theerekishod
n

further conprises the step of cross-linking the analyte to the target
nucl eiByZ£erPprispa diastand agpond “Widge” avclgipeavid.capabl e of cross-1inking said 10

anal y sal r | i i 0 cpnfacting the anal yte with
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ot her suitable cross-Iinking nmethods rmay al so be used, for exanple pul sed
| ader S¢99nd PERbs. qompiisig: 2 sasend Becleisacld andy seeendeanalyse bindingsdogpaip, wherein

bi f ungt;:j I i = i L, ki ' |
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bi s[ sacendonthdydrgetancieataejd. or di succi ni mdyl glutarate foll owed by

t t it h formal dehyde, [ 0058 i scl osed.  herein are met hods for
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enbodi ments the anal yte-bound nucleit acid conprises some sequence
atly acamlytedo 2aidHerdet naileig asid prior] 00%B}acEng thal dnalyte athnwid Gost @odsedomds: (a)

contacgtin sanpl.e conprij,sin . protein and a.nucl.eic acid nol ecul

o cnoia ol GRS Bk i pust B hrRuditecr ThGE) e SPurged
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and a first oligo tag and a second probe conprising an second anal yte
bi ndi ﬁ!genmjmu}segﬂﬁ;ela Yewrosrdlidiingighe sequepnyl treatment of cells with a bifunctional

protein-protein cross-linking agent such as dimethyl adipimidate, dimethyl pimelimidate,
15 ethylene glycol bis[succinimidylsuccinate], or disuccinimidyl glutarate followed by treatment
with formaldehyde.
[0058]  Disclosed herein are methods for detecting an analyte-bound nucleic acid. The
analyte-bound nucleic acid can comprise some or all of the sequence bound by the analyte.
In some embodiments the analyte-bound nucleic acid comprises some sequence adjacent to
20 the binding site.
[0059]  Generally, the method comprises: (a) contacting a sample comprising a protein and
a nucleic acid molecule, which may be part of a sample containing a mixture of nucleic acid
molecules, with a first probe comprising a first analyte binding domain and a first oligo tag
and a second probe comprising an second analyte binding domain and a second oligo tag; (b)
25  attaching the first oligo tag to a first analyte-bound nucleic acid and/or attaching the second
oligo tag to a second analyte-bound nucleic acid, wherein attachment of the oligo tag to the
analyte-bound nucleic acid forms a probe-nucleic acid complex; (¢) amplifying the probe-
nucleic acid complex to form an amplified probe-nucleic acid product; and (d) detecting the
amplified probe-nucleic acid product. The oligo tag may further comprise a linker compatible
30  region. The oligo tag may further comprise a unique identification sequence. The oligo tag
may further comprise a primer binding sequence. The analyte binding domain may be an

antibody. The attaching step may comprise ligating the first oligo tag and/or second oligo tag



25 attaching the first oligo tag to a first anal yte-bound nucleic acid
and/ or attaching the second oligo tag to a second anal yt e-bound nucl ei c
acid, wherein attachment of the oligo tag to the anal yte-bound nucleic
acid forns a probe-nucleic acid conplex; (c) anplifying the probe-nucleic
acid conplex to forman anplified probe-nucleic acid product; and (d)
detecting the anplified probe-nucleild acid product. The oligo tag may
further conprise a |inker conpatible 30 region. The oligo tag may further

conpr ks teAnaltedbtfind dR0Icid AGRITHRMEBSUMAG Surtid @ ofiptigPatt=RBingRYIifker toh@e
conprise a priner binding sequence. The anal yte binding domain may be an
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tenpl ate: (c) anmplifying said probe-Rucleic acid tenplate; and (d
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det ectiengpable girtsdingdoor fisbsndcecad analyppiebpaciucipr Bish- thetcsaid dirsgcand
npl at e. Al ternati.v s for i ent| yi und
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and second oligo tag and a first anal yte binding donain; and a
said first and second oligo tags to said first and second nucleic acid to form a probe-nucleic
25  acid template; (c) amplifying said probe-nucleic acid template; and (d) detecting the presence
or absence of an amplified probe-nucleic acid template.
[0062]  Alternatively, methods for identifying an analyte-bound nucleic acid (e.g., nucleic
acid bound by an analyte) in a sample may comprise: (a) contacting a sample with a first
probe comprising a first and second oligo tag and a first analyte binding domain; and a
30  second probe comprising a third and fourth oligo tag and a second analyte binding domain,

wherein said second oligo tag provides a region of complementarity for said third oligo tag

and one end of a nucleic acid and said fourth oligo tag provides a region of complementarity



30 second probe conprising a third and fourth oligo tag and a second

anal yte bi ndi ng domain, wherein said second oligo tag provides a region of
conplenmentarity for said third oligo tag and one end of a nucleic acid and
said fourth oligo tag provides a region of conplenentarity 16 for said
first oligo tag and another end of anucleic acid, wherein said first and
second probes are capabl e of binding“io an anal yte, such that said first
and second oligo tags and said third and fourth oligo tagsare in spati al
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the preygam t ¥, Lh&dtl 8RbSdiRRat B¥Ehehfethod as described herein, the first probe may
comprise a first oligo tag and a first analyte binding domain and a second probe comprising a
second oligo tag and second analyte binding domain, wherein said first oligo tag provides a

20  region of complementarity for said second oligo tag and an end of a nucleic acid.

[0065] In another embodiment of the method as described herein, a single probe may be
used. The probe may comprise an olige tag and an analyte binding domain, wherein said
oligo tag may be ligated to an end of a nucleic acid. The oligo tag may provide a region of
complementarity to an end of a nucleic acid.

25 [0066] In another embodiment of the method, after the proximity ligation step, nucleic
acids in the mixture will be circularized by ligation under dilute conditions. After
circularization, a target nucleic acid ligated to a probe nucleic acid may be specifically
amplified by either rolling circle amplification using a single primer that is complementary to
a sequence in the oligo tag or by PCR using two primers, where the first primer is

30  complementary to a sequence on the Watson strand of the oligo tag and the second primer is
complementary to a sequence on the Crick strand of the oligo tag. In this way, a target

nucleic acid can be specifically amplified if either of the following conditions is met: 1) one



acids in the mxture will be circularized by ligation under dilute
conditions. After circularization, a target nucleic acid ligated to a
probe nucleic acid may be specifically anplified by either rolling circle
anplification using a single priner that is conplenentary to a sequence in
the oligo tag or by PCR using two priners, where the first primer is 30
conplenentary to a sequence on the Vidt son strand of the oli go tag and the
second priner is conplenentary to a sequence on the Crick strand of the
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aci dspe LRAIRAIILRNEE Sne SNRoFIMXRS bligdHiclkBlddeha fpmobsr-pngrucairdsgh ( a)
an anal yte bi ndi n% domai n; and (b) an oligo tag The oligo tag may conprise
a | i nkadntioniaereidsbethrangp ohtheuniclgifeacidtent i fi cati on sequence, a pri mer
bi ndi hte,.or..an nbi nat i on : L yie bindi main may be
; ! BN iRe AhAlHeNEhutle y
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domain_and an oligo tag. The oligo ,tag%array conprise.g . )
binding domain; and (b} an oligo tag. The oligo lag may corHane a linker compatible region,
unique identification sequence, a primer binding site, or any combination thereof. The analyte
binding domain may be an antibody.
[0068]  Further disclosed herein is a kit comprising: a plurality of probes, wherein the
25 probe comprises an analyte binding domain and an oligo tag. The oligo tag may comprise a
linker compatible region, unique identification sequence, a primer binding site, or any
combination thereof, The analyte binding domain may be an antibody. The kits disclosed
herein may further comprise a plurality of linkers. Additionally, the kits may include a
ligating agent. In other cases, the kits may comprise instructions for attaching the probe to an
30  analyte-bound nucleic acid.
[0069] In one embodiment, the methods disclosed herein further comprise the step of

cross-linking the analyte to the target nucleic acid in said sample with an agent capable of



| i nker conpatible region, unique identification sequence, a prinmer binding
site, or any conbination thereof The anal yte bindi ng domain may be an

anti body. The kits disclosed herein nmay further conprise a plurality of
linkers. Additionally, the kits may include a |igating agent. In other
cases, the kits may conprise instructions for attaching the probe to an 30
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bi functional protein-protein ¢ross-linking agent such as dineth

ack pi FTHBRONA PRAEREESE I ETORHIBEAS. A5 h PPt @S iVl dipimidale;” diethy!

bi [ SygiRhimEy! SHAE o SHERITbeI0l bt AidicRirkaldyoweRhhy
treatﬁgﬁ?ﬂgﬁ?ﬁyf%Eﬁ%%ﬂgﬁggg.%F$%%O]Geggkg%ly}d%ross}liniingygggmbe1§bout 2
t o abbeltowtd hyitreatreent vathdotmadehydabout 30 mi nutes, about 5 to about 30

m nut bo 5 to about .20 m nute ut, 5 about 10 m,nu :
about 100f o Kisaire S tirinidts Map Shavou’ B dhegn b sBR ab8u L iRt R
agent gif@¥s, idoadsad dbeutt B Mifake 008t SreSsholi DEiMigulesa8boud . toFsouexanpl e,
gl yci ne can be added to quench the fornmal dehyde and term nate the

c s s mingfks, phowtddctoiabaut 30 migiuds, ghous pp e ebert 2 miputehodddigonal Rpents MaYt he
t that .qt i.t abl ~Linkj - et d
ar & aﬁa?cﬂgcg tt%gﬁ%aﬁslt% %E(?S%—Shtn%{g%t }eQanEIF Ik])?d&ame a%?&néa Cat' 36 % dfl:d F}O

Cross-Fi arget ‘nucl eic acit may occur

vari eiereh thefdiadilehydd adi teminbietthd brogedinkingirtatono It ¥ be agsediatdibyg,
phot ochem cal cross-1inki gq% and chem cal. cross-|inking. Ug cro(is-l i nki ng
may c&se iof ekill inabe art At efenpiapleccrperciaiieg methpds gpasl ds beised Cross-

ul trayj . ] i NQL | . t
nucl of BRRE g e IRE Elet RLRICUHF U oF Rl (B Fich ol REMDEELIETAE BR
nugl enct Haidd thVUST omss-linkikig,nphataohealicad drosstlindteng nd esenicar gess-linkikg.ng

Phot ochem cal. crosslinking nethods have ] ong, been,used to identif nd
char aé%?li%%l%n% Y SPAPBRRAITAdiation %ﬁ&e*&ﬁkﬁ%%ﬁd FEMRIGEYS ‘E@h Bf‘ﬁa"@&
I ntr Oﬂgﬁé Herey eﬁg}rfsg- SRk DR Y [P BREWednBe MA@ heldR@d fraﬁgsr@is Bhat are in

Phot ochiem cal” cross-1inking may involve incorporation o
phot oalvsé varttads vathctho sabétnivcleiy age ATV aross-linking] reas ilse ingdudsi AV d4ser ergsyet

nucl ei.c, aci i ndi ng. not i.f - of- t alyte (e.Q. eque - cific. DNA
ol ki e
olr iA[DQA 1 SnL@hd ¢ad bé e&rridBduY bg 1 EXeact aoe
synthgsig or DﬁAeEolyﬁerases may be used?gp iﬁbo%porate_gwphoLoP?eactive
nDi et $hei BINA t dre theaprydtinn Rhp@ickeraichld censsinkingnmayt @volxp t @eprmeragiepyof a
phot ocy ossl.in s _canp be int ed jnta.tha. ( e alV el Ng
pr ot eP%%tfa%Vac ent r((:)?;ﬁh YO i%eégfq ?%nsgnoélgss fehra’n‘gi?l r‘ﬂq ﬁgés%ﬁsr,getolr%cgeﬁc iR V|1'E)1 p{(])!l
pr ot eindtil'r & SHeabh dftes i BquscagpeifariIaAl Yindirighpagyihat fdmbfRdAof Geeni cal

30T T AR e RVA SOl G V- HBRI O (AR Y CION Aot hyT

P LS TR OTTAT RS e s e o
bi s( sumeiind Moty Sntocho airgdt fEes) acidrarsths woelymi. Milthyhatively, photocrosslinkers
can be introduced into the analyte (e.g., DNA binding proteins) by chemical modification or
semisynthesis, or by in vifro protein translation systems using chemically aminoacylated
tRNAs. Chemical cross-linking may include the use of cross-linking agents. Suitable cross-
30 linking agents include cisplatin, dimethyl adipimidate (DMA), dimethyl pimelimidate
(DMP), dimethyl suberimidate (DMS), disuccinimidyl suberate (DSS), disuccinimidyl
glutarate (DSG), ethylene glycol bis(succinimidylsuccinate) (EGS), Tris-succinimidyl



19 am notri acetate (TSAT), and fornal dehyde. Additional cross-1linking
agents include al kylating agents (e.g.,

1, 3-bis(2-chloroethyl)-1-nitrosourea, nitrogen nustard), nitrous acid,

mal ondi al dehyde, psoral ens, and al dehydes (e.g., acrolein,

crot onal dehyde). [0071] The target nucleic acid may be processed by a
variety of nethods, thereby fornming B a processed target nucleic

aci d-anal yte conpl ex. For exanple, the target nucleic acid-anal yte conpl ex
may bemeifiaetatd TOr &1 i fohealdély@ aAddikibnal Thevst-dibRiap apeaitei mclude

aci d-anal yte conpl ex undergo fragnmentation. The processed targe

nucl eplkyleéing 2gens (8.2 g%giﬁ@xcw?ethﬁa rRrop@pea, MitreEeh HRUSRIfh JEE bt
iR . 4 au .
W Gl 00 Rl NS S04 TRk DoBEbOGAef T et corpri ses,

anal y{@m t hThakggdtinusleicanil sag dbaprqreseddy d varetyeofanttbaisndrteby forming
fragnmentation is perforned after said oss-linking step.. Fra ntation
mey  bé PRECFSHiFEeRIlicad -énj%lms@n}nlﬁ‘%kﬁ:rﬁa exquape. %Earng@e@l %%%ﬁsci d
MY DEhHRIMAR o DifrRen &?&x&oguﬁﬂ@&qﬁn SNeal, TRERMLESARIGR, acid-analyte
acoustic/ nechani cal shearing, point-sink shearing, passage through a

Fr enc bhompples suayaindetgo fragmeatatipnal iecprdigresd faget Bndgimatideandlytregmplex ofayt he 15
target nucl eic. aci.d or th%ﬁigr ss-link nucl ei ¢ aci d-anal yte conpl ex may

occur UBJFrER EPalL £ e dgmegs el ARFIBSNE but not 1imited to d gestion with
m cro R[\Lgls RHEARRS SmBoRFh &t Cink ARetBHE ARtHek @8mBEses AUORES bEAasHentIaGe
(e.qg., e H or DNase (e.g., DNase I). In one enbodi nent the target

nl@| eiazgetaiudleicsadi¢ ayjoriot eontisying dlre aralytervitFpad devitaad iseepndprebes. tlarqpst

nucl ei.c, aci d resul.t in fra nt, Si.z . . 000
R e g B e e S
200 bperf@midobtifofeOthe btosalidiiibe 309. et Ar@datitlekb@éld bpay dedfiradotiited®® bp to
about 1000 bp. Preferably, the target nucleic acid fragnent size i.s about
200 bpenieating npgsile [sbepra petnHisabm| yaoustiomaehaniral shearing; goinksinkesheghing.e may

be da ' y @g¥$§ﬁﬂ et ' art .

For eg%%%% ewlzggg%ﬁepeﬁ%%{g %Sfr%’ or A telrtlkg@éegtrlgpgsﬁ-}% n ?ﬁ\gﬂ%e%tﬁbe& JSelj!ri;té]%of t he
t 85 getarguicluelete auid dr theagoBnliskadamnchéc daidagelyie tomplootizgrocenabphecieasee ends
of the target, nucgleic acid nay be repaired.to facilitate . ligation by any
sui t aBissstiy HeeUHBVRI ROt HENAR 1o HeRsine &vinaygaEcoly BOLFSen ST od 1 o
gener gi | CI@JSR@' o) eRWAR 1) gabNARe (JRerands 1pf tiR&nkar get
nucl e?%ddgg?lgmn%yé%gﬁ?lg%g?’r e byde;én’ Ie{}r?(ésr epjai r nmet h(()%g The. ta}r)get nucl ei ¢
aci d empodiment thattagetmideioneidds frapmented dynwsicafior. Bagresidativineof the trgitease.

0074] In one enbodirent., such.a -repaj s C i.se th r.mat i on of
b} ot Muifle 208 BRC SRl bredng N AR EERRHERE fo [EahetP PR 85 b0 oG oo
My berAghseyss HSdR200BhRE dBout 006 BEWAbbER 1006 pAblabolitF00eHp2 BhE 50¥ bysi ng
enzynmes havi ng exonucl ease and pol ynerase activity, for exanple T4 DNA

pol yntsr alait dS0K bpnand Bt pHl0ybie i gbotel GORelp. Hrefseabbr. the dagdiatucliic acita DNA
pol yngrase). together ,wth suitable dNTPS, for exanple, dATP, dTTP, dCTP
and d .el%tr‘?lzgﬂ%?lll%ﬁ@(%%q g(l;'(}%llie end-repair method may conprise the

f or majoogn] of ThE ikl iePsitd nucleic acid in the sample may be damaged and may be

repaired by any suitable method known in the art. For example, after fragmentation or afier
25  cross-linking, the end of the target nucleic acid fragments may be damaged. In another

example, the ends of the target nucleic acid may be repaired to facilitate ligation by any

suitable method known in the art. Examples include, but are not limited to generating ends

that are compatible with ligation. The ends of the target nucleic acid may be repaired by an

end-repair method. The target nucleic acid may be treated with one or more enzymes, for
30  example, a nuclease.

