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The present ¥ﬁgﬁmﬁn is in the general field of detectio Sﬁhﬁg f49i ca
.nol ecul es, inc 'ng DNA, RNA, protein and the like, and I'l'y in
the field of detection of RNA:DNA hybrids on a solid phase, as further
descri bed herein, using a hybridization assay. BACKGROUND OF THE | NVENTI ON
The RNA or DNA for nmany genes, including those associated with disease
states, and m croorgani sns and viruses have been isol ated and sequenced.
Nuclelc aci d probes based on such sequences are currently available to
identify a |large nunber pr obes are
det ect abl e nucl ei ¢ aci SMMEROLL ek ' o83t pHeary RNA or
DNA sequences in a test sarrpl e. Detgﬁm@wr obe i ndi cates the
presence of a particular nucleic aci'd sequence tn the test sanple for

whi ch the probe is specific. In addition to aiding scientific research,
nucl eic acid probes may be used to detect the presence of viruses and

i croorgani sms  such as bacteri a, FIEIIZOFTHE [INVENTIQNas wel | as genetic o
mutations linlged to speci rders.i.n.patien e st.ei.n,
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98: 503 (1975) demblebil&s, h¥iking DA, RN, tpRsdii At RS likes hrdids ed&ﬁ&usaixahehadoﬂucl eic
acid probes. Nucleic aci d hy ridization probes have t advant ages of high

sensitivity and dgedipn PERRHIINA hybsids en 2 splidepbase s f\#ﬂ?ﬁ%%“bfﬁ&"ﬂ’@- ¥iine a
require a viabl e, Qrgdank bridi zati on probes are often |labeled with a
radi oactive substance that may be easily detected. The existing

hybri di zati onl& echni ques t hat BAEk Wbel pr obes

I nt uce additional expenses'CHTJ’:T?E%E%}?{"\I di sposal of
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Nucleic acid probes based on such sequences are currently available to identify a large

15  number of genes and infections. Nucleic acid probes are detectable nucleic acid
sequences that hybridize to complementary RNA or DNA sequences in a test sample.
Detection of the probe indicates the presence of a particular nucleic acid sequence in
the test sample for which the probe is specific. In addition to aiding scientific research,

70 nucleic acid probes may be used to detect the presence of viruses and microorganisms
such as bacteria, yeast and protozoa as well as genetic mutations linked to specific
disorders in patient samples.

Grunstein, et al, Proc. Natl. Acad. Sci. USA 72:3961 (1975) and
. Southern, J. Mo, Biol. 98:503 (1975) describe hybridization techniques using

» radiolabeled nucleic acid probes. Nucleic acid hybridization probes have the
advantages of high sensitivity and specificity over other detection methods and do not
require a viable organism. Hybridization probes are often labeled with a radioactive

30 substance that may be easily detected.

The existing hybridization techniques that utilize radioisotopes to label
probes introduce additional expenses caused by the high costs of disposal of
radioactive waste products and the need for monitoring personnel and the workplace

for contamination. In addition, the short half-life of radioactive compounds such as *P
35



‘35 WD 01/36681 2 0 1 4 MAY 2004 PCT/US00/ 31277 requires that radi oactive
probes be produced frequently. Radioactive nucleic acid hybri ikzAYoliBks
t herefore di r d in commercial areas such as clinica j LS.
-Probes have E‘g(gﬁ’:‘?%gi rectly |abeled in an attenpt to avoi C%C?}Hg&%?zg | ens
associated wth direct radioactive |abeling. One common nethod of indirect
| abeling 5 is to attach biotin, a small vitamn, to the nucleic acid probe
using a chemcal or enzyne technique. Foll ?WI ng hybridization to the
specific nucleic acid, the biotin is detecféd by reaction with
streptavidin, a protein that binds biotin tightly and has been | abel ed
with an enzyne or fluqQrochrone. Bopund biotin-streptavjdin conpl ex..nay be 10
det ect ed by r eacequirss thi} riioactive pro BHGW 'é°P§ t@%ﬁ@vet'}’i'g&claﬁlgr ochr one
may be seen meﬁ}bﬁﬁ%ﬁﬁﬁs%fh&ﬂﬁodﬁ@&iﬁb&%ﬂ@i&l N9 6Kk SlirfcaldMghosiRgt h.
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However, indirect el ing of hybridization {)robes wi th biaqtin or other

hapt ens often increases t Rebeshayelbesn insireetlytlgbeled in anastempidp avoid the pRURS t ends

to interact non-specificall L t.h [ Intb%r tfre&t : ntary
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bases are labeled giving a 20 limting nunber of sites for signal

generation. An ilabelehwith anenzyme orfbiorichrgmee Bevndybiosin-sireptayidip complay may be

i ncreased non-speci fi,c bindi ' mﬂi’ ' he failure
of the probe 1o ﬁ%%cﬁdg’”%“%m@sl&%%tqﬁﬁ to ﬁgﬁﬁﬁtmeoﬁlg?%%c%bgf t he
hap Wi t h basgeepaihéd rRected with ineidért Yightal appeaprigte vaeelerptte Hdwaver, odirectot  wel |
suited to clinical 25 ditg%?os_i s becayse.of its i naccuracxé1 and f.al se

posi tive resul t slabgkpgof By @B?PRS’P"‘"&“E‘E intin epothgr haptens ofien fncases te.  4ci g
sequences has beapyiGLGHOYs i bbbt NPhetiebedinddd initiablealspdMaUAGART such as

or ethidruam br [

acridi ne orange m de as described in U S. Patent No.
4,563,417 to Al bmaetihla other than the tampenentane puslticacidiareetglerdingodighes i nsert ed

bet ween hybri’éi zed . base i rs .of obe and I ) ' ' -and causes
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| acks sel ecti vi t positdye resyls. M’@%ﬂ%‘?@’ﬁmcmﬁﬁﬂéﬁqﬁ%@% € fail
to 1 4 MAY 2004 YA@elQr;]g/ d%ﬁﬁéjis Eﬁ[é#%?@gﬂamﬂacﬁgn of the bases are labeled giving a

20

limiting number of sites for signal generation. An increase in the labeling density of a
probe leads to increased non-specific binding, higher background, and ultimately,
failure of the probe to hybridize with its target due to the interference of the hapten
. with base pairing. Indirectly labeled probes are therefore not well suited to clinical

25  diagnosis because of its inaccuracy and false positive results.

Hybridization of a probe to the specific nucleic acid sequences has been
detected with the use of an intercalating agent such as acridine orange or ethidium
bromide as described in U.S. Patent No. 4,563,417 to Albarella et al. The

30 intercalating agent becomes inserted between hybridized base pairs of probe and
sample nucleic acids and causes the tertiary structure of the helix to unwind. An
antibody specific for the newly formed antigenic determinant created by the
intercalating agent and the unwound helix is detected by conventional means. This

35 method lacks selectivity for the target hybrids because intercalating agents fail to



*O recogni ze specific sequences. Furthernore, the antibodies recotgzniﬁEY %h‘}/
the intercalating agent/ nucleic acid conplex, but do not detect'ad

specific seq Therefore, additional selection or pupifi | st eps
.are requi red%éﬁes\llent non- specific signal, naking thi si’ﬁipreﬁﬁ%gggum ng

and | abor intensive approach poorly suited 5 for clinical diagnosis
Hybri di zation of the probe to the specific nucleic acid sequences nay al so
be detected with the aid of an antibody spegific for a | abel ed probe as
described in U S Patent No. 4,743,535 to rrico. The probe is |abeled
with a detectable 10 substance such as flavin adeni ne di nucl eoti de (FAD) or

a fluorescenteagent., An .antibod ecific for the |abeled probe, after it
has hybridi zed TEFORRZ SEEES peauenehs, T m&‘é?r@‘é‘é‘t?ﬁg‘ﬁ%%?ﬁn?a@?@ﬁ ed by a
bi ochemi cal r eaghieRRatidg dgentMiclRohciif cofipleR Hut 8dIndt ldetect aGpetificasquandt: speci fic

bi nding and the |ikelihood of false-positive results and is not well

suited for cli nildarefore additipnal selecGomern nupification sitRs aFTEANITed SRPIEYSNE B ease t he
sensitivity of ol coaci dy LA g &td 1250 idddstaty h WediodRed
anplifying nucle %@%lﬁﬁeque ﬁ@@?%ﬁs,c,onggé crally avai *ﬁggalce%éfhese .
met hods i ncl udle fohdinpal diagnosise’ chai n reaction (PCR), the ligation -

anplification reaction (L .and t transcription based..amplification 20
reaction (TMA). PCR techn%‘%}'@ﬂ”‘mgn ﬁ{,\l&: rf’%gaﬁ'fcr‘fgﬁt% rﬂf%fct%lglsg GG to
Met hods and Applidotiideeired With Mealtadtlan Antibbdypscifif a thbkled fiobé axddscribediin J.
Sni nsky and Thomas J. Wiite, pp. 39-45 and 337-385 (Academ c Press, Inc.,
Harcourt Brace JévaRaendye 41%@?%@4@‘,’0- lge pyobe js Hthadsisstable al so

descri bed by Narsﬁgs‘%lcgggh%ggﬂ%waﬂ,ﬂg&,ﬁggﬂ,ﬂjﬁrgmeﬁ@gﬁmw. S. Patent

Nos. 4, 683,198 an I't's. Ligation anplification reaction
is cri bed by aftibodp. syecifiifor'th labeleq piabd aftetittosrhytwidized ®Ohe Hecifi¢ 19y and

BarrTnger, KJ., et al., CGene 89:117-122.(199Q). ANSGr i RE -based
anplification r 5B ‘%&F?Béﬁg'ﬁ’éﬁ%\%ﬁﬁoy ,Hnéfn cg]lofl B%é;?%ggn .
Acad. & . LI SA 3Qef& nbid-4pecificbindigdRa he likEldmed ohfakogsithevautdwmdignanienges of
high sensitivity, but the 35 di sadvantages of having a | engthy, tedious,

and expensi vessaﬁvﬁF@f%F@ﬁ%ﬂlaﬁW%& being prone to false-positive results
from reacti ont”pr oduct Conk@délngﬁ%h&%em G cfaGse (hiEsenditiVafy ok hicteid Rid

accurately quantify the initi amount of target nucleic’acids.
Anpl i fication regedysbntages dmplificatione Maslidds of amplifideg ausleichcisd sequengasaredi zat i on

Sonel fivity achi SRR (Theskaihost PEbe? B Pl it Hackin e,
the ligation amplification reaction (LCR), and the transcription based amplification
20 reaction (TMA). PCR technology is described in PCR Protocols A Guide to Methods
and Applications by Michael A. Innis, David H. Gelfand, John J. Sninsky and Thomas
J. White, pp. 39-45 and 337-385 (Academic Press, Inc., Harcourt Brace Jovanovich,
. Publishers, 1990). PCR technology is also described by Marx, J.L., Science 140:1408-
25 1410 (1988) and in U.S. Patent Nos. 4,683,195 and 4,683,202, to Mullis. Ligation
amplification reaction is described by Wu, D.Y and Wallace, R.B, Genomics 4:560-
569 (1989) and Barringer, K.J., et al., Gene 89:117-122 (1990). Transcription based
amplification reaction is described by Kwoh, D.Y., et al ., Proc. Natl. Acad. Sci. USA
30 86:1173-1177 (1989). These methods have the advantages of high sensitivity, but the
disadvantages of having a lengthy, tedious, and expensive sample preparation, being

prone to false-positive results from reaction product contamination, and having the
inability to accurately quantify the initial amount of target nucleic acids.

35 Amplification reaction products are most often detected by a hybridization assay.



"acid nol ecules, either RNA or DNA, in a sanple is generally IO\/vért*fMA'Y &NH
than DNA because RNA is subject to degradation by endogenous RNAses in the
sanple, res ' in less RNA avail able for detection. ,
.background iﬁh@?@gP nce 5 caused by contaminant's in the sanpﬁ%brgp
difficult to elimnate without causing further degradation of the target
nucl ei ¢ acid, such as RNA Hybridization assays for the detection of

nucl eic acid nolecules, i.e. RNA have beeg devel oped. For exanple, a
hybridi zati on protection assay for RNA is 0 commercially available from
Gen-Probe Inc. (San Diego, CA). The hybridization protection assay enploys

i ngl e-straeded nucl e d _
escr Pbed by Engl eber g, NTBS doErber REvEviEpenipied SRRy ThddeiHioridnipeic?™
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simlar entities are 20 nIy sedfor de tion purposes. SpeC|f|caIIy
pol ycl onal ant i bdsgragatt e‘ﬁlaf}?iéf’?ht’ﬁtl{g\& "epi t opes, while nonocl onal’

anti bodi es only recognize Bﬁdlmﬁhéshﬁfenhémuon&mmaeicaaalrmmmhw es
whi ch detect RNA: DNA hybrids are currently available. Polyclonal
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al . !nd the publication of St USA
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-poly upl ex. In Stuart, annealing DNA or
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Monoclonal antibodies which detect RNA:DNA hybrids are currently available.
. Polyclonal antibodies which detect RNA:DNA hybrids have been prepared, although,
25  generally, they have not been as specific as the monoclonal antibodies, which are

designed to bind to a specific epitope.
Monocional antibodies to RNA:DNA hybrids are now available. U.S.
Patent No. 4,732,847 to Stuart et al. and the publication of Stuart et al., Proc. Natl,
30 Acad. Sci. USA 78:3751 (1981) describe a method of hybridization detection of
specific nucleic acid sequences on a solid surface involving 2 monoclonal antibody
specific for a poly(A)-poly(dT) duplex. In Stuart, anncaling DNA or RNA sequences
complementary to the sequence of interest forms RNA:DNA hybrids. Stuart

35 specifically teaches against the use of polyclonal antibodies because with polyclonal



RNA, have been devel oped. For exanple, a hybridization protection assay for
RNA i's comercially available from Gen Probe Inc. (San D ego C@A -ﬁﬂf
hybri di zati on protection assay enpl oys a single-stranded nuc 1 4i MAY S

probé linhked to an acridinium ester, .as described by Engl eberg, NC, ASM
News 57:183-186 (1991), Arnold et al. dinkaChem 35:1588-1594 (1989) and
U S. Patent No. 4,851,330. Hybridization of the probe to a target RNA
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currently available. Polyclonal antibodies which detect RNA: DNA hybr| ds
have been pr ep&n@wnmdtlmy:mx@enwadbynon‘hwmrﬁm been as specific as
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NA, a uv 75 1 ri be a t hod o ridizatio
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Non-microarray methods for detecting nucleic acids are common. WO
99729909 (Publication date: June 17, 1999) describes the detection of viral nucleic acid
sequences, specifically Hepatitis B virus, where RNA:DNA, hybrids are captured by
antibodies directed against RNA:DNA hybrids. A non-radioactive hybridization assay
and kit preferably used in test tubes is described in WO 93/10263 (Publication date:
May 27, 1993). Additionally, the publication of WO 00/60116 (Publication date:
October 12, 2000) describes a method of culturing cells and detecting nucleic acids,
where a preferred means is the use of single-siranded probes attached to a solid
support, e.g. pins. Generally, these assays are limited and do not provide a rapid

of interest

means for detecting nucleic acids.
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anti bodi es, one cannot preclude significant binding to single- or

bl e- stranded nucleic acids. Further, unlike the present invention
cribed herein, Stuart does not contenplate the advantages of polycl onal
i bodi es ‘for arrays of very short oligonmers on glass or silicon chips.
addi tion, Stuart does not contenplate mcadarrays, especially
h-density arrays on gla?slgfiﬂes or silicon chips. Nor does Stuart
close attaching a nucl ef 2Y5814) 2fd BeRocieyal smeiberdiesrand othef similanditidepiaase.
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ext, refer to hybridizable nucleic acid sequences, oligonucleotides,
rs, probes, and/ or



‘am no acid sequences arranged in a distinct and identifiable rrgn ﬁ’rl YOQUlilhe
surface of a substrate. Detection of biological nolecules thr ‘8 A

of m croarraﬁ‘ﬁ%‘t1 eneficial for analyzing numerous sanpp mgdagut” ol ogi cal
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experinmental variability, 0 0 WO 01/36681 0 5 10 15 20 25 30 35 -6 1 4 NAY
2004 PCTNS00131277 decreasing sanple preparation time, confirmng results,
and for decreasing costs of such analysis._Currently, one of the primary
uses of mcroarrays is to nmeasure gene exfo?éssi on in biological sanples.
Gene expression neasurements include detecting the presence or absence of

MRNA or neasuei ng j ngreased or Cclease ncentratlons of n order
to detect hybri cﬂnfﬁ?qlffnm&ﬁampbprﬁéﬁ‘iﬁﬂ@%@w %r"% 18n bl%%edﬁél onal
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common techm gues purlu% g and | abeling the sarrpl e are:
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"WUS pat ont s 9 838 bl ok 0B giffiin Shual il Shih Bl i des”'be.“.'

respectively, 5t cespévialigtigheatensity ahys dri glish ;hdpmnsﬂlcemlchxpsotbb;lr dmﬁnurtdmm is -
used, which is an expensiye and tedi on ng I

ol i go-dT pri mer 4@*&%‘%%“‘%?!%%‘“‘! ?‘?é“‘ff?cﬁﬂg ?‘ﬁ“ﬁé’g“i‘ﬁ hﬁ‘g?‘ggﬁ%‘*ﬁﬁ‘ ed mRNA
into an anti- Se”%ﬁ&gﬁ! lﬁddéﬂﬂﬁﬁrﬁg\%ml%}ebahlggﬁpﬂaémdﬂmlemal ns the

sequence for T7 pol’'ymerase on the 5 prine end of the dT se uences
After reverse tsequence)ippressnt inshedispidinbasei dmvigw ofgp fasegoing e pres and DNA

pol ymerase are us Because the
A

e pronoter, the

original RT pgoi ngr

dgt&- st randed cDNA cont Bopaslawskilet bl., JTImniRMA]. pethods 831237138 (tﬂSﬁbﬂ@cdeanded
C IS then used asaterrplatefor T ner a tely

100- 1000 addi t i onBYbridigationassay using angj- E%‘éﬁ@%f@h% %%Aﬁﬁg"g F’ cDNA.
During the transgidephiagRndhi &S Rauce ndhSpetic Biaing Ghd S8 cdirplicated washmg
procedures. A monoclonal antibody specific for RNA:DNA hybrids secreted by

hybridoma HB 8730, is disclosed in U.S. Patent No. 4,833,084 to Carricoetal. In

Carrico, RNA:DNA hybrids formed by specific reannealing of a probe polynucleotide

15

and the sequence of interest can be sensitively and specifically detected by binding to
the monoclonal antibodies.
20 Microarrays refer to an orderly arrangement of distinct biological
molecules, including RNA, DNA, protein, or the like, arrayed or immobilized to a
solid substrate. These microarrays of binding agents, such as oligonucleotides and
. probes, have become an increasingly important tool in the biotechnology industry and
25 related fields. Microarrays comprising a plurality of binding agents or elements are
immobilized onto the surface of a solid support in an orderly fashion or pattern, find
use in a variety of applications, including drug screening, nucleic acid sequencing,
mutation analysis, and the like. Elements as used herein in a microarray context, refer
30 to hybridizable nucleic acid sequences, oligonucleotides, primers, probes, and/ or
amino acid sequences arranged in a distinct and identifiable manner on the surface of a
suSstratc. Detection of biological molecules through the use of microarrays is
beneficial for analyzing numerous sampies and biological molecules, reducing the

35 amount of sample required for analysis, decreasing experimental vanability,



‘incorporated into the transcribed RNA. Labeled RNA is then hybridized to
the DNA mcroarray formng | abel ed RNA: DNA hybrids. Fl uores'panAYam&s

may be det ect‘sg gé%‘ect ly while indirect |abels may be de }Lﬁg’ﬁ%’er
.reaction wthgwW ndary binding agent. A second sanpl etpgrq.e ¥ ¥4¢7 on

t echni que produces and neasures | abeled cDNA. In this technique total RNA
or MRNA is purified fromthe biological sanple. An oligo-dT primer is used
to reverse-transcribe the poly-A tailed nRNA into an anti- sense

singl e-stranded cDNA. During the reverse-transcription, |abeled nucleotides
are incorporated into the nascent DNA strand. After synthesis, the RNA

strand is 1 4%%200.4 VO ﬁ113668.1 PCT/ 1J 00/312‘%7 7 ? @estrﬁged. The
| abel ed cDNA st r SfF451E8 FERsFatgp iog Tpults. g for decreasing gosts o
nucl eoti des wer egl.ghgliash Wi th fluorescence, then the hybrids are visualized

directly wth a fluorescence array scanner. If the nucl eotides were
| abel ed wi th biotin, then Gurentlynprerofhernsiparysuses ofqnicroarmrys Bdo Wieasyrg g8 ed

streptavidin and_t he ' . Sasiem
techni ques are s%’ﬁ?é?sg'f)’?& g‘ﬁ%lga ﬁ‘?“s@% %@%@*@%‘%ﬁe a P@%g‘gﬂgﬁganﬁﬁg §1m3f
hhgh![y pulri fj[esd ﬁ&ﬁnﬁh&a&ﬁnﬁ@oﬂmm‘a ofRidéas ming]hlék)asedd pase drides 'r&asetht' o_tdnoenmalliquiofes
addi tional steps i ch ar i consum ng a abor intensive n
Sd]g:c ti Oni agesfef %lﬁ&@%ﬁ%ﬁ&%ﬂmﬁw ﬁnﬁﬁ’g’éz'ﬁ? %nl occurs. gt'
ITreren €T 1 LérivehtfonSim er,Ghd 123 fRtHe 1Rl BEY didQateled] Tive acCi
sequences, artificrally Qhans'i ng the csgir???nt &;t [ onl of spec}iﬂf [ l(;k_ﬁnugl eic
aci d sequences. mmnnamsedwm?qmudhmawﬁhma sgraple arengAA amplificatiomt ai n
the poly A seque STl tdfﬂ Lﬁ&%u%g.eapﬁzfé 'I@Rla%% agéh%ﬂ?ﬁfﬁ@(w ‘l@et ail may be
degr aded durily B%?l“?gr%na PonS 2an &tetore cammot De 1abel ed 15 or
det ed with t hemplifidation pirecfittie firstacchiquecie désoribed in 5.5 Pataregfl 2 Stand pr i e
the Teverse transcriptase step., The current techpni ques ar .nhus .
restrictive to t_ﬁégl-yg@:‘és"@? “’s@ﬁﬁl"&&”%ﬁ%‘ﬁ’aﬁ’ tﬂyﬁgé@%%;ﬂgﬂgpmw Al so,
these et Nodol 00} g KN 8 HRNAADRIR il iS b gk AR and ol GRE-BSHsRhingn Of

es

| abel ed nucl eot i I nto unl abel ed nucleic acids occurs at a | ower
ef fici ency and apromeduireowien oligatdd nrimen isralso wsed to rayerseBariseribe thepobeArigiled, 20

| abel s may beld nc rated wwth differe Iy Cl ' sﬂggﬁ% t he
sequence. Ther eflwlr?‘ﬁ@"ﬁn bsg'l"seaiélﬁgfsp?/n%tr‘r%@]gbf ng&!?e%fdmeen ?? er e’!ri}l‘:=
sequences, arti f isgjushdelfor TARNGipolymetase otitbs s prirdle amimftie difsequenses. Afled ei c
acids. Thus, quantification is only relative. el ed nu I.c acids al so
exhibit differ _emremm%ﬁmzmh‘f@fl%%faﬁ%ﬁ Phﬁﬁ‘r i&&%%’“ﬁhﬁﬁ&@’"&%ﬁs,
usual l'y renderi n%xﬂ@ﬂo@ﬁﬁuﬁ?ﬁﬁﬁé drandel cBNA. tHeQihse thb Srifthd R Primet hods  may
require hi ghe50 stringen ybridi zati on conditions than unnodified

nucl eotides t0 aotthigeba ThBNSolymesase prombtes feecdoibleistranded gl spntaipsefd he

P gher St1 i noeneyHoR 208, ThUABRHENRLASYRIFRLA SRR bhfityet Rkover
for detection angofygiersgélanpprbinately 180-1000sidditiofal bopiésaf RO are generated from
. each copy of cDNA. During the transcription process, labeled nucleotides are
25  incorporated into the transcribed RNA. Labeled RNA is then hybridized to the DNA
microarray forming labeled RNA: DNA hybrids. Fluorescent labels may be detected
directly while indirect labels may be detected after reaction with a secondary binding
agent.
30 A second sample preparation technique produces and measures labeled
cDNA. In this technique total RNA or mRNA is purified from the biological sample.
An oligo-dT primer is used to reverse-transcribe the poly-A tailed mRNA into an anti-
sense single-stranded cDNA. During the reverse-transcription, labeled nucleotides are

35 incorporated into the nascent DNA strand. After synthesis, the RNA strand is



‘ol ecul es, including DNA, RNA, protein, and the like, that is #dcwast 2004
both time and cost efficient, and capable of screening one or nore sanple

bi ol ogi cal with great sensitivity and m ni nmal iC
-bi ndi ng BSH?LQSﬂk§ﬁ2004 WD 01/36681 8 Si D5 10 15 20 2 Bgaﬁﬁ&%

PCTILU800131277 Therefore, it may be useful to have a nmethod to detect and
nmeasure the anount of one or nore biological nolecules, including, but not
limted to RNA, DNA, or protein, that is egsy to use, highly specific,
accurate, and sensitive for screening bioldgical nolecules. Accordingly,

It is an object of the invention to provide an assay to detect the absence

Co RNa DNA or (bt Thr bted S0 sugtd 5 5 etlin U mliontsn 1081 on Lo

provi de a nmet hodn@ieoti@&ived labedwiti N rdaiNcd) yeh kifé wmrmam.@dm fic
target first bloﬂﬁglcal nolecule in a sanple and a second_ bi ol og |caI

probe. It is an a flporsscenqearray scanner. If theansleatides werp labelpd with b @emhm% and
quantitative assgy, %&%r&?r&c%' hdled B \ak'*dﬂaﬁaﬂtﬁd‘nsha?m@dfurt her obj ect

of the present |nvent| nto provide an ass massi ve parall el
screeni ng. SUMVARY OF THETthMhmgeﬁ)p’éhdtbdehbsemlanqmmyevbw folibtRistiy,ng and

gt 19,2 1) 0 SR PSP i 0ty BP0 1

conpl enent ary bl Bﬁﬁﬁcﬁﬁbﬂ eqmmmﬁaﬁmwwwdnuwewcbm did bolntensit@! | owed

by i munol ogi cal detection of these double-stranded hybrids forned on a
sol i d phase wi t hingddiiap, these{echriquss pesinassurate. ReygTse Fansgraption jopqars 4 difiereabni zes

RNA: DNA hybrllpgseﬁeféna&aﬂ&msﬁ@a{c@ eptﬁulg%@bmf ecudas%qﬁkﬁse dgndgiyect the

presence of o or nmore specific brrolo es present In-a variety
of .’r’pl es. changing the concentration of specific nucleic acid sequences. Prokaryotic mRNA and

some eukaryotic mRNA do not contain the poly A sequence or tail at the 3 prime end
or the poly A tail may be degraded during purification, and therefore cannot be labeled
s or detected with the current techniques since there is no sequence to prime the reverse
transcriptase step. The current techniques are thus restrictive to the types of samples
which can be used for detection. Also, these methodologies involve labeled
nucleotides. The incorporation of labeled nucleotides into unlabeled nucleic acids
occurs at a lower efficiency and at a slower rate than natural nucleotides. Once more,
20 labels may be incorporated with different efficiencies depending on the sequence.
Therefore, the label density may differ between different sequences, artificially
changing the measured amount of these nucleic acids. Thus, quantification is only
. relative. Labeled nucleic acids also exhibit different hybridization kinetics than natural
25 nucleic acids, usually rendering them less specific. In addition, the present methods
may require higher stringency hybridization conditions than unmodified nucleotides to
achieve the same level of specificity. However, use of the higher stringency conditions
to achieve acceptable specificity will lower the sensitivity of detection. Consequently,
30 there is a need for an assay for detection and for quantitative analysis of biological
molecules, including DNA, RNA, protein, and the like, that is accurate, both time and
cost efficient, and capable of screening one or more sample biological molecules with

great sensitivity and minimal non-specific binding.

