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BACKGROUND

[0004] Transcriptional regulation involves a large number

of proteing or protein complexes specifically assembled at a
given promoter to activate or suppress RNA synthesis. In a
specific tissue or cell type, a promoter can be turned on by
a sequence of specific recognition events. Transcription
factors bind cis-acting regulatory sequences; these DNA
binding proteins then recruit co-activator complexes and
these pre-activation complexes then recruit the core
transcription machinery, Such a sequential recruitment
mechanism was dempnstrated on the HO gene promoter during
the cell cycle in yeast (Cosma et al., 1999). Similarly, a
gene can be turned off by the recruitment of transcription
co-repressor complexes through sequence-specific DNA binding
proteins during repression involved chromatin remodeling

factors that modify histones and a long term molecular
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i nduce crosslinking between DNA and bound proteins in
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[0007] The ChIP assay has been widely used in localizing
in vivo binding sites for transcription factors. Referring
to FIG. 1A, briefly, cultured cells are treated with
formaldehyde to induce crosslinking between DNA and bound
proteins in vivo. Treated cells are disrupted and
nucleoproteins are recovered. Sonication is then used to
randomly shear DNA into ~0.5 kb pieces. Because of covalent
linkage induced by crosslinking, specifie proteins remain
associated with fragmented DNA. Specific antibodies against
target proteins are used to immunoprecipitate DNA-protein
complexes. Both starting and immunoprecipitated materials
are analyzed by PCR using primers specific for a given DNA
region(g) under investigation. A specific in vivo

interaction can be inferred if immunoprecipitation results
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DNA fragnment(s) in question. [0008] The%"@é’é{é‘g‘?
has been used to detect specifi c targets for
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products are then hybridized to the pronoter array to
tungtienel imficmasienot Faielly speihgi nsﬂdmaenpncﬁwn by
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sequenres| are fER- empblflm’htand: Bpstpe@dnudjlags to form a
promoter microarray. Immﬁnoprecipitated DNA fragments are
linked by ligation with a primer-landing site on both ends,
thereby permitting signal amplification by PCR (i.e.,

ligation-mediated PCR or LM-PCR). PCR amplified and

immunoprecipitated materials are finally labeled with
different fluorescence dye by random priming. Pooled PCR
products are then hybridized to the promoter array to detect

which promoters are specifically enriched by chromatin

immunoprecipitation. )

[0010] Referring to FIG. 1B, the ChIP-on-Chip technology
requires 10° cells in each experiment, thus precluding
analysis of development, tumorgenesis and stem cells where
starting materials may be limited. In addition, microarray-
based approaches will face the specificity issue. A
schematic description of ChIP-on-Chip is presented in FIGs.

1A~1B and a summary comparison in Table 1, below.
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anal ysi s of devel opnent, tunorgenesis and ste | 1s
where starting materials nmay be limted. In g%ﬁ%??%ﬁ?007

m croarray- based approaches will face the specificity
issue. A schematic description of ChlP-on-Chip is

presented in FlGs. 'Q%ﬁﬁu&ﬁﬂ a sunmary conparison in
Table 1, below. 3 2 February 2007 SUMVARY [0011] In a

[00¥ilr st aBpectfiafstt heppresent theantsicon, intrBat €oh s
rovi ded a ngthod of detecting a pol ynucl eot.i de-
theg%|lfp§ﬁ9ivaee nf PRt TP GTEFRTERY o getlor Do odride-
pol WGANIGEM: nt £PAPE | S NEhr)i v Wﬁoeéﬁ&hf,‘)'éf’uér{]% anism,
pol'ynucl eotide associated with a pol ypeptide to
compphitsding an snmnicded: cigol haickeet pdeypuepartatdeon; b)
di,sassociating the ol ynucl eoti de and pol ypeptide in
255 q3g o FERBCR P i0 CocpOLOHE act | g ANES
polpRiciRuek 88t AL, &% & P MBI sRaLL - HERL, GRNdi tions
whereby the prinmer pair hybridizes to the
polyspiojratidet ané pol fmapghigef insthaydmi ditrat iroepecaplex;

each ri r conprisi.ng.at. least two portions, a first
c) C;%ft CAna g‘gfﬁ%rf?é?wcalﬁ%&ﬁ@i& W&blac?f%io%ﬁ% §oridcFBEET de
condiffdbnkSwhé | enOfp iyl gdhzibngybPi @& A 49 the

pol ynucl eotide in the enriched preparation, and a
polyswicdRat pde t tonf eonp ifdirsg Avbuidivertsah pemmisx,| @adhng

._Site, wher.ei he unjversal prinmer |anding site, the
prindr Somlil ol ok Fedtt (S P RioBR, Bpotteh S o
compdaWAShT £aPa SEAEIBeQff itthe 1t gh88t 1 e POl uglg0t ikde,

wherein the universal landing sites are not the sane,
capag)lecofit v T i 2w fhior ot thybet dbebyiwn esdripleedn wheh

1 h.aas nder, condi_tions whereb ri mer_pairs.,
en e B e O B SR PEh T e T 9 BRI P8 Porm a
univieirgall efr phiobela)i rRliitkyi Retben lirgated vorabe wrifer

universal priners to generated an anplified-I|abel ed
landgpgdaéte, ¥he doft actimegst heinapirddiddd deel ed product
| a of _ oligonucl epti.des under conditions
uPStWﬁéir‘[{e ydt(#e‘?rrsltgra &d Sﬁ 0 8%. ﬂgbjlfkileditzae%eteco a
polyRQahkettdd arhaddigonuel aat vdesan 1Ry @Y tes are not
the same, d) contacting the first hybridization complex
with ligase under conditions whereby primer pairs

hybridized to the polynucleotide are ligated to form a

- ligated probe; e) amplifying the ligated probe with

universal primers to generated an amplified-labeled product;
f) contacting the amplified-labeled product with an array of
oligonucleotides under conditions whereby the ligated probe
hybridizes to a complementary oligonucleotide in the array
to form assay complexes; and g} detecting said assay
complexes, wherein the presence of complexes is indicative
of DNA that binds the immunoprecipitated polypeptide.

[OOlla} In a second aspect of the present invention, there
is provided a method of detecting a polynucleotide-

polypeptide interaction domain in a genome of an organism,




to form assay conpl exes; and g) detecting said sa
conpl exes, wherein the presence of conpl exes i%éaMU%yZOU7
indicative of DNA that binds the inmunoprecipitated

pol ypeptide. [0011la] In a second aspect of the present

comprMEMH .08y LREEE 1 LS Y QV! db@nﬂﬁhppgr&% detecting a
pol ynucl eoti de- pol ypeptide interaction domaim in a

gengerofAobfanher gamisimm 4 thekFebyuaryd2007g MEHproskEny:
) crosslinking a DNA hinding protein to genonm c DNA
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fr.o t he xture, produced in b);.d) separating the
the X Trkg RERUECEbL 0 £ FOFFBi Fhe DR ridiagent
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under conditions whereby the “prinmer pair hybridizes
the {TaiA wd thNA Praggremtaiio uhglem eohdi st onhyird miibgathen

._canmpl ex, ., each priner npr|.si at | east two ,
prlmpecj):r facl)ﬁs?ygrﬁifﬁs pto‘%'_t '%t?n D@%n@???ﬁ‘ﬁ@t atc_t aﬁt’oéé“t AshdEftic
hybraldigaRtehesbmstet hadadrs peaRabl 8o@br IWhid dizilRgstocbe

DNA fragment, and a second portion conprising a
portysnder Safirpf i partlandiongrésing 2 heatget mpereddc

. desi gned.to be . specific.for_an upstream and
o1 o LS e GPPRECDRA MY SUHARES WierBrn2Vhe
fraguehver sall & aneh st Pdr@Soar eonptid ey SaBvefkal
_contacting the first hybridization conplex with a
primergasadipdesitondine ¢we whémeby ¢asimneddior be

ridized t the DNA fragnment are ligated to, fo a
spectf Bk ShF it et GRraEPRE Hoh et gropkeup b
fraghenter aakr 1 h MHS urlve rafPl LANE NG tdiadd galedopr ohe of

g) to obtain an anplified product; i) conbining the
saneippl | FPRER PR bl diheoff iptwhyhr i dbrpt arescapy ex with a

1ol UUEL OSSR LoD SRS e s Real LA,
the aNRegrafnoit tdhee aarpheaenbaryr®al YNUL et ibdebePCgUr s
to forma second hybridization conplex; and j)
contacting the ligated probe with universal primers; h)
.'amplifying the ligated probe of g) to obtain an amplified
product; 1) combining the amplified product of h) with
complementary polynucleotides from the organism under
.conditions in which hybridization between the amplified
product and a region of the complementary polynucleotide
occurs to form a second hybridization complex; and j)
identifying the second hybridization complex of i), wherein
the second hybridization complex comprises the region of
the genome to which the DNA binding protein interacts.
[0012] Disclosed herein is a method of identifying a
region of a genome of a living cell to which a polypeptide of

interest binds, comprising the steps of: a) crosslinking DNA

binding protein in the living cell to
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identifying the second hybridi zati on conpl ex i

wherein the second hybridi zati on conpl ex con%%?%%%my2007

the region of the genonme to which the DNA bindi ng

protein interacts. [0012] Disclosed hereinis a

met hod of identifying a region of a genone of a

living cell to which a polypeptide of interest binds,

conprising the steps of: a) crosslinking DNA binding
gengmice PHA| of ttee |liiwilng cell, tithedmb? bebduaing 2HdEein-

' of t.he iy cell, thereb r oduci ng .
D SRR B e D iy PP BY i 0SB Liniced
to igehnppept DiiE; d)oseherketng TN E1RGEnPM % f the protein-
DN,gener?thg DNA fragments of the protein- DNA conpl exes
FORPLe¥R 1 dh? or SBEEFRY RFofuaingeacwigiies mempplaing
DN ERgaRehSs D WHich BRI 19 R R0 REREEH N & iRl r)di:g c)
renDV|n%Da DNA fragnent to which a polypeptide o
TemoNE 8P edt DN LSusemgatt Forvhinh @ polyeept tdticdd inbebyst d)
i ak4 : E 0L, . 5007814
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pol ypeptide of interest; e) <contacting the DNA with a
primer pair under conditions whereby prinmer pair
hybridize to the DNAto forma first hybridization
conpl ex, each priner conprising at |east two
portions, a first portion conprising a target-specific
ol i gonucl eotide that is capable of hybridizing to a
_target polynucleotide, and a second portion
conprising a universal priner landing site, the two
prinmers are designed to be specific for an upstream
and downstream segnent of a target polynucl eoti de,
wherein the universal landing sites are not the sane;
f) contacting the first hybridization conplex wwth a
| i gase under conditions whereby primer pairs
hybri di zed to the polynucleotide are ligated to form
a ligated probe; g) anplifying the |igated probe of
f); h) combining the anplified product of g) with DNA
conpri sing a sequence
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conpl enentary to genom c DNA of the cell, unde
coggitions ?n mh?ch hybri di zati on between t he? February 2007
anplified product and a region of the sequence

wo 20080psaMentary to genom ¢ DNA occurs to perisaseResnd
hybri di zati on conplex; and i) identifying the second
hybri di zati on conpl ex of h) wherein the second
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~ poly E@ s are bound; c) I munopreciplitating a

SPePnlggﬁe T 21 WpSAeant #Bd diownsaeanpeedtierdaldsy abltadget
1L R8Pl VRGP i | r 5 ebry 2007

po ggpgr at |%S€pt ng%B%%nf %gntgﬁlt%eg%t%zjil 1%&5 ﬁa‘tt ArEnaet

thep@ﬁypep@h(ﬂpnthctmngrEBe fx@stcbgbatdizqﬁﬂdﬁacBN@lex with

A i th ' d d b
» RE s o e R T, BRERE Bt dgheAfiiees bo

thef ponymcfmarcsttldehybm T gtdDRoC eBPhex, 1@&@&@&6&& g)
two portions, first portlon

arp{SPRIAE T Jionfadinigtin it ) op! Leueirian 306t hat | s
ampE@@ﬁ$&J§ﬁHHdaﬁbbfd§¥'WEkH‘bNhh%o s{ﬁ prlﬁe Pandlng

second pOI‘tI on COIT'pI‘I Sl ng a uni versal
comp ¢Eenty tRoIPRPHEF PN ©fdébegaell + omser spuditicnd or

in @Hlé&?%}ftﬁﬁ Qlegﬂvﬁbﬁf\@fe%%mtﬁgggﬁfia L fed If;%o uct _and a

fragnent, ere uni versa iy TSI tes are rot
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~ thel sgadrell hiybriof paeddr grinpdeRr 6P€R) O)wherein the second
hybridization complex comprises the region of the genome in
the cell to which the polypeptide of interest binds.
[0012a] In a third aspect of the present invention, there
is provided a method of identifying a region of a genome of
a living cell to which a polypeptide of interest binds,
comprising: a) crosslinking DNA biﬁding polypeptides in the
living cell to genomic DNA of the living cell, thereby
producing DNA binding polypeptides crosslinked to genomic
DNA; b) generating DNA fragments of the genomic DNA

. crosslinked to DNA binding polypeptides, thereby producing
DNA fragments to which DNA binding polypeptides are bound;
c) immunoprecipitating a DNA fragment using an antibody

that specifically binds the polypeptide of interest; d)




anplifying the ligated probe of f) using unive
primers |abeled with a detectable |abel to 06{§$¥U%m2007

anplified product; h) conbining the anplified product
of g0 with conplenentary polynucleotides fromthe
cell, under conditions in which hybridization between

t he.anpljfi roduct and a region of _the
Sepaf&%ﬁf%n%h?aﬁgap ??ﬂﬁ%ﬁéé@%&énegpﬁﬁrg?t%f??w?ﬁ%tsecond
polyRyBEidbzati Ot £AMPY £)X5) @Rthchltihgdephé f o0 dhgeecONd

_ hybridization conplex of h) using nethods specific
withf gr prieer apelr wikerigendiéisesonderdyprilg zatimen pair

canplex, conpr i he reqgion of the genone in the
hybr&éﬁ?e?ot(\)/\hl ¢h @ﬁg gproal%;nﬁ ti 8e98fmi %tgjrresstt bi nds.
hybrli0013t i Jhecshsrd0s W H phither @Bxﬁyirﬂ@ﬁng?\ a!@tlf&@tOftwo

identifying a region of a genone of a living cell to
portipneh a fpotyeptliide somprieiagt a biamsst cargwiifdicng: a)

. | inki bi ndi I ' he |
o115k LEARG A BA D LG DL RGRLI 22 A0 15,0 i

fragRefdUCaARNg & iRl @@Meﬁowhgﬁisfm I iRk A
bi ndi ng pol ypepti des crosslinked to genomic DNA b)

primgantrRding DNE f rdgméwespolmehe ProtddHiaNa ¢ompkex,

Da. ruar Q07 _ thereb oduci ng DNA fr n to
' Specaﬁ%%hﬁ%?ﬁ%‘# ftnrgeaénola?peg ixlagérea?né Y ed-‘,t é))fa 2he BﬁA
fragh8RUNopiecd i tidd nGitkBe sPNAI ahd Aoyt 4y educedtushag

an_antibody that specifically binds the polypeptide
samepf £] @ttetting thepdiastnhybhed DNA Faragemptlex with a

. identified in.c) fromthe polypeptide of. interest;: e
Ligapd Gy Ao b R P R e 50 TP E e E
to tEONDRICtfMgmidie. QA Wibhtadptd NBSrpal N idey eeBdkli ens

whereby the priner pair hybridize to the DNAto forma

ampli fykng Hmrliidiated ercbenpfek! esioty piiiversednprineng
ae Pl B0 L M RV Ty bt R S RARABTE o
prodbydy ikl Zdompildng takIepl POl ¥yt RRldider gndwacaecond
ortion conprising a universa
complementary polynucleotides from the cell, under
conditions in which hybridization between the amplified
product and a region of the complementary polynucleotide
occurs to form a second hybridization complex; and i)
.identifying the second hybridization complex of h) using
| methods specific for the label, wherein the second
‘hybridization complex comprises the region of the genome in
the cell to which the polypeptide of interest binds.
[0013] The disclosure further provides a method of
identifying a region of a genome of a living cell to which a
polypeptide of interest bindg, comprising: a) crosslinking
DNA binding polYpeptides in the living cell to genomic DNA
. of the living cell, thereby producing a protein-DNA complex
comprising DNA binding polypeptides crosslinked to genomic

DNA; b} generating DNA fragments of the protein-DNA complex,
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primer landing site, the two priners are desi to 007
be specific for an upstream and downstream s ary g

a target polynucl eotide, wherein the universa
| anding sites are not the sane; f) contacting the
first hybridization conplex with a |igase under
condi ti ons whereby priner pairs hybridized to the
pol ynucl eotide are ligated to forma |igated probe; g)
anplifying the ligated probe of f) using universa
thembmlsaddoahgl BRA W idynendiet e6t @kl & Imekinl)} ngonbi ni ng
the a I|f|ed product of g) with DNA conprising a
 egfpPeWeht &y Imyngeremirl tgdngt the Dkl | |
ﬁyyayc 0 [ r
anpll i ed p%gdgé%ﬁ%n#gﬁgéggog &}?éga%ée%géf?géy\gg%l% _
the r pft tntpuest: c dDNBepealring d:hfeobm afras;msmtd
: ot {i-9n i f the nd
lde*%&nﬁ |§gﬁ|2n £F 1%§§E?$ﬁ§g§£%%d%%e 585 pe ific for
the | abel, mhereln t he second hybri di zati on conpl ex
conprises the region of the genone in the cell to
whi ch the pol ypeptide of interest binds; and j)
conparing the | abel intensity/anpount neasured in i)
to the anbunt/intensity of a control, wherein
anount/intensity of the label in a region of the
genome which is greater than the anount/intensity of
| abel of the control in the region indicates the
region of the genone in the cell to which the
“ pol ypeptide of interest binds. [0013a] In a fourth
aspect of the present invention, there is provided a
kit conprising: neans for inmunoprecipitating a
pol ynucl eoti de associated with a pol ypeptide to
obt ai ned an enriched pol ynucl eotide 6 2 February 2007
preparation; a priner pair, each' priner conprising. at
| east two portions, a first portion conprising a
target-specific oligonucleotide that is capable of
hybridizing to a target polynucleotide in the ‘
enriched preparation, and a second portion conprising
a universal prinmer landing site, the two

.5b




rimers being specific for an upstream and do rea
gegment of t%e |toarget pol ynucl eoti de, wher ei nv? %’mar)mloo’"
universal landing sites are not the same; a |igase;
wo 2endrausal  priners; and an array of ol i gaiuGd6RlkASS-
[0014] The details of one or nore enbodi ments of the
di scl osure are set forth in the acconpanying draw ngs
congBbtihdecrie sunl B ERNa Bel Qi %Eﬁfuﬁaﬁ% Lé{g%it%hsﬂ S
and advantages of the discl.osure w e appar ént
whereB¥, tiR prdessr ppiy drvhiidigeanintse RN tior dortthe first

' . 2 . A 07814
ST R -,

POTY A0S s o\l t&EChPPE ton Clinpriied hgi aqutm;g{e&}spdﬁmfﬂ&f_ t he
; S5 fy.C -1inkin fragnentatiqn, chromatin
dl??rl?r&unoprtggepi‘:gg?i %én,ca[rfa%[% r9?i LT O, 2P i E2E99n
polymdc@ntgdanabydi s; sdddnds bﬁ%iﬁ:@l’m)r@fritétiﬁg di ?ﬁifé%gdeles
. W ,P-onz:CHI P including. the generation o al s
poé irhta%géggbﬁlﬁ?/br i e éf?"looﬁgb‘f“?%%rﬁ’ﬁ?n despened &nddg al se
speciegial ifees ahyups ©sSmh Wal dbwAkt Sk fsLREAP noﬁe&)e(,a&ﬁ_get
00 %J Fl.G depi ct a general proceSs of the _
pol '%‘%1:‘1 Gharg, v e Bpbeersahidiangingr ayhentans l@jma,t
[ egbpi it heDiF0L.d o9, . PG | n A
o o phage Rl e ol Ao fHSE
2 ligase sRdeysrenditgons| whersby ArE msvonadss ayybeisiildest to

che SRS {15 JSBEELA 4 A ST ]

ampridyipgsthé TlgaRedASiobsi af flandrinageant @SHMISiptEmers
ed by _SAM anal ysis.