[0074]  In one embodiment, such an end-repair may comprise the formation of blunt ends

at each end of the target nucleic acid fragments. Blunt ends may be achieved using methods



5 at one or both ends of the target nucleic acid or target nucleic acid
fragnents. In one enbodi nent, T4 pol ynucl eoti de ki nase together with ATP
may be included to ensure that free 5' -hydroxyl groups on the blunt ends
are phosphoryl ated, suitable for ligation. In one exanple, once the target
nucl ei ¢ acid has been repaired, the T4 DNA pol ynerase, Kl enow DNA

pol ynerase, T4 pol ynucl eoti de klnasé2 or other enzynmes used for the repair
reactions 10 can be inactivated by incubating at an el evated tenperature
for akddweelh the bitOlbr ekarhple®y kDI dnigherie®ing/&Gnhdeas? @n@‘bﬁl)ynwgﬁa actatityy

foll owi ng the reconmendati ons of the enzy ne manuf act ur ers. gﬁrna%hvely,

the efpfygrempledt BYA polsmetmse 9t KSmepnDhay p@ lywarase feithppoey omjog
enbodirgig Jit t 0 d n i,dqt ar get
nuclelc aC|d£nﬁn$E&ﬁﬁgg {§£SIH emg??gngﬁé§' B‘e?éqgcggngg;ﬁgggg org
I|nreﬂGTEIhmbbﬂﬁndsmm@eﬂﬁgbﬂd&@ﬂgﬁhﬂhmthmygo?@hdaﬂ@gﬂmﬁm?ﬁwfmm3wﬁmdg_f;hg
ana yte oun ic_.acid or any .procgessed for t her ma modi fi e
y at #tat¥f ﬁnga U&r Ay dared Miclgibraci O AEs DYRIEIR HoHHSAgRCY ey APget

nucle I YBEG icdagemi @%e I N
anot héergb&éﬁn%lggt tmﬁ)rogl}%ﬁ%e{rir%@t lﬁ%%lb%ft%%rm g%%g??lg%s thghg‘?%g o? nodi fy?ng
Isal g 5dr}gem><yhlgrblmscoaclhd Mwltadnﬁsngreaah;]@hWMMrﬁglt@blel fondimation flblolnﬁa

i nker -t an et n c_.aci erein t ar get -AuUcleic
aci d ComRl xon(?BLr#%'r &%‘? I%w%b h@f P&?nereyﬂr%%cs}ﬁ%%ﬁubﬁqel%d‘élge d\;{elrrbangs at

the epsg ghiyhReasBucs a6lekidd RiAsE] Lbﬂieeeﬁzci@qesqmea fenis repalt ©adtivhk S e
nucl ei c aglgs S %bﬁm' ; RNA- D&A hybr i tide nucl eic acids

(FNAsgan b arac%wé;f 53 enqsxbaimge aféam e\@yatﬁ%t@nmamﬁsﬁgpe doperiod offimaieral |
hen 1
cucr copteate pis B FETRT by YaeBhl  Rlnu R W oBime Ryl LY 3ht Ayme

doubl @mﬁﬁfwﬁfkeﬂ Alf@ﬁﬁtﬂvbljrkﬁfe eﬂﬁyﬁ&ﬂdﬁ&ﬁgeﬂiﬁ}fﬂb@y a)lsmﬂ@bﬁﬁealmlneot ide (e.g.
deoxyadenosi ne, deoxycyt03|ne deoxy uanosi ne, oxyt hy éﬂ | ne) .. The i nker
'Fn

may cBIO7Al n Brene epkodin m% CqURpTEpes ﬂmt g Guliereet The

| i nke r Olhdle :égfaﬂﬁéf] oL rlﬂﬁcleﬁ% g6 &FI-
CTAEiﬁ%ﬁ&cgiatazgg%g?xiﬁ'ﬁ%@' qamPgégggcbr 0 ang may be about 5 to
alfout the@amgetahvetzic stéd, about 5 to about 40 nucleotldes about 5to about 30
nucl eot |des about 5 to abﬁut 20 nucl.eotides, or about boq%

nucl e Fahermopg dhe gnalggdionad gurll 46at gt e pegesssd (H@St P58t MRcl ei c
acid fy mo%iﬁéd' lgjfiﬁﬂt&ﬂlr(gearg overRhdbr §'1‘iﬂkéﬂ @28 Ae0f bth Gy o thicgRhh @&,

hybri di zati on, One or nore linkers or overhang}lg may De attached to
the t an@,eﬂlembgl fermmgca dink§hetaigieh keelgicoacid contplayg In rapthise ea@@émﬂ the one

or both en the targ ucl ei c i.d. In e.exanp nker or
over nEMEYae D, ROBBHS o TNy SpRovaE T SREctoRonr it BF W g,
3G SyehdrRNsielnkd Gb Fhien AdirtkeP¥RERANYRI AR ABERIR mmmlm tsaid flﬁﬁ(eﬂfargéile
target nucleic acid. The 3' or 5" single stranded nucleic acid overhangs
may beuckeieecidicomplrx dsimpisceAder -‘bwmglegaﬁndgd aU‘fIPIﬁ geid qveriangs ¥ the endst bl unt
end a d a ieCOQP | inker to a second blunt end, wherein the first and

nuc c1C acl
secon ersTare non-conpl ementary. This is advantageous as it prevents
sel f [ooga]t [ onnﬁxiarst d}emteﬁmgt nityCosinrisa aivdleidhdilte (ssg. MBINAL DNANBNAONWC] ei ¢

acids (e. DNA hybri ds ept.ide nuclei ¢ acids
: hiat sl gs@pmﬁ P Picis el PRl R G5SE TOFDERLPYHRGRAFSCB R AR [y or

DIOCNEMLGR! dplon O T GflockRIcAR b Bbicd Hordlih Bl 2RAvALEL 2ALIRILBRES . The
nucl er ¢ aci ds nay be si ngl e- s 5 | é-stran ed The |1 nker may

r angeThenmhc&mgfamdﬁ mmymla:bnnglenstrhlmeﬂmraiboblt-&&@ndtqd ®he livksger overhampiriag be
exanpl e, f #ﬁ Eer is.,attached to_ stick of the.target nucleic acid
15 o SUEIeancREOF (e AoORgIBOSing: dE yIe Bari sHgnosRe; peporRdel s s
Firstrge jifpky éxgér}gccﬁi@ﬂn% SR pé bf‘ﬁﬁ'&e&f&ea{e%e(iﬂﬁ'ggd'ﬁ bt 6kYo@NdThoVIBESIR t he

first and se I 1 nkers are"non-conpl enentary. In anot her exanple, the
I|nkemwnhygbaaammamhéwommHMyeHﬂ@a@HHQCEOﬁd@dPghKﬁR@G €$=@Asfﬁe@ﬁféﬁa and a

?ﬁ‘ong glﬁ)grhrgﬁ% S g{,el{- gngelql%y bvgh&) J[ B¢ a ou‘[I 30° uc{ileo%dsecgoﬂ é 'tonlfbeoru% 48" €

nucleotides, about 5 to about 30 nucleotides, about 5 to about 20 nucleotides, or about 5 to

about 10 nucleotides. The linker or overhang may be attached to the target nucleic acid by



20 [0079] Alternatively, such overhangs or linkers may conprise a
deoxyadenosi ne. For exanple, an overhang or |inker conprising a
deoxyadenosi ne may be attached to a nucleic acid to forma |inker-nucleic
acid compl ex, wherein said |inker-nucleic acid conplex conprises a single
base 3 overhang of deoxyadenosine (3 -dA). In some cases, an enzyne, such
as a DNA pol ynerase that |acks or hadl reduced exonucl ease activity (e.g.,
exonucl ease- 25 defective nmutant of Kl enow DNA pol ynerase (Kl enow exo-),
Tag DNatel ! Bisg: e ligdtorDNACobdEEaRR), byidhatioged PORS Onenok meors'
overhagg of deoxyadenosine (3'-dA). [0080] Hybridization my be used to
g7

at t ac hinkgrpReperhings aayde ataehes te tectarest Buclelp agids Haglipkesherovedhapgway s
Gener gl | t S| -Str or.t] : 1 | 4 r t | ei c
ot ds Seyetpets o el i cBRE BE AP LR Ruplic e, ISR Sl (B kerdoF P
t oget be¢rhadgsregh@nsomple@Ontaaquence conpl enentarity. [0081] I n one

enbodi nent according to the first_aspect, the first Ljnker provides.a
fi?st [QQQ&:] onII_an‘?:%‘H%‘P‘EWéWtﬂ ahg $yox %rS"g‘?g? atr"’f“rdre‘gfmﬂﬁ’(ﬂ EeO f-qilg&aref %d,%g@ ol i go
tag oty Bhfledds'ctindlRR? nfidic &fd.{ Me SEGONGiRIIONRINIAL AERRSacR SRTRDAST egi on

of conplenentarity sald second nucleic acid or second oligo tag of
sai d seydrdadiicdlie thd hiuohendsrhyp dicaterg 2 firstdirfiier &1 a |firstkldnntagnd 4ridr & seaend| ei ¢

id f, first,ligati | t d,of the t t | ej i d
and t HOKERdh PP RUPL it wEEEI TR EFEA SEPI Paber are BB RmPRmsiiagn
conpl gxisals ARGANELSNE Riprbfitd 3dIPBbatiC ek Baedt thucldd082]. Lmkenomhgr

enbodi nent, in accordance wth the second aspect, said second nuclelc acid

pt@vi dewpase mglanands (Rl e PN RYARNAJubEdDNperdida meclsicaciisi(BNARH a

first ,linker .at one end of. sai d.target l.ei ¢ acj i

nuci el BEmarSs pfe 80 9 ighBh? 000 0 oME Bhfar Shitg Rt 3 i Biially,
aci d apdifieds @eaMddralnke defivatarat ivteotitiel bafess he melegeteidd nycbeisighsi d. I n
one enbodi nent, said second nucleic acid, said third nucéﬁ?i c aci g@gnd sai d

| i nkeptrangiesnos dpublestrandgds The linksrpnexraage shisnghdrar abpg X B etbodtic? 8Pc aci d

and sajd f t l.el chd, .5l | i | L npkar form
o Seo oh prePll tholieE cEfipBrlil Ak i Mkl BUGIEL EndobEuB eI g 10
ot fier mudsctte, Thadirdkier atayl benkitachad dyfligasitg @l figolihkay toan fifsvrshvky énd snd a

|'i gati on conmpl ex at one end of the agnal.yte-bound nucleic acid and the
secondeonfklgtkenrfy a ssesndy SN i€ g’ t"‘gﬁ“‘é%ﬁﬁ? o&‘ﬁ‘i 40d o5 |1%“§ i i LYhpl ex

at an f ot g } hedt tol ing B fef Wnk&rto
errbodigér’rlle!a {e@g%f)g %e%g%k%pg%%{ﬁg@e?ggﬂg&égﬁé%&%&%ﬁ tgrﬁg%%%:oénpl enentarity for
sai d tbsticky old gd & ssgomhtnkerftp adtluiti enidewhereinghe figsi dnd secpai dinkiers lage ®otboun
nucleic acid and said fourth oligo tag provides a region of :
conpl ENBREFFMEY f or said first oligo 20 tag and a second |inker at anot her
engl ofoEdi d aNRinaliSelpouRth BUEhShg: &Cliflkert InAN BoBPRA kI®dkyadeabsineG gasnd
oligotag, said third oligo tag and said linker forma first ligation

conpl examyple careoesrbiangf o kiredkea samprising gudrexpiidsnesine sy beasithched @ 4 Busleln ol i go

tag, sai,d fi.rst ol.lgo tag.and. salj LN -0l o i gad i npl ex
at ang?lﬁeTrO 5‘?%’81 Sf ‘lglgﬁr' USIvaT i‘ ﬁ%%%ﬁ%khlﬁereﬂ% éggil gnﬁ %5[?{‘}8%&4]3?% gor’rgfé9

i NSt ape@prisds esifdlk Pasd P veeE FaRkoRyddenddide GOUARtInklotmer @gesOan eibhend,i nker
conpati ble region or a portion thereof may be capabl.e of hybridi fi ng to
the | Fibeas adal%wlﬁaﬁr@& thatlapks er ha refucetgxqnuplease acHmisuls Hi EXPBEIBH or a

ti A iRk t t
1 o e o O Ok e 1, o Pl e O o
of cobp & pelyhaiistymbhpbe asdddoffbms thel 3 niverhacpofddoxphdenogige GYrddh. said first

robe_and i L
P [0080] Hybridization may be used to attach linkers to target nucleic acids or to attach

probes to linkers. Generally, the single-stranded portion of the linkers and target nucleic acids

or the single-stranded portions of the probes and linkers may bind together at regions of
30  sequence complementarity.

[0081] In one embodiment according to the first aspect, the first linker provides a first

region of complementarity for said first nucleic acid or first oligo tag of said first probe and



30 the second linker provides a second region of conplenentarity for said
second |inker conpatible region of said second probe. 23 [0085] The
target nucleic acid rmay conprise DNA, cDNA, single stranded DNA, double
stranded DNA, plasmd DNA, RNA, m xtures of DNA with other nolecul es, DNA
or RNA from human or other mammals I n one enbodi nent the nucleic acid is a
single or double stranded nucleic ac#d. The nucleic acid may be RNA or
DNA. I n one enbodinent, the target 5 nucleic acid is DNA. [0086] The oligo
t ag mie fenoddlénker poividie aacqmidmegiob bfidimyjeminterityAopsaidreacondipudieindeitdort he
primer binding site and the oligq tag-target nucleic.acid be .

repl i SE %’ﬁgé Ofgw‘?ﬁ%’o Pﬁ%solﬁ‘icg‘glegg@gl eéﬁtéiﬁ?\?lﬂsfﬂg&ﬁ? ?I@rsbpﬁ‘a?lﬁg site
My CQRRIbAR alfsCRRABh SoRblddRbhd izl BY tHeQadetiickss 88l aRl iiBiecoleX BAR€S Of
uni versal prinmers include, but are not |limted to, T7 10 pronoter, T7

t er mi aad second Buclgpcacidvicam(a pnd Nigatikin agyplehaBmRorsy end of theOtmgerovaleicd,

A0OX1 Revierse, pCGEX Forward (GST 5, pGEX 5'), pCGEX Reverse (GST 3, pCEX
39, @@ﬁ Reverse, G-P (C termnal, CFP, YFP, or BFP), GFP Reverse, GAG
GAG Reymnge, I8¥kdth&raxsiodfned FasdcBadcepivis HRaetndrBAEt Faidectnd REAEC
Reverse, and CW- Forward. [10087] _The anal yte may be gwgr otein or a nucleic
aci d eeidpravides s egiamericomplemensify fonsaid tiwd) nslelq ardd aphp Jird Lipker Beong
protein;s .as r ript.j;0 I .51 ) cripti actors
ey b 4o i ek’ BRAGRCRUUT B A Tt Bl 308, pAAIRCH BBl dreosea
gene tompkalentakitdfor shidafist hirgléic aBid agl s ohd tihkdest abothene® odsaid targdted t o,
TFIIA TFIIB, TFII12, TATA binding proteipn, TELIE, TFLIF,  or TFIIH _The
ahdl yPeclpgyacK ntadne orbedE: ryd é%??é’idrﬂuc{]eﬂ%%féd=e§€{‘ii 4 inygleorrad gnd §~'iu§na|
sensi OfBi; fne fi d ' | 4% =hel i euci ne
zi ppermh<'§1ér1jr [or n%t é?ﬂg%g(r)r%icﬁgﬁg Xa?[ aegf dIZ%} gt'&% fgi}gﬁgﬁ{r{ge{&o&é&gggltsgdcfogﬁld. The
anal yneclomyachl, sad firstgluetert acih eiadisadd lidiberltben e tseand dgatorc t@nplenat shotherecul es

(e.g., ssDNA, dsDNA, . ssRNA,  dsRNA, - R ybrid). .For exanple,. the

anal yF’_édS ﬂggwA%éarg%tmc@é& P 18 b orks 1 E@ﬁ@%’ﬂﬁ@r m{s&fﬁp%g,o PRES[aYFe may
be a ks 1R8GPEShYEL LAORS Gldastané fifl)teHoRh@hikIGE abidSHhaNEe SR84EIIMkISAd
(FIDAC) protein. The analyte may conprise a plurality 25 of plurality of

ptdt ebevond Rdigo gx@ i &t heseeomal Lgasiomegompderp af swther tand mfcthe poilyie-hoomgl ex.
The anal,yte may be an epitope shared by one or nore proteins, a protein
post-flP%{%lglaﬁ fonal nodification, an amino acid or peptide sequence shared
by ongy(®3] Mol BRRh& NgnBddhentN Chalde Sedd0,olighe tadr pRRiRs! @sidpea rapdi fi ed
by a post-transl ational nodification, a covalent nodification to a protein

or nuedmplemgaiatty forsail thirdoiligeure apdanirst Bnker gt enepsd of s#dendyte-aipd, 30

or an ), Cli r I i log. i I Nels . Or
nuct erTL ARG 0l ) 86k B8 fo 08 AR A BRbRERS R B BB 0T
NP0 ectige atd undedoind climadr edt hiothérmkedl dfosdiiNAnabrybomkleaudleicbatidd & one

coval ent I%Iql i nked to DNA-associ at ed (gr Qt ei ns, .or any r24 nmol ecul. e bound or

coval BRPPYIMentaid segonst pligo ey sad (ird plige, erand pif ST 4@y @i fplclgation

nol ec Y, _ i : af : of i apd

Resi dg&e‘gﬁlle’rﬁt‘%?’gt@%?‘gs&f%g?%{?@% 8y Sglsl%&eﬁ §%§Iag?i@glr?ai m)%l%gc‘g i ons%?Srﬁcl ude,
but ackgmag ahd saitl énkecform hosphrakiég-tioe copipbsph endihaenid né saip hoslpteeiopndsi ne,
rmnorrelItLFggl argi nine, symetric dinmethyl arginine, 5 asymmetric dinethyl

ar gi nR€1°3R4 nono-, di-, or trinethyl |ysine. Exanples of other protein

post - fdo@ﬁ?' ald Qpad ifipdidd et &%ﬁtaig%mgﬂﬁes Duhk &' @nipatiblel rokibRAThOlinker
acetylation, ubiquitination, MOyl ation, and disulfide bond formation.
Anal yedrgpasible regiaye oo awoviaiethdienf mdyubé gapable pi bylyiizing o dheativler on the

ost-iransl ati ona ificatio IS an inportant application of the nethod
a3y s SR, AT kSR, et SRt e RBEeS Bl PR oty
devel @piE MhkerGlathed to the target nucleic acid. In one embodiment, the first linker provides a

first region of complementarity for said first linker compatible region of said first probe and
30 the second linker provides a second region of complementarity for said second linker

compatible region of said second probe.



10 lineage differentiation, and in the progression of diseases such as
cancer. An exanple of a covalent nodification of nucleic acids is cytosine
nmet hyl ati on. Anal ysis of the genone-w de distribution of

hi st one- associ at ed post-transl ational nodifications and of cytosine

met hyl ation at CpG sites are inportant applications of the nethod that are
used to study epigenetic regulation &f gene expression during devel opnent,
cell lineage differentiation, and in the 15progression of diseases such as

cance_r[ooésq)QBaih’éhﬁ @t_ﬁﬂicl/eti_@a&&% d?iﬁ?ﬂr?sla@ﬁﬁi DN, Ginglel HaB&dd P &losbRCH d,
nucl eic aci d, nucgelp aci d bound by an anal yte) ‘may conprise DNA cDNA,
si ngl etranded Ay, pRENiddON, RI¥As mirdens DRRVN A vathndthierDA cclpsd, DNAar R¥4. of
DNA wi .t h ot her nol.ecul es or. RNA f.rom human.or other ma s, ]nh one
oo a iR Pt of SREE HieSanls (o e SPhoRisniy O RRLEE aBHiR GoUnDp S iorbR.
aci d. sitheieaualieictacal | TheRitleRCadiNha® be PINM of DNX IR eeibd—thent! A€ target

anal yt e- bound nucleic acid is DNA. I n some instances, the anal yte-bound
nuél eigclgisiagidis DNAucl ei ¢ aci d bound by a histone protein. Alternatively,

the a e- | e .- nuel el ¢ aci d. bo taL Chi.ption
facto?t.%%lie gﬁg{a’%g?%oﬁ%ﬁﬁﬁ{gfig@‘%ﬁ rrglly&gﬁlglg%g‘g‘g g‘%‘{%y gtgel@@?f)u{: Fei ¢
aci d. pfirer dialiygd eitéaanm]glegukig(e'tag—tlarged ntmiyilcadacsd) n@gnmeafaglieatgd K v\fmﬁf t‘haseb
anal ogs. 25 Exanples o ase anal ogs i nclude BrdU and Brdl ich may be
i ncor psithads disslpsed, hergn. The primaybindingsits meyReyREiss be capable ofdyRBAIZIRE Rew v

repl i %aﬁﬁger%ﬁilﬁ%?u%}%{ %nggP%ﬂ%rMﬁJrﬁﬁ&s %ﬁ&ﬂd , tcﬁagﬁ&“lgg%@'t&“g[ge

nodi fi cati ons, Ifications resulting from nmage.
ah@l ypesohaend 7nachieator, dc, dpopM1Bhe23 e M EHE el ),0¥ 1 8RR campby ASXdoEersvandic| ei ¢

o RSl SR 0 28 S A By Tl RS 3080l

first reossQfGEP (¢ RImRARY I YHFE oPBHPS GFP Reverse, GAG, GAG Reverse, CYC1
Reverse, pFastBacF, pFastBacR, pBAD Forward, pBAD Reverse, and CMV-Forward.

[0087] The analyte may be a protein or a nucleic acid or a mixture thereof. In some

15  examples, the analyte may be a protein such as a transcription factor or a histone.

