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REACTI ONS PERFORMVEP ON NUCLEI C ACI D ARRAYS

TECHNI CAL FI ELD This invention relates generally to
enzymatic reactions performed on 5 nucleic acids that are arrayed on a
solid substrate, and in particular, to anplification of nucl ei ¢ aci ds
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The advent ﬁﬁclélaraﬁssmhaagﬂyem C projects and the |ncreaS| ng use of

nol ecul ar di agnostics has necessitated the devel opnment of |arge vol une

t hr oughput met hods for screening nucleic acids. Recently, nethods have

been devel o rrays of short
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(Maskos and Sout hern, Nucl. Acids Res 675, 1992). These CDN arrays
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surface of the substrate wever, some useful screening t echni ques and
assays are nDindepamieht/caldniss disl differena growthephanotypies chedebbergaand Lederberg, J.
| mobi 1 ZedBacterlol 63 :399, 1952). Likewise, 96-well microtiter plates 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 genomic 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.,
Genemics 13: 1008, 1992; Drmanac et al., Science 260: 1649, 1993), determine
expression profiles, screen for mutations and the like. In all these uses. the ODNs are

25 covalently attached to the surface of the substrate. However, some useful screening

techniques and assays are not readily adaptable to a format in which ODNs are

immobilized.



2 In particular, anplificati-on of nucleic acids,

not abl y t hwQaosaasr ase chai.n reaction (PCR) and its manyPGHRUSE/I9AL
has found w de application to many di fferent nmany bi ol ogi cal problens
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utilization: the cost of reagents and the ability to automate the process.
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the tenplate, therefromanplifying nucleic acid nolecul es; wherein
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Within one aspect of the present invention. methods of amplifying

nucleic acid molecules from a terhplate are provided comprising (a) mixing single-
stranded nucleic acid templates on a solid substrate with a solution comprising an
oligonucleotide primer that hybridizes to the templates and a DNA polymerase, wherein
20 the mixing occurs in discrete areas on the substrate, and wherein the solution remains in
the discrete areas; (b) synthesizing a complementary strand to the template to form a
duplex; (c) denaturing the duplex; and (d) synthesizing complementary strands to the
template, therefrom amplifying nucleic acid molecules; wherein mixing, synthesizing,
and denaturing are conducted at dew point. The solid substrate may be a silicon wafer
25 or glass slide.  The templates may be covalently attached to the solid substrate or
deposited on the surface of the substrate. The template may be uniformly applied to the
entire array prior to mixing or applied individually to each discrete area on the
substrate. When applied individually, preferably the applying is performed using spring

probes. In a most preferred embodiment, an apparatus is used to control the dew point.



Wthin a related aspect, the nethod of anplifying uses a first

ol i gonucl e¥Q Y0531 ner that hybridizes to the tenplates, a s&&3EH9I8/15042

ol i gonucl eoti de pri ner that hybridizes to a conplenentary strand of
the tenplate, and after sythesi zing, denat uri ng the duplex; and

synt hesi zi ng conpl enentary strands to the tenplate and the 5 conplenentary
strand of the tenplate, therefromanplifying nucleic aci-d nol ecul es.

In preferred enbodi nents, the denaturing and synthesizing steps are
performed nul tiple tindAthih na ofeluted paspéety rthd erdioti nefntamplifyiag s akast iaorfirst
contains a _  conpound that confers viscosity, such as glycerol or a
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a solid subséonsoundi thht aomfetsuvisossityprpeh sisnglyeeroblor gosugdreoln dehger prefsrrddhat
hybridi zes to . the tenplates and a DNA pol ynerase, wherein the m xing
occurs in a enbedimenisatheaDDA palymprass,is 4, thesmasiabler rolymerase apd wypthssisand ns
in discrete areas... t A conpl ementary strand to the
t enpl at e??o &5’?@?@%&% égl?fo’%egrag?ﬁk#&?ﬁg%rﬁamssynt hesi-s are perforned
at dew point, wherein HeWepQithér peefétbddnleaibodiindis,atei aietisbdd¥udker comprises
apparatus, conprising:. a container capable of being pressurized; a heating
device; a deteatingithe duplexpsndviastipmferabbys ¢he eligandlegtideprimetsore daheladavithg

saturated steang wherein the 25 -heating device pressur.e neratin ans,
and st eam  gERAPaY AGSHELIS &S -G RAeBR kS Sy B FoRiEmIEY "asd preribiy
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nucl eic acid nolecule, is provided conprising (a) mXing single-stranded

nucl ei ¢ &&i damperometsy.ecul es on a solid substrate with a solution conprising
a first and a second 30 oali.gonucl eotides.that r.idize tot nucl eic acid
mol ecul es and a DNA | i }l%\);\ﬁ.é?egf,ﬁ metﬁod op syntlt;égg)zmg a nuclel% ac1hda moYecuﬁ: om
4 a template is provided, comprising (a) mixing single-stranded nucleic acid templates on

a solid substrate with a solution comprising an oligonucleotide primer that hybridizes to
the templates and a DNA polymerase, wherein the mixing occurs in a discrete area of an
20 array, and wherein the solution remains in discrete areas; and (b) synthesizing a
complementary strand to the template to form a duplex, wherein mixing and synthesis
are performed at dew point, wherein dew point is maintained or achieved by an
apparatus, comprising: a container capable of being pressurized; a heating device; a
means for generating pressure; and a means for generating saturated steam; wherein the
25 heating dévice, pressure generating means, and steam generating means are
controllable.
In yet another aspect, a method of detecting a sihg‘le base alteratioh ina
nucleic acid molecule, is provided comprising (a) mixing single-stranded nucleic acid
molecules on a solid substrate with a solution comprising a first and a second

30 oligonucleotides that hybridize to the nucleic acid molecules and a DNA ligase, wherein
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acid nolecule, wherein mxing is perforned'at dew point. 5
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20 various references are set forth below which describe in more detail certain procedures
or compositions (e.g., plasmids, etc.), and are therefore incorporated by reference in
their entirety.

The methods and kits of the present invention may include tagged
biomolecules, for example, oligdnucleotides covalently bonded to cleavable tags.

25 Exemplary tagged biomolecules, and assays which may use the same, are described in
U.S. Patent Application Nos. 08/786,835; 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 International Publication Nos. WO 97/27331, WO 97/27325; and WO.



Provi si onal__Pat Application No. 60/053,436 titled "Miltip
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July 22, 1997, and like-titled U S. Non- Provi si onal Patent
Appl i cation No. filed concurrently hgrewith, both being 10 fully

i ncorporated herein by reference in their entireties.

Bi onol ecul e arrays that may be used in conjunction with the nethods
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ot her enzymatic reactions perforned on, nucleic acid.arrays, as ) .
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BRI EF DESCRI{FTH : : R
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i | I'um nati onAfrhyipg (Sohetion @nt Al SelideSogport? ad filedi July 28119V tand ntikeativddd) U.S.
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t he met hblol Neg-Pervisipral iPmE@hﬁpaﬁwmé% the o soncurrenthyhsrewithehath being

100- 150 ﬂlﬁgg%ﬁ%%egﬁg;%ﬁgyg%%& E}tgéﬁ_pn ﬁeéﬁ cron center to center

spaci ng bet viee ar eviation of spot dianeter is

approxi mately 15% Biomolecule arrays that gnadyebed usdioiss cafjurtioaywith the edetirqdet s

prepared according to the i nvention and devel oped usi ng Vector Bl ue

(Vect or Laboangdtkiisiafghe prasentrigyention mayhe pfqp@rﬁda&)ccaﬁﬁng teaigelaniqpesidiscloseg in

canera and i cope. . i & | Rpl i 0

show ng hownetj%c}%m{lgl@f)%}) atspt @(S’HHE‘}%"& Na'esd,()%%”ﬁ tifled PoJ)Je{’B@tlé’n%ﬁne':Based
20 Biomolecule 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 entireties.

Computer systems and methods for correlating data, as disclosed in U.S.

Provisional Patent Application No. 60/053,429 titled "Computer Method and System

25 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 combination with the

amplification and other enzymatic reactions performed on nucleic acid arrays as

described herein.



both present within a single array elenent, may be identified and partially
quant i fi edWO9/058Hcordi ng to the present invention. PCT/US98/15042

Figure 5 is an illustration of an apparatus that controls dew point. 15
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 6 As not ed above, the
present invention provides nethods and apparatus for anmplifying

nucleic acid nolecules froma tenplate as well as nethods and appar at us
for performng enzymatic assays on nucl eic acid nol ecul es. These net hods
are ge BRIEFIDEPERIBDTIONI OFiTHE DIRANINGS nucl ei ¢ aci d nol ecul es nade as
descri bed herein. In: in t he present inventilcl)snbfthes§i nmet hods ar erformed

in an apparatus that do8gieol shqpes,photomicragrap arrayed, microsphgres taked) wdepr
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Asubstratev ays 1s pre roma suitable material.

25 is preferably rigirigaed pieicsQCH dankraimagef oftan tivay preiuset by anidbat | y
flat. In sone enbodi nents, the surface may have raised rigids to
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[ par trhe Waabhid devhitieh o?@%mchi@ﬂ@ceprstapp@xﬁnaw 9. wafer that is
typically used 1n the el ectronics industry in the construction of

sem conduct ors. The wdiigue Ar shdwsglahyarray of omicrbspotsapeepardd ecedrdiagoto dhe
side and can be ,easir{% oatqed wi t.h various lin:&rs, Sf;agt{é . as 5
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Nucl ei c l?ci g%%?rglcagﬁggﬁg?@tﬁg}rggbl op%%%?@%ﬁcﬁ' pepti des, may

ei ther be synthesi zed Fipui4 is an iléustration shewvmg|liosv swd diffartmt, oligonsylettides] zed

el sewhere and applied to the suhstrate. ternalively, substrate ith

ol i gonucl eotPHeRresst S¥RInH giagle;array elemgnt, may,) Eiiﬁt‘é‘éalﬁiﬁ @ﬁ’é@ﬁﬁ ‘(‘@P’@ﬁ?‘y\n

Affymetrix, . .s1itabl e nethods 10 for synthesizing
Efing' B ffohemy Mg

nucl ei ¢ aci dsS"on such as a silicon wafer, are readily

avai | abl e.  These net IRigarer $is\andhustfation af an ppparacoihat cantols desv point.
phosphoranmi dite chem stry. to synthesize an oligonucleotide. Nucleic
aci ds and peptides may al so be synt hesi zed in an aut omated fashion

using a ﬁgﬁﬁ,@@}%ﬁ%ﬁ%@ FWINQEN/I‘I? ereferred method is to

pr epare nol"écul eés "and app mto the
As noted above, the present invention provides methods and apparatus

for amplifying nucleic acid molecules from a template as well as methods and apparatus
for performing enzymatic assays on nucleic acid molecules. These methods are
generally performed on an array of nucleic acid molecules made as described herein. In
20 the present invention, these methods are performed in an apparatus that controls dew

point.

