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THROUGHPUT ASSAY SYSTEM Background OF The -'inyention ' This invention

rel ates, e.g., to. conpositions, apparatus and net hods u;g@gygjfr
concurrently performng multiple biological or chem cal ;‘n%ing
repeanv@(?(,@ygo@ys of ,4 ' probes. A plurality of regions eaglusoomésins an
array of generic anchor nol ecules. They . anchors are associated with

bi functional |inker nolecules, each containing. a portion which is.specific.
for at ,least one of the anchors and a gortion which is jfic,
for a target of interest. The resulting. array of probesjﬂﬁm@H@wﬂmﬁ@mnalyze
the presence of one or nore target nol ecul es which inter |1y
with the probes. The invention relates to diverse .. 5. ' fiel't§§66*

di stingui shed by the nature of the nolecular interaction, g ' ut not
limted to pharmaceutical drug discovery, nolecul ar bioIoNM“ﬂ%Nﬂ%ﬂﬂmmstry,
phar macol ogy and nedi cal diagnostic technology. Pluralities o] m ecul ar
probes arranged on surfaces or "chi ps" have been used in a vaFFg{y of
bi'ol ogi ¢al and chenmi cal assays. Assays are perforned to determne "if
target 0 ~ nmolecules of interest interact wwth any of the probes. After
exposi ng the probes to target nol ecul es under selected test conditions,
detection devices determ ne whether. a target 2 00 JAN 2004 WD 001 79008 7
PCT/ US00116952 nol ecul e has interacted with a given probe. These systens
are useful in a variety of screening procedures for obtaining information

about ‘- ei ther the probes Mﬁ?&iﬁb&%ﬁ%ﬁ nmpl e; they have
been used to screen for ' ' * § ’ch bind to a
receptor of interest, anong 5 others; to screen sanples for the presence
of, for exanple, genetic nutqg&g&&ﬁnﬁﬁhghﬁg:&ﬁﬁhﬁﬂﬁs in a population, or a
particul ar pathogen or.stTaLn of "pathogen, anong nany -others; ‘to study gene
expr elssi 03, f:)'rﬂ;hESXIaNpllltgort lnelatdam.jg.f yT-mhepnﬁNmS,\gpfsunﬁxgrés‘Fthndsitisell?ul f;:r
correlated wit articul ar i.al ogi cal ,condition devel opmental stage,
o a seastorbizedl BRTbmEE iy Bo R B re & BT - R S TR R st A e
apd et hoggbeor ACHIafltY entdgiomedabR cOhiafhs Hal drtdyl ¢f denetio ahéRh nisle@lI&N Th,
assays, and allows for high throughput analysis of nultiple sanples - for
exanpl e, aashofspre agsaciatadtwishbifinationd linkesmotesnies, dagh gorfpiningosportionsdustr or

I tipl ( L al [ ; o) d i.a h f
g 0i ScRBRg e Rab e o ERP B ad ot it e b S R eeE on

of one or offPikdedtS TREalENE Arrdy SRPRIRs ishived t6ankly PaiteqfteABPbE 586 oRmvkd f ace
conprising a pIurallty.of_spatlaJ.y di screte regions, which can be_ terned

t est. r egi trgst modecules sthictainteect spdcificallpwithdheprobeso Tdfe impdnginn rglates to diverse.
sWbstanti al,l,y .i dent.i,cal,. JEa surfacey r.l Ses..at .l t [ Iy
20 T east CrighEpREREREy BEREre S SR RGBS Bh iy ER e W po PRI AR
etc., of phiethasdtfislaiig éiktovery, molecutie Biola, bioelginiswy, phatiacbRel ané fiedital
defines a_space for the introduction .of a sanple 20 containing (or

pot ent i al fipgRASHE dGhnAPEYone or nore targets and contains a biol ogical or

chenical array . as. [ a4 «@u{ oo X " cting
a target in a g%p%@%ﬁ@eﬁ%ﬁh %g%br?? gﬁgﬁéﬁi&q‘[}é‘gﬁggﬁﬁ ggfpg’r ' é:tbee(raéiuﬁa i|tﬂgans
(det ect i ovarfity effbisipgiokieari chentisdlogtayss Anayairestrivimddite derdminetifaaigener al
sense, this invention involves arrays to determ ne whether a target is

c8nt ai nedmplecules ofpnterest interpeicyitlyanyoel thaerokes. Afiar $xpesing theqarobes 1gderget ed. )
This arra ri NELE G, . rs: " N jat i i ’

b1 unct | oSECTToR BEE, SHEREN SextA0ERRARY <Rty RBBFREAIB WG S orget
t he anchor- and a second portion that conprises a probe which is specific
for at |least one of the target(s). The conbination of this invention is

pl aced in contact with a sanple containing one or nore targets, which



2 0JAN 200 wo aon9oos 3 PCT/ USOOL116952 optionally react with a detector

nol ecul e(s), and is then interrogated by a detection devi ceyyhijohogiet ects
reactions between target nol ecul es and probes in the test r®gions, thereby
gener at iwg wgswbts of the assay. : : ; The invention proviP€dd/Sa¥i§Pseis and
compositions particularly useful for high 5 throughput biol ogical assays.
In especially preferred enbodi nents, theinvention can be used for high

t hroughput screening for drug di scovery. For exanple, a high throughput
assay can be run in many ( 100 for exanple).96-well mcroplates at one
time. Each_wel |, of : U EproBed. . 36 different tests perfornmed in
it by usi nﬁl\ggﬁmgﬁ}aa&tgl{‘a@%ggﬁ%% angrr?o? and linker pairs. That is, 100
plates, with 96Thelel syseans preaussfulain aewrtetyiaths@eenieg tprogrsiurasefor , OWHAINED
allow for a total of 345,000 tests; for exanple, .each of 9.60 i t
drug candi idemmatiearsbput either B PEPRFSIOf HiFBLESt 5'})0#%4“1%56(¥(;qrfef%wggt 8152}1 fﬁtr’rgpgér?ls or
assays. Hi gh through - £8P G S bnd (810 BBIhOBE ihidkese amonyy UG
candi dat e 8W§nt°&8reg§@§{/%%\?\%?%% &@fagﬁ one1 par amet e.ragé a tine, For
exanpl e, i bihef: ROREdeRsEmpRs fordicgbentans] fozlexample, génetioghpaions.allebnvirgnissay

to deternine whether a dr candidate is selectjve, specific 0
nont oxi c. NohpamBilatiaghor h?%g@ﬁﬁﬂaltm%myg%ﬁlgﬁeargg?%H%PX/Q{P’? ésr {Oos\/\n/fdt}lp
assays to t estﬁi}?%gigﬁafo?@%rﬁ@g tnq ﬂgntgt?(fﬁl: RN € ARPtdaiReRion int@ratd wigver al

types of hi€ghr put “Scr says are described, e.g., in Exanples
15-17. The pakicliak physiologichbeomdiiom.davatopmesial stagai ofedisedst &aig, 8- bi ol ogi cal
assays and to do very many assays at once (i.e., in very high throughput)

are two inportant advantages of the invention. ?0 In one enbodinment, for
exanpl e, using 96-wel|l DNA Bi ”dﬁ_ﬁhﬁﬁﬁiﬁﬁﬁﬂﬁwtar) made of pol ystyrene-
with a derivatized surface for e attachnent of primary amnes, such ias
anjgio aci ds or s finvestioh ipgovides| empaiisions.aapmaratws nd merhods fog) onep@eRtly

ol i gonucl eoti des, can he spotted onto .the surfac f r . I r
o e e et e s BT bl RS,
deri vati Ze{jof?rﬂ.ll%ﬁﬂe%ﬁﬁ%es};?&dextaﬁ?le? ARMipI6 pARGH QEMpleano Be sabereddn afdtagnabtic

screeni ng assays. For “any particular assay, a given set of Iinkera (fzggu be
used to pragiammot heilspiefmemtiol dregeor thetdpettss BEeTipHETPS testaddp 28R P! 4E8UB6

different targets or_assay Lypes of..interest, j rent: I

can be appl iE®VED: edt ﬁ°‘8_€x’ﬁﬁép’_§ é’r%fj‘fcgwsf?%elaé"ﬁg%lﬁi ggﬂe&lg %?gera{sl%ﬁrrg{s é%ets %O?é

anghors Cafkmfg%tslié g darfiM! TRIsRofbiBSort QNipRIsEs PYIrfive cbeprsing aphirality bhepatielly s

for other targets and assays of interest, or it can_ be re-uiedﬁgul tlpel er

times with dibeete regiong Arhiclhoen bartomodl trgaegions FeHBSBORRESSE S attec STV

lt Ih gker S Th\lav i-cL la?g( su Is%a.'nEiXH)‘:Jl i G SERN s'u‘i_%cé &9&18?&?@&](1&&5{ R&S, pret¥aBly st @8asof
twenty or more, e.g., at least about 25, 50, 96, 864, or 1536, etc., of such substantially#

identical regions. Each test region defines a space for the introduction .of a sample

20 containing (or potentially: containing) one or more targets and contains a biological or
chemical array. (Phrases such as “sample containing a target” or “detecting a target in a
sample” are not meant to exclude samples or determinations (detection attempts) where no
target is contained or detected. In a genéral sense, this invention involves arrays to
determine whether a target is contained in a sample irrespective of whether it is or is not

25 detected.). This array comprises generic “anchors,” each in association with a bifunctional
linker molecule which has a first portion that is specific for the anchor and a second portion
that comprises a prabe which is specific for at least one of the target(s). The combination

of this invention is placed in contact with a sample containing one or more targets, which



i nvention. One enbodi ment of the invention is a conbination useful for the
detection of one or nore targets) in a sanple, which conprises, before the
addition of said sanple, 5 a) a surface, conprising nultipl esz)a»W“amD’y

di screte reqi at least two of which are substantially jdentical, each
regi on c&fﬁ?‘#’@???g b) at Least eight different oligonucl eot?%@”gweﬁﬁﬁzs, each
in association with ¢) a bifunctional Iigker which has a first portion that
is specific for the oligonucleotide anchér, and a second portion that
conprises a probe which is specific for 10 said target(s). Another

embodi ment of the invention is a conbination useful for the detection of
one or nor epticnafpreact with a dsteater molechilefp), 8adris thee ftetsegasedby hdetgerinn deyiceof

id le,. f , iSi | tipl iall ' i :
at eact o it ai el LR el PP R PRSP ObR i e B G RN
© 15 b) at | gafdatfigRiuldidfiiey &8dy.anchors, -each in association with c) a

bi functional 1inKer which has ‘a first pertion that is specific for the
anchor) and a sd&erigvgnsionimavideametndsrandecomppsivers paticnlarly wsehdifbr dighor

sai.d target,(s)., Another. enbodi nent of. t.he invention.is t hod for

dotect | g Hropenyal Sigle RS T emRcialingre GHEE siPaitety T B s
may conpri ggedfBehigR HEQighputdctdenmgFOrdrug aist &ery 3or garfifie od hibR ehralidy 8yt assdyder
conditions effective for said tar qets to bind. to sai d'._cor’rﬁl nation. Anot her
enbodi ment cisbarumdn way (K0 faeeamn!nl Hywall TRRmpatey 2 95k simep Eackeyal] ofwnplate

ol ecul oa S HER: £anor ARFERT s pEde AL RS Ehe BN e P R en b O

of the coninkétgaas. Tkt B, [0MCHIgtes, e 96 wellgper pldtk gmduatietith3e)testdpes vells can
specific (i.e. selective) for at |east one of the 25 RNA targets, under

corfdi t i ons allpivder atotal of BP0 EsEolor sperplei ach Wb P60 Affeisat drugicardidayes can

targets) t . Iy i ' ) hogl. | VA an
agent (or sieried HftiEpRenun 8 36 AR LIRSt Sorha Bl ORin b b kPP, °
t he met hod pe@ddd mbeimoboviforimatioifiresdt driup gamdiditblthaedor Rs8/is evhigtatestasnly one
further conprising conparing the RNA expression pattern gr oduced in the
presence ofPREREISErAYRHME( 5Pr MRS itgh pessible i1 2 iasleNpitial Bigh thiqughput srpening

00l 79008 5 r j.0n: oL f : digt.l.ons.
pCT/ Usoo/ 12568 BBl biee R O BaRI S K NaIR SpETER andiRh M BRETIEROTS
of1% he i nvéigh throwghputansveddsadcaskitals exxgndive foblodetpeadsapstorédldudhapagaheterkifer

surface of the .invention, shown in Fi 2, caontains 15 identical test
- regions; i ﬁa&hééﬁpwdéﬂaﬁwtf)m%?f &T?’E’%ﬁ)@meﬁﬁ%ﬂ"&t TRRENAW SHCFYRS 3558YSRFF of
these test Je?&iﬁ%@?e.&.? (ijr??)‘f{%#\f)lcé 527 ”‘Iﬁé%ﬂftﬂo Pél%r?n siFRtAn&ushPewidStariety

regions contains Si ent anchor's, here 1ndicat ed as nurtbers 1-6. 'Fig.
1 schenat i cdbiglogicalisssayaned toodrevary mdnysesays@hores, (i.andhvery highwhretghpii) aze

nost preferred emhodi nent of e.invention, is an oli.gonucleotide. To -#
anchor | 3§ SMRITEEHEd AVREAs OF HIBRIEE. | | niker | vihi ch conpr i Ses two %
pord i ons. The fihYneRRbbdigiknt, WoH &Amipte, SHRE 961 ell DNA Bﬁicﬁ.ﬂﬁt’&_@%@omﬁl i@ostdt) S
ilTustration an 10 oligonucleotide which can hybridize SFGQI ically to the
anchor . Thenadscfipolystreneonith aberivatized surface fer thp adachment oF primary &niges, su¢h
interest - here, target 1=, 0s in thisllus i . .

ol | gonucl ed AERAYARERSLBRCRS B apaieTscs ek ApUHTS! & PR offggmucteotides

i [l ust rat eccahespoteediontithe surtke Bf &fery Relllof 8vériiphte fol séprerisaRctices. T8 anchors
hybridize to its own |inker via the anchor-specif c portion; each |inker
can cont ai rcaa bsrcowelephy attashedsiodhe derivatiged pelygtyrengn same P 2apRoTs FMPA5
(oksthe sa : LS 4. i i say
C2imny e FEE HraRshing afedyS oraHy phAlkales SR, SLO R ol LA dRa RO
(or, sinul tpogansthy suffae of Bith welt @eiesspatific Hormasamapyedsi ¥6 diffetqmt cggasroraisapy

e e oy B b b 28 b RS0 SR o
: ”depe”de”;pnl &! "Ihl:'sgrﬁé set'of afdfkah e hsE Bl tipl O il 1 R-R08ra0 thk REALAU RS

or wells,
wells for other targets and assays of interest, or it can be re-used multiple times with the




20 i ncubated under conditions effective for hybridization of the probe and
the target. In order to determine if MRNA | is present in a sanple, a
detecti on devi ce which can recogni ze patterns, and/or can i&&rAdg2ite
specific |l ocations -within each region for the presence of a signal, is

enpl oyedWOI%0/7?¥& cel| |ines are incubated under conditi onFGTAUHI1E2t hei r
MRNAs are |labeled in vivo wwth a tag, aad, if nRNA 1 is present in a sanple,
the detector will detect 25. a signal enahating fromthe tagged nmRNA at the
| ocation defined by anchor/probe conplex 1. Alternatively, the nRNA can be
directly labeled in vitro, before or after being added to the regions

(wel |'s). Alsiree sat of/bhkers.aThissflénibilisy and eeusapilitrirgpresent fyvhhar @adyanieges £4de
indirectly, before or after it has hybridized to the probe, e.g., by

i ncubat i ng MYFEURRA with a tagged "detector” oligonucl eotide

(target -speci fi (y{LRRBEmet dFAROHAlRRbA §EA-cibRIAL 615 usediinioe tieMdeddcYion o2 ofle JAN
2004 WO 00/ 79008 6 PCT/ USO0/ 16952 to a sequence other than_ that recognized
by the pr olemdra tarpe(s) it asimpie cethishaopipsises, befera the additiamofifeidsamnplsed

si nul t aneously. Because at | east .20 or.nore,. €. Q. or e,
“sarpl es can be dHal yﬂ“@?%ﬁ?@ﬁﬁﬁ%gwl f‘ﬁﬂfﬁ?' gls%rﬁézﬁglggyh aa?%s}?’gé%ﬂ@el?ﬁ;
~hi gh t hr oughputhsanaaly RIEALQN eabh ASzibs 86mbekiagn, "target” refers to a
subst.ance ose presence, activity and/or amount is desired to.b

, e .
det er ni ned and Wi ch #deasteighifdiffateny ofigenuslesitide anghosh eachriyagaqadation,with

be, d 1] ys i f. . . : i
Chet - unal t o ed Ot at & itigeidral TREY SN HES 8 I3 hortiGF AR PEFRPIOURS 1 7
attached, c\ahEALSTdLIncAONERY kedindybortion thabtoredpriges meproles whichiis kyecific for

directly or via a specific binding substance. Exanples of targets , 10
whlh can Iseidetargetfged i n this invention include, but are not Linmited to,

receptors (on vesicles, .l ipid el.| nbr an : j r
receptors); ti ga‘%ﬂ%"@’f‘r c&&gﬁ{%rﬁngb% °érh‘{°§§8‘r‘1fss C@ﬁ%&‘ﬁ“%ﬁmﬂé‘q@%‘*’ggéﬁeﬁc°f°“°
receptors; Rehyeltged(s)antkiskagiec whidiDanaps) befoteithoatditornofsaiddansse,a
reactive with specific antigenic determpants (such as on viruses, gef_l.lg or
other material s)a) drugsurfasecpreipsisiagingdtiple spaiially dieTe BB 2t letst i Phyghic

" MRNA, tRNA,_ : | c t] : i Fal RNA or DNA, ESTs, CcDNA, :
PCR- anpl i f-iaéaE%@éﬁ%‘%pgIl%ﬁg’g%é%a%gr%%%éﬁxm%s%, and nutations, variants or .

nogs fi cations t hgy eof it leqst eight difetémahoiddrageaehnyasmeciatierciviths t hose

responsi bl e for cleavi n%gne_urot ransmtters, fprot easetrsn,é ki nasgs agﬁi th%

Li ke): substrate® foraBHugevesal listkst wiaaeh has e first Rardon thatisispecitic fRg g anchor,

pol ysaccharj des; .S ..t . ' [ ' igens);

cellular me d?*‘;%‘fé;% 8?%%%%@8;%%%%8%5%% {:}ngp Lgh%){ erafcgﬁggﬁﬁﬁl ecul es or

ot her subst ances Anbihehembodimenssf the inemtoeses metmddbedtegtingan dragt one target,

crosslinked, etc. form As uysed herein, the terns nuclei cid, NN
ol ynuc! 6ot WHiEh COmPRATICBRE B ETaRIG YOl F B CP BT IE Sreeehoar asamplasicn
Tangets Ca”a?ééeg&g 8l ruhl&q' cbﬁ%iﬁénééﬁfécﬁ% Phesid thgelad bhirtekdld combimatde”

is a substance, a nol ecule, that can be specifically recognized by a
particul ar Baptet embodimends acmethotiefor | determinipg/anaRYét expressigngpatgsh.onBIc

bi ndi ng 25 partners incl.ude receptor/{ligand; |igand.antil.i 3 j
oeid ( vor onbanBisesdas e R TP Enebich oty AR T PR RN A s
(peptide n“Wiﬁiﬁcozrgﬁﬁatfoﬂ% 'd@é&ib%ﬁ:agfové RN at Raktone padtR! ofthscominatidieis a

substances, W strates, small nolecules or effector nolecul es; e%lEch.
Exanpl es of npelelvesid (ea., eligonudnotidn) vehiell inspecificyi.p.rogleativordor atdeadene phttar e

not imted_to, organic, and J.nor I ¢ mates] ST j

metédl s, cheﬁgf‘?‘ fRfEets endsiy tﬁo%% 18ﬁ§6%g§“?ct@&$ P%@(ggﬁifég%%%ggagﬁl?éygﬂrc%ﬁer
conpounds Weirgh(4)1tb R probERRC iAo |eynbidimertels al methpd it idestifyirgoni sgent ord
antagoni sts for cell nenbrane receptors, toxins and venons, viral ito&es,
hor nones ( ecgnditiop(sdi thatyapdylates an SXPEesSOnpaftermy Hhighnis therme eg?nb
l'ipids (includin gsphal i pi , q nE%mF o&?df'fs S ASEINAr

ki nases), eﬁgwﬁag§ ﬁg‘gﬁlﬁn&a{% lgté)%‘é:(‘?? ge?él’o qg)ra)l}%@’ lZ"&:tl ns?}]ggﬁgg’;ag?lc’nucl eiQC
aci ds (i ncl ¢dbhesieh pgpaugiredicedds thdPesemelof RNAagent fardedriditbnis)) sutiet RNé¢ ed
nucl ei ¢ acids?, ol i gosacchari des, proteins, enzynes, polyclonal and

nonocl onal anti bodi es, single chain antibodies, or fragnents thereof. Probe
polynmers can be linear or cyclic. Probes can distinguish between

phosphoryl at ed and non- phosphoryl ated proteins, either by virtue of
differential activity or differential binding.. Probes such as |ectins can
10 di stingui sh anong gl ycosyl ated proteins. As used herein, the terns
nucl ei ¢ acid, polynucleotide, polynucleic acid and ol i gonucleotide are

i nt erchangeabl e. Any of the substances described above as "probes” can al so
serve as "targets," and vice-versa. Any conpatible surface can be used in

. —— o




15 (usually a solid) can be any of a variety of organic or inorganic
materials or conbinations thereof, including, nerely by way of exanple,
plastics such as pol ypropyl ene or polystyrene; ceranmic; sili adb: JAN mﬁéd)
silica, quartz or glass, which can have the thickness of for exanple, a
gl ass nmiwoomoe@e slide or a glass cover slip; paper, such PE3/4SOPA §952 paper ;

di azoti zed,~. cellulose; nitrocellulose filters nenbrane; or polyacrylam de
or other type of gel'' ™ ?0 pad, e.g., an aeropad or aerobead, nade of an
aerogel, which is, e.g., a highly porous %olid, . . including a film

"which is prepared by drying of a wet gel by any of a variety of routine,
conventional nethods. Substrates that are transparent to |ight are useful
when the r‘rE&dSleﬁ pa&rrfx@fddungd anrdmashﬁfeﬁenVMVbésomqitibmsal det ecti on In a

preferred enbodi nent, fLhe Sl.f ce | th Jplastic su‘%l ace of . a A
e.g., tissue culBYivaY af sxmple,Figyss]end 4 iBystratepcombiggtion %gﬁ’eml%ﬂ“ br
1536- wel | e,ngll iy Biond
pl ate). ‘Jﬁg{rhgd ég%sq%%ltgosg%}gl&ta A@Ia‘? &gg@ﬁgﬁﬁgﬁﬁfg@ é;i}g' v?ﬁ?éﬁ ghgur agle or
can be aSSOZ'c@ﬁtQﬁlsMidtnﬁde%tdsy&gldnﬁ mlanfeame;allg pgefprrgdi esbodivientof thmrtvuntmon,

placed in contact with a second surface, . \/\15 r}.ﬂg‘patl
micPotiter efcBRl thesedestmegiensds a s lgamla@éltq@l% ‘i’ﬁhlc{ %estlrfgxe%conrt%ps six "

Curthcel 4T dth, RGN A5 2 AR O0ar Bt i iesne ived

di nensi onal thesy fvherss endhoad, svhivdadn apaost ipmd:ferreétemmmmeﬁltm inyveation, uben
sphere; etc. _The sur CO ses re n discrete and
addr essabl e0bgonpelgaHqes ng’[ﬂ“éggr BRI &ﬁ rﬁ‘ﬁ %%‘ge inggrtaf’d’f% ‘HBP‘%SCSM%
the regi OnSF@r'h%nsse%E %r?tdﬁoﬁn%ﬁ' WhiRdpY & @%Exfﬁhﬁ)ﬁ'atﬁé QhErRdrl &Sin ﬂﬁ'ﬂ illlkehtion an

relative orfentation to ohe another aré not critical. In one 5 enbodi nent ,
t he0r egi ons oligomubleotidepahiak ezh hymmeaﬁoalheno thy a@ﬂhpl‘ p'ﬁ?% sq:cand pertioneyhighi ch

is resistant to'the UIdS For fe
enbodi ment ; 1%%0\’%@%‘%@%8&‘%5 Baég%& pfeRgt aheﬁil ﬁm? B‘ttﬁkséﬁ{‘&gn PéPe)
dish, for ey ﬁgﬂu@le@n?ﬁ hlchan h Qﬁdlze aﬁﬂmt taBf4 - A%oﬁglﬁf@hl’l@&d’atéﬁ lBis figure,

Alternatlvel a surtace such a gl ass surface can be etched out to have,
for exanpl e,eac&eaf the rehfifing five raechp,rs ‘samhyidizeetolits own Hakeratia ma;ach%r-@emﬁace
can 10 corrprl se r

surface, e. §OTHoB; %gh?ﬁﬁcrpﬁaﬁg??tém agfrgégp% 10858%%;%“@201'62 ?ng nﬂ?ﬁal 1r egi ons can

f urjisher pe ‘é&fthé‘?a‘ﬂncbéé RIRGVA Y TGS iAugttateSéatitindtidndan be usédweassly g3lmstyias 167
gl ass) which delineates the separate regions. Optionally, a sugtf ace ca

al ready comgifferentamptas afr@haesa@m ups for therprpesnge obmRdn Hotes, sigwlanequsly §¢t n
| i nkers, bef the individ 1

enbodi nent éﬁr g W %larg eg}fg vg; %M°%4ﬁg?g‘§g§§%€§@§@g§‘? gItT?ac? from
one anot her gajfofzh B kissap AaEls sarple,ehishirfthiseximpleiar be AMBNA extrcrijompiporsi

or by chem cal boundaries, such as wax or silicones event spreadi
of dropl ets.of Ilﬁllybperﬁh@ﬂ@rhnéﬁsﬁééﬁl@ﬁ{‘asmg vodgR ‘b'r?so‘@ai‘% ﬂ%e"e&lé’PF rfgdv"‘i@ ?Fl?ges

or uid contro apnel FSS@AY. ﬁlso d
ai 54 osed. _roptecef UG BoREnsestecFR kIR RRH PEE BIUIRATERURL, Border
700- 706. Tuheﬁe&aﬂuhaf ﬁfRNmyl wm-esenmxga samplg, aalptcbihm de‘scc)whwhd@m Tgepgaize
tubes; can allow the fl ow, of uids;. qr can be.partiall Q

filled with REUEES, and/qg can 5@%&? e %Hﬂcﬁ'tﬂq%"é}% °aﬁhHF6’éaﬁrWﬁ’ (%Eesgé%p%fuands
can be transpari eded %ﬁqu rQUdHes hleGi@bated e bonRIHBAS th Which W) mR&NAS |
by el ectropho e§|s napr erred enbodi nent, a tube is filled vvlthagel
the gel is amtlabaleédh {’zwwﬁthatkg radd rfgn&NAahtsrmssntmmampier,&reémecmﬁaﬁ&dgtea%e

passed through s quentla aIIo Q 0 of
anchdrs wit h4 fena gmgrating 9 gﬂwﬁg{hg IOC@P & 8%1%‘12035%8%5 ibg%u&l&f{lﬁ X
succession. R gltﬁﬂ J‘ e thNA)Ban l?gdi:ccﬁy%’dcic‘éﬁﬁ VizFg) b@fdi@ob@&ﬁ&feiﬂgeﬂidb&' to
nodi fication of t rface itself. For exa a pI astic surface can

conpri se por the crgsonsaell)f Atteniativaly, agis ﬂwmg inFag lpmfé‘ﬂ*ﬁ €an hpiageediafiredve,

e.g., as sites. for the.additio eC| |ct l,

can be attacPRO® a&‘eblﬁ&?é Wt’%ﬂ’éeiﬁ’r ar‘n5 ‘%/ ’Eogflmge%q@&ﬁggy ‘L\(M%?ﬁl e tagg&\l] AN
2004 WO 001 70Q8:5" & nﬁéxl&ﬁwem%%spwﬁmybmrongmuatcogdqlmch id ooinplerizatads

al dehydes, and the like). Alternatively, a plastic surface can conprise

nol ded structures such as protrusions or bunps, which can serve as
platfornms for the addition of anchors. In another enmbodi nent, regions can
be gel pads, e.g., polyacrylam de gel pads or aeropads, which are arrayed
in a desired pattern on a surface . ...




5 such as, e.g., glass, or are sandw ched between two surfaces, such as,
e.g., glass and a quartz plate. Anchors, linkers, etc. can bezignmﬁi oz ed
on the surface of such pads, or can be inbedded within them variety of
ot her ar s.of gel pads on surfaces will be evident f.oskill
in the arRXa‘,S]&’ZﬁES%an be produced by routine, conventional n%‘%ﬁgg@%# fe
relative orientation of the test regions can take any of a variety of forns
including, but not 10 linmted to, parall gl or perpendicular arrays within a

square or rectangular or other surface, radially extending arrays within a
circular or other surface, or linear an-ays, etc. The spatially discrete

regions of the invention are present,.in,multipke . copi LSy Lhere are
at | east t 4R SCAHEASEOLT a&tthartg%‘@gm??ﬁe‘?% © Py eahn Théglg%S%gﬁg-g?%%’ lgosfarn@ S
256, 384, Soe ARPFred $tARian&usPPBEausd £ leasb2P 6 MBid, alkl, s mALNAS 1536.0r more,
spatial ly discrete (separated} ‘regions. 1% | ncreasing nhunbers of repeated
regi ons cammpleswai be aaslyzgdsimltineonsnsvitiythis invgnen. this dugRphigh throughput
Substantially identical regions, as used herein, 'refers to regions which
contai n i d&¥feY ¥i'®r substantially identical arrays of anchors and/or

anghor /1i nker coml@x sreintH the?-'rigiie%'tb ¥ shiskedrct Glose [resen6s dethetyaint/or B GS

that an array or region is intended to serve essentially the sanme function
as anot her isatesigd tr be daytronnddrant whichdies er effifityafont given gropet Eargris canybg pan-

- accordance with this _ inventjon., Differgnc not .esseni.i al- f i
; 180, 18 bR theft bR race
nucl eot i de gpfgpgre 1 ONh bHRF §REROSThRASRI S bsWbalicdytdvara)ly of notdayelently,
00

function, Mmadeor RRRMERIYARRCHTING SHpSAnges, yecaél_lbc‘)eneg-
i mper fections surface binding), etc., which do not w_thin assay

accuracy sitgabindirgmember ¢ither direstlyor vidatspesifip hinding subsignces Exanpley af @egetsone

of skill in the art wll recogpize t 11 of _the regisqns face
2580heed t o RS ﬁﬁ%tbﬁn@i‘@f’yvf}nd@ﬁt ‘ng%rﬁlfb[noﬂg}#éﬂ% air%% %rgrr{b?ll—%ﬁr% &'g;{g rﬁEgPt%::s?&{nm
di fferent sgisles] lipldsa¥ell ¥idnbrandiort £S/atity Of petedirkedptors) ligenyds, agenists or
advant ageous to 1 nclude both sets of arrays on a singl.e surffi\ 3 Faor

. y .ng ce .
exanpl e, t letagonistsi Which bind te pesifistreganteryPalurional 2BKbiRTemonerional aptibadisy

striped patterns, to facilitate.co [:

erbod; ment SR ABSFASEER TGN SPEy A eSO S fule R bn L iR Al by other

det ect ed i nnAeQals);i diapi;shaiie asme e rpolyueldotides @AndludiAbl rERNA, REA)WRIAN5
10 PCTIUS00116952 ot her_regions on the surface and éﬁnqﬂ%gi?rﬁb@?}e gsed dgs a
"r Bgi st r at icdigonetjeasites, DNARwiral Ripr BNAg ESdgi oA POR- BAPOGHCE SRR %Se
ol i gonucl eat i de; r id j» i S 1 H

fl uor escen%%@gloéﬁétangﬁlx@é&géﬁggﬁ#%ﬁ %@ﬁgﬁdsdglgtrﬁ%{ﬁogm e‘%tg{?t@ i(glﬁlugé%% ce
as a "star tdnagmpsjisukth aé tos@ldsgetistide fdreldavivat namnsranbmitiess, pegeasas kimases and
surface. The size and physical spaci of .the test regions.are .not, _
Uit ng.  Thehke: Subsgass SorsnaEBEs: BRPRES SOBCt B ERInE: SUERRLRY RS g g oells &
preferably (tlvh’iéﬁ @Bﬂ'ﬁ}cluﬁg cgﬁrgurf&@gn ﬁlsﬁ%ﬂﬁ’ﬁr aReitrards Sorg el Wic. Saswielapal t
and are routinely sel'ected depending on the areas involved. In a preferred
empedi ment , othérautk gialeclarce otipasddtaaggsraitirearetsjstsn complgssd; coriantiybenped,

h i | d i | i d ith,, f
ond6 ool onsrasslaRed G Gorgh 4 Lieacared s Bk, A pEIRTRL SolfhuRE
M C Ot er S, ] AR REI BN SORIRIGE UL FarpBbin also W tefRrie d @undobbes.
a m |

cover about neter square area. Larger and smaller region areas
and spaci ngs ar eAisnskdtedin, THprabeyisansubstancaless. pamolagriehthat eanhe speeidigalivich

that sonme or all chors .wi.,thin a.reqion ar hys| fir:

nei ghbor i ngreaRRHERSDLYPATHSH Ly gel .T)L“e CaR?P %ﬁgth%fgfoﬁgh&%?%g%%é .brlﬁ)ﬂr’g |
exggpl e, th phefn Ride S REHHEERAS liSindr£eiligRsd; noclsicr agidon (pelymudagide) rom
about 10 to about 100 or nore or |less. |In one enbodinent which is

. a r_§ﬁ| on .
a wel | of aint&58Gioms| inciding DAA/BNA, RNARNABHA (neptids mrcleis adflayclgie pry;

e.g., about 4 to about 0 r ef.er abl . b
fo?n‘i ng aﬁ W&if’%?%ﬁggy Wf%%ﬁi@?‘f%?“%%ggs 1&1%&%@%3%112&5%%520& e?&ﬁtogcg
reduces t hg|d-aledr aBCExirplel bBftobeaithd apsicntdrtiplated by thigingentib isdlndd, butare hor

(or group of anchors) into each designated space (| ocus%, .and.ttfe ﬂ’ﬁﬁ of
the areas coof knitedgoaorghuie and dnqrgardc matsriAlhPr PAYPERy BAqing mefalh & ng

detection of targets which bind to the probe. :



The term "anchor” as used herein refers to any entity or substance, e.g.,
nol ecul e (or "group" of substantially identical such substances (see, e.g
Fig. 7)) which is associated with 25 (e.g., imobilized on, &0 alAN dBed
either c or non-covalently to) the surface, or ortion
of such ?ﬂ@gwi’e;g., derivatized portion of a plastic surfacéé)?“?ygﬁd whi ch
can undergo specific interaction or association with a |Iinker or other
subst ance as descri-bed herein. As used herein, an "anchor/Ilinker conpl ex"
exi sts when an anchor and a |inker have conbi ned t hrough nol ecul ar
association in a specific manner. The interaction with the V\D 001 79008 11
2 0 JAN 2004g8(TbtsR1 ¢GAPRunds Bhsdh GRdtali&peii such. as_ vja
certain coval ent bo? 5éa.lreverm ble. such Tﬁ%lii){ gﬂggﬁcf C& agonisis an
hybri di zat i GRI28PRsty foy; t@amr@rmwrmmms land serminey; virsl e@xtmggl mrﬁloagg %

whi ch can b | | eot {.de) . or t
Ra P, 0CTR R 8?%3859‘{“9? ) eRrrgpt "”c‘%‘i»a&%cbp@% (ingheding hokptclpids)can

be nodi fi edpepn&ﬂsbsmzym&s Qudh 4sCp@dt rri
nucl.eoti des, such as, e. .e(ul nos, neﬁasfég?ﬁggﬁ\k/ |ous %tl‘esy %?"}cﬁ?fé’gg‘g“’é’uch

as éu | f amat eecngﬁrlsf‘&%?'d@deﬁf’rﬁ%qe chbtdmmagoapcmndm PNas RINAEFEA of aidaeied &

etc.; or a eq as_a DNAstreptavi din conjugate,
etc.). Si ng??gsﬁf é;&nﬂﬁ,lléli?aﬁf}%i l%gﬁcﬁgaréqeé » FPERS F%@mﬁtﬁplﬁt@%?n%mnaﬂgoalbe

a peptide oentibquiest shgle chain apRsdMsCor frbgmﬁaﬁtsl?ﬁer@ofp(?"r Clﬁﬂf]]n poeclonal
anti body 10 ~ rmIPecuI e or fragment thereof, or sing aln-an |bo Mf
fragnent t hE&YEt  Frapgsasn istiaguish betvern @h@%phpwlaﬂqé apd)non-phos@ho@ldtbmbﬁitethh at

is an anti ggfh&" t.he .obverse, the anchor can

Rl e g e e T O 0 S A

antPbody ordtsnegmsfkeamdng Biyoosybated phoRinieNtAs LIS AR HEARAAE MAC Iy
ggl utinins from organisns such as Li Ul U

(such as conca naval L% f@@
peanut, nunB®¥ Eﬁﬂcmi PRASBBEGACId\ABG Oligenugleatide. é)remhnetdhangabhec%ycoff@le a
particul ar gasbbydy e t he anghor gan be_ an
organi ¢ nol ecul e, fuggﬁﬁgg& gbﬁvorkg%{‘ éﬁ%?"ggm?g{ FFEH 31 JRREFS petd) ise-vasxh
can serve, e.g.) as the stage for specific solid phase chem cal synthesis
of an ol i gonucl ez\nl de. r\?lt hIrP case, the derivatized plastic can be
distributed as ahP¥FPEPatHle surface rarbeysed in conjunctipnmitaghis 1mmtlothhd1$urfaee
folfred i nt e@isadllya 5dl{d9 chiBe f conbl on dur, t he _
manuf actur:a% pr%cesisc19 I'n aﬁloy?ﬁ{hea!r&a nﬁ)dpﬁgngc O?tl{go(g%ﬁ{’e%@? CUAR rERE é"&\%&l‘i‘ﬁage
of speci fi cth§reoprirdiedingmently by way nfjexaetple giastied akch kORSyprEpyene d}fpoly%{yrer@
My, etc. an r?rﬂfctktﬁ%sr{fl F’?‘FX |ns or ctatgil atlng agents. ?or exag})
anchor can beé pory fb‘ ihgth JuiTtrorglasaovbish 8 have theshickenss f@ltee&ainplﬂ;er
can be ni cka:Ig,’latstth'ni@h:sl:@peaﬁliciécé*reéj gHls8 VB SifR! pERE1 & 19 ARENapd®

e

t ar get - speci ffél prope. Al ternati ve Y, t'i’ng agen SPHa Cﬁweptxggd %
anchor and t@!Iess| Hifrogeliudessdilierss nytonbrmembtant por pniyztdrydﬂmxd%l dreftli'&tty?@bf’ e‘l’he

angfior can nce r exa it can.be a such
asq(t:]al ci um}%\‘r%l %%d ﬁgg?r%ﬂ?a g’n%y‘?‘ﬁagdﬂ%%@o@&saﬁ é"%fb‘g‘r‘fﬂlf‘o?v dhighlepqrpusenlide an
be a pref erienhidilg <fizhavhiol isigepdred 6

which is attached tp a talr let sperem flygl%l?% OEQ%t lﬁ‘gxﬁ’ ?{ae?%?ﬁ \fg&%/ﬁn\ﬁn’ I

r ecogni ze t‘i?é‘tve%tlw cﬁha%%‘@ﬁ“%fﬁﬁ@ﬁt g ragsparentad dght azs umﬁml wheanths efietRods
anchors,

PCT/ 16952 12 t hose
gener al types aI ) rﬁlagcaé%%?ex%&?vﬁcs‘(@@ng% ? ﬁﬂnw{’t 'ﬁp’ﬁ&%%sc IpgRtgesurfrpe
nurrber of dnthroplesticsuafatesta meafivasnl, @an, t&@u@&ulhﬁaatshtmpexgﬁﬁggrﬁbl916 ?gérveen

t 8 an bo, ss being inciuded.),. "nmore preferab
be ween abgiﬁ% Gégﬁn gﬁ%?“’ﬁ@& & %B@tdl tndenlatecsttly ateComimg Gbstat DBOA Bﬁl@ﬁ
about 100 (fatd).. ARMS 5 s odi nents, there are
about 16, ﬁa )45 or ?tgocgﬁgc)ﬁc 8?13 Pgﬁrﬁ‘)ﬁ r%&?y\gq'g %cﬁﬂbgést%satted

regi ons (e. Vglth OQEEMDsQfSUIﬁaCeab.gugIaSQ, v@tﬁclﬂih 2 1@?1&66& iﬁ/cbxftﬁét Wtfﬁﬂd %oﬁ&’ﬁuf?ace |
n a nmost preferred

surface vmth 38 test reqi ons. wel | s)

enbodi nent & e X APARAGE wcﬂ @g’:t"ot“étjp’éh %5 S%@PC@iffftcequefﬁce spot cfiticalt it
from every cahhfr erixghie) bd 211k ; of the anchors
can share thehsarre s}:cs)uem fi mﬁng%ﬁﬁllﬁgf \éﬁ% ‘éﬁ?‘é‘ﬁ%rs can C?%é quﬁ‘éﬁﬂt"é—gﬁ S 1n
one 10 enbodiment, in which a conbination of the invention conprises a very
| ar ge nunber of t est regions (e.g., about 864, 1536, or nore), so that a
| ar ge nunmber of test sanples can be processed at one tine, it mght of
interest to test those sanples for only a limted nunber (e.g., about 2, 4,
6 or 9) of paraneters. In other words, for conbinations.conprising a very

| arge nunmber of regions, it mght be advantageous to have only about 2 to 9
anchors per 15 region. The physical spacing and relative orientation of the
anchors |n or on a test regi on are not I|mt| ng. Typ| caIIy, the di st ance

[ I NN 2 I T o



2 0 JAN 2004 wo ooi ~900s 13 PCT/LJSQO/ 1695? enpty line can be placed after
the Last line to demarcate one test region, and the bar cod%ﬁaé‘&‘ﬁg@‘can be
repeated in succeeding test regions. The pattern of anchors e need
to be in$hlbsdee€9i stry with the positions of the separat g&m&mg\ggl S
‘(test regions) or separate assay droplets. The term "assay positions” 5

W ll be used to refer to the positions of the assay surface where assay
sanpl es are applied. (These can be defi n%d by the position of separate
droplets of assay sanple or by the position of walls or separators defining
i ndi vi dual assay wells on a.nufti-well plate for exanple.) The anchor
pattern, itself (e.g., a "bar code"-like pattern of oliganucleoti cLe )
anchors) i soraghwe dunensianaksupfaes Bich2aa brad, paricle spand PECRIANG fuges sphere; etc.

' posi tioned by ttern recognition.-_ j i IS
recogni zed by it epﬁ%r? ot r&séé[ ?{;éo%so&ﬁtcg-a%g#%?ﬁ? gdﬁcﬁg%ﬁ?g@g&%ﬁg@foﬁ st

anchor needdaqifidbk. HachREieflgnpriscon eetafaneiornf Heacthe asgiays wesepargad, thkie
first anchor will be found by pattern re,co?njti on, rather than ﬁ.ositi on

relative tcphysicalaheenptepisass; prskiheinselatbisprieatation 1o pRSAARIAS By nakFEiicals Jgpne

ti th . ea.. th - I e Wicl
Parde enoughmeiBert beraiat an g sprastd fofl o Alother by iy phySEa IR Plich
repeating p@iésiitint @ thRPALAES of lidikds. Faelkxaapky imoprefervdd ¢mbedimenthesmgiuine
for that assay position for all of the targets specified by t g éggr;g%ded)
pattern whesasvker wellreofpmnmultivell (ees, %S%F‘H“{f%)adlélﬂ_ T gkample aaz ‘_ag 6P P8
The anchor SS% é)? ?%36”—%%‘1 pi%dbﬁltgﬁﬁtﬁ?\{ég?,q s'upfﬁé’c ﬁcﬁ' a‘rs;ta é}lﬁssesYx?ﬁcé Laresk Retdesn

wi t hin each €gl o r'“exanpl €,” each anchor can be attached to a
particle, bgaghveofortdremplel@864 of 1536 Qisedete; shaldsuvedlsa Alderdativains surtacewiathi n
a test region. The |ocatign of each anchoh cilan'be dﬁt e@n{énﬁ by the,use

e. 40, of a emprSCABEIONS AGth KoTePaseliant &F Wels 1oF SKUTPIE S DReifasCsheePIE Hor

each type Oglggtgcs rk?%sa ?oqulag@xi, Lagxhgh&ﬁid@af Iﬂzﬁor@' Hneﬁﬁ'ﬂlfcr T}Jeud)éfﬁ;%q%%overlaying a

| um nescent osition a particle conprising -a
particul ar kthrkes (@gchpiecdai plasdanr pless) wihitdndelineates thy sepeeatnaegions. diptioneally,
signal emanating fromthe linker, e.g., the exctj tion or 25 em ssi

ot '

spect rum ChEUEAqe| 28 @UrE#iv GREIRAYSE 0BG AT POEAIFEY S §€‘?th’ 77 HicaP’s aﬁﬁqcf#tg@mth

variety of ﬁﬁgf,%&&%hﬁg iﬁﬂﬁual%ﬁ{&nﬂ‘aﬁ%ﬁﬁ@a&ﬁl N9 dh SRaP kMbsigtent, Witays of
y, TUhe anc abel e

Al ternative ors can be Irectly. For exanple, each type
of 1@nchor canchbs widtie ket regidmcan Heagpanited frofl ansrapsthesbyblenk spages drethe Agrface

spectrumfromth ags on ot her types of .anchors. .Al ternatively, & .
pgrti cles, Hb&&%ilo‘ﬁ"e‘i%haée IMOIARCROLS, He de?%‘F&ﬁl?o‘ﬂ%ﬁ soﬁgc}é%%)t agr(%i srllﬁésbﬁlgsé S

2 0 JAN 200 re‘og)pgﬂrga%%oflﬂ'oﬁgﬂ WSQOY dnoBR? 2nifiangent by refiohdicar bbaétfimg and

detection t hods "descri bed herein"can be enpl oyed. For exanp

| e,.
f | uor escenc tubzamnr faidreestal etiarnglsa e@CHebigned forme il oygh REFAYS, @S%%?ﬁ‘nf%gj;

fl uorescence m cros e.or Elparesgen Act,i t fi
anchor can CKBPl§cIn “b%?!ﬁé@ég'o@?’é@&ms é_&ﬁ(ﬁﬁ@%%{;ﬁ?@ %e;\%f({r@%ﬁ%ﬁég’
thee ancholasipggid be wRGBARE tabed! cah hilok ahe Ndve @l 1Ruidy drheant ey partially or

"interact" or "associate", it is meant herein that two substances or
conpounds ( eompletaintified withd galne Bo pgaspsscrpolyapyiamige, through I‘Yi\’&’e"ro,mpguﬁﬁi%‘f?é‘

and its target, or a.target, an tar - i £ r I'efediQHRSkesis.

(e.qg.) attag’ﬁé@?Sp@&ﬁﬂ ,as%@btﬁob’g!}'?aqv%dgﬁ%gg?’ep?ﬁgr%gltré@pg%%gf%’(l,gra{tel y IPn[(ed, or

ot henvi se agfa¢kdteed erhBodimentpaaibe ey filkad Witk b @sl; the gehat adtivetel forethel bihdarsgsedy

can be conducted. By the terns "specific". ) . .