Transcription factors may bind to the DNA and help initiate a program of increased or

decreased gene transcription. Transcription factors include, but are not limited to, TFILA,

TIIB, TFII2, TATA binding protein, TFIIE, TFIIF, or TFIIH. The analyte may contain

DNA-binding domain, trans-activating domain, signal sensing domain, a zinc finger domain,

20 helix-turn-helix motif, a leucine zipper and/or other domains that facilitate binding to a

nucleic acid. The analyte may bind single-stranded or double-stranded nucleic acid molecules

(e.g., ssDNA, dsDNA, ssRNA, dsRNA, DNA-RNA hybrid). For example, the analyte may be

replication protein A. In another example, the analyte may be a histone acetyliransferase

(HAT) protein or histone deacetylase (HDAC) protein. The analyte may comprise a plurality

25  of plurality of proteins. For example, the analyte may comprise a transcription complex. The

analyte may be an epitope shared by one or more proteins, a protein post-translational

modification, an amino acid or peptide sequence shared by one or more proteins that includes

zero, one, or more residues modified by a - post-translational modification, a covalent

modification to a protein or nucleic acid, a small molecule bound to a protein or nucleic acid,

30  or an amino acid or nucleic acid analog incorporated into a protein or nucleic acid. The

analyte may be a nucleic acid. The analyte may be any molecule bound or covalently linked

to DNA, any molecule bound or covalently linked to DNA-associated proteins, or any



acid may be attached to a first oligo tag of a first probe and a second
end of the first copy of the nucleic acid may be attached to a second
oligo tag of a second probe. The sequence of the 25 anal yte-bound nucleic
acids may be at |east about 20% about 30% about 40% about 50% about
60% about 70% about 80% about 90% about 95% about 97% about 100%
identical. For exanple, the anal yte-Bbund nucleic acid may be fragnented
to produce fragnents of different sizes and sequences of copies of an

anal y gl & holb¢! & eoddémlyandkéd§o0bi@P JiRQay Obr QH&%H?r DO -GssdLibleQr ent
probes may attach to anal yte- bound nucl eic acrds of sinilar sequences

and/ omad¢cudss. Theansdyre naysheanyesxtiree ! sk feegresy efanpies. Residytscintppoteths

nucl ei i may .be .essenti al. the.s ; . however ,. t.he anal yt e- bqund
nucleﬁ%@%ﬁéﬁ%%?%ﬁﬁ?@%ﬁ%%@é%ﬁ%%¥W8n?Hﬁg € Gt Eg ot mi 00&? FPRobes
may beheiphb®fnine, phbsoaiBlife, MoRbBEBYL a?%iﬁﬂe,”@d%nﬁl@i{*ﬁ: Mhdhl roffipd €s and
a first copy of the nucleic acid may be attached to an oligo tag of "a
fifst apryperic domgthek agining, sed Bwdos dpy obkrinadibyliugheikxanpiad ofetheppraitinached
to an I f a .probe. ernat.ive th equences. of. the
anal yP st m@UAEERNE oI RRE nuf ol ST EY o, 4a50EH ERE T rRtigt e

pr obe SU@ylationdi dnflediarifide bond gxampion, Abhlsidtdfatibreidmeivid Wistlrkioh @ft he
anal yt ebound nucleic acid may alter the sequence of the anal yte-bound

nucl ePSRERgsoclafedprst-Hapsieomghmedificationsgis ag|imgertanigpakication of $he weded may
attac i - | e i e l.i.go _f,ag of
a secgﬁ%q%?g%g&i§§ag?%%%ﬁm?gqggg§g%hgfgﬁ%?fggeﬁgﬂéguﬁﬁgf%?§g8%$g7Celerein
t He sboesgncliSeraftiatioe, dnd st thapadgresidnoafndisased eich aachaeandsecaik of a
anal yt e- bound cl.eic.acid are different. 089] The anal yte bi ndi ng
domai ﬁovﬁg%‘ily E‘B’H’;{fﬁag‘é“ ghougeig Agids 15eyiating geirtos: Agalyris obilis cenamesrygide
embodiiRBibutioh BEhiddheaRoc] ' i ' ion 20
F0000] b e e I B S BT on 1 e
gr oupalcOnGi Yies rige dmpamaritbapgilieationantfi thodyethpddghatniars wodl totshely ¢pigiretio

const such as_domai ns, .which are capabl.e of hinding.to an .antigen
R e T R T A S e A R N
oite epidpthisstembf dik@séduchas¥aricsr.sel ected from the group consisting of 25
monocl| onal , reconbi nant, polyclonal, chineric, humani sed, bispecific and
het er 988§ ughccanahite-bowdrucleic ariddra. vanegptamiceiel actdi micleic audmiuglednadibody,

chai o QS RAITRE' LonpREARCRBER, Ynle' SiEhiosE NI et or
t wo ODNAD rpdasptid HENSATRN Aemattuteg ast DRPOWIth8AiNer seRiiled! DNEher &NA Widn

bi ndi hg domai ns of two or nore probes may the same. The anal yte 30 bi nding
domai DY O QfRET sRarprgRls. gﬁea%gmha@nwnh@ewclew%w sirele 9t doutipptrandadl e,

the anplad Sib) ?Hé REige :ﬁ@iidr}ﬁ%)? e RWQ &f DF@I. elnﬁfngt%ﬁ;:ﬂogﬁ%ergi {4 alrlagytgﬁ)%uﬁ@ me

transcription factor. In an er exanple, the an indin omal ns of
t wo oructee ecigrisJ¥NAmity sbinkdnstendehetheamalyt@boanbhydleic apill ishe nadalcyictd may

bind to e s nucl et ¢ aci ds. ternatively, the anal yte bindjng, donains
of tv&)‘mBﬁ Hot @EERDS&EB‘%{%WVFQ, %a@mi&ﬁa@ PrElet it Vo MupkE 31 yt e
nmay bidueld R 4 Yi@ns%ﬁpﬂ?ﬁ @acithef fTRE %ﬂy@%&ﬁgcn&%lg %téid':rﬁﬁy S8R £ mdifigyapal vt e

bi nding domain of a first probe may bind to an SPl tTanscriptio actor
t hat nusisipasid The andlytedroundaiveleic adi dnagndlst rentain one or more base analogs.

25  Examples of base analogs include BrdU and Brdl, which may be incorporated by puise-

labeling cells and may serve as a marker of newly replicated DNA. The analyte-bound
nucleic acid may contain covalent modifications, including modifications resulting from
DNA damage. The analyte-bound nucleic acids or the sequences of the analyte-bound nucleic
acids attached to the oligo tags of two or more probes may be essentially the same. For
30 example, a nucleic acid may have multiple copies and a first end of a first copy of the nucleic
acid may be attached to a first oligo tag of a first probe and a second end of the first copy of

the nucleic acid may be attached to a second oligo tag of a second probe. The sequence of the



5 anal yte bi ndi ng domain of a second probe may also bind to an SP1
transcription factor that is bound to a second nucleic acid, however, the
first and second nucleic acids bound by the SP1 transcription factor may
be different. The anal yte may be at | east about 20% about 30% about 40%
about 50% about 60% about 70% about 80% about 90% about 95% about
97% about 100% i dentical. The anal y%% bi ndi ng donai ns of two or nore
probes nmay bind to 10 two or nore different anal ytes. For exanple, the
anal ytealpieridund ndciniiacidsfmay be askeagirabbet 2y, dbond3d%, sbaut 46%c rb@ttiSoPe,f act or

dth | bi_ndi d i f bi nd ‘
' ansarpoDtmabow da Fiet S0 hot SR FoBA B VR G e RS AR DREh. an
anal ygg Eé%%ﬁépﬂs,sthgidhgﬁ%d%lﬁﬂ'ﬂgcléig RINHEY HeCrrAghchted &S P@ﬁﬁé@hﬁgmﬁﬂ@ ofnal yte

bi ndi ng In may bi'nd to a transcription factor that is directly bound
to a duftreitcizasant sejbhtmenal comeyof danrmakiabyund myicledti amd asd themdiicndagsedf bi nd

to.an analyte that is indirect] ound to a nucleic .acid.. For exammle, a
t rans&%9 Bt %'(S)Fle Iﬁjggfe&? PEabst May a&‘ﬁagtégb:o[ Wij%%%ﬂ‘&mf%u%elﬁ a‘&iﬁ%f’g Slg]éﬁfj ¢ uﬁﬂgr%écr ui t
a trapsebt BEtONalsopRaakhy@kOthe sEhBerdce0s Giid Mal @B-HeRL hinvaicalcid¥ayiapibad t o
the transcription factor, thereby indirectly binding to the nucleic acid.

The ansseytiadlyshe samey hewiersnn thef analyée-powidenustejc anidheolesulen attpehsd de thepliganal

coactjvatoer. 20 100931 In i f] 2 I i.ndi domai n
o oaC s R o8 ko REnkROPbel a0 1 SR FEMbrarkdlE iR 208 alhyaBe Bifle o T
t 0 t heosiedBndd diksitc@py loff tanahdlec aeidomdy ive rttacHed do fanrdigoang by t dirkti prdbayg

domai n_and said second_anal yte binding domain are capable of specifically
blhdi mereas apsqoad eapy afithenuslsic 4cid Bigy aflaghed sapRe go tagpt apsepend I&H%e-second

pr obe i t i 5 I i tfre
first %@gﬂggéslgt%%%%gk%sg%@%@ %1 t he gnadﬁd;acg%a%t%%?iﬁ@e OFgggalﬁleg one
enbodiwent motdhprobéegmty dba dsfifepntniyr canpile,ske atachmentca a linkgato the anelyet-i on or
an enzymatic ligatjon reactjon. In one enbodinent, the ligation step is an
enzy _?@ P‘i“é%%_?i%‘Id F"é‘éic%eé he SeaysBY T %a%iﬁgﬁa%w}lame é@z@wﬁfﬂﬂ& t

l'i gat . ohnf183CfiisPBli Iof 2 rsBprobd 8RS -atthth ANENRAPaRiMeMoiBNhucléibacildimase may
be a tenpl at e-dependent or tenpl ate-i ndependent |igase. |In one enbodi nent

at¥or disagpridooligretagedfondecmsngquobe iy dtiaglhde aj sscend amgdytatbound peldienacid.i gase.

Da | PBaEe: T seigieeb Ao Fiop BT e bl T8 4i4ESREpg SRR SGRT o1

nucl ehgeidieiadid dr@@FRrenUch as a ri bozynme or deoxyri bozyne. In one
enbodi ment, the ligase is T4 DNA |ligase. In sonme instances, the ligase is

an RNI08Pas&he aetlytgdindingeipmpingmsse CONDOTHN FEANGder HHIZER GHAMNPTAEE. known

to thpse of skill in th It . ar Il . anpl e in Sanbr ook
ot al oo e REnREl AR AL & M pul B R P L e

i Ieor M9l edihenei embydimehernencatifar baddingwrpeiess shetteddfomnticudmupsi ng
T4 DNA Ii.s%;se which _catalyzes the for rrglti on of a phosphodi ester band

bet we&pnsisRE Hb saEhodes, aﬂ%%?ﬁvafr@graﬁﬂs gnd QUIeF BRQFINCOPFHYES: SRCHRHARRABNA or
RNA Wi b d. st & ntiddd TNA e dndd [ I ;
formati orlllb%?@%)a%%o%ﬁ%@'lhgs@gjrq %B%%— "bet Wgen j%ﬁ%’o@ggﬁgé &pagéfg%gtgmgnd 10
3" hydravapkibdbdyr.m ni of two adj acent ol i gonucl eoti des which are hybridi zed

t t t t : E.. [i. DNA |i ich t al t
f or maltOGR] of T Ry eHRBIREEE She ETroDe HewEssS b Bt SoSpr GuRRaRe Und
35 hy Hfo%é’ll)%él,efé%il%iﬂaﬁt, HADY QoD £:0AL, Anith &80 B%?%d{ﬁc apd %éte%lﬂnjﬁ%at@NA

| T'gase which catal yzes I'igation of a 5' phosghory ' eic acid

i _ ) term nated nuc
donor attibodied; ahyhgbex whrigkde nilemaiad adomairc aatbefiyacaovigenrbinding hfragrgents.he

formation of .a 3'45" .phasphodj ester bon upst.r at i ncl wge
si ngl W@R%@%ﬁ\ﬁe%ﬁﬁ%ﬂ@eﬁ - REF © %m%?’hé%g%%%sl adlg pafllra%bbsho'sphat es; or any
ot her (g hodghe@fslicdsidding ddheaidd bf tl® 0P Aord\@yshrt agEObS hiylealthbott80%i C
acids | ocated on the probes as described herein may

identical. The analyte binding domains of two or more probes may the same. The analyte
30  binding domains of two or more probes may bind to the same analyte. For example, the

analyte binding domains of two or more probes may bind to the same transcription factor. In

another example, the analyte binding domains of two or more probes may bind to the same



contain uni que nucleic acid sequences suitable for anplification of the

| igated target nucleic 20 acid tenplate by isothermal anplification or PCR
using nucleic acid prinmers that specifically recognize the uni que nucleic
acid sequences in the nucleic acids |ocated on the probes. Alternatively,
the prinmers may recogni se the unique_nucleic acid sequences in the nucleic
acids |l ocated on the probes together2@wth a sequence located within the
target nucleic acid (locus specific anplification). 25 [0098] The target
nucl eiagalgii ad iy aradytamaly itindi thy spoé yudeiaseide Wdtammatvalyt themnaFER)inding
isothermal anplification, An exanple includes, Mattila,et al,, Nucleic

Aci s GREITS £ D) gEOrC 9SS RAY BFIG (G Th B HOHEYE; hegyayismreiiad i n
thei r (@akb @GS diféred! duchiE BERISSForR&BmpRa IR aiAt ItiAdiAS UeMafies e Ggst MRy

conprise PCR, real-tinme PCR, reverse-transcription PCR ~quantitative PCR,
emul siporbeR@Ry bihdolol aat SPCRansvoiptish daatorPBR; isi bpusd tto aFORE nidieie askl #ORhe30

multipl ex PCR. Vari abl Nunh of Tandem,Repeat VNTR) .. PCR . as fric
nok | Bt Sreiing QiR aseCag nibe BEY S e St b a8V TS por
col onyoftRio Déecthdhicdic BGR hdWeke bt afIcbid 6@fidio Bcidebhiad ompISPses

PCR. Non- PCR-based anplification 28 pethods may al so be utilized and may
conpr freBsaEprien gadorgmey by ctifferent. akhs aralde maynby MOapst abpuh3ei pequwsRiedi at ed

anplifjcat)j o, N 160AC) e - fof i ' ( A) ,
R s A R A S TR L
agl idDV%ahb@n # 00% identihe -'Hh@IaQHIIYCEI Hn?ﬁ@ ldbfriatataf oWo obn{oBOfdbed mapbind to
enbodi nent, the |igated nucleic acjd tenpl ate y be denatured prior to
ahdl i $WR 8F MoFE dlf%re@h anadyigh dioenemplenghe AR Homaimtiadust piehg may

treat L a%sﬁgﬁfémtfﬁ&@# Mthe iaﬁalgt%gjl[iﬂcﬁé%ﬁéﬁhgﬂtof g sEc%ﬁng@%égglﬁ){ biadklg range

sel ecte romt roup consistin m about 70-95 75-95C;
about tr8fsceipGomat ccoabiptator8 I-heSanalsite limbng nloodinsembly itk telenadnatdg ithat step i s
carried opt, at 95C. 1Q[00100].1n one enpodi nent, the denaturation step is
carri 8Hed beyd 1 abev%a 0 Rl ﬁs&&%fs&é@%&a&fhn@ Ehfabout

1- 30 maAdieRon BRAM A 12BirERUWRSAANd BRI ackt. Mt ANERS thel MMaRBEDbinding
enbodi nent; the denaturation step is carried out for at |east 3 m nutes.

The adpinainsceay bmddo ep analyte tmpris setizgciho bywst tse nulgicracid dor egample, a
ot el L 0 g SRSy CRSIPUTRY I8 S
cycl egotivitelr ThE tRs@RtiOAdSoacibiiof Riay30irtie GOMES raddiplion &ctot,Nthebd a
final extension at 72 for 10 mn. o ) )

indirectly binding to the nucleic acid. The analyte binding domain of the probe may bind to

the transcriptional coactivator.

20 [0093] In one embodiment, the first analyte binding domain and said second analyte
binding domain are capable of specifically binding to the same analyte. In another
embodiment, the first analyte binding domain and said second analyte binding domain are
capable of specifically binding to different analytes. In another embodiment, the first and
second probes bind to the analyte simultaneously. In another embodiment, the first and

25  second probes bind to the analyte sequentially.

[0094] In one embodiment, the ligation step may comprise a chemical ligation reaction or
an enzymatic ligation reaction. In one embodiment, the ligation step is an enzymatic ligation
reaction.

[0095] In one embodiment, the enzymatic ligation reaction comprises a ligase. In one

30  embodiment, the ligase may be a template-dependent or template-independent ligase. In one

embodiment according to the second aspect, the ligase is a template-dependent ligase. The

ligase may be a protein ligase such as T4 DNA ligase, Escherichia coli DNA ligase, or Tag



[ 00102] Detection and quantification of the relative anounts of the
anplified nucleic acid tenplate may be by quantitative PCR (gqPCR),
including real-tinme quantitative PCR In one enbodinent, the anplified
target nucleic acid tenplate is detected with a nucleic acid dye 20
suitable for real-lime gPCR such as .9YBR Green or EvaGreen. In an
alternative enbodi nent, the anplifi target nucleic acid tenplate is
detected with nucleic acid dye such_as ethi dium brom‘(dj@i@llt éozs#al n_ an
al t er Bal4 hgamb@@m@tmely, tth@haaserma!é b adpicigic fgid ligpters
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hi gh-t hr oughp Next Generation DNA sequencin Exanpl es of
h2@h- atid mughlptct byslsqbgmml agplificititeor BeR vsing n{ gic| 5CH PrEgers hat Egerg(ﬁcally

Th t Ma P |l

sequoREPky Ah prbaublsinentg et bt PR RALT T, aihne BRIGEY
seque EAQ!eﬁﬁlitwélg NIREPRIAORAHS] BicoERige @i liiqué hacieitaicid riduendabldn ibnobalbic
sequencl n

Heli oscope(TM singl e nol ecul e sequencing, Sin Mol.ecul e
SVRT( Fijls degledrai ﬂ@ Pfﬁqﬁgtpée'\t/{‘l@l w@glaesqqé%ncet lpgated rKiAID) thgg %w%hf‘dc aidnopor e
DNA Sﬁguesnm ng h}[cé[l %gn Bi ot echnol ogi es sequenci ng [00107]
Advan &%o@gfly Wucli ¢ acids |ocated either on the pr obes as
descr iited] herak ﬂa.rget nucleic acid may be amplified by polymerase chain reaction (PCR) or

isothermal amplification. An example includes, Matiila et al., Nucleic Acids Res. 19, 4967
(1991) which is incorporated hercin by reference in their entireties for all purposes. PCR-
based amplification methods may comprise PCR, real-time PCR, reverse-transcription PCR,
quantitative PCR, emulsion PCR, droplet PCR, hot start PCR, in situ PCR, inverse PCR,
30  multiplex PCR, Variable Number of Tandem Repeats (VNTR) PCR, asymmetric PCR, long
PCR, nested PCR, hemi-nested PCR, touchdown PCR, assembly PCR, colony PCR, or
digitai PCR. Preferably, amplification method comptrises PCR. Non-PCR-based amplification



or on the prinmers used to specifically anplify the target nucleic acids
ligated to the probes as 25 described herein nay contain uni que nucleic
aci d sequences suitable for processing the ligated target nucleic acid for
hi gh-t hroughput Next Generation DNA sequencing or library preparation for
Next GCeneration DNA sequencing. [00108] Advantageously, the nucleic acids
| ocated on the probes as described B8rein may contain a randomni zed or
partially random zed sequence that can be used as a nucl eotide "bar 30
code” pRfhod8 hﬁ?%ls%%tlﬁﬂﬁ%&i histemky Boraprideemltipledibplate riedemhplificaton GIDA),
sequence). Alternatively, a nucleotide bar code or unigue, sequence

i dent irfiseriptemmsdiatedd edplification; REMA) g aWrlsie Wp sepemeerdased rPdnfEi} 159HPR

| he. pr ob i acid i b edsRUTbe: |
o T TREb8)L el DisB Ol inBlific Rt P2 AURMESPATORIAL HEdRe Cycl e
nucl ehﬁ?ﬁﬁ&ﬁghj ?aﬁﬂcwltopf@wmﬁ_ ;ptlif"ﬂzia’ci?n.Et)l\ktg\nic que setquencg i dent i }‘i ter may
bl e absol ute quantitation o ragnments and/or, anal ytes or
?gr 03@99]1 e Hceug a@pg@imegb s figgiee %“%ﬂ%%aﬁgwqftﬁén?yeﬁﬁﬁ@%mgﬁ _LPﬁ'(ﬁ’éﬁ?: e of
the D% fhtﬁ@a?i%ﬁﬂtﬁl &fﬂedé@{m@%%t@% d]'gﬁz}fuﬁﬁoﬂ%ﬁﬁa%ébeﬂea?%@ﬂn&@ hit@hhe:®
gnpu 0109

t hrou sequenci ng dat a. The uni que sequence identifier (e.g.,
uni queacittent isfdagidd out = eqempemjurcdy thyeraage ademet]l fronx the grepyeensipjing o

t ochast i - h i id i ficati b . dt
Che t BPEeALoRy T8 5 Ay S cbad Yo inepoteER ST 1B BERRPRELT T on
Seq”eﬂ@%‘ﬁ?@i&ﬁéﬁﬁﬁs Eaﬁri&d‘@utta@!;ﬁ)gﬂiﬁ. prior to anplification of the target

nucl el ¢ aci he target is the 10 target nucleic acid or analyte,
the ufdedoe)] i teond émbadiment, Swodrntestionsjerbis catrtedae dortoperind selectpdtirft er

fragnentation of .the.rarget n ei.c _aci f . ) i nker,
af t er NSEQUHFRRSISIRE Of ﬁ%“%%%teﬂgéF‘lﬂ?t?esdlﬂg?'galé%(ghﬂﬁ#%a Fi gﬁ H%tfpé%}eﬁ?lg%éget
nucl eie RE1 GnbdieBnt HEe dahdBiatibe dtde id ichkRd, owrr fikeat Rastl ytminiasdi e
region, or oligo tag, the unique identificatjon sequences he attached
to t hemphifigeionistepansy emenyissei nolymeFaseRYRITF Icagion sy 1vinernal 3upiylatioc) ei ¢
aci d. r..15.examle, .th i i tif] i : ;

ncor SSAN Bt R Brfbyoiiy h IIER sop EbpRs MORUPRER Bhifienction,
| i HkepOR). t e PCRERayt @nipiBctigregetes m@s €ifor ¢ batonds, 6HE far ARecconds, 72°C
respectively. (%00110] The uni gge identification sequence nmay conprise

nucl eifer Zawite gnq e figal exauaioniaA; R BNRIMybr i ds), peptide nucl ei ¢ aci ds

( PNAs i%qlfoﬁft [fegé"é%{l] $8d Qﬂa{fﬂ}ﬁaﬁﬂf?iﬂgﬁi&iaﬁw 6mafnR A% ampliidRlcldiabeEal |

chem y* oi "birochem nodi fied, non-natural, or derivatized
nucl eeinigichasese bflyeantitativei BCRA)BER Keiyclodingitealttons guantigaitye ICR. In one

doubl e- stranded, The_unique identifi.gation, se n b -singl

nucl estpadimeat, ghe aﬂ’@@%ﬁ%&’éﬁgﬁ“ﬁ 1c a&@m@&%ﬁ%ﬁﬁ“ﬁf@o&% &arﬁlgg?%g{ﬁg dye

ds@xy LI iR e -ﬁ%?@ﬂﬂ%é GBI it dravaBREETICR dTRyniQ8babodany, one
tgge %@Ydrﬂlstljc 0eotaf1 de (e.g., ol isgodT or oligodA). The unique identification
sequetipeamplifieciotatgat nudéic toid tomplas is dgtdctaswith npeleic asid; dresugl ag ethidigmG  CT,
CA, TA , GI, GA). The unique identification sequence may be about 5 to
about PE8flfic| eoti des, about 5 to about 40 nucl eotides, about 5 to about 30

nucl egii1d6s, [RRAULIEMAP2ERVbAIIARNT UGk epliindaSusedr inalieuyPERt detaktinmt i
nucl eoti des. [00111] The uni que identification sequence my be _ .
i ncor pomatiswa deteaablihdabgl obeampey of labels that may be used include, but are not limited

25  to: fluorescent markers or reporter dyes, for example, 6-—carboxyfluorescein (6FAM™,
Maxima Sybergreen (Fermentas), NED™ (Applera Corporation), HEX™ or VIC™ (Applied
Biosystems); TAMRA™ markers (Applied Biosystems, CA, USA); chemiluminescent

markers, for example Ruthenium probes; and radioactive labels, for example trittum in the

form of tritiated thymidine. **-Phosphorus or 33_Phosphorus may also be used as a radiolabel.
30 [00104] Alternatively the detectable label may be directly or indirectly attached to the

primer and may be selected from the group consisting of electroluminescent tags, magnetic

tags, affinity or binding tags (such as biotin, avidin, streptavidin, HRP, protein A, protein G,



30 exanpl e, the probe may conprise an anal yte binding region, oligo tag,
and uni que identification sequence. |In another exanple, the probe
conprises an anal yte binding region and oligo tag, wherein the oligo tag
conprises a |inker conpatible region and a unique 31 identification
sequence. Probes specific for different anal ytes may be distinguished by
the presence of the unique identifiéd&ion sequence. For exanple, the

uni que identification sequence for a first probe specific for a first

anal yh@iteaiesbe dhfhenenhekof, goisiacalite, INBheFEp€Eritddse nhwr taesp enohdtidaal yt e,
wherein the first and second analytes are different. Probes 5 specific
for tBrsusRgeetaghatopition weeiligi peeribivressendl 98e Prmdupdnesedlt dags, TvaiFseado be
di sti i d h rese of e i q Ldentd.fi i quangge For
exanpﬁ%%mﬁﬂg & %ﬁ%egPﬁkgii?%%gff%%gge énce o? g&%kﬁg% %?% e conp??sing a
first pessphythse, perodidag: ampheiferasy), blectiod den@sticdeptors wedmndn Esivixe dyes,
conprising a second anal yte bindi ng reg%%ﬂ, wher ei.n IE@ first and second
anal ytHoBmERicHHbsEirs s ilianty; ArYPE fgs WED 989 1S | PhSFISR BIOPRRIES SUEh #8 t he
same affkt SiPlAE kR, AhiCRYCr3h, RO AGAL:, PhIaHAiN HSARGAnEE. ¢ he
uni que 1 dentification sequence. For exanpl'e,  the unique identification
sequefd 0fpr The fmatlsid py deseribednbeiedi frgsutabler & usaahya eanppledil feshdigben may
be different for second probe copprising a second an te bindin

r egi o OZGRNETHT: AR RIPETVePsie O ?’ées‘f)rivﬁ‘gﬁ?%leT et ong Pat &4 ggnti cal
or si FipiAbgica REmBRI AWsh-1ifeiMd EdHa1E06F KERLRAL QifAYs Belude Wholiblbsd 6r aci d
sequence ich may distinguish different target nucleic acids and/or

i tent cemporsnt dharedfate.g. aplgana,nserim),cume. dglivEdymeka b dluid.hspuliemqigars,

identificati.o equence. f or i.rst «target i i i rent
£ om CHEST ISR pioeieo B a8t bR Sy PRl S doBY fuf BTN
ol eChlelst MAIRS Pl ahdehsaamanCcas @fe thbBoditdeat tanthrgacandeit arcgesampicliei ¢
acids are different. Thus, the unique identification sequence can be used
to di somgtinsh di fferent target 20nucleic acid nol ecules. [00113] In

anot h i i - fd I | r.get

ucl o 01T ke s lfe P B TubRRTALAS BY bRUAERITRERN, Pl MBlE A o
al secondificatgedt nuddiei widcinthymbt estietedwher egnertche seghelscashods thigh-f i r st
and second target nucleic acids are .ide tica]ﬁ or, sim/lar. Thus, the unique

I .
i dent MrpREPRO Nk firafielor dAN e Seusteing bratplig @l dHehaPyghiyh scqugncing

occur F@ﬁﬁ%sbﬁfmén&ﬂﬁﬁ 84 R GhRk qh%_%n@utic-gh R/Idéﬁivlél&}@’ajréflré'ﬂtsiéﬂaﬁﬁé SedueRggEence

may al so be used to distinguish different anal ytes. For exanple, the
uni quéMPasHtRdlémyasdquenceg) uETc pyosrquanding,s tllamatay (Soleray sbeueticigze FOMDT r om

t he uni que .identification sequence. for. a seco yte erein the first
hnd S SRASHEFhal g SCRon g P SEecIng0 (0] 1PHENn e, PHSRATE Felre
SEHIUE e RodtBYe(@VPOsiRBlcUaRIduR dbgilchfiay] Shdladinviesulal SR TATMYN sResngf an
anal yte. For ‘exanpl e, the unique identification sequence for a first
anal ySmghaMdesulti fdabrtione (RNSYR)t sequensingy Nangparei PNAatsp@ensidguehcasiish a
secong. anal fe wherei.n the first and second anal yte are identical or
siml F?a$ﬂéogﬁfaﬁ%wpag%tification may conprise a

[00107] Advantageously, the nucleic acids located either on the probes as described herein

or on the primers used to specifically amplify the target nucleic acids ligated to the probes as
25  described herein may contain unique nucleic acid sequences suitable for processing the

ligated target nucleic acid for high-throughput Next Generation DNA sequencing or library

preparation for Next Generation DNA sequencing.

[00108] Advantageously, the nucleic acids located on the probes as described heremn may

contain a randomized or partially randomized sequence that can be used as a nucleotide "bar
30  code” or unique sequence identifier (e.g., unique identification sequence). Alternatively, a

nucleotide bar code or unique sequence identifier can be added after the ligation step by PCR

using primers complementary to the probe nucleic acid and a limited number of PCR cycles



32 random sequence, predeterm ned sequence, degenerate sequence,

sem - degener at e sequence, m xed sequence, anbi guous sequence, or wobbl e
sequence. Preferably, the unique identification conprises a random
sequence. [00115] In sone enbodi nents an anplified unique identification
can be hybridized to an 5 array. Si | fromthe array can then, for
exanpl e, be used to count unique oc rences of a bound anal yte. [00116]

I n sone enbodi nents the nethods provided here are used to detect and/or
quant {abpunBRCRuestlys)e Thgging eackelo€ithe arsibd swsleipupdidimaeistyrleirgeiddigaiphe a

pool of .probes |abel w th barcodes can be | oyed [ t 0 LTy,
and dBtodEEs ﬁ? Fp%q%nﬁqq&?réqeb@ﬁﬂtﬁ?w@%iega@%ecg%g h}stlg @u%?%g[ﬁ%%ﬂugf;w +n some
enbodiaBRbss taRe/oR 288Gt @dinkrok Mg andrayPdr {dnbifititg witaWHidk thepleltieei N a
single reaction vessel. High-througput next generation sequencing,can then
be usakindandedehithe \PNhafrggaenss and/asuenabites aaydse wistesmnegy bared s t ed
wih rticul ar bar de. In sone enbodi nents stochastically added
Lwéqugu&%gﬁPf |%%¥?1 da(slzzg')can be used to | abel the pool of probes allow ng

t he dji@ive] Theniniqig sdquetidd idunéifiandé.yt ambqeniientifitation sguetseprmdyb banal yt e
bi ndi ng events. In sonme enbodi nents arrays are.%%ﬁgpto detect the %esults
of nuftached i@ dheptasssd by dglasgasticorye4ess- VR RIS B Ofray

furt eg, GOIRY 8 %Eg%ﬂ&?ﬁdﬁ S&égg’ﬁiégﬁ?eﬁlgfi ¥RUnRe i@ntFRM I el Nehce

prot el ns and/ or ahalytes fromthe sanp n some cases, the nethod may
f ur t hisratiachdrto slee thegenpriat to rgpificageresStha gargd euclevswid. (Wikdnthe tagat i ba,

o P <ot ulese, A3 or s hiie BF awii Heifholol FrEbfisghet b teeii ot e o
SM Nafalg et aéﬁea%létgleﬁéﬁoﬁ QUr Bk AR hudRRULCIE IYRYIfitatBnént, ofdihel RaGE, aRout 3

hour s, hour s, ours, or 6 hours), thereby reven5|ng t he cross-1|inked
r eact attavhmient afrtbe hrobe exramivir éo awatifitasion ed pheyarghbrucsic agid aWbae thegazebisabout

100C f,or.. eriod of ti sufficient to reverse . - .1 nki t ween
the alte yRebamatreit PRt et Bt Jile" Glibs SuldiE SRR IR0
| east nabeetatcHEIRo tH aPchin 28 ﬁb}ﬂ pridOtordnfplifdtith 8f the Garfietmuciic £Ad. Mo
[00118] The method as described herein is suitable for use in a sanple of
f Fes hexangache ppise identificadon pegugnes may hedsernerdieddiwally anfa /by laksigol
Presepy ! : €); 210 PhC@loc? AURLR: ach] 8 881
sanpl B?%%ﬁgloﬁzyg?a%%% nﬁl&gplc?glll%%}{ 0? &%ﬂ@bg} Qﬁew dge?)r cel I%:ﬁ’f rom 3 grﬁy
or gantespactireleguent |y the sanple will be a "clinical sanple" which is a
sanple derived . . . . . . _
[00110] The unique identification sequence may comprise nucleic acids (e.g., RNA, DNA,
RNA-DNA hybrids), peptide nucleic acids (PNAs), that comprise purine and pyrimidine
20  bases, or other natural, chemically or biochemically modified, non-natural, or derivatized
nucleotide bases. The nucleic acids may be single-siranded or double-stranded. The unique
identification sequence may be a single nucleotide (e.g., deoxyadenosine, deoxycytosine,
deoxyguanosine, deoxythymidine). The unique identification sequence may contain only one
type of nucleotide (e.g., oligodT or oligodA). The unique identification sequence may contain
25  two or more different nucleotides (e.g., CTAG, CT, CA, TA, GC, GT, GA). The unique
identification sequence may be about 5 to about 50 nucleotides, about 5 to about 40
nucleotides, about 5 to about 30 nucleotides, about 5 to about 20 nucleotides, or about 5 o
about 10 nucleotides.
[00111] The unigque identification sequence may be incorporated into the probe. Ior
30 example, the probe mdy comprise an analyte binding region, oligo tag, and unique

identification sequence. In another example, the probe comprises an analyte binding region

and oligo tag, wherein the oligo tag comprises a linker compatible region and a unique



froma patient. Cinical sanples provide a rich source of information
regardi ng the various states of gene expression and copy nunber.
Non-limting exanpl es of biological sanples 33 include whole blood or a
conponent thereof (e.g. plasma, serun), urine, saliva |ynph, bile fluid,
sputum tears, cerebrospinal fluid, bronchioalveolar |avage fluid,
synovi al fluid, senen, ascitic tumowl fluid, breast mlk, pus and
chromatin. Biological sanples may al so include sections of tissues, such
as frRrenfisfohi efsenet. PRbERLRII kediFachi ansytalan Heodistrigihbd@yant 5
purposes, which may include formalin-fixed, paraffin enbedded (FFPE)
sanpl presensd efatis! eviqueridentificatien eeresnce FEPE examplee $ha upigye pideptfacatian | y

i mportant source.for study .of } b i i ds
can bipenSl G0 BrtireteRs Bh AU Cont SR, OF RhuTar asEhet frcpe) (2

sanpl gsecHlc f@UNdcONPahaitel evhefte thd GFst @dnptand Spdak aretdiffbrenAmPRettch .
(2001), 158(2):419-429. The sanple may be froma tissue or _rgan_gﬁéh as a
ki dnefpecifioder themgms apalyteabut dilflprenbinalite Ripding tseigns. pray Al be disingisiader |

esoph I r, - Ski: mna, Pyé&hﬁ) . :
trachggﬁﬁg?%%%%%?fﬁ%éFﬁ§§I?ﬁgﬁ%l gf%ﬁ%&ggg een, %%sﬁig?m%ﬁg$ﬁh?ﬁ¥ggtine,
st omasdyuepienala dsapobbe kongrisingrd first aoalyteebinilibg rrogiap meaydbe diffenent Janpl e may
al so be froma mammual. (e.g., human key, ape, .pig, do cat, rodent,

hor seSeCeBiy Pralife EYRPIRIAE 2 Secimd analyls; bRgHEy Eaei. il ,tga%ﬁi HidcconTy;

I zar g o1 sk RiindfecfofP bie @ifere[ 00119] A Dbi ol ogi cal sanple as contenpl ated
herein includes ciltured biological materials, including a sanple derived

f tom FI1E 2} eBrabes pscifsubin the sane ehilyisebipding ragionmeiyny ¢istiaguishefl dyyi bal

| to. a lysate, .h t tract from-a whol
o ganbenibe & SinufidyPRiiens FRYSHer PO FEBPE oo UK e g ©
or ganglgnesceStés 2 RSt Pribl %ngﬁsmgt@ﬁm ngklives biadingQeEEAeNMy BadifferemrfoRa

or .

fraction or portion there A bi ol ogi cal sanmple 20 may al so be nodified
pri or sacondipeobef opmpsisinglaesecond purliyts bidinenregions rrghessin 8¢ dirslopish seaend

di | ut] : r L fimat’ on. . G012 j :
our 1 Pete SHTEsERD ot HPRNCE0H: sins Phe Wit 1OBLREL b Bindffe s
f1pm audéatpt sthgenos elhedicmac didtingulstbeifiesad tapdtantleic deadslandiongdemxitalact i on

fromthe sanple. 25[00121] The nethod as qgggribed herein_is suitable for
det ecsirmlgr farggtawicleiy acadsy For expmpls:ithe vaigen 1deatifeaion; ssaveaea fam 15t [Argfled to
DNA by o .v] Skinki Ng. = Ler i Lfd I teins
that e Sk oy e sk B TRl AR S o0 a2l 1Rk
nmodi f hedtic anisl ablebild Whatinrthgwéqpieacasrofdbe fiel and sevonhd tapattinaclese afidgane
expressjon or. that result from DNA damage, .for exanpl.e, . t hyl ati on
7B canlptme By D RO ERER) SuoRn Gy ferras HeCp g Ty e
PhPt OREASHGES RSldaBdc! obut ane pyrim dine dimers (CPD); synthetic bases
incorporated into DNA such as bronndiééyuridine (BrdyU) and

1

i ododHEYBIF i Hi aeoth@r ckeyplavthe ingque idsetificaton sbeienerefirya fiegh|tangat aecloNA. 34
[00122]. .1 n_qnhe,. odi me t.he t hed as described herein is suj. e to

| dent g TN CPeiEFRER B8 L bt RRAROCBR SR P R derrrt e R B4 ent 1 y
I'i nkegholRuieWandicid seeRtudiad ¥t 88 fusi il fRbhd ek autibRtacalsere apatit4 of

bi ndi ng each anal yte, wherein each antibody is tethered to a different

ol i gosindlasothue the quéquse iden Bcastonp pestyercec 6ip P sisEy 18 distingwish individual
25  occurrences of a target nucleic acid. The unique identification sequence may also be used to
distinguish different analytes. For example, the unique identification sequence for a first
analyte may be different from the unique identification sequence for a second analyte,
wherein the first and second analyte are different.
[00114] The unique identification sequence may also be used to distinguish individual
30 occurrences of an analyte. For example, the unique identification sequence for a first analyte
may be different from the unique identiﬁcation sequence for a second analyte, wherein the

first and second analyte are identical or similar. The unique identification may comprise a



5 identification may enable the absolute quantitation of DNA fragnents
and/ or analytes. The rel ati ve abundance of the DNA fragnents and/or

anal ytes may al so be determ ned. In accordance with this enbodi ment the
met hod may be used to identify DNA fragments bound by two specific
proteins; or to identify DNA fragnents bound by a protein that is in
conplex with a second specific prot eln: or to i dentify DNA fragnments bound
or associated with a 10 protein that carries a specific coval ent

modi f kgdbinoRqugicagpradetemiintbshyjusmec dédenetatr seghencpr neidegensthitancqmnédody

specifi,c for the covalent nodification, r exanpl e, identifying sites
bound BE¥eda FegRRnge N BIOLERUS r SRABFRFE( XOF m&’ ogre?r‘lle%%d ?S?fg%gtyyr%@i 'WUEi ng
anti - patiBkRiol AR ﬂ@%’[%ﬁﬂ@éﬁ@&iﬁéﬁ&?i ne antibodi es. Advantageously, it is
possi bl e to use antibodies that are capable of binding the sane

post - {6(HAS] afn sova¢ embddifientst aroamphifisrhnyiqué ideatiBentiopraan derybridizaéto ghan 15
haying to generate or use antibadies that only, recogni.ze the

boxt s PRI hoeh eith (oS empLe ey ouf g Qg detimencss of &
sequeBssad dnaBie.@ tyrosi ne phosphoryl ation consensus site). [00123] In
anot her enbodi nent, the nmethod as described herein is suitable for_ the

i dent {#01d41 | &msae erabpdimentsithemedadrpavided daterre uisgn deted aadp guantify

anal yte, wherei.n the new v.repli i Br dU
and | e PR B OBl P LS P Bk R of BRELE R M =

ol i goBuebest ddebd etpRived tamind By, ihpdift,i dediasct hfipR4dnatyte-amotchaucieic

enbodi ment, the method as described herein is itable for the .

i #&nt peife siopdignegusbNAlT g erembedinRAt) @@&Sﬁwﬁ%ff E&nd&tg #i eBRLTCAEEY aper e n
one 0 ;

Fecogiis AT B B B e O e AR PPl o be

25[ 00424 tol idertitotahalytcebdodi mehtic atiie whidthhmey de sissdchéat With @i pariienlauharabl e

for inproving the affinity, avidity, or specificjity. of antibodjes or
apt anBPds: o easinenth SostslisAbyAdded wdlans jdspt fodign s AmBr oS a0 ¢ st
anal ye op%'fff)goﬁig b&i@g@xe% ikl Shutie08r tagipheindb@e bBRIPHEeidciis tdre

addition of a second probe cohprising a second anal yte bi ndi ng domai n and
alSecamlymwl| bigdingagyentsn $omemeasebodimhats adrfdyai arg  used iteli deject dhe sesalis fafcity

of the anal yte hinding donmain 30 may be inproved by at |east about 20%
about ﬂs‘@%ak%ﬂ&dﬁ?b%@éﬁﬁbout_so% about 60% about 70% about 80% about
90%  @501abPUtThd SiethoBs S&lﬁ@oéeﬂsﬂléféﬁﬁ&n?prﬁhﬁ& R pEISRchaatiAgOrdanlise, of

anal yte binding domains (e.g., antibo or aptamer) are conjugated to two
35 di fleastizating|dr giensagsg ppleasmRnd/areingly ey Sioas theasinaepo; 580 Ge5csi Bicer ent

el R SR i L BEOL SR RPLA g eppcaapige (e
obd gonﬂ&bgpﬁm&@%ﬂ{epﬁmyté Q84 26¢lelcnacih dtdresxampho dicnents-litked saephi tobyibey of
D o e DOGseos Shuuslrd Sy RIER L0000 Loat Canalipste to
ol i gOﬂH&JS?gb_i’ deRastBboli 3 hg{ﬂis,nﬂ hbiAe, §ABGENES @hbA8), HerttiSreCQTREhd QbsdMNAS, a
linked reaction. In another example, samples may be heated at about 90°C to about 100°C for
a period of time sufficient to reverse the cross-linking between the analyte and the nucleic
25  acid. The samples may be heated for at least about 5 min, 10 min, 20 min, 30 min, 40 min, 50
min, or 60 min.
[00118] The method as described herein is suitable for use in a sample of fresh tissue,
frozen tissue, paraffin- preserved tissue and/or ethanol preserved tissue. The sample may be
a biological sample. Biological samples may be of any biological tissue or fluid or cells from
30  any organism. Frequently the sample will be a "clinical sample" which is a sample derived

from a patient. Clinical samples provide a rich source of information regarding the various

states of gene expression and copy number. Non-limiting examples of biological samples



concentration may be found that suppresses non-specific

proxi mty-independent ligation. [00127] It is an advantage of the nethod
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25 [00121] The method as described herein is suitable for detecting a wide variety of analytes
such as protein covalently linked to DNA by in vivo crosslinking; post-translational
modifications of proteins that are covalently linked to DNA by in vive cross linking; covalent
modifications of DNA that regulate or correlate with patterns of gene expression or that result
from DNA damage, for example, CpG methylation, 7,8-dihydro-8-oxoguanine (8-0x0G) or

30 pyrimidine (6-4) pyrimidone photoproducts and cyclobutane pyrimidine dimmers (CPD);
synthetic bases incorporated into DNA such as bromodeoxyuridine (BrdU)} and

iododeoxyuridine (Brdl}), which are used to label newly replicated DNA.