L APPLICATION OF TEMPLATES TO SOLID SUBSTRATE
A Substrate preparation
A substrate for arrays is prepared from a suitable material. The substrate
25 is preferably rigid and pfeferably has a surface that is substantially flat. In some
embodiments, the surface may have raised rigids to delineate regions. Typical
substrates are silicon wafers and borosilicate slides (e.g., microscope glass slides),

although other materials known in the art may be substituted. An example of a



15 substrate. In certain enbodi mrents the nol ecules are cov?%# 15042 . |
att ached t ovORY0S3 substrate.. In preferred enbodi nents, 3 aci ds
are deposited on the solid substrate and are not coval ently attached.
In certain enbodi nents, the surface of thef substrate is prepared for the

ol i gonucl eoti des. The surfaceé may be prepared by, for exanple, coating with
a 20 chem cal that increases or decreases the hydrophobicity.or coating
with a chem cal that al | ows coval ent I i nkage of the nucleic acid

mol ecul es orpasticilarly osspfisdr §olids SepRoFc ds; 2 silicon Sb’ﬁ@r chhatilt dypicaldy iysgd waghe

both alter t ehdro I Ci.t C ge

Hydr ophobi CI? 8@}‘?@’ éﬁ&? g?wg“ r°?$ 5%hh&§%r e:%l%dﬂ %fers i hxghly
treat ment Orpolished aﬁ@%ﬂ&ﬁe@bﬂ%ﬁé %1&6%‘Mbahrbet éh@ll)’tlﬁ:bated\vﬁ{lﬁﬁrfo’ﬂs Ifrikefs, 8hdrows
covalent linkage 1s generally 25 referred to as a linker. These l'i nker

mol ecul es adﬁsepoéy(t:ﬂlyﬂélmmme) using silanetchemisteyt r Wafersard commercishypavaitable from

functional group {hat bi.onol gcul es. Many such |inkers are
readi |y avai ‘F‘HUI"’é“esFSBFh ag}rf‘g‘?r etg@pla SSdports are nodified with

hot ol abi | tected t 1
5571, 639; 5. 503, 639) , SFIeiScy hrielectleg 2o B Biophers N a0RRRNLY dfine

(U.S Pat entelﬂkér be, s¢nthesized in situ, dleliein ﬂhemﬂldadubstrate or synthesxzed elsewhere and
8 seeeg U S. Patent No. 5,445,934, EP Patent_ No.
EP- B1- 0, 373, anpdied tp the sbstegie. Rdternativelys substrates avith pligonpgleatidessgiready pogseni31)

i Pkers 1 o Bt grenon Srannase 6 BHEmeR PSS GR) SRBRT L iE Rpstpoas
coated sqbi dfor 3ynthedising HuBRich&as b uesolidasuBstare enak iatsilidon Wafer S;helréadﬂyf e
stability. The coating of silicon wafers and glass slides with

pol ymer s suc#vailsblgol y’l(l@smmeﬂledsnrﬁb') Ooaﬁtabéaréepmwbd $ugh "as phoummemahte

h h h
2l <o b conr GRS & WARESEr A PIRPAT FaH or NCRRAPS EH PRILGR Y aFpahte

chem stry. T&}%thesxzed RE! arP Qaidnied Fhdhidrs ukﬂg & %ﬁlrﬁé}haﬁgt AsfiEBR! m%hiﬁé.” ghe
or doubl e stranded 10 ol igonucl ceotides, single or double stranded | ong

mol ecul es orprhfemdenneﬁxodr isatoy prepare thehoucleivi anid coolecules rayd ppip than| tes theo

th [ I I t tt t th
L s T2 hBBSe o SR SRveiied o8 prireueS e, lepos ST ' i
the 5 -end ofy bgi}aeol hggpasﬁ@cpteh%dxﬂé}ﬁs 5theaﬁﬂc'i@c odeldshﬁeoaepag 4 g%kdfouaﬂy

then be reacted wth a cross-linker, such that the ol I gonuc els
coval ent | y asubstritednd are nomcbmlembiqttaehed:oatl ng on the solid support.

2”1 ong a5 the nucl o cIREHERE SRPRHARENS, Sht SRYPect e 0SS ) RAPBFSdub LS
(50 P RS, DU QOHGRLET KELIL A

anpl i fi ed0preurta thadnatises ondedredses the hydrophobicity or coating with a chemical that

allows covalent linkage of the nucleic acid molecules or other polymeric sequences.

Some chemical coatings may both alter the hydrophobicity and allow covalent linkage.

Hydrophobicity on 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

25 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

readil.y available. For example, solid supports are modified with phot.olabile-protected

hydroxyl groups (see, U.S. Patent Nos.5,412,087; 5,571,639; 5,.593,839), alkoxy or
aliphatic derivatized hydroxyl groups (U.S. Patent No. 5,436,327), or other chemicals



20 acid duplexes by nick translation using allyl-dUTP (Sigma, St. Louis,
MO) . As welwp99/05321ani nes.may be introduced into nuclei c aci ®CTHES/15042

pol ymer ases, such as term nal transferase, or by ligation of short

am ne-cont ai ni ng ol i gonucl eoti des. O her §UI tabl e met hods known in the
art may be substituted. Cross linkers suitable for am ne
groups are generally connerC|aIIy 25 avail abl e (see, e.g., Pierce,
Rockford, IL). Atypical cross-linker is trichlorotriazi ne (cyanuric
chlori de) ( V@be NS 1.8t Patknt NOWUS 445,930 ERIBatBREN0 18P-B536,373,369; U Phtent No.
Briefly, an excess of cyanuric chloride is added to the

ol i gonucl eot 5,d24,396; ii.8oPaténs Np. 5,20223 1) o 1000-f ol d nol ar excess of

concent ration of 0_01 opretirit cating. a5 restiiy vauheisicy ang progides
The reacti Orhlﬁx?erégs Bgyiétﬁymﬂﬁm.g HO5ARAR U SIS (hyittimfi) SPRIM EbRPPIBhET €

sodi um bor at'e

9 § ar fubsdtes alss hadve the bifdedienafipdf long ghelf lifenstabilityt oTH: batihef sxllcon
preferred buffer is freshly prepared 0.2 M NaBor ate at BH 8.3 to
8.5. Ten | erwﬁerwdwhms wigh H@lwswr%ﬁucté paRobiethyleneiming) san de pr:rsfoamfbui- and

|1 dt t

Sr e19 \évreablg QIS%%SQH%&%% f}%&%ﬂ CS%Q %2‘?‘1;59 gﬁglpeér(h?‘d%tén’ggy raﬁ‘g%ssf ?lbdrﬁsfﬁnt o]
S0[err]C 5 ykd be éduedPwiRh errémtw@ afatdrram ot E5H&T Witk 'PE] akingflend tlentistry 2MhE eNt
terrperature) . When cyanuric chloride is used as a cross

| i nker, therBE] scqatmglepdmultﬁ the CO‘GﬁlQme attachmenge o€ singlss| omkdoubly | granded

i nti h | t,rat
DL 0 e e 5 of o5 PRI v e ECH SRS b any
coval ent at t@tﬁ@x”ﬁﬂfne@on%aﬁ}ﬁng WrdiBblecléd © e 5811&9%11@001@81%&1&&&&@ rﬁ’e@ be

coated solid 10 support, becCcause of an excess of "amnes on the solid
support overcaviakentiy atiachedfat the 5’ wsjrgna hexylaminer modificatiey whish placesa priedazy r ed
enbodi nent, cross-Linked ol lgonuycl eotid are, not li%urlfled E‘é‘} r to

the printi ngalgltns;?‘ the 5-end of the oligonucleqtide; the.3/zqming an.thg oligenyglpeside may

am ne-cont ai r ted
ol yrer s ar €S P efowh Hcfoss kS, such (PR, AFGKICIERI Sovelbly Jlepdd ¢
at 20 tol150[terth¢ polgmer poating oalthey/ sdlrsuppdriur at 25[err] C. The free ami nes on
the solid support are then capped to prevent non-specific attachment of

ot her nucleic aci 08y neglpigiacl! tyee sarbaprvalently aipchedteom Hgl ¢astedsriage

support wthO t
SUEET ! o anfichg R, e SyHeR 664 Rbfiaing o pRERK ki, A RBET BIAREK b B
to 4 hours VPER) mapibefmsdified tecemitainm pnma}yaimﬁé) bmusmtg$ !ﬁky%ln@%@ugdté‘d

The solid support is then incubated in a to 10.0 M NaBorate, pH 7 to pH
9 ( pr ef BHBESy Amine\gragRsnay be pmr@ussedslarqj@mehf %H{OSP?FP‘ rgdpther; mickeioy

gl yci ne re

deter gen?@c oin 3 ﬁgﬁ]&es b8’ ka %ra%l%&?hﬁﬁ% aﬂ{?]ddujf‘ﬁ QSY&H& &rlg’ MI’OI az‘f“%é” eg lhat

may be coval sfinky rbwrbd ixﬁrddheadpfﬁhosmlidlﬁeeamﬂ nyebbl@h'le)‘aseﬁ heuchOlak dterminal
support is further heated to 95C in 0.01 MNaCd, 0.05 MEDTA and 10 mM Tri s
pH 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 |
25 available (see, e.g., Pierce, Rockford, IL). A typical cross-linker is trichlorotriazine
(cyanuric chlqride) (Van Ness et al., Nucleic Acids Res. 19: 3345-3350, 1991). Briefly,
an excess of cyanuric chloride is added to the oligonucleotide solution (e.g., a 10 to
1000-fold molar excess of cyanuric chloride over amines) at a typical oligonucleotide
concentration of 0.01 to 1 pg/ml, and preferably about 0.1 pg/ml. The reaction is