S AR e S e At
prodqueeseficg) anikiameneempti iyl o@RqLbhte %&nﬂl@n?en%ﬁ?gm

enriched in %he presence and absence of androge

to ggRqmieNYR qlodhs crlE wrdarowondititessfimmiddh fol d
hybrifh kh90o0 betQRRn RHERIMPT AL LS HSLO%ANS FULERASE

assay of the disclosure. '
‘the sequénce complementary to genomic DNA occurs to form a

second hybridization complex; i) identifying the second
hybridization compléx of h) using methods specific for the
label, wherein the second hybridization complex comprises
the region of the genome in the cell to which the
polypeptide of interest binds; and j) comparing the label
intensity/amount measured in i) to the amount/intensity of a
control, wherein amount/intensity of the label in a region
of the genome which is greater than the amount /intensity of
label of the control in the region indicates the region of
the genome in the cell to which the polypeptide of interest
binds.
1[0013ai In a fourth aspect of the present invention,
there is provided a kit comprising: means for
immunoprecipitating’a polynuclectide associated with a

polypeptide to obtained an enriched polynucleotide




[0020] FIG 6 shows identification of estrogen

receptor target genes using the nethods of th%Fd”umy2007
di scl osure. Shown is the process in the presence and
absence of an estrogen agonist. Al so shown is the SAM
anal ysis of the chip data. [0021] FIG 7 shows the
mappi ng of trascriptional units wusing a tiling assay

on the beta-globulin locus. [0022] FIG 8 shows the

i.ng.of trascriptional_ units by tiling,on th
pren iR inal PRATSEURS L andiit | $oREY SERBFLTVITy? ot 17
two @Ur-iBAS, BeEDed: CosPRIH ddPikPn&hh Prar§O023]e &G 9
_is a schematic showing the use of the nethods of the
oliggnilgelideohh@hnparsakakt Gafohivbr¥dRz Fedrvary 20Qet

L0QQ7814, PCT/ U 04{ 021450 bridization ,
2o T RORT At o~ AR DAL SRy Bt SBheT et (§peond

I'cation, "an
portDEhAkcbhPr DESARI £ TN 4 024 o rAfietS @Anbengi £i @nd dHe tthe
appended clains, the singular forns "a," "and," and

primergebeing| gRechiir afor rast eweirsannped sdewes teratext
| earl-y.dic i se. . . khus . eX l.e,.
e e LA e RN ARl P DT e
landdeld siaad set ei@ncehd Ganeheapligess; amblares
. reference to one or nore priners and equival ents
Prinepsy o R kAW T tHosd igencégot#de¢he art, and so

faor t h. 0 ..Unl ess defined otherw se, all_technica
[001§2d STCPéé nc%:?‘lll& LE;t gr%n%n%s%% W&Fe?ﬂgﬂ‘ﬁf@e‘i‘% ‘%far’fgle
discipenreges setofonohyinnder siceofphfy Dig dfawdindisNany
the i%ill.in th eﬁ%t to. which this disc|osure bel ongs.
| EREHG SthyPetorhodQt BT FSabaet soB HF e 2R
advaaguiyel et Heo dtiaewsaﬁéwﬂlle@ehs{aﬁa £AErRE cuaed in
t he practice of the disclosed nethods and
- descrinhbd anh drawhagex ansd fupithaoekakm@k material s are
now described. [0026] Al publications nentioned
herein are incorporated herein by reference in ful

for the purpose of describing
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and di scl osi ng the net hodol ogi es, which are desgri bed
in the publications, which might be used in 2 Fieordary 2007
connection with the description herein. The

wo 2005/Rl75Gat i ons di scussed above and througp%szhﬁﬁ Lext
are provided solely for their disclosure “prior #6°% he

filing date of the present application. Nothing herein
is to be const .51 at the inventors
are not entitl W&@ﬁf@@%gwgm osure by
(005} t ue RIG.prkeR showd aseher-bR02]p Wadanstaadi ng)how
de Dl\?qrﬁl}gd:?&% Er ot e%ns control ., gl obal gene expression,
PLAYONBEOo MR PED| P aH BT -dnakErd ) JxaomepEskieRr at i on
chrwesit th Gemuaebled ad Bchdiyn, dephid-catd-0noaf the

fh onpsomal | ocations at which DNAbi nding proteins
amp 391778 2pArehin A1plyeds: B HonrE0ePeedof the
difPCRES2Q044 0R 1495 1d) Vit - 1{?99({' ereln i.s
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neg%gls eheji){ E%Fgﬁdﬁ{%ﬁg%g?g%so hcéjmmgﬁlegfa??% ion issue
[00%fdner aFL¢. a8 sdepiated wehbral qrearesay of aps aickessuka. a
' alternative .splicing event,, for K exanple, there are
5h°“?1maq-”§~ %58?.5 chir g Fﬁg%%%ﬁﬁ%%n LPRRCBE g an,
“biotsiplyilat ishi eprifideandkbl08g Al UL Ihbet S0t ila, 20

., _nucl eoti de, exoni c sequences at _each splice site
119*}%1?&4 Sﬂbegl%%J@naﬁﬁéd?hm edeiEife distinguish
[003/t veeRTENEIAWD sHRTRSELY Oredu1th | ' - Lque

20 nucl eot i de i néde.x. seqlﬁenc(;1 t%% g%@ﬁﬁ%ﬁlea:ﬁ]ir%olﬂ% or
specilicdpy| apd vwensitdgiandot giwemethodpett theldiEclThere.

oo1fASL a i e h I N r (1)
[ mneal ?%gy %gﬂ%%l i%ggpﬁ%és%éssgwgct%r%g,&%%%e%haat i on,
andqogEnpPrRepeps v earmoberanih (BiCabetetl s oac@mpanied by

o WHRISHeR | ARLGH R ol 0T Tiged ) o UL 562
in thechnebemyye iamd aivsienat i ®h asddogehl Prop-aNIN-) and
enritc%(égn:?rll °He p-l;:heis%n%gngrilc? aa%]gs%?lciesorfe;gcrixr'c?gdent O(E{\]Tirglilc? s
EN-} .

[0019] FIG. 5 show results from a 5 fold spiking of 2000

" human promoters using the ChIP-DASL assay of the disclosure.
[0020] FIG. 6 shows identification of estrogen receptor
target genes using the methods of the disclosure. Shown is
the process in the presence and absence of an estrogen
agonist. Also shown is the SAM analysis of the chip data.
[0021] FIG. 7 shows the mapping of trascriptional units
using a tiling assay on the beta-globulin locus.

[0022] FIG. 8 shows the mapping of trascriptional units
by tiling on the beta-globulin locus. Shown is the
sensitivity of the ChIP-DASL method compared to ChIP-Chip.
[0023] FIG. 9 is a schematic showing the use of the

methods of the disclosure on Comparative Genomic




"Chl P-DASL". An enbodi nent of the Chl P-DASL dis
provided in FIG 2. [0030] The disclosure prgs%gggumy2007
net hods of exam ning the binding of proteins to DNA

wo 2RShPsS @ genone (e.g., the entire eno”FcﬁﬁszﬁmB?fﬁd on
t hereof, such as one or nore chronpbsones oOf

chronbsone regions). |In one aspect, the dlsclosure

ayRERARS R TRLOT oA REEM LAY Snbediad oY o0 Y

not‘er enom ¢ DNA

hyn&raﬂmsahlaltproteln of |nterest blnds In anot her
aspect, the disclosure |ooks at tissue related
regulation. In yet another aspect, the disclosure
| ooks at devel opPEMBALEDRESCRIPTIOHUI ation. In a
t her ,aspect . the d i sclos | ook ul atj on of
Od‘z;?‘ares& %nlg?een& éle%ar i (? tﬁhgegggeni?cgtga& Sei EBF der .
SlﬂydlaEeEDnmsy%ZOO?an&WVZﬁﬂ5ﬂﬁﬂﬁﬂ14nE§H&é§ﬂQ@éﬂ021450
nethods of the disclosure also E@OVIde t he

TR RPEE, U bR IB GOt b A M ROPERILPS - o

Thusf, amserm&mpzlre f %E@feno?é &B G W%%SQe'a udeBes
nuclgotlde e.g. DNA) ich the binding protein

pl rﬁtl\éFXc? ﬁ%iﬁd@%cmf@r@@ﬁ@nt@ tehegpeAmsT(e. g.
incQRidds S8EPdendel 8 J:ﬁ@aéf%d}re g &3 RL RIS 1P & ngu?'sgfé%lg
omc frag on e

fragnent on a chip and the g
thegrpp ksowhdn thQSbeShlllrﬁbanatbeyarte,glamd kn fbetiyenome

& the pol yn Ieo
{oogorresﬁ%% i ng to %%gqF%%§F3 < %g |%? 1&8%t???ed as a
- sciesgdEae dxqrmsegsed laambz‘hhelapeothe nsa)ﬁe rde@.h@ﬁgsisi s a
H%D scrbf gn Ea tor. j%3%]8%The ds of the
Sct oSt e AR D Eﬁ-‘ﬂﬁeS 3P FRemTh - DNA
whibhnthig qiseflesuse &ﬁ‘éllﬁﬁgé heAl@Héugn% aﬁﬁzﬂ@;@@h@éa dand

eukaryofic organi sm vari et bi ndi ng
reagPER) UM AT A F B o AL eaFhbe AnAcFABAS Worein can

" be ?Fgﬁﬁif.ﬂﬁ“%ﬁa?‘?@? e Ryl H@gglé‘s%ert ghg 3}110“ or
comﬁggh@%@qqgf the exgrtljplaafrlyorr]nect::?lgds ear?ci)l( ?r\rgtgerlals are now
‘described.

[0026] All publications mentioned herein are incorporated
herein by reference in full for the purpose of describing
and disclosing the methodologies, which are described in the
publications, which might be used in connection with the
desgcription herein. The publications discussed above and
throughout the text are provided solely for their disclosure
prior to the filing date of the present application.

Nothing herein is to be construed as an admiseion that the
inventors are not entitled to antedate such disclosure by
virtue of prior disclosure.

[0027]) Understanding how DNA-binding proteins control
global gene expression, chromosomal replication and cellular
proliferation would be facilitated by identification of the

chromosomal locations at which DNA binding proteins function




t he discl osure. [0033] In another nethod for
i dentification and isolation of regulatory reghgnary2007
enrichment of regulatory DNA takes advantage of the

hat the chromatin of actively- tr ép‘ﬁ ,dgnes
wozd;)gﬁntg?ﬁgl l'y conprises acetyl ated hi st ones 2 1&1

exanple, Wlffe et al., Cell 84:817-819, 1996 I n
; C t I t.ed FB and H4 are enriched in e
in f:]ﬁlr%dnatﬁ’leg&r ﬁ%cr? aﬁ/n sr%rllgbea e%enome Sg hIP%‘EP,Fb]FI}q,] methog
fox omyuilstad DNk gilerteary Sﬁtfﬂ Lwtmmnj se§el #eddael y

oci ated w t ace . Accor di ngl chromatin

Lo B eRF e FETHERHE bbb BRFDs (T Ry JPAceling

Selucs:tmnesmpmémwnar his Be@t WiphiededBro CRAMARRUERE tO
obtai n_collections of _sequences enriched in

SP‘? CAELPY RS BRRfpreLY ﬁswﬁteanw%d@@sroaﬁﬁmde
apptdachks, Notn |d 5t @dtbnatiild HICLYLE t@éjert(ﬂ_" $gane H3,

avai | abl e from Upstate Biotechnol ogy, aci d,
exaqPye, 1 phorEariuy 200901048 20085007 Sampetition with a

corRel lE;JSZQ}TQﬂ:{é@JS{-@Q [O'Ql??ﬁ %ﬁ%a@egpgﬁ% SENES %ar et te e

i nvol ve ragrrentl ng and en cont actl ng
20 muggrehide wadnian sequenaly att kathspekidd edltky junction

| ate I st on
as HIS80BNAEE, 0 BLBRR L8 DiheRt P dalliiom ERg two
conipeIviing pd e cigditicat eitas, Swhﬁﬁwentb%/n&tﬂe@iﬂﬂdécﬁ_tﬁﬁei rom
th [ t at Prigr to fra nentlng e
se RSt EEnG” BLhObot Galry Lepelal ittt red ana
greaﬁetyééﬁéﬁtﬂve&y@neSTEé)Kﬂﬁlﬁ%@@hy £ﬁ¥iud@§°%ﬁk'ﬁgiiﬁhfﬂé
hi stones tqQq the DNA within the "chromatin can

Progegsapt i shidd Aauest ity (2 @Qﬂrtéu'@hm W@d@.ctl@el (3)
ch j . ' t
LigBBRERAC|Y ) SPcﬁanﬁiSP%fcéﬂl% , ag&riggé_)” ﬁf&‘ﬁ%iﬁ\é LRl

irradiation (G [ 'mour d.
uniyensal 1inERs 21239, 1984) O her approaches utilize

(003891 b SLUSELLO TR AREL Sy SIS 2
andfblgaﬁxﬁghyMEASahdtgﬂhnaﬂagy i Sobmininia tdbnalvi th RUCR -on -
Chip %éc (¥g%y Scﬁh LEV\éﬁlngézgntgﬂfeferred to herein as
“"ChIP-DASL”. An embodiment of the ChIP-DASL method is
provided in FIG. 2,
[0030]  The disclosure provides methods of examining the
binding of proteins to DNA across a genome (e.g., the entire
genome or a portion thereof, such as one or more chromosomes
or a chromosome regions)}. In one aspect, the disclosure
provides a method of identifying a regulatory region (e.g.,
a promoter or enhancer region) of genomic DNA to which a
protein of interest binds. In another aspect, the

.disclosure looks at tissue related regulation. In yet

- another agpect, the disclosure looks at developmental
related regulation. In a further aspect, the disclosure
looks at regulation of expression in a particular disease

gtate or digorder.




1985; Sol onon et al., Cell 53:937-947, 1988). 35
Identification of a binding site for a particd*gq”u£y2007
defined transcription factor in cellular chromatin is

woz@%ﬁdv%t've of the presence of regulatory, (;Sﬁﬁéiﬁdlﬁ?ﬁso

hi's ‘can be acconplished, for exanple, UusSing t
t echni que of chronatln |nnunopre0|p|tat|on Thi s

hni [ ves f a specific antibady to
[ooitsﬁgunogﬁgm 5% 8#r 0‘188}}5?(3%% é’&?b’?ﬁgi t he
abuMatyes©chﬁenmnmﬂtwgethérlh bih8ingaseoteid tangcri ption
N fact or rest) d exan1n tion of t he
raREF R RSEGEnc oS i EsTeenabae

polwmn@@trme piet. af, eDNAmwwlaﬁl @hé a’éiﬁhr@ @obaidi cul ar
nucl eoti de hound to an antlgrn by the antlbody IS
mtEHa Eat3%R HPTiA 8RACES @fusmieh %ﬁﬁ@r@r@q (®i- Bk, 200 2

ch1@9’| yogcd mtga@%d( Brébe Hﬁ%' 505 }Frggmélg&e 14 &

., in Methods I n Enzynol ogy, o
chlpr 884, they gepiosgs, framm:nt op. tnegcu:&v 1s<umown = 0) be a

ol 00 SRS 20 Wi, O Sl 2

polmucmtﬁeommbsmmam &o Rhe higadient p\rebeme 11 2

07 005/.007814 /U82004/021 0
ldeggﬁmé%%¥ﬁfgﬁﬁsggg%%éﬁﬁnﬁﬁglﬂgsﬁ%fT PIOAEIRAY  John
intétesy % aSmﬁansbﬂfptldh1&98t5hpplenEnt)). [ 0036]

erri in o ect, the_method
(008851 % WRGHPES OF oo ?F?ﬂgﬁ%ﬁaﬁ bei preation
. exafhGhé Pand/mxoqaeﬂtffwﬂm B&Iﬁdﬂw dﬁﬁfﬂémsaaéwéé She
Pol ynucl eot i de (e.g roteins are

ont 170 QRN PE( 8. gukaia@ulg B gant ey AveRicty of DNA
b;n&?ﬁ Jal ARy de) v ?@lﬁ \iﬁsrfde@ob NS Ol £ 3l d %21&1?9% For

pol ynucleotlde ragnents t at are cr ed to
exapleli fgly protein vqdvetiein DNAirﬁnimaatlaneOBnrlched

cxabfite SIATA Spolten OVIGPLELRAIEB L oo i
theedusaﬂuﬂmraolynucleotlde Is contacted with a prlner
00fgh, S-S BRI et e NS BT B8 o aion

- of regulatory regions, enrichment of regulatory DNA takes
advantage of the fact that the chromatin of actively-
transcribed genes generally comprises acetylated histones.
See, for example, Wolffe et al., Cell 84:817-819, 1996. 1In
particular, acetylated H3 and H4 are enriched in the
chromatin of transcribed genes, and chromatin comprising
regulatory sequences l1s selectively associated with
acetylated H3. Accordingly, chromatin immunoprecipitation
using antibodies to acetylated histones, particularly
acetylated H3, can be used to obtain collections of
sequences enriched in regulatory DNA. Examples of such
antibodies include, but are not limited to, Anti Acetylated
Histone H3, available from Upstate Biotechnology, Lake
Placid, N.Y.
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forma first hybridization conplex, each pri
conprising at least two portions, a first pori?%%“my2007
conprising a target specific oligonucleotide that is
wozdh?@ﬁ?ﬁe of hybridizing to a target pol VMS‘E%O?&SO
anhd 'a second portion conprising a universal priie
| anding site, the two priners are designed to be

cifi upst r eam and do stream segment of a
085 ynuc%egﬁ %égh gﬁ?ﬂ?ragﬂ% gFaQWﬁ? &Fr of
chmnamims and olfllﬁ)én sidngaat { hd Sthel rﬂx\agméﬂ{:s PEdHIE anl angiRady
site an second  prinmer_conprising a second

thﬁﬁu5R§F§ Fc%f4¥nﬁeq°§ﬁaFﬁ@ ang (RNAfhEP 7L EHELERI ver sal

histidieNJpstt EsuRirg yNas tfﬁéfﬁﬁﬂ%nucIQSti&ééﬁfrom the
hybri di zation conplex is contacted wth a |igase

1mWHﬂ9?Fe€éﬁﬂ?%ﬁ?ﬂﬁ?nwﬁBP%QWHQﬂﬁlﬁbbep§91%e¢ﬁﬁﬂwf@pmeuh¢o
J.mrrtlﬂl%prﬁe!@.{%@m 'P%?co ga{-ﬁ%tqp J. {;gﬁtxg kD %95%] %rtl%

gat ed frobe es”are anp
caru mwépga lypréyemsd ink t]g@rﬁe:r@w&aaadahmudneedtbabéj arknt

ol @9Ub1 1 B0 PXATRL 8 ohhe (AR LR3I gn oanctake

| ace usli ng uorescen ye an
chn@@Rt@nhe§M}be docoapdt sterd edeadidirgt to quﬁxanChetﬁ¢dm&S
t hat have not_been enri,ched b e.g., ,
onel QBERARYE o rrBRyS | e By obab LB Ci ARG TRPBER: | n
-:erfableatpblesmmalo@fr atdif f eraric .f hHer ophesey. 8hd. bt
enriched and inenrlched pool s of | abel ed-product are

BL:R2BPT GF 22d 49844 - DRIRMAD aprreschiapyubbize wheRBOE) 007814
croBQiiﬁﬁiﬁ&VH§¥%¥@5Osﬁléﬁﬁﬁﬂ'%ﬁém&@ﬁldéf&éﬁiﬁ%ﬂgﬁgréﬁgﬂts

. herein The enriched/ unenriched ratio o
incipder ceree Pﬁteh%miﬁﬁdﬂﬂﬁalﬁeﬁm&ldﬂhxﬂe phdr aseral cof

(soh BRSREOdENt  eReRi N e g\%gdbesafat esfxt g . @y 4L o ed

average anal’'ysi s et cal ¢ hé'relative’
1986 8¢ honat ek Bﬂnd|¢gﬂlaﬁdt98ﬁ fe7g.198He polypeptlde of

ere eac Se [ese on the arr
LU AR L STy g A L P e
defbhad ?rmm@cheﬂthf@&to&r Qﬁcbe$§ﬁléﬂ<ﬁihx‘¢&hﬁgn is
crossiin n t echnl ques nown I n the art
indfcahive ﬁ%ﬁgﬁaﬁrﬁ%‘w of; aﬁﬁﬁiﬂ@f%@ewﬁew egﬂuﬁ Fgn
be HtX&mpELIMdd, €6PPELADHIROL Bsing the technique of

chromatin immunoprecipitation. This technique involves the

use of a specific antibody to immunoprecipitate chromatin
complexes comprising the corresponding antigen (in this
case, a transcription factor of interest), and examination
of the nucleotide sequencesg present in the
immunoprecipitate. Immunoprecipitation of a particular
polynucleotide bound to an antigen by the antibody is
indicative of interaction of the antigen with a
polynucleotide (e.g., regulatory domain) (0'Neill et al., in
Methods in Enzymology, Vol. 274, Academic Press, San Diego,
1999, pp. 189-197; Kuo et al., Method 19:425-433, 1999; and
Current Protocols in Molecﬁlar Biolegy, F. M. Ausubel et

al., eds., Current Protocols, Chapter 21, a joint venture
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protein bound pol ynucl eoti des and pol ynucl eoti des t hat
are not bound by protein. [0038] The mixture 3 Eebrgasy 2007
treated to fractionate polynucleotides in the