15second probe. [00136] Methods for treating a disease or condition
characterized by aberrant gene expression or aberrant activity of a gene
product is also disclosed herein. Generally, said nmethods conprise: (a)
obtaining a sanple froma subject in need thereof; (b) contacting the
sanple with a probe, wherein said probe conprises an anal yte bi ndi ng
domain and an oligo 20 tag; (c) attaghing said oligo tag to an
anal yt e-bound nucleic acid in said sanple; (d) detecting the presence or
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015 Cah&il®tPgenerate or use antibodies that only recognize the post-translational modification in

the context of a specific protein sequence (i.e. a tyrosine phosphorylation consensus site).

[00123] In another embodiment, the method as described herein is suitable for the

identification of newly replicated DNA fragments bound to a specific analyte, wherein the

newly replicated DNA may be pulse labeled with BrdU and the corresponding DNA

20 fragments are specifically tagged using an oligonucleotide-tethered anti BrdU antibodies.

[00124] In another embodiment, the method as described herein is suitable for the
identification of DNA fragments involved in methylation complexes, wherein one of the
antibodies may recognize methylated DNA and another may recognize a protein bound
adjacent or near to the methylated DNA.

25  [00125] In another embodiment, the method described herein is suitable for improving the
affinity, avidity, or specificity of antibodies or aptamers. For example, the affinity for a first
probe comprising a first analyte binding domain and a first oligo tag may be improved with
the addition of a second probe comprising a second analyte binding domain and a sccond
oligo tag. In some cases, the affinity, avidity, or specificity of the analyte binding domain

30  may be improved by at least about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, or about 95%. In some instances, probes may comprise

two pools of analyte binding domains (e.g., antibody or aptamer) are conjugated to two
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[00132] Further disclosed herein are compositions and kits for identifying analyte-bound

nucleic acisd in a sample comprising: (a) a first container comprising a first probe comprising
a first and second oligo tag and a first analyte binding domain; (b) a second container
comprising a second probe comprising a third and fourth oligo tag and a second analyic
30  binding domain; and (¢) instructions for using the first and secondprobes to detect an analyte

in a sample.
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te, wherein the analyte can be bound by the probe as described
acid for ligation. It will be appreciated that the numbering of the nucleic acids in the probes

is interchangeable and is not intended to be limiting. It will also be appreciated that the
location of the nucleic acids on the probes can be changed. Accordingly, in one embodiment
of the fourth aspect, the first and third nucleic acids may be located on said first probe and
said second and fourth oligo tags or second and fourth nucleic acids may be located on said
second probe.

[00136] Methods for treating a disease or condition characterized by aberrant gene
expression or aberrant activity of a gene product is also disclosed herein. Generally, said
methods comprise: (a) obtaining a sample from a subject in need thereof; (b) contacting the
sample with a probe, wherein said probe comprises an analyte binding domain and an oligo
tag; (c) attaching said oligo tag to an analyte-bound nucleic acid in said sample; (d) detecting
the presence or absence of said analyte-bound nucleic acid; and (¢) determining a treatment
regimen based on the presence or absence of said analyte-bound nucleic acid. The method
may further comprise administering, adjusting, or terminating a treatment.

[00137] In some instances, the discase or condition is a cancer. The cancer may be a
malignant cancer. The cancer can be a leukemia or lymphoma. Leukemias include, but are
not limited to, acute lvmphocytic leukemia, acute myelocytic leukemia, chronic lymphocytic
leukemia, chronic myelocytic leukemia. Additional types of leukemias include hairy cell
leukemia, chronic myelomonocytic leukemia, and juvenile myelomonocytic-leukemia. The
lymphoma may be a Hodgkin lymphoma, previously known as Hodgkin's disease, and non-
Hodgkin lymphoma. Examples of non-Hodgkin tymphomas include Burkitt's lymphoma and
mycosis fungoides. Non-Hodgkin lymphomas are all lymphomas which are not Hodgkin’s
lymphoma. Non-Hodgkin lymphomas can be further divided into indolent lymphomas and



10[ 00148] In still a further exanple, it is described a pool of anplified
pol ynucl eoti des, wherein each anplified polynucleotide can conprise: an
anplified product of a genonmic region associated with an analyte;

uni que identification sequence or an anplified product thereof, wherein
the uni que identification sequence can be associated with the identity of
the 15anal yte; and an anplifié&d product of a linker conpatible
region. [00149] In still another exanple, it is described a kit
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further 30 conprise an_anal yte bindi . in. [[00152] | i1l
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probe conprising an first anal yte binding domain and a first oligo
tHy, wheosive tisseef Basomas iigdudeaghut carpriios dimided itmkeanecenmpen i fBIresareogidon;
chondrosarcoma, Ewing's sarcoma, malignant hemangioendothelioma, malignant
schwannoma, ostcosarcoma, soft tissue sarcomas (e.g. alveolar soft part sarcoma,
angiosarcoma, cystosarcoma phylloides, dermatofibrosarcoma, desmoid tumor, epithelioid
sarcoma, extraskeletal osteosarcoma, fibrosarcoma, hemangiopericytoma, hemangiosarcoma,
15 Kaposi's sarcoma, leiomyosarcoma, liposarcoma, lymphangiosarcoma, lymphosarcoma,
malignant fibrous histiocytoma, neurofibrosarcoma, rhabdomyosarcoma, and synovial
sarcoma). In some embodiments, the cancer is a schwannoma. In some embodiments, the
schwannoma is a spontaneous schwannoma. In some embodiments, the schwannoma s a
malignant scwhannoma. In some embodiments, the schwannoma is a bilateral vestibular
20  scwhannoma. By way of non-limiting example, carcinomas include breast cancer, pancreatic
cancer, lung cancer, colon cancer, colorectal cancer, rectal cancer, kidney cancer, bladder
cancer, stomach cancer, prostate cancer, liver cancer, ovarian cancer, brain cancer, vaginal
cancer, vulvar cancer, uterine cancer, oral cancer, penic cancer, testicular cancer, esophageal
cancer, skin cancer, cancer of the fallopian tubes, head and neck cancer, gastrointestinal
25  stromal cancer, adenocarcinoma, cutaneous or intraocular melanoma, cancer of the anal
region, cancer of the small intestine, cancer of the endocrine system, cancer of the thyroid
gland, cancer of the parathyroid gland, cancer of the adrenal gland, cancer of the urethra,
cancer of the renal pelvis, cancer of the ureter, cancer of the endometrium, cancer of the
cervix, cancer of the pituitary gland, neoplasms of the central nervous system (CNS), primary
30 CNS lymphoma, brain stem glioma, and spinal axis tumors. The cancer may be a skin
cancer, sqch as a basal cell carcinoma, squamous cell carcinoma, nonmelanoma skin cancer,

actinic (solar) keratosis. An actinic keratosis is a precancerous condition that can develop into



attaching the first oligo tag to a first target nucleic acid, wherein
attachnent of 5the oligo tag to the target nucleic acid forns a
probe-nucl eic acid conplex; anplifying the probe-nucleic acid conplex to
forman anplified probe-nucleic acid product; and detecting the anplified
probe-nucl eic acid product. [00153] In still another exanple it is
described a nethod, wherein the met B8d conprises: 10 contacting a sanple
conprising a protein and a nucleic acid nolecule with a first probe
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[00155] The nethod can.al so onﬁr.i se attaching a linker to the target

nucl eic acid." I# 8 RO aching step can conprise ligating the

first oligo t-agmé‘ﬂﬂiéoo{a SRR (AL b @ Gut Sorhfeseld IMBRF corhpatdnothin. exanpl e,
the probe is directfy %t tached to the analyte while in another 25exanple,
t e pfasie0] sid adithies ekdnyplay it ssodvectitted atthebaawhich can comprise:
» an analyte binding domain; and
- an oligo tag, wherein the oligo tag can comprise a primer binding site.
[00141] In one example, the analyte binding domain s an ‘antibody. In another example, the
oligo tag can further comprise a uniciue identification sequence. The unique identification
15  sequence can also be attached to the oligo tag by a stochastic method.
[00142] In another example, it is described a pool of probes, wherein each probe can
comprise:
- an analyte binding domain; and
. an oligo tag, wherein the oligo tag can comprise a linker compatible region.
20  [00143] In still another example, it is described a pool of probes, wherein each probe can
comprise:
an analyte binding domain; and
an oligo tag, wherein the oligo tag can comprise a primer binding site.
[00144] In another example, the analyte binding domain can be an antibody. The oligo tag
25 can further comprise a unique identification sequence. In one example, the unique
identification sequence can be attached to the oligo tag by a stochastic method. In a further
example, the analyte binding domain of the probes can be capable of binding to the same
analyte. In still another example, the analyte binding domain of the probes can be capable of
binding to two or more different analytes.
30 [00145] In a further example, it is described an amplified polynucleotide, wherein the
amplified polynucleotide can comprise:

« an amplified product of a genomic region associated with an analyte;



[ 00156] The invention illustratively described herein may suitably be

practiced in the absence of any elenent or elenents, limtation or
limtations, not specifically disclosed herein. Thus, for exanple, the
ternms "conprising”, "including", "containing", etc. shall be read

expansively and without limtation. Additionally, the terns and
expressi ons enpl oyed 30 herein have 3¥een used as terns of description and
not of limtation, and there is no intention in the use of such terns and

expressions aof  gxighe didneifisaiore Siduvddeedtt & @hplified bealur @erediowheraindthe
descri bed or portions thereof, but it is recognized that various

modi fi cations ateigpeddemification sequen camdesaspeaist Wil thevidertithPfcthgi med.
Thus, it shouldagq gnﬁﬁ%stood t hat al though the present invention has been
specifically disé?géé y preferred enbodi nents and optional features,

nmodi fi cation .angn waplifiéd prodeét df adinkavenipatibk regibadi ed therein herein

di scl osed may be resorted to by .those skilled in the art,wﬁggltgﬁt.such
modli f [QUAPbndn apeexamnla: the yeige ddatibisaiesegiencs b asspewfdn SESHEY of

this i LIQR. WA b [Pkehas been described broadly and
generngﬁﬁ%mﬁg?g%gaégg%ﬁmgﬁo?ﬁ%ﬁﬁgkgoﬁer speci es and subgeneric groupi ngs
fal i papIWi7t hilmardteer graaplecit i dastiisdran aatddicfl polynpaleotidsf contpeisingvent i on.

This includes the genperic description.of the invention with pr,ovi.so or
negati ve Iiniﬁaﬁ?ﬂﬁmﬂgﬁ%Qﬂﬁﬂc W?P@ﬁBPE%fqﬂﬁl?%?QW?%NP&Hgl & WHZYRr di ess
of whet her or ”Eﬁe&Qﬁy@caﬁ%tﬁﬁﬁd%ﬁﬂ%ﬂrﬁbem&&%ﬁﬂeﬁ@ﬁﬂy recited herein.
[ 00158] O her enbodirnents are withinthe following clainms and non-limting

ex@np[@¥ 48] nlmdtlltd Snthenteapmpleedt i descibedagpran] IofmplHeedi polsptdlenidgs.e
described.in ter .fof Nﬁrkasqwggoups t.hgse skilled in the art wll
r ecogisEF] fagh applificd palyppdRotdr SR S8MPHEF eby described in terns of any
i ndi vi dual menbgs a%%liﬁétbﬂroﬂu& Afa gﬁs@mﬁr@gi@ﬁ abdoeiabdardeidis o @idptp, 15

e

EXPERI MENTAL SECTI d&?QlSQ In t follomjng exanpl e of the method
descri bed herei Hnigpe dsentificgtion seauprns Haan aseliied Prycydoreiswhersinc et ags

preferent | al 1Y 1Righ0 &R aA0n SHLRARL 'chn M52 BEB0ERA" Rith @E SAbANT oY By

crosslinked to a protern o
15 analyte; and

- an amplified product of a linker compatible region.
[00149] In still another exampile, it is described a kit comprising:
» aprobe comprising an analyte binding domain; and
«  a linker, wherein the linker is capable of attaching to an analyte-bound nucleic
20 acid.
[00150] In another example, it is described a kit, wherein the kit can comprise:
. a probe comprising an oligo tag, wherein the oligo tag comprises a linker
compatible region; and
« a linker, wherein the linker is capable of attaching to an analyte-bound nucleic
25 acid.
[00151] The kit can further comprise a unique identification sequence. In another example,
the kits described herein, further comprise a ligation agent. The kits can further comprise a
unique identification sequence. In one example, the probe can further comprise an oligo tag
and the oligo tag can comprise a linker compatible region. Also, the probe can further
30  comprise an analyte binding domain.

[00152] In still another example, it is described a method, wherein the method comprises:



20 [00160] Cells were treated with fornmal dehyde and chromatin is purified
and fragnented as in standard ChlP protocols. After repairing the DNA ends
of the chromatin fragnents to generate blunt-ends, the chromatin fragnents
were ligated to linkers containing 5 - or 3 - ssDNA overhangs or were
enzymatically treated to generate a 3'-dA tail (the nethods are
illustrated in Fig. 1 and Fig. 5 resfectively). 25 [00161] In particular,
Figure | shows a sanple chromatin DNA fragnent bound by a protein of
interest whiGh psiA®@QINiaagde BYmpAtinpadtoRirand antdélbiedyidBmblcilogyh 4 and
anti body B are specifically tagged wth oligonucleotides. Two different

uni ver sal | i nkefisst prohs comprisingy)anafirst pnajute dundieg demaiarid s pdige %nat i n

DNA fragment (St 1 h | i gonucl eot | IS, . ntary to |inker
Li ais conj ugaf’vggref%thg%?%ﬁ) 1&99‘3@ and’ r?sﬁéeggak %%?’ﬁlgﬁ%@?g%@gg that is
conpl enent ar % t gitdchidgahe Erdtllibs t4pa0jaust @ebet pudsit abidgwh&elnSitephiagnt ofhe

antibodies wll specifically bind to, the tﬁ))rotei n of interest. both
anl i bodi es bi ndthelighdassiaibe prett dppleictacy] forme 8 pebermpsled 3ybrREPIESt i des

wi || be brought int -g{)@ [ L LY W | smPIRER] GOBALANY

| i nkers. The coar%%g%ﬁ"e a%f%ﬁ%@#ﬁ%%%tc%l ts&xa%é\lﬁowﬂer t hen bind tlg each
other (Step 3) tddperdw@andnpl ex. The sanpl es were subsequently dil uted

and briefly treated. wifh \_ljgase to ligate the |inkers and
ol i gonucl eot i'degetﬁﬂ%%fj?rﬁqgﬁﬁ%%&ﬁ%@ﬂpche}c fcf]?fﬂ Ul control reactions,
sanpl Eiﬁ)u]\gg §H§ A4LDRuURH cWhle ‘?ﬁ:é Abs RS § Metd, Mhere thb hethdE®nBprises:

(unco antibodi es and linkers, to measure the background rates of
| i@ati on in t-hecatistnge winpe oxinpiisipg of freteisand a nu¢leicaagghmoldgrte Widh pr ot ei n

is bound to the_DNA, .no proximt ependent. .| j.gat.i on._ occur St.ep.3).
After |igation, it ipﬁ@?escog%'b‘b?ﬁ z%ngfsggﬁﬂgﬁcbé%‘i’%% dpmain ga(‘)ﬁﬂs(ctlo lggi%%s are
used to specifi Gakieih ABWititich R8s QIApKisEL b Yinlgag gRdti6bitRIREqUEDENYA (Step 4).

10 [00162] Figure 5 shows chromatin DNA fragments bound by a protein of

i nterest whi ch Ri¢achingghnfizg@lisy tagnioiaidiattargeh pucleig eridothenin AlchyeehofA and
anti body B are gpecificall a 1t ok ot ] : omatin
DNA i s enzymati Icﬁ Ottef‘%gtté%%atrga glgiﬁlé\éqrca écf’%;ll—%g’_ﬁ $@&%%C%?%§%E&T§E§The

of § gonucl eot i.degmpfifyidietha proteoslickdc atid compixaodrasy amplifistepidbe-tidcitiai | are
conjugated to antibody A and antibody B (Step 2). The anti bodies w ]l
specifical ly bi addpsdust;eRd protein of interest. As both antibodies bind
to the same protelli,thell I L\ j gpﬂ% tides will be brought
into spati al prg%ﬁ%wﬁgm%ﬁﬁﬁﬁcgﬁ%%éicgg #s. h‘g&conpl enentary

ol i gornbept irdese amthpidehdoligitdgatanscotipeise hilindtet corepeivlotelgam. (IBumhed) to
forma conpl ex. The conplex.is then i@%cu ated wth a DNAcgJai ase fo | i gate
the | F¥RRIS thAlign 19g SR EPBBERRNIANS BeNTHITA/IOR SpiTaEM {0 FRYBTTBRYPI Pt he
eYEN A4 BIRAiBE Uoflath iS aR QWABody Thhéhe2Edilie, 1RO BRIy dRPERMie

| Tgation occurs (Step 3). After 'ligation, prinmers recognizing sequences on
t he oliggimaubé 6ot bligstagraedios ectond obige &igf todbd tayecampdieit weidhe pr oxi mity-tagged
O o B35 ENthd Aot A s At Sing o AP MO LGN RIRSLIE : S e

met h
example, the attaching step can comprise ligating the first oligo tag and/or second oligo tag to

the linker. In another example, the probe is directly attached to the analyte while in another
25  example, the probe is indirectly attached to the analyte.