35



‘This invention provides for a nethod of sinultaneously nonitori ng Mﬁ
anount (e.g. detecting and quantifying the anount) of a nmulti pli1 i OZUU‘I
bi ol ogi cal es. The present invention relates to an assay.for
.det ecti ng walhybri ds using detectably |abel ed enti IPFE@S@B&?% ic for
recogni zi ng RNA: DNA hybrids. Preferably, the entity is a detectably

| abel ed RNA: DNA hybri d-specific antibody or a fragnent thereof. The

anti body used for detecting the RNA  DNA hyBri ds nmay be 35 WD 01/36681 9 O
14 May 2004 PCTI USOA 31277 nonocl onal or “gdl ycl onal, and preferably

pol ycl onal for detection of short biological nolecule probes having a

| ength of | ess than 30 bases, The prese invention. also relates to an
assay using the m croarr@?‘@’r"*“t"ﬁgbf’w que?ﬁlcﬁﬁ‘?@r%f%emﬂ%‘ﬁ §i cal
responses by geggonKef dae ot Abre wméag(wwtmey, inGludiMg, But M7 lifEe & I RIOA, DISAP
analysis, or the like. The nethod may be used to detect any and all

genot ypi ¢ var i a®vproeiein, thatds easy teguse.highiy spesifie pccyeatee pndognsitine for ssresning-ur ¢ her
the present inv ' s to an assay utilizing reverse transcriptase
for extending sﬁgfrobﬁ%i% %‘g‘.l"g'm nol ecul es, thereby enhancing detection of . .
10 RNA: DNA hysbri ds. Pref écedrtinglys ihis an ebject o€the inverstionitppmside asassdyetonost abl e -
and | acks RNAse H function. The E)re ent .%ri)v?nti n {urther relates to a kit
for the detecti Phe 2b35BCE AT PFERST 2BR APt B mplegilesy InGludng, BB 1 ¢ he
kit may be usedjjhfledte RO A poteid > foOr | arge nunbers of targets

descri bed herein by the present invention. BRI EF DESCRI PTI ON OF THE FlI GURES
20 25 30 35 Figures 1A- DItip alseansebieshefithepreseptinveationdioiprryidsia methadafer r ed

i crpar T ays. 10- SR A RNAC Ay B ciping € R Qe frRiOIEA MRS "
co mentary dPhdnplegndasesont] bindogical probeached to the mcroarray formng an
RNA: hybrid as depi ctle,d i n_Fi ﬂg&e 1B. .Subsequent I.ac%,sa ant.i. bod‘iies, ei t her
monocl onal or pol ycl onal 113 B} fyedt AEeRESBNAVIRDAR o PLovIde? SREVE A i gure 1 C.

Figure 1 D ill ugtdnatafive 4sb5 HiGhE alidifd) faloé pdsltivey escent | abel s using a
fluorescent |aser scanner. Figures 2A-D are a schematic representation of a
second enbod{ grent 1t is a further object of the present invention to provide an assay for

massive parallel screening.
S Y OF THE NTION

Disclosed is an assay for detecting and measuring a biological molecule
20 of interest, including RNA, DNA, protein, and the like, in a sample by hybridizing the
biomolecule to a complementary biomolecule probe forming double-stranded hybrids,
followed by immunological detection of these double-stranded hybrids formed on a
solid phase with an antibody or other entity which specifically recognizes RNA:DNA
. hybrids and is detectable. This method may be used to detect the presence of one or
23 more specific biological molecules present in a variety of samples.

This invention provides for a method of simultaneously monitoring the
amount (e.g. detecting and quantifying the amount) of a multiplicity of biological
molecules.

30 The present invention relates to an assay for detecting RNA:DNA
hybrids using detectably labeled entities specific for recognizing RNA:DNA hybrids.
Preferably, the entity is a detectably labeled RNA:DNA hybrid-specific antibody or a

fragment thereof. The antibody used for detecting the RNA:DNA hybrids may be
35



Sk [T

of the immunol ogi cal detection of RNA:DNA hybrids on mcroarrays wherein
the mcroarray conprises universal capture sequences. Figure 2A shows the
hybri di zati on of the universal array with single-stranded DNA and sanpl e
RNA. Each hybrid formed on the microarray conprising a DNA: DNA4 May 8004and
an RNA: DNA We41/#681 as depicted in Figure 2B. Anti bodi esPCRUS88128hd bi nd
RNA: DNA hybrids in Figure 2C. Figure 2D illustrates one neans of detection
conprising fluorescent antibody | abels wusing a fluorescent |aser scanner.
WD 01/36681 -10 0 5 10 15 20 25 30 14 May 2004 PCTIUS00131277 Figures 3A-E
are a schematic representation of a third%mnbodi nent of the inmunol ogi cal
detecti on of RNA: DNA hybrids on mcroarrays wherein the mcroarray

conpri ses expressed sequence tags (ESTs) for quantification of nRNA for

whi ch the ful | mprasinnal eraglyelens, and prafecahivpelyqionglfop dggction ofighort iplogical

hybri di zati on %Ek% ey ound to the mcroarray. The
formation of d%kleﬁg%ks)ﬁsort nh@%rf?%%ﬁ]%ns de%?s('t:)t ed in Figure 3B. The DNA
is extended to the full Thepgsdnt ineéntibh elséPdlatesitd i dshey using thefmicfoarray@odinpl e,
reverse transcf%i)qt ase enpnstrated i.n Fi?ure 3C. Fjgures 3D and

e Tl Tostr ot otk iR s B AoS bR stiepossss T 5o thoressiots POBOMREL L o of

fl uorescent sanhhthﬁ@b/ddt@heﬁ,sma&nﬂ%&i@semeﬁﬁannﬁrmeﬂm&ﬂ@%iuyﬁlwdetEét@ﬂy es 4A-D
are a schematic representation of a fourth enbodi ment of the inmmunol ogi cal
detection of FNA:athgenetymis varietions. including insertien opdslcipmmptations; nyention i s

directed to a 2-col or d?hﬁﬁéritﬂé‘prgﬁhm%nﬁgﬂﬂﬁ&?#@ea%%?‘griﬁggﬂv% pr obe

bound to the mcroarray containing a region o gquence and a
regi on of vartransriptase frenterdingrshert bivkogicabimplepulésytherebli enbancivigtdstectien afonmon

sequence and t ) sampl ridizes with t.he vapiabl e nce. RNA: DNA
hybri ds and® él@@lhéﬁzwéﬁﬁ’g? rﬁ‘feésefugf’sf?‘gﬂ?sea{gﬁ’m%y{selﬁg#@agﬁ n Figure

4B. Anti bodi esRNAs¢ Hdghctgii NSt RNA: DNA hybrids bind to the pertinent

region; the mcroarray | scanned wi th_ fluorescent Ib@?grs of t di fferent

colors: and the signal T8¢ PgseRbinyentign futherpigics to afip dechien A i gur es

5A-D are a schpaBifiGtibeoNtRsienta ofbuled, wherbihd At SHPRAIsEPRscreén sahlpfes
I mmunol ogi cal detection of . DNA hybrids on mcroarrays wherein the

s for large numbers of targef:s described herein by the present invention.

BRIEF DESCRIPTION OF THE FIG

Figures 1A-D are a schematic representation of a preferred
embodiment of the immunological antibody detection of RNA:DNA hybrids on
20 microarrays. Figure 1A shows hybridization of the RNA sample to the complementary
DNA sequence that is attached to the microarray forming an RNA:DNA hybrid as
depicted in Figure 1B. Subsequently, antibodies, either monoclonal or polyclonal,
bind the RNA:DNA hybrids, as seen in Figure 1C. Figure 1D illustrates the detection

25 of fluorescent labels using a fluorescent laser scanner.

Figures 2A-D are a schematic representation of a second embodiment
of the immunological detection of RNA:DNA hybrids on microarrays wherein the
microarray comprises universal capture sequences. Figure 2A shows the hybridization

39 of the universal array with single-stranded DNA and sample RNA. Each hybrid
formed on the microarray comprising a DNA:DNA region and an RNA:DNA region,
as depicted in Figure 2B, Antibodies detect and bind RNA:DNA hybrids in Figure 2C.
Figure 2D illustrates one means of detection comprising fluorescent antibody labels

35 using a fluorescent laser scanner.



Bl i 2 H

I nventilon conprises a | abel ed degenerate n-nmer DNA and sanple RNA. Figure
5A shows each DNA probe bound to the m croarray sinultaneously or
sequentially hybridizing to the RNA sanple and/ or the | abel ed degenerate
DNA. RNA: DNA hybrids and/ or DNA: | abel ed- DNA hybrids are for netft May2004
denonst r at eYOIOK3GEIgur e 5B. Anti bodi es rai sed agai nst RNPCTOR0B2BY | ds bi nd
to the pertinent region; the mcroarray is scanned with fluorescent |asers
of two different colors; and the signal is nornmalized as shown in Figures
SC-5D. 35 14 May 2004 WO 01/36681 PCT/ US00/31277 -11 0 5 10 15 20 25 30
Fi gures 6A-B are graphs representing a sollfd phase-bound oligonucl eotide
| engt h conparison using detection with a nonoclonal antibody (Figure 6A)
and a pol ycloonal antibody (Figure 613) as a function of signal to noise
ratio of the mcr oarra}%ﬁ‘[ﬁ?l’gﬁ'ﬁmm toTeRopsetptioniaf a thipdrrrbodimenhofas say
and kit are p.rﬁ’%?lgﬁq?c;lg%fﬁ B&edfoh GERNADNA ﬁi&@%hfiérﬁﬁag%h&é' g€ of nore
t arget biol ogi cal nolectle 1n one or nore garrpl es. I'n eneralfl, a test
sanpl e conpr i smitgoamiap cogprises expolsed sequenceitaps (ESTshfpr quantification bf mRNAdfor 0 RNA,

DNA, protein,_por.th L ke, s collected disg,eithe ,rectl

i ndirectly, hyﬁg‘Fﬁﬁ’fgﬁﬁ'§°8€Q %PrrE 5 %‘E“'ﬁ%ﬁ%-%ﬁﬁh?“éﬁ tée gﬂ"ﬁ”ﬁ'l‘%b‘g'r specific
for the tar getsaiplyRINAGH 1R shMPBS Thybduhd ko ZieCmicidfihye | The F6rimidtiSIESRRANA @fd ar €
renmoved, preferably by washing, Hybridization is then detected by a
reaction with SRR dajastepisied in FigerayBy The DN& is sended tashe Blklengtyr
indirectly w tlrRe RQWSGtIPRE ﬁselo?,qgrlexaﬁﬂg,/re@ise%h&ﬁgﬁ& (lﬁfi),_%s héﬂ?&lgﬂ&*apuc' ec
acid sequence which is conplenentary to the bound nucl&ic acid probe
sequence. | n ondgmbdai Rignres 3P andh3E Blustmataantibedyaedtogoition of RSATINA bybrids| ei ¢

o Of G2l R P BT A i S, b 00
SRR LS 02V S, Pl e BRSS9 1
preferably an thainhostlogiat détédtion bORMA: DM INAS off yiidrodiray Owhdréingigent t her eof ,
D o S hor { mpgtgiot 5 dispiedi Adsghlct etecton mietiod: Figure 4A Shows each DNA probe "
15 bound to the microarray containing a region of identical sequence and a region of

variable sequence. The labeled DNA hybridizes with the common sequence and the
RNA sample hybridizes with the variable sequence. RNA:DNA hybrids and
DNA:labeled-DNA hybrids are formed, as demonstrated in Figure 4B. Antibodies
2 raised against RNA:DNA hybrids bind to the pertinent region; the microarray is

scanned with fluorescent lasers of two different colors; and the signal is normalized as

shown in Figures 4C-4D.

Figures SA-D are a schematic representation of a fourth embodiment of
25 the immunological detection of RNA:DNA hybrids on microarrays wherein the
invention comprises a labeled degenerate n-mer DNA and sample RNA. Figure 5A
shows each DNA probe bound to the microarray simultaneously or sequentially
hybridizing to the RNA sample and/ or the labeled degenerate DNA. RNA:DNA
hybrids and/ or DNA:labeled-DNA. hybrids are formed, as demonstrated in Figure 5B.

Antibodies raised against RNA:DNA hybrids bind to the pertinent region; the

30

microarray is scanned with flucrescent lasers of two different colors; and the signal is

normalized as shown in Figures 5C-5D.

35



preferably prinmers or probes, inmbilized to a solid phase. It may be
desirable to extend the prinmers with a reverse transcriptase, preferably
one lacking RNAse H function, enabling RNA:DNA hybrid-specific antlbodles
RNA: DNA hybrid antibody fragments, or entities which specifical4¥ay2004
associ at e WORUSH: DNA hybrids, to nore efficiently bi RRCTW#BRTHet ect ed.
A further enbodi nent of the present invention enconpasses three biol ogical
nol ecul es, all of which are preferably nucleic acids. A first sanple

bi onol ecul e hybridi zes to a conpl enentary second bi ol ogi cal nol ecul e,
preferably a 35 1 4 MAY 2004 WO 01136681-PCTI USOO 31277 - 12 0 probe, and
ei ther sinultaneously or sequentially, hybridizes the second nucleic acid
to a thirdoenucleic acid, wherein one of the nucleic acids is imobilized

to a solid phase, and ﬁ@rﬁ%—mmimesminghwi@hﬁwmd are detected

by an entity s LG f ' lds. .5 . ment of
the present i n@g@k‘ }E%%ndgkngtﬁm%g %Q%Mgodl%gelc%%l a amm%oézc anﬁgbcgwgt
conprising a p6A}dmdn,polyalonilianibidg (Eig@ra 6B) & a finctioDbENighabio npfse katioals the a

nucl eic acid, such that if the nucleic acid is an RNADNA hybrid, then it
may be detect ePAAN entity specific for RNA:DNA hybrids. For 10 exanpl e,
DNA may bina& a DNA binding site of the imobilized protein, wherein the

DNA portion of the protemmm DES Mm;[%mvmqmp RNA. In a
simlar manner, the inmmobilized protein may bin erein the RNA
portion of the protei nARNsse¥ GFF})EE?FRW‘ ‘é #lﬁrdic@%dﬂﬂéu@mcmﬂéfresultl ng
RNA: DNA hybr i dsne o3ib iS165iEH riYech ifBe dr Yo Cpn A hybri ds,
such as an RNA:DNA 15 ybrll délspecﬁ‘clﬁ'(e: ant | bogy orb{h r‘% f ereof The

present i nventsaplenomprisiag biologicak malesulesAdeluding dutnot blntttﬂatodﬁ’iA.lﬁNAl s use of

nicroarraydo Slneel h cru sed, th

i nvention hasP a%ﬁ’?ﬁo Eié ?Fﬁ‘i%e"“gﬁ ebé?rg?m%ﬁrggfr@l{g@% ﬁ’y}'nﬁgﬁénga ﬁ”ﬁ? a nore
accurate dete c;hha@&ba%ﬂd-ﬁtﬁﬂelm plbwwlﬁefor fieQirp€ ibivatol¢tlee Ploh Sy bridikeio,

bi ol ogi cal nDIec | es, peed not be direc | abel ed for detection and

measur enent , F’&ff%?&?%@“&ﬁ?“ﬂt@?é@%@ﬁ’é’%ﬁrlwgﬁu?‘b‘spﬁé | abel .

The present | “d’e%é&idd aRERNOTRh A RRAIDICAR MidHah %'ﬂ%ﬁ?mﬁ?&em(&m&gﬁrdet ecting
and neasurlgg b|olog|cal nol ecul es, since a very | abel i ng density 25

may be achildveiadisgetly withiadeteetablp label; MWW@)M@I@W@ i segesncels.  Such
exquisite Se”%&hlﬁis&)ﬂmﬁﬁﬂx‘dﬁtﬁ%t&ﬁx@b@%ﬂﬁ%&eﬁ %ay Ser gired for analysis.

Unl i ke ot her e current 1 nven sure prokaryotic nRNA
and sonme eukaryotic nRNﬁoﬂehmbodmkmfﬂ)emésynthmdn,o::pehﬁsnbtﬂanadégfaded

after

purific at | Ope is hybridized to a complementary nucleic acid probe, preferably using an

20 oligonucleotide or other nucleic acid, which is spotted or synthesized to a solid phase,
thereby forming a double-stranded RNA:DNA hybrid. Any entity which specifically
recognizes RNA:DNA hybrids, preferably an antibody specific to an RNA:DNA
hybrid, or fragment thereof, may be used for detection and measurement.

25 Also, the present invention utilizes short biological molecules,
preferably primers or probes, immobilized to a solid phase. It may be desirable to
extend the primers with a reverse transcriptase, preferably one lacking RNAse H
function, enabling RNA:DNA hybrid-specific antibodies, RNA:DNA hybrid antibody
fragments, or entities which specifically associate with RNA:DNA hybrids, to more
efficiently bind and be detected.

30

A further embodiment of the present invention encompasses three
biological molecules, all of which are preferably nucleic acids. A first sample

biomolecule hybridizes to a complementary second biological molecule, preferably a
35




"30 Anot her advantage of the present invention is that reverse tr “?CMAYPQDW
35 is not required, but it may be enployed if desired for enhanced
sensitivity. the nost advantageous aspects of the Lnvention
-i's direct quﬁ?’i’%&t ion of biological nolecules. Unli keppﬁ@%@rﬁ%nl y used
techni ques which only relatively quantify RNA e.g. 2-color conpetitive
nmet hods, the present invention utilizes a direct 1 4 MAY 2004 WO 01/ 36681
-13 05 10 15 20 25 30 35 PCf/US00131277_ approach to interpret results
and a sinplified analysis of biological nolécules. In addition, the
present invention may sinultaneously analyze a plurality of biological
nol ecul es dueeto its sjnplifi | e 0 here Le
i nvention all OWSpmlE!ﬁ.’IE‘P# %F’é‘%ﬁ%&?%ﬁ@f%?‘@é‘r“@g’?ﬁ? ¥hrd %’? :;%ﬁ&gﬁu(f&m it
sinplification ofthirgnuidiéis acid, Wheftth die @6 the nudléily suidsi ifinmdbilized @aesolid phase,
"nucleic acid probe", as used herein, is defined to be a collection of one
or more nucl ei c #ditee WAWQY@%&WMWW%%M%%%WH f¥ation to
a second nucl ei cRRALENARVLAR. detected. The probe may be unl abel ed or
| abel ed as descrlﬁ'ﬁed&gel gw so that its binding to the second nucleic acid
may be detect&d. The probén afuthérembodicheniad tferpmsent inyentioncangmmebiized ¢ aci ds -
fromone or nore .parti.cul.ar. portiigns of .the none, whj be known or
unknown, for ex:'ﬁgﬁgmgﬁ’éd%cl}ﬂepﬁ’or?%m@r%%%?s'nﬁ'naﬂg ‘gt?) ar?aé’ob W t%Iqesg% 1r‘?om)some or
chronosone fr agngigincledul€, préfeatiy @ fuddic fuid, wishitiags & toericldicracidds an0RIN A FRYBRA
anplification products, or a synthetic nucl ei_%gaci d or | ecul e.
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PNA
Alternatively, ahybrigp@enipay podiiecieddyn FRityeRee EHRNA RS RYbEEs. (EOF get ed
sequence. The pr egﬁlp@ﬁNﬁem&y BRESBRA l:i:hcﬂngsﬁ%f {KB HRG6biliZed protein WHefein R¥

bl ocki ng or r¥mo of repetitive nucleic acids or enrichment wth unique

nuc{@ c aci ds. TDUVa poméonudtie proeindEVA pempltremayshechybadizadio RYA. lepesimilapt onl y

to the detectable nucleic acids, but to.th tect abl.e cl.el. i ds in the
formin which t WB§ %P %‘5}5’?"?’88“% %mtéﬁlem?yabr%e ,ET ‘g}?me'&g'ﬁp é, J:o\%lh @}1%%

bl ocki ng nucl ei Cprogdn-RNA chiplek nfag bk Bgbridized & DNAC The sesutingl RIGADNA bfteidsed t o

separately. Wat "probe" refers.to specifica is.clear fromtr ont ext

in which the l\gorHmygc%gﬁﬁdbﬂ\ab'em%&c%orl{ﬁmbmwings,sucLumﬂﬁA%R

hybrid-specific antibody or fragment thereof.
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The present invention provides significant advantages to the art in its
use of microarrays. Since either crude or purified sample may be used, the invention
has a simplified sample preparation process, allowing for a more accurate detection

20 ,nd measurement of biological molecules. Also, bioclogical molecules need not be
directly labeled for detection and measurement, thereby avoiding any interference
attributed to the label. The present invention provides an extremely sensitive method
. for detecting and measuring biological molecules, since a very high labeling density

25 may be achieved by utilizing an entity that binds to RNA:DNA hybrids. Such
exquisite sensitivity reduces the amount of sample required for analysis. Unlike other
methods, the current invention may measure prokaryotic mRNA and some eukaryotic
mRNA that lacks a poly A tail or has been degraded after purification.

30 Another advantage of the present invention is that reverse transcription
is not required, but it may be employed if desired for enhanced sensitivity. One of the
most advantageous aspects of the present invention is direct quantification of
biological molecules. Unlike the commonly used techniques which only relatively

35 quantify RNA, e.g. 2-color competitive methods, the present invention utilizes a direct



"al so function as a priner in the context of its use as an initi?%iggzpﬂmqt
for polynerization, i.e. for transcription or replication. The pr nay
al so be isol eic acids inmobilized on a solid sur . ln_sone
-enbodinents,a?ﬁguﬁggLe may be a menber of a microarray of %ﬂ@ﬁ%?ﬁr”acids as
descri bed, for instance, in WO 96/17958. Techni ques capabl e of producing
hi gh density m croarrays may al so be used for this purpose (see, e.g.,

Fodor et al. Science 767-773 (1991) and U. Pat. No. 5,143,854 to
Pirrung, MC.). Probes may also be deposifeld as elenents onto the reaction
substrate for interrogating the target nolecules, and may be either
directly or indirectly. |abel ed. 4 NMAY 2004 0136681 PCT/ US00131277 -14
05 10 15 20 0 28P °§?$f@%%ﬁ%§“@&s§§é’g§d%ﬁé’f&°g’§ﬁ molgy tﬂ'bn may be
used to detect apghitichtietprdsdnt HVentibnQhay FinfidanddBdi e EdalyRe a PhrBfSribibgi@n Of

bi ol ogi cal nolecules in a sanple, wherein the term "biological nolecule"
and " bi onol ecul emolssulgs duste jte simalifiad semple process.c Themefere the present ipventionsaliows

nucl eic acids, a AL ﬁg@g@ |G nlif R d | and the liKke.
"Nucl ei c' aci d" rg¥£€gﬁﬁgﬂ§§gxyrl onu§|g§??%%s ow'rl'%ﬁgg#ﬁg&ides and o
pol ymers theredf, from anynseyirasent inventiongs Tprobebarta "notleik aeid probe™, as wydit hetic .
or derived frombacter.i east, .viruses, and the cells or tissues of :
hi gher  or gani s SRR S S Bea collecugn P et maye ueleicacid o YRR AGERS 1 ¢ oo,
nmay enconpass Kn@dfmeiewisie hpbridlatiol Bla seddhd hiRid 4RPmiy Kl det¥Biéd.f TGIbRN 1N a

simlar manner as naturally occurring nucl eotides. Peptide nucleic acids
(PNAs) are al so WM@MWMQ%&@%W%WMéSbMWM%IS@PGdacid. A

el ¢ act d Kande FRE el B KRS ThEpBuERarbe i B a8 audbE " CC

her .1 the ter matidsicdre ione aronatt partéudar pottionsifitlpquenarhe; edhiciesy be Rhtwn orRNA,

anplicons, plasmds, d the like. An 'oligonucleotide' is one preferred
nucl ei ¢ acid proﬂgmogﬂ%ft FXamply °6’F_°€1?’°‘i°é?<19§?s’ Po2 ‘gﬁ'h?lc EFOMAES | des,
preferably about cHrombosomtfrdiaich€ 2 td1REEon of pAIPmEMRdehilh PdablicHIPERpRAHIIficdfbnl O 25
nucl eoti des, which may be used in PCR anplification or a hybridization

assay, or a m1 é;r oeadpets, or asynthedig nprdgieacid or PNA molecule. Altemnatively, a probe may
comprise a random, semi-random, or targeted sequence. The probe may be processed
in some manner, for example, by blocking or removal of repetitive nucleic acids or
enrichment with unique nucleic acids. Thus the word "probe” may be used herein to
refer not only to the detectable nucleic acids, but to the detectable nucleic acids in the
20 form in which they are applied to the target, for example, with the blocking nucleic
acids. The blocking nucleic acid may also be referred to separately. What "probe"
refers to specifically is clear from the context in which the word is used. A probe may
. also function as a primer in the context of its use as an initiation point for
25  polymerization, i.e. for transcription or replication.

The probe may also be isclated nucleic acids immobilized on a solid
surface. In some embodiments, the probe may be a member of a microarray of nucleic
acids as described, for instance, in WO 96/17958. Techniques capable of producing

30 high density microarrays may alsc be used for this purpose (see, e.g., Fodor et al.
Science 767-773 (1991) and U.S. Pat. No. 5,143,854 to Pirrung, M.C.). Probes may
also be deposited as clements onto the reaction substrate for interrogating the target
molecules, and may be either directly or indirectly labeied.