30  buffered using common buffers such as sodium phosphate, sodium borate, sodium



25 8.0 fogupodfddisf €s to renove any non-covalently attached piqieios/ 186ahds.
In the case wher e doubl e stranded nucleic acids are printed onto a

solid substrate, this step al so converts (denatures) the double strand
to a single strand form . 9

10 B. Met hods of appl ying nucleic acid nolecules to solid
substrates A i gonucl eotides, nucleic acid nol ecul es or

ot her biopol yners are_ "printed" el i.vered or._appli.ed), on.a.sali
Substr at o Ihamatee pr s dHlot Autt Engerfiom 7.0 ted o) iREBiarids i i3 Beskly
regul ar patt g1y I d i : .S
o appl | od PHFHLOZNMNap I BEY 8 D46 B4 STTRRRPOL V5 Righm! Sfcion of Yo
after . higitledid didied aad allowsdrey feachwithaonstastnapitaeen fruin tihe 12 keusraad
applied in an array pattern. The polyners may be applied to_the
substrat e i rprefetably epproxisaatelyshbhauf. o Reagtidiotemperaturequey rerge Foms 2@ o 30°€o

mv Tris, 50 d,.and 5 DTA, _.usi i pet.t.or,,. nyl o roller,
st.anps, 0? t‘% ﬁl\%l?é?fefﬁg reaction Feml?erature aQ%%f?‘gﬁ)"%‘?‘ t_?)mié?f‘?ﬂﬁﬁ)' met hods are
avai | abl e for applyi nowheg! ShturC chidride is uséd/as adosd IR ROt d6Snel BNA
fragnents, to a solid substrfate in an array pattern. As a general

gui del i ne, tremovlethesexcessrexisslitikernprios to printing disl xudddic pokistaroaisnljd \sabstrateral |
anounts of liquids (e.g.,, nanqliters).in small regiopns (e.g., 10-20Q . [err]m
di amet er _dotlAtess CYanyfie chlorke 1h g4 tsALtion mixibredocs e amRSE PTG,
25-500 [ er 1o GRA Gadhihehf B She Micleft! S8 dlipdRuEILGHAR 6 HICPR] (BbA%olid

t echni que i s anenable 10 automation. € suc technique 1s Thk-je
printi ngleisisagpsr bécahiee bfadsexcesy wyf fahtirespbpahé eslidaypprs ®vee the edmber of A
preferred means of printing i s using spring probes as described herein,.
Sanpl e pi ck-aypnuri¢ ehleride mefrsulesc db adirelsrred cabpdimant. srossslinked pligpnucleotides

enhanced when_ usj.ng..a .l i quid.tr r..device that has a hydrophilic

surface, espaé%f@lé{glfgsp_rfv%v’ggoﬁmte}ﬁg{}'%hg\ﬁegé is a nodified spring probe. Spring
probes are nade hydr opifi {HeCnucleic adid®Withothbe aufife-SdntsiaRiE polyndetsnire RCbeNY
to nodify the surface of the probe or through coating the probe with a

hydr ophi | i c coudlendyeached, thepctivaied palymers e, allomedtp peast withethe solidsywppery
robe is,sogked.i 25 - 200 sol.ution,of 1,4 - dithijothreitol, 0.1 M
godi um 15 %5?&?20318?“1 ZrZWH %Hgbzanﬂr ?Peﬁb?%focftlhl?%qrtaf)kg r@a Sf%ﬁet‘ﬁmé‘Sf gn
surfaces thrpeighlid shpfot a@Othen @ppedOtothredént Mdn-spbdifil aBadRNétalf other nqlg:rl]%ic

hydroxyl ates the surface, making it hydrophilic. )
hydr ophi | i ¢ asidsf &appimgdsaceomplished bnreactng thy solid seppertewith € tohk0 M succingei ng
probe is dip solutian.. . T

d.i .. .The fluted .probe hecones.evenly and
consi stent | ydn&l' e BT _ rahly) ?t?u s&f’ﬂ&)_{‘f ?@’y ge dhob A‘fsm'%él?i *15’59‘ Pl M
hydr ophi | i c Nidtae; o0l 9/ 85 W8 Whhours withi £ pAFérred RABAGE tiRR SNSHERLRs atuCh
as glycerol, provide especially inproved handling 30 capabilities using
hydr ophi 20 ¢ 250€f ditessolidisupparit ésthes ehanbateddn athe tgll §.O0dvioNaBaokiatr, @ 7 0o pHE9
(preferably 0.1 M NaBorate pH 8.3) solution containing 0.1 to 5 M glycine (preferably
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. Preferrably, the solid
support is further heated to 95°C in 0.01 M NaCl, 0.05 M EDTA and 10 mM Tris pH
25 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

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



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

t ransf er r eWQ 9905321t s source to a solid support, the hyd?@Wﬁ?Mﬁo“z
surface of the probe continues to benefit | i qui d handling by retaining
the sanple being transferred and inhibitipgg the sanple from random y

dripping or running during transport. Wien a sanple bearing spring probe 5
conmes into contact with a solid support, the sanple is deposited fromthe

tip of the - spring probe onto the surface of the solid support,
especi al 'y i n thep.caseMethods efapplying nucleicanicdinbieeglea to/sabsibityatenhanci ng
solution. The size of the areas spotted generally range from 10- 200

[err]mwith a typ| cal Qbganwcleotidess rucleig agid el f‘GPleQSOIBGGhﬁ[’eP’PPﬁb’meTS are

Briefly, at ed
i for i y' 20*"‘ rieRe 0r R S A S hCa SO U duBiseic 4B HasfEq Ritedghigpes, the
support. W thigntd %réiémﬂi%a tin Qfregular pdtieirP ol AYAN IrPGkher PR fdtcdRMbBOMMENtSPthe D
ei t her nucI I ¢ aci d nol'ecul es or protein nol ecul es. Wien nuci ei ¢ aci ds

are used, 5t hmlymerg ac@applleddoshmgnmeweajoﬁmeescétdrmbdmte and allbwad teidnyl aftemr
doubl e stranded RNA,. ol.i gpnucl eot,] des, bl‘lg MRI\IA m){l?fgul es
dupl exes, PNhigh addifignal pplyanegs.¢ fSpP'&Y d eGP FEI gAETay Pai‘Sm 1.

REACTI ON C(]\,ﬁig\l A e
present inven |En ’E‘Fﬁ“y?}‘ §ds neghg%}bsst? glr]e asﬁrb)ftraft?/llﬂga buffeftd %?@uﬁ?ﬁ@%&nﬁa
sol i d subst rddergertts, setH asok) MM &ris S5zmviNaCl ramd & liED’DQE usinigerpipéttorenylon
the nucleic acids may be cqvalently attached to the surface of the
substrate orl'OHrﬂfyS‘B@PS OTth%IUﬁ%m ted on the substrate w thout attachnent.

a0 or P SOP i befibae e Dbl K hoblyich nBB SREE™ ©

necessary for anplific t| i C reac

subsequent | YSuéHQ?dhgonucleotldes or DINA fragn%ﬂﬂ&ﬂ taSolil 4libaiate inCaf BfdyOpfiterret As
Each area of the array that undergoes a reaction has in addition to the

tenpl ate nudcd gmraécgnu line,the dplivesy me&hm&rnztyhss beagaaaldﬁyaf positipningyiery swall

conmponents, 25 mted,to i,gon t|de |

o oot s, Amonrnpt HaAP e 2o pafslers) ) il rBsioft k2" B AP i aiBeliE WBrs)
anplificati opnéeané 'r%i_oﬁsﬂﬁfeudéﬁ él@é&f’{oabﬁe aabther (e.g.. I@J-W@rm%en@k'% ehtedes
(e.qg., dATP, dCTP, d ol i gonucl eoti de priners, and buffer

cont ai ni by adistance). Rrefzatily nhe psinting teckpique 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

enhanced when using a liquid transfer device that has a hydrophilic surface, especially
20 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 preferfed 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
25  coordination, which essentially hydroxylates the surface, making it hydrophilic.

The hydrophilic surface prqmotés an even coating of sample when the
spring probe is dipped in solution. The fluted probe becomes evenly and consistently
loaded with liquid drawn to the probe surface by its hydrophilic nature. Solutions with
viscosity enhancing chemicals, such as glycerol, provide especially improved handling

30 capabilities using hydrophilic surfaces. With these solutions, the glycerol adheres to the



12 Amplification reactions are based on priner

ext ensi ons W@IY0S32ho| yrer ase chain reaction, see U S. PIHEAYSHs042
4,683, 195; 4,683, 202; and 4, 800, 159, cycling probe t echnol ogy, NASBA),
ligation (LCR, ligation chain reaction), RNA anplification (see Li zar di

et al., Bio/Technology 6:1197, 1988; Kramer et al., Nature 339:401, 1989; 5
Loneli et al., Cdin. Chem 35:1826, 1989; U S. Patent No. 3,786, 600),

di fferenti al di splay (Liang and Pardee, Science, 257: 967-971, 1992;

Li ang, et alprobeNewsn. asAt pulediérom the source: of /lauid 7 3ys a saople isdransfareed frem. its