' anchors, and different anchors are passed through sequentially, allowing the formation of
25 a linear array of anchors within the gel; and linkers, targets, etc. are passed through in

succession. Regions within or on, etc. a surface can also be defined by modification of the
surface itself. For example, a plastic surface can comprise portions made of modified or
derivatized plastic, which can serve, e.g.', as sites for the addition of specific types of

polymers (e.g., PEG can be attached to a polystyrene surface and then derivatized with



10 or "specifically", it is meant herein that two conponents (e.g., anchor
and anchor-specific region of a'linker, a probe and its .target, or a
target and a target-specific reporter) bind selectively to ¢ag@hyadk 28§ and,
in the a any protection technique, not generally
corrponen?gggﬁfgr??éended for binding to the subject conponent g&@ggﬁfgﬁzarret ers
required ,to achieve specific interactigns can be determ ned routinely,
e.g., usi ng 15 conventional nethods in the art.. For nucleic acids, for
exanple, one of skill in the art can determ ne experinentally the features
(such as length, base conposition, and degree of conplernentarity) that

wi | | enablarzoxylet anigogroups(dougle, boads @Ildagxydcﬁ;Iaedtthejhkanadkimn)antvel)fnylpﬁasdc ze

to anot her nucleic aCIdr(f’P t he anch eC|f|c rtlon f.a linker)
nder - con TG GArLHOTaR e BT ED AT BT TS, HEHAD SHREH ¢
hybri di zatiforkR @Eﬂﬂ@%d&ﬂ@ﬁé%‘éﬁ&soh mh?e?jé}rﬁw%d(rﬁgﬁ re fahbernw eggmgcb otide
l'i nkers) ypi cal | or ot her nucl-elc aci seéuence of anc a
por tion ofpo&yaqryilaemdc gel paddet saromads,oihigh o derayddiia a/\désﬁred@a‘eers wifa mrﬁamt

I t ts bindi t t bl to h d
CoPbctoa surh R Abrar e BHBERT ErN SRR AL 6fY Ao eané%oq‘ir@n% to

20 C. abOV]ﬂatrcooﬁi‘réh%FQf’QirnﬁEr'dr@cc(&ngoe inBReMiliz&Y ofdthe birface Pk Bhds, BP can be
ol i gonucl eoti de anchor can range from about 8 to about 50 nucl eotides in

| engt h, prmb@décbd yithbotemn1 5A va0ety 28 other3grangementsiadeas] pads ersautfaces wiilh | be

"hi gh strin bri at j,on _condi tions an COI’ldItJO
hybri di zat?"g%r\%\} %e (gd@ﬁ e ATt Fdcan gpaduiz%cg@ rqyérée CBPE?% “Q% §7 to
100% nucl Rodive @ rieRaRbHERE @dst f¥idns daiakt xh% laefa\/vaﬁerytdﬁoﬁh%@mau@ﬁdtsnot

However, depending on the desired purpose, hybridization conditi ohs can be
210 JAN 20@mitedrpaalieds pegeardirulaseriso9Blzingespareer 1ahtangulaeeysither suefaes,

conpl enent ar,i about .90% .859 50%. etc Am)n
ybri di ot oI safr i FAPA PR Loiilin e aBergbrad of gl ety 2
concentration, hé §;Saﬁ1hlljbhiscﬂc&rl’e§fba§ of e 1ﬁ\rdimoﬁfar¢ ﬁ&ﬁémhm mtxpaﬂmm&s afgatt ype

of denaturant such as formam de, etc. (see, g 1989) .
Mol ecul ar 1 Brengye aAl@WPaPGFVHWHﬁUk@PSt(YZ/GDE’d 0}' a\/l?ﬂ%* abgut1243 50(2)5 @58p3%hg

o bor ek, 195N AT Sl 98BV NG o0 MR dpln. 1

Saisences PlifetdasinignBumbei€ .of fpydted eegdions EQT atlyamdreassayc beiiﬁcreasircglj chigher
| i nker ol igonucl eotides) can be added to a test reglon (e. a well of a

nul tiwel | Preushput. |$vbataprraéryeﬂ¢rét9alerﬁﬁeasrﬂénrﬁe he@e,meescarwongwéa%?wem

plate), in; b pl
(| n a pref ‘edr%P*éQ leﬁ%\%?ﬁﬂlrll , a@gﬂ%ﬂlﬂt&éf ;z%-og?&?ég gvggﬁgg%h%?g?(er a ;E?P“Bs

p. 1), aBubstaniatdgndemicalpas naﬂ@erujn,fmmnsabmﬁn ﬂr@loztmgajnosrunte‘ndmm() iserva X,
preferred enmbodi about 0. 1 a buffer, such as, for.exa
BSPECT (0. SSAMEBITDe B RREHEIHD AOWer LA BIR 18 CERAPRot: CETERA (g
hyby i di zedif ec&r@aneé'»% B tlﬂ\‘?:ﬁtl&? Differtct] hgoeEheAty Qﬂe@agmﬂcm tilze
-surface) for between about 10 m nutes and 15 about at °| east hours (in a
preferred dutbotdbuhﬂnt of amxgcsasaream 16e nlineit of) sxaallanudnptedeatlmpsrfﬁerr@Sng
from about ,4 C. a preferred enbodi m
t enper at ur é‘?mlsi*ﬁ 1“??"5255135%‘\“%5 B%Q}bgé’rfmt rfrﬁ?tll?ﬂﬁ (ﬂP%rhs B‘é‘ﬁ'&é? - hwéﬁg
enbodi ment dghot WethinW4eAY dcetivacy Elgnrﬁ@mw ffect 0get dedétmif@foniRRl@Xi Mat e
physi ol ogi cal conditions. . design of other types of substances or
mol ecul es. (e. gOf cpuisgyapof skill in the et iwnlé recognizg thas net 3! efithersgionnyn & serface

sejve as anc Li_nker t

by 2 S AT S e e O P
routine andreaeBY ed3tedan paralldl, it heoha bé advntigeododadiudd HagiilsdthofMimapeyes siagleal  (
1994). Nucl. Acids Res. 22, 5530-5539; Fodor et al ( 1996). U S Patent No.
5,510, 270; SPifaqeukgr exareple, ooy diffeest serealanaysisan be aanasd iy altempasing stred
i'ncubati on cent

o | iR h Bl oPely BRRAEPH SR AR SR hEPRETRbHL
reduce nonnsgyewishits inohider pegidmerehicketan beFdeteediirpi distihguishabeshanregifom (e. g. )
a well of anultiwell plate - in a preferred enbodi nent, a 96~ or 384 or
greater well plate) which contains, as anchors, antibodies, can be added
anti-antibodies (e.g., antigens or antibody-specific secondary ‘ant i bodi es)
in a volunme ranging fromabout 0.1 to about 100 or nore w (in a preferred
2 0 JAN 20Q4 WO 00/ 79008 16 PCT/ US0O0/ 1695?. enbodi nent, about 1 to about 50
ul, nost preferably about 40 ul), at a concentration ranging from about .10
pMto about 10 nM (in a preferred enbodi nent, about 1 nM, in a buffer such
as, for exanple, 6X SSPE-T, PBS or physiological saline, and incubated with
t he anchors



on the surface for between about 10 m nutes and at |east about 3 hours (in
a preferred 5 embodi ment, at |east about 15 minutes), at a tenperature
rangl ng fromabout 4 C to about 45 C. (in a preferred embod? fredAN 2Wbout 4

For anchors, a length of about 5 to about 20 S is
pr ef erregﬁaﬁfbn g‘%rre enbodl ments of the invention, each anch%?}l n g?ésgrray
can interact with the anchor-specific portion of its corresponding |inker
to substantially the sane degree as do tige 10 ot her anchors in the array,
under selected reaction conditions. This. can insure that the anchors
specify a substanti al I y uniformarray of |inkers and, therefore, probes.
The anchor rd<Ca “Se@tistrafios ke or Rk
whi ch can cf%h%ly }eglc{ﬁs tgﬁtﬁ%ér gllrirui)?%pg?&ﬁ v%??%t% dsg%‘ lngferent ga’?ﬁlar?kers

each havi “&aﬁlplp@fatﬂcgﬁtrsmtd‘@@ tam wlqinsarwxlgonudjmtxdmsmh pdptideemh@ dlpﬂlébé
portions; thus, a single array of en ri-c-anchors can %g used %g cxl%ggram
or define @SWFIVe@aE@'ﬂ obflugresrns m t‘é@?lcﬁi‘ € eParEc yg.&ﬁpng\gg 2

assay of anchors s G5 fe@idns Qeaurfaceand 2. Fig.
2 i1l ustraf@dE eaassau ]ggb\%lngh%oégn%q ﬁﬁfgﬁtcg%?@r eglltﬁglnsn each of which

cogtains an arrgye @ﬂ‘ze endlphy st spacime bdihe, teste gidmsi aremht bmetmﬂ@@brﬁgb@s
oligonucleotides. Fig. 1 schematically jlI Ffégfit es

(ol i gonucl @r@tqf@g)ar@prﬁfrﬁbpgt 1 3g1abrsyt 790 myR), BFF L% Oé‘(t, BW’Pha??elaﬁrﬁéPacfd
which 20 ¢ | ButSReF AR the @k iavelwe@nd
portion t hg? o Q%etgem %L%é%@%mr%m bé(H‘n't%eci ﬁ%pte?vefy, one colurd
substi t ut ejn aepr@fe.rrca chiU@klﬁﬁerR thwfagmcms ard spacetd apipegximateliofrpyn epast. £op example

that is specific for anchor, 1, but |ch co se h
specific 1P e%htféﬁlgétcoﬁ*}ﬁzmn@rﬁs%%’é@ga ar g i rﬁ%ﬁ‘aflplﬁ‘%ﬁgugancﬁ%ﬁ%&a%t be
us@d to Spg&f&sﬁ ﬁ’éul@r %Es‘%@ arf&'hoge\;/hxeﬁ’ar@ﬁbdiﬁtlgo FhidfomaeRe idngdterednidne00 of

or nor eren tar get he process of generating and
attachi ng aidtogletereskty tuchr mgtohwqmlc(mag’qoum 20 miYiraien sautre @3- HArgsedid des
can be expensive, time-consum n and/ o ysically difficult. . The ability
to use a psB2HETRBPNAFGaSFNEFPA cﬁ*’g“{i‘% bgram a wide variety o f probe
arrays is one a inYIRR shaught sdite gealt andchoanehhins
illustrated in g*ﬁ%'}E%ggs ?{lnnﬁelgb §t[:)attertrs;mlg)ﬁgvltgjléll:lgonucl eoti de 2 0 JAN 2004 WO
00/ 79008 1?eg?@iréxu:§m@ma:ﬁmppramommhehbms anchprsdycmernse-£a 9l Foinienaidy pe

(S8, o b e or e expbnfe, g mianoP BER AR s (SHEFHO R BE iRl g caPbale KB
range of types aéb&!ﬂ?'id)d) bﬂhfbrrebﬂc&@rﬁx &kle@ﬂi@odlme@t,aregwmwm%amﬂm

| ayers of "sandw or "piggybacked" probes such as prqtein/an
conbi natuor1§36mnsdxshr¢en5es’urthatwbdfvxéndcmém r\tfﬂﬂ%ﬁrﬁn F%ﬁoé 3»1‘5?5

of fers novel nt.age TR EOH wisaRRs. sed

i nt eract ré%‘i%ta?;{’gf ?Wq :ﬂ?ﬂ%sgw@ﬁ% &gggog&é%]%éset ofwglr%c“ﬁor s can be .3,,'
re-used to fﬁ%ogr 3SHGB VAR s@facel rqduofethe tbleranex sepiire}l fanplyisicgin @lﬂcma te
anchor can separated fromthe oligonucl eotide porti

f 020 exanpl esingle Arehtor ke gowp of pRAhOES) ite $2¢heesignatss) W@‘Eﬁﬁ %"‘I‘ngaf‘ﬁ&e Y& 5 ot e :
di ssoci ate, and can.t hen tsiviBich O
re-use ancHBFASEPREUNE Wf'@ﬁs 1%?:10@ Qﬁg@g‘é%@f%ﬁ @?{égn%gﬂr?sﬁgﬁcﬁgﬂg%@@e e
physi cal |y wlhd td gllél;;mgeo make, i s another advantage of t he ‘i nventi on.

anchor. does not necessarily have to interact wi (o] an
anchor cari be cbuplesd’ é%ﬁhpéc%sl‘?e%PchWdF{egéP 2% e{x}gy & Efé%ég%‘feaﬁﬁe n?%ﬂéu@e
such as a fluorec ¥ Beb Q.4 Ol 7)¥ @hivh$PRboctdtédwith a
grid, e.g. g‘f'p pégr‘g%gaémgwi%ag%ﬁ?’g\{h?g%‘?%g&bgtf:v\eeén t e)tiest surface and the
debect or . Ajet I iddblitizyd oanoratticbed eiser ovalattly ednen-covaletiyoahthefBIAES: & a

det ect abl e nol ecul e SO as tqQ serve,as |ntern ant e ,
for purposewhish izappmioaat 6\3\8’ C¢ (58n dquﬁfé o%gg%&}]gt?é;sluh%? éf £er%dsVg 1Qh

bi functi onal Sdﬁ%é}c%%rkﬁ@mp@hﬁ%e 5061 1atronfw1th3‘a fieelor Bkt sub@taﬁCHasrﬁascEibpdor
part) that |s spe or a c osen (designated) anchor or subset. ' 20 of
t he anchor Shérelanoﬁtmrse($bﬁ'emt e “3nchordlinkes earopiex pexists when pragnchr ﬁldﬁrltﬂ‘féf Bavech
is specific for, a target t er est. target e ns
of the I|inkePmeiggdparosgh mai %‘Bﬁ?ﬂ 335%%%}&“ 'ﬁ’tag ecﬁ@n@%&% )‘Ehel @%ﬁgggg%g{n*ﬂh@can
be attached directly or through an internedi ate. The chem cal nature of the
anchor-specific portion of the linker is, of course, a function of the
anchor or anchors with which it interacts.. For exanple, if the,anchor is
an 25 oligonucleotide, the portion of the Iinker which interacts with it
can be, for exanple, a T



pepti de which-binds specifically to the oligonucl eotide,or a nucleic acid
whi ch can hybridize efficiently and specifically to it under sel ected
stringent hybridization conditions. The . , nucleic acid camnbgAN an
ol i gonuc].eo DNA, RNA, PNA, PCR product, or substltut |ed
nucl ei c 3ﬁ?épé¥@8 . conprising non naturally-occurring nucﬁTR{ des Such’ as,
e.g. WO 00I79008 18 2 Q JAN PCTNSO0/1 ~~~ inosine; joined via various
known | i nkages such as sul famate, sulfanpide, phosphorothi onate,

met hyl phosphonat e, carbamate; or a sem synthetic nol ecul e such as a
DNA-streptavidin conjugate, etc.). Single strand noieties are' preferred.
The portlm of .8 l r%?xr 6139@{5@1 I i ?G;faf ﬁaxBQBvﬁ@nt%h&OBﬁﬁb&ﬁ'bledﬁlcﬁ%KHM can
range fro 0 e eotl es in I'engt h; preferabl about

15, 20, Z%uercla&lauyb@mwm lnibrdfd:reecbﬁmbmﬂmlest ﬁ'xcaanlnc»rbaelymcltlh@c miign of

the linker which interacts th.it c d

ant i gen cnanaplesﬁﬁﬂlnb'éﬁngth é‘{;&gﬂﬂ °1(§é°f’6‘ﬁ 0885[9&)‘?% We@ﬁﬁew‘&kﬁ r@% §faﬁ$%R
interact s i fi tiehed

i nt eract s‘%@g’i‘?to ﬂchEr $‘E%&Q e?jt'{/%gé%?egﬁgh%? Sb eﬁéﬁ?%gﬁsgg&; and.

wh§ch can e V@arﬂ§n§1ﬂ§ nan ehnrallypecufring podledtides Gﬁcfaas.lmemosme joisefl Vi

known in the art and can be desi gned using. conventjonal pr g.)
see above)varimye. ckeaikal linkagesr eSP t B t%l&@’@?‘espéb‘lfo c{epor cﬁﬁﬁ%gte

Li nker is theat hafc Woldhid budhS ag HMNA- and
W th whi Chm]e{hyfpﬁ}%g an %Hg)gé;n%{: &e? ﬁ]“gg*“ér e:t is a pa?tl gul ar nRNA,

t he tar get stedppbiidinconjughiepttc Of Sinjgte dtramlded nndcnclaegds@rqprefcarﬁdo'l'hggm}@rég@| de
whi ch binds specifically to th et., but npt fe [

15 under  selbebe 8 @RI OTch PZSFI”@%%S%%PPIFOHQB %1%1’8 Qﬂ? b HHI?%?]}?  Eyidog
ughng art- %‘fegcﬂmt ﬁ#ﬁ %ﬁﬁmﬁéﬁ ofd6t §hEleNBa R RRIbER OF ahgmemhacrfeeatwmasbmfdsan

ollgonucle ridize optlnallytothetarg W th mnlnal
hybri di zat spvmﬂcmllpmﬁmnmmdn af a linkerthabisiangniiem erranrmA-anabedy melegulshiiBs | n
"general , the | engt onu Ieo i,de Qb i a
farget MRARDYTES anL\OFacaB %FBB "tzlaB e W%ﬁ’a Sgﬁggﬁslgé@?ﬁﬁgtbgiraggg s

can range '%%nggsgy ggﬁ’ 'hkf3 19 285@ef emoayﬁérﬁombmmmcdnemahectm ennehalsl y

about 18, nucl eotides. An oli gonucl eot i de probe for uss in a
bi ocheni cakosasayalim Anbi agglutimine fiom ogardsta sgeh bﬁaé%@?’é‘&nﬂea&f*‘t : CBRPROF 7Y

targets can be horter. Using.art.-recoqni t am@g}ut er
pridgr am BLABFeO s & é‘q%ﬁé‘ﬁ’c&@)d’fhlﬁli‘ l’sgff%ﬁgzc %{%op(% pro :cérl'fgg o sel acted
such that LhRaRhETUhe Bhdiér B B & @EpaARmalezulb, Sisdhndsl amofifierhopalesinatized y
interfering sequences In 25 known genetics databases., The s Iect Lon of

hybr i di zat ipbastic polyitter wihschichmservd, k1. 45 fhoitags den SPF%S?\%’A RR pynghsis
ol | gonuc| e oé‘:agsog é‘?’% eo?%e ath tﬁh‘%a&a zf%rﬂﬁf_l%ﬂlgﬁﬁ Rk ldﬂ;%%tcdlﬁsl diJaredyt of

recogni zed see abo or 'exanple, target RNA [e.g
total RNA %sd%&uAdeﬁwtmaecbcf reehifeht Iassdeane:d integrally gntowthe( aha@m)puﬁmpf P

treated with an agent of interest), in any vesse ch.as .t
nuk@ i wel | rrogrbdnatiosidupng the 11(3@‘1&0‘““96 PERCESS GPOthérf”g’ g “ﬁd% a‘@ﬁ%{)%agl §35s 19

PCTI USOQ' 16952 nor e, wel 1-s5) i N0 ZhaCh) Mg, e
ol i gonucl eoz’tdisalet %?8%5@581;%011 see a ]Sé%Wé%&ﬁE%lrrogﬁ:%as 6X SSPI‘I;[-g c

ot hers, Optdrﬂgy’hk-ﬂxdm&r%b&mldﬂghammthtst d:orremmplenﬂm anghoricin be Bqﬂbfmsﬁgme ,
(e.g., about O. | M degraded herri 0 Im)n SkciBNA)
and i ncubatasnd the aa @@F?‘?ERP‘F’;‘?“ ﬁ"l%FFé ﬁﬁéﬁkéﬁ%ﬁ‘é‘: gNé aCh%ng?{% Eangl ng

5 from bet 0 Ane padbe. CAREmABveIP RS chelatiny pyest ean éd the
enbodl ment \A&%E%@% % Réﬁ) gﬁ?g&% est rlp?%enp% oﬁ‘n the?h bridiz t| on can pe the

'sgpe as, oinchesand ﬂhalpplythimdm therprebeyelatap Posyod. t“étCH@%%‘V T SHt RO

wi th the anchor-spe rtlon of. th g

ot her typeslnefgaﬁ%%%‘gém%?ee OF SRR S (R er"i1 rgﬁgi{%lF B I&gdl‘g&ﬁ gﬂ%éﬁggaexﬂfthe

gboye_ Tge %{E%BPEpe%Pﬁ&Ibémen ginde lifleericad Beh prafeentidl chelatidg atg&s; sichas/EDk&or can
e joine : : .

1‘54!-‘-

EGTA, respectively, which is attached to a target-specific probe. One of skill in the art will

recognize that a wide range of other types of molecules can also serve as anchors, such as



10 (attached, linked) by any of a variety of coval ent or non-coval ent

| i nkages, the nature of which is not essential to the invention. The two
portions can be joined directly or through an internediate gl g b In one
enbodi ment, in which both portions of the linker are olig ég“g%s, t hey
can be j&“h%ﬁ”ﬂv coval ent |inkages such as phosphodi ester 08 Form a
single, colinear nucleic acid. In another enbodinent, in which the
anchor-specific 15 portion is an oligonugl eotide and the target-specific
portion is a receptor) for exanple a receptor protein, the two portions can
be joined via the interaction of biotin and streptavidin nol ecules, an

exanpl e of which is . illustrated. in FEi : Labg erse@f such |inkages
ar emlznovvn hosg g?neg%.msea%y@%cugfedgp c%%gg%onkﬁgﬂggﬁeggé%ﬁgggg) . )
Alternatively, tienhiBer ofanci@s id OR& region ben heoitiemst tha, erefemblydegyvsenahout

ol i gonucl eotide can be am dated and then |4 nked ~~~ Zg di rec%l% (e. gb
crossl i nked)and gbeut58pinaee orlegsrhsing incluged) amorsRraierabbn Betvisen BT SRnd gogut
menbrane ¢ onent vja_ an amde bon | Pl t1ihac n ,J}/Q_:Mljlo form
such coval gﬁp’ W‘Z{jH}?ﬁtBVZ?r 4 %egﬁa? gtr’ogIrt 3@%‘/@%‘%&%&@4%? 'a?beo r eadi ﬁ)ﬁ/ fofhe '
opts i zed byerenéd @hbsdiinkhts] thefele abdut 16f 363 Stond 08 ahetiasitsss regia s gsuifatced '

(e.qg., by incubation of two nucleic acids, two é&qgrot ei ns, & gro ein &I us
a nucl ei ¢ 2GH6 test regines €2t BelidranahowShpb ex 29 & sitest rggipnyfog g, surtace wi |
anchor/Ilinkgr, .c l e t esul.t] - RN ARl attéserdoRsh
(e.g., was ﬁgé)‘?sﬁﬁrg%%°é‘§r&%€"l%8§?u§§ aét%ggggﬁg%%gh&?i nkeras) , r't}siang

condi ti ons pbkGlffaem spediseiy oth enpy oiherdrciiot n the awrey.splowielers tvaermee: Pbns

intact, but to renmpve non-specificallly boun(P erial. For, ex r’rpl e 1
reaction nitht archorsean share e srae BRACHILY g &old %a'%‘ﬁ’(‘]’ri &A1 B9 ’r‘?gg 1Calo HoTFAN
2004 WO 00/ 79008 20 .PCT/ LS . : SARy SRIBNWG L td3Dr €
st Pq ngent c%‘?ﬁ?gf’?%]grsmgﬁ{é %%@gg%gog?ftt%qggﬁﬁggSBEHEQ&SOrrpl eg ' e.g., t
anchor /| i nkggiog® (@4 e¥bout BEa, ¢s38idatisre))so ahattahlasgd mueher oDiescsamples can be

manuf act ured routi nel y) using, conventional technology..5 Sone,.of. th
surfaces whpregeseashptioac tisesd it Righhal iNiRFeR{q At QPLF ?E’é{ﬂ?ﬁ §9ré’\9§i f gg’lltgh fﬁglr‘%er

commer ci al b i fof EniHAG G ohfpriding@-ve
384- or 153 %Mﬁnzl?é‘r%tef%e&pgfﬁ%&g'uwggﬁghf?td plat es sof? bngorrin;lg
Costar. Al tlatgtatumber yf regisns ftanightbapdiasiaggowseto havesnbnabauh 21t SrancBeffpeEr se
i ndentations or "dinples" can be forned by m cromachi ning a substance such
as 12l um nunitést eel to prepare a nold., , then 10 microinjecting plastic
or a simlar matgrd ] i i the!SicHbEs 18 We bn asest egion are
illustrated in F%éﬂlfk% gélﬁg?@te?a;ﬁegﬁgt%%ﬁe such as that sh?\%n in
Fig. 4, conpstilasitingf Typieally, theplistsndechetweaendhe enchors isbont G803 toaaboyk mm or

assenbled, e.g., fromthree piec su as, tho i i i; Lqa
first secti s PreferpRly betyean ag@‘é‘p@&%ﬁffa%ﬂ%fb. E%%)%r éanﬁﬂic\?mﬁﬁ?qq{rﬁpg]&?%seéndg
separat i Q“S\?ﬁ?& YRS chREd. STRPARKYRIchS be ArsRea idaeetdntationcelatied taom dydthereder
(Fig. Sh), [ gh 15 wll formthe. subdivisions, or dinples, wthin each, -
tegD wel | ; -amitoshebrundariasof thsnegionl Fargxamplasiey @nge agange iaéﬁ’f\'/élﬂcn?‘ iah

t he base of t.he plate.and the | r I av with
separ at or CQH“H%(,PO“P SYeheR 2 Sgrae, rgx\%f]%@éeg %%Cagg[?;elro |} gﬁe d géagy’%é icﬁic%%ﬂgr,r Wi t h
hol es spacedydrarushiiihg frof thb aénteds badi linesibd dontentriv tings.\Ehe anchprsan ks
wel | when the three pieces are joined. The subdivider ca

: C o be. .far exam%Iee,
a thin pi ecéeafrangadem alonedigensianal insae arahafy example, 9 %H%“@%@{rﬂeﬁfa’é
screen or %%@?digé%é%%ﬁf-#gggﬁgiéo%ﬁgpﬁA l@r Rhat sequﬁlaﬁ‘?eeto%rrﬁﬁtsﬁbta?dolecﬁlﬁ- ,

.glass, in, e ower portion of a typical )

m crsopl at e uged of of a ndat Seiipeineal inagkaythrotgk gelo plsonatinely, tie anphorpeandedail be
flat, as illustrated in Fl’r? Sc, ar C@n ge fog&ed vvitg i ndent at ib%'f?xdtdla%
will align wown inacbanmede ke formatph 6 bl S EEFPP S HHRIFTERS, 61
wells, wthin IsG&in L thdHidiRion esthiyng lisnehar d
25 procedur&}oﬁggcgég%ﬁqé #eangﬁggg%rsg%u%%@?% t he assenbly of %i licon
waf ers. O i grRUktEiata Mgulanehptosyieltiasieple, mecagnizable pettergnedt e Rameose €.&-»

synt hesi zed by _conventional ‘technal ogy, e.g,, Ww.th a co of

ol i gonucl eotth@iBrst g tlklgéi?‘i‘éi‘ c Wc‘ﬁ%ﬁ“ﬁﬁﬁg fsgestdise ﬁ%rr‘ gg‘é%@é;dg S Tt

have been so synthesized. In one enbodinment of the invention, preforned

nucl ei ¢ acid anchors, such as oligonucl eotide anchors, can be situated 2

0 JAN 200 WO 00/ 79008 21 PCT/US00/ 16952 on or within the surface of a test

region by any of a variety of conventional techniques, including

phot ol i t hographic or silkscreen chenmical attachnent, disposition by ink jet
technol ogy, capillary, screen or fluid channel chip, electrochem cal

patterning using el ectrode arrays, contacting with a pin or quill, or

denaturation followed by baking or UV 5 irradiating onto filters (see,

~—~ . 1 NN~ ~ 2 a2 ~— oA~ reNNA ~—~ S A PN S\



20 ~ deprotection of grow ng oligonucleotide chains (e.g., in conjunction
wth the use of a site directing "mask") or "by patterned d| ﬂ@

nanol iter droplets of deactivating conpound using a nanolet dlspe %
Depr ot ect,j 0, all growi ng sequences that are to receive
nucleotigg(@an e done, for exanple, and the nucl eotide tﬁgﬁﬁgggé§mécross
the surface. Peptides, proteins, lectins, chelation enbodi nents, plastics
and ot her types of 25 anchors or I|inker ieties can al so be routinely
generated, and anchors can be situated bﬂnor wi thin surfaces, using
appropriate avail able technol ogy (see) e.g., Fodor et al ( 1996). U.S.
Patent No. 5,510,270; Pirrung et al (1992). U S. Patent No. 5,143, 854,
Zanzucchi emptulling taoby placﬁdsa&qvah@mt has toglegameatggne tesheegien, and thesm)code). S.

Patent No. 4,562,157 . 1994).° NA. R 2: , 5530-S539). WO
001 79008 Z&anﬁnbcaﬁlkﬁrﬁ %“\‘?Cﬁg(g)‘ﬁﬁesgw Sh some enmbodi nents of the
invention, the 'ﬂieﬁﬁh@ﬁ?&aﬁ&fﬂ?t a@éslnfaﬂﬁee@rtsws@ﬁnlcnre?qswr\xﬁ the Positiehe6Mnhag

procedures andl or to obtain information about evel actl vity or
st ruct ur e separated apraylyesdls Grestiragiges) qmt;mub essaygm@icfas &érygetm cassast pasitionsl’t i

ay Pl ate een ( ods and the surfac ng
ays of @?Fo‘fsgdborwg‘ﬁéﬁgﬂﬁé’oﬁ’ltﬁgsg &5 aEH “RPES 3788 eﬁ‘fergggféé!ys
ar e ter neckﬁ@?e%aﬁ'bé AYBncAby M SosRiGH (TSepalite dESHIRG BEaNsay Qimlﬁe bEBE tHeQadsition
m Xture, assay, or screening procedure can be assenbled in any order. For

exanpl e, tofewaltsctTeeparalorpdesiningingdividua assgy gl lstan wwéweébplé@cfeéﬁwamlw

aasonbl ed T SRR (rn EC oM 2ef GHRAPARTE RECIEFRRIEEEEEanchBR) e

enbodi ment toﬁeﬂnbwuefe/@attlpéhcheslepére& dnehér is pesitiofedby ﬂmmtrecmgnaionl -gasttasone
.target; conprisi ng contacting a sanple which may conprise said targets)
wi®h a bi ftﬁ?btllnéﬁ) B brrogkeis ragnesizel Ay ik Hasitian Tﬁ@l“f’Fé?]theﬁétmi’%n%bE%ﬁ fHence or

'S apeci 11 et SEnF kel BE o ofE SR DBl betlel S%achIRY) SR PR BAT 1
first hybragihaatiilpbepfosd oy cfh e fatogwition,! Autigetthin @Deﬁnsalr@llakwakerthe Ia&say
contacting said first hybridizatjon product with a conbi nat on, und

* condi ti onsp@ﬁltﬁ@btﬁs\léﬂgésﬂ?bﬁféﬁ Hsed MBGS%VEPFIHPE@F greayf PPiES éﬁreéal d
first hybr t r.8i on
Commr i ove” bHEERIAAPr BLAMMOL RS, Pl ES’EPFé“?&hqﬁ??l‘éfgﬁ‘aaﬁﬂ%ﬁé’?%ﬁé"ﬁ%w
aisurface mrfepdasmg@amrlntdf Rhehcspahératdcy adsaycpatiewilbgsoths, sampled foashat tamyof
whi ch are substanti al I{ﬁ_ﬁl denti cal eac@akg%_l on | east

di fferent BPYIEAWRERES é“&?féﬁ%‘?%ﬁc‘%‘iy c?qdﬁé) “ SI V)eﬁ%rﬂaHFTéﬁson

“product or hyvRed digaidon product with a Iabel ed det ect or probe,
and 25 d) (?Z@Earggth?ﬁgeqrsbglt % ect| or§1 probe. ' Each of the assays or

pr ocedur es descThbencHoed dnmqtaneed)e) pearfanged dn & strigt br grent fresipghipot withimner , i n

whi ch | nb b 8 36, 6 .
308 or moFeeh BHhackiaR-kpr SRRHE sahaasiosten BE Radien 30 f e RineRD  thg R,
aspayed hg?h]a%%rggoélramrg%iﬁgg%lgﬁn Peekt #é%@&{ %95&&1@n%4‘éﬁlcl'piﬁh6r &in

surface rapidly and concurrently. Further, marry plates or surfaces can be
processed &t detesninediby trosse.oxgnpf edetpﬁabﬂéttm@rGxardplﬁgtmllg&W@P!FCUE | ar ge
nunber of samp ch .co sin

conbi nat or PBF J&%éﬁf’g‘f YPf f’% gr e beﬁd%%ig%ngﬁganf Q?mg]ibtﬁscerilfltt)’lrlg Scalft
pepti des, Qtd 8RN @elposi€sn oPd pmxb&rco&mt@m:p@-)mursr nﬁmermcmqaﬁdanbe .
separate regions of a conmbination as described or can be-added.to

bi ol ogi cal idantified blt h@’@@ﬁ’lﬂ of theigna! emanatiiedromdbe Helrige-8o fafien Pegi ons

of conbi nat.i on, n | ons
2 assays ButrGurRafyr SRR 1 oY OBrBSEN Ser AGTUER Yl b dEREGATST
and conti ngi¢idattieled Rpirath with Aidihingeisbably sp&munplﬁdtmatlﬁmmchprsganool S
and of methods such as | aser technology t erate L‘é IIect dat a
bg%@ﬁ o

from even derehsieddiracty Rerexampliphseshetype o éﬁaréj %Eﬁgh‘?’g‘f: cat ed
det ecti on ste EYelda r g.;,ggstm this

i nvention ¢ Orﬁgsusedagg?%ecﬁgn or gﬁﬂ%%h@ﬁ%ﬁ . or teng&gf t housands
or more of Aledrpaivels tpepartidss, bEads oz xtaniiitescani be differedt front end anotiter ¢hsietier
probes are oligonucl eotides, the assay can be a diagnostic nucleic acid or
pol ynucl eoti de screen (e.g., a binding or other assay) of a 1 S large
nunber of sanples for the presence of genetic variations or defects (e.g.,
pol ynor phi sns or specific nmutations associated with di seases such as cystic
_fibrosis. See, e.g.) litia et al (1992). Mol ecular and Cel lul ar Probes -,
505-S 12) ); pathogenic organisns (such as bacteria, viruses, and protozoa,
whose hosts are animals, including humans, or _,,~: plants), or m ZNA
transcri pt| on patterns V\:hl ch are. d| agnostl c of part| cuI ar phy5| oI ogl cal

~ N D T S o o o o




versa). 25 In another enbodi nent, the conbinations of the in ﬁgtion.can be
used to nonitor biochem cal reactions such as, e.g., interac&i AN A04
proteins, nucleic acids, small nolecules, or the like - for exanple the
efficiency or sgecificity of interactions between antigens and anti bodi es;
or of re¥OPFPYE(such as purified receptors or receptors HEHESI0G68%2 |
menbranes) and their |igands, or antagonists; or of enzynmes (such as

pr ot eases or kinases) and 2 0 JAN 2004 qo oon9o00$ 24 PCTNS00/ 16952 their
substrates, or increases or decreases in the amount of substrate converted
to a product; as well as many others. Such biochem cal assays can be used

to characterize properties of the probe or .tgrget,,por as the basis pf.a
screeni ng @é@%ﬁ# the pgan 66‘5@}%@8%3%@@8‘? H?rﬁgx ?531’12’55%030}3?& For
articul ar ) i b g ty as 5
Br ot eases %ghgaﬁlg q@{%?%s)g%mtghcgn éIB gg&peﬁgg'ég gk '_%‘é%d:gggaas?/g élrgé)grqlﬁ% gﬁtﬁﬁ’a%%%?ﬂﬁﬁg

whi ch' t he ficbgenes midrbstape geRluoresutrseriattivatesiped] Sorterf(6ACSach prot ease of

interest. If a target protease binds to and. cl paves. a,,substrate, the
substrate will fRACEYCEN gt I°§%5%°’Be F%?ﬁlaﬁ?de@eéﬁ-)cag}’ “@ﬁie%‘bea%gngﬂd the

separ at | on, RELNGEYANOEOR! s (AR HEEa! BY héifik Pinérbanat &Becibe™, iris
defected. 1M an er ‘exanple, to screen sanples for the presence of a

parti cul ar mkamdmeds yhat evg sybsBinces drycongionedd (e. & archer anygd arkhpizepecifsappition
cont ai ni ng one or nnrg ki nases of interest, can be anaged Oﬁ cpoin i ons
in which t#e® BRleBeDRPe and it tamges, Qs terpeb e HErERSBEEhY RV EHELD %‘f“lﬂa‘fitged by
one of the,kj | t5al roirkdd! : yARfked | HUthd¥isé associated

det er m nab?tgi cg%‘?i’aﬁ%tu?g’nﬂs){bt@é%1Jgé@hﬁegre?hgﬁﬁgﬁg \iﬂwg< th the array of :
subst rat-esto drie anathapsufpientyt thatibhe intendad dssay tin bheondaeted sBY thedertrsc ispeaific’s or

irically deternined period.of time. (I - Oy f
D1 I0ehon capt SPERITEANG; TAsERBRBeTynbal Byt e BORRRS Gl k0" B SehalBleciR

i nterest, ' i EN3E8 et bid adirdstglcigie reperkerp Bty
substrate %%%prﬁgggﬁ@%?;at%gbg%ngﬁg?aanItér rét%@) Afterﬂgtr?gtci ng i(Se. ¥

. . g!
washi ng) esdéctivelicto each othbe andripithd aksktnse efenyrProlesHOR EERIGHS MOt Eenaralivtee

ki nases and _undesired reactio onent opti.onal | v), ™ '
phosphor y| 81R6H COMPOPFTEE &‘%ﬂ?ﬁggggggfr&g?gego g'ﬁf?s\fbé?cqecfé? oPEeA,.{?'i r?élﬁb%%rlarrqatef%em
with det eC&a@kfed' td aBicvagrats Mikhcitns €ard-be ldettpmirdetouthaleleg, using
ant i - phosphotyrosine or anti-phosphoserine anti bodies (e.g., at a .

corfcent r at conventiondouethdds inthe ait.. nore or | ess), and the signal can be

detected. .In another. exanpl bi ndi ng _assays: ‘ _
exanpl e, SH2 do%g’i" Hgdg’ﬁ@ﬁ‘r@s 0%?@?12%8 rO%ig@Bwg%rg&géﬁggésegxypeegﬁéenma&yobe
arrays of pPfeaRirtAls8cBOFRBA! Yhaat RengdeRiondesd degre®bdosmplemantmainy)tbat will
screened on probe arrays of particular 25 receptors, fqQr the B{?ggeqce of

i mune def iesatdneinasleicacid(e. sramahigonuiretifeAnchem te hybmdize o amgHee fuslhicasish san
array formgt. ipat i f i i iRe Rl OGhil e
nmut ant enrzTE?’iE‘s E%C%cgﬁi %’ggﬁ.’éﬁtoﬁgeoﬁeor%p }eé&gb Lﬁgglg@dglg? ?o\?]g ot? ﬁeé%b’iﬁ:sgfl ?g W ?d tlycpe _
copmt er par trsinirdizidg noslspedifit diybeidizatioetty athemgebdtancen or uaiblegulher(pigsi a@sr or

pesticides. O course, MAPS assays can bhe used to quantjtate sur

Doant ity iohgoanieniide linkers) o1 (1o BOD MG B RrICOE D PRSP Sa8aeq"
active target_ j. e | : 11 Mot YoraBleriingdity tdat
i's, not m)%ep O{hgx}]g%%g%rg%ﬁéﬁy%%gqiggg%C%E%Egllgﬁﬁghgq%ﬂéQ?Jng (orn r.e%ct-ed :
or hybri di Z8®indéhg Partriet gednableitdte hybridizseunienséledtedsringeat hridization gonditions,

Bound.  on' (98 158 Hor *HahG SCRHASF ‘2 anart FENE THIET ESFR A 500t S50 ol
25 . general, an oligonucleotide anchor can range from about 8 to about 50 nucleotides in length,
preferably about 15, 20, 25 or 30 nucleotides. As used herein, “high stringent hybridization

conditions” means any conditions-in which hybridization will occur when there is at least

95%, preferably about 97 to 100%, nucleotide complementarity (identiry) betrween the

nucleic acids. However, depending on the desired purpose, hybridization conditions can be



5 avail abl e probe sites are bound, having nore target present woul d not
substantially increase the anount of target bound to probe. ?\ﬁy of the
her et of ore-nenti oned types of targets can be quantitated in i JANIMer .
For exanpl e, Exanple 6 describes the quantitation of olig g
targetsmﬁﬂopﬁgq%rmre, it denonstrates that even if a targ?t&%ﬂsﬁ@“@ gnt in
| arge excess (e.qg., if it is present in such |arge anmobunts- that it
saturates the anmount of available 10 proltge in a MAPS probe array), by
addi ng known anounts of unl abel ed target*“to the binding m xture, one can
"shift the sensitivity" of the reaction in order to allow even such |arge

amounts of target to be quantitated. In another egmodoi nent,  combinati ons of
t he i nvent$etastasawmhiplereqyiselesocameplemanteny, &§eAPAuLRAT: RS o duioat Boidle Among

{ar got  pr oBe Y REGrAIeT R PRREIE I Wi £ SRS s Do BIAGE Bt B 1C,

t he probe, tc}rgferart@fregﬁﬁle Tlincubaaem) ol ane &y of deatuearg stclpbsiforimamigy, elre.
The nodul at1on can take a variety of fornms, including, but not limted to,

an i ncr eas@eare.gletanekisek erelt(h88% MalasylaxiGloringi babarkiory Magpeel @8 edy Yols.

probe, an |ncr e.or decrease in Kate. a I.C e et t
probe . *f. i%i’ n(g‘?lﬁase%%gﬁr? rvgregp, Hé(r%]v- c%orﬂ%tat ﬁal\pA\}lé %}nh?bﬁl??g n o]\{lﬂ?%g 'J?)L?‘ri]di ng
of the propgptigizbieén, (BPEAE, Davie ePhl YIDINBAasKembddinavelasar Bididgy, Bisevivi t y

of the probe or the target which can, in sone cases, |ead to_dﬁg inc{j ase or
decr ease i BciehesspPoblishing, glnc.,i MNest a¥erkdn. FsicArampif SUESK BEIG RS matiRkeg
natural | y-ogcuzr.i ; C t nﬁﬂgp;, i n;id hei r
unal t er ed gﬁg?%uc °3%S§52°3}g‘f°§ga 8%%\%?%5%#%&1 ag é’c?g@?rbafﬁﬁ t ey'g%:/gil‘jnébelrm
attached, pgfarehéhodinefya®6\wrI38n ior greatey veelbplaw),rig aveites rangingfeom dbowtct | y

or..via a specific binding substance. For 25 exanple, to identif tenti al
"BPood t hi Ardetosabousrl 08 @& maere whi(Eha inseisrrae empodimdibertoit { Ha 3@8%%/\91@%?05‘
pr ot eases whi.ch ) d i . i f i

it er oot - cartipaopRLRan 0P aEs SphodifayiGR itefle Roff anbliCoBI 00 3850 it (na,, oy
for activi pyefegedl@absdimest, shman 0.1 | Mhdn aduffepheh as fongantpde, 6k SIPTAr(05eM '

I d by this i L di S i.pel ud ticides. and
ot bi 01 des NaGobRorNLS eHbP ik 1 MG 40D 57 G e BACEeaf Bndi
JAN 2004 Q. 0L 719008 2gBATd LR L BRE or B Tact bt PR u el Umisii i
speci fic kifnases; “or foF sel ective |nhibitors of the i nteraction between
SHZ domai nabemcht PastSioars(ired prefameg embedimdnt, a4 teasttaboutd Simaigiise) At 2 tanpperature

mbi nat i f the i [ b d .t f t '
odul ate. a TPARBITTBROREE G SSTON" G GBsPEI o YnERER: BB dron,

used, 5 fon. Gxaanks, dddilfSkad Ve BN IPEN8W RidhaRRCRAL 0 BnoEmBudliRasson

froma set of“genes is correlated with a particul ar physiol ogical state or
devel opnenttht imsteatien, tr reagtidn nditiomasen epprakimashpliysidegiedl gopdidiongenes, &

e

RNAs) or expressipon.patterns). By the,terns "cor te' _of i i e,
1S meant ¢ hat TETARR BT YRS o B R TR e R R et
phygi ol ogi %m%mi dah 0dlg. Oderve &6drchord W a8 pértidas 68liketd, ynd thatreddtien erpditess on
of a given RNAis | O respansi‘ble for, or is causative of aE{;arti cul ar

physi ol ogi crequisechte ackigye GResv dnteracsns With Bidt DiBRInGRRIAECES A SOV SN TS i ed

whi ch are expressed,.u % e . t }ga\ C S ' rve
as a nodel (BYERIMNR 19 @g?@r ?éc’iésgeisagéegg{sjpéa? g’; Pﬁgm&g{ttagg}agc?z%aﬁéér‘?\wg# RE:. 2]
expr essi on $53(cTH9AFedbriePali(1996)i U.Sa Parnr Nbas,5 bk270; Pishingfe: dbd992)ot.Sbatebt t a
pat hol ogi cal phenotype, can serve as a indicator of e disease' state

"i ndi cat orNogérid3,SSRNAAMenE BiepnedRation RatPErHsare bi‘gg"ﬂf'é‘ L pgntration, PH’
correlative" and "ipdicatory ¢ Lot er i dce _
e?#s treat ‘é&‘wﬁﬂreaaﬁ‘ﬁ(r?g?‘%’P%&n@?é’?@%ﬁc gfadsa p[t[l) Oa‘rﬁg,gli‘%n?ﬁ g’x;[ %{ngmr‘r)lﬁéﬁ@ixhi bi t
a pattern ofiogefeiftipteestions ewhiFohexdmple o ritest reginmr(eign atwrldl efarmyltisel géate of
tumor growt h, I n .another del f cahcer, use, i;nsul i nem .
cell line T@@Pﬁef‘iﬂ?@ﬁ“}bﬁgg‘&”é& ?C/g'?r Wr%%q?ru‘ggl glﬁﬁbj prhge aﬁ?“ﬁi‘g’ g%érg(:hlgﬁs’t he
expression of... e.q. iBodi¥[d.£, bhfaX RE QaEb&IY-§ecifkOsecondary
housekeenpi ngg%beoﬁlég’ gﬁ%ﬁgggd@%ﬁagﬁgdodﬁ%( r%rra?ﬁgs substanétmi[yalgplc _unaffiectgd.
Agent s whi chatitddies) i anvohuoné raggengefrbin abfoub fhlatodibeetak¥) ero@ere Pgﬁlﬁ RFrelerre
directly or indirectly, and either in vivo or in vitro (e.g., in tissue

cul ture), nodul ate the indicator expression pattern, mght act’as

t herapeutic agents or drugs for organisns (e.g., human or other ani nmal
patients, or plants) suffering fromthe di sease. Agents can al so nodul ate
25 expression patterns by_contacting the nucleic acid directly, e.g., in an
invitro (test tube) expression system As used herein, "nodul ate" nmeans to
cause to increase or decrease the anount and/or activity of a nolecule or
the like which is involved in a neasurable reaction. The conbi nati ons of

r e o o o o - o

.(.
C



PC T/ US00116952 a period of time ranging fromabout 10 m nutes to about 48
hours or nore) and, using routine, art-recogni zed nethods (e,g. ,
comercially available kits), total RNA or nR N A extracts cgﬁ HAN 2BHe. |1
it is degj anplifjF-the anbunt of RNA, standard pro h as
RT- PCR ar?’p‘??&?gtgg ion can be used (see, e.g., Innis et al ?@P§®/%g%6) PCR
5 Protocols: A Guide to Methods in Anplification, Academ c Press, New
York). The extracts (or anplified produqgs fromthem) can be allowed to
contact (e.g.) incubate with) a plurality of substantially identical arrays
whi ch conpri se probes for appropriate indicator RNAs, and those agents

whien pr ¢ ror te indical . .
bo | dent | f FRBoS e gt § 0 bt ool iR DL RS w6 R aTaR A ) LR
conpounds  whilhoh01 TN 1hBGRE 16 IS (@XPpRSGTedrntodgaaR bbbl nbf)anadufier stdve

with a disease state. Siml arlg, agents-can be identjfied which nodulate
expr essi onagdot ennpla SXSSRE-FJPRS n physielogisrhsalisayandineghates Wik fieanagprs

d | tal, st ... Such t . - i

bt ahe a0 on it SR JORRveRR AR o Pt fies BN, B st dbgBE0 Hoks Mn RCEME:

e"’gr yoni ¢ Q@Shﬁwﬁ%% 1%t abBut18Gindies ) at PRyijetdtogiramiing frant itons4® ©rto about
|

subst ances nportant in agribusiness _such as pesticides or herhicides.
Al so, such 4aY€n(is aqacfetred embodipedt, ishouttdG.). el RepHdeiarghers adfnal ohghetgat es
wi th ot her sgeci g; and t.he% c&n bqe attached, covalently or noncoval ently,
to a bindify W‘g AMRS 153 S APy or via a specific binding substance.
Anot her enbodi mMaRkeRE efbediieNE BE thHeMnVéntian kdath useorin droarrdytan deterect woh thf  at -

least one 10 target in a sanple; which conprises: a surface, conprising
mul ti pl e spachaspcific partien of itegrssronding linkgisio spwrslﬁ?lmﬂfecﬁng gree as do the

substantial |y identical, e reqi LS s d-easth;eight Ll

a;@hor s ( oloit%‘cgrﬁ%{;‘%%tl? HE argay:' ] Hgg.o%ﬁcﬁegmg? élt{:drnnfg?}gﬁens&ngé le::hrl? 'tc):grg Enh%?%ih%i :%gand
b) a cont aipekors SpaifyS sibstadtiallgasmifoanarty baliakéroaad, thérafoze, probescul e, whi ch
.has 25 a first portion specific for at |east ong of saig ar]g&t;ors .ahnd a
second portion tTHeanshenswithina sespragien Gam ReR | 8enepe cidhi SaCk dRohar of Ydueh 6L of

said target,(s): |n,one enhodi t. Q- ' ' 0
* above and ég‘?%ﬁd BARE PF TOFS %f%lgv%gﬁgﬁlggﬂﬁlﬁtnlgﬁ{é \(;g’ g%%l%ggg% e.S’?%‘s’%di?ﬁ@}
anchors a hjyuReidHenBht withdicferingt e etd erortidriscihub asinglé amrst ofgenefioanahoéc cé1 ¢
for at |east one of said anchors) and a second, o&.lti . t hat %orrg ises a
pribe 20 braNedooRrogRmReROEEs apETiedSein oot daeslexpie BatR ¢yl AB5BET Y i ¢

for at |easf &6 § 2508 can BOGILRSUGHD HIerefalitd PiEhidd addl. BRADHNIGsHRY 2 are

not Iimitedt escription of eac the anchors on the surface, an

i ndi cati on @frfagewHiethyoraprisesn$ tedheegions, eacindfl whishecoprrinshen guny a€&€ diffesensr e

| ocated, and a protocol for specifically attachi (jassocj.at | “hi.ndi pg,

etc.) the |#nskepswhishimbisaapglesan ESP&%WB&% % SRR B et o 3

ol | gonucl cobt fese (JiiahaBbIdLS b Alks CaRhbNE! WRN!BGn Sefiuenaahdineady aiichbr
[

fromwhich a prac oner .cah design conplenentary anchor-specific noigeties
of 20i nker s t@mpridesbaeporspe tiaf isspedific Fartanclia. lgand sependiporEion d)at ihEPeaHINGF s;

if the anch ti ,..the inst ti [ ' t,
c. 0. ant | bOGESETRNACh AFRE TR ST oL bR b Py RS A RShl T et

i nstruct i ong, afsela$BridithdesReificgbPaRhof Bbutsvaibicatprigestdsecand partion dratd
i nkers, e.qg., congl tions and reagents for hybridization (or ot hgr 1tl%/?ﬁgoof

associ at i onjs specificafor tagga xRN &rZeinatedd of EESMRNAUbal Pes 2nehasdi ¢

reagents for renoylng unassopiated anloghliSRobe: fr ciBsioRl odiidrd Brdidie.