[00156] The invention illustratively described herein may suitably be practiced in the

absence of any element or elements, limitation or limitations, not specifically disclosed

herein. Thus, for example, the terms "comprising”, "including”, "containing", etc. shall be

read expansively and without limitation. Additionally, the terms and expressions employed
30  herein have been used as terms of description and not of limitation, and there is no intention

in the use of such terms and expressions of excluding any equivalents of the features shown

and described or portions thereof, but it is recognized that various modifications are possible



DNA [inkers conprising a 5 single stranded overhang are ligated to end
repaired chromatin 25 DNA fragnents. The two |inkers are provided with 5
phosphates to prevent ligation to free 3'-OH ends. The linkers are

non- conpl enentary to prevent concateners or the circul arization of

|l inker-ligated chromatin DNA fragnents. [00164] hi Step 2, the chromatin
DNA fragnments are incubated with Antdlbody 1, which is tethered to a first
and second ol i gonucl eotide, and Anti body 2, which is tethered to a third

and 3QihRht ReQld SOME GhRAtibA Rlaikbd 9IAUE | ie HdultE e LHd@S0éM that allfiovghahede
adj acent sequences that are conipl enentary to part of the first and second

ol i gopresdné dhyedion shad tehe speaiftadlys diselasrsd bDiweelowed lsabgdimsntssait optiorahe

l'i nk ligated.to the,ch ti.n, DNA f . : '
comp Erbb? Theihefet By SO NPT g Mo FERLA0 et 3
the che esmbd OV hoRgBEINEd M dhél afOERd ebat hRtelifidatiose and dagatibrk hire d

nucleic acid and |inker at the other end of the chromatin DNA fragment
yi%l deomgidetadie de dathin theseoparfdBis DNADESBRt i ons which are substrates for a

DNA | j ' 1 I t i ouhl d :ONA i ons
are i L@Egﬁt eih%\n%?‘ﬁegglnbl{fﬁs ﬁ)leglgsdgs%%&?i%gf%gﬁgaﬁg T Ig%ai%g&g@éond ooﬁio%g t ags
or fingtoverdpsciconnd sulsdeatdc gaivpmgsdalling Wwithik ¢hes gawricodisplamird lss tfommd
second ol igo tags or_first nglsecond nucl ei ¢ ids ar.e present in a

t er naPart ebibsieveniPRn ik icydes thegryeris dFicHPEPR 8@&8&?‘@8{1@85@. FIFOVRB %vent

t hat 6Bt #8&%% RoRrAX b dRRRRdsMNvhithead R
occurfs?&(ag{t‘}ée)lp1 ?tﬂi%r 01 &%ﬁgcggﬁg?ﬁcﬂr(}mgir}k ) fragﬁents fl anked by
te fibeskciantimaedahd spdifjmllyagstedmefdin.st and second nucleic acids are
speci f i y anplitied by PCR.ysi rinmer .that .is conplenentary.to a
part Bp(i?#]le pl%‘ﬁéte“&ﬁgm%@éoﬂa vgﬂy@ﬂ%[figgwg}g ‘fl?lp’gtangﬁlﬁn'g]&l Ry g%l'clnaci ds.
[ 00167JaiAsly HcAORRMSor aghdctsIreRSindbARin 8 HeIERbedinf thaey EMNialkusgoaps, be
performed i'n a single Eppendorf tube. 15[ 00168] The DNA bi ndin

speci thoss slsilled irathaalt withrcogt e thaedie timepméion ipalpe thefaby tdsperibekan 9%@ of
assayed.. The, assay.was sufficient| v sensiii speci fic binding
si t es? néb“‘l“é’if“&élb%f 6’0“6‘%8%‘1“%’? e %5 %a?lﬁ%sg gggs][ﬂ)('zlescri bed herein

pggnits the enrichnent of chromatin sequences bound by a protein of
interest without the interveni gg i mmunopreci pitati on and washi ng steps
required in standard Chl P BXBEBIMENTAL REECAION and Met hods Cell Culture

[00159] In the following example of the method described herein, proximity ligation was
used to add dsDNA sequence tags preferentially to the ends of chromatin fragments that are
reversibly crosslinked to a protein of interest.

20  [00160] Cells were treated with formaldehyde and chromatin is purified and fragmented as
in standard ChIP protocols. After repairing the DNA ends of the chromatin fragments to
generate blunt-ends, the chromatin fragments were ligated to linkers containing 5'- or 3'-
ssDNA overhangs or were enzymatically treated to generate a 3'-dA tail (the methods are
illustrated in Fig. 1 and Fig. 5 respectively).

25 [00161] In particular, Figure 1 shows a sample chromatin DNA fragment bound by a
protein of interest which is recognized by antibody A and antibody B. Antibody A and
antibody B are specifically tagged with oligonucleotides. Two different universal linkers
(L1a and L1b) are ligated to the ends of the chromatin DNA fragment (Step 1). The
oligonucleotide that is complementary to linker Lla is conjugated to antibody A and the

30  oligonucleotide that is complementary to linker L1b is conjugated to antibody B (Step 2).
The antibodies will specifically bind to the protein of interest. As both antibodies bind to the

same protein, their respective oligonucleotides will be brought into spatial proximity with



[00169] MCF-7 cells were maintained in Mnimal Essential Medium (MEM

Si gma) supplenented with 5% fetal calf serum (HyCd one), 100 jig m'
penicillin/streptonycin 25 (lnvitrogen), and 25 lug m' gentamcin
(I'nvitrogen). Cells were grown in estrogen-depleted nediumfor at |east 3
days prior to use in experinments. Estrogen-depleted nediumwas prepared by
suppl enenti ng phenol red-free MEM (SZgna) with 5% heat inactivated cal f
serum [ HyCl one] that had been pre-treated w th charcoal - dextran.

Char c gair cenglémemtngdimespariedediyplenentnt ¢lignicl2&dos whi linkert itheat lsidd ¢ar coal
(Sigma) and 0.0025% (w v) dextran 30 (Sigma) in buffer &éo n1VI$< PES- KOH,
pH 7. gachxabertep by ledferm p eopmpesvy Eo Famples mieghtubasaugetly gfpted grd Prishy m - of
seru . : f 5 Ao C ndi ng
T A e e S Y
t he supsionit &ntomes relicsiony, dadplekieate incalstted witbqual donsmtratiofsHyCho ey was

added to the charcoal -dextra ellet and jncubated for 1 t 4C.

Chair c GHICOMEgERIPEN dleﬁé‘ﬁdr]'éqqfﬁ e d® FIBAE ht,'ge '([%Ia ‘é‘_ﬁflds@?fn?zfosgﬁmn_ in the

cent r LEUgAL b oxivnifSdfRBe Tn hEA P hat ﬁd‘?rd@éiﬁ Rebind @5 tHf DAL A BEdxim{t§0170]
Est r ogen- depri ved -7 cells were treated with 10 nM 1713-estradi ol (E2,

Si gmajleffendent Sigatinn RoblrovStey 3 eAtfive tigatiors| primege recogpiFae- $IIHREES Wt the1l. 5%

f | dehydge f. 10 mn, t ith ice-col d i
| ce- coftepriogofftart ¥ PR e R B e Bk L Flp AR R LRRE S
wer e nﬁsuspended in nuclei isolation buffer [50 MM Tris-d (pH 10 8.0), 60

mV KC1, 0.5% NP40, protease inhibitors (Roche Conplete Protease |nhibitor
ChEkt K162 hbFigueg § shewnelpmatadMd frgowoisdaynd by apraiem oliplsrest afiisheided in

|l ysis_buff.er. [ 50 ri,s- ), AQ:RY S : GTA,
pr ot e56§8g1i“ﬁ?ﬂ E?’tagggﬂf% ﬁu%ﬁ%éiagv\er g'o n‘ﬁggﬁcg&gsgxm}%fgndpgdg%éwngpe}%% er

Sci entdebbd whbniligoRidamibs.atlas chModealin TN0AdR eRBMalilyrraatpbwegenontd £8'-t 0
obtain chromatin fragments with an average size of_ 500-700 &p 13% t hen
cent r AfUgd§Sep 114 Thooligorpoiepiidepohthp sntibodies argsamlemenizay Ihieyia8Ad ut ed
wi th huf LIV IR ¢ biadMM
DTA, iy <Flngal b AHAds P ch oL o o T o S e pe e e
Cohj ugatlieoprotdin aifi igrenssc| ety bdésattibodivs i lodite $he GathO P1qtein, Ghéigerspedtivot i des

L2a and L2b were each synthesized a 3’ am no-.nodi.ficatign and. HPL
pur i fP%_%PD_(“F]r?PE%?Sat“@ﬁ bRIAQI?é‘gﬁtnélllthg? | PrREOHR 6L ?bgiﬂ‘lAx G a%&‘; uz)
was p%lh%feﬁfénfa%f 6@%%%@169@&&%&1& RS B'QIA 1aPls SRR BiRREd QBh oflct gBMT) ©abila L2a

was conjugated to - 20 anti body and oligonuc]eotide L2b was conj ugat ed
t o Abedifplant i Hbelyofphdx i¢ thiconincated ithea JPMAaligase dr) ligns e lipkers an

Antib 88&511511};%0{18&” %X%%Etiy %pen %Ltulggaattiiogf fg tthe %§9At%ét@1‘9pr8€%hl 8‘@091% to the

20 DNA, no proximity dependent ligation ocours (Step 3). After ligation, primers recognizing

sequences on the oligonucleotides are used to specifically amplify the proximity-tagged
chromatin DNA (Step 4).
[00163] Figure 6 shows another embodiment of the method as described herein. In Step 1,
DNA linkers comprising 2 5° single stranded overhang are ligated to end repaired chromatin
25 DNA fragments. The two linkers are provided with 5° phosphates to prevent ligation to free
3°-OH ends. The linkers are non-complementary to prevent concatemers or the
circularization of linker-ligated chromatin DNA fragments.
[00164] In Step 2, the chromatin DNA fragments are incubated with Antibody 1, which is
tethered to a first and second oligonucleotide, and Antibody 2, which is tethered to a third and
30 fourth oligonucleotide. Oligonucleotides three and four include adjacent sequences that are
complementary to part of the first and second oligonucleotides and the single stranded DNA
overhangs present on the- linkers ligated to the chromatin DNA fragments. The formation of



25 the manufacturer's protocol, which includes a clean-up step to renove
uni ncor por ated ol i gonucl eoti des. The ol igonucl eoti des were then
phosphorylated on their 5 ends with T4 pol ynucl eoti de ki nase (Fernentas)
according to the enzyne supplier's recomrended protocol (the enzyne was
not heat inactivated after the reaction to avoid damagi ng the conjugated
anti bodies). In separate experinents43the oligonucl eotides were

synt hesi zed with both a 5° 30 phosphate and a 3' am no-nodification

f ol I oweghnileHBetGeR itd fifsRlah@hitd AhigicadcRM aldNAnle G ok Qal &F)the TRroadafigal
conpl enentary ol i gonucl eoti des, each anti body-conjugated 45

ol i goAl¢A dergmpat andhg caaudex bgwaen dpuierondaands Hyig ruckiic apid andripkerraintbar y
| i | eqki de, t hat - t t.he .m | ed
o1 out 15k 58 o i BfoniRf RA"RERR SRER B g B, Bl TS Selftienc® ©

( CEAP)wHIO4E $istrlated forePBNIA Bdasehromat i n after sonication. Sheared
I . was I ncubated in

chromatin ﬁe uivalent to 5x105 cells; -3 jig genom c DNA) ]

x5 T4 190051 | G SisTod ool drabicasyndrd YA Borianare: inmsbued rator DRI

ol yn i i t A j EB), 5

i 1 o Tep PR BRERT TSR ERbundd R 4T Eonfniiy AW EPHEIRNS, et

i nact iay hinigan foft ahtl aecnd \ohigs tags of FirsE dhd se@md munleicErdlsraep presad nchtonayi n 10
I used directly in sub t st i t hout furt.h

e w8 B Gt o RS 3h S0t Bty RS ot o

uni Ve"ﬂﬁaaﬂ)NN,ﬂgﬁfoﬁdm%li%ﬁﬁﬁﬁgaﬁgﬁ&&&s@ﬁeﬂ—lﬁ|a', Li b, and Lib' (Table 1)

wer e phosphorylated on eir ends w pol ynucl eoti de ki nase
(Fer nfptlaé) & Stopdt, whronmtinheNéngggreersy fpikied bysthe dicsd rmmé vekead pligo ¢ags|or

follo by, heat,i nactivation of the,en t, 7 or. 10 m.n. ]
Eod 78 0SSR R Y30 9B StreiR S iR w TER Rl s Ml thatis 15
pmol  bbiiRmekiaby to2fpRObHBE FYdtANE séton eligd 129 of fifsl ndidebid AtiAE 288906 st ock

sol ution; Fernmentas), and 25 units of T4 DNA |ligase (Fernentas). Sanples
wer e [MH@Bht ddivantagepuglyf gl stesonfter tabromagiy Eagmentplioik ears be gpetfiremesd ime- ended

chro i t 65 Cfor 10 min to heat-inactivate T4 DNA |igase.
[001gg%g%92%%P%¥?g%%bf chromatin for CEAP using dA-tailing. End-repaired

chf ompe0188WaThe DNA binding specificity of a well-characterized transcription factor, ER«, was

assayed. The assay was sufficiently sensitive to map specific binding sites in as few as 5,000
cells. Thus, the method as described herein permits the enrichment of chromatin sequences
bound by a protein of interest without the intervening immunoprecipitation and washing steps
required in standard ChIP protocols. '
20
Material and Methods
Cell Calture
[00169] MCF-7 cells were maintained in Minimal Essential Medium (MEM; Sigma)
supplemented with 5% fetal calf serum (HyClone), 100 pg m]” penicillin/streptomycin
25  (Invitrogen), and 25 ug ml” gentamicin (Invitrogen). Cells were grown in estrogen-depleted
medium for at least 3 days prior to use in experiments. Estrogen-depleted medium was
prepared by supplementing phenol red-free MEM (Sigma) with 5% heat inactivated calf
serum [HyClone] that had been pre-treated with charcoal-dextran. Charcoal-dextran was
prepared by incubating 0.25% (w/v) activated charcoal (Sigma) and 0.0025% (w/v) dextran
30 (Sigma) in buffer (10 mM HEPES-KOH, pH 7.4, 250 mM sucrose, 1.5 mM MgCl;)
overnight at 4°C. For every 100 mi of serum to be treated, 100 ml of the charcoal-dextran
slurry (corresponding to 253 mg charcoal-dextran) was centrifuged for 10 min at 500 x g and



20 supplenmented with 4 m M dATP and 15 units of Kl enow exo- (NEB). Sanples
were incubated at 37 C for 30 mn and then at 75 C for 20 mmto

heat -i nacti vate the enzyne. [00175] Proximty ligation. For chromatin
sanpl es prepared with universal prinmers, 0.2 jig of HC-20 conjugated to
L2a+L2a' (Table 1) and 0.2 1.tg of Ab 1 O conjugated to L2b+L2b" (Table 1)
were added. In parallel control reactd ons, the correspondi ng anounts of
the 25 untethered anti bodi es and dsDNA ol i gonucl eoti des were added- 0.2
119 okhdHGupbhatdht Zvdsi Gis@frd P -Hit-ithcBBatBiTRAIf Ceridh | (BRTYGeS OldsdRRIcl 28 tihda’ and
1. 69 pnol "of oligonucleotides L2b+L2b'. For chromatin sanples \prepared by
dA- t achdrpegl-dekiwans petist addiindubaisd vier &2 treal et €x Cbprcoaldextrpn iwne therl_remtovgdd L2b"
(Tabl e 1 re used i.n plac f L2a' and L2b' to create 3'- dT overhangs
conpl g‘r‘?&%’i‘]ﬁ%&ﬁegs WWA‘%@?@% %®hromatin ends. Fol | owi ng the addition of
the 30 anti bodi es and anneal ed ol i gonucl eoti des, the reaction vol unes were
bought up to 1 nmL with I x T4 DNA |igase buffer (Fernmentas) and incubated
at5 4 EstegemirgatmentipadiarparationiofghromatipnA | | gase (Fermentas) was added to

each r io nj Al LV es .priLomrs; 25
units [@?bLa% (g%eﬂbdreéggécg%ﬂ?svggﬁs‘g?{e%%g eﬂgﬁﬁd m%%g%ﬁg%ha 10?@2(:@{ or 10 mn
and t lfigntSahind Sollowinp te@tnenn, detls hesd erbgsdatkied atith DAA forgaldehydEtfer Yleadd,i ons
were incubated at_65 C for at |east 8 hours tq reverse the forpmal dehyde

cr oss Mapes mmwthd?ﬁ-@%léﬁ%%@ﬂéﬂ%@ﬁ@ﬁcegmiﬁfl’.f’e%P St e Profpse IR on

wi th pheng r j @I]-Im&i' rﬁ%{{ﬁ‘ [ [ K I agen)
prior Q_t 0 ais@%%g@gg@éégs“}gié %%Jég?rﬁ[eOOl?G lglgségggsrrp I feiE %ﬁ%ﬁmgg CItli(1(§;:|lgaﬂ'ti on
pt@dust, 66 mpM BCleactds DN aprpteasanvashibitoesl (Recke Conplat ProwafeCRhiBet i ons

containing. | x "Pfu buffer, w.t sA"  (Fer nent as; nm A..fipal

concerorae e Coprtastaral | WPy e i dahinr By fe D PRS0 M 1. 5
RM eaqhis@fl @H 9onucseoindeso RBlIEDEAd 0REANM EGTADbRtdake iMlERt8E NARIiOr Med
on a Bio-Rad Tetrad 10 2 using the thermal cycling paranmeters: 1) 95C for

3 m nweR) sobicatpdcixefor 46 OB oFisBer Seenhsionds Disnamigatos daleti $00 a080%0r 2
in, 3 f mal __ext ensi .72 C for 10 nin. [,00177] aPGR,

per T oRts B Ry SRt e g Blait Fuugmah G Raih Ay L Akl R pPROE S Bp ey

(Tsbl an?)heﬁrbeﬁ;r@h%éﬂt ATPNBNO LV, DB hinsT he 4t ETHOSYRtrianat PRk alRERY Sither e:

1) 50Cfor 2 min (1 cycleg; 2) 95C for 10 mn (Xlr C¥C|e); 3) 95C for 15 s

f ol | oweerol?Ogol fos-Clagll 8), 460aydM bl T'a0krver Xrdbie2 MM Elgdse iriprse (5'

’éA ) L} @@ %@Wﬁnﬁm%ﬁTﬂ LI b# AGATCGGAAGAG #

Conjugation of oligonucleotides to antibodies

20  [00171] Oligonucleotides 1.2a and L2b were each synthesized a 3" amino-modification and
HPLC purified (Integrated DNA Technologies). The HC-20 antibody (Santa Cruz) was
purified to remove gelatin prior to conjugation. Oligonucleotide [.2a was conjugated to HC-
20 antibody and oligonucleotide L2b was conjugated to Ab-10 antibody (Lab Vision; BSA-
free preparation) using the Antibodies-Oligonucleotide Conjugation Kit (Solulink) following

25  the manufacturer’s protocol, which includes a clean-up step to remove unincorporated
oligonucleotides. The oligonucleotides were then phosphorylated on their 5' ends with T4
polynucleotide kinase (Fermentas) according to the enzyme supplier's recommended protocol
{the enzyme was not heat inactivated after the reaction to avoid damaging the conjugated
antibodies). In separate experiments, the oligonucleotides were synthesized with both a 5'

30  phosphate and a 3' amino-modification followed by HPLC purification (Integrated DNA

Technologies). To anneal complementary oligonucleotides, each antibody-conjugated



L2a# CGGTTCAGCAGGAATGCCGAGACCGATCTCGTATGCCGTCTTCTGC TTGCTACCAGAGTC- 3
'-am no L2a' CAAGCAGAAGACGGCATACGAGATCGGTCTCGGECATTCCTGCTCGA L2a”
CAAGCAGAAGACGGCATACGAGATCGGTCTCGGECATTCCTGCTGAACCGT  L2b#

CGT CGT GTAGGGAAAGAGT GTAGATCTCGGTGGTCGCCGTATCAT TTGACGTACAGIGIC-3 ' -am no
L2b" AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACAC 47 L2b"
AATGATACGGCGACCACCGAGATCTACACTCTTTCESTACACGACGT PEL L2
CAAGCAGAAGACGGCATACGAGATCGGT PEZ2_L2 AATGATACGGCGACCACCGAGATCT 5' ssDNA

overh @H%&u@feome\%seéhdeh K efSediifolaPdhpleN§idhE cHfplanaiRs odigonucleotide

phosphoryl ati on of oligonucleotide with Fernentas T4 pol ynucl eoti de ki nase
as pethatrhaliberatpoe-bedial tod6oand tet misture [700 tydd flapleopthebegdsequence (5' - -
3'") Site 1 FWdCACCCCGTGAGCCACTGT Site 1 RevCTGCAGAAGTGATTCATAGTGAGAGAT
Site 2 FWdGAGGTGTCTTGGCCACTGIT

Chromatin Enrichment by Antigen Proximity tagging (CEAP)
5 [00172] End-repair of chromatin after sonication. Sheared chromatin (equivalent to 5x10°
cells; ~3 pg genomic DNA) was incubated in 1x T4 DNA ligase buffer (Fermentas) with 0.5
mM ATP, 25 units of T4 polynucleotide kinase (Fermentas), 7.5 units of T4 DNA
polymerase (NEB), 5 units of Klenow (NEB) and 0.4 mM dNTPs at 20 “C for 30 min
followed by heat inactivation of the enzymes at 75 °C for 20 min. End-repaired chromatin
10  samples were used direcily in subsequent steps without further purification or cleanup.
[00173] Preparation of chromaiin for CEAP using universal linkers. Oligonucleotides L1a,
Lla', L1b, and L1b' (Table 1) were phosphorylated on their 5' ends with T4 polynucleotide
kinase (Fermentas) according to the enzyme supplier's recommended protocol followed by
heat inactivation of the enzyme at 75°C for 10 min. End-repaired chromatin was
15 supplemented with 15 pmol linker I.1a, 15 pmol linker L1b, 5% polyethylene glycol 4000
(1/10 dilution of 50% stock solution; Fermentas), and 25 units of T4 DNA ligase
(Fermentas). Samples were incubated at 22 °C for 1 hour to ligate the linkers to the blunt-
ended chromatin and then at 65 °C for 10 min to heat-inactivate T4 DNA ligase.
[00174] Preparation of chromatin for CEAP using dA-tailing. End-repaired chromatin was
20  supplemented with 4 mM dATP and 15 units of Klenow exo- (NEB). Samples were
incubated at 37 °C for 30 min and then at 75 °C for 20 min to heat-inactivate the enzyme.
[00175] Proximity ligation. For chromatin samples prepared with universal primers, 0.2 pug
of HC-20 conjugated to L2a+L2a’ (Table 1) and 0.2 pg of Abl0 conjugated to L.2b+L2b’
(Table 1) were added. In paraliel control reactions, the corresponding amounts of the
25  untethered antibodies and dsDNA oligonucleotides were added: 0.2 ug of HC-20, 0.2 pg of
Ab-10, 0.68 pmol of oligonucleotides L.2a+L2a’ and 1.69 pmol of oligonucleotides
[2b+1.2b°. For chromatin samples prepared by dA-tailing, the same additions were made
except that primers L.2a" and 1.2b" (Table 1) were used in place of L.2a" and 1.2b' to create 3'-
dT overhangs complementary to the dA-tailed chromatin ends. Following the addition of the
30 antibodies and annealed oligonucleotides, the reaction volumes were bought up to 1 mL with
1x T4 DNA ligase buffer (Fermentas) and incubated at 4 °C overnight. The next morning, T4

DNA ligase (Fermentas) was added to each reaction (5 units for samples prepared with



Site 2 RevGACTCCCACTGICTCGAACC Site 3 FWITTGCTGTGCAAACAATAGCC Site 3

Rev GTCCAAGGCCACATTCTCAT Site
RevTGGCTCACTCTTGCCTTTTT Site
Rev CCCTGACCCACAAGGICTTA Site
RevTCTTCACTCTCCTCGCATTG Site
Rev CCCAGCTACTCAGGAGCGATG Site

Fwd CGGTGGGTGCTAAAAGAAAC Sit e
FWIAGGAAGCAGGAAACCAAACA Site
FWIAATACCTGAGGACCCCAACC Site
FWdTTCACTCCCATTACCCAACC Site
Fwd GBEACT CTCGAGGGGATAAG Sit e

©O©oo~NO Ul b~

©O©oo~NO Ul

Rev TGTACCCAAGAACCACGTCA Site FWdGAGCCTGTGCTTGGAGTAGG Site

R or
RevOGHITCRECTEIGOMTEA (6 Ll FiefHo0E] GACRARGPRACAN S R for 10

min and then at 65 °C for 10 min to heat-inactivate DNA ligase. The reactions were
incubated at 65 °C for at least 8 hours to reverse the formaldehyde crosslinks. DNA from
each sample was then purified either by extraction with phenol/chloroform or using a
5 QIAquick PCR Purification Kit (Qiagen) prior to assaying samples by qPCR.
[00176] PCR amplification of ligation products. 5 pl of each DNA sample was used as a
template in PCR reactions containing 1x "Pfu buffer with MgSO," (Fermentas; 2 mM MgSQO,
final concentration), 2 units Pfu polymerase (Fermentas), 0.3 mM dNTPs, and 1.5 uM each
of oligonucleotides PE1_L2 and PE2 1.2 (Table 1). PCR was performed on a Bio-Rad Tetrad
2 using the thermal cycling parameters: 1) 95°C for 3 min, 2) 15 cycles at 95°C for 30
seconds, 65°C for 30 seconds, 72°C for 2 min, 3) a final extension at 72 °C for 10 min.

[00177] ¢qPCR. gPCR was performed using Maxima Sybergreen (Fermentas) and 350 nM

10

of each primer (Table 2) on a Stratagene, MX3005p. The thermocycling parameters were: 1)
50°C for 2 min (1 cycle); 2) 95°C for 10 min (1 cycle); 3) 95°C for 15 s followed by 60°C for

15 60 s (40 cycles).

[00178] Table 1

Oligo Sequence (5° - 37)
Lla # AGATCGGAAGAG
Lia' # ACCGCTCTTCCGATCT
L1b # AGATCGGAAGAG
# GACGCTCTTCCGATCT
L1b' # GACGCTCTTCCGATCT
L2a # CGGTTCAGCAGGAATGCCGAGACCGATCTCGTATGCCGTCTTCTGC
TTGCTACCAGAGTC-3’-amino
L2a’ CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGA
[L.2a” CAAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGCTGAACCGT
L2b # CGTCGTGTAGGGAAAGAGTGTAGATCTCGGTGGTCGCCGTATCAT

TTGACGTACAGTGTC-3"-amino

L2b’ AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACAC



Results [00180] The in vivo interactions between the transcription factor
estrogen receptor alpha (ERa) and chromatin in the breast carcinom cel
line MCF-7 were anal ysed. The binding 48 sites of ERa in MCF-7 cells have
been previously characterized by ChlP, providing an excellent reference
data set. [00181] Estrogen-deprived4_ -7 cells were treated with
170-estradiol. The cells were then subjected to cross-|inking using

formal dehyde. The chromatin fromthe cells rifi

fragnedted byAASRAIAGERCOHeCARCSHEM Cﬂﬁaﬁé@hﬁg}w‘%%tg%ﬁed and

| i gat i4h i | {@ﬁ ed ol i gonucl eotides LI a and
LI a' ?ﬁlaﬁic# Li%&?m&%%ﬁ‘ga e G&%‘%ﬁ%@%@%@? Lib and Lib'). The nethod as
descrPhed.d n AATGATACGEEGACOAREIGAGAEE TUsi ng an amount of chromatin

valent 050,000 cells - [00182}For. the—proxim-tytgationreactions,
gﬂlrjgnﬁ'tsﬁlﬁNs‘*a?ﬁﬂﬂéaélgﬁéf@qeﬁ]@é%F%‘a afg yodetligd 10 ant i body- ol i gonucl eot i de >
conj ug aaﬁgt‘(%a{[%s) dﬁé tpﬁgs&ﬁz%m{&c oftdtiedfud ik AvifH Bher@OITH $BIyRMCIESde kinase

ol i gonuc was —anneal ed with ol igonucl eotide L2al; 2) the
ant i badyer Amntithcfdratis Mesimorhddon} ugat ed to ol i gonucl eoti de L2b, which was
annealed with oki onucl eotide L2b'. Both antibodies recognize ERa. In
cont r #0178 cdpB szgt o0 neasure the background levels of linker ligation in

the apggpce of proxdyidck (sfigots, chromatin sanples were incubated with 15
equal _armpounts of the free (unconjugated) antibodies and |inkers (HG 20,

Abl  0Sitt 2&md2a% L2BACEEOGTGAEAGARTGEN reacti ons were performed under

di lute. condi tions f -m rd fy LA (10 mm at 220C).
Reactg’éﬁg re ter@?ﬂgﬁg%q‘%g&l%ﬁﬁﬂﬁigﬁ%gl%}WDm | i gase at 65C for 10
mm  agfe SRl es wegGdepTeTtabaeEdcTarTat | east 8 hours at 65C to reverse
t he fornmal dehyde crosslinks. Chromatin fragnents ligated to the L2a and

L2b | Bitk@Rev20 wer@ASTESIGACROIE TSN Ced by 15 cycl es of PCR using
pri me | enent A LiQ@gje;; i gonucl eotides PE1 L2 and PE2_L;
Fi g. 5%3%183] ﬁ(éctrl‘gingt?ve a un@%ﬁ?ed of selected genomc sites in each

of thgjtsamekes wasGiletaaGoed AYATPCRCATI cal cul ated the fol d-enrichnent
of these sites in theTproxi m LIy Ifipgati on _sanples (wth anti body-conj ugated

| i nkePdy 4&sibar ed COCIROGEERCINALNGRALR sanpl es 25 (with unconj ugat ed
anti bgﬂéﬁﬁe@”d 'i“i‘éf}%;*fdig%cﬁﬁ} dgeeirere sel ected to test based on
[ udi es mappi ng i

previ ous 's inding sites in 1713-estradiol-treated MCF-7
cel | sSitEdFwthe fi vaGEARSCAEHT had previously been reported to

bi nd, proximty-de nt rich .3- to 12-fold was observed (Fig.
2B, spPties Revs; seegéggﬁ@cﬁaépﬁﬁagp%s used). In contrast, for the
five gjlgFuest ed whene ERaabicingchagdcoot been det ect ed

Site 6 Rev TCTTCACTCTCCTCGCATTG
Site 7 Fwd TTCACTCCCATTACCCAAGC
Site 7 Rev CCCAGCTACTCAGGAGGATG
Site 8 Fwd GGGACTCTCGAGGGGATAAG
Site 8 Rev TGTACCCAAGAACCACGTCA
Site 9 Fwd GAGGCTGTGCTTGGAGTAGG
Site 9 Rev CGTTTCCCCTGTGAAAGGTA
Site 10 Fwd TACCTCACTTGCCCACAACA
Site 10 Rev CCTCTCCTCCTGGCTTTTCT

5
Results

[00180] The in vivo interactions between the transcription factor estrogen receptor alpha

(ERa) and chromatin in the breast carcinoma cell line MCF-7 were analysed. The binding



30 previously, little or no proxi mty-dependent enrichnent was observed
(Fig. 2B, sites 6-10). Thus, data obtained using the nethod as descri bed
herein were consistent with previous studies of ERa binding site
specificity. 49 [00184] Another nodified nmethod as described herein in
whi ch dA tailing was used instead of44 i nker ligation to prepare chromatin
was followed (Fig. 5). The proximty'™ligation steps were perforned as
before, except that oligonucleotide L2a was anneal ed wi th ol igonucl eotide
L2a" aites of E§encMEdt-7 dells Havedhsemmmeadusty wharkctetizagob 61hébt prgwidimhant o
create 3 -%T é Qver. htan%s conplenmentary to the chromatin ends.

Pr oxi MEVHIBERTEREIZBSFY chnent of loci 1- 5 after 15 cycles of PCR was

obser Z@HSI]‘b‘E@N@gen—déﬁﬂ%ﬁ MEOPENEe10 fwdré Gleafed MAithna $p-ekfliol € ATHeFbedls Wdre
[00185] To exam ne the feasibility of the nmethod described herein on | ow

cel | thepisebiscted e erpas-linkingsisingoiosmaldelidem Boohramats emrthelicells vaetead

-7 I h of .t 0 di.s : I.sol at ed
ot ondiithe g BaEAOR by ori o) (H>GrGRMLE BSNBEL WU TBll OfhalrBE o821 2L °
obser Viggted withnolivepdal Bnl;:]ﬁs ng éﬂle(aiﬁfl@.ledfléﬁgddﬁwlemﬁes r]'illham:i] @i ?‘) ?m Ltk Mﬁt of
sites 1-5 starting with 5 cells S S er. than_the.fol d-enrichnent
obser malse@aﬁltaomjcqwttdﬁs dobous ELP)-s T?@i%?t@g s desseivabn %guﬁ%ffewnm t hat
chro i a}tq&%n Lot | n be 15specifically
enri gﬁ%ﬁé}g%gteﬁggg%t e p? %%ﬂlﬁns%l%@%ée%%%ﬁ?& ?ggi??%% of anti body- conj ugat ed
ol i gohdR2pt Faethetppotindtyeligsionf readtiens hrhoorastim sdmpegneatesinautsitadnaith ttve
technique ,is.sufficiently.sensitive to . .dete ecific . binding of ,ERa in
L0 catid wggnucliarde sahipirendy Bl upibTire2l doharry i anenefd
al ter BAEANRlebAIL LRY 6RkicR Rils mALAER iR SHBSHOAQBS R I, atyl RS aftsBddy - AH-90187]

By elininating the requirenment for mechanical steps such as centrifugation
or 20(lrmbgWesiam conjpgated b @ligeparientisle kb, tyddsh s adnestadowethiolighnugdgasides from

bul k , ot .he t hod can be rfornmed.in single tub tartin rogm

Fr ngment <o OadRn oA e s 1F RO aBoft BPinRat O Polhb i b8 e
t echnbfllific? HBatish RARE hischE@bErokBniRSS/BRYtd, BBroRiandishgipRl wianihcabdidewant
proteins in parallel, simlar to the high-throughput assays for antigen
db& eceqush apeantsiefiibe Heeen(uneoningaied) 4ptibe e%ﬁn‘éélﬁg%fﬁt(ﬁé‘n%@: %ﬁa&(ihﬁaﬂ@a,

| i gat | 20 [0 Final | ' pri ' ARl Mer s
to PO OaP YT i ot Ras kg netpriiS) BRI RRLERK BB P TN SEBE' T S
and 6Gperidd bf Bfeq30 caRPAtINCE ReaictidiexiveSeeaniabied rbylivat segtiexigtt O be
prepared directly without further tenplate Eﬁ{g{ﬁ)?r ation, H%OO%%
Advantiggesti $o\C fomb) mepray seoriesserierien HHBR! dfrpt deast A ionE 3R FdPati ve
af fi nj b Dyf ich ' ' GoprpLex
it U B L b L B P i ng
t 20 chmeredpecifically anmphifieccey 1§ cycléOof PCR using primers complementary to the linkers
(oligonucieotides PE1_1.2 and PE2_L; Fig. 2A).

[00183] The relative abundance of selected genomic sites in each of the samples was

determined by qPCR and calculated the fold-enrichment of these sites in the proximity
ligation samples (with antibody-conjugated linkers) compared to the control ligation samples
25  (with unconjugated antibodies and linkers; Fig. 2B). Loci were selected to test based on
previous studies mapping ERa binding sites in 17f-estradiol-treated MCF-7 cells. For the
five sites tested where ERa had previously been reported to bind, proximity-dependent
enrichment of 3- to 12-fold was observed (Fig. 2B, sites 1-5; see Table 2 for the primers
used). In contrast, for the five sites tested where ERo binding had not been detected
30  previously, little or no proximity-dependent enrichment was observed (Fig. 2B, sites 6-10).
Thus, data obtained using the method as described herein were consistent with previous

studics of ERa binding site specificity.



[ 00190] Additionally, the nethod as described herein may be designed to
detect an antigen covalently attached to a fragnent of chromatin DNA based
on the proximty ligation of the DNA fragnent to an ol i gonucl eoti de
tethered to an anti body that recogni zes the antigen. [00191] It is a
further advantage that the nmethod as descri bed herein can be used to study
5 patient biopsied material or otherd9sanpl es where the anpbunt of starting
material is limting. [00192] An additional advantage of nethod as

descr gi@ﬁ@aqh en@bihet SolitfRd Rithdd 3 deScrfveuiteteis br @pRE WA thilAgrRRSed hgicadr e
covalently cross-linked to two different proteins by using

ant i bofiiinkeriligetior kepiepare chorratiyawes folleavedtFig. 5o dieprowsiiligaban viPF at i on

of the method illustrated in Figs. 1 : ' GRS, tiR@ssi bl e
to st udy, peﬁ%&‘mg‘i 3“77%'?{8{6’ ?’ng{l]%“fﬁn(ﬁgroglé?lle%%%a[b%ét%ear@ %H?dr ‘évjﬁtislg Ingtl onuF1 gct or
and i { $2"Can@GhigkRbMotide Iy MeRr asseled whi dlgahudedtide ALt hodrdater 3'-dT
identifying a target nucleic acid bound by an analyte in a sanple.
c ohpr pedrhanes Samplemenigey imdeshranaigmnds qungywdr:?%ﬂelﬁr%éh%%ﬁﬂ%?l dg a
first.nucl el i fhi n bj hﬁ.‘ﬂ'&n?& I SEHR r obe
conpr?fﬁﬁﬁ?%ggg%ag‘ nuc ef%mégﬁg g%ﬁ%ggtgﬁg ana y?gfgfggﬁggNdonagﬁf@
wher e{fgsyi d first and second probes are capable of binding to said

anal yte, such that said first a%[d second, nucl ei¢c.acid arle inlls at,i al
pr oxi AFSL o Tp sraminecirgeeso st @Siraetgﬁﬁl E?CI‘_??E‘E e gy i “Tar get
nucl eht&oﬂf&ﬁﬂ R SRR NELRY o@@:ﬁzsﬁé&%&bﬁu&ﬁeé AiAr-F28mls e; TIR) mieiodbstt theg sai d

o)
sanple wt gase capabl e lgating said conplex to forma ligated
t 80 getlisciosurei wasaperdorrexdpbmttes isplateduhidnydting andiisunifabyger theuedselis ahevd

tenplate._if t] i . and. . ). detecting. t
or BRI} oS A FRe O SRb i 6 s b0 (Bl T, BE BLENCHCC
for i dentinfont NG Gteb -9 6iadibe! Wit 0000 cOIRH Reks inaMer anal Yiee fild-earistangite

conprising: a) contacting said sanple with a first probe conprising a
fi r st obsedvedestawniag with150i000 seliti(FagdBa. first anal yte binding domain; and a

secon e,conprisin third and. fo I | ond
anal yﬂgﬁggﬁdl\’ﬁegﬁg‘éerrﬁ%l%‘% Mrc@ir?‘}n%g} 5‘%@%&&@&%@@“@8?@% ?\;%dg%ﬁggr egi on
0f 5 COGRICETRNY driricked Vasdtofl hbi frdximkics-@épenderit diigiidn osfe artitsbdgfcospigdtetlar get
nucleic acid and said fourth nucleic acid provides a region o

conpl ehgamugleptigesttotheends of ithesehramatin fagmenty and thag tst lHEIEFSS 6;‘fﬁ§éﬁn§yt ar get
e
a highly sensitive alternative io conventional chromatin immunoprecipitation (ChIP).
[00187] By eliminating the requirement for mechanical steps such as centrifugation or

20 magnetic capture to separate antibody-bound chromatin fragments from bulk DNA, the
method can be performed in a single tube starting from fragmented chromatin DNA and is
thus readily amenable to automation. The technique can be easily scaled to assay the binding
of many different proteins in parallel, similar to the high-throughput assays for antigen
detection that have been developed based on conventional proximity ligation assays.

25 [00188] Finally, using appropriately designed primers to PCR amplify proximity-dependent
ligation products (Step 4 in Figs. 1, 5 and 6), libraries compatible for Next Generation DNA
sequencing can be prepared directly without further template preparation.

[00189] Advantageously, the method as described herein can determine the relative affinity

of a protein for specific DNA sequences combined in a complex mixture within a single

30  sample and is designed to assay protein binding to chromatin in living cells.



25 second nucleic acids and said third and fourth nucleic acids are in
spatial proximty to forma conplex with said target nucleic acid if said
target nucleic acid is bound by said analyte in said sanple; b) incubating
said sanple with a |ligase capable of ligating said conplex to forma
ligated nucleic acid tenplate; 30c) anplifying said target nucleic acid
tenpl ate; d) detecting the presence ¥ absence of an anplified nucleic
acid tenplate. 52 3) The nmethod as clainmed in claim1l or 2, further

conpr i§j190] t RAaFRMIP ih<Chefdadlak AkidBed RereaNAby be defgiditoldricgein Mipkgi C
acid I'n sald sanple with an agent capable of cross-Tinking said analyte to
sai d tevalgntlyratlettsiddo acirazmetit of chroneasint AN based e thearoximitnligatiaaeidthe] r st

and s robes. 5..4) The.. od cl ai. hn. clai in said

o oss Eh kBB g8 ap St B IPRT b | ALPRE b B Dt G 2

cl ai 100 Cldk A fhrtBér Rvadtdgd HRAE tHROAPhbE af dedchi®ed hemeinoéanf eagser nb syt he
targe nuc%eic acid prior to contactin&@the analyte with sajd.first and

set ondatinnd biepsied materig) ormpiberranping veere fhgiamaun of YarfipgasterighisBnitngqj d
targe ei . r n 10seni.cat i 7 :

clainggﬂgglc ai%#ﬁﬁ%?f§§V£%¥%h§$9§§%%r¥§?%%ﬁt‘%ﬁg?gb%dggﬁﬁﬂﬁ?gﬁﬂgﬁgﬁid

t ar gethrodelifi Ragtdnt tieit fao¢ rohlendy TrossilmBte tsttmandidiiramt girefemsaley dsing
overhangs at the ends of said target nucleic acid ... 8) The ne%@ad as
cl ai n@@rgqqquﬂhgpmc#qot\%e@@mgafqﬁeswm%@r toS‘Baé‘i REALED @ uiREgn nefc thsi metherly
150verNANgRy aheriaen CoMBhe TN Y. ibechlifts ROOR 85 sl Wrdetdyfb.aig 1 OF
2, wherein the affalyte ' is a‘protein or a nucleic acid or a m xture thereof
10) Theermeidne betrs:en hatanmatipition haomand itrcoictiviter e p-tepressar get nucl eic acid
is RNA or DNA 11) The method as clainmed in claim10, wherein the target
nucleic acid is DNA. 20 12) The nmethod as clained in claim1l or 2, wherein
t he anal yte bi nding domain conpri ses an aptaner, or antigen binding
protein. 13) The method as clained in claim 12, wherein the aptaner is an
ol i gonucl eoti de or a peptide aptaner. 14) The method as clained in
claim12, wherein the antigen binding protein is selected from 25the group
consi sting of antibodies, antibody fragnents and ot her protein constructs.



15) The method as clainmed in claim 14, wherein the antigen binding protein
is an antibody. 16) The nethod as clainmed in claim15, wherein the
antibody is selected fromthe group consisting of nmonocl onal, reconbinant,
pol ycl onal , chinmeric, humani sed, bispecific and heteroconjugate

anti bodi es; a single variable domain, a domain antibody, antigen binding
30fragnents, inmmunologically effectidMe fragnents, single chain Fv,

di abodi es and TandabsTm 53 17) The nethod as clainmed in claim1l or 2,
wherein the first anal yte bi ndi ng ¢gqgisn and sai d second anal yte bi ndi ng
domai n are capable of specifically binding to the sane anal yte. 18) The
nmethod as clainmed in claiml or 2, wherein the first anal yte binding

domai n, and_sai ecqnd.anal yt e bi ndi donmin are c of specifically
bi mali oy & oG PY P EBRSHERG: ¥ofrad) ot B BB CREMAS T H S S, 2
wher ei n doBfprisingat i ng step conprises an enzymatic ligation reaction. 20)
The nethod as clainmed in claim19, wherein said enzymatic |jgation

reqct i o) ceppirdtimassayd sample avith a firstiprot, somBERBY adarstpugivie goidnand afigst1 or

2, wherein [ i i I - 10, r i

arpl 1 11 car FisnSte LG Q0B S o05hd BRIk D SURBHIREIRY Ll

denat ur at i girofidapilyeddndiegtdonraatwientin 2 firkhendredchod pasbes laed capabliervfcl ai m
1 or 2, wherein the anplification conpfises a ynmerase chain reaction

|
24) The mobHEMEY BIGEREHG: FOEh ARnSIdRISS Ang AEta IS SEORS R PR
anplified @ﬂl&g?lﬁn{et%t(?ﬁ’h%%m* Hifh dal AecAHAMIE taé‘i@:ﬂif;%icf%gét%ﬁ@@c-acﬁﬁi)s The

net hod as aiml or 2, wherein the anplified target nucleic
ath d t enpl bownd by et aalwdimsaidsamplkei ¢ aci d dye.

b) incubating said sample with a ligase capable of ligating said complex to form a ligated

target nucleic acid template;
¢) amplifying said target nucleic acid template if present in said sample, and
d) detecting the presence or absence of an amplified target nucleic acid template.
15
2) A method for identifying a farget nucleic acid bound by an analyte in a sample
comprising:
a) contacting said sample with a first probe comprising a first and second nucleic acid
and a first analyte binding domain; and a second probe comprising a third and fourth
20 nucleic acid and a second analyte binding domain, wherein said second nucleic acid
provides a region of complementarity for said third nucleic acid and one end of said
target nucleic acid and said fourth nucleic acid provides a region of complementarity
for said first nucleic acid and another end of said target nucleic acid, wherein said first
and second probes are capable of binding to said analyte, such that said first and
25 second nucleic acids and said third and fourth nucleic acids are in spatial proximity to
form a complex with said target nucleic acid if said target nucleic acid is bound by
said analyte in said sample;
b) incubating said sample with a ligase capable of ligating said complex to form a ligated
nucleic acid template;
30 ¢) amplifying said target nucleic acid template;

d) detecting the presence or absence of an amplified nucleic acid template.



26) The nethod as clainmed in claim2, wherein said first and third nucleic
acids are located on said first probe and said second and fourth nucleic
acids are |l ocated on said second 20probe. 27) A kit for deteaining binding
of an analyte to a target nucleic acid in a sanple conprising: a) a first
container conprising a first probe, wherein said first probe conprises a
first nucleic acid and a first anal y$2 bi ndi ng domai n; 25b) a second
cont ai ner conprising a second probe, wherein said second probe conprises a

second) N Riethod Gk ¢1AREd 3EERRE 125D VuahéH ShitBidomRistsp Fdods)linkist thect i ons
for using the first and second nucleic acid probes to detect an analyte in

a sanpl eanalyte to thegiprgat kirtleicacidiat saidrisarplg Wit dn pgersfcapablanéicyaseliping
target nucleic acid.i.n a sanpl.e 3Qconprising..a)..a fi.rst contai.ner
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first anabyidpbberdi ng donmain; 54 b) a second container conprising a
second probe conprising a third and fourth nucleic acid and a second

anal yte Binaichydasnelpimedaind cleim  3a syherein i saids cosy-Linking geemds fselested dfems econd
nucleicigﬁhg_ S%Qes to detect an analyte in a sanple. 5 29) The kit as

cl ai med |n'cFa|n127 or 28 further conprising a third contai ner conprising
a | i g8} i ig: mgioti .asIMYimE én leldimakb ot Raturder comphsihgntirBstepoé frapmestdigdthsi r st
and third nucleic acids are |located on, said, fi pr obe agg ai d second

1 I st
and f our'feeherd'ds aoid prigstogantachaghegmalyis it sajg dBtdng seive S-A probe
conpr g$i g middl AFRRYLCARING! MheHRERD; 1R nucleic acid is fragmented by

10 sonication. _

7) The method as claimed in claim 1 or 2, further comprising the step of modifying said
target nucleic acid to form 3’ or 5’ single stranded nucleic acid overhangs at the ends of
said target nucleic acid.

8) The method as claimed in claim 7, wherein the 3’ or 5° single stranded nucleic acid

15 overhangs are non-complementary.

9) The method as claimed in claim 1 or 2, wherein the analyte is a protein or a nucleic acid
or a mixture thereof.

10} The method as claimed in claim 1 or 2, wherein the target nucleic acid is RNA or DNA.

11) The method as claimed in claim 10, wherein the target nucleic acid is DNA.

20 12) The method as claimed in claim 1 or 2, wherein the analyte binding domain comprises an
aptamer, or antigen binding protein. '

13) The method as claimed in claim 12, wherein the aptamer is an oligonucleotide or a
peptide aptamer.

14) The method as claimed in claim 12, wherein the antigen binding protein is selected from

25 the group consisting of antibodies, antibody fragments and other protein constructs.

15) The method as claimed in claim 14, wherein the antigen binding protein is an antibody.

16) The method as claimed in claim 15, wherein the antibody is selected from the group
consisting of monoclonal, recombinant, polyclonal, chimeric, humanised, bispecific and
heteroconjugate antibodies; a single variable domain, a domain antibody, antigen binding

30 fragments, immunologically effective fragments, single chain Fv, diabodies and

Tandabs™.,



b) an oligo tag, wherein the oligo tag conprises a |inker conpatible
region. 32) A probe conprising: a) an anal yte bi ndi ng domain; and b) an
oligo tag, wherein the oligo tag conprises a prinmer binding site. 15 33)
The probe of any of clains 31-32, wherein the analyte binding domain is an
anti body. 34) The probe of any of clains 31-32, wherein the oligo tag
further conprises a unique |D sequeng&e. 35) The probe of claim34, wherein
t he uni que I D sequence is attached to the oligo tag by a stochastic

et hod7) 2k B6thod apeRimal int1SRES or MRE@EIR tRAGiFt piae HeaiiRd d6Asn add sad
anal yte bi ndi ng domai n; and _b) an oligo tag, wherein the oligo tag

conpr i sesscand anglde biagmgatonptine aecgpaiie oBspeeifcgbobinging e Bisssmegpalysi n each

pr obe | ; J it e, hi pdi k=1 50): . ,
D or 8P PRCERSS oF i SRl B DU AR, e 904000,
probes ofecamyamfytebintimg ddonan arcwhpitdt of dpeeifiadibl hibdinhitmdiffegerd analites.i s an
anti body. 39) The pool of probes of any of clains 36-37, wherein the oligo
tagy f d?¥% mgah af slaimed nflyge] PH2swhrERdEe gt o ePreany b6t B FIRTEs of
C|ai”‘39ﬁgMMEEﬁkgoﬂhe uni que I D sequence is attached to the oligo tag by a
stochastiT nethod.

20) The method as claimed in claim 19, wherein said enzymatic ligation reaction comprises a

ligase.
21) The method as claimed in claim I or 2, wherein the ligated nucleic acid template 1s
10 denatured prior to amplification.
22) The method as claimed in claim 21, wherein the denaturation comprises heat treatment.
23) The method as claimed in claim 1 or 2, wherein the amplification comprises a polymerase
chain reaction.
24) The method as claimed in claim 1 or 2, wherein detection of the amplified nucleic acid
15 template is by guantitative PCR (qPCR).
25) The method as claimed in claim 1 or 2, wherein the amplified target nucleic acid template
is detected with nucleic acid dye.
26) The method as claimed in claim 2, wherein said f{irst and third nucleic acids are located
on said first probe and said second and fourth nucleic acids are located on said second
20 probe.
27yA kit for determining binding of an analyte to a target nucleic acid in a sample
comprising:
a) a first container comprising a first probe, wherein said first probe comprises a first
nucleic acid and a first analyte binding domain;
25 b) asecond container comprising a second probe, wherein said second probe comprises a
second nucleic acid and second analyte binding domain; and
c) instructions for using the first and second nucleic acid probes to detect an analyte in a
sample.
28) A kit for determining binding of an analyte to a target nucleic acid in a sample
30 comprising:
a) a first container comprising a first probe comprising a first and second nucleic acid

and a first analyte binding domain;



55 41) The pool of probes of any of clains 36-37, wherein the anal yte

bi ndi ng domain of the probes are capable of binding to the sane anal yte.
42) The pool of probes of any of clains 36-37, wherein the anal yte binding
dormai n of the probes are capable of binding to two or nore different
analytes. 5 43) An anplified polynucl eotide conprising: a) an anplified
product of a genonic region associat® with an analyte; b) unique ID
sequence or an anplified product thereof, wherein the unique |ID sequence

i s assodj)ak gecont tdaniaiirer icB@ptiking addecéiep@ba lcyingrisiapd third and doqpth ficdelc
product of a_linker conpatihle region. 10 44) The anplified pol ynucl eoti de
of cl ai m 48cid @pd seqond paalyls tipding @oagiuditte is associated with the
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anplified polynucleoti conprising: a) an anp product of” a genom c
regi on asseangléed with an anal yte, wherein the analyte is bound by the

probe_of any of c] ai 1-32; 15 46) A pool .of anplified pol ynucleoti des,
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of a genpmlife L&t on associated with an analyte; b) unique ID sequence or
an anplifled%product t hereof, wherein the unique |ID sequence is associ ated
wi t h B)lhedanas ¢lyinadd inhdaiana$,ywlsreiarsdidclirsa andathtd duickaic peidslarstloedtedioni nker

anal vt e B s s TR R o b s BERET o RS 20085 o of
at t achi g ptobe @BmpHginyt - bound nucl eic acid.
10 a) an analyte binding domain; and
b) an oligo tag, wherein the oligo tag comprises a linker compatible region.
32) A probe comprising:
a) an analyte binding domain; and
b) an oligo tag, wherein the oligo tag comprises-a primer binding site.
15  33)The probe of any of claims 31-32, wherein the analyte binding domain is an antibody.
34) The probe of any of claims 31-32, wherein the oligo tag further comprises a unique ID
sequence.
35) The probe of claim 34, wherein the unique ID sequence is attached to the oligo tag by a
stochastic method. '
20 36) A pool of probes, wherein each probe comprises:
a) an analyte binding domain; and
b) an oligo tag, wherein the oligo tag comprises a linker compatible region.
37) A pool of probes, wherein each probe comprises:
a) an analyte binding domain; and
25 b) an oligo tag, wherein the oligo tag comprises a primer binding site.
38) The pool of probes of any of claims 36-37, wherein the analyte binding domain is an
antibody. .
39) The pool of probes of any of claims 36-37, wherein the oligo tag further comprises a
unique 1D sequence.
30  40) The pool of probes of claim 39, wherein the unique ID sequence is attached to the oligo

tag by a stochastic method.



48) A kit conprising a) a probe conprising an oligo tag, wherein
the oligo tag conprises a linker conpatible 25region; and b) a

| i nker, wherein the linker is capable of attaching to an anal yte-bound
nucleic acid. 49) The kits of any of clainms 47-48, further conprising a
uni que | D sequence. 50) The kits of any of clains 47-48, further
conprising a ligation agent. 513 The kits of any of clains 47-48,
wherein the probe further conprises a unique |D 30sequence. 52) The kit of
cl ai M4y Theb®)l RIf rdtee oflah &f folkiiiB 86-T) Ritet & g Sheinaby it $ondimg demeint diethel i go
tag conprises a linker conpatible region. 56 53) The kit of claim 48,
Wne[]ei n nrakesproeapablaof hindingiephe sasee alvddal yt e bi nding domain. 54) A
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bi ndi ng ﬁem:a& iapdblaofbﬁﬁiﬁ%glcﬂoit@o ok agyre Wifterait andlies.5f i rst ol i go tag
conprises a linker conpatible region; b) attaching the first oligo tag to
a 11 r 43) 4npayplitied pelgpucloptidy cORREBEN at t achnment 019 the oligo taggto tﬁe

t ar get cl,ei ' - ' ETe xeC) anplifying the
pr obe- mr}ag I (Lg‘l? gﬁl gglﬁﬁig%@fatg%ﬁ%ﬁ%gggh%ﬁ%ﬁ?ﬁdgggg%g%@%a’cl) ei (r:rp aci )d/ )
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A net hod c ' ;
(1)5 géc?elltgfgwith the identity of the analyte; and

¢) an amplified product of a linker compatible region.
10 44) The amplified polynucleotide of claim 43, wherein the unique ID sequence is associated
with the identity of the analyte after the polynucleotide is amplified.
45) An amplified polynucleotide comprising:
a) an amplified product of a genomic region associated with an analyte, wherein the
analyte is bound by the probe of any of claims 31-32;
15  46) A pool of amplified polynucleotides, wherein each amplified polynucleotide comprises:
a) an amplified product of a genomic region associated with an analyte;
b) unique ID sequence or an amplified product thereof, wherein the unique I sequence
is associated with the identity of the analyte; and
¢) an amplified product of a linker compatible region.
20 47) A kit comprising
a) a probe comprising an analyte binding domain; and
b) a linker, wherein the linker is capable of attaching to an analyte-bound nucleic acid.
48} A kit comprising
a) a probe comprising an oligo tag, wherein the oligo tag comprises a linker compatible
25 region; and
b) a linker, wherein the linker is capable of attaching to an analyte-bound nucleic acid.
49) The kits of any of claims 47-48, further comprising a unique ID sequence.
50) The kits of any of claims 47-48, further comprising a ligation agent.
51)The kits of any of claims 47-48, wherein the probe further comprises a unique ID
30 sequence.
52) The kit of claim 47, wherein the probe further comprises an oligo tag and the oligo tag

comprises a linker compatible region.



a) contacting a sanple conprising a protein and a nucleic acid nol ecul e
with a first probe conprising an first anal yte binding domain and a first
oligo tag, wherein the first oligo tag conprises a unique |ID sequence;

15b) attaching the first oligo tag to a first target nucleic acid, wherein
attachnment of the oligo tag to the target nucleic acid forns a
probe-nucl ei c acid conpl ex; c¢) anpliﬁ@ing t he probe-nucleic acid conpl ex
to forman anplified probe-nucleic acid product; and d) detecting the

anpl i BS3gthekiobfelaincd & ivtheasin dhqpprotiel birthe? Corbfijsed e andyth dihdidg ddraaim 55,

wher ei he oligo tag conprises a |linker conpatible region. 57) The nethod
of cléghéﬁﬁaﬁ%%g¥%Wﬁgﬁhe oligo tag conprises a unique |D sequence. 58) The

met hod of) aB¥a@ingCh %ﬁgw%ﬁ&mﬂ@%ﬁ@ﬁ B gn%gbékeaaa QﬂéleaHQ%ﬁi 2 flr§t an

anti body.” 59) The nethod of any of clainms 54-55, wherein the attaching
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t agget nuc%e%c.ac%d. 25 Bq% IQ& nethoﬁgff any of clainms 54-55, further
co%prising U3LOLEH fgF ORISR A K OmPatiRF 4889 uc) ei ¢ acid. 61) The net hod
of any of) ahadhimy Br-R8 oNELER! @ 4 Fiest 3hdodChkdMc SERP wherit hRhnlehOaf Ry t he
first oligo tag and/or second oligo tag to the linker. 62) The nethod of

any of cl aiolgo 5g-tgthe targst virdieic Beiddpuhea probginpelgiclagidgommérsd to t he
?23! ?/tegt ?)3grgg)f1§/é1%§1eg}%topqgm§lfﬁ%|aag %?:I)mg e%itHBfoéé _aESamp%}ﬁ{ieﬂrgbet—Ql?clg(r: %91 's
product; and
10 d) detecting the amplified probe-nucleic acid product.
55) A method comprising:

a) contacting a sample comprising a protein and a nucleic acid molecule with a first
probe comprising an first analyte binding domain and a first oligo tag, wherein the
first oligo tag comprises a unique ID sequence;

15 b) attaching the first oligo tag to a first target nucleic acid, wherein attachment of the
oligo tag to the target nucleic acid forms a probe-nucleic acid complex;

¢) amphfying the probe-nucleic acid complex to form an amplified probe-nucleic acid
product; and

d) detecting the amplified probe-nucleic acid product.

20 56) The method of claim 55, wherein the oligo tag comprises a linker compatible region.
57) The method of claim 54, wherein the oligo tag comprises a unique ID sequence.
58) The method of any of claims 54-55, wherein the analyte binding domain is an antibody.
59) The method of any of claims 54-55, wherein the attaching step comprises ligating the first
oligo tag and/or second oligo tag to the target nucleic acid.
25  60) The method of any of claims 54-55, further comprising attaching a linker to the target
nucleic acid.
61) The method of any of claims 54-55, wherein the attaching step comprises ligating the first
oligo tag and/or second oligo tag to the linker.
62) The method of any of claims 54-55, wherein the probe is directly attached to the analyte.
30  63) The method of any of claims 54-55, wherein the probe is indirectly attached to the
analyte.