= Cher most asPBEA bopifapea B A bRt RS the, et theltEE b bnthit
Eq]ﬁ%r{dﬁh% by $4@iningd e sRR b BIRS Bandférded Y iﬁﬁiﬁiﬁﬁ% fRSsanfpl frbfh

pol ymer ase, ﬁ{fﬁ
the Iike. For”these enzynes, optimal buffers and dival ent cations are well

kmown. Ghndpmilyadrippingler pminingy durang: trpnspoet: aWhenaa samapje bBafing spting tpralved
Wi th non-pairing 3 ends. d {.gqonucl eoti de sequence w I I_ al so depend in
pla_rt ugoré_jt f@meégp@nc‘{%a%é”“h a S&h%lﬁ“??‘é‘&. &"&ﬁi‘mlﬁ? 6?1@%9?&“‘@3?&'_!1 ¢ din shihg ?)r
ol.i go design,.. o . | ' r

known (see, %B?‘gg ,pﬁ'%esﬁ'ggﬁﬁ%%ﬁ%‘%e rréems(ri}%ldlfru gﬁglté’o e?n%ﬂ{ﬁﬂ%}cé%ﬂﬁgg ng\maé
Bi ol ogy, G ephfirliudhividtosify enhdfding kohitidneThelsize AR fleas §ustted: gehefalllydangcd
Met hods and Applications, Acadenic Press, 1990; Sanbrook et al. Ml ecular
c oni ng: from (1 91280 atro wjthiipieal centardo spatehdistanehor 29688 8m.1987) . The

nucl ot e 27 901 Sl i e e Y RRPR B pu BT B R AT

Qt her engy mMahixed (#3944 S9erdl bkt theh PRinEQNE @B thekolid sSpporty ENHRRA theEbiMES: of
synthesis of a nucleic acid nolecul'e froma tenplate, oligonucleotide

ligation asghis invention, theteiopolymsingiay beseitlsrt rud¢ic oacid nmeleculss edrc paoteih
e AN s ng et el al5es e sl T ) BRke i SPADGE 5SS

met hods, sui™®

addition, t e i ' ; her: ) : n : ee
0 hopl i S SRl GBI, S0RIGES RIPA CHe IEISORALS 19prid IRADRRLE moténiey

Publ i cat i on or duplekesyPBIA W¥21€i8/AEidS Withwhprokein backbonpandthetljket 0 t hese two U. S.
Applications, all of whi ch are incorporated herein in their
entireties). For exanple, a hybotrope nay be added to inprove

anneal i nﬂseOfH an %ﬁg@mﬁ%bﬂ@@gﬁ@mﬁ@h@:?mﬂl 6NSA hybot r ope refers

to any chenical that can increase the enthalpy of a nucleic acid duplex by
20% or 30 nore when rAf astedabovd, ahepadsemtdiavential prosidesmeabods for ,antblifeimgM
NaCl). Ac henrtrliclceiiacI acids ona solid substrate as well as other enzymatic reactions. As noted abovel,3
the nucleic acids may be covalently attached to the surface of the substrate or may be
deposited on the substrate without attachment. Typically, the template for amplification
20 is printed first and reagents necessary for amplification or other enzymatic reactions are
subsequently added.
A. Reagents, buffers, cofactors, elc.
Each area of the array that undergoes a reaction has in addition to the
template nucleic acids, the appropriate enzyme, and any other required components,
25 including, but not limited to, oligonucleotide primers, nucleotides, buffers, cofactors,
and the like. For example, an amplification reaction includes témplate, DNA
polymerase, nucleotides (e.g., dATP, dCTP, dGTP. dTTP), oligonucleotide primers, -

and buffer containing a divalent cation, usually Mg™.



exhi bits hybotropic properties when, as a solution an 18 bp ol il%onucl eotide

dupl ex t hatvo99/05331s 50% G+C has a helical -coil transition (HGTUSP/ 8% ] C
or less. HCT is the difference bet ween the tenperatures at which 80%
and 20% of the duplex is single-stranded.;,The tenperature for

anneal-ing is then chosen to be the discrimnation tenperature, which is 5
a tenperature at which a hybridization reaction is perfornmed that allows
det ect abl e di scrim nation between a m smatched dupl ex and a perfectly

mat ched dupl ex. A ranggmplificatioh reftoAS afebaged 6Aprisdey ektensions . ©f palymerase
di scrim nation tenperature. a preferred enbodi nent,

|
t he reacti orhainreactionSsee kb8. Patent Noss 4683,195; 4,6§3)4r21921 oWl 4,800 5% cyeling proRe
f bl [ th int (i 89,1 . . )
P oh sart acocateaiesNASRAN Rarber L CR; it it Rdbubhn RNA Blrpiblaidifted
must not Hlﬁ%ﬁﬁ?{ At ',g?;e.\éh}mbbi&l 199210881 Krambs et taY., NirlecBaply1, p9E9yNe

activity is than 1"to 20% Suitabl e conpounds to
i ncrease §i geRSdlE ¥t BNC OWBe [Heye 35018260 d 98D ALS. Patent Ner. 3, 28G600), differentiadl

i resent at 20-100% and 1 f bl 20-7Q0% . Ot h i I

orboenis s G e e i R Sh, tt h
resence o ohpQu an - for : i

Pncubat i ng a%zh ﬁé-ﬁ%‘?, i%e‘%t?qdo{r}llgghekﬁbeﬁr%@%rb g{,?gigﬁggggaﬁfﬁnnxge?ﬂg? 4 g?é’g’reé%sg

drops (ar easphaintfétibn WithGeaRFAbstablBEDNA poliBiefasby stichpdsobag DNve polyratrnasd, e
surface, the lovwer the viscosity sg ution, and the nore h)(drophi lic
y

t he subst r at\éemyrDNAepolymerasé,gVenty (exoy) EMPP%U@QSP% iFfin DNA pglymerase, and

Apparatus_to_mgjntajn dew point . . . 0 '
react i ond0 artBe Jies o %ﬂ*ea“t CRBNGSo iORtimahRuftsts Apd dévsafgm r'l"(zllhglgs;se%pah\egvr%lel i 1%1&%
refers to a éﬁg&@&%w&éfpﬁﬁﬁ%em%ﬁe&rm? adept €+ icoftediPand Mith 86@paiRing 3'
significantly. escribed herein, an apparatus capable of controlli ng’é
te_rrpter at2 gr_e,ends. Qﬁgemm]no&iﬁseamdmﬁmmezvﬂd:miscerﬂepm iy epagts aigon dhzﬁ‘ﬁgloai o dew
P essur o wi t#mplifis  GenifaRtpnd cotsidegHna or QDED EHER PRoYeregepRtons and
evaporation gf; LG QEWAPs8E, - . FNISRBubel et A0 AHAHPPSoRES!s in
achi eved V\he%fu?ﬁ/gcﬁ)géﬁnfgagﬁhge%%i ﬁk%rﬁlﬁum s{sat ee et megnetekle rate of

evapor at 1§n Mblesnlue Bislogyn GleenerPublishingy | 1995 almhis etealr, RER dirotogolkteAsGuidgrio of
wat er onto the mcrodroplet fromjhe lL,st.aiy overlyi t he bstrate
arrays. \heMethads anghApgliations Asademic é'@é?’ E@ﬁ S"E’Hém&ié Ft Fg A/chfﬂ‘r)‘(.roég’é""g'
saturated w t 'sgm $rss. 1987). The nucleotides are generall
14 of gy)g’r%?ogr .M%I&'eatl ’E@oe]gs reé(x%gl? exe?st ed b)y theem%f\:/aeioelr varpogr ‘ni? ?, he
'saturation v@pofour deoxynucleotides, dATP, dCTP, dGTP, and dTTP, but may also include

derivatives or rare bases.

20 Other enzymatic reactions within the context of this invention include
synthesis of a nucleic acid molecule from a template, oligonucleotide ligation assay to
detect a single base alteration in a nucleic acid molecule and a single nucleotide
extension assay. For each of these methods, suitable conditions are well known.

In addition, the reactions may contain othel_- chemicals or componeﬁts.

25 (see U.S. Application Nos. 08/719,132 and 60/026,621, and International Publication
Number WO 98/13527 which claims priority to these two U.S. Applications, all of
which are incorporated herein in their 'entiretiés). For exafnple,'a hybotrope may be
added to improve annealing of an oligonucleotide primer to template. A hybotrope
refers to any chemical that can increase the enthalpy of a nucleic acid duplex by 20% or

30 more when referenced to a standard salt solution (i.e., 0.165M NaCl). A chemical



pressure t%g%s%; be mai ntained at any given tenperature du(ra‘;sé]ﬁg% hﬁ 04 y

reaction. hagnitudes of the saturation vapor pressur

on tenperature and increase rapidly with increasing tenperature. That
is, thernmocycling anplification are 5 c¢aducted at essentially the dew
points for all the tenperatures achieved. For exanple, at O[err]C, the
absol ute pressure of saturated steamis 0.0885 psi whereas at 100[err]C,

t he absol ute pressure of saturated steamis 17.186 psi. Therefore, an

appar at us s hexbibitsHabetropic prepestigshivhen, \as aosoltion an K8 bheoligenuglestide duplexnthatl |
t he tenperatur |3 t,h OCGUIS .. L n lifticatiQp.or ot.her
enzymatic red %ﬁ%@%&ﬂqﬁ?kvlpéﬁ%?% Q%Ei} 8&%@8& siﬂt}i@ollﬁ {}’Se‘ilgglffgg?\t
in the "cha . gfupdsht vitiich 0% ald 20% VTRRS 8biek idsi :
chanber tha?mggﬁ?naﬂagge@ﬁée} solid su%port, a controll a\gﬁ)e hﬁ%‘?:é%?%gg?%e@%
means for  tempgetee db1 ameginpsisthen cliosen do be dnsdiscrimigmtienaemperanae,uwhickds
steam Al paraneters are erably contr,olla?ﬁle by .conmputer, |

. pt ef n
ot-her enbddi FdsiRREraFR 2t Whighat Iybridization Jrasdion 15 perigrmedathat allgws gietectable
generating phkessure. f | t seal . 15
Juch that -t FaSRirBief pENRETp sfreRRES Ahbied B LGl ShAR LR B SR ane
bl ock (such @femperatirfRtisfyamEricofd discravitiatiohhamperittke modul ar appar at us
is designed to fit formats of heating and cooling bl ocks of various
sizes, e.g., from a 96lne|nrefgrrad cembodiment, ghe reactions rase eplormed ds.a viscous
In a preferre enbogi gent and_ | ? [ ferencﬁ“’\t,éﬁ Fi gur?.S, 1the I nvention 20
provi des a KPRy SHEY 30HOMPISFTRRLY f@ipes, e, H5ve ROW (k€5 19JYSIS yapoR RIESSUFe),
102, whi FA28 tdrRfond hSd rRHD i J i i k
S encasgg i}?lasgnmg??lt&irgﬁttéd% co{/eé Xﬁﬁﬁé@?ﬁm g‘e‘g‘ﬁg@@? Qﬁttv\ﬁ?;gﬁu ﬁggpa
pi ston 105 tsubstdptialy inhibit enzymmdic getivityurBrefexably, enzymnes activi§y6 is mhibsiteduless
dew poi nt, and S e of ter vappr 107. . : In a
preferred en‘gﬁ’élﬁr@%%f Spitable GoROREWRAS toiiRgreassowiscasilY inginde glyrer) and sugars.
chanmber, th ar a : I - 440N | S x e
val ve are P al iy,u%tggg'mggs Egt%g{r& (E:)lg%et) rlgp% Pﬁéoﬁngﬁe%%oeé% lﬂgn%{% qtﬂ Ké Bnkf
i nvention, tsvitablensompquh@$)may be identifi€lbyc faje deteanihig lengirhe Sautivite fielhend

a transparent sectign of the pistop. .In this enbodi ment, the size of
one or rrgge JFSeRe 0 %ﬁgmpguegﬁpﬂr(ﬁbm%@@apé& $id; swhgfrate, incubatinget the
drop(s) and rd g@g% | e pat .
The dew 30 p%lgér;{itb?ll %&ggﬁapﬁn%’%ang%ﬂf no ?DSF }ii%a}e?ﬁgféﬁggmg%)zxg{x{ag%dﬁf ggﬁeﬁélég"seur e
I s adj ust ed morenidadphiobic the substrate surface, the lower the viscosity solution, and the more

15 the drops at their original_ size. The pressure is controlled by
cont rol | i ng Byeonlilis the spbsggate surface,ifhe highenthe viscogipsaBliornbodi nent of t he

i nvention, the pressure is nonitored using conventional sensors. In
this enbodi ment, the pressure is varied to preset val ues which are
based on20he sanpBe t edmei-akust€mabiamaienl gpigonposition to fall within the

5 predicted dew point range. . In a preferred enbodi nent
of the invention, the Abnetedabgveytheaeastignsmare performed at dew point. Dew point, as

used herein, refers to a temperature range where the droplet size does not change

significantly. As described herein, an apparatus capable of controlling temperature,
pressure, and water content may be used to maintain dew point.

25 As such, the reactions are conducted undér pressure with a defined water
content level that prevents the evaporation of water from the microdroplet. These
conditions are achieved when there is .an equilibriu.m state between the rate of
evaporation of water from the microdroplet and the rate of condensation of water onto
the microdroplet from the moist air overlying the substrate arrays. When this

30 equilibrium is realized, the air is said to be saturated with respect to the planar surface



(107) consists of source of dry gas which is passed through a :
wat er - sat UWSx9985321| t er hel d ~at a constant tenperature. W@"égsﬂzow' ng
out of the vapor source is saturated with water and at a controlled
tenperature. This gas is used to flush t{w chanber before the 10 chanber

I s seal ed, and serves to ensure that the conposition of the atnosphere in

t he chanber is consistent and require evaporation fromthe sanples to
reach equilibrium (I DETECTI ON OF REACTI ON PRODUCTS

Reacti on prafdibet mrayay The nressurst @R$) isyerded, by i the ywaser wenosdssthe saaratiog vgpor

one of the reactign co nents, Ls Jlabeled. In anplificatiaon reactio t he
15 ol | gonURPEUE HEt SRheP STRRtERD 41 A0V ey e SEmBsale fEng Bk fepoicme i
Pref erably, ' : ' L Rl '

ext ensi on argé%\'ﬁ fudﬁgf g{cfldeg ntagrfg%ﬁr@é@sidg@%p eﬂgrebnrg%’ glgl’@n Pg:%glﬁ@fgfﬂﬁﬁcrease

ol i gonucl eofapidity | wight imereadingayemperature. . nihet das, thermokydomnpuangdificition are

are labeled, in other synthesis reactigns, either the prjnmer_or the

nucl eot i 8lescandacted at essengially) the dewpejntsifor alj the temperatures achieved, nﬁg,rntpsample,

enpl oyed | a i.ncl e ey . oL liageesgent
nol ecul es, agdd?oé@? F@%?%Fbg%sﬁﬁ%s?ﬁ%%{ﬁg‘g%%%@&@? ?ﬁsgé”,hefﬁ%‘% r%f[ -MB Cote

| um nescencgysoRiéiprebifird bR saturdted steainigdy. ¥86rpshi ThéreforétanpparatissshouRlChale ar e
wel | known in the art, as are nethods for introducing fluorescent

nol ecul es athd ablity dacmaingain the dewl paint dwringall the iteoperetusd cyeling dhed occurs
nucl eoti des, 25 . . Wien biotin is egpl oy it 1s.detected by
avi di n, - st r@ﬁ%?‘&?%ﬁw_“){‘h‘é’ other ng}atwg'qu"s ggﬁ‘?f‘églg’f’eﬁhrﬁteg ‘gﬁﬁneﬁt??fﬂl e
ar Ker' 18R Be st e (enfinberl 0TI @it is oA bBABSIed%s § Bsaaet | Ve
| abel (e.g., [er , lerr]S, [err]P). zZzynme conjugates are

commer ci al | ghambet |thdil eonfainsrthef solidesupppite a &dnttodiabledivating aleviss, @Bmeansnipne,
CA) . Steptavidin binds with high affini.ty to biotin, unhound

stret avi di ngqngr%gﬂgassgwaﬁpwaﬂn@eans or generatln_ -saturated steam. A parameters are

16 t ' e j d
using a pre .%"?ﬁf?ﬁ‘gﬁd%lgﬁ’@g‘ﬁ‘gﬁ gé .r]r‘? t éepgpr es grr}%gg’)gggggﬁa&tpggk gﬁﬁdﬁﬁ bét
appropr i at ewlthifafrReans forigenpratidp pressmry, Dmeans forl gererating sanirargd atemincanaisa seaby

equi pped with a visible ]ight source and a CCD canera (Princeton
I nst 1 ucASnt BichAketiBe ChRmbRS Sealed pRoLEmtRablsdteatigARd caplingBigek gich as

appr oxi mat e 1 : , : : '

Dot et i on ndbrs el phybni: (s pfdud) HRRA0R 5 RABAA ) R Torrhidor
chem | um nehexging, argiheootiige blocks alfevBiouasizg] le.gas frotrhar 9G-owdioplaye yizedto a

| abel s. Briefly, .fluorescent |abels can be identified and quantitated
nost di r ect Merpseopdslide. absor pti on and -

In a preferred embodiment, and in reference to Figure S, the invention

20 provides a heating and cooling block 101 on which sits a glass cover slip 102, which
contains the discrete areas of sample drops 103. The block is encased in an airtight
cover 104 that forms a chamber, which has a piston 105 to adjust the internal pressure, a
sensor 106 to measure dew point, and a source of water vapor 107.

In a preferred embodiment of the invention, the apparatus for opening

25 the chamber, the temperéture of the block, the ﬁosition of the piston, and the valve are
all under computer control. In one embodiment of the invention, the sensor (106) is a
CCD camera and a light source behind a transparent section of the piston. In this
embodiment, the size of one or more of the drops is cbntinuc_)usly measured by imaging
the drop(s) and comparing the drop image(s) to the image of a reference spot. The dew

30 point is estimated by monitoring the drop size, and the pressure is adjusted to maintain



fl uorescengpp gfpsasi on wavel engths and intensity. A nm croscopepEaSispsapt up

using a 10 |Ilight source of the appropriate wave |length is a conveni ent
means for detecting fluorescent | abel. Radioactive |abels may be
visual i zed by standard autoradi ography, 15 phophor image analysis or CCD
detector. OQther detection systens are avail abl e and known in the art.

For | abels such as biotin, radioactive, or quorescent t he nunmber of

di fferent reactions at can.be det.e at . as le.tine is. limted,. Fo
O oot 1 SRE % WO o BB oL o) bkl o OF
enpl oyed i n {RiiGHUeNaBoRBALNSbdiment of the "’ﬁ\te%tlﬁﬂatﬂesﬁrés&?e iORonfafRl Gt
a time. Essentially, because of this limtation, each reaction nust- be
i ndi vi dual | yconsemmelsenbans. ﬁlsthlgembeémelb&,tthemmsswetlhuaised to preset values which

A nor e advant ageous nethod of. detection allows pooling of the sanple

réacti ons orff&tPasEhM H}?es%fPP]ﬁyt%r%‘PWulaanﬁ?&@eml tin &9 falewithisnithe s.

