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PCT/ US98/ 15041 MULTI PLE FUNCTI ONALI TI ES W THI N AN ARRAY
ELEVENT WO 99/05320 AND USES THEREGET/USI8/15041
TECHNI CAL FI ELD This invention relates generally to
solid substrates with arrays of 5 oligonucleotides printed on their
surfaces, and in particular, to arrays wth nultiple ol i gonucl eot i des
of differing sequences in a discrete area of the array. BACKGROUND

OF THE | NVENTI |,d ry ' i cal agents
have been usedcmy%lé‘r?fPA‘{%TISMW&BVm@&%‘P%&WﬁM es. For
exanpl e, sterile velvet clot hSAWUQBBiﬁ-FHQEOan apparatus 10 has |ong
been used to nmeke replicates of bacterial and yeast colonies to agar plates

each containing a different growmh nmedium as a neans of rapidly
screenin aber of 1 ndependent colonies for different growth
phenotypggg?@ggbgﬁggﬁnd Leder berg, .J. Bacteriol. 63 :399, 1952).

Li kewi se, 96-well mhygrotiter p S or j ore in
an easily accessed }ggshlﬁ{é%n%logrgeg[%yﬁ%l;eer?%]ﬁgﬁ 9e§.°§.d égﬁﬂaﬁgnﬁs}? ?/rira ﬁsgfsol at es
15 repr esigdniiclgotides priatedas tHeW surfdoéaran@Sin [rtidiAR0€d Qfays aithi Mafiplcel |

i nes. ) . The advent of large scale genomc projects and

t he i ncr eeligonyclestides pf differingrgdquendenin aldiaeissiréacef thasrajecessi tated t he

devel opnment of |arge vol une throughput nmet hods for screening nucleic
acids. Recently, nethods have been devel oped to synt hesi ze | arge
arrays of BAhRIGROUNIPOEDHINHEVERTIORS (ODNs) bound to a glass or 20
silicon surface that represent all, or a subset of all, possible nucleotide
sequences ( Maskepdicata cirrgyse i ologichluagentsAaivel bedrassed 26 fablitste pa@dR) . These
ODN arrays have. been rpade used to,_ perform DNAcgeguence anal ysi s by
hybri di za€FH§ FSBHERRIcs, FoF example, starile ¥ehvelsclahs andpgistonguns apamivac et

al ., [ ' . I Ne. ' i creen
For mpar St P, ikt ippi Ak BF Biio and yEAPLASHEER Habblelg tact?
ol i gonucl entdiniag andffetent grewthamedinmaasia infuass bf gipidlgsaetningariags nGmbep0

ol i gonucl ept i des err]) have been devel oped. However, it would

er 1 ¢ .
be advant derengent tcékogg’rs der g‘%{ﬁ@m grqmlmheré%mé l-ederbag pad Legmibereddnsi ty
arrays. CepLgadr %3 59 @9%? Akewdes 98-%1t1§gr&¥ertﬁ§tes are used to organize and

store in an easily accessed fashion large numbers of e.g. cell lines, virus isolates
15  representing recombinant DNA libraries, or monoclonal antibody cell lines.

The advent of large scale gexiomic projects and the increasing use of
molecular diagnostics has necessitated the development of large volume throughput
methods for screening nucleic acids. Recently, methods have been developed to
synthesize large arrays of short oligodeoxynucleotides (ODNs) bound to a glass or

20 silicon surface that represent all, or a subset of all, possible nucleotide sequences
(Maskos and Southern, Nucl. Acids Res. 20: 1675, 1992). These ODN arrays have been
made used to perform DNA sequence analysis by hybridization (Southern et al.,
Genomics 13: 1008, 1992; Drmanac et al., Science 260: 1649, 1993), determine
expression profiles, screen for mutations and the like. For all these uses, the number of

25  oligonucleotides needed is large, and thus high density arrays (>1000 oligonucleotides
per 1 cm®) have been developed. However, it would be advantageous in terms of time

and economics to use lower density arrays. Currently, such arrays are limited by the



2 means of attaching the oligonucleotides (often in situ synthesis)
and the variety of det ect abl e markers. The present

i nvent i orwdisswsznases met hods and conpositions for produci n§CT/USIS/H04Rys t hat
have nore than one nucl eoti de sequence per discrete area, and further 5
provi des other rel ated advant ages. 2 SUMVARY OF THE | NVENTI ON

Wt hin one aspect of the present invention, arrays of oligonucleotides are
provi ded conprising a solid substrate with a surface conprising discrete
areas of nucl eic acjd nol ecul es, preferably oligonucleotides. erein
at | east TRf8s Hf attaghjng éh%§h$@“°1§9“‘li‘?§a&ﬁef’v%€ siucHathesistapd (1B daustEOisel ect ed
to have cHe{eu%ﬁr}irﬁglguences. Pref erably, there are I ess than 1000

di screte aréas. A'so preferably, each area contains at |east two

ol i gonucl eot i des WiTHa piéskhtihdtios ABIRRELmaMOds@IdeoRipRbgibadTof pradfucingast one
area contains from2 to about 1 00 different oligonucleotide

sequencesrrays that have more than ongrnusteotidé rsequenodlipae dissretearear @nd dhirthére ar r ay
is from aboué iﬁ]&to a{%aét 1 5 500 mcrons in diameter, and wherein a center
to cem ePrRNdesHher Telaieg@dyAniasess i s from about 50 to 1500 nicrons.

In preferred enbodi nents, the oligonucl eotides have known sequences.

In other preferred enbodi nents, the oligonucleotides are covalently

att ached SUMM¥®RY OF THilr INAIENDION he substrate, preferably through an am ne

| i nkage, such as 2Q ,ﬁ,ol y(et hyl enei m ne) ., . ) I n anot her
aspect, the inventiYHbipBGREREEt of thePrestit sFventjon iaprysel Jigonucleotides prgs s

L ' D . g _ ¢
ol 1 GonucEat e SBRHARE € Boh RBERen R ol IRRAR elee WA T X o
t he arr ayhucleic acid htlehles/préferayrbligdifclebiidds. dheginatcleaniohelafeaontalis array

hybridi zed. In preferred 25 enbodinents, at |east one area of the array
cont atths aideast o RULFEAcidimolculen selpcted to haedidisrant senpeners. ofreferably.abel ed

) o1 Ak ML P S OTRLUST A S o o EASRINSL RS,
Irrg Ibgfgl ﬁ;ongigiéﬁueﬁdd&@mﬂtdiﬁ@auesemee SRCMofATEMIABYy, At [hitfont afda doafals. Such
t)r/om 2 to about 100 different oligonucleotide sequences.

In certain embodiments, an area of the array is from about 20 to about

15 500 microns in diameter, and wherein a center to center distance between areas is from
about 50 to 1500 microns.

In preferred embodiments, the oligonucleotides have known sequences.
In other preferred embodiments, the oligonucleotides are covalently attached to the
surface of the substrate, preferably through an amine linkage, such as

20 poly(ethyleneimine).

In another aspect, the invention provides a method of hybridization
analysis, comprising (a) bybridizing labeled nucleic acid molecules to the array of
oligonucleotides according to claim 1; and (b) detecting label in areas of the array,
therefrom determining which oligonucleotides on the array hybridized. In preferred

25 embodiments, at least one area of the array contains an oligonucleotide of known
sequence and one of the labeled nucleic acid molecules is complementary to the
oligonucleotide. Preferably, the labeled nucleic acid molecules comprise nucleic acid

molecules with different sequences, each carrying a different label. Such labels may be



3 selected fromthe group of radioactive nol ecul es, fluorescent

nol ecul es,. and cl eavabl e mass- spec tags. t her
aspect, tWO9I%058t i on provides a method of identifying nuc?‘%T’Hsgs’lso“&m d
nol ecules in a sanple, conprising (a) hybridizing | abel ed oligonucl eotides
to the 5 nucleic acid nolecules to forin dupl exes; (b) isolating the

dupl exes; (c) denaturing the dupl exes; (d) hybridizing the | abel ed
oIigonucIeotides to the array of oligonucleotides described herein

bel od ofeSRATEAE Boub oFFedihe) Pl ol forbem FOBPURS Ha Yl o,

therefrompass-spek @28t 1 fying the nucleic acid nolecules in the sample. 10
In yet anot]s*l rp ect, methods are provided for identifying nucleic acid
molecules in a sarrplnea,nodmrrpspiesti,ﬁ@i()\aeﬁtibybrd\ddniangethbd gbrigotifying nimémo t he
nucl ei ¢ aci

presence @ﬁlggﬂ?"l’i&séfll %?a%lgll?’ CO’PIPTISE%&)313?’%6{39’?808#’%?4?950l eofﬁ@gges(te)t
denat usl ngudie AU Ees %ok URleRsZ (1) sdikend eref)ﬂexe 51 (c) Bldafipfiaheot | des

to the array of ol onuc eot Crli )

ol i gonucl &aﬁlm@sm mxybﬁ@zihgrtﬁé’la@él@d ohEphRIEdas 1o the drag dfalligoadcleotides
ol i gonucl eot i des; \Sl@ detecting label in areas of the array;
t her ef r onfi¢sdeibrd hgrmngwmelm lodigenucddatidep be dhg ersay are cqmpl@m@t%rarﬁpltbe

preferred di.nent e 0 ot i s |nad| rete areg of. th

array ar e‘aEB‘ﬁ& %ﬁf?ﬂ?éﬁ’?‘d{; %&dt g‘ﬁ %}ﬁg g & d‘feafh mfc RS fedrom _

ol ecul esldenn%rmgthe nucleic acid molédhleé§h t}ﬁrh%ﬁb?er aspect, the invention provides
a met hod of entifying 20 nucleic acid nolecules in a sanple, conprising

(a) hyridizing at Irepstantther aspect, meibgds asel movideik fortidentifpinguakleicaadi d

nol ecul es to form dupl exes, wherej east one ol i gonuc) eoti.de is
abol ed_ aMPeeHE les gt B Gemnler EYRPRRLAE Wbﬁgﬁléegtegaw%%%& {s 9

the nucle I ; RN i eqql i

denat uri ncipaes: 5 GEkhans hObiEbERIcRge HOuR, RARKE (oY Qﬁ?‘so‘%ﬁ%‘%ot. des
to the ar naglecifdeabifgm doplends; §esdedbturidg she dbslexdse(di Iuybrl\dim‘mgtht ]tabdcd

ol i gonucl egtides on the array are_conplenentary to_ th

ol i gonuc| eBgenyeleotidgsqtonkisr &FdY RY ligeRUCiROtgEs d&@sﬁd’tedo’é?ﬁp t“d’e{ﬁﬂll &t ed
ol i gony #Cl ‘Sﬁét%rﬁ:@l%otl@égdonﬁﬁ% a?&&%?é é&gn%lleﬁllgﬁt{ag’s tel echf oﬁé&u@fe%ﬂé’es, Lhgref rom

i dentifying el c’ acl ecu

In yet angd)kiefectirsgiabél in aRbNGR ke Aty m@mdﬂwd‘nﬁfym@eﬁmﬁwmmﬁwcﬁm

nol ecul es_in a sanple, conprising (a) hybridizing | abeled oligonucleotides
to the  inthesample. In preferred embodiments, the oligonucleofides in a discretg area of the

array are complementary to extension products of the nucleic acid molecules.
In yet another aspect, the invention provides a method of identifying
20 nucleic acid molecules in a sample, comprising (a) hybridizing at least two
oligonucleotides to the nucleic acid molecules to form duplexes, wherein at least one
oligonucleotide is labeled and the oligonucleotides hybridize to adjacent sequences on
the nucleic acid molecules; (b) ligating the oligonucleotides; (c) denaturing the
duplexes; (d) hybridizing the labeled oligonucleotides to the array of oligonucleotides
25 described herein, wherein the oligonucleotides on the array are complementary to the
ligated oligonucleotides;, and wherein hybridization does not occur to unligated
oligonucleotides; and (e) detecting label in areas of the array; therefrom identifying the
nucleic acid molecules in the sample.
In yet another aspect, methods are provided for identifying mRNA

30 molecules in a sample, comprising (a) hybridizing labeled oligonucleotides to the



MRNA nol ecul es to form dupl exes; (b) isolating the duplexes; (c) denaturing

t he dupl exes; (d) hybridizing the | abel ed oligonucleotides to the
array of &ld enexesd eoti des descri bed herein, wherein tperuses/15041
ol i gonucl eotides on the array are conplenentary to the | abel ed

ol i gonucl eoti des; and (e) detecting |abgl in areas of the array; therefrom
5 identifying the nRNA nolecules in the sanple. In preferred enbodi nents,

t he nRNA nol ecul es are i solated fromcells treated with conpounds
suspected of being toxins ot her preferred enbodi nents, the

ol i gonucl eBWRNd smplecipe t‘arff’ﬁ? dplexes oflbe risalatings the dupl@ges,okq)n@aturmg the

Th d de

upon r of er GMIEND POt iR AP jman e B s Aot o rRaB R HESu ngs.
I n addi ti OBescribed h¥tein| Wherei iR SlifoREcI8sRles Oh thOhirly IQFe' %M@x’rﬁﬂaﬁl Ghe be in
nore detail certain procedures or conpositions : pl as etc.),

and are t hlabdfeérdxgonudpmea;t eod Ky) netfeeulrfgldzd)el fin areas bﬁelner aenay; ttfetqfrom
resent invention may contain, or be used 15

T oy B B e R Aanolr Sheabe Fsmple bt PRI bogimeisn des BENAles
coval entl ynwlegule??&dﬁ&afeﬂ ffdn?@é{ﬁq}eﬁteh%ﬁ %oixﬁdé %Egscgecpb% cé%% i8S ey be

used i n net resent |nven a Urés such as

ol i gonucl eoﬂledepréfemwsrbmhbgnﬂéiﬁk gBeeoligonucléotileS Sl @it afibR e sRiEMgesobher s.
Exenpl ary tag%ed bi onol ecul es, and assays which may use the sane, are
descri bed FYOKIn€s. patent Application Nos. 08/ 786, 835 20 08/786,834 and

08/ 787,521, each fil 2 7, a .as | hree U.S.

conti nuation-in- part?ﬁﬂ;(?slst(:gean#i qﬁ %/385%%1“ 8%13}?%8(??% 1%?5\"108&’4 ﬁec%xg evident

08/ 898,19801upon refer&&éW&e&@ﬂewﬁ@@e@ﬂé@@&cﬁﬂ%n ﬁﬁ%afzﬁéd‘%ﬂav}hkhy Bladditin/; and
in PCT International Publ 'cati on Nos. 97/27331; WD97/27325; and WO
97/ 27327. Vareme refesencesSire set fortpdelomt Whpblcﬁes:atbmmmomdetaﬂ cemaiP@Tocedures

| nt ernati onal Publ.i ons .ar e ,each, her,eb

cat ul i nc orated herein by
ref er ence ?%c?rﬂ%qslxtloélﬁt(lﬁgetglgmds etc.), and ar therctloye mﬁﬁ@og}tg{@y é&%{@cgﬂu} ays of
the presentheiry@fty.On may al so be used in perform ng anplification and
other enzymatic reactions, as described in U S Provi si onal Patent
Appl i cation No. - 60/ 033:; hpgoldculesiray b ihiefpresant inventiod :ﬁyrmntam orfbeapedit i C
React i qas Perfor ucl el Arrellé/ ) a? filed July 1997, and l|ike-
5 in conjun on w1t tagge biomolecules, for example, ohgonucleotldes covalently
bonded to cleavable tags. These tagged biomolecules may be used in methods of the
present invention, and assay procedures such as oligonucleotide sequencing and gene
expression assays, among others. Exemplary tagged biomolecules, and assays which
may use the same, are described in U.S. Patent Application Nos. 08/786,835;
20 08/786,834 and 08/787,521, each filed on January 22, 1997, as well as in three U.S.
continuation-in-part patent applications having Application Nos. 08/898,180;
08/898,564; and 08/898,501, each filed July 22, 1997; and in PCT International
Publication Nos. WO 97/27331; WO 97/27325; and WO 97/27327. These six U.S.
Patent Applications and three PCT International Publications are each hereby fully
25 incorporated herein by reference in their entireties.
The biomolecule arrays of the present invention may also be used in
performing amplification and other enzymatic reactions, as described in U.S.
Provisional Patent Application No. 60/053,428 titled “Amplification And Other

Enzymatic Reactions Performed On Nucleic Arrays” as filed July 22, 1997, and like-



titled U. S. Non-Provisional Patent Application No. filed concurrently
herewith, both being fully incorporated herein by reference in their
entireti eswo 99/05320 The bi onol ecul e arrays of tRETHIII8EMAL

i nvention, and arrays useful in the met hods of the present invention,
may be prepared according to techniquessdisclosed in, 5 for exanple, U S
Provi si onal Patent Application No. 60/053,435 titled "Apparatus And

Met hods For Arraying Solution Onto A Solid Support" as filed July 22, 1997,
and |ike- itled U S. Non-Provisional Patent Applicagfjgn No. fjled
concur r ent Itifled e{JeSM ﬁﬁ?‘gm"‘s“’%t FPRten; ?\gplmrlpy fic m'_p@La,t-ed}‘llﬁa r %‘i“ﬁ“’ﬁﬁntly
reference i i E f . ] iLorml-ecul e arrays of
t he pr esenth%fetr\l’!’\}gfh'!) ?@%ﬁl{fﬁghg?ﬂrcg s?raé%de‘?iﬁ?mibﬁ ' %éenfﬁm%g?ﬁgﬁséhg t he present
invention, may be prefiRresmeleqns airdg dfahd preberit tiiestioh, 38l agags ugeful in the f or
exanple, U S. Provisional Patent Application No. 60/053,352 titled

" Pol yet hy| enethedscofBagsprasant bventisgwituay Ae pagpatredzascendingdo Jeshpiqres disgdosed iand

like-tit . - Provi si ongl _Pat L Gak . filed
conour  eht T BRI ThS FHovisca e g8 Ang e b o e pamrag o
reference iNjethf& For%tr%ﬁxgéaS@lﬁtioriLémo A Solid Suipﬁort’]’c as. fieaBiye, W‘lﬁé %H% ligéld

nmet hods for correlatin ta, as disclosed exanpl e,

Pr ovi si onaltitled L8t NépProvisionad Rateiot Apflidatidn M9 ti t | diled Canpuently Mrewiih,

and System fqr | gt i ng Dat as filed Jul¥ 22, 1997, and like-titled

Corr, "
U S. Non- bo bqﬁF%m?]é'ilB?PéPO"ﬁéflgﬁ?‘"ﬁ@p‘left’é‘é}%qﬁdﬁ hey entiretiest j | ed concurrently

herewi th (both bei ng : I r:mlé I Is hei r
entireties) nmay be us@g bll%rmc):&(%é}jﬁ%%]g{)i%on %ﬁﬁ%@ﬁﬂ@h@%%ﬁgﬁ%{@%ﬁ%ﬁ%?éﬁfs and
met hods1@s miahedsi dfekk fresedt mvention, may BRIptdpatdd At rEhg@tédhnifobs HRAWNGS
Figure 1 shows photom crographs of arrayed m crospheres taken under

visible |idat iexamplenall-dn ProsisionahePpteahd Anplieationc eNee i60/033i343t i iied
bot t | - . = 2 i f
vy pr bauEelyerylepimissfescd Biamolsot e S o ity 220 4 5T HFR JERREeeC o7

t he domai n9J .8 Moammo@sion®t Bitsht WHidatbn No,  m cr onmédnc&%eﬁéﬁgg RérawRher
with 200 micron center to center spacing between spots. he standard

devi at i on dotishring Hillyrineasporated Apngino refareriop id B84r entireties.
g ccor di }159 to the Corrllz}glgeljrrs%stgmg ggc\{v?ne?}ﬂ)dgrf&a Xor?eflaurxrxigcc{a?as, %(s)tdlssc%ggda 1611{ ?gr
example, U.S. Provisional Patent Application No. 60/053,429 titled "Computer Method
and System for Correlating Data" as filed July 22, 1997, and like-titled U.S. Non-
Provisional Patent Application No. filed concurrently herewith (both being
fully incorporated herein by reference in their entireties) may be used in conjunction

20  with the biomolecule arrays and methods as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows photomicrographs of arrayed microspheres taken under
visible light illumination (top panel) and fluorescence illumination (bottom panel).
Figure 2 shows a CCD camera image of an array produced by a robot
25 using the methodology of the invention, where the domains are approximately 100-150
microns in average diameter with 200 micron center to center spacing between spots.

The standard deviation of spot diameter is approximately 15%.



i nventi on and devel oped using Vector Blue (Vector Laboratories, Burlingane,
California) and imged with a CCD canera and m croscope.

Figure 4 & édhshig ustration showing how two different oligatyebsatedes, S
both present wthin a single array element, may be identified and partially

quantified according to the presentginvention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON As not ed above. the present
i nvention provides arrays with nultiple sequences in a single discrete

area. In certain enbodi nents, the invention provides 10 nore than 1, and
preferably 10 to 10CFigurkf 8rswtvsohn goraycof aditdepse queprees aocording to the
pol ynucl eqti de sequences. in_a single elenent within an arra In the case

of ol Inyestiea| and i drvsloppdt Yt Yeciord Bl r Oleriont leﬂgpraten%?/%ﬂmeméot i des
Id b . ' i.ndi wi-dual | , i al hesi zer,
conbi neq STRPlE RhARA L KCH G B BIFRIIRLC B BIINED 2o an

array. Nucleic aci dFighats ar dRRARNSHoMIERow o differtt olsdonacle@stes,
conprising DNA, RNA. or both may be coupled to a solid substrate. Doubl e-

strandell rhothepresers wiglyin resingla array elenmant.ampy be iideatifioh ané pagtislly i qanfifigdst i on,
or the like, .. ssent i a’ltnlyg, .any nucleic acid nolecule that has a primary
ani ne gr ofseqAmE teganWfF?th tion. ~ o1 yet hyl eni mi ne) or other reactive group

can be conjugated to the arrays within the present invention. Also
within the present invention, the sequence of every individual 20- nucleic
aci d wi t hiDEBAHED IDESCRIPAIGN O ¥ HENWENDION As used

herein, an array refers tq a collection qf ol.igonucleotide or .
pol ynucl eoti de sequeht @8tednaRovay Bepprssedl BYENHOR o ydesuapars: With mpliplet e

ar eas. I f e, Ldeat | £ fer regul ar
TS  SABELEER o UERIERSS! TR B R e 1)
may bel@ompozethadl 10w pffétallyet®ntos 186 diffdieac reigenwlenkly suemdel . ofach
area i s separated by sone distance in which no nucleic acid or

ol i gonuc| eRynelectide cigauenses dapassirgle. clympntc ayithiy g graes Iy the 2ease 00500

mrons  ojigoifldadll CHbuiRt 37 ah® SERGRathSUBIC EReRuclBied SRuinge from

50 to 1500 crons. 'Sl nv N al so describes the

use of mulgyntHesiz6EHdBAGESyWnt I ddinrRercial synShd3ee cmBiRA andVpiihicd a8 B sRipteay. The
met hod permts the use of |ow el enent arrays (i

7 1derment i it diseretefasea efampirey. 4diucisicored tih;f wrerdonhlestigndeso siagle For
exanpl fs t%@ﬁ%df Icgrgpﬁ%ﬁg W/g, RNA6 Soth nlag\‘ge%l)&ﬁgg fo & gc{l?dys%bgt%e.bﬁoﬁﬁg-d tor

pat hogen i
stranded molecules may be generated by amplification, enzymatic digestion, or the like.

Essentially, any nucleic acid molecule that has a primary amine group (for coupling to

polyethylenimine) or other reactive group can be conjugated to the arrays within the

present invention. Also within the present invention, the sequence of every individual
20 nucleic acid within a particular area may be unknown.

As used herein, an array refers to a collection of oligonucleotide or
polynucleotide sequences that are placed on a solid support in discrete areas.
Preferably, the areas form some identifiable pattern or regular intervals. An array is
typically composed of 2 to 1000 elements, but may be composed of over 1000 elements

25 (discrete areas) as well. Each area is separated by some distance in which no nucleic
acid or oligonucleotide is bound or deposited. Typical area sizes are 20 to 500 microns
and typical center to center distances of the area range from 50 to 1500 microns,

This invention also describes the use of multiple sequences within a

single element within an array. The method permits the use of low element atrays (i.e.,



profiling determ nations, toxicology testing and the |ike. l.

APPLI CATI ON OF TEMPLATES TO SOLI D SUBSTRATE 5 A Substrate
pr epar at i oWO 99/05320 A substrate for arrays is prRGEUSH/IHI49m a
suitable material. The substrate is preferably rigid and preferably
has a surface that is substantially fla. In sone enbodi nents, the

surface may have raised portions to delineate regions. Typical
substrates are silicon vvafers and borosilicate slides (e.g, mcroscope

I lid 0 alt th t s K th t b
Qubsti  ut od0 Smesta It SRamAe 400 (EmEna TR FOEHSES o oS s 2
silicon waf, g{nbfn'%@t sfehﬁer}c)ép'l&ﬁlélé(mé{ﬁ Q-r[d’ﬁ L be used ei}oﬁcﬁaﬁll?{geﬁsldk h&%e d and

the constru sem conductors waf ers are

refl ecti ve pasfilingaleterfitnations, caxicddegyaastingyand @i ik, Wi t h various i nkers such
as poI y(et hyl enei m ne) using silane chem stry. Wafers are cormerm al I y
avail able from 15 conpanies such as WaferNet, San Jose,

Sy hesi sob, geARPHERTRONE TRV iﬁﬁ%@”ﬁ@lﬂ%ﬁg‘f@o;?f; e Nuch ei c

aci ds angd geptlgg&,wp,lgﬁa,%ﬁg,g hesi zed in an automated fashion using a
comercially avail abl e machine. In preferred enbodi nents, the

nmol ecul es are deposi tAestbsﬂnateﬂiEasmys O sepasdd fom aZdﬂxtablamaexmlcd‘hakldntrh&
attached to thef; substr, In certain _enbodi nents, the

surface of 1§ RSPt 18l ea‘ﬁdsprﬁfeé%’él‘ &8s Rofurfase that is sbsigpvialy Eat i | 4R $OMEhe

surface ma I r t hat

i ncreases %@ggﬁeg%getggt ﬁéfa‘ﬁ g‘aﬁqﬁq’gﬂ% %%g?tﬁdggg&ov‘ﬁélﬂxe Eh' 10 ' Qg?}ht hat

al | ows Covahhsahtehlailkagﬁtoﬁfwifbfs ﬂt&b&o@nh@@tb%lﬂd@i eey! Qﬁxcﬁfscé}i&@fas@@hd’d@ﬁ“ c
sequences. 25 Sonme chem cal coatings may both alter the hydrophobicity and

al | ow clé\ aplihuehi plegig@aterials kg ap iibbiash may obe aulssbituter. suﬁ%thamelenaf;/a

readily be e a eat her tre QWn in
the art. phﬁ%&nﬁgg gsteE%t ?&l d g@tohogsa?ﬂt’cq rwgaetqa 1§e|¥81r ﬁ’(rﬁ% {}’Sf erred
to as a |i rleefronid @sdisiry Hhahe Pehafidtie oXHRgfindectbRe S%Ef\ﬁﬂ@rsoiretl’ﬁghly
substrate and conprise a functional group that reacts wth

b| onol ecul @elishedrepd sefidetive arone side @nd can be easily coated with various linkers, such
For., ex i.d supports a W th

phot ol i | 85 Bpiul i A s fhs Bl e Hracra SRR BBl sV Fm5. 057
, 971, 689; compRieSsth as WHGNEt, Ban Jose, CA.

Nucleic acid molecules or other biopolymers, such as peptides, may be
synthesized, generated or isolated and applied to the substrate. Nucleic acids and
peptides may be synthesized in an automated fashion using a commercially available
machine. In preferred embodiments, the molecules are deposited on the solid substrate

20 and are covalently attached to the substrate.

In certain embodiments, the surface of the substrate is prepared for the
oligonucleotides. The surface may be prepared by, for example, coating with a
chemical that increases or decreases the hydrophobicity or coating with a chemical that
allows covalent linkage of the nucleic acid molecules or other polymeric sequences.

25 Some chemical coatings may both alter the hydrophobicity and allow covalent linkage.
Hydrophobicity oﬂ a solid substrate may readily be increased by silane treatment or
other treatments known in the art. A chemical that allows covalent linkage is generally
referred to as a linker. These linker molecules adhere to the surface of the substrate and

comprise a functional group that reacts with biomolecules. Many such linkers are



al i phatic derivatized hydroxyl groups (U. S. Patent No. 5,436,327), or other
chem cal s (see e.g., U S Patent No. 5,445,6934; EP Patent No.

EP- Bl - 0, 3%0880s324). S. Patent No. 5 5,474,796; U.S. Patenpchwsesisad?, 231) .
A preferred coating that both decreases hydrophobicity and provides

i nkers is poly(ethyleneimne). In addigion, poly(ethyleneimne) (PEl)
coated solid substrates have the benefit of long shelf life stability.
The coating of silicon wafers and gl ass slides with polymers such as
pol y(et hyl enei m ne) can be performed in-house or 10 through conpani es such
as Cel Asgeadilytawilpbleydionaxammig.csolid saprests as¢ mgdified avitlaphasolabile-protectadat ed

RN TR S DR el R

stranded qliipaonugdrRatib&eRydroxyl %r&éﬁ?q%.of‘atgﬁm. & Slransied dt%é?‘g:h als
ot her ‘am ne- g bronolecules to

nol ecul es or fragments or  any contaifiin
the solid (saeppgs U.S.Cﬂ'a'tgnm{mISe@iSi%ésBPrﬂ’ﬁtdneNooEmBalnﬁ,B?3,163; At BathetdNat t he

5" usin j nodj fication, which places a primary am ne at the

5' - end fa%%‘ffﬁﬁ?g}oﬁﬁ’&f% Odé.zos‘-\?ﬁgf)S' -am ne on the ol igonucl eotide nay then
be reacted wth -1 ke h t 1 i | eot | S
covalently attached %?r?%%@%gp’g} biat soldﬁlcgéa‘{}?aﬁas g@@h@%@&ﬁ%@ﬁ%@??.

Any nucl eilinkassi 8 polpetiddnelsing0V ah edbitonApblydsdedcinme PEPEDORafd solidf ace 20
as long as the nucleic acid contains a prinmary amne. Anplified products
(e.g., by substratgsdrye theybepefitafdrng shelfilife stebilisy. ke ¢pating of sikinemwafers andi ng

5' - hexyl amyne- j ugat e rinmers. Am ne .grou may .be i.ntroduced into
anpl i fied r%érgg(fﬁggswgﬁd) og‘%%(f‘ Sﬁ‘ﬁ’cfsemb (ethyleng ‘ge)d‘@gllsl?fx%%fweﬂi‘ O¥¥alsl at i on
usi ng B0 | ythrotH BofphitlePsuchlas (e WsSocidted (HAStoWeTdxas). Glas@ Sl TalBko M

i ntroduced into nucleic acids by polynmerases. such” as term nal 25

t r ansf er aseatedrwiby a Ir¢figstivo matdrial o coatedrivith-Rid ntsirignsilage chémistryc [ ThetREles.

Gt her suitable . thods known in the art may be substifuted. .

S het Tt nieaRe porpitTe FoTatent Aot b Safle o GALbIS SranaRa, SHEPBTFatides,

avai | abl e g &olible RtRUES. r . i@l ' s
trichlor otsrlf%gi?rr]e © (cygnl}?@gﬁ(ﬁﬁol?qi’lgg%}és( g/ﬁ‘#aﬁ@'seg@e?rcérﬁf?fﬂﬁtc% efli% Aci ds
Res. 19: 38nwigasbjomeediles Br thef solid 8@ppoan OYgeseleotidesy anyrbe covallamtlyde i s

added [ gl ganuel cal’ 1o, SRl i) 20k, Snil s spemonamos e o
Do BBl R STLABE Ol R e
buf f ers suwxith asressdinken plvhshitahe pligadicleotidoisaioealembdattarhed to thegobanat e, or
Tris HCL %tcmt?n (I)—rl){hgrg l?dgurp%znml 0 to 9.0. The preferred buffer is freshly
Any nucleic acid type can be covalently attached to a PEI coated surface
20 as long as the nucleic acid contains a primary amine. Amplified products (e.g., by
PCR) may be modified to contain a primary amine by using 5’-hexylamine-conjugated
primers. Amine groups may be introduced into amplified products and other nucleic
acid duplexes by nick translation using allyl-dUTP (Sigma, St. Louis, MO). As well,
amines may be introduced into nucleic acids by polymerases, such as terminal
25 transferase, or by ligation of short amine-containing oligonucleotides. Other suitable
methods known in the art may be substituted.
Cross linkers suitable for amine groups are generally commercially
available (see, e.g., Pierce, Rockford, IL). A typical cross-linker is trichlorotriazine
{cyanuric chloride) (Van Ness et al., Nucleic Acids Res. 19: 3345-3350, 1991). Briefly,

30 an excess of cyanuric chloride is added to the oligonucleotide solution (e.g., a 10 to



5 prepared 0.2 M NaBorate at pH 8.3 to pH 8.5. Ten [err]l of 15 ng/m

solution of cyanuric chloride is added and allowed to react with
constant 3P¥3¥n from1 to 12 hours and preferably EFPASPR¥ELIy 1
hour. Reaction tenperature may range from20 to 50[err]C with the

preferred reaction tenperature at 25[er%]C (or anbient tenperature).
When cyanuric chloride is used as a cross linker, there is no need to 10
renove the excess crosslinker prior to printing the nucleic acids on a

ot i nter 11ODGGH Ty KRR R RAL chiEriSE st BRineS) bt Al cUBOR RN el o
acid or ol dogaialie of dest td)ﬂ;ltyml?EelndCﬁx%?&Qb@OAUodt 0.1 ngAMPPIHE reRgoause of

an excess of am nes on the sol1d support ovéer the nu cyanuric
chlLori de rinifferadl esing lcommanr biffers adche ab cddiventphosphates sbidmke dorate, sodium
ol i gonucl eoti des 15 ar

not purified prior to the printi tep.
If the nucdaEioRatscpyriy q{ﬂépfgﬁi’?ﬁ& ot Y 19 AP pﬂ?ﬁ@f@ngﬁg’f?% iy, freshly
coval ently i Q r I : i.l:h the
ol b B aro 2 NBErAEL PR 3% BEL Y STR 31 BTSN SLRubRBPLybh L0
hour at 2&hturideGs addwd dridetlondt N6 Seaet with conlstagt 5%1tdti‘dn5&mﬂqrﬁo BX Bodrb@Ad capped
to prevent non-specific attachment of other nucleic 20 acids. Capping is

acconpl i shueferpply apmreximgtalngd hoyri Resoligro tampeiratireomay trange. from 2Q e iSATE
anhydride, angd preferably.1.0 Msuccinjg~anhydride in 70%mpyrol-and 0.1 M
agor at e Y e et ey SRR e s AT YRR emPraREt on i e of 30

m nutes at 25 eWhdd-cyahific $Aloride SYRREY fas 125 croSe AnkiC tRed @6lnbhedd Qo1 tO
10.0 M NaBorate, pH 7 to pH 9 (preferably 0.1 M NaBorate pH 8. 3)

sol uti b cempw¢ Hienexcessicrosslikavipgioy ¢o peinfipg e naditiy 2Els @ 2 sMidlsybstate) and

t hen wash w th detergent-.containing solutjon. This_."caps" any .
i ohl or o (H1CE3S HEREHHIGHF Hahe oIS AR R LNl Cagpdth aith the

Pr ef bl [ | : 9 iA®- 01 M
TSPt ey, of (RIS e S eigplsniec PP s 0

non- coval esupport,abdcandeccl aekedss oficintises bn thbesolidspport owshehe ntimbbl @f
stranded nucl ejc ?ci,ds are printed gnto a solid substrate, this stec{) al so
(3

30 conver tYapyEnieridsapolendes dinn rreferied sanhodiment; ¢rgssalinfedpligoppsleqt
10 . : bes rently used array formats, the arrays

15 t ; . .
contain thaéefl%vgeuéltﬁegggg%%lﬁé gm?tHllrgns rmati on content: each elenent in the
array corresponds tdfjthstnueletc aeigsesrc ether amihbevsthinigg polenstsedrenenbei n t he
array is of known sequence and if an el enment scores . positively in an

array (e. fovaRyhy ptpched)the adivated pobtieess gre elived to reactipidhihe salidesigrorte, 5
Lhere 12 P36 1805 L0 ESPOUETRROIL U THAT Aok e RE B B |
array. the solid support are then capped to prevent non-specific attachment of other nucleic
20 acids. Capping is accomplished by reacting the solid support with 0.1 to 2.0 M succinic
anhydride, and preferably 1.0 M succinic anhydride in 70% m-pyrol and 0.1 M
NaBorate, for 15 minutes to 4 hours with a preferred reaction time of 30 minutes at
25°C. The solid support is then incubated in a 0.1 to 10.0 M NaBorate, pH 7 to pH 9
(preferably 0.1 M NaBorate pH 8.3) solution containing 0.1 to 5 M glycine (preferably
25 0.2 M glycine) and then washed with detergent-containing solution. This “caps” any
dichloro-triazine that may be covalently bound to the PEI surface. Preferably, the solid
support is further heated to 95°C in 0.01 M NaCl, 0.05 M EDTA and 10 mM Tris pH
8.0 for 5 minutes to remove any non-covalently attached nucleic acids. In the case
where double stranded nucleic acids are printed onto a solid substrate, this step also

30 converts (denatures) the double strand to a single strand form.



In the arrays of the present invention, additional information content is
provi ded by having nultiple sequences in each elenent. In the sinplest
form ea&io 09/65320 of the array contains a uni que sequenBeT/pse1ISad4icont r ol
sequence for neasuring the 10 anount of material per elenent in the array.
If two oligonucleotides are i mmbilizegd within a single el enent, one of
the ol i gonucl eoti des can be used for the neans of conducting quality
control or quality assurance on the array. The "control"

ol i gonucl eoti de sequence may serve as a capture site for the conplenentary
ol i gonucl eot i de whilarthe enrreatly esesh arpay Sormaats shesasrays capiain the lawesspepsibiet abl e.
The 15 "control" aligonucl.eotide, may, al so serve a L nternal trol for
the arrayf" odmﬁﬁg%égégegt‘ © %%h&}eﬁbe{‘hb’b?‘he aray corresponﬁs © Jhﬁlo\;‘ﬁ‘ﬁt %qsug]?%‘r mat, as
vel | “as t{igeréfofdRléery d2&hént B8 thd hBMs FHkrloSRSleqRRe ANAAS an elented 58drBs

mul tiple nucleic acid sequences. I'n a preferred enbodi nent, each area

cont ai ns pasitiviehl in FegmanEes, hyboidizes)thepeqpase of thenhit it knavedi bt esserdeue, t hat
is, a 20 fraction of areas have nul tihple seaﬁuences and.the remi.nj ng

n
fraction WEFesS S e ene comrespondgncecf thamaignial copfainedrig e slenat i dhtes are
present, . : enerally not nore than
1000, andﬁ%ﬁé@gﬁgﬁn?&rglaﬁgﬁ&oﬂ%ﬁcontameéwmgﬁrra)q In preferred aspects,
the arrays contai n Janthe ataydreiithapeesanmméntivh, additionadfisformaticmncanent ént . For
exanpl e, in one enbodi ment, the array contains two 25 sequences ‘per
el enent . ARviged by bpeng sultiple sequenqes sheash elraren elnibe Aimmiess forey cash area
content p el enent nunbers_of el eqents ryarra t exact
sequence & the. ?"c?gn‘f?’}%}gsugi 1 EIREE qgsoglcoﬁﬁo{ ﬁ?‘gle%{%er ﬁﬁtm&é\k}g?g tfé{ enent
i n thgoar fAyurit Sf Mat&PilPes €ement in tBE alrp POSW Sl Pnlleymes @ anmesiliaed i f an
el ement scores positively in an array, the sequence of the hit is the
possi bi | i withiaf a tsingled elemient tons exfuthe cdigoniiestidae nen by wkd tfhe tsomsers of ve can
be determ ned however by the use of. multiple detection nolecules. As
11 R AR o PO Y LAY APFFEIEN o1 { TS0 AL ent | ol SRS,
col ored myegASRGEde sequenddi AAFTdekR TR BCHlRge Sty OBPIMBI eoﬁgkﬁkﬁ@hes,
conbi nati ons of these markers,” a conbi nati on of one of these markers
and cheni bligrnnelsctidee which comtamabireposssses some sipbelt thatds rdetectabde. cahher ovi de
informatign of .whj ch sequences .in the area of ,an arr 5 have been
ybr 1 d5g ecpontror” igbnucTeoie Wi ks st A ioerel EAHT BLBG AT RLE B Rrber of
di f ferent o SEQLERGES increases in each area of the array, either the
nunber of repetitious reactions that need to be perforned for
unanbi guous i dent i f Incthis formétges oel ak tie forhats resezied below, tah deastuorisearea

contains multiple nucleic acid sequences. In a preferred embodiment, each area

contains multiple sequences. For some purposes, an intermediate value, that is, a

20 fraction of areas have multiple sequences and the remaining fraction have a single

sequence. As well, when multiple sequences are present, there are at least two
sequences, generally not more than 1000, and preferably 2 to 100.

In preferred aspects, the arrays contain an intermediate amount of

information content. For example, in one embodiment, the array contains two

25 sequences per element. Thus, there is a 2:1 correspondence between information

content per element and numbers of elements per array, but a loss of exact sequence

identity using a single label in this format. Every element in the array is of composed

of two possible known sequences and if an element scores positively in an array, the

sequence of the hit is the possibility of two distinct sequences. The identity of the

30 positive can be determined however by the use of multiple detection molecules. As



of different tags needed increases. 110 # sequences/

sequence . correspondence deconvolution # tags el enent
known? WO 99/05320 | yes PCT/US98/15041

none I 2 no 2:1

1/ 2 2 3 11 no 3:1

1/3 3 5 no 5:1

1/5 4 10 no 10; 1

J/ 10 1

| /n .descngd below, the use of differgmgﬂgows?ﬁnéfrgglgﬁqﬂgsr:?%m%g pl!icgﬂpeafg,:léo per
el ement | PhafdhciVd Iolec H cthrorﬁ%ngr .s%stﬁ%gy%g&%ﬁraﬁgﬁ etlfeﬁfegé xhzﬁ‘kéljg,e anunber
at plated in a single el enen

of different sequences o “per array. The
sequence kaabatcy WiMoneepf ekt Bartkb® akd |dhemilimiddscerdetorr dle@blehenagsquence
of the target (test) sanple with a single |abel. The correspondence is
t he anpunspestromgtry tagdtcen pravide indomwion Wif| whigh s¢rueneasyin ghe ereagd qocarsy i s
represgnted within a.single element with an array or subarray. The

dec‘:onvgl ug?"c?\r%ecnh%bqlfﬁ‘?n represents the number of sub-assays that need to

be performed in ordgs shGwn in ﬁﬁ@tﬁﬁl@} Blow&s QK& GluntRH W Giffertht tsEtﬁsePé’ésgﬁt S

(test sanple) which scored positively in the 20 assay. For exanple, if a
hit occur mcraaseann aachaarenofithe arayg eitberdhd humbertof sempticineeeactaoms that neetbtobi guous
determ nation can be nade b rintj .the 10 different sequences -

separ at el ¥¢ RFdCTRAdr Y P&@rﬂ@sgoﬁ identfichtion (deconvakiam) ARFTPates &% dhenymig

advant agegf@htg e?x{{agé H@e‘& M&P@a I ng nore than one sequence of nucleic
acid or noré than Bhe ofi gonucleotide per elenent within an array. 25 For
exanpli®, famlies of related nucleic acid sequences can be place within a
single # sequences/ sequence correspondence _deconvolution #4ags

el ement of an arrayy.apd hence ]gnqg@negene act I vi ty of any test sanple can be
det erm ned ~by—exgmni-ng-the— -t~t~er~1"r-of~-~-Iﬁbﬂ*ﬁh‘--Tat--i---cgggawo-ssﬁ--h-e array.
In the case of toxicaqgl ogy te 0ing, an a5ﬁay coul d bui | t ich woul d
possess the foll ow ng el ements: 4an ele th cont ai ni 1g sequences for

proi nfl amrmat ory cytokg ne inducti R (re-12, 1e=2, IL-6, 3/ I L-8),?an el enent
cont ai ni ng sequenceslgor anti-i n1:§armat ory &}]t okine in ﬁ&t i on (10L-4,

n:l

n no 1/n n

where n preferably ranges from 1-100 per element in an array. The

number of sequences per element is the number of different sequences that placed in a

single element per array. The sequence known column represents the ability to

15 determine the sequence of the target (test) sample with a single label. The

correspondence is the amount of information or the possibility that any given sequence

is represented within a single element with an array or subarray. The deconvolution

column represents the number of sub-assays that need to be performed in order to

determine the exact sequence of the targets (test sample) which scored positively in the

20 assay. For example, if a hit occurs in an area containing 10 different sequences, an

unambiguous determination can be made by printing the 10 different sequences
separately and hybridizing,

Substantial and myriad advantages are attained from using more than one

sequence of nucleic acid or more than one oligonucleotide per element within an array.

25 For example, families of related nucleic acid sequences can be place within a single



IL-12), an el enment containing sequences for |ipid nodifying enzynes

(platelet- activating factor acetyl-transferase, (platelet-activating
factor acgj d¢ ol ase), and an el ement cont ai ni ng sepaEWSeH1NEr TNF
( TNF- alpha an NF beta), and the like. One skilled in the art wll
recogni ze that the choice of nucleic agpd sequences will depend, in 10
part, upon what is being tested. B. Met hods of appl ying

nucl eic acid nolecules to solid substrates
O i gonucl eotides, nucleic acid nolecules or other biopolyners are
"printed" e(leiﬂém\oefraeohmy apbheneel theogena asiavitydofsanlysest sample ¢anphecdaseryiped

nmbodi t the 15 d t
A vari ot y Bt cEAADEAE PEHDAL HAPRUZTE Ses orranpls egant of Sricoidphe
such as ol 4R ShoRky 1850 be b BAGADRAY foech 5 'f&l&bﬁﬁgtél@rhéhté“ an array

pattern. neral gui eI I ne I'very mechanism nust be

capabl e ofelaggmtdoaﬁ[m& $6R 0 cBSTRIr proinflamm@aptindydoldie Indgctias(Ild, §L-2, IL-6,
nanoliters) in small regions (e.g., 300 [err]mdianeter doté vvhefe 20 the
r egi onsSarB-§k ey elgmesecanizining saqwmﬂsrfor( @Uglnﬂamﬂmrﬁﬂngw 19dirtion{lsfy |

Preferably. ti n .t.echni gu e such
t echni que Lspf)nlé‘“j 56%53?1 ng Seq%& ??‘Fuﬁ’l I%L dﬁ’é’%%é%%g gﬁlne%l pettes
may al so bgiNa@sh fabtdp ra@ét?lr-trrﬁﬁfe'i‘é%én@lé@élet—actwatﬂfg' fakiop dcdtgl-hadrolgse) paridngn pr obes
as descri bed herern. Sanple pick-up, transfer -and

mi cr o- dr opélementepagiiting nequsn@s datt WFZENF@MM@W%WQM likequPre
transfer deyjce that h hi sur ec al t hat
device is Wf e ¥ f"ﬁ@g% “lh ﬁ‘?’ﬁﬁoéﬂ é%a éeq)f‘ﬁacé ‘X}Hr CB%Q?&

t hr ougtioth dugﬂ’?("hmg%ﬁgl‘“&%ms actl ng to nodify the surface of the

probe or t ing the probe with a hydrophilic substance. In a
preferred nethod. the tip of the sprlng probe is soaked in a 25 - 200
mM sol ution of 1,4-djthiaqthreitol n? .

13 bor at& f orMethods ¢f “PBJ’?’&WIE"U"? P’Bkeﬁ’l‘é‘f {oTOlIASHPTAES t h gol d

surfaces through a tpth)mefél des, nucfe! gfdnﬂ';o' Qlles B WineSBRPblyRlety are

hydr oxyl at es the surtaCe gt

hydr ophi | i tpristed"a@elivsredot epplizd) euanscﬂﬁaiubmtaf 18 qmefesredventbotiingents, the spri ng
probe is dipped in solution. The fluted probe becones evenly and

consi stlént ps;/lymsrs%amwdm@rﬁgplaqmt&rwp’awyfo the probe surface by its

T o o B PIF A, et SR et st
hydr ophi | i suchuisfotigesuciodtitits driINA fRapmehispRsa salideubdtiateinodn artiyepattsrnt oA he
a general guideline, the delivery mechanism must be capable of positioning very small
amounts of liquids (e.g., nanoliters) in small regions (e.g., 300 um diameter dots) where
20 the regions are very close to one another (e.g., 1 mm or less separation). Preferably the
printing technique is amenable to automation. One such technique is ink-jet printing
using multiple heads. Very fine pipettes may also be used. A preferred means of
printing is using spring probes as described herein.
Sample pick-up, transfer and micro-droplet deposition is greatly
25 enhanced when using a liquid transfer device that has a hydrophilic surface. especially
when that device is a modified spring probe. Spring probes are made hydrophilic
through the use of chemical agents acting to modify the surface of the probe or through

coating the probe with a hydrophilic substance. In a preferred method, the tip of the
spring probe is soaked in a 25 - 200 mM solution of 1,4-dithiothreitol, 0.1 M sodium



probe even as it pulled fromthe source of liquid. As a sanple is

transferred fromits source to a solid support, the hydrophilic
surface ofW@B¥0532bbe continues to benefit 10 |iquid handl iP¢G/USP8IMEAI ni ng
the sanple being transferred and inhibiting the sanple from random y

dripping or running during transport. \\den a sanple bearing spring probe
cones into contact with a solid support, sanple is deposited fromthe tip
of the spring probe onto the surface of the solid support. especially

inth f I taj.ni . I, it h i l.ution. Th
7 Sl R B AR AR T S B o T
typi cal : i - . -
PR SR oGRS B SRR g ol

uniformy m xedlHenhyalf8phdlicy sefaek padidoteR@n dven @bathgosf Sariple vilehitte
support. Wthin the context of . this invention, the biopolyners may be
ei t her nucPHPE Perbeds dintped in selubien. pdbe dluied probe hegomas| evsnly\andreonsistently aci ds

are used, . ri.se singl e ar_doubl t randed 20 i ngl e or
Goubl o3t aR T EBTRI T e Bicba dlrra B e B APRAn AT coptadoriutt O
dupl exes, i ' helgicwist I { i ;

1 A N e LR L B &1, PRVERFcMI fnifforedtBndling v,
t he pr eservapahlitéestusng hydoophilessurfecdso JKith these solutidngpthe @iyratdl adkerétotthe

nucl ei ¢ aci d nol ecul.es ff{\he olid suggt r,gt e. As noted above,  the 25

nucl ei ¢ adle¥ R a5t EB‘&% ?\‘PI@e SAUrSR Aelatis: e sPPIsde tensfered SoBstt at e or
may be . ouRleRgsi taf e ; \%Hg t : .C t he
ol i gonucl esgti des are %ﬁogr ithr%e rg)ﬁlgg an @S?ﬁzﬁf ?Ig)lg’ggér% gngérggfosu I'Js‘%ihuent |y
added. 10  liquid handling by retaining the sample being transferred and inhibiting the 4nple from

A Reagents, buffers, cofactors, etc. . Each area of
the array TR0 WPHEY NIBRE Guing GASIPAL Wheaddrample beging springenrpbart e

nucl ei ¢ acj : [ I e l.ei ' buf fers of actors,
ind the - Coftt i SoREEY QR b 3bfta oA Sl i€ Ut ihd o Bt b e et
et al., Cyrolendntdertsastesof the sdlid dgpb@@,tﬂsﬁéciﬂith(?ﬂé’cas%ﬁﬁBﬁnﬁ'élébht%i?iiﬁg},

1995; Sanbrook et al., Molecular oning: A Laborat ory Approach, Cold

Spri ng Hardbyscosity shancimg mplusigd. vidie|sizgexf dhe preas spatted generply ratige fromig- usi ng
In a preferred

Zgg{)fji ?r%ﬁt%% é‘%ytg‘gfalﬁ%éa‘%i}‘%%‘é’ cgagégis{agc? %%56\5/%0 H- anneal i ng of an
ol i gonucl eoti de pri rBHeflyQird £yBical Frot e, ¥ sofotioNRP tHeGiicle®ad) $s uniformly
mixed in 57% glycerol and then printed onto the solid support. Within the context of

this invention, the biopolymers may be either nucleic acid molecules or protein

molecules. When nucleic acids are used, they may comprise single or double stranded

20 DNA, single or double stranded RNA, oligonucleotides, hybrid DNA-RNA molecules

or duplexes, PNA nucleic acids with a protein backbone and the like.

II. REACTION COMPONENTS AND CONDITIONS
As noted above, the present invention provides methods for
hybridizations to the nucleic acid molecules on the solid substrate. As noted above, the
25 nucleic acids may be covalently attached to the surface of the substrate or may be
deposited on the substrate without attachment. Typically, the oligonucleotides are

printed first and other reagents are subsequently added.



10 60/ 026,621 (filed Septenber 24, 1996); 08/719,132 (filed Septenber 24,
1996) ; 08/ 933,924 (filed Septenber 23, 1997); 09/002,051 (filed
Decenber 330 9385%3¢; and PCT International Publicationpbpusvénsesl 13527
which are all incorporated herein in their entireties). A hybotrope
refers to any chemcal that can increasg the enthal py of a nucl ei c
aci d dupl ex by 20% or nore when referenced to a standard salt solution
(i.e., 15 0.165 M NaCl). A chem cal exhibits hybotropic properties when,
as a solution an 18 bp ol i gonucl eoti de duplex that is 50% G+tC has a
hel i cal -coi | trdnsitResgeptsdmitiess cadpiers e or less. HCT is the

di fference between the tenper.atures at whi,ch 80%,an 0%, 0f .t he,... dupl ex

i s single-stranded. ‘éh ?%Rﬁéﬁéﬁ' &IF_ ?IW ugﬂ?{ggﬁsl é)r ddéza?lﬂg_ agﬁ%ggﬂltlpg tBe !to_he

di scrim ”akéx%éla&%@l%f@dc&&s,ethe‘é(?b{bprihté 18bel AR A&, BLff¥E] &dTadoRYRd @Ezation
0O performed that all

reaction is ows detectable discrimnation between a
m smat ched lideipHybridizatian conditiope efecetll knovrt (seedAatmptiext aly Crange Rablocols

t enper at ures tisfy criteria qf discrimnatio nper at ure.

. éETEU’rﬂ?%quér ﬁnﬁmﬁmw&e@ﬁﬁ*@ 1995; Sambrook et al., A}"?qﬁég’c‘ftélﬁf‘i‘f”&r'ﬁduct s
may be det et f Poef er , =t he
reaction c%%%%é%% sgzl)ﬁs/rg%%}ge%)alg. SﬁFﬁ rgh g?r%??rf ?geg i g%é%egt?:dtsi“{)égg?ie?{%w for

ol i gonucl eaybildizpionsasisg eliort piecedwe hevléic deids.ar e conveni ently | abel ed.
Preferably, the prinmers contain a label. In single nucleotide
ext ensi on” assay, thelmddersforedl ewbodiments a hybotyppaemay |Be Rddsd) t improve

K | eqtide_|igation. . . f i l.eot.i d
o5 91! Cabafing | Ak WheBRencR imer, L el e CUL B RARPEROE Nan, or
t he nucjeeolsn@es,6af e(filed SebtéRiber!day 1'99?3'@3}719,132 (filed September 24CamuBR! y

enpl oyed | abel s include, but are not ITmted to, biotin, f1 uor e€scent
nmol ecul es, OB&3BS3¢t(filed Paptammher &S, 18970 0840061 (filsslt Pateasber GlerP97); Bnd

R s
mol ecul es gRgr SRVERRET A M§botrope r%sgtﬁ%g%h&ﬂw Bhd &@ggg&&@}t{xa eﬁhﬁﬁg of a

nucl eot i des. fotinis enp , is detected by
avi di n, st meplemvicttl dupdex bn20% or mbickehenniefarended te @angtangiatdeshit sohaticefiegt abl e

mar ker , n e.g.,.. horseradish 10. peyoxida .or ragdioactive
Tavel (1 O 6Re e Hibertia st by uromicapropertie St f SPRYORERT BB 0
from for exgsMicfotifealfEx HAPR" RRPG+e8hds B NAR M iransion (HCT) of 15°C or

less. HCT is the difference between the temperatures at which 80% and 20% of the

duplex is single-stranded. The temperature for annealing is then chosen to be the
discrimination temperature, which is a temperature at which a hybridization reaction is
20 performed that allows detectable discrimination between a mismatched duplex and a
perfectly matched duplex. A range of temperatures satisfy criteria of a discrimination

temperature,

[lI.  DETECTION OF REACTION PRODUCTS
Reaction products may be detected by a variety of methods. Preferably,
25 one of the reaction components is labeled. In amplification reactions, the
oligonucleotide primers or the nucleotides are conveniently labeted. Preferably, the
primers contain a label. In single nucleotide extension assay, the added nucleotide is

generally labeled, in oligonucleotide ligation assay, one or more of the oligonucleotides



Steptavidin binds with high affinity to biotin, unbound streptavidin is
washed away, and the presence of horseradi sh peroxi dase enzyne is then
det ect ed uMORPAI3IWr eci pitating substrate in the presenReT/HFIEPHXI de
and appropriate buffers. The product may be 15 detected using a m croscope
equi pped with a visible light source antta CCD canera (Princeton

I nstrunents, Princeton, NJ). Wth such an instrunent, an inage of

approxi mat el y 10,000 M x 10,000 [err]M can be scanned at one tine.

Det ecti on rreth ar.e own for.the above described,| abels,. such

as fluor es@Ehtd fedr éﬁ.%ﬁe& §)(p§nqsx§b;§|agtlon|§1 GBE"&‘S nbTED OF sthﬁarﬁ‘ciﬁ?hfi%ﬁf‘i fied
and quanti tt@hé‘éil QQ?] eldPst directly by their absorption and fluorescence

em ssi on wavel engths and intensity. A m croscope/ canera setup using a
fluorescent |ight so@omemordyaemployeniabels irehnis, bor are not divhiesl itd1gbiotin,
fluorescent_ | abel. Radioactive |abels nmay be visualized by standard

aut or adi og rfhlsrrycenbh&%we% niagioaghivg yaioleciles.cabremegenicor Subsiraes, demit i on

| h
i onot) vemBESeRiE] B8 ofi 30 N elifhab dFr Biousy e ERE 88 eSSl can
be det ect e¢ngivnan SN, @s tai‘eniﬁeﬂhﬁdd fomlﬁt%aucﬁ%rﬂuoresc@ﬁimle&llest 4R faRaltvel Our

fluorescent nol ecules, such as commonly enpl oyed in sequence

anal ysi s, InilmquéesaﬁaIo}lgpsucﬂ@trﬁmdsmctﬁobéesat a tine. Essentl ally, because
sti tng' f hese Lllatm ef:? E)Ir ﬁi&{}ﬂgggr%tpioyed 1t 1S dtéteectlegol)yvixgggal Is re&%?ﬁfnsgrd thvghen

16 like, which i is conjugﬁ\téﬁ)foea BV GERKS %ﬁ@gd&noénz? 39%' gﬁrééH

pooling of t he sanpl e reactions on at | east one a Sl mu taneous
det ect i dh geroxidasg)r oduatlimactBie datiehge.. P, ¥8g tHyvi nEnzynds f domjiates madeecul ar
wei ght or ot her Si ca,L‘1 fl%t ribute in each reaction, entire set of
reaction pFB’H‘U{?f ARV Eble, froms g eﬁ@gﬁkhékcmaokamgatvz@d(&(r@aw §Aﬁ>at ent

Sanuary. 225 ebuRdig S b RERamEy (el Bt R HoneS80 by 8l 5o

and 08/ 898 tledpresenee lof fhoksethdish perdxiﬂaSe Rﬁzyrﬂ;QQJ theandétdtel hsihe anatdipitaing
PubI ication Nos. WD 97/27331; WO 97/27325; and WO 97/27327). Briefly,
a "tag" nolSeksHRle insthgresenee af pegaide sl Q}@é@fw&ﬁr buffersg Tlgeagroduct may dkers to

ot orost, SRCEANGHEL BilrSdB RabBpo WIS, bl T ufhe R 00 eBhBnen:

as well as (Wimemnet[nmmebs Princete@NG&Y NWEikh Guels &ny lﬁs&uhient Narfiyapé dfhe tag
reactant, tag conponent and tag noi ety A tag useful in

the presenPPravEtelsn 0,908 $4xd8,098 aan b scainsdtag gne time. _ (1)
L L5, cePabl e of bel bl USHGE R R h s bEShpd e e, s
chr onmat ogr aphusrescent or radioactive labels. Fluorescent labels can be identified and quantitated
20 most directly by their absorption and fluorescence emission wavelengths and intensity.
A microscope/camera setup using a fluorescent light source is a convenient means for
detecting fluorescent label. Radioactive labels may be visualized by standard
autoradiography, phosphor image analysis or CCD detector. Other detection systems
are available and known in the art. For labels such as biotin, radioactive, or fluorescent,
25  the number of different reactions that can be detected at a single time is limited. For
example, the use of four fluorescent molecules, such as commonly employed in DNA
sequence analysis, limits analysis to four samples at a time. Essentially, because of this
limitation, each reaction must be individually assessed when using these detector

methods,



15 behavior of the tag (particularly after the cleavage reaction), its

spectroscopi c or potentionmetric properties, or some conbination

t her eof . SR@&B;,&%?@pI c met hods by whi ch tags are usef uptyrus9esisosl

di stingui shed I nclude mass spectroscopy (MS), infrared (IR),

ultraviolet (UV), and fluorescence, wherig M5, IR and UV are preferred, and
M5 nost preferred spectroscopi ¢ nethods. Potentionetric anperonetry
is a preferred 20 potentionetric nethod. (2) The tag
i s capabl e of being detected when present at 10-[err] to 10[err nol e.

(3)  The tag possessésmarecidyaitagdoun mettiod afidetsaton al&mﬁnpcvqlmgaﬁ t Sampie

attached to the MO ch the tag js i tend t o, uni i den ._The

ot achment TS AL OB e i SRHEONCHCGIon BT {qdwst SoHHe &
"linker” ﬁ%ﬁ)aw g a different moleculaf1 welg(hflbr oth&hﬁhs)fsgzgl étﬁrl e %h'ré’acﬁbﬁt’thé’

toward all atlonsto whi ecte I ncl udi ng
attachnment eaamile thezﬁ“’\ta@aoﬁ Ipmduttls e:axh/Ble har&asie(hmgetharmﬁwnalylzems(see U.S.datdnhe MO

whi | the t t hed d t
ot ot AbplisatianiBess ORIT8R 85 he0HERE B @pﬂ&wsg@ﬂpeao%omﬁl@ b ey

whil e the t t (0] t

17 o 1997 1.8 ARG Pelibaioh oDy R IR BT DB ms e ia adibsdlt bABAEY
with any hybmydzz,zawprmarpc“r Intén#dmat Peblianst masw(mgwmww 9T213I/H
reactions) performed on the oligonucleotide Ata

g,
moi ety t hat ancgwca.ea/aaemt Briofly che'tteg” tre@lecbx}e B u@edr asa labelp dostused berging a Gag”
Cenai t1 vi Ty aIF 15 SOBEALPEIeR, "R doLBeP Sy HERThar FSEU B BEF: ¢ he
tag moi ety Whd howyﬁcrmgﬁﬁrefm upme&@g t/aﬁam@@&a;s&ﬁmt éwelh 2y ¥haees Hgpbaned
into the tag variable conponent, w | typically constitute the

maj or porti bonded mcbsecltosmjy tit @t 3ny dfnhet llag réaotahnmmnmoaemdmg mpiety. use
of the word "tag" typically refers to the tag noiety he cl eavage
product that conté‘ﬁ%“%/qf‘él ‘P&&Wﬁﬁepb‘ﬁl"%“t@gﬁﬁ%ﬁ?ﬁf" ﬁag\ﬁt}?}é\“e%an al so be
considered to refer tgpthept; f | ebtheepauU hat
is the portion of the?lt)ag Ir%ol?g:ta 90\}\?1:6?#69% ﬁs pica P&}qpltonlltaﬂr!()atis“f)ong‘gl Sﬁn%
provi di ng t Idscmnnmpueh Virahe t agidr adiemiqai omemesesan bé basedponi nhis chformdtegraphic

forrrula tion contajns the tag variabl e conponent, Were
the tag ! X%mr @ecg%pemw qalasa%qewed@ﬁvga%dewoale it APSEO8EOP e §T by,

eSS SBEAHIANRE Popertes, o @sm e onffidoftn@leaf - Isp&cBofIE hahsdy

as T S. Likew se, ava e rom cont al ns nay
be ref err edwhichatagst be ﬂ’s{eﬁﬂhy] dl@tﬁfgtl&héﬂ irgludei Bass. spdditoscopy (MS), infrared (IR),

ultraviolet (UV), and fluorescence, where MS, IR and UV are preferred, and MS most
preferred spectroscopic methods.  Potentiometric amperometry is a preferred
20 potentiometric method.

(2)  The tag is capable of being detected when present at 10* to 10
mole.

(3)  The tag possesses a chemical handle through which it can be
attached to the MOI which the tag is intended to uniquely identify. The attachment may

25 be made directly to the MOJ, or indirectly through a "linker" group.

(4)  The tag is chemically stable toward all manipulations to which it
is subjected, including attachment and cleavage from the MOI, and any manipulations
of the MOI while the tag is attached to it.

(5)  The tag does not significantly interfere with the manipulations

30 performed on the MOI while the tag is attached to it. For instance, if the tag is attached



foll ow ng spectroscopic and potentionetric nethods nmay be used to
characterize T[err] cont ai ni ng noi eti es. Thus,
wi t hi n onewaspmss2oof the present invention, methods are pr RGEHBIPS/15041 f of
determning the identity of a nucleic acid nolecule or fragnent (or for
detecting the 20 presence of a selectéd nucleic acid nolecule or
fragnment), conprising the steps of (a) hybri di zi ng tagged nucleic acid
nol ecul es fromone or nore selected target nucleic acid nol ecul es,

wherein a tag iis corre|lative with a particular nuclei.¢c acid lecul e_and
det ect abl gomp aliganpeletidsstheise Byt é’rgé‘tflf‘i?“@f "ﬁg?eéﬁﬂ‘@n%’tyrvbg(alﬁa W 8hi ng

away non- 16l t | &G A8 L g5 DorCthE BMb&lcldogds.ags from
t he taggeaenﬁ%?lgﬁ%%géﬁj&éggg‘zE&ggggﬂggt@g f)x?]sg'ptgﬁ%rréeggosn yen n-fcl uor escent
spectronmetry or pot egtih®fBietythafidGntbidddad bedetected byl atcertainrspagtrdshepic dent i ty
of the nucleic acid nolecul es. Exanples of such technologles i n¢l ude

for exanpl potemettie cratiboteshopld possess: progersice crhiehenhapce fhe saRiiBYbaAR

P OB il RERRAENTY b metod.  Txgcnbp e o ie L BV e
described Qerakibs S‘écﬁu%qnéj-! rARIRed @dsighed Hith She/tag variaflé cOHPHRRE Swhiblowvill
exanpl e, the arrays of ol gonucleotides nmay be used to control for

qual i ty of typikily gomsituay the rhajor mutiort of the tagrmaietyqdalthe failowingdistussipr, the
nucleic acid 5 noleculeg, for detecting mutations, for deter m'cpi e

expr essi onussrafithe ard Fige” tipisallzrelgip 1o the taggmpiety I-ea iR fi5avage product that
A | ntey r}lﬁinsc %@R&ég%ﬁ'bﬁ Mobg{tﬁ Bbly@ler Uan TRE HB Qoxgi%é?&f fYrefer to the tag

In this enBodivent, area-‘o e array contalins the sane nucleic acid

sequenqe i Var@H dongionk iGBY bedaisy thawe deeton ditlis taganeiegowhich iswygicelige i s
| ocated in 10 each elenent. The common sequence may be used as a cgntrol
for moni t orespapsiplefen providing ghsnupigrely rdetpgtabie proassiesan@ecaBPOWRER M dhef t he

array. The,."coptraqll, sequence .nmay ser St e
conpl enment fﬂ’?u& ?‘35#0??%3?@ B%“‘Pﬂé?g%{ﬂ‘%ﬁ%? F\a§ \(')a?ﬁlﬁlgs%e 8 _g}é&é wh%r; eet%%t abl e
label . As Gaible EGRFRLHChARIYebd HePnei 6 be WRAKAEtefiedBIC e Cmagi spsctromench ar ea
can be deternmned. If necessarf\%@resul ts can be normalized to_.the

control setheeficeportomof 3HL-25may dgureieried te an THe iLikaYiprorthe éHanfﬁed’raﬁiFt of the
1229, 3T RSOAIZSE o Tyt iend Bl AR AAD iy
g: ]?][Tgpten't ngg!@@:i% %eg%?éoﬁic%ﬁ*’bo@édﬁ%ﬁ&fc' Rethbdemiad YehBe® ke dRarheterzeal ™ -

containing moieties.

Thus, within one aspect of the present invention, methods are provided
for determining the identity of a nucleic acid molecule or fragment (or for detecting the
20 presence of a selected nucleic acid molecule or fragment), comprising the steps of (a)
hybridizing tagged nucleic acid molecules from one or more selected target nucleic acid
molecules, wherein a tag is correlative with a particular nucleic acid molecule and
detectable by non-fluorescent spectrometry or potentiometry, (b) washing away non-
hybridized tagged nucleic acids; (c) cleaving the tags from the tagged molecules, and
25 (d) detecting the tags by non-fluorescent spectrometry or potentiometry, and therefrom
determining the identity of the nucleic acid molecules. Examples of such technologies

include for example mass spectrometry, infra-red spectrometry, potentiostatic

amperometry or UV spectrometry.



sequence. Preferably, each el enent possesses a known or related set of
sequences. The 20 hybridization of a | abel ed probe to such an array
pernmts t Rgoobygdsast eri zati on of a probe and t he i dent ptirasbs/msosnnd
quantification of the sequences contained in a probe popul ati on.

A generalized assay format that may beggused in the particular

applications discussed belowis a sandwich assay format. In this format, a
plurality of 25 oligonucleotides (e.g. 2 to 100) of known sequence are

i mmobi lized in the sane el enent of the array. Each el enent thus
possessesI¥. knb#kESor rel ated set of sequences. The i mobilized

ol i gonucl eotide is sedto cature | ei.c ,acid (e.g.,. rRNA _a
PCR product , fragma%ls ﬁgﬁgsa‘f ?rbbr?g%efﬁ’b%& aggh%ﬁ\;bfﬁoapggdétyo a
di fferent of e&rtmwﬁl ieh%hec ¢ hflySefided o control f

19 oF pipo r?ot’ her raﬁltg?{é %’%@gyhﬁgr rfcgt ei soacorslé?:or?éary

det ecti on qaslityesfi making arrayshifer fqoﬁﬂthinont be quliayse amalysisedf hacleideatidfy and
gquantify | abel ed nucleic¢c acids that have been used. in a primary

bi ndi néy ageodgeulgsgfor éﬁ@m&murafaoa-ﬁ forsdesgrmining (ekprepsiom prodides, &y toxicologyc| ei ¢
aci d, thetésﬂﬁ ta'nﬁ.yrlh that nucl eic acid can be determ ned by hybridization
to an arr ese” assay formats are particularly useful when conbi ned

with cl eavabl € ATBSS Internal EPMHSLS zﬂﬂﬁbﬂzﬂz zdifSor making of arrays C Mut at i on
det ecti on The detection of diséaseS is increastngly

i nportant in prevenin tis embbdiment, ¢ach ateawd the. arkayicotains|the $aaust myclea¢ aai seases

are difficult to dsagéjse enet%ctestsfo nmore 10 thnzoai man
di sor der s SEFENENAIHUGY 16, aRP En[seﬂﬁergessi'h&s ORFGAENMER Seanence I JGrate in of a

singl & ARG deheht! EHe Hdmldieqhi&RE niay Be“us%@%s Q'c%ﬁéélefo(* Qo?:%rmg quality

Bi ot echnol ogy: An i ndustry cones "of age, National Academ C Press,
1986) . control or quality assuranée &bryﬂﬂsngmﬁfthben*pyar’ﬂm‘?mdtrdﬂéfseqt&ntmmay mp1vant ation

of a fertilized eg Hol di ng and Nbnk, Lancet 3:532, 1989) or in cells
oxf ol | at o fr GRIFRAS é%rpﬁhfgép TRENIALY Oilsonweosrﬁe thtaROBEAS BF BRFREES Pon wi t h

heal th chegfebase(aleflTANGKY gﬁﬁro&.’:a%l@g {3 of Bcleic acids foekth areAlc%ﬁlA when

an unknown gene causes a genetic ods to nonitor

sequence ‘\badeenhimedr i nesaﬁartv resulstcanl e hhenahlzbdafol thenetrad fseqlienesn s€orttiul ough
genetig | i nkage analy Miutations involving a

si ngl é%ué?%@?@@%ﬁﬁ“ﬁ@rﬁoﬁéﬁmﬁ@dqf#‘eau%%lﬁiﬁ’éb%if’%n physi cal, chemical,

or enzymatic { for nutation detection may be
divided into scannl ng tg:%%%ﬁ%@ %&gh are suitable to identify previously

In this embodlment 2 to 100 oligonucleotides are immobilized per
element in an array where each oligonucleotide in the element is a different or related
sequence. Preferably, each element possesses a known or related set of sequences. The

20 hybridization of a labeled probe to such an array permits the characterization of a probe
and the identification and quantification of the sequences contained in a probe
population.

A generalized assay format that may be used in the particular
applications discussed below is a sandwich assay format. In this format, a plurality of

25 oligonucleotides (e.g. 2 to 100) of known sequence are immobilized in the same
element of the array. Each element thus possesses a known or related set of sequences.
The immobilized oligonucleotide is used to capture a nucleic acid (e.g., RNA, rRNA, a
PCR product, fragmented DNA) and then a signal probe is hybridized to a different

portion of the captured target nucleic acid.



unknown nutations, and techni ques designed to detect, distinguish, or
quantify known sequence variants. Several scanning techni ques for
mut ati on dBMQR9(053%¢ have been devel oped based on the obZBEE{ISIPEN4 hat
het er odupl exes of m smatched conpl enentary 25 DNA strands, derived from
wild type and nutant sequences. exhi biti%an abnor nal m gratory

behavi or. The met hods descri bed herein nmay be used for
mut ati on screeni ng. One strategy for detecting a nutation in a DNA

strand is by hybridigzatjon of t.he, test .sequence tq target sequences
that are wild-type o’% FLaBihe Eipeﬂscs@%.fo‘ﬁ?‘%‘%ﬁg’teﬁ?\@&% Clechon ERENh48 a

dest abi | i z e { oh i i C j obes
20 TR Py B T eh g i e by R R o1 .
26: 227, 19%th.usdhén a primary divdingiadsay.c Fociestamplel ¢fearc assah eegA3oii « 14bbldd  RNA,
cDNA. or anplification, of agg of . these nucleic acids. Preferably,

anpl i fi catPuHIGRcId.She idsatiticplthat nusldic peid cpe be gletesmined by hybsidizajien tepn

G T A SR A

by dejpeéttdnétidagd. S hybridi zation pattern to an array of inmmobilized
ol i gonucl eoti de probes. A | abel, such as descri bed
herein, is gend¥al |l Witaider gaectiond i nto the final anplification product

by using a | abel ed cl eoti de by using a labeled primer. The -
anplification product™i et'&“é‘r?&t‘ﬁ;@&yaé‘?f’dlsh Feasing IR taRE 12 A eXFntion 38dng

product i Stre]agnerﬁgsmquggi%%riaﬁﬁﬁkasgf’ gf}dd\,%;t?cuithﬁ o%@fsg%ehéticgfaegﬁ%f Ghdpy One

of the nethods rein. exanp en cl eavabl™ mass spectronetry
tags at@ ubadd200 known human difbrders Brepraeseli tyna gefedtiih asinglelgdrecoRer 4 eande spl ay
Manmal s, sych as hunan bej ngs, have about 100,000 different genes in

their gend#ea, sigglegminn asid (esidue that repyliscin B dissas SplsensBiotechuolegyr #8sed i n
any 15 i ngind . r cellular growth and

di fferent ir}g{h%@(t) t%%g%?gﬁ%e, fggﬁct’rﬁﬁeg%ﬁmgg{%g’l Iro%lk)clal changes that arise in

di seases |ike cancerAnalyses aldy Wb perfimey befe giesimpla@ienién of a feRNPRE@SEE ON.
Differential display techniques 2per mt the identification of genes specific
for indivi@ieldingand incet 3:532, 1989) or in cells exfyliaggd @gmithe tispiratperirach|

di spl ays thed 'blahg&%Q%hngc?{oBiv%ﬂ? hgglthn&l'éléfup%r(gidransky et al., Science 252:706,

1991). Also, when an unknown gene causes a genetic disease, methods to monitor
DNA sequence variants are useful to study the inheritance of disease through genetic
linkage analysis.
Mutations involving a single nucleotide can be identified in a sample by
20 physical, chemical. or enzymatic means. Generally, methods for mutation detection
may be divided into scanning techniques, which are suitable to identify previously
unknown mutations, and techniques designed to detect, distinguish, or quantify known
sequence variants. Several scanning techniques for mutation detection have been
developed based on the observation that heteroduplexes of mismatched complementary
25 DNA strands, derived from wild type and mutant sequences, exhibit an abnormal
migratory behavior,
The methods described herein may be used for mutation screening. One
strategy for detecting a mutation in a DNA strand is by hybridization of the test
sequence to target sequences that are wild-type or mutant sequences. A mismatched

30 sequence has a destabilizing effect on the hybridization of short oligonucleotide probes



20 anplified and identified on the basis of size. Using a priner designed

to bind to the 5 boundary of a poly(A) tail for reverse

transcri pt weyos/oksll owed by anplification of the CDNA upCTVUSIBNS041leam
arbitrary sequence primers, nmRNA sub-popul ati ons are obtai ned. The
differential display nethod has the pobgntial to visualize all the
expressed genes (about 10.000 to 15,000 nRNA species) in a mamali an
cell by using nultiple primer 25 conbinations, The

hybridi zati on of anplified cDNA to a Bl urality of oligonucleotides
i mrobi | i zetw 4 fargehecatianes (skeMotmun ICrithBewrBiogiepe Miilt Biol.hd628ént9M).cdbe on and

guantification Pt t he sequences anpl.i é d, qndf}éﬂé& thel.ﬁtﬁarti p

popul at i on'eSi@cer ac“fﬁ‘é“r fapoe %e“f’ngu"i é]e"sblﬁ‘ n OF gaph %P_OBEP i%_ ilized
per el enenheuhgh@til RAGH ?%fer%l%r,@l%?ﬁh%fo?d@f kddt SEfheREATRNirst effodhdd, er ent
or related sequence. The i1dentification o

21 fojibwed by ihybrideaiemwith shert mliponirdeosidp pestel Gmnmbilizet ionganodrray.

sequences of the_ target nucleic acid fromwhich the probe is produced.
Expr essPonABr #pplifigdy peadvch cansey seanned afasr mappepossible (segiangs i GHaps Benes

and oo s eELmENAG 1 IERELalgh LSSRINAE Ay SEILHLA S ANBhRuicorde FRRAU 1

and the |i or<exa ays for toxico constructed

5 such that indivi dyadbe!sQalsasQuitbabdd 15REiHER GRferaly R corfdrdted $htd theViadal OUS
cyt oki nes (see above) For toxicology testing, the stinuli are-

gener al | y amplificaion arfiduciclonpdngaddabsted nucleotid¢ e by esingts lebeled erimgspébe ed to
be toxins or er.e the toxicol o of mal |, organi c lecules is to
be det er ni %ca{u‘m product’ss' denatired ?&d g?'é‘@ﬁ%de@ rETA: H“h‘?‘gﬁ Qrﬂa‘b%dﬁput _
met hod 1for waeag Wit Ha 1hEE bdlnd ﬁ@g f%ﬁﬁy Wd&%ct&i‘ﬁ? bRUSE %%&hé‘&a&rein.lifgpoo) i's

provi ded. Wthin one enbodi nen the 1 nvention, nethods are provided
f or anal yzé¢xagqpicevhpatleavablomasgpespectmopatestagoare us@in a sel ected

b1 ol ogi cal sanpPe. uAREFSE PURH ok AT HPer &, wier el 1 the 18 15
b2 e RS St BN el O
anpl i fi ed themggeanins, bH whickabniyya aatll fractivnc IperiapsldsYgsare expressed in any
15 individual cell. The process of normal cellular growth and differentiation, as well as the
pathological changes that arise in diseases like cancer, are all driven by changes in gene
expression. Differential display techniques permit the identification of genes specific
for individual cell types.

Briefly, in differential display, the 3' terminal portions of mRNAs are

20 amplified and identified on the basis of size. Using a primer designed to bind to the 5'
boundary of a poly(A) tail for reverse transcription, followed by amplification of the
c¢DNA using upstream arbitrary sequence primers, mRNA sub-populations are obtained.
The differential display method has the potential to visualize all the expressed genes
(about 10.000 to 15,000 mRNA species) in a mammalian cell by usiné multiple primer

25 combinations.

The hybridization of amplified cDNA to a plurality of oligonucleotides
immobilized in the same element of the array permits the identification and
quantification of the sequences amplified, and thus, the starting mRNA population. On
the array, 2 to 100 oligonucleotides may be immobilized per element wherein each

30  oligonucleotide in the element is a different or related sequence. The identification of



descri bed herein, (c) washing away non-hybridi zed material, and (d)

detecting.the tag by non-fluorescent spectronetry or potentlonetry

and t her aNOGHPEN8 er mi ni ng t he pattern of gene expresHCHUSB/160H

bi ol ogi cal sanpl e. Tag- based differential display,
especially using cleavable nass 20 spectronetry tags, on solid substrates
all ows characterization of differentially expressed genes. It is based
on the principle that nost nRNAs expressed in two or nore ceII types
or sanpl

o, o %ybnd@a%k%a@&gi%zﬁw%%@%@ép&me e ST e Do

anchored of
arbitrary !l%ﬂﬁggén% the ?]Jl}iglqg es to g?gleng)ver sr%%rlgﬁsu\gﬁgnﬂea% éat?rré) lify
t he nRNAsregulatioraof gbﬂescundsmmb@e@fRNAts RN As)Fior response nonéellntar njigriabe

expression of 15,000 genes, at |east nine different arbitrary priners are
pr ef er abl sjimulie@nd s like. c 5an Pxameples arrays dar rcaqlcm@fpteayn&mwﬁq gonstruetad cel |

Pobet Fonaug ey individtalero o, Sraoktief iblerilnarf 1 vafolh APBHGR oy si s
SL | E: E?fﬁ%’&’?@? mngﬁ tox8éolbBatbind W sivRhli fak périepdlly38nile dedanRNSordpSndd o | Y and

E. Si ngblectdememh iatkesuspeatetsiodre taxipayr where the toxicology of a sWadl gyganier

ext ensi on te\g ‘%/ be used for the detection of single ‘nucl eoti de
in a nucl®@plec E??‘E‘ ?Cgokol ov, Nucl eic Acids Res., 18:3671, 1989). In
its original formt S g | £98p! Mg pk 0 the
known 5 sequence o ‘? t ecgigg%?%{:a Ps&g&%hﬁg{erng&g?(tend rﬁé@n "t?%e presence
of a $0ngdxprdssibelo€ dumerous pundse@ig dbzmﬁj is pesviddd. y Withémoné ieedodinsino gif e

nucl eoti de change wthin the gene. techniq fue IS general |y

appl i cabltge erweaféqrb@ﬁtws are Hﬁ\jld§4 fﬂjlaéalbfa@é the pafierp Al gene expressip &ivlng et
al ., Proc h'\‘éﬂ' bi ﬁaggéi Pleu%mpgﬁné%@ st of 3@ plifying ¢DNA, fro

Briefly, %e primer nce a ace%t to a

10 knowrbislogighlesafpld es‘mﬁg o mhmuﬁggwqmmeri Rehepih mwta@wcmelatﬁwwm bj ect ed
to conditions in which a DNA polynerase adds a | abel ed dNTP, typically
a ddNTP, 2 fpartigular nuclejegeidpprobe jandt geacatabip | by eomélue@ﬁ?ﬂnérﬁ@ﬁ%tmryettyoorhe
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a by non-fluorescent spectrometry or potentiometry, and therefrom determmmg the

pattern of gene expression of the biological sample.

Tag-based differential display, especially using cleavable mass

20 spectrometry tags, on solid substrates allows characterization of differentially expressed

genes. It is based on the principle that most mRNAs expressed in two or more cell

types or samples of interest can be directly compared after amplification of partial

c¢DNA sequences from subsets of mRNA. Briefly, three one-base anchored oligo-dT

primers are used in combination with a series of arbitrary 13 base oligonucleotides to

25 reverse transcribe and amplify the mRNAs from a cell or sample of interest. For

monitoring the expression of 15,000 genes, at least nine different arbitrary primers are

preferably used. For a complete differential display analysis of two cell populations or

two samples of interest, at least 400 amplification reactions are performed. With tag-

based differential display analysis of two cell types, at least 1500 amplification

30 reactions are easily and quickly performed,



primer that is 1 base 5 to the pol ynorphi smand extendi ng by one | abel ed

base (generally a di deoxynucl eotide), Only when the correct base is
avai | abl e wo 9448320 eact i on will a base to incorporatedpefr/usbs1s8st end of
the prinmer. Extension products are then anal yzed by hybridization to
an array of oligonucleotides such thatpxa non-extended 20 product will not
hybri di ze. Briefly, in the present invention, each

di deoxynucl eotide is | abeled with a unique tag. O the four reaction
m xtures, only one will add a di deoxy-term nator on to the priner

sequence. |f t#e nubiglegniciestige edenion dssayi || be detected through the

uni que tag on ed.ldeox nucl eotide aft ridizatjon to.the array.

Mul tiple nutations E’En R PHEES SXIE gfl%pe[céwg%g}aftgeqséﬁ? %B%ch%ﬁfﬂﬁ he DNA
primer w thicldoktdl iflWendcRSe %dﬁﬂlatef%ﬁo;g]\%wlgﬁﬁ?mmef fﬁ@ﬁ?ﬂt%g‘@. jpeact ed

in four separate reactions each inc erent
di deoxyt eritsi origimal | fowha: @0nartdh 80 ttage ioligamicieatides vanpletrhnar)paditthc llidnaWn

di deoxyi;ucl eoti de % ctabl e by non-fl uorescent spectronetr
pot ent i onstqufnce of the gy %ﬁmomﬁﬁ%wge extendsy e itha presence ofd sHte bahd

non- hybri gh?@&hd}aﬁrﬁr tétle gﬂg ééti\%gft?ﬁg gngg%clelage cﬁa% e Aithi& REY % g Tagm the

hybri di ze ragnents an

23 It@fhmqoél ise glatellyi @ﬁpliceblbn@d OgdtedtRng -of aa ssﬁgﬁctaaeém;nmnoh nfrared
spectronetry, pot enti ostatic anperonet /visible

p
spect roph&KBPﬁé’tSW?l}ly eWeRragsN@éﬁe@d Sdi. &3, Séll% 1t46hd8%ht ed to the

parti cul ar DNA {1 20gBh, WAHSheh) R4 bRLSR A0S b SRobdige siEnk Y o

i nventi(on kigwn bsengléerdxcte@uel@tpawmctr?ﬁsﬂf oot Brifbd DNASiOGh& @&EE&Q& ige

extensi on assays (SNEAs). Two to 100 oligonucleotides may
i mobi | i z@qnqgm:nsenMa DN A polymeeage atdsrlabeledh dmgqnpmallpmtddﬁﬁﬂ if thee

el enent is di.fferent or related se nce ary to a given
pr oduct ofle’é basF & H’c&?‘*&??ﬂ‘ﬁés °°mp185?€"étﬁ’§'| gn?‘éslé}é@%‘{j(l F‘S‘%fr%ﬁpy, each
ol i gonucl gkt q i élﬂ%g ned in
adj acent el erreﬁﬁt :Iﬁ %ggsgggﬂnﬁne.c?}‘%qgﬁgb%g} a@g&g@} &s %\IE’,&C

cont ai ned Cbmalefngrmmgle_-,basehbfféféhcqwaudmttmfallaleSNEéch/\mj)ldf daleprodundt & ﬂheﬁl

in el nt roduct of a SNEA woul d be cont ained in elenment 3,
the "G5 597&#35&8}6 sencegbacnce, PrrelRtive amoantierf Gash @fleleeht anpealing &

::I gati (?nl gi;lfsiigg |tl?é~?c;_1§3jle b%%_%ggggé&neagéﬁéo?hlsgéiaélﬁceextendmg by 'O RlbbRANGL ot de
(generally a dideoxynucleotide). Only when the correct base is available in the reaction
will a base to incorporated at the 3'-end of the primer. Extension products are then
analyzed by hybridization to an array of oligonucleotides such that a non-extended

20  product will not hybridize.
Briefly, in the present invention, each dideoxynucleotide is labeled with
a unique tag. Of the four reaction mixtures, only one will add a dideoxy-terminator on
to the primer sequence. If the mutation is present, it will be detected through the unique
tag on the dideoxynucleotide after hybridization to the array. Multiple mutations can be
25  simultaneously determined by tagging the DNA primer with a unique tag as well. Thus,
the DNA fragments are reacted in four separate reactions each including a different
tagged dideoxyterminator, wherein the tag is correlative with a particular
dideoxynucleotide and detectable by non-fluorescent spectrometry, or potentiometry.
The DNA fragments are hybridized to an array and non-hybridized material is washed

30 away. The tags are cleaved from the hybridized fragments and detected by the



241:487. 1988) is used for the identification of known sequences in very

| arge and . conpl ex genones. The principle of OLA is based on the
ability ofWDOPgess20to coval ently join two diagnostic ol FGEHRSIEM! des
as they hybridize adjacent to one another on a 20 given DNA target. If the
sequences at the probe junctions are n@B perfectly based- paired, the
probes will not be joined by the ligase. The ability of a thernostable

| i gase to discrimnate potential single base-pair differences when

positioned at the 3' end of the "upstreant probe provides the

oppor t un tr§sﬂﬁji%vesi§g§8§’ba‘§§h%ii'g E8o0l VD G Pnfia;%f R .
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pr obe, V\hi}%ﬁel sgﬁlgat édm{no E’é angﬁsﬁfsedéégg%hguctéﬁnif tqg? c%npl e%i on o? QLA,

fragment s correlatgdetoltpbpardtuledDNA fagaéntayded investightoread el as elpurlantity oft he

tags cleaved and detected by mass spectronetry. _

W t hi n onéhém ﬁﬁ‘ﬂ??ttﬁe' the invention methods are provided for .

el ect i hg mucl ei o sorcES sl ER IR P R h @SB bl P BLRRLLTS ©

gzl l'i zi ng s}ir_‘fgﬂe txﬁ@ﬂléﬂti%’dlgx@fls_ion assays (SNEAs).BT_wof to 100 oliﬁonuﬁlﬁotiéies may beI I

oligonucl eotide ligation assay. Briefly, such nmethods generally

fcom)ri SS gm@ﬁ@g_pﬁ qlemerpgnLaoragi'awg\yhmldath coaggmml&mde ha thalegamengma .

5" phosphdl FFARLE THRGHSSMAAEE SxhpireplFuepamtio Bten PO SRR gase.

The DNA stdandsnWMstdds!(l aGbs

hybri di zat{ on tﬁ)gvﬁasni}gr(rsglg‘%\% \ E?el nslﬁgﬁ?ﬁlfgg%dé‘é‘@%?%u%{!@e’gﬂé ?1%% gyhlilstggit?ji Ze.

The Ij a?e fdmﬁ, a StI\g]EAéaxzmdai:mpd)m hdjecmgpttcm_esd Fc:ras;:ﬁmplles_ ,1ha?el”tplrm1uct bfat ags

are detec y respectjve etection technol ogy (€.Q., maSS

spect rorretflgl?Ai"}‘H‘ﬁl‘gP%ﬁpfg'ﬁé mehes dethey | Pmducb%ﬁ%wggs‘f’%‘%m%e&ﬁ%%%t ry

or UV/vi si:hl I : t e

i nventi on,lgﬁcﬁ?lﬁ?g%t}%ghrr{gf Q%E%Ofnﬁlsﬁ%} & orlrlllj 5’? icgrﬁtgl nﬁggnlﬁﬁn%?’gﬂgl 9zed

concur r entprydudBof 8ENEA wheldrisetcbndined s elefrenod. anpl i fying the gene fragment
containing the nutation of interest. The anplified product is then

hybri di zed with a common and two all el e-specific oligonucleotide
pr obes.tone congai ni th i on whil e the other does not) such
t hat trllé 3 engg of @%’%&Fgﬁéﬁ?gg’g?ﬁsgym obes are i mredi ately

adj acent to the 5' ergt efigdrhelec0daBigativrdAssay TIOISA S QlLandbged &OaIpesdidricve 15
hybri di zati on-1i qati on process between the two allelic probes and the
common pr obd 47, 1988) isauskd fec the. identification of known sequetiaeRiin e laad ead ment

of the | nvc%%ﬂlgxngerﬁ%%%g.d Thé E)gng;ralce)\gf WA fxso based on the ability of ligase to covalently

join two diagnostic oligonucleotides as they hybridize adjacent to one another on a
20 given DNA target. If the sequences at the probe junctions are not perfectly based-
paired, the probes will not be joined by the ligase. The ability of a thermostable ligase
to discriminate potential single base-pair differences when positioned at the 3’ end of
the “upstream” probe provides the opportunity for single base-pair resolution (Barony,
Proc. Natl. Acad. Sci. US4, 88:189, 1991). When tags are used, they are attached to the
25 probe, which is ligated to the amplified product. After completion of OLA, fragments
are hybridized to an array of complementary sequences, the tags cleaved and detected

by mass spectrometry.
Within one embodiment of the invention methods are provided for
determining the identity of a nucleic acid molecule, or for detecting a selecting nucleic

30 acid molecule, in, for example a biological sample. utilizing the technique of



determning the identity of a nucleic acid nolecule, or for detecting a

sel ecting nucleic acid nolecule, in, for exanple a biological sanple,
utili zi ngyd bgoszschni que of 20 ol i gonucl eotide |igation aBsSBYSHSH5041
concurrent multiple sanple detection. Briefly, such nmet hods general ly

conprise the steps anplifying target 43NA fol | owed by hybri di zation

with the common probe (untagged) and two all el e-specific probes tagged
according to the specifications of the invention. The sanple is
incubated with DNA |ligase and =~ fragnents are captured on the arrays by
hybri di zaligomiclephide liggfsomassay: | Briellyl suelo methods zenerglbyp sempass theasigpsrafs, and

then the tags .are detected by,the re ctive detection . t.echnol,ogy
(e9.. nfsﬁggraa%tw‘i\;fiﬁs?n Pﬂftb%#%rgets’?@?t Flsohe oo i Btj c

anper one h -pﬂg;sﬂ{g;;,r ) e

ol i gonuclée f?dr%ﬂ%eig/% or??%bs%ggg %g oriqgl nalla?ég pé%%ecrygzémgglefgrﬁceugr eﬁ et

al . (LandvtieT¥ BN Aaligase SThe DA @ddhdd 81th 1ihaR8 probes areumpfundd dretheragudyf or t he

30 identifjcation of sequences, (known) in very Iarghe and canpl ex genones.
The pri ndypndization to an array, wherein non-ligated products do not hybridize. The tags argg

of the ' [ i | | ] join
Cwo. i aghaarrzon e sFpaARE e dod Men K s st BERGeH By RLpiAt |0
anot her @eteati@i vVesthbbOgy ar@et,. thiss spectriifietpgquinfiard atpectiephvtethery,uncti ons
are not perfectly based-paired, the probes will not be joined by the
| i gase. Thatentipstitia gmpsrometrher i¥5iable spectigpbatometryi scri mi nate potential 5

singl e base-pair differences.when pasit.ioned at the 3.. end of. the
"upstreant probe n theppgggqni&vepﬂggdﬁlahpl%fﬁplp SfaBB @%Hﬁﬁemﬂgi’ggsp&ay

resol 1 i &R ahB9rA BonciziYdy UPNeBS. th8 thethod condi®9 bt ambﬂfyﬁﬂﬁh@%@hé fRghelt of

tags, the tagS are attached to the probe, which is lNigated to t he

anpl i fi ecoptaining the nfitagon obimpéresti drheodmplifeedGiragdudt risigiremnttydridized hyith idi zed t o

t he array, the t cl egved, and detected by mass spectronetry. 10

| - anot hEPHBIRLEI SR AT P HOPREIESeqRio P e Sa) b dipomuigion

adj acent yalife0RRUEHECUbELSon duch ABAY fIR! &' BAROE (HAUIAL.spleifilribescad) and a
5' - phosphoryl ated/ 3" tagge anchor”™ probe. The two ol T gonucl eoti des, which
have immedGitglp rdjaecht do lfees' ent dof alges coramen proteal s tsets tuprgeempititivand, i f

there_js rfect . . conplenentarity, the two probes are |ligated by T4 DNA
li gas® Hybdia tig8 Aroces Peenghd gy alleficrprelbas end e E%Bmgé’f € #he

bi oti nyl atg¢ oggﬁc‘hor probe on i nmobilized streptavidin and anal ysis for
t he coval entﬁ y linked reporter probe test for the presence or absence

of the target sequéMitka. one ~mbodiment ofSthe inventien rastBadssare provided for

The net hods described herein may al so he used to_ genotype, or
determxensmg the?denn'ty ofa nuclglic acid molecule, or for de%ecting%pselecting nucleic

acid molecule, in, for example a biological sample, utilizing the technique of

20 oligonucleotide ligation assay for concurrent multiple sample detection. Briefly, such

methods generally comprise the steps amplifying target DNA followed by hybridization

with the common probe (untagged) and two allele-specific probes tagged according to

the specifications of the invention. The sample is incubated with DNA ligase and

fragments are captured on the arrays by hybridization. The tags are cleaved from the

25 separated fragments, and then the tags are detected by the respective detection

technology (e.g., mass spectrometry, infrared spectrophotometry, potentiostatic
amperometry or UV/visible spectrophotometry.

The oligonucleotide ligation assay as originally described by Landegren

et al. (Landegen et al., Science 241:487, 1988) is a useful technique for the

30  identification of sequences (known) in very large and complex genomes. The principle



20 identification of viruses or mcrobes. For exanple, F+ RNA coliphages

may be usef_ul candi dates as indicators for enteric virus

cont am nat warss/e&oot ypi ng by nucleic acid anpl i fi cati opCEwE9s/15041
hybri di zati on nmethods are reliable, rapid, sinple, and inexpensive
alternatives to serotyping (Kafatos et.2sal., Nucleic Acids Res. 7:1541,
1979) . Amplification techniques and nucleic aid hybridization

t echni ques have been 25 successfully used to classify a variety of

m croorgani sns i ncluding E. coli (Fen Mol . Cell Probes 7:151, 1993),

rotavirus ¢be b reaction inbased on theabiliry of lig@? ta sovalarglyzipin two diageesici tis C
virus (Stu r.et...al. . n.Mrol. 74:1093 993), and rpes si ex
virus, Xl{%&’f" gﬁ%‘%& aétt}_;eyaﬁ%nd}]z_e 2\9{]?‘:81“. f.o,\féqehmil?e&@?nlalglyeam_target. s
Geneti c al fhersadiennss ﬁ%@{)&%@ﬁh&ﬁé&rér@%t plrfeN sl aifdld, edfibb Bhot30
manmal i an and human neopl asns and represent the norphol ogi cal basis ?or t he
26 bejpmsdchy tie Ingasphdhegbitity ofikttheratdstable lidase ty didciimimas potepgnesi s
(Vogel stein et al., . . NEJM319:525, 1988). In recent years with the
advent of Steeleasespaipidiffergnees owieni prsdioned 4t they 37 engcof] Hhsawsweans e proken
chronoso ' . S I , ations
I n sever zTIaﬁr 8%188:5%?2{%‘5‘5(?’2‘.“8{7 tfé(’:&n%%lg%c%g (Jg'g%? %asr?gﬁ e(ﬁaz%n%gﬁﬁ/ysﬁa‘?ﬁé éen the

5 nost st utByl &nthetapplcatibh @ itapysthedds dré bfikebks t@ihe RbbewhichNsqipaRdrs-
128: 526, 1993) has identified a correlation between specific types of
poi nt nut athe Gplifigd preduct. r Adten peropltien of the @hd, fiagmentagee hybridizagniosthe i n

col orect al i . e ults suggested that mut ati onal anal ysi s
coul d prov"lirg%[ ﬁﬁg%&%ﬁvgﬁslﬁ?‘{)&eﬁ&%?aiw 5‘%%59%‘@’5 Yressi veness, i ncl udi ng
the paipern and spr empdapdthérebRsbdisient, di InBE@&ﬂ&SﬁgaQio}iaMé&y CémeRTE’ﬁffu@&d K-

10 ras-2 nutational analysis in stage | carcinoma of the colon has nore
recent|y badigrent oligdondestidesit ed "féported) gorebe aftaggedmat Jthe St gend) 7 4ndl1a

1995 et ORI SARRRRLE b i PP R D 518 e
T £ nobmect s W SRR O (GRICPIGY TE s BBy
way of | i néampléroentarity, the two probes are ligated by T4 DNA ligase. In one erbdvinemS
15 the 3' tag is biotin and capture of the biotinylated anchor probe on immobilized
streptavidin and analysis for the covalently linked reporter probe test for the presence or
absence of the target sequences.
G. Other assays
The methods described herein may also be used to genotype or
20  identification of viruses or microbes. For example, F+ RNA coliphages may be useful
candidates as indicators for enteric virus contamination. Genotyping by nucleic acid
amplification and hybridization methods are reliable, rapid, simple, and inexpensive
alternatives to serotyping (Kafatos et. al., Nucleic Acids Res. 7:1541, 1979).
Amplification techniques and nucleic aid hybridization techniques have been
25  successfully used to classify a variety of microorganisms including E. coli (Feng, Mol.
Cell Probes 7:151, 1993), rotavirus (Sethabutr et. al., J. Med Virol 37:192, 1992),
hepatitis C virus (Stuyver et. al., J. Gen Virol. 74:1093, 1993), and herpes simplex virus
(Matsumoto et. al., J. Virol. Methods 40:1 19, 1992).
Genetic alterations have been described in a variety of experimental

30 mammalian and human neoplasms and represent the morphological basis for the



20 EXAVPLE | PREPARATI ON

OF ARRAYING TI P FROM A COMMERCI AL SPRI NG PROBE. Thi's
exanpl e deggydolgeet he manufacture and nodification of a spriciasessise4pr obe
tip for use in depositing sanples in an array. XP54P

spring probes are purchased from Gsby-Bgrton (a division of 25 Everett
Charl es (Ponmona, CA )). The probes are placed "tip-down" on an extra fine
di anond shar peni ng stone and noved across the stone about 0.5 cmwth
gentle pressure. Approximately 0.005 inches (0.001 to 0.01 inches) of
metal is rssgoems dfrmorphologicahelteratibnsfobiséreed iip cacimigsmasise (Vdpelstein red at.opy .

The tip end is poljshe y. rubbing the tip across a_leather strip and
t hen washel/Ef4 9%/5&3&9%8 i Inregan yearpwith theradvent of mplecylarbigjogy teghnigusseer ol

at - 20 e;LLlﬁlicﬁ&rsesuér?cér&irp&ﬁ'&%@otrﬁe%%%utgtwnWUm%p?uptpir&:ger%ege@stzj\géﬁgs ina

head in

array fashiottionith fevaril bicgenedt @F.,imt) d-RIAOhAC i i AIRilF hPRSIERE IBS
controll able . motion in the z-axis.

EXAMPLES2 m@st studied entities. Promimamark (Rnlcisteirravs A6 SGRASBIERED BNha ASS

SLI DES. g . Deposi.ti f i |y detectab ' h
on gl ass sIeBed 2 comeltion beiyeaR GRoK D BE RS TRy a6 Kt REGRERE |

this procegiy ehe ara50! 44t i1Q N§ Shi ; 69618k Y : i's pH
7.2, 5 nM EDTA® 0-B1% sar o‘fsé%l M iﬁlc??%%lv?axfc'%mélrl Oulg'% egegirili@t sugheattd il

[err] M m cmusgtloalegnaly®is ¢owd| praside atmmoitant( Pdbrymtios nefe sumdd nggragiveness,
PA) is pre a{%d. An arrayigg pin is subrr,erﬁd 5 mminto this solution for 5
sec. The Includipe the paiterp aad spread RE mefasiaeist Jdeypragnostie yalygiaf 13§ andKs| i de.

Phot omi;gr ogk 3PRsta8bndi Nalvsis i i : ﬁsf d | i usi ng
afilter for f{%uc?r égcgncgslsﬁ?égggq?a&?mﬁ e%#%t%?ébgfhﬁgﬁ%gﬁt%g%{ of
deposi t ed dahersirated i(Pricde bt alr,efm.af. Sl Ja7r4dy 1996)V et ¥s tHereforerpparethat
Moreover, at |east 100 deposits can be made per pickup that are virtually

i dent i cal . genotyping of tumors and pre-cancerous cells, and specific mutation detection will

become increasingly important in the treatment of cancers in humans.

15 The following examples are offered by way of illustration, and not by

way of limitation.
EXAMPLES

20 EXAMPLE 1
PREPARATION OF ARRAYING TiP FROM A COMMERCIAL SPRING PROBE.

This example describes the manufacture and modification of a spring

probe tip for use in depositing samples in an array.
XP54P spring probes are purchased from Osby-Barton (a division of
25  Everett Charles (Pomona, CA )). The probes are placed “tip-down™ on an extra fine
diamond sharpening stone and moved across the stone about 0.5 ¢cm with gentle
pressure. Approximately 0.005 inches {0.001 to 0.01 inches) of metal is removed from
the end of the tip as observed by microscopy. The tip end is polished by rubbing the tip
across a leather strip and then washed with water. Tips are stored dry or stored in 50%

30 glycerol at -20°C. For use in preparation of arrays, the tips are mounted in a head in an



EXAMPLE 3 PREPARATI ON OF AN ARRAY USI NG A MODI FI ED HYDROPHI LI C

SPRI NG PROBE 20 Sanpl e pi ck-up, transfer and
m cro- dr OYP 8¥053¢hosition is greatly enhanced when usP&3UBB WAL d
transfer device that has a hydrophilic surface, especially when t hat

device is a nodified spring probe. Sp2ing probes are rendered hydrophilic
t hrough the use of chem cal agents acting to nodify the surface of the
probe or through 25 coating the probe with a hydrophilic substance. In a

preferred et t s soaked in 25 - 200
mM sol ut i BHY oﬁg%id”h tﬁﬁthfﬁq &WB’?‘F%IO“ B T%Rﬁ‘%g{ﬂ?’uwg‘ch posyEstestoniralable i 1o
2 hrs. Dihbi&iinned $-akisr eacts with gold surfaces through a thiol-gold

coordi nation, which essentially hydroxylates the surface, naking it

hy.dr ophi lic. An arraying solution is made consisting of
56% gl ycerol and 44% water 30 colqred with blue food color. The arraying
tipis subnmerged 5 mMminto the are E2

controf 1 ed to pri RtpsATeor AR ok MIcRosH RS Bl SREBYS ol o' wai o

The spots produced were apprOX| mately 100-150 mcrons in dianeter with
200 micron center to center spacing bet ween spots. Figure 2 shows a CCD
caner a inage of t hd>epositiopr cducasily THetegtablearmdisrasphieres avnorglass sqbnibs

di anet er roxi mat.e

XL AR e Rty ftaayeforpsione e s ergceduratroqhion consistng
QLI GONUCLEEId9bEabycerol 1@.01 M Tris pH 7,2, 5 MVIPEBTR, 90190 HKLEAL bA® 103 errl |

of 0.5 [err]g/[err]l) (5 - hexylam ne
GTCATMT(KN@MTGBMG@MM&B@I&)& (§ 5% aclidsdatek}, P&Ayfoiericks, Wiarringfhl,
mg/ M cy ric chlorldeln 20 [err] | M saodiumborate for 30 mn at
roomte s prepared.  Ag-araying pg ‘Fé%‘f‘?r@ﬁd 5 apmdptoiisiglutonder & ses- sTheade,

whi ch congjcadsph@ts 28%eH ¥épehBlly apfyed onto a glass slide. Photomicrographs of the

slide are taken under fluorescence light using a filter for fluorescence. Figure 1

demonstrates that the amount of deposited solution in each area of the array is very
15 consistent. Moreover, at least 100 deposits can be made per pickup that are virtually

identical.

EXAMPLE 3
PREPARATION OF AN ARRAY USING A MODIFIED HYDROPHILIC SPRING PROBE
20
Sample pick-up, transfer and micro-droplet deposition is greatly
enhanced when using a liquid transfer device that has a hydrophilic surface, especially
when that device is a modified spring probe. Spring probes are rendered hydrophilic
through the use of chemical agents acting to modify the surface of the probe or through
25  coating the probe with a hydrophilic substance. In a preferred method, the tip of the
spring probe is soaked in a 25 - 200 mM solution of 1,4 - dithiothreitol, 0.1 M sodium
borate for 15 min to 2 hrs. Dithiothreitol reacts with gold surfaces through a thiol-gold
coordination, which essentially hydroxylates the surface, making it hydrophilic.
An arraying solution is made consisting of 56% glycerol and 44% water

30 colored with blue food color. The arraying tip is submerged 5 mm into the arraying



ng/ ul ol igonucl eotide, 0.06 nM sodium borate and 0.3 ng/m cyanuric
chloride. The 15 arraying tip is subnmerged 5 mminto the arraying solution

for 2 sec.ywlhgosses ution bearing tip is then robotical | pcrarses/tdohied to
print 72 mcrospots in a 12x6 grid onto a pol yet hyl eni m ne (PElI )
coated silicon wafer. The spots produceg are approxi nmately 100- 150

mcrons in diameter wwth 200 mcron center to center spaci ng between spots.
Fol I owi ng arraying, the unreacted PEI sites on the wafer are bl ocked wth
100 mg/ M 20 succinic anhydride in 100% n-net hyl pyrrolinidone for_ 15

m nut es f osdhatimedfoby2 ®c. Thevglydees hearm@ttxpns th'dmerqbnh@]m@@tr@y%m pgntch ori de
sites are bl ocked vmthOl%/Igr ci ne I’ISfOI’ m.nutes with

four washeBNGTOSPPESHS 13 f X ‘mt‘?\la@s‘h‘??n QSDS he sp@tsogr G et v

EDTA). The, ' t

conpl enent ép&{;%@%{oeﬁ 2“%%?@%%@ A%%i?h? #Eéﬂtgogrﬁe%*g? bgdélng 370C
fol l oned byetwewyaspots.n Fguréed showida BCOHSn(dda Gfiadd of ite gAdnirb&iEd, The
Denhardt's solution, 6x SSC[3 MNaC . 0,3 MSOdI umcitrate, pH 7.0], 3.68
MN 5 stmbrd)wvgﬁmﬁsmdlmm%ammomyatefmé wafer is then soaked in 0.5
[err]g/m al kaline phosphat ase conjugated streptavidin for 15 mn

foll owed by a wash in 2x Tens, 4x TWS (0.1 MNad, 0.1% Tween 20, 0.05
M Tris). The m crospots are then dempehpmped 41si ng 30 Vector Bl ue (Vector
Laboratories, Burlingane, California) (follTowi ng kit protocol) and

29 i mged wi COLQRIGERIC BREECGTICHOF ARRABITOPEONPLERATEDES. di spl ays t he

i mage gener at ed. The resulting mcrospots have approximately a 15%
variation in diameter and intensity val ues varying approxi mately 10% as
det er miged by NI H | mpggnafiathigaaicldonad | {4t §106f 0.5 I hS’BeﬁéSt Rafiine MD) . 5
AL o P R R MU S HO e

EL EMENT. GTCATACTCCT-GCTTGCTOA TGOWCATETE-1Hos (eadted with 5 pl of a 20

D hon ] b A oA OEBEEPE M OOV PoTefd-for 30 mip ot ropry egapegtare
o101 ol e 8061 90 SEARALSIAIID, LI bntlis?0h 584 Bycthanss |

chl ori de orate I n a total reactlon vol une
of 1Q0 [ er ng/hl bligontblentide, O AM sodiuni boratd empesahgind. cykmam tiemde. t Woe

reactl olr%s ar?'arl)fn?g Itlggw Ss?xLxlrJlgrlggg SS r?xgne mngge gIranyggo solution for 2 sec. The solution
bearing tip is then robotically controlled to print 72 microspots in a 12x6 grid onto a
polyethylenimine (PEI ) coated silicon wafer. The spots produced are approximately
100-150 microns in diameter with 200 micron center to center spacing between spots.
Following arraying, the unreacted PEI sites on the wafer are blocked with 100 mg/ml

20 succinic anhydride in 100% n-methyl pyrrolinidone for 15 minutes followed by 3
washes in water. The unreacted cyanuric chloride sites are blocked with 0.1M glycine

in 0.01 M Tris for 15 minutes with four washes in Tens buffer (0.1 M NaCl, 0.1% SDS,

0.01 M Tris, 5 mM EDTA). The template oligomer is then hybridized to its biotinylated
complement (5°-Biotin-TGTGGATCAGCAAGCAGGAGTATG-3") for 20 min at

25 37°C followed by a wash in 6x Tens and 2x OHS (0.06 M Tris, 2 mM EDTA, 5x
Denhardt’s solution, 6x SSC [3 M NaCl, 0.3 M sodium citrate, pH 7.0], 3.68 mM N-
lauroylsarcosine, 0.005% NP-40). The wafer is then soaked in 0.5 pg/ml alkaline
phosphatase conjugated streptavidin for 15 min followed by a wash in 2x Tens, 4x TWS

(0.1 M NaCl, 0.1% Tween 20, 0.05 M Tris). The microspots are then developed using

30 Vector Blue (Vector Laboratories, Burlingame, California) (following kit protocol) and



gl ycerol and diluted conbinations of the two reacted oligos (see Table
below). Eight 15 arraying tips are subnerged 5 mllinmeters into each of

t he ei ght worsaps3zg sol utions for 2 seconds. The sol uti BRIMERINY ti ps
are robotically controlled to print two sets of eight 12x6 grids each
containing 72 mcrospots onto a polyeti®8 enimne (PEl ) coated silicon
wafer. Each grid represents a single arraying solution. The spots produced
are approxi mately 100-150 microns in dianeter with 200 nmi cron center

to center spacing 20 _ hetween spots. A . Fol.l ow ng_arrayi ng,
e unr oacEiABBENISH GO GHOER T IaREroscoRe. pFigutech displays JHeimagD EppTHied

succinic I [ % R : i Bé i59%n dRniB: v W th
a 3x wat efw%geﬁhﬁﬁ\ﬁgﬂ ﬁ%oggoaé%:gl %g @@aérﬁ@%%{)g%Ilgéﬁﬁg&g?ﬁg@&ar e l‘htggﬁxétgns\,lx\}yt h

O M e Vigyinp aPpRkinatdlyi 19% as détbrminedibe NIM Ihage @atibealsIngtiute off Nadl |
0.1% SDS, 0.01 M25 Tris, 5 nmM EDTA) wash. Two hybridi zations are then
carri ed ouHealtly Bethesda, M) hybri di zati on, one set of the eight arrayed
oligo csnbinations is hybridized to the ol i gonucl eot i de.

5' -'Bi ot Fn- TGTGGATCAGCAAGCAGGAGTATG 3', which is conpl ementary to oligo
#1. In the second hybridization, thexanmergset of the eight arrayed
oligo conbinations is hybridized to the oli gonucl eotide (5'-BIOTl N- AAAAAA

30 GGCCOROATRATIAGTABIHIN WHNSGLE ARRAONPLENENT. ary t o
30 oligo #2. The hybridi zati ons are conducted si nul taneousl y: under
Hybriwel | Sealing Covers (Research Products International Corporation,

Mount Prospect, II1li I?%jrois%?{)]%{e n‘ﬁ/&ﬁﬁ 'I‘Kl F%Eh@x?ﬁr%ﬁge-?faﬁék@dﬁfﬂ}tﬂmﬁﬁ@ 6X

Tens, 2x OHS (0.06 M nhardt"s solution, 6x SSC (3
M Nadl ,100. AGTADGiXHXS thexymipFATTHCTGATE ABGRGCGCCRUTOYTIAAIIINAL,

0. 005% NP-40) wash. Follow ng hybridization, the wafer is soaked in, 0.5
[err]/g/m m%ﬁfs%baﬁﬂéw%elr@mr%&é seprigfela Wit i of 20 amafim 5y BauricotieRided by a

2x Tens, 4x . 1..M . 0, 19%.T i
ot ospot sing 20 8 1Mol Wpihe P eI BEe orpils BT 110 11 467 38 EHme] BE
(0. 02%ydr aaen taap&siuee, Flaf0these W Fad@bns, RBRYingi ddlutborki atal made vh56% wash.

10 The set of m xed oligos that hybridize to the conplenment
of oligo #glycerol andilutad combinatiens efothetworreagied eledsdses hablghelpwonfighhi ng

the hi t trat f oligo # - L ar i i
W th e gPTE e PSR HEReRd p syWCptEs B Pl U i8R WrpSRe o b ERRRY
the set of sdfox@ Thé SsItiEY Bédridz 2R atOrdbdecalBNEIRITEBY tObrifd tvgOsLof eight

showed the greatest color intensity for the grid contai ni nlg t he hi ghest
concent r at i12x6 gifids each containing 72 microspots onto a polyethylenimine (PEI') coated silicon

wafer. [Each grid represents a single arraying solution. The spots produced are
approximately 100-150 microns in diameter with 200 micron center to center spacing
20 between spots.

Following arraying, the unreacted PEI sites on the wafer are blocked
with 100 mg/ml succinic anhydride in 100% n-methy! pyrrolinidone for 15 minutes
with a 3x water wash. The unreacted cyanuric chloride sites are blocked with 0.1M
glycine in 0.01 M Tris for 15 minutes with a 4x Tens (0.1 M NaCl, 0.1% SDS, 0.01 M

25 Trs, 5 mM EDTA) wash. Two hybridizations are then carried out. In the first
hybridization, one set of the eight arrayed oligo combinations is hybridized to the
oligonucleotide, 5°-Biotin-TGTGGATCAGCAAGCAGGAGTATG-3°, which is
complementary to oligo #1. In the second hybridization, the other set of the eight
arrayed oligo combinations is hybridized to the oligonucleotide (5’-BIOTIN-AAAAAA

30 AAAAAAAAAAAAAAGGCGCGCCTGATCAGTAGT), which is complementary to



15 oligo #2 and the least color intensity with the grid containing the
| owest concentration of oligo #2 (see figure 4). Arrayi ng

Sol ution w@%)&g% ration of oligo #1 in Concentration of qldiggseZscan
solrut1on

arraying (ng/[err]l) arraying solution (ng/,[err]l)

56 30 0.44 2
28 0. 88 3
14 1.8 4 7
3.5 5 3.5 7
8 88 oligo #2. The hybridiz&tions are S%nducted simultaneoussly under Hibriwell Sealing 7
0. 44 Covers (Research Products Internagignal Cqrporation, Mount Prospect; JHiois) dox 29 egoi ng

it will b i.atad. th | h £ i
| nvent i on TRV dbc G elPRBL TR 68 gt SRR 006 M TR GLPRL AL 50
various mlﬁ&fhhfd@’tsis_gﬁﬁioHP&x Recrada MadINOU VIS icitgatd F SENTLG)E 3 BRIl Nand

scope of the i nvention. Accordingly, the invention is not limted
except 4is lhyroyharcogps OD93%cNRi40p wash. Following hybridization, the wafer is soaked in

31 L1 A . .of ol ] | i d
pol ynucl ed? 4edml 1@&?&4@5 H’F@o’%{d%gg Isggtg%ﬂ&@ggé%gﬂ‘pﬂgs Ep?lté’lﬁ‘feﬁi’g gar%Wi & ng
di screte afW%y(O‘c?jfl SRS, 0488 TSNS ?).dEaM A%is “ﬁkﬁ.e_f ORGbYsts 2@ then about

500 microns in anmeter’ and conprising ol1gonucleotides or polynuci eoti des,
wher ei n atdeveiapéd aigeloeneinl coOMethoxy 1thapid! of0iaPosuckerhi geoxiie, 12%

pol ynucl eoti des sel ected to have different sequences.
methanol, PBS) with a final 3x water wash.

10 - The set of mixed oligos that hybridize to the complement of oligo #1
show the greatest color intensity for the grid containing the highest concentration of
oligo #1 and the least color intensity with the grid containing the lowest concentration
of oligo #1. Whereas, the set of mixed oligos hybridized to the complement of oligo #2,
showed the greatest color intensity for the grid containing the highest concentration of

15 oligo #2 and the least color intensity with the grid containing the lowest concentration

of oligo #2 (see figure 4).

Arraying Solution Concentration of oligo #1 in Concentration of oligo #2 in
arraying solution (ng/pl) arraying solution (ng/pl)

1 56 0.44
2 28 0.88
3 14 1.8
4 7 35
5 35 7

6 1.8 14
7 0.88 28
8 0.44 56

20 From the foregoing it will be appreciated that, although specific

embodiments of the invention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spfrit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.



2. The array of claim1l1, wherein there are | ess than 1000 di screte

el enent s. 3 The array of claim1l, wherein each el enent
cont ai ns aiyd ®ass2et Wwo ol i gonucl eoti des or pol ynucl eoti des WPCH/USS1 et
sequences. 4, The aryay of clai m Ir—wherein—a—center to
center di stance between elenents is fromabout 50 to 1500 m crons.

5. The array of claim 1, wherein the oli gcnucl a5 nReplaced

pol ynucl eoti des have known sequences. l

claim 1, wherein the oligarnucleotides or polynucl e

covalently attached to the surface ofCkABMSubstrate.
The array of claim®6, wherein the coval ent attachnent is through an am ne

| i nkage. 8. The array of claim7, wherein the surface of
the subtrate is coatqd w tAh ARly&t il atidlim&lkeules, comprising a solid substrate
REPLACEMENT SHEET 32
9. A metwitda sirfavg loomgrigiag idrsuresermbgssdfsquctnmmd gialepules, wherein at least opa)
hybr|d|2|ng | abel ed nucl ei c aC]Id np les t ciea}]rrayf?f nucl
area contains at least two nucleic act mo ecules selected to have different sequence
5
2. The array of claim 1, wherein there are less than 1000 discrete
areas.
3. The array of claim 1., wherein the nucleic acids are
10 oligonucleotides.
4. The array of claim 1, wherein each area contains at least two
nucleic acid molecules with different sequence.
15 5. The array of claim 1, wherein at least one area contains from 2 to
about 100 different nucleic acid sequences.
6. The array of claim 1, wherein an area is from about 20 to about
500 microns in diameter.
20
7. The array of claim 1, wherein a center to center distance between
areas is from about 50 to 1500 microns.
8. The array of claim 1, wherein the nucleic acid molecules have
25 known sequences.
9. The array of claim 1, wherein the nucleic acid molecules are

covalently attached to the surface of the substrate.
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aci d nol ecul es accarding to claim1l1; and (b) det ecting

| abel in areas of the array, therefrom determ ning which nucleic acid

DI ecul €S 0@ obus@r Thiy Steptaé Bled Réblaced 10.  Hegnimbhes; of
claim9, wherein at ||k KhdH of tfhe array contains a known sequence
and one of the |abel ﬁu 4l fl nol'ecul es is conplenentary to the known
sequence. : e nethod of claim9, wherein each area
of the uray contains the known seguence. 12. The net hod
of claim9, wherein the |abeled nucle:' acid nolecules conprise nucleic
aci d nol ecul es with Hiff eflerrrayedictained wheeasih tieadoviiengatachinkhteis eougtabel .
13- The nmethod,.of claim9, wherein the |abel is selected fromthe group
of radi oacARNEHREARSI es, fluorescent nol ecul es, and cl eavabl e mass-spec

t ags. 14. A met hod of identifying nucleic acid nol ecul es
In a sanple, conprising: (a) hybri di zi ng | abel ed

ol i gonucl eotides to Iihe T &4 S€EEIADI0SHHeRSn R E@FAPe WIPIHE X®Bstrate is

(b) i sol ating the duplexes; (c) denaturing the dupl exes;
(d)  h¥ybraogied iwith paly{ethyleabistine). ol i gonucl eotides to the array of

ol i gonucl eoti des according to claim2, wherein the oligonucleotides cn the
array are conplementay to the | abel ed ol i gonucl eoti des; and

33 e td i i : array; therefrom
dentifying the 108) A HRHRAAYbEERR on AhaBsS A risiipe

(a)  hybridizing labeled nucleic acid molecules to the array of nucleic
acid molecules according to claim 1; and
10 (b) detecting label in areas of the array, therefrom determining which

nucleic acid molecules on the array hybridized.

13. The method of claim 12, wherein at least one area of the array
contains a known sequence and one of the labeled nucleic acid molecules is

15 complementary to the known sequence.

14.  The method of claim 13, wherein each area of the array contains

the known sequence.

20 15. The method of claim 12, wherein the labeled nucleic acid

molecules comprise nucleic acid molecules with different sequences, each carrying a
different label.

16.  The method of claim 12, wherein the label is selected from the

25 group of radioactive molecules, fluorescent molecules, and cleavable mass-spec tags.

17. A method of identifying nucleic acid molecules in a sample,
comprising:
(@  hybridizing labeled oligonucleotides to the nucleic acid

30 molecules to form duplexes;

—
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nucl eic acid nolecules in the sanple. 15. A et hod of

I dentifying nucleic acid nolecules in a sanple, conprising:

(a) hybmwaissaissay ol i gonucl eotides to the nucleic aci d npol ®CETUSSS/15041

(b) extending the oligonucleotide in_the presence of a single |abeled
nucl eodde to form dupl exes; 33 (c) denaturing the dupl exes;
(d) hybridizing the |abeled oligonucleotides to the array of

ol i gonucl eoti des according to claim2, wherein the oligonucleotides on the
array are conplenentary to_ the | abel ed oligonucl eotides; and

(e) ~ detecting | abdP) i niwfating the dymlexesyray; therefromidentifying the

nucl ei ¢ acid nol ecul,gs i he. . e, ) 16. The net hod of
claim15, wherein t § ol :&8{% ﬁ%‘ﬁ"g{(i)qpidg lgx?sh a discrete area of the aray is

conplementary to an(@xt emgbadizRE0dNEt 1a8Elel h@liBvMlcRddtidesi t Nibk eGrbEs of
17. A nmet hod of identfying nucleic acid nolecules in a sar:gl e,
conpri si ngligonucleotides according &) claithydyrwitireinrthe aigbnuci¢otidgs ool thy@mey lasot i des

to the nuclei¢ acid nolecyl o formdupl exes, wherein at |east one
ol  gonutl c"BP‘ipg“é“qnéarY %@Fiﬂ’%ﬁdﬁl{gﬂ%“%qtéﬁ@@ eotides hybridize to adjacent
sequences on the nugke! C q@kbhg MEFH S of the aray, terptil iderking o he

ol i gonucl eot i des; nat uri ng e Xes;

(d) hy briudieit a2t mbleeules mhth¢ exinplel | gonucl eotides to the array of

ol i gonucl eoti des according to claim?2, wherein the oligonucl eotides an the
array are conplenentary to the ligated oligonucl eotides; and wherein

gy Gzattion does (gt G ndd of MOREER R 02 FRIIRS i Semeleer ¢ om
i denti {oyi n@niphising:

b}

(a)  hybridizing oligonucleotides to the nucleic acid molecules;

(b)  extending the oligonucleotide in the presence of a single labeled
nucleotide to form duplexes;

(©) denaturing the duplexes;

15 (d)  bybridizing the labeled oligonucleotides to the array of
oligonucleotides according to claim 2, wherein the oligonucleotides on the array are
complementary to the labeled oligonucleotides; and

(e)  detecting label in areas of the array; therefrom identifying the
nucleic acid molecules in the sample.

20

19.  The method of claim 18, wherein the oligonucleotides in a
discrete area of the array is complementary to an extension product of the nucleic acid

molecules.

25 20. A method of identifying nucleic acid molecules in a sample,
comprising:

(8)  hybridizing at least two oligonucleotides to the nucleic acid

molecules to form duplexes, wherein at least one oligonucleotide is labeled and the

oligonucleotides hybridize to adjacent sequences on the nucleic acid molecules;

30 (b) ligating the oligonucleotides;
This Sheet Has Been Replaced
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nucleic acid nolecules in the sanple.- o 18. A method of

identifying mRNA nolecules in a sanple, conprising: (a)
hybri di zi n%é?ﬁ%’sﬁfj ol i gonucl eotides to the nmRNA nol ecul es peTfuspENnsod1
dupl exes; (b) i sol ati ng &he dupl exes; (c)
denaturlng t he dupi exes; % d) hybr|d|2|ng t he | abel ed

ol igonucleotides to the array of oligonucleotides according to claim 2,
wherein the oligonucleotides Dn the array are conplenentary to the | abel ed
ol i gonuel eoti des; and (e) detecting | abel in areas of the
array; therefromident) fyidegatuﬁ&gmal‘d/c\pm&secul es in the sanple.

19- The nethod of claim_ 18, wherein the nRNA nolecyles are isolated from
cells treated with cdﬁﬁ)ouWb’léﬁ%éb%dlaéﬂeﬁePH@OQ%‘;EOH es to the array of pq

The ot od s ofhabd actlBhE' J4i5 2 AKHTE BHEHRRIBRAL Ba 30 Baf

sequences of
complementary to the ligated oligonucleotides; and wherein hybridization does not

5 occur to unligated oligonucleotides; and
(e) detecting label in areas of the array; therefrom identifying the

nucleic acid molecules in the sample.

21. A method of identifying mRNA molecules in a sample,

10 comprising:

(a) hybridizing labeled oligonucleotides to the mRNA molecules to
form duplexes;

(b)  isolating the duplexes;

(c) denaturing the duplexes;

15 (d)  hybridizing the labeled oligonucleotides to the array of
oligonucleotides according to claim 2, wherein the oligonucleotides on the array are
complementary to the labeled oligonucleotides; and

(¢)  detecting label in areas of the array; therefrom identifying the
mRNA molecules in the sample.

20

22.  The method of claim 21, wherein the mRNA molecules are

isolated from cells treated with compounds suspected of being toxins.

23.  The method of claim 22, wherein the oligonucleotides on the

25 atray are sequences of cytokines.
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