Fur t her nor e SP%¢ _ nrormation on the construction
angsuse of ARV QARKAG. THOBRAE of Bétterfingland krachin} slhigh swdluien eanema(autajfof
met aods, e.g.) to quantitate, nornalize, "fine-tune’ or cali br.a%li)éggﬁaa/lg to
be per f or medligbnuslaotidescasipspridesicam5e eXBEaSIVRRerEeISBRO AN A RESHS ikt
the paraneters, ndi tiaqns, or ' i | ik RS e @RI Hro6d 4redyss
all of whi c-%&&hﬁﬁ%g%gffgfﬂgoﬁgg%kg?j%c%\?mgtt%%lé%%ﬁt i onal tE)t?’océjél.ures, by
one of skil lig hk 4d¥@n@EE of this invention. :
Although the generic anchors illustrated in Fig. 2 define a pattern of oligonucleotide



As di scussed el sewhere in this application, a practitioner can attach to a
surface of ~~the invention conprising a given array (or arr 2ys)AN @04
anchors, a wide variety of types of ~~~ 20 linkers, thereby programm ng any
of awd i of probe arrays. Mreover, a practition F&ﬁ?% ve a

gi ven seS’v%?&Jfgﬁzr’lier-s froma surface of the invention and gpr 00{1? anot her
set of linkers (either the sane or different fromthe first set), allow ng,
a given surface to be reused nany ti nes; This flexibility and reusability
constitute further advantages of the invention. 25 In another enbodi nent,
conbi nati ons of the invention can be used to map ESTs (Expressed Sequence

Tags). That is, MAPS assays can be eld o0 deferm ne which i{ ny f a
group of -%“PECSV\HFe‘d@%‘FFéf%& ar ’F‘F?i’rﬁ"d‘rc?? & BRYS PR{&E{%FW“%% ?tgfjp‘?rﬁgﬁs’
portions o : i€, 3y f IR onk b3,
19, 20 anaies FHE B BRE BT 606 S 00, ), CRANY, MLy PR or wek sl
det er ni ne gk the fahg@oftyped oflfhckSTlinker entéracitmsl'e.g peven moreGogmiexlepers\ed

ooi ~900s 29 PCT/ USQ0/ 16952 compn gene. A first st of the assay.(se
Fi gure 18) 528dvishad seminigeyhas s P eﬁ\/FHCéﬁSé?éeW‘H?“ﬁPéiyééﬁ‘@“E IOB%yI;l?&B’ptg’a is
regresent e&rﬁ%e%&’amﬁfstgé?@ﬁs%déﬂ@&ﬂ%aﬂtdffé?s poRadyAahgdzor responds to it. A

nufber of arrays equa o~or greater than) the nunber of ESTs to be mapped
are distri but edli onsephoditrent efithe itsvefigory ancherss (cal ineragt sayefsiide withnlinkess;
illustrated 5 exanple, the surface of the conbinatio onprises 16 well s,
each of whif® ao%?ﬂgg?1"%Qé‘i‘FCQPFSé?“aB?rel‘ﬁe%F’fﬁrgwma_l‘%:ﬁdgsﬁ_ggﬁ%fﬂ%es' For i,

ol I gonucl egf Eggp?mcﬁu Eiftlodcahbe s@iiratbd HOAHGE JABLAG 1M Portildfeshkeeby,t 0"
an EST (is -specific") 1s one that is sufficiently conplenentary to an
EST such t fiatexamphter hsaingstepdhaticriseg thettwhydigoniceetidas te isercigtenad camthen

i | ept i i 11 hybrjdi ificall t . .0t her,
kel at ed BerSounhieaseiant R T 60 b Tsb Bt B b i B b itk
bi nd speci fiealdnukhiHpoano phid@ily aamdil tomalke, ioaidiBecaivamggoof the imeatbmng
strand of a cDNA synthesized fromthe gene fromwhich the EST was

original |y generdat enchor does not neRbesardly haMe 3¢ drtqract drith #dinkeinel 97 S3MB:AR t he

EST was origi,nally gener d ..Factars_t. nsi L hgni

ol i gonucl e&ﬂf%s?*}/"aﬂa Wﬁ\t’cgd@}rﬁ%@oﬁr ﬁgélgeﬁel?@%ﬁg ?o&gée&%& P?rlglgégg’i 'h&glr er to
achi eve spqgiotdchréti®randicaatheeby e thdochlize usspod wéthirwipeideeign fohppose of
application. In order to assenble the arrsg | i nker 'mo) ecul es

s, re
prkpar ed, eegibiratfornbttoer Sepestsagface prsl theydeserter. f AdterAtivele aaﬁnam; SRdtfor s

of a generi [ra us a_noi et 181 | b e0ink a1 RLARRatk diat
correspondéacchedo”?ﬁ hg#‘“?%a’g%ﬁ°¥%8§ga%%%pe%;&a&n%dts%g@%?ngers arg1 at t ached
to anchors Askeesq ibegurpbsewheddritiont his : Y . f application. In a
subsequent step, an aliquot_of a_ sanple corrpri,%g a.mxture of .nucleic 20

acids (e.g., nRN\Ehederms|‘higjee’ asusedibrzeinssieddaddy LRV OStARGE YRR ich
e

probes, is a e Tegio ch conprises a probe
arpay; the ¢fithé aobotsy drvRar-sprcifiotand asacked paption that is aerobs whishds sseifiedor

condi tions, thereby permtting nucleig acid to.bind to.conpl :

o7 obes. 11 &g PRt IRU 71 b Fishotinhs R RERPE Y Apined via

di fferent pﬁ]\;aieﬁpér HncBvatent Fnkes sMHChLHE afsdhed dirdafly Britir@igh aadhttrmediatedi nd
e

to each of oci Inthe array at which one of those probes is |ocated.
In a subsequent Fhephemical fdterceritthelanchor-speaific gortinn ebthedinker is, of gourse, a

(see Fi g, 1 Bcuat oEbe ErgiT B FUSABT QuTFR 1 Regs o R b L SBueRa e B

Bgl g 0gg.pggaigd%ﬁeteoﬁ%tﬁpsshfoh%f@é HALQIwisioh ieeReieithdt car?Be, fANeRANHe\D
peptide which binds specifically to the oligonucleotide,or a nucleic acid which can hybridize
efﬁ‘ciently ;md specifically to it under selected stringent 'hybridi.'zation conditions. The
nucleic aéid can be, e.g., an oligonucleotide, DNA, RNA, PNA, PCR product, or substitu'ted

or modified nucleic acid (e.g., comprising non naturally-occurring nucleotides such as, e.g.,



PCTNS00/ 16952 a different (at |east partially non-overl apping) portion of
the EST than does the probe oligonucl eotide, so that the, probe and the
detector oligonucleotides do not interferée with one another, ,Consi der, for
exanpl e’wtﬂ) - g's depicted in Figure 21, which correspond W@f 2
and- 6 of |§u es 18-20. Figure 21 indicates that ESTs #1 an were both
obtained 5 fromgene X (they are "linked"), whereas EST #6 was obtai ned
froma different, unrelated gene. If al l@uots of a sanple containing a

m xture of nRNAs, including one generat fromgene X, are incubated with
the probe arrays shown in Figures 18-20, the gene X nRNA wi ||, under
optimal conditions, hybridize at the loci with probef .1 arg:l %b t not at
t hose wi t hinosine; jsheedovia vqrius koaws kinkagge HchrRAUATEIte U TaRifle PRASPRRIP RNk c es s

over the sumof . th robes, 10 .to whj i { o ZB ) ;

ol i gonucl %%ﬂ@hfsﬁ%ggad%aﬁb%at?’eogr i a()éﬂc?x{l\sﬂgf%ﬁ?d&n%ﬁ%ﬁ%ﬁ%ﬁ ﬁ%/ﬁr]?bé{lgsg&? %Q{dﬁ]e
gene X MRNA WAL etS). DOMBR silandl @dictlesadie plefefretth@hprpmvtompf ayinkbuwhichts at
locus 6. Simlarly, if detector oligonucleotijde 2 is added %(? ariot h(fr wel |
.- say, wedpkcifig for an oligdnuckbtide anqhar s2n rasee frorahoyt 8 ALMbeY BUCIPAHIGRIY

fashi on, one can determne | ' i S
ar® |inkedenst epregga@y%putpwﬁoﬁg%gébt \%&Ifg)g@gg'ggﬁ%?qﬁ@ngmvﬁné%B%SE?are
uni que. Fog,fibe ohyteaidkes Waih ¥R witls taen bene ki, gn adfantibedy, ian ahtigenkE6Ts
encode portions of the .sanme gene, the last 5 ESTs encoq_e ortio %?‘{gf’%{ o
ns'o

anot her gesmallenfrdgmhet of orapithesy EETeules Baueh ¢t INEFRhHIPCHIREY Y

hybri di zat L, qn, opti onal h p et L } are
di scussed %‘&ég\ﬂﬁgsr & 'i’ﬂolfﬁﬁé} g%}iﬁ%i gfé?%n%q? h&pé’gg’?g%f/%?ﬁ@g? hg’? ajl\%l&lllgcgs
assays. | ndQkdeéd isoveodtd wiick ben bdrak agthedatBomipeaifitaqmriion ohelink@Sraselly, 10

one could perform PCR reactjons using, pairs of EFT.-SFC?ci f&gc ol i gsnu | eoti de
pibbes as incthe agand cavpe designeddis g QOPXERHGNAT PrOGECY PR TR oul d

yield a PCR progduct, No t j b P -c;negfﬂﬁq%hért;@, dredoupeed to
determne |i nkagge &F?rglcc%[s§/1£t\t/]\nlaet %%g{[esta’%%%é&tﬁgc I?igﬁf(age MAPS assay; however,
many react gegoNBEhE tdget TeOMhitk il is aprbbe and wEETwhich irenteveotsl Fohexample ibbe

synt hesi zed as both sense and anti-sense s_%_rands. Far. t he iIIushrat ed 25

exanpl e, 1Bogatuete periculan FRNAuthe BESSSREFIFE POTIRR Ohdhe digkes cant Re ¢4 &Rt i on
relates to a ne Lo i | thérfefinERNASBITONAS,
conpl enment 36%/01}%{}%%%?\;/8%@35@%&0&%0%,t&?]c??rérrglé Ss?lr%g?adg)lhi ncurtl)_éazti ng afn . :
i Db | | zedndurisalectll hybiidizatio entdititmspQrizest skall i et eare uging arrigepgnized

ponds t h, of said ESTs, with a test | i , ai
ol U o von methadoTspBe el e Graces BF ectiErp e CRRRIE -
obtain a h)ég{ilinQ%%IS mn%gewm BRI BYbS @ s I DRGSR M, dReffedie DNAGbSa d

nucl ei ¢ aci ncu I'ng said hybfidization product with a dgit eCtOIi]
ol i gonuc! e®NAl¢z.g yreahowe)r egspenatj shet longth oE@TOligonikicetidaprebeysed & gistinguish &

[ | eotid . but ich 5is. if] i £nt
por U1 on_of aESLIBRNARHErY 52 FebEOYBNAEF e Rt oh ARBadEd RUASEal i =
Wheh ol g%ﬁ?gg»% k@@ab%h?%céﬁotiﬁ@é il 1@t yree ablyabeliers, by, 22airds detlectidss.

olTg. onucl eot | wherein said array of, ollgonucleotide_q£ bes. i s

i mobi | | zed\mnligomuetratide Probs foorust i AhipSiemiGRAlerssR I Hhdr! iSatqtnlaree
conprises 10 .1) a face.conmprisin . s nat i & @, th
subst anti al af/k%aﬁfﬁcgmpe}l%ﬁgpﬁéﬂéag’gl%h%ggpf)E{a&%ﬁ%E%B'#E%Eaé%rgbfdéﬁbe(@égt udei ed,
each regi onoaRiIRY ipfdgien BLASTI Hesequncet ¢ff stigenuclastideprebexaalbetselerted suehrber
of ESTs to be studi ed, each anchor in association Wltfil 3é g.blfunc-tl onal
| i nker whi dhatiizey are muteallyporelatechandare dissimijz dTom poteRpallyjRteHGRRg FedUgpEs 10

25 known genetics databases. The selection of hybridization conditions that will allow specific

hybridization of an oligonucleotide probe to an RNA can be determined routinely, using art-
recognized procedures (e.g., see above). For example, target RNA [e.g., total RNA or
mRNA. extracted fror_n tissues or cells grown (and optionally treated with an agent of

interest) in any vessel, such as the well of a multiwell microtiter plate (e.g., 96 or 384 or



15 a second portion that conprises an oligonucl eotide probe which
corresponds to at |east one' of said ESTs. In another aspect, the invention
relates to a method as above, wherein of said ESTs may be cérfbMaNeiltary to
sai d nuchgh gopbs, -and wherein each of said ESTs conprisesp&yRisesizosr 9+ -

di fferent oligonucleotide sequences, the first of which de¥|nes an~~"

ol i gonucl eoti de probe 20 corresponding to said EST, and the second of which
defines a detector oligonucleotide corrggponding to said EST, conprising,

a) contacting a sanple which conprises nolecules of said nucleic acid with
at | east one region of a conbination, wherein said region conprises an

array of oligon otide bes, at l.east one_ of i ch.carresponds tp_each
of oai o et e G b abis Sust s sratifind o iRsRPa i TBRERER Bel
permtti “%b@?%)%tﬁ Bt fsusifh 6 RUSPELT oR6iHdrd, @plbRdlly Contahifls RS hpe@its e&dvendi ng
ol i gonucl eoti de probes which are conplementary to portions of said nucleic
acid, c) innepatificchisding (e.ggiaboutchinme/mil Wgeradké datreng of sabmer sparel BN, £¢i d

bound to , on r nore of, sajd EST-corrt.espondi.ng, ol i gonucl.eotid [ :
with a det¥asdNAxiBdnF ‘45 CTQ‘%%NY : e 'ﬁgt?gfaf‘ggé% %P?@S’ﬁrﬁg@g%t i de
whgch cor fﬁ&ﬂgﬁ@t@eénoaboam@ﬁnﬁt& Ml A e 2Bt DR MEWYs Qiea Plefdrtd ehbodonsin) ot 8le
probes of said array corresponds, thereby binding detector oligonucleotides

to nucl ei chars)d Thelseingeasy ohthe hybridizatisoisau be shessares & oelisthry shugriagancre
Phore: o acruopety SRR e % BB TR AR s PR Tt Ac® TR

ol i gonucl e@ésiggxeénd UsB@F Sﬂll\cér iﬁz@ﬂéﬂ pribedchra\ilis6 Porinb-if @lie &% RONdsiscussed above.

ol i gonucl eoti'de probes of said array are conplenentary tq portions of a
nucl ei ¢ aci d whiTbt dnchersspesifisaand @pvt@rge@ﬁpygggmwmd@f gdinkeb can dpdalcAg

pr.abe, theyeby identifwin i C | ene I Sad

nd@l eic ac{%aﬁféﬁ‘j zﬁei);ﬁydgg\p&aﬁ/v%}%%ﬁ g%‘%&%‘?gtn?g?%gg%telg&ﬁ%@%’ (an’}f%ga:é?ri@zoefd on
a region ofyhRhGOABE digéritiahto the invertici. Miseatwed wortibhedn joinaddirestisod thraugh
surface conprising a nunber of spatially discrete, substantially jdentical
regi ons eqamintemmediate metpetle.ofn E@I’Smbédlﬁéfn&tlﬂd'}’}élef} bEHCPRTHERS ShnthE dIRgET &eng

2) a nunber,.of djff.erent anc _ f idi ed,
chch anchoPiEenealeelaramest A r imaibioattat N R & pHepibdiGiar Bofde
first portig 4 Saglel SolRechiddc iad. hencting hathodimentainseltiol thepmehorespetiffiat
conpri ses an oligonuc| eoti de_cgr obe which corresponds.to at Ie&st one of
sdisd ESTs. pamiendsmponigenyclesticsranddiye tageirspeCi{icsRartien is HECSROEIRT SAMRIE 3ny
order. For ~E. v botein. i th M8EtonBidaR bad S@EhREdi
assenbl ed é%EB‘é’E foatl lflytﬁe @?@P?‘JHE%%%HS‘SZQE%%& t%%in?ér? tthél prg_leogence g%tabslgnce
of report emfoleciisas, br eamnpletif adhidinis sidstratedrin &gl 2. Nidianpdargations of sush linkages

are known (e.g., see Niemeyer et al (1994). NAR 22, 5530-5539). Alternatively, the two &

portions can be joined directly, e.g., an oligonucleotide can be amidated and then linked &

20 directly (e.g., crosslinked) to a peptide or ‘protein via an amide -bond, or joined to a
membrane component via an amide bond or a lipid attachment. Methods to form such
covalent or noncovalent bonds are c;onventional and are readily optimized by one of skill in
the art. ' |

| After two substances are associated (e.g., by incubation of two nucleic acic}s, two

25 proteins, a protein plﬁs a nucleic acid, or others) to form a complex (such as, e.g., an
anchor/linker complex), the resulting complex can be optionally treated (e.g., washed) to
remove unbound substances (e.g., linkers), using conditions which are determined
empirically to leave specific interactions intact, but to remove non-specifically bound

material. For example, reaction mixtures can be washed between about one and ten times



anchors. I n another aspect, the invcntion relates to a nmethod of
determining which of a plurality of ESTs .are conplenentary ta2 8 $AN 2004
nucl eic acid, conprising, a) incubating a collection of bifunctional

ol i gonuc i nker nol ecul es, each 25 of which conpris

portion kﬁ? 9'gl%géa probe that corresponds to at | east one g §§§w{§§ﬁs

a second portion which is specific for an anchor oligonucleotide, wth a
test sanple which may contain said give ucleic acid, to obtain a first
hybri di zati on product between said oligonucl eotide probes and said nucleic
acid, b) incubating said first hybridization product mjth an i mmobilized

array of 20 JAN 2004 WO 001 79008 PCT/ USQO/ |
ol i gonucl e6f m%mdm%awe@ééﬂmawgﬁ °r5ISFWHE?°é%ﬂ2tf t@%ﬂ {ﬂ%é%%sr? Joaghigye,

anchor specif b 'ﬂé%: of said |i nker . mol ecul es, to forma
second hyb tl’éd'lgozrﬁ) Lé)%f hg%/hllcl:lgﬁprl -sal d anchors, said oli gonucl eoti de

probes and sai d'lnmclcembuaubnis, odndns:)lnvmwﬁammdbeelmﬁ@rfa@aﬁed fautigelyorusing d
second hybridi zation pro?uct with a 5 detector oligonucl eotide, which
cor respond§°{lbe“é1t‘?n§3?°tf“(9 Q#it ch one of said oligonucl eotide probes

corg esponds, buteg &ft}hé SurBReCwhich cfaﬁ"oc aséli hftBE RVenti@ dreqBadify dviiHlafiSTrohan
is“said oligonuc eot e probe, and d) detecting which oligonucleotide

probes of sairdnatinbsupatiers] kbepe«ﬂerb;d mbaﬁxmentdéxeéérfme ’(§|a| ndéfeen 1 96, well
wherein said array of anchor uc etld S | a of
a conbi nat |T61ﬁf°‘%ﬁre? éﬁerﬁuglé?%lm@g}ﬁﬁ%ﬁg?@%ﬁ é&ﬁ(;ﬁ?@g@ qg? &g%@%l?coﬁ#}g{rz“?@l ng
a number of, ng{%' w A gedhe i nyrd URRh e lahéma:mﬁrarmaafhple&s @0 b2Formgi By

equal to the ESTs’'to be studi ed, each region conprising 2) a
nunber of dnfci'mmhumagcmmubstamasuqm a5 haluminyse roroSteEiSTe . PIEPYE &t thC'D‘

course, the above rreth ds for . EST 1o

sehQJelnces (TEICQO‘HJEBT[‘%H ﬁ‘%B’t ;ﬁ'téré‘fap ﬂﬁq%n rﬂ}toh %@ﬁ:i%tiglw oﬁrtg%@g? as f
exanmple, O ETyn lde iVelyOd stiiftre GuEH) OMTAGIRP merﬂhlé& map
to the sarrgﬂggﬁ%?n@% % % E:ochureecoul d aid, faor exarrpl e,.in the

structural ghmlpmhstlc,cmramﬂlq ert@e li mpm aggerdied, g8 frorg, thepeplesys W&HﬁéFmsﬁne
can determ pe or |l ced C

to the samﬁ@éﬁ%}ﬁg@eﬁﬁﬁx%ﬁﬁ S§Ctb°é’t'§?l ?’?@E&%@%ﬁd ggj 5&%?{9\? exanp e

in adi agnﬁhﬁtﬂ)ﬁ?&t\b&ﬂ%ﬁdﬂﬁgé‘%hs Q%Emrscﬁldmtﬁ&kl aauuﬁdmdzl:r @gsféa) which
condi tion ch are characterized differenti al ﬁd}é-f?f{ ngﬁp t erns. I\$1

ot b&r appl i wilt fcnmsthefsubduélsrmp}pﬂrrdgmﬁéﬁhwﬁhwan h st W roestion @lEdR in -
the art. In an Is.

det er ni ni ngb%ﬁ t 5)?) h:6 i I“U legitl”? Eléb I%llt r{%ﬁ:&%govgerrgﬁgig%?fe}ﬁn%;ﬁsg\xlsto a -
gi ven nucl efrge 36dadatoMbRT BE, lfoﬂéb&nqﬂe r@pﬁcebf sreatadiah od. gnsndﬂcem i witts holey spased -
conplenentary to said nucleic acid,. and \/\hereﬂ{}teach

pol ynucl eot thteeghouinse iteat saehwholavrifl fpam theovals FeébYVFﬁé” fge@qtggﬁggg ple:f:ﬁseare 5
first of which ddelﬁr;&rlﬁﬁd@mepu 6?&1 Vﬁg;ﬂ'ﬁﬂ’.e aREiR et FrnBRapNde. §95ﬂ1@o§@|sﬁaped"r

pol ynucl eot {45 € secon defines a detector oligonucleotide

compespondi fgthe form of a screen or fine meshwork. The base can be a flat piece of material, e.g.,
glass, in, for example, the shape of the lower portion of a typical microplate used for a
biochemical assay. The top surface of the base can be flat, as illustrated in Fig. Sc, or can

be formed with indentations ‘that will align with the subdivider shape to provide full

and

subdivisions, or wells, within each sample well. The three pieces can be Jomed by standard
25 procedures, for example the procedures used in the assembly of silicon wafers.
Oligonucleotide anchors, linker moieties, or detectors can be synthesized by
conventional technology,.e.g., with a commercial oligonucleotide synthesizer and/or by
ligating fogether subfragments that have been so synthesi'zed. In one embodiment of the

invention, preformed nucleic acid anchors, such as oligonucleotide anchors, can be situated



20 JAN 200 WO 001 79008 34 to said pol ynucl eoti de, conprising, ~crmsoon s9s~
a) contacting a sanpl'e which conprises nol ecules of said nucleic acid with
at | east one region of a conbination, wherein said regi on co@r UAR0HEN
array of oligonucl eotide probes, at |east one of which corresponds to each
of said NP YHIEI%oti des, 5 b) incubating said sanple with S PN,
thereby permtting nolecules of said nucleic acid to bind to said

pol ynucl eot i de- correspondi ng ol i gonucl epf{i de probes which are conpl enentary
to portions of said nucleic acid) c) incubating said region conprising

nmol ecul es of said nucleic acid bound to one or nore of said '

I | eoti de- | di [ I ' i ; .
PPt Jonuc! G0t i 6, SCaR e ol R Np i, B B VA pt'cpvéhdmIaEtidtiods,
of the ol ii?ﬁ{}&%ﬁl’?}fowﬁh G &f sib@t@emichamicad ratesnes dispbsttiabpy hinkdjeh g
[ e

det ect or ol i gont ot1 de o0 nucl eic ackd-nmol ecul es which have Bound.to
sai d gi venedinoleyy chpitiaiescprenber Snid shamgk chip, i esHoehaBicrlRATRIBE USRS ch

are conplenentary to said nucleic acid, . s s fyeai d
Getector egoRRATEG: Fauseg b p i dranif by HERAGRUER MIRR R RRER GIUY

poj ynucl eqhi,gigrfobAeINRAI{seE «F.] RDMUA LeeIIody PSoPaentdfio.sa545, Bl Bydamat af
conpl enentary to portions of a nucleic acid which bi nﬁi to sajd )

ol i gonuc! e@pdéle LpB! Patent ot 54&0.280: Eansuerdii wg ap(bI)- Ve et ﬁﬂ’eﬁ%%%g

whi ch pol ypucl eot ] r I (YA i i u i 0Ad5070). -
uhich Dol BUCLePLAGS B1E SAIRRAIIAD BcetioT Y RoaueL asUsor0).
of a a'.~ anctdrsedbbdglatodon WpesRhe siirfdcd of ankstmegivmnr conpy, fgrexampleainstie f ace

conprising a nunber of spatially discrete, supstantially. identical t regi ons
,equal ‘to tdseohapblyrcrylampidr galnecigibedded vihipdhs Cédl‘?.s‘éécarf“?rgﬁfg'f? som
conpri sing a nunber _aof diff r : uikRethe Ghker. In
pgpynubl eo?’iz%fegnct%(?r B@@%ﬁﬁﬁgg,tgégjgﬁacgﬁ féra§laﬁ%§§£oc§téxiﬁgxtai9§%r&m th 25 3) a
bi f unct i onglydfikeembbdistentagefarrhéd cliganatlebtide tiribrs aye sipgvatized at e X tead

anchor, and”a second portion that conprises, an olig,ogucl eo%f[ de 'Bra?lgg {gfni ch
cor r espondwithe free amane groypedisoledaha HHICERTALIOBIP Y A HTURGI I Ee 8 e&eof
the. invent,jon, the.ab t £ 8 spednds BDIAJesd
further coﬁ?ﬂqté&&g%gﬁﬁg&gﬁ%%ﬁag§opor oﬁ?ggﬁbgﬁgﬂtggfml..e bet ween or‘:‘e:i or 2
0 JAN 2004 gMEHIdASDBP Ras didetdisptimer (lagtssian Peitinolgys) Boboplets ohpkauh &4

enbodi nent of the inventjion, one or, nore targets of | [
YA, 01 onmsiars GBI BFCIRRAIRPES VRGP BOBeRE BY e FRS of £58sh,
transcri pt ?%DW%II{‘@?‘%@?S%E @o@ta?)h%d&ﬁ&h?‘ﬂn?tﬁé’ rdl@ive matecdfoligonaleotidei s

type of as IS 5 schematicall'y in Figure 8. RNA extracts
(or purifi edadhRieh) aed evapoenmneiti nfay bmremiited to contralsheBuraidityda the Be HENEG n.

Reverse transcri ptase and ol i gonucl eot.i de pri.ner | i £ .

the RNlAs orimATEIABe 1n 476 T SHOSHTER: SHETNE FRRAC Sl b B ead afec

artrecogni Zoﬁghé‘ QRiddl SN 1D L g0 &SIl eBfveridhsNmeABdD suchaust egellightiactarmidned
e ' :

and optim zed, . . . o ' cas
20 . deprotection of growing oligonucleotide chains (e.g., in conjunction with the use of a site

directing “mask”) or by patterned dispensing of nanoliter droplets of deactivating compound
using a nanojef dispensér. Deprotectién of all growing sequences that are to receive a single
nucleotide can be done, for example, and the nucleotide then added across the surface.
Peptides, proteins, lectins, chelation embodiments, plastics and other types of
25 anchors or linker moieties can also be routinely generated, and anchors can be situated on
or within surfaces, using appropriate available technology (see, e.g., Fodor et al (1996). U.S.
_ Patent No. 5,510,270; Pirrung et al (1992). U.S. Patent No. 5,143,354; Zanzu_cchi et al
(1997). U.S. Patent No. 5,643,738, Lowe et al (1985). U.S. Patgnt No. 4,562,157; Niemeyer

et al (1994). NAR 22, 5530-5539).



the first strands of cDNAs are generated. The term "specific" primer refers
to one that is 10 sufficiently conplenentary to an nRNA of interest to bind
to it under selected stringent hybridization conditions and 2@ Jﬁé’c@@hi zed
by rever%éoy.@&gcri-_pt ase, but which does not bind to undesidi@gkggHgdssi ¢ acid
(see above ftor a discussion of appropriate reaction conditions to achieve
specific hybridization). Residual RNA -- nRNAs which were not recogni zed by
the specific primers, andlor other typeg2of contam nating RNAs in an RNA
extract, such as 15 tRNA or rRNA -- can be renoved by any of a variety of
ri bonucl eases or by chem cal procedures, such as treatnment with

al kal i, .l eaving_behi nd j Si C ; § InShinathns dteedddyinph aced
in contact wt nasqwgn%‘;ragglghgr%rkgjf.lagfﬁr[elggé%w%%/%rbsdﬁéanscn tase in this

met hod m ”Ja'ﬁeg\,eﬁf sdreerige frocedureximisd tecothaindhfarmation iyt thbilevs!, aghivise or
sensitive to de

gradation by nucl eases and-4hus diffic .Q WO, it 1.
Fur t her norsiuctineofiid prabened targat molegnles eBFHRERYATE ﬁ@ﬁ@g‘&é%ﬂ}‘yﬁi"é\é\@ﬁ%éi‘f ic

esay. ot (RARY BTis Bl B B o s e o e

assay. Opt escCri be” anplified before
hybri di zat j9Bed #hicharPuRbdonthe agsayoarenermneasd ARSearsiyg 0aMAPE pleash.  The
ol 1 gonucl €oti de reverse transcriptase priners described .above Ket-TiRgelo rei se,

at their 5 endThe SOMPEREHE of \ihF @RI FUBRIGHBITRY 2 SR LEPEStT des” I°5ng)
that specify initj.at]i j t leSCar{Ctafbets dah, belaksOmbled2

pol yner i se?ggSVlghﬁleml%nie%é%rh%?ﬁé%mxéﬁp: easﬁggvr\%’qi%gdeﬁ gur eEESG, a T7 pronoter
sequence hagu : ets@nd Hekers iteths ereseraresr absenes of nopomass, cambeassempledr i se
recognition site gecomas i ncor por at ed iglto the cDNA and can then serve as a

recogni t i oin salutiorfand then eai3cted Wit S 28FD%anscri ption- by the appropriate
pol ynerise (41 Vi /B s tb ¥ Tlethod oF deteddif 20asrOndtged 008
?g@PCT/ LJS00/ 16@5’% e&)btto:alg?légﬁ'i ?g@gﬁ%’gﬁﬁ N2 S(g -g'eneeroat ed caﬁh%e anplified
further, ugbmgrifleR and appropriate priners, or the cDNA itself, can be so
anplified.” Procedures for transcription and PCR_are } : : - wn
inthe art. -, 3 The WP@?F“E&‘FFW%%‘#‘%R’"%\Y F%W”f%?a?%éi‘%&@ﬁ‘%{k ?%\g@#lﬁ%?ﬁe
met hods of \the | et ie8heric®phn olB6m@ledbide anctor khé aBEtdnd
pri rrers.vvhillgggradygl\égsrﬁé%gpgﬁ?ﬁ%{bﬁ@ﬁfﬁrgect caa'ocgmri se a chem cal .
modi fi cat i garijithd catpeives atfnebervelsich isispepiRCforsriddereet(Doungder senlitianseliertiva | y
or non-specifically, to a .solid s rt. Such,.chencal iflcations
i A8l ude, f @ Ob%m%ét hB"’“Qiﬁ%‘t?&tH"?fﬁ’%gﬁ?tﬁ’ﬁe%Far‘g\k%rgﬁtlr@f)cf?l ﬁégﬂtagir%hgf aces such as
Costar's DNA Bind Pl 1ih€ Gid R BibrRiAtisadbiddact withh aNeanbiaabari nindede
ester, or nal ef :133 anﬁ{f’gfﬁtaﬁé”csggt ed 118%" '_1 p_ll atgs such as Reg.cti -Ei.ad i ates
"from Pi er aendiBonkéferctye toloptain a esenbbrifizatige pradue v onisgidit hyBrf Fauon
conprising such chem.cal nodi.fications. 3| rﬂﬁ% oS tthOfditibM of he
art. A PCR %P%‘&ﬁé?g%&rﬁ?mgl?’%onsﬂ@ﬁwén %ﬁ%%ﬁé@ugﬁér?ﬁoer cgﬁ’ be attached to dny -
desired supsgg%f-“,sth%mggti@gp@o@@{,i d support, e.g., the inner walls of a ™
mcrotiter well, a bead (e.g., a non-nmagneti.c or g@g etic bead), t?er:as?WoOf
t 20 t ypes of surfacesldesca surtage pemprising orltime spaj ,lsﬁrﬁiﬁﬁg PrEr“Pan” al so
be attached to .a su rt_befaore PCR. I i is:d.ni tiated. Several cycles’
of PCR can eW?1&é£@§SWQﬁlgdﬁcnﬁg§ ?ﬁ%’ rgglﬁlvt\:ngwrglrdlg excess of bound priner,
_ so that the resultipg PCRtpagdudiffefeandligonuaicotdhenthoss, t he support. The
attachment of an anplified target sequence to a support.can facihi- he
washi ng (or puri€) cat FeHjctivg Stakﬁeﬁfséﬂ’géﬂ,glzépf’%é%‘?g‘ﬁgf%rsélqsfecioggg‘(ﬂ?b gg’{*‘gSB

with (e.g.,_hybridiz e npri sing anchors ~~~~ .0 andl or
li nkers, Orprgﬁygr\%ﬂg Sgagéﬁgéigtﬁﬁféé ltebact%@ with and then rel eased fromsuch a
supface. . |In angjher dewtrin sxkhdetectior posbebot h of the PCR priners used to

anplify a target can conprise one or nore restriction enzyne sites,
allowing the introduction of restriction sites adjacent to either end of,
or flanking, a talgetygeauen Lo RELaLscriBes beicst cam beigeeformed ibe hidtied
to an anplified ?g%é{%gey %Iio rr?er before or after it has contﬁg eq
(e.g., hybrigbag@eulmanne, ia veétic aezecomprer of samplag (o8- s3saREMES APPRkEA4 1036,

Restriction sites) introduced in this manner.can. f : J dd e
the cl oni ng1836,2028:9pmMmors SPEndingAn 1 “ﬁ‘r'“g\?f afW&ldas6%?hﬁgaaﬁt§1°\?/§1?§éhés:‘s%%r?k
the target sequence. Restriction sites can also facilitate the purification
of an anplified.sequence. For exanple, one or nore restriction sites can be
placed in a PCR priner between a target specific sequence and a cheni cal
nodi fication which all ows Z 0 JAN 2U04 '




WO 001 79008 37 PCT/USOQ | 6952 attachment to a support. After a target has
been PCR anplified, using the nodified PCR priner, and has QqﬁQE\Nt@ 2
support via the chem cal nodification, it can be washed and*t C %aved at
the restriction sites) adjacent to the target sequence, thereby rel easing
the washawb ommg@st . See, e.g., Figure 23. 5 O course, cled@U086IRs ot her
than restriction enzyne sites can al so be used in the nethods descri bed
above, e.g., a peptide which can be cleayed by a specific protease, ~or
anot her conponent which can be cleaved and/or rel eased by physical,

chem cal or other neans. Iri another enbodi nent, one or both of the ~PCR

primers used to lify a target can 10 conpki Sse _a sequence ich i.s,not
necessari | 9® ?ﬁcéé’gﬁn?mi fyrfeperap @é?&?fﬁaffer‘@y-s%‘é@?% paghpiate .(s\,ﬁlpflﬁce@ cafl be
target-spegifiged or i ' f drh KRBVES), atll ber of
above-descﬁljiogéesge%glpgrg ﬁlrr?gdiﬁ‘o?cegtg lltnglﬁleté ngg%ét%i&gﬁied foget hefy ian gg(?ymélnésﬁrroed
conbi nat i ogampiey] eseincdneprisiinteal dtug candilard (efg. cdmpmbeuef a aombinatasiad gbemistran
assay. Exanples 21 and, 22 denonstr.at rotpcols in i.ch several ,of th

pri ner modhPREAEIRS VATANY S é@lﬁ%gﬁp%ﬁtée?"r?@é?% e&f’éﬁs’i°ﬁf’§le’éﬂlb§{?ﬁf?s$’i ed
tacget. The ahow8: ARSESREkIBIIY2 ordbatibh NadtERYed AH AR e added wWIBEikad to
C W th reverse transcriptase and/or are anplified by PCR before assaying
on MAPS pl at ekhemitabsamsedthan steetign gfddetido separata TdzivnP o aseembisatendnde

for any of . the RNA:pased assays . +; descri be ve. .0

enbodi nent ‘TGPb‘tth@?‘R\Péoﬁ’FiaHﬁ?'%ﬁ%n’%N S TR PR %S%E)gﬁ C(fntbaerpgeg% gr% ggbﬁﬁé%l}%fst
are hybri dh?eegaxﬁ@ef?pevﬁnfhi thePRIMRUGHRST | 4R emmmf devélopgERnN oS Hghtdensity
subj ected to a nuclease protection procedure, and those protection

fragnent s whtroplaayBNaytpottitigzted!stand toff enatbedgetieh a@%ﬂrﬁ@@’@é@%a@e@‘*&é@&y@@ on

MAPS pl at ..1f the.t t ,of int. t o . RNA ' ! Gl s
rigront  © SoRNAGEH Rt ieda oomen R EoR T PRBL RO DR O SRR Shpficpted, o
t he need fgg[ﬁ%n%g?@ﬁgamwﬂﬂbﬂa mdRNAo fovkte Che ERtholde oS tilksinténtiontaan be used

degradati on by contam nating nucleases and thus difficult to work with. In
such an NPAe M3 armalyze thousandsbetens of thoaisgndsioe mare 85 CHPBOYIASRSAERY -eot i des

of the sanme strandedness.as { he nucl el ¢. aci : i
t han bei ng conpﬁ:gﬁwgﬁey i W?qu%e&gén #ﬁlcgﬁge?pén%%mguggéﬁlﬁ%ﬁﬁ sgig%{pl e
of an NPA- YaBSy Mc hicl&ie Reidedri utldotige eqeer @dg.j mbiriding er Sther aRay) diN

20(14 WO 00/ 79008 38 PCT/ US0O0/ 1695? I n an NPA- MAPS assay, the ta%ﬁﬁt of
i nterest cdargbenwmbernaf Isemplescfas thegpresgegsoff BEPRIC YBBRKONS 9o fle $E-RNA,

rRN A, tRNA, . m RNA ol i gonuycl . des ot ol LAAEN 3 tic FBedshd. este,
nucl ei ¢ aciHﬂ’&m(@Nﬁ‘FWéﬂ e&ﬁ%l@ﬁ%h%‘%a %@%’F‘?m%ﬁe%égﬂ n a gr%el?e_rresd _
enbodi ment O fLerianVIOOR). Moledilie: dael CetlilreProbest(s; 605-562)p)% spyhdgenicongarismeror e
NMRNA targets 5 which' are present in a t'b-ss e or ceIJuIlar. %.ex Lact. o'rA‘ '
sanpl e whi dBuchosst bactesia; WEUSeEhr Yk RIPIAZP2; WRRIESASTS; & AP SHPHMCOHIE BT e &F y
sel ected stpingent sandid ; iE 1D breadisknvStis OF phrtRll 2R SiBldgida 5
reaction copr%lflflR fglEls togg@hgg@élggggg?‘??c lybrriediTzati on) tgo one gﬁ nor e

spegi fi c preitecsi diseakesadlineleict dcsd probe proyecempuising pemions of ESAs (including full-

pol ynucl eotjde, which can be, e.g., RNA DNA (includi . .H PNA
or nodifi e_dl%gth_§%‘§i iBY %HscﬁqeFgﬁgataga&écqmgpgviaﬁfrfgpgopeg?q Eg?lggrﬂg%%g%f Po_n
of a nucl e't%e?%'rgv}e% @{or HhESE NuclBY acrINfSbds @n alioQdetdst ipeptidesppruedits, it
i's meant a polynucleotide V\?’ll ch i's sufficiently corr&lieme_nt ary to its .

i nt ended bi qidirogirpdarhaies which bimddspecifically tipartiewpraruciaic 3¢idisagancet GG %ns,
but which will .not bind to other, unintended nucleic acids. A protection

f ragnment calf'ie at . | east 10 nucl eotides in | ength, preferably 50 to about

1095 or about asy] ARghedSnModitthdnt, tROBERALERNGs dfheinvestion tadbd Gseinbadonitat ,
the protection fragnents are single stranded DNA ol i gonucl eotides

Prot ection biockpmenalgeastions suck a3, ¢:g. Antematipnsal ProGins YIS agids,samall malseyes,
included in a,single . hybridi ! r J: ; [Wal izQRgeds@d
sanple is tP%‘QFl‘ggw??rhexé%E%ctg% gﬁ“%’?ygggﬁ%ﬁﬂaw ﬁl}lé&ac}%ﬁg betidh g _

' antibodies; or of receptors (such as purified receptors or receptors bound to cell membranes)

and their ligands, agonists or antagonists; or of enzymes (such as proteases or kinases) and



nore nucl eases so as to destroy substantially all nucleic acid except for
the protection .~ fragnents) which have hybridized to the nugleic acid{s)
of interest and (optionally) the 20 portions) of nucleic ac§8 4@”&@“ whi ch
have hybgigliorRehsand been protected from nucl ease digestion §dﬁﬂe§$e
nucl ease protection procedure (are in a dupl exed hybrid). For exanple, if
the sanple conprises a cellular extract, unwanted nucl eic acids, such as
genom ¢ DNA, tRNA, rRNA and nRNA's ot herp4t han t hose of interest, can be
substantially destroyed in this step. Any of a variety of nucleases can be

used, including, e.g., pancreatic RNAse, nung. 25 bean nuclease, S 1

nucl ease, i G 4 I 1 , . |
Gopend: ng BRI AORUEERTPdclas RO HEERR of bstllc copfened product, |
nucl ei c achmelﬂ)ﬁﬁﬁﬁﬂy otherst [$acls bivhhemickINAS&ysHtaade used pacHaravidraepropesiésdf  or

di gesting residual RNA bound to _a DNA protection fragnent. Reaction
condi t i onsthegrobererdarsetn oyasebe basis ofed SCRICHIHE 35PN HEOr SXAMBIE4IOSSFFCR S2BBIES £372 ed

enpirically. Al so, chemni R r C u : 4

00/ 79008 3é“°%f??§§€glp?8§§%ré’.rr§‘.%%% |‘E‘§r'i€rﬁ§%§% @‘gﬁls"egf‘g &ﬁﬁéﬁﬁg&?@qﬂ%{}&ﬁ
thg sanpl eprdigdiedXa lah@ MIRY, thelsimisies ban behdskpaiwn poabindtiomssini whitl enegprbbéso
renove unhybridi zed material and/or to inactivate or :Tﬁ ve residual

enzymes ( e2is. flugrpgeni¢ subsiratas speSHIC foF eaGhprosasH Al INERnAL ¢ FFESt RFPtatre binds, ) |
The process_of Ldi L.an, _f - e [ IL.&N,an o
(optional 1 a%%%%/ng}égg %Q%%gdgfisﬁ%ﬁﬁ‘ggpcﬁ%g& gﬁﬁgglagggtééugtf G é’%tf Ficavage
procedur e; afd Yepatatibl botwed oY EaRegyREDisEe phivs) apd dmesigirab sarhizevdetdeeen Inesathebed
(see, e.g.) Lee et al (_1987)1. Meth. Enrynol. 152, 633-648. Zinn et al,
(1983). Cekkrample, tossreengsamplessep tespresesise Of abgﬁm%?re%@ese@cﬁf-gct TeyrfyTosine
fold owed by. | I 3 1 BV ; - in
el act i FiRe R sl REHUEEnG ot DR Rt iRER iR
carried oufcomBhiatienPinatidct ihe probeagrespeptideswhich canlbe scleaivelyOphogphorylated by
hybri di zation to | abel ed tar get-lsjp,eci ficre .or#ler S,. eﬁs descri ng h%rei n for
standard MaPS ofshakmases ofiingrest o é'esiaahrwsg‘ﬁ% {routingly determpinable cgndions,

| abel ed, CQUALRRLLY b HcrliAdh G Hleabl br sildlied, HahachABlBBIRE M Pwith i
preferred € i ment, the protection fragment 1s directly |abel ed, e.%.,
rat her thamebsidig cbfabetsefbriay empiridally deterroined perod offtirae.- peemé assayse pgr.tier .
For_ exanple, the reportfer 15 . is bound to the ptatecti,on fragnent through
a 13 gand- ar?ﬂ?thg‘é??E ﬁfﬁ‘é‘%? é?%tfﬁﬁfﬂ_fs g?aé.rfg‘&atset Fbl?p?gt{/‘f’ i Hg.e‘ﬂ%fﬁ'ie olfirest: e
.added to a cph&)édt{aﬁbﬂ‘b?@adaﬂ&ﬂﬁefchﬁﬂc oA Ys eRthdesutsRa@ROpIRPhEPyRIRd &2 t he
protection fragment is nodified chem'cally, (e.g., by.direct coupling of

~ hor ser adi s sim#amoratalpséefi¢rHRR)ing (e.gf, washingd eecicsactiaty vides sanpingadly agd
nodi fication i.s..~,. detected, either wth  the nuclej i 1] ofy 1 he
prot ect i on PPAGIOBRHOFC Vtehg’fj‘flseist an é;_nén_es:lrcg: ;eacﬂan a%t"gprc’%g#“ga ggéh%p')t ktl%é by
modi fi cat i @hoggnor&l@{edemmeema& ORI Y, For¥xafipRTireabatingahénievith) detdcrabiany
of the above thods, a protection fra}c'i?rrent can be | abel ed before or after

i t20as hybrreagenes stah as, ong.r fupraserindaticlask anti-phpepbahEosing 0p a@trPhosPRISAERD |

that the nucl.ease protection pracedur.e r r bheSyi b
non- hybr i di%goi‘ﬁifeeg'cgta?cﬁo&gerﬁr&\%gn gg%@“@?éé‘?@ ,eéfi-g%r@ gg‘%@éémd (t)hrﬁ%l gﬂégofles? gn
one Or NDr edefeetddl Bh Qﬁ‘dthé?'&xirhﬁg,fﬁﬂdiﬁg bfkapOiindepefumndtariyr example, SH2 domains
(non- hybridi zi ng) segnents that shoul d be cl eaved by the nucl egses if.the

procedur e viick saspf BH2 anéABTAsTAZ caprbe aEsayet ONOPTOPR AIGYE 1A IR PR2!C
fragments can ' b igizati i 2Rt ed,
detection pquqsgﬁorgﬁkﬁgé %@gsf’h%%nglxgag sgllc?r ?aﬁfoggg °H‘;'°e‘ﬁ8§ tecef?g%tsﬁégﬁr@nt ,
itggl f, canebeptbbfel dtk presnat efitinyune definiencies| éisd, \enzymefinkediessept apl be
nol ecul e. This control can be_ performed . 20 d@\N 2004 WO 00/,7900

bieasions At

4
PCT/ US00/ 16B5rmed i Bich pR agihiormat Com iR vERpoRFanAISORE U5P E?e“oeé?cr’ ay,
or as a par P Yoith 3 i St ay
is descri be’%‘u%\lt %@%ﬁgiﬁéﬁg%ﬁ@g?r @%c%@%@f@g? ﬁ? abel s f:rglr‘]n%?
easi |y di stiongtdenlfeda viriety of agehtsiincladinigthertdtidteorpesticidesdr pti on spectra),

several differently |abel ed oligonuc]eotides can be included . singl
assay. Further, gﬁ)éourse,?vmgs assays can be used to quantxtateeirneasure, quantxgl) heSmshnt




5 standard nucl ease protection assay as anal yzed by gel el ectrophoresis can
be used during assay devel opnent to verify that the protecti gé] frﬂgments
are processed as expected. After detection of targets, the d gc‘t'l ﬁmbrobe
(e.g., HRP-|abeled) signal can be elimnated (e.g. denatured,.Kkilled,
quenched, WOUBEP¥Esed, bl ocked), plates washed to remove anJCFESMI69Rg
reagents, agents, or buffers which mght interfere in the next step (e.g.,
10 denaturing regent), and then the overpsng can be detected with a
different detection probe (e.g., also HRP-Iabeled). The use of signal
denaturation foll owed by addition of a different detection probe with the
sane signal i.ng. ol eL.V t i : SAM.

i zat oft S e p AR, HRETB A RIS n8l ARG olfd B S mmene e,
can be usedbyttdoousf Hlatlablepasbeaitenire bognd ortrbautéd ochybifdiBpwithiRSgets Hader can
be used to quantitate the anmount of, a target in ,a sanple. If protection
fragment i ¢hesggearivensatargstgan baavatitaied Becauscchavingware terest Vil Gatt idhayims e
the hybri diZation.d GARK B he CARMRLEL! lter LBE:ATRBheAR mBehEFLIRR shyagTeNt
remai ni ng HVEP YR huCT ease protecti’on step w reflect how nuch target
wasg pr esentavhilabldgrobasipdsare §3i@d; bavirgyaoiel tergef presanin waulgiran sulisantially inemasd on
is described in ExanPI es 12 and 13. ‘20 NPA- MAPS assa S'C%H be used to

i npl ement  dps/ameunt 9 taxestiRoNad iparebs- By QbR eI HOTHRENLPNE JER4S © 155%hys.
In a prefenle i : o] i L I

measur ed b;}D % eaﬂgngdgésa g?;;(gﬁcl% rr%arrPrlg%Igr %%Sg;é %Aerrﬁ&%hgﬁagﬁﬁtl\/g%kﬁbae% éggqls%;tgat?r{ong? f
preferred. «igoneilewidt targerseF aftherimers) tldemonkteates thetsevan & atergatis patsemtch ke t o

a solid surface duri, ng,t he hybridi zati on 25 Otﬁ} nucl eased_gi %gsti 0 st.?apb?.
After hybr iSdEest(E-6n if ¥ FEPISHBN 1HFUEd 2588 ARAUNESIR2 LI SRS dRg 2aoyt ol gyatldble

nugd eases in! |}ﬂmp ine ' ts VARG LI farfdt 30 TR Mindi

di ir:dect prog{g?l?%/lgﬁd to ﬁ?vrvo%c %&n‘gﬁfqﬁéw&&%ﬁ hybri di zed r%o targex}t .lﬁg

Al t er nat i vahixtureheneseaptshife dre feesitivig! efltteaeastianoin| arderaotablow( svengueh targeind)

hybri di zed portion of the tar t he duplex formed by the hybridized

et, or
target and AL ofitatget s q H?ﬁ"td? to be further analyzed. The WO _'
00/ 79008 41 203 2Qk-RETJINAN d636in: AT e ifvchfoRRa) Y8 eskRcscRRRTon! ed
-fromthe rest of the hybridization and nucl ease m xture (for exanple, by
et hanol pr eagepistvatictomodulateytheintnaqsion of a targetfand @igi yengreksreirotgeaiptap meduats .

eluted or solubilized, . and j.njected into.the nmass.s tJ. r

i n}ljécti on f F%W;gﬁtlﬁ’zr? ?HUE)’HB‘IL‘J?A 1%{ W%%falfﬁ“'éﬁ glf"rcgléf %r‘fﬁ%‘&%ﬁl&rﬁ l?}l”?i%ger gg%%glogg’%% be
anal yzed ( eranc't, o?a%ﬁlgtéxqenée&wmmga)pwtﬁe peiver Tee moduRtisnitdraeke andtiety
anal yzed by I|7aser desorption, using well-known nethods in the art. For

hi ghest senef fiorws, ticlEding et navlimigébronaniisseagpedecrass mnythe bindiog afbipitgetibe

simlar advanc t echni,que) .nay be _use SYOIRE

*each pr ot cBrEBIOT PR dREn: o e o LEERass R g Ple o PRRNTLE Pkl sn e ke ,
are to be dpingci esnpétitive br Qb€ coMpetivesthhiviigy efthe dindidy dfehelpobgnethetarggh, ve
a unique signal for the mass spectrometer used. |n one e%gdi m::ntd t he
prédecti on OFayineess aisleprensia the agHvignel e Peds o4 the jaieghhigR £ 1n Some cases,
hybri di zati gr . TRt oAd: [ e ' anehade
characteri sfﬁgﬁ"‘é’n‘ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁﬁg‘@n@ﬁ at | cé?pglggtr%d?raﬁ' %ﬁ'ﬁaigg}éﬁ'ggr??afr& ent to
measur e t hepf ngRALI§Eatimsubfangai Alsnrsacls egeits can by emplayed krethsin unattergd
anal ysis of conplex m xtures, .the protegtion fra mentg can g%lermdilfi&d
(e.g., 15 d8iere AFi2scBeTeRates MibnPBaT SREfleY i 4 HwYi tAfebe (B1BGR% VRSP Y que
signals. Fo i RO ed P §pedBTd BiAdihg Sebsnéd) For

di fferent ngﬁ%&ggﬂ%@,gﬁgg{r@ﬁ%ﬁg@nb%elgﬁgﬁgﬁyagﬁg% tgphr.gﬁgh anga_m' de bond to
t hesol i gonuekanpled® identdfydpatntiah&blopd tioneérpSirtagents whidhiptaraet wighh praipzihgg

portion of the strand. Wth a, mass ect.ronet er , of. opr | ] T
T agmefFeion BtaS Ghich ARRRIGRE Honte; roafaisdl Ry Roledis sF bR can
proportion @k ha il E?lu?&itﬁ@fé&%did'ﬂéi ehts BAld fenagprdoaEsttivity whiesoribdteatosal
noi eti es of m)cferate stze "(roughly 80 to 200 nol ecul ar weight) are uiﬁ?rg as
mass spect r @therdxamphaysofi agente siictbtan bereropleyed ki ithis investien aferyesy divsise,

|1 ' to.detect., I.n gnot | e, ] j [
e"an o GaniEE A R B AP RT e e R R B AR R
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t et raal kyl ammoni um group whi ch can, for .exanple, derivatize another.

nol ecul e such as, 25 e.g., an amno acid. In another exanple, positive or
negative ion signals are enhanced by reaction with any of a pyrigK 0ds
agents. For exanple, to enhance positive ion detection, one can react a
pyryl i un8%79%%8uch as, e.g., 2-4-dithenyl, 6-ethyl pyryl FGAUS00/16952
tetrafl uoroborate, . or many others) with an amne to forma pyridinium
salt; any of a nunber of other enhanci ng agents can be used to form ot her
positively charged functional groups (s % e.g., 2 0 JAN 2004 WD 00/ 79008
42 PCTI USO00/ 169~2 Quirke et al ( 1994). Analytical Chemi stry 66,
1302-1315). Simlarly, one can react any of a number of_ art-recognized
agents to dgentawhéngeseleetivily inhintapaeifia Gingprse PRPr sotpEIveHBRPLYF Om‘ﬂi‘ FEsEPHN

can be detected, course, ,eithex.: ‘ ing been cleaved fromthe
nucl ei c . REEVEED %ﬁ fAmaws 2hd B@%S&?@?%‘(%a?%&nﬁ%%xt he nucleic acid. By allowing
each protecti onpyfr3gRERMb&ifenD teicagibidaticaslof the anvbindbh cagLbesisab kesaresmfer) i t
i's possible to assay (e.g., to screen) for a |large nunber of different

targets (eaggntswhich Rpd@ate 3@pttears obgenespression chmais of ghgasicotides£ag s yped.

assay. Many such assays . can erforned rapidl i say
or’set of é’éﬁé";}@lﬁ’éﬁ "%@“@%Hﬁ%&g@?mﬁ% Bf rggel%vﬁ}f teﬁﬁﬁgﬁﬁyﬁﬁoﬂg%g%gtg@g%ﬁ§
def i ned hee&}glﬁatga?%g@rgb@rﬁsm]gi% RidEEal Glatgon devataimetas] suge, dewibtedisease

directly by their mass or i uni que nol ecul ar tgg are useq, thlg S| gnal s
for each nodnditiond"carrddatived gensscRNAGOTFEDTASFIY PARSRSK tRBf 115 &dS h CpraFiate” ©

preparatiops of known concentratjaon ' | | INY isle@N@ttht @ebe
quantifi ed W&éwfze\(lﬂv{,} lalfgﬁ%tttége%l)% %@l}:’sgt é%&yém %Jofr qgﬁ? %D%Jeggﬂl !ecgt 5 be .e
det ect ed by, J3SpiSNREhEIEBRLS ¥ cell, BEt hothecestarily alnd thpr efpréssionmfia@ivareRNA is

predicted Wth accuracy. The tendency of the npl ecul g:to be 1i oni z ﬂ$ ttle
sdfsi ti vi t yespdnsiblle foglpisicevsativeefaamiquiar Rhy Helogrktatf & oF 6XaBP ey ubs§ion,

the degree to ich each fra i Ll ' Sy ged,
are all toB}E‘Bﬁ\ggﬂrse%n?DS ‘%"é“‘SFggﬁﬁ‘é‘&&’%%é‘gr, C%@gqg?éreidwgrunent . Wi th
fixed ener gysaRslcis sk 8 Na0adlifog sdrdadat disdast stat; thiealientdpasietnyofenprensioni | e
of the signal is very reproducible. Hence for egg h 4proﬁ9] t.h@ ignal can be
char act er i 2ecorpared ibet iseawearlrsll whigh dres nat 'g&)‘étr FREPRGFC ipg"r‘? P‘Q’P o8

| nterpr et ed, Quant LAl i il B6EH fificatlt” BB ANRNISDEELxpréssRon teRis) ON

relates to etect one or nmore nuclelc acids of interest, :
carpri si ng The BirafkticagreRtivehnlde" indiomoi’s¢andbe im:drinmr@iacg@bbd@r exampleerdlt to

nucl ease protection with one or nore profectian fra nt,S,..an i
the hybri g iteeaed i @ KUTREN RFEMOLS SUgt 3% lg@f[a?lolif%ftéﬁ S Pg‘”‘,“ggjf SRt
protection fr a%@nﬂ%&icﬂ‘xﬁiﬁﬁmﬁ sééﬂqﬁttﬁcoég\%glrs%gegéf t¥ebhpRs10fn ancth¥zhodel for

nucl ei ¢ aci®G&® S spectronetry are I "known in"the art. See, e.g.,
Al per et alcahddIBbuseSinsalinmen2ddls (2@44cldit TOR6Kosthen infycsd with adpppvirus,

5,605,798. In_addition to the vari.ety_.of hi thrcM' ug ; [ o
above, manyexbibifeansingraase H’E&’é\ﬁxﬁl?ﬁim? )éf'o%%’ BT%}&EI&“FI ?ﬁr}at }t‘{gﬁ%ré . %ng%gc\;/daﬁfage
“of yqisi ' ' hnd L2 ihdibstatisll fectedof 2 0
3 A?\?jgbgg Uwogé%%géﬁéﬁé%ﬂ%@mmhﬂd LY2 rdrfaihdéibgtiatiallynuidffzctedo

43 PCT/.US00/ 16952 "control " probes i.g\ each Hr ObF array
whi ch are subj echgdns tidchs after centactingna cgHdiremon gisgaset rad ct"'l}%‘i"r rectly or .

experinmental ,propes.  For exanpl e, .each regi A r i
pog itive arf&id’g?“ edat iWECrC’ang‘Foo? n ‘f’ﬁ’g ({eiggTﬁ%n‘égsﬂ%Enﬁué?/erﬁXdﬁ&@ tﬁ@'ﬂ?dhb%t%r

ositiVe. control probe,"

|s used .her‘ﬁé. Peski8 rﬁ%ﬁham@glﬁhét@s tidrapaitic agents or Efugafor ganisms (e.g.nhemas or
substanti al 3? W tﬂ the target, or .to interact with o

other animal patients, or plants) suffering from the disease. Agents can also modulate

25 ‘expression patterns by contacting the nucleic acid directly, e.g., in an in vitro (test tube)

expression system. As used herein, “modulate™ means to cause to increase or decrease the

amount and/or activity of a molecule or the like which is involved in a measurable reaction.

The combinations of the invention can be used to screen for such agents. For example, a

series of cells (e.g., from a disease model) can be contacted with a series of agents (e.g., for



5it in a quantitatively or qualitatively known manner, thereby acting as
a(n internal) standard for the probe/target interaction. Such a probe can
control for hybridization efficiency, for exanple. The term 24 JARQA04 ve
control probe,” is .used herein to nean a control probe which is known not
to inter XQ0¥A98 antially with the target. Such a probe ca#CIGHN0I6952f or
hybri di zation specificity, for exanple. As. exanples of the types of
control s which can be 10 enpl oyed, consider an assay in which an array of
ol i gonucl eoti de probes is used to screed7for agents which nodul ate the
expression of a set of correlative genes for a disease. As an internal
normal i zation control for variables such as the nunber of cells |lysed for
each sanpleperidieof 8fe\teiin® froffRWdut Q0 rthin@tdintbrabduz4® hersedriheiepagy, ugngr obe
array can conprise probes which are specific for_one or nore basal |evel or
const i t ut iTeuting asterekegnitedgneshedsye.gl.sosunercially svpilabl e ki), LN pcorgnRNSet i n,

aotors, GBbiSRS pe HaBofr Elsnited BT T3 Bnfun LROE ThRH ARl "
the agent ssBRi RIRTERIRAmpHBEANA BB Be used dsdeClelg. NBuiih ©f Beledt.ne(139@NtECRE Ng

tested result in undesired side effects, such as cell death or toxicity, a
priobe ar r afrotanelse dripride o Metbbdisin AwplificatiomificeBernicdress e Wi Yorkh T hgerbacts hat

et ) pr deLaBit IR Bho i dout daBPT RS s BN ki o

heat shockofRuBét@ithaly id¥ntiés irayOxhich tompisehribda4blapediette indichRr ROOAL, nad
probes can be included in an array to 'fine tung" the sensitivity of an
assay. Forthesesasnis whiehare @ssocigiedaxishg changedn thgyBAIcatAR cEPrepbienPAias canbe

roducti on,.Qf . - [o]o¥ it ' | eyl ous
gnal yses h’é’%“@@%ﬁ@zﬁ f%g{sgggé@oanﬂgggf& ?‘I&%ﬂp@g % "%'é g‘i%@?ﬁfﬁﬁk@?‘s’%’lﬁs m A)
i PO t hi s~sefnay alter thel egiessidh Fyehedthgteraooneltive withardistatostafee ot hers t hat

its signal swanps out the other nmRNAs, the Iink?rs can be adjusted to "fine
tune" the assaySuwilagly, egenegeas heidentfedvhigh mradulaty expressignopatiems asgpcipted

dest gnat ect 1Tk Rolbp S SRR aPREinagi g Haghy e B Corie B e
sequence, 6aRatealBdsRdrring slibktahees) irelyding envizoindAN f266ys \WixiD@s 2abs8netd

PCTNSO0/ 16952 of .t arget -specific linkers gnd tFus to reduce the sgnsi tivity
of the assHyolvgdimembrRNs deYelepmsos it TegrBUpg PRGEolgIcH) T5R%0S- A FULSABIS cked
| hekers ca -er | b6 VESL I h e

I B e B T o, By e b
by di | uti ngmaloyadtinvkeieheatendd Sateidrinseaggragatasi with ethemspeciesarand|tbey lsen done

at other ste in the assay. Fo xampl.e, ..it _can be.done at the | evel..of
det ecti on BR}J)CE‘F@&PV%@“‘ ?TA%BF%V&,L’“{ értaétb-“%‘B%%FFF@“né ‘?ft@“ﬂ;‘( Ph¥ig g Specifid
"inactive” pfifgedbsRes fic reporter, e.g., one with the same
target-specific noiety {e.g., -an oligonucleotide sequence) but w thout af
si gnal i ng ent i t yAnottrer winbodiment ofabe inventéan is e kitruseful {os thedeteaiiontofat Imaghanei ng
entoity. The ter.m "si% al hgcg enti.t%s,_" as used herein, refers to a | abel,

16 ny “wh

tag, no?aééffllﬁ,asﬁw FSTRRE ich emits ~a detectable signal or is
capabl e of genenjting ssHeke, dombasiag mubtigle spatially WiscaRe pagionsphtcleast o of
| um nescence enzyne, or any of the 'variety of signaling, entities which
.are di scl oxbighisas sybsantially idanticsh carhregjonfempisiegiatd sy §ighs ftferppieanchprse

tuni ng" can: -af f L ; -contai ni ng conpl ex
wth s det COSBRERBEh ot B ER oer RS BbchOs Byt A o " oo n
the section conagr ni ncohtaimer eoMplising stipsstond bifymeionaltlidder owlevate)wdsch has
Exanpl e 23, and Figure 24). A set of detection |inkers can be designed,
ey, to fiafEstnaséon wec@erﬁ%qattilqaﬁttc;ncpéﬁaléawr@m ARESPIY BPAR thah CORPRESay
For exanpl g, | Lt Leulaar rnget o4 e present in a sanple at
very high I%é)\fg\ge’s?’h{;ﬁég %&F@tﬂpéﬁ I?iﬁgﬂ%roﬁg,?ﬁ%f(s?ar get can 'be diluted with
an enpiri cal | y- dataé sinbedimentatereris provide b sut{an ad &t Hghdverant asktef irstructions

conprising the target-specific npiety (e , .ri ~oligonrucleoti sequence)
but no roi dPYATAGRIERRP 8t I35t ong 9fé5ksian@¥°r§é&ﬁ’@ﬂ?@%‘r‘*f@%ﬁﬁw%ﬁu gWﬁ’wglehas a Hrst
target - spegiobidn dFRLGE YoralRad oh €0alInchGRY 8Ad a SR8kd f;d)’&ioﬁ"&ka%&n?ﬁéd@h prébe
pre-bound to an rnactive reporter reagent. That is,~ instead of conprising
a noiety specific for a reporter reagent, that noiety can be absent, or
prevented (e.g., blocked) frominteracting with (e.g., hybridizing to) the
reporter reagent. Such fine tuning is sonetines referred to herein as 25
signal "attenuation." -Sanples to be tested in an assay of the invention can

conprise any of the targets

&



descri bed above, or others. .Liquid sanples to be assayed can be of any-

vol ume appropriate to the size of the test region) ranging from about 100
nanoliters to about 100 microliters. In a preferred enbodi men2 § JAN|Q04
drops of about 1 mcroliter are applied to each well of a 1536 20 JAN 200
W O 001 79¥0902#0PCT/ US00116952 wel | microtiter dish. .SanpPeI/UsaH14982 pl aced
in contact with the .probe arrays by any of a variety of nethods suitable
for high throughput analysis, e.g., by pipetting, inkjet based di spensing
“or by use of a replicating pin tool.-Sa®8l es are incubated under conditions
(e.g.) salt concentration, pH tenperature, tine of incubation, etc.- see
above) effective for 5 achieving binding or other stable interaction of the
probe and {hentiaidieific (HhaIeast etatde@ TPheingruOidistah incleds for axalipte (baf arer

i ncubation, the sanples can optionally be treated (gag., mashed% to Bennve
unbound t angdimitadsio)e desdptioroeteaghiof iheprchoss er the8aIasspAR Inditign PHIP¥ave

i fi i nt t i nt t byt t s i | )
Toteri ol . FORY SRhR doer i pu Wik S I RURa they SRE car et o 0ol for
tinmes or ”%&iﬂéﬁﬁ?%nﬁ&lﬁn@@a@%ciati Obin8iRBE¥AA th&HARerS td tirrgahors ORGT ¢xanmse,t han

those used to achieve the probe/target bi ndi ng. , Sanpl es cont ai ing target -
RNA, e. g.) ifi\mchommr; oligRnugleatides theRmetruntions &) inciyde %qwcwgﬁa &%0%% any

of a varie of, .or ocedur.es. For exanpl LI Vi : : ich
TRNA | o 1 e iR BreHUae cHLtssTa I pals dlsRaf i b e R 2
in indivi dﬁﬁéray@ﬂe&f@ml‘flmgegt’i}{yﬁﬁdﬁb&é)&he@hﬁ:h@ﬂﬂiﬂtﬁc ahéteseareqlebsdesafiteer
attaining a desired cell 1 ensity, can be ,tre..ated_vm'ttl an agent . of

i nterest, mcnctmsacaswmyamfpngata@@{mubﬁ-ga ansibedtes Rhi¢hwihmaTeqt SPeriRrally

whi ch can be ded to. t cel |l s. j -y bidh .
a replicat i"‘ﬂt(f;1 ?HeRtbdgf‘ ?ﬁ%‘@ﬁmé@p?%(caﬁgés%;mg\éﬂ#ﬁwcgg %rrﬁgvai tlg It_ge_ ﬁdg‘rﬁs
Begkman) ,  Riyd RANReS, lelg) @oRditibhs ant Keageiits drhybridizagon condtlientypb af exfosiatidn) sk
cells for any appropriate tine period, : ~Ybet ween about 15 m nute

. d eg.,
~and about 4gtempsratureciag dims HgneHdBHOR.IFONARIOAY and FRAGFNIRARL reMOVINEIHATRRKIATC
.etc. extracts fiomt] B sVl b B Ayl & can
be. pr epar e IGTS PBuPanss: 8 tf Bk e i aR, 1 iclcRoRcaniaidé nB e
-avai | abl e lgnttBd corfgRiut@Rpdrdd/usefiahe bf thecpesvdfi colntrol hiters dispessed bdrein, amd oA
of interest for hybridization to a specific pr Obﬁhfg .e.ﬁim(%gn m c_.DNA r.%\ll\lﬁ,
CtRNA or nRuwethadschgs Fuquastiaic, PamAize s fing e Rf salibate A5 %5" RFFAMe v

 nteresty, gcg,gglglgggﬁes. RSk R ih Ly efcbr IR 8 of(erﬂ%Tbﬁ'@rﬁ%, TBAMLiEnDYr

of
pretreatin a nucl ease protectio procedure before.
subj ect i ng dnibodimémbdisdiozad inahis applicatioa; 1l af mchi¢mcanpbeopartarmed revtinghe yith

whi ch can be, e.g.,, RNA or PNA) . which is conplenentary to at |east a
portion of QOH‘éCTNQAabI?mFWPEI‘?S\@%)_f °%‘§A%6H})§btfh§éﬁtuence partially or conpletely
overlaps that ofa{ BR-REQPEs: e?éﬂin'tﬁis%gggééﬂogl,g$&a&ihenal\éanqha¢marﬁsﬂace be 4

introduced in excess 1nto the sanple , JAN 2004 W O 00/ 79008 4?1,:’
PCT/ US00/ 1686 2nventahabmgrising b givenuarchor(os etreps)eaf anchonsge widhyasiend PL 8PFHA

conditions in which the protection fragnment hybridize pecific he -
RNAD of i nt ell"g@fs' (.tgéréhékﬂs FagHng a&?'s%ﬁgs‘ivﬁ’? 3¥n%p o%%bgtae blge'acl'?ﬂlogér?vteg 4
condi tions)yqAltichBt SantRiBve Ql’gweﬁl@,&ti SMirke AdRBRTSsusfee bf ihe ifventiemyndaddtol it of

the RNAs of " interest in the Sanple can be added (e. as many as 100, or

nmore) . Aft eanothenysbt ofilinkars (sither e @ampm'ediif&mﬂé'm@dg@\ﬁfﬂ s§t)c 10812 B'*Bne

I t o _dest y i. I ..ei i
L o

protection ;J@g@ggg&(tggim@ﬁti@gcept for the dupl exes fornmed between the
protection fragnents) and the protected RNA. I n_a sybsequ

nt step, t
pradfection fragnimandtherembediresntgamehinetiansh the dveatipn é%’ége HVW%&WESE@

t he dupl exeg. and_di gesti bbb 0 AR QR Wanede whikh, ifiegy ade
protection &r’%"nﬁ%‘{ %es Fnﬁggraa\jg%h\gafh% & pr ot etcg:sg’gydg %ﬁc?ﬁﬁ@ﬁ“ ally il.nt altciﬂgr Any
of a vari elt M{j@éro?ﬁ@&'ﬁ&&’?ﬁ/eﬁbagtnbﬁtdd&'ﬁdnfdtﬂfertﬂnte(oagmliell}dbmlrlwsmg) portiens piothe
steps, including) e.g., pancreatic RNAse, ng nycl e . RNAS € 1
nucl ease ( UBRIRY ZeNe§VsAIdoMbICRAAREY, GRS UNALF: EiENes ﬁﬂiq&hh]@ ag 2&1‘%‘&%}5‘3, S”Ez#h&ge

A, Ribonucl gase T4, | | £ 1RHATR o SiniRAIe a
PhyM Rnasea%g,ﬁ 15%152‘%%%1%%38%%%} J(gec%?(tan |%Wg‘r§&§ﬁ%¥r¥é8ure of the hybridized
conpl exes and of the undesirable nucleic acids present in the sanple.
Reaction conditions for these enzyri~es are well-known in the art and can

be optim zed enpirically. ‘As required, the sanples can be treated by
- wel | - known .




procedures in the art to renove unhybridi zed material and/or to inactivate
or renove residual enzynes (e.g.) phenol extraction, precipitation, colum
filtration, etc.) . The treated 20 sanples are then placed irp gajad®tw th
the probe array. In order to control that specific hybridization and
subsequelP Wae%éas'e protection has occurred properly, one KFAUSHEFFEe

| abel ed protection fragnents in the reaction mxture. In order to control
that the nucl ease protection procedure has worked properly, i.e. that

non- hybri di zed nucl ei c acids has been dRgested as desired, one can design
one or nore protection fragnents to contain overhangi ng 25

(non- hybridi zi ng) segnents that should be cl eaved by the nucleases if the

assay wor ks pRARRhL YA ﬁe&_tﬁf S58088RaP (scr FSANE 88 P 1h Beembes ABNFiiNghichagaent s
can be determned by hybridization Wth a conplenentary, |abeled probe, or
t he over hafighaESisrto be meppedds pepresantéd hy.fatdgasinene pEgorfuclestide tpsoleathat ed
with a detectabl e mol ecul e., For. any of thé methods of .this Jinv Lon

Lar get s cSATBROPILIR b (RIIRSE Q) 255 SAyabP (o BEFRR 90 N Gaid So6s 13 0 be
PCT/ USCO / Qi in REPEREYE beh dIR) WEld slichenid thet iM@s@dtéd
andl or m?’@ﬁ’%ﬁggr%g&ﬁ%g@ﬁ%{gs‘gﬁher eﬁﬁgér{\gi% (e. ) fo? t he (11Iet eepti (s:)n of
nutl ease Example; the sufacagfithetcombiration exmprses, 1 6twailst each of Whisheontaiss ag amabe

| ed direct]. i ndi ly..with i cal t hat i.de. a si.gnal
For det ectdfan cideren BT sheits HiPhhelBhinarasai aar Tg, Ao rllota@ nien
catal yze t*%néspflaﬁ&%c hh 8RTQfs “EHYgDigetificnFie 688 thab Tl seefidiefly @mpléHenayee al

mol ecul es |i ke fluorescein or cy5, or a tine resolved fluorescent nolecule
li ke one &ST bushchat, undat stlapte shringenilibaidization candiigndbe pligoruslpstidnwill

Al ternatively.,. the targets | abel ed af av, i t:h_the
probe by c}ﬁ'(l?%gﬂze ﬁ?ﬁ'céﬁ aﬁ%-@?.g‘éﬁﬁﬁfgbe%t -ggtp‘é’_c°§?°?'c‘3‘r§§6%°rg ?‘Serﬁlg @. Eggﬁ-%én%pg%%?%s,

ol § gonucl egfdorlEdectileITMs tjpe dah BindlspeificAliy(ualied djrirgatrRnditiohy)prsthotoding

nol ecul es di'scussed above in con'! unction 10 with probes and targets). One

type of flaeronarseasing ik of @ santhesized EoRy ERe BeRE FRBSPRishethe EST was 5

fluor which.absprbs and,is, exci A t
erits ar AR DRREEe eigrai pRR Bnfe RG] BOR Boublcn UERSTNES
phosphor ese@fgallyb gaheratddo MR toratse be ngdidebsan ifl odemgriing adligohuickdtydes, and

interfering nmaterials present in a typjcal sanple.to be anal yzed,
upconver t i kprisirssion PeEamMeieT 3/ bs REANES] BnOTIAT IhRhie T TRTE 10&&@5@@89*% are

materi al i&'isﬁ:#?edsé}m}?e’re'ﬁxom %ﬂcﬁt%nphﬂ%? rt@%sse%l@th%?ﬁﬂirﬁ&r ol RURK
wavel engt h: Ehartow em ssi o spectrum of nost upconverting phosphores

al so al | ovgretphgasddpedchafedich chenprosts @mojety specafid for gae nfithsenchyrs df 4 geneaiat
upconverting phosphores. Upconvertjn hosphor.es. are wel | known a

convent i on&Fay Rus HB Ok CompRFIREAY ‘{]@8?“‘8‘?9‘5@? pF%Hﬁéh@é:PFﬁSpr?&E%ﬁo SR g %§ & Sas,
e.g., .N1 sl Ye: 1R - s ( aAsed e REQRAY Th Uhis
(Pr), partlﬁ’cgitt g%pgkggaﬁgkf%@En’%?%?maél%‘%;ds}?ﬁhg%;}@e%s many as 80 or_smp're
i ndependenapplicddte clrabsubsequeanstep tanrajiquhoefizhsamme hamprisingrs mixswe iobaucleicSee,

e. ., Biological A Detection and ldentif] i,Qn il 27-30
D@PA, Bi oF%S? &-ﬂ-: ‘%@E#‘Aal"és‘%ké%ﬂae&f%%@réc‘?@ﬁégswg%ﬂ@ﬁC :E;ae“’1 5%@3%?‘% res
can opti onglab ¥re REmBlehRnlieFtd Shedit¥ncrsl bf the Blighhu@leotid probet, if Adtiel & €achiof the

| atex bead. 25 ~ Like other fluorescent |abels, upconverting phosphores can
be det ect etegignséwelis)whichagomipsises aprode array dhemixsyrels ther freubaipd pndsy ropunely

sufficiently close |j.nker. . tarqge r 3 r gageld , i t her
ci'gnal i ng. GHerERes oafiBel adirey ey GEBEIE pHE SRLUA o colplihlitay
to quantit atsbel N seveRunif 18 EST1spedRE probesiare@onipdertiararyito diffsrent pdrilenswdrai et y
of procedures described herei to detect nuclease protect

n, e.g.,. tc \ i on
f réfgnent s. single muclpinecidchatnoctaiy ?‘98(9’811 bmgdttp gaelb et bigdocidr theArrayet which one
upconverti ng hos QL £5 ga?é]d al so be used to detect targets which are

di stri but e M 2R 6t ReP“Fashi on on a surface, e.g., targets (including
nucl ease pr ot ectlh @Bulisea@testes,)a diffeeht dotectdraligdnukleatadel (in the ilussatef axanplbound

directly to an array of different oligonucleotides an a.surface, or, bound
via bi f unctdetsaters ¥l ek ds added fe rrspdegign ﬁ‘ff%lbéﬁﬁe Tgi.s E)s b eetEsies @r&%?“d““&

| dentical) WG dlbf bt iR 15 YORTaBRLd, Adoh EYRGILifidHetédloriediRns &
organi zati on or- pattern, on a surface. "Any surface can be used, e.qg., a

fl owthrough system or a solid surface such as, e.g., a bead. "Beads used
in any of the assays of the invention can be of any type, e.g., nade of any
material, magnetic and/or non-magnetic; and the beads used in a single
assay can be of substantially the same, or different, sizes and/or shapes.
10 A variety of nore conplex sandw ch-type detection procedures can ~ al so
be enpl oyed. For exanple, a target can be hybridized Lo~ a bifunctional

nol ecul e containing a first nmoiety which is specific for the target and a

e o o o e




15 reporters can be used in each assay. For any of the nethods of this

i nvention, a variety of conplex sandw ch-type detection procedures can be
enpl oyed to |label (tag) targets. For exanple, a target can intZ0asaN 280t h,
e.g., hybridize to, a bifunctional (or nultifunctional) nolecul e ga_
"detecti P 9% ") containing a first noiety that is spediF P92 he
target and a second noiety that is.~~ 20 specific for a "reporter reagent."”
The term "specific for" has the meaning.as used herein with respect to the
interactions of, e.g., probes and tar get‘@. The term "reporter reagent,"” as
used herein, refers to a | abel ed pol ynucl eoti de, anti body or any of the
general types of nol ecul es di scussed herein in conjungt] W th obes and

o) r
targets. Théiféerento(atdsast parially nen-@sedanping RArHReof él?fn%%érc ghidoes @7%9@ Sct
or associatee with).theip res i (alell i :
nanner s di%lﬁfgggﬁgté%og%ﬁ\a{\tﬁggﬁ%nccﬁhgr(lig gé@g"ﬁg‘g vlv'!;u tg EB%%%gigg% éﬁxﬁéﬁf&ﬁ% S}‘eﬂtﬂgm °A
detection 4igMeRr Coasidal, &2 ckanple) tie ESThaépiseq ireRiges, 2 lewhich coeqspomdas ESAat
ale specific for a__ 2 0 JAN 200 WO 00] 79008 49 PCT/L 50)0/ 16%tar%{e§t but
are diff er brit and 6 of Fimviesolie?)- ahigireg indieptes ety 1y l-aé’ée#ci‘f'?ré gbolmsd (e -
correspondjng anc r bound,.]\l nke : Wi |atd
T hiker cantBBrdrae AR AR CHeR ooty ERT H DR REERE b it Bl iR
reporter agéﬁét If Almggtsmf@fsﬁ‘mpledomﬂnmy dvaRiure af SRS, irmiudingiérer generazed from
pol ynucl eotide. 5 Detection |inkers can be desjgned _so that a%?/mgggﬁi.ref
nunber of genenbiire msubated Witkthg BrRbS 2maYs e wndBd 1guResd Sk higBeng Whlbe, a

set of detection..linkers.can . I I | ris
specific f'd?éeé Oaflfl}aéfgﬁsmﬁar 82&5%%%&@%%?:@@5& lnggflt)si ﬁﬁ%’qﬁt? g ?gﬂ?lo%ig,@ane :
(common) , . grobt @l (ONEnate, @adhi MRNAGNY bb addedfin micpextes oveadhesins of Hegraliysl ity
to use a limted number of (e.g., on reporter reagents to |ab a..val.i et
ofl0t ar get sto Vhich 1%‘?4@@1)’@@@3-;%8?}5%?6 %gfélé‘gll':ﬂ%g%b\‘ﬁéﬁlgﬁgéo liﬁgmine@ﬁ?éd’ 38\951 ané
| ower back ' ' S

coni nat i oA 9. g X SEQUATIRAL s Bund RIBE | AR tahe pRABAREY, but nota

f ashi on onjqus dr Samélarle, ifdeteasr adapantibetidecsbinaddedto another wels- 64y, tvealljed --
arrangenments that can be detected by upcqnvertj hosphores. I n a nps
preferred &miduplaenind edpeick ?‘%@ﬂ?‘-ﬁﬁ’éﬁ g 3Bﬁhl§e€a§g§ﬁ_é’ﬁ8§a? SeFIrRG m_nag&gglase
15 protect ghgegéﬁpg@ TERS: itich 4P e dart kel 0! ER4IBRpIIBABIE suhicqitnbave

been cl eav ease fromcontrol "overhang" sequences duri n% a
nusl ease pand ehich@STrrocedaue Foathedypathetimtiexample showm 1EXigrg0ethe figyt 3HSLs

preferentially |abeled.. This type of. d i on _procedur e.iS..i tr

schemat i caleR§odeRoRiQns ot &?zﬁamicrgég%i@ﬂé oﬁﬁﬁa CPH%p%iﬁP‘ésc?eﬁagﬁﬁcll' k%ger’ oAb Bt

conpri ses Yé'maiﬂinfgiﬁ 5 z[cﬂﬁieﬁ'trﬁbt t Wt lidied S Pehditivss bHybfdizatigs optiothl avaReape,
ecli

noi ety that 1s s ~for the coomon .0 control overhang sequence whjch,
in a pref emebodsndfodtitavtion, andghgliksenmdissussed iskaeweredn this applicgtiop puthserehge

protection fr at the start of an assay. | i r i
over hang sé® géﬁg@ﬂﬁég 58N eI?I°é§Vé%I C?I?%FH @‘eﬁﬁ%@%@é& g?‘%ﬁ‘gg;b Pﬁe Fag m%%tLa Z
dufg.ng a nuqk QIR PErflBFPCRTeA®RAS Lifg phit® of ESTedpesife wligbrudientideyprobes &
detection linker will hybridize to the cleaved protect] ocp fragment, t the
control oveebsErigdsptisetieprimsretEveny painef linked &STsi5sheuldxistd ECRIATPAYL: DigBound
and will r i.n avai l.a her i dj .00 f ; hand,
the cont r ol PR EF RARY Eset e U IR Kbl B hnage dREc ORI
fragment e.He LinkBESNSEP PdssdyfEewgiies; ntanf wedcdamewolild bs tequired) and saphESTptimas e
protection procedure, both the target-specifjc and the conttol- ouverhan

-0 .
“speci fic rsowdibayedp bermtiesized apRothiseReey ang ARt-pRAST SERAS- (RPTRE ! P%H"é‘g‘lion

fragment and w || e al her hybridization. In 2 0 JAN
2004 wo ao/czﬁgxgge’égeél‘f%ﬁg%g)ﬁg’%bglg%ﬁéﬂe%'red enbodi ment, conplexes
conpri si ng nucl emseepipdceahd mnerftioagelates to antthngi nfdedetigng whichiaflegluradine
then hybridized in a further step to a reporter reagent whi ch conprises a
si gnal i ng eaftBYEs qre cemplemenfany, &‘WB‘PTE‘}CIFFSSF%C%‘HQ'S}%%%’ or any ot her

ol ecul e bear| N93)@  incubating an immobilized array of oligonucleotide probes, at least one of

which corresponds to each of said ESTs, with a test sample which may contain said given -



detect abl e signal or signal-generating entity, as described .herein) and an
noiety (e.g., an 5 oligonucleotide) which is specific for the control

over hang-specific noiety of a detection linker. The reporter he@ﬂfab\MIl
preferentially bind to and | abel those conpl exes in which th% C p
overhang‘ﬁga W of the nucl ease protection fragment has PebNSeVaszed of f,
(i.e., a conplex in which the control overhang-specif c noiety of the
detection linker is available for further-hybridization to the reporter
reagent.) . 10 Numerous other variationglof sandw ch detection procedures
will be evident to one of skill in the art. Methods by which targets can be
incubated with a target-specific reporters) under conditions effective for
achi evi ng Ridlédé Bd ab oBides hf&rﬁ!%@ioh BERIBCHNOE PR dxg&hh&@bﬂa&%@&%ﬁ%&ide
(see above). For exanple, fluorescent oligonucleotide reporters (at a 15
concent r at nanleioficidbout 10 nMto about 1-pMor nore, preferably about 30 nM

i buf f 6X_SSPE-T.or .other.sj.can be.incubated. with the bound
hrocte for perheos Sholenm i hPielahit sRlurou A SRt digtoh ebide, VR,
30 to 60 NidisESads t8hn ESTAORAAI@ sHetofREHWRIEBnRIUHde bRotfes cafespRas b dhfeh -

(preferably about roomtenperature). After incubation, the .~;. sanples.

caf opti ontlspgcifie forradiffstent pogion ofdlenESl) Etao is é&j@@ﬁgmmwetmw@%@n@ pecific
e using. S o ) AP
| eove speci fic Phter DRt Whic EiEonlieSitpoRes b FEH SR CIRESTAY bY sty

material . H{eectexaligdntcledd®)! es can be washed between about one and ten

times or nore under the sanme or somewhat nore stringent conditions than
t hose used to a®fieesie saiteawrar g vligepsiaotide tprekfsniy. imraekjlizesl antaregion of a

t ar get - spegific_JepQrters) nrovi de an .additional |ayer of 25
speci fici tgéql%m?{\%&i(?"f#et?l&ilsalﬁ%ﬁg?a\éﬁgiCS%pPg%fcti on. e.g., in the case in _
whioch a target - spegishifacotorfipridifg @atuntter ERpatialy discrety, gabaantiadlyaiddnfidady ent

portion of the sequence of a target nucleic acid than is the probe

ol i gonucl e&tgiens eqpal toihqprmberni &isd s 4 Be stugise: ach aegipp 6AMPESECcogni ze
different epito . tar : [ : I r Qe it

t arget - speci fi CEf}p@%@%rsﬁggtgérgﬁt{%\?ﬁﬁgFq&#ﬁ%?ﬁg@%@ °§ensi5??\‘??ﬁts§ﬁ6 ’ {::ﬁ:éu
reacti on. knthoeXnagebeiation witht ar get MRNA which is 2 0 JAN 200g WO 00/ 79008

51 PCT/ US00/ 16952 part of correlative expressign pattern js._expressed, at
very |ow | evel s; J ¢ hifyasgional kst Yhish hasifisbp@Rn AL %Fé%éjpf @ﬁﬁﬁ?h%%{& on)
by shybri di zi : , jove
oSore) "t Asanl BErR e ARl O ide P wEOH b L nd Pl S
hybri di zes of§pdd ESTsal |y to a different portion of the target nRNA. 5 The

bility to detecgt t t f.labels jnd dent | | | f .
addi ti onal type IR Bt e IMERRTElaS © Sgiboes goove sHisreth Pegit TR

100% of il iclefipterlehgatad rlokicheRREAd #Hbin ABR bPtail BTS ceEiplases?wgws

3 typical anchor loci, eaCh conprising a plurality of substantially &

i dentical aliff¢rentsol{ghnuBleotidaCygquenaeshthe dirst dfawkich defiges am oligervicectide azokad t o
d. F | e, K i ; 5 f b hed. at .5
ot of i he Spreeraig oreib ERD AT ul serdiptsBioh pSa et B el hp  RRugk,

After a m )@bﬂ-&g;ogainlgitaIgQ{dSEﬂr)@oﬁgﬂgjhg,l‘ | i nkers has been associated with
anchors and a sanple containing a target has been incubated with the

resul ting probe @r r aycontacting gsamplp #diidh compsises melecwlen pf srid Auelricrasidewith a1 yor

.g., fl in.. i | . i Ll '
bnef can baveats ePh pf RS Gale SRRl oRop SR o LAF R GHENeAEROER
~ other det egirots, dtabmt pine afathicheofrédpodio eutteof sa9d BETsal s can be 15

det erm ned. The presence of control linkers permts calibrati O{(}F,Of t{/]\ﬁe.
nWtber of functiBnal ipeuRgting saidpample,with said saioniherebyinFRBIENE BRleRprs offaihi n
and bet wee rLegi [ LSt c Ele6 9544S wihicH e
array to birhr%ﬁ?%raﬁgg,tg;]%i?éptar %5ge§§%? 0%%‘?%’%%@% d#‘ggé)g?glﬁaﬁg],ﬂrser ves Cas a
basi s for quamlémaitaryrtogortidne ofisaid nticleik abmynd target, aids in |ocalization
of the anchor |ocgi and/or provjdes a positive control, e.9., .inh .cases,in
which there is ifd si gRERDAE Spe rzevoacmmms8}5%@%%@3&&{%?@@?15%“5‘1 to'
sanpl e. 1n gpeeriadi MNtaiaf ESPeohBYRRAkINRN olib¥RicfiokiHer pibet aRethSa ( GetBetor

fl uor ophores) 8an afgso bealused tg dgélﬁgctn%t \%gdi fcf grlentspopul ations of
target nol ecul es; however, the ability to recognize the presence of targets
by spatial resolution of, signals allows the use of a single type of |abel
for different target nolecules. The ability to detect |abels independently
(e.g., fluorescent.. labels which emt at 25 distinguishabl e wavel engt hs,
such as, e.g., fluorescei-n and rhodam ne, or different upconverting
phosphores) allows additional flexibility in the nethods of the invention.
For exanple, each of two or nore targets can be |abeled, directly or

-, N T o r M



2 0 JAN 2004 WO 00/79U08 52 PCT/ US00/ 16952 identifying the position of a
| ocalized target on a surface, or identifying a target by vi rtue of the

size of a bead to which it is localized. In another enmbodi nmeng dg
i nvention a nultiplicity of targets can be detected i ndependen g
single LYQM4%hi n a region. For exanple, two or rmore (e.i:/UP018952, 5 6

or nore) targets can be detected at a |ocus which is 5 defined by a S|ngle
group of (substantially identical) anchors. That is, a set of |inkers can
be used, each of which has an anchor-spé@ific portion specific for the sane
anchor plus a target-specific portion specific for a different target. If a
set of, e.g., four such linkers is used, all four can bind to nenbers of

the group gf o%ﬁélfaeﬁ@e which cairegondd REASES Tt alvidioa iven ode bf meemgonummgset s
to bind at tgn | ocus. If each of these targets is |abeled. (direc

i ndirectl yprohu:stcbf sax@rraﬁ'@logﬁiponds §hqrﬁ@ubl§ﬁ1§5|déteCF%{tﬁélgon‘éﬂe?t elg g 6E%F‘g‘réan
det erm ne th& &? séqﬁgqﬁggbea Jldtgnfen oﬂ%nutc?tfr é%rcﬁate Jrli6 ofhec onucleotide

i ndependenPP§FC anchors (groups o

anchors) '&oﬁe§€vﬂldﬁ%r&@d¥n§l@m@ﬁt@@ uorsaidlamweaardl,o described above to detect
as many as twenty different targets. Such an as |Jlustr€b % }}g
Exanpl e 24 and ﬁ{gurdCtQ@mEShWPﬂeé@ﬂC? of saig detegior Pi‘g@ﬁ“ eqtigles, her eNtYINgn Ny

anchor 1 s TR, ERtede R, g hbBAEAr BRERE f PREReRy iR, E*ﬁﬁ’y‘%s. red

fashion, 0po@ioR®bid natlefcaseed shidh Fiads ® @id gﬂ/ehaflcgonnclaoﬂidla)EST-mou'ugjmndmo
apparatus;” and other aspects such as_bead size or scatter can

o
provi de i npobanthesebyalsentiiying waich Bahs FECyCQTPPI;ﬁ“EﬁE%V dp said gaten. n“"‘&]e‘e amdI n
f 2?;2? E S)e n‘% d:#;??%g gx;ra S&o]lrgg}{\?cn%dt% ro@e@%]igﬁrﬁob hig %rr@gx%ﬁ%?hf:bﬁlbfrﬁﬁoﬁ

oLt at i ers, but rather are
aggoci at edwilkfed€ Ediy combinatibecdmpges(s); the target(s) in turn, can
interact optionally with a target-specific re ort S. et her
| abel ed or unl abel ed,!) can 20¥\ri3es SRMBHSIBY aa’ﬂ’rﬁf“ %’eiéf %‘gl’fas&?& rSE;‘BVWaWQ@
which are routin &iel. Eg%ﬂj@jm g
(1996). U.S. PatS e"ﬁog %@g}{&@%ﬂ@lﬁﬁr%%?%gtﬁégf (é@@stu) A : psing
5,143, 854; Koster~(1997). alnnbeatof d&ﬁereﬁﬁar&hﬁﬁ@;@&mo Htﬂnmsb@tOfeRS'l(Sll@%
U S. Pat. No. 5;653,939; Heller %?996 U.S. Pat. No. 5,565, 322; Eggers et
al ( 1997). U. Sshulicd, ggeh anchorgn assoCialiop it ; et al ( 1995). Bi oTechni ques
LY 442-a47, Sout her i) (1998 ultiaRfinkd} HIPhALS fidst portilr hifh) spddtfioniriten
methods i ncl ude enzy etection, colorinetric nethods, SPA,
aut or adi ogr aphy ,anol@s ashec secone tpoytiore It t qompiseseanh oHgoNUgaCEE iRsAbGH Vhich
absor bance or |um nescence gl ncl udlfnsg %.FOJAN 2004 WO 001 79008 53
PCT/ US00/ 1695~ cﬂﬁ’gﬁf‘HOB et deast et B TSI uni nescence), and detection of

¥

light scatter fr en@&raﬁ%%’ph&p@ﬁhfgtdsgi)eaamsedsﬁmﬂlagm any exder. For ¥
fluorescent | abels ca be detected e.g., by inmaging with a charge Coééolls

devi ce ( CCRxamplef theanewes; hivkersrimd ES'E&)W b(e@sg:mblg@ saauERieRllys ockinge
L aprescence grzé’c%‘éé’mbsc&% YRR LI 3ERBRUTY soUabE Btk aadeqce@ |eray

or

=
IN

anchors.

In another aspect, the invention relates to a method of determining which of a
. plurality of ESTs are complementary to a given nucleic acid, comprising,
a) incubatiﬂg a collccﬁon of bifunctional oligonucleotide linker molecules, each
25 of which comprises a first portion which is a probe that corresponds to at least one of said
ESTs, and a second portion which is specific for an anchor oligonucleotide, with a test |
sample whiéh may contain said given nucleic acid, to obtain a first hybridization product

between said oligonucleotide probes and said nucleic acid,

b) incubating said first hybridization product with an immobilized array of



5 photomul tiplier tube, or by using array-based technol ogy for detection
(e.g., surface potential of each 10-mcron part of a test region can be
detected or surface plasnon resonance can be used if resol ut 2&dnJs¥ABe nade
hi gh enough.) Alternatively, an array can contain a |abel (e.g., one of a
pai r of emengyyovs ansfer probes, such as fluorescein and r hedewsReE)szhi ch
can be detected by energy transfer to (or nodul ation by) the |abel on a 10
| inker, target or reporter. Anong the host of fluorescence-based detection
systens are fluorescence intensity, fludBescence pol arization (FP),
time-resol ved fluorescence, fluorescence resonance energy transfer and
honogeneous tine-rel eased fl uorescence (HTRF). Analysis of repeating

bar - code- | jiBoPaligaublRoGER, Rberbceithl dnshacblponpeltdtidencarsspgrisito dre rfchadi ng
the appropriate spot or line for each specific |abeled target ﬁ%/ iqt_s 15
posi tion rsiesifioportion phet lsestanesised Brkerimelssulestp JaRR 2iFCethpyindigatioron
of the intensity of the |abel Bar: e I it i; ter
cof tvar et BPREHEogoay e oeBe: Bid PRE-RERRpHARe s g AR ackE IR U
gener at ed and/ og) conmpechading eiteakdidbfiret o€ sgid, seserel Rebwidiedtionl prode@@6yith @, S.
Patent No. S,545,531).  Methods of making aaglgFe%Isi n\%ﬂ.t he arfr aﬁﬁ of* tqi S.

i ndent i on, detaePreligegueatisisr Whigh correspondyfof orvhigh panat it eliagnuslforide
descri bed herein 1.Z] s f t ' r sl
subst ances PElieh EeERAEE MuE AR sHGEL £6rP SRR DGR, DO R E ST IR s

probes desgliphirdidacideprobepaid det ecting and anal yzing | abel ed or tagged
subst ances as described herein, are well Eno agi convent i o\r}alla 1tiﬁhnol gy.
§ &F a8ve's “8 ,

In addition to M@t hodstegiing Micigoligpnugieot & o4 said FRLHG 7 At

patents assign : f{e}s , Affynmetrix, Nanogen, 25 Protogene, Spectragen,
MIIipore éﬁ&%m%ggfg?g@c gg%(h whom products useful for the invention are

ava | abl e); st andregin tsedt &remk sf afchop|cdignhaaledtides oy ymemediljredtas & regiverfed
i ncludi ng those cited above;, and.Cozette et al ( I 991 ). U S. Pat.
5, 063, 081; COBMNIEPR Yhefoass RARONSHHTBAS i n Bi ot echnol ogy Z, 85- 8~8;

Chee et al ( 199§) i er 1Qa:884: 0 Qi scedte, BdubbthBQA)y idvativale
364, 555- 556. %g 8@%%8@%8%%%’8‘}%%0%%%2 CT/ US00) 16952 f1ef |

Descri pt i ofegibng éymalioahe nomber FfES TsItoibelsuxticd each meipasiogiprisifigene f or
di gonucl eoti des,_.in ich_a_linker .1 contains a porti ty.J cific

for anchor 1 and)# F°E)%|4°F"6‘ﬁa‘%%boﬁ? B%ET{Q%P“F@CEB@%#?@O l?':!osr%@g(?'get nRNA
1,q@nd in which o%ﬁ%' \ Wpihg BSTERRA bk vged Rrmep weguquaresf -
ta}saet 5 nRNA 1 %‘Ji C i@@g?ﬁegr?gtﬁt%%%%@? e_glsequence of the fpar %et -qspec_i fic
portion of (elze pblynkeleotidespont@ any hudeicaridolanterast. XoeeXaMRIR A6 FBR CEEENTS if ost
regi ons, each-of which rLises an_arr Qf _si I ' gotides-
Fig. 3ill Mrﬁt%%retcﬁ@eggéﬁﬁnﬁﬁn? 5 Pﬁﬁéﬁ#o?gg%r@ggg%&gg P%%in%ghasga%? in
which the afebQrenmtd sidcfopekihple, iaftht beudtiak elucidatios ebloingt euinplex gendse In 2
probe portion. (the receptor 10 proteiin) via biotin and streptavidin

mol ecul es, @:sinilan MATNEh enel FaJaARICTEHEE| if 0BE Q5 MPTeSPLICES Oub SeTUENF 8T SedifB  n
a fluorescent. | abel i ng npl ecul e, B :Bi-otjn. : fi¥ofl dbuldRBE ‘usBECRIPt OF
prgbei n. Liﬁﬁﬁﬁfceﬁ%@ti?rg’le -s‘%?ﬂes er@ﬁ‘e‘?i@tlh ggﬁﬁl ??re&?ﬁ]e rgceptor. Fooa
f I uor escent edaaipd, i@ dABhGEU ket Ridigiipaibhivertden dxdogmakknd djseade cdriditiam whigh a
surface which conprises 21 test regions, each of wg%ch i.S f.urstég% 1% ;
subdi vi ded #rarcharagterzasityifasntial SRERIREPRRSTRS. Mi2Ry PIRST aPRijcgonsey themappige o
illustrate ' : io¢ SYrd age such as that shown in Fig. 4
can be asseﬁgfhgg.ﬁpﬁég%ggmr)@p%ggﬁlf@12 vve%ﬁ separator; Fig. Sh represents a
~~~ subdi'vi der; Bnandther aspect; dpr inyemicn wldses o a method of determining which of a
25 plurality of polynucleotides are complementary to a given nucleic acid,
wherein one or more of said polynucleotides may be complementary to said nucleic
acid, and wherein each of said'po.lynuc'lcotides corﬁprises two different oligonucleotide
seque':nces,' the first of which defines an oligqnucleotide probe corresponding to said

polynucleotide, and the second of which defines a detector oligonucleotide corresponding



Fig. 6 represents two test regions) each of which conprises a |linear array
of probes 20 (or anchors) which are in a "bar-code"- |ike formation. Fig.
7-schematically represents a test region conprising 3 anchorgp(N Riknd O),
each of which is present in nmultiple copies (a "group”). The |ocation of
each gr o¥P %% %Aichors is ternmed a "locus.” Fig. 8 illustr&Cd&SaN1¢88%ay in
whi ch cDNA(s) generated by specific reverse 25 transcriptase are assayed on
MAPS plates. Fig. 9 illustrates an assag4whi ch uses a nucl ease protection
procedure (NPA- MAPS assay). Sanple RNA is prepared fromcells or from
tissue and is represented as thin wavy lines. To the RNA sanple is added a

group of poal ynu i r E.ﬁﬁfs' n fragnents, WO 00/ 79008 . 5~
PCTNS00/ 12%%9&@'#%&%&@@5& LCIP%’dar.k and light lines. The dark sections

of the protectign fregnmfing arsemphoeinth segprsessnolbatlesnfsaid nucleic acid with at
conpl enentary.to.specific RNA targets and-hybridize to thozﬁ. ﬁ.ar eis.. The
li ght sectlezshene wsgrcass BCOBPHEIAHAMTISEEIP 5316 TSEHN CURRIHEH TR TR Ol igamsielidt n

the conpl ene ésggélagsgg)%lgﬁgglh%gco E%‘ﬁ%(% %@f%??ﬁaéd?y&ﬂ&ﬁﬁe&-rhe protection

fragnents BP exCEess. W ng -hyb zation of "all avail able
tagget to the ppot ectricobatingagidemiple wittesaiiaepioesthereby pereritting mleclegiof said -
appropriate cocktail of nucleases and with chem cgq t1 st roy

JCKL, ! : J trqatn(“xantsnth?1 de
unwant ed neiFleigatif & biad tesaad BRSPS HHOMaTPARG ST BTG BT GT RECOE S Dalfpl e,
S 1 nucl eaggnﬁ%eg@g{oo%rg&yﬁ éfisgglllﬁlc&tiégﬁ ed DNA present: Hence, excess
1 S

protection %ragrren ydrol yzed ‘as is the overhangin non- hybri di zed
portion of boung) 10 prmba&ig’smﬁdfaga‘xgnmmprisﬁgﬁmokmulseoﬁ&%dollylzxgdlctwb@emditpi on
of ribonucl eases including ribonucl ease H_ and or b%/l I}e[f\ti n sang)l ﬁls ip
base. Remafmf eFgmpEs of il PAYRNGePtKle-coresRABGNEr YH8oBHT 5PHGS RIGRENY 4 £ f5tector
reflect how. ide GG B4 NE twHidh bhaven @Rt &f thee
rﬁmi'ni ng gﬁ%@gg{cggﬁe%ghmﬁﬁgﬁépe rre;%gcrﬂ Eﬁﬁgg&sﬁsﬂhybr%i zation assay.
Fig. 10 il blsdnualeotddiyfobesiofsatd anyspeesponds, ther¢hy kindingdetagiorgligongclpptides1 ]

=t AR A e
?gant I CaBii@&hu@fcoﬁdé?ﬂ%eE Wi&ﬁ/aré Bbhblenfehfiry dflsdid hudticatids mel ting -
nper at ure determ nations for four oligonucleotide ':4 |inker/anchor,
conbi nati ons. 2@)Fi g.detebting thegresancesfsaiddRNator obiggnusjeokites, tasesby igenjitying
! |1|5uSt rat e%vh?chdi 1|:>o tyim?c égty e\-/c?or\r’gsltnglndli\lrlzDgA_ M?‘g%%ucleotidc probes of said array are
complementary to portions of a nucleic acid which binds to said given oligonucleotide
. polynucleotide-corresponding probe, thereby identifying which po}ynucleotides are
comblcmentary to said given nucleic acid, ' ' t
wherein said array of oligonucleotide probes is immobilized on a region of a by
20 combinatioﬁ, wherein said combination comprises
1) a surface comprising 2 number of spatially discrete, substantially identical,
regions equal to the number of polynucleotides to be studied, each region comprising
2) a number of different anchors equal to the number of polynucleotides to be
studied, each anchor in association with |
25 3) a bifunctional linker which has a first portion that is specific for the anchor, and
 asecond portion that comprises an oligonucleotide probe which corresponds to at least one
of said polynucleotides. _ o
In another aspect of the invention, the above methods to map ESTs or other

polynucleotides further comprise removing unbound portions of the sample between one or



Fig. 17 illustrates an assay to detect peptides containing phosphotyrosine

residues. Fig. 18 illustrates the first step in an assay to §§T??O%{'
assenbling linkers corresponding to each of the ESTs to be man?@e 8 rrays

of generic anchors:on a MAPS 25 plate. To the surface of wel |'s
of am c?’%?%pgosare attached linkers conprising 16 differ 2)?1:?%5%/1&%2

ol i gonucl eoti de probes, arranged in a 4x4 matrix. The first | ocus has oligo
1, which is conplenentary to a portion éf the first EST sequence, and so on
for the 16 ESTs to be tested. cDNAs or nmRNAs generated fromthe genes from
whi ch the ESTs were obtained are 2 0 JAN 2004 WO 00/79008 56

PCT/ US00/ 4a8=20fanelsdps.0 all 16 wel s and all owed to hybridi ze under

B cbquences win 00T SECaRBIeBHoLe frEnigh oo shaods RRE efsl &R e e
was pl ace. x'gRg\FA,g%' Jtﬁexj %E&S*fr I@Q?.z afe SHRIRGEERDL TIERs b réRrRSEAYcHPtabBandSTs:
ctor’ 5 ol I gdhlc

addi ng det eoti des to the-MAPS plate. Each well of the
pl at e r ecefhees cDNA g efeethen hybtidiged ue |aeptabd earvayi. c Ahisotype Sfcasery isoilbitraist t he

ESTs to b d. Each detector oli | eot i de i i | eot |
Copl ed t osemBrERll B HEws & Sk orBers o PETIEd RN Bs SR Epf S e nce
| MBI NG | 8908 1OEBE a0 RSt HahdhipusCihddmpspichortieipgionis it de | S

conpl ementary 1o one Ts, but different tromthe EST-specjfic 10
probe, so ipwifiaf@ribeRMNAd of idetest vor thehi aftsied db &bt RIEA wample, #nd, using art-

conpl enmentary to si pgl e EST can both, bi nd at Js f :

washi ng, areé:pg@ngr?agchgw&ran IW%H%FE‘%F‘FB@@ gc é@f@@&ﬁﬁéﬁ%@éﬁ&mﬁﬁ %);?t;rgued,
number ed 1 fd fis Lat & cBRas dkSgerePRed TRt Ché@nETmirRet icfkts vo dhe that s
sequences conplenentary to the %I rst EST is added to the first ggl |, and so

ong 15 Fi gsuffkéendycomplérhentany 40 en rrRNAceflintesess o bRd tadider srlpdpd BSRESRhown

in Figs: 18 and 19. After hyhridizati on, of . oL : '

washi g i PHORURREBOREGoRTdE Fisnenised oY fo R REpRhiped BAVERfBbtg iy paie
m cropl at et@{xﬁdésﬂﬁgﬁécwictaeida(s&qgnbamob Giss\aERacfapgroprimg ecactibo cosdisiops
Fig. 20a shows stylized results. It is expected_ that each ~~~ .

) r,..

EST- speci f iachidet sgecific ybrigizatien)e Resifal o, mRAW| Whinle WErNROtIECREHNEE AR d
down by the 20 carrespondi - if1 . apiey
assen! es o RIS RORTRRRSEG AEE WP e ping A BATRNG: oitdtbtuinas
rSTI%NStAhe ffRANJELESRNA Ol dagMRuUemeoéd Be aahafladvalespofyibonwdieasest ar bhehemical or
: at the same locus.. This is the case for_ the &Gs}éﬁi zed dW \Aa'nlﬁ.éaach
det ecti on qroepones) whiaageat@s@w%ak%-lﬁﬁ‘tle&Pﬂan‘}S) 5EElq $iragd ST on* Bichd
first three detector .olj | CEVALR o f PN s eart cEpiRe by
the first tSHE%e@u%Pyp?lg%cgg?%ﬁé@%ﬁﬁaﬁ %_.ﬁredggggrl%'uencef OIfi e al ong T hg _s%r.re
gene. Si m liakhi¥ methRl masimides the nesd Soragxpamivetaniing R4, winieh danbiesgasitive

T uSt r at cdosaradahian PyRSRESE 81 1S BFGHEI e Sl BEgBRTc A s oy
EST& #l, 2 s%@gm@xt? QR%diér@d %&Ws%écih%‘r%se transcriptase primers imparts an added layer
of specificity to the assay. '
Optionally, the cDNAs described above can be amplified before hybridization to the
probe array to increase the signal strength. The oligonucleotide reverse transcriptase
-primers described above can comprise, at their 5’ ends, sequences (which can be about 22-
25 27 nucleotides long) that specify initiation sites for an RNA polYmera.se (e.g., T7, T3 or SP2
polymerase, or the like). In the example shown in Figure 8, a T7 promoter sequence has
been added to the reverse transcriptase primer. The polymerase recognition site becomes
inco@mted into the cDNA and can then serve as a recognition site for multiple rounds of

tranécﬁption by the appropriate RNA polymerase (in vitro transcription, or IVT).



2 0 JAN 200 WD 00/79008 57 Fig. 22 illustrates a high throughput assay.
PCT/ USO0/ 16952 Fig. 23 illustrates a nethod to prepare an-anpl i¢iJ§g mget.
Fig. 24 illustrates an assay with detection |inkers and reportze € .
Fig. 25 | tes a use of nmultiple flours. 5 EXAMPLES

hybri di zg‘{q@%gﬂgecificity (see Figure 10) A generic MAPS Eﬁ' Rofiydos
produced by using an inkjet dispenser, the Pixus system (Cartesian
Technologies, Inc.., Irvine, CA) to fordan identical grid of DNA within
each well of a mcrotiter plate. Al oligonucl eotides were purchased from
Bi osource International 10 (Camarillo, CA). For 'this plate, seven different
ol i gonucl i ?f[req ' g bevimglifedeashery@bing IPCR ed apirésridte
shown as t %‘l‘%W?FE t S‘?Qﬁféoe%e?b?@ figur e)é] Each ol i gongcl .eo.tidziemjvl;/algrI

di spensed primers1dt tnacDINAL selfdcaniieso amplifind. Byssedures fasisaascriptinn 3od HERapse
cont ai ni ng 500 nljé)so?i um%ﬁho ph%te pH 8.5..and 1. nM EDTA to the wells of a
DNA Bi nd plogfiae e WANKGOMRM BEPIL and alfewied to dry. After attachment,
wells were bl oc -1 e F@ : arafidné Rethe AhdtBe W Hieoinveidohat
had not coval en?ﬁgﬂga%]%@gae to%‘gg gogrrga;ggv was washed away with 0.1 % SDS

i N55x SSP Imdreembodam¢rtheoneas hed of thet RCR Ipcioress whivhl ape psasdp amplifhr&arget can

[ i | eoti d dded d. 1. t bri dj. i 1 0.1%
oI Pon . SotmERes BoarTRhSrdl o SEithaney® 1 dradiAg pck Ploddetty Wach
protocol f Hec Cfaﬁ? Qﬁ%-sﬁciﬂﬁaﬂ%ﬁ%%-soﬁb%ulbﬁd}KeSucﬂi tigamiogll madificaon2 Gnoledes

cy5-derivatized during synthesis, and were conpl enentary in 25 base-pair
segment s t forspempld, ' amidaton whichl allgen hinding itelsurfacessusk 88 €885 s HNHHENdeven

O ok LS L N BRI e e LA o0

qWTT%%ET%%%Emﬁﬁ%@Wmm%W&&%fdil\gknerating

mmc(mouse Gjun): SEQID: 3 ) . . . . .

CTATGACT GCAUATRGAANCOATEATNAGTCH drTEcACuTAACATINS AT CHERT and sopventiQnaldBa wo

00|j900$ 58th5(: a%tq A} %C%lo pr%guc‘ft%(é)orggrig% suc taer%ggirﬁegp'n%é}t&k $QGhEGed to any desired
support, including a solid support, e.g., the inner walls of a microtiter well, a bead (e.g., 2
non-magnetic or magnetic bead), or any of the types of surfaces described herein. Of

15 course, a PCR primer can also be attached to a support before a PCR reaction is initiated.

Several cycles of PCR can be répeated without washing but with an excess of bound primer,

so that the resulting PCR product remains attached to the support. The attachment of an

amplliﬁed target sequence to a support can facilitate the washing (or purification) of the

target, either before it is contacted with (e.g., hybridized to) a surface comprising anchors #
L0 and/or linkers, or after it has been contacted with and then released from such a surface.

In anothér embodiment, one or both of the PCR primers used to amplify a target can
comprise one or more restriction enzyme sites, allowing the introduction of restriction sites
adjacent to either end of, or flanking, a target sequence of interest. Restriction sites can be
added to an amplified target by PCR either before or after it has contacted (e.g., hybridized

25 to) a surface comprising anchors and/or linkers. Restriction site(s) introduced in this manner
can, for examplé, facilitate the cloning of an amplified target by providing cloning sites
which flank the farget sequence. Restriction sites can also facilitate the purification of an-
amplified sequence. For example, one or more restriction sites can be placed in a PCR _'

primer between a target specific sequence and a chemical modification which allows



TGAATGAGATCGAATGITAGGTCCA  PCT/ USQO. o/ 16952 SEQ I D: 4 #2 Anchor : SEQID: S -
CACTACGECTGAGCACGTGCCCTCC Linkei ' SEQ ID:6 -
CTAGGCT GAAGT GT GGCT GGAGT CTGCAGCGCACGTGCTCAGCCGTAGTG RNA i mi ¢ & GrolAdle208A P- 2)

~ SEQ I D: GOCACACTTCAGCCTAGGATACTGAGTCTGAACAA. a CT GAC
Det ect or é@?@%’ | oeotide"' ~ SEQ ID: 8 GTCAGTTAGCCTTGCCT% >Anchoi
SEQ I D: 9 GTCAGITAGCCTTGCCTTZ' GITCAG Linker ' . SEQ I D: 10

ACCATGTAGT TGAGGT CAAT GAAGGGOGCT CCCACAACGGIICGACCEECG RNA mimic (nouse GAPDH) :
SEQ I D: 11 CCTTCATTGACCTCAACTACATGGTGATACT GAGT GGAGAAACCTGCCAAGTATGAT GAC
Det ector A igonucl oeotide"' ~ SEQ ID:12 GTCATCATACTTGGCAGGITTCTCC #4

CTACCoACCARRT QSN P R S R kg, v ol pog

protein): PHRet,Andthas bound to a support via the chemical modification, it can be washed and then

ATTTCATTTCCAGI TTGCTCGGTAGGATACT GAGT GAGT CAGCAATCCCAA GG CT.Detecto

O i gonucl oékareatthe regiresion ﬂ%(SAWTﬁ%&mg%@b#Sdﬁ\% : d

| D 17CTCGT CT. GLi nker" . SEQ | D: 18CTGGCAGCCACGGACGCGGAACGAGH6
Anchor' : SE i CG ACCACAGTCCCCLI nker "~ SEQ

| D:520GCGGACT GT GEIAGGAEFIEwAbIEGites &hér mﬁl\fEZ%ﬂoMEIQMﬂQﬁﬁéarﬁﬂsm ni¢8dorie6952
#7 Anchor': SEQ I D: 21 GCGCGCCGCGITATGCATCTCTT Li nker" - ~ - _SEQ ID: 22
CGAAGAGAT IR ARUSGESSERICRT0 Ve A hd PSP Whish 7R 5@%&6%! A 5eociBC PRRIERE: BF ¢ h
am de at the Be: -6RA0onent WhRhS WS 18%RE RGdiof ?Qe%?cﬁ 'Bty?hgsﬁﬁlg aedisdapbr biner S

end "' Detector d1gonucleotides were synthesized w iotin attached at

the 5 end meansach well either one linker or a mxture of linkers (as .
indicated in the figure s added 1 in b . {To the well,..parked "all"
was added a mixt ﬁég@ff %?%Aé%é@%n°n°|qf3ﬁ2@r%ﬂ9e‘E{Gﬁl%&ﬁ‘%“ﬁeﬁé%ﬂ-ﬂ@ﬁa éﬁ%"t can
ing in d .8
Wagghi ng éﬁ‘ﬁg a%e@eﬂ?ﬁwh’ié@% %H%és%ﬁﬁ}l@cpafeééhﬁﬁl%@?%é%?i,aﬁg?}?é&ﬁi fhd.g.,

portion of Igure was' taken -with a Tdndra inmage Cat heri nes,
Ont ari 0). Astacgen-speciSereportertte aldetdctios liskéf assenbled to the surface,

by~ ifi [ 1 iatj ith thei | t h 15.,Thi.
o oope 16 T e DR BORS ihd Shale a2 strihet mafedt apETc s 520 DA S oRR R i ey,
each wel | apdirkd @KﬁBﬁxaﬁb&Qd%%G‘éﬁﬁ‘bglgd@%ﬁ{oeirﬁi}hgﬁﬁéd/pr%ﬁwcdt@hﬁ@ta"gé;%lf'@w'akﬁy. The

‘entire process Is repeated with etc. differerit anchors in_each well

of a 24, OeExmsges 3band22 demensizstd protasols inmxkinhsevepal mfibe AGMRT Madificatioss e

Figure 11) The.r - of _hybiidi zat.. f i.yatized |inker nunber |.to
itgycorrpl e eﬁfﬂfﬁ?dt%ewﬁﬁa%%? ogﬁ%réﬁegdrgﬁ()a Ei“@igﬁg\%%{g\é or different |
concentrations ofhd ibvlveldeschbed gRiREE Gn WMART MRAACtaiets 426 eprareadd ascDNA Witlyur e
1, except anchor 1 was attached at four ySlg)ots per wel|. ' Incubations \ﬁgre
. d 3

done at rooreverserfrenssrintase ind/aaresapplifiadbyP GR obafone apsaymg ARy Splates. 141
ti ith Sx ,SSP b .
i cture of Tard Brsed e PR MARS BE QR TIATHATE 18 RIANARAAGSs

e was a, and backgroun g
subtract ed agdribédaboveegr at ed | A4
.0 In another embodiment of the invention, one or more nucleic acid targets of interest

are hybridized to specific polynucleotide protection fragments and subjected to a nuclease
protection procedure, and those protection ffagments which have hybridized to the target(s)
of interest are assayed on MAPS plates. If the target of interest is an RNA and the
protection fragment is DNA, a Nuclease Protection/ MAPS Assay (NPA-MAPS) can reduce
25 the need for extensive handling of RNA, which can be sensitive to degradation by
contaminating nucleases-and thus difficult to work with. In such an NPA-MAPS assay, the
probes in the probe array are oligonucleotide; of the same standcdness as the nucleic acid
targets of interest, rather than being complementary to them, as in a standard MAPS assay.

One example of an NPA-MAPS assay is schematically represented in Figure 9.



25 intensity of each spot within each well was cal culated with Tundra
software. Plotted is the . average and standard deviation for_ the
|ntegrated intensity for the four spots within each of two d@ b%@t%mhwﬂls
2 0 JAN 2004 WO 001 79008 60 PCT/ US00/ 16952 Exa%ﬁég
Fluorescgﬁ%mllwwer A generic MAPS plate is produced with §W9ﬁ$¥|ng
ol i gonucl eoti de spotted to either 1 spot per well (top two rows), 4 spots
per well (next four rows) or |6 spots pg&emell (lower two rows), according
to the nmethods di scussed above. To each conpl enentary,. 5
fluorescently | abeled, linker is attached by the preferred protocol

described in Exanple 1. Follow ng washing the fluorescence pi,cture of the
plate is taken InanANRARMARSdssay, trnargetelintersst 2R 06 RBY BRHES 26 &8¢ BENIFYE

reports h unct i [ a a d The
ambuont of LN AnAPNgbr At a8t o AR BT BN oMU SiacdBe Ak RO
4 Bi ndi ng flmy@ss, kHodifled hﬁcmcaﬁ@d@rsgﬁaee@l ﬁaslaﬂeseirdspadthcmxmatrplaq:rafemes
added di fferent concentrations of a target oligonucleoti de. | i nker that

h as been assimdnracrﬁd)f mmnacmwnathz prasedurs épfireAde assatdé'?ﬁﬂrl?r% l‘i‘ioéf‘ 421888t i on

the tar The tar i.S. add Q%
voisume of F‘Flﬁéﬁg PEBPeBY! fottfs‘r‘ﬁ erCSﬁﬁf‘regNg %§9 Qﬁng tee |s§g§ﬁ\5éelﬁse t&g& )
i ncubat ed @tinfeRksGs P¥ahybabized ek svibdted fivigenti cbaﬁntmﬁs ke thevetfar géiscussionhe
attached l1nker, the target is 15 visualized by a preferred protocol ﬁ‘g}SI ng

chenmi | uni ndsapgmaate/xetntt@mcnwxa@@do aehieve wecdiq HdRdigation) taone EOWMPES $he

25-nmer se ce C ngae to
the sans pEPRLGH EORRTEmreRIgr cish RERR SR P LRAA, s RRCt £ AN o
det ect or Cpmbﬁnam@@ 5Q’TCIBQrddTUBll)tBNAa61t ﬁfodvﬁ&hbﬂgulamayecénudss amdt thatctsed
target, or it can be added along wth target foéb

0
oMé@r ni ght wmﬂcdmzapor@ﬁn of 8 mueigic ﬁ@ldzer g5t PLIRIRTRT SRfé’cfgc g’&‘ftecnﬂl?e‘h I hce

| s washed twice R E@’Wé % t%a_é/@glﬁd and
1 % PEG (S‘élﬂﬁrﬁﬁeam °l§“ %ggﬁj e%@h“én{g ol)éno CS drﬁﬁqggtrss% Radi. sh 7

Per oxi dasepgidr 6 Birddo tiduider efltawd Mgéﬁﬂ%nsmori&rm%leh wal] nRolikfl o @ther) | )
is added for 5 hours in SSPTP at .roomtenperatu

W& | I r she Hr
times withussenfed aplcinasifsd Aoprotectpy frRgmsnt ﬁ%rbg%l?’elaa% %@BE essf‘gﬁ?ﬁ
Utra reagen erﬁﬁ'tyﬁé(fﬁ% a.lixé\fltt f0, o2 a%oix?wé %@E?% £l FetngmeénﬂfA | BirianpEEanee

are col | ecP& undra’i mager, e. e picture can accunul ate
Wi gtshi n theeﬁs&lﬁfehgwefpmteémone&agmmtsase smgiwsﬂrmmldsmﬂm dlg@@@ieoaéw Faotection
V|suaI|zed in sone wel]ls at a tar

g oncentration -of s little § n@(e
103 Mt FesmepisntPestics fyras maeinés of A0y apeid fls™OkT Gt g ngpudsd i &0 |
concent r at %cﬂéatlo%geact% -mﬁrﬂpﬂlrm&atfgn the2sQ isZBdMe IRitR @ RB61aS11 61 oid gnal

det ect ed a repeated spots 1s h 'y reprodum bl e. Exanple 5 Assav of Two
a i gonucl emdrdahékee&slaogurm det)'OPGﬁBSL&I@@DYIaleSQﬂA asichexqegt Eurthe P"°t°°t1°“ o

e Al St T A 2 3 BB RO o LR 90 o) o ©
gegpric pomon(s) of nucleic acid target which have hybnd1zcd and been protected from nuclease -
digestion during the nuclease protection procedure (are in a duplexed hybrid). For example,
if the sample comprises a cellular extract, unwanted nucleic acids, such as genomic DNA,
tRNA rRNA and mRNA's other than those of interest, can be substannally destroyed in this
step. Any of a variety of nucleases can be used, 1nc1udmg, e.g., pancreatic RNAse, mung.
25 bean nuclease, S1 nuclease, RNAse A, Ribonuclease T1, Exonuclease III, or the like,
depending on the nature of the hybridized complexes and of the undesirable nucleic acids
present in the sample. RNAse H can be particularly useful for digesting residual RNA
bound to a DNA protection fragment. Reaction conditions for these enzymes are well-

known in the art and can be optimized empirically. Also, chemical procedures can be used,




5 MAPS pl ate was prepared wth four different anchoring oligonucl eotides
each spotted four tines within each well. For the second and fourth anchor,
conpl ementary |inker oligonucleotides were self assenbl ed on@d AN @Ml face
as descri targets were added at the concentrations

m croli téﬁggqg&égch wel | as described, and incubated at 50° @H@ lﬂPb The
anount of each target attached was vi suggl zed by attaching biotinylat ed 10
detection oligonucl eotide specific for ch target followed by HRP: SA and
chem | um nescence inmagi ng as described. In the | ower panel the intensity of
the image is quantified. Software that is part of the Tundréqa | nager package

was used t&g-sskali ﬂlbiérollﬁtse@stﬂﬁt ofs rmlqeﬁag@ssamrémcm Progeaied ST Prevedkr ows
h t.he
The scanncioriEEe RS mefh b B ARk IRRE Rba Ay S o Rl Fhe ofrshdh!

whi l e thergsighf! eRBmids3e eMpidnel &&t‘d@ﬁbl@l{jﬂ&@ﬁﬁi@ﬁ G emnifitritie, btentmgtocess
sanple, at 0 concentration of target. . nple 6 _Sensitivity Shiftjng

(see Figuref m’bﬁde@lWlW wiqam]dlsggtsgn %f@n(%’é‘oﬁ%léﬁ chgmiGabaediadatigns e

copcentr at of a 0 r
and 1 abel i PSS RIHESHH elosHRh R DR 520 B2 e SR A b BB ARRD
at nodest séenldeydn@e@@seaterga,tu@rzzz aﬁ@l@8$)amtla$rﬂﬁrﬂob65ﬁ,lﬁs3&m@w23xhedal(ﬂ%eyzh a
case because if one npl e contai ns nore ol igonucl eotl g nor e WI | 1

On the ot hEell B4n865- 379 B h§awiﬁééfﬁ3ﬁ@t Prmuskeaseprpse o ¢ PX8R i g@thng
saturati ?ﬂgﬁ%(}&?ﬁe&%t ﬁ‘f’ee ages lafe Oﬂélﬁcédsmmogﬁc?Wﬂwﬁﬂi‘wphﬁ}é indimadi ng

Si tes) concen IOﬁ no nNore can SO t anount
cannot be grABEs fammezrssaytdaechmdlomg Buunmpmiemoaaram@stcanm deezcted

hi fted by addi | abe| ed d d b d
00 1 our dbY RENEREAIGR () BHIEH BORSrTBE B FRRErS oS5O0 AR AP RE S AL

f | ed
20 . 2o G B, REGHE MRR Lhrs gk Beihele@yectisiong ermhatet €

wel |'s, thecbvabditiygwith aldeteetable mb]egmllaucl eotide is shifted, so that |ess

bi nds at the | ower c centrat nd the .l eyel at whj.ch.saturation curs
is moved up. Onéd EQFF%‘B??P ?‘FN BPeghaY agmepﬁgsdufea}ly?atsbggy,%,:f.gr 5335
and 3 but anE} b%m%rlgoe dMﬁbrﬁlﬂaﬁxBﬁ td Q?ar% f&?bélﬁ‘é'réﬁ’or&? Fbee:d tl@f!"xle:ﬁozf'té}’r

targets | |s vay ol igonucl eotide targets of

di ¥ erent d¢ohoemt mattho rproucetmrbéragaasu teough t4iligandantiBgand wstmctmm &fe a

‘rel ative anount ol i onuc ot L de pect s, knpwn he

quanti fi ed sggptgy(l V‘a‘? % b‘raqdﬁg tBl8ng}Oﬁlﬁy@fecgﬁlém%ﬁ-‘[mf]hoglgc?fm‘go‘ﬂh et i de

targets. ﬁ&kﬁ éém?'rtom ﬁ%&id& ﬁigﬂ{&hxs tdatfiddHert 1y, CQEPBY Hirédt@oupling
‘ol i gonucl eot | I'n the assay shifts the binding curve used to assay for
thi s t ar getofhorskiadish peroxidase (HRP) or of a fluorescent dye) and this chemical modification is

detected, either with the nucleic acid portion of the protection fragment or without it, (e.g., .‘;
0 " after cleavage of the modxﬁc_:atxon by, for example, an enzymatic or chemical treatment).

In any of the above methods, a protection fragment can be labeled before or after it has

hybridized to a corresponding linker molecule.

~ In order to control that the nuclease protection procedure has worked proper}y, ie.

that non-hybridized nucleic acids have been digested as desired, one can design one or more
25 protection fragments to contain overhanging (non-hybridizing) segments that should be

cleaved by the nucleases if the procedure works properly. The presence or absence of the

overhanging fragrﬁcnts can Be determined by Hybridization with a complementary, labeled,

detection probe, or the overhanging portion of the protection fragment, itself, can be labeled,

covalently or non-covalently, with a detectable molecule. This control can be performed



10 concentrations. Exanple 7 11 1 Melting Tenperature of Four Probes (see
Figure 14) The anmount of four different fluorescent |abeled |inker

ol i gonucl eoti des specifically hybridized to anchor oligonuclegjdan gt he
MAPS assay. is plotted as the tenperature is raised. The four

ol i gonucl‘g‘ap?’ﬁﬂggs were first allowed to hybridize at S 0 C ¥olVI%HSHR at 300
15 nM Then the wells were washed with SSC w t hout probes, and the anount
bound was neasured as above by fluorescepce (SO C point). Then the surface
was incubated at SS C for 30 m nutes an he fl uorescence bound neasured,
and so on for all tenperatures v' presented. Exanple 8 Detection Methods 20

Two detection nethods can be conpared, directly. To a NMAPS t id h four
ol i gonucl ebefoeeshe sampleds pleestiReantaghikith te pr B‘Eﬁ/af?aof’%as&eﬁ%@{ ‘ﬁ? Weé X6 {0238
two ol i gonycl,gof i it A ! Cc 2Rk

'9 %‘ﬁoﬁ?gg@fgﬁggﬁ& MeJnkro1 Ydsh 15%5311&'3% Eghrﬂﬁleqr?. ©f2beRE] Because

attached c containing a hrotin group. The epi-fluorescence -
measur enentiffesemaabels bRtbeesile distinpashdddie.gy,i fawirngithrdifferentsabsenpiian spectrahe
fluorescent linker. The chem | um nesc,gnce asul(rggrqsnt S 2he erfgrﬂgd a_g as
descri bed feveral iffanapty labelsg oligomgleotiBSFIs INAYHY PFhS10% © ArReP: SATArd -
chem | um nescenge . ! ' al) &eroBh&resio Uahby uedd ddrngsane
magni t ude. S%&%@é}%&#g?b{oﬂeéﬁa%g%g?éiqg?&?%agwnggropI g es,e 1\/\/ni ch contain &

~wall's separagga'z dgvetapmeneblverify ihdt the PeotedtiiN PAOerCI@PraeeBd ag gxpected.
PCT/ US00/ 1695

occasi ona] bubbles of |iquid or, a mni f . fluid, .
reflections in tiéerepsteqtionffdargeisc e %%érgnﬁﬁb%é&,@ﬁﬁ@?‘&%ﬂ%@gi s a
i nterpretatj.oF ﬁg@,qggyrg it Fhdridfe &d, Blqatedt slatbevaiieadt ¢éfiove
avai l abl e é:gmclz aéenc]l fe M nesce%’%%gg%#g%mégﬁ’ﬁ?ﬁhdrse E@d?l;h pear oxi dase S can
be conpar ednqgesldting treqmenisy agenisrazsbufffers whéchvibghtastesiere m MaRSXpIStaPe(s S
prepared as for Exanple g,, and incubated wth biotinylat J ‘Ll
olli0gonucl| esenyegng T‘?ﬁge‘ﬂdﬁgﬁ"“ the |IPXFTNARE B?T\é\gepﬂ?if‘ﬁgéwi%&;qtlggreb{)&lsfﬁtg&pé%edi n

(Al kPhos: SA) 0 R P ' d‘?ﬁéjusf AR DY r WRE T I aT 6 2dditidni i differint her
CDP- St ar (@%‘5}0%&‘? ) ?%“é%“& 'S wﬂ"ﬁglﬁakphgs: SA or ECLPI S to the wells with

HRP: SA.  Lahftdctign prote G the sama signalingmoiate sambriussd s variaus stages akthg@ssay.
suggested by .the manufacturers for use in |abeling o : se
Tun (a5 wel Pt taniag e AT RUEHSE Pap LA BovHsSaTon S v S S bne

ol i gonucl eot g{n Yot?{'rdé'%ﬁ bRk, MAPS pl ates. Exanple 10 Resol utionat at
mm The res%c:nu f%n o? tl e curregt -ent systemfor MAPS assay i§ testege Bﬁ
‘per

prepari ng a' MAPSNPB.-MARSeasedyisteah be psedi toiquprtitateshs pous 0Ea 4rae 14 A SAHP

wel | each spotted four tines r I it i : t 5
Spaci ng) of ot am ket BACHET td Bk sla ot bckl SERUEE ureiBURR e
Linkers ar ep it fiof QehcABi AR A, MadnuANTyoesicalfgmenFomaiog efierthe

fl uorescenc asureneri-t the resolution is higher (andHPi.t CE COU'Ee | [\kely
be reduced) nudfense tpretectionstep il asfesidovdaueh taigat ProPESEHS 18T §HHB 'rnQne 5

spots are not cqnpletely separated. .20. t:hi [ gngi vi dual peéks -
may be'reso?’ﬁf‘é‘l?qgﬁgﬁ’b? %‘ﬁ‘gﬁét’%?%agﬁérgf%c?ets@:cgﬁgo Slt%?%%.m%xngrqrgl e 1x Test
Nughease Prot ect hamn RERPDeRhys daf brused scaiynplememsiny obthetrhethoge dasettibed above

conditions for hybridization and nucl ease treatnent for the nucl ease
protection prbuscoindardMARTASAEe Protection Assay kit from Ambion. 25

Saml es’ ar e pr epdl 80T Ei 5 LR B o e oo
Hybr i di zat | gy ulfrfaes sfedtrbinere) rathbrithan on MAPS plates. In a most preferred embodiment,
none of the polynucleotides are bound (attached) to a solid surface during the hybridization
25 or nuclease digestion steps. After hybridization, the hybridiéed target can be degraded, e.g.,
by nucleases or by chemical treatments, leaving the protection fragment in direct proportion_
to how much fragment had.b:en hfbridized to target. Alternatively, the sample can be
tréatcd so as to leave the (single strand) hybridized portion of the target, or the duplex

formed by the hybridized target and the protection fragment, to be further analyzed. The



20 JAN 2004 wo oon9o0o0s 64 PCTnrsoons9s~ Buff 2 is 75% Hybridi zati on Buffer
and 25% Hybridi zation Dilution Buffer (Anmbion); and Hyb Buff 3 is 50% of
each. A 70-mer oligonucl eotide that contains 60 residues coml ntary to a
test MRNA is synthesized: (Bi-vsource International, Camarillo, g&‘iz%d

| abel ed wia bo/Psasr al en-fl uorescein (Schl ei cher and Schuel | PCXagsve/169st)
followng the 5 protocol as suggested for |abeling of Psoral en-biotin by
Anbion. Briefly, protection fragnent is diluted to 50 ugdm in 20 ~.|Is of
TE buffer( 10 mvl Tris, 1 nM EDTA pH8) boiled for 10 m nutes, and
rapidly cooled in ice water. Four ~.Is of 130 ug/m Psoralen fluorescein in
DVF is added, and the sanple is illumnated for 45 mnutes at 40 Cwith a
hand- hel d | on

by ext r actTEREEEH Vi 4R DEE AR SERRIA B FAIE Fophel RO Ao ans SRTE THE S anse
- MRNA, i . . - ) |
Tenpl a‘? ;eﬁ?%ﬁq&&&@%)?@maﬁﬁygﬁﬁhﬂw & dyPdRbraoRd-aeyise pl%@?da?@?mggeﬁt_)r 0

! usin pronoter’ and the Maxi Script kit (Anbi an,
The short giutet ecisblahilizedgmeninjdceedtint 1Be-mass spesomatesnatopp jaiectigh for high

t hesi tel imlarly |abeled. Th f the .
oY ot octi onPiaEgAnt 1 4 Boe arrithen SR FmalEnin RS HBbEes (6 (P SHHAR
SEQ ID: 2 ! GCT
TOICTAR SHBTT L JCnet oo T agnEnt TG i o juoer GeCampEn UgRMEE

CGAGAAATATGABAACHER TCARGAH ZIBRCapsiataEaTdaTIeAsforadas feertomerry (FTMS)

Hybri di zatj ons, are done, by m xin rotection fra nts . at DH
TRNA at - 60(R RS Sifﬁlqifl RhoEs TR e wf,eiqgaggﬁaﬁenﬁmﬁggwﬁ%é%?

Fol | owi ng ?%pgcitigh;ﬁg{n@ﬂﬁ caf MR detdcedof a mixture of nucleases is added
according to instructions fromthe manufacturer (Anmbion Nucl ease Protection

Kit, 1:200 di | uThoprogdctiondtagmeatsithattane ) bedrieatest Withinaane{gameralsamgies Sane

. ‘o e ' q *e)" S o .
LEOPRI o1 onBaecsier i S ARKRHs SERITOURL akderlSRRaa Web l U etickthbite |
Wi th Et hangiotection Blagmehts le¥chGRive heatjud sndietil £ fwef divlafionytirilizcdde dndindtlease

ol i gonucl eoti des are separated on a | S% TBE urea gel, The gdel is swrled
i n runni ngtisahfeat, andrthew melacklat weighis ¥ ehamcienistie 1pnkAROHLAL fIFEEEABNCEN

the Tundra_using.fluorescejn filters.. i j LQn; i §5i on
wavel ongt nestern il RSURRERLE mizsh iy She B e M Mg AN BEhp O
condi ti onsip 170 addix? 00 4oMpRx0RHixtEREStHe SpridteciibFRirineS 2arnbe mddified fleg.,
sanpl es incubated in Hyb Buff 2 at 37 C or in Hyb Buff 3 a% 22 C. In
tHése sanpKedvatigedetidehsntieal maiqtics derignsd e Ve ePOIIAYS RS _ PESETRLe eaﬁhd
signifi Ca”;@g@@tf?@erﬁ cQ%E'd%ﬁv&ﬁ dNGied Yldirrd 8RO AR QF GRHAGAI hidesTeEd at

a size app sane as the short protection fragnent are seen. S

Exanpl e 12 atii%ed Axsash dnTanNBAbMXPS.the clégenitlguiide str@)d at one or more positions along
the hybridizing portion of the strand. With a mass spectrometer of appropriate energy, *
fragmentation occurs at the amide bonds, releasing a characteristic proportion of the amino

20 acids. This kind of approach in which chemical moieties of maoderate size (roughly 80 to
© 200 molecular weight) are used as mass spectrometric tags is desirable, because molecules
of this size are generally easier to detect. In another example, the chemical modification is
an organic molecule with a defined mass spectrometric signal, such as' a
tetra.alkylanunc;nium. group which can, for example, deﬁyatiz§ anothér molecule such as',
25 e.g., an amino acid. In another example, positive or negative ion signals are enhanced by
reaction with aﬁy of a number of agents. For example, to enhance positive ion detection,
one can react a pyrylium salt (such as, e.g., 2-4-dithenyl, 6-ethyl byrylium temﬂuorobomfe,
or many others) with an amine to form a pyridinium salt; any of a number of other

enhancing agents can be used to form other positively charged functional groﬁps (see, e.g.,



The full NPA-MAPS protocol was used, with conditions for hybridization and
nucl ease treatnment simlar to those described in Exanple 11. Ten sanpl es
were run for the assay. All contained the same amount of the -

ol i gonucl eoti de pratection fragnment and different~anmounts of %B&Iﬂmr%m
Hybri di zavoedtksesgnpl es iri 10 pls in SO% Hybridi zati on 10 Boffusto/ensk SO%
Dilution Buffer containing 0.08 rnglm Yeast RNA (Anbion) were heated to 90
Cfor 6 mnutes, briefly centrifuged, heated to 70 C for S m nutes, and
allowed to cool to 19 C and’incubated #ar 19 hours. 200 pls of nucl ease

m xture was then added to each sanple for 30 mnutes at 19 C. 60 pls was
aliquoted fromeach sanple for the_MAPS assay. 2 p.1 of 10 N NaCH and 2 w
of 0.5 M . : ; hesge ) : Q4an keadt M es,
37 Cfor %gﬁgﬁﬁlggﬁznﬁ@??%\?\gg%%fsf ’ g?@rgléimﬁt g’?fé‘g? a ’u%% fo? 20 Yt

m nut es. Theaombengl @trasegmzettagents|to femh négative iph entfanthg\peides. dhelchamigall s

o1 | gonuc eBRTisat e £ bederected of Bolrde, SiBREATTT G Mieite RIS FRaBH Ta i
with 1 pl gfiq10%5HSn 2sedBptRs WiRH Sie HuXRE acid.~BYedo®8ng eadtlhrbtec@bn Fapingiit €s,

and two 3S." pl aliquots of each sanple were pipetted To two 20 wellsS "of a
MABS pl at etq lescidéntfeedph e distisgugiiable mannesyit inpassibieita assajulslg. casereen fohelargsPrs

et ChssenBrBhT T BRPT R BEEs e, WpodhoF FOTF BIETSrHS B bies THElF Fathlen
al ready at yapheden JR8y\ARBe g@ﬁ%ﬁ‘ed"i@ﬁidwﬂ'&‘ailﬁnguém&”%B?ﬁr &dt 0BeXs@ys can

overni ght, and detection and |um nescernice perfornmed as described. In the
| ast sanpl &g comducted, thasdoreywith highdbrbughputrag delioedbergin.as a . 25 control to

vi sual i ze how the protection . fragnent.al.gne woul d be...defect by. MAPS... | n
the | ower porti '&?ggﬁd?etsﬁé%ﬂ%ﬁﬂlﬁéf’ﬁg‘?f&mﬁ%lg%F’E%/Hesfﬁﬁﬁg(dggc%gﬁgeelgﬁayw\ £ ﬁéf

| nggery fopnide xﬁ&l@cmﬁwag arbRkd S theSsiphi2s fiteRdh midlec e ibé dexbeted\Biirbe fully
nRNA. pr esent qI n the sanplfe {that is, the amount in _each duplicate well

after ali qubamctgrized iniperenpeysrasioas of knewn ¢ascentrationy Rbistwighallow for thesignahto 004

wo oon9o00s,66 PCL 00/ 16952. The al i gonu Im%% tes

were as folbf&%’?tlf[)&:#iﬁﬁf‘sufc » q}ng.n:{n _E%alc%mtf@' Y %ﬂﬁg?

Li nker" SE dtr@ine%? e intensity and profile cannot be predicted with accuracy. The tendency of

CTTGAGTGAGT TGTCATAT TTCTCGGATACT GAGT GCGCT CCCACAACGCT e GACCGG Cgé rrglgézgg% on
FE

fragment (dbmpiotasstet tarlie ionizadutbe sensitidenefcal hrhgmical begdspithig

TATGACA. 4CT.CAl GAT ' : [ AA
Dol ot o CTAEBHERaBART dbres  Wugare hapragae g pyhigfehaetd bt Slel Bhgadd s
AAGCAGT TGGHBGHGOHpRKGEAE predifeg Nabwever| forygitvee $istiithant tWithdiRedsereecgy amd t h
am de at the 5 end "Linkers were synthesized wth 5 attached at ,th

5"
end 15 "' Desmplediandlingehiretesisticdbe iensdy epA prellie Al hswignalis BWHCEFPE‘%\?}ﬁE-‘d at’
the 5 end D Lut pan..aunve. + NPA: < h H
di scussed ilﬁé@ngﬂggleég}i% %#dihgh%l%g li%nFthfﬁ g%ﬁ%é??gﬁa{%? 1': ? it%ghgr%’d%%?g%?éﬁ

as a dil utigpesmenal sigids mvepree qidtintieelgdavith steviaalyi ons for all eight
spots of the two .'"~'I. 20 -duplicate wells are plotted for. ea

h . .
coféentration oflNARKIASPER: HiSIgYST}iOR &?e‘e@S faa methad to dsiRet gne B¢ mf)ﬁeemf%?ﬁ?mds

of interest, comprising subjecting a sample comprising the nucleic acid(s) of interest to

nuclease protection with one or more protection fragments, and detecting the hybridized
duplcﬁ molecules, or the protected nucleic acid, or the protection fragment, with mass
spectrometry. . | '
25 Methods of analyzing nucleic acids by mass spectrometry are well-known in the art.
See, e.g., Alper et al (1998). Science 279, 2044-2045 and Koster, U.S. Pat. No. 5,605,798.
In addition to the variéty of high throﬁghput assays described above, many others
| will be evident to one of skill in the art.

An advantage of using multiprobe assays is the ability to include a number of



Fraction Bound = Max Bound * 1/ ( 1 + I1CSa /L) where Max Bound is the
ma~ci mum bound at saturation, Fraction Bound is the anount %Hgﬁ% &i gand
concentration, L, and the 1Cso is the concentration of |liga qU h the
Fraction i.s half of Max Bound..The curve is shown ots on
the fi gurvg,éogﬁgu&g with a best fit value of 1Cso = 4.2 fent 5ﬁgfpégogla?gszl abel ed
in the figure. Exanple 14 NPA- MAPS assays of GAPDHTRNA in a total nouse
liver RNA ex act A total nouse RNA extr?‘\it is assayed for GAPDH nmRNA with
an NPA- MAPS assay and a dilution curve made. Total RNA from nouse liver
is prepared using a Qagen 30 kit. RNAis precipitated in 7000 EtOH with 0.5
M My- Acet ate, and resuspended in 10 uls 2 0 JAN 2004 WO 001 79008 67
PCT/ LJSOO"“roie®? potbessin 80 mbhdartay08hichps: suhyjpcto shawamer rsedion conditioageent .
The protection fragnent .added is an ol jgonucl eoti.de 70 bases | ong, 6Q bases
of whi ch S U ST EEN Precgs e SR RIS aF ERB N Gy AU TSR PEHEHE ary
to nouse GARI nadBNAvel Sond®®d The RérRE, %Gtﬂogifﬂivlﬁ-rc%ﬁ%%'r'q)oe,”% ukEeh &GP SR a Of

the sequence is Used as a negative control 5 ("antisense fragment”). RNA
sanpl es wicohtrpkpobethabis Knowgnept © inteeachseiistamtialy $0thCh¢ targes, aritaintersct it

hypri di zat,] b i ngj les to 70 C and allow ngd. th
R A e TR N RE R
dilution ifgrad sbd/targe@idtéﬁcmn.Isvéh%%r%@&mﬁ%{fgérqubﬁerz@fr&ggf)ﬁcmley%]g '

mnutes at 19 C, and stopped by 1.6 uls of 10 NaOH and 2.7 uls of 0.5
M EDTA. Sapingde.alke rezmy, eal ‘negad(e ©nteol piaben isuised haradn thmsas 7 control probe

m nutes tq depature and destro .neutralized witth 1.6 5. s of 1 HCl ,
2nd | noubaraR oh idRsEhey IRk aPHRniHINt B hEBead (Sloha dudecin ondl
suppl ementigérdiAatloR S ciiMdityEREex ahblé. AstekamipléshofIRe BiifedbOEdnMBIsAVEIdh dek Bet i on
ol i gonucl eoti de is added. Washi n%_ and visualization with SA-HRP is done as
dé8cri bed.emmMeyedreensidesrngrghian Wikheaarmyfoliganpaeetideqrobgstinusrddp sersemg
armount s  of ] [ 0 : D1 0 t al
mouse. A PrRETE R i@ e eRietidh, Bl bf SonfRtyaerb adtadifalh Chs b
added. Si dafdmdisnos@elzAivnycdn@bl fdrevagiablel suEinaarte pumbecsdi cedllsf Iiyeghforteach

A i gonucl eoti des used: For Antisense Coritrol gonucl eoti des as for

exanpl e 128pmplo thereevery obmBN/por ths hybridizesremals

ID: 26 CTT ‘ -
r ot oot | orP PTG SRRt o S ophde BT levi Il Pt le g e
| D5 27 CGAGRRAEATGAGAATRACTEAACATH] GIGARCAR TUEATC6T DENCEAGRAA Gt ins (e.g., -

CTTGCTTGICTAA Det ect or i gonucl oeotide’' SEQ I 28 30
AAGCAGTT ipt) 2 fgqtg@{ or others), whose cxl:(;‘)resgl)on 125 not expected to be modulated

by the agcﬁts being tested. Furthermore, to determine whether the agents being tested result
in undesired side effects, such as cell death or toxicity, a probe array can cornpﬁsc prbbes &
which are specific for genes that are known to be induced as part of the apoptosis
20  (programmed cell death) process, or which are induced under conditions of cell trauma (e.g.,
heat shock proteins) or cell toxicity (e.g., p450 genes).
Other control probes can be included in an array to “fine tune” the sensitivity of an |
assay. For example, consider an assay for an agent which modulates the production of
_ mRNAsIa_issociatcd with a particﬁlar disease staft;. If previous analyses have ind.icétéd that
25 one of the correlative mRNASs (say, mRNA-A) in this set is produced in such high amounts
compared to the others that its signal swamps out the other mRNAs, the linkers can be
adjusted to “fine tune” the assay S0 as to equalize the strengths of the signals. “Blocked
linkers,” which comprise the anchor-specific oligonucleotide séquence designated for the .

~ mRNA-A target, but which lack the probe-specific sequence, can be added to dilute the pool



For Sense GAPDH nRNA sanples: Anchor': SEQ ID.: 25 2 0 JAN 2004 wo

00i ~900s 68 PCT/ US04/ 16952 CGCCGGTCGAGCGTTGIGEGAGCCGC Li nker ' ~ SEQ I D: 29
ATGCATCCTGCACCACCA. ACTGCTTGATACT GAGT GCGCTCCCACAACGCTCGACCGGE® RyANt 280% | on
fragment (conplenmentary to.tr~ouse nRNA for GAPDH): SEQ ID. _30 5

AAGCAGTT B AGGATGCATTGCTGACAAT CTTGAGT GAGT TGTCATATTTCT CERPEIETAA
Detector Aigonucleotide" SEQ ID 31 CGAGAAATATGACAACTCACTCAAG . 'Anchors
were synthesized with C 12 spacer with aqgade at the 5 end 10 "Linkers were
synt hesi zed with Cy5 attached at the 5 end "' Probes were synthesized with
biotin attached at the 5 end Exanple x5 A Nucl ease Protection MAPS, Assav

with Contro}s. « Si: t r i ecion
is perforr‘r%éjmgseg@%% f% llugeéé% ge@%rgoggg&ﬁﬂigﬁﬁgi@&fzmeﬁg@pﬁ t W éoféAe(IZ))PH
speci fic paspreptidte rafiofefMidckbd Sndomvlocied Ihtkenuchedti dkeamihed wvidr eoutine,

conpl ementary to nouse GAPDH, followed by.l S "overhangi ng" nucleotides at
the 3' endcoiventienal mayrrdsioyaiic of skillinibe akonpl enentary to the target. After

hybri di zati on agd nruc Wi gest.i L N et ) : S
aybr i di zed o a BRPETFIEE S s R rr A AT el B BBGhL ol £ ARt

di §f erent @lithawridsitbetdlieremiensalsb de donagtethessiepeinusedssap. Het @amplbgt can

i mmobi li zed protection fragnent, 20 One .detecti OCP fragnent_is c'oglpl ement ary

. 20 O
to the GAPbrdepeet thecleysl of exegion: b dipdnsatlabsicd rargrEsnec imtPPRE! Sl ~a
control, is. hs o 1 _ - I. H le.o.
protection P%%ggmﬁeﬁﬁgkg‘%lﬁ&gﬁeé@ﬁ%%ggﬁgr}@ﬁf{lﬁgggﬁg2 %ﬂngﬂdzicﬁcéégﬁtw (reégp’l ?ncate
sanpl es (i oRgonucleotiié b&fuende) vl Withoutacigrating kotity, crevil & imacfivagirenirecden be
| abel ed Wi th the same detection nolecule. In the ,preseai&l exanpl e bOtlhb 1
fragments &re ehtbeistmaling sntigep Thevsrib (MEn2HEe SBUYe A5Y56H PEFhICFE &, 120¢h. .
si.gnal s fr of [ fehAQ e : - 89f ¥Rt
nl.}§| ease d?@&%}l%ﬁﬁ,g%@ﬁ%ﬁﬂﬁﬁ%%ﬁ@? c{fﬁ% Si gér?zti eg%l regf)é%,]\éc}?ﬂg t%ggt he %DH
sequences gath a bignalob@q tacftioresthre molecuit, lomifdseBitespewhnt, ar s ghthe variatedliced
relative to, that observed. in the absence of nucl ease di gestjon ecause. t he
prot ect i on SiEnalRpEERLItes W ¢ Qfscpiﬁ‘ig?eln& By 85388‘aﬁﬁ Ergeﬁgﬁ%fmg?awgiﬁemm
present. Thi : f drPetb@ntdifing icBenpléx Wi
protective ﬁé%ﬁ%%ﬁf%ﬁﬁe aggyt%g? sttﬁpgggtn%ﬁg%t 0 (tjorg%l e.-nstlrla%(;ed I;ikllybr i]d ‘
formed (andetebgoefinker (deeection dinkersf arprdsserthedobeléwaggerin thigection eanseBigd

fraom the nucl ease) ref|ects,the anmount nRI\llA When..no .S in
tHe reacti Gﬁmp?ex s)andw{c -type detection metgods?ﬁxamp e23, an%ri:lgurem s& JfdEtHAG
linkers can be designed, e.g., to fine tune the sensitivity for each individual target in an
assay. For example, if a particular target is known to be present in a sample at very high

levels, the detection linker for that target can be diluted with an empirically-determinable

o

amount of "blocked detection linker," comprising the target-specific mo'iety (e.g., &
20 " oligonucleotide sequence) but no moiety specific for a reporter reagent, or comprising thg
target-specific moiety and a reporter reagent-specific moiety which is pre-bound to an
inactive reporter fcagent. That is, instead of comprising a moiety specific for a reporter
reagent, that moiety can be absent, or prevented (e.g., bldcked) from interacting with (e.g.,
hybridizing to) the reporter reagent. Such fine tuning is sometimes referred to herein as
25 signal “attenuation.” . '
Samples to be tested in an assay of the invention can comprise any of the targets
described above, or others. Liquid samples to be asséyed can be of any volume appropriate
to the size of the test region, ranging from about 100 nanoliters to about 100 microliters. In

a preferred embodiment, liquid drops of about 1 microliter are applied to each well of a 1536



2 0 JAN. 2004 WO 001 79008 69 PCT/ US00/ 16952 m xture) neither signal can be
det ect ed when nucl eases are added. The above findi ngs denonsépajgy biggt the
hybri di zati on and di gestion steps of the assay occurred as desired. Wen

protectiaqp.fr nts corresponding to a variety of targets 'ncgﬁged in
a given 3@939?&g§ch of the protection fragnments can conpri%@ﬁﬁﬂgﬂé 15
base overhang 5 portion. This allows for one detection fragnent to be used
to test for remai ning overhang for all %gnples. Exanple 16 A transcription
assay screening for counpounds that may &l ter the expression of genes that
are corrective with a disease state. . A cell line derived froma human

tunor is used. It is found to express 30 genes at 10 higher |evels than do
nor mal cel wsll rithatited dish.t femplescaryenplaced in eatang Witdlie PERRE AR Oy AN G el

cells, to make nRNA and then to t he, pr.ot ei.n:for i chod:he - e
the instr u&?‘i‘?fﬁg.? %ets?‘gr%lét?&ﬁtf%ﬁ%’ﬁgr ﬁh@étsaﬁ]gyé lshgﬁ"WC@Bft&gg’gler%g%g%g
bei ng used HEBASAHY EtinB BN edor Bs greifcubstef adezrbnditiblsd (2g.,a
nucl ease p?g %ctl O%%Hgggggpﬁdﬁﬁmpg pl at es ( NPA- ?\/APS)-, 8§00 chemgcleil e

conpounds  sale coesinémdtionm pideterperptergi tget ole INEEbaEn, $1q.n S¢habgyes SEiSEEVO 0L he

conpounds can r.educe.t he r i.on _of. 0, |81l :
W Bhout ot FERETIAG SR SERE SRR B g RS Bieirrobs e taigel s EorlifGS

" housekeepi,Agroutind§ R ErmiNpleC GRaUneshatian) thy shiples ebd eptiomillgtie themtadsiefgl in
the future -~~~ devel opnent of drugs for treating this, kind of tunor. About

10: 000 to ¥6Ghed)0o rempvesunbound agal, Ysnserndivgns Wiseh apelesmipad empingally e ne
20 plates and the |l s are gk 2 g - Sur e
of each vve??a.veﬁ?rccigl%v@%fascng’fqgéng%% %‘?g%oefc% ‘gle fﬂs“g%MYgdbeﬁ? (;ﬁ agg?ﬁv V\/li:t&ﬁout
addi tions. eX@mphesdrfTed @inng Wlhadkbdtaea atac bnphmdt ©n timediof frerewtder temsared
conpound is added so that the effect of it al one ca&g be tequDefl. Fotg. he 100
plft es usedraomewbatmore STEEOT coBHPETNEAN these BEed e SFEVEhe PEYOEAHEE PINgRE-
cells are grown {or .24 [ esENGERN C QRRQAU RAN of 6@l t he
cells are 25 harVe lgsdc&gémglgstgrf%p%'c% TS nkégc Af)l ate’g?lg1 t reatoed

accor di ng traNAhear thsirepaedd pnanyfoin varieyarf prigpeBitas.i Forsaamples irf vite cll g@ltuies |

b epar odTOmEMERTHNA B 3OS SPF PEGIE: PRGEBLE, HETEE, RHEREF ] o
IS prepared? - e
by the NPA- r ‘ f tdys: | @i gendiingdesir¥¥eell
00/ 79008 7 N@ﬁgd @RﬁegW%g%I%QSd%j&ééﬁgg’orr%é&"cﬁgﬁ?gfqepi nlélg geersilers. %6
DNgs ol i ?OﬂLt%Hngm,idiﬁ bpmmgtvgidﬁm‘ z@gﬁﬁmfclxese,aegmh lcaf)a s@%phﬁ@g rﬁgm;tgr@ri@ﬁ;ﬁm{ he
genes Ol Interest, are a e all o (9) | .

del oot ed sthPrigaNic S5t MIGheRs AAEE 10 1B b AR LY SE e & o i
-nucl ease is ge%ﬂgg'ﬁtg%i:?fg%g(sg% BAEESE TR kSHIZ hiIENA froaN B ediiveany ByNpipating e

treatedSCEh ca estroy the RNA'as well. Left.is the, )
ol i gonucl eots Weingrjet dispensing, fand inruhated prithehe pells for pry ZRpreRrAe ims RSFQACT-87 g

9,100 i T BBl B ol CBb B iy 8 g b
plggal ity ofR36A. etc. extracts from tissues or cells from an in vitro or in vivo source can be prepared
using routine, art-recognized methods (e.g., commercially available kits).
Optional]y, nucleic acid which might compete with an RNA of interest for
_hybridization to a specific probe (i.e. genomic DNA, rRNA, tRNA or mRNA which shares
at least partial sequence homology with the RNA of interest) can be at least partially
25 removed from an RNA sample by pretreating the sample with a nuclease protection (NP)
procedure before subjecting it to hybridization. A nucleic acid (a “protection fragment,”
which can be, e.g., RNA, DNA or PNA), which is complementary to at least a portion of the
RNA of interest and whose sequence partially or completefy overlaps that of the probe

which is specific for the RNA of interest, is introduced in excess into the sample and



di fferent anchor oligonucleotides in each well, are prepared by adding to
each well 36 10 different |inker oligonucleotides. The IinkeE 'gﬁgf
assenbl e on the surface of each well, converting the generic a M, vaps
pl ates conprising specific probes for each of the 36 oligonucleotide

prot ect i ONOf0PAYNENt's. Each |inker has a portion specific fecTaserodosi he 36
anchors and a portion specific for a segnent of one of the 36 protection

ol i gonucl eoti des. The ol igonucl eotide sanple fromeach well of the 100
sanple plates is added to a . 15 corres ding well of the 100 MAPS pl at es.
After hybridization under selected stringent conditions, a detection

ol i gonucl eotide for each target with a chem | um nescent enzyne attached is
added, so irkabatehofthspecief tdecsqﬂmﬁmgenehy:lbﬁdieatiod ¢ogﬂdﬁt§;mspn whiqirtbp@mtmiont o

h h nmRNA had th t d
Bmunt s of tagPe: Brrzesspegraly ta e RAARe initred (Eh abeve b iRbutsin et
genes are Eﬁﬁrgéﬁa%%lr%uoﬂ_ REnHROR “M‘ﬁl@ﬁgg%ﬂbﬁcnéﬁ) flabmeAf! dpecifie Forl M5 all

sanpl es are*possi bl e starting p |nts to op anti-tunor agents. "E~canpl e
17 Tnd ~ nSfam®NAndS mtd:tst\mtl'gesnmph:xqmbecaddcd (e.g.Rh¥maRy apl @ ar ewbre). After

tiall d bed Ex t,h t
SrARE NN OET G ENERCCHCR AR R R M O

adenovi rus % PLgﬁ Q1 ducYesE aBMx fb'xsﬁl‘é ﬂd?ﬁor‘?@@f‘ca%ﬁrm“& oPiEkréA A6 aveer e
prepared in g Each ay well” contained three sets of duplicate
| oci, corr eexpplremengary ® ﬂhhprdttﬂt@a fggmtsdsésctremem fab theedupiexeh [orowagdetween

cont ai ned anchar, bound to i nke robe

conpl enent greyprpﬁca%rf@%&?m(%a@r‘ha%%FCIE@MMH% Sr’ﬂa tHeghe %ftgf f%O(Fﬁt
genes. A nyGLease I)QERB@EI%Q&M@&%% ﬁﬁ:‘ﬁ%ﬁﬂ Wass Reddm tB68 éie@'ah&'d%&stmo
described in"Figure 12, AN 2 0 WD00/ 79008 ‘71 PCT/ US00/ 16952 t he
i nidges wer mth(ahIappmoedanandzmeawhlshlWa&d@&qprb@dtmlﬁfmﬁmelﬁf% legvang thopratesyed

data colle d ] nte scan | ica Q a he
hr oe RNATA gRREnt iR HAPL SRR T ke AR b W toh e Bhe 5o B d
intensity \igdedsn 8gs ShANdigd e g€ \Hadére s RNH sef afithgClodadi fuchias, rRNAé& HBe
house- keepi ng gene, = GAPDH, not expected to change showed a 5 nndest

i ncrease ofmudle@ef(ohdkridigestien ¢Qﬂﬂé®néwlt§aﬁb¢@hlghat lama salAoRNsa#, Ribamicispse

o fol . 1 oseErevis g fhdBonfagr YL RiSadr bt s ARG ROEANEE oy B,

C i3in, exhidepdn ﬁ%"@fﬂﬁﬁﬁaﬁﬁebﬁﬁa‘élhﬁ)ﬁndﬁed @@rﬁﬁl&ﬁ@s aridoftle nayésirdbleinnt e dcids
conpared to a con constitutively expressed gene - GAPDH. Exanple 1

An enzyme @oesant in dhesamipley Resctionensdisivas erHbQS¢§§¥1€6€§ %Wllrm“@ﬂfl ﬂ?@%éﬁl _
Ki t t
2o prot of neeh B Pt kil ARAER e SIRNITRah B2 naldOoP IPRRRARRL ©

growt h. Hengecedampiauhel art fhafemdvbldnhybﬁcﬂleed fmaterid] nasiéor t(obmactmmte afl temove
ki nases) can be used to test whether the ki nases re;[_ voI ved |J at holé)@'y
and, if so, Tc%’@laéé@lb'éﬂeéée £+ BRYTOhGKI3EHan, Ef"'ﬂﬂ“aﬁ%ﬁﬁ@%@h taypn, cfé%)en’gg?‘r’émte For

exggpl e, Ml sfholet egu L gpl?}%hhuf%@@ﬁ&zm{ 1R HRobd Wiy eth brdesld eqﬁw mgsls@alﬁc

growh or im ammat ory ‘response are src,
and yes. Edaghridizatioe aﬁkamlsudpmnt atdeast padtection luardccwrtcypnoqbeﬂw dneesmp la@ludhor t

tid t hat t ty S f the ki f |
PP o that @bl piotciRn SERpEenihgy e ToRTIRO Ty Rare LbReep oo ish e mipVeast °
others pr e‘;{ﬁ{zégﬁér\a}ﬂo\fcdmg had QBrkEBErJg ?I 4. 28 89 n-b3Bridfiel ind6le U s s @2l €

selected t a spectrum of c and 20 overl apping specificities.
One hundr eddxgﬁtcdmb degpited} @ can écmgewnc og e prokdction rﬁ;agmse@ t@eO iR eV ¢THanging

onucle hor 36 i preparned
ol P9onuc edapirgyBRREe) srenenth G o df Ry A 28 ERIRARTsr I p P Rl
Subst rates. r25§@1 Y6 TRE BidseifceSetubertt &F tad Svariaridies fragmeanctaparhietantdhédbped
covalently Q ough an anlde bond, for exanple, to an oligonucl eotide 25

cont ai ni ng ybSidizationovigr anmmmeer@arb'gbhgbdamsze@ hernvsrhenginguratties afiihe
hybri dize s gfeh{écl)rggpgé £0; ”Heca ngchﬁggled t‘?xaoc?et%cctael{e%llc}lgc%lé.l nkers are self

assenbl ed

For any of the methods of this invention, targets can be labeled (tagged) by any of



adding themto all wells of the MAPS plates. For screening, the-five
ki nases at appropriate concentrations (so that the rates of 2 0 ,1AN 20Q%
wo ou/ ~900s 72 PCT/ US00/ 16952 phosphoryl ati on of the substr gtiIAuraEi

bal anced as much as possible) are added to each well along with one of 8300
di ffer entwg’&ﬂﬁgﬁ‘?ﬁds to be tested. The conpounds are test edPfHUSIHUEPS2
ability to directly inhibit the isolated enzynes The anount of

phosphoryl ation of each arrayed peptidegys detected by adding | abel ed

anti bodies that bind only to peptides that are 5 phosphoryl ated on
tyrosine. Any wells that show a reduction in sone of the phospho tyrosine

ts but t .all of th i i :
2dded (o hawie Eobd e B kh v EREPh B s BT RMBE S kL BeBET o1
of sone ofgdlimeld AGH B8 Ok B detbBforSE1RITR208 pidicetias Saymess)s Rawexdriple fthe t Op

panel of Figure 17. A chineric linker 10 rolecule is prepared in which a 25
base pair tatgegonlchkestinfe: cupisdalitsatin oy mdiresHy with ehemical @rips thad provide 2

crosslinked tqg_.a peptide substrat.e of a tyrosi pho K| The
chimeric otk -f%’e‘g‘?‘?%‘@n’. wghay ?EPBF%IPFS%@!EWEC@%SD% 0 n%‘&épﬁﬁgc?} C%Pﬂ y2ihe
ol § gonucl eqbhEiRicaE BiknfiluniR@ckit AR UBRZOMBudresceftatlolecul @ likeiwrtestein or £y
peptide portion of the chinera, and after the enzyne reaction is.aJlowed to

proceed, térea imsuissolued Preressisnt oleclsnliks onmef ghepthedpted lanthanye;aetaisnen2 by

anti - phoshot,yrosi ne or__antjr-ph 0s€r,] i ' i R
detection @F%&?%‘ﬁ%@mgﬁﬂe‘flhléémfv@t%hél%r%%%fsta%}lc?fq ?%ﬁgagggg@eg?ae@sgﬁg&ﬁ ?}ltht he
| over panefhe pfétR ByQie i dfelbbedétbtarget-opeifitieporteid®g ( Rhtérodis, oligasudsetttiaso
attach the 5" am no group of an oligonucleotide |inker ~c{%{?t he N term nus
of a pept i teshoymtin&ig. 4 eer any ofiths esperabiyprs phmelechlss gisrysacd agoye ML ERMIHIAHOB
2Q.the peptide i,n single-letter code was: TSEPQOYQPGENL (SEQ I D: 32), where
pgorepresemtg pﬁ?}%eép?ﬁg%f eot ine. The chinera was either used directly or
first brought t@uehlgebfibreés€niinalscale dan taratetupconyeating pidsphérgdricd yezfbuarhe
phosphate group fromthe, tyrosine. The phosphoyyl at 0 artiall :
dephosphor Mhigheabsersnend i Fished @t @slong r‘@a%‘ig‘?gtgs(s‘gn‘gﬁéo&‘ﬁﬁteﬁugoﬂp%/ Shear y
anchor nol G Ny M“@, | HoSbHARES asdoeivat adfongéte 25
hour . Afterg’%&/égﬁgtﬁng&gﬁd iple T rﬁg Hekatke \5@\%9%&%%%@%& nSSPTP

ant i phosphetayelesgthehauto o porentally interferingonaigfalé araseniduy tygical Gampésio be
Upst at e Bi ot echnol ogy, Lake, Pl acid, N1~ s added .at. a 1: 3000 .diluti.on.in
SERTD f or . SRlYERSPPCORHErTRB BEasRARIA AUA™ 2TERUOY I ACH IS Jar e BT
chem | um ngsc S , VBN atRofs 8t a ThRer WRESergto WThvaSrow
accunul ate eoﬁ&t%ﬁg’ %@aéﬁ%yp}}%o fe%%t%eéﬁm ex?)ect erd a difference was
seen in themissa;rf)sp&é\hhrﬂemoy\ﬁp&ﬂwaﬂm@a;hﬁa)hores also allows the simultaneous detection

of a large number of different upconverting phosphores. Upconverting phosphores are well- %

known and conventional in the art, and include, e.g., rare earth metal ions such as, e.g., :,'
20 Ytterbium (Yb), Erbium (Er), Thulium (Tm) and Praseodymium (Pr), partiéularly in the
form éf an oxysulfide salt. As many as 80 or more independently detectable upconverting
phosphores have been described. (See, e.g., Biological Agent Detection and Identification,
April 27-30, 1999, DARPA, Biological Warfare Defense, Defense Sciences Ofﬁce.) The
phosphores can optionally be attached to any surface, e.g., to a microsphere ora latgx'bead.
25 Like other ﬂﬁores’cent labels, upconverting phosphores can be detected By energy transfer
to (or modulation by) the label on a sufficiently close linkér, target or reporter. Furthermore,
as with other signaling entities disclosed herein, upconverting phosphores can be uséd to
quantitaie the amount of a target, and can be used in any of the variety of procedures

described herein, e.g., to detect nuclease protection fragments.



PCT/USCQ'y 6952 anmpbunt of phosphate attached to the oligo-peptide. This
difference is the basis for an assay measuring how active a ZerJAs200¥

ki nases is whe.~ treated with different possible inhibitors. Exanple 19 A
bi ndi ng assay for the detection of selective inhibitory of the interaction
bet ween WOM’? ns and phosphoryl ated peptides 5 SH2 domaffRE/USEYV1AESHs
docki ng subunits of sonme growth regulatory proteins. The domains bind to
phosphot yrosi ne contai ning proteins or pgptides with inperfect specificity.
That is, some phosphotyrosi ne peptides bind specifically to one or to few
SH2 proteins while others bind widely to many SH2 proteins. For this assay)
the linkers are 0 : L t :

ol i gonucl eot i des. E‘gggbg%%Qﬁlgggwgﬁg{okégégfg%gé?g&eél e??)é at gtldtra ;éaef)sllylg}ntd; atr %
bind to a giseuted et eethed faShidnnod eirfisce, Zge thigelsefincluding ewtlegrermiectiddAPS

plates to plates with |ligands specific for.the groyp of SH2 protej 100
96- wel | MAPSgpleatss & iehaterkpung dineriha i .S‘é.rrf%“ggﬁ&?‘gggﬁﬁt{y‘l"r?ea“p%&ye‘?fln‘g%ﬂe@t

i sol ated and | ab it h, r..e o - fis ; = In
order to sé& 'ggﬁuﬁ%ﬁﬁfﬁnﬁ%% Stut({)'fr‘)asc e’o@%gﬁgllg bﬁ%?r%ﬁf“%#?é‘ og‘gﬁgégg'%‘?gga {frerch® of
i nter act i oRubdrdirially Oldentidal) abedtedreSHRtNE®isobstastidlydedertly, eadh angl desorédt he

100 96-wel| MAPS plates, and . in each well a different tE]St ggr?@ﬁ%und i S
added. Henceganizatien PERtiest, WBATHTIRSHpOUNEHTacE S8R OF H3Ed £-§-> GBI PHENSY €W on

of the SH2 %gélﬁ% El?fa\@c Egcl'f ﬁeg_r " E;BQ%CP. k@ﬁﬁgtﬁ%&?lnl dngyrds eis§a}f5t°?%§quyen-ﬁlaﬁ c8rsSay

is to nmeasure uor escenc oun protéin assocCiated with each 20
sur f ace- bowrdbfpapttste e g nede ofaty mayriak magnktnand/or eohrregnétiq and soebaads at

ts but t all - ts, th d added be furth t est ed
2 putative Sed B3 FOBEART R G SFUEBIANY RS a8 A S B S AT Bk out
Scygeni ng (see '19%&51?92%}' ﬁgﬁ""@mhglei‘ QPQW&@%@HW&HHOW@CP&&E@ can also be
e nal 96 wel

denonstrating the ctron of si rom 2 I's Tn asingle
exper i nent .erplbyddli Boateixamplepa tirgetzambediybgdined te e bifunctivrs! melesuleadntgining 16
replicates in 80 wells, As shg t he reproduci bili

f .
hybri di zat i WS%@E%WMW%‘%@WGW& wda ?FGQPCI‘ %&&Wﬁ&?ﬁi’gqﬁ%ﬁg&}ﬁ‘ig
served as cb(m{]go%oﬁ Q]e"fﬂ?)er gﬁgé&%qgﬁremn ,CH%?QQgel@@Eél?ﬁ?ﬁéé{ﬁﬁ%tiMd%/ or the

st andardi ze“the sign ent concentrations of the oligonucleotide.
In a simnl| aikef a8t Wfunctiénal inidlenudestcapltiegisnignkd o0 ithié any: desitsd nuadheeaf ¢HMBEABH
well, and the test regeated ir‘hthe 80 different wells of the plate O

cob se, an WOV FULPEPSSIIRGRT HF2i f f erent ol i gonucl eoti des or ot her

probes, (e.g., 10§ g}éyib'ﬁ%é AR HYIO REShisCinNe RBHMSS Pathdly ioff ol sandiich-tpd
many plates can be tésted si rrultaneouslylgg. ., 100 plates, such as 96-wel |
microtiter gdteties)prodedardsagagebenempleyedto haggmgﬁﬁs-cﬁﬁf parpRie £ dargd G

each sanmple, (e.qg.,..,in the,l.atter case, .abg r ) : the
| ar ge nunbe‘tn{%?cqé’ﬁ%F@gmpgﬁeggfﬁcgiur%@ﬁ@gér é‘%ﬁ%ﬂbéﬁl@gﬁﬁ ?/l%?g%f,d#ér’lbqlto es.
latter casepniab9WonBning aGfst 106ieBo@8: dishécifiefor thatphashdprsavordanofety thaeisy
hi gh throughput.” 10 Exanple 21 preparation of angl,i,fi ed target (see, Fi g.ure
 23P0A PCR pstienidic fopei“mportenespess-"ahsdma “sreciicsior| besshp mspning@s ysed Berfing 4

2t the o t SRS RO E Fe, dRBhes shyRte] THE chs R bt el
to 3', the gdedmeeeth, ravetis ftb @atabelad palynesteoiidd,iantibody or any of the general types of
molecules discussed herein in conjunction with probes and targets. These two moieties of
a detection linker can recognize (interact or associate with) their respective_ binding parmars
25 in any of the manners discussed above in conjunction, e.g., with probes and targets. A

detection linker can also comprise other sequences, e.g., sequences that are specific for a



enzynme site, and a sequence that is conplenentary to a target of interest
(e.g., a cDNA copy 15 of an nRNA of interest). The target isrgﬁrp%kﬁghby
PCR, using as PCR prinmers the attached Priner One plus a Pri 5 i ch
conpri se ' 3") a sequence that is specific far a detector
ol i gonucﬁ’@o@ﬁaé&ar id a sequence that is conplenentary to &cdiiP¥!Ent
portion of the .Y: . target than that of Prinmer One. Follow ng PCR
anplification, the anplified target DNM$s washed to renove excess
reaction material and is released fromthe solid support by 20 ' cl eavage
with a restriction enzynme specific for the restriction site on Priner One. -
The anpl i ti6d Bl dFE"diffSrehl ol PhEASRLBIAR A18) Kilbarfethfhdeine riliefTel uRnd/ of
chemi cal prdcedures can be used to deaCtivate the reStriction enZzyme and to
denat ure icbgespouting antharibadd HinkenrAcystqueddeepreseneasedstestiondinkescanagsteed DNA
target nol ecul es can then be contacted with a surface con‘g{_i irilng anchor s

o]

and/ or | i Aker ECOGHHOP HENEACHIOr @ ACEE QT PERE Y BIFPRY et S Foprelerme

ol i gonucl i t Welggeor - speci fic sequences of Primer
Two. Exangﬁ-}et}oggﬁ?g’gggétg%r}ﬁ%{gr gsﬁdpl???? ed '?ig%'get A PCR prinmer (Prinmer One)

i $§ attached to Retsaldndirdesmntbe(designed so thanahydesired @notbenef congnon fANten04

WO 00l 79008 75 PCTI US00/ 16952 vessel) via a chem cal. mdification, t.hat, has
been | nt r GERECSIS S WHGIEN F58Hiy FOROaiPIng ot PLRALo P gOTEsIcan bF i 4t

pri mer COFEEQ& g%&acﬁ chQtig‘r'x tinkel & HaeiicTad 2 Aedidnt &REdt Out cBmPARiadfn &g sience

whi ch can eave y a protease, and a sequencé which is conplenentary
to a tar gebr Gk same easmog)pogfor one oDMAmitep pumberof, reRAcIcagantse rldstapility it ead
of a peptide, any 5 other .el enent which can be cl eaved. Lfi |y

o1 5o be ua® IEBIecUTRYT BEfe e Fotoxer trEds oSk AeRES et il
21g the PRI QEAEs thellldnttleltebRided Bosk BRd R er da de. OF Sowtes)@letettish and

(optionally) "washed, |eaving behind a single stranded nol ecul e attached to
t he supporlinkeFreponasteagentapmbisiations par kecused te detestiangesevhirbarpcistahuted in

i e e e e T

strand of e eaispdckdd @duﬁc@hggﬁng\/ghsﬁhbfes_rel eased foll ow ng denaturation can -
be contacted with the 'surface conprising anchors and/or_linkers. In either

f\ ase, d_o nl )d/ one ﬁt&mr@ p(lk)'ﬂfferlrmrabqﬂimﬁmgéﬁtﬂé@? ditkers caron érsieagd (ogdetpet nuclease
o¥Bosi t o srokirtion fragmanin i LHEY Het bioholofraBithsuiith Ak B IGEs by

- reduced. . ihnKedss fEarR chfrslesi@hetk tRqincepénidd £nidéaseiptdtettionqrodeduizaah, of
the anplified target strands. Exanple 23 Assay wifh detection.Linkers and
Report er AgesatiBgdses. .An Fxpmpled)) Areqapsreatiabyaoriedndhis elCUPMPECELT e 5

subj ect ed {.qy a6 S%?gl'g?ﬂ?%gy%ﬁ?icﬂhgpe 2P RGERWER0dHRddi % ASteRicRIRIBEEdrRPrises

fragment an ol'1'gonuc conprises a target specific noiety .ang-a

control ovefikanpicwitet i spedific foriazanget andarsptandendiety that ds speeifinforahe ggnmon -

Fol | owi ng nucl ease digestion, the control overhang noi et%{tcan bFf\ Jga\égd

of #, as deSPHEY PVerbangseapenss iighe & # RrefaiEed cmpROdRRTL 18 ATESFRt PR 8UFS "’dlcﬂay roo

the overha ' i it | 1 qdl dstiekined, the Béntrol
B?H&ﬁ hlcg@dsla p?é}ﬁaf‘ondfr%%?érﬁgat A3 statt bl hA'adsapt g€ dsriebi ntro

portion of ure. e res I'ng nuclease protection fragnents are
hybri di zedoverhangissqeertdedis béenlctrayed fhinamucteapy protestion fragment dypag R nheleassi et y

d trol overhang- ifi iety,. | GR L .
Part of t heregiRdeatiE, Do et saEBPIRNY o AaEo T TRt ey Wk o
remai ns uniyelid g ReioPiagiih Hae the cbﬂuélfw?ﬁx&ﬁgyp&moﬂe@ dfftes detghion fiakdr of -

the figure, the control overhang noiety of the detection |inker hybridizes
t @5t he resivdlide uwwborndrndoviirempig avetele & furthenhybpdisaten. Bror thy and.y g

subsequent ol 60,00 dihaAF3Pkinf LERRES B nd RERRE froMa FhofOHBY EEReR, BY.SLY
because of incomplete nuclease digestion during a nuclease protection procedure, both the
target-specific and the control overhang -specific moieties of the ‘detection linker will

hybridize to the protection fragment and will not be available for further hybridization. In



2 0 JAN 2004 WD 001 79008 76 PCT/ USO0/ 16952 with control overhand specific
noi ety of the detection linker, is allowed to interact wth p2igeJalorggiexes.
In the assay shown in the left part of the figure, the reporter reagent
hybri di zes to the control overhang-specific noiety of the detection |inker,
whi ch ren¥PR87¥0%i | abl e for hybridization, and the conpl exPEENSH¥I&E! ect ed
by virtue of the signaling entity on the 5 reporter reagent. By contrast,
in the assay shown in the right part of the figure, the reporter reagent is
unable to bind to the conpl ex because th&# conpl ementary sequences are not
avai l abl e for hybridisation, so no signal is associated with the conpl ex.
In many of the assays of this invention, a reporter reagent can interact

Wi th any segqitefefed pirdseitent tomplescomptisihg Aliclkasebtektion fragmentsanddguedice
specific for a control 10 overhang. Exanple 24 Multiple Fluors (See Figure
25) A regi olstesoerphilsirngrefthepchybgdized m a fu%%f $18P KhOIRROTIEF TeRERNt WhHeH CQmpprises

| i a_dif. t )stant i i ' :
ncior o A 98 Ba b U SHABbe SRR BhEAb o S T Sho BRPBERRe «
types of |idekRtable §26d1 o?lsighl-EéheERMplenEss a8 dBduiridled hefie) drdcanlbofety (anchor

‘A. However, each of the anchors conprises a different target-specific,
nmoi%ty: f oroligang@esside) whictgis specific fprdkecqaniie] oxethang-ERas eIty 6hadketactpyet s
to the anchor/|iqker conplexes, it ts 1, 1243, ' ' .

| ocal zod Aupclie PSSRyt AERF ety i P anf iy uERE e A RE R Pt

hybri di ze tige ko@ts dveraag Reduentess BomNElesrSpratettive finghieachds eenfodeavad offfpr
B, but the target-specific noieties are specific for targ{ets 5, .6,

7 or. 8.
In a sinildie20 commeom whighghs somrol pveriangrapesvac Medeyioftthe deiretion Be}erg'rit,
t ts 13-16.at and. t _ E If h of th
targets 15 TR R RRPRANARPE' G ool BaabiUe E LT PR oo

i ngependent |y detieskalak ettet uartationdistsandwich dgtectiam pragedureenilabé evidbmsploae e,
~one can independently detect all20 targets at the five indicated |oci.
Exanpl e 25 #fkikigdye BR- H gh Throughout Format 25 In this exanple, a

transcription asgay,Qf b% %iéh@ﬁ%@&ic%" bk fhcHB£8d WthfdaeltaF%ett-sﬁ&gﬁg ?E?&Hef'(%é) ghppges
in a gene expression pattern, in a format ready for high throdghpu

screeni ng. &hlitkinepefféctive hfor ashryingr Bindigl or neberr sfablei dretbtaytiorRame i noetinely
washi ng steps are not explicitl 20 JAN_2004 WO QO/ 79008.77

PG TNBOO! 160%sminakle | (Seed 209Y9)-  Eafc EXaTPRIC A fiOTes 60 1&9&?“69“%% FRRATIETHAY) @

P 9§ edures, (LG Rh% BN o' dM td'Sbout 1 1M or more, preferably about 30 nM, in a buffer
such as 6X SSPE-T or others) can be incubated with the bound targets for between about 15
minutes to 2 hours or more (preferably about 30 to 60 minutes), at a temperature between
about 15° C. and about 45° C. (preferably a_bdut room temperature). Aftér igcubation, the ;

samples can optionally be treated (e.g., washed) to remove unbound target-specific reporters, *
20 using conditions which are determined empirically to leave specific interactions intact, but
to remove hon—speciﬂcally bound material. For example, safnples can be washed between
about one and ten times or more under the same or somewhat more stringent conditions than
those used to achieve the target/reporter binding. |
Tagging with a target-speciﬁc reporter(s) can provide an additional layer of
25 . specificity to the initial hybridization reaction, e.g., in the case in which a target-specific
oligonucleotide reporter is targeted to a different portion of the sequence of a target nucleic
acid than is the probe oligonucleotide, or in which probe and réporter antibodies recognize

" different epitopes of a target antigen. Furthermore, tagging with target-specific reporters can

allow for “tuning” the sensitivity of the reaction. For example, if a target mRINA which is
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art and/or described herein. THP-1 human nonocytes are grovur~ in 96-well
V-bottommcrotiter plates) wth 50,000 or 150,000 cells/well. The cells
are either untreated or are differentiated with 5 phorbol 12-0 ghNi2@kat e 13-
acetate SNPN@L for 48 hours, followed by activation with Iilp Iﬁs?cchari de
(LPS) fo9 ¥ ®Bours. Fol I owing treatnent, the cells are | 532‘350 A8%Gaani di um
i sot hyocyanate and frozen until needed. nRNA is obtained using streptavidin
paramagnetic particles to which is bound biotin-poly dT. Alternately, total
RNA is obtained by extraction with tri-ftagent (Sigma Chenical Co., St.
Louis, MD . Sanples conprising 10 either nRNA or total RNA are subjected to
a nucl ease protection procedure, usi-ng as DNA protection fragnents a

m xture ofpakhifatcerBlafife fb?’re_sﬁioﬁ@ét&rﬁ {srexpeksedd gamrticloeoeiels she leedt bf sifnalkach
conprises, 5 to 3, a 25-ner specific for one of the thirteen targets of

i nterest .(h@Ambrnced| (signalramplificatiom)typurbsidging the bound targehiopseverg] (gt aput

LD78- (3, HMZ 17..0steopontin. \=i-th 00l b, O} ENnsi i ki, @
o mer spacd 1o 208% REP U nde e bR RRE olRbthcl BATIERARA, REcit6l ch D,
probe; anchydrilibredBheciREANH 0 GAifdrelt pRYEITG e SRGUEMRNATRNA i s t her eby
converted into a stochionmetric anount of "corresponding DNA protection

fragment, " whi chheahilizgo detecttivgdpes of fabelsdndepgndensin 3llowsdonay addeinna! fype

brobe specticehrPiR eS b nah (56 e 1 ORITAAA IR Rt

only sequefd¢epasielat bhdhof kud (Fez. MW typca)@ansharflodindaeh esinprsing pphsaity in -
t he correspondi ng protection fragnents, as expectg%r(i f nlﬁﬂ 1%ase di gestion

has occur refubsianiiadiyidenticapnehoseldl. & & ©P saRaYF 3:lapgaiEng gD Rt RSBE of

. the inventj - DNA, Bl | i ray
L Pt et s iddantie U3 ik LartRATRCAEL e ond SRR RRs S Makh

anohor spegioéificdliekesatt tefhel ‘@ombgd finkpeli Afer s mistck eftlinkkrseed odnt®S linkersf our

corners of the array, and 13 different chor .species are. used) one, each at
the remai nh#sPeEDASSOFIRERG Wikh #1680 2Rd 3 Samp %H%Bg aé?@e%#efﬂ/ﬂwﬁt%‘d}tﬁi n a

defined or o , 50 j BOh | ' 2. ofi
whi o compiieSaRfie fibe £1 o LebidtRlc 0080 HGREL WARCOAU ! &e, TResllin
‘targets of of atiotee dttectionliabsivuchsp acherhilamiheaced one)rcas pe aiséd (©r fhertargetecantbet he

anchors. Thus,_ in each,of the ltiply.re ed -spot arra each 20
JAN 2004 sdestydagle Uﬁb66%‘%@%#@@%%%@5%5&“3‘&%%ﬁ‘l‘?i GfRs 0 Sgualt cn be
t gisget - spegibirfinkd MEL Sredeticd OGBhirAthkals FertifkicARbtaRGB b1 the Aub@@fFindtiBnilhe

array. See Figure 18 foor an illustration of such an orthogonal array. ..
Li nkers cofe.gspolado imtetaot @itPhinkers) anshetsi withinvasidybesyperctesteis 2ivns Sicd dests Hg

gene which serves .as an internal normalizatio ntrol, at
three ] oci SOREEHY r?fee&%??ﬂlf z%? .thedﬂ?tyrt&%g‘;(gaé'ﬁﬂwg%ltpguépﬁg‘%scoa%??hggﬁg %gpj{aﬁﬁt
linkers, agegd ks ABadidor QLAIRAIQT the ABFRCT baldd depecaids imlocgizatioh ebtliedgs
used in the experinent, exhibit the desired specificity. Sanples conprisiing
t he m xt ur esclof low rndop pravidey apositize CPOBIFOLf .89 iR GRIES PR é%\éﬁ*é@efaés Besignphry
ahove are hybridized to the anchor/li [ I i :

cither “unt AERRpaR i Bab el e neld J1he BB Rnar R BETARY (60 dfthe
hybri di zed 1ged§ @Cd.] fllodfopREEE)dag atio racded toaesect tve differentpdpidtiods loy target
hybri di zati on to 1abel ed detector oligonucleotides,. I'n olgder' AYe) nqr nmal i ze
the ampunt TefleaileshBpwayerche ROildasecognize e REEsce SF IggRitRY SR3tipifesolpen of
diluted wit h i 3 - 4 ri bed herein.
The - ampunt "B e B e, e B e R 1 o the
control GAPDH siailslityTtoedetket tabelstindeyeddently (eapy Buonsstrng labalseviich emit at

replicate sanples, as well as in sanples prepared fro hr ee i ndep en
exg%ri ment Sistngurshrbledvarelenatise et dayL- ﬂ"é’ﬂ“r?ﬁ%ﬁf‘ya%#nrﬁ?l Bf:aPi \fg érent
abundance ééwé {hy ANSHS ARl SodaNIONBIIRY REthe MR ods Hf HRQMHentiBn! Fér
‘Tabl e bel O%{PC el 5@{%@&0}@@%@%@' t?/"g{ Id(:aji Oeal Fs/ V‘Z\ﬁ‘) -yi. a a ~ Control
example, each of two or more targets can be labeled, directly or indirectly, with its own,
uniquely detectable, label. This allows for the detection of targets on the basis of features

specific to the labels (e.g., color of the emission) in addition to (or instead of), e.g.,



Aver age CV(n=Il6) GAPDH101 079% L- 152736%ANF22935%APDH959111Cat hepsi n
G10394. 319%COX 241539%Cycl i n-2172823%/i nent i n2564125%.D78129839%
HMG- 17828619%0st eopont i N560442% hr onbogl _obul i n ~~ - 53- GAPDH€UJD 98N 2004

r 13%Angi loPax0 7528%Act i N1274. 127% bl ank) 108- | nduced Av. 16)
083300015 FITB I 02694.0091~ 17940648~ 4698557 ﬁéﬁggooﬁggg}

259296025%7107420%413437209%24052094905346%8176923%10136.
129%6561312180223%234. - Ratio 0.97 15.40 9,80 1.05 f.89 8.58 1.71 2.77 10.35
0.29 3.40 > 100 1.84 1.71 2 0 JAN 200 00/ 79008 79 PCT/ US00/ 16952
Exanmpl e 26 | Conputer Algorithmfor Quantification of Multiple Array Plate
Data A preferred algorithmfinds the position of all spots for a MAPS plate
and aut omatdeatifyipg é&mmtwmeoé 3610%5'(@511"‘?1’@3%%& B utfeceopr idgatifying 3 tangrt byfvitthe

signal for I h. y, a
conput er prO gg%}m&aéﬁlggégol a 1§?r§+ fzﬁ%rf“%&? %ﬂ érﬂﬁ%dﬁqeé@’fﬁ@‘? 4681%28 0X,
cont ai ni ng riuMeplioyeITsdrgsts ¢al b@daécte@ﬁmepm&htly pt £tidpk ledmn@nmm aakgiohe Fofrage
that includes the first well to be _exam - Delneafunctlonthat

cal cul at es exHBPlE O RIMYredsgedi b 41 6 @amer@t&repts 588 be defacted at dlpcugwhich is

%nlépg\é\?fay-ﬁgg%W? Eﬂgleaé'gu%geﬁg %zﬁfi/ gx%tﬁéal)eagngﬂorgf Ti‘xgt 1‘; i%c‘? ?mﬂ\ers can

posi tion ofetuded, Btk &f which had b@a@ctmrr%p&aﬁefpohmsspemb fbhmeéknéxe(aﬂ&@c)r Heod s
wi thin each well because sone of the 16 s[)ots are dupljcates of the sane
target. ThéargeloTpesidic portdon: srecificoior acdifferent taregy: tlﬁésw@fc@ gpdain sugh ligkemsHe

4x4 array Ity

o e o o Bhed R ounteh Bt & MenBAL bF Rl Abul Bt dnchBis oTQSACKRLOMNG ALY RIP!

. cal cul at es diffierefli &ikganeeo baidnetethat hﬁ:up] XKl eaghbfenede @pgets 1samﬂaehdct$1u‘d¢lt1)t be
contribution_that each s&ot makes the intensity observed at that

-pikel , by WFRiFeCHp) Withgdif éenéMmgﬁﬁhwﬁd@bwnﬂwﬂi@m 3p deleEpBR S FIGHEES on
for the gi ‘6‘?%9118{? &!3%@ 59get§ Qﬁth%%eﬁsslnuéﬁ&dte}?ﬁy | FRMeBe | 57 RO Bf, fHPCHVON

i s defined by e sum
anchors (groups of anchors) in a region can be used in the scenario described above to detect

as many as twenty different targets. Such an assay is illustrated in Example 24 and Figure
25. Similarly, a plurality of targets, e.g., as many as 80 or more, can be detected
15 independently when a single type of anchor is distributed, not at a single locus, but evenly,
or in any desired fashion, on a solid surface such as, e.g., a bead or a flow through apparatus;
and other aspects such as bead size or scatter can be used to provide information about target

identity or groups of targets.

In another embodiment .of the invention, “anchors” which are specific for a target(s)"

20 of interest are not associated with linkers, but rather are associated directly with the
| target(s); the target(s), in tumn, can interact optionally with a target-specific reporter(s).
Targets, whether labeled or unlabeled, can be detected by any of a variety of brocedures,

which are routine and conventional in the art (see, e.g., Fodor et al (1996). U.S. Pat. No.

5,510,270; Pirruné et al (1992). U.S. Pat. No. 5,143,854; Koster (1997). U.S.Pat. No.

25 5,605,798; Hollis et al (1997) U.S. Pat. No. 5,653,939; Heller (1996). U.S.Pat. No.
5,565,322; Eggers et al (1997). U.S.Pat. No. 5,670,322; Lipshutz et al (1995).

BioT, ebhniques 19, 442-447, Southern (1996). Trends in Genetics 12, 110-115). Detection

methods include enzyme-based detection, colorimetric methods, SPA, autoradiography,

mass spectrometry, electrical methods, detection of absorbance or luminescence (including



20 Gaussian and a Lorentzian of appropriate (constant) radii. 3 = Start the
fitting for the current well by guessing the values of the paraneter's
quickly. To do this, calculate the average inmage intensity fo@gl§aN e@ions
of the picture where the spots are expected to be. Subtract an offset from
t hese 16W\878W8s, ~and scal e the difference by a constant PEALSHV169Fhe

of fset and scaling constant are defined enpirically. Rearrange the 25
results to match up the 16 spots with the 13 anplitudes. For the background
and offets use any snmall nunbers. 4 - G3timze the fitted values (for the
16 unknowns) by curve fitting. In particular use a non WO 001 79008 80
PCT/ US0011695? | inear |east squarcs algorithmw th Marquadt procedure for

lineari zi pRerhingnine$den®d of WRehioRmMinésckiidegadd detdetionnst light4dadér Fompb@E.,
equations (al though of course not all equations are _|inearly independent).

5 - Usecrobmopic, partifidsaised astags. tAleal flugreseens lahets @nbeWelerted - &0 WRESESA t h

irrbroved recision 5 re .th idaill Be for o P

i cropl at §v_1t Iaté‘iarsge'ec)?ﬁé\f]e?gav‘f%@@gormof?sﬁgfcgrnglcf)#s?g%{]&?éé’l sﬁﬁd\}ne: %rocto'? ﬁoecalnext
nei ghbor yRbtest&GRBVEIk SR P, BrStyareeplidy bheantingesysedm ikl s AGD tdmay or
magni fication factor of the imaging system. Since the distance ‘befween
wsl |'s is ghetomultiplisr fubseon by tussigsizay-based hechnalegy o dagcligt &-8-e SETIAGR es

; e 3 ) ate. ST . . o
Gt re & Shisrb D &gerb g pelt of Kbl SeRfon FRY BYSfdiid BRLGERE s O
of pi xel s.reshRbhfcertak 88 utdiEif fdsbhitiog cf berade Righenguple k| Aterfinivels kn aoagtap 2

and repeat for each well. From the foregoing descripti og, ope skill edd in
the art cannidmspallgbeldedrtenenok hoasfcmnersy UaRHrnPrEs sTUCEsESOHUQIRicEn an

i nvention,, and .can ) RA [ A8 d; d tg fdapt
1 to var ey BaNu R §af ERARRAADY HRE RS O forthod M e Mellh 272
bed i eved tifiader,anRes ki tdpatted. nAftvmgahd hostrof fiséregcenhe bpsedodetiéatign dgstems prd on,

utilize the present. invention to its fullest ? ent,. The l?{fgfﬁedi ng@q
pref erred fiynsescence dnpativmeflvaresseace (rolsreayre) (k1) hBMEGAY HRESSHERE y
L1 ustratige, . angnplohd 0t LAk L eE 0 itGebasddl AbHeSochEe ANy
way what sofXWéFséegcezp%oﬁw 2%8%?%#QT%WAJI%EDO I S:1 1. A nethod of
det ect i ng @TRBASAngpss todrgsdating bapeode-like pittans tar b ragcomplhishst dywpatem nay
conprise said targets) with a conbination,whi.ch cg%i.?esl bege%i)re ! heits
addi ti on Jrcegidorm Kigsiieg the apPraRRate ROt QRoliRKT 1 FRFMARFETSI BOSELIAET Y
dyscrete L%ogitfb'ﬂsrelaﬁ{f tlo‘?ﬁéf»th&"!?ogfor ésﬁ!?ol%v@eﬂ&béézﬁaﬂﬁbﬁldn}bﬂt&eiﬂichﬁ@} of te@&ch
region conprising | |e) at [east eight different” oligonucl eotide anchors,
each in askbels.aBaseodsirt¢ognition devices and computer software for the analysis of one or two
dimensional arrays are routinely generated and/or commercially available (e.g., see Rava et
al (1996). U.S. Patent No. 5,545,531). | ;*
Methods of making and using the arrays of this invention, including preparing *
20 surfaces or regions such as those described herein, synthesizing or ptirifying and attaching
or assembling substances such as those of the anchors, linkers, probes and detector probes
described herein, and detecting and analyzing labeled or tagged substances as described
herein, are well known and conventional technology. In addition to methods disclosed in
the references cited above, see, e.g., patents assigned to Affyma.x, Affymgtrix, Nanogen,
25 Protogene, Spectragen, Millipore and Beckman (from whom products useful for the
invention are available); standard textbooks of molecular biology and protein science,
including those cited above; and Cozette et a/ (1991). U.S. Pat. 5,063,081; Southern (1996),
Current Opinion in Biotechnology 1, 85-88; Chee et al (1996). Sc‘z"ence 274, 610-614; and

Fodor et al (1993). Nature 364, 555-556.



iii) a bifunctional linker which has a first portion that is specific for
t he ol i gonucl eoti de anchor, and a second portion that conpri?qg g@ be
which is specific for said target(s), wherein the targets) i ng ction
fragnents) and is anplified by PCR before said sanples) is_contacted with
said conﬁ%ﬂﬁ?’?gcg?ﬁ under conditions effective for said targ8FEUSPYI4Fhd to
sai d conbi nation, b) contacting said conbinati on and any bound targets with
a | abel ed detection probe, and c) detecting said detection probe. 2. The
met hod of claim 1, wherein said targets)sgre anplified by PCR using two PCR
primers, either or both of which conprises a chem cal nodification which
allows the priner to attach to a solid surface. 3. The nethod of claiml,
wherein said targets) are anplified by PCR using two PCR prinmers, either or

bot h of which conprises one pre restrictjion,enzyne sites. 4. The nethod
of claim1, wherein saidtar%%“ﬁ%ﬁ%%@usingtm PCR :
priners, either pog 1@LErAts MBéSh %@ﬁfé'f‘éﬁ&jl%@@cl@mid&! B WERL hIRLECT UORERS

whi ch can be cl eaved by a protease. SUBSTI E PACE 2 0 JAN 2004 82 5.

The met hod aghrtisnghan ig spaskfes for ancher d and agether pertien Grgrbb¢)ithat inspePtr fasiargett wo
PCR priners Lther .ar bot f L Gh, conpri ses, a se e _which is.specific
for oni o adiBR brngibedfied < Taodgt RBeErT kit FgeaiRies o il 2 BT

compri si Ng pRNAONHAh 56 fferSRTRIR thdéceledRYo GRSt Spocifi pbalcaRIfIle Mltd?. a -

conbi nation which conprises, before the addition of said sanfpl e, i) a
surface, conpri $igg iNustrates aesusfage whidhycoipsisese! etestaggions eackh of velzich comprisss

ol gnt di £ areney O FORYCOICBETEAURB . each i n associ ation wth 111) a
bi functional |inkgr3 yhisetddake dediin of a PRkl 7 ot lRedptosSbinpRgidséay, irpwhidiahe
ol i gonucl eoti de anchor, and a second portion that conprises a probe which
i s specifi @ngl@gr-sgg@ﬁctmrg@q @§)t1;m linker is associated with the probe portion (the receptor
10. - protein) via biotin and streptavidin molecules, and in which a ligand specific for the receptbr
is labeled with a fluorescent labeling molecule. B: Biotin. SA: Streptavidin. Rec: Receptor
protein. Ligand: a natural or synthetic ligand for the receptor. *: a fluorescent labeling
molecule attached to the Li gand.
Fig. 4 illustrates a surface which comprises 21 test regions, each of which is further
15 subdivided into 16 subregions (indentations, dimples).
Figs. 5a, 5b and 5c illustrate three pieces from which a surface such as that shown
in Fig. 4 can be assgmbled. Fig. 5a répresents a well separator; Fig. 5b represents a ;:
subdivider; and Fig. 5c represents a base. *
Fig. 6 represents two test regions, each of which comprises a linear array of probes
20 (or anchors) which are in a “bar-code”- like formation.
Fig. 7 schematically represents a test region comprising 3 anchors (A, B and C), each
of which is present in multiple.c.opiqs (5 “group”). The location of each group of anchors
" istermed a "‘locu_s..’f . | '
Fig. 8 illustrates an assay in which cDNA(s) generated by specific reverse
25 transcriptase are assayed on MAPS plates. _
Fig. 9 illustrates an assay which uses a nuclease protection procedure (NPA-MAPS
assay).' Sample RNA is prepared from cells or from tissue and is represented as thin wﬁvy

lines. To the RNA sample is added a group of polynucleotide proteétion fragments,



under conditions effective for said targets) to bind to said conbination,

b) contacting said conbination and any bound targets with a Igaﬁ)qjmdg“
detection probe, and c) detecting said detection probe, whereln sai

| abel ed detection probe conprises an upconverting phosphore. 7. The net hod
of cl ai m¥Q 0%F¥P%EI n sai d conbination and any bound tar get @ E%R3HaCt ed
wth at least two different |abel ed detection probes, each of which | abel ed
probe conprises a different upconverting phosphore. 8. The method of claim
6, wherein said targets) is a nuclease Pdotection fragment. 9. The net hod
of claim8, wherein said conbination and any bound targets are contacted
with at | east two | abel ed detection probes, each of which | abel ed probe

conpri ses pyrghyddeas tHickipdelnved lighoglipé siheodak sS&iBﬁIIoMEpRAéﬁmn fagriéits 2004
83 10. A nethod of detecting at |east oné tar conprising, a),. contacting

a sanpl e mmnenﬁygr@emmaééreﬁmlmwécy SPciTR: RNREEHATGR biiliZeno those

(r:rl(jlrr![o[ L;fgss‘ﬁg&%r grﬁ? %gg ng r%grgelg%nﬁso%l H}aﬁgﬁg sp[%’rtfcj)r)s ?\?q% V\#Jegggnn%%@ Rwllél' 9

subst ant i addnyplefRAtare eéque@@ccbmmegt@mmmtm it gargét) The pﬂo&asbn é‘ragh‘tcnts are
di fferent oligonucl eotide anchors, each in association with i|
'bi § unct i oredefimpxaessafolpwmadyhridizatign Yk vaHatlpsarestdo Q’[Se?é‘?tF‘Fth“f%?c’“E%

ol i gonucl egtide aachar o081 60 AR ROGH ORI or GRERELES S5%RR il O

IS specifi tar cond| I ons effective or sal

targets) t@eddingfitsttioat ﬁ&tdayﬁ.mmahmdtnbﬁmybb)hze@Rh\afchmmgorsblyhhdmdipbmckennmd
any bound targets with a detection |inker, which conprises a '

speci fi c fbor ewmplead hatclaasg can ﬁﬁﬁé‘wa@bé‘égkl granded BN/ pErsewr Elrglé%éﬁfess
whi ch int epagl & M gg sagﬁg}qﬁg 'an@1 l&ﬁérr}?z%g o?tkh %Weﬁ?b@ﬁlcﬁl S ki ng.

entity, c)pcont act’ tion sai d repor reagent, and
dlodet ect i p@revtiod Haghenti RYerhn the. h)Zd]roly'Ehde byeaddidornf albannclédes \ihending
said tar gelt'lggndc?ea%e rI]-Iugx!uf grs gy gga%neg\cstalm% esf 1rn ase. rﬁemammg is a collection of cleaved
protection fragments that reflect how much of each target RNA had been present in the -
sample. The remaining protection fragments are me_asﬁred by a MAPS hybridization assay.
~ Fig. 10 illustrates hybridization specificity in a MAPS assay. |
15 ~ Fig. 11 illustrates binding kinetics of an anchor to a linker.
Fig. 12 illustrates a MAPS .aésay of two oligonucleotide targets.
Fig.. 13 illustrates the quantification of a sensitivity shift:
Fig. 14 illustrates melting temperature determinations for four oligonucleotide [
linker/anchor combinations.
20 : Fig. 15 illustrates an mRNA assay by NPA-MAPS.
Fig. 16 illustrates a dilution curve with NPA-MAPS.
Fig. 17 illustrates an assay to detect peptides containing phosphotyrosine residues.
Fig. 18 illustrates the first step in an assay to map ESTs: assembling lmkers
| corresponding to each of the ESTs to be mapped on arrays of generic anchors on a MAPS
25 * plate. To the surface of each of 16 wells of a microplate are attached linkers comprising 16
different oligonucleotide probes, arranged in a 4x4 matrix. The first locus has oligo 1,
which is complementary to a portion of the first EST sequence, and so on for the 16 ESTs
to be tested.
cDNAs or mRNAs generated from the genes from which the ESTs were obtained are



12. The method of claim 10, which is a nmethod for detecting at |east two
targets, further conprising b) contacting said conbination gnd an bound
targets with at | east two detection |linkers, each of which a Ng

noi ety s ific for one of said targets and a noiety specific for a
reporterR%(fg{E!é%‘?{’g SUBSTI TUTE PAGE 20 JAN 2004 84 Z) cont BETAUS E;“’éﬁa?d
detection linkers with said common reporter reagent, which interacts with
said detection linkers and which conprises a signaling entity, and d)
detecting said signaling entity. 13. The>frethod of claim 12, wherein said
targets are nucl ease protection fragments. 14. The nmethod of claim 12,
wherein said signaling entity conprises an upconverting phosphore. 15. A

met hod of deltledta alf 1atwelleasd alloweddAsybriciizepuridst apprapriztacabditions) Hes@mphr

whi ch may rise id RNAS with t r e protectjon fra under

condi ¢ ons HTaI: HRNATESONGS OFF O 6o Sh s e PG A SHeGTEd FRE Torcs

fragments tonSabdc W{', tdbe ‘§'ﬂ>l egsai d protection fragrrents conpri ses
angrng seq

a comon 3' over nce ich is not specific for said RNAs, b)
subj ecting said Fugcﬂbatlmﬂramrmkwl:st@mt e@pniRndn assaj tmrwapoESermdm@Ideas@s
ef f ctlvef est gn Cld ot her  tha ortion aof sa

protection ¢ ?@Qﬁ‘gﬁ?% ﬂ’ ﬂj?ﬁedl g'gﬁht B’egaPE% ate NCCHYFD\A %@tecmr

nucl ei c aC'&his%agb@ae %wcéﬁ@ébrfd@ue cn{eoaﬁmel poTé rt@%@%ﬁ?pe‘ﬁh' ehciA¥Rctor

~hybridized to sal , to provide a sanple containing the protection
fragnents, aljgonucieatidd isgars aligommigokide cwmpkidniong raplecye otseétfpordetacagmngs_

.vm'thaconb'nation ch co rises, before the addit of. sai anpl e
D surface. RUBIER HoMOIFTeETe Taste 4 I o G medona etk Fadh ey

whi ch are sy haatcb@éé xycbﬂsﬁweﬁaky toe@f%frtsa}:sms %Hmfffe?éxﬂSIrdm}h@EST%ﬁé&ﬁc
ei ght different oligonucleotide anchors, each in association wt

SUBSTI TUTE AGE so that a probe and a detector ohgonuclcotxde which are complementary to a single
EST can both bind at the same time. ,
After washing, a single detector oligonucleotide is added to each well, as numbered
in the figure. That is, the detector oligonucleotide with sequences complementary to the first
EST is added to the first well, and so on. |
15 | Fig. 20a and b illustrate the results of the assay to map ESTs shown in Figs: 18 and
19. - After hybridization of detector oligonucleotides and washing with appropriate
_conditions of stringency, the 16 wclls.of the microplate are imaged with a CCD-based
fluorescence imager, for example. Fig. 20a shows.stylized results. It is expected that each%i"f-
EST-specific detector oligonucleotide should label the mRNA or cDNA held down by théﬁ
20 corresponding EST-specific probe. For example, probe S assembles the cDNA or_mRNA
containing the fifth EST sequence at that locus, so the fifth detector oligonucleotide should
also hybridize to the cDNA or mRNA at the same locus. This is the case for these stylized
* data, with each detection oligonucleotide labeling the matching probe. In addition, the ﬁrét'
three detector oligonﬁclec;tides each label cDNA ox; mRNA held do% by the first three
25 probes, showing that these sequences lie along the same gene. Similarly, the last five ESTs
appear to be linked. The linkage assighcd from these data are presented graphically in Fig.
20b,
Fig. 21 illustrates the relatidnships of the pfobes, detector oligonucleotides and ESTs
#1, 2 and 6 shown in Figures 18-20.



2 0 JAN 2004 85 iii) a bifunctional l|inker which has a first portion that
Is specific for the oligonucl eotide anchor, and a second portion that
conprises a probe which is specific for at | east one of sai Bp%ﬁ%d‘i on
fragments, under conditions effective for said protection f nts to bind
to sai d YEh¥M8ES8i on, e) contacting said conbinati on and aR¢TRSOHTES2
protection fragnents with at |east two detection |inkers, each of which
conprises a noiety specific for one of said protection fragnents and a
noi ety specific for said common 3' over§mngi ng sequence, f) contacting said
detection linkers with a reporter reagent which is specific for said conmon
reporter reagent and which conprises a signhaling entity, and g) detecting
sai d signaling tiyt: Ty || ai m 15, further conprising the
step of subj ectP? 'gjzslgﬁf}a?%scaulgg?gﬁgg%%ssg}é treatment with one or nore
nucl eases eff e®ig.\23 iflastradegeseinog topebaicanarnslifoddrerget.nan t he portions of
sai d RNAs whi ch _have been hybridized. 17, °The nmethod of claim 15, wherein
sai d si gnal i ng Fagt34 i ugiEaipy nassayawith deteshly inkrgs prOSPADFLA8SEE: The net hod
of claim 15, je . ' tection linkers is diluted with
bl ocked det ec\t,\,iq:g%'e%sin}}agﬁa&%& igt;rle%ﬁ%? @?‘ﬂ etecting at | east one nucleic
acid target, conprising a) contacting a sanple which may conprise said
targets) with a nucl ease protection fragnments) specific for and which binds
to said target(s), exposing the sanple to a nucl ease effective to digest
r ining single strand nucleic aci gxgn@rtgen contacting the resultant
sg)nrrgl e wWth a conbination which corrg:rl ses,LEtEfore the addition of said
sanpl e, SUBSHhlJTE IPAGEdizaBo)SHANliAONsde Bigure 18) sur f ace, conpri sing

|

I tipl i al ' e .
mitipte spatl aA lggneclj'{c Ctﬁ’tseplartee a'aggrso’dugtd blye\ias?rgg eEnV\PnkJOett dlys\@clergsgr, the Pixus system

(Cartesian Technologies, Inc., Irvine, CA) to form an identical grid of DNA within each
well of a microtiter plate. All oligonucleotides were purchased from Biosource International
10 (Camarillo, CA). For this plate, seven different oligonucleotide anchors were dispensed
| within each well in the pattern shown as the Key (left side of the figure). Each
oligonucleotidc was dispensed as a 10 nanoliter droplet to two spots, from a 2 uM solution
containing 500 mM sodium phosphate pH 8.5 and 1 mM EDTA to the wells of a DNA Bind
plate (Corning Costar), and allowed to dry. After attachment, wells were blocked with 50
15 mM Tris pH 8, and then oligonucleotide that had not covalently attached to the surface was
washed away with 0.1% SDS in 5x SSP buffer. | »
To the washed plate fluorescently labeled linker oligonucleotides were added and
allowed to hybridize in 6x SSPE with 0.1% Triton X-100 at room temperature for thirty
minutes. This is a preferred protocol for attachment of linkers. The linker oligonucleotides
20 were cyS-derivatized during synthesis, and were complementary in 25 base-pair segments
to speciﬁé anchoring oligonucleotides. The sequences of the seven anchors and linke_rs were

as follows (all shoWn St 3’):

#1 Anchor: SEQ ID:1
TCCACGTGAGGACCGGACGGCGTCC
25 Linker™ ' ' : SEQID:2
GTCGTTTCCATCTTTGCAGTCATAGGATACTGAGTGGACGCCGTCCQGTCCTCACGTG
GA
RNA mimic(mouse C-jun): SEQID:3

CTATGACTGCAAAGATGGAAACGACGATACTGAGTTGGACCTAACATTCGATCTCAT



are substantially identical, each region conprising ii) at |east two
different anchors, each in association with iii) a bifunctional I|inker
which has a first portion that is specific for the anchor, #@ JNs¥Bbnd
portion that conpri-ses a probe which is specific for said nucl ease

prot ect i owqqogcﬁ)gnt-'(s) , under conditions effective for sai dAHN¥IPE
protection fragnents) to bind to said conbination, b) contacting said

conbi nati on and any bound nucl ease protection fragnents) with at |east one
detection linker, which conprises a first5&mwiety specific for one of said
bound nucl ease protection fragnents) and a second noiety specific for a
reporter reagent, and c) detecting said detection linker(s). 20. The nethod
of claim 19, whefmehn said reporter reagent interacts with said detection

| i nkers) and Desgwor Hfigomuctdogidal ng entity, further conprising d) &®BQH#i ng
sai d detection | rokarsicartbaSeGTrAGpOder- reagent, and e) detecting said
signaling entity. 21. The nethod of claim:19, wherein the anchors are

ol i gonucl eoti de anchors. 22. A method of detecting at |east two nucleic
acid targets, conprising a) contacting a sanple which nmay conprise said
targets w tpz ryilﬁ:(jh%g-se-prot ection fragnments specific for and which S@(?fb:tso

said targets, "ex L m cl ease effective to digest
rengi ni ng si nq,liﬁk;%\ré?g%%&?ﬁ%l elrc ('gr(ﬁ%&gr?a‘ t hen contacting the reSlélthags,6

le with i pat i - !
e e R R T o
tt :
2
o, oni SO o s s e e 15 S R

I i
anchor, and a se%‘%ﬁﬁgpﬁf%
one of said nucl ease protection fragnents, SUBSTI TUTE PAGE 2 0 JAN 20Q4

87 under conditions effective for said nucl ease protection fragnents to

bi nd to sai f3 cofdhorat i on, SEQ ID:9
GTCAGTTAGCCTTGCCTTTGTTCAG
15 Linker™™ _ . ' SEQ ID:10
ACCATGTAGTTGAGGTCAATGAAGGGCGCTCCCACAACGCTCGACCGGCG
RNA mimic (mouse GAPDH): SEQID:11
CCTTCATTGACCTCAACTACATGGTGATACTGAGTGGAGAAACCTGCCAAGTATGAT
GAC :
20 Detector Oligonucloeotide™™ ' SEQ ID:12

GTCATCATACTTGGCAGGTTTCTCC

#4 Anchor: _ SEQID:13
GAACCGCTCGCGTGTTCTACAGCCA =
: Linker™ ' _ - SEQID:14
25 CTACCGAGCAAACTGGAAATGAAATTGGCTGTAGAACACGCGAGCGGTTC
RNA mimic (mouse L32 protein): , . SEQID:15
ATTTCATTTCCAGTTTGCTCGGTAGGATACTGAGTGAGTCACCAATCCCAACGCCAGG
CT .
Detector Oligonucloeotide™ ' - SEQID:16
30 _ AGCCTGGCGTTGGGATTGGTGACTC
#5 Anchor’: , SEQID:17
CTCGTTCCGCGTCCGTGGCTGCCAG
Linker™ . SEQID:18
CTGGCAGCCACGGACGCGGAACGAG
35 #6 Anchor: SEQID:19
CGGTCGGCATGGTACCACAGTCCGC
Linker™ ' ~ SEQ ID:20

GCGGACTGTGGTACCATGCCGACCG



b) contacting said conbination and any bound nucl ease protection fragnents
wth at | east two detection |linkers, each of which conprises a first noiety
specific for one of said nuclease protection fragnents and a2 §egah@ilaoi ety
specific for common reporter reagent, and c) detecting said detection

l'i nkers. 3% ot hod of claim22, wherein said r epor t erPGTAAHHEMA6952
interacts with said detection |linkers) and conprises a signhaling entity,
further conprising d) contacting said detection linkers) with said reporter
reagent, and e) detecting said signalingS%ntity. 24. The method of claim
22, wherein the anchors are oligonucl eotide anchors. 25. A nethod of
detecting at |east, two nucleic acid targets of interest in a sanple which
may conprifeAdghartargets, conprising a) incubating said sanpl eS‘EiQth:QYVO or
nore protecti onGEFEGREACETIAETATCIATTCG ons which are effective for

hybri di zat i ohim¥ersai d protection fragment.s to said nucleic aci d%E@fID-Z’)
interest in sai@GsaopGaTGoheasCoCceachcod  Said protection fragnments =
conprises a conmmon 3' overhangi ng sequence which is not specific for said
nugl ei c acids of interest, b) subjecting said incubated sanple to treatnment
with one or nore nucl@_ HOSS Wersynihoszgdowithi(jdspasag witicareide abthe$endier t han
the portions of said_pibescvemsyhthegzaswish Wyl clttattedent biydbsietiized to t he

nucl ei ¢ aci ds of i nterlegestorPligamwlentidesnuat sintthestted wigh Biotiahrathbek: hban

sai d protectiorerfd agnents which have hybridized to said nucleic acids of
interest, to provide a sanple containing the protection fragnents, then d)
contacting_sai d sanple containing the protection fragnments with a

conbi nat i ofP SN WelceiHsF PR Enkeser amixtuteeofdindietsi (enindicateal id tisofigure), wis)added

f ace, ‘ ially.di t ions, at |least two of
ohy Ch e o 1 TR STBANP NI BB PRl Bl KR e ST SEeg Tkt olomens t vio
di f f er ent iacubadios, andacdshing ASSOSSRBGI &HeWtEéW@H%@gnI%Ectﬁégﬁown 2n%he ’%@P?( 1-~

[

88 iii) a bituncéa' or}al | i nker which has a first portion that I's specriic
for the arORIN OLtRg NgUECYanEkgbith ad undratimegen(IRE &¢ Gatheruies Quitarid). As ca

specific flﬁrsegﬂ,ethgflirﬁé-l'éjsé?f-gﬁgﬁueaQo the surface, by specifically associating with their
complementary anchors. ,

15 This process is repeated except that eight different anchors are dispefsed in each well

and linkers subsequen.tly preferentially associated therewith. The en.tire process is repeated

with 3.6, 64 etc. different anchors in each well of a 24, 96, 384, 864 or 1536 well plate.

Example 2 Binding Kinetics (see Figure 11)
The rate of hybridization of CyS-deﬁVatized linker number 1 to its complementary .
20 - attdched anchor is show_n_, for different concentrations of linker. The generic MAPS plate
~was prepared as for figure 1', except anchor | was attached at four spots per well.
Incubations were done at room ferhperature in 5x SSP with 0.1% tween-20, wells were
washed 3 times with 5x SSP, 'and bound fluorescence was ﬁueasured. A fluorescence picture
of the plate was taken with the Tundra, and background was subtracted and the integrated
25 intensity of each spot within each well was calculated with Tundra software. Plotted is the

average and standard deviation for the integrated intensity for the four spots within each of

two duplicate wells.



fragnents, under conditions effective for said protection fragnents to bind
to said conbination, and e) contacting said conbination and a29 YANIghH
protection fragments with at |east two detection |inkers, each of which
conprises a first nmoiety specific for one of said protecti ments and
a secondwﬁ)oqogtg?}’%spécific for said common 3' overhangi ng skgﬂlgﬁq@?@ﬁ%. The
met hod of claim 25, further conprising the step of subjecting said

i ncubat ed sanple to treatnment with one ar nore nucl eases effective for

di gesting nucleic acid other than the péptions of the nucleic acids of

i nterest which have been hybridized. 27. The nmethod of claim25, further
conprising f) contacting said detection linkers with a reporter reagent

whi ch i s sBeamplec3 f ] i . 3" overhangi ng sequence and which

'(I:'(r)le ;rlets ﬁzdaofs ! ggﬁgﬁﬁé%¥@t$£?%ga%%§%&6 nr%‘%gégﬁihﬂg‘?ané%? EI! '@thhé%%dr §8
29. The net: : : oo o .
e. %xﬂ&gﬂg@&@f@(@lggp %%5@&)?4%&% g_er Wl Enelf fduh eoWSt @6 pBtslpenkells i s

diluted w ion Iinker. The net hod. of cl ai m 24, wherein
at | east o(lewerftwoaodsyacvodisg testhe meahmisdisatlssodlawvtehTaethdﬂ F@ryplﬂnent.al'yr

bi functional |inkers, f.whi figst . portiqn that s specifi
Fob the anBHercsceany ekl bk sortactrs arserelsise PRuetd U dled AR 1 ©
speci fic f%ll@wﬁ:gf\fv?{hg{kt th@l&?do‘%@séeno@r@%% bPthe plRE@ENEken3With ihe TRIAOATIRf

claim 19, ereln sal d-anchors have been dissoci ated from bifuncti ohal
| i nker s hawinognteofiiflfidrescente 4tegagktspstpreppits bpwymugpfuntrensidinkssd iofvailagiariol9,

wherei n sajd conbinati on_ conprises.a l.arge nunbher sal d .k 8a4gi gpﬁ‘
wherein th MT‘R)@ tRgeh; aﬁ)ﬂ""ﬂﬁ glza%tg?tegaﬂﬁ'té?eaﬁ%{e?p&@ ggrlgrg Jﬁg&%g‘? ection
of at least one nucleic acid target in a sanple, which conprises SUBSTI TUTE
PAGE 2 0 JAN 2U04 89 a) at | east one nucl ease protection fragment

speci fic f &xaatplé éadlinding Chrvesai d targets, but _
10 To the plate prepared as described in Example 3, is added different concentrations

of a target oligonucleotide. The linker that has been associated contains a 25-mer sequence
complementary to a portion of the target. The target is added in 5x SSC with 0.05% SDS in
a total volume of either 30 or 100 microliters, and the plate is covered and incubated at 50°
C overnight. Following hybridization of the target to the attached linker, the target is
15 visualized by a preferred protocol using chemiluminescence. A biqtinylated detector
| oligonucleoticie, containing a 25-mer sequence corn;ilementary to a separate portion of the
target (not to the same portion complementary to linker) is added at 30 nM. Biotinylated :
detector can be added for 30 minutes after wéshing away excess unattached target, or it can&_
be added along with target for the length of the qvemight hybridization. Following
20 attachment of detector, the surface is washed twice with 5x SSC, once with 1x SSP
containing 0.1% Tween-20 and 1% PEG (SSPTP), and a 1:50,000 dilution of 250 ug/m!
‘Horse Radish Peroxidase conjugated to Streptavidin (HRP:SA, from Pierce, Ré(:kford, 11.)
is added for 5 hours in SSPTP at room temperéture. Wells are wa;hed fqur times with
SSPTP, and washed or;ce and then incubated with Super Signai Ultra reagent (Pierce). After
25 a few minutes, pictures of luminescence are collected with the Tundra imager, e.g., the
picture can accumulate within the CCD array for five minutes. Low levels of target can be

visualized in some wells at a target concentration of as little as ~5x10""* M; the amount of

signal generally becomes saturated at a target concentration of ~107'° M. The amount of



not for any of the oligonucleotide anchors in said kit, b) a surface,
conprising nmultiple spatially discrete regions, at |east two of which are
substantially identical, each region conprising at |east two ﬂibkﬁrﬁﬂt

ol i gonucl eoti de anchors, c) a container conprising at |east g 2

bi f unct i ow&l 00I7pe®Ber nol ecul e, which has a first portion spectTfusco/fess2 at

| east one of said oligonucleotide anchors and a second portion that
conprises a probe which is specific for, and in said detection binds to, at
| east one of said nucl ease protection frgagnents, and d) at | east one
detection linker, which has a first noiety specific for one of said

nucl ease protection fragments and a second noi ety specific for a reporter

reagentI 34 %‘A‘&ﬁté“é@vﬁw eaft&lr R8s Hgﬁgﬁﬁegﬁapeﬁﬂ t least one nucleic acid

t ar get rises east one nucl eas€ protection

f ragnment speC|f|c for at Ieast one of sald targets, but not for any of the
ot her ol i gqnucl eot ides in _said kit, b), at "l east one bifunctional |inker

whi ch has &-X¥3mplg mm%@u@%@m&s?%m%ed@gonucl eoti de anchor,

and a second por [ [ to,
at | east one of éslablﬂgl %E‘?J‘}asf%nggo é ﬁglgr lQa&&H ngtug@"ltgggﬂfgﬁéd
det ection Iprofoes!, divdusedd dtmsre fof twcstixffmrettyrgspehgémmlémfde@ne skdwis.ah ckeneric

nucI ease prot tion fragnents a econd noi ety Sspecific for_a reporter
reagent . MAFR! %Wﬁﬁareeﬁreéw%ﬁg&rgdl ferrat @1chorRg RliBeRIdFPtidshircnsBgtet foneast

ei ght di ff%ﬁf&t ARt W8l F!@PtﬁzegmﬂdOJndc 1 ek CEGhPIeRRANY %‘gp

conprises at l[east eight different anchors
wher ei n eaodilgpmgzlmdes)wpnelsskﬁassnmbledamto the ghfaadlafsﬁesm’mtda'l’mb aargets @8re alided

rethod of deterting. Sl Legel ong, nelele el Lo gel CRPLISLNg. Ble: s
N
10 detection oligonucleotide specific for each target followed by HRP:SA and
chemiluminescence imaging as described. In the lower panel the intensity of the 'imagc is
quantified. Software that is part of the Tundra Imager package was used to scan the intensity
of the images along lines between the arrows shown in the upper panel. At the lowest
concentration of target, 1.1 pM, the scanned images show well-defined gaussian peaks at
15 . each spot, while there are no discémabl_e background peaks seen in the left-most szirnple, at
- 0 concentration of target.
Example 6 Sensitivity Shifting (see Figure 13)
A MAPS hybridizaiion assay can be used for measuring the concentration of a set
of oligonucleotides, by binding them to a surface and labeling them. This works well for
20 those oligonucleotides which are at modest or low concentration. Two samples can be
digtinguished in such a case because if one sample contains more oligonucleotide, more wi'll '
bix;d. On the other hand, if the concentration of targeted oligonucleotide is saturating for the
surface (i.e. if it is high enough to occupy all binding sites), then if the concentration goes
up no more can bind, so the amount cannot be measured. However, the binding curve of a
25 tafget can be shifted by adding unlabeled competing ligand..
Binding data a're obtained for four different oligonucleotide targets, all of which

saturate the surface (i.e. reach maximal binding) at roughly 3 nM. By adding unlabeled



to a nucl ease effective to digest single strand nucleic acid, and then
contacting the resultant sanple with a conbi nation which co bi . before
'él_he addition of said sanple, i) a surface conprising nulti plng SW?@I‘I y

i screte_reqi , at least two of which are substantially jdentical, each
r egi on c%’r?p‘g}ﬂg@gg i'i) at |east two different anchors, eaZﬁqTHJSQQ’%"é?ation
with iii) a bifunctional |inker which has a first portion that is specific
for the anchor, and a second portion that conprises a probe which is .
specific for portions of said nucleic ad®2d targets) which are protected by
sai d nucl ease protection fragnments, under conditions effective for said
protected portions(s) to bind to said conbination, b) contacting said
combi nat i aipndpReeltiadargeeiodiivadlsaht ethdey of lamdd vligdnualeotidmis shiftne, sdahadésson

| i nker, which conprises a first noj et¥ specific for one of said boun

pr gt e;:t gd bindsat she 10WFr eengeriraionorntl W8 | %gﬁﬁs‘ﬁ@@hﬁ?@ralt’ﬂ‘ O5CYE F3RpERd L}Peg)&é nt,
and c etectli I f,.de {1 ‘] | rein
said reppr‘%aa rad?g:gg@ﬁﬁu?en{ﬂgogg?l Eoé}\na%hkﬁg’asﬁg’g(tjaégggtlirggﬁﬁloﬁgateﬁrg%ﬁ%ﬂ"dﬂggﬁ%\%@ ses
a signal i nge essitivity dfuhé Bshy ealyPfor tdrpés d)and@) Achis Ray digdnelddeidei targets of
linkers) with said reporter reagent, and e) detecting said sigpgling .,
ent |h t yd ??mdrhéd#&rm@pomermaapm 38 bfeeasnicdeWithiny @R 82X i‘ggée 'Ef?aq"éast
eight differ t detecting at |east one target,
conpri si _rlgaI%a&ltéggtgggﬁu%eoéag5%%%%%%8%&'%@ conprise said targets) \?\n th a
con?l nation whiThe Qi@m)dlsaixﬁf ,qubﬁiﬁ)&‘cﬁlaf kephitiidt almveofor 3hé dirskmg o€ onke) ofathe
surface, conprising nultiple_spatially discrete.regions, at least twp of
\c/im:‘ ]E:h- ar e eligpauglsptids Iti’/fgiegerﬁ‘g‘éfﬁl 13 egtiasy Qb}?’btﬁatéﬁﬁgrﬁ%gﬁ ﬁ@cal}‘ﬁi‘)‘ga‘fm'f’%%fg’cvet WO
i fferent I Qf : 4 %% Wely)
wth i1y Sy SleofRthe peeapSnBRINO R AR QURAPIS SR SO
fo0 the anedmeentra&ivsksa second portion that conprises a probe which is
specific for said target(s), under conditions effective for said targets)
to bind to said conbination, and SUBSTI TUTE PAGE

Example 7 Melting Temperature of Four Probes (see Figure 14)

The amount of four different fluorescent labeled linker oligonucleotides specifically

hybridized to anchor oligonucleotides by the MAPS assay.is plotted as the temperature is
raised. The four oligonucleotides were first allowed to hybridize at 50° C for 1 hour at 300
15 nM. Then the wells were washed with SSC without probes, and the amount bound was
measured as above by fluorescence (50° C p.oint). Then the éurface was incubated at 55° C

for 30 minutes and the fluorescence bound measured, and so on for all temperatures ;
_presented.

Example 8 Detection Methods

20 Two detection methods can be compared directly. To a MAPS plate with four
oligonucleotide anchors attached, each at four spots per well, are added two oligonucleotides
to each v"vell, with bbth including a covalentiy attached cy5 ‘moiety or both containing a
biotin group. The epi-fluorescence measurement is performed as described for viewing and
measurement of the fluorescent linker. The chemiluminescence measurements are performed

25 as described for the MAPS assay using subsequent addition of HRP:SA and a
chemiluminescence substrate. The signals generated are rdughly of the same magnitude.

However, for the geometry of the microplates, which contain walls separating each well, and |



2 0 JAN 2004 91 wherein two or nore of the anchors |ocated at at |east one
| ocus of a region are in association with different bifunctional |inkers,
having different target specificities. 42. The nethod of cl aig® 4bN Jopy t her
conpri si n‘% 2{0 contacting said conmbi nati on and any bound targets with at

| east one@NERBon |inker, which conprises a first noietyPSBAS0¢1@53 or one
of said bound targets) and a second noiety specific for a reporter reagent.
43. The nethod of claim4l, further conprising c) contacting said

conbi nati on and any bound targets with aé3| east one detection probe. 44.
The nethod of claim43, wherein a first detection probe binds to a first
target bound to the conbination at a first |ocus, a second detection probe

binds to acseeRRa tuBbRELS RQHAE: 4 Ruirdiftes 6PRIdNA TS oAty HBRpEATBed RASIMBBY
the first and second detection probes are detected sinul Paneously or

sequent i al kan caiSe inf¢nferanreehindlatyd ingdrpaetation; . wherein said targets) is a
nucl ease protection fragments) specific for a nucleic acids) of interest.
46. The nethod of claim42, wherein said targets) is a nuclease protection

fragrrent(shxgﬁﬁqéji W@k of interest. 47. The nethod of
claim44, wheréin said targets) is a nuclease protection fragnents)
specific for a Mg poducicislpblefas themiluminescance sphetratestfankiorss radishiparoxidase
wherein each region c rises at | east gight, different rs. 49. The, kit
of Sci a1 m 2451 B CPEPHe A A FRUPDRroCEiEr BrdmaniA s BBl A RPARS plus brprerdite
anchors. SQ@s fhexdchpledd, &ldaintuiRled Mitht B16fin AR TifdeNgligdnu@IERdtidEs. MHeR either
"nucl eases effective for digesting single strand nuclelc _acid and/ or the RNA

strand of alkahne¢ pivsplatpseesoupisr to AtreptavidisefAlkPhas:SAher HBPavh iscdlded, fatlovedist
one nucleic¢_acid target,. . [1.Si | ]. Len
Fragment s peorerieeAaf Sgiae PERLR POl Trofi o fe Rl HhAAREP RN AGE ECL
ol i gonucl eqhisds tidBNE ith HISRSA. KabelinBWRGTS AJEE vEW¥el enzymes and substrates is as
10 suggested by the manufacturers for use in labeling of western blots. These two (as well as
other available substrates) can both be used to assess oligonucleotide hybridization to MAPS

plates.

Example 10 Resolution at 0.6 mm.
The resolution of the current system for MAPS assay is tested by preparing a MAPS
15 plé.tc with four different oligonucleotide anchors per well each spotted four times per well,
with a pitch (center-to-center spacing) of 0.6 mm. Then either cy5-derivatized linkers or :: -
biotinylated linkers are hybridized and detected and scanned as above. For the epi- *
-fluorescence measurement the resolution is higher (and pitch could likely be reduced). For
the chemiluminescence detection procedure neighboring spots are not completely separated,
20 yet at this spacing individual peaks may be resolved unambiguously by computer

deconvolution.

Example 11 Test Nuclease Protection Protocol.
Inan asséy to test for the optimal conditions for hybﬁdization and nuclease treatment
for the nuclease protection protocol, the Nuclease Protection Assay kit from Ambion.
25 (Austin, Texas) is used to provide conditions, buffers and enzymes. Eight samples are

prepared in one of three buffers. Hyb Buff 1 is 100% Hybridization Buffer (Ambion); Hyb
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| ni'10% o' o&rchoh{ #wdE: / 10: & 10% & ()-3mL0% o0& ()- yml0% o&SER-ID: 25
10% 0& () - @nlOGEOBGTICAGOTISEGOGAGCGE " $$$2XI</ 10: 10( (
Linker™ SEQID: 26
S CTTGAGTGAGTTGTCATATTTCTCGGATACTGAGTGCGCTCCCACAACGCTCGACCGG
- CG ' '
Protection fragment (complementary to mouse antisense mRNA for GAPDH)
SEQID: 27
CGAGAAATATGACAACTCACTCAAGATTGTCAGCAATGCATCCTGCACCACCAACTG
10 CTTGCTTGTCTAA
Detector Oligonucloeotide™™ — labeled at 5’ end with biotin SEQ ID: 28
AAGCAGTTGGTGGTGCAGGATGCAT .

"Anchors were synthesized with C12 spacer with amide at the 5' end
“Linkers were synthesized with CyS5 attached at the 5' end
15 . ““Detector Oligonucleotides were synthesized with biotin attached at the 5’
end _

Example 13 Dilution Curve, NPA-MAPS (see Figufe 16)
- The data discussed in Example 12 and shown in Figure 15 were quantified and

plotted as a dilution curve. The average and standard deviations for all eight spots of the two

20 duplicate wells are plotted for ‘each concentration of mRNA. A binding curve is -
superimposed, of the form: '
Fraction Bound = Max Bound * 1/ ( 1 + IC,/L)
where Max Bound is the maximum bound at saturation, Fraction Bound is the amount bound
at ligand éoncentratio_n, f.., and the IC, is the concentration of ligand at which thé Fraction
25 Bound is half of Max Bound. The curve is shown as red dots on the figure, drawn with a best
fit value of IC, = 4.2 femtomoles as labeled in the figure. ' | '

Example 14 NPA-MAPS assay of GAPDH mRNA in a total mouse liver RNA extract

A total mouse RNA extract is assayed for GAPDH mRNA with an NPA-MAPS

_ assay and a dilution curve is made. Total RNA from mouse liver is prepared using a Qiagen
30 kit. RNA is precipitated in 70% EtOH with 0.5 M Mg-Acetate, and resuspended in 10 pls
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- & ()-1)3(10% ()-<777U9VOVOX9cOn9bC 10L10% UL ()-' 10% U& ()- 10: 10:
10: 933" 10%f & S3E Wiithl@OE°%%' SDS- WitiB 1 .Btm frqtdetidn mgmemzs}mg pto@cLion fgment added

Ue: () - >73 enaimmmoicstils 1 bessotous 6§ ooasseaowbisn i - oM PISBORAR: (0 Mase
*10983& ( )GAPDIlIOQé?QI‘gﬁ' { ?ragréent %Qrﬁ%le‘r)enW&PDH mRNA is used (“protection
fragment™), or the complement of the sequence is used as a negative control

5 (“antisense fragment”).

RNA samples with protection fragments are heated to 90° C for 5 minutes, and
hybridizations are done by bringing samples to 70° C and allowing them to cool slowly to
room temperature over night. S1 nuclease (Promega) at 1:10 dilution is added in 30 pls of
1x S1 Nuclease Buffer (Promega) for 30 minutes at 19° C, and stopped by 1.6 pis of 10N

10. NaOHand 2.7 _p.ls of 0.5 M EDTA. Samples are heated to 90° C for 15 minutes and then 37°
C for 15 minutes to denature and destroy RNA, neutralized with 1.6 pls of 10 M HC], and

" incubated on MAPS plafes overnight in 5x SSC with 0.05% SDS supplemented with 200

mM HEPES pH 7.5 to which 30 nM biotinylated detection oligonucleotide is added.

Washing and visualization with SA-HRP is done as .dcscribed. The amount of signal

15 decreas;s in parallel with decreasing amounts of mouse RNA (samples include 500, 170, 50,
5, or 0.5 pg of total mouse RNA. Two control samples are included to which no S1 nuclease

is added. Signal is seen only for the complementary protection fragment.
Oligonucleotides used:

For Antisense Control (same oligonucleotides as for example 12):

20 Anchor’: ' SEQ ID: 25
CGCCGGTCGAGCGTTGTGGGAGCGC
Linker™ SEQ ID: 26
CTTGAGTGAGTTGTCATATTTCTCGGATACTGAGTGCGCTCCCACAACGCTCGACCGG
CG
25 Protection fragment (complementary to mouse antisense mRNA: for GAPDH)
: SEQID: 27
CGAGAAATATGACAACT CACTCAAGATTGTCAGCAATGCATCCT GCACCACCAACTG
CTTGCTTGTCTAA .
Detector Oligonucloeotide™ ' SEQID: 28
30 AAGCAGTTGGTGGTGCAGGATGCAT '

For Sense GAPDH mRNA samples:
Anchor’: ' SEQID: 25
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23"10% & ()-0' 10% &Cge - 16,*3$10%& g) -\ *S109&R () - XXXXXXXYmN4 10 10t 53" 1F
CGCCGUTCGAGCGTTGTGGGAGCGC .
Linker™ : SEQID: 29
ATGCATCCTGCACCACCAACTGCTTGATACTGAGTGCGCTCCCACAACGCTCGACCGGCG
Protection fragment (complementary to mouse mRNA for GAPDH): SEQID: 30

5 AAGCAGTTGGTGGTGCAGGATGCATTGCTGACAATCTIGAGTGAGTTGTCATATTTCT
CGGCTTGTCTAA :
Detector Oligonucleotide™ SEQID: 31

CGAGAAATATGACAACTCACTCAAG -

"Anchors were synthesized with C12 spacer with amide at the 5'.end
10 ' “Linkers were synthesized with Cy5 attached at the 5’ end
““Probes were synthesized with biotin attached at the 5’ end

Example 15 A Nuclease Protection MAPS Assay with Contrals,
mRNA is extracted from mouse liver and nuclease protection is pefformed
essentially as described in Example 14, except that the GADPH specific protection fragment
15 comprises 60 nucleotides i;vhich are complementary to mouse GAPDH, followed by 15
“overhanging” nucleotides at the 3’ end of the frégment which are not complementary to the
target. After Hybridization and nuclease 'digestion the remaining 'protection fragment is
hybridize'd to a MAPS plate as indicated in Example 14, except that two different
oligonucleotide detection fragments are used to detect the immobilized prdtectioﬁ fragment.
20 One detection fragment is complementary to the GAPDH-specific portion of the protection
fragment, and the other, a control, is complementary to the 15 base overhané portion of theg
protédtion’ 'fraément. Each detection fragment is used on'diffc_rent replicate samples (i.e.,
in different wells), so that both detection fraéments can be labeled with the same detection
molecule. In the present examp.le both fragments are labeled with HRP. Without the
25 addition o'f nuclease, signals from bbth_of the detection fragments are séen; whereas, when
nuclease digestion is performed only the signal corresponding to the GAPDH sequences can
be detected . The amount of GAPDH-specific signal is reduced relative to that observed in
the absence of nuclease digestion, because the protection fragment is added at excess
relative to the amount of GAPDH mRNA present. This allows the amount of GAPDH
30 mRNA to be limiting to the protective ,hybddization, so that the amount of double-stranded
hybrid formed (and therefore the amount of protection fragment that is protected from the

nuclease) reflects the amount of mRNA. When no mRNA is included in the reaction
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5 portion. This allows for one detection fragment to be used to test for remaining overhang

for all samples.

Example 16 A_transcription assay screening for compounds that may alter the
A cell line derived from a human tumor is used. It is found to express 30 genes at
10 higher levels than do normal cells. (That is, these 30 genes are being used more than in
normal cells, to make mRNA and then to make the protein for which the genes are the .
instructions. A transcription assay measures how much the genes are being used by |
measuring how much mRNA for each gene is present.) Using a nuclease protection assay
~ on MAPS plates (NPA-MAPS), 8800 chemical compounds are tested to see if growing the |
15 cells in the presence of the compounds can reduce the expression of some of the 30
correlative genmes without affecting -the expression of six normal (60nstit_utive,

“housekeeping™) gcnes; Any compounds having that effect might be useful in the future

development of drugs for treating this kind of tumor.
About 10,000 to 100,000 cells are added to each well of 100 96-well polystyrene
20 ‘plates and the cells are grown for 2 days until they cover the surface of each well. For 8
wells of each plate, the cells are left to grow without additions. To the remaining 88 wells
of each plate, a different chemlcal compound is added so that the effect of it alone can be
tested. For the 100 plates used at one time, 8800 compounds can be tested or screened.” The
cells are grown for 24 hours in the presence of the compounds, and then the cells are
25 harvested for assay. The cells in each plate are treated according to the instructions for
preparing RNA in samples from 96-well plates (for example according to the Qiagen
RNeasy 96 l{lt) After the RNA is prepared, the amount of each of 36 different mRNA
species is quantified by the NPA-MAPS approach, including the 30 correlative genes and
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5 chemically to destroy the RNA as well. Left is the oligonucleotide protection fragment for

~ each of the 36 genes in proportion to how much mRINA had been present in the treated cells
for each sample.
One hundred 96-well plates, each of which comprises an array of a plurality of 36
different arich_or oligonucleotides in each well, are prepared by adding to each well 36
10 different linker oligonucleotides. The linkers self-assemble on the surface of each well,
converting the generic plates to MAPS plates comprising specific probes for each of the 36
oligonucleotide protection fragments. Each linker has & portion specific for one of the 36
anchors and a portion specific for a segment of one of the 36 protection oligonucleotides.
The oligonucleotide sample from each well of the 100 sample plates is added to a .
15 corresponding well of the 100 MAPS plates. After hybridization under selected stringent
conditions, a detection oligonucleotide for each target with a chemiluminescent enzyme
attached is added, so that each specific spot of each wel} lights up in proportion to how much
mRNA had been present in the sample. Any wells that show r_edhced amounts of correlative
genes with no effect on the 6 house keeping genes are interesting. The compounds added to *

20 the cells for those samples are possible starting points to develop anti-tumor agents.

Example 17 Induced and constitutive gene expression.
RNA was prepared essentially as described in Example 14, from the livers of mice
elthcr not infected (*Control”) or one hour after infection (*Infected”) by adenovirus. 60
pngs of liver RNA was used for each sample, and samples were prepared in duplicate. Each’
25 _ assay well contained three sets of duphcate loci, corresponding to the three genes described
above. Each locus contained an anchor, bound to a linker comprising a probe which was
complementary to a prbtection fragment corresponding to one of the three genes. A

nuclease protection MAPS assay was performed essentially as described in Figure 12, and
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transcription of MIP-2 and c-jun was increased 4 and 6-fold, respectively. These findings
demonstrate that two genes, MIP-2 and c-jun, exhibit enhanced expression in response; to

adenovirus infection, compared to a control, constitutively expressed gene - GAPDH.

Example 18 W@mmmwmmm
10 mmﬁmmnmnnmmmgum '
Kinases are enzymes that attacha phosphate to proteins. Many have been shown to
stimulate normal and neoplastic cell growth. Hence, compounds that inhibit specific kinases
(but not all kinases) can be used to test whether the kinases are involved in pathology and,
. if 50, to serve as starting points for pharmaceutical development. For example, five tyrosine
15 kinases that are involved in stimulating cell growth or in regulating the inflammatory
response are SIcC, lék fyn, Zap70, and yes. Each kinase has substrates that are partiélly g
identified, as short peptides that contain a tyrosine. Some of the kinase specificities overlap &
so that different kinases may phosphorylate some peptides equally but others preferentxally
For the five kinases, 36 peptide substrates are selected that show a spectrum of specific and
20 overlappmg specxﬂcmes
One hundred 96-well plates are used; each well comprises 36 generic oligonucleotide
anchors. 36 linkers are prepared to convert the generic oligonucleotide array (with anchors
only) to arrays compnsmg peptlde substrates The 36 peptide substrates are synthesxzed and
each 1s attached covalently through an amide bond, for example, to an ol1gonuc1eot1de
25 ' contalmng a 5' amino group. The oligonucleotides contain sequences that hybridize
specifically to the anchors. The. peptide/oligo linkers are self assembled on the surface by
adding thiem to all wells of the MAPS plates.

For screening, the five kinases at appropriate concentrations (so that the rates of
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T 109%& () along with one of 8800 different compounds to be tested. The compounds are tested for
their ability to directly inhibit the isolated enzyries. The amount of phosphorylation of each
arrayed peptide is detected by adding labeled antibodies that bind only to peptides that are
5 phosphorylated on tyrosine. Any wells that show a reduction in some of the phospho-
tyrosine spots but not all of the spots are interesting. Compounds that had been added to
those wells can be tested further as possible selective inhibitors of some of the kinases
tested. '
The scheme of the assay is shown in the top panel of Figure 17. A chimeric linker
10 * molecule is prepared in which a 25 base pair oligdnucleotide complementary to one of the
anchors is crosslinked to a peptide substrate of a tyrosine phosphokinase enzyme. The
chimeric oligo-peptide substrate self-assembles onto an array of oligonucleotide anchors,
the kinase enzyme is used to phosphorylate the peptide portion of the chimera, and after the
enzyme reaction is allowed to procee,d; the amount of phosphorylation of the peptide is
15 determined by anti-phoshotyrosine or anti-phosphoserine antibodies with an attached
detection fluorophore or enzyme. |
The results of the assay are shown in the lower panel. The homobifunctional
crosslinker, DSS (Pierce), was used to attach the 5’ amino group of an oligonucleotide linker
to the N terminus of a peptide synthesized with a phosphorylated tyrosine. The sequence of ®
20 the peptide in single-letter code was: TSEPQpYQPGENL (SEQ ID: 32), where pY
represents phosphotyrosine. The chimera was either used directly or first brought to pH 14
for 60 minutes in order to partially hydrolyze the phosphate group from the tyrosine. The
phosphoryla.ted or partially dephosphorylated chimeric molecules were self-assembled onto
complementary anchor molecules within a MAPS plate at the concentrations shown for one
25 hour. After washing and blocking the wells with 0.3% BSA in SSPTP antiﬁhosphotyrosine
antibody crosslinked to HRP (antibody 4G10 from Upstate Biotechnology, Lake Placid, NY)
was added at a 1:3000 dilution in SSPTP for one hour, and the amount of antibody attached |
detected with chemiluminescence substrate, Super Signal Blaze. The image shown was

accumulated on the CCD array for 1 minute. As expected a difference was seen in the
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between SH2 domains and phosphorylated peptides,
5 SH2 domains serve as dockiﬁg subunits of some growth regulatory proteins. The
domains bind to phosphotyrosine containing proteins or peptides with imperfect specificity.
That is, some phosphotyrosine peptides bind specifically to one or to few SH2 proteins while
others bind widely to many SH2 proteins.
For this assay, the linkers are phosphorylated peptides covalently attached to
10 oligoﬁucleotides. The peptide moieties are selected for their ability to bind to a group of
selected SH2 proteins. The linkers convert generic MAPS plates to plates with ligands
specific for the group of SH2 proteins. 100 96-well MAPS plates bearing the ligands are
generated. The proteins are isolated and labeled with, for example, a cy5 fluorescent
molecule.
15 ' In order to screen for inhibitors of the SH2 domair/ phosphopeptide interaction, the
group of labeled SH2 proteins is added to each well of the 100 96-well MAPS plates, and

in each well a different test compound is added. Hence the effect of each compound by

individually on the mteractnon of the SH2 proteins with’ their phosphopeptide ligands is

tested. The assay is to measure the fluorescence of bound SH2 protein associated with each

20 surface-bound peptide linker. For any well showing reduced fluorescence at some spots but

| not all spots, the compound added can be further tested as a putative selective inhibitor of
SH2 docking. |

Example 20 High Throughput Screening (see Figure 22)
Shown is high throughput MAPS plate demonstrating the detection of signal from
25 96 wells in a single experiment. Hybridizatibn to the same oligonucleotide was measured
with 16 replicates in 80 wells. As shown, the reproducibility of the 1280 hybridization

assays was-very high. The left-most and right-most columns served as controls to
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standardize the signal for different concentrations of the oligonucleotide.

In a similar fashion, 16 different oligonucleotides can be tested in each well, and the
test repeated in the 80 different wells of th-e__iz“iate. Of course, an even greater number of
different oligonucleotides or other probes, (e.g., 100 nucleotide probes) can be assayed in

5 each well, and many plates can be tested simultaneously (e.g., 100 plates, such as 96-well
microtiter plates). The large number of assays which can be performed on each sample (e.g.,
in the latter case, about 100 different assays) and the large number of samples which can be
assayed simultaneously (e.g., in the latter case, about 96 x 100, or 9600 different samples)

provides for very high throughput.

10 Example 21 Preparation of amiplified target (see Figure 23)

A PCR primer (Primer One) is attached to a solid support (e.g., a bead or a reaction
vessel) via a chemical modification that has been introduced at the 5' terminus of the primer
oligonucleotide. The primer comprises, 5' to 3, the chemical modification, a restriction
enzyme site, and a sequence that is complementary to a target of interest (e.g., a cDNA copy

15 of an mRNA of interest). The target is amplified by PCR, using as PCR primers the attached
Primer One plus a Primer Two, which comprises, 5' to 3', a seqaence that is specific for a
detector oligonucleotide and a sequence that is complementary to a.different portion of the ,., -
target than that of Primer One. Following PCR amplification, the amplified target DNA is e
washed to remove excess reaction material and is released from the solid support by

20 ' cleavage with a restriction enzyme specific for the restriction site on Primer One. The"
amplified primer is thus released into the liquid phase. Thermal and/or chemical procedures
can be used to deactivate the restriction enzyme and to denature the double stranded DNA
product The released single stranded DNA target molecules can then be contacted with a
surface comprising anchors and!or linkers, and the target can be detected using detector

25 oligonucleotides complementary to the detector-specific sequences of Primer Two.

Example 22 Preparation of amplified target

A PCR primer (Primer One) is attached to a solid support (e.g., a bead or a reaction
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5 other element which can be cleaved specifically can also be used. Following PCR

amplification as described, e.g., _in Example 21, the PCR product, still attached to the solid
support, is denatured and (optionally) washed, leaving behind a single stranded molecule
attached to the support. The washed, attached, molecule can then be cleaved and released
(e.g., by treatment with an appropriate protease), and contacted with a surface comprising
10 anchors and/or linkers. Alternatively, the strand of the amplified target which is released
following denaturation can be cohtacted with the surface cbmprising anchors and/or linkers.
In either case, only one strand of the amplified target is contacted (e.g., hybridized) with a
linker, so competition for hybridization from the opposite strand of the amplified target is
eliminated and background is reduced. -Linkers can be designed to be spcciﬁc for either, or

15 both, of the amplified target strands.

Example 23  Assay with Detection Linkers and Reporter Agents (See Figure.24)

A sample comprising an mRNA of interest is subjected to a nuclease protection »
%
£

proccdﬁrc, using as a protection fragment an oligonucleotide which comprises a target
specific moiety and a controll overhang'moiery, which is not complementary to the mRNA.
20 Fol‘lowing nuclease digestion, the control overhang moiety can be cleaved off, as desired,
as is illustrated in the left portion of the figure; or the overhang can fail to be digested, as is
illustrated in the right portion of the figure. The resulting nuclease protection fragments are
hybridized to a detection linker, which comprises a target-specific moiety and a control
overhang-specific moiety. In the assay shown in .the left part of the figure, the control
25 overhang moiety of the detection linker remains unhybridized; by éontrast, in the assay
shown in the right part of the figure, the control overhang moiety of the detection linker |
hybridizes to the residual control overhang sequence of the protection fragmexit. In a

subsequent step of the assay, a reporter reagent, which comprises a moiety that can interact
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hybridization, and the complex can be detected by virtue of the signaling entity on the
5 reporter reagent. By contrast, in the assay shown in the right part of the figure, the reporter

reagent is unable to bind to the complex because the complementary sequences are not

available for hybridization, so no signal is associated with the comﬁlex.
In many of the assays of this invention, a reporter reagent can interact with any
sequence present in a detection linker, not limited to a sequence specific for a control

10 overhang.

Example 24 Multiple Fluors (See Figure 25)

A region comprising five loci, A - E, is shown in Figure 25. Each locus comprises

a different group of substantially identical anchors, anchors A - E. To the anchors at locus
A are hybridized four different types of linkers, each of which comprises a moiety specific
15 for anchor A. However, e#ch of thé anchors comprises a different target-specific moiety:
for targets 1, 2, 3 or 4. Therefore, after hybridization of targets to the anchor/linker
. compléxcs, targets 1, 2, 3, and 4 can all become localized at locus A. Simi-la'rly, four o
different types of linkers can hybridize to locus B. Each linker comprises a moiety specific ®
for anchor B, but the target-speci.ﬁé moieties are specific for targets 5, 6, 7 or 8. In a similar
20 fashion, targets 9-12 can become associated with locus C, targets 13-16 at locus D, and
targets 17-20 at locus E. If each of these targets is labeled, either directly or indirectly, with
a diff'erent; independently det;ctable fluor, such as, e.g., an upconvertable phosphore, one

can independently detect all 20 targets at the five indicated loci.

Example 25 An Assay in High Throughput Format

25 In this example, a transcription assay of the invention is used to detect and quantify
changes in a gene expression pattern, in a format ready for high throughput screening. All

steps in the assay are performed robotically. Routine washing steps are not explicitly
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_50,0_00 or 150,000 cells/well. The cells are either untreated or are differentiated with
5 phorbol 12- myristate 13- acetate (PMA) for 48 hoﬁrs, followed by activation with
lipopolysaccharide (LPS) for four hours. Following treatment, the cells are lysed in
guanidium isothyocyanate and frozen until needed. mRNA is obtained using streptavidin-
paramagnetic barticles to which is bound biotin-poly dT. Alternately, total RNA is obtained
by extraction with tri-reagent (Sigma Chemical Co., St. Louis, MO). Samples comprising
10 either mRNA or total RNA are subjected to a nuclease protection procedure, using as DNA
protection fragments a mixture of thirteen 60-mer single strand oligonucleotides, each of |
which comprises, 5' to 3', a 25-mer specific fof one of the thirteen targets of interest
(GAPDH, IL-1, TNF-c, cathepsin G, cox-2, cyclin-Z_, vimentin, LD78-8, HMG-17,
osteopontin, B-thromboglobin, angiotensin or actin); a 10-mer spacer; a 25-mer specific for
15 a common oligonucleotide detector probe; and a 15-mer common control overhang
sequence. mRNA is thereby converted into a stochiometric amount of “corresponding DNA
protection fragment,” which serves as target in the ‘assay. Control expcﬁﬁents in whigh
these corresponding DNA protection fragments are incubated with a probe specific for the 5
control overhang sequénce show that substantially only sequences specific for the mRNA';'f
20 targets of interest are present in the corresponding protection fragments, as expected if
nuclease digestion has occurred as desired.

Surfaces are prepared according to the methods of the invention. In each well of 2
96-well DNA Bind Plate is placéd an array of sixteen different 25-mer oligonucleotide
anchors. Fourteen different anchor species are used. One anchor species is used at three of

25 the four comérs_ of the array, and 13 different anchor species are used, one each at the
remaining locations in the array. The anchors are then hyb_ridized, in a defined orthogonal
pattern, to 60-mer oligonucleotide linkers, each of which comprises, 5' to 3', a 25-mer
corresponding to one of the thirteen targets of interest, a 10-mer spacer, and a 25-mer

specific for one of the anchors. Thus, in each of the multiply repeated 16-spot arrays, each



L 10% & ()- fnl0% & ()- 10% & ()-2Z"10% & ()-efj fffghdEbCL
L$1 8@ 10% & ()= SSy#10% & ()-3 *Z10% & ()- 9+10% & ()- 3"10% & ()
3"10% & () - hni i kkkk-k9k~_@ L$! L10% & () - #10% & ()- 10: 10: JAN 200k

10: 3G'10% 10% & ()- 1*9' 10922& () 9k<kKk| m3pAqg} [ 9~ ,
(10% | & %%9‘("%@% 78 ~#&ri€honess:

& ()-"! (10%1& ()-
(109DD&! () F'10% & () 10% & () - Aqqstpuqurusuu}rg\ =1 '#10%W& ()- 10 10
& ()-uuuu whwxdEg\ =1

10" 3t 10% & () - y&n(10% & () - ! $y&n( 10%@e () -! y&m(10% ;
1YZ" 109K () eﬁtﬁt@ﬁm@b( Jarget- speciﬁc linkers is localized at a defined position (locus) in the array.

(L7 () F #380RETS 13 g giveligon ol en Bt g, ks SomELITg 19 1)
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M 109%& ()-Y" hosaasizatiorl G9!, @ye wpRsavted 3t- Ihm(b@,@v&h(h)n sach@mray. Control experiments
5 indicate that the linkers, as well as the protectxon fragments and detector oligonucleotides
used in the experiment, exhibit the desired specificity. .
Samples cbmprising the mixtures of cofresponding protection fragments prepared
as described above are hybridized to the anchor/linker arrays. Samples derived from either
untreated or induced cultures are used. The presence and amount of hybridized protection
10 fragments at each locusis then detected by hybridization to labeled -detector -
oligonucleotides. In order to normalize the amount of signal at each locus, the detector
" oligonucleotides are diluted with appropriate amounts of blocked oligomers, as described
herein. The amount of signal at each locus is processed and normalized to the control
GAPDH signals. The data obtained are reproducible in eight replicate samples, as well as
15 . in samples prepared from three indepéndent experiments, performed on different days. A

summary of the relative abundance of the thirteen transcripts in one experiment is shown in

the Table below.

Relative Intensity (105 Cells/Well)

4

Gene Control - _Induced _Ratio
. Average CV(n=16). Average CV(n=16)

GAPDH 10110! 7% 9833 9% 0.97|.
L-1 527 - 36% 8124 38% 15.40
TNF 229 35% 2249 - 36% 9.80
GAPDH 9591 11% 10031) 17%] - 1.05
Cathepsin G 10394 31% 19648 46% 1.89
COX-2 415 39% 3557} 25% 8.58
Cyclin-2 1728 23% 2960 25% 1.71
Vimentin 25641 25% 71074 20% 2.77
LD78 1298 39% 13437 20% 10.35
HMG-17 8286 19% 2405 - 20% 0.29
Osteopontin 5604 42% 18053 - 46% 3.40
Thromboglobulin -53 — 317617 23% > 100
GAPDH 10299} 13% 10136 . 12% 0.98
Angiotensin 3575 28% - 6561 31% 1.84
Actin 12741 27% 21802 23%] 1.71

(blank) 108| — 234 —
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-piic,cl, by multiplying the spot amplitude by the impulse response function for the given -
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A preferred algorithm finds the :po--s—ition of all spots for a MAPS plate and

0% & ()= 3v 10%& ()-3

automatically calculates a best-fit estimate of the amplitude of the signal for each data point.

Preferably, the algorithm is implemented by a computer program.

1 — Select a small part of the image data, a 40x40 box, containing the intensity value of each
pixel (picture glemeht) of the image that includes the first well to be examined.
2 — Define a function that calculates the intensity expected at each pixel position, using 16

unknowns. The unknowns are:

The amplitudes of each of 13 different microarray spots (that is, how bright are the -

real signals at each position of the DNA array). There are 13 of these for the
4x4 (=16) spots within each well because some of the 16 spots are
_ duplicates of the same target.
The x offset and the y offset defining the exact position of the 4x4 array of spots
within this particular well

The background intensity of the picture within the well.

The function for each pixel position calculates the distance between the pixel and each ;:

spot, and adds up the contribution that each spot makes to the intensity observed at that ™

“distance. For the images used the impulse response function is defined by the sum of a

20

25

Gaussian and a Lorentzian of appropriate (constant) radii.

3 - Start the fitting for the current well by guessing the values of the parameters quickly. To -

do this, calculate the average image intensity for 16 regioné of the picture where the spots
are.éxp.ected to be. Subtract an offset from these 16 averages, and scale the difference by a
constant factor. The offset and scaling constant are defined empirically. Rearrange the
results to match up the 16 spots with the 13 amplitudes. For the background and offets use
any small numbers. '

4 — Optimize the fitted values (for the 16 unknowns) by curve fitting. In particular use a non-
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5 — Use the x,y offset as fitted for the current well to estimate with improved precision
5 where the grid will be for the next well of the mic.rOplatc. Itis expect'ed tobe 9 x.nillimeters |
offset relative to the next neighi:or well (converted to distance in the number of pixels by
the magnification factor of the imaging system). Since the distance between wells is smal
relative to the size of the plate, usi.ng local estimates of position is most accurate.
6 — With the improved estimate of position, definie a smaller box of image for the next well,

10 moving to a 30x30 box of pixels. This makes the fitting proceed more quickly.
Go back to step 2 and repeat for each well. |

-From the foregoing description, one skilled in the art can easily ascertain the

essential characteristics of this invention, and can make changes and modifications of the

invention to adapt it to various usage and conditions.
15 . : .
Without further elaboration, it is believed that one skilled in tl?e art can, using the
preceding description, utilize the present invention to its fullest extent, The preceding
preferred specific embodiments a're,‘ therefore, to be construed"as merely illustrative, and not

limitative of the remainder of the disclosure in any way whatsoever.
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comprises, before the addition of said sample,

i) a surface, comprising multiple spatially discrete regions, at least two of which
are substantially identical, each region comprising

ii) at least eight different oligonucleotide anchors, each in association with

iii) a bifunctional linker which has a first portion that is specific for the
oligonucleotide anchor, and a second portion that comprises a probe which is specific for said
target(s),

wherein the target(s) is a protection fragment(s) and is amplified by PCR before said
sample(s) is contacted with said combination,

under conditions effective for said target(s) to bind to said combination,

b) contacting said combination and any bound targets with a labeled detection probe, and

¢) detecting said detection probe.

2. The method of claim 1, wherein said target(s) are amplified by PCR using two PCR
primers, either or both of which comprises a chemical modification which allows the primer to
attach to a solid surface.

3. The method of claim 1, wherein said target(s) are amplified by PCR using two PCR
primers, either or both of which comprises one or more restriction eﬁzyme sites.

4. The method of claim 1, wherein said target(s) are amplified by PCR using two PCR
primers, either or both of which comprises one or more peptide sequences which can be cleaved

by a protease.
SUBSTITUTE PAGE



F-109& ()-!S& 109 ()- !S& 10%~& ()- &LOY& ()-F Z"109%& () - 4E5}[ <uV7
10:,) (109%& ()-' 'K, ) (109 ()-' OFY&$109%& ()-! SHFUES10% ! & () - FYEH 30 %Rk oy
y& (10%&' ()-2Z5bC 10:1"10% & ()-&10% & ()-10% & () - y#@0% & ()- 10" 10
103Y" 109& () - 3HaBbC
10:510%&'()-"10%&'()-YG'lO%&'()-!qg&lo%\&'()-Z"lO%&'()-Z"lO%&'()-
HPa?bC 10:! & 10%\ & () - ZFU4109G& ()- #3'10% & ()-!f '109%\ & ()-F'10% & () -
,10% & () -r"U-pbT5 10#10% & ()- 10\\ 10\\ 10\\!&:' 10%\& ()- & :' 10%

& ()- +#10%4& () - & 1098& ()-ZdBbT5, 10#! v&10%&' ()-3,.10% & ()- .1"10% & ()-Z
" 1(()‘)3/6 & ()- 103%/@ i?}}'f( Wﬁgﬁféég &faml-%x‘?’ B*r%‘"h@w@(é)mquml@’—fﬁ’@p@l{ using two PCR
(10% 7t 7& ()-YZ"10% & ()-Y 2"10% & ()-'& '10% t & ()-FZ"10% & () - (58rS4
10L10% @tifuers) qiftter & §9th H1 OWck copprisebGsequefte whish is speifio %rts8id(detect@n probe.
(10%p& ()-8Q vaBrS4 10Lm' 10% & ()-ni'10% & ()-!q&8&10% : & ()-L"10% & () -

"10% & () - F" §0% sethbd 2lf aBleStthg at least one target, comprisin
10LSHZ"10% & ()-!""10% & ()-&M 10% & ()-:"'10% & ()-! S&10%

& ()-F"10% &Iaf )cbht%fcﬁ)ﬁ)é %ample which may comprise said target(s) with a combination which

comprises, before the addition of said sample,
i) a surface, comprising multiple spatially discrete regions, at least two of which
are substantially identical, each region comprising
ii) at least eight different oligonucleotide anchors, each in association with
iii) a bifunctional linker which has a first portion that is specific for the
oligonucleotide anchor, and a second portion that comprises a probe which is specific for said
target(s),
under conditions effective for said target(s) to bind to said combination,
b) contacting said combination and any bound targets with a labeled detection probe, and
¢) detecting said detection probe,
wherein said labeled detection probe comprises an upconverting phosphore.
7. The method of claim 6, wherein said combination and any bound targets are contacted
with at least two different labeled detection probes, each of which labeled probe comprises a
different upconverting phosphore.
8. The method of claim 6, wherein said target(s) is a nuclease protection fragment,
9. The method of claim 8, wherein said combination and any bound targets are contacted
with at least two labeled detection probes, each of which labeled probe comprises a different

upconverting phosphore.
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comprises, before the addition of said sample,

i) a surface, comprising multiple spatially discrete regions, at least two of which
are substantially identical, each region comprising

ii) at least eight different oligonucleotide anchors, each in association with

iii) a bifunctional linker which has a first portion that is specific for the
oligonucleotide anchor, and a second portion that comprises a probe which is specific for said
target(s),

under conditions effective for said target(s) to bind to said combination,

b) contacting said combination and any bound targets with a detection linker, which
comprises a moiety specific for said target and a moiety specific for a reporter reagent, which
interacts with said detection linker and which comprises a signaling entity,

c¢) contacting said detection linker with said reporter reagent, and

d) detecting said signaling entity.

11. The method of claim 10, wherein said target(s) is a nuclease protection fragment.

12. The method of claim 10, which is a method for detecting at least two targets, further
comprising

b) contacting said combination and any bound targets with at least two detection linkers,
each of which comprises a moiety specific for one of said targets and a moiety specific for a

common reporter reagent,
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14. The method of claim 12, wherein said signaling entity comprises an upconverting
phosphore.

15. A method of detecting at least two RNAs, comprising

a) incubating a sample which may comprise said RNAs with two or more protection
fragments under conditions which are effective for hybridization of said protection fragments to
said RNAs, wherein each of said protection fragments comprises a common 3' overhanging
sequence which is not specific for said RNAs,

b) subjecting said incubated sample to treatment with one or more nucleases effective
for digesting nucleic acid other than the portion of said protection fragments which have
hybridized to said RNAs,

¢) removing nucleic acid material other than said protection fragments which have
hybridized to said RNAs, to provide a sample containing the protection fragments,

d) contacting said sample containing the protection fragments with a combination which
comprises, before the addition of said sample,

i) a surface, comprising multiple spatially discrete regions, at least two of which

are substantially identical, each region comprising

ii) at least eight different oligonucleotide anchors, each in association with
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16. The method of claim 15, further comprising the step of subjecting said incubated
sample to treatment with one or more nucleases effective for digesting nucleic acid other than
the portions of said RNAs which have been hybridized.

17. The method of claim 15, wherein said signaling entity comprises an upconverting
phosphore.

18. The method of claim 15, wherein one or more of said detection linkers is diluted with

blocked detection linker.

19. A method of detecting at least one nucleic acid target, comprising

a) contacting a sample which may comprise said target(s) with a nuclease protection
fragment(s) specific for and which binds to said target(s), exposing the sample to a nuclease
effective to digest remaining single strand nucleic acid, and then contacting the resultant sample

with a combination which comprises, before the addition of said sample,
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20. The method of claim 19, wherein said reporter reagent interacts with said detection

linker(s) and comprises a signaling entity, further comprising
d) contacting said detection linker(s) with said reporter reagent, and
e) detecting said signaling entity.
21. The method of claim 19, wherein the anchors are oligonucleotide anchors.
22. A method of detecting at least two nucleic acid targets, comprising
a) contacting a sample which may comprise said targets with nuclease protection
fragments specific for and which bind to said targets, exposing the sample to a nuclease effective
to digest remaining single strand nucleic acid, and then contacting the resultant sample with a
combination which comprises, before the addition of said sample,
i) asurface, comprising multiple spatially discrete regions, at least two of which
are substantially identical, each region comprising
i1) at least two different anchors, each in association with
iii) a bifunctional linker which has a first portion that is specific for the anchor,
and a second portion that comprises a probe which is specific for one of said nuclease protection

fragments,

SUBSTITUTE PAGE



yl:t10% (& ()- 3"10% (& ()-Y 3fM10% (& ()- "10% (& ()-Z

10% (& ()-t{{{IP||||[:vU410 KM 10%ir (u& ()- )M 109B%& ()- 20 JAN 2004
)M 10%r (k& ()- i)M10% (& ()- )M 10%&R& ()- YI (10% (& ()-]|2};
}Yin}o}p}qg}l~}| obU410 #y1l09%W( M&' ()- 106r (6106r (6106r (6 8l "10%br (6& () -

8l "10%&' ()- & &10% (& ()- & M 10% (& (Q'“‘}}}}}“H bU410 & '10% & ()- | &
' 109M M8 ()- V& ' 109CAC& ()- | " 1098 M&Z()-" s109%M M& () -

1098 M& () - ~e% [ : bU410 "10%¢(|v&() Z"10%v(|v&() SLOYV( V& () -
S1098( M&' () - $10%‘>&'() $109 M&' () - MD5K| [ : bU410  *F" 109 M8 () -
(@109 Mg (pn qf.%qnllgws]@f five o3’ 3@ a9 prot@tlpgmgmr(c to bind to said
3G' 109 c|[:bU410 F4M 1098 M& ()- 2F" 109V M&' ()- OF" 109 M& () -
f/ m 109 Wﬁ%lon “U109M MR () - ,, Z" 109V M8 ()-vU410 ! 10% & ()- 10% & () -

&10% & () - #59%otaclin M%%@%%@%beé&&ﬁd%aéé% roldcti¥ i 4hOmeh@ wiVH& () -
F10% & ()- |y&10% & (E | 109% & ()- M 10% & (1) "109% & ()-75m [ : VU410
81004 &leapt twaf detedti eys, epch oﬂm& c(o)npr@@a 08t ROIE)y- @ezm‘@%o&'o@y of said

&10% & 10 0% 2. ' 109 Z" 10‘V &
fl+: (( S}%\g‘e% _pute tl?f §sané Sfc c%%és(sz)ec ;0( &.c?%n ge%t;r (e&g?r) )
nt 10% 6 (& () - c) @teBdD%id életéét:on\ﬁlrﬁ&e@s( & ()- "10% (& ()-'z.|[:NA41010

"y(10% & () - y(lO% ()- y(10% & ()- 3 10% (& ()- IyMO% (& ()- ~'10% _(;
& ()-12ZS|[:NA41010 "IM 10% (& ()-G IM 10% (& ()-G ,F"10% (& () - G)

, F"10% & G)3$10% (& (), .| &#10% (& STUVbnq U410 3" 109 (&

10% (& () ()széf)mf&m(thoc%&@% r:28 wwr(qroéa%dmp@m regg&@ 12@%0(5@"@; fetgetiono

7 0% Skt o LB g SRS S o () 37100 O
& 109XL( X&' () contatfig {atd ddtectionTdfded(§) wWixh gficl?r_elpbrtex‘lr]:%e(nt, and

e) detecting said signaling entity.

24, The method of claim 22, wherein the anchors are oligonucleotide anchors.

25. A method of detecting at least two nucleic acid targets of interest in a sample which
may comprise said targets, comprising

a) Incubating said sample with two or more protection fragments under conditions
which are effective for hybridization of said protection fragments to said nucleic acids of interest
in said sample, wherein each of said protection fragments comprises a common 3' overhanging
sequence which is not specific for said nucleic acids of interest,

b) subjecting said incubated sample to treatment with one or more nucleases effective
for digesting nucleic acid other than the portions of said protection fragments which have
hybridized to the nucleic acids of interest,

¢) removing nucleic acid material other than said protection fragments which have
hybridized to said nucleic acids of interest, to provide a sample containing the protection
fragments, then

d) contacting said sample containing the protection fragments with a combination which
comprises, before the addition of said sample,

i) a surface, comprising multiple spatially discrete regions, at least two of which
are substantially identical, each region comprising

ii) at least two different anchors, each in association with
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29. The method of claim 28, wherein one or more of the detection linkers is diluted with
blocked detection linker.

30. The method of claim 24, wherein at least one of said anchors is in association with
a plurality of bifunctional linkers, each of which has a first portion that is specific for the anchor,
and a second portion which comprises a probe which is specific for a different nuclease
protection fragment.

31. The method of claim 19, wherein said anchors have been dissociated from
bifunctional linkers having a different target specificity.

32. The method of claim 19, wherein said combination comprises a large number of said
regions, and wherein the method is high throughput.

33. A kit useful for the detection of at least one nucleic acid target in a sample, which

comprises
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37. The method of claim 25, wherein each region comprises at least eight different
anchors.
38. A method of detecting at least one nucleic acid target, comprising
a) contacting a sample which may comprise said target(s) with a nuclease protection

fragment(s) specific for and which binds to said target(s) and exposing the resultant product
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are substantially identical, each region comprising

ii) at least two different loci of anchors, the anchors at each locus each in
association with

iii) a bifunctional linker which has a first portion that is specific for the anchor,
and a second portion that comprises a probe which is specific for said target(s),

under conditions effective for said target(s) to bind to said combination, and
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45. The method of claim 41, wherein said target(s) is a nuclease protection fragment(s)

specific for a nucleic acid(s) of interest.

46. The method of claim 42, wherein said target(s) is a nuclease protection fragment(s)
specific for a nucleic acid(s) of interest.

47. The method of claim 44, wherein said target(s) is a nuclease protection fragment(s)
specific for a nucleic acid(s) of interest.

48. The method of claim 41, wherein each region comprises at least eight different
anchors.

49. The kit of claim 33, wherein each region comprises at least eight different anchors.

50. The kit of claim 33, further comprising

e) one or more nucleases effective for digesting single strand nucleic acid and/or the
RNA strand of a DNA/RNA duplex.

51. A kit useful for the detection of at least one nucleic acid target, comprising

a) at least one nuclease protection fragment specific for said target(s), but not for any

of the oligonucleotide anchors in said kit,
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b) a surface, comprising multiple spatially discrete regions, at least two of which are
substantially identical, each region comprising at least two different oligonucleotide anchors,

¢) a container comprising at least one bifunctional linker molecule, which has a first
portion specific for at least one of said oligonucleotide anchors and a second portion that
comprises a probe which is specific for, and in said detection binds to, at least one of said
nuclease protection fragments,

d) at least one detection linker, which has a first moiety specific for one of said nuclease
protection fragments and a second moiety specific for a reporter reagent, and

e) one or more nucleases effective for digesting single strand nucleic acid and/or the

RNA strand of a DNA/RNA duplex.
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