' re. Fractionation [
wozdg%/ o i on techni ques areknlpggn%gowpﬁsart

|nclude for exanple, shearing tech
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iR 5T 1 el RBPRYEH Pl o7 RrE evegsat
of @@e d%@llhﬁlﬁ@dlﬁﬂé)ré,nr&bﬁe@r}_ﬁﬁl@hﬂc@éotMQrmt can be
| abel ed or tagged using, for exanp nl_llantl b

congpftashaith. @, prlmwg%wﬁ% f(%&l;l)tm?ﬁ

f 3nd 0
seiSHEY hHlob oot Pt Bl o

- forwrasinsk bﬁbm@i :@worp @WE@@* e cﬁﬁC@e PTiMgH neriRy ieieg
at i?@éﬁ) ﬁ%aégg %9{%%%Bg§8rEH§Hﬂda& RE iﬁéﬂé ¢ drgRRL-

ntcl eot I ragment i's
spetbeic mibonedlewﬂidmlﬁ@n sl em_bahi@ pﬁobﬁbrt@mﬂm@s it@gaa

o OLIBBROPOF BT 1T BRCRUBITh 4R S RETTiEh 4 e
unlﬁéfyﬂugﬁ&btdﬁan&i@ EHieS abhe ttws @iﬂlgleﬁscdamtdedze.gned
to gé'éggéifigcgéi an upstream and downstream segment of a
polynucleotide fragment, one primer of the pair of primers
comprising a first universal primer landing site and the
gsecond primer comprising a second universal primer landing
gsite, wherein the universal landing sites are not the same.
The first hybridization complex is contacted with a ligase
under conditions whereby primer pairs hybridized to the
polynucleotide fragment are ligated to form a ligated prcbe.
The ligated probes are amplified with universal primers to
generate an amplified-labeled product. For example, the
amplification can take place using a fluorescent dye and
ligation-mediated PCR (LM-PCR). In another embodiment,
polynucleotides that have not been enriched by {e.g.,
immunoprecipitation) ié also subjected to IM-PCR in the

presence of a different fluorophore, and both enriched and

unenriched pools of labeled-product axe hybridized to a DNA
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[0040] The nethods of the disclosure also provj t he
ability to determ ne whether a binding protei r??‘g’“éf‘ry 2007

transcription factor. As discussed above, the

cleotide to which the binding prot
wozdaB?/gM ldybrl di zed to DNA fragnents (e.g., génﬂgézc 4}‘655'3%

a pol ynucl eotl de binds to a DNA fragnent on a chip
% t he he . chi nown to_b

. I’TE t.on .t S 0 a
mlc?cg)gljf o relgslC f‘tl%éh gteﬁ]&ﬁ@gﬁ}'t:ﬁbe &F’&éﬁpgﬁ‘( t hen
unetdl&chediymmlceaiﬂ ﬂf&ubﬁesmﬂ'&jﬁ iihtefls 88y ontedukadt 8f¥m a

e protel n of . interest 1s a transcri ptl on
p1rgdify f o’dn%Pe& 5P SFRYLSPLSr BBRPE a1586 WaFBrRed to
we:@elrc@&na@érag}'éﬂ)é&hll BZAlhThd¥l @BE8a) eI it 2b1hEAR]

two portions: irst portion conprises a

bindipgept s%éafﬂl@gopra%wu @G- dethe eplypeptigabbd of
intRYBEE i € Ngh drp s@qa@ﬁagtréwe%@ueg&%ﬁ qu1 %%gxa second

portion conprising uni'versal priner | site"
[00B7D di fIertdwst Wﬁ?bﬂﬁ@ll attihen dpsobesurs epmb@sugaedhato be

p r psire ynstream se _
o e B P BB TG ce
tecxhhlib_rue&:damwmenathermt ufe . ger, st hidhter psendlag asid/er

the tream brldlztlon robe will conprise
rorffabilifne 0B, ST L i RBlke et P FRORY |
prosemnﬁhbuﬂﬂﬂp@&yﬁablééﬁihdﬂJdﬁdt§§l§ﬂ¢bﬂéatlﬁag BR&E . are
Eﬁ n% S uni versal prinmer |anding sites include
not; Hau %ﬁ’n@rﬁelﬁm versal prinmer landing sites. In one
[OOQSPeCt e WhRtuds S QUL crbheed ISt i BheAL Primer
landing site is a T7 prinmer landing site and the

POlgélé%lfféP ePe i 8aFhe rmirureandFreet inad don eqnimiarer

CT/ USZOOE?%Z ?%go;”[“gei?ﬁmﬁﬁézggﬁ Ea%g? %@%51??“ es

tecaniem{rgﬂo ricdigeedrave tdwel lemr gehenh@cﬂryagmehem i des
i o R L R et R T
forPtohmperarddgpehaenst of, tihelddsed 0sivre ekbRpliesi gned i
sonication, shearing and/or the use of restriction enzymes.
The resulting fragments can vary in size. In one aspect,
using sonication techniques, fragments of approximately 200-
400 nucleotides can be obtained. As a result,
polynucieotides fragments crosslinked to binding proteins
(e.g., protein-DNA complexes) are generated.
[0039] Protein-polynuclectide complexes/fragments can be
removed from the mixture by precipitation technigques. Such
techniques include, for example, the use of antibodies to
_protein targets in the mixture. For example,
immunoprecipitation using an antibody (e.g., polyclonal,
monoclonal) or antigen binding fragment thereof, which binds
(specifically) to a binding protein of interest, can be
uged. In addition, the protein of interest can be labeled or
tagged using, for example, an antibody epitope {e.g.,

hemagglutinin (HA)}. The resulting substantially purified
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to have at |least a portion be substantially
conpl enentary to a target polynucleoti de, such? Fepgpary 2007
hybri di zati on of the target polynucleotide and the

or prinmers of the disclosure OCCHL 82%021450
WOZ@E@ |%ed bel ow, this conplenentarity nee ROt P&

perfect; there nay be any nunber of base pair
. M smat_che ich wil.| .interfere with hybridization
(4 P it e oL BisP ey G- EoSHOLE RO iRl o

fragueandedre hylhn dirzatieant §r &eaafced Bae b Htd 08U bRt NS,
jally conpl enentary” herein is neant that

by .." subst ant
fr?'%ethezgfigggﬂ Pideri cFRptrLEBisiEeRAe afKpamenthés

thémr@aibink@! ¥Nue|Babbagct St idobesUnGRS-Dde ate to
high stringency conditions. [0043] Thus, the assays
SeqIeDCEe FOMBL FYRR AT VU iBebhe Rolimyerept Edndftdomest whdeh
coﬁﬁﬂﬂ@@ﬁsfQﬁn%ﬁiéﬂwqg%rﬁafzéﬂf6ﬂ be%%%%hdfﬁéﬁéo 9n%8?§$§?&e
only in the presence of target. ri Agericy“can  be
fragyenis| had the alltigoingleotsidep ppamaret @rcurtshat is a

r nod L Govari abl i hel udin but not limt.ed
Lodd¥y" T2 ARE TR, B2, Ere (BSeIRelRp, Qlre Brogaep LS
abiddtyehor d¢i @amirehaht tiogr . ddlidiagneestsiat ii@gna pH,

rganic. solvent concentration, and comnbi nati ons
trat%ﬁglrégg}o?oéﬁ? ' Thes® %ﬁ%@gr §%ﬂﬁ?f % be used to
polyantlabt D -t s PRt chi @h@imdidsi@gsgﬁgggngeﬁﬁre%ws are

oytlined in U S Pat. No, .. Thus it may be
hybyddirgB| &° (BB rpemeRiee  (saidn 1 sPBpa Clikplhi ghéra
GENasyp It QN . oL AN [JeYel
RS R AT L i R T
fraggent om Ehre Hilpclesiurewn itec badangedilgtoryodegate jand

B B R R S R L R

idepdifieh,ad $8FegudatoShardgiBrotndotise iprdveliacat ar
lnt%%?%%%ﬁiraé%?%gﬁ%wﬁgf}fgg% Zlefar ﬁ:: gbsoiOZcoy\Sor at ed
[00BY] r ef ex eola@alBtyi o @ioe@ndibl b®NSeferred to herein as
"hybridization probes") comprise at least two portions: a
first portion comprises a target-specific oligonucleotide
that is capable of hybridizing to a target polynucleotide,
and a second portion comprising a “universal primer 1anding
site". Two different hybridization probes are designed to
be specific for an upstream and downstream segment of a
target polynucleotide. BAn upstream hybridization probe will
comprige a first universal primer landing site and the
downstream hybridization probe will comprise a second
universal primer landing site. The first and second
universal landing sites are not the same. Examples of
universél primer landing sites include the T7 and T3
universal primer landing sites. 1In one aspect of the
disclosure, the first universal primer landing site is a T7
primer landing site and the second universal primer landing

gite is a T3 primer landing site.
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are sequence-dependent and will be different i
different circunstances. Longer sequences hyb?F@FE@yzoo?
' specifically at higher tenperatures. An extensive
to the hybridization of nucleic d
WOZ&% Elfssen Techni ques in Bi ochem strya%d[gﬁ%q%ég@%gr
Blology--kybrldlzatlon with Nucleic Acid Probes,
hybrldlzatlon and t he

" Quer Vi of in | es of
Eo%ﬁ/}at eg§'¥\‘% Hﬁ%‘? géEFBnaE,%%RF’sg are) bgbyidigasetsl Epe
ensiddRy pBt yAOATAH 0RE 8hEa SR EYhLENES, ?%_ror@%olétamgléoc

| ower than the thermal nelting point .
withoud PF&%e%f%Hcfewéfﬂlandew g™ eniférst rafytidiaation,

c x| o 1 i esigned
onidi®xIM bscbde 4RITPeY ﬁ\ék‘é LE]-%% Q‘éib%l 8{'(1,) @ esigned

strength, pH and nucl elc acl d concen
to gEoteoRtt h@aw ¢h@ortdonpbe nsuhisiaptisllinecdmrlgeentary to

i.d 'y Y, nRRNA t.ar get uence

@ R TbEerhOIE 88,V BUER R B R b e ey

tangetepoégsucbaotwé 8086 the thhesobespalmewc ofpRd at
be .those in

, ilib ) [
o S olleg D B RN LSS B TPR. | GRS (e £BOBET Y M
neesbtiotinbe Operfdatni eakly BHOWe &nglnﬁ@bér Q)beaggl 140N
ot her salts to 8.3 and

concent r
migrgkchg @?%éhﬂ%giﬁslﬁFerf%ﬁﬁnW%§ obe%RﬂKEﬂhépnsh@FWeen

thd3t@b§ét(ﬁbl&nﬁﬁie&@1é@ aﬁ&“ﬂﬂ%0%h9§§% éﬂyén%%dleaSt about
60 C for I ong probes ( greater than

hybygdf gatiere Probst Pifn@é?ltdlcﬁﬂi@lsv‘rwsﬁm dlyso be
- nsuBeRbAY S W [ ggméﬂ%ﬁ@me%fﬁéﬂﬁ% Andif3! BRLL! £h00

agents such or mam-d
properdare onsf fimyjeak iy cmmp@emdmearﬁ non:leotiaegbackbone,

[ ' S¢! own i.n the ar
po;tgggf:%ggoﬁdescr%ssgwﬁ% “fgl &t SofatAtRe to %‘&gg af t er
striaggety hardiingohe. cross link, i.e. covalently attach,

t strands of the brldlzatlon conpl_ex. [0046]
f°°é§ﬁpl enHHSy g‘ﬁof"%%ﬁé?r e% geBeyally MAPDESTt hat  of
strihgefey i d‘&iﬁﬂt@@hynuﬂhﬁﬂi izde ofvk aﬂﬂﬁﬁt i WRi £he 8¢y

protein binds_(e.g., the protein of interest binds
hybEéﬁl%%tlcrwmmail%doreﬂ@f dg & @aPTF%%%HQﬁ ofethvdet . For

Str@ﬁéé‘ﬂi’é}le cdBe CORPLEIRIY & %ffﬁ& % %@@pbﬁarameter
i mobilized on a gl ass sl
that is a thermodynamic varlable, including, but not limited

to, temperature, formamide concentration, salt

concentration, chaotropic salt concentration, pH, organic
solvent concentration, and combinations thereof,
[0044] These parameters may also be used to control non-
specific binding, as is generally outlined in U.8. Pat. No.
5,681,697. Thus it may be desirable to perform certain steps
at higher stringency conditions to reduce non-specific
binding. _
[0045] A variety of hybridization conditions may be used
in the disclosure, including high, moderate and low
stringency conditions; see for example Maniatis et al.,

" Molecular Cloning: A Laboratory Manual, 2d Edition, 1989,

- and Short Protocols in Molecular Biology, ed. Ausubel, et
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2 February 2007 WO 2005/007814 PCT/ US2004/ 021450
(e.g., Corning Mcroarray Technol ogy (CMIT") Ghbeprugry 2007
or on a mcrochip. Conditions of hybridization wll

wo 20¥Rigal |y include, for exanple, high st
conditions and/or noderate stringency cf’o%ﬂlg%ﬂ%ﬁglftso

(See e.g., pages 2.10.1- 2.10.16 (see particularly

2.10.8-11) and 6.3..1-6 in r.rent . P ls.in
1. NBPRRT FFoBBrR0SS RadesPrRten S BRhs PRl
areC8R@sidd-@epeRdpat CaM willanBécdi hdneeen ihhéifferent
. hybridizing_sequences, tenperatyre and ioQLc rquth
ciTPRMELAIRGS -t RENGEALFPTHSAEP RYBY TU FaPeh - Thas Y figh

highbr fRLRLALGreL! | AMENREEIRE LD WARhBehyBE M idatEdn
enpirically, and depend in part upon the ‘

of nEalem adigisi é5 6pund Hir FEOFABRI SRTEEGBRAIN RNA)  and

Blohygrfl?%ﬁ%onm%\%ﬁg?%ﬁd%ffoqgg ?i ngent Sﬁ%%ﬁ%??l ‘gjr'g] are

Nucdeleckedl tRrobesabbOveBikgCofopetnaimest €  t her nal

mel,t i , poi_nt t i1 n
et GO Re SR bt eag ol RS Afe SRUeRREa A @
(19taem|.)e$éﬁaﬂaﬂly(, usdeingafi reddioivns streewgilbcted, tadke

nucl ej ¢, . concentratign) .at _which 50% of th b
abogh BT Ehren e Lt 2%{“"“9 h*g“‘% é‘?‘&é‘f“ahﬁ?%i“zgg PP&”?th'@ar%é’ét
the; Fe,gé@ih@fct - HeqReucki BE itaJ 1n_filef(iggod/t h@;icﬁ{legﬂtenggqum@s{.ar e

sent in excess, at Tm 0
TheoFaups dehenCeBREFRFBFE ulrdes; ﬁ%ﬁ{%ﬁ l%sﬁﬁg F??%I?éﬁw B
and®ful OS5 aldl&“‘&gﬁﬁeﬁi‘ﬁaﬁ%r}) GENGEIYH &g0bFi She | Bsbdshan

about 1.0 Msodiumion, typically about 0.01 to 1.0 M
compdeinemt dn teobentragtohybsidoracko sdie Pplyatepyiated

0,8.3 egpe Ul@ 0:S_a
gy et ek Giob AP bl itibeifntag B BOGUE Smercs
aredprkeast abewces6QCat oFy, | 50y @f dthes prebgs, axg ewiceipied
t han. about .50 _ nucl eoti de

oe T BB E0  BHELERL b e ORI PO,
thea @8Nt Scanbdhtas tionnpsi tass than sedwectl e Mosodpeni forg
hybri di zation, a Eositive_si nal , (e.g. . r

typiganty faRMG On 0df t9 %u%ll"élsc?dgli'f“diors SRS Pl
orHRackgf eundythyder rdopzadi M ahar chbecanipesarefl ishats
‘least about 30° C for short probes (e.g. 10 to 30
nucleotides) and at leaét about 60° C for long probes {e.q.
greate£ than 50 nucleotides). Stringent conditions may also

. bé achieved with the addition of helix destabilizing agents
such as formamide. The hybridization conditions may also
vary when a non-ionic backbone, i.e. PNA is used, as is

. known in the art. In addition, cross-linking agents may be
added after target binding to cross-link, i.e. covalently
attach, the two strands of the hybridization complex.
[0046] Complementary polynucleotides (e.g. DNZ)} to that
of the enriched polynucleotide fragment to which a protein
binde (e.g., the protein of interest binde) can be

hybridized using a variety of methods. For example, the

complementary molecule can be immobilized on a glass slide
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di scl osure, noderately stringent hybridization
conditions mean that hybridization is perfor nebebgeary 2007

about 42C in a 17 2 February 2007 WO 2005/007814 )
2004/ 021450 hybri di zati on solutio 5
WOZWJ%g& (pH 7.4), 5X SSC, 5X Denhart’ sn"éo'ﬁ'ﬁugzed“ﬁ#‘q%’o
pg/nL denatured soni cated sal non spern1DNA 50%

de % Dextra | f - 15 n / mL probe,
(e Ght 1 EOp RS, JORaomkr oY st ey ol BB 258 oF ufh @
micwaships ol ctiddit ieant af Myl idXz88CaAnk 18- gﬁegwyw
. ecy% sul f at H|ghly stringent hybridization
mcgaﬁau WnSEARLA - ¢ FEFD IRFBHLPERPREY | @ndid inasf ardder at2
<23 L 10 t ai g 25
o Rbon (o o) MG e R 588 B 55
2. 1Bg}m(mwﬁéeuiem @atl@ds FEY) mmi ! speem em,lsm%n
Curi@ﬁwaﬁcﬂgwﬁ%f@cf‘ul% lﬁ@&f@ ctgsg Cgu é%robe,
whi |l e the washes are per orned abo B
propashengiihut besecomtzosiitign). gxrSSE aridmltEho ]seld:vamﬁld the
[ Q047 e_size. aof the priner. an
hyb%?oge %%%égélse%s%wqde E TR PR iRt S Eﬁel?‘:l’]'a%e in
inflhene tthe shabatityp @ hebrofi tdielomr Q‘h&s?nﬂlt_ﬂg%ﬂ 0t58|0
of. _the robe J.n general varyin rom5 to
mOd%ﬂ%%%éﬁl&ggeF I%ﬁﬁﬁﬁ?logﬁcﬂa?nﬁﬁ|qﬁFeF%18§@meen 10 and

empﬂfﬁbaﬂkﬁAMaﬁﬂ dgpail 190 pand dHNeH CRaBBck& S cs of
ically used de endlng on the use and anplification

the, UG Ot TGS (DA RNAANINQ, thenothsirvarekeipactidagto
be %é@%e@f fokhﬁ¥mm%ta5ﬁ e@elibd@my %ér%é I eotides

in length, w bei ng use req . The
congigaisnsy ageqaeh%@‘@doftq he alprwbes 18P6 Iowsm 51125 the
; 1 ein nost conmon.
th&ﬁ%%‘?%?gggés eC| Eor |g%eb%p%%lgh o q3%§°et§5|%a||y

defnrrraﬁnlpmsoShn@tggm |ad1dspHn |'Bregtth, 18 the foeape@tite 40
ondih B80834 SO LROURI Aroord ngly, Lhe ol scl osure
concmit"ralnebﬁp Nat SYRANE08 of| theldriopedl cbyprdmtiAatlons
the g&%%%% h?gil {é% %%?ghentggget sequence at equilibrium
(as the target sequences are present in excegs, at Ty, 50%
of the probes are occupied at equilibrium). Stringent
conditions will be those in which the salt concentration is
less than about 1.0 M sodium ion, typically about 0.01 to
1.0 M sodium ion concentration (or other salts), at pH 7.0
to 8.3 and the temperature is at least about 30°C, for short
probes {e.g., 10 to about 50 nucleotides) and at least about
60°C for long probes (e.g., greater than about 50
nucleotides). Stringent conditions may alszo be achieved
with the addition of destabilizing agents such as formﬁmide.
For selective or specific hybridization, a positive signal
{e.g., identification of a nucleic acid) is about 2 times
background hybridization. For the purpose of this
disclosure, moderately stringent hybridization conditions

- mean that hybridization is performed at about 42°C in a
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particular nultiplexed assay. In this context,
plurality means at least two, but can incl ude? Rghraary 2007

than 10, depending on the assay, sanple and purpose

wozdﬁgmc}’/ﬁg test. [0049] Accordingly, the disglosyre, . .
provides hybridization probe sets that conprise

universal primng sites. By 18 2 February 2007 WO
05/007814 PCT/ US2004/ 021450 "universal primng site"
L 8h Qe A7 BRNEACBLRY Aa™ BPSheTndr 4 | £X
SSG K DeRERcPY & MRyl ut@bnanpd iid aaf iceRat EAEH, mabkarsgt
onhprises an upstreamuniversal primng site (UUP)
Sajg[?wcgpzfp&ﬁ%ng R eaffurryBradte pridh E’&%F@’é fBdRte . Agafinl -
15 "ysdir eabbe pnghi1downst {Eand FF@%P 0 e
. Rarti CS| areg' -'31' orient a??%sn,a&r%ng)%&mf epaétngggﬁ¥t %%ac
Wit} % fpghi Rl giiaheoayaiving BXiSesl byd 0y sadiihmgl e
dodddF1 g8 e Sj P is used.Ln a
R i o
medm thpé hybrididgiaftfienchs pestormedr ati fb@rem2°C in a
l 5t I lysi y_Lutiliz lyral ity of
nyEAGERLEsh bR he LS tRirtd P A fpdi R 11D o
SsCunis¥ePsahaprisvisodusioes F0 g/l aehdtudsakedicated he

'and 3 rm_ni of the, bridi zati on probe set (or
salfien® Besty sk, ComtGiaY) "aoh, Botbon Fpetenyand 1-
15 moi/ni.ngrolssquencestié | adiesampki b eehrddd050] abut g5eC

..addition, uyniversal prining sequences are generally
Wlt%h@s@ﬁS]?OS tégnuﬁ%wraglgp@sgﬁbsﬁc gude® - Ehesodium

dodeakli g4l @reassays and host genonmes to ensure
specificity of the assay. In general, universal

0047 i ngfhsegdances hmgurimer shdepfolsmmalyoutrs, tas anidilt
be aBpPasepald | f b to about 20 bei :
© tggi cal . i O%glfh%;e V\%rﬂ@l'%e%g%p%g%]? a‘?ae‘%‘ E’ﬁ?rl:ﬁ%%eoﬁ H:qﬁwe
proget and Heae dotent denarh off the pwobrinrigegeshl efaiysing
i £f . That is ane .PCR priper will directly
zxoff 5 iy eliThet fasa I Aevar Bh B omgicnt &5 Befesn
10 &hé mhebeRGRepr isreinaMslol anbybrédli Ze too36hBe Loyl enent
of Hle se ogd uné,versal rimng
typlcally used depending on the use and amplification
technique. Thus, for example, the universal priming sites of
the probes are each about 15-25 nucleotides in length, with
20 being used most freguent. The adapter gequences of the
probes are from 5-25 nucleotides in length, with 10-20 being

‘most common. The target specific portion of the probe is

typically from 15-50 nucleotides in length, with from 20 to
40 being most common.

foo48] Accordingly, the disclogure provides a first
hybridization probe met. By "probe set" herein is meant a
plurality of hybridization probes that are used in a
particular multiplexed assay. In this context, plurality
means at least two, but can include more than 10, depending
on the assay, sample and purpose of the test.

[0049] Accordingly, the disclosure provides hybridization

probe sets that comprise universal priming sites. By
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site. Stated differently, a first universal primng
siteis in sense orientation, and a second unt behrdaty 2007

primng site is in antisense orientation. [0052] In
.tjon to the universal primng sites, h
wo?2 g/gdr"lydi zation probes of the probe set coﬂéﬁﬁ?go“é??mo

least a first target-specific sequence. As will be
...appreciated by t,hos"e in the art, the target-specific
ug e PRajPake i6h' Rerfifely drgaaty aoregernrg ©f the

preePatdicngion Hhel usechf BPEIQ@P-fcﬁoramggi%ig HB" %aRO7
~ WD 2005/ 007814 PCT/ US2004/ 021450 exanpl e through a
Profe RST SeMBEisON 33 ogSarpan Wpesirbad poimimg site (UUP)
@l d GRRM LS <Ra ke L0 esgnt. a given
anregi on %lscggéﬂﬂas prorrgtgeP?fljlnﬁ%{ %’gtﬁu&gﬁ%e % The
"upgtgeegs anfl| Y deserdtinpaint' samimpie messt byo atdromiyng at
ven|y istributed m smatches in rel ated
Pa’é‘%ﬁ‘?&%%eg i% t%reﬂé‘%ﬁgﬁgn’ att rmgﬁe&%E G

orkgaiatstnt b thermysgenoneysiialasetsly a Selefledur
uences al so vo'b% smal|l repeats, have a Tmin a
eg P

se \
Se‘ﬂ‘é‘fq%cﬁean ahge DU L BRI EUHSSS Hhdt by, sahd
altdmhighi As Myl Nkedppeeoisidy Bt tuekyr £n (9l G4iat ed by

.AG) . In parallel, amno-derived oligos wll be

dl@#ﬁ@s?@%@%lﬂ}’ dapéerent omls inlsubag ranalysdsgmaya
utivatzer al g13R6edebienkni $b4-418) gmmﬁ.% “%éc?hé}lde%‘?' bgsed

array (e.g., a pronoter array). e ofigomer is
adddddent i Blre yrsipiereail npriwine sjtes abereypimldyi goomred s
: OrReL.  kts i TR rovide two. 20-ner
2t Bl S Tent '3 L oL oF oty BB S, PR o TE e
thecdriphhed mwdkie)unkseoshy guquerres afthikuts Hyepeimihde

r eam d do s%re m hybri di zati on probes. [0053]
Seq%%ék?§owﬁ§@?¥ﬁﬁy§?? h&pr obes can be used in OLA assay
(00593t ensIn Ellikdashe GhivdmidogreaindsddiRmbs 828t tWo

di fi‘fr e(_gﬁ ways; in a first enbodinent, only one strand
IEGF ATt ‘bgeecfy $8qHiEnR% W AnseasaBORS R IGAVEDS BRe
parkligal iPNislyleuRat hysl YgerddRil E4TaNMS .eéﬁfkéﬁfé% dde

latter is generally referred to as Ligalion al
therpageay ol geneRral seeniversal priming sequences range in
size from about 5 to about 35 basepairs, with from about 15
to about 20 being typical.
[0051] As will be appreciated by those in the art, the
orientation of the two priming sites is different. That is,

- one PCR primer will directly hybridize to the first
universal priming site, while the other PCR primer will
hybridize to the complement of the second universal priming
site. Stated differently, a first universal priming site is
in sense orientation, and a second universal priming site is
in antisense orientation.

[0052] In addition to the universal priming sites, each
hybridization probes of the probe set comprise at least a
first target-specific sequence. As will be appreciated by
those in the art, the target-specific sequence may take on a

wide variety of formats, depending on the use of probe. For .
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generally U S. Pat, Nos. 5,185,243 and 5,573, 907 EP Q
320 308 Bl: EP O 336 731 Bl: EP 0 439 182 B1: 2 hghruary 2007
90/01069: WO 89/12696: and WD 89/09835. all of which

corporated by reference. The disc i on bel ow
woz@%@]é@s on OLA, but as those in the art%éfrp?zom%mso

appreciate, this can easily be applied to LCR as

005 In this enbodinent, the hybridization
ex?)‘P%JoE’es’—l r RSREHESY S5dEChl PR IRFOTHBY | di SRRGidicpr6be

meﬁrkﬂlﬁgoﬁﬂ@QQthaé!@rdﬁi zal LN Prabe., T rggérg@ &%v%ﬁsed

- op the fact that two probes can be Iigate
re$lf°!% h@yc& éShpmwezéd int ghe mmagetgepomynuctrmtgmeeaad

.f y Lu 0p7
Wllz%c?%%%o 815" PCTI 2004/ Egﬁﬁigo EC t%s I ¥?€ Qe"ﬁ\/\??’on
di geriheded; mesmmlmmb@srelmsd doeglenots lh‘Eathet Ig@tnome

R EnoTR, SFAbo: kB b pBbad ThTBRoERIBY HEsasehE -

Selevaj:dtﬂybeqde:zadas el ebesd mﬁldwp@a@s eRshe W I & a
The first ddization

f

dlej;plr obe i sgggg?ge’gﬁ%l‘“’%gnsﬁm{%ﬁﬁ &PFinSC&erI 8Rent ary

cont@mim finsii t@a ORlcoBaB®y Ns@fudk @l Jehl ROl BIEl LRk de
nucl eotide fragment) and the secCond

In I(ﬁ?ﬁ%;[a??a H15Be Ved %]d’fgctsaﬁ‘tlllzll bg evrplesiartanydt o

sp&t%@caﬂgotér%st‘i@g@' feQf, a4 @fo@g of?lﬁ%cﬁgﬁh cach

a polynucleotlde 'r agnent n genera
Sllld@ﬂgéP EpErian ©ligeqbesrd ufray Hgbgi di  gicmotprobe i s

| ea a@pi# C es+lon W I h seqyences of
an?k})}c))ut §Eet n%gl 25 é ﬂ|tgglsllgn88§bt bet nté” Lsiﬁe%r ally
wheef@nﬁbﬁ ol fgower aﬁbad&@mﬁr itthe sf gpsitand t9@C 0B 0dpteF TRt
the have no

di.r ect.| cent
e 9FRES 16 RS BT o {Eaf ren
combihkd sttty hfﬂldJIEZ‘ahll Ot i€ aingl thﬂbrbé&cﬁr&d the tPScream

fijrst tar n and a second hybridization probe
andj doRuBTY qirggilﬁ%t’s@b&gﬁﬂ’bﬁérget domain. 1f perfect

[OOGG!TD| emey afud YyB¥i 81 s dlont BeobEBCLAPhe dsed in OrA
assay systems. The basic OLA method can be run at least two
different ways; in a first embodiment, only one strand of a
target sequence is used as a template for ligatiom;
alternatively, both strands may be used; the latter is
generally referred to as Ligation Chain Reaction or LCR. See
generally U.S. Pat. Nos. 5,185,243 and 5,573,207; EP 0 320
3_08 Bl; EP 0 336 731 Bl; EP 0 439 182 B1; WO 90/01069; WO
89/12696; and WO 85/0983%5, all of which are incorporated by
reference. The discussion below focuses on OLA, but as those
- in the art will appreciate, this can easily be applied to
LCR as well. _ :
[0054] In this embodiment, the hybridization probes
comprise at least a first hybridization probe and a second
hybridization probe. The method is based on the fact that
two probes can be ligated together, if they are hybridized
to a target polynucleotide and if perfect complementarity
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ligation structure is fornmed such that the two probes
can be ligated together to forma |igated probBebrpgry 2007
this conplenentarity does not exist, no |igation
ure is formed and the probes are not |iqgated
W"’@%}&@?‘fﬁ‘er to an appreci abl e degree. Thi SPWZB O drle
using heat cycling, to allowthe |ligated probe to be
denatureg off the target polynucleotide such that it
SXhfy Ghr (B ol reRpPat e rthe (rehBFOPehc thig s doghenot
medfEihRd FBYIEHS @oRB1ERBEL 4451 NP phildk C8xi LW tde%'séaEhQSf 11
probes or hybridi zati on probes that are separate %y
lengid gf hekl nrebesotides, if dNTPs and a pol ynerase
oos8 added (i Sbhg: ti f d.to.as = etic
[ Bisﬁ" _anal ysﬁL s)&ngéég?% nt ité"%eﬁ%%g}?rle%ﬁmfl h8 TWo"
arehylesiighedt¢arh pritbes targetmapediféct pyrradirac®ht. f1st
[ [ t, .Lh na 1 2 February_ 2007 WO
hyb%g'gglz gg‘gﬁﬁ%‘? / @Zg%ijl%%‘fﬁ%@ %geﬁléli’%'iaéﬁ:lﬁ‘élgne or
compdeachbses . tol ke faddi t taryef AP 6ndh aarpekynerase
_ are used. to “fill in" the gap, .followed by the
P OHYFSS#F%W#%a(&'F’on. aﬁ?mqqﬁ\%lfiﬁ et FREFWET 0ARDT Fhhe
sedongahetiridqiriteon| PESHd AS Hibskahei APRF eehplefleRYatnase

in the art, nucleic acid analogs find use as priners
a sgaandr bet ForAen of stiteaget. Pohyrgliadtdde hexd ur a5

19huBBber Ald EraghEhE] N L | n Gan
be eumade. Al ter %at [ %’el 3'[,11 %%%t%h?égg%%?ﬁgg?e é)%ﬁfc]]%gi c
SCHEREE aPfal o dwbriaftzat Jamu mesbef isnalt Ureasty aboutrF i ng

' b de.. . Fo xanpl e,

A e A e e e LR
typhgsl eimd 0 teanal egsecial lye comesch. Thesachankbdimgst ar e

neutral copditions, in

S nti.all nen-ioni.c under
thecg??%gsﬁnfgefy“ﬂrégh?ag?ﬁ? SRERIBE P &‘fitggt% JaE R bone
e.gof themthiral by OfEatFdiggnuebebet Bd4S 1nThhggresults in

First, the PNA backbone exhibits

t dvant ges. } PN/ , [
embP%fP d_atr@ APYi 2 HITSY RYRELfEZALIMAPTRES 1T ar ger
hybehaDges td thBefirst target domain and a second

hybridization probe is hybridized to the second target

domain. If perfect complementarity exists at the junction, a
ligation structure is formed such that the two probes can be
ligated together to form a ligated probe. If this
complementarity does not exist, no ligation structure is
formed and the probes are not ligated together to an
appreciable degree. This may be done uging heat cycling, to
- allow the ligated probe to be denatured off the target
polynucleotide such that it may serve as a template for
further reactions. The method may also be done using three
hybridization probes or hybridization probes that are
separated by one or more nucleotides, if ANTPs and a
polymerase are added (this is sometimeg referred to as
"Genetic Bit" analysis).
[00561] In this embodiment, the two hybridization probes
are not directly adjacent. In this embodiment, they may be
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melting tenperature (Tm for m smatched versus
perfectly matched basepairs. DNA and RNA typi¢&ghryary 2007
exhibit a 2-4C drop in T. for an internal msmatch

W fhe non-ionic PNA backbone, the drop is cl oser
WOZQOSM}?’S?C. Sinilarly, due to their non-i o‘Fé)TéU%BQ“(?F’é,SO

hybri di zation of the bases attached to these

backbones is relatively insensitjve to s
oD R AT L | GORIEIRHy b Ta F i PRLENERS
polPRyreaitazienualy t&oninatinentRé GROX¥HLHDERe@nsy, the
, ribo-nucl eotides, and any conbination of bases,
LigphiPh SR tIPRe | ThaRiSHioYs ERgriciaatiop: o5 the ligated
progdani ne, inosine, xathanine hypoxathani ne,
i socytosine, isoguanine, and the like. In one
[008¥bodi Aentvilli becapmsiaiataddby sBmaeniinethe eaxtsed in
i : ; hi n- | fic
nucfol TR Rb00 PIRP neklad PEIHGE AN RRBEE fiE cop,
dispibosBres8 In76adiwous edxtteres nof thaturadi,m Sowucte=ogi de”

i l.eot i [ | d
achgsb e ughept e apvell g miesalge o
mixPeres b dadfgrand hudd@i20861 @ EilibgBCTALS 2004 24 58

am no nodi fi ed nucl.easides.. In addition, "nucl eosjde"
natﬁﬂﬁ%ﬁ)fd&CHsmla%ﬂH%W BELET r3THY BRAPEE TRY % dPge-

For Tékend1e, pepeimd enidieicndivisuahnaynishscRf ide Rl de
nucl ei c_acid, each _containing a base, are referred to
Pephiieicdeis fekd costlaes cppOBD|usEl-| BpRy PIYdCTsS,
arel B&AAAUDIL AL 200 JNA ﬁﬁgerrH%yEfaﬁZQBhQ{EfH egpar e
then renmoved. I n one aspect, this is acconplished by
congEigig te sheepighvdwichargpdopiospiatdicahner spaditidiesalofy
r [ I j ot i .ed iAcl_udi br i
nach e cBebrEL ASnE sy AR Eep B P o
advapuiagusc| fotrsdestif PNA bankbenarehibot & nithmt@dkdpri or to

bei.ng.contacted wt he. h I di zatjon probes. Thus,
bR OReSER’ REperis o Pae: hrve clarsts Chtads i the
mel iy idnpath DRy @RESEéP anitin@iichil abk@bud PeyHuet ept i des
ndergo solid phase sel ection by contacting the
matgest FRGERELER polnaeRoBRA dERICHHY SERUBHaV B C

drop in T, for an internal mismatch. With the non-ionic PNA
backbone, the drop is closer to 7-9°C. S8imilarly, due to
their non-ionic nature, hybridization of the bases attached
to these backbones is relatively insensitive to salt
concentration.
[0058] A hybridization probe or primer may contain any
combination of deoxyribo- and ribo-nucleotides, and any
combination of bases, including uracil, adenine, thymine,
cytosine, guanine, inosine, xathanine hypoxathanine,
isocytosine, isoguanine, and the like. In one embodiment,
isocytosine and isoguanine are used in primers and probes as
this reduces non-specific hybridization, as is generally
described in U.S. Pat. No. 5,681,702. As used herein, the

© term "nucleoside” includes nucleotides as well ag nucleoside

-and nucleotide analogs, and modified nucleosides such as
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substrate. [0060] For exanple, prior to or after ChlP
the polynucleotides are biotinylated. Once th&February 2007
pol ynucl eoti de- pol ypepti de conpl exes are renoved from

W0 2 9)0{%‘75%‘:' eotides that do not contain pol F%F,ggzg&ﬁ?{ﬁsthe

I'nyl ated polynucl eotides are bound
furfafe through biotin- streptavidin interactions.
0061] In one aspect, once the unhybridized probes are
aminoe Fededled HuGpREi 8es ar B i PRd flaxf%eé’alfi n. The

inclhid@8t fn- ﬁgéﬂ¥§ilgaacéﬁ¥¥h adlaTBht aPRQus]resaMhhé | R

using universal “prinmers that will hybridize to the
exampdst £banirdidridowdstupsbe ofum vepsafie pritig $64derREd

contaqg_lﬁg %l}sé.{%b%l%l Ergfgérec%m;' Cgergéﬂ be Aifeekbyi &k,

can etected on arrays.
[005B0i s aFd:blmaatrtge 1dgaemm,ortk@n@oqularibri¢md SNAofnd t he

ol ynycl eoti d [.0062] .F
hYbrrJrg’Tg %bg oé/ spragﬁegﬁ‘f%nr mov%gl ?{[on&;r?%rg/gsgjt hgrr']cnuﬁel c
is a@@{oﬁ‘mpm@%ﬁwhﬁs s am g h@tﬁeq:lﬂa}v&dlhhalhpmlﬂ: nhigtofan
interest) are rempve
specaéﬁaﬁa%dr%l‘r?dlq Bad) Pg;%‘i eﬁ@rt a@%gr lg‘ftqllp%‘% elYP%id or m
comARELECORSy Mhri1edr ent bigh Lgleett eHe Jdlyinrdeobedelones

in one 23 2 February 2007 WD 2005/ 007814
a saEipUSPOOBiOIYIetefl BB 0 ReYRY FRRtaRTeHyWhER the

hybﬁgg'za&s&t@ﬁbe@ﬁd hak! 'ﬁga.oxc ibCl guanRy fdcalcken. | n

t1on, as outlined bel ow, |'abel's can be
contiantowpohatizel Hylrs di et tominebes Lhe abictrinatlpted ways.

P°14§§ﬁ§ étR%%¥nuc GOtlggflérbHJE% g@ipggf?lg 'Hoﬁ@gcgfﬁf

d=0si g, for exanpl e tion-nedi a

' the[bﬂdtgg?asfﬁdﬂpﬁM@nmeaebtiﬂe(qum g seee@urvighin Protocols
in ecul ar Bi ol ogy, Ausubel, F. M et al., eds.

subsfggte-the teachings of which are incorporated herein

[o0dd] ' ef epenemimpid, 09@4br Red wuelreeki desp it ated from
an _i nmunopreci pitate, as described hereain

DoLigisAERLE B0k rme AR 18V A y OBRE) bRe detUBMELact e
polfﬂ@%tﬁﬁéuééﬁﬁiéxes are removed from polynucleotides that
do not contain polypeptides, the bilotinylated
polynucleotides are bound to a solid surface through biotin-
streptavidin interactions.

[0061] In one aspect, once the unhybridized probes are
removed, the hybrids are subjected to ligation. The ligated
probes can then be simultaneously amplified using universal
primers that will hybridize to the upstream and downstream
universal priming sequences. The resulting amplicons, which .
can be directly or indirectly labeled, can then be detected
on arrays. This allows the detection and quantification of
the target polynucleotides.

[0062] For example, once the non-hybridized probes (and
additionally other nucleic acid molecules from the sample
that are not of interest) are removed, the ligated probes
are denatured and the ligated proﬁes are amplified to form

amplicons, which are then detected. This can be done in one
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sequences used to popul ate a dat abase. Pol ynucl eoti des
adj acent to those detected by this nmethod are hFgyuary 2007
likely to be regulatory regions. These can be
' jfied by mapping the isolated polynucleotide on
Wozéogfgﬁgiélnorre for the organism from which 'f‘ﬁ'i”%ﬁ%@%ﬂ?q n
sanpl e was obtained, and optionally entered into one
bases.. . 006 As wi.ll be. appreci ated_ by
of HeyBad HRVEXSHF uasly Eln (et e Ea P B 5P P g
cidfqlemasaipf bsatidwel . udhngdd ttion ,naks butlied telokpdiilyels
fluids (e.qg., blaqod, urine, serum . | h, saliya,
carl B8 ebEodiinedl 1050, he R SeRE,ind Motiah OF s
[oas31vi r t Bal yiyucdiRtoaganiss NBhalnt LB d A1 LBANRESSin
conmon &o the net hods of the _disclosure and human
cars At PER L bt hg il c8PT eremgnpldgneioaeirsed
poliydiribdUgha Geldeticr 16AC &Y NY Jalkbl FREYerbe g3 bbBEL U Ng
bacteria) and cell lines ™ including, but not [imted
MolegulagnBrokedy s Agpubel . tEpdb etpatti cedsar [Lypohel teny,
A0HEhgkd | AreCRLLLA0MAS Of HLDE; |
e PR cor e e PACLARIT ) nhPEin Y erRlBRSl)
[0064dt es) Poprddilenjpddyt ebsoleriddt fisbmadn cel | s; epithel i al
; ll.s,; ocytes.(T-cell.and B cell); mast cells;
| lmm(e&glg %%%ﬁ{gs)a?ce\iag%u é\src‘ti':L e el s?a%'&?afjggﬁ}?gs?o
gerlegakecyt Esoranyc hudy o dmnemdelcasnd etHeoGpbast ing em
cells such,as hae oetic, npeural, skin, lun
SeAFRRES, LT &P aﬁaufr%? B éiat§g’éﬁ?ce??]§fn%§€85&$%%t s;
adjebentr es Hiesandt otb@l KORMAG! m¥endd A Sahkyal V2B %o
WD 2005/ 007814 PCT/ US2004/ 021450 ti ssue cells;

be kepul RHIEY (RETLIORE! afRSA €8N Ppyifertlfied byi vamying
theCekbfat AN GAJRLEYLERie %Lq ttge' geﬁgrhé S %Pe' SeL e,
k I ncl-udi ng, Imted to

nown research cells, ut not ,
frogurkigh theehrepabli3rardel Weps GhiAingss, a883eptaimmlly

entg\!:égfsin%’g”éﬁelOEeQ@DeSBdat%@ﬂsEQe li ke (see the ATCC cell

't ne cat al og, expressly incorporated by
(00681 er enoe)wiIlOD66ipRHiritedebyi tessarie pheparied from

poli%1 i%gt}ﬁ'uésflsggzaprggil\@ﬂ:tasc g‘&' 9%8% saFr%le%X?gB.lL&diﬁgh 'e but

not limited to, bodily fluids (e.g., blood, urine, serum,

lymph, saliva, anal and vaginal secretions, perspiration and
gemen) of virtually any organism, with mammalian samples
common to the methods of the disclosure and human samples
being typical. The sample may comprise individual celis,
including primary cells (including bacteria) and cell lines
- including, but not limited to, tumor cells of all types
(particularly melanoma, myeloid leukemia, carcinomas of the
lung, breast, ovaries, colon, kidney, prostate, pancreas and
testes); cardiomyocytes; endothelial cells; epithelial
cells; lymphocytes (T-cell and B cell); mast cells;
eosinophils; vascular intimal cells; hepatocytes; leukocytes
including mononuclear leukocytes; gtem cells such ag
haemopoetic, neural, skin, lung, kidney, liver and myocyte

- Btem cells; osteoclasts; chondrocytes and other connective
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lyse a cell conprising the target polynucleotide,
using known |lysis buffers, sonication techni qu:gl?ruaryz(m’/

electroporation and the like. [OOGZ] A target
cleotide includes a polyneric or m,
wo Rt . PRt

nucl eoti des at |east 20 bases in | eng
pol ynucl eotide is a polynucleotide that is not

co uqus Wlt ei ther of the coding
tléée]%éaecnecte;s e Rebin it e ?ﬂﬂ%e&peﬁwesn?@g%
kifnae w@illsheahd adtbanideanesaicite 3118N8)sé Niddi®de

nat ur al | ccurring, genone of the organism from which

KnPYn ReSEE PR etel e YEINOLREr e @1otndindeed $ar Jurkat
T @éﬂ@' QITHATS SO NatHo , DA Why 'H%L NCRT PO atq%q:l' gt o

vector; into an automatically rep |cat|ng pla
MG o§3 vid0gs the o} ikert (Pach&hgeABEE ccajMAl@heacmmka_T,y dnkeereby
eparate nolecule (e.g.,
Dﬁfoaﬁﬁﬁﬁggﬁgéﬁf¥§sE§f?ﬁ ?equences as well as
w@%ﬁiom c Ppi myneiec itdest anayp:b@awdeﬁeam smﬁx&wusaﬁgor

| eot d of
o, BESERAY, PRI MU SST2 u8] e v

1ysﬁ@xy:eﬂbowu1b:ecﬂmm_bp$heotamh fdcagmher 8t e eidhel
nucleotl %a e term,includes single and doubl e

L ANELE $hE 10 FOBRES C 1 oD B ChTAGUE S g lectroporation,

ancb(ﬂhy:nﬂlﬁ;kéotl de(s) generally refers to any
yrlbonucleotlde or folydeoxyrlbonucleotlde whi ch
[Oq%:j)l % iPod YRMNAL &L I0eA 15 1ndes fa ewlamr@c Sihtan

of Tﬁ@&eoﬁ:@cﬂes | ASHAREE, 2 HObYIUIC] 4 oﬁ.égﬁfg’h 3201%? fhlgEg%ed

refers to, anong others, single-a ran
polpuclenidands jas palynistestddsf thangl e nendmmediately

cor o5, TN POk SLORLE, BT R U
is Rmad'a@fcbmdnhagubas mModaircd @heSENodRt =@ one on the

0 G e e ong, I dof oyl o5 comrL 1o
frotnywhﬁ:alhh}t idodklr@ves! reneled rar tRe R sdA 8 rf uakBol £
exa%g efjoallj b:.le%os E%Qﬂ?dmfrf gmllholrg:% is incorporated into a

- vector; into an automatically replicating plasmld or virus;
or into the genomic DNA of a prokarvote or eukaryote, which
exists as a separate molecule (e.g., a cDNA) independent of
other sequences, as well as genomic fragments that may be
present in solution or on microarray chips. The nucleotides
of the disclosure can be ribonucleotides,
deoxyribonucleotides, or modified forms of either

" nucleotide. The term includes single and double stranded
forms of DNA.

[0068] The term polynucleotide(s) generally refers to any
polyribonucleotide or polydeoxyribonucleotide, which may be
unmodified RNA or DNA or modified RNA or DNA. Thus, for
instance, polynucleotides as used herein refers to, among
others, single-and double-stranded DNA, DNA that is a

mixture of single- and double-stranded regions, single~ and
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[0069] in addition, polynucleotide also includ
triple- stranded regions conprising RNA or DNA?éﬁMB§?HOO7
RNA and DNA. The strands in such regions may be from

woz&%ﬂﬁﬁma mol ecule or fromdifferent nol ;%ﬁgﬂmgﬂgo

regions may include all of one or nore o
nmol ecul es, but nore typically involve only a region

One . of the nDI f
do"‘glrepFEr%‘%‘?cf: g{f\mr e@?‘g%@ tERY &5 gon uc% ?I %I)e ¢ha
doubPQZQLréTaéan%?ga5neptﬁyﬁrnﬂﬂmwﬂuehbeﬁ|dhmpma51ng DNA and

ol i gonucl eot i de g a. probe ri mer ri, mer
RN ShES T e OSBRI Y TS YT LB b A B
stx%ﬁ@&@' 8y O GiG urBDhHE Hid.e @naaaﬁﬁaleﬂ”ﬁt&an@éﬂ\s or

NAs w t h backbones Ified for stability or for

reg@PﬁéF reasons are nuclelc acid nol ecul es. Moreover,

[ool4S Ory ﬁwggﬁfﬁ§%P %b{?&?ﬁyé%%ﬁheb§§§§'1né¥ﬂa€sa§r1ple-

i ndsi ne, or es, such as tritylated bases,
stnaudadneegms tqmlpexamﬂf éﬁWA e DFB| g kttdbRNdegnd DNA.

TheO's' HC' Ot c%st-fgg %Jg @m ae&u@ega% mol 087Hd ddt

e appr eCI a rea varl et of
frdtmduffemmtonmﬂeameebeerham@gmnsmw axmb:imm ehitoamee

many ful purposes k omn to t hos f .ski
ox TPEb oborymadlestiats B TregbHBLTERY dasorse) ubl
req3¥aNor CHeR @ ke mazycftandsnalohyé of tivd abﬂJeIcQaéhyof a

nodi fied fornms of ynucleotldes s wel] as the
triphenhedicabriagion EEFF%U&F ARNRLLHGRUCHERG ISR ¢ of

[oo\flopuseSIﬁngbr&eel 'sgectacat %81 uSi BBt £de ad conpl ex
l's, Inter alia. target pol ynucl eotide may

oliglsucheotbimriesed oa P@befrelaeiﬁ’t‘ﬂmﬁ?g‘é'f Rig#ErnBaithat
e t
1nTAeah 52 b of, 1o SN UYBLe SR et ofoor

npl €, ues ridization
monm'mbdlﬁﬂgdrhdxasdlThuﬁo ENHs|Q§tRNASg@ith(haﬂﬁbnnaﬁd a

oo RS A0 S TR RO S 40 Pt
molle@iigel . dasPddvedt) BNAAIGERNIG youpkeeingemiEoel dases ns
suc%agsbsncltasr‘,rnl_?g ,I %trelm%dggigg %aases?r sagﬁyaWri%%lated

bases, to name just two examples, are polynucleotides or
oligonucleotides as the term is used herein.

[0071] It will be appreciated that a great variety of
modificationg have been made to DNA and RNA that serve many
useful purposes known to those of skill in the art.
Polynucleotides and oligonucleotides include such
chemically, enzymatically or metabolically modified forms of
polynucleotides, as well aé the chemical forms of DNA and
RNA characteristic of viruses and cells, including simple
and complex cells, inter alia. -

[o072] A target polynucleotide may also be comprlsed of
different target domains, that may be adjacent (i.e.
contiguous) or separated. For example, in OLA techniques, a
first hybridization probe may hybridize to a first target

domain and a second hybridization probe may hybridize to a
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separated by one or nore nucl eotides. The terns
"first" and "second" are not neant to confer aRebruary2007
orientation of the sequences with respect to the

woz&§/b(?3§14°ri entation of the target pol ynuc#&g&%zg@%ﬁgor

exanpl e, assumng a 51-3" orientation o
pol ynucl eoti de, the first target donmain may be
| ocated either 5 to the second dommin, or 3 to the

secepgo R FRIMECR I P OB R 13TGEE BSLVRYFL et 196pr eti%t ed by

domkRA8ecd BhamAbliaE BPeSARehRe SHrdirgemal, B array of
ol i gonucl eoti des or pol ynucl eoti des may be attached in

sepeireRed i icaet ari BRTe St codfep helnhdremg eSS A
“se%éna" if@%og 838 1 K9 eqhodi SichN8sPEbes can

att'ached at one or nore internal positions, or at
sequethesndsh re€0FCt Cordmnénts ' obridrdatdant Pbnthmy be
added - si myl.t angou uent i.al.l i p,any order,
tar%eghp?l Aot ,%%nﬁ%mggghgée%ﬁ@e bR o1 1 addi ) on,
oriktheat bactdfon mayget nodlydmcievatdef \wlef foarbertaspsgent s

: wWhi ch e included in_ the assays. h oth .
aonfini &4 Torahst catthe” it b, ERS Helinrrh Ao it el o 2
to €hf. s&ddiaTiddmadlet erwenid.cian] dbevililkee apbrebiamd by

used to facilitate optimal hybridization and
thoggt b1t itsh AThndPBEFLPR it & BF0 AUERRES 9% 28 abhR% ¢ und

011BhEE RG0S oAl 501 18RO I dbBaha PR aBhbaPIPVe the
éfficiency of the dssay, such as protease inhibitors,
eithge| enkentiathipbi t sueh Wb theyrbdvala {gest 3] apd aheé

Like, y -he d L.ng t
el 50l RS ralARSRALE OR. RuRRTELE oo
attpohydust eotel desmofdQiitierinalagdstiims,i wrmestboth ends.
odi nents, doubl tranded, targe ol,ynycl eoti des
[00252 de‘%%@&ngﬁ ?gn S TREm g1 n tbegtaldﬁﬁ ed so as to
simpeEahéolBIBY,i dirzaédnaentofa i, M Samn tbraleier wiph obysicad

typi cal enbodi ment utilizes t hermal__step, ener al |
embgiipanist Ryt ABCH epkrat urle SR PEPT o GRECEIORGMN

inc¥pfe &l4N194gh BH shawesedrot PelcH eRRNbEUeScI®Yed in
theagggagg.uzggh gZhérE§££¥§£% %28Zﬁde salts, buffers,
neutral proteins, e.g. albumin, detergents, and the like,
which may be used to facilitate optimal hybridization and
detection, and/or reduce non-gpecific or background
interactions. Also reagents that otherwise improve the
efficiency of the assay, such as protease inhibitors,
nuclease inhibitors, anti-microbial agents, and the like,
may be used, depending on the sample preparation methods and
purity of the polynucleotides.

[0074] In addition, in most embodiments, double stranded
target polynucleotides are denatured to render them single
stranded so as to permit hybridization of primers and other
probes. A typical embodiment utilizes a thermal step,
generally by raising the temperature of the reaction to

about 95°C, although pH changes and other techniques may

also be used.-
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WD 2005/ 007814 PCTI US2004/ 021450 [0075] In one Feb 2007
embodi ment, the anplification technique is thefebruary
pol ymerase chain reaction (PCR). PCRis w deI y used

. wo 2086b7sdescribed, and involves the use of

ext ensi on conbl ned with thermal cycli ngp(lt: éﬂégh%mzﬁ/o a

t ar get sequence see U. S Pat Nos. 4 683, 195 and
W Wl ey

3,2 d Ess nt
Lo B BTN 1668, W EEahPE et Lae 1o
thé rtamﬂrymmasedchalm ef@roeﬁeﬁ (PODTE] Pr gengiddiy RERBAMBYY
follows. A double stranded
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de%'e ﬁg' oiH € usﬁe‘i’i%tﬁﬁléﬁr @e’ﬁem%ﬂcrry ggypbined
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Lo hybri di télzt(“flon cac}np%gg mggaé’ent rlef?gc o Jf%’e'ldgﬁéat ed.
folgpwgsi Agdeulisler aridaRGRI pluyineeird ifzak 1 oh heomsigyd arent ary

dersR198k Séét?e'}dal habgh %#%az)%t geltglﬁeer%t}sﬁq?? %gutn i:}\églgsal

r|mng

COCd@du ig. tH'dn qs:%lﬁcet epsalexcdeRabir A pED priglRke a{,h{@h
thed g E nS| 0 The art| cul ars of PCR are well  known,
IndYPRETARE (1oe uE@ frapk RELAHBY ol tee pl@-gner asB7 sech

T3 @mfﬁaﬂglsmd)ymr BRE ﬁélﬂynxé}%rs@akhgﬁxcééﬁbg %k&éﬂéet@"*
| ynmerases include, but are not limt e
Prl%FEn%F h (R fifente8RLONY ol yheramthesasEQﬂEmAsavl 0

| str&ﬁé EHAENASER y%nﬁg?d{%ﬁne"cgﬁ@f&c%ﬂe ﬁeglpgm 51 yRerih

| ymer ase and 29 Mer ase
heaggﬁ #F2dhy tpoﬁyﬁesa@@laﬂcmtthet ypbradissbdionl cbagkesd, and

 chelKPRUEPOe BBLLILEY mPXATRLES SlootilLes ROL Y 1o
thepgbwﬂmmatryl aapget Ktanod) chhiagtiaizBRi 28 ENA

yrrerase DNA Pol rrerase and_ the like. In
SQCB‘S‘% TSR Bgfﬁgl ErehfRid Arpbleywengsbizhat il |
amplfbiwam skogke: sthanded PP iae dWnhRAVLe Ao | MET

anneaflnggénd extension. The particulars of PCR are well
known, and include the use of a thermostable polymerase such
as Taqg I polymerase and thermal cycling. Suitable DNA
polymerases include, but are not limited to, the Kienow
fragment of DNA polymerase I, SEQUENASE 1.0 and SEQUENASE
2.0 (U.s8. Biochemical), T5 DNA polymerase and Phi29 DNA
polymerase. The polymerase can be any polymerase, but
typically will lack 3' exonuclease activity. Examples of
suitable polymerase include but are not limited to
exonuclease minus DNA Polymerase I large (Klenow) Fragment,
Phi29 DNA polymerase, Tag DNA Polymerase and the like. In
addition, in some embodiments, a polymerase that will
‘replicate single-stranded DNA (i.e. without & primer forming

a double stranded section) can be used.
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a doubl e stranded section) can be used. 28 2 F;Eruar
2007 WD 2005/ 007814 PCTI US2004/ 021450 [0077] ThHePruary 2007
reaction is initiated by introducing the ligated

wo 200588814 © @ sol ution conprising a uni Vers?&wﬁﬁoﬂﬁﬁus@
pol ynerase and nucl eotides. A nucleotide 1s
deoxynucl eosi de- trlphosphate (al so call ed

QXY NUGHLEO dNTP . dATP, dTTP, dCTP and
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11@1:@:1 girdidee tonacdehit ides cﬁ'ﬁyrﬁﬁiﬁg‘ 3 %rﬁvd@é@];tﬁ@m%r, a
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#gﬁ 248G ﬁnﬁdBP?i%ﬁquqﬁe nﬁE? R5HS W9af be nucl eoti de

deaxyduniﬁosdaaeﬂdipﬁbéphak@e(aPéEﬁdéMﬂé@3H@Bx?ﬁuéfgatldes
em Simlarly, e pri conprise a primry
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embﬁﬂﬁﬁdrﬂ:% raﬂuw@ﬁnﬂid heast;, Qe cﬁ”q}o‘r)éﬁllf_gaéﬂé/ two PCR

N g ner s, ol ymer ase, and’ a set
u

G ides H@Fe?@mplfllﬁ@ pr fabectahle delpili sehidie mayabel
HeatO €oP0f5 1 co rls Jabel
sl Q&mE}?{; =l g’?s Y %l ]hc{naggh?hat

[ 0079] These e odlnents Tave
nu¢kAqtgaesdmpy obe nurdedt hde arelessgr dlepeh&mgammvede as

Senc t t et igni ficant
codfl ot 8RS8 L loveliint S A2l %, oHEP pilis pav
comnndsmlaeprbmarjubrdGSCQﬁda&ytﬂabelprobes for exanpl e,

th t when th gl
1 i 25T Sbe FEB| B Aok ClnFo@imas i APRgE

,oneSlat:ﬁ Ci/pseallyttl% Derepsitird Ng BHOPResidNEe LA § Wi |
serve to gener ate short truncate pl eces in the
of ﬁ@éﬁc&%fouﬁwﬂ geretie ridec promers 0080 complyé ke righef

7 1laHdl€e apPbhé Qb mebgfaﬂ?@ 'I'P%hﬁlgg' rm@J M 1.eh %?IL

for exanple, the polyneras I'Ncorpo

[°q7§ﬁeledThﬁRﬂeﬁﬁhOdé@thﬁwﬁlsp heveatheradtdnteby, th&@
iJrer e rises a | abel 0081]

unlq@aberﬁObé%(ax{%gt %%Felll% aeb?% hg ﬁ%aﬁ Moy eslsi E

absghteowst detedtdnget , Tho sy fheaat pahpBi 4 Jadhieh mlla

occur. These benefits may be maximized by the design of the

probes; for example, in the first embodiment, when there is
a single hybridization probe, placing the universal priming
site close to the 5' end of the probe since this will only
gserve to generate short, truncated pieces in the absence of
the ligation reaction.

fooso] Labeling of the amplicon can be accomplished in a
variety of ways; for example, the polymerase may incorporate
labeled nucleotides (dNTPs), or alternatively, the universal
primer itself comprises a label.

[0081] By "label" or "detectable label" ig meant a moiety
that allows detection. This may be a primary label or a
secondary label. Accordingly, detection labels may be
primary labels (i.e. directly detectable) or secondary
labels (indirectly detectable).
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secondary | abel. Accordingly, detection |abels be

primary labels (i.e. directly detectable) or s%gq%HQWf007

| abels (indirectly detectable). 29 2 February 2007 WO
wo 26038707814 PCT/ US2004/ 021450 [0082] In gae..

enbodi nent, the detection |abel is a pr?rrarsm?mrzmlﬁso

primary Iabel is one that can be dlrectly det ect ed,

o ot SR A L A b 1O

primgdyoagbkye DIpARRAYY 186&DPES onk) tnagrkean (be dlrectly
el ectri cal thermal | abels; and c) col ored_or

detiqfctes BERE 2 & T1PRBBPROTG 4 It BERFRLI URPSER ffkY

ind® threechei sgiadi sh 9%695ﬁij@319abe@..§d wﬁb@h lzke heand
magnetic particles. Common |abels include

radiifeeirROPE NRAVIDHESERABES: tRit masBet{pi cdligqprical,
thédé i 836608, éif/df%é §g1&@@a emdxmlpgéceﬁé dt)/é s.N€abels

i s¢l osure inc are not mt ed
carf |aleoesnehtdd amtzyaeidée conplmresradisle | petiong deke s eand

r, d Terhi u esc r ]
the} ét ?‘%rlnsta lﬁyl T n}iréo& nS %O?lﬁ'?%s?agge&l@c gglﬁ%}lfi?}
chreidpjores unBrgHsphguanbwtn et $ypakably d]eme@cént as

"nanogr al s"), rene,, Mal.acite green en
ayqtio Rar it 190e° ERECHRS Qo IrarOaSaly Hepudgectur
ard @62, 16Mbted &Y tfhaokék&dnt AlLXxazdyes, cqaiplesesyt hin,

bodi py, and others described in the 6th Edition of

inglyelingl BhosaropRyserl Wnarb JeAYmR EHRTESSeiBaugl and,

rhdihER ees mrxlylkﬂsgmﬂ&@t ebshiy, refprigheRy, [ 0083] A
secondar i's one that is indirectly det ect ed;

conﬁr@rrlelxamptleyl—a:osm@@muar yauasain dahs bl sk refeseed Wt h

oo B PIEAPARLS SORHE! SR o Bhed Bitlpe,
Lucfaynis) Llowf (Imy:adal Bbue™ hel esmysaRatl} 0fy afyetshd Cgd mpoyind
o R AT, W BSRRS S RS TSP, e
deshizl:tlb@ﬂelﬂoﬁhé igvH edit fon OfE tife Slolbbulhm Prpbekner pair
Haﬁgﬁggka%ybﬁigIé%%?%reggggiégé] ﬂ%2%g§cgﬁéggssly
incorporated by reference.
[0083] A secondary label is one that is indirectly
detected; for example, a secondary label can bind or react
with a primary label for detection, can act on an additional
product to generate a primary label (e.g. enzymes), or may
allow the separation of the compound comprising the
secondary label from unlabeled materials, and the like.
Secondary labels include, but are not limited to, one of a
binding partner pair such as biotin/streptavidin; chemically
modifiable moieties; nuclease inhibitors; enzymes such as

- horseradish peroxidase; alkaline phosphatases; lucifierases,
and the like.
[0084] The secondary label is typically a binding partner
pair. For example, the label may be a hapten or antigen,

which will bind its binding partner. For example, suitable
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nodi fi abl e noi eties; nuclease inhibitors; enzynes such
as horseradi sh peroxi dase; al kaline phosphaté%@@”“my2007
lucifierases, and the like. [0084] The secondary

WOZJPO@IBﬁEVi s typically a binding partner %&Tmé:z%uoz 450

exanpl e, the | abel may be a hapten or an ch

mAII bind its binding partner. For exanpl e, SU|tabIe
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1:.14@)@“1934@&5!1&@ emdbaawrtmr&maad swdRidiaiges or
inhibitors; A other protein-protein interactin airs;
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bi ot -
 gengirel | nfharahadfleepbavilk maidi geoatt&é%ééLIQAbshﬂ;igktlde
nxm F
Fors ARFOTAT X UOPATEE B RE | RRLEH of A bar et

palg:lsu hETeRNL I:z:syat:c abel et ]Sinf:l.e;létia\ibdl hsu.oﬁ:m Nexbinlho-

i sassoci ates from, streptavidin H 4.0 buf f er

bioiR) B RGHPTEETANTBs PO LALREER S 08 GrOL e

readdabk di Nkdimdiehp1BH dnd Wm0 borimy driat c8h C)
0085] Labeling can occur in a variety of ways

compiriipe biotdgpoaciimiag-hirtirosad; #h@bl%ﬁﬁcenrcﬁlfg%ﬂ%ﬁﬂaﬁrd
stxjie#aglritﬁ‘ﬂl.cagimlﬁgcﬂﬁoﬂh %a%fsoEmQ%él@y&on{ %*E%leﬁté‘{rf‘dln

corporate nto prinmers such that the anplification
in péEaét § cmnffEsy ansl'enblram inegud red arapBhslenssuraets

Iabe%;%?%% ol et ﬁrfe'leg b2 o iﬁo%n%ﬂn‘ide at 95

©Snco e pol rase I'cons
°c)[0086] The anpllfled DNA can be fluorescently Iabeled

[OJ%%] Labeling can occur in a variety of ways, as will
be appreciated by those in the art. In general, labeling can
occur in one of two ways: labels are incorporated into
primers such that the amplification reaction results in

- amplicons that comprise the labels or labels are attached to
dNTPs and incorporated by the polymerase into the amplieons.
[0086] The amplified DNA can be fluorescently labeled by
including fluorescently-tagged nucleotides in the LM-PCR
reaction or by fluorescently labeling the universal primers.
[0087] The labeled amplicon DNA is hybridized to a DNA
microarray containing spots representing all or a subset
(e.g., a chromosome or chromosomes) of the genome. The
fluorescent intensity of each spot on the microarray
relative to a non-immunoprecipitated control demonstrates

. whether the DNA binding protein (e.g., a protein of
interest) bound to the DNA region located at that particular
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i ncludi ng fluorescently-tagged nucleotides in the
LM PCR reaction or by fluorescently |abeling %Hkeruary2007

uni versal prinmers. [0087] The | abeled anplicon DNA is
Ldi zed to a DNA mcroarray containip t
Woz@é’g[{?gféenti ng all or a subset (e.g., a cﬁ%ﬁ%ﬁ@l‘@r
chronosones) of the genone. The fluorescent intensity
roarray _relative to a

Spﬁgﬁ?ﬁ%@%%g%&ggﬁgﬁ{ig@%" PR BeRdHs trldodsthehet her

dethet DA diff ndioRgiRrONR| Ihte@abtiofs AR AL oh L est)
bound to the DNA region |ocated at that particular 31
IE3°February 2007 WD 2005/ 007814 PCT/ US2004/ 021450

loopsl . Hencassbhesartdpds, denerabad dierel p.allow the

detection of protein-DNA'interactions across
meEReds andy srpresit huEsusafuli st uslss detbovdon t B

po Ui 64 RGBT P d 0 nd .conposi.tions usef ul
in the detect on g%te.p%ltcgnﬁjg?@o??%g%gﬁg? T aee -
'I‘hw RFPGRssy gep;prd@srdlmmbpseciﬁh_mdtﬁﬁ@c QESyﬁ@tfﬂlidtS..@i%s
thai REE ' olynucl eotides  that are

cr oss% i nk%&a?%%ﬁé%{%p%ﬁw@%gq HiFCaPRtant | ¥HeEhed

poligtualecicédes dedt saticisedhgt 19 g1 pRpt YREPEI e theom t he
| yRucl eqtide:.. hylridizing a pair of probes each

Po%n%?]eg)itﬁgfa' dwbre‘)igﬁﬂ)flg @ PP Ay Prabgeteadyuence and

comprisiinger g6t @tdnPik,t 8 §HenENiched BQJEM%W:% eQki des;

J i atlng .the probes to formligated probes;
uniyefisedy PRimehdq ithst earighesh@slyshingeat iddsedsghting
thep irBesCOBPE bR 9 gtbabSlondld o £ P0EACLI NG, A 4

mcroarray (e.g. géDNAb%%regsndr rag@)?%\}”f%g[%ee ligated
probes Peied-4 apdivedspl opobter Hospadplbdied aueaduahs
contRlc@hagt a divd I dization). to.an array site

conpr i gi g lal%sau%gf"ag%i 1 I%/%MF‘SF@‘H% Wwith the
ampdgdifyade] Jotdaie preduence e Eplifoéd thedimRlsi §hedract

|.a raoduct. [0089] An array conposition conprises
(v1gt Bﬁé’gg?i)%a 19 ¢t sﬁ%s%?%ye S PhCaMtASage 2conpr i si ng
sublsndn?iaﬂﬂsyr cs:urrltp_eameﬂfyarf YI1PhucPeot MO LU RenBer €5 il 8
of %E%”amﬁhf%f@&?lhhgléh product.

[0089] An array composition comprises at least a first
substrate with a surface comprising individual sites. By
"array" or "biochip" herein is meant a plurality of
polynuclecotides or oligonucleotides in an array format. The
size of the array will depend on the composition and end use
of the array. Nucleic acids arrays are known in the art,

 and can be clasgified in a number of ways, both ordered
arrays (e.g. the ability to resolve chemistries at discrete
sites), and random arrays are included. Ordered arrays
include, but are not limited to, those made using .
photolithography techniques (Affymetrix GeneChip™), spotting
techniques (Synteni and others), printing techniques
(Hewlett Packard and Rosetta), three dimensional "gel pad"

- arrays, and others known in the art. In addition, liquid

- arrays find use in the methods of the disclosure.
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ol ynucl eoti des or oligonucleotides in an arra
?orﬁat. The size of the array will depend on ¥ﬁ@“umy2007

conposition and end use of the array.bNuc:eic ?cigs_
are known in the art, and can be_cl assi I21€4§0I n
woz@orsfo@%n%er of ways, both ordered arrays (5 HUSZP e
ability to resolve chem stries at discrete sites),

d S e included. Ordered arrays
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> %qpe)oo Hgﬁﬁ“‘al iy ar Mé‘g@ratt&) m}msswaarmmd rahgabﬁmbm
0@k o 10,00 lei.c_aci
R RO e T
204006 &gl ab%@e&%to@odbﬁsmg Yty a_mmbangﬁoﬁ rdHﬂs.l@?ObH:ra s

certh08 Laeabl 2109, 000 R 18 ypieel, and, e ebolt

& nugLel, Cy
witdr fape ag@tnerlaloloyi congibde 5,099 bB’ g L tOQ%%OU? @ oW
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00 bei ng typica and rom a
and, gﬁ%%)‘o%wltgéoﬁg%ﬁogﬁ’o%grﬁ%n being most common.

[00981] By "substrate" or "solid support" is meant any
material that can be modified to contain discrete individual
sites appropriate for the attachment or association of
oligonucleotides, polynucleotides, or other organic polymers
and is amenable to at least one detection method. Possible
substrates include, but are not limited to, glass and
modified or functionalized glass, plastics (including
acrylics, polystyrene and copolymers of .styrene and other
materials, polypropylene, polyethylene, polybutylene,

- polyurethanes, Teflon, and the like), polysaccharides, nylon
or nitrocellulose, resins, silica or silica~based materials
including silicon and modified silicon, carbon, metalg,

~inorganic glasses, optical Ffiber bundles, and a variety of

other polymers. In general, the substrates allow optical
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[0091] By "substrate" or "solid support” is neant any
material that can be nodified to contain discréfebruary 2007
i ndi vidual sites appropriate for the attachnent or
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detefichqroRari Fedieft ddiemssi¥es | BPYEHEPLY; HyteiGs WiEs,

op PR YIStaMeBe: 8Rd(£QP0! MBELSE Of 1. &indeBeL RO IIARY) .
materi al s, poli/propyl ene, pol yethyl ene,_ polybutyl ene,
09Nl ur eCransallwdiiosubghtiatheld ifikaf, (pbigaiaoc Fathaesh

ni..0 LLLpgel esl LlLic
aSny?lc&?-eb%gggé%mterdl %ﬁﬁ?ﬁél%ﬁ’g‘e ?FF.‘ OHEE 4 rodi £ ed
cosfigwmitiopar bbngulrdiraltes mindrgamied gkawsks., dloti cal

i ber dl e a ar.i . er .
ot PRSI R L lacsBhl LR b TRk, Fr
exatiflle D023 N1y SkedIBCI A US20ih2 hA56k def qiliasticanbat

0 not thensel ves a ecj ab interfer wwth _ opti cal
A T S BOEESE 40 ROE PRTHA Gk SR Bl SR G002,
mi&eniodlel Yot h@esdthsicrat esigifd«ly,( phanpsads aldyh@egh as

wi || be appreciated by those in the art, other

Plachtt iBuFhei HRELI Wberrapes malPebEotselrvthnomel For

saf@RIna1 vEDE 68 diiBRsLenghmernfisgumat i ons can be used,
for exanple by enbedding beads in a porous bl ock of

[0p8Hst | cCeparally | e SHERY CAMSEIS10nS t¢RN Kignds and

coffREAR IR N ARRa1 HTEeaF o prRISG S Ll s
cortpihies ifngr af pburdlhrtguglil asaapl lo@tabysi $semetminssmialeo

<o BRI pEOhHIE:n LOOSELeCIRELRY, LIS migpniop
plevaise conf {duirdd suieht thLe edMassalyNDodatplat alontying
on SRR A0SR L0, (gL 20 Also, et elied Lo Herelp as
arftBnfliQut edn saed dHRakafachr&s sRamp?6eat 08 CIHEIns  an
ma‘éenrdila\g.l gl%a!:hg rrrrliacyr'ot-li-r’ég; 1|:>]S.étet hc%na?asea¥o:!:rgg§ ttloonco?lrtl.g.ig hae
plurality of "wells" in the bottom of each of the assay
wells.

[0094] In another aspect, the number of individual arrays
is get by the size of the microtiter plate used. Thus, 96
well, 384 well and 1536 well microtiter plates utilize
composite arrays comprising 96, 384 and 1536 individual
arrays, although as will be appreciated by those in the art,
not each microtiter well need contain an individual array.
It should be noted that the composite arrays can comprise
individual arrays that are identical, similar or different.
That is, in some embodiments, it may be desirable to do the
game 2,000 assays on 96 different samples. Alternatively,
-doing 192,000 experiments on the same sample (i.e. the same
gample in each of the 96 wells) may be desirable.

Alternatively, each row or column of the composite array
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array |ocation are the sane. For exanple, the %stlc
material of the microtiter plate can be formsdg gbruary2007
contain a plurality of "wells" in the bottom of each

woz&g},n%.,gﬁ assay wells. [0094] In another Eglef@$2’§%‘9°2?5f{ e

i ndividual arrays 1is set byt
n1crot|ter plate used. Thus, 96 well, 384 well and

| at til osite arrays
coéi%ﬁl;«?“ﬁﬁ'%%%re°t§'s%em£m%§§éyﬁaé@f§m%%¥§maysAs il
beabbpeaintad Wyl thbse appree ated dyeAdhase LN ihe

not each microtiter well need contain an I ndiVi
waye r &g confil aypsut e beystemed Tnhadd e o frbes e m;tare

O£ CElRe GRS S%a¥'ﬂgéﬂ'éﬂgg tﬂ&régéetﬂkﬂﬁl%rﬁgﬁgg S s may

simlar or f erent That , I somne
bej zdda) Hee twesii &béxento sdutfabes, smnmlz,lﬁgo:mssays on 96

t..S tern tivel doi n 92, 000
Sug{%(ifba(erg{l%g% sggﬁﬁ%e Ty ﬁ%? em{q igentita ?ﬁray§anpl e
[0995)each Iof ubhetB6 amqi]]:.i)aﬂ&}(aﬁ@.d&%ﬂfrbdﬁb@ (e.q. t

I gach row.of m of the corrp05| e
10t WS8Rt £ e o b srey  seupriotng the
Sumaﬂﬂﬁ%@ﬁl?/ 88 DG iah-¢f ﬁ@lﬁrhﬁzl%%ﬁdégbllgonucleou e

reduyndanc al ity control reci ated by
ast%é“-g‘ F\‘Y% h?%tQIQ%@F@b%F%) a Ve émylaafle efled

pré@d qurg.t he susdi1d akh 1M)t i;QR, the random nature

of the arrays may nean that the sanme popul ati on of
po h@@@éeﬁﬁydeb@lmwlﬁgu@@ idi frher entrsarfacesn

I but r.naps _not
b A e LR & B T e SR oo
changsddot tie. gpticel Isagnh]acbiarmlplamﬁ]):ular exiiesagrky the

conprising the substantially conplenmentary
loc'adrtlly}rﬁlucl eoti de/oligonucleotide as in the

[oasﬁbru di zmumvemtabﬁ( Bas Dded aepbiibed-dmhal edneproduct

| d
fo%&wgﬁﬁc?%%ﬂ “‘%ngh‘h%l(‘)%oﬁ?fgeprﬁviﬁ%d e fyxthay can
111hekk gk Zend e.LrN'é@ﬁ:lghr eofley s?:'éch@ijlf: r@f&n‘?@eé BRYbLE Qg I N

a change in the optical signal ticular
nothfigpgarraylimit the scope of the :anentlon

EXAMPLES

[0097] The following procedures were carried in
performing the methods of the digclosure:
[0098]  Crosslinking. Protein was crosslinked to DNA by
adding formaldehyde directly to culture medium to a final
concentration of 1% and incubate for 10 minutes at 37C. (For
example, add 270 microliters 37% formaldehyde into 10ml of
growth medium on plate). The wedium was then aspirated,
removing as much medium a2 possible. Cells were washed twice
using ice cold PBS containing protease inhibitors (1mM

. phenylmethylsulfonyl fluoride (PMSF), 1 microgram/ml
aprotinin and 1 microgram/ml pepstatin A). The cells were

_ écraped into conical tube and pelleted for 4 minutes at

- 2000 rpm at 4°C. A lysis buffer was added to precipitated
SDS with protease inhibitors {inhibitors: 1 mM PMSF,
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| ocation. [0096] The invention has been descri bed
above, the follow ng specific enbodi nents ar e February 2007

provided to further illustrate the invention. The
2608 4 C exanpl es below are not neant t

wo sc@%gf of the invention. EXAMPLES [0097] Pq:hté%%{o%%\% n
procedures were carried in perform ng the nethods of

. ' sure. . [0098 osslinking.. Protein was
L B A o bR By Ao T P OP R BT b1 y 76
cetll pel Betregisuiebasperdddiilin 0O0CRNGFALiit@Rs0bs 190N 51 g
bu'EECUbatcf for_10 nutes at 37C. (For exanple, add 270
rEF oT1e FE 8798 EPTet HEHYHESPneD 15 Noke: gFlamuapo
migedl i ol 8be) 1yJie HRGWTi Wase+ hek aspitated. ;¢
renmovjng as nuch nedium as possible. Cells were washed
morgj celly Gueguped: el reESspended iaild pedleasshould be
didedi g - sl f | wor)
I a0 Zbiri e TR 90050 000 S
al paurl gantaans TheX 'l selbs e scraped into coni cal

' t t 000 t, 4C. A
oSS LA L G P O e
topehraa A nbi bengulss (etlebnt 206 ard TVOPMEseRfir2 being

ugry 2007 . WD 2005/ 0Q7814, PCT/ US2004/ 021450
o e PR AP ST GionE ng I GBCARL ATt ech
wad)addehe toceblepad |@loswasnkesusgeEndedri B R80s. DNA was
m crol'tbers of S)DS lysis buffer and incubate for 10
re ‘fﬁﬁeéils EnPherelighlorofaen RREraatdesliters of SDS

rodyils bwhbepnd ok X [ S 1 miaf gl are
useo}, t he rgﬁe%u%]%ﬁ:&g% ce%%@p%ﬁldgng oﬁ?%kgoﬁgia\%gged
poghfd cAdgonperbivase i xatli wiieh sl A9 vhatmeaeh R00NRCL and
I~ nt al NS.q-ql celhs. .( The .
2l?§sﬁ?§%nége§d ;l:?elg gef‘%lqglel I e#hsev\énégglg%%ﬂaésd inegbahed,

at pNA Cofbeng® heirhese enThO prmd pi@a6elaskiid wekei ng
rs 5™M

' to Kk aples ice cold. Eight mcroli
pe]ﬁ%%%d B sgg%oxg%q%g ¢ 89e$%1‘é J‘cor Sggﬂufqﬁﬁ‘ at @eﬁgﬁtﬂ’as
wasiedr ¥itDNAO VBEY ethanol and centrifuged for 5 minutes.
The pellet was dried and dissolved in an adequate volume of
TE (10 mM Trie-HCl, 1 mM EDTA, PH 8.0) or H,0.

[00101] Biotinylation of reverse-crosslinked DNA. The

phencl-chloroform extracted DNA is washed and dissolved in
TE SpH 8.0). To 10 ul DNA, 100 ng of phage 1 DNA and 1 ul
(1 ug/ul) of PHOTOPROBE® Biotin (Vector Laboratories) in H,0
was added to a final volume of 20 ul. The mixture was

- overlaid with mineral oil and heated at 95 C for 10 minute.
?o the preparation was added 0.IM Tris (pH 9.5) to a final
volume of 80 ul. 160 u. of 2-butanol was add to the
mixture, vortexed vigorously, and centrifuged to separate
‘the phases. The upper butanol phase was removed and the
butanol extraction repeated. The biotinylated DNA was
precipitated by adding the following components and mixing:
10 ul of 10 M NH,Ac, 2 ul of 1 M MgClz, 1 ul glycogen, 150
-gl of —20 C ethanol. Incubate at -20 C ethanol. The
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recovered by phenol /chl orof orm extracti on. [0010
Phosphoryl ation. Six ul of non-phosphoryl at ed 2 Fbspasy 2007
oligo pool was mxed with 1/10 volume of 5 M NaC and

| ume of ice-cold ethanol. The m xtur
WO?‘ﬂl%?@ %lgt ed at -20 C for 30 m nutes. The Z@ﬁzwlt%%\lf‘@d
ol igos were pelleted by centrifugation for 30 m nutes.
ell et was, washed with 70-75% et hanol and

.Th
ml&%ﬁfg?f‘ﬂfgge&nrﬁblfbas% i &6 mimpeepetl e20nds dPebtetmw by

etk 85 Ohy@d dnn far 8g v 1
© érl e EDT?\%&E‘%% g %hanﬁa%eod L[EL(S% gimthaml
an 8??%%%3% for ?e‘V@F‘Q‘@—Soro%‘lammdél@tDNAs Theed and

reBhSpOhaLhli@r or m extracted DNA is washed and
di ssolved in TE 9pH 8.0). To 10 ul DNA, 100 ng of

[0BhBek 1 ADmmadnngd urhe (Eblaghithy cﬂfmpBH@i@RﬁBﬂ Mixed in
t dded _t
o O L R Do B 167 sl Bl S w t h

olng¢mﬁzﬂlnallcandeﬁkﬁﬁﬁﬂinaﬁ095fﬁbIK¥éaEQ18hnUﬁfbtlﬁylaEQ@
H 9. )toaf|na

ti S, de Tris (p
saflofe Hfh; 2504 2 %6"6‘ nS’Jo USER, ¢ o PMWEEL Ak k0 PEhd . 6,
1 Mi¥ddlre? wur kXSG Misgowesslye) and aceekaif d f 40
se rate the phases. The ug per but anol ase was

uly e LERUEE HES heataRokoek r%diqroﬂor@p@latt%ﬁi thee
cobid ayhiated PR aPLeghy tf?Jxeq 9 AUl R Ac.

foll ow ng conponents and m

add JjulopListrenferidin- Qbagde@'czmgmmagﬁéﬂlc Weaafs - 20 C

oS, TR 1 G beallE 0k R

hoyngpubat ed for 15 minutes at -20 C. Pel |l eted by
brif an _for nutes and washed with 70%
O o1 SEER e Bt r TR GBEP T Ats PRl G Erifo WBERI 480 ves

et hanol
of drisddbaffer r esuspended- el Thy F00102]1 ApRgahi ng. yihe
i b

D ot AT s asbovers Masagien 8 s
Taqwgma|lggm§9qﬂﬁ§gkon 200 fnol/reaction, biotinylated
l e DNA, 20 ul 2x binding buffer (40 mM Tri s- HCL,

[Oqaﬂ .6, Ligation. Thirty-nine ul of 1x NEB Tag ligase
buffer and 1 ul (40 U) NEB Taq ligase were added and
incubated at 45 C for 1 hours. The beads were washed twice
with wash buffer and the ligated oligonucleotide pairs were
eluted with 40 ul H,0 by heating at 95C for 5 minutes.
- [00105] Amplification. For each reaction: 2.5 ul of 10x
AmpliTag buffer, 1.5 ul of 25 mM MgCl,, 0.5 ul dNTPs, 15
'pmoles of each PCR primer, 2-4 ul of sample and 0.4 ul
AmpliTag Gold (5U/ul) was mixed to a total volume of 25 ul.
PCR cycle conditions were 94 C for 10 minutes and then 30
cycles of 94 C 30 seconds, 54 C for 2 minutes, and 72 C for
2 minutes were performed. |

[00106] To test the specificity of the methods of the

disclosure the following experiments were performed:
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1 MNacl, 2 mM EDA, 0.1% Tween-80) in a total volune
of 40 ul. The mixture is heated to 95 C for 19February 2007
m nutes, then cooled to 45 C. Sanples are kept for 10
s and then add 5 ul of streptavidjn- t
WOZJ@P@%&gnetl c beads (Seradyne). The sain(ggﬁ%@%t“ﬂoen
i ncubated at 45 C for 2 hours. (00103] Selection. The
beads are washed twice with_150 ul of wash buffer (20
[O0RRTHTY | sEHREmichSpikengo Grofsidering frteEnrR 28919
revEWB8Nz893s1 ﬂihﬁn?e%%e Weder dhazlieds Wabdkel 2ndNkBowd ath DNA
i pase buffer 00104] Ligation. Thirty-nine ul of 1x
theNeBtTagO}{4res é"exﬁuph@ﬁpl'éﬂa’lft@ﬁ aadeCnNbBATaleTR gase
mé@ﬁ%laggﬁfgsand '26C&%E?&n@klﬂéon@cﬁ@étlhehﬂﬂx% dhe
were washed twce wth wa buffer and the
| i gat ed oI|gonucﬁéﬁ?ﬁﬁemﬁhﬂﬁ§eﬁﬁﬂ@ eluted with 40 ul
H20I b%/ heati ng ahs%@ffﬁeénéonriguﬂu%eotz(dl@ﬂ@ﬁ]f ls for
Amplification. For, eac eac 2,.5.ul o (07¢
Anpl i Taq buf f er, SRHEg P é]#ﬁ f§tS5°B. 5 ul dNTPs,
[o0k98] pno]kﬁﬁtﬂfyl@&dbnp%@rsamr as2ddsetitd sdewpl exeayt

0.4 ul AnpliTa I 5 Ul t
Fory fitunio Ghas dRtbapcity crid): aHaRE A et 5,
andlqlmpbq&@@tla{gd fbl_r,}egosfg)ln@é@ es of 94 C 30 seconds, 54
m nutes, and 72 for 2 mnutes were

[00&@% or n%%P—O“FGOPﬁé] fzr%mt?e%%T créleprrd 14 iffegrnthe

o | 1984+ 0 eri ment
plaZRid %ﬁAqg”i’zrré;&e et Febrglgtrl e oo 1a
[00RCP] 1J820G2l4B0: [@mqmp]mepaasﬂbqvesm:mapg for: (i)

I i pKi

cacff BITHATLIAGACLERLL A My USHEERR PLASIELAY tEnE
stx@@naph@hwcmae:cédasmes CBodasﬂhgabeM&nhemn dorrtebdotf des:

di fterent oljgonucl eot.i.de a| s % :}om' c DNA
SCXGREBULT O SRRt PRFETRSTRT o RaePBol SR AT 1 o

{003n0KI NOTHY aFIT1GWRNG fed@tidngNwere performed:

Reaction # 1 2 3 4 |5 [ 7 8 9 ic
Genomic DNA - 0 10% [10° {10° [10° [10° |0 0 0 0
(molecules)

Each plasmid DNA 0 0 10% | 10° [10* [10° J10° |0 10% | 10°
(molecules)
Oligos for Genomic | 0 0 0 0 ] ] 0 400 | 400 | 400
DNA (fmol)
Oligos for Plasmid [ 400 | 400 { 400 | 400 | 400 | 400 (400 | O 0 0
DNA (fmol)

f00112] Selection: the same as described above.

[00113] Ligation: the same as above except for: 1 hour
annealing and 2 hour ligation.

[00114] Amplification: the same as above.

[00115] The preparations were analyzed by agarose gel

electrophoresis. The data are presented in FIG. 3A.
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[00108] Biotinylation: the sane as descri be above
except for (i) no phage | anbda DNA, (ii) 10 pf February2007
PHOTOPROBE(r) Biotin, and (iii) heating for 30

wo 260 gs. [00109] Genomic DNA from 293T c 4
%@%rent pl asmi d DNA ni xture were bi ot Fér%/ %’@@@2”5“
the sane as above

separ atfel y. [00110] 3) Annealing:
except for: (i) each oligo' s final concentration 400
LOGFAGH | 1 HGRT SRR FPJLR FRRERI AT COITog G
folBegh kge! fdﬁwgﬁbsgﬁ@}mi‘aﬁi fvas St eptaliodktnagoat ed
paramagneti ¢ beads (Seradyne). EOOl.ll The foll ow ng
desardberontover Oljepperheekidvect rend# 4eLenE 4 5 6 7 8 9
oL T APELTe MR ol et A D D 05 107 105 o 1080
7 c'{‘l‘iﬁgeigﬁt ¢higmenilesy i@t ippoisrst FOrGepkiRg @ng gepomi® 0
.400 DNA (frol) Aigos for Plasm d 400 400 400
DNA48’6“268’-%0 400 00 0O DNA (frol) [00112] Sel ecti on:
[ooi1g]sanBiasimeastrichedta e [p20ab8Ye Leéxpmpitofiort ki) no

sa as .above except .for: .@nneal.i.ng d, .2 sRour
phassodenBe PHb1 1R Al R ERDeE e eRl )
hedtQ@4l8br The wiepakat i ons were anal yzed by agarose gel
el ectrophoresis.

.The data are presented in FIL.G  3A 38
(003 1830y y&RS BOLPVING SOR%) 0P HPTECRP IRt GIIABY
pA Q?%%GLQE eR:d 1120 HBAL 7 S@1 Ki Vb rRX PERI PRA Bradineht mixture
different fold spiking. Oigo phosphorylation was
wexsabipgdnplated togesberbed above. O igonucl eotides: 15
diff 'ul‘%’_:é.ltctib'rlﬁ i#guuud egty depagi TS or OEspi ked genomi c
ferent olli gonucl eofli de pairs

DNA defection and 7 di

for s|dviomyc 4@ genoni |cLO*DNALBEt g0 opto”
{molecules)
Each spiked DNA 3x10% | 5x10° | 10° [ 2x10°
(molecules)

[00119] Annealing: the same as above except for: (i) each
oligo’s final concentration 400 fmol/reaction and {ii)
gstreptavidin-coated tube (Boeringer-Manhein) instead of
streptavidin-coated paramagnetic beads {Seradyne) .

[00120] Selection: the same as above.

[00121] Ligation: the same as above except for: 1 hour
annealing and 2 hour ligation.

[00122] Amplification: the same as above.

f00123] The data are presented in FIG. 3B.

[00124] The methods of the disclosure were carried out on

androgen receptor (AR} responsive promoters and controls.

Table A shows the promoters and controls used in the

experiment.
- [00125] Table A
AR responsive |AR responsive |Control Plasmid
'| promoters promoters by promoters controls
confirmed by functional
ChIP assays
KLK2 CDK2 GADPH pUC-GFP
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[00117] Bio
(i) no pha
Bi otin, and

“mz@&ﬁﬁ

tinylation:
ge | anbda DNA
(iii)

the same as above ex
(ii) 10 pl PHOTOP
heati ng for 30 m nutes.

W ng reactions were performed: Cen

E%Eﬁeféh)%ary 2007

[00118] The

R Gos il

¥ells and 7 different PCR DNA frag
were biotinylated together. Reaction # 1 2 3 4
_ Cenonic DNA 10 10 10 10 (mnlecules) Fach spiked DNA
KLigX104 5x10 1B812x105 ( nol|déRSes) [00119]P i ng:
the same as|2BB9€ except f|@SNS(i) each PPYGEA final
concentrati pC400 fnol /reddd¥RdBland (ii)|PUC-Neo
strept avi di n¥eBat ed tube (|BEEL nger - Manhei n) i nstead
of streptayrfMPRSEDat ed pgrEx®gneti c beads (Seradyne).
[00120] Sel emckbn: the sanmeaEgKabove. [00121]
Li gation: thakgame as aboVeummecept for: [L hour
anneal i ng ang92 hour |igatlicms7 [ 00122] Ahplification:
the sane as above. [00I23] The data are presented in

FIG 3B. [00124] The nethods of the disclosure were

[oeHd1l ediQehp %11@1%09@!&&5 At e( AR céLSRANS 1Y Be,
pronot ers and control s. abl e A shows the pronoters

wexgh igoht Fopaters ed tin thﬁean@q‘i@ﬂ FEAR1SE 00125] Table A
di fﬁ%%@98§ yfbﬁgq@ﬁ%%?onSMH@kqgﬂk&@h Eﬁ@ﬁﬁﬁﬁitﬂ%%QEEters

ronot ers prorm ers control s confirned
cellmokeirenatbd iR soaptakdaxed CHR2 @Aaﬁpt@iyce@tp 39 2

anERAY 2007, 4020051 00T 1P CTENS20R G20430 KK
individually blotlnylated and then subject to DASL analysis.
Immunoprecipitated DNA from mock-treated cells was amplified
with T3 and Alexa-labeled T7, and that from DHT-treated
cells was amplified with T3 and Cy3-lableled T7. The
products then were pooled and hybridized to the
oligonucleotide array containing probes complementary to the
targeted sequences from individual promoters. Because the
non-androgen responsive promoters will not be
immunoprecipitated by anti-AR antibodies, the signal would
. be low in both mock-treated and DHT-treated cells, which can
not be used to calculate the Cy3/Alexa ratio. A higher

Cy3/Alexa ratio indicates a positive interaction between

androgen receptor and the promoter I LNCaP cells induced by

DHT treatment. Interestingly, five promotes (SC, FGF8,

LCP1, NKX3A, and F9) were reported in the literature to be
androgen responsive in other cell types, but they did not

geem to be androgen responsive.in INCaP cells in the data

4 and 6. |

FIG. 4 shows the results of methods of the

présented in FIGs.
[00127]
disclosure uging androgen responsive promoters in LNCaP
cells accompanied by SAM analysis. Each of the gels

 comprises pairs of imput DNA in the presence and absence of
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PSP94 ASNS pUC- CAT SC CYP4Bl pUC-Neo FGF8 GFI 1
TMPRSS2 HOXB3 LCP1 MAP4K1 NKX3A PAB23 F9 CCtFebruary 2007
[00126] LNCaP cells, a human prostate cancer cell

re first treated with the androg(glrd)uﬁgoq%ago

we
wozdgklﬂﬁ&ot estosterone (DHT). Mock-treated
DHF treated cells were subjected to standard ChlP to

bt ai n ti- ndr gen .rece tor (A -enri ched DNA.. The
an e AN e | iy pigarT |1FFyI he e effRdhend
absatljec off aﬁdt'z&g%n -y She - ENJ jnmunopr eci pi tated DNA from

2éalE-treated cells was a I|f|ed with T3 and
“’% a- | Eb@t et shevwsaddephi lqaﬂ'@mﬂm BFRERIRN YEEEPEONAs

| igbhed M@iﬂb-gﬁeaﬁgtﬁaéslégﬂ eglgﬁlogﬁf% p%ﬂgwﬁth

t en were pooled and hybr|d|z
th%IHr@Gﬁaél é@t"rl'eﬁé nresgnce omrdialiseycpr obezn cxmplogaBNt ar y

agdifldtNe a180 aaldth S8ILAOCES fafn%ﬁkggg St dupl BlgmaLers.
cause the "non-androgen responsive prom)terg W
[U(h’@tfilbe Commnﬂmp:madl genammi dl)lmgt i AR e @mﬂuﬁg, t he
Low_ in h nock-treated,and
ooy IRl kSRl Ll (SRR caFRif at o
strtateg@y 8ol @ Toat uabidsdd gheal iey 81 ex@ Rt i o
i ndi cat es, a rac i on between androgen

ositive int
TARSEEIRE Ut BRECPFomtRAee ERCAPPELA TS Mch d9ERA by

cytl abheatpant (a)| REAS @étéﬁlﬂ'{ ¥ 1hhY Cak LD 88wk SEi gdiSs
LCP1, NKX3A, and_F9) were reported in the Titer E?ure
have, shevn Jifto @@ﬁaﬁ-eﬁ-%% rERRARILS) tet hebridige tppaymepens
o) d n i\ve
weshy O linogSRE 0o AT SRR b R
Corprepord stovmiomve trasett Bptdfonmenhbds of the discl osure

004Shp9 apdl L Ve pronmoter’ NCﬁlg’
[ accgrrpanl eg)%gt% %i?ﬁggi:{}‘ ::ee .OnEéIC‘hC}beor?Qr?é)m& plg Was
usedohprises fim mmbﬂnan‘pmt d}ENAiILﬁJng hei iy esenaethdds of
ahsence of . . .
the disclosure. Using a primer selection program 1000 40-
mers were designed to cover the entire 1 Mb region in the
beta globin locus. Synthesized oligonucleotide were spotted
onto a Motorola 3D Codelink slide to form a microarray.
Corresponding oligonucleotide pairs to each target were
-prepared and pooled. Data from this experiment is presented
in FIGs. 7 and 8.
[00131}] Based upon the foregoing, the following
distinctive advantages of the methods of the disclosure are

presented in Table 1.
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40 2 February 2007 WD 2005/007814 PCT/ US2004/ 021450
androgen (IN+ and IN-) and enriched in the presEsiggary 2007
and absence of androgen (EN+ and EN-). [00128] FIG 6
identification of estrogen receptor  target
Wozg’g@‘\é@“usi ng the nethods of the discl osur ECTGHEHIP 0
the process in the presence and absence of an estrogen
agoni st. Also shown is the SAM anal ysis of the chip
data. [00129] Conventional genomic tiling involves
pl aci ng consecutive ovgrhappi Ng genom ¢ sequence on a
chip. This strategy would all ow unbi ased | ocalization
of RNA transcripts in a genone. I|Indeed by hybridi zing
total cytgplasm c pol y( RNA to,such tiling arrays,
“i nvesti gat lémﬁﬁﬁd%ghmmpaﬂsorkl\m appears to
hybri di ze to nunerous regions in chronosone 21 and
22, many of which do no . corre known
transcription units. [Og:f'g%]eébme tJet ?@F’% n_region
i n.chronobsone 11pl5 was sed to tjest. the conbination
Sepsttivityi ng with the net ho]d)lsgcﬁ $ the dilgép‘% re. Using a
Foht ¢hemge dleteetablon progr ard 1000 40- [meBs5¥er e desi gned
Splééiﬂéﬂy.er thﬁ enti (rje I1 My re?i on ijn tl_g-ﬁghbet a gljobi n
Y0 ized olig cl eoti de € spotte ont o
00518%%‘?&1 5ég¢%§500deu nk Oféjsde to farm¥ ni croarray.
Expgrimenisbsgrsig ol i gonucl &Wﬂe pai rs%@w@éch tar get
Devserosslinkirgpar ed and pool Requideta f rlomQrhitiedexper i ment
Aﬂe@ﬁ?ﬁﬁﬁﬁnt ed in FIG. DeRgr&ind$01efigo8ased upon the
foregoing, the follown i St1 nctji ve advant ages of

t he net hods of the di scgé/so are | presented in Table
Oligo pppl(s):- - .. - ... 2 FeBidhry 2007 007814

CoRtFedr 2006k olRdliptarah] e ~5200 ~$10
Most useful applications: Promoter & Promoter &
tiling arrays Locus-sp. tiling arrays

*cost per assay depends on array density and assays to be performed:

For 30K promoter array: $240,000
For 10 labs to perform 1000 assays:  $24
For full genome scan: $10 millions

For 10 labs to perform 1000 assays:  $1,000

[00132] A number of embodiments of the disclosure have
been described. Nevertheless, it will be understcod that
various modifications may be made without departing from the
spirit and scope of the disclosure. Accordingly, other

embodiments are within the scope of the following claims.
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Summary: A Conparison ChlP-Chip Chl P- DASL
Sensitivity: 108 cells 106 cells Fold change 2 February 2007

detectable 3-5X Specificity: ? High Concerns with

s Yes No Experinental steps: ManypEeNE a0
“K)Mggﬁgs%sshnldng: Required Omitted Array ?orna?: E%ﬂ

products Aigos or oligos O igo)pogggg): g&é sEq?ired*
e excl uding array): - S
‘VH§2§$§$J§BQﬁ?g§tfons: Pro%oter é Promoter & tiling
arrays Locus-sp. tiling arrays *cost per assay
ldepemishagn odr dayedieingj ty palgnasEays deoph f fdred:
FQr SOEé ronoter array: $240,000 For 10 labs to.
SEEF BRI o TR 8. 4 $9PG: SEIPP GRAHEs  SATPELBing:
nd) i onsmubeprd®idialsing RepSDHMcIQRQ 88 SAYSsciEte@0R:th
[00132] A nunber_ of enbodiments of the disclosure have
%g&lﬁm T19D&q. oREvEReh Ak saricheqd polypmcdagbide ood
prBphratadn,ous nodifications may be nmade without

departing fromthe spirit and scope of the o
di¥el oSdpaasseeidtdinggbype pohwrucleshode nemd g}dly@emz:ggd; n
ith COPE Mgl ming clains. 42 2 February

e S 0e Co T BRI 021450 WHAT | S LA VED I's:

| .©)A mephbacbingl ehec bbhgnacpaitydieceoh | 4l @palerppritde

' r f in_i.n enone of an Qrgani.sm
L A o e BB PR AT 197 T B i e
redpoedard dei th Bopoly FapkidRybe: dbalibadcarp B | Ched

ol ynucl eot.i de reparation; b) dissassociating the
PREPYR HATBGLFURY iy A peHp] Bertions, a first portion

comprising a target-specific oligonucleotide that is
capable of hybridizing to a target polynucleotide in the
énriched breparation, and a second portion comprising a
universal primer landing site, the two primers being
specific for an upstream and downstream segment of the
‘target polynucleotide, wherein the universal landing sites
are not the same; |
d) contacting the first hybridization complex with a
ligase under conditions whereby brimer pairs hybridized to
| the polynucieotide are ligated to form a ligated probe;
e} amplifying the ligated probe with universal primers
to generated an amplified-labeled product;
£) contacting the amplified-labeled product with an
array of oligonucleotides under conditions whereby the
ligated probe hybridizes to a complementary oligonucleotide
in the array to form assay complexes; and
g) detecting the assay complexes, wherein the presence
of complexes is indicative of DNA.-that binds the

immunoprecipitated polypeptide.
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in the enriched preparation; c) contacting the
pol ynucl eotide with a primer pair under conditfefgary 2007
whereby the priner pair hybridizes to the
cleotide to forma first hybridizaj | ex,
wwoz@g’@%gﬂpriner conprising at |east two por%#ﬁﬂ%ﬁggyﬁg}st
portion conprising a target-specific oligonucleotide
that is capable of hybridizing to a target
pol ynucl eotide in the enriched preparation, and a
3eThadndtlidd FT CAERKI §) NeheFeiHNENET ' . handi ng
Site,, thg two prinmers beingelspec§f§§?$%%hgﬁEﬁ%§tream
t

AP DGR Febhh Ly meivpeptide aneacgesspihkedicl eot i de,

IR ebBeaE Y B3R 1 kandl i tes are not the sane;
d) contactingnéhe firét hy%ﬁghl %gﬁ on conplex with a
| i gase under conditions whereby prinmer pairs

D ' | i | i d f
Send dhasdd 8 LigRY YIMELEoL! B8 Aol 08l o0 L fou

a |ligat pr obe;

Redivvsedabt pie e pollgpgpnidatied paprappbd fiedn g@gh@ d
ﬁ%ﬂﬁf&éﬁy&é g&ﬂﬁgiting the anpl|fied-|abel ed product
Wi th an - array of ot gghutte a8t rthegigditt i ons

whereby the |igated probe hybridizes to a

coppl enent ary ol j gonucl eotide in the array to form
4&555§“g%ﬁﬁae§gs? %M%JQ)WB§¥%%%iWﬁ$ revassay leodingxes,
- adheseafe tdhel quteseResn LT QB! 8%E5imi A d;¢at i ve of

DNA t hat binds the inmunopr ec?p%%@d{%g%@%épti de. 43

2 February 2007 WD 2005/007814 PCT/ US2004/ 021450 2.

sThinaRiRBEa 06 £ Galim & I,D e pol ynuc] eqti de
associ at ed mﬁth:%ﬁé %6I$€§% fgé&ﬁrEB%F 5311 Aegers
CRBPYIRR |2 sleitget pbly plialde conpl exes. 3. The net hod of
claim 2, wherein the crosslinking of the

pol ynucl eotide and pol ypeptide is performed by W.

61 iTlet method net dehyide s, pelesdian ther dapycem Nabbeni g
skieLedf - 4 Tge met hod of claim1, wherein the

e LT OEe S from, & Frgfoup consisting of an isotopic label; a
magnetic, electrical, or thermal label; an enzymatic label;

and a fluorescent or luminescent label.

7. The method of claim 6, wherein the isotopic label

comprises a radioactive or heavy isotopes.

8. The method of claim 6, wherein the fluorescent or
luminescent label is selected from the group consisting of
fluorescent lanthanide complexes, Buropium, Terbium,
fluorescein, rhodamine, tetramethylrhodamine, eosin,
erythrosin, coumarin, methyl-coumarins, quantum dots,
bPyrene, Malacite green, stilbene, Lucifef Yellow, Cascade
Blue™, Texas Red, Cy dyes, alexa dyes, phycoerythin, and
bodipy. |
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sites are selected froma T3 and T7 primng site.
The met hod of claim 1, wherein the universal pgfp}gpgryww

conprise a detectable |abel. 6. The nmethod of claimS§5,

wo 2M3fBRi the detectable label is select egc{‘rb%:;%agﬁso
group conS|st|ng of an isotopic |abel; a
el ectrical, or thermal |abel; an enzyrmtl c | abel and
m nescent | abel. 7. The net hod of

|
B b HOLESE I el e b oot i de-imPaBs
xmbwubmedom.aheaw al §BHORESof &n BE@aHEéﬁO%&@FEE%@

erein the fluorescent or | um néscent

sef" ct e IFVHERBI g7 d?ﬁi** Sdmsiagi prPtin fougersnantDNA of
1N idigand 8me OPAM QRS %’Pxﬁnéi 'BNATEE:Qi: Ui ccfnl li%k%é cein,

rhodam ne, tetranet hyI rh rosin,
ofhar |Wa%@ﬂﬁypgcmmmﬂnproqgmtmmms tpygs:e:ﬁmce a

MBIRGEL Bogh£EMN: Ci Yel | ow,, Cascade
Bl uer™" O"“\I&(@exas nﬁzgﬁx EP%%T“&{: rg’%glﬂy%%mplpeﬁﬁ?goeryt hi n,
an@)  botimeying4a 2Die Hiragmgn® 0p7ot AR 2000180 784 the

200 (?};Icfl A net hod of detecting a
%-EHEEC? 4‘9 Qj1 %E)éptl de interaction domain in a
gedl)one sefpaamn t Dng arhies IMNAC EARGHSH N Gbtadhell 98S) MroRdtAe

din rotein to genomc DNA of the organlsm
%@ %&I &7 DNA- pr ot ei n conpl exes;
f r@grrera:bmectb@g Eﬂ% DAL @i £ ccorﬁyl%gsp!a@r Hﬁ&f&t
ﬁbure conpri s DNA fragment - grotel n conpl exes;
CPBfHYIRF & Beerringropain kympldieskr om the DNA

fHFbghhe § %liﬁreg Ei‘r 1hﬂ>)r kiaehal %ﬁ %W@H%XDNéa %};1 apqrnent

obtained in c) fromt I ng” protein;
CemRFHEinh@tt HeaphNALwe tn‘pralpnsnea frrat podeton

cRopeA4 s, LSRG B IR AR e i e
cgp@bﬂ@nqﬁnhybrcdmplmgIﬁu;t&é DEHSfrdgMbn&Qrbh§n§,sétdﬁdfSt
pQ?El&ﬁ”Eomprlslng a universal primer landing site, the two
primers designed to be specific for an upstream and
downstream segment of the DNA fragment, wherein the
universal landing sites are not the same;

f) ~contacting the first hybridization complex with a

-ligase under conditions whereby primer pairs hybridized to
the DNA fragment are ligated to form a ligated probe;

g} contacting the ligated probe with universal primers;

h}) amplifying the ligated probe of g) to obtain an
amplified product; _

i) combining the ampiified product of h} with
complementary polynucleotides from the organism under
conditions in which hybridization between the amplified
product and a region of the complementary polynucleotide

occurs to form a second hybridization complex; and
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conprising a target-specific oligonucleotide that is
capabl e of hybridizing to the DNA fragment, andéFebruary2007
second portion conprising a universal primer |anding

' the two prinmers designed to be s £ n
WOZ@%@@?l@am and downstream segnent of thewgfzﬁoé‘;go%ﬁf,

wherein the wuniversal |anding sites are not the sang;
f). contacting the first hybridization conpl ex mﬁtP %

| iidas e’ 4PRieY YESHA FRP oRECRE PRbY L B FRETCh &FELSX of 1),
why R4 flized skeond he, MR EhaIBR o 1R LBAbRIsdH thr m a

l'igated probe; g) contacting the |ligated probe with
reaiveradalther paeere tohhispl Fhy i NP thedingaperf Ptbbe of

: tain an anplified product; i) conbining the
lg%%]%%tl%gd product of h) with conplenentary
pol ynucl eoti des fromthe organi smunder conditions in

ich bri di.zati @n n I fi roduct_and
'1§bregi %eo éﬁﬁ%@ ggnﬁFg%en’af@ﬂggﬁgﬁéééeﬁ%%agesgoggu?s
etikaiwtbcacegtond hybridi zati on conplex; and 45 2
February 2007 WO 2005/007814 PCT/ US2004/ 021450 j)

i dentifying the second hybridi zation conplex of i),
1vher ei thé heetge@oad By & Z athie®8is Ofid &¢ge@iBhi $€sat he
region of the genonme to which the DNA binding protein

PYofaryRits. c2bl- The nethod of claim9, wherein the
organismis a eukaryotic cell. 11. The nethod of
claim9, wherein the organismis a prokaryotic cell

122. ThEhepmdidwdobicehaim P, wiherein e OIHRALBNAERSg
[ n_ ol tor. 13. The nethod of
p%;tg%:ﬁnl g',s \%thr:gélﬁn ;%édl%hAegF{:} ihg protein of the cell
is crosslinked to the genom c DNA of the organi sm
sing formal dehyde, psorelan, and/or ight ..._14.
e Tt Pod el Gine b e ameieie e ! Brhgiad oo
protein of the cell is crosslinked to the genomic DNA of

the organism using formaldehyde, psorelan, and/or UV light.

14. The method of claim 9, wherein the DNA is fragmented

using a restriction enzyme and/or sonication.

15. The method of claim 9, wherein the DNA fragment-
protein complex is removed using an antibody which binds to

the protein.
16. The method of claim 9, wherein the ligated probe of
h) is amplified using ligation-mediated polymerase chain

reaction.

17. The method of claim 9, wherein the second

hybridization complex is formed on a DNA microarray.
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using a restriction enzynme and/ or sonication.d% .. The
met hod of claim9, wherein the DNA fragnent - g@g?%y2007

conplex is renoved using an anti body which binds to

woz(fog‘/ﬁ‘mﬁﬁmei n. 16. The method of claim9, i‘&%ﬁi}ﬁmﬁﬂ?ﬂ

Igated probe of h) is anplified using

| i gati on-nedi ated pol ynerase chain reaction. 17. The
ein the second hybridization

thod . Qf claim?9 er,
1(r:%np | exﬂ]les mngPﬁé aé%vrg}flmf NV &pe Lsversadp pramer
12007 ng WX L) 50 6814 - D6 / 1422084192349 O A §, T B NBE o d
of claim9, wherein the universal prinmer " |anding
sites are selected froma T3 and T7 primng site. 19.

1Bhe metihedmetnéd abmSaiWher €] LV i QELS
conpri se a_detect abl e | gﬁggf %%Ogél%hgﬂ%reﬁ%%%#lc arm e
cPgprifRraidetiassaéectabmle 1 abel is selected fromthe
group consisting of an isotopic |abel; a magnetic,

electrical, or thermal |abel; an enzymatic | abel; and
28-f | uoFbscwethed diumilaémckdt wiehelin Phe ddhwdmibhedlghel

cl gl eLp.the isotopic |abel conprises a
16 B Rdita B8 Ol BRI S8 O ahdb b ot el
220agwéEiei eleberitabr eacehbresl 1dvEINeseeBhyiabelc i s

| ected. fr the group consisting of fluorescent
l?%% héﬁg%g'gghﬁFﬁﬁékﬂt Eﬁ}gﬁmhﬁﬁscﬁﬂﬁmlﬁﬁﬁl-fluorescein,
rhodam ne, tetranethylrhodam ne, eosin, erythrosin,
2fcvgumarin, met hyl - coumarins, quantumdots, pyrene,
| aci TR€ Jieidivd &fi FhaHe, 2QuehpeeivethoviscCapiadbabel
c {des al 2X%asoNed; es, phycoerythin,
a#gg'bodipy.a%%. A‘ﬁ£¥ﬁggg§¥yﬁggﬁ?¥%%rng a region of a
genonme of a living cell to which a pol ypepti de of

471 etle o, BOIPELTAY ALy EL VAL WRSRN e o
luminescent label is selected from the group consisting of
fluorescent lanthanide complexes, Europium, Terbium,
fluorescein, rhodamine, tetramethylrhodamine, eosin,-
erythrosgin, coumarin, methyl-coumarins, gquantum dotsg,
pyrene, Malacite green, stilbene, Lucifer Yellow, Cascade
‘Blue™, Texas Red, Cy dyes, alexa dyes, phycoerythin, and

bodipy.

23. A method of identifying a region of a genome of a
living cell to which a polypeptide of interest binds,
comprising:

a) crosslinking DNA binding polypeptides in the living
cell to genomic DNA of the living cell, thereby producing
DNA binding polypeptides crosslinked to genomic DNA;

b)  generating DNA fragments of the genomic DNA
crosslinked to DNA binding polypeptides, thereby producing
DNA fragments to which DNA binding polypeptides are bound;
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cell to genomc DNA of the living cell, thereb
produci ng DNA bi ndi ng pol ypepti des crossli nke%F‘fbnSuaryzom
genomi ¢ DNA; b) generating DNA fragnents of the

woz&/&?[ c DNA crosslinked to DNA bi nding
ere y produci ng DNA fragnments to whi Cﬁ%&@"h ?‘ﬁg

poI ypepti des are bound; 47 2 February 2007 WO
20051007814 PCT1U82004/ 021 nopr.eci pi tat.

ORA T 1 GBI RO RSRG Ca h e 3ty TreHO G dare B Ry

ti@a@ds&pédiem@anypemindzbe tok pmfp@@ildedbfseﬁaéﬁsmg t he
DNA fragnment obtained in c) fromthe petlde of

i ﬁt)ere§?PaJé3tlé{9mtaetP% FRamSRE PPB@J%QO %

g eptidRS ofConditdans whereby the primer pall‘
yrldlzestothe fragnment to forma first

hydr i dEeataeingohe A e‘%rmrrmmtnwth O RFimsrngasy under
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ners =are daesi gne e SpeCI fie an upstream
catisl-i i sit t&ﬂg&is—&gimﬂtfl(]f ol oA eotadeaeritat witser ei n

the _ uniyv | andin ' not the_s f
UL (1o Y PR Tty b G Siienlin) 23 97 oknd
poiEASEe d@ﬂ%@ﬁ.s@ﬁ@@. tﬂr@.%rﬂﬁﬂpﬁﬁn&ﬂﬂaﬁﬁhﬁ@fsﬁﬁ r +he two
h bridi ze to the DNA fragnent are ligated to forma

Pﬂ@%ﬁ%@rﬁr gpaigpad depioer ype@li e J9rgaPelPRr EtAn 679 )
IRr a t bl e
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unireeraedl ilbndingroest agk Pt vihe sagenpl enent ary
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g} amplifying the ligated probe of f) u51ng universal
primers labeled with a detectable label to obtain an
amplified product;

h) combining the amplified product of g) with
complementary polynucleotides from the cell, under
conditions in which hybridization between the amplified
product and a region of the complementary polynucleotide
occurs to form a second hybridization complex; and

i) identifying the second hybridization complex of h)
using methods specific for the label, wherein the second
hybridization complex comprises the region of the genome in

the cell to which the polypeptide of interest binds.

24. The method of claim 23, further comprising comparing

the label intensity/amount measured in i) to the
' 48 '




usi ng nmet hods specific for the | abel, wherein
second hybridization conpl ex conprises the ré%P%ﬁ“%?2007

the genone in the cell to which the pol ypeptide of
wo 20086@§Qst binds. 24. The nmethod of clai m?c?’pméczhtfdoliﬁgo

conprising conparing the |abel intensity/anmount

nmeasured in i) to the 48 2 February 2007 WO

2005/ 07814 JS2004/ 021450 t/ t t
B R AATE o TSR DRt ket hf enpRT sty lor

thedigpe1ofint aer@ﬁtﬁﬂe)mh@hgmsom ediieh ibagredt® than
anmount/intensity of |abel _of the controL | n the reg |on

the e ipkens gl GF dPPeheCh et oPhrPhel R e igoto
m@i@&éé@hep%gﬂﬁptdfd%h@f géﬁ&rﬁé%{ thieNds11 2% wHi®h the

met hod of claim 23, wherein the cell is a eukaryotic
pelypeptigle pheimeatastt SAndBai m 23, wherein the cell is
a prokaryotic cell. 27. The nmethod of claim 23,

wherein the DNA binding polypeptide is a
25 anscThetmahodacforla8. 23Thaeherehodtlf asfldi #E23,

eﬁﬁerqhgighelgmﬁ bi nding polypeptide is crosslinked to

enom ¢ of the cell using formal dehyde,
psorel an, and/or WIight. 29 The nethod of claim 23,
wherein the [ A u3|n re ri.ction
2@nzymeT B dge oﬂ?cﬁi Uﬁ ﬁglﬁe & gﬁ &Pafm 23,

p¥hIel8idt itheeli gat ed probe of f) is anplified using
| i gation-nedi ated pol ynerase chain reaction. 31. The

met hod of claim 23, wherein the second hybridization

290D exnd SndtHERE £ 081 A.NA Mybeeal s dhe IRn HiRaTRS hod
of claim 23, wherein the universal priner | andi ng

pelyreptide $8l@cteRnsramtAoT3EaGHPTT7 priming site. 49 2
February 2007 WO 2005/ 007814 PCT/ US2004/ 021450

28. The method of claim 23, wherein the DNA binding
polypeptide is crosslinked to the genomic DNA of the cell
using formaldehyde, psorelan, and/or UV light.

- 29, The method of claim 23, wherein the DNA is

fragmented using a restriction enzyme and/or sonication.

30. The method of claim 23, wherein the ligated probe of
f) is amplified using ligation-mediated polymerase chain

reaction.

31. The method of claim 23, wherein the second

hybridization complex is formed on a DNA microarray.

| 32. The method of claim 23, wherein the universal primer

landing sites are selected from a T3 and T7 priming site.
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33. The nethod of claim 23, wherein the univer
primers conprise a detectable |abel. 34. The nZ?W%Hm8@007
claim 33, wherein the detectable Iabel is selected

wo 20058¢%s1e group consisting of an isotopi Cpbﬁﬁﬁﬁomzﬁso
magnetic, electrical, or thermal |abel; an enzymatic
| abel ; and a fluorescent or Iunrnescent | abel . 35. The

met hod of cl in the isotopic |.abe

3Ronprs 108 BT Geel00h o neey oL 8ot ip i e tne
piEhdes mpetigen: 3@etadieiienitbel f | uorescent or

| um nescent | abel is selected fromthe group
consisting of fluorescent |anthanide conplexes,

3Europi gme Jenfidigs ctgy@rfﬁcwh@mrﬂoga@cr&ectame label
tetranet hyl rhodam ne, eosin, erythrosin, counarin
igetplac fEpinnghe cﬁmﬂmﬁpa@tgtmwﬁeﬁ@ ipmteriq dabel;

g [ ca Jrexas
aR}Egé CYS/ dy egggg %:é(%@d es tﬁglﬁbgyovelra)% ngﬁangﬂﬁ dl
laﬁelﬁ\aud:acdmpor3$¢gpt naaﬁsminm8¢athd@beéclpltatlng a

pol ynucl eoti de associated wth a pol ypeptide to

obt ai ned an enriched pol ynucl eoti de preparation; a
3pri mer Thaietieatbfpelabn oMbty dite |Emsioptinolabel

ortrons a first portion conprising a target-specific
PO PesRdRaEHRTE (oF gﬁﬁ%l%s%o bridizing to a
target pol ynucl eotide in the enriched preparation,

and a second_ portion conprising a universal priner
3f andi ngheitethadeft wéalrbrg) Fre vEieBBi R gt R SAUTESEERE

a t e t t
e ot e They o R m ars g oap, Sbfietating of
fau@reﬂnenthéagah@nliﬁ)q@mPébxaaryqumwﬁumw0T2@08n007814
4/ li \, [ and an
ff’&ﬁé Ussczeg% 9§§§gc o t%%%ﬁme&@ylﬁ{o%%lml% NESSin,
erythr081n, coumarin, methyl-coumarins, quantum dots,

pyrene, Malacite green, stilbene, Lucifer Yellow, Cascade
Blue™, Texas Red, Cy dyes, alexa dyes, phycoerythin, and
bodipy.

37. A kit comprising:

means for immunoprecipitating a polynucleotide associated
with a polypeptide to obtained an enriched polynucleotide
preparation;

a primer pailr, each primer comprising at least two

‘portions, a first portion comprising a target-specific

oligonucleotide that is capable of hybridizing to a target
polynucleotide in the enriched preparation, and a second

portion comprising a universal primer landing site, the two

primers being specific for an upstream and downstream
segment of the target polynucleotide, wherein the universal

landing sites are not the same;
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‘a ligase;

universal primerg; and

an array of oligonucleotides.
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