35
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"oligoners", as comonly defined in the art, and may be used as pr‘lA g
and " probes” wﬁ‘éruﬂﬁﬁcr! bed herein. Al so, unless otherw SePUrmsJofj‘ijz'nt he term
-enconpasses nuclerc acids containing known anal ogues of natura

nucl eoti des which have simlar binding properties as the reference nucleic
acid and are netabolized in a manner simlar to naturally occurring

nucl eotides. In addition, a particular nuclgic acid sequence al so
inplicitly enconpasses conservatively nodified variants thereof (e.g.
degenerate colon substitutions) and conpl enentary sequences as well as the
sequence expliecitly indigated.. Nuclei ci‘_g e nce e’j r '

referred to herein as nuc@f@“%{%ﬁc ass ﬁ(’:fecd:f sgao ?ﬁ o sl%,"s%‘ratto?gttrcge d

nucl ei ¢ acid nol ifySny Biofgial Meltaud, beathinatior dfdiolagickt mbledulddily a 36ihple, WO
01/ 36681 PCTFUS00/ 31277 -15 Q and purpos”eangg the detection. In general, a
nucl ei ¢ aci d nol wherpia thsrtenmyihiglegieal melecye” and HewpleplE ein Yi%feria

for selecting a &uﬁk@h%eﬁ%ﬂrﬁsquﬁa@&a&%iﬂ@w&t hridlbgudsOpepti€es damibSdies?

) ues
particular nucleic acid nolecule may be associ at ed Wt h_ a pat hogen, a .
di sease st at e,5 oandahelikedi“Dpcisicasidhrefers ta delixysbanuclieetidds ergibooudlestidestanduch a -

nucl eic acid 5 nol.ecul e may ;have a di agnpsii al ue.. r | a,.:

specific to tunoPl¥BfE g’eﬁelo}( BI08} 40y SRS ﬁ‘gﬁﬁg%cbo"}én%glfné%{l;gocﬁygtﬁ?}d%o&gﬁw t he
di scl osed rrett:) hOdﬁ'ath%'ﬁct&H,w(djﬁt,irb&es,dﬁiﬁeédlleﬂr ﬁn‘suead obhi@h@@ighﬂilsmﬁmicgaujﬂ&ﬂs
conprising, but not limted to, praqtejn, ,peptides, rimers, a or RNA
mol ecul es, generﬁ‘t’é'&f"ﬁ?%%ﬁﬁ%&ﬁ%@@%@%ﬁ&°ﬁ“ﬂé?ﬁ&gyﬁh as
those generated Py dfifes Mﬁﬁﬁeﬁlﬁet.& in BREnifE ket g’haﬂj}a]]}l&b‘ﬁﬁﬁg fkledBdesal SO

i ncl udes thatlbf nutati ons Ions, insertions of Single nucleotide

pol rphi sms, aReptiie hateipadidsBNAL) aserdlso ohcorspasyet avithigrthe scgpapfithedempl e as

used | nterchangeably herein, is 15 defined in its broadest sense and

i ncl udes both bi BYIYF ¥ material and synthetic material of biological

mol ecul es, including, but ANtucleicicid®é finthendefined Keréifs aiSsinglér of doubdesi ds,

proteins, peptides, and the like, and refers to a s | e conpri,sing,total
Pfbodsesa K

genomi ¢ DNA, 1 ostendepuicleircasis rreginava leggth fiompe foraboyt 1 25 osomes,
or selected SeqygnGefe fefmSnudidE ddid bl 1P5IFIRIRORdes TN, mRNR! dntglieas], on or

I
restriction 20 fragnents, cDNA, etc.) within particular anplicons or
del etions. An enbplastiderand te like.hAn feligonyeleotide) dsane preferredmycleie peid prode ¢ her t he

presence or absence of the target ' | t he
anmount of the safUPERSREG aflsay g?ooaebggvl}égﬁ'th@ﬁmgg%’ grfﬁe e%r?]g{ﬁa&r’ g% nu'(t:iP%f c
aci d" may refer tfdinbe pidfeablliabous DORIwaclesided, which ammgbe useddd BCR acid 25 to
which the profg is directed to or to the overall se&g&gg é.e.g., gene or
nRNA)  whose 1 evamplificagiar pr.ahy SERY> O EPReATgY- & m ne the

presence or abse @ﬁEonuIl@@tide is substantially equivalent to the terms "amplimers” and "oligomers"”,
as commonly defined in the art, and may be used as "primers” and "probes" as
. described herein.

25 Also, unless otherwise limited, the term encompasses nucleic acids
containing known anaiogues of natural nucleotides which have similar binding
properties as the reference nucleic acid and are metabolized in 2 manner similar to
naturally occurring nucleotides. In addition, a particular nucleic acid sequence also

30 implicitly encompasses conservatively modified variants thereof (e.g. degenerate
codon substitutions) and complementary sequences as well as the sequence explicitly
indicated.

Nucleic acid sequences for detection, referred to herein as nucleic acid

35 molecules of interest, or target nucleic acid molecules, are selected based on the needs



‘difference in usage will be apparent fromthe context. The bio Iew&
sanple may be extracted fromparticular cells or 30 tissues. Th l‘t gﬂﬂfl

sanple from t he bi onol ecul e sanple is prepared is typi t aken

-froma patieWQbin ¥eted of havi ng the di sease aSSOC|ated¥&#ﬁﬁh#ﬁy7
anplification or deletion being detected. In sone cases, the biological

nol ecul es, for exanple, nucleic acids, may be anplified using standard

techniques such as PCR, prior to the 35 hybg%dlzatlon The particul ar usage

of the term"nucleic acid sanple” will be readily 1 4 MAY 2004 WO 01/ 36691
-16 0 5 10 15 20 25 30 35 PCT/ US00/ 31277 apparent to one of skill in the

art fromthe oont ch the termis used, Fqr nce, the, nucleic
aci d sanpl e may ngé\{]}g W%tl"&’"‘?ilal““f’gﬁéf'g ’%"é?‘f{;ﬁé?? maybe 1y
met hods known i Nefodé: whsdd onkaSw fiedifrol Seld? ﬁ@q@ﬁ&ﬁxtﬁl& lﬂﬁ&f@l‘d&&ﬁb&@m

nol ecul es of interest are released fromcells and are avail able for
hybri di zat i on. Mmampmcglarnaclslanpﬂmdegulemwdasg@qlmﬂmpmemfa t he

e r o 60l st s b s DR 6 2kl R o AREG G e RRLA' N1 1O

nucl eic acid. Th Toe Of PIRGETEIC "5L) uri
non-purified foor foletlile iy hew atdfggﬁﬁsn@fval&ﬁnﬁﬂreﬁmm mlamxpeaﬁcm‘mmanqﬂles: t hat -

are suitable for use, in the disclaos Iready
known or identi fRegabes nlé&’ﬁ'blbéget%"ﬁﬁdt i‘b?‘ge "gﬁ%ég?sﬁglﬂ‘f’ﬁg‘?g%@ﬁ’b‘ﬁ &t nucl eic
aci d detection. m:oﬁ'd?g‘bl% hlSfol&URs kd?ﬁbﬂ%mg':lﬁﬁ néVIiRiTIRH ©, plofién, k¢ may be

from an agricultural or fo roduct, may be a human or veterinary

clini calbI spgm meprimerszang IDBNA &m#cmgmb)’fqlhﬂ biochemicaber chemisaln
Serum 00 ur I n S u%ltl Hsrglos% M%%%g%s&m %‘CI I'Ilﬁg detm%n P%lgeﬁer

contain bact el an VI TUS s an tissues o

org snms such asls@hﬁmtiésthitoamuﬁabr& defutions tisardorafof biaglb audlevgda  bi ol ogi cal
nol ecul e of int erest I\/bt hod for ﬁ he extraction and/or purification of
nucl ei ¢ acids, fBPYRRPRHSMS 32 ﬂ“sdescm bed by Maniatis et al.

Mol ecular  C oning: A Labq&%ﬁw"ms&ﬁiﬂw 2¥Qkdd, interhdhg SiBIyi Hegeiriad bor

Laboratory, 1982). Since sanples may also be in a crude or unpurlfled

state, the samol definsd émpids broddest sense mdoe@sdsﬁ heth bislogicalynateriad and sypthetig ng
sanpl es found N atenial of bloellcggli'éai"hmlecules, including, but not limited to nucleic acids, amino
acids, proteins, peptides, and the like, and refers to a sample comprising total genomic
DNA, total RNA, genomic DNA or mRNA from, for example chromesomes, or
selected sequences (e.g. particular promoters, genes, amplification or restriction
20 fragments, cDNA, etc.) within particular amplicons or deletions. An embodiment of
the present invention is to detect either the presence or absence of the target nucleic
acid sample and to measure the amount of the sample that is to be quantified. The
. term “target nucleic acid” may refer to the specific subsequence of a larger nucleic acid
25  to which the probe is directed to or to the overall sequence (e.g., gene or mMRNA)
whose level is desired to detect, quantify, and determine the presence or absence. The
difference in usage will be apparent from the context.
The biomolecule sample may be extracted from particular cells or
30 tissues. The tissue sample from which the biomolecule sample is prepared is typically
taken from a patient suspected of having the disease associated with the amplification
or deletion being detected. In some cases, the biological molecules, for example,
nucleic acids, may be amplified using standard techniques such as PCR, prior to the

35 hybridization. The particular usage of the term "nucleic acid sample” will be readily
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state, accurate expression detection and quantification is achieved. In addition, unlike

.

‘ other techniques which require the presence of a poly A sequence for priming the

25  reverse transcriptase step in order to label and detect sample, the present invention may
be used to measure prokaryotic mRNA and eukaryotic mRNA that does not have a
poly A tail at the 3 prime end.

Target biological molecules of interest for use in the disclosed method

30 may come from various sources, both natural and synthetic. For example, various
types of RNA include messenger RNA, ribosomal RNA, nucleolar RNA, transfer
RNA, viral RNA and heterogeneous nuclear RNA, total genomic DNA, cDNA,
proteins, peptides, or the like. In addition, whole naturally occurring entities or

35 fragments thereof may be used.



‘required, may be nodified by the introduction of functionalitieg MMAYh 2084y
then react 30 with the bound conponent. 35 "M croarrays" conprise a
plurality of WhhfsEgnt biological nolecules including cDypraREgRds50NS,
-plasm ds, proteins, peptides, and the |like, wherein plurality enconpasses
at least two different biological nolecules, wherein the bionolecules are
I mmobilized to a solid phase in an ordered matri x or structure. In 1 4 MAY
2004 WD 01/36681 -18 0 5 10 S 15 20 25 30 pp. PCTI'US00/ 31277 theory, there
need be only one conponent, but in a preferred embodi ment there will be at
| east 10, nore usually at |east 20, frequently at |east 50, desirably 100

or nore, and cven 1, 000 re, but. nor e f}gp 0, nore
usual ly not nore than %ﬁ?gﬂlﬁﬁésﬁﬁﬁ?ll#\nﬁﬁ%k‘# %3{‘}18; t‘)’muftr”i% %g’ %ffl

i mobilized to amagd dfqalz@hmﬁmﬁx pslgkdcehanadsp@ﬁmtor Silidaigsqdmdterialed. - Wil e
theoretically the nunber d| ff orrponents may exceed 105, due to
the ability to spwet |g "f""’é‘?ﬂﬁ‘tﬂf‘a‘l&r mfnéaﬁf s, membaRes; £ o

finite site, for¥l§OII fn?gear&gﬁggg;mg@g& h&;@mmﬂaﬁ@p@ g@dsc;l;%hgggopﬁquuch

| arge nunbers o conponents do add sone conplexity to
preparation of5 tmpommMWDMWMMuhUQmeemb@@mﬁmhmraﬂmbl I | zed to

a solid phase wi || _ usual R e f '
addr essabl e si tegorﬁ%"smﬁetﬂ%/sﬁgdg‘%ﬁﬁ%g%'gmﬁ %'oéprg%u%epen gadélﬁg*t]ﬁe ndt ure of
t he bound conrponeuaf,which@xe&ﬂﬁ&ibﬂc@ﬁleﬁtf&nm-@wbmanhuhmmtuimpndbcsthntahhcgnal
which is detected, the sensitjvit W|th ch the signal e detected,
t he nature of tﬁ%‘yﬂﬁ‘iﬁmyﬂﬁcé‘fd&éf“fé?“°'sl é‘ép?lﬁmﬁg&&thga%&%?oarray,
the manner rhmaténpsryoawaaumie,spwmdea;msrv{dwpwiﬁmTheref ore,

m croarrays alroe preferably "used for "nmassive parallel screenin

des@ bed herein pdsmﬂemmlmwmmﬂb@né@ﬁ palytetrafluogrethylege,ibutyh
D1 o1 091 cal ol ecavE Ry ERAF skt dﬁf‘b@f’*‘@?’ﬁeé e Rpens E?LSP? ay
conpri ses a spot W)&&aﬂa;omwane qboiy)izmjzﬁdenaﬂhoihﬂﬂ polgcartomste apd ef er abl y nore
than 100 separat %o r)]rllilgflhgfpcntg% n ferPed%Ll?v;n%gllXclude those outlined in U.S. Pat. No.
5,427,779 to Elsner, H. et al., hereby expressly incorporated by reference. Solid
phases and solid supports include, and are not limited to, any solid material to which
the probes, primers, oligonucleotides, proteins, peptides, or the like, may be coupled or
adhered. Solid phases and solid supports may have any useful form including thin
20 films or membranes, beads, bottles, microwell plates, dishes, slides, fibers, woven
fibers, shaped polymers, particles, chips and microparticles. Preferred substrate forms
for a solid phase are microtiter dishes, silicon chips, glass slides, and tagged beads.
' For general application, where a molecule is to be covalently bonded to
. 25  the solid substrate surface, the surface may be activated using a variety of
functionalities for reaction, depending on the nature of the bound component and the
nature of the surface of the solid substrate. Thus the surface of the solid substrate, if
required, may be modified by the introduction of functionalities which may then react
30 with the bound component.
“Microarrays” comprise a plurality of different biological molecules
including cDNA, amplicons, plasmids, proteins, peptides, and the like, wherein
plurality encompasses at least two different biological molecules, wherein the

15 biomolecules are immobilized to a solid phase in an ordered matrix or structure. In



‘ol i gonucl eotides, priners, or the like, may be deposited, may bE Sﬁﬂﬁtﬂﬁhor
synthesized as an array of small dots or elenents, as describe M1 I AY
These nucl ei ' deposited, spotted, or synthesized |.d phase,
.are referredqvgﬁkgégin as "elenents". Typically, an elengﬁ?ﬁﬁﬁﬁ+i e |less
than about 1 mmin dianeter. Generally, elenment sizes are from1l gmto
about 5 nm preferably between about 1 gm and about 1 mm Nucleic acid
primers for use in the disclosed nmethod may,be synthesized using

establ i shed ol igonucl eotide synthesis nethods. Such nethods range from
standard enzymatic digestion followed by nucl eotide fragnent isolation (see

for exanple, Sagbrook et at., | ecul ar onin abor at o ual ... 2nd
o tion(Col d oHFPMGEE P eionlsns PR opi Bl ket g PR ntal s s,
1989) Chapters 5atléast 10, thorelusellly af headt Dot fiequently Betst 50, O&sirB@ NP0 6r mdty, ahbe
cyanoet hyl phosphoram dite nethod 1 4 MAY 2004 WO 01/36681 -19 0O

PCTI USOQ' 31277 u€YeRd 040 pf mpreglan uspalipaotimass,thay, shout 407, mmre, usugilynat zer
(for exanple, M Y/ t ' fizehd 4 4 | ch,
Burlington, MA o?ﬂ,&b}&ﬂ;@g’e‘?mg%gﬁtgﬁtlpg??gﬁ?r%@hods %J*S%?E'F%gfﬁﬁgkl ng ..
ol i gonucl eot i dies suppert btinpprfsged.i While thyoreticallyt the sumbselr of diffenent cRmponeBtsoudye m

53:323-356 (1984 sphotriester and osphite trjester, nethods)), and
Narang et al. (l\/é’fcﬁgcggbg %%n%f. lﬁ%é"ﬁ’fb‘ﬁgﬂ%%%‘f ) m{’%ﬁgg‘ﬁ?}?fﬁ Fest er o
met hod) ) . Anot hegpetifiedifite sifle foOthe mdYt paft thiere iBh@Reed t0@0E5dA00J00@ANdRYch lavganpl es
of which include an array of col or-cqoded beads (Lum nex; Austin, TX) and
an array of 10 Pwaba§e gompragats de, addeme pomplewity o, the DERRRRBUAN LT Mfnct i on,

NJ). A three di npRshong! ATweTAMbEDS comfontRe fndiéilkd 1o d 1id Biass QAll shulfiase
havi ng three W nensions,  wherein each m croarray conprises a plurality of

di f ent bi ol oghetaixcaed |18° the oumberof individunl addmssable sites el de pubistantially laggerached
to the surface. Thus.. the.locati f ch 15 I_mer on.ihe | d

m croarray enabl gpepﬂgg ?%l%’ﬁt" ?[P‘l'ec?gpllct%ﬁuno wleng?:%n{;ﬂ‘g Pere %&? T 'gn%fr? }'hﬁenra%aae
sequence. Mani pukiRisigaaioviaéh is detedléds te sasitiving s-ily whith tHeaiguhlithdyAe dictetted, the
exanple, a three-dinensional mcroarray corr_priﬁhéll%@of a plurality of

nucl ei ¢ aci d pri napze ofbfhe bound mictoagay,sych as te gigt o foarrgy, themagnen it or ot |

When the pri 'S wiich mwfis'ﬁm&u&@, and @R kB PTRerdfSre SticRiaHayshitSteféRbRC U €5

wi t h pol yner ases, _ exanpl e reverse 20 transcriptiase, so as to
i ncorporate the msaddorinassiyemsraliph ssfeening’, uspeitefherkinias the simyliandops sereenngt y, as

descri bed herein, .includi ant i i f r capturing
t he anti bodi es oﬁfé‘q%ﬁ%&‘r‘}g‘ﬁa%’g’p‘? ﬁea%%ftiq?rjg?’sag ‘g?‘g{iﬁgf%%ﬁﬁﬁﬂ&é%@bm croarray
on whi ch RNA: DNgisfeydat bidibgitaliiolécule iytridimtione separated fromthe priners

where no 25 hyprid has forped. The entities specific for RNA:DNA hybrids
may then be detected and $WPrsferEsipEm efa picr cﬁﬂpﬁffﬁgsmgf‘?ﬁyﬁ@d’%‘ﬁ%ny

ot her assay schemneg, ({RYo(6r ML Preferably more than 100 separate nucleic acids, preferably
oligonucleotides, primers, or the like, may be deposited, may be spotted or synthesized

. as an array of small dots or elements, as described herein. These nucleic acids,

25  deposited, spotted, or synthesized on a solid phase, are referred to herein as
“elements”. Typically, an element will be less than about 1 mm in diameter.
Generally, element sizes are from 1 um to about 5 mm, preferably between about 1 um
and about 1 mm. Nucleic acid primers for use in the disclosed method may be

30 synthesized using established oligonucleotide synthesis methods. Such methods range
from standard enzymatic digestion followed by nucleotide fragment isolation (see for
example, Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Edition
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989) Chapters 5, 6)

35 to purely synthetic methods, for example, by the cyanoethyl phosphoramidite method



‘for the disclosed nmethod. The m croarray has energed as a pref rrﬁml;mt
for the 30 mniaturization of assays that detect and neasure , 4

proteins, an | ke, for application towards, for exa fsol
-expr essi on, %{’Eﬁ and pol ynorphi sm anal ysis, SNPs, de[%(l{t Ion %? genetic

variations, etc. Mcroarrays allow the |level of tens to several thousands
of genes or genetic variations (for exanple SNPs) to be neasured 35 froma
single sanple on a single device. A vveakne_s§9_of the traditional mcroarray
1 4 MAY 2004 WO 01/36681 PCT/ US00/ 31277 -20 nethods is that the biol ogical
nmol ecul e, preferably nucleic acid (either RNA or DNA) to be neasured, nust

first be | abeleed, .oft .thro conver si ne.tvpe of nucl ei acid to
anot her, for exafipi&® %gﬁnoor%ag@r ,lﬂ%ﬁﬁfyqqc\éﬁg§?%gxagg{lee§fogal and
neasured. 5 The g70p%@@mated épithdser diMifipeaBlogeardh, Birligton, MA U ABI Modéli d

m croarray”, which as defined herein, conprises a plurality of nucleic
aci d sequences, }{EDudynibgticmethodsuseil fosmakine pligonpglpotideggae ﬂ%ﬂ]‘lﬁ?"@&&w

pl asmids, and thg,li M&It : i : ' ite-
conpl enent ary ta%&lgt&ﬁu el cmam S ar%%?E%Fé?gg%@ﬁgﬁﬁﬁgﬁﬁgsg%Fﬁg 10 of.
t he microarray nugsterf roethedslingiddNarang at ali (Methods Eawymok.1651019162@ (198®), genes or -
cl ones, probes, pri g&rﬁsemronrmﬁgd' onucl eoti des, bound to a porous or
non- porous solid O G e o "support. Nucleic acids of various

di nensi ons may be used i n Anoeherfoerh ofunicfoafrayis a thrbedimansionial amay, eklmaplesiafl ei c
acids may be coupled.to the solid support or_substrate. 5 Such a
mcroarray is a 81814‘&"3-]515[5'6?‘[’3&‘!;“9%1'&4‘%“& m?‘;f‘?‘é‘%rpg)ﬂﬂg%fﬁayé’éi ds
have been COlg,g' %ﬁi&ﬁﬁﬂkﬁ&ﬁ&d‘%@%&q; MbrrbuttPfun@idAENTIO AAFRE Z €d

ci

pattern. " Nucl®i c aci m croarrays” preferably conprise arrays of nucleic
aci equence st flimedsionah mi¢rparay, as ugadiherein, ijlapy solid|phaje bavieg theee dipensigns. d

support, and are_in w dgs ﬁﬁg , %f 9@' t of gene
expressi on, nutat oK an lﬁ% ynv*jéﬁ%p&%&aaﬂ’a ys gf,)cne C. bégo\ﬁerai B{emat Rods are
avai | abl e for Er pﬁ&rréhlggnuvlmd ?idprﬁnﬂrsjamrﬁdaarheagfacemmnﬁslmft@ugw&bfhc a;:i d
sequences may be non-coval e or, coval en und to a.salid, subsirate

t hrough pass'svepﬁ?efc?{@-ﬁf o P W?WW&?&?’."'&“ﬂg?att’glbﬂfﬁﬁ‘glbﬂgéﬂiﬁcf i ze
synthetic met Hodgner Rgudatd. | Madif\@atidHefthe didfosel &¥BlySkdy bR tifed € E6d exafiple! he
surface of the substrate. A sinpler, but nore limted approach, is to
prepare | abel ed athrtedimensions] miconrony ecsnpsising ofepluglityef prrdeic acidhpriraers ABY| e ¢
aci d sequences t . r ; &St C g&'ﬂnp’ el i gar t ner.
30 35 Al ternativgfgﬂ}?fegll@%en gmﬁ)lpgl;%rgg?szcl’ ns an'd}@%l‘r?ﬂlf)3 ptllaes ngl??lglgaycoupl ed
to desirable to extend these molecules with polymerases, such as for example reverse

2 transcriptase, so as to incorporate the binding capacity of the RNA:DNA hybrid-
specific entity, as described herein, including antibodies and fragments thereof. By
capturing the antibodies on a solid phase, the primers of the solid phase microarray on
. which RNA:DNA hybrids have formed may be separated from the primers where no
25  hybrid has formed. The entities specific for RNA:DNA hybrids may then be detected
and the identities of the primers determined. Many other assay schemes may be used
for the disclosed method.
The microarray has emerged as a preferred format for the
30 miniaturization of assays that detect and measure RNA, DNA, proteins, and the like,
for application towards, for example, gene expression, mutation and polymorphism
anélysis, SNPs, detection of genetic variations, etc. Microarrays allow the level of tens
to several thousands of genes or genetic variations (for example SNPs) to be measured

15 from a single sample on a single device. A weakness of the traditional microarray



‘the solid support or substrate in an organi zed pattern. These im'\fl g@gd
protein elenents may be bound by nucl eic acids, proteins, pepﬂ' /

or nucleic brids. Detection is achieved using en cific for
- RNA: DNA hyb%%gl,m’g%ch as antibodies or fragnments ther eo?ﬁh{gﬁ]{:‘iﬁ? rotein
or peptide binds RNA: DNA hybrids, 14 May 2004 WO 01/36681 PCT/ U800131277
-21 a then the RNA: DNA hybrid portion of the protein-hybrid conplex may be
detected wusing an entity specific for RNA, hybrids. If the protein

bi nds DNA, then the DNA portion of the protein-DNA conpl ex can be
hybridized to RNA resulting in the formation of an RNA:DNA hybrid. If the

protein bi nd® RNA ortlo of .5 1 he rot may be
hybri di zed to 4’ @H‘Fﬁb‘%‘@%"‘ HRESBRlyge &ﬂm%‘ﬁygﬁ‘@ The
RNA: DNA hybr i dStormmaﬁndﬂhﬁsttﬁd be Sabéted, @ﬂmﬂm!dugﬂccﬁﬂ&ﬁbﬁ bfonefriye oRMAIENA
hybrids, such as_ RNA:DNA hybrid-s eC|f|c anti bodies, or their  fragnents

thereof . 10 A "#fjdiojagothersfos cxpmpls BNA to labrled PNA sodhat itzmay be detacied adng RNA or
DNA. The dupl ex %ge DNA: DNA, RNA RNA or RNA:DNA, or may conprise
artificial nuclineotl An RNA honodupl.ex is a base-paired doubl e- stranded
RNA. An  RNA:SDNA het er oduIihb pwsmmpmnsepre&mbmwhzssraa‘muclammmmﬁ.

conpri sing DNA 1 e .npnone may be
doubl e- st randed®” +?§F+ mﬁtmpgﬁcfagﬁgsoggu‘gflc%esﬁﬁ% exm\?\n %

doubl e-str andednotﬁhﬁtc@w NS RNA amplicons, fplasmidls,)anhylbrlikd,i mnibbmmd tspealicr iC
hybri di zati on" or "selectivel hybrldlze to', or the _|i refer to t he
bi ndi ng, du pI exFURGOTt o Whieheqmn ¥ [Erferegt ucieicarids are P&b"ﬁ’bﬁ"'g'c chucleic acids

preferentia mg n&ﬂh@m&%&w kﬂa?rfo%ﬁﬁtdoﬂﬁm%@ﬂléﬁ&%‘or&'ﬁﬁééﬁc gérled HAPGHes,

condjtions that 20 sequénce is present in a conplex mxture (e.g.,
t ot (@ cel | ul ar) prOb&, prmERIAT omndmdeﬁeb@méﬁ%wusmm-mrewhﬁww i d
substrate all ow farnati.o % y. 5&&1 Eﬁy&%{rate
Such | ocalizati iﬂ* 6Pdeksu°{§wca?§€\%m e‘r’f’El ﬁ?’m&gﬁg‘l’ @g,@ lrlllgﬂeaway reaction
conponent s t hat th@ligehtisgnit erfere wi th subsequent 25 detection steps, and a

conveni ent way of assayin for rrultl ple different target nucleic acid
sequences sijul taneously. eb6§°‘fPé"39’ %%@ PRIESTSERSIRYSy ned at

each site wh regechﬂalﬁcf‘or lsarsblm% ;'fvo%t@wﬂﬁ:ﬁ%ﬂﬂu frodifferebiitleic 2t Rive Of probes

to forma soli ase mcroarray of biological nolecules, the nethods
descri bed herei hmpumedomhmmmy,mptqmﬂommw Fipd¢ipacid ef ers to

any mol ecul e mhlc

I PLSLS, S S ek B R e e S

limted to, c h| okips, glaesmludbs;dr @her sdntkup;mw:mllamn v3desfireat] ug\¥or 2&0etion and
20 easurement of gene expression, mutation and polymorphism analysis, etc. Several
methods are available for preparing nucleic acid microarrays. Strands of nucleic acid
sequences may be non-covalently or covalently bound to a solid substrate through
. passive or chemical coupling methods. Other approaches utilize synthetic methods to
25 build the nucleic acid molecules directly on the surface of the substrate. A simpler, but
more limited approach, is to prepare labeled nucleic acid sequences and then bind the
labejed nucleic acid sequences to a substrate that has been coated with a binding
partner.
30 Alternatively, elements of proteins and/ or peptides may be coupled to
the solid support or substrate in an organized pattern. These immobilized protein
elements may be bound by nucleic acids, proteins, peptides, and/ or nucleic acid

hybrids. Detection is achieved using entities specific for RNA:DNA hybrids, such as

35 antibodies or fragments thereof. If the protein or peptide binds RNA:DNA hybrids,
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WO 01/36681 PCl'/USOQ 31277 -22 0 genetically engi neered proteins or

nucl eic acids that specifically bi nd to RNA:DNA hybrids. 5 10 15 20 One
preferred enbodi nent of entity is "antibody". As used herein, antl body i
intended to be used in the broadest sense and to include whol e, 14 Maved
anti bodi es, Wad¥3#¥dy fragments, reconbi nant anti bodi es, ROTVHIRTT

anti bodi es, pol yfuncti onal antibody aggregates, or in general any

anti body-derived substance that conprises at |east one antibody conbi ning
site having the characteristics described herein or other entities.
Preferably, in the present invention, thedk-entities, specifically detect
and bi nd RNA: DNA hybrids. Antibodies of any of the known classes and

subcl asses af |mmno | obul i ns are contenpl ated, for exanple, 1gG I1gM and

so forth, as A{DNA ybrid sertien pEthe proteinghybrid complex m&@w@wcsed
convem.onauy SO shelic foF RRRDNARSHE( Hthd Frore A B £ ndlfy 00T | 5
monocl onal anti bodi es (i ncluding agonist, antadonist, and neutralizing

ant i bodi es) M}Dﬂhmqf@lea)r@tged)NAeomndpxm@ehyhﬁdiipdlwmﬂbmultmatm thedi es
havi ng pol yepi | L er_entiti

entities speci #bl C tfo g%lt}ﬁ gﬁ?égkmhmﬁsi@ﬁﬁgg %%"se%f‘?

di rect |y detsecthe pioteiRbIA dm[pﬂextm tehybridizedno DN@, febﬂumﬁsmlﬁormaﬂmeﬂhn on,
pol ycl onal ant ef i n t Which utilizes them
for detecting gﬁ&%ﬁ%&%’é‘? %éﬁf{ g’&q’h’@%‘@%m’b Fﬁ“@?ﬂﬁ’é‘tﬂ %’§%'%“E han 30
bases in | englohRNEIBNAMybAGIHRE ad RRA: moAqL?srﬁizépeRﬁ%mwdl@zbﬂhQﬁ may be

ei ther nonocl onal or polyclonal antibodies. It may al so be advantageous to
use a nixture Hemegtsthgrent] onal and pol ycl onal anti bodies. Further m)re t he

i nvention includes the u S%H%d”(jgﬁ'&t; &%@g@%&i&h%&‘h@ﬁ WAQ

ant i bodi es ¥nat may be produce I ndi ertles Fo
i nst ance, nonothexduplexoraybe DMA:DNA, RANARNAJrRNABNA, opmay f:om;zrisbymﬁblahd to

very short (less,t DNA h pr.oduced and 30
e o ne e RS, AR 08 foR btk iR ARyt itiecdratind K PARC

nmonocl onal or RNQl:IyNAmﬁﬁiodﬁpﬂéxm%%aﬁm\lﬂoﬁraﬂdﬁiamﬁdnd&ﬁﬁprﬁfngmﬂ}\her nor e
or less sensitiv m smatches within th DNA r|d ti bodi es

whi ch are ren%gﬁﬁg%lml@nae& ‘H{%rﬁﬁf%%%“fm;mqa@eémﬁg ridwill find
extra utili ty T)'Fbléah? éi'%ﬁ%'b@é&s@fth@@uﬂ&ﬂﬁll'b@ déﬁiHlé—ﬁltah&H& Wk l%aéi:@t'i bodi es

which are less sensitive to msmatches with the 1 4 MAY 2004 WO 01/ 36681
PCT/ [ JS00131 2 7specifically hybridize" or "specific hybndwatlon“ or "selectively hybridize to", or the

like, refer to the binding, duplexing, or hybridizing of a nucleic acid molecule
preferentially to a particular nucleotide sequence under stringent conditions when that
20 sequence is present in a complex mixture (e.g., total cellular) DNA or RNA.
Nucleic acid probes immobilized on a solid substrate allow formation of
RNA:DNA hybrids localized on the substrate. Such localization provides a convenient
means of washing away reaction components that might interfere with subsequent
25  detection steps, and a convenient way of assaying for multiple different target nucleic
acid sequences simultaneously. RNA:DNA hybrids may be independently formed at
each site where a different primer is adhered. For immeobilization of probes to forma
solid phase microarray of biological molecules, the methods described herein may be
30 used.
An “entity”, as defined herein, refers to any molecule which specifically
recognizes RNA:DNA hybrids. Examples of entities that may recognize RNA:DNA
hybrids may include, but are not limited to, chimeric antibodies, and natural or

35




"-23 O RNA:DNA hybrid will find use in the detection and quantif'f}w (?ﬂ%of
specific classes of nucleic acids. O her antibodies may al so d

speci ficall y mct nucleic acid triplexes (DNA: RNA: DNAPQ‘E EE?’ - RNA)
.or DNA: PNA or hybri ds, wherein PNA is defined her s tlde
nucleic acid. 5 Polyclotsal antibodies directed agai nst the RNA: DNA hybri ds
are prepared by injecting a suitable |aboratory animal with an effective
anount of the peptides or antigenic conpo t, collecting senun fromthe
animal, and isolating specific sera by any*“f the known i mmunoadsor bent

t echni ques Ani mal s which may 10 readily be used for produci ng pol ycl onal
RNA: DNA hybri @ anti bodi es i nclude, chic S,,mce, I I,ts oats
horses, and the ﬁ“ﬁ'écaﬂ)’ﬁn?é“"ﬁ?‘gf’@l?%‘d’ré 88?%5#“@8’ b&%tgéﬂf %

pol ycl onal RNA: 'brid antibody is derived fromgoats inmmunized vvrt h an

RNA: DNA hybri d. bri d- specific antibody is purified fromthe 15 goat serum
by affinity purification & w&ﬂeﬁmbﬂmemymw:ﬁmbm 7 Bgugsd hareigy| | ¢

support. Mnocl o Pgﬁ| m#rﬁﬂiﬁﬁmﬁay be
used in place o&ﬂ{bﬁ‘gppo ycC ona ant| Eﬁ 1 es A var i ety of techniques may be
used to obtairs snubbdabi antﬁmﬂyfmginaas smmmmw:mwmmdms (For

exampl e, U.S. Pat 833 084.to
4, 7?3 847 to St ua9 ?t“’amagg‘?? Y aRErPRajep: o fn gener ”ﬁFS‘é““kjlégm""gs‘me

(1981)). A rmnOCJ:aﬁﬁlseﬁméahqﬂym@a@,cwmmﬁmtemmé\cﬁwhtmm defibet ed by
hybri doma HB 8730, is disclosed_in U S. Patent No. 4,833,084 to ( rr| co.
Preferably, in abesein@anther entitios. P}’F@@h‘b% the presrpbisvensian. these Fpiitiss spreHfically

anti bodies are u of, gdseddn@n 30
bases in |entt haa&éfa%%&?ggﬁat I on o aﬁ?%bm%q%ﬁ%ms haési,.l I mproved
t he@evel opnent suhclasses afj/imnfunpglotaries arecanumlatedaﬁorlexaméd 1gG lsMemdfspéordef ects
and The detection of bacterial and, viral e ons. v

utilizing these PR Bﬁ@"ﬂ‘{f’oﬁgﬂ‘ ents syehsas the ﬁ%ﬁﬁ%%ﬁ‘i‘ conyepfi gn suffer
froma high lev eb(a%f) 43 'F(awz?Cﬁﬁwlebmaﬂedﬁ@rﬁamsmmnmahﬁmmsmaumg r esul ts.

Bogusl awski et al unol . Methods 89:123-130 (1986) dgvel opeginda
hybri di zati on ssmm%wngommndwmlmme%m bingto.a Spepikic epiippe

pol ystyrene b &iaPdn reduce
non-speci fic bi na ka%agn avol @%%‘@%?{ccfb&l%%%pr chggs:m?%sglg
preferred anti body for RNM@Mnbmslodmnussmﬁafoedmmcsmaded f
Kitawaga, Y. andh%r?(lsl Say’ y'be usela 10 dxrcctly dgecnm%\)lrbr}dg ofé%l%egm\%%gorf %g%@pr&em

invention, polyclonal antibodies are preferred in the embodiment which utilizes them

20 for detecting short nucleic acid sequences, preferably those less than 30 bases in

length.
The antibodies used to detect RNA:DNA hybrids may be either
] monoclonal or polycional antibodies. It may also be advantageous to use a mixture of
. 25 monoclonal and polyclonal antibodies. Furthermore, the invention includes the use of
customized polyclonal or monoclonal antibodies that may be produced with specific
binding properties. For instance, monoclonal or polyclonal antibodies that specifically
bind to very short (less than 20 base pairs) RNA:DNA hybrids may be produced and
30 may find use in detecting very short RNA:DNA hybrids. In addition, monoclonal or
polyclonal antibodies may be produced that are either more or less sensitive to
mismatches within the RNA:DNA hybrid. Antibodies which are more sensitive to
mismatches within the RNA:DNA hybrid will find extra utility in the detection of

35 genetic variation while antibodies which are less sensitive to mismatches with the



‘according to the nethod set forth in U S. Patent No. 4,732,847, {ijsMa¥d2004
March 22, 1988 to Stuart et al. The identification of the presence of the
hybrids my keved by enploying either polyclonal op al

-anti bodi es o:w?)t %?ﬁentities specific for the RNADNA hybrpiC c@% Zx.

Det ection may be achieved by | abeling either the antibody specific for the
hybri d RNA: DNA conpl ex, or by enploying | abeled antibodies which bind to
the anti conpl ex. For exanple, where the anthbody is derived froma nouse,

anti bodi es to nouse antibodies, for exanple rabbit anti (-nouse 1gQ, may
be | abeled so as to bind to any anti conpl ex bound to the conpl ex bound to

the solid supp .. L, de. vani.ety of I '

envi ronnent s M%A'%&hﬁ"%‘%& 'ﬁ‘ga %‘%Zér%%.c é%mgxg?%%ﬁghnﬁlﬁ)?gsﬂg%%lﬁsabel S
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areas of binding. Another label is a fluorescer. su | uQr.escei.n,

mer cocyani ne, oraqﬁmgﬁf%{@%m:%ﬁi ?P&%ﬁ:gpﬁé}ﬁqﬁ) ?’ﬁﬁkgﬁia{ﬁ“g?ﬁ%ﬁﬁﬁ ation,
the presence of fJyial GHeRACENATdeBRed RN ApBslide AhdIGE BALI Vel y, an enzyne
may be used which results Iin a product which may be detected and | ocali zed

in the area of5 t he enzyne Polxclonal gotihediepdirectsd againstthe RNAsDMAhybEEA e of
reduction may b 2 | i ROy Tae lancl ude
hor ser adi sh perogrlzﬁigde@y&gf %@3&%&&3@2@?8%?105| daset,l a C{gﬁtlsor{lg&

phosphat ase, or pdpedésidrentigthie cpmpdrentyéadlecting lserbm fom theaimal, and isdlatinly t he
detectabl e signal igs observed.is not critical .to this invemtion-.géﬂzgl
ted

enpl oyi ng anti bo ¢ se52 Py, g Af the oy aym rhsRtesbnigpes; Apimals whic

with a particul gagibi sedisefoP probiitdneditlycloRATRNACDINA RybAd eRTBHRKindRYe be greatly
anplified. To% aci | i tate detection of resulting binding of the antibody, or
t he@ her ent i t Ghieksas infi¢eg rabbits, thts. Boats, harses,nnd theikpr Inpoprefered embofiment of ¢ he
antiobody wll nopmall be | abel ] . ) p.
Exanpl es of detecC gfﬁsé“ gﬁgﬁa@?ﬁc@ﬁ%&ianﬁﬁg&Bﬁ%%éﬁvé ng-?eﬁ gljgrenlgé)ggr e
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support.

Monoclonal antibodies, prepared by standard technigues, may be used
in place of the polyclonal antibodies. A variety of techniques may be used to obtain
suitable antibodies specific for RNA:DNA hybrids. (For example, U.S. Patent

20 Number 4,833,084 to Carrico, U.S. Patent Number 4,732,847 to Stuart et al. and
Stuart et al., Proc. Natl. Acad. Sci. USA 78:3751 (1981)). A monoclonal antibody
specific for RNA:DNA hybrids, secreted by hybridoma HB 8730, is disclosed in U.S.
Patent No. 4,833,084 to Carrico. Preferably, in accordance with the present invention,

. 25 monoclonal antibodies are used for the detection of nucleic acids greater than 30 bases
in length,
The isolation of anti-RNA:DNA hybridomas has improved the
development of assays for genetic mutations linked to specific defects and the

30 detection of bacterial and viral infections. However, assays utilizing these RNA:DNA
hybrid-specific monoclonal antibodies often suffer from a high level of non-specific
binding causing false positive results. Boguslawski et al., J. Immunol. Methods
89:123-130 (1986) developed a hybridization assay using anti-hybrid coated
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substrates, enzyme inhibitors, and enzynes thensel ves, quorescefﬁ,MAT 2004
chronophores, |um nescers, specifically bindable |igands such as biotin o
hapt ens which are detectable by binding of |abeled avidin or |abeled
hapt en anti bodi es, and radi oi sotopes. In order for conplete hybridization
to occur, the optimal conditions are .necegsary for form ng doubl e-stranded
hybrids. The term "stringent conditions" refers to conditions under which

a probe will hpdlystsiene beadsfisnlated omfiltor paperin@onptempeotreduce nonapedifiebinding t o
a lesser extent jo,,.pr nqt at al].to, other sequences. Cornplenmentarity

bet ween two siﬂﬁ@ﬁ?%ﬁﬁ’é‘%@h@ﬁ&“ﬁ?&me "partial", in which only sone
of the nucleic acids bi erteld ﬁb? W{as-

conpl ementarity exists b’gﬂcmgl‘eéf] tﬁgms‘?ﬁgﬁogﬁgﬂ'an ed” no é%ﬁﬁ@éasr.edﬂgwdegree
of conpl enent amethodlof Kimeags .| aad Stallar,B.DstMah fiamoasiogy (9:413-420(1982) ect s on
the efficiency and _strength of hypridi zatign betwe lLeic i trands.
This is of parmmmgmy%ﬁ‘hdﬁﬁf 'f?%‘ﬁ‘?‘% ﬁg%%l‘&‘““&ﬁﬂgﬁdh f7depend
upon binding b msrsug#fﬁe%c aci.ds strands and in the design and use of PNA
nol ecul es. A "Stringen ybri di zati on" and "stringent hybridization wash

conditions" in the cont Tk idehtificationiof thecpresenstbofi the hybridsnm epdpecachiaved Sy such-
as, for exanple, . Southern andﬂmrt hern hybridi zati on are,segue e o
dependent, andc@pleyingsibeepplycipna or menpslangl gpo 195 fapuss Pﬁ’gé? fgrahe A
extensive guid IPN)E el i b ,ﬂldﬁi: L i el TGRF ithe T1 ] SSEN
(1993) Labor at g‘P{/KJ ec P\%’&%ﬁﬁ%l ocC err‘%J str %ﬁn%?@&?&hﬁﬂ%ﬁﬁkﬂtﬁb

r

_Bi ol ogy- - Hybr i dntitaidyapecifi¢ for thechyhirici BNADNACeplexa ot by ewployingrlalieled Over vi ew

f i nci pl f hvbridizati d the strat | e ' b
assays || sov RuHhoNeR whIcH B dq U SiburnlRt: 9t Grample BErhe aiifbody T fetfey
hybri di zation %H@%méaﬁﬁ%s%ﬁldﬁk&mﬂiﬂoﬂiﬁﬁ@réxa&d:ﬂﬂ&ﬁbbﬁuﬁij @@Lﬁsiﬁbﬁ“d

enbraces mnor msmatches that may be accommpdated by reducing the
stringency of tray Heyibeleil soeasito hindgdiany enticomplgxchoynd tethe somplex basnd o then of
the target pol ﬁrmﬁl eot i de sequence hybridized to the bound oligonucl eotide
sequence, whi cRPYhMPRABs cDNA, anplicons, plasmids, and the |iKke.

Hybri di zation of the probpwiteciaBiess cTaitElS Kave beernuseléh othersnvimniments lvhich

interest may be carried out under any suitable conditions, and preferably
under condi ti ey berapplicabis bere Qorofitheamers sommentlahels @mmﬂfsamﬁ' may

Shbr ook ot al be vesf il buprefoatfun o Rl ke WM widciAg, ACUCEUBERSE, |
Har bor Labor at qrusrdZedtSach &oflbresekin, eertchmine, bir thodarfr@o¥hicliFby ireadiatisn ewith n
O o e o St e arrs bl oty Y oG o D o ¢
e i i at  on TR e E gt M o 1 T ol e e
gdneral |y a syrinthetarea of the enzyme. A large nomber of dyes or metals capable of reduction may
be employed to provide detection. Common enzymes include horseradish peroxidase,
glucose oxidase, galactosidase, alkaline phosphatase, or the like. The particular label
or manner in which the detectable signal is observed is not critical to this invention.
By employing antibodies to the anticomplex, the number of labels associated with a
particular binding of the anticomplex to the complex may be greatly amplified.

To facilitate detection of resulting binding of the antibody, or the other
entity specific for double-stranded hybrids, to the hybrid, the antibody will normally
be labeled with a detectable chemical group. Examples of detectable chemical groups

that may servo as labels are enzymatically active groups, such as coenzymcs, enzyme

Enpfi AMENDED SHEET



"ol i gonucl eoti de, including cDNA, anmplicons, plasmds, and the |ike, but
natural ly occurring nucleotides act as priners as well, both {d MAYr204nd
in vivo. In \ es of 10 priners include, for exanple t hesi s,
»Sanger di deo Jaé@gﬁgncing, and PCR. This particular enbogFﬁggﬁnigguires a
nucleic acid "tenplate"” of interest in order to identify the target

nucl eic acid(s) of interest once the target nucleic acid sanple(s) are
obtai ned. Werein, "nucleic acid tenplate" 4 "tenplate" as used

i nt erchangeably herein, is defined as a pol¥ynucl eotide sequence from which
15 information is read to direct synthesis of another macronol ecul e. For

exanple, thise may refer to a strand bein i i nt hesi s
or transcripti orfu8fr® W%m&ﬁ“%wﬁfma%&?%@go@?%g‘%u%%%’r se
translation. A pidnificesy, spebificiliybindable tighwms finh asbiptiber hapess wigehure | eot i de,
cDNA, 20 anplicons, plasmds, and the |ike a’ t her RNA or .. havi ng
sequence conpl edtiaciallebyitipding of labgled avidin opiabeled hapiep anfibadies. and radigisotopese st |

As used herein, the Cowhﬁ&awﬁa&n@wﬁmhw&c&cmﬁﬁﬁcsﬂwnga& to as
the "conplenentary portion”. As used hérein, the region on the target .

nucl ei ¢ aci d 1ol mcedsary §ér forming dmibleFaniodhyuzidenThe tyrm stringent geniditions’j refers

referred to as the "priner.co enent . reqi.on: | Jrer t

region of a tar gté’tmﬂ‘ﬁé?néi“gd é‘lﬂ% r?lﬂ“r’e]’&wgg%# |ntp;é;?°§§'}ngfr%%8&§fn£§le rggi on of’

the target nol ecssgencé, andtcd Iesstr extet tof dr@orarhib &b, other seqiendebeCamplemeritaritg S ay

which utilizes reverse transcriptase referred pode .cgg&g,i ses ‘E‘? pri mer
C

30 conpl enent reWWOé%WWBI%W%@p%W"m dn whig s st ance
fromthe 5 pri ”gl#c‘féﬁi'éjac@:fsbﬁﬁh?orti? E&Fgﬂﬁéﬁﬂcﬁté\ﬂid& InehtbHi§ exidtd betwédVi des

a | onger regil¥n nuclerc acid tenplate between the site of priner
hyb@ i zat i on anthe singlestranded moleeules. Gip eares af gemplementarityberweaaaurleic agider eby

anplTfying the anount. of. : hybrid ..t.0 be te . 004 WO
01136681 -27 O 5%@%%?%%%%‘%’%4" fhriensd “f‘%&f‘%‘é%?hé’rbggiz;‘h"éc ol cgaci d
mol ecul e of i nt epgsdic adid strands. STERGY b farichBA ilnportanite resmeplification peactiors wekich

conpl ement region of a nucleic acid nolecule of, ipterest is chogﬁhgased
on known cri Ejl:r’tri QGWM“E‘@{W&WhBE‘]‘%?F‘%éF%P@ thedesigp andpse of ENA oy
exampl e, to e%x@@éféhgﬂé@% iidiBiiGo ol I BONbAG LR ARG e

nucl ei ¢ aci d nol ecul es t erred that the primer conpl ement region
i s desired that &nge cintext of mekicatidmiybridization eNpesmens, sucha@s tferexample; s

preferred that the prine onpyl nt. region i nce
that is the samgﬁwgﬁﬂﬂg‘i§ﬂ@?%@%um§% eﬂu%]nsca %]D%%?cg%hxgd gkrﬁgfg%nnuc eic
aci d nol ecul es ofjjffeRdn€érfGronmétal QarampPteisAh exi@ighlequuie to the hybridization of nucleic

20

acids is found in Tijssen (1993) ratory Techni in Biochemistry and Molecul

Biglogy--Hybridizatiop with Nucleic Acid Probes part 1 chapter 2. “Overview of

principles of hybridization and the strategy of nucleic acid probe assays”, Elsevier,

. : N.Y.

25 "Bind(s) substantially" refers to complementary hybridization between

a probe nucleic acid and a target nucleic acid and embraces minor mismatches that
may be accommodated by reducing the stringency of the hybridization media to
achieve the desired detection of the target polynucleotide sequence hybridized to the
30 bound oligonucleotide sequence, which includes ¢DNA, amplicons, plasmids, and the
like.
Hybridization of the probe nucleic acid to the nucleic acid molecule of
interest may be carried out under any suitable conditions, and preferably under

35 conditions which favor hybridization and form double-stranded hybrids. See for



"10 region is selected, the sequence of the primer is designed oqqcpgzeﬂmho
be conplenentary to the chosen prinmer conplenent region of the no u of
interest. Any_nuclejc acid nolecule for which a sequence i hﬁﬂ%ﬁ r for
-whi ch a sequéﬁ@@” be derived nmay be detected using thg%alsc oggd

met hod. In the nethod of the invention the conplenentary portion of a
primer 15 has a length that supports specific and stable hybridization
between the primer and the priner conplenmepi_region. Generally a primer of
t he present invention conprises 10 to 100 nucl eotides, but is preferably
15 to 30 nucleotides. The ability to characterize an individual by its

genone is duedo _the, 2Q inh Lalkih ity Qf | Starkdf QB
Al t hough DNA seqf@ﬁ?eng?rgﬁgggfd’M Ll Clirin: 8 re vve*]@p
conserved acr 0ss(Gvid Sprixigiifarbdr abaratoryPress, GobdSprink Hatber, Nukfi, ¢98%r € non- codi ng

or code for portions of proteins which do not hg‘\{‘e critical., functiopons and

therefore, absolute consefPat%aERleoin ong embodiment pHihe presrolinxention A AAMET |5, | v

25 sel ected for. ,Jhes® péginiréelse whBeigtdf. A Brimei®H defih@rhchiin, 408 Rldldic #6M Ker's.
Typically, genetic markérs are bound by probes such as oligonucl eotides .or

anpl i cons whi ¢h mojseule that ey gnnpil teja DYATIRA Actemplatemoleculeagi serves@s thehe

genone. In sone instances,.the,.pre . or galel genetic
mar ker identifieguﬁlah‘(????]ﬂhtgf%u%efo%hd}% 'lﬁl?‘%ﬁ’gp&nﬁ%ﬁggﬁ@%h&%&g‘@nce. In
ot her i nstances, ohigdatlkstide/ihelokding ¢DNALGInpilicord (plakmidseandairclike, it nathdally

I ndi vidual s but the individual is identified by the &@s,i tion in the genone
bound by a mar kePCGHFIRBANCIeplides At 8% PrEMATS SV b‘ﬁ’éﬁ'éi"r% 47 PR IniviRe uspeo

addi tion, del etiggmgﬁim&d&ffo%biemik | Saffdr QfaeaHySedueAdig AAPPCR.

el enents wit hith the genone of "individuals in a plant popul ation. The
pref@nt invention nay be afhis pagtitulprerobodBurpgrequins agugleig agigtemplate” of
PCT/USOQ 31277 to detecti.n . I ' lall anpl e,
pol ynor phi sns, s & orgﬁg%?dnew%a{#e&?celggg@%#dﬁn ﬁy di ftg{%rﬁtgﬂgug%ences,
may be detect ed. atif s@RplEEPre otitiifedp Wisreii, “hutleitucidemplagyr fenyplte'tas uséte
bound 10-a. S0] | o ISRRTPR IS, AT 2 YU RIS BB Y] | lod,
wel I's, di shes; beads,iBa{srb4ilt6 direct Ythesis & andEtSmachdbditule2 Pok skhmbleSthisbot h
por ous and non- por ous% y spotti n% or synthesizing the bionol eg:u1 e probe

to a solid phase mdyrefergo ad¥N stzand eaipaed|during BNAGyRiBesisor tapsgriptipniofie t ar get
sanpl e containin fi i ' . lterest 10 to the
i rmobi i zed secoﬁ{&&‘gﬁ%ﬁ%@@uﬁ%ﬁp%ggbxgdr@@%ﬂoﬁsg%ﬁk: hybrids to

form 15 A primer of the disclosed method may be an oligonucleotide, cDNA,

20 amplicons, plasmids, and the like, either RNA or DNA, having sequence
complementary to a region on a nucleic acid molecule of interest. As used herein, the
complementary sequence of the primer is referred to as the “complementary portion™.

0 As used herein, the region on the target nucleic acid molecule of interest

25 complementary to the primer is referred to as the “primer complement region”. The
primer complement region of a target nucleic acid molecule of interest may be any
region of the target molecule of interest. For the embodiment of the present assay
which utilizes reverse transcriptase, a preferred mode comprises the primer

30 complement region of a target nucleic acid molecule be at some distance from the 5
prime end of the template nucleic acid molecule. This provides a longer region of
nucieic acid template between the site of primer hybridization and the end of the
template nucleic acid molecule, thereby amplifying the amount of RNA:DNA hybnid

to be detected.
35



" 3. Addi'ng a detectable entity specific for RNA:DNA hybrids (i nc* &'lggng
RNA: DNA hybri d-specific anti bodies or fragnents thereof); and 4! A cmuhg

the entity bound to the imobilized RNA: DNA hybrids. Ano i ment of
.the present i Y8530 i nvol ves the fol | ow ng steps: 1. Prggﬁp?oﬁggg{j

bi onol ecul e probe or mcroarray of probes bound to a solid substrate (such
as, for exanple, on plates, slides, wells, dishes, beads, particles, cups,
20 strands, chips, and strips, both porous and non-porous) by spotting or
synt hesi zing the bionol ecule probe to a:ﬁﬂﬁTlphase t hrough st andard
chem cal techniques; 2. Adding the target sanple containing the first
bi ol ogi cal noleecul e of interest to the igxnbilized ecopd bjonqle ul e
probes and al | owi ng RNA: DMKEeRrBY the primsr complenient regipn '?:.“.”]ﬁ(fﬂﬁdﬁ@"?%‘& se

transcript ase, %&k@{di?t@ﬁ&éul | SHkooVA tetih for idclifila Alktkic dchiEieqRabafol €. 4.

| ncubating under conditions that pronote reverse transcription which
extends the sequdateton. tFonexdmplertondstest apasticulap neptaic Ridmolrmule:from apopg ether

enhancing antibody.detection. .5. Addi . _ L1y specific for
RNADNA hy br 1 oK i SRR e 4 B SRRl bl B2°C :
fragnments t herseofharac@fistichf, dPRhRGE ol tafget Miteid acidnelewlict of intéresti Ifiidbi | i zed
RNA: DNA hybrids. 1 4 MAY 2004 WO Q1! 366%1 -29 0 0 PCT] US 77 A further -
enbodi ment of t héesjsedtBatany PMWP%W%&EFH&W&F@%‘F&H%@I%%@ ppmer
Preparing a bio &;R,H Qoset6 hive alsererk tHA RRRSaie b hibbtantilly el d
substrate (suchngéﬁﬁgﬁgne anpl e, oﬁ ﬁﬁgfes, sl'i des, mells,_dishes§ beads,
particles, cups, sani is all eftlietargehiysieic acidimelequies of intetasth %emgmarrmmﬂﬂmepbr ous)

by spotting or synthesizin he bio ecul e.p t ihd phase through

st andar d chem%a?éw&dﬁﬁ‘ffeﬁﬁgéf,“ %“R‘?ﬁr%ewgfsé{%&%ggﬁ%féﬂéggt ai ning the

fi r. bi ol ogi cal cdﬂghaﬁéﬂ@ymfmé ¢HoSenaRimer tomplerseaC®Pion bf themiobeculk of intedse bound
an

to & mcroarray a third unbound bionol ecule 10 prgp%mcﬁgsgq%em

Any nucleic acid molecule for which a sequence 1s known or
may be derived may be detected using the disclosed method.
In the method of the invention the complementary portion of a primer
P has a length that supports specific and stable hybridization between the primer and the
primer complement region. Generally a primer of the present invention comprises 10
to 100 nucleotides, but is preferably 15 to 30 nucleotides.
The ability to characterize an individual by its genome is due to the
20 inherent variability of genetic information. Although DNA sequences which code for
necessary proteins are well conserved across a species, there are regions of DNA
which are non-coding or code for portions of proteins which do not have critical
O | functions and therefore, absolute conservation of nucleic acid sequence is not strongly
25 selected for. These variable regions are identified by genetic markers. Typically,
genetic markers are bound by probes such as oligonucleotides or amplicons which
specifically bind to unique variable regions of the genome. In some instances, the
presence or absence of binding to a genetic marker identifies individuals by their
30 unique nucleic acid sequence. In other instances, a marker binds to nucleic acid
sequences of all individuals but the individual is identified by the position inthe
genome bound by a marker probe. The major causes of genetic variability are
addition, deletion or point mutations, recombination and transposable ciements within

15 the genome of individuals in a plant population. The present invention may be applied



"25 30 3. Hybridizing the first target biological nolecule to a
conpl ementary region of the third biomol ecul e probe; 4. Hybri dikiMAy 2084

i rmobi i zed i onol ecul e probe to an unhybri di zed ary
.regi on of thé‘%ﬁﬂ%ﬁﬁbi onol ecul e probe; 5. Adding a detect %%L@ﬁ?ﬁﬁy
specific for RNA:DNA hybrids (including RNA:DNA hybrid-specific antibodies
or fragnents thereof) and 6. Detecting the entity bound to the immbilized
RNA: DNA hybrids. - Anot her enbodi ment of the é;resent i nvention includes the

followi ng steps: 1. Preparing a bi ool ecul &85t obe or m croarray of probes
bound to a solid substrate (such as, for exanple, on plates sl i des,

wel | s, dishes, be ds, | cles, cups,. strand C n tri ps bot h
porous and non- p%8 ‘)’P ?ﬁﬁ?ﬂ%&ﬂaﬁ@m%gué‘?ﬁgﬂ?ﬁ&m@ﬂ? Bt obe
to a solid phasegiby Quith afd @d By @iffereatd sed RAARE, YR detéeted)ddi ng the t ar get

sanpl e contai ni ng the first |olog|cal nDIecuIe of interest to a second
bi onol ecul e probe bound t & gensiab theprosens inyartion assay fnyolypythe fadlowiog stepsib| v -

apel ed b omolecul e b Opg ?arﬁlFaWMdlgh%pF%eBpﬁxc;daEﬁ% Oﬁﬁ{idﬂ?hoﬁh? 2eiigal

nmol ecul e to a conpl enénta egi on secon ase-boun
bi onol ecul e prsobsbstrate @mhm,rfgr a@anﬂﬂpodjlh%cda;ﬂdes,dvells,dxshﬁybmdsjpmdgs,tm, solid -

phase- bound second onDIe e to a | e ary.re af. t e third
det ect abl y | abel ¥} %%ﬁg"mﬁni“ %ﬁggbm g?@g’é

PCTI LUS00/ 31277 blaﬁoﬁclﬁe to'iholid PiRkehioah Sariaid chymi@leedhhiqGesf O RNA DNA
hybrids (including RNA hybri d- spemf?t‘: ant i bodi es or. fragnents

thereof): and 6. Sepa?r abdfipe aeﬂeatw pepmiiningthe st kl91051ﬁ@mlwelef°8mm DNA
hybrids bound tp
Igb ed bi orm\oecul e pro g EL%E@%I scl 0s S%Eé‘é‘f}ﬁlr?a ébﬂeﬁbgsl,:ﬁlgllto ggt ect a

plu@@ ity of diffeement bi ol ogi cal nol ecules of interest in a sanple. This
Is preferably accorrpl'sh %gb ei ther .screeni I uenc hat is
present in each of t g %gdwgwgm%ﬁe{éﬂég%ﬁA%eﬂT%h@h r by
screeni ng wi th nrNADNA HbAReSecifi ahtitdbRs 6:Gtdgheith theteyf)cadp! ementary to 10
regions on the biological nolecules of interest. The |atter gq%proach S

preferred for, use i rf-dDeteeingihe entigyboundiehedmmogilizedRNALINA b
predi sposi ti offs o di seas eucliat erlicintSP AT Bn iR ko6 ANt

nutations to particular genes, or genetic variations, including, but not
limted to inserstegn or deletion nutations. The present invention

1. Preparing a biomolecule probe or microarray of probes bound to a solid
substrate (such as, for example, on plates, slides, wells, dishes, beads, particles, cups,
20 strands, chips, and strips, both porous and non-porous) by spotting or synthesizing the
biomolecule probe to a solid phase through standard chemical techniques;
2. Adding the target sample containing the first biological molecule of interest
. to the immobilized second biomolecule probes and allowing RNA:DNA hybrids to
25 form;
3. Adding reverse transcriptase, preferably lacking RNAse H function and
thermostable.
4. Incubating under conditions that promote reverse transcription which
30 extends the sequence, thus forming a much longer RNA:DNA hybrid and enhancing
antibody detection.
5. Adding a detectable entity specific for RNA:DNA hybrids (including
RNA:DNA hybrid-specific antibodies or fragments thereof); and

35 6. Detecting the entity bound to the immobilized RNA:DNA hybrids.



|
15 al so provides an assay which nay be applied to a variety of 14 MAY 2004
applications, including, but not [imted to gene expression, biological
nol ecul e (i. DNA, protein) detection on mcroarra j on and
- pol ynor phi sm%&)e@e%aﬁon (i.e. SNP), and the like. In one g‘?ﬂ’%ﬁ@
enbodinment, it is preferred to screen for sequences that are conpl enentary
to the regions of the nmutant nucleic acid products of these genes that are
characteristic 20 of each of the nutation Thus, one nmjor advantage of
this assay is the high throughput applicati‘on, enabling |arge screenings of
a plurality of sanples and potential diseases. The discl osed nethod may
al so be used o determ ne,the ratio.of 25 expression of di.fferent .
bi ol ogi cal nol ecul e speci é;mﬁebml ?%‘f‘?ﬂtﬁ%g? P‘%’Fﬁa‘ﬁ?‘ nglfﬁl'g??tgﬁ ﬁ’g?w&ual
sanmpl e. For thisydperpose, the method is used to detect nultiple species
si mul taneously. Mcroarray detection, as disclosed herein, is useful for
this purpose. The dilsdirepsgng arhiomeleciaprobe ergnigwanay.f prabesieavad 1o &0l | ar or
rel ated bi onol ec, ; i Ql g . | es
have a conmon se%h%ﬁic%gs‘ﬁrfg?g ? &%gépé\%’gﬁﬁtl%%hﬁ%ﬁt%g\ﬁg?%fghgr%gdsgm%' -3
different. Foi5 estrangs| ehipscaid stripisphoticpmousiand nanegorous) by spoihp gi syathesihptbel e
speci es having si.m l.ar regul ator e nces i mJar. tructural notifs, or
ot her sequencessl?"ﬁ“'“?:l . B@ﬁo%q@g%égm}ﬁ’%%c%mﬁﬁ%%%qfsﬂ MAY 2004 WD
01/ 36681bPCg/ Us0o/ BIZYEAddEgtgetméeewﬁipﬁScob ﬂﬁh’ud ‘dg&haaﬁteﬁdwgicﬂmto' fecale of ingekest pr Oﬁe
speci es by designing the probe to ybridize to the common seguence. In the
di scl osed” assay, to@5ecopd biojolegile probe busd tomicraemay,3ng,s thizd m@HE‘ﬂHEfPﬂ&‘“N\IA; DNA
hybri d- specific . bodies and their fragnments, is utilized to 5 detect
bi ol_ggi cal noilecil'€d that have hybri di zed to the probe microarray rendering
t he{@® abel i ng of t he 3t aygeidizngzthefisttaigetbiclogita mglecule tecaecomplementani regine
option. In this pach, the |opnger the RNA:DNA hybrid, the greater the
si gnal since a I‘Cﬁ%gm&l%"iﬁﬁﬁeﬂvgg’i d may bind nore antibody than a short
RNA: DNA hybrid. 10 Therg{iHdeing theinkfstiited tdeond tisthsleculegblet tp am athybiidiasdds on
the mcroarray, the nore sensitive the detectiogn of target nucleic acids
or alternativgl yeomplemegagaregion oh e didbigmolecple @by v for a gi ven anount of
hybridi zed target nugj ehguagh Aiectdd ity dhetiR th RIVA:DNIC RARRS EBdIngli {1 cul ¢
and increasingly expensive to synthesize, prepare or utilize 15 | onger
strands of probeRNADNAdypridspecitic anibodits arifragments bergefdrands. One di scl osed

enbodi nent of the present, ass d ribes.rel '..g!%“ eic acid
pr obe sequences boungss'tﬁetggg‘gﬁé(fngﬁgbgﬁbd:‘ g’,“ﬁlgltﬁp%l ZI ngﬁm}{ﬁl#@,k effort,
and expense necessary to @nofhbcenitodiniEnCaf@ins presynt irhantpel in¢cludek eiedfoliosving

pi

sequences imghe sanple are hybridized to these short probes creating a
short RNA: DNA hy#fRsd

1. Preparing a biomolecule probe or microarray of probes bound to a solid

substrate (such as, for example, on plates, slides, wells, dishes, beads, particles, cups,
. strands, chips, and strips, both porous and non-porous) by spotting or synthesizing the
25  biomolecule probe to a solid phase through standard chemical techniques;

2. Adding the target sample containing the first biological molecule of interest
to a second biomolecule probe bound to a microarray and a third unbound detectably-
labeled biomolecule probe;

30 3. Hybridizing the first target biological molecule to a complementary region
of the second solid phase-bound biomolecule probe and forming an RNA:DNA hybrid;

4. Hybridizing the solid phase-bound second biomolecule probe to a
complementary region of the third detectably labeled biomolecule probe;

35



20 with a long nucleic acid tail. This short RNA:DNA hybrid prObﬁgldéﬁfmiQﬁ
binds 1 or 2 RNA DNA anti bodi es. Wien reverse transcriptase is ! ‘H
conditions ar ch that reverse transcriptase occurs, t .c acid

- pr obe portiorﬁ%?#m RNA: DNA hybrid is extended to the Igﬁﬁlﬂ'ﬁ%éﬂ.’?he
target nucleic acid strand, thus greatly 25 increasing the |length of the
RNA: DNA hybrid. If the target nucleic acid strand were 1500 bases in

| ength, then the resulting RNA: DNA hybrid ul d approach 1500 base pairs.
An RNA: DNA hybrid of this length binds significantly nmore RNA: DNA

anti bodi es, thereby greatly increasing the intensity of the signal

produced, ande30 increasi the sensitivit f ect) f .specific target
nucl ei ¢ aci d sequences Qﬁ%c&gg&“@%ﬁfﬁf‘gﬂ&ﬁlsé‘%y*r&%gﬁ(%ﬁ“ ecting
target nucleic apNA.DSARYSKIEGecillY aftBYEESE HafRBfchireoMandl | or part of the
bound nucl ei c acid probe sequence wth a reverse transcriptase |acking an

RNA: DNA hybr i d- dependienSepasatshi detesting-botinthe eatity srepifie £ ML PY A lybads baynd ™ 55

an RNAsc H funct) [ t ' 681
Mo & peTl Usors St b RERe RRADNARAG e elcctad MRle ioMRIEHRE 0L |
for RNA: DNA hybrids. The Thedis@esed assayimay brosed tardeteitmphisality ofdifferanta sol i d

support in order, .to assogiate th : brid with the solid s re.
ThiS &l lovs Tor WaBRaIRuras ohaRrestips mage: 1ot preiimubdipifrsiosufer
speci fic detecti QpeeingFotGl sequenihal is Résemlh esh bfhe thrgebbiblagics rpslesulesofi of t he
hybrid dff the solid sugport._ I n_one method of the E;ee‘%sefnt I nvention,
reverse transcriigidresh of By scageping with snpltinleprabes shat wrg gollegtivefy complemeptagito
preferably a rev iRzl FperRNARR | feraget i on
m xture incl U n%ﬁﬁ)ﬁseaélglglﬁfglﬁdg acl ﬁc‘lrr‘%ﬁgieﬁgu e of I rlﬁﬁec?;eﬂggﬁaﬁl%%gfﬁr ably in

t hi nmbodi ment , inFdefecting) éorleyempic) isorecidiseases lor predieppsitions| tediscasethat 8¢ i mer;  and

th t . pt IS then.d bat ed der. L . .
over st 1 anser FRRPAR B bR PRARTL ROEoy S PRt B o Uik bl

DNA: RNA hybr i ds. jncfadmgPh sotdimifed Weihsftidn'cd deletioniasivas. t Tietpresent ibentitmed i n
t he di scl osed nethod, or that 15 may be adapted for Hse in the fli scl posed
net hod are | :]ﬁ edlse provigey & assay pyhichanay be aprlied raavaripty of applications, inclyding, bt

the present hodl ki ssion, HidOG Bl q «. A TBNA lprotein} 806dioR 14
and 18064-071 frggnlk@%gq%cgﬁgy ogyl;l’ reverse tranggr.i p‘?’ases 301 and Mb302
from Pronega; andn micrearsys, mutation andrichseorBoon 88edion (e SINR) agdhrlikee A pne

di sclosed in Tabkgﬁ%ﬁlmzc%b%gm%gg ?f?s preferred to screen for sequences that are complementary

to the regions of the mutant nucleic acid products of these genes that are characteristic
20 of each of the mutations. Thus, one major advantage of this assay is the high-
throughput application, enabling large screenings of a plurality of samples and
potential diseases.
. The disclosed method may also be used to determine the ratio of
25  expression of different biological molecule species from individual organisms or an
individual sample. For this purpose, the method is used to detect multiple species
simultaneousty. Microarray detection, as disclosed herein, is useful for this purpose.
The disclosed method may also be used to detect similar or related biomolecule
30 sequences where the related biological molecules have a common sequence motif
between them, but which are otherwise different. For example, celis may contain
multipie biological molecule species having similar regulatory sequences, similar

structural motifs, or other sequences in common. Such classes of nucleic acid
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molecules may be detected with a single probe species by designing the probe to
hybridize to the common sequence.
In the disclosed assay, an entity specific for RNA:DNA hybrids,
including RNA:DNA hybrid-specific antibodies and their fragments, is utilized to
5 detect biological molecules that have .h-ybridized to the probe microarray rendering the
labeling of the target biomolecules no longer necessary, but an option. In this
approach, the longer the RNA:DNA hybrid, the greater the signal since a longer
RNA:DNA hybrid may bind more antibody than a short RNA:DNA hybnd.
_ 10 Therefore, the longer the nucleic acid probe strands on the microarray, the more
. sensitive the detection of target nucleic acids or alternatively, the greater the signal
intensity for a given amount of hybl.'idimd target nucleic acids. Unfortunately, it
becomes more difficuit and increasingly expensive to synthesize, prepare or utilize
15 longer strands of probes in the preparation of these microarrays.

One disclosed embodiment of the present assay describes relatively
short nucleic acid probe sequences bound to a solid substrate, minimizing the time,
effort, and expense necessary to create the microarray. Target nucleic acid sequences
in the sample are hybridized to these short probes creating a short RNA:DNA hybrid
with a long nucleic acid tail. This short RNA:DNA hybrid probably only binds 1 or 2
RNA:DNA antibodies. When reverse transcriptase is added, and conditions are such

20

that reverse transcriptase occurs, the nucleic acid probe portion of the RNA:DNA
'. hybrid is extended to the length of the target nucleic acid strand, thus greatly

25 increasing the length of the RNA:DNA hybrid. If the target nucleic acid strand were
1500 bases in length, then the resulting RNA:DNA hybrid would approach 1500 basc
pairs. An RNA:DNA hybrid of this length binds significantly more RNA:DNA
antibodies, thereby greatly increasing the intensity of the signal produced, and

30 increasing the sensitivity of detection of specific target nucleic acid sequences

One disclosed embodiment is a method of detecting target nucleic acid

sequences by reverse transcribing all or part of the bound nucleic acid probe sequence
with a reverse transcriptase lacking an RNA:DNA hybrid-dependent exonuclease

35 function (commonly referred to as an RNAsc H function or component) and detecting
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the resulting RNA:DNA hybrid with an antibody specific for RNA:DNA hybrids. The
nucleic acid probes are immobilized on a solid support in order to associate the
RNA:DNA hybrid with the solid support. This allows for easy separation of hybrids
form sample solution and specific detection of nucleic acid molecules based on the
5 position of the hybrid o the solid support.
In one method of the present invention, reverse transcription is carried

out using a reverse transcriptase, preferably a reverse transcriptase lacking RNAse H
function. The reaction mixture including the nucleic acid molecule of interest,

10 preferably in this embodiment, RNA; the hybridized immobilized nucleic acid primer;

. and the reverse transcriptase is then incubated under conditions to allow reverse

transcription of the RNA molecule of interest and formation of DNA:RNA hybrids.
Examples of reverse transcriptases that may be used in the disclosed method, or that
may be adapted for use in the disclosed method are listed in Table 1. Preferred reverse

15
transcriptases for use in the present method include reverse transcriptases, 18053-017,
18064-014 and 18064-071 from Life Technology; reverse transcriptases M5301 and
M5302 from Promega; and reverse transcriptase 600085 from Strategene; each
disclosed in Table 1.

20
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Table 1
_ SPECIFIC UNITS DEFINITION PREPARATION FORM ADDITIONAL ACTIVITIES SUPF
ACTIVITY CATALOG NO.
T unit incorporates 1 nmol 11P into 0.2 M KPO,, 2 mM D11, 0.2% Triton X-  [No detectable RNase, exonuclcase Adv Biotech
cid-insoluble form/10 min at 35°C {100, 50% glycerol, pH 7.2 AB-0321
sing poly(A).oligo dT)z.2s as AB-0321b
ubstrate
58,700 U/mL |1 unit mcorporates | nmol dTMP {200 mM KPO,, 2 mM D11, 0.2% Triton  [No detectable endonuclease, ACS Heidelb
into acid-precipitable form/10 min  [X-100, 50% glycerol, pH 7.2 RNase F007505
lat pH 8.3,37°C FOO075CM
10-20 U/y) T unit incorporates 1.0 nmol [H}-  [0.2 M KPO,, 2.0 mAM DTT, 0.2% Triton X-[No detectabie endonuclease, Amersham
HITTP into acid-insoluble 100, 50% glycerol, pH 72 lexonuciease, RNase E 70041Y
loroducts/10 min at 37°C E 700412
£-50,000 U/mg; |1 unit incorporates 1 nmol ["H}- 500 mM KPO,, 2 mMDTT, 0.2% Triton  [NG detectable nonspecific RNases, Boehringer
20,000 U/mL  dTMP into acid-precipitable X-100, 50% glycerol, pH 7.2 onspecific DNases (gel 10911B
FE&:R&S min at 37°C using tectrophoresis) 1495062
poly(A).d[pT],s as template primer )
BOG00 wmL [T unit fcorporates 1 nmol [HI- _ [solution containing 0.2 MKPO,, 2.0 mM  [No delectable nonspecific nuclease “ICN
ITMP into nucleic acid product/10  [DTT, 0.2% Triton X-100, 50% glycerol, 855928
min at 37°C _vm 7.2 855929
' - v = e =
- - &~ o~ ~
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; SPECIFIC UNITS DEFINITION ADDITIONAL ACTIVITIES SUPPLIER
' ACTIVITY CATALOG NO.
13 U/ul 1 unit ncorporates : Rmol INP (0.2 M KPO,, 2 mAM D11, 0.2% Iriton X- [No detectable RNase, exogencus, NBL Gene

into a TCA-insoluble product/10 100, 50% glycerol, pH 7.2 Inicking or degradation of RNA 620704

min at pH 8.3, 37°C
50 U/ul T unit incorporates | nmol dINP 0.2 M KPO,, 2 mM DTT, 0.2% Triton X- [No detectable RNase, exonuclease, WBL Gene

into a2 TCA-insoluble product/10 (100, 50% glycerol, pH 7.2; for high ﬁn_.aoncanw...a. nicking 020703

gnin at pH 8.3, 37°C efficiency synthesis of full length ¢cDNA in

the 6-10 kilobase range h

20,000 U/mg; |1 unit incorporates 1 nmol ANTP 300 mA KPO,, 2 mMDTT, 0.2% ititon  |No detectable RNase, DNase Oncor
10,000-20,000 {into DE-81 adsorbable form/10 min {X-100, 50% giycerol, pH 7.2 120111
U/mL _n- 37°C 120112
25,000-50,000 {1 unit incorporates 1 nmol dTMP  |Molecular biclogy grade; homogeneous o detectable RNase, DNase, vv-nann,i
U/mg protein;  linto acid-insoluble product/10 min jpurity; solution containing 0.2 M KPO,, Enxnho 27-0922-01
10,000-20,000 ¢ pH 8.3, 37°C using 2.0 mAM DTT, 0.2% Triton X-100, 50% 27-0922-02
U/ml poly(A)p[dT]iz.1s as template primenglycerol, pH 7.2
10,000-70,000 |1 unit incorporates T.0nmol "H)- [Purified; 20 mM KPO,, 2 mM DTT, 0.2% [No detectable endonuclease, Stramgens
U/mL 4TTP into acid-insoluble product/10{Triton X-100, 50% glycerol, pH 7.2 nonspecific RNase 600081

min at 37°C 600082
40,000 U/mg; {1 unit ...:33228 Tamol TMP in_ICoolassie Blue shows a singlc band purity, [No deteclable nonspecific RNases, Boehringer
520,000 U/mL  lacid-insoluble product/10 min at |50 mM Tris.HC}, 10 mM DTT, 100 mM monspecific DNases (gel 1062603

537°C with poly(A.[dT]s as NaCl, 0.65% polydocanol, | mM EDTA, |electrophoresis)

_m.._vnn.nﬁo 50% glycerol, pH 8.4

v = w = W, <= v
- - = o~ = o
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[ SPECIFIC UNITS DEFINITION PREFARATION FORM ADDITIONAL ACTIVITIES | SUPPLIER
ACTIVITY ~ CATALOG NO.
50-250 UipL. |1 unit incorporaies 1 amol 550% purity by SDS-PAGE, 20 mM o detectable non-specific 35 and Amersham
deoxynucleotides into acid- j._.w.mnr 0.1 MNaCl, 0.1 mMEDTA, 1 ﬂ“.oun_onan_nﬁu. exonuclease, E 70456Y
precipitable material/10 min at 37°C mAM DTT, 0.01% NP40, 50% glycerol, pH ase E 70456Z
using poly(rA).oligo[dT]iz.a as 7.5
[template primer
50,000 U/mL 1 unit incorporates 1 nmol TTP into (50 mM Tris.HCI, 0.1 mM DTT, 100 mM o detectable endonuciease, ACS Heldelb
cid-insoluble form/10 min at pH  {NaCl, ! maf EDTA, 0.1% NP40, 50% ase F007558
8.0, 37°C using poly(rA).oligo{dT} [glycerol, pH 8.3 FOO7SSM
template primer
200 Wl 1 unit incorporates | nmol : ﬂvﬁma‘ by SDS-PAGE, uuo, mM 1ris.HC1, |[No detectable RNase H Life Technol
deoxyribonucleotide into acid- 15 mM MgCly, 375 mMKC1,pH 8.3 and 18053-017
precipitable material/10 min at pH 100 mM DTT
{8.3, 37°C using poty(A)-
oligo.[dTi2.1s as template primer
00 Ul 1 c..:” mcorporates ! nmol ~ {Purity by SDS-PAGE, 250 m3M Tris-HCI, [No detectable RNase H Life Technol
deoxyribonucleotide into acid- 15 mM MgCly, 375 mMKC, pH 8.3 and 18064-014
precipitable material/10 min at pH {100 mM DTT 18064-071
.3, 37°C using poly(A)-
oligo.[dT] 2.15 as template primer
- s o S & S

35



3 JOMAYARD T

XOOND~ O po .
PCT/US00/31277

-36-

r~'r~ w ~t CAr

35 1 4 MAY 2004 WO 01/36681 .36 0 5 10 15 20 25 30
~ .S 0O
/36681

(0]
PCT/ USOQ 31277 NOGpu o {) $C SC3OL:MC Crtn n

3°’CC O e%ee@d/\ﬁl

"LANOchFg G

SPECIFIC GNTTS DEFINITION : PREPARATION FORM PLIE
ACTIVITY CATALOG NO.
00 UipL {Tunit incorporates 1 nmal Tife Technol
m_ooxﬁmvoaﬁ_oonno into acid - 28025-013
precipitable material/10 min at pH 28025-021
8.3, 37°C using poly(A)
oligo.[dT]i..y as tempiate primer
25,000 U/mL 1 unit incorporates 10 nmol TTE  10.1 mAf NaCl, 30 mAf Tris.Hel, 5§ mM o detectable endonuciease, NE Biolabs
into acid-insoluble material/10 min [DTT, 1 mM EDTA, 0.1% KP40, 50% RNase 2538
at 37°C using poly(rA).oligo(dT) as Iglycerol, pH 7.6 . 253L
ternplate primer
25000 U/mg 1 unit mcorporates 1.0 nmol PHJ- [Recombinant; 99% by HPLL, SD3-PAGE,; [lNo detectable nuclease Boehringer
protein TMP into acid-insoluble -”wov::muou containing 0.2% BSA as 1465331
products/10 min at 37°C using tabilizer
Wo_w;vh?d: as substrate
20-40 U/l 1 unit incorporates ! nmol Overproducer; 50 mM Tris.HCI, 0.1 M vo detectable endo and Fermentas
naowﬁmcoucn_ngmnn into DE-81 INaCl, 0.1% Triton X-100, 1 mM EDTA, § jexodeoxyribonucieases, RNases EP0351
labsorbable form/10 min at 37°C Th& DTT, 50% glycerol, pH 8.3 EP0352
100-200 G/uL |t unit incorporates | nmol dTTP 782:5:3: 290% purity by SDS gel; o deteciable RNase H Promega
into acid-insoluble form/10 min at  |SX reaction buffer; 250 mM Tris.HC, 375 [<1% DNase M5301
pH 8.3, 37°C ImM KC1, 15 mM MgCly, 50 mM DTT, pH [<3% RNase M5302
: 8.3 30% supercoiled plasmid
v, = W = v, =
— — o~ o o
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SPECIFIC UNITS DEFINITION PREPARATION FORM ADDITIONAL ACTIVITIES SUPPLIER
|
ACTIVITY “ . CATALOG NO.
| . _
1 uait tncorporates. 1 nmol TTP into {50 mM Tris.HCL, 0.1 MNaCl, 1 mM INo detectable RNase, exonuclease Adv Biotech
id-insoluble form/10 min a1 37°C [EDTA, 5 mM DTT, 0.1% Triton X-100, AB-0322
sing poly(A).oligo[dT]; .ie 25 50% glycerol, pH 8.3 AB-0322b
ubstrate

1 unit incorporates 1 nmol dTTP |50 mM TrisHCI, 5.0 mMDTT, L.OmM  [No detectable endocnulease, CHIMERx
into acid-insoluble form/10 min a1 |EDTA, 0.1 M NaCl, 0.1% NP40, 50% R Nase 1375-01
37°C _w_u.nn_.a_. pH 8.0 1375-02

35,000 U/mg "I unit incorporates 10 nmol dT TP lution containing 50% glycerol, S0 mM [No detectable RNase, Epicentre
ito acid-insoluble material/10 min [Tris.HCI, 0.1 MNaCl, 0.1 mMEDTA, 1 {endonuclease, exonucleolytic M4a425H
at pH 8.6, 37°C using oligo.(dT)iz.s DTT, 0.1% Triton X-100, pH 7.5 TZ&«. protcase M4410H
jprimed poly(A), as template
1 unit incotporates 1 nmo! labeled [Solution contaiing 0.1 mM NaCl, 50 mM ICN
dATP into acid-insoluble Tris.HCL, 1 mAf EDTA, 5 mM DTT, 0.1% 152020
material/10 min at 37°C INP40, 50% glycerol, pH 8.0
1 unit incorporates | nmol TMP into50 mM Tris,HCL, 0.1 A/ NaCl, 5§ mM DTT, [No detectabls RNase, DNase Oncor
IDE-81 adsorbable form/10 min at |1 mM EDTA, 0.1% Triton X-100, 50% 120301
37°C using polyA-oligodT 5. ;g as  [glycerol, pH 3.3 120302
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SPECIFIC UNITS DEFINITION PREPARATION FORM ADDITIONAL ACTIVITIES SUPPLIER

ACTIVITY ) CATALOG NO.
$0,000-95,000 |1 unit incorporates 1 nmol dTMP _|Molecular biology grade; homogeneous |No detectable RNNase, DNase, Pharmacia
U/mg protein; _muao acid-insoluble product/10 min  [purity; solution containing 50 mM nickase 27-0925-01
10,000-20,000 [atpH 8.3, 37*°C using ris. HCL, 0.1 M NaCl, | mM EDTA, § mM 2740925-02
U/mL woly(rA).p{dT) (.15 a8 template TT, 0.1% Triton X-100, 50% glycerol,

primer HE83

50,000 UfmL |1 unit incorporates 1.0 nmol 150 mM Tris.HCI, S mMDIT, | mM 0 detectable RNase H, DNase, Strategene

DTA, 100 mM NaCl, 0.1% NP40, 50% [nonspecific RNase 600085
lycerol, pH 8.0

{*H]TTP into acid-insoluble
product/10 min at 37°C

10-30 UzuL 1 unit incorporates 1 nmol 200 mMKPO,, 2 mM DTT, 0.2% NP40, [No detectable non-specific Amersham
[*H]6TMP/10 min at 37°C with - 150% glycerol, pH 7.2 nuclease E 2610Y
poly(rA).oligo{dT) as template . E2610Z
primer

00 U and 1600 |1 unit incorporates 1 amol Solution containing 200 mM KPO,, 2 mM [No detectable nuclease TaKaRa

U CH]dTMP/10 min at pH 8.3, 37°C |DTT, 0.2% NP40, 50% glycerol, pH 7.2 2610
with poly(rA).oligo(dT) as template
primer

v = = & & &
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SPECIFIC UNITS DEFINITION Jm%ﬁ%%%
ACTIVITY CATALOG NO.
Lﬁﬁ&ﬂ%ﬁﬂ 1 unit incorperates 4 [Solution containing 50% glycerol, 50 mM Epicentre
nmol dTTP into acid insoluble Tris.HC), 0.1 M NaCj, 0.1 mM EDTA, | Retrotherm™
material/30 min at pH 8.3,45°C M DTT, 0.5% Tween 20, 0.3% NP40, pH RT
using oligo(dT)18-primed poly(A), {75, n0 detectable DNA exo- and R19250
las template; DNA Polymerase: | ﬁunoann_ﬂﬂ. protease, RNase R19500
unit incorporates 10 nmol dNTP RI1910H
into acid insoluble material/30 min
‘n. pH 8.3, 74°C
T vakt mcorporates 1 nmol AT1P {50 mM TrisHCL, 5.0 mMDIT,0.1mM  [No detectable endonuclease, 3'- CHIMERX
into acid-insoluble form/10 min at [EDTA, 50% glycerol, stabilizers, pH 7.5  jexonuclease, -exonuclease/5’ 1374-01
50°C hosphatase, nonspecific RNase, 1374-02
and ds-DNase
. = o = 4 =
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Reverse transcription may generally be performed at any temperature
within the functional temperature range of the reverse transcriptase. Preferably, the
temperature of incubation is any temperature at which the reverse transcriptase is
functional and the primer remains hybridized to the target nucleic acid molecule. For

s non-thermophilic revetse transcriptases, preferred temperatures are those temperatures
that are at or around the optimum temperature for the reverse transcriptase. For most
non-thermophilic reverse transcriptases this temperature will be between about 25°C
and 45°C.

10 In a preferred embodiment, a thermophilic reverse transcriptase is used
. for increasing sclectivity. The highest temperature at which a thermophilic reverse
transcriptase is functional may be quite high. For this reason, preferred temperature
ranges for reverse transcription when a thermophilic reverse transcriptase is used are
s most conveniently described in terms of the calculated melting temperature of a hybrid
between the RNA molecule of interest and the primer. Such a melting temperature is
referred to herein as the RNA/primer melting temperature (R/P Tm). Preferred ranges
include a temperature from 20°C below the melting temperature of a hybrid between
the RNA molecule of interest and the primer and 5°C above the melting temperature of
20 a hybrid between the RNA molecule of interest and the primer. Other preferred ranges
when using a thermophilic reverse transcriptase include those listed in Table 2.
TABLE 2:

25

MAX:

to R/P Tm

to 5°C below R/P Tm

to 3°C below R/P Tm

20°C below R/P Tm

20°C below R/P Tm

20°C below Eﬂ’ Tm

15°C below /P Tm

15°C below R/P Tm

15°C below R/P Tm

10°C below R/P Tm

10°C below R/P Tm

10°C below R/P Tm

7°C below R/P Tm

7°C below R/P Tm

7°C below R/P Tm

5°C below R/P Tm

5°C below R/P Tm

5°C below R/P Tm

AR L

3°C below R/P Tm

3°C below R/P Tm

3°C below R/P Tm

It is specifically noted that every specific, but unnamed, range within
30 the enumerated ranges above is contemplated as an alternative preferred range.
Preferred temperatures for reverse transcription include about 20°C below R/P Tm,
about 15°C below R/P Tm, about 12°C below R/P Tm, about 10°C below R/P Tm,
about 7°C below R/P Tm, about 5°C below R/P Tm, about 3°C below R/P Tm, 20°C

35



tJ

cctinco

oom k Ae CD ty

14 MAY 2004

WO 01/36681 PCT/US00/31277

10

15

20

® .

30

35

-41-

below R/P Tm, 15°C below R/P Tm, 12°C below R/P Tm, 10°C below R/P Tm, 7°C
below R/P Tm, 5°C below R/P Tm, and 3°C below R/P Tm. In general, the closer the
temperature is to the R/P Tm, the greater the degree of discrimination there will be
between specific and non-specific hybrids of the RNA and primer. If the temperature
1s close to the R/P Tm, however, dccfeésed stability of specific hybrids may cause
priming to be less efficient.

R/P Tm may be determined either by calculation or by empirical
measurement. For calculating R/P Tm, any established formula for calculating
stability of nucleic acid hybrids may be used. A preferred formula for calculating R/P
TmisTm= AH + 16.6 log K] - 237.15,

AS + R x In(C/4) 1+0.7 [K"]

which was derived from studies on the stability of perfectly-matched DNA:DNA
hybrids. For RNA:DNA hybrids, incorporating formamide concentration in the
formula does not hold because the relationship between formamide concentration and
the depression of Tm is not linear. At 80% formamide, RNA:DNA hybrids are more
stable than DNA:DNA hybrids, increasing the Tm by about 10 to 3¢°C depending on
the sequence (Hames & Higgins, Nucleic Acid Hybridisation: A Practical Approach
(IRL Press Limited, Oxford, England. 1985)). Carrying out the reaction in 80%
formamide may therefore also be used to suppress formation of DNA:DNA duplexes,
to preferentially select RNA:DNA hybrids, and to estimate the Tm for R/P. Because
the empirically derived formulas for the estimation of RNA:DNA hybrid Tm may not
be as accurate for short nucleic acid primers, the hybridization temperature is
preferably determined by assessing hybrid stability in 0.1 - 0.4 M monovalent cation at
temperatures ranging from 40 to 60°C. R/P Tm may also be determined empirically
(Lesnick and Freier, Biochemistry 34:10807-10815 (1995), McGraw et al.,
Biotechniques 8:674-678 (1990), and Rychiik et al., Nucleic Acids Res. 18:6409-6412
(1990)).

As used herein, a thermophilic reverse transcriptase is any reverse

transcriptase that retains at least 5% of its maximum activity at any temperature above
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50°C or which has an optimal temperature of at least 50°C. Preferred reverse
transcriptases are those which have an optimal temperature of at ieast 50°C. As used
herein, maximum activity of a reverse transcriptase is defined as the activity, as
measured in the assay described below, that a given reverse transcriptase exhibits at its
optimal temperature. As used herein, optimal temperature of a reverse transcriptase is
defined as the temperature at which the activity of the reverse transcriptase is greatest,
as measured in the assay described below. The optimal temperature for a given reverse
transcriptase may be determined by measuring its activity in the following assay at
various temperatures. In general, an optimal temperature need be determined only to
within a range so that assays need only be performed at intervals of 5 to 10 degrees.

Methods for immobilization of nucleic acid sequences to solid phase
substrates are well established. Oligonucleotides, including half probes and rolling
circle replication primers, may be coupled to substrates using established coupling
methods. For example, attachment methods are described by Pease et al., Proc. Nat],
Acad. Sci. USA 91(11):5022-5026 (1994), and Khrapko et al., Mol. Biol (Mosk)
(USSR) 25:718-730 (1991). A method for immobilization of 3’-amine
oligonucleotides on casein-coated slides is described by Stimpson et al,, Proc, Natl.
Acad. Sci. USA 92:6379-6383 (1995). A preferred method of attaching
oligonucleotides to solid-state substrates is described by Guo et al., Nucleic Acids Res.
22:5456-5465 (1994). |

The immobilization and arraying of nucleic acids or primer molecules
to solid supports may be accomplished using any suitable technique. For example,
immobilization may be accomplished either by in situ nucleic acid synthesis (Maskos
and Southern, Nucleic Acids Research, 20:1679-1684 (1992); Pease et al., Proc. Natl,
Acad. Sci. USA, 91:5022-5026 (1994)) or by covalent or passive attachment of
chemically synthesized oligonucleotides (Guo et al., Nucleic Acids Research, 22:5456-
5465 (1994)), or by covalent or passive attachment of other nucleic acids, amplicons,
cDNAs, and the like, in combination with robotics arraying technologies. Other
immobilization techniques are described in U.S. Patent No. 5,412,087 to McGall et al,,
U.S. Patent No. 5,429,807 to Matson et al., and U.S. Patent No. 5,510,087 to Fodor et
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he reverse (TN Loc breferanly, the temperature of CPASIBET on i s
any tenperature at which the reverse transcriptase is functional and the
primer remains hybridized to the target nucleic acid nolecule. For 5
non-t hernmophilic reverse transcriptases, prgferred tenperatures are those
tenperatures that are at or around the opt&hhn1tenperature for the reverse
transcriptase. For nobst non-thernophilic reverse transcriptases this
temperature wid | a!PeThgfsgn %P di%l%r%g} anmSe% m%rgje ai}rgyced ogto]hosm%ﬁ a%eg on a solid support
1o interrogate thousands of target nucleic acid molecules. The density of nucleic acids
or primers should be matched with the method of arraying and the means of detection.
One embodiment of the present invention comprises hybridization of
5 target nucleic acid sequences to the universal array comprising specific nucleic acid
probes, wherein a “universal array” or “universal array sequences”, herein
interchangeably defined as short nucleic acid sequences of every possible base
combination. The universal array sequences comprise a range of 6 - 10 bases,
1o preferably 5-6 bases, wherein the number of possible combinations (i.c. different
. probes bound to the solid phase) is 1024 and 4096, respectively, and enable nucleic
acid expression analysis, wherein the result may be used as a fingerprint, in which
different tissues or samples give different fingerprints.
The embodiments comprising a third nucleic acid probe may be
P immobilized to the solid phase array by using “capture tags™. As used herein, a
capture tag is any compound that may bind to another compound or moiety. The
primer is thus immobilized through binding of an attached capture tag to its binding
partner. Such binding partners are referred to herein as “capture docks”. A capture tag
20 is a compound, such as a ligand or hapten, that binds to or interacts with another
compound, such as ligand-binding molecules or an antibody. It is also preferred that
such interaction between the capture tag and the capture dock be a specific interaction,
. such as between a hapten and an antibody or a ligand and a ligand-binding molecule.
25 A further embodiment of this assay comprises a capture tag with two
adjacent regions: a target nucleic acid-specific region and a “capture sequence
complement”. As used herein, a “capture sequence complement” comprises nucleic
acid sequence which is complementary to “universal capture sequences” immobilized
30 to the solid phase microarray, wherein “universal capture sequences” refer to short
nucleic acid sequences which are known and their location on the solid phase
microarray are predetermined. The capture tag or probe comprising a “capture
sequence complement” may be immobilized to the solid phase microarray by

35 hybridizing to its complementary “universal capture sequence”.



"0 25 30 35 TABLE 2: In a preferred enbodi nent, a thernophilic ret r@ggi
transcriptase is used for increasing selectivity. The highest t ﬁp t?&rug
at which at [lic reverse transcriptase is functio VSR quite

. high. For thf@bg@g@ , preferred tenperature ranges for E\Tersesl?ﬁ
transcription when a thernmophilic reverse transcriptase is used are nost
conveniently described in terns of the calculated nelting tenperature of a
hybrid between the RNA nolecule of interest,and the priner. Such a nelting
tenperature is referred to herein as the RNA/ prinmer nelting tenperature
(RRP Tm. Preferred ranges include a tenperature from 20C bel ow the

mel ting tenpersature of a brid H}@g @J_A, I Q% t'l R Lk and
the prinmer and 5C above tﬁé%"f?‘ﬁg e%ﬁgig?arenoﬁpénglgﬁﬁri e?%g%&tshe
RNA nol ecul e of tod Rbeted nueleit acidgprgbieiwhich. hyblidizss tgitse! feapture dockd mirh is bdwed usi ng
a thernmophilic reverse transcriptase include those listed in Table 2

NAX Lo RIP Tt o DB SN phREmISRITERY S FhSER i AP Fhok hEHBPT HapPEs sfe

bel ow RI P Tn20C Rglyuiabidd nlible heig pipbow R P Tml5C bel ow RI P Tnl5C bel ow RI P
Tm 310C bel ow RI P TnlOC bel ow RIP Tl 0C bel ow RIP Tm 47C bel ow RIP TnvC . .
bel ow RI P Tn7G bel ow RI P Thltepsitivexaptwe wesinciudsbapien erdigaad-malsetesshat gy ke P Tm -
63C bel ow RIP Tn8C bel ow.Rl P | | 4 ot ed

t hat every speci free tﬁ“‘%or?ﬁggrge{%% S%hgﬁé! %{%%ﬁ%ﬂepﬁﬂeﬁgﬁ%ﬁ% éﬂtng‘gieircéﬁ{ges above
i's contenpl at ed pfobas) havelbeenddstribed py S¥nen etchl.; Mundmic Acily Résqi4SB@R¥Or at ur es
for reverse transcription_ include, about. 20C bel ow R P .T about, 15C bel ow
RIP Tm about 12E3purdagselse Wdcgl?(‘)‘ﬂt‘ﬁ?me dﬂ'fwlﬁdrﬁ’w%@ﬁtac‘% bel ow R/ P

Tm about 5C bel ow R/ P Tm sdaan or¥buftik PHinBlst> 7 SibstmMbebbbcfiRed thl 0 1
4 MAY 2004 P/ Us00/ 31277 below RIP Tm 15C below RIP T 12C below RI P

Tm @PC bel ow R Rdhering pcrouplingsaptrrerois to he sphstresey Frersapte medisfe| ow RI P

Tm Tn general, the closer t | 1 Re B thd \rindereat er

t he degree of di ﬁelr?ﬁcﬁgﬁ%r%ﬂﬁqﬁ%%@%ﬁ(ggﬁ@&r%g?%@eﬁ’n specifrc an '

non-speci fi ¢ hybrjagfredockSienntdilizedioh psubsteate allofv caprare oétip primeromcthEsubstrate. os e

L?i En'hﬁgR'I[ (F)) gg‘l g Qg\eﬁéﬁi@d :E#J’Frsl?tséggtur%tdgc I ltc; éiﬁ'erggt 8 lgnglo“ gubgﬁ(algé &iﬁ%regpc\éptﬁ?euse
tags attached to different primers, may be captured at different, and therefore

diagnostic, locations on the substrate. For example, in a microtiter plate multiplex
assay, capture docks specific for up to 96 different capture tags may be immobilized on
a microtiter plate, each in a different well. Capture and detection will occur only in
20 those wells corresponding to capture tags for which the corresponding nucleic acid
molecules were present in a sample.
In one embodiment, the capture dock is an oligonucleotide. Methods
for immobilizing and coupling oligonucleotides to substrates are well established. For
. 25 example, attachment methods are described by Pease et al., Proc. Natl. Acad. Sci.
USA 91(11):5022-5026 (1994), and Khrapko et al., Mol Biol (Mosk) (USSR} 25:718-
730 (199 1). A method for immobilization of 3’-amine oligonucleotides on casein-
coated slides is described by Stimpson et al., Proc. Natl. Acad. Sci. USA 92:6379-
30 6383 (1995). Another method of attaching oligonucleotides to solid phase substrates is
described by Guo et al., Nuclejc Acids Res. 22:5456-5465 (1994).
| Methods for immobilizing proteins to substrates are well established.
Immobilization may be accomplished by attachment, for example, to aminated

35 surfaces, carboxylated surfaces or hydroxylated surfaces using standard
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Lo 60C. RP Tm mh gfliﬂéhﬁ%@%%ﬁm%ﬁéﬁ%ﬂ%%%@%em@%ﬁﬁﬁéfe. er,
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any tenperat ule above 3 VO 01/ 36681 - 42&3 1 4 I\/gY 2004 PCTf US00/ 31277 50C
or .ch has an opmemuquﬁmmaﬁléeﬂp“ﬁtpfq%é‘ﬂ%“h%ﬁ 3 er se
transcriptases ape,fi0ss pbhehichRYGodhoRRith Fllbs AL Ahilis fel aitinobpast 50C.
As used herein, f?am nmu IVI 9 a reverse transcriptase is defined as
the activity, as camam;gimpk usmgtgnlaaralddazsle ot@stbpﬂlbmdesbebw-hmhm%seasglnﬁbﬁ

reverse transcriptase exhibits.at its ti

herein, opti rriag gra&“fﬂ“és?}fm%swg%g’?er%@@?% g‘(;aaq%dlsj‘h dth€§° cs;'as t he
tenperature at™ wWijghate kethe plebaticd f ehydevaarbediimida sSuadatdisandbilizetiorat est ,
as neasured in the assay described bel ow. The optimal tenperature for a

gi ven reverse t rcherigwieparakeowndy thesc@btkdll itheATt by measuring its activity in
the follow ng assay at 10 y ﬁéﬁr‘fb@ﬂﬂﬁﬁ@&yﬁﬁﬁtmmm&%sed ABh&Pisi Mal

t enper at ure need be deter m ne
increased by repeated washmg of the hybrid sample to remove free unhybridized

20 pyucleic acids present in the sample. It is useful to remove the non-specific
unhybridized nucleic acid because secondary structures in the nucleic acid may be
recognized by the detection means, resulting in elevated assay background.

The preferred hybridization sample nucleic acid detection kits for use

. 25  with the disclosed method may be made using some or all of the components required
for the method. The kit preferably contains an immobilized primer that is
complementary to a region on a nucleic acid molecule of interest, and more preferably
contains a plurality of immobilized primers that are each complementary to a region on
3g anucleic acid molecule of interest.

Preferably kits contain all or some of the following components: 2
sampte transport medium for stabilization of the sample; a solid phase bound
microarray of biomolecules specific for a second biomolecule to be detected,;

35 hybridization buffer; entity specific for RNA:DNA hybrids; wash buffer; enhance
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' The kits should contain a negative control and a positive control.

Preferably, probes for the negative and positive controls are included on the solid
phase with the nucleic acid sequences.

The following non-limiting examples illustrate use of the present assay
and kits.

Examples

It must be noted that as used herein and in the appended claims, the
singular forms *“a “, “an”, and “the” include plural reference unless the context clearly
dictates otherwise. Thus, for example, reference to “a host cell” includes a plurality of
such host cells, reference to “the antibody” is a refercnce to one or more antibodies

and equivalents thereof known to those skilled in the art, and so forth.
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target nucleic acid sequences to the universal array conprising ishedAY i2004
nucl ei ¢ acid probes, wherein a "universal array" or "universal array
sequences", herein interchangeably defined as short nucleic acid sequences
of every possible base conbination. The universal array sequences conprise
a range of 6 - 10 bases, preferably 5 -_gobases, wherein the nunber of
possi bl.e conbinations (i.e. different proges bound to the solid phase) is

1024 and 4096, respeﬁreiswéﬂmdamdnmamleedhumhﬁmscﬁﬁﬁﬂcma&aimuaﬁﬂeysi s,
wherein the result may be used as a fingerprint, in which different

tissues or sanfedsamsniraniggs sssommonly ardarypedipyonerof skillindhs arb o whish isr i si ng
a third nucl ei |nnDb|I|zed to the solid phase array by
usi ng capture&fggiﬁtwgaggggxﬂéeel n, capture tag is any conpound that
may bind to anot her conpound or noi ety MI mer is thus imobilized

t hrough bi nding of an a achd par t ner. Such
bi ndi ng partners are reSeets ——miC apt ure tag

s a conpound, such as arhd g g%@mhﬁg{cﬁ@ﬂebﬁg&rwﬁaﬁf@m@ gwi th

anot her conpound, such as and- bin ules or an anti body is
al so preferr edembedimesunfithe meoadmnmmmﬂnm oftargst biomoleculecequences
capture dock be a s emfl c interaction, such as between a hapten and an

anti body or a M %nd- a |igand- bi ndi ng nol ecule. A furt her errbodi ment of
this assay conprises a capture_t with t
nucl ei ¢ aci d-specific r e§1p ﬁ%“‘%%ﬁﬁ%?@d%@‘i@e‘iﬂﬁgﬂﬂ ?éggused

her ei n, "cap J
ggg?nﬁaaeﬁaagum & Regg mmhﬁcleﬁ@has

which is conpl ntary to capture sequences’ |nnDb| ized to the
sol i d phase ni osingtheagsaywifehecprasehtiinventional capt ure sequences" refer to
short nucleic acid sequences which are known and their |ocation on the

solid phase microarray Thetapgetdatleicniciicsdmpitheasaapspended ynaniease-five water

Cﬁg‘ire'ﬁiﬂ?oir}a wctg Brihsizatiog oo e bk sl pon e dereuied s 3G 0 ¢

i tiaad tf%@Ypresent |nvey%t§| Onué;{l%&unpﬂom3&£?&gﬁh&l}%5&d

ebodi ment of capture tag" refers to_a |abeled
nucl ei ¢ aci d pradied mﬁﬁmglmwhdzmmdmsommmmﬁqmﬂmwdq Hybddizei

D the solid pha cr rein

bgquence speci ﬂgfcf 18‘%@ e%ﬁ°ﬂ$§lﬁpﬁrcﬁﬁé&ﬁ%’gﬁ&gmi}'ﬁer a%g ‘capt ure

ags include hapten or and mol ecul eg t hat coupled to.

i gonucl eoti des. Capt ur ‘dﬁ'@g&‘?‘\ &'?Sﬁsm‘"@bﬁ ﬂ{ET‘%T’E"%‘HI"

obes, have b‘%&ﬂm%&&éé wbs‘sdw&‘ﬁe&wﬂmf@:t1-2Inunu$hlﬁhﬁl1mdmsm\wmﬂmos7

1986) . Capture tags also include biotin, which ma ncor orateq i nto

nficl ei ¢ aci ds. andshakenonarotnryshakcr(llﬂﬂrpm) The RNA: Aamibody ning solution
was added so that the final concentration was 0.144 ug/ ul. The glass slide microarray

was incubated in solution for 1 hour at room temperuture shaking (1100 rpm). The
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*10 Adhering or coupling priners to a substrate may be acconpl i slhfwgﬂﬂ'i
adhering or coupling capture docks to the substrate. The capture Kk
medi ate adherence of a priner by binding to, or interacti L th. _a
.capture tag oPOP¥¥Yriner. Capture docks immmobilized on é’%gﬁ’%ﬁs"?-"r‘%a’?e al | ow
capture of the primer on the substrate. By attaching different capture
docks to different regions of a substrate different capture 15 tags
attached to different priners, may be captured at different, and therefore
di agnostic, |ocations on the substrate. For 8b‘xarrpl e, inamcrotiter plate
mul ti pl ex assay, capture docks specific for up to 96 different capture
tags may be imobilized on a mcrqtiter e, h i Lf{fere 1.
Capture and det eglassghde vas Wﬁﬁwﬁbﬁﬁfﬁ? Hog‘léart["f?ﬁ%g&gvﬁﬁ!' g"‘gﬂ}dd] L(ioprgwgforg to
capture tags for yihthsh: jobf Apd-ASROTR ot Msh@ShébbaBdlsaatibes aiboey,

present in a sanple. In one enbodinent, the capture dock is an

ol i gonucl eot i de. spekificallyslire¢ted againgtfBy3 dr Syp.ptainiee OBUGN RATEOB STRRSFAINT 8R% i des to
substrates are || _e ' r tycdie are
descri bed by Pe\é\l@’@l%’tt%é?%&%ppﬁgtrfa' ﬁé‘a%g%)%g‘?wg%%S 26 (19%%§?§'and -
Khr aB'kIO' et t at .5 ?ﬁ?omﬂtedWﬁ?erf CyﬁslSRezﬁhan;ﬁeenmmojm Q;o-dycA\éasﬁltoﬂwmpr =
i mobi |ization o -amn i gonucl eo ei N e i.des is
descri bed by Sti RF&BHtep °§}03‘f’ 5‘5‘.”“&&‘[ 1’9"%&@@5‘}@1’”8&’%33&“&%‘@0 6383
(1995). Anot her RE{lneins,3hd ab waOwashé R HUthe Gér ajproxintatehp] 0 deqnidgeah in
substrates is deScribed by Guo et al., Nucleic Acids Res. 22:54 6-65r465

(1994) . 35 Met howesh wffer. ihsislife was thenipeybetpdiat S3C for b3 minyges dn ghan
tablished. | bi,ld ' Py ,
establ i she gldem&pgﬂmﬂﬁg&ﬁgﬁgmﬂﬁﬂ?%ﬁr&ﬁﬁ 0 sedofids

exanpl e, to all nate surfraces, carbox ed surfaces or hydroxyl at ed
sur@es usi ng s teashehasirgg rildly Npofo@0Heany\(THe Wig6 @8y bP@¥ todemias siide wag dried

I mmoDbi |1 zation chem stries. | e f. at.t achnent. e GYanogen
bromi de, succi nibmé&?t{TBﬁ%@?mTitggfmm'%ﬁ ge‘fnrh%lv' d%g ?‘g in,

phot ocriossl i nkab'aeajfﬂ%&&adingﬂ%ﬁmmmmaqaf@ﬁﬁmlmmvsmﬂeu These
and ot her attachnment agents, as well as _nethqods_for_their. u

e 1
attachment, are desivaléntewith pho exciiation gtiid Bim and 4¢3 BR- f°5“ﬁ%‘ﬁ%ﬁi’§?ﬁ%i’%‘°l§ﬁd
Appl i cations. } 'thgr&aangzha%am&ﬂi M Belkgly, New York, —1991),

’rmunoc

Johnst ane and Torpe, emstry I'n Practice (Blackwell Scientific
Publ i cations, Oxford, EnglEmcdmpliSaitetepiopethe Sbie-was orashed 3 2imes for -2 migygtes n

| mobi lized Affinj ' S, iq..T. Her e em c
Press, New York, l%%f bb%qd%’fgﬁs&ﬁgﬁ 0831'%3@%5@0& tlgdoamglu(é?te rslgdt%gﬂgy
chenmical ly cross-jhduBltbds FNADNA Bybridapgifitaptibody staméngasniutibmfby 1 hourrsbaldng ve

si de groups prgsent within the substrate. For exanple r i y be
chemcally cr ggs-(illqm) gtaoem mpstanks o he fingl cORGRERNE °f¥]§g@ﬁgﬁg®9g?

car boxyl gr oups Ushife SRk 89AY HEu0 The deqekis wallde 1 BEPBS/0XS% Twdear
aoents. In this 20™ for 15 minutes at room temperature shaking (1100 rpm). The spotted slide was
. : covered with biotinylated mouse IgG antibody from goat staining solution and
25  incubated for 10 minutes at room temperature. The microarray was washed 2 times for
1-2 minutes each in 1XPBS/ 0.05% Tween 20™. The spotted slide was covered with
goat anti-mouse R-phycoerythrin streptavidin (0.01 pg/ul; SA-PE) staining solution
and incubated for 10 minutes at room temperature. Washing was repeated as described
30 above. The spotted slide was covered with biotinylated goat antibody raised against
streptavidin (0.5 mg/ mL) staining solution and incubated for 10 minutes at room
temperature. The siide was again incubated with goat anti-mouse R-phycoerythrin
streptavidin (0.01 pg/ut; SA-PE) staining solution for ten minutes at room

35 temperature. The slide was then washed 3 times for 1-2 minutes in 1XPBS/ 0.05%



“met hod, aqueous sol utions containing free proteins are incubated vk tNAYt 2804
solid-state 15 substrate in the presence of gl utaral dehyde or
carbodiimde. Standard i mobilization chem stries are known by those of
-skill in theW&W/366Bh anot her embodi nent, the sensitivity grsidags@iscl osed
method is increased by repeated washing of the hybrid sanple to renove
free unhybridized 20 nucleic acids present in the sanple. It is useful to
renove the non-specific unhybridized nucleic acid because secondary
structures in the nucleic acid may be recagnized by the detection neans,
resulting in el evated assay background. The preferred hybridization sanple
nucleic acid detection kits for use 25 with the disclosed nethod nmay be

made using someTerers2™.oThd hiercanaypeisahdnsdriee by ténfrifugation al2080 Hal fp§.10The kit
preferably contains an im bingigﬁngsd rimer that is COE£| enentary to a
DY 'e

regi on on a nuclEfHes ¥yt wersaaalyaed by rrading slids imarctry stanper or
contains a pl uréjuidajenp{AffyrReabi 417 CArRES Swi | e ary to
a region on Soaia nuclgi_c acid nozalﬁ.gdgﬁl e o?’%%&gﬁsmgg?grsg?e aaBHg%i ts
contain all or BBnier ¥anipgslides deyelppryg vithGySree REsnd Gy5 lnbeied antibadiesspor t  nedi.um
for stabilizatig {ivet,)t]e sanpl’e; a solid phase bound mcroarray of :
bi onol ecul es specific Tor a second bionol ecule to be detected;

hybri di zati on buffer; entity specific for RNA DNA hybrids; wash buffer;
enhance 1 4 MAY 2004 -46 buffer, and ents necessary for detecting
t he RNA: DNA hybrid-specific antibody. In addition, sone kits may include a
t her nost abl e r ever skaheledQlig le vhridizati Kawl Webrith dent
exonucl ease (RNAsc H) fun A further conpo the kits may

i nclude a nuol ei ¢ aci d pAdEy adlyp ldbeled g-nier oligvinticlestide a8 RIA6EIGO P! ement

reg . I'n addiy.i the kits o i.nclude a | abel ed bi onol ecul e probe
whi thbri o ezt ob e conline s upn ¥Psan WRs denpfend at 3560 fer 2-5

bi onol ecul e.  Ki tinuteBy AfnumbreiT 16688REM Pes tidibeiuged) Qlch hi Bhilrdf iﬁnﬂ%dtﬁr(%?i versal
array of biological nolecules for the detection of & sarrp1 e bio ecul e.
Kits may conpri®d QP Theglassislidecomprising enetted oligonuclqotidesivas coverdadth théor
anplified-anti 1 j il r nts i.ncluded in the
hybri di zat i d Eﬁ?ﬁ%ﬁ‘%ﬂ“ géﬁ“&?%‘%%%%@*s@ﬁ%ﬁ‘&“ﬁ%%&ﬂ”ﬂ% || owi ng
reagents conprdoy¢msiip whd rempvedarith rigasousdinis X XSSCY 0.4%EDS) AdiaredidldasSDS

del ectably | abel ed anti - e.. | gG . bi.oti d_anti-nouse |1gG | abel ed
anti - m)usg st re‘ﬁ%sﬁﬂsgﬁdno;ﬂc%u%w%%ﬁ'ﬁtsg@ 'ﬁh{O?*£§¢ ?‘EBS&?FIP’(‘HSn&hﬁ)thg(Y@ﬁW% ed BSA
sol ution. The !bytcensificuatich 2Q000erps for N EURNES oCSIN 89! TROgaR sHMtF&

control. Pref eraB,Iy, probes for_ the negatl ve and positlve controls are
48 1]

i ncl uded on,t he® armgseanner (Afymetrix 431 dray Scanotrdr spuivabatiewith photo
' excitation at 532 nm and 635 nm, for scanning slides developed with Cy3 and Cy5
labeled oligonucleotides, respectively, for analysis. Sample hybridization followed.

Example 3
. : 25 Detection of RNA Mediated by Reverse Transcriptase
acki e H Functi

The following is an example of a method of performing one
embodiment of the disclosed method for the detection of target nucleic acid sequences
20 in a sample.
The 5 prime biotinylated 20 to 30 nucleotide primers was mixed with a
streptavidin coated solid phase and incubated for 30 to 60 minutes at 20-27°C with
constant shaking (1100 rpm). A sample of target nucleic acids was added to the solid

phase. Hybridization/ extension buffer (100 mM Tris-HCI, pH 8.3, 150 mM KCL 6
35



The fol,ﬂowi ng non-limting exanples illustrate use of the present assay and
kits. Exanples It nust be noted that as used herein and in the appended

clainms, the singular forms "a ", "an", and "the" include plural A{ﬁf e£erlce
unl ess the context clearly dictates otherwi se. Thus, for exanpl4May200
reference tWOOH3Hst cell" includes a plurality of suchPGIH&00/8121] s,

reference to "the antibody"” is a reference to one or nore anti bodies and
equi val ents thereof known to those skilled in the art, and so forth. Eapfa

- r.. 111,., | AMENDED SHEET 1 4 MAY 2004 -47 Unless defined otherw se,
all technical and scientific terns used hé?ein have the same nmeani ngs as
commonl y understood by one of skill in the art to which the disclosed

i nvention bel ongs. Exanple Detection of RNA: DNA Hybrjds an Probe
M croarrays Th@M Melhys QTEpnd } ap ceshSNTR) wassthen addgd. nEheriergetawclgisr f or ni ng

one enbodi nmenf.: t}ﬂﬁ’ Wkl as&tt # '5:{&?2: inAlmatanhar get
bi onol ecul e se%cﬂcg;r‘]ng S elghvé% sarrpldg?%%ﬂagﬁgpa , ttgﬁ{g%?slsay |%ﬂ%€ef erably
used to det ect tempsramp, prefarably 67°Clogitiinal gnneélinguerhmrature varits withtpsimeparef er abl vy,

0.05 g -10 g of total cl ei Lds.is detected using t t he
ot esent 1 nvant Pisiee s e AERY i TR BARy wi kB et b ARE4G Yo

nucl ease-fr&e y@iiites.aAddidoiche Bybiridizatidl exdtensivhibaffernd feverse tiiRcrdiptide] di zat i on
sol ution was denatured at 95C for 2-5 mnutes. The_hybridization sol ution

cont ai ni ng t hePeiErbktthermoptable andlacking-RNAse G ps pddel, Lheyreaction was ipgubiéedch has
a mcroarray ofyr 9hs0 Htiftds@PhIode %ﬁﬂ&?{otsﬁﬁ) w@’é&ﬁ&ﬁj&nﬁﬁcﬂ%@é@é Rimddld 220

hours. Follow by either direct detection or anplified detection. For direct

det ection, the3fCafNADNAchyhridispesifieiathaling phasphatasenonivaated dibpdy mixovashe

surface was wa 1] o ' Lt 0 en 20" and
shaken on a0r o?daa(fg%ﬂ@n%idg?&?&t%oﬁ ré%&ﬂﬁéﬁﬂ%ﬁf gﬂk@ﬁﬂ“g%ﬁ?fﬁ% g/% gﬁ%i ng
solution was waktiedlaway, fdllatved byetht ndditioncod n chembihatinescentaubstthtd Phegblubbn The
glass slide mcroarra i.ncqubat eq i ution for 1 hour at rogm

t enperat ure sh¥i 'H@be@%qgﬂwnwt%%ﬁ%ém%%ﬁmnﬁmww& WO

01/ 36681 PCTI Ugfdh RikdrometétGit Ge SristeifavéRBgtashed with 1 XPBS/ 0. 05% Tween
20Tm and shaken (1100 rpm) for 15  mnutes at roomtenperature. The

m croarray 14as then incubated in a mMuSampE4 body,

Binding of RNA:DNA Hybrid-specific Antibodies
Hybridized RNA:DNA samples were incubated with the antibodies for
a sufficient amount of time to allow conjugation of the hybrids. The hybrids were

70 bound to the antibodies by incubation for 5 minutes to 24 hours at 15 to 65°C ona
platform shaker with a shaking speed of 0 to 1500 rpm. Preferably, the incubation
time was 30 to 120 minutes at 20 to 40°C, with shaking at 300 to 1200 rpm. Most
preferably, binding occurred with incubation at one hour at room temperature with
vigorous shaking on a rotary platform shaker with a rotary shaking speed between
approximately 300 and 1000 rpm. It will be understood by those skilled in the art that
the incubation time, temperature, and shaking may be varied to achieve alternative

25

capture kinetics as desired.
30 Example 5

Oligonucleotide Length Comparison Detected by Monoclonal and
Polyelonal Antibody
A single oligonucleotide of varying length was spotted at four different

35 Ccencentrations in replicates of ten. The spotted 72-mer oligonucleotide was part of



specifically directed agai nst Cy3 or Cy5, staining solution at {rodAY 2004
tenperature and shaken for 1 hour at 1100 rpm A nunber of fluorescent
dyes nmay be used, such as, 5 but not limted to Cy3 or Cy5. The final
concentration of the Cy-dye was 0.04 g/1 in a solution of 10% goat serum
and | XPBS/ 0.05% Tween 20TH'. Using sli gr_lghy ri gorous neans, the slide was
washed four times for approximately 10 setonds each in wash buffer. The

slide was t henpIAGE)Qb@ch 259983 WHieH cobRspondy icohe 40S RINABME) prfefEs11. HheThe

slide was then washed in wash buffer four times for approximtely 10

s?acondslI _ Sach, skwsiq\gligqnndpgddqsmmmhhmuﬁmomf&mmﬂzma‘nw t he
oIt dry.Thomerbafs Wi Bt SO Wet BheehititorsRE cibiefichi TRNA 6By ©
scanner (Af f y maiefs visvhliZedAssingthSanocion) primacy RNA DNIA) hybirid antibedyo .wmigt ion

at 532 nmand 635 nm, for _scanni ng slides devel oped, 15 with 3. and 5
| abel ed ant | bom@spumgpééaﬁp%yubsmpdmﬂ VaLebsseicd @t appligonpeleatidedengih s

washed 3 tines 2 'ﬂuﬁf ialrhraé- el T, ke a
rotary shaker g(%ﬁ%ﬁz’rbg?m ﬁiafs I “?\Agggﬁla%cu a e:ﬁ?‘%ﬁéﬁﬁ%ﬁi ShiB'of :
hybri d- speci f i cheaignabmdpisstratioasmfusction ofmligbmiclebtidio lengthhatlan BRINRO (1100 rpm)°
at roomtenperature. The f]i concentration of RNA: ant | bod st ai ni ng
201 it 1 on was 0eansantatspn of 800 BM HER Ao o9 haoRdEbRgaR SoBoR MRS APOB T
for 15 mi nut espita DA hitRIGlealfie orR kbl atibddy écaeh. The spotted slide
was -covered wth biotinylated nouse 1gG anti body from goat staining

- solution and 25 incubate ' . [
¥ polyfiBndl by, dtection KafitidlsBme &that

m croarray was washed 2 ti nutes each in 1 XPBS/ 0.05% Tween
20Tm The spot desiribéd sbovedor tho meneclomil ahtibagyawith diei cxaeption that atiyrddabsledir i n

t t avi di 0.01 g/ 1: SA..PE) stainin | uti [ 0

nut ee. at T ooRPHSRGERR dPEboEHR P e bl BE6g PP By Pl
he spotted sliggg YR r&aie(FgurdicB) withthe polyébrdl agtibidyahbwbdsignifizarmiyd

gai nst streptavidin (0.5 ng/ nlL) staining solution and incupated for 10
i nut es at r oodmprovag detestipncompaeedde m’%MW%g’éQPWW?H%JE’F

ti-nouse R-p g "R AiclokiBedprestttharA Blks. Shekt Wad o
spl ution for téwnﬁ’?rlﬁ;lu es‘hgﬁn@%om ﬂt”ginperature. The slide was then washed
3ltimes for 1-Aignifivanedifferende@@Bignal. 05% 1 4 MAY 2004 WO 01/36681 -49 0
| USOQY 31277 Tween 20Th. The microarray was then dried by centrifugation

a} 2000 rpmfor 7-10 ni MiteslyctonaRNAIDNAantiody provided 8 sigaificapfiampied by

Janner) i t R e i gHotes RuATHNATHAL, st lEE dsotile fing

dpvel oped W th o¢3mparelt> détectianwittrthe nmoclondl hadbuely (e Fign@edt-Bel y.

. Aa = LR |
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Examtle 2 10 15 20 Label ed Oigonucl eoti de Hybridi zation Prior goyi ﬁ@i’el
Hybridi zation A Cy3 or Cy5 | abel ed n-nmer oligonucl eotide was a!j e Y

hybri di zati on buffer containing SSC and SDS and was denatured at 95C for
2-5 mnutes. A nunber of fluorescent_eyes may be used, such as, but not
limted to Cy3 and Cy5. The glass slide conprising spotted

ol i gonucl eoti des was covered with the hybridization solution and incubated
at roomtenperature for 20 seconds. The coverslip was renoved with rigorous
dunks in 2XSSC/ 0.2% SDS. Any residual SDS was washed off by dunking the
slide i n WHAINSSSL. AVEROSseconds. The slide was dried by centrifugation at
2000 rpmfor 7-10 mnutes or until dry. The glass slide was then read in
an array scanner (Affymetrix 417 Array Scanner or equivalent), with photo

excitatiqgn at H532..n ng . 635 n f Qr. .scanni s| i des. devel.oped w th 3 and
o5 labdteq ¢ PEURAPEG T RRe O huarfibRE SR Bty OTH GioaRn havind

hybri di zphirglityfofkdrapte detebiieiites, chngfrisifg: Det ect i on of RNA Medi ated by
Reverse Transcriptase Lacjdug e H Functjon The following is an exanple of
a nmet hod of péd¥ or Myhadising thetkrgst nudeic agid to lna immebilized aueleiciasid to dorm pe
detectio ) .jucl ei c acid sequences in a sanple. The 5 prine

bi oti nyl M‘%%?@L%% nucl eotide prinmers was mxed with a streptavidin

coated solid ghase derdtingdthehapechulic &0d bpnfdsufing WieRNALDRR: Bybiridsting a
const ant shakin e of target nucleic acids was added to

_ g g_lloo_ r%rr) A sanmpl i _
the sol i deteplablsentifywhich binds tethe RNAIMNAIybAdGadr (100 nM Tris-HC, pH 8.3,

150 MM KCl, 6,35 1 2, 20
T DT, and 1 vt oAb o ol ) ot FTole ool Aot e oSl M
primer were anneal ed by heating the m xture to the optinmal annealing

t enper at yr e, eferably 60C (optimal annealing tenperature varies with
priner ard n&%‘Fé‘?"&h quﬂqofiﬂi’j“,la r@@@@ﬁ%@éﬁ’%é‘%ﬂure was then
cooled at 20-27C for 5 10 m nutes. Additional hybridization/ extension
buffer and reverse transcriptase, preferably thernostable and | acking
RNAse H, 3was d#dektthothaccorling toehimals whensil titedarget nucleic acid is RNA.

4. The method according to claim 1, wherein the detectable entity is an antibody.
5. The method according to claim 4, wherein the antibody is a binding fragment.
6. The method according to claim 4, wherein the antibody is monoclonal.

7. The method according to claim 4, wherein the antibody is polyclonal.

8. The method according to claim 1, wherein the microarray has sample detection sites

ranging from about 10 to about 100.

9. The method according to claim 1, wherein the microarray has sample detection sites

ranging from about 100 to about 1000.

10.  The method according to claim 1, wherein the microarray has sample detection sites

ranging from about 1000 t o about 10,000.



for 30-60 mnutes at 42C. EDTA (0.5 M was added and incubated flaf MY Z{C]le
m nutes at 37C. RNA: DNA hybri d-specific al kal i ne phosphat ase conjugate
anti body m x was 10 added and incubated at 20-27C for 30-60 m nutes. Any
unbound anti body was washed away, folipwed by the addition of a

chem | um nescent substrate. The solution was incubated for 15-30 m nutes
at 20-27C. The signal which was emtted was read wth a lumnoneter at the

appropri gte vel ength. .15 .20 25 30..35 anpl e 4. Bi ndi ng_of RNA: DNA

b e sl { AMETBR O R A R ERA S AR OR PRtroRE R ERE B ¢ h
the anti baghiag of 9dmple detekfibF§iRB! comfisiig: of tine to allow conjugation of the
hybrids. The hybrids were bound to the antibodies by incubation for 5

m nutes to 24 (®Mour dinding hetargegwclsic acid {5l an iomohikizediduelogicelmalesilaki ng speed
of 0to %goo r pm Prgfe‘r:‘ipa%% t eici ne l%atior_l time was 30 to 120 m nutes at
20 to 40&0mRiRE AN LAmOPil: guslgic ASEFOMBIT ost  preferably, binding
occurred w th(pncubgbli@iRingla efplemettarynutieRciddmmeplat tf the hindbilived Qi QS
shaking on a rotary platformshaker wth_a rotarg shaki ng speed between

appr oxi mateleig agicompiex, doming an immohjlized BNAIRM Bybsistcamplexiose skilled in

R A e e e SR e S
d i gonuchgbrid esmplen by hixﬂm%)ﬂhé icempleiad aderdtable dﬁgﬁbﬁﬁ@éﬂy&f&dﬂi@&hﬂcﬂm nal

Ant i body A single ol1gonucl eotide of varying |en was spotted at four
di f f er enRNASNAMYPrdia9ds in replicates of ten. The spotted 72-ner

i R

ol i gonucl eoti des were sequential truncations of the parent 72-mer. These

m croarrays were hybrjdized to varying concentrations, of conpl enmentary RNA
and vveré¥-vi s e methed accardting e chaimold, Sihgret &PWBV’NR!&.‘C- ‘Sﬁg}ﬂ td anti body.
At a target concentration of 800 pM substantial signal was observed at an
ol i gonucl eotide I ength of 30 bases, but there was a drop in signal at 25
bases. Filgur e ThA nstiowkacchringeuwldim df whheisthg tapettmuclead &éd isdRNA. as a
function of oligonucleotide Iength at an RNA concentration of 800 pMw th
vari ous spotted oligonucl eotide concentrations upon RNA:DNA hybrid

speci f i c jgonogie RalhGidc B Q1AM 110Wherein the immobilized biological molecule is a

protein specific for the immobilized nucleic acid.

15.  The method according to claim 11, wherein the immobilized biological molecule is

an antibody specific for the immobilized nucleic acid.

16.  The method according to claim 11, wherein the detectable entity is an antibody.

17.  The method according to claim 16, wherein the antibody is a binding fragment.

18.  The method according to claim 16, wherein the antibody is monoclonal.

19.  The method according to claim 16, wherein the antibody is polyclonal.

20.  The method according to claim 11, wherein the microarray has sample detection

sites ranging from about 10 to about 100.



-

The polycl onal antibody detection protocol was the sanme as that 1 cMAY i 2084
above for the nonocl onal antibody, with the exception that a Cy3-Iabel ed
goat secondary anti body fromrabbit was used instead of the nouse anti body
from goat. The results (Figure 6B) Wi the polyclonal antibody showed
significantly inproved detection conpared to the nonoclonal antibody for
ol i gonucl eotides |l ess than 30 bases in |ength. For oligonucleotides

greater than bases, there was.n sibgnificant difference,in signal. The
Dol ycl ondl- RVABRIEL FEHAPE P ourilod- Treri he ey bR Rt R et nod
for detegfbd¥an B dndat 1ottotdmatit BgoD. | ess than 30 base pairs long as
conpared to detection with the nonocl onal antibody (see Figs, 6A B).

E@f AVENDED SHEET 1 4 MAY 2004 -52 WHAT IS CLAIMED I'S: 1. A nethod for

det ect i ngaor antifvin .t arget. cleic.acid.on a nmcroarkay having a

ol ural i t920f dbRprandilateetding ot amctt whatsin ey Ratyy hisAR< R ™he 1 ar get
nucl ei ¢ gRéshahging frohiABYRt 1 00TEd abbed W,600aci d to forma RNA: DNA hybrid; (b)
detecting the target nucleic acid by nmeasuring the RNA:DNA hybrid using a

detectable entity which binds to the RNA: DNA hybrid; and (c) repeating

t d t Lar.al i f i j 2.
The' et ndd ac omairig (FAflscng of fuditliBl b tad muBRNEACR OF) Bt BT bR 4
3. The mphirglity a€ eanle detetiorCdifts 'Bolpristigt €i n the target nucleic acid is RNA
4. The method according to claim1, wherein the detectable entjty is an

anti body. 5. (®he hebmdaingdloiammenpueleic ariditpp sompleaeataty pueleig acidpiming 5

bi ndi ng f wp@. . hod according to claim4, wherein the antibody
i s nonoclona .'TiNA‘Pﬁ%n%g‘frﬁglg;(hccordi ng to claim4, wherein the antibody is

pol ycl onal . 8(b)The birelifpithe FDCADIN A hybrid complex 1o avimanebitizédeiologiabar ray has
sanpl e detection sites ,ranging fromabout 10 to about 100. 9. The nethod
accor di n&“ﬁ%"“@’ TFIRE we&k%BNﬁrP hybrid qoawles pl e detection sites

"anging. ' om ghout 1Ak bl hORR: ackP Mg Rl BRARGRTANENADRIAI M 1

wherein the mcroarray etection site rangli ng from about 1000
t o aboutytrd &difpled by bindi:BNh4 complek 1o a Aetwetablednfityrspeeifieallyi regctive wjthathei f yi ng

a target nucl ei ci.d on a mcroarray having a plurality of sanple
detect | omwhﬁ%‘gﬁn& ng: (a) binding the target nucleic acid to an _
Lg”;gﬂa' i zed big ogigRbifPLiessaf- (<) 8h Chdltofahe bRIFIMY bf ARfhIL ALte@ioniited. €i ¢ acid
X,
24.  The method according to claim 23, wherein the target nucleic acid is DNA.

25.  The method according to claim 23, wherein the target nucleic acid is RNA.

26.  The method according to claim 23, wherein the immobilized biological molecule is a

protein specific for the immobilized nucleic acid.

27.  The method according to claim 23, wherein the immobilized biological molecule is

an antibody specific for the immobilized nucleic acid.
28.  The method according to claim 23, wherein the detectable entity is an antibody.
29.  The method according to claim 28, wherein the antibody is a binding fragment.

30.  The method according to claim 28, wherein the antibody is monoclonal.



(b) heridizing a conplenentary nucleic acid conplex to the inmobilized
target nucleic acid conplex, formng an i mobilized RNA: DNA hypqlﬂAE ?mﬁ
conpl ex; (c) detecting the target nucleic acid by neasuring the inmp I zed
RNA: DNA hybrid conpl ex by binding thesgonplex to a detectable entity
specifically reactive with the RNA:DNA hybrid; and (d) repeating steps (a)
- (c) on each of the plurality of sanple detection sites. 12. The nethod

S hod aao? T8 e st B daih 2 Wigeid e aBlibodiTh BplyBioBht | (354

The met hod accordi ng to cIa|n111 wherein the i mmobilized bi ol ogi cal
nmol ecule is a_protein specific for_the imobilized nucleic_ acid. 15. The

net hod adéor dilhg meshed agearding to\glaimed 35 wheein thewrirtoamrayhas semplg defectionl ecul e
is an a bilized nucleic acid. 16. The net hod
accordi ngﬁ%o C agﬁ%ﬁéﬂo\?\%erélén%tﬁhgmggt ectable entity is an anti body. 17.
The met hod according to claim 16, wherein the antibody is a binding

fragnent. 18. The net hod accordi to claim16, wherein the antibody is
monocl ondB.  1dhempthodacserd lrw@@lladm%@ pihereinthgmigroarap has smpitedegertioBody i s

pol ycl on ]{’r&} PRCRh to claim1l, wherein the mcroarray
has sarrpl%esﬁ%mg% l& es raa%gﬁ{ngﬁb rom about 10 to about 100. 1 4 MAY

2004 -54 21. The net hod according to claim11l, wherein the mcroarray has

sanpl e detection sites rangi ng froma out 100 to about 100 22.. The
met hod agéor dilig meshed ageas % thihe mpiSEOREgY edectionect i on

sites ra?g%/ﬁngé he Bo ﬂ-p&lbhti&f(p[ tBo@tblg)Uﬁ 00L0, 000. 23. A nmet hod for detecting

or quanti a“target nucleic acid on a mcroarray having a plurality of
sanpl e detection sites, conprising: (a) hybrl di zing the target nucleic acid

L o T T e e R BRI Y S e A )

form ng gﬁuhlqgggp%ﬂ@qe%ms bﬂ r%c_)rrpl ex; (c) detecting the target
nucleic acid measuring the i'mmobiliZed RNA: DNA hybrid conpl ex by

bi ndi ng t he ccﬁaﬂpl ehybrdizing ¢hemtgeb hucleinacidyto 8 gempleneatdry nudeic tacideprobe, h t he

br|d . eating steps (a) - (c) on each of the plurality
of sarrpl g%’f‘%ﬁ??@ﬂ\bﬁ%éﬁﬂﬂﬁ “ﬁﬁ%x’met hod according to claim23, wherein
the target nugbgei C hybiidizing a%xon &he Hﬁkﬁe@'@&'ﬂﬁﬁol%‘t@%%bﬂ&eﬁ' ai m 23,

wherein the target nuclei ¢ acid i s RNA . The nmethod according to claim
23, Mereompmnmmlem@d widl ogi cal m)l ecule is a protein specific for

the [mobi |1 288 UGk B2 e e iy BRCac L) AaRFRE Ui RRALBNGL RS, vherein

the imobiliz
complex by binding the complex to a detectable entity specifically reactive with the
RNA:DNA hybrid; and

(d) repeating steps (a) — (¢) on each of the plurality of sample detection sites.

36.  The method according to claim 35, wherein the target nucleic acid is DNA.

37.  The method according to claim 35, wherein the target nucleic acid is RNA.

38.  The method according to claim 35, wherein the detectable entity is an antibody.

39.  The method according to claim 38, wherein the antibody is a binding fragment.

40.  The method according to claim 38, wherein the antibody is monoclonal.

41.  The method according to claim 38, wherein the antibody is polyclonal.



an antibody specific for the i mobilized nucleic acid. 28. The 4t jpay %ﬂggi
according to claim23, wherein the detectable entity is an anti body. .
The net hod according to claim?28, wherein the antibody is a binding
fragment. 30. The nethod accordi ng tosgl aim 28, wherein the antibody is
nmonocl onal . 1 4 MAY 2004 -55 31. The nethod according to claim28, wherein
the anti body is polyclonal. 32. The nethod according to claim 23, wherein
the mcroarray has sanple detection sites ranging fromabout 10 to about
100. 33. The nethod according to claim 23, wherein the mcroarray has

sanpl e dgpect The methddescordivgl to@1dim®P P, abertin the thitwanhphids shile delektionhe

met hod according to claim23, wherein the mcroarray has sanpl e detection
sites raftgsignging foaheut 19taboyt Bfbut 10, 000. 35. A method for detecting
or quantifying a target nucleic acid on a mcroarray having a plurality of
sanpl e detection sites, conprising: (a) hybridizing the target nucleic acid
t o a congBeneThametitddceordimctiodlgim@Ie whefeir thie ngcroarri\Kaslakhphe/dateationonpl ex;
(b) hybridizing a_portion of the nucleic acid probe to an i mobilized

conpl emefttesTpngng fropabout &‘?Oté’rﬂll"’("cs(m@et ecting the target nucleic acid by
measuring the RNA: DNA hybrid conplex by binding the conplex to a
detectable entity specifically reactive with the RNA DNA hybrid; and (d)

r epeat i ng4st effhe frethod docdrding teathmdXs, wherepd the aictoprray hasssapipée deteationi on
sites. 36, The .net.hod accm@' ng,to ¢l ai.m 35, wherein the target nucleic
acid is BNg§ranging frpppabout '8%@8’1“& %o claim 35, wherein the target
nucleic acid is RNA. 38. The nethod according to claim 35, wherein the
detectable entity is an antibody. 39. The nethod according to claim 38,
wherei n #he arinbthey forsdetedbing or guantifripgre target nooleicTivid e Mieroazaohayingg t o

cl ai m 38 erei.n the antibody is nonoclonal. 41. The method according to
clai m 38?’1‘%\&?”8?' ﬁa‘?ﬂsdgﬁfﬁl%ﬂ?}si?nﬁ’&si}’& onal . 1 4 MAY 2004 -56 42. The

met hod accor digg t hybfidizifg3IRe tavfee hedldic abid 16k ifiRobAved dsmpRiichareRict i on
sites rangi ng(?r om gboutmfo to about 100. 43. The net hod gccor ding to claim

35, wher éfid te flermharcinynebiliged BN ASBING kybiidt ecti on  sites ranging from about

100 to about 00. ,44,. Th Q C i | er qi

m croarray ha sarrf))lufelémcl)%'i1 ga(l:)gflé %rg“agﬁ%taggsgﬁﬁ"g‘lcég" ?Arlom a%gﬁ?y\%%kﬁg tg‘ﬁ’out

10, 000. ﬁﬁcleﬁmtqunﬁaq)mmmcag?wx;quanti fying a target nucleic acid on
of s

a mcroarray havi n% a plurality ) ar_‘r(})l e detection sites, conprising:
(c) etecting the target nucleic acid by measuring the immobilized RNA:DNA

hybrid using a detectable entity; and
(d)  repeating steps (a) — (¢) on each of the plurality of sample detection sites on

the microarray.

46.  The method of claim 45, wherein the detectable entity is an antibody specifically
reactive with the RNA:DNA hybrid.

47.  The method according to claim 45, wherein the target nucleic acid is DNA.

48.  The method according to ¢laim 45, wherein the target nucleic acid is RNA.

49. The method according to claim 45, wherein the detectable entity is a labeled
RNA:DNA hybrid antibody-specific antibody.

50.  The method according to claim 46, wherein the antibody is a binding fragment.



|
(a) hybridizing the target nucleic acid to an i mmbilized conpl nqarMmryP[]l,
nucleic acid to forman i mopbilized RNA:DNA hybrid; (b) bindi na a | abel ed
nucl eic acid sequence to an i mmbilized conplenentary nucleic acid to form
a DNA: DNA conplex; (c) detecting the tsgrget nucleic acid by nmeasuring the
i rmobi | i zed RNA: DNA hybrid using a detectable entity; and (d) repeating
steps (a) - (c) on each of the plurality of sanple detection sites on the

mcroarray. 4 . i (R . e entity is an
anti body%)sr'pec %%@éﬂa&r@g%éﬁ@%&%hﬁé?’ t%lg gﬁmﬂﬁﬁgﬁ@.ﬁsggﬁaﬁe met hod
accordiing to claim45, wherein the target nucleic acid is DNA. 48. The

met hod :according to claim45, wherein the target nucleic acid is RNA 49,
The met'hdd- acddF Mmathpd ascerdingtostaim, 46e W ‘ﬁ’“’cﬁéaﬂté]?%'t%ﬁ?lé‘d@ﬂiﬂity is a

| abel ed RNA : DNA hybrid antibody-specific antibody. 50. The nethod
according to claim46, wherein the antibody is a binding fragnent. 1 4 MNAY
2004 -57531. The nnehdibatcakiny wdichgmt4s, eihafein thé micdoarray hastsampimddtéxtidy i s
nonocl onal. 52. The th according to claim46, wherein the antibody is
pol ycl on&ltes rﬁﬁg‘ngﬁ@rf'r&h%gg%éﬂlﬂf% to claim45, wherein the nicroarray
has sanpl e detection sites ranging fromabout 10 to about 100. 54. The

nmet hod according to claim45, wherein the mcroarray has sanpl e detection
si tes ranidi ng The amtixisbaccotid toelaincty, wheein the icibarayrbasrathpicdateationg t o
claim 45, wherein_.the m rr h sanpl e detection sites ranging from
about 10663%%“%}865‘9"‘1%1206%3)8&%’@%}& ﬁﬁ)to'for the detection of a target nucleic
acid on a mcroarray, conprising: (a) a mcroarray solid support having a
plurality of sanple detection sites, to which a nucleic acid is

i mrobi | i 26d, Jhi dnethad asicerding to chadintf, sbersiethe migroprraphag samplesdetertion  of t he
t ar get nulgl ei ¢ .aci.d: é}g)élbz%wbrhgi d n buffer; (c) a wash buffer; and
(d) a detBeRPHSNE P @ I%00 i've with an’ RNA: DNA hybrid. 57.
The kit according to claimb56, wherein the detection entity is a | abel ed

RNA: DNA hybrid-specific antibody. 58. The kit according to c]aim56,
wher ei n he dét kit forghe detestion df¢ tangetruslamnacid op piMICTogHa CPMETIEREi body and a

| abel ed RNA: hyhr i I - hi]. i it rding to
claim57, wherdin tl?l %ﬁéo%?ritakgrg@&' ?H}Brgr%rl%{((:]ﬁ%%%ﬁ @r%g%ﬁséﬁ%le-@?{%cg%%%r gict(ralg to
cl ai m 57 whidted sudleit Aeidainmmobiized; siidinycleiznmid beifgd condplemtinar) tofat pastattl yi ng
a target RNA, conprising:
of the target nucleic acid;
(b)  ahybridization buffer;
(c) a wash buffer; and

(d)  adetection entity specifically reactive with an RNA:DNA hybrid.

57.  The kit according to claim 56, wherein the detection entity is a labeled RNA:DNA
hybrid-specific antibody.

58.  The kit according to claim 56, wherein the detection entity is an RNA:DNA hybrid-
specific antibody and a labeled RNA:DNA hybrid antibody-specific antibody.

59.  The kit according to claim 57, wherein the antibody is monoclonal.

60.  The kit according to claim 57, wherein the antibody is polyclonal.

61. A method of quantifying a target RNA, comprising:



1 4 MAY 2004 -58 (a) hybridizing the target RNA to a first porthru, CMAyaQ[]m
i mobi lized DNA, said target being conplenentary thereto, formn

RNA: DNA hybrid; (b) hybridizing a | abel ed DNA probe to a second portlon of
the imobilized DNA, said probe bei ngsgonpl enentary thereto, formng a
det ect abl e DNA: DNA conpl ex, wherein the label is a first reagent; (c)

bi ndi ng an RNA: DNA hybri d-specific detectable entity to the RNA: DNA

hybrid, wh [ : j t; (d
i ne B oA TRL BTN S RRHA 1 IpRopRoaIBr et (©
measur i n%rgétﬂ)em@’ﬂbhiﬂlmﬂﬁﬂm?%rw ﬁ!mhﬁfgtanrm\mmN%bﬁm hybrl d conplex. 62.
The nmethod according to claim61l, wherein the detect ablre1 Itﬁ IS .an

antibody. 63 (b)The hybtidigmgadabaled RYA probe to #sesond préipa phthe ]i‘zﬁgdy is a
bi ndi
S S o Y S S M SRR DM O,

ant i body viterdiwthedhised ¥ a fisbreagérs; met hod according to claim6l, wherein the
m croarray has sanpl e, detection es, rangi ng fr ahout ut 100.
67. The net ho&accoinfingan BN&: QNFMM ‘%F eﬁeﬁ@ggeBF‘BféPﬁé?R-ﬁésB hpl e
detectio t .68. The net hod
gytlgd(t:vﬁ%élﬁ fta[b‘i’é‘lerﬁﬁﬁi& 1abl §fth 338 ﬁfn Qa%@ ;

accordin erein e mcroarray rrp’e detection sites
rangi ng from gbout lﬂﬂ:}@tﬁmtglhatmg&t RINA B9 dete6Bng therl@fmﬂﬂNAdwbnildgtwdti ng or

quantlfylngatarget nuc C.acl ! ar,ray. hayi ! rality of
sanpl e det ect {®n S|r’?e@§““%t:'?f>ﬂl?’%\°ﬂﬁ %Wfﬁ@bﬂ?@%ﬂgﬁéeﬁ%@ﬁﬁ?@%m eic acid
to a m crga [eﬁy bound bi onol ecul e probe, formng an i mobilized RNA: DNA
hybrid conple 1 4 MAY 2004 -59 (b) hybridizing a detectably-I|abel ed

bi onol ecul e probe to a non hybrl di zed portl on of the m croarray-bound

bi onol ec form e y dco Iex (c)

det ect i ng the]?‘ﬁr“&félﬂo ?fé"f’ tgm Wé‘ﬁ ﬁ%@ %Pﬁﬁ@b IFaQ

hybrid conpl ex by binding the conplex to a detectabl e anti body speC|ficaIIy
reactive with the RNA:DNA hybrid and the detectably-I|abel ed bionol ecul e
probe; afd. (d)Theapmtbad angortingte claiin 62, pdipreimthe aotibasty is pbinsling Gagragntof sanpl e
detection sites. 70. The nethod according to claim®69, wherein the
repeating steps are carried out sequentially. 71. The nethod according to

cl ai m 69 g4wherme indth 4cRPRIMd 10Q16mEFDS wherkire thefah86bdyus monoclonal.

65.  The method according to claim 62, wherein the antibody is polyclonal.

66.  The method according to claim 61, wherein the microarray has sample detection

sites ranging from about 10 to about 100.

67.  The method according to claim 61, wherein the microarray has sample detection

© sites ranging from about 100 to about 1000.

68.  The method according to claim 61, wherein the microarray has sample detection

sites ranging from about 1000 to about 10,000.

69. A method for detecting or quantifying a target nucleic acid on microarray having a
plurality of sample detection sites, comprising:
(@  hybridizing the target nucleic acid to a microarray-bound biomolecule probe,

forming an immobilized RNA:DNA hybrid complex;



si mul t aneously. 72. A method for detecting or quantifying a targF& ﬁﬁflﬁhc
acid on a mcroarray having a plurality of sanple detection sitle$, 2004
conprising: (a) hybridizing a portion of the target nucleic acid to a

m croarray-bound bi onol ecul e probe, faym ng an i nmmobilized RNA: DNA hybri d;
(b) hybridizing a non-hybridized portion of the target nucleic acid to a
det ect abl y-1 abel ed conpl enentary nucl eic acid probe, form ng an

i mobi | ized RNA: i d - ing. the t . | ei
LT by reasulh SHPARRY SR sBE g LAl LR AL 0
det ect abl e anti bodpoftisadfihemidryarraycuhd bidnvdléduld prebéfbenkig ah yarrodilzed t he

det ect abl y-1 abel ed_bi onol ecul e probe; and (d) repeating steps (a) - (c) on
each of the plural RNASINA xpridcemplexti on sites. 73. The nethod according

toclaim 72 fer ubebiif HERGRL NG £RFLAEGARE WRAMHIpIARRIDRAl V. 14

The net hod according T0 e repeating steps are carried
out simultaneous| yybrd dorivi¥x B9 BihdirgOthd sSomplennd hdetetabledatibady spgcifically

guantifying a target nucleic acid on a m croarray having.a Lurality of
sanpl e detection sTeaEdye Bk gNﬁgDN@al}YrHWtﬂ“a&h%‘%{%@@%?ﬁb&k&&‘om@é?‘égc aci d

to a conplenentary tha%lﬁ&d: acid probe, formng an RNA:DNA hybrid; (b)
hybri di zing a non-llujy ridized portion of the target nucleic acid to a

m croarray- bogdyd birepratisrstems () ofed on kachnofithe ploralityrofsalrpledetédtionBiés. hybri d
conplex, and (c) detecting the target nucleic acid by neasuring the RNA
DNA hybrid conplex by binding the conplex to a detectable anti body

specificaply i j ;0ONAe [a ks } steps (a)
- (c) onqgacthl? %ﬁ“ﬁ?@ﬁ%%@%ﬁm eﬁg{;@ggﬁqemétf%sﬁég%ﬂeﬂrﬁgt met hod

accor di ngequentidlhi. m 75, wherein the repeating steps are carried out
sequentially. 77. The method according to claim?75, wherein the repeating
steps are carried out simultaneously. 78. A nethod for detecting or

quanti fyi7ng aThahgRhoduebRliry BTIAmBY, ¥heleid B réRUtinPHERhré carbibibal i ty of
sanpl e detection sites, conprising: (a) hybridizing the target nucleic acid

to a reagmmltapealisty.ed nucleic acid to form a reagent-nodified RNA: DNA
hybrid; (b) binding the reagent-nodified RNA: DNA hybrid to an inmobilized
r eagent -

72. A method for detecting or quantifying a target nucleic acid on a microarray having a

plurality of sample detection sites, comprising:

(a) hybridizing a portion of the target nucleic acid to a microarray-bound
biomolecule probe, forming an immobilized RNA:DNA hybrid,

(b)  hybridizing a non-hybridized portion of the target nucleic acid to a
detectably-labeled complementary nucleic acid probe, forming an
immobilized RNA:DNA hybrid complex; and

(c) detecting the target nucleic acid by measuring the RNA:DNA hybrid
complex by binding the complex to a detectable antibody specifically
reactive with the RNA:DNA hybrid and the detectably-labeled biomolecule
probe; and

(d) repeating steps (a) - (¢) on each of the plurality of sample detection sites.

73.  The method according to claim 72, wherein the repeating steps are carried out

sequentially.

74.  The method according to claim 72, wherein the repeating steps are carried out

simultaneously.
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bi ndi ng nol ecul e; (c) detecting the target nucleic acid by neasymi payt 2194
I mobi | i zed RNA: DNA hybrid using a detectable antibody specifically
reactive with the RNA-DNA hybrid; and (d) repeating steps (a) - (c) on
each of the plurality of sanple detectggpn sites. 79. The nethod according
to claim78, wherein the repeating steps are carried out sequentially. 1 4
MAY 2004 -61 80. The nethod according to claim 78, wherein the repeating
steps are carried out sinultaneously. 81. A nethod for detecting or
gquantifying a target nucleic acid on a mcroarray having a plurality of
sanpl e .dgsect iADethol $r detfRg of qiditifiliag a frfetindclzlcngidor amj@barmaychaving aci d
to a mcroarray-bound bionol ecule probe, formng an RNA:DNA hybrid; (b)
hybri di zPhgalidy a6samplp delgrtiangsiies.GoBMYISEIE: bound bi ool ecul e to a

compl erent ary e9! §0udliz e Rl G Rl 3085 SHBRBICERH Rudtipe 08 of 1

sai d non- hybrirdi zed” m crodrray-boun I onol ecu from
t he mi croarr ay- boufiginting amw R&ONAIDN phgthrid; of step (a); and (c) detecting the
target nucleic acid by, measuring t_a_e RNA: DNA H‘ébri dvt@)}/ .bi ngli ng t he RNA: DNA
hybrid to a dédect dgbadizwgianionshypdiced pertionof e fargetaiclely pd {9 RNA:  DNA
hybrid and the det gt bohe! 66mbieRaRlpRol] foridh: infohilik RNAPSRI N0

of the plu

I
steps (a) - (c) on eac rality of sanple detection sites. 82. The
nmet hod accor di ng t hyblidcomplex, ader ei n t he repeating steps are carried out

sequentially. 83. The nethod according.fo claim$8 rein the repeating
steps are car I(‘Sed detecting g |W§‘F{é{5‘ﬁgﬁﬂg°1& 6y fheSufing the RRZSNA fiybfia

complex by binding the complex to a detectable antibody specifically

reactive with the RNA:DNA hybrid; and

(d) repeating steps (a) - (¢) on each of the plurality of sample detection sites.

76.  The method according to claim 75, wherein the repeating steps are carried out

sequentially.

77.  The method according to claim 75, wherein the repeating steps are carried out

simultaneously.

78. A method for detecting or quantifying a target nucleic acid on a microarray having a
plurality of sample detection sites, comprising:
(a)  hybridizing the target nucleic acid to a reagent-modified nucleic acid to form
a reagent-modified RNA:DNA hybrid,;
(b) binding the reagent-modified RNA:DNA hybrid to an immobilized reagent-
binding molecule;
(c) detecting the target nucleic acid by measuring the immobilized RNA:DNA
hybrid using a detectable antibody specifically reactive with the RNA:DNA
hybrid; and

(d)  repeating steps (a) - (c) on each of the plurality of sample detection sites.

79.  The method according to claim 78, wherein the repeating steps are carried out

sequentially.
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80.  The method according to claim 78, wherein the repeating steps are carried out

simultaneously.

81. A method for detecting or quantifying a target nucleic acid on a microarray having a
plurality of sample detection sites, comprising:

(a) hybridizing a target nucleic acid to a microarray-bound biomolecule probe,
forming an RNA:DNA hybrid;

(b)  hybridizing a non-hybridized microarray-bound biomolecule to a
complementary region of a detectably-labeled biomolecule probe, wherein
said non-hybridized microarray-bound biomolecule probe is different from
the microarray-bound biomolecule probe of step (a); and

(c) detecting the target nucleic acid by measuring the RNA:DNA hybrid by
binding the RNA:DNA hybrid to a detectable antibody specifically reactive
with the RNA:DNA hybrid and the detectably-labeled biomolecule probe;
and

(d) repeating steps (a) - (c) on each of the plurality of sample detection sites.

82.  The method according to claim 81, wherein the repeating steps are carried out

sequentially.

83.  The method according to claim 81, wherein the repeating steps are carried out

simultaneously.

14 MAY 2004