By usi ng a edlE%grea\cﬂmr% fferent nol ecul ar wei ght or other physical

attribute i eac t1on entire set of reaction products can be
harvest ed toget her andmnaa ketzmsﬂ efd6din\én®.of the invidkibh Cttel HUrddOSE water vapor
08/ 786, 835; 08/ 786, 834; 08/ 787,521; 08/898, 180; 08/ 898 564; 08/ 898, 501

and | nt er nat(l@Regonfists| af sguics of Kgs gasowhizhds passgdmggh; asyaterosatarand filtez beid

ol ocul e 1 & hacpraanoler e ol Bad, ABHing Pl fF s anop 2o o safppred b
chemi cal moiiyr Mal 40 doﬁn’dﬁé‘cﬂtehq:e%thfbuerms gas is usd@nb ifhukh @he Mn%e&"b@fo% the

interest”, and nore specifically refers to the tag variab conponent
as wel | la[é wihamberis sealgdbandsamvksdonsurecthet &wcdnxpositlomoﬁmp aimotpieert &y the
react ant, onent. and t.a A tag,useful in
the present &M%‘F&H“ﬁﬁ%‘@ﬁié&‘gﬁféﬁa\é?m&??rfT%‘Elf}Essam(Plf)s tpireagh eqp&lbsalaam e
of being distinguished fromall other tags. This discrimnation from ot her
17 chem cal noieties can be based on the chromat ographi ¢ behavi or of
the tag (parlili culRETECTION QF REACHON PRORYETISeaction), its spectroscopic

or potentiometric properti.es conhi nati on thereof.
Spect r oscopi ¢ met hodspxg?i’cm BFPdE-‘ﬁEjsm%X ke GS@F@#I‘%}' VSR gfimgtefls. Preferabdy.ude

mass spectr o] r , aeul .ol f
5 aher o M5O ROMna U esghy 2ofoher is, fhkdd 0 i eiinclibn IAPHGRECHRC
met hods. 15 oligBmicledtidenmimers canqherrmaf&toluxdes aré chrivehidntlf dabeleé.Nt Prefdgdbily Cthe

nmethod. (2) The tag is capabl e of bej ng det ect ed when present at
10[err] to Hymess F‘]’mﬁ’él%labeh) I“Tﬁ’élg]cea’@}l%% saxdepsipn assay,cthe gidded nnelpetids is

t hr ough whi t th 15 nken
to uni quel y(ég éer%l]tlf?ﬂ) R@hﬁl 4 ﬂe&? irl%“@“%@d@“ﬁ ngé)tr ?gft thgémkfgeon%ﬁ
indirectly hfe xawemugh Gthét Isﬁlﬁhésxs gemnns(émh&hmet pemied &hﬁi”é' patibatidesakke
toward all mani pulations to which it is subjected, including

attachnent ayeicallydabeled fromthe M, and any mani pul ati ons of the MO
e L 20,1 o SRk ool b HRch“BeEES B PR
fluorescent molecules, radioactive molecules, chromogenic substrates, chemi-
luminescence, and the like. The methods for biotinylating nucleic acids are well
known in the art, as are methods for introduéing fluorescent molecules and radioactive
molecules into oligon‘ucledtides and nucleotides.
25 When biotin is employed, i'g is detected by avidin, streptavidin or the
' like, which is conjugated to a detectable marker, such as an enzyme (e.g., horseradish
peroxidase) or radioactive label (e.g. P, *S, ¥P). Enzyme conjugates are
commercially available from, for example, Vector Laboratories (Burlingame, CA).

Steptavidin binds with high affinity to biotin, unbound stretavidin is washed away, and



attached to it. For instance, if the tag is attached to an oligonucleotide,
the tag muBOMW@S3215 significantly interfere with any hybrioll’glgp 9(5’215@1%
enzymatic reactions (e.g., anplification reactions) performed on the
ol i gonucl eot i de. A tag noiety that is intended to be
detected by a certain spectroscopic or potentionetric method shoul d
possess properties which enhance the sensitivity and specificity of
detection by that nmethod. Typically, the tag noiety will have those 20

properties fpeGiekeacd bE hoRaradishqenoxidase gneyine fi$ thenhdetected waingab Ipeecipitgbivgent |,
which wll typically constitute the maj orri?gorti n of_ the a(g noi %ty.
In the fol | sbswatednsbepsssence of peroxide gngoappropriate RYIgrs: ¢ ge Wé‘i‘ drpy oe
refers to the tag noiety.(i.e. . | t he
tag vari abl get% Bﬂ@ﬁta)%1%8%83%F&x@ﬁg&dj@t\é%ﬁﬁxg@%ﬁ?ﬁ%ﬁ%@% and & ce:?ﬁtﬁlg%?ﬁ% tag
vari abl e commpeiah iisaalheRECRHARINANI).S With Padti aaninstrunbst, taxg imgeof
which is typically 25 responsible for providing the uniquely detectable
properti §s. approxiamely bA,600 1M kd 0,000 pM can beiscanpedat angdime portion cont ai ns

the tag variabl e conpgnent,. \Were the ta vari abl ey co ent_.has..been
desi gned to be char acUSkCHER Bipthogs jare n‘gglg koo : rg%_at W,rég@grﬂ’t agm%?ngg,
porti on of - Jpdnsittuii¥scRft, EbfiokEfic dbei?aswell d othbt kéthitnofly ided 1dMcavBaetly,

pr oduct rom at contains T may be referred to as the
T[ er r] - cont BiipveB@ntR2belk ¥an Béilentified and quantitated most directly by their absorption and

18 foll owi ng spectroscopic _and potentionetgic rret/hods may be .used to
char act er i zBuqieggenpe emissiogowavEisngthy 49 intepyily. A microscope/camera SClug, jung a

wi thin qpe aspect of P ' tj h RhAVLARS detectin®
det er m ﬁﬁngﬁgﬁes?‘ﬁ%%toffﬁﬁeo#p%zgﬂr%&aé &ly agr@aiglﬂgm rr{DE:3 Eelcu eeg{eﬁ% fagnent (or 1o

det ecti ng t ffofesceRt BHRNCRadibadtiveclabsls athynbecVvisualizedity stahdard laatovadibgmphent )
conprising the steps of (a) ener at i ngl(t agged nucl ei c acid nmpl ecul es
from one or phephor dmhge aralysis Py detestor. {her detectipn yistampsare,fatlabls apd; ag

j ¢ | at i t ticula ' ' |
by non- 1 uokESebin therube Fok b st it Blofip P BlafbalivE 1t fuchileent, i RUABLRE °

nol ecul es by;ffdr&f réfRtidns thaPsdn bedetediedoaa0single Sinet is lintitsdy €F dradxamptk, tied evei al
not 10 incorporated in the enzymatically generated product, (c) cleaving

t he tagd5f r ofifaundluorescand gapderulnsi sushlas 5:91@1@1)( empplayeddn DA sp@uangg anaysis,
Lo 9o ool SREESTEb ket B T ARLD bl b 08 o, o
such t echnolgiigs muSCheid@ividial 9 455eRed WA SisinpaRdse @eRictor mdthédsa- r ed
CBgs | O PO O e advaniageous medhod of detection allows podling of the sample
reactions on at least one array and simultaneous detection of the products. By using a
20 tag having a different molecular weight or other physical attribute in each reaction, the
entire set of reaction products can be harvested together and analyzed. (see U.S.
Application Nos. 08/786,835; 08/786,834; 08/787,521; 08/898,180; 08/898,564;
08/898,501 and International Pﬁblication Nos. 97/27331; 97/27325 and 97/27327, all
.incorporatt'ad herein by reference in their entireties). 'Brieﬂy‘, a "tag" molecule is used as
25 alabel. As used herein, a "tag" ref'ers to a chemical moiety which is used to uniq.uely
identify a "molecule of interest", and more specifically refers to the tag variable
component as well as whatever ma}; be bonded most closely to it in any of the tag
reactant, tag component and tag moiety.

A tag useful in the present invention possesses several attributes: (1) It

30 is capable of being distinguished from all other tags. This discrimination from other



As noted above, the nethods described herein nmay be used in a variet

of ways. FXYORYAM e, anplification of tenplate nucleic aci dsPCFﬂ'{ngn?é‘%ﬁ‘?ed
for genotypi ng individuals, for nmutation scanning, for determ ning
expression profiles, and the |ike. @i gonucleotide |ligation assays and
si ngl e nucl eoti de extension assays may be 20 used for nutation anal ysis,
detection of a nucleic acid in a sanple and the |ike. Each of t hese
uses is briefly discussed bel ow. A Genot ypi ng

Wt hin one ¢hegfieal meaiets tbedbasedhen theaxhzomatographid behavioe ofi thitstag (particularly
provi ded for_, genotyping a sel ected organi s conprising .the steps of (a)
gener ati ng g?g 'Sﬁg%%d’agﬁé?aé’i% n}ic’l?"ﬁ SPEHOSEIR qr%’&‘%&é‘ﬁtﬂﬂp?%‘reﬁe?r some
nol ecul e, vwoekeha kS ; ' i rtl f i 3 nd
may be detect eﬁh@#ﬁ’n{é‘%ﬁ"ﬂ? g%té%s%te,%%ahgggg r%@%?r‘% o%ré g‘g%%?#’ [ %%eg@y, € b)
separat i ng inbkide agasdspeotresuope s(MS); ) infrlassal (IR), ulteaviclgt (UV), hnanflidiesceagged
nol ecul e, and (d) detecti nﬁ the tag by non-fluorescent spectronetry or

10. 5 pwheratYISniR apd ¥ ere pseierednar MS most pgeferred geerstasgepiefmetheds.

o oact | vePorghiheuic amSEHBRE IS pregifed RRBPmEfic MIHe D) ofoe e is
i nvention, &phbledT being dutetediRtieh pfesent at 10F2(E1 07 Ridlel (G Tﬂégﬁgég?ég%e@a

nucl eic acid nmolecule,” or for detecting a selecting nucleic
mol ecul e, ichemical bandipthrough mdlidyitcan b attpthed totthe MOhwhidbetheaag is intended

DNA fi print i Btj ef | h hods, gener al | i se.the st
of gener at i guiduely 14y, od b aEeyRER TAK b8 Bads DA bR WOl OF Inghieetiby
separ at jgn mo,%gea Ninkeresbap byss fraleta is chﬁ}l;ﬁgalﬁ" ﬁ%élé g&%ﬁtdlpﬂxggfp@&tﬁﬁﬁ 9

acconpl i shed, r exanple by gel el ectrophoresi’s acryl am de
gel el ect r owhich eisiis )subjectedefincladiby dtBichmeifih antl agjeavape frdranthe! RO danliOafy om
the separated fra mentg, aM hen tgga tags are _detected by the respective
detecti on manipplafions, pfdhe MO Whiles thes tag: is attagheg  toj K¢ r €r elibe $eg doesraot v,

pot enti ost a4 @mﬁr ‘ . .
Descri pti oflglsélg? ma yﬂt@%egés( “8?1 %&hg@ﬁﬁ%ﬁgg ;ggﬁgﬁrr%ér%ﬁ? éh e hﬁg&éﬂ hile thept?%\}si ded
t he fundameatashedoadt.sFérinstafiee, ifidie tss Brmatigedoho dnhdigdhncledtides 1 tal hBudd weRN

0

t
15 genone (Botstein et al., Am J. Human Cenetics 32: 314, 1980; ) ]
Doni s- K&P | eyigniptgantly interferp) with gny hybridizgion e przymatistreagtions Kaguamplificatio) .
The constr ' o ' . rk |Iinkage maps has been
facilitate %d;g?ﬁggeﬁse g?%ﬁ%sghwg%gf@gﬁ\grphi SNB and has provided a

practical means for |Aasg imbidty diat@d inkérkied 6 be deREtel)by! d £drae spdciroscopic or
addition to single base nutations, length variations of tandemrepeats are

al so commorPoyEntiometrie mpthedrshouwld (pessess| prapertiee nshich enhangsathgssaskitivity and
et =P ST g 5 OB, k) AE P et
20 properties because they have been designed into the tag variable component, which will
typically constitute the major portion of the tag moiety. In the following discussion, the
use of the word “tag” typically'refers to the tag moiety (i.e., the cleévage product that
contains the tag variable component), however can also be considered to refer to the tag
variable component itself because that is the portion of the tag moiety which is typically
25 responsible for providing the uniquely detectable properties. In compounds of the -
formula T-L-X; the “T” portion contains the tag variable component. Where the tag
variable component has beén designed to be characterized by, e.g.. mass spectrometry,

the “T” portion of T-L-X may be referred to as T™, Likewise, the cleavage product

from T-L-X that contains T may be referred to as the T™-containing moiety. The



vari abl e nunber of tandemrepeats (VNTRs), with typical repeat |engths of.
tens of bawesmsszpairs and with tens to thousands of total PEBESIS/LAMZ s,
and mcrosatellites, with repeat | engths of up to 6 bp and with

maxi mumtotal |engths of about 70 bp. M ﬁgosatel lite 25 dinucleotide -
repeats are proving to be very powerful ols in the identification of

human genes, are highly pol ynorphic (Wber, 1990, Genom c Anal ysis,
1:159-181, Cold Spring Laboratory Press, Cold Spring Harbor, NY; Wber
and Wng,

orﬂovwl/\m%;gpectro scoﬁfcg Gd ﬁétent?émet}ﬂ: ZRethédP Rlay Hrduddl o RAGRRERZETTO 24

H
al l el es. Chrfonosome” specl mar kers which permt a high | evel of
mul ti pl exi ngoftaintngxaeietiesported for perform ng 30 whol e genone scans for
| i nkage anal ysis (Davies et _al., Nature, 371:

20 Threpwikis Qgpspest St Preééf’t&?.‘f%fg?oﬁ methods rpravided ary
anpl 111 ca 1 o, Syl g B ARy i A B FHEnERTGE R el 0

prior to sCapbdibfeeddt AfklddiéPiucleic acid molecule or fragr@nyicpRipn@ings thelsteps of (a)
fingerprinting involves the display of a set of DNA 5 fragnents froma

speci fi ¢ sagpharating taggédenuclei¢ acinéleenjes Fommneny merenselesirestarget nucleic acid
presently avail able (Jeffreys et al,. . Natyre, 314:.67-7 5; a nd
Vos, Eu FQR%%‘A’EFSPQ}’@FFPH Rpégl 'éa‘fqr{?}f’mgﬂﬁ%ﬁ? _1;cu\%§1ugﬁei%lja81% (?Fe%g%m S
Res. 23: 440/ : ~ : .or potentibfm tseBirafth@ e tagged
Mol ecul ar Gggt(g?fé%g byc%%npglggx@icgﬁﬁ%%?trg%g?g%,ﬂo - eo? h?‘géi\?vsgﬁ atingWe tagge _
Sobr al , Bi r kingdlsilesPbi| sizdi(eg), HPIE, f ¢lageophorasis) tp iremoves dabeléd miaterialaynodf

10 a set of DNA fragments froma_specific sa e, A variet f

F ngar ori0ny lisgprporkted B e caEUBAlRALY SFe0EmiRd Progyat | (ah leabing; e, tabs Hond the
Nat ure 314: 985; S e I . 1 +90
1991), nost 3 igjectlet g"rﬁ%lrt?} idg}iethlg%Q}mgdgadeoy Nuﬁglc‘%% stégmggﬁe;c;rggx%n% br

fragments. TPoenbbielryngel ferefiond gerimining the akdntinsof thengerlgiciatid molecules.
patterns of different fragnment |engths that are characteristic and
r epr oduci bl Exeaplesnofi such Aeshpplegiss welyai fon e & TR§SgEPSSIioMetYe dAfiBEedise

to distinguish.even ve : I LSIs, includin
near-i sog g ni“REGHORELY> Rﬁ%mgés?ﬁgr%nrpg é%m?t?ﬂ"ﬁa{gg%’%‘g‘?‘@%’g’f' hs or g equence

can be traced to base changes in the restriction site or the priner
ext ensi on site, or to insertions or deletions within a DNA fragnent.
The choite dV.whi¥¥ES i ngerprinting technique to use is dependent on the 20

| i t y . .y t i I 1 . d
?ﬁ\eelsf ?g:al'? inon,( e( g. g. ,DNSSF B%tgclrl)%g?veeg% p'lqlg{nht%gg dg%?@%@)ﬂeﬂrﬂﬁng@fe erggﬁﬂ'r%g%e paer
fingerprintigioways. FoRtdxagiple)ningplification tdfesempla uctsienicidshmey beased for

devel oped, including random amplified pol ynorphic DNA ( RAPD), DNA
anpl i fi cat i @endtypipgripdividualsgfor papationasegnning, foz deiermiyng gxpressirypiofifes, and

e P R B bR 5o SRR L Rt Gy Al
20 used for mutation analysis, detection of a nucleic acid in a sample and the like. Each of
these uses is briefly discussed below. '
A Genotyping |

Within one preferred aspect of the present invention, methods are

prov-ided for genotyping a selected organism, comprising the steps of (a) generating

25 tagged nucleic acid molecules from a selected target molecule, wherein a tag is
correlative with a particular fragment and may be detected by non-fluorescent

spectrometry or potentiometry, (b) separating the tagged molecules, (c) cleaving the tag

from the tagged molecule, and (&) detecting the tag By non-fluorescent spectrometry or



gener at i on&é}%{ ragnment patterns fromany DNA wi thout pri Qi 3684RBEE

know edge. erns generated depend on the sequence of the
anplification prinmers and the nature of the tenplate DNA. Low

anneal ing tenperatures are used to aPlow the prinmers to anneal to
multiple loci on the DNA, which are anplified when

21 primer binding sites are sufficiently close together. In
principle, a single prige nt for gengrating band patterns.

roi suf.fici Ip
An addi t i orRAERUOIBRITYy AR f therebim etrganipg e A PRRPE e e @EENIFRd, In other
named AFLP %Mg) diﬁ%n@l tth G HR .ﬁjcﬁe@éﬁt, ra%ﬁdzf}:ﬁgg;etég%)' The AFLP techni que
0

Is 5 Dbase e detection of genontc restriction fragnents by

anplification, and cawillfin anothet'e@bodifienDdAshedinvaition) th€thod O areCHrapidedifby .
Briefly, the technique is based on selective anplification of )
restricti ordetermgningtthe identitys0f dnugleigiagidsmolsiculse ab farcdeteting eheelecting nucleic
techni qug invplves three.steps:,1) restciction, of the r agnent

subsequ eﬁt aid m q?ﬂg‘f’i ‘an°6fe"§ﬂpb"o ﬁu@f’g’&"‘la@ Sample, t%{lgfng%}ﬁs %Fgg‘ﬁfl?/ é’% BRA
anpl i ficati iftflgS Wrieh§s Shétf iedibdiOgeret AP B Srise3 theX Sby B i
anplified f@gggeg%%t S. Amgll i ?l’ cation of t%ee er eg’trrrgi C liq%)n b%lra}fcgnﬁagﬂgsa
achi eved byseriss offtagped metdgit acid fragnreats, foliiwathbysseperation of teecfragmeérnts betsizei t es
for primer annealing. The sel ective anpl ifig(?rtion i s achjeved hy the use of

primers thathe size separation step can; breaceemptished, &or exampleby gel elspironhoresis (wg-y

Ph : : . : ; .
1 anki ng. Lty il 6ol dBfrophoreeft) e RIS, TRICCfhal 16 TR BREVEES
rest ri cif onfrérhaberedpatatvdiragmenty, 4 thers trl tagearehictataday Bielresective detdBiidipds

(e.g., PAGE, HPLC, or other types of spectronetry) w thout prior know edge
of the nucltedinoReysE@gdnass SPTROMAEY, JHTared SPEFrUMeiry, Potensiostalic Amperomatry of

l-ar ge n [ f triction fragnents. The nunber of fragnents
however is ¢ mﬁagcﬁ{%r%%%ﬁ' the resolution of the detection system

Typical l'y, 50-100 resDeiciptiofis fof aam t§ped 6f INATBqueh@d paREnstphRaiseHave
An anplification approach to identify restriction fragnent 1ength
pol ynor phi sprevided phe dendamental hapisrfar iten understanding sofuihe staisture tafathe dfumang s

associ at gd ] specific P | mers. | eral, e priner. wl
possessﬁgnegegﬁglf},\ﬁ%‘c‘tf St ﬁll'feAm‘Cli F}{hg’éa'i’/\n ”e{}?fgsgf’dgel?g@r Egé‘ﬁfnﬁf)lrlueer’ I of
primers andst4ey, efog7e Weibdefbatdl 8 8. NFEnAN3 5957940 1 aPHEE BonstRIBHOR -of extensive
Pol ynmor phi sns are detected as variations in the | engths of the | abel ed

fragnent s ifremewerk linkagé mapsdas besn faciisated BPLt: ose pbthese DN Arpotiengrphisms
Wi, | | usually af e res tion nece

G St 1 ngu S tFoR s RIPEITPY AuPORIGR) el JBF TocallEagiof 6 e, £ees P i aeep o
byt he' pol Ja R oS Bie i G ROhe VRS of PRLIO S peats arlIR oyt O
cont ai n2hg in tie gerome, withpst d¢ast feab bH thedsdngds ef éxersparbat palymonfhit bitesa(r@iriedi ed
DNA on loci)'. There are two major groups of tandem repeat polymorphisms: minisatellites /
variable number of tandem repeats (VNTRs), with typical repeat lengths of tens of base
pairs and with tens to thousands of total repeat units, and microsatellites, with repeat
lengths of up to 6 bp and with maximum to.tal lengths of about 70 bp. Microsatellite
25 dinucleotide repeats are proving to be very powerful tools in the identification of human
_genes, are highly polymorphic (Weber, 1990, Genomic Analysis, 1:159-181, Cold
Spring Laboratory Press, Cold Spring Harbor, NY; Weber and Wong, Hum. Mol
Genetics, 2:, 1123, 1993) and may possess up to 24 alleles. Chromosome spef:iﬁc
markers which permit a high level of multiplexing have been reported for performing

30 whole genome scans for linkage ahalysis (Davies et al., Nature, 371: 130, 1994).



22 denaturing polyacrylam de gel or followed by separati on of DNA

fragments WO 9905821 The anplified DNA may be | abel ed usi HgI/FsPH0L ¢ hat
have | abel s attached. The prinmers are incorporated into the newy
synt hesi zed strands by chain extension. e prinmers are conpl enentary

to uni que sequences that flamk the bl ockS of repeats. 5
Tags can be used to great effect in genotyping with mcrosatellites.
Briefly, the PCR priners are constructed to carry tags and used in a

careful l'y chosen PC Repedteaai iberanysliftsdphsifg primers tcomplententdrgt toathe unique
nucl eotide repeats. The anplification products are then separated
accor di ng t cegiomssufrpumding dwsdinugi¢tide regeat. Bollgwing amplificatipn, severak arapliified s

are then collected in at .al fashion. the t aved fromtheir 10
respective FPACH g"g?fﬁ’?l‘?’_ge‘gqg‘%ﬁgkﬁf‘_ﬂ p&?&ﬁ%%%?rgw&%g%oﬁ)a fison to internal
standards in the @hggpﬁ@o&rmh%g kStinting) nObKves BRMibHla¥ of h Q8 dfSDNRAdE
fromreference to size o he anpl i fied products.

By usingscl éagakhs fransa specifinsamplengA varietys of d3NAbfingerprintimeg techniques iapd e

sanpl es on a single separatign ste ere are t ener.al S in j ch

AR TCR e NN A SR P N A

screening | Suldiaf Phithl ABRlOkioR 9240265971043 RAGY TR 'RDs 223 4499 AP
S Th Thr's enari o t of

. S.
of individu . a si'ngle or nested se

primers i s y9ee Buich & akindR! vpineraif\PdimsiMoldewiar Glehdricon €haptér 34py. 2393256,
per reaction. The nunber of sanples that can be conbined in the separation

step is edpB ¥ S SpbrabBirkbauspePyhlishing).o DNA dingsmrinting davelves the shsplay of

ener at er de tion 20 echnol ) 04 S 2 ter
Page) - 10 [ & sehighERA Bhesatts PR T e BiaSamefy adiBe S IRer BRI
large group (@hniqgheé k<l prsentsi BvdilaBREQeftiYs el A8, NatureSSILO6T M98Y; OWelshi &nd O
use nultiple sets of prinmers which can identify nunerous l_Plolym)rphlsm;
li

on a singl e NbdleBandpINac( dleidst Rei.nlP:861,i k991 %i mast| off whichxusepamplifigation (e.gt hi s
approach, prjuers are copbined in.a.;ngke anmplification reactin which,
Gonerate 25 POD et RRmEts qhedNAChEsEPRuIE Reestcoronosss, Tbetiphl o,
nested set :}ﬁu&ﬂg QH S rY¥n@ fragmentSRASthS ithatCdre BhaRRrisAE ah@ Seplodiibienferagh
anplified fragnent encoded with a specific tag. The reaction is run on

a si ngl el%epadisiduainorgamipm. THkesa irigerprifts sampk asse ttp atistinguisheeven very widsielyed
in the separatiqn step is proportional to.the_nu r of clgavable tags that
can Do el Paeatmse TR b HeREnh b o i futfereriys 6t GRgREY efdiiSor

Spect r omet elgel,A8d can be traced to base changes in the restriction site or the primer extension

3y

site, or to insertions or deletions within a DNA fragment.
The cﬂoice of which fingerprinting technique to use is dependent on the
20 application, (e.g., DNA typing, DNA marker mapping) and the organisms under
investigation, (e.g., prokaryotes, plants, animals, humans). A number of fingerprinting
methods which meet these requirements have been developed, including random
amplified polymorphic DNA (RAPD), DNA ampliﬁcation_lﬁngerprinting (DAF), and
arbitrarily primed PCR (AP-PCR). These methods are all based on the amplification of
25 random genomic DNA fragments by arbitrarily selected PCR primers allowing
generation of DNA fragment patterns from any DNA without prior sequence
knowledge. The patterns generated depend on the sequence of the amplification
primers and the nature of the template DNA. Low annealing temperatures are used to

" allow the primers to anneal to multiple loci on ;che DNA, which are amplified when



23 Mut ati on detection The detection
of di seasegv?gw?sﬂgir easingly inpertant in prevention and RGOSR,
While nultifactorial diseases are difficult to devise genetic tests for,
mor e ~than 200 known human di sorders2are caused by a defect in a single
gene, often a change 5 of a'single ami no acid residue (Q sen,

Bi ot echnol ogy: An industry conmes of age, Nat i onal Academ c Press,
1986). Many of these mutations result in an altered am no acid that
causes a di pamse binding sites are sufficiently close togrthey t Iv gringipde.i @singde poitmenris

t echni ques off.er traordLn possibilities for nutation screening.
For exanpl e’ fjﬁﬁ‘&?ﬁ/ L SeRGIRtNE %’é‘ﬂ% P84 even before the 10 inplantation of
a fertilized egq {Hol gigand/ORkinib@d 76 NAYngchng haE A% Allbobed
efficient genetic tests may al so enabl e screening for orncogenic nutati ohs
in cells namekfARLPa(écs &r aly Nhe Aﬁd.pl]ﬂeatﬁi 4407,ar9950r Thee AL dehniqoe is
connection with healt checklil (Sjdransky et al., Science 252:706,
1991) . APsobasgen &g oot geRemic rEstictign fragments, by jamplify iratiew, anéet:afxbbe to

nmoni t or DNA t herltan

di sease thr o%"gﬁﬂg@?ﬁt a:“?%%blg&g%a @Lﬁlt ﬁﬁ%fvl\g,\c} Ee%ﬁ%‘?‘@‘% %segr?g el
di agnosi ng ampBfitAi0h b réstldtiond fagmeRts efoR0s adtal Qﬁ@é&@'d}gg@rﬂimi%nﬁmﬂéon?ﬂé c
chal | enges. Several different approaches have been pursued, but none

are both ef fechnigne ievedves threq stepysehgestaciionfithe GINAr ﬁagmewtde&rdcalbsequem
appl i cation tati n$, | Vi a.singl e nucl eot.i de can
be i dentifibgryan of 82&%‘?‘5‘%\}“1503‘{\% @ g ﬁ.ptpgﬁicag?n éﬁzml"?creﬁﬂ%%“
General hy, BB m%xhem BPanaisAbf @ YRlpBFH fFagments. m%(m?ﬁﬁ@éﬁ’drﬂ%@' thOLEsHEAG N9
t echni ques, ch ‘are suitable to identify previous unknown
mut at i ons, ﬁragmenas s achiesd dysugme thet alagter aod resinstﬁomgta sfquence agi@ngdt sitee
known uence varl an sg‘ﬁveral scanni ng t&ghnl ues for nutation

I

det ecti on hiff TR gnnealing, IGatiopfis.a the use ph primers that
het er odupl e
w1 d type aodondiud AR RBRIE MK oyt FRithnerfEhh Kol 1R

behavi or. pnmer extensions match fBeenmﬁlecﬂtdeg)ﬂahbingdﬁe aestriogom site. atThi methad DNA
strand | bst i.tyting during synt hesi s) one of the nornal

nucl eot il FelorevitigaisnS o Tesr 4R PAEmRNE ch atay be visgalizsg By eeferisty ohe
e Bt T W) B O byl IR
to the wil def the nucleotide sequence. The method also allows the co-amplification o4large
numbers of restriction fragments. The number of fragments however is dependent on
the resolutlon of the detection system. Typlcally 50-100 restrlctlon fragments are
20 amplified and detected. _

An amplification approach to identify restriction fragment length
polymorphism (RFLP) combines separation techniques with detection of tags associated
with specific PCR primers. In general, one primer will possess one specific tag. The
tag ‘will therefore represent one set of primers and therefore a pre-determined DNA

25 fragment length. Polymorphisms are detected as variations in the lengths of the labeled |
fragments in a gel or eluting from a gel. HPLC or polyacrylamide gel electrophoresis
will usually afford the resolution necessary to distinguish minisatellite/VNTR alleles
differing by a single repeat unit. Analysis of microsatellite polymorphisms involves
amplification by the polymerase chain reaction (PCR) of a smail fragment of DNA

30 containing a block of repeats followed by electrophoresis of the amplified DNA on



type sequence exhibits altered nobility (Naylor et al., Lancet 337:635,
1991). Me0 29/@5320| ex DNA nol ecul es generated by anplifi cat POWUS98/15042
cont ai ni ng i nternal m smat ches, can al so be separated fromcorrectly
mat ched nol ecul es by nobility (Orita, nom cs 5:874, 1989; Keen,
Trends CGenet. 7:5, 1991), indicating the %ﬁsence 5 of a nmutation in a
limted segnent of DNA Mut ati ons may be al so be
identified via their destabilizing effects on the hybri di zati on of
short oligon ' i @afagofl t e

Rev. Bi oc hemwