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I NVENTI ON a) Field of the Invention 5 This"inyention relates %L to
©€okes or

‘met hods of detecting nucleic acid sequences ustig ol i gonucl eoty

arrays of probes that have a crosslinking noiety in assays where either the
probe or tw® @manzget nol ecule is boundjto a solid support. FOBUSWrBEBOe- bound
DNA or RNA nay be imobilized cellular or subcellular systens, or

I mobi | i zABSKYSYISING MMROSSIANKABLE EMVIGBHNZED NDETEIPACIDOf Rel at ed
Art Nunerous useful techniques in the biological sciences involve the

I mmobi | i zati on of biological material on a solid support of sonme kind.

| mobi | i zed nucl ei ¢ aci 1. di i iitute an inportant class
,0f 15 these nethods. EQgﬁgﬁgékgﬁﬁﬁbﬁﬁgﬂ§%§®§§iﬁg assays where the sanple
bei ng assayedyi s, i Il ized include in situ hybridization and blotting

assays. %Eanpf§§i8€3§§§¥?§uﬁhere the sanple is contacted with i mmbilized

probes includ ' LES,. | el .qp: £ echni ques are
‘a val %abl e rre?h%gﬂ%gg% gfna?]&:"%@ %gﬂ{yﬁ‘g’ r%%‘)tﬂgéé %?‘éés}éﬁgﬂéd%’?‘%s‘%%gﬁ ic nucleic
aci d seqg&{iefsesWisint Migstuctotide Protsddsy @ltayt BF pfobet @i hatlhi ke in vitro
techni ques in which the nucleic acids of interest are retained in sone
manner whidsslikieg ity inessagt wheee siginuitiee probaeyrthel tdgétmoledale i o per f orm

t he assay neasurenent, in situ techniques _allow one to assay for the

pr esencebondipetsdlidsuppgrie ddesusiapeny oy BN or N4 may be immebilizedr or

bcel | ul t . In blotti . DNA dt nmb
Cor 11 1 ¢ B3t e flee sfirennd ok i BRI ARG e ongh & gl ©

isp @begre%ﬁfatito presence of a specific nucleic acid sequence.
| mobi |i zation tTechni ques for DNA assays were first denonstrated by

Sout her np) J. MekorigBiodlof Rel&éd Ar98, 503. Since then many derivative
procedures have been devel oped. These derivative procedures include 30

Nor t her n bl ot Nuahmisqusefulitechalidques iiRkfe bislogival stienzexdinaolveahsayed vi a
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immobilization of biological material on a solid support of some kind.
Immobilized nucleic acid hybridization assays constitute an important class of
15  these methods. Examples of nucleic acid-based assays where the sample being
assayed is immobilized include in situ hybridization and blotting assays.
Examples of assays where the sample is contacted with immobilized probes
include gene chip technologies.
In situ hybridization techniques are a valuable method for identifying the
20  presence of specific nucleic acid sequences within cellular or subcellular systems.
Unlike in vitro techniques in which the nucleic acids of interest are retained in
some manner while the remainder of the sample is degraded in order to perform
the assay measurement, in situ techniques allow one to assay for the presence of
specific sequences among substantially intact cellular or subcellular structures.
25 In blotting assays, DNA or RNA bound to 2 membrane (or filter paper), in
many cases after having been migrated through a gel, is probed for the presence of
a specific nucleic acid sequence. Immobilization techniques for DNA assays were

first demonstrated by Southern, J. Mol. Biol., 1975, 98, 503. Since then many

derivative procedures have been developed. These derivative procedures include

AR
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30  Northern blot techniques in which RNA is immobilized and assayed via



hybri di zati on and dot bl ot techni ques where a solution containing nucleic
acid nolecules is directly immbilized on the nmenbrane or fi

assayed via hybridization. -, . In inmobilized nucleic acid-éi?%ﬁ?ggg%ys,

ol i gonucl eoti de probes are Y 5 contacted with the i mobilized sanple, or a
sanpl e is opphaeded Wi th imobilized probes, and evidence tphaishdef Obe
has hybridized with its essentially conplenentary sequence is determ ned by
devel opment of a signal froma direct or an indirect reporter system
Achieving a desirable signal-to-noise ratio is a major challenge of 10

i mmobi i zed nugleic acid hybridjzation assays. .In situ PCR s one nethod
that has b8gb ?@%@réhg%blm epRyanevhers as¥lation contyine nusless agid assays. In
this technique, ,cell.ul ar, .subcell yl ar, or tissue | es_are pr.epared and
ori mer _pai FRIGHICS I ARSEL ifmopilized gishe Sombean & AR T epeat ed

t her mal cyﬁhﬁﬁhkghﬁpe same manner that PCRis typically carried out. It is?*
expected that 1t the target sequence 15 is present then copies of the PCR
anplicons will BenaBbilizee duclByEi@based 48AYd, ©ABbnVICRde PEobMstale the in situ
PCR technique remain. In addition to the problenms encountered for 4
sol ut i of- besssctBCRithuihle iasnemiyedesanmiie,irta sample ad sentgtedwith imardilpreidmer

di neri zation, there are other issues sgecific to the in situ techni que that

cont ri but eprabes.rradryidansathaidbeprabedias higbridiged witihids essertiallyof cel |
bilization. If th i j 1 th I .
e e oy SR BR R Se B e M S P s SR AB AR N ™
anpl i con Wﬂf%ﬁx{e&kﬁ?ﬁ@r Eﬁ?erﬁel | . These effects may be variable within
as-‘rro

one sanpl e "as we m-sanpl e to sanple. 25 2. Endogeneous i nhibitors.

Whereas for sol JehieRidpasaskibR AssANs-diRUaEeSEa plajsradhallengy &par ati on _
procedures is to isolate the nucleic acids and renbve enzyne inhibitors, in

si tu a$@aysnmobilized asskid hoid hybfidization wsstis.nlrasicePCRlisonemeshddabit hasar
environment and limt the possibilities for renoving inhibitors. 21 FEB

2003 WO OObaarpatermed EmooIpreumg the sensithaly of ingify 4s8ays. ImHds isehmausi | | zed
menbr anes meiﬁl ermt tre_ anpl i con t@:ﬁl eave th c%l | . duri nrg wash steps
subsequent C§B1 ¢t Subggliptar; QElisyR SarER r'lgnprepgreﬁ@ RTINS R Gnpl i cons t hat
n b . . I . . .
nave Doer IRTRRE P P bRl SR e Sl g RS L B B Gkl 7O
signal s. Tha,adMLhCPOR i ieﬂ%'y%zﬁ’ﬁ@é beCdt & e)éﬂb%teﬁ' thet iPthe tAfret Huehce

sequence, unlike probes that ridize to the target. The anplicons freely

nmove t hf ougipredent semdopianst thePCRhaaplieisvailEbeaplifiedieHaivgnal that nmay be

difficult to detect and not permt |ocalization of the ' 10 sequence being

assayed. Teigeifitent probtenabwith theigt grisP@Bdecmtiqioremsaine of the reasons for

i nconsi stent results.obtained by in situ PCR assays.  Ther '%H&krecogni zed
|

need to i nproveln3ditien i thegroklemsiencoyntoregiiop solgtpadase 2 ion

assays for _detectign..of 4 bilize ucl ei g. aci.ds. Far 15 | met hods
fo | mpr ove bty i @0ae. ikiRlminty il Mime ARt fliopsBe s SHEREsEe s on
agents_(USyRatianto die3A%ind fonhicle thitCoRgRndle BS BhPnoRseatipihens (US Patent
5,707,801) "have been disclosed. In US Patent 5,521,061, Bresser et al.

descripe the use of pernEBhé extesrdfariigesmasnisilishgng [fehdparesiz iqooa means to
increase the sensitivity.
small then polymerase enzymes may not be able to enter the cell. Ifthe
pore size is too large then the amplicon may freely leave the cell. These
effects may be variable within one sample as well as from sample to
sample.
25 2. Endogeneous inhibitors. Whereas for solution-based PCR
assays a purpose of sample preparation procedures is to isolate the nucleic
acids and remove enzyme inhibitors, in 5;z'tu assays are necessarily

performed within a cellular or subcellular environment and limit the

possibilities for removing inhibitors.



20 Previous disclosures indicate the need for inproved nethods for assays
of imobilized nucleic acids, particularly inin situ hydrldlzatlon assays.
The use of long probes (200 to 500,000 nucl eotides in Iength)'ﬁﬁE 003
assays requires |ong hybridization tines and contributes heavily to high
backgr ound ™9 Y& “pecause of countless opportunities for PGF@I’éﬁ?’
non-specific 25 binding interactions prqvided by the additional sequence.
However, | ong probes provide the advantége of being able to contain nany
reporter groups and thus provide stronger signals. Shorter probes (Iess
than 200 nucl eotides). of flgyiss bhempHygt T pefméDilliteddndbiands dali on tines,
but shorter probes are nore susceptible to bei ng washed away, thereby
reduci ng the sipgnalit thShmplieon pr shes the call thavmg whsh stepxisubER2D0® the 001 14281
4 PCT/ US99/ 18950 advant age of being prepared by automated synthesis
procedures, butammiicatigaaeaddion; i may alse ahavy ampheensghatdiaygpeepamshed of the

Lfi;f’{nﬂé?f corL PAPHGOT SELS e el o patl Qe sael 1 el b 5
hybri diszati on Cﬁggao&qgﬁaﬁ;,wg t?ﬁ;stth@'?ﬁ@ﬁ see US Patent No. 4,599, 303,

Yabusaki et al er s ‘probes are applicable to in situ
hybridi zation or bl of.ti ngjfRsheiAMES msﬂﬁ}qicdﬁ@amoth&dme&hm@ st @ni ques,
the various biol ogic conponents have nornal |y been chem cally degraded by
sanpl e prepar athomrgtespquercgpindiide probagthanhebridize tdieltanggt. i Thal kal i ne
solution, protei nase K treatnent, and 10 the like. In any event, the in
vitro assays amenligensficely mevs gwedsh thersemyle anh mpytthes gansrase e diffuse

mat eri al on sones id su orarily while re t he. ot her
conponent s t hr St M%‘F‘}@ﬂ'ﬁt ?‘f‘f&‘t“éﬁ’c‘)tgwr%ﬁll?fﬂl %fetgi:es of wash
steps.oThe hybri [ tself is usually performed in solution. If
therel(s)houl d bé oﬁ%gﬁe%p}gésg?ﬁderactl on between a probe and non-nucleic

aci d and bi ol ogi iRkhekDthe ABBOO Bldtots a&&uu%u\f@ﬂ&dﬂnél@fmeqﬁsbhpwrené&ls?st&ﬁl se
si gnal because these conponents are not retained in the assay. However, in
t echni quegedultswibtained bg ik airg®CRDANSayy. RNA is immobilized during the

hybri di zation step, especially in the presence of other biol ogical
conmponent s, noﬂ“lvpemare@ogmtz nead f@nmnmvmﬂettmloommtwmgfpmt ai ni ng
probes 20 and any these majerial s, cludlng t he oI|d su ort on whi ch
the tar getbaﬁfl’@ﬂ\h}f)‘?“ t“?’éaﬁsﬁi‘ﬁnﬁrl F?@HOH W%lﬁds’% Spaad §o he out cone of

pr obodSan P EBPHe e BT R e ARl 20f BB T s RR bR "

i mobi i zed har ged
groups on a soﬁmoé%uppg!ﬁwrir%{l %‘?Igg g? )eoﬁﬂ{cr%agﬁﬁ ?‘%gg"ﬂﬁ%h‘?'r‘ﬁ%g% KU?

I mrobi |1 zgtake 59707,8€1 e deembbidsed. Ak wsrmlteﬁls 21,601 Brbgy¥reidll al so
attract binding of ‘the nucleic acid probe. Al ternativel y, exposed hydroxyl
groups on debailsaitiicarse ofpeansasioncdnbapgws andaigan] edhanegrs bormdapdt@gen bonds
with the nucleic_acid probe used. Crosslinker-containing probes are

parti cul aringrepseoth eélwlﬁﬁlt}’or non-specific b| ndi ng, because they necessarily

cont aIZB a hi ghllyrevmus dlSCE)SUIOCgE}n xcate%e neeci for improved methods for assays of
immobilized nucleic acids, particularly in in situ hydridization assays.

The use of long probes (200 to 500,000 nucleotides in length) in these
assays requires long hybridization times and contributes heavily to high
background signals, because of countless opportunities for undesired, non-specific

25  binding interactions provided by the additional sequence. However, long probes
provide the advantage of being able to contain many reporter groups and thus
provide stronger signals. Shorter probes (less than 200 nucleotides) offer the
advantage of reduced hybridization times, but shorter probes are more susceptible

to being washed away, thereby reducing the signal. Shorter probes also have the



PCTNS99/ 18950 reactive functional noiety. Al though the intention is to use
the crosslinking noiety to covalently attach the nucleic aci ¥#ﬁ?§06§)the
target nucleic acid, any crosslinker-containing probe which l
non-specifically bound to the support or a non-target nucleic acid nol ecule
coul d pot eyt adsi4ggspecone coval ently attached, 5 resulting poraRogssRssi vely
hi gh background level. In addition to the potentially problenatic presence
of biological nmaterial other than the target nucleic acid nolecul es, other
aspects of the procedures used in hybridization protocols where the

bi ol ogi cal sanple is imobilized can be.,detrinental .to effarts to. obtain a
ol ear - hybridienies s beingrrirppared BY ailmated Synthesty PR CadeRy et IR

pr ocedur es;: ) [ i - Whi i -t he cell
but pr eserl\y@i@??ﬁéﬂ%ﬁ%ﬁ%ggﬁsaXé}%‘?ﬁdgﬁ?Fé&cﬁgﬁwgf%ﬁ&gééé é%gperi od of
tinme. HowepgleriticApwasHih ¥epyes, while preserving structure, often reduce
hybri di zation efficiency. tworks may be forned in the process, trapping
nucl ei ¢ aci ds aQgbsslidikegeostaiiting peobees hangbédieprevivasiyassd i ¢ vigropr obes. Sone
15 fixatives also covalently nodify nucleic acids, preventing |ater hybrid®*

f or mat iSon krhdidiediasatethmyqudsgferlinstangees sea HorRatentiNag. ¢,59 %05 Yabusakiebbi | i zed
nucl ei ¢ aci bridi zati on assays with i nproved signal -tQ-nQise rati os.
However tfﬂg- %\V?‘@abwfl?tﬁgr b Folass|are ep bl itk F&@%ﬁ% #41eR Of hese

i mmobi liz ssays, and_their fecti;veness i n, 20 copbating th .

<1 gnal - t o- Mo CE Rl WE Aot SR0RE, AR Whns el R b te ilogic ds 1o

di rect t hedhsdnes Blve iR boPeRient P achade 5P Sutll i :
Patont No<S I,g%{zésg‘?szoée 5 605?662; Pty destdded %??ﬁ%ﬁ%ﬂ?ssﬁ%m que
suf fers frgpidal amshgmihitt adiboginy int dlkalfecdotution, pfRcinasedktirealiepouad , t he
application of electric-field induced stringent wash 25 techni ques suffers
f rom H&vi rigetikeudn appwperinihs e viimnatisayoars typicalliedesignedtayetain bulfyfthe ed
stringent washes because, t he prohes are al ways subject to being washed
away. SU lepCiHEAICRPERTSARE Saﬁsmﬂéewomibwmwze_mop@a thegdhergoso 6
It is an object o he present, invention to provide a nethad for assaying
b |1 2R Rt gy ERPY & E Me S Riesr B e A RS Bitsis 1 o
i nprove t o TR MY ) AN N o LS a
DT ove e SR B S VERIPBUT A ol IE BRSOt 2
sol uti ons winspatifietinterielieh be@ided S ptoboand ABRBULIeZEALiE ARG Bidlogesl cont ai ni ng
probes to inprove the sensitivity and the reproducibility of the assay.

15 components, this would not contribute to a false signal because these components

&

are not retained in the assay.

However, in techniques in which the target DNA or RNA is immobilized
during the hybridization step, especially in the presence of other biological
components, non-specific interactions between the crosslinker-containing probes

20  and any of these materials, including the solid support on which the target DNA or
RNA is immobilized, would be disastrous to the outcome of the assay. Non-
specific interactions between the crosslinker-containing probes and solid support
material on which the biological sample is immobilized are of particular concern.
For instance, positively-charged groups on a solid support material are helpful in

25  the original immobilization of the target nucleic acid molecule, but they will also
attract binding of the nucleic acid probe. Alternatively, exposed hydroxyl groups
on the surface of a solid support material may form hydrogen bonds with the
nucleic acid probe used. Crosslinker-containing probes are particularly

problematic for non-specific binding, because they necessarily contain a highly



The sensitivity of an assay is determ ned by the signal-to-background ratio
of the observabl e being neasured. The reproducibility of an assay is
determ ned by factors that influence the signal |evels ortfm?bﬁéﬁdm@@nd

| evel s. Varjiation of 10 either of these levels will cause varying

si gnal -t o- bXOGM3Ad rati os and conplicate the interpretatiR¥F/BI9NS0assay.
The present invention satisfies the need for inproved nethods of assaying

i mobi | i zed nucl ei ¢ acids. These net hods Sprovi ded by the invention offer

t he advant age of superior signal-to-background ratios conpared to standard

15 hybri di zahdtAR RneRYndl AE6BIyIUERhoughehR iSi8Rién [st¥ €88 tRMerBédivkilgs for a
nmet hod of determining the présence of a target nucleic acid nolecule in a

bi ol ogi cal maip) & covaderriyrateich fileg ntdleictaridplobsnd drithgeonutlbie didlaagi cal
sanple is inmmobilized. In this nethod, a nucleic acid probe having a

crossl i nki rigossbingeycortpmin eprwbefvdrinh ronen-spacificably bonod $¢ thesuppotierween t he
nucl ei ¢ acid probe and.the target nucleic acid is contacted with the

bi ol ogi cal noansrEetaycionmacifyreleenls sonldrpdentindypecomecaryently atipdied, aci d and

h lei j.d b A I b h | ei id
pr obo i TROINGEGRER RyCa e bie TREREBIPA 8 nen'f or med. AL | enst one

washi ng step fol : d jef

hybri di zati on palhg1 \r@}t;@\r%%@ﬁgtcépgl éfégxﬂng?m%ceﬁ %?%Rggf(%ﬁa g%%)ll%gw}%% ri ngent,
denat uri ng qhsichhh @St nweRiescidRYol8diil 6, @Bicr afFdctyofte peRdlieshgs®ve any
nucl eic acid probe which is not covalently bound to a target nucleic acid.

In a final istypridizationpoeotolsfwhare swl binlogicah sarhplieds anmobgizsdeandeget

conpl exes i s determ ned. 21 FEB 2003 WO 00l 14281 PCT/ US99/ 18950 7 I n one
embodi nent ,detmaeptad fogifers tasebfpine ¢lsanhyhsidizationsegnal.uFax instapgetigsdu body
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consi st i ng lybridézetini efficiehoy.obletwarks neay efbrined i theproossestrapbing
nucleic acids and antigens and rendering them inaccessible to probes. Some
15 ﬁxativeé also covalently modify nucleic acids, preventing later hybrid formation
and decreasing signal.

Thus, there exists a need for immobilized nucleic acid hybridization assays
with improved signal-to-noise ratios. However, the applicability of crosslinker-
containing probes to these immobilized assays and their effectiveness in

20  combating the signal-to-noise problem have been unclear.

The use of electric fields to direct the binding of charged biomolecules has
been disclosed in U.S. Patent Nos. 5,929,208; 5,605,662; 5,849,486; and
5,632,957. This technique suffers from transient binding of the probe to the
target. Moreover, the application of electric-field induced stringent wash

25  techniques suffers from having to use compromised conditions in the same way as

buffered stringent washes because the probes are always subject to being washed

away.

SUMMARY OF THE INVENTION



10 The formation of the coval ent bond between the target nucleic acid and
the nucleic acid probe may occur either photochenically or chenically. In
anot her enbodi nent, the present invention provides for an ar IZAf, %39%% si ng
a solid support and a plurality of different nucleic acid probes

i mmobi |i zed solid support, each nucleic acid probe i se
sequence 15“§§?égﬁlally conplenentary to a defined region g%%?ﬂggﬁgg

nucl eic acid nol ecul e and having a cnosskinking noi ety capable of formng a
coval ent crosslink between the nucleic acid probe and the target nucleic
acid nmol ecule. The target nucleic acid nolecule may be an animal, including
human, bact eri allt isamefect qfdheprasent ipyemionde proyide amethed éoraspayinghe

crosslinking-nojety. empl oyed, on the .array j.s 20 opti.onally sel.ected from
Uhe group CUHBPEHiHDEFeiCAHAL oS Uy e SEasaliake montumias RErBRs P FPPEVES

Met hods for L0G.: f -f.or 1 ni ng the presence of a s
plurality O@E?éﬁ%@%@%@%e I(r:| gar??ll@litgagﬁgé%é%'a bigol ogi (F:)al sanple are al so

provi ded. Met hoci%isfé)ﬁlrﬂr%}PEje@féiaﬂﬁégh&fenfjﬁ%ﬁﬁErf‘id}ﬁog Qh¥Reds R particul ar

sequences 25 where several “pol ynorphi c sequences ‘'may be expected are also
provi ded. |ﬂs?ih§l§<ﬁl&tibn§oﬁmg& inoekRicadids sigg imivebilized croselihibgs f or

di agnosi ng a di sease condition in a patient and kits useful in carrying out
t he net hodscoptaining pirobestoiimprevesthalssusipvigyantbthe repraduEibBity @9 3haBsa/ 1428
PCT/ US99/ 18950 8 BRI EF, DESCRI PTI ON OF THE DRAW NG Figures 1 a-1 c¢ show

cel I's which havehseshsiEyERoE an gysayris determingd bydhs signahta-backgrenndalience of

andwi  noutOtoE PPkttt bnBoBCR Gk o SRIEHRNS el & B ™1
DESCRI PTI %ﬁc%ﬂa%h%@@@%rm SR or tHX%H%}i%%IEH %%Q.e_s’\’ AR 6gd
d nuclelc aci ybri

met hods for "performng 1 nmmobiliz I zati on assays.

Exanpl €9 ofeithi¢t bf Arsaieseisneilluchase badyigs dgilitolbaak grotnd @atidsmangi t U

hybridi zation, blotting assays, and the use of gene 10 chips. Nucleic acid
hybri di zat i ssmplicate the onteggetation of theoasszy.nor e opposite strands of nodified

pol ynucl eoti des such as "PNA" (N elson et al,, US. Patent No, 5,773,571 )
DNA, RNA, ol i gork rEsssng gy/enign mﬁéfeé&q prsg fopimpreyed apathods ofpgsaying

immobilized nucleic acids. These methods provided by the invention offer the

advantage of superior signal-to-background ratios compared to standard

15  hybridization assay techniques.

The present invention provides for a method of determining the presence of

a target nucleic acid molecule in a biological sample, wherein either the target
molecule or the biological sample is immobilized. In this method, a nucleic acid
probe having a crosslinking moiety capable of forming a covalent crosslink

20  between the nucleic acid probe and the target nucleic acid is contacted with the
biological sample so that hybridization between the target nucleic acid and the
nucleic acid probe occurs. A covalent bond between the nucleic acid probe and
the target nucleic acid molecule is then formed. At least one washing step follows
to remove the excess or nonspecifically bound hybridization partner from the site

25  ofthe biological sample. Stringent, denaturing conditions and washes may also
optionally be used to remove any nucleic acid probe which is not covalently
bound to a target nucleic acid. In a final step, the amount of crosslinked nucleic

acid probe target complexes is determined.



.bet ween t R

t hereof recogni ze one another and bind together through the formation of 15
hydr ogen bonds. One enbodi nent of the invention provides for a nethod of
determ ning the presence of a target nucleic acid nolecule i ﬂ"efﬁﬁgpgﬁi cal
sanple. This nmethod involves first contacting a nucleic acid probe with the
bi ol ogi cal YOMPf¥E so that the nucleic acid probe can hybriﬂ?ﬁﬁﬁﬁﬂ&ﬁﬂe
target nucleic acid nolecule. The nuclejc 20 acid probe hybridized to the
target nucleic acid nolecul e bears a crosslinking noiety capable of formng
a coval ent crosslink between the nucleic acid probe and the target nucleic
aci d nol ecul e. InThe: ¢embbdichent Sthe ibivlogiealssahgleis@cel sabesiiular swasturaks bet ween
the nucleic acid probe and the hybridized target nucleic acid nolecul e and
washi ng t bodyfuide oekisnrsseptione Inanathergrabodimenhef thetiwyentionothges 25
determ ni pg.the amount of crosslinked nuycgleic acid probe farget. conpl exes.
The et hoBRRCHSERIIE i IPRPE 06@@8@%1%@&6%@%@fefﬁ&@éﬁeuemabﬂ@e%| ecul e

in a biol Oﬂin%b%?@éﬁg}egoa%ﬁﬁﬁééﬁﬂ%% conprise formng a coval ent bond

é’e{'arget nucl eic acid nol ecul e and

subj ec4 gt Neyy. 2 ERCAOOSNNORIAZEHY B EETMBINARA0. sam e 10

stringent, denaturing conditions to re € non-cova nd nucl ei c

acid. In ﬁmagarmggiﬁ@’rmaﬁthg Wi hadletadciganpl e is inmmobilized on a solid
support. In another enbodi nment, the probe is imobilized on a solid

support. Typi chi dne emnbadidemmt ofi ther indemidn, the assdinkingunpiay loftheflabeled! at i vel y
gentle washings with salt buffers and the like, These washes are sufficient
to renmpvenygleicdicid probg ipselpesd o Hiegroup 6eNBH KOS GPumAFingay to t he

bi ol ogi ca%“ﬁa(réﬁjlle- The% are also sufficient to renove sonme of the, probe

mol ecul es HERFRMAIRS: BRY RARZHUERYTRPES- bound only non-specifical ly (via |imted

hydroggn bondi fige alyh iR é@c&%lé{t%%hh%’éﬁweefn girtzgﬁh@ngcl‘?%ifs Zaghlean‘dlstﬁe of more

stringent washes are problematic 1n these stan on assays

si nce theyu¢laR RaHRbE N St ieﬁnexoﬁhdt@@leﬁﬁ&éﬂf@d chiduplaixy bet ween the
nucl eic acid probe and the target nucleic acid nolecule.” In the nmethods of

t he present i nireaiotlosr,enobralimentyuhepesentigenitiongeoeides forganldravashes may be
performed. This invention provides for dupl exes where the probe and target
nol ecul escemprisiogalsetid|sppporiead atpdurgtisy Qf‘fg\fﬁ@mt nheleiq agd prglesogen bonded

iy undes RRBPUIZEHGHGp e PTG RES SRS AR QDL BRI BAPFIEHeBEe al | of
e s oo RONLG RFLVESD AR aLaiBY o £he RSO et oS €, 2617,
SR i R S A s
BT v o B ey a1y dant  MOroverant [ hThe o Omal 1 ool 2e Tat o of the
assay. acid molecule may be an animal, including human, bacterial, fungal, parastic,
plant or viral nucleic acid. The crosslinking-moiety employed on the array is
20  optionally selected from the group consisting of coumaﬁns, furocoumarins, and
benzodipyrones.
Methods for using arrays of probes for determining the presence of a
plurality of target nucleic acid molecules in a biological sample are also provided.
Methods for using arrays for determining genotypes of particular sequences
25  where several polymorphic sequences may be expected are also provided.
In alternative embodiments of the invention, methods for diagnosing a
disease condition in a patient and kits useful in carrying out the ‘methods of the

invention are also provided.



25 The nucleic acid probe may consist of chemcally synthesized or

bi ol ogically prepared DNA or RNA pol ynucl eotides from about %1“9‘53%55 200
bases in length or longer. The nucleic acid probe is prefera

si ngl e-stranded. The nucleic acid probe has a base sequence which is
essenti al | ywooopégnrentary to a defined region of its targetpdraogigs@aci d
nol ecul e. 21 FEB 2003 WD 00/ 14281 PCT/ US99/ 18950 10 The crossli nking

noi ety can be directly incorporated intogsynthetic pol ynucl eotides at the
time of synthesis through the use of appropriately nodified nucl eoside or

't roduced SﬁELV?LLVS%#ﬁ@WM@mﬁ Ly -23: 5 monoaddi t | on.
|n some cases. HiguEk 9eoRKLNGITHEL VAR SOERURY LAl HhBlion

pol ynucl eot i de pr e enzy y using an appropria n
nucl eot i de foF thelpr&RABE bERLMAA pabmbhaa@zmk Hiftsa @rweQﬁsrddnf&fﬁmcﬂaswﬁﬂdngoThe
crosslinking moiety which is enployed on the nucleic acid probe nay be any
chem cal nunatty, whthcdnd withapUVermaliation no nglhee covalinbforaratienl i nk bet ween 10
the nucleic acid probe and the target nucleic acid nol ecule. For instance, *
t he preéursor to the crosslinking noiety can optionally be a counarin,

the.present | nvent | onDRIARBRMRS IOMION B THE INVERTIQN * For et ance.

US Pat ent Nos. 7. di onpounds
based on furoc Oﬁpgr%?es%g?u{%gpén SBOQ’"%% ‘H&’égf%cpﬁﬁg‘%é‘?zg@e%"%%u on. Also,
in US Pat e'?ﬁm%lhz%d(}%h%éﬁcuﬁ%%ﬁiat@h 24854! HRandI &G 28k hishdd inkhRle,

nucl eosi de anal ogue conprising a coumarin nnlety I'i nked through its” phenyl
ring to a ubaemonlintiesikiyy iZbomehghrgtization, blotting hivays, and tlnennserofganag base

noiety. In addition, copending and commonly owned US patent application
Seri al 1fo. cbip8401, 630 di scl oses non-nucl eosi di ¢, stable, phot oactive 20

conmpounds t hat he used . as,.phot Q-crosslinking reagents in nucleic acid
hybr i di zat i on abSRIRIC asiddbTidifalioR it & BrocERWASIE BHOF BOARBOF ST K er e n

cr ossl 1 ki n Ak ey PREERECGSe fish Af PN i Elgn st P PatbaN T e

6, 7- di hydr ax mosmrrbm @@Ak% onﬁc%ﬁﬂ&x?ﬁ%ﬁﬁfdoﬁde%%rQﬁﬁﬁ%ﬁﬁ'}atl%n

8- met hoxypsor alen, xypsoral en trinmet hyl psoral en

hydr oxymet hiydredf x‘écoémté bAe bhythesaidbiad ,to@ﬁlﬁ’er through the formation of

4' -am nonet hyl -4,5' | 8tri net hyl psoral en, hal oal kyl coumarin, a hal oal kyl
f ur ocodfar |hrydrcagehéalond$ kyl benzodi pyrone, or a derivative thereof. The _

noiety is incorporated jnto a nucl ei c. aci d sequence by %t hods tauglht in
t he above ref er@@eﬁ%@@m@nt %dﬁ\‘ﬁ!’élon previdesiorgometiod o6 delepgining the

PC FNS99/ | 8950 | |
appr opr i at & ?Sspg%é‘ Rt IPE et RRbuR Sk 'ﬁ{‘%b%a’éﬁ‘@ﬁbﬁﬁ TERBC e
cross- | i nkiypg, ?m%ctlﬁf%gﬁﬁéleﬁf PR Adt e sd1d Ish B ed eosi de

adduct . The nature 0 rmation o the coval ent nd conprising the

crosslink Fudleld adi@pestt ¢aR0hyBritizectoQhe tdr Bt 1610 bidymélBosien The huélejyy ef erred
enbodi ment, the formation of the coval ent bond occurs photochemcally. In

an alt éﬂnatamdeprehbhglbmbd to Hee thgetratéleio aoid trivdeandey béana chusslinkaag ur s
chem cally. The label on the nucleic acid probe can be attached to the
crossl i nki H@Oleﬁﬁﬁa@??le(ﬂ rfeamrggamamarqs«slémlybewnﬁh%amcl@aﬁcwrab% gthed to

th f th | | h b
ot et ed. - ok e riEie seameBnur Ty mahed Fiaeudeis BRI raltal o °O" Pe
chromgeni GroRifily GERRER e nhdi4R 8RR bEe afid the hybridized target nucleic acid

molecule and washing to remove excess probe or target. A final step involves

25  determining the amount of crosslinked nucleic acid probe target complexes.
The method for determining the presence of a target nucleic acid molecule
in a biological sample may optionally comprise forming a covalent bond between

the nucleic acid probe and the target nucleic acid molecule and subjecting the



fl uorophore, a chem | um nescent dye, an enzynme, or a ligand. Biotin-|abeled
nucl eotides can be incorporated into DNA or RNA by nick tran i
enzymatic, or chem cal neans. , The biotinylated probes can ?é'aﬁdgﬁg&ogd
after hybridizatinon 15 using avidin/streptavidin, fluorescen enzymatic or
col | oi dal gg#@%c% jugates. Nucleic acids may al so be | abel gﬁ%/\,’?ﬁs?%w her
fluorescent conpounds, w th inmunodet ectiabl e fl uorescent derivatives or

wi th biotin anal ogues. Nucl eic acids nay al so be | abel ed by neans of
attaching a protein. Nucleic acids coupled or conjugated to radioactive or
f | uor escerdaniple tosingent, dauatmesg Cahdiibnntd 2hqyeospheatvakatiyvdupdr oxi dases) ,
or single-stranded binding (ssB) protein nmay al so be used. Nunmerous such

| abel i ng rigkeiagcike known to those skilled in the art. Exenplary probe

o bbas i th | no8r B R G AR HNOBIL SRt ORISR DT 1 |
concom 1 artePare it pEBHEE cARAIAETT ke BhoM] £ ottt F4 SIABBARE L oh (e

crosslisnker (s) TypitAKRsRRUAERYRIdiERRNOsHfsAhT) ANERTof RMtR ey g&nwi ners,
enzymatic incorporati'on of crosslinker-nodified nucleotides,” or enzynatic

i ncor por atwashings withsslt ibokers amginthailiken @ hebé gashes|seotuffierent to 2ZmoveEB 2003 WO
00/ 1a281 PCT/L1S99/ 18950 12 The target nucleic acid nolecule in the assays
of the pragwieiciapidprobemwhioh dse ngt Dpymdisl asyovay rthabichsgicaldasmlée. The

o Ly
hurn BRp b SPEKR A o080 R i T TR NN i

presenty | NygDL&RIAs, FRindtAklegnce, the target nucleic acid nolecule may be of
i nterest because It generatés a sel ected gene product, is suspected of

per f or m ndllee add o ate stahgem ovdshed areyroblematic i thiest afagdardhydrideseion
sequence, is suspected of containing a genetic defect which prevents

expr essi orasdiysinemthey chw sausgrignpiusatian of the critigalxhipley bategen theanrcdeios ome

position to, rker, probe regiqn with a known map position. Sone
appl i cati cﬂ‘%‘?ﬂg(&ier?@itgﬁtﬂﬁﬁtﬂi@?%ﬁ@ﬁn%e@élﬁs i ncl ude infectious disease

testing (patho det ectiom., cancer. marker screening,. at,l 0 et ection,
i ssue typi ng. gahe Tsatdsiibihe BARER VBRI, ot bf RS SripPht pturiit

pol ym)lrsph'égé&%%ygé orA, aﬁﬁéﬁ%@ﬁ%ﬁ@r&éd@d ol Rl fek(%si %Efe%h@?‘r‘cﬁege”es-
I n one enbodi nent “o e invention, e biological Sanple s a cell, a
subcel | ul agndsyipded MdlEcifity Aelcek Sleniy Ginkad tdlbied Alothér, Adt jastIEssen a body
fluid, or a tissue section, and the nmethod provides an inproved procedure
for in sithortedrtogéthert i Therefone, iharshiet vorditionsdéandid employed ediictewill cel | s or
ti ssue sections which 20 contain the target nucleic acid, typically

chr omosonedisRA2RY UpteIrablea AgRsPeRific backerpumbbinding and gxep esbosalliad a

| uti bes. nbodi.nent of the | ' he hi.ol agi cal
2ot 7 eBRRSEn tohaBR TR b Bact bt R L SR o
ot '] oot : cCl ! . . |
for oSt el 5t 4F BRIk ithg Rl BElab OISl Bt SihhcdoVFE! | ON &€

papi | | omavinkiahde, Wakhealvithalres sdlaohd HealkMagksdl diorRahyy BOUs&EE Klettric
chronosonmal anal yses), netaphase cells (for chronosomal spreads) or

| ynphocyt eSel@itindtest refrmvaEpSha@i-ordBslinkivg binslingy partiees mayrbesmssdf Bieatd i n t he
| ynphatic system . Tissue sanples of interest may be tunor_sections or

bi opsy spe@pryelss, be used. Hibg cogalenidinioge thasiors sllpwy foSpsiEnE®30t whi ch woul d
typically be assayed for the presence. of.viruses or the expression of
_oncogenes Wprgﬁﬂ@%W lg?)ﬁlygnﬂlu 8¢ B"’fuoc‘#rtg?rﬁ%séﬁes. :

25 The nucleic acid probe may consist of chemically synthesized or
biologically prepared DNA or RNA polynucleotides from about 8 to about 200
bases in length or longer. The nucleic acid probe is preferably single-strarided.
The nucleic acid probe has a base sequence which is essentially complementary to

a defined region of its target nucleic acid molecule.



Met hods of fixing biological sanples for in situ hybridization purposes are
known to those skilled in the art. The cellul ar conpart nent %d%%%o
structure 5 nay be fixed or perneabilized by treatnment with |8
solvent and acid or bifunctional reagent to fix the structural conponents

I n their nafvdrogliqgger phol ogi cal rel ationship. Comon fixati Vl%zl‘lﬁéggllléég@
acetic acid, salts, nethanol, formalin, parafornmal edhyde, an

gl ut ar al dehyde. A tissue sanple may be pmepar ed for hybridization assays by
first enbedding the sanple in wax or 10 freezing the sanple, followed by
sectioning it into thin slices, The tissue section i$, then ynted on a
slide and depar élﬁﬁqpmimg HRGRe AN ‘?fhi‘r?ﬁudl 19EPPArateh g P)é’i‘tgoﬁ’ﬁ‘il al so

aopr ot i vi FORgRER e abiheats BF withs el P Bhe SLoRROMRREARBRIRA ot ve

the use of RiALeRRSS nibloBATEReridfivls AIRAM AYNERRSIRid loding al conol .

detergents or heat denaturation or conbinatio ese tteatnents. A
conmon t r eahfi®etinirodiddedentOfR frobeBireuppsiaschdniibalnd®idhenntalacet i ¢ acid.
Subcel lul ar structures, such as nuclei and mtochondria, can be prepared by*
convent Sonahoricadditicon dhisomenises) disg crosstinkiag meEpy aaydbedaodmpofatehintor, to
obtain 20 subcellular material in enriched or substantially purified form
Ther eaf t er polyiuicigtide peebeenzysmatically béyam@tammpmn%@ywﬁa@ npelgeddand

deprotei ni zed,.as ahove,and. affi xed to a sljde by. drying in preparation for
probing. | r?ré’hﬁPB‘f“aF?té‘&F@ gcﬁoﬁﬁﬂﬁ’t‘s %Fr(‘??fﬁnkﬁ\géﬂ%/ﬁeg'n, t he bi ol ogi cal sanple

Is affixed to angl L de, ' YV 14Ng. ' y be
coated with a m@gﬁgﬁsﬁbggﬁom%%gn% keéhe{?jE}eﬁg ?63% d Q%utg%?xggl%iﬁc?d g&%bcr%pq?é@

pol y- L- | ysibeeny UhenddéA midic6akhith TP LapabRyo RfobRinkad deileht ReossTAR BEtWeeRd ON
ot her types of support such as nylon or nitrocellul ose. Exenplary

pr oceddfes thenugercfazidiprodpeiandthe tarpetmuckicatid arlemilagFor instance, the
crosslinker-containing probes are _detailed in Exanples 1, 2, 3, and 4 .
bel ow. The Prequs@g thoopssimkung mezy can opimalisdny a evsanpdurecsuarring sit u

hybri di zati on ,expet.i nent's J n i ¢h human,, i |1 oavi rus was, probed are
doscr i bed (98 SEERHPHERTORoy Svarel phough PR RED IHGUL LB EvR BTvep e
I nvention, a&@ﬁng\!vg ltc? Qlo%é"skﬁl%ﬁ% e art.%For instance, US Patent Nos. 4,599,303 and

4,826,967 disclose crosslinking compounds based on ﬁ;x;ocoumarin suitable for

15  use in the present invention. Also, in US Patent No. 5,082,934, Saba et al describe
a photoactivatible nucleoside analogue comprising a coumarin moiety linked
through its pheny! ring to a ribose or deoxyribose sugar moiety without an
intervening base moiety. In addition, copending and commonly owned US patent
application Serial No. 087/401,630 discloses non-nucleosidic, stable, photoactive

20 compounds that can be used as photo-crosslinking reagents in nucleic acid
hybridization assays. These references, and all others re-ferred to herein are
incorporated by reference in their entirety.

The precursor of the crosslinking moiety may be a coumarin, 7-
hydroxycoumarin, 6,7-dihydroxycoumarin, 6-alkoxy-7-hydroxycoumarin,

25  psoralen, 8-methoxypsoralen, 5-methoxypsoralen, 4,5°,8-trimethylpsoralen, 4°-
hydroxymethyl-4,5°,8-trimethylpsoralen, and 4’-aminomethy!-4,5’,8-
trimethylpsoralen, a haloalkyl coumarin, a haloalkyl furocoumarin, a haloalkyl
benzodipyrone, or a derivative thereof. The moiety is incorporated into a nucleic

acid sequence by methods taught in the above referred patents. Compounds



sanpl e of nucleic acid nolecules. The sanple of nucleic acid nol ecul es may
5 optionally be purified or sem -purified. The sanple may conpyri I
nucleic acid nolecules with a single sequence. In a preferrec@'eh%éﬁb@%t of
the invention, however, the biological sanple will conprise a m xture of
many di f f e™MY428 ei ¢ acid ol ecul es, the m xture bei ng aPCTASY18950

sem -purified fromnon-nucleic acid biolggical mterials. 10 If the

bi ol ogi cal sanple is a sem -purified or 1E)uri fied m xture of nucleic acid
nol ecul es, the sanple is preferably imobilized on nyl on nenbrane or

ni trocel | WoesginhapRised touhhgseinnoline riagnrystenishee Alsbrapgicpaiatoforaseay is a
nodi fied blotting assay. In blotting assays, the DNA or RNA is bound to a
menbr ane dhe @reseayinvgntiernImsgmacrabiodimenty tha crps$-linkingsmbisgnohagibegqert y t o
i he menbrane, and then 15 exposed to a solution of probes. There are three

common nucticd moaerafdysted fumnceumprip nyelsosidaedduety use: Sout hern bl ot s,

Nort h bl ot s, d dot t.S. t t bl ott] d

hre useful for T aE of e SrntRbatth e HlenondSomtise eSS HE o

Sout h t kS, t h
ot ei 0 oy ALANAC\ PR e CRkslitafly B CubID Bk cfied AnBERRAL TG 17 i

the gel foforinvhbh @F B8 dalent BORI BB Ur&PhotdcREhRial§d INeh aREnMti{:E om si npl y
observing in which band the probe/target hybrids are forned, but also from

t he positianbadintengshe femdsionelfalhie aevalent bohdroceashemiatigl yzed in the gel.
Applications of Southern blots include nmutation detection, restriction
fragnent | engt hllolapabephiesmclaraey psokd san ke attighed tomthergresstinking, 25 and
infectious disegse detection. Northern blotting is a pgwerful tqol for

anal yzi ng BEHY QRErbCsAismatvel) fne 1 3p B o I9PROYST SoPD OREIS ar et
band i t I (90 ' ' f I I n i Qn.

Furth el;bm) :}g,og%'o Trrgg rlimseg ?}na§ft§e’? @#gﬁ'ﬁ@ﬁ ‘%}:ﬁ%{l I(]:g}{ I% 5 r%@%ﬁ%ﬁﬁ nown
standards jahéianey be' rdefoastivenucide, d]ﬁ@l'%g@ﬁi%! ycmoaﬁgﬁ%%é fRfor&3knddlta Speci es.
21 FEB 2003 WO 00/ 14281 PCT/ US99/ 18950 15 For Southérn blots, " the DNA is
extract ed flusrophire, 8 zhpimduhynstandyedapesmi)oes. lighhd. Bitin-tabdigest ed with
the restriction enzymes of choice, denatured, and the fragnments obtained by

t hese procuwdentides ¢as bpanearperatedriniogiNAnomB 4o by niek tranfiasioDenzygnatic,
e Yl s BB 1
Tert o1 Ay Setanitin GhPhsSin: SrYRRE G Pl B O erove

For from aubaereiqalas o BaflEs Wil Qhe oo B o OB R Rl it

froma 10 MrGnydeiédihisie TRidE&Cent HRACREN 63 0orupRR bidih salsdiles NKuREEicBEidsy used.
The nenbrane is washed, and the crosslinked probe/target hybrids are

vi sual i zedmey akserbedliabeleti by méans ef gttachang h pootesc eéNuclemizeidshasiphedeor
incorporated. into_the probhe, or after additiqgnal steps to.incorporate, e.qg.

al kal i ne m%’é‘b%?é?%ﬁcéraldgf’%cﬁ&e &F HuQesssme Bistonspdd, snzymesdakkalinecept or or

tib -anti bi ndj d b t.i f 15 t bb
wth oo Bbast, A Aosies) i SHAIS i lundie Lo Retiin Pt St cent
pr oduct . EI?Jqu tr?ﬁh@ro%%gflf&%!irt?@ems aR¥ndwn %(Ilfcﬁgtsﬁﬂllgﬁriﬂ md fig_sanple

under conditions that stabrlize and I nact’i vat e endogenous RNase

enzynmes. The RNAxdfipHeppidbeaipesiand teenhiseciieat dabstisiemethats thdiideough an
agarose gel. 20 Thereafter, the procedure is essentially the sane as for

Sout her n bdhoirt (82200 RYtprobest witlameogiorted lahediand neoshAsled, sirorcpabeewithhat
concentrate the entire extracted nucleic acid sanple in a small circul ar
“dot' on tmeorpongied seosslinker and detection via in situ extension and concomitant label
25  incorporation, and long (>200 nt) probes in which the crosslinker(s) is
incorporated by use of crosslinker-containing primers, enzymatic incorporation of
crosslinker-modified nucleotides, or enzymatic incorporation of crosslinker-

containing oligonucleotides.



The technique is useful for determ ning the presence or absence of a target
sequence and can be adapted to quantitative applications by ai]'?tgél
standards 25 contai ning known target levels in parallel with z#gl?‘
and quantifying the detection products with densitonmetric techni ques.
addi ti on, hpgapseseach sanple "dot' occupies only a small @p¢a;ced %gbe
enti xe nmenbrane, nultiple sanples can be assayed toget her. Zf ,é‘é 2003 WO
00/ 14281 PCTI US99/18950 16 Unlike a Southgern or Northern blot, where the
DNA/ RNA fragnents are separated through gels prior to transfer on to the
menbrane, no such step is required for a dot blot. After imobilization of
the total sanpl dhsriatgsbnnelpisragibmolegyds mdthe pgsays phtheressat HIvsntien Bradbes

specific for t target .seque are 5. hybridi zed and cr.ossl,inked to the
Chrget usi 5 AHEA Helsoe e Rt fidlertvey Tas MRS i Sl ol e et .

Det ection qf Cr ' [ : Lt .. Anot her*
Dot oct .00, B iR SALLRSE RBEAEh S | S0 BRS: UIIRIAATR e A0t et
for hybri dizjangeiehadgla %M%uﬁlﬁpp@inéﬁaeiﬁgﬁ?s&ﬁm&&vﬁw&! c acid 10
nol ecul e in a biological sanple. Thi's inprovenent conprises using a nucleic
aci d pr 8be cheomegrlevieuso I3dwenarn@any lode possibleaigetsafxist andricogldédbeaedlient
crosslink between the nucleic acid probe and the target single-stranded DNA
and t he adébnjupgtipn stitpthefprésenhinygnéon.aFeninstanpelshdtargad ancleheagidicl ei ¢ aci d

probe and the target molecyle. 15 Still another ,enbodi nent.of the
P vent: on PROeraEduaDS LR EHDECAS ThESREFISH? SF B ErFE BIoRGom uct o) ¢ aci d

e MprOvETE L inmohi Li . Th
rethod | nyaroRe R ERArL PLE A TR S BRABHRAE' moi er

met hod i nvol'ves "us el ¢ aci
capabl e of sEQidHcBYisBu§ReAlddTcontnitlel erREt \WeRRt WARKITORAItASbrERfor 8F 96t ,
performng the step of formng the coval ent crosslink, and 20 thereafter
appl yi 19 amnelctet gene produdt, ac mayded tetatsdihsthratnesame positian tmamdrkemd nucl ei c
acid nolecules will be repelled fromthe substrate and renoved prior to the
det ecti on $rels regian with adenosn map pasiont Some applicatienstdfdn s ovi des an
q.a.nethod of hybridizjng a nucleic acid be to a target

'nLné[ givﬁnggﬁwhﬁé@ean@sszys- infectip ﬂl%ﬁ%ﬁsw&aﬁwg%aefﬁﬁl?%e| | ul ose

he like). j-ny ol ' il ef j be havi
BT ossi 1 e ks RSl ABpli P RrEol Be Fu ePh el D icen 1 ho-
nucl ei ¢ acifdaRERRE tBfGnk oPa%fc’ﬂeg% S RRh gétmﬁwe%br% VindRdsAy8td Ry ng the

additional stéep of formng coval bonds b he nucl'eit acid probe
and thest angtbidaAesiphfcsitenes. 21 FEB 2003 WO 001 14281 PCTI US99f 18950 17 An
alternative enbodi nrent of the present invention provides for a nethod for
di agnosi ng a di dease enbodiménsmfite mveatiomrthe bitlogicalsamplt Wlaseell avol ves use
of .a | abel ed nucl eic acid probe whic¢ch conprises a_ cr sslingi .noi ety
capabl e of SEBssHukey systeay oy ERictYEe L 1\%€thchémﬁ'!?ala&° yggl‘@ ¥Brobe and

the target nucleic 5 acid. This.nethod conprise he, | owi ng steps:

cont act | ng G Tshen e MR PE GG SR bLrLPeOEME Ry o o

i mobi | ize r e ' ; abehRHe BetsoBk wiadi d probe
can hybri d?lggﬁpgbj agoila}ﬁg}e’% Hﬁ‘u@ﬁgdg‘{%ﬂ:@gﬁﬁgﬁu& ’geillndi csgtieve ioof ga hEjiklgﬂsease
condi t 20n; cbatain @ targeonatlertachi ngpiosliyelrnidrenal DNA or aRNARraReripRd t he
target nucleic acid nolecule; washing the inmobilized 10 biol ogical sanple
to renove laabahmebilirclcind expodedioobsolmtion lof psobest bound to the target

nucl ei ¢ acid nol ecul es; and determn ning the amunt of | i\b,el ed _nucl|leic acid
probe retained af ongembodangit of the invsphon. the hidlpHrdgample Samalleor tesie

met hod may optionally further co ise rior, to the finpal.step..the
a1 onal seeis Billecled o aTaial ol Sl BBy b Sl i eBised

coval ently j j : tive
embodi men; Sigepd WPl el GRenBbr R, SolBlagla PHER SRS (rybital WOTET | 0
provi ded. AokhimhR papiflofiavidli))Busdi cENe iRt hehedk (aAledSy soittet &rc aci d

nol ecul e of a biol ogi cal sanple conprises a nucleic acid probe having a
base sequemheordOsanslamtlyats)ymetaphhenesilsqfor dhromostahalrspreadegeron of t he
target nucleic acid nol ecul e and having a crosslinking noiety which is
capabl e of lywphpeigesa(te deshferitpsteindda iyirusearvasher thlhlée%%élpéil%ﬂlfclb’mpbﬂbﬁe and
the target nucl e)-i gr.aci d m)Lqec%I.e ang means_for renovi ng. nucl ei ¢ _acid probe
or target WAPERY; o IFUR-SARRESO MYFTSH BRY e, QL SHELRS Of B1OPFE ABYIMG Y he
excess nucleic acid will typically consist of one or nore 25 containers of
prepared washi ng solutions. 'The washing solution may be water, a buffered
| ow salt solution, a buffered high salt solution, a solution of urea, an

al kaline solution, or the like. Such wash solutions are famliar to those
skilled in the art.

es
In




21 FEB 2003 WO 00/14281 PCT/ US99/ 18950 18 A kit for determ ning the
presence of a target nucleic acid nolecule which is innnbiligﬁﬂﬂﬁggﬁ gylon
menbrane or nitrocel |l ul ose paper is also provided. This kit 033
nucleic acid Erobe havi ng a base sequence which is essential

conpl enent AYQH2H defined regi on of the target nucleic acPHTH819%8M% 5 and
havi ng a crosslinking noiety which is capable of formng a coval ent
crosslink between the nucleic acid probé3and the target nucleic acid. The
kit al so conprises nmeans for renoving nucleic acid probe which is not bound
to the tarﬂﬂtchrW@lIdit?ﬁ;i@Qliljdbe BhRykd for thieYpredefife OPFingRea bt thefdxbtdisioninpr i se
means of renoving.nucleic 10 acid probe which is not covalently bound to

t he t ar get omogkrdscoraabndrmel expyl menbdis df chtomaesogesash sol uti on capabl e of

di srupting hyd;}&gen bondi ng between hybridi zed nucl ei ¢ acid nol ecul es woul d

thods of fixarbiokegieal spaipdesaler én grohbridhzationipurpeses asval ent | y

be a suitable

bound to the target nucl.eic acid ec s. Again, suc h solutions are
foniiiar (ool iond HAEA i B o7 he SR cdifPartineqtagd IIFR SChib o ot

t he ki ts I r ' ' ' j 0 _probe.
(e bt 5 Ty B SEREL R PR Bl AR A bt iy

ol i gonucl egihf@ofar RYgGRb KBAhE Ahdectubdl do cRIRRE il Fatdp! | cati ons,
typically probes, which can either be short oligonucl eotides or |ong

anpl i con pmothiwlicgicadrelafionitdpnd dnembh dixativésineludt asetiudd rsalts, i n an arrayed
pattern, and exposed to a solution containing the target DNA or RNA from

t he sanpl emethenel, &mrpﬁéimpérafg@nalpd}rmr hn?'ghmralsiem@qoﬁrﬁigswamﬂe neiyzat i on,
[ i) . [ i de. i SNP i ng.

f%ﬁQesEéBé_ﬁ%%%ﬁ@%%ﬁ@%@%?&gﬁé@%ﬁh?éﬁ%%egégx%"th%9%’%"elxé%éﬁs@qﬁetﬂé‘"ngg

sequend ng AT BITARHE MIGRER b8 RN FIBCRILAREE, TR Bidud B8l "¢

necessary {ondi 6LAIEIMR L5l RHd didafARRNEAD EHe®S Singl e nucl eoti de
m smat ches. These chips also typically use short probes from8 to 20 bases

in length. For T hioldpecst nistadainaas elseaypicelly beveaediwittngnd dremprecser
probe/target hybrids while washi ng away the non 21 FEB 2003 WD 00l 14281
19 PCT' / USsgnhgagagenis capitlalof viepteidizmg and/at delipidigingrthe stmectutepbr i ds
requires delicate 2dj ust ment of the wash stringency. Using

crossl i nkePUUREEROHS F Brvehsthe useof Ritsasehdipases, Afide EBNESONEN v al ent | y

j oini t he probe/target hybrid to her _once the br.id h formed, while
Sei 11 B ovPaRiiPE Heomd el ol AgFLuBAGE o SePIRiRN: PO The pr esent
i nvention I.0es mah i |d port and a
plurality tg‘%gﬂ%lle' érﬁg?\é nu@a{élé%)ﬁaeé?g}vgr o%esnei%m%f:ﬁé‘zdé "zﬁﬂt he solid
support, emethanbicadtic agfd. d probe having a base sequence essentially
conplementary to a defined region of a target nucleic acid nol ecul e and
havi ng a cr osslSuliceliglansirettyrashsuxth dssiucd ant enitcdchbodna, wgn de poemmirehby
crosslink between the nucleic acid probe 10 and the target nucleic acid
nol ecul e. SHWenterpdirastiondion methpdspiush@sdsapygnisceniifpgation to ebfainer | al |

f l4n D itic, plant pral . | ei. id. h i bl

t ar get2sequibiEddas matqrial in Gruaghsdor sehyaprialbipasfied o, Jergier HRi ng o et y
used on t h&u’;yhgg StuQlird PRpaLA% H}ré’ g@ée&ﬁea&ﬁ%ﬁﬁ%ﬁ%&eé%ﬁﬁ%dg& MEve

consi sting of "COUMAFT N6r Ful GCOUNEr I hE  And Benzodi pyr ones. For 1 nst ance,

possi bi | i taRFaffiRed td8 sRIOBF dryiRkiin grépatfion foRphotdeg 7hydr oxycounarin,

6, 7- di hydr oxycoumarin, 6-al koxy-7-hydroxy-coumrarin, psoralen,

8- met hoxypsor allar prlefersddemppdioteat efithedinbéntfont, tienmdlvgiqad eampleris affixed

4' hydroxynet hyl -4, 5',8-tri nethyl psoral en, and 4'-am nonethyl -4,5"',8 20

tri met hyl p®c slagmslidg, tepierdlydy doydngralhe glasnelide may balcrsted bahvodiagsriadne. The

US patents cited abgve. (in conjunction with the pethqds .for. determ ning the
presence o I%TOF’QF%%&CHL%‘# é‘i‘%‘ %Jo:"l‘éf %Fgﬂﬁll?é)li"k‘"gﬁmenmﬁﬁ%‘?ﬂ?g&’a PG cal

eetin ety AREahPEY e B RET O DR b BHe G REGHRNRL P ki g © T

ol ecul es gaRd DR I8yt hesi zed either directly

Exemplary procedures for performing in situ hybridization using

crosslinker-containing probes are detailed in Examples 1, 2, 3, and 4 below. The



within a specific array location on the chip, or by standard nethods off
the chip and then bound within a specific area to create the gqﬂﬂsﬁpbg
array. Exanples of nethods of producing oligonucleotide and 8 I'yhucCl eot i de
arrays which are adaptable to the present invention can be found in US

Pat ents NoswoRo/@@: b37 and 21 FEB 2003 wo oonaZsl 20 PCT/gd$abd S50
5,744,305, herein incorporated by reference in their entirety. The solid
support material is preferably glass, sijg con, or polyacrylate. However,

ot her possibilities exist such as various netals and pol yners, including

conductin ol rs or. bjiopolyners. S The chjp, iS expos to.a sanple
ol ut 1 on QAR 1Pk Y b GaRon esimeaE Vb Bb LSRRG PR A Fon under
t he desi re%r@%fte{e}gﬁﬁgéﬁb%aqg}lﬂﬁﬁﬂﬁesf&?d hipis irradiated with Wor visible

light to i e crosslinkrng Teaction. Subsequently, the chip can be

washed wi th sol g hARReiatiYE EMbBEHTrt oF HRIRVENII? HORBIRIARAPRL & cal |y

bound probes and other contam nants w thout the risk 10 I oSing the

cr ossl i nkedamphsf nuigeucidyhoiedsles. CThs sdrmplé @ nookicadid ndplpauddemagr €
reported to be able to discrimnate between singl e-base pol ynorphic~sites
in targbt optioeateke purified ot semmi-piyrblieddi Tt sample ssyymprizetondienueleical . |
Clinical Chemstry ngQQ?, 43:1703-1708). Cene expression profiling typically
eriiploys R&Wgmeleauiesithcd pegleseguences Ip ripsefstrd cprhodancntofthe sed mRNA bi nd

hei | .t hi h f_preb nd t h h of th
o e T oI B A A BT LB, O 115y o
expr essi on d?fffezreﬂlaﬁucg&@%cidTr%leE:'ﬁ;fe%tﬂﬁ?niie(f!xf-@ﬂfihn%%t i@?@seﬂﬁﬁrﬁ’feﬁdﬁé&' ustrate

the profile of genetic activi I'nac ortant to e proper

eval uat i on peh-riuekei¢ esidlbislogal mategialnal to noise ratio and the absence of
fal se signals 20 arising fromnon-specific adsorption of nRNA to the chip.
These pér anet er $f thediclhgicahsampls it & eeei-punifi¢dommirfiedenixturd efinnckié d assays.
Just as crosslinker containi pg probes have been denonstrated to inprove in
situ hybri @ciganplsrulss g samplets pgsferphinunmabilised ga dylqnomegbrRnedi p

technol ogi es,. | ddition.to the arrays th el ves, .the present Javention
al so provi &étgoqe@}lﬁ)fg P%B?fhc}agl‘%?fe HE xﬁfﬂ?’n@%ﬁbngﬁzég%ﬁsa&‘s %andlllﬁ%(fi ty of
target nucl.el o N : i i i Rriceigapd
compri ses. ThAPBATEY mh BEHLER 24y B PASoF RN X B (SR fmeRalEitse

t her eby al Ihavingthekh enilzeHt&Ethrowst £ F@l d¥Gé Boull @igettBStotthe Righfibrathe; @ntl théhe

i mmobi li zed nucl eic acid probes; ftorm ng coval ent bonds between the nucleic
aci d pi6besxpostditbai sohitidarofdirabes. tHregetrenthe@ommon ducleizlackd=Bas2d03 WO

00/ 14281 21 PCT/US99/ 18950 nol ecul es; washing the array to renove excess
nucl ei ¢ acibiotipg prefcdures am ysel Southam blais, Nesther s, and dobdiats.on of nucl ei ¢

aci d nol ecul es i ch rengpj ou to the ray. Thi t hod. may_al so
optionally incl %Bﬁ"teﬁé%n&gmr mgﬁo?%r%%d'eéf@?@] E%Iae%ad?e@égfmi ch are
not coval e d = LR t nucleic
"0t SOVl RO P & ARERSEL DRI MR UPRNR (IR 1
nol ecul es fiﬁigra@d ﬂﬁbﬁ%ﬁi&i F@Hb s%Fﬁa& the Abgleiccideinso barRs, AftéiwiieRa t he
pol ynucl eoti des in a biologica

probe solution is contacted with the gel for hybridization. Information is obtained

not only from simply observing in which band the probe/target hybrids are

formed, but also from the position of those bands relative to other samples

analyzed in the gel. Applications of Southern blots include mutation detection,

restriction fragment length polymorphism (RFLP) analysis, DNA fingerprinting,

25  and infectious disease detection. Northern blotting is a powerful tool for
analyzing gene expression in cells. Densitometric analysis of the target band in
the gel permits estimation of the level of gene expression. Furthermore,

comparison of the length of the target RNA band with known standards allows for

detection of incompletely processed or mutant species.



sanple which is applied to the array coul d be | abel ed through any of the
nunmber of ways famliar to those skilled in the art. (See disg ]

above.) If all of the 10 pol ynucl eotides in the biol ogical sé’rﬁéb%:b@3
l.abel ed, the | abel ed pol ynucl eoti des remai ning bound to the array at the
end of theWRO¥&Ire can be identified as target nucleic a&F@/USHHIBEN es.
Dependi ng upon the nature of the crosslinking noiety used in the nethod,
the formation of the cross-link betweenldhe target nucleic acid and the
nucleic acid 15 .probe may either be photochem cal or chemcal. A simlar
met hod for usi ng,rtdamdidny Bits Ghe BINAYs ERAAHADRORENR sHnpEABE stafidatds O

provi ded. A nethod for diagnosing a disease condition'in a patient

conpri ses protedurenrTleDNK iadigastpd evifhrthewestietioregtizymdsioftcheical ray, so that
starget nucleic acid nolecul es which are indicative of a disease condition
can hybri dlenetured,tand thofriegmenptsl abtaited by these pradedsgsrape separgtad threuplvdn al so

i ncl udes causi ng th formmtion of coval ent bonds between the nucleic acid
_probes andgaKesergehr 1 e dsrgetiened (g pitepopulose ek pylon membrangby W aski ng

the array to.fenoye. exces ucleic acid | ecul es i s .al inportant. As a
final Steg PUEY SiHbioh: SERAORGEIE o Ve Fatter, jones WEINE ol ecul es whi ch
remai n bo : | t 1 k Y . aptionally
i ncl ude thﬂe}ﬂ}1 érjl gr&%ﬁﬁﬁ%%%éjgfﬁr&géﬁﬁ%n%o %ﬁ@%&%ﬁ&g@ h?‘?m‘lgtjﬁﬁ‘é‘%pm ectric
field i ndysgBediafidieRith dbubaticlotilovakyitidiRdtReY B MBhbRa® 18 riiéd fPval ently
bound to the target nucleic acid nolecules or are nonspecifically bound.

21 FEB 2008nWe@8tcs4 hyhriRZatitisolulisna0d 2 pwobeltarenhybrids aaieockislinked of t he
present invention providés for a nmethod of determining the genotype of a

pati ent pdpt fom aheu Sipapeut 30 punyes isuy hyehawt A0 Aningtasm wath light fopep )
pol ymgr.phi equences or nucleotides s present. An arra nprised of a
seri es of W‘ﬁoﬂﬂgﬁégfwﬁeaﬁ?%@&g Wb s"?‘?f’éﬁf‘ gé“%‘&%@%%‘pﬁfﬂé sequences is
pr epar ed, . i , i Fllelhfi dis then
carried ouI?QI?lB{‘{hﬁgS gg%%hﬁg?&%@g%gg%%%é@ﬁﬁés 0 %ﬁvéqfr%g&speci fic
exanpl es afighet ireitfied, ég il flurédcahElabélehas Beemidcofparattdliftosthe prébeief  be
construed as limting the scope of the clains. Exanple 1. In"Situ
Hybri di zataften additioahl stepsstorigca@possid,ienk atkalina tphbsphagaserto ks crofdirkedar e
collected froma patient and washed w th phosphat e-buffered saline (PBS)
and pel | etpsgbes viadigendrreceptoras|angbad-antéiganspindingdand sypsquent seasion®it r at i on
of 10 /méﬁng 10, ~L, aliquots are sgott d on Iiiels which are then 15 air
dri ed.13Thdhe bopad gnzyms Wi 3 $pbiupts e Bt Iad’é’iﬂfﬂ PPUNSKERh RLit es at room
t enper at ur 4N ith water. The cells are dehydrated with
St LhReEr o5

sequenti al "$0% and 100% et hanol and air dried. The
I mobi | i zed celpg Vﬁeﬁﬁ E%t%ﬁpﬁ&étfbn@!l]@lﬁgl Raxfabtel TrdtBh&bamyle vn@Er 20

m nutes and rinse water. The ce are then treated th acetic

anhydri de domdafbn3.tHatstdbilizas the RN Ardndéndqivalt) eddogeddus R NdseonBimeaso Tine
tenperature and rinsed with water. The cells are dehydrated in ethanol, as
above, andRNAews dehaturndewish gende teatand separatedtbrpuigh anragarossrgel.wi t h 90%

T b ARG LB b S AR 5 ™
209 i or man de, I SRR Ebralt bt bR O S PR O 15 11

Denhar dt' i n. fi . fe@res 7C. The
R e T Y R R L S A

i rradi at edTké tebhmiqhb/id isghii] fopdéteanindOthe Hesefite bOibsknCe OF Adrgst at 37C. Post

sequence and can be adapted to quantitative applications by analyzing standards

25  containing known target levels in parallel with the samples and quantifying the
detection products with densitometric techniques. In addition, because each
sample ‘dot’ occupies only a small area of the entire membrane, multiple samples

can be assayed together.



21 FEB 2003 WD 00/ 14281 23 PCTI US99118950 crosslinki ng washing is done
three times for fifteen minutes each with 2X SSC/ 0. 05% Tween %OF@&,SB . To
detect the crosslinked hybrids, the immobilized cells are eqL% 1% in
0.1 MTris (pH 7.4), 0.15 M NaCl, 0.05% Tween 20 (TNT) for five m nutes at
5 roomtenp. and then bl ocked with 0.1 MTris (pH 7. NaCl
cont ai ni ng @T@@’%’%Pocki ng reagent for 45 m nutes at roomtg’)rf'bﬁré'?sé%/zil)‘gg‘.k Bound
hybrids are |labeled with 200 ~. L, antifl t@re’scei n- hor ser adi sh per oxi dase
(HRP) in a 30 mnute incubation at roomtenperature, washed four tinmes with
TNT at roomtenperature, and then incubated with 120 ~. L, biotinyl tyram de
for 10 m nutes &inlike arSmrth¢ramyé¥erthare blothwhetei the HDIARMAShegingndsiaret i mes i n

TNT, incubated with SA HRP at roomn:tsfenperature for 30 m nytes and washed 4
times wit hseparated ganough &glsprigr todrgnsier opya themambgane Be seh iemist es at room

t t i hed, in TNT...Th ] ter-staiped with 5 ~
R S e R T e e R A

i i i - H H L] - f. |t

Tor' che-rr (BMAIP SRR RIS SELIERE he g g e [ o1

Papi | | ogav ih?ldﬁdi’iwﬁnéérdsalix@@éd  the tarbétthsiydihe hmRirofe R¥RQisedgs S were
undertaken tfo denonstrate the utility of crosslinkable probes. The target

or gani sm wasuthermangNpirtheomblots. uSet26tidry petht @rosihink gt plodusts duislse dsnaire
sequence I D Nunmbers 1 - 14 of Table 1. Two types of cell lines were used in
t he experi ihtame wapki cells, and C-33 cells. CaSki cells contain 500

copi es of the viral, gen . Wheregas C-33 .cells do no ontain the viral
geﬁorne and Werénﬁggg eﬁﬁ’%ﬁ’?‘i Q;StﬁEBFﬁSF%qIQYerEWr&(P €S O AN \RRIOYFRFed on

slides and ol |:0n.:Qr ot ocol
as detail eé$ %%@gdn%qqﬂ?idg@ggg% oﬁ@%%&ﬁ@%é@%%@%@;éﬁggﬁre t hen

i rradi aped nydibduldhh 4 bibgical daRifle aTRistikprovanalticokipiies 8aaE hdcRE descri bed
above, while other sanples were incubated w thout being exposed to LTV

| i ght. Subsewiprobe haviagla czesgiinkmgwaokectieaapsisie tod foimeinganevaizathérogslakd

det ecti on g)rgot ocol detailed in Exanple 1, above. 21 FEB 2003 WO 00/ 14281
PCT/ US99I | ®ebreepshapucleieaasad peiberangithe target singlerstrendedhidNAeand the of t he

experinments. ' The inmages_.represent, the fluorescent em ssion fromthe dye
75wt cRIGT By SEASETRE BovAhchontth BETERD (o PEUF AP POLEan 8% of

anti gen- I abgl i eoti de probes specific for HPV 16. Figure |la shows
t he CaSki Q%Iggtg)ﬂlﬁ ﬁ%?cééﬁi(ﬁ)es.sl i nking, 5 under | ow power magnification. Figure

1 b shqys the Csﬁhiange{ek%mbwahhewoﬁﬁe)ﬁﬁﬂehpﬁ PEbvidEG! i P RRYR o a

magni fi cation. Figure I c shows the C 33 ce wi th crosslinking, under |ow
power magninfdtbéd bORybridigini\dxiicliéiz atidastobe aceditpe hrdeic heidmaoleclilst i ngui shed
between cells which contain the human papillonmavirus (Figures 1 a and 1 b)
and cel | s whinuibilteedmot a ebspitey UuFlee metod ihelvesaging @ nugleds aeit grobe t he i mage

" bl s Bt ot B T
e, W AR AL O TP B B g 2
di ff er epce thdpedhts dpPlydhis hh ¥leRtrid NE1dSIcBR3 thdKIb¥RER: fucH¥hA nbntbdugA 0SS! | nked

nucleic acid molecules will be repelled from the substrate and removed prior to

the detection step.
Still another embodiment of the invention provides an improvement to a
method of hybridizing a nucleic acid probe to a target nucleic acid molecule
25 immobilized on nylon membrane or nitrocellulose paper (or the like). The method
involves using a nucleic acid probe having a crosslinking moiety capable of
forming a covalent crosslink between the nucleic acid probe and the target single-
stranded DNA and performing the additional step of forming covalent bonds

between the nucleic acid probe and the target DNA molecule.



probe) and Figure Ib (no crossiinking) is clearly evident. Wth
crosslinking, the probe/target hybrids are retained and there%o.lt:.ﬁ
contribute to signal generation, whereas w thout crosslinkin, @mri ds
are washed apart and are not present to contribute to signal generation. 20
| mage anal Y& 8/@esisuch slides in a simlar experinment reveRCeWsso/Boso er ence
inintegrated signal intensity of nore than an order of magnitude. Exanple
3. In Situ Hybridization of a Tissue Sedfli on Usi ng CrosslinkerContai ni ng
Probes. 25 If the sanple type is a tissue section, thin (S p,m tissue

sections are [ &g bugfile SRRRAIALL! ST REBAAGATaLL ARSI REL Frdfilotien P! aced

on gl ass slides. e enbe t1ssue 1 s* dewax ve mnute

i mrer si onsfok AiagnbsiAg.a disHiedohditier ih @ phHleft. ETHIs Rthoddlsh Rivolrdsede oftht er
this, the assay procedure is the sanme as 21 FEB 2003 WO 00/ 14281 25

PCT/ US99I 188&led hacleteddid pastedwhich comprisgbaictbssihkiap matgrdapagefofom t he
par af or mal dehyde fi xi ng step Lsee Exanple |, above). Exanple 4. In Situ
Hybri di zatfooningssegvalert nk bgpyeanohanuelesc aqid protenandithe @rgetinigleic

Thto a bufchl e PRAPHEAGCOSBIIES B TPRPR A YErs SMESREE R om CYTVC.
ol oL At Bbe BRI pdillprom ol ilinV6l Ged BRRBIE R GR U nasiop
i mobi |1 zed R the 1981681 h@aicadiod Ee%ﬁﬁ) L Briip Q494 Mrkel Mucklc AMgHA at 37C

for 20 mnutes and then rinsed wth watef. The assay procedure given in
Exanpl e 1 melechiledndicativovfa disthe amsitjonydormiagfasoveéntbodd Betwebg tied ¢ aci d
probes, sequence |D nunmbers 1, 3, 4, 5, 6, 7, 8, 9, 12, 14, 15 16, 17, 18,
19, 20 andumleic aeidmyoboandiie target aneleicmeath mademileitwasbingsie pmolobalizedach
probe) per .assay, 15 am nati f, the .assays using . fluorescepce

m cr 0sQop\PiPiogicak samp éﬂﬁ?’@of{e%?%’o@} ¢ig @crdproppy/hich ipnat hekpdigdhee 2 was
negative. | |ls. fromt i anples not fi n, sl i.des re al so
eated"t ot Ayl d ot B BBl iR B A8buir StisbshRl M EERAE T
correl ate | et | & i hBieSi bt (i i say. 20
Wl Goauprbd feidi diaﬁﬁ{éhstét%adgg@/ﬂk@g’g‘@%eg;b??lgﬁwglr gl OThEd ‘ﬁ?‘%‘?ﬁg‘?@f ed by

r ef er ence.optidhhy furtie dongiiseOpsoratachy Sihkbétepthe QllditibRaltgseMNerdovignt i on

wi |l be apparent to those skilled in the art" without departing fromthe
scope and laipdled nudkic 4vad probenvhich is ot dovatgntlyeund ve titei targehngclbizacid

descri bed in connection with specific preferred enbodi nents, it should be
under dPoodne¥aelethe i nvention as 25 clai med should not be unduly linmited to

ouch Speci 1o SRR S A AP LA TR TR RS Sy
the art ariﬁvédﬁo%@ﬂ@%lstoopr%id@ﬁ? hin the scope of the foll ow ng clains.
A kit for determining the presence of a target nucleic acid molecule of a
biological sample comprises a nucleic acid probe having a base sequence
20  essentially complementary to a defined region of the target nucleic acid molecule
and having a crosslinking moiety which is capable of forming a covalent crosslink
between the nucleic acid probe and the target nucleic acid molecule and means for
removing nucleic acid probe or target which is non-specifically bound. The
means for removing the excess nucleic acid will typically consist of one or more
25  containers of prepared washing solutions. The washing solution may be water, a
buffered low salt solution, a buffered high salt solution, a solution of urea, an
alkaline solution, or the like. Such wash solutions are familiar to those skilled in

the art.



21 FEB 2003 wo oonazai PCT/US99/18950 26 TABLE 1 Human Papil | omavirus Type
16Pr obes conpl enentary to sequences within the E6 and E7 genesSlfégl%%% for
Exanple 2: 1 - 14Probes for Exanple 4: 3
1,3,4,5,6,7,8,9, 12, 14, 15) 16, 17) 18, 19, 20, 21Probe and SEQ I D

No. Sequenc TTTCTCTTGACGI TACAXAF1023' - GGTGTCCTCGCT T F33' -
AXATTXTAAT%@K%TGAC PO
F1543' - TATACGACATACACTATTTACAXAF53' - TAAGATTTTAATCACTCATAFE3' -' TXATCTTGT
CGTTATGITGTTTGGF2073" - AXACAATTAATCCACATAATTGACF83' - AXACAGGACTTCTTTTCGITTCTG
F2593' - AXACCTGTTTTTCGTTTCTAAGGTF103" - TACGTACCTCTATGTGGATGTXAF113" - TAXATACAA
TCTAAACGT TGGT CT@F B 1 fasdeteMUBIHEThepOSECICI DCRETHARL R adhxuieul: Ghivh C
CAACAC G CATGIT

F35143' - GT&Tisrachiizrdpasanvemearigge opstroghdper papeoisTaTerEMted 3 - GACGCAG

CACTCCATAT. F401.73 AT ATAF183' - T CATAACAATATCAAACAT
roctTe S AR SGETE B BICERr b OE PRV s sd e Whith 1S

3 TXACATT COMAKRC P cAcE 0 & GefiE ARtk ot largly et 20 BisellS cer o

= fl uor gscenl havihk £EBsARMKIn 2oy WHEHTTs chpalfle BEhH@EnE @lcodtelefZerordling t he
presence of a target nucleic aC|d nDIecuIe in an biol ogi cal sanple, wherein

one of the bptwdmm the nualefreacit ipoibegindahe sagpt michat ecidl dheikst dlsorotrinprigasd
connprising: (a) contacting a nucleic acid probe with a biol ogi cal sanple,
pr ef er abl y meansBor rexeey ingneeleicracidprobg svhirle saeat opnd ketheyangetinydeict o a
target nucleic acid molecule in the biological sanple, and wherein the
nucl ei ¢ aci® Bdf)robe conprises a crosslinking noi ety capable of formng a

coval ent or 05! izhl RLHBPRIL BALGHALRFRPLIBONE AN B BRI aLC! el ¢

aci d nol ecul e; orm-ng a ond he nucl ei"c acid probe
and theot angrf prabe haliéh AGidl cBPAIERY Bourddo the sdtpethuctié £E18 \Hol8XaES SAmeI le
probe or target; (d) detez~onining the anount of crosslinked nucleic acid
probe tar geibnmmﬁngpvashesslutmnobapwle@tﬁdidrypt(r@hyﬂregmpbondmghﬂh@m aci d
hybr|d| zation within the biological sanple. 2. The nethod of clai m 1
conpri si ng hxbpdizedinucleiepacidimalegdes wnu@m &Ssuitable rppmsef@r a«?movlag@@@ eic

nol ecul es, or, a Bl urality of diff E fﬂﬁo eic acid s :for a single

1,

target mol &€\ RFobg Whith s nalcayleryy em?témlfﬁ%m. ?185‘?18 sanpl e

is a cell I r i ssue section,
pref er abl yﬂg%?rg%b 18:V%)J‘lgsﬁégﬁklggﬁp&#éeﬁpéﬁ?a§g%o%ﬁlﬁg%dlB&h@aﬂ The net hod of
claiuags |, whengip. ait@ﬁxaﬁb@'eﬁﬂbﬁﬁherﬁaﬂﬁglk“r’ts fﬁﬁ@@%&‘m Pisdehiy 6f acid

nmol ecul es, preferably the sanple of nucleic dcid nolecules i's | mobilized

on nyl on mestuliageald nwdléic@ckl probese paper, 5. The nethod of claim 1,
wherein the tarrgrt nucl eic acid nolecule is selected fromthe group

consi sting of ardihegiresenhrvention alsmfmgalswtarhlnusc inpalygudeatidegirant and viral
nucl ei ¢ aci &s. .. In a mstho for lgladIZI ng E nuclelc acid.probe to a
target nuclO 2onuCl et dRATERY #RP 1°ﬁt1‘énso| |thgsecsne chipAnplications, fpi ]é’rrent

ol eout e eRpen Vet B G: B Sk PURG I B@RF of PUedh Al HR ML e aci o

probe apd Rgnd 8 SR suttiek 86 sAkdthtd R ﬁféilrﬁ‘}%d FAem, and exposed to a solution
containing the target DNA or RNA from the sample.

Gene chips are used primarily for sequencing-by-hybridization, gene
expression profiling and single nucleotide polymorphism (SNP) typing. The
sequencing-by-hybridization technique is best suited to resequencing for mutation

25  analysis within a known gene sequence rather than the sequencing of unknown
regions. For mutation and SNP analysis it is necessary to discriminate minor
differences such as single nucleotide mismatches. These chips also typically use
short probes from 8 to 20 bases in length. For both these reasons selectively

maintaining the proper probe/target hybrids while washing away the non-



f ornai ng coval ent bonds between the nucleic acid probe and the target

nucl eic acid 21 FEB 2003 nolecule. 29 7. A nethod for di agngﬁ:ggg(ws

di sease condition in a patient, conprising: (a) contacting a i
containing a nucleic acid probe to an inmobilized sanple fromthe patient,
wherein ti MOAYH28E ¢ acid probe hybridizes to a target nuc|P&TAUSAY18950

nol ecul e indicative of a disease condition and wherein the | abel ed nucleic
aci d probe conprises a crosslinking noiéfy which is capable of fornming a
coval ent crosslink between the nucleic acid probe and the target nucleic

aci d; (b) EucHiOyPhAMahRE aPACMRAAMNERA HyRida e it RSicieRidpRémand t he
target nucl’eic aci'd nol ecul e;. (c) washing to renbve excess probe or target

nucl ei ¢ acbfltheohashultdsgencs) Ukitecrosslinkgr-cbrtaiting ptobet efindhstesctiree d probe
target conpl exes fornmed, and optionally (e) renoving nucleic acid probe or
t ar get whi difficelties by covalertly jginingithe prohey'target bybme togeshersomep theshylmid- a

nmet hod for_ hybridizing a.pucleic acid probe to,an inmobili zed target

nucl ei ¢ ach# #%ﬂ“@éu\”@ﬁeﬁ%ﬂ PF%@Wéﬁ%ﬁﬁpac%lﬂfb’rq@ e-bass HSCAMMAoB; ¢ aci d
pr obe ving a ¢yosslinl.ang ol ecul apabl e o onnat.i z~ . coval ent

P oosl 1w bot weShe Presert AP SO Gtk SREAnEa that PAPRE S sl ERBPEN G
DNA: and f ] ﬁfﬂ'a(ﬁﬁﬂ t s 7= j i d the
t ar get DNAQIlirrdb?f1 glurﬁe. . ge%?l?ﬂ?%lrgﬁdete #E?Hénﬁéﬁgﬂggggﬁggog{i%%get
nucl ei v aC@:&i:hrmlc%iU|a@id95roaélhhﬂﬂglaiﬁa§s€@éh@h@é egkaaallys l%m&@ﬁ‘?ltd} giung: a
nucl eic acid probe having au essentially conplenentary base sequence to a
defi ned r edefimedofegidreoft avagestt nuoleieiad awlecuio ket hhwngadrbssliinkmganoiety

crosslinking noiety which is capable of forrraing a coval ent crosslink
bet ween t h&hifihcis cpbabie of fgrmyBg aseyaleRkenoayl ks batweenthe nuclqic apidpiebe or

r enovi nucl ei c acid probe.which s not bound to the target nucleic acid
nol ecuﬂg; an 3’6’&?&%811 lcacﬂhnpzﬁ 03 30 neans of renoving nucleic acid
probe which is not c I ;,q% %%%! i.0, ol ecul e;
and/ or means of Iabe@%gﬁgééinéc%gg?gfig&gél e%lr?ar be.z_“{l] . 1’_?(‘?#? _orl’_ determ ni ng
the presenggaf Hinia, pefasHieC bRhEoReirsl nileleendia, \Bth&pdssibleRpétl | zed on a
nyl on nmenbrane or ni t rocehul ose paper, conprising= a nucleic acid probe
havi ng an espentdsadre Yistedrabbeenen~t ary base sequence to a defined regi on of

the target nucleic acid nolecule and having a crosslinling noiety which is
capabl e of fonxThegresursev af the cresdiskingyroissy weashon the prabesepicthaerray pr obe and

e L8 bt SontPe Mo LB Lo alth BB " 1 "
oot 19 ek A R Dot SRR R WA 00
hydroxycoumarin, 6,7-dihydroxycoumarin, 6-alkoxy-7-hydroxy-coumarin,
psoralen, 8-methoxypsoralen, S-methoxypsoralen, 4,5’,8-trimethylpsoralen, 4°-
hydroxymethyl-4,5’,8-trimethylpsoralen, and 4’-aminomethy!-4,5,8-
20  trimethylpsoralen, a haloalkyl coumarin, and a haloalkyl benzodipyrone. The US
patents cited above (in conjunction with the methods for determining the presence
of a target nucleic acid molecule in an immobilized biological sample) disclose
crosslinking compounds which would be equally suitable for use in the arrays of
the invention.
25 Probes containing crosslinking molecules can be synthesized either directly
within a specific array location on the chip, or by standard methods off the chip
and then bound within a specific area to create the gene chip array. Examples of
methods of producing oligonucleotide and polynucleotide arrays which are

adaptable to the present invention can be found in US Patents Nos. 5,700,637 and



11. An array, cor~aprisng: a solid support; and a plurality of different
hucl ei ¢ acid probes immobilized on said solid support, each ggcéﬁéc Séid
probe having a base sequence essentially conplenentary to a deff #0 gi on
of a target nucleic acid nolecule and having a crosslinlcing noiety which

i s capable ing a coval ent crosslink between the nuclegl i.d.probe
and the tapgi?ﬂﬁ%gIeic acid nolecule. 12. The stray of cIaIﬁb@igﬁW%%rein az2
| east one of the nucleic acid probes is,gonplenentary to a target nucleic
acid nolecule selected fromthe group cOnsisting of animal, bacterial,
fungal , human, parasitic, plant and viral nucleic acids. 13. The nethod of
clai m 1 or3,74&385 rheyeinfineerpprateadiby yfereace in theiransisetyi dhesglidsiprnoyt i s

EE'RSgé?SyIréﬁr%‘s%I‘%ﬂ%E%I‘Qﬁ%Iaiséfséféé‘cﬁa%I pé&‘é?%éitgfslreév”%gﬁ% T
7- ] i 7di i . 4+ - . in, -
LYoo SRR o St Rl i Bh s R

met hoxypsogig%@lpinegsﬁ' , 8-trinethyl psoral en,

4' hydr oxynet hy 5",8-tri~znet hyl psoral ez~, and .
~f ami ngmet hyl - 471 chp iy expoisby taps saraplersbhtidhadonedihmy | the pug@mualeidadioal kyl
furcoumarin, and a hal oal kyl benzodi pyrone. 14. The nethod of claim1l or

t he array kfllosviagdmybdidizatien endertthe desioxkstiingéenvy aoopdisiops,i the ahipano- adduct ed
furocoumari n: nucl eposi_de adduct.. 21 FEB 2003 31 15. A nethod for

det er ni ni igadisgedowitBdhY or yrsible Jight k9 indyatgthe erogdinkingreactiomci d nol ecul es in

a bi ol ogi cal,. sanpl.e, .conprising: (.a),contactin he sanple.with the array
of claim ﬁbsm@é' ntIIehcg:‘?Q 8%§$wf§~%@ -6 sgﬁIt@n‘%ﬁIEWﬁggﬁ ﬁ%gFH‘%Ié’ to the

i mmobi liz (W-Yie i ' ' : t he

nucl ei ¢ a?ig grec?g)g?pgﬁl ?ﬁ%??%%%? f‘z@%%?&é’?‘@ﬁ? gﬂgggtd;hgoﬁé'g;%gl es; (c)
washi ng@ t hesiag ke clogslirkEd\peolteraess hybgldel ¢ acid nol ecul &s; (d) deternmining
the aui ount and position of nucleic acid nolecules which remain bound to
the array; and Gnosslinksr-contamningpethengre tepored &ybe¢ abledordiserinomatspeci fical |y

bound nucleic acid nol ecul es; and/qor (1) applying an electric field across
t he subst regtweemsiggleohase rP@%J%?f@g-Icfﬁl@élm JATBef ReEUSNCES IeSUUBeR d nol ecul es;

T O O R T
i agnosi ng . o SERRETR SRR rg AR enBloS A PN b as et 1 ng o

sanpl 5 zQRighRRUi f2Bbe. WEkbrebdta rRINRY bifd t6ltBdifcdmbleniit WitHin HRY Afly srucl ei ¢
acid nol ecul’'es which are indicative of a disease condition can hybridize to
t he i mobiprobedamibik gtrengthiof the sipeal; reflbdts tioy relatiyecmv@ine of elbdhndd®Net ween t he
nucl ei ¢ acid probes and the hybridized target nucleic acid nolecules; (c)
washi ng t r?éldégmﬁonedm lavslef expresstan of that gepep dhedrelative entensiyi ®ambl ecul es;

(0 et er mping e BTRL o0 BpsitLon ol Largetyelel el geules
I I [Wedn I | . j i
ol ecul €8 WL GRGICE ol B0 pta PR IS ARE BRRU) A A

pol y mpphi #isHeaRERC o Spedi PadseitiorCHMRARMNA Bdthe chip: Théde3¥Pandlrs( At
contacting a solution containing a nucleic acid probe to an imobilized
sanpl e fr abe siaepathasetfor inraobilized hecleicacid assags.dlyst aberokyiinkiedi zes to a
target nucleic acid nolecule indicative of a disease condition and wherein
t he | abel ewniaising probes knvsrbsbe dewapstraied taimpreys ik fity hybmdizatiop agsdsh i s
capable of .form n]g a cgval ent. crossl i.nkqgg‘gt ween the nucleic acid probe and
the targetS! &H1Bs San Be mads fergsRe iR (cBDalogiis: hond bet ween the nucl eic

aci d probe and  heta5 08t 0 ICI&Il}% t%eﬁl%glq'eQ,IIﬁIe %&%Sf invention also provides for

25 methods of determining the presence of a plurality of target nucleic acid molecules
in a biological sample. One such method comprises the following steps:
contacting the sample with the array, thereby allowing the target nucleic acid
molecules to hybridize to the immobilized nucleic acid probes; forming covalent

bonds between the nucleic acid probes and their hybridized target nucleic acid



.nucl ei ¢ aci d nol ecul e;

(c) washing to renove excess probe or target nucleic acid nol ecules; (d)
det erm ni ng the anount of nucleic acid probe target conpl exes forned and
optionally (e) removing nucleic acid probe or target which i s2hBEB 2003
covalently bound, prior to the final step 19. ~A nethod for deternur~,ing
t he pr esenae0 60/14a81t ar get nucleic acid nolecule in situ in @®aThised/maysecal
sanpl e, wherein one of the probe or target biol ogical sanple nolecules is
i rmobi i zed conprising: (a) contacting &Ilnucleic acid probe with a
natural ly occurring biological sanple, wherein the nucleic acid probe
hybri di zes a ' ' anpl e, and
wherein t th oﬁerﬂﬁl%si g&gltémglfﬁé %lgey g%#p??&éeg}&ggs ndclelf: galdgdr}me%gileg’?é/ndzapabl e of

formng a gendhfithg ﬂfe%ﬁédd?‘ﬁn@%o SRR dfticly ﬁﬁﬂ%ngéétﬂem% RifAid he target

ng a cova t bo bet ween the nucleic acid

probe and bbend W elarrayc mhuscm&thdi!l 115, @rsuloepnoﬁﬂ)y inehltertiie tRprofiTaMOVIRECESS
nobi ae probe or target; and (d) determ ning the anmount of crosslinked

nucl ei ¢ achudclpicaised mi@eiescwimph axesot @¥alehitly bopnd od asf narl-spavifl@llyonpri si ng

a pl ural i tg of different nucleic acid %Sobes and target nolecules_ 21 FEB
2003 3 21! Owﬁt%@%ae@‘tﬂleapﬁplﬁgne sing a pI ur aI ity of different

I d f et Th t hod of cl ai
19, wher of n t heDBEerugPe B et A S gh SuRrEacit 3ol eiel B B or clai m
19, furth
Wi t hi grtth%t?% E:jllt 2%@%%&%) l—%ﬁg%%f fddr%é{%od of C*@%@@e@ﬁé%&ﬂﬁ@c on

bi ol ogi cal saapklwhitk ivapitiel to theaReetdulide 158dleT thenzh anypoftheuitér 0z X
ti ssue section. 25 The nethod of claim 24, wherein said biological sanple

is fixed onfways fasiliaP® thosdskitted hrotheafrt. cﬂ&c ahistBssiovnabaven) {Hall bf theogi cal
sample is a sanple of nucleic acid nmolecules. 27. The method of clai~aa 26,

wher ei ' t heolsyaﬁf}ﬁ@n@ﬁs 1fth¢ bn%oaealcsaml@ém lakeled, ﬂi%ﬁbﬁlqd. padgneseotides on
nb A T t hod of wh th
{“;gé?“ﬁuﬁ{reéﬂ%nr &tpond 8 2t BRBChuE Bog 86 e BRFtaIee g bp | Sliged ljReE "

ani mal , human, parasitic, plant and viral nucleic acids.
29. The e %agkékuiﬁhln1k§ mhereln the precursor of the crosslinlcing

noi ety is sel ecpe r{cﬁ tk&rﬁﬂﬂl@rc%mﬁé§§ds§1§1ﬂ@ﬁ%ﬁfb‘ﬂé@ﬂs&$mﬂ1¢ﬁﬁ§tﬁaﬁmrl ns
and benzodlpyrones he met hod of cl ai uax wher euu the precursor of

t he arossl thmkﬁ)tmatmimoﬁm cressslinlebétecte tioamatrdet ngeleicpacid and #id merlet acmumari n,
7hydr oxyeoutnarin, 6, 7-dihydroxycoumarin, 4-methyl-7hydroxy-coumarin,
6- al koky- 7p;abﬂon@5cmhmrherphopxbpmlead Orghﬁmldabxypsor al e~n, 5met hoxypsor al en,

4,‘6‘,$trirreth| | en, dr oxynet hyl .- 4 th sor al en,

4' ami nomet hyl - d lm ﬁm‘;@mf%ﬁl&n& ﬁmvgnﬂaxperaw FQ/ lagewﬁ figeassds alip) cyI
f ur counar i e.

wherein th og?@egislA |ng i ?@‘[}) dgaﬂrirgggsae(fggéwoﬁqg& oygﬁﬂ%rl énegc €osi de

adduct . 32¢o @RS l@ffrcﬁh% | b with 6 Sy B AAUERE halleRladdie coval ent

bond occurs phot ochem cal | 3. The neth of claim™19, wherein the

formation ﬂfolédmdiesmmahafémldilmtllve(m‘larcﬁsdab@BbrﬁﬁilbwcarBHybﬂldilzatGTﬂiehOd for
hybridi zing a nucleic acid probe to a target nucleic acid nmolecule in sitz~

in a n2f ur anmpbdized mucleic adid poehasalTheampthed atsedn¢lngesovansing the dopnatinong:
ol ccul o cApABTALSTSPond hetgeR SHpURH EK oK) BESbR HKI BETUIBRIAHGSTRRR ef ¢ aci d
Pt veen ¢ hURS R EmoeGieSn6 oB8u FRNESH e P iRl RS RIS 35, A
Cont act | ng"S A Ao TaRoRAr DS ATRL HEP, R afbghl %‘E‘Sf’%’%ﬁgﬂﬁ?"ﬁ B 2t
natural |y agéleicrdcidmddstiled whieRréhgintsdundb the array is determined. This
25  method may also optionally include the intermediary step of removing by
stringent washing, or electric field induced desorption, nucleic acid molecules

which are not covalently bound to the target nucleic acid molecules or are

nonspecifically bound.



wherein the nucleic acid probe hybridizes to a target nucleic acid nol ecul e
in situ) wherein the target nucleic acid nolecule is indicative of a

di sease condition and ' wherein the | abel ed nucleic acid prolRRd EEBR00Ses a
crosslinking noiety which is capable of form ng a coval ent crosslink

bet ween the nucleic acid probe and the target nucleic acid; (b) formng a
coval ent bo¥® Befikken the nucleic acid probe and the targetPGRAI¥IPSAhCi d
nol ecul e; (c) washing to renove excess probe or nucleic acid nol ecul es; and
(d) determ ning the anount of nucleic ac?d probe target conpl exes orxzied.
36. The nethod of claim 35, further conprising the step of renoving nucleic
acid probe or t@skernhiivdembodidhert Of thepretont ArHAtion Prowed for higethbdal

step. 37. In a nmethod for hybridizing a nucleic acid probe to an

i Mmobi | i zedfrdetarmanihy the genoty peyof apgeent particslarlyawhererniv cdlatesitee in sitr~ the
i nprovenent conprising: using a nucleic acid probe havin% a crossliz~lcing .
nol ecul e caisigsmenisg Whiekohseverelalymerphi seaiienegs Gatusastidenis presshei ¢ aci d

b dt t t single-str . DNA; - and f ' .coval ent bond
betvien  neARBEFEFATRBREE pY 85U GIERB ISP Uik PIORAS ROPBEDIRE 1 8. A kit for.
bet ween the . YA P .
zanobi) | b HEE AL &5 S pketRl S E 1 ed A R Y B -navi ng a

conpl enent arpe Hadhed $SMeaaRdLod i thé Bafe MAgh@NasadbohBe target nucleic acid
nol ecul e and having a crosslinking noiety which xs capable of formng a

coval ent crosslink between the nucleic acid probe and the target nucleic
acid, wherein the~probe is selected romthe group consisting of SEQ ID NO
1-21, optionally having a marker ot ESAMRAESa f| uorescein nol ecul e; and

means for renovi cl ei c aci robe which i ot, bound to.the. target

nucl ei ¢ acid m@%ﬁ’ﬂwm Spﬁﬁg?%gian&? e%i‘rﬁilﬂ‘i@a%‘?tof ilfustrate t’%&%’rﬁ‘b’F’i‘%‘?%@P ans
of re in | ei j - Whi i t |y bound to the target
nucl eirrgbac%&mrirfglng’(t:&Fggh‘%ﬂgﬁ%}ﬁ@}lﬂ%%f%%n?%%%!‘a&%her conpri si ng neans of
| abel i ng SaExanQH& e ¢y 861, Wyrhgation GlCeBRISRR Erolifker-CBnAMiAY Probes.
conprising: a solid support; and a plurality of different nucl@ c acid

probes i mobi | i Lallsare sllsttabfromh spaiar tnd eashedwith@hospieitelbpffored havi ng a
base sequence conplenentary to a defined region of a target nucleic acid
nol ecul e arsdliha(BBY) andpedictdd afl 0§ groThks gelistare resisperdpd i EBSftokor i ng a
coval ent erosslink bet weﬁn t he nuclei¢ acid probe _and the target nucleic

aci d ol ecpoacenirbioriof 10Rank pggdd 14k aliguats atectpotted prishideswhish aethsnst i r ng
f SEQ,I.D NQ 121, optional L~r .hayj t h fil i

ol e, 45 gt TRRERIRE B Y PurRaPB iRy af a0 Bl nhihn et el

R Probe SelnpelaAiERhE LI Rifl LALO Uil ke 4B HaffR A AGuaRLE ot o

fromthe group consi sting of ani ma?, acterila uman, arasitic,

pl ant and Viirridrsiod ¢h §0%, 80%46]nd4D0%T bthadslraid £f dgédi tn 41, wherein the
crosslinking noiety is selected fromthe group consisting of coumarins,

f urocoumari ns afdhelipueiilized/ callsce tredted Trith proteipasefK ¢h RBiScat 373C foifl ei n t he
erosslinking noiety is selected fromthe group consisting of couparin, 7

hydr oxycourfiiufes agd ringed patowptesu hheicslls @ﬁah%styatv%yﬁﬂbe@f@s @pbydride in

e ﬁ;g'r g);@;, n& m P&%ﬁ%@éﬁﬁ%@ﬁ@”ﬁ gﬁﬁ@ﬁ,ersg'h ﬁé‘dm fempeahdrt T3 BHLERQLR! N
4' - ani ML 45, _ i | kyl
f ur ocounnr 1 AgE, (T odlls e HENY RARATH Shan8, 38008v¢! ihd AU BE!lpleft AR 1V

wher ei n t heare degdthicl I eeatMbst With 9034 ForaRfnide a8 0 U E6dum saline citrate
fiuocou~aaari n: nucl eosi de adduct. 46. A nethod for determ ning the presence

of a pl ural(SS¢)dér IsamgattenatcdECc Hod cklisnatenndegswith watdn avdogamal sanpl e,
conprising: (a) contacting the sanple with the array of claim 26, wherein
the target debytefed withgthedpbcul es hybridize to the imobilized nucleic acid
pr obes )

Phei r Rbr1 di 2ed NIAAAIORIE PErIoTaEd 36 CTesSaake SpAREdN Rrgor iRy 1 o
bosi t 1 on or Gadn e ik $5T2 I8P8 deSrm Rl AL EEN RS ARy, "
FEB 2003  Denhardt’s solution, 200 pg/ml calf-thymus DNA for one hour at 37°C. The

slides are washed briefly with 2X SSC and 0.05% Tween™ at 37°C and then

irradiated with a UV light source (300-370 nm) for 15 minutes at 37°C. Post-




36 47. The nethod of claim46, further conprising the step of washing the
array to renove nonspecifically bound nucleic acid nolecules. 48.__The
nmet hod of claim46, further conprising the step of applying A1 EFB2003;
field across the substrate to desorb non-specifically bound nucleic acid
nmol ecul es_ W@00/TARY net hod of claim 46, further conprising ProeUSHEBIsH
di srupting nucleic acid hybridization within the i mobilized biol ogi cal
sanpl e_ 50, The nethod of claim 46, wher® n the formati on of the coval ent
bond occurs photocherraically. 51. The nethod of claim46, wherein the
formati on Qf .CO -ban 3 ! | v, . for

st AL YRRk 7 e FRELtReS PETAS intds st SR 2%

di agnosi ng a con Sing: (@) Contacting a

sanpl e frogue/Paddeivedd 30af fcarray of claim4l, sa that target nucleic
acid nol ecul es whiog}bare inddlmc’ati ve of a disease condition can hybridize to

the i rmobi | i zedTadeleet theagoshlipked Bgbrid) xhd Mhmoblized ¢elleat ehaitibgatb@ineen t he
nuel ei a acid probes and the hybridi zed target nucleic acid nolecules; (c)

washi ng t helavirkys (pdl 7 dppd.é S ddidide 0 Oi5&alimeen 20(dNT) dbefive minutesrat ecul es;
and (d)_determ nu~ag the anount and position_aq t nucleic acid

f
S0l ecul b TRl RRRRRRE B M osked YEith Ayl MBS (B 701 had MNadl 9 m 52
furth t ep. of i | ej id | | whi,ch
ot e ol ot b8 SlbfRing re TR Ko MIRisE] & DBelipebtis, Bathic ", pe®

final stepyyihs e W ftﬂrzo@ﬁ.t[llﬁ)ﬁﬁ{tﬁ’ﬁn%efce?&h&%fdﬁﬁghcpégﬂﬂﬁéy(gﬂpfeb ift a

patient, conprising: (a) conta ng a solution contai'ning a nuclei'c acid

probe to a30 pdimieekhdibagitn Rakedm bipQaaite wWikhed FoW BnEd @ith (TNT BEEJoRNT |
wherein the nucleic acid probe hybridizes to a target nucleic acid

rr~ol ecul etempetratate, und dien in2ab&AEBW2AH0IR BT digolyy tyrampdafor 16 eninatesat and
wherein the | abel ed nucleic acid probe conprises a craosslinking noiety
whi ch 1&  cepeabteanpsraties- nd heyslidescre meshed fays simasin I lvdaepbiatrs wikk ISéi-c aci d

be and | ei id:. (b) fqrni | nd h

el of ¢ ac B P shetdhmPemLiehap THabiediand svashes i Eass vl ot Birlbited oo
, o . . _ '

ot et - ont ni i 2R Ex iy tRRE cof M6 bithfeeBl fhopptAthaire, dlehilhvached | o

The met hodiOf NE! afeitelizdre ESUrdtEREtamRARFItIP5 lrﬂ%/ﬁln@APp,ﬂn&imé@mi ng nucleic

acid probe or target which is not coval ent bound prior to the final step.

. A3. A{. AUeVA¢taftfiti®AInaasurBacAundedn Abbredcdnt AliBtodcopbleghipeduattithie. AU?. A{. A
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Example 2. Detection of Human Papillomavirus Type 16 in Cells
In situ hybridization experiments were undertaken to demonstrate the
utility of crosslinkable probes. The target organism was human papilloinavirus
20 type 16. The probe sequences are sequence ID Numbers 1 - 14 of Table 1. Two
types of cell lines were used in the experiments, CaSki cells, and C-33 cells.
CaSki cells contain ~500 copies of the viral genome, whereas C-33 cells do not
- contain the viral genome and were used as negative controls.
Each cell type was mounted on slides and treated to the same pretreatment
25 and hybridization protocol as detailed in Example 1, above. Some samples of
each cell type were then irradiated with UV light to initiate the crosslinking
reaction as described above, while other samples were incubated without being
exposed to UV light. Subsequently, all samples were treated to the same washing

and detection protocol detailed in Example 1, above.



$ TN H z

-KSi } xrmhc] X] caV] ca] ca] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca ]ca]c
a] ca] ca] ca] cal] ca] ca] ca] ca] caV] ca] caV] ca %Cﬁﬁibﬁé
i St!)6Q0{58]| wmnhc] X] caV] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caV] ca] ca] caV]ca]ca
] ca] ca] caU] g,,a] g% a] ca] ca] ca] ca] caV] ca] ca] ca] ca 8nuwf h 99/18950
LU #####S, 9 & E(~yt oj d_ZU] ca] ca] caV] ca] ca] ca] ca] ca] ca aﬁ ?ca] cal c
aj-ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] calcaV]calcaV]calcal E(\(((B)~))*"
***N+T+p+| ++43,0,,, O - ./ N'//0T0OO| w nhc”~Y] ca] ca].ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca cay ca]pga] cg])é:a] ca] cal ca] cal ca] ca] ca] ca] ca] cal 00 .
D122%x33334e4421"a5uslgse% e7k-it results of the experiments. The

A cagéil;g?rb*é“__%i%gf%irﬂ% %aa%gfﬂ%g%?@ph.;&]w@kal sl hathes HI]I]I]
Ca] ca] cal Cgfg tgg]v(%a?%ar]\ L&f @%%gg&g?ga%\ﬁ}éﬂé@fﬂwcﬁ %:igU] ca] ca]

ca! BBB CT specific for HPV 16. Fll%l_re la shows the CaSkij cells, with crosslinkin
DsEEE8Fi FF HHI I K( KFK: NORSSSSSSKT{ vpke [ V] ] ca] ca] caU[ ca] cal] ca] ca g] caj ca] ce

] cal] caj Cahﬁde]:n:l@hﬁpd\%t] ma&mﬁ]:xt&incﬁlgm]:QB]sha\}vsaﬂe:GiiSIG]deH]; ositleajtcal caU] ca! KTT
TUKUUU?VW2W-WKr XYYCZZZ| i/ [z[[\9\F\e\z___aaa{vqglfa[V]]caV] ca}sca\/] caljca]calc

al] ca] ca] calasaliniingawvdea jav powkr oiagnification] Fgueajlc ahoul he]GdBsallsa] ca] ca] ca

' aadddddOec UhhhBiiii4jj.] kakkl U el | ~yt
L) et ca] cat qéfﬁmigsaee  ohfeiob ot ) ca] ca) cav] ca oh] el oh] ob) cay

| o2 ba] ba cauy AP EEPHAPRIp bt A AN, Rl PR SRR RS <3 ca
] ca] cal] caLgah ??ﬂé}eca] Cdgf}’@??ﬂwrﬁﬁﬁﬁ {(Fiduréd 1£3ad 16 and cells which do

2507Ki 3j zupj e ] caU] cal ca]ta] ca] ca]c Ul ca] ca] ca]lca] caU] ca] ca

] ca] ca)j@a] ¢Rigusd te)] CRledalaghicthfeshpldaihahd tmigadf Fﬁ@tne%(%slmjusted to a
{vgl ga\W]]ca] caV]ca] ca] caJ ca] ca] ca] ca] caj ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] valuedheajerdp dademy dew)iees] o}”mgnatwﬂd only a homogeneous

e sl e el el gl s kg - o
S i

] ca] ca] ca] af%gf%%a] cal] caV] ca] ca] caV] ca] caU] ca] caU] caU] ca] caV] ca] ca] ca] ca

] ca] cay ca

C_g| V' 62B8xR5. } Thpidifféeheainang tabeslycsthebigahCidveal B l@@dr@@]lmk]e@aU] cal]

ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] caV] ca] ca! UoNZ] | ~OH{vqgl gb\W ] c

ay] ca] ca] c ata=) anfl Fagwa]lbdhe a]asal]xdal]lg)al]s ccbdd]b'ae]wée]ma]%d] cabslajkerg,db¢ ca] ca] ca

] ca] ca] ca] ca] ca] cal] calU].ca! DV|

%p| zt oi d_ YPERRO(RTast bxbiddy %rawftéaqeémﬁéhqréﬁar@ apeta]b@&aqoaagr@ég@%ré%qrbaq cal]calc
R ki bar oyt v ReRnaRhe BB bR Sap %Pgea %%spe&r&&%&?ca] cal ca

] ca] ca] Ca%Bﬁ&ﬁﬁl@@ﬁ@lﬁ%&&%%] ca] ca] ca] ca! ?%’>- < VKk

20 Image analysis of such slides in a similar experiment revealed a difference

in integrated signal intensity of more than an order of magnitude.

Example 3. In Situ Hybridization of a Tissue Section Using Crosslinker-
Containing Probes. |

25 If the sample type is a tissue section, thin (5 pm) tissue sections are first cut
from paraffin-embedded tissue blocks and then placed on glass slides. The
embedded tissue is dewaxed by two five minute immersions in Xylene, washed

twice in 100% ethanol, and airdried. After this, the assay procedure is the same as
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Example 4. In Situ Hybridization Assay for Human Papillomavirus 16
5 DNA in Clinical Specimens
Pap smear samples from two patients were collected, and placed into a
buffered methanol solution (PreserveCyt™ solution, from CYTYC Corporation).
Several drops of this solution were spotted onto poly-L-lysine coated slides
(Newcomer Supply) and left to dry.

10 The immobilized cells were treated with pepsin (50ug/mL) in 20 mM HCI
at 37°C for 20 minutes and then rinsed with water. The assay procedure given in
Example 1 was then followed. The assay was performed with 17 nucleic acid
probes, sequence ID numbers 1, 3, 4,5,6, 7, 8,9, 12, 14, 15, 16,17, 18,19, 20
and 21, using 10 pmol of total probe amount (0.588 pmol of each probe) per assay.

15 Examination of the assays using fluorescence microscopy indicated sample
1 was positive for HPV 16 DNA and sample 2 was negative.

Cells from the same patient samples not fixed on slides were also tested for
HPV 16 using a PCR procedure. The results from the PCR tests correlated with
the results obtained by the in situ hybridization assay.

20 All documents cited in the above specification are herein incorporated by
reference. Various modifications and variations of the present invention will be
apparent to those skilled in the art without departing from the scope and spirit of
the invention. Although the invention has been described in connection with
specific preferred embodiments, it should be understood that the invention as

25 claimed should not be unduly limited to such specific embodiments. Indeed,
various modifications of the described modes for carrying out the invention which
are obvious to those skilled in the art are intended to be within the scope of the

following claims.
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TABLE 1

Human Papillomavirus Type 16
Probes complementary to sequences within the E6 and E7 genes

Probes for Example 2: 1 - 14

Probes for Example 4: 1,3,4,5,6,7,8,9,12,14,15,16,17,18,19,20,21

Probe and SEQ ID No.

1

2

3

10

11

12

13

14

15

16

17

18

Sequence

- 3-GTGGTTTTCTCTTGACGTTACAXAF

3.GGTGTCCTCGCTGGGTCTTTCAXTE
3-AXATTATAATCTTACACACATGACF
3. TATACGACATACACTATTTACAXAF
3-AXAATAAGATTTTAATCACTCATAF
3-TXATCTTGTCGTTATGTTGTTTGGF

3-AXACAATTAATCCACATAATTGACF

3-AXACAGGACTTCTTTITCGTTTCTGF

3-AXACCTGTTTTITCGTTTCTAAGGTF
3-TACGTACCTCTATGTGGATGTXAF
3-TAXATACAATCTAAACGTTGGTCTCF
3-TTCGTCTTGGCCTGTCTCGGGTXAF
3'-GAXATGCGAAGCCAACACGCATGTTF
3-GTGTGTGCATCTGTAAGCATGAXAF
3-AXTACGTGTCTCGACGTTTGTTGAF
3-GACGCAGCACTCCATATACTGAXAF
3-AXAGCCCTAAATACGTATCATATAF

3-TXATAACAATATCAAACATACCTTF

RN 5—°FF 3

10%
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19 3'-AXATTCCCCAGCCACCTGGCCAGCF
20 3'-AXAACAACGTCTAGTAGTTCTTGAF
5 21 3'-TXACATTGGAAAACAACGTTCACAF

X = crosslinker = 3-O-(7-coumarinylglycerol
F = fluorescein
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We claim:

1. A method for determining the presence of a target nucleic acid molecule in an
biological sample, wherein one of the probe or target biological sample molecules is
immobilized comprising:

(2) contacting a nucleic acid probe with a biological sample, preferably
immobilized,
wherein the nucleic acid probe hybtidizes to a target nucleic acid molecule in the
biological sample, and
wherein the nucleic acid probe comprises a crosslinking moiety capable of forming a
covalent crosslink between the nucleic acid probe and the target nucleic acid molecule;

@® forming a covalent bond between the nucleic acid probe and the target
‘nucleic acid molecule;

(¢)  washing to remove excess mobile probe or target;

@ determining the amount of crosslinked nucleic acid probe target complexes; and
optionally

() disrupting nucleic acid hybridizatioh within the biological sample.

2. The method of claim 1 comprising a plurality of different nucleic acid probes and target
molecules, or a plurality of different nucleic acid probes for a single target molecule.

3. The roethod of claim 1, wherein the biological sample is a cell, a subcellular structure, a
body fluid, or a tissue section, preferably said biological sample is fixed on a slide.

4, The method of claim 1, wherein the biological sample is a sample of nucleic acid
molecules, preferably the sample of nucleic acid molecules is immobilized on nylon membrane
or nitrocellulose paper.

5. The method of claim 1, wherein the target nucleic acid molecule is selected from the
group consisting of animal, bacterial, fungal, human, parasitic, plant and viral nucleic acids.

6. In 2 method for hybridizing a nucleic acid probe to a target nu¢lejc acid molecule in a
biological sample, the improvement comprising:

using a labeled nucleic acid probe having a crosslinking molecule capable of forming a
covalent crosslink between the nucleic acid probe and the target nucleic acid molecules; and

forming covalent bonds between the nucleic acid probe and the target pucleic acid
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7. A method for diagnosing a disease condition in a patient, comprising:

(a) coptacting a solution containing a nucleic acid probe to an immobilized sample
from the patient,

wherein the pucleic acid probe hybridizes to a target nucleic acid molecule
indicative of a disease condition and

wherein the labeled nucleic acid probe comprises a crosslinking moiety which is capable
of forming a covalent crosslink between the nucleic acid probe and the target nucleic acid;

®) forming a covalent bond between the nucleic acid probe and the target nucleic
acid molecule;

(©) washing to remove excess probe or target nucleic acid molecules;

@ determining the amount of nucleic acid probe target complexes formed, and
optionally

(&) temoving nucleic acid probe or target which is not covalently bound, prior to the
final step.

8. In a method for hybridizing a nucleic acid probe to an immobilized target nucleic acid
molecule, the improvement comprising:

using a nucleic acid probe having a crosslinking molecule capable of forming a covalent
crosslink between the nucleic acid probe and the target single-stranded DNA; and

forming covalent bonds between the nucleic acid probe and the target DNA
molecule.

9. A kit for determining the presence of a target nucleic acid molecule of an
immobilized biological sample, comprising:

anucleic acid probe having an essentially complementary base sequence to a
defined region of the target nucleic acid molecule and having a crosslinking moiety

which is capable of forming a covalent crosslink between the nucleic acid probe and
the target nucleic acid;

means for removing nucleic acid probe which is not bound to the target nucleic acid
molecule; and optionally
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h3"110% h&.() -A kit for determining the presence of a target nucleic acid molecule which is
immobilized on a nylon membrane or nitrocellulose paper, comprising:

anucleic acid probe having an essentially complementary base sequence to a defined region
of the target nucleic acid molecule and having a crosslinking moiety which is capable of forming
a covalent crosslink between the nucleic acid probe and the target nucleic acid;

means for removing nucleic acid probe which is not bound to the target nucleic acid
molecule; and optionally

means of removing nucleic acid probe which is not covalently bound to the target nucleic
acid molecule; and/or

means of labeling said nucleic acid probe.
11. An array, comprising: a solid support; and

a plurality of different nucleic acid probes immobilized on said solid support, each nucleic
acid probe having a base sequence essentially complementary to a defined region of a target
nucleic acid molecule and having a crosslinking mojety which is capable of forming a covalent
crosslink between the nucleic acid probe and the target nucleic acid molecule.

12.  The array of claim 11, wherein at least one of the nucleic acid probes is complementary to
a target nucleic acid molecule selected from the group consisting of animal, bacterial, fungal,
human, parasitic, plant and viral nucleic acids.

13.  The method of claim 1 or the amray of claim 11, wherein the crosslinking moiety is selected
from the group consisting of coumarins, furdcoumarins and benzodipyrones, preferably selected
from the group consisting of coumarin, 7-hydroxycoumarin, 6,7dihydroxycoumarin, 4-methyl-7-
hydroxy-coumarin, 6-alkoxy-7-hydroxycoumarin, psoralen, 8-methoxypsoralen, 5- '
methoxypsoralen, 4,5',8-trimethylpsoralen, 4hydroxymethyl-4,5',8-trimethylpsoralen, and 4'-
aminomethyl-4,5',8-trimethylpsoralen, a haloalkyl coumarin, haloalkyl furcoumarin, and a
haloalkyl benzodipyrone.

14.  The method of claim lor the array of ¢laim 11, wherein the crosslinking moiety is a
mono-adducted furocoumarin:nucleoside adduct,



10% h& ()- 10% h& ()- 10% h& ()-3 "10% h& ()- y10% h& ()-r XYYCZZZ/ [ dEmN
-1 10% h3S2y 10% h& ()-30S 10% h& ()-.10% h& () -3, 10% h& () e %%cggé}as()
10% h& ()-M[z[[\6\7\ 8\ 9\ F\ xnbC ! 10%¢f 10%& ()- 10 h 10 h 102h
h& ()-F7:10% h& ()- F5 10% h& ()- 4&10%
h& ()-Fle\]1*_z_"azX6nbC 'S, -#10% ' & ()-m N, - #10%&' () - m@ #10%& () -s! @@ #10%&
'()-s! @@ #10%& ()-s! F@#10% & ()-sab| cdddddd}oPlZlO%B&' () - #f 109B& () -
10?? 107?77
ardl 0 ? 0, - ! - 0, 0,

19 ! kloﬁth/t? & ‘P%’ #10 /<55 Brcsencc #1?11 ?t&g‘of ?arg”P%ﬂ: eceecdEoP1Z10%/10%8
10%3&' )mo}w%&m(a)m%ﬂ@%&mt‘l?lemaﬂ%hthoPlZlOl Y 10%6BSB& () -

109B& () Y&10%3&' ()- YF'109B& () -

10988&’ () - ocmepr(tamn& Eheispmple are@rihm\@f iy ds gvheyein the target nucleic acid
' 109B& ()moke@tp@ ypgidize toy s popkilizsd nucleimasid yrobey;
109B& () - 4jjj kakkl dEoP1Z10! F4" 109B& () - Yy2 109B& () -
0109B&' () - Y. - (oB&fqmning choalpe bpndsbefrepg di@anglpic acid probes and their
| Ul el | | | IHyhoidite@ZdrpdtsgdlGie@eid moleboBs;10B 10Bl y; 109B& ()- 9109B& () -
Y7109B& () - Y6: 109B& ()- nmmm¥nr mmdEnbCZ10! F F
109&' () - y10%&'(€) - | Waskiig(the dryayG@Eingve ¥d@3®m(cleid atiDtidleéilesinnooqdqdEnbCZ10! @
109%&' ()- 10%& ()-s@!10%& () -
10% () - MB! 10988 () ddk@piing theamgittand gesidrGat Ahcldic 268 Rioldenles which
S- 109%&' ()remain'bd@fdfo (he-array; Mha GftidnhHy-

(e) washing the array to remove non-specifically bound nucleic acid molecules; and/or

® applying an electric field across the substrate to desorb non-specifically bound
nucleic acid molecules; and/or

(g)  disrupting nucleic acid hybridization within the immobilized biological
sample.

16.  The method of claim 1 or 15, wherein the formation of the covalent bond ocours
photochemically or chemically.

17. A method for diagnosing a disease condition in a patient, comprising:
(8)  contacting a sample from a patient with the array of claim 11, so that target nucleic
acid molecules which are indicative of a disease condition can hybridize to the immobilized

nucleic acid probes;

(b)  forming covalent bonds between the nucleic acid probes and the hybridized target
nucleic acid molecules;

(¢)  washing the array to remove nonspecifically bound nucleic acid molecules;

(d)  determining the amount and position of target nucleic acid molecules which remain
bound to the array; and optionally

(¢)  removing nucleic acid molecules which are not covalently bound to the target
nucleic acid molecules, prior to the final step.

18. A method for genotyping a polymorphic sequence in a patient, comprising:
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wherein the labeled nucleic acid probe comprises a crosslinking mojety which is capable
of forming a covalent crosslink between the nucleic acid probe and the target nucleic acid;

)] forming a covalent bond between the nucleic acid probe and the target nucleic
acid molecule,

©) washing to remove excess probe or target nucleic acid molecules;

(@ determining the amount of nucleic acid probe target complexes formed; and
optionally

(&)  removing nucleic acid probe or target which is not covalently bound, prior to the
final step

19. A method for determining the presence of a target nucleic acid molecule #1 sifu in an
biological sample, wherein one of the probe or target biological sample molecules is immobilized
comprising:

) contacting a nucleic acid probe with a naturally occurring biological sample,
wherein the nucleic acid probe hybridizes to a target nucleic acid molecule in the  biological
samiple, and

wherein the nuclejc acid probe comprises a crosslinking moiety capable of forming a
covalent crosslink between the nucleic acid probe and the target nucleic acid molecule;

® forming a covalent bond between the nucleic acid probe and the target nucleic acid
moleculs;

(c)  washing to remove excess mobile probe or target; and
(d  determining the amount of crosslinked nucleic acid probe target complexes.

20.  The method of claim 19 comprising a plurality of different nucleic acid
probes and target molecules.



Us!
-YdE
u&'
U&

()
g\
()
()-
U& () -

10 10 10610%& ()-", #10% ()-!k, #1099} 2} & ()-!k, #109%?& ()-

11 X39f 10% U& ()-° | @0% U& ()- FLS 10% U& ()-M 10% U& 4) 10%
-110% U8 () - QrdEg\ =!'! XY" 10% U& ()- 10% U& ()- F 10% U
&MLO% U& ()- 110% U& ()-,~ dYNCIIX 10 U 10 U 10 UY&z 10%

FEB-2008,
“F4#10% U&' ()- F- 10%

33

21.  The method of claim 19 comprising a plurality of different nucleic acid probes for a
single target molecule.

22.  The method of claim 19, wherein the biological sample is immobilized.

23.  The method of claim 19, further comprising the step of disrupting nucleic acid
hybridization within the biological sample.

24. The method of claim 19, wherein the biological saraple is a cell, a subcellular
structure, a body fluid, or a tissue section.

25.  The method of claim 24, wherein said biological sample is fixed on a slide.

26.  The method of claim 19, wherein the biological sample is a sample of nucleic acid
molecules.

27.  The method of claima 26, wherein the sample of nucleic acid molecules is immobilized
on nylon membrane or nitrocellulose paper.

28.  The method of claim 19, wherein the target nucleic acid molecule is selected from the
group consisting of animal, bacterial, fungal, human, parasitic, plant and viral nucleic acids.

29.  The method of claim 19, wherein the precursor of the crosslinking moiety is selected from
the group consisting of cournarins, furocoumarins and benzodipyrones.

30. The method of claim 19, wherein the precursor of the crosslinking moiety is selected from
the group consisting of coumarin, 7hydroxycowmarin, 6,7-dihydroxycoumarin, 4-methyl-7-
hydroxy-coumarin, 6-alkoxy-7hydroxycoumarin, psoralen, 8-methoxypsoralen, 5-
methoxypsoralen, 4,5',8trimethylpsoralen, 4'-hydroxymethyl-4,5',8-trimethylpsoralen, 4'-
aminomethyl-4,5',8trimethylpsoralen, a haloalkyl coumarin, haloalkyl furcoumarin, and a
haloalkyl benzodipyrone.

31.  The method of ¢laim 19, wherein the crosslinking moiety is a monoadducted
furocoumarin:nucleoside adduct.

32. The method of claim 19, wherein the formation of the covalent bond occurs
photochemically.

33.  The method of claim 19, wherein the formation of the covalent bond occurs chemically.

34. Inamethod for hybridizing a nucleic acid probe to a target nucleic acid molecule in sitw in a
naturally occurring biological sample, the improvement comprising:
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wherein the nucleic acid probe hybridizes to a target nucleic acid molecule in sity,

wherein the target nucleic acid molecule is indicative of a disease condition and”

wherein the labeled nucleic acid probe comprises a crosslinking moiety which is
capable of forming a covalent crosslink between the nucleic acid probe and the target nucleic
acid;

(b) forming a covalent bond between the nucleic acid probe and the target nucleic
acid molecule;

(©) washing to remove excess probe or nucleic acid molecules; and
(d  determining the amount of nucleic acid probe target complexes formed.

36.  The method of claim 35, further comprising the step of removing nucleic acid probe or
target which is not covalently bound, prior to the final step.

37. Inamethod for hybridizing a nucleic acid probe to an immobilized naturally occurring
target nucleic acid molecule in situ, the improvement comprising:

using a nucleic acid probe having a crosslinking molecule capable of forming a covalent
crosslink between the nucleic acid probe and the target single-stranded DNA; and

forming a covalent bond between the nucleic acid probe and the target DNA molecule.

38. A kit for determining the presence of a target nucleic acid molecule of an immobilized
biological sample, comprising:

a nucleic acid probe having a complementary base sequence to a defined region of the
target nucleic acid molecule and having a crosslinking moiety which is capable of formirig a
covalent crosslink between the nucleic acid probe and the target nucleic acid, wherein the probe
is selected from the group consisting of SEQ ID NO 1-21, optionally having a marker other than a
fluotrescein molecule; and

means for removing nucleic acid probe which is not bound to the target nucleic acid
molecule,

39.  Thekit of claim 38, further comprising means of removing nucleic acid probe which
is not covalently bound to the target nucleic a¢id molecule.

40.  The kit of claim 38, further comprising means of labeling said nucleic acid probe.
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a plurality of different nucleic acid probes immobilized on said solid support, each nucleic
acid probe having a base sequence complementary to a defined region of a target nucleic acid
molecule and having a crosslinking moiety which is capable of forming a covalent crosslink
between the nucleic acid probe and the target nucleic acid molecule, wherein the probes are
selected from the group consisting of SEQ ID NO 1-21, optionally having a marker other than a
fluorescein molecule.

42.  The array of claim 41, wherein at least one of the nucleic acid probes is
complementary to a target nucleic acid molecule selected from the group consisting of animal,
bacterial, fungal, human, parasitic, plant and viral nucleic acids.

43.  The array of claim 41, wherein the crosslinking moiety is selected from the group
consisting of coumarins, furocoumarins and benzodipyrones.

44,  The array of claim 41, wherein the crosslinking moiety is selected from the group
consisting of coumarin, 7-hydroxycoumarin, 6,7-dihydroxycoumarin, 6-alkoxy-7-
hydroxycoumarin, psoralen, §-methoxypsoralen, 5-methoxypsoralen, 4,5',8trimethylpsoralen, 4'-
hydroxymethyl-4,5',8-trimethylpsoralen, and 4'-aminomethyl-4,5',8-trimethylpsoralen, a
haloalkyl coumarin, a halealkyl furocoumarin and a haloalkyl benzodipyrone.

45.  The array of claim 41, wherein the crosslinking moiety is a mono-adducted
furocowmarin-nucleoside adduct.

46. A method for determining the presence of a plurality of target nucleic acid molecules in
a biological sample, comprising:

(a) contacting the sample with the array of claim 26, wherein the target nucleic acid
molecules hybridize to the immobilized nucleic acid probes;

(b) forming covalent bonds between the nucleic acid probes and their hybridized
target nucleic acid molecules;

(¢)  washing the array to remove excess nucleic acid molecules; and

@ determining the amount and position of nucleic acid molecules which remain
bound to the array.
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()  washing to remove excess, probe or target nucleic acid molecules; and

(d)  determining the amount of nucleic acid probe target complexes formed.

55.  The method of claim 54, further comprisi i i
e I : prising the step of removin i
target which is not covalently bound, prior to the final step. i ovine nuclele acid probe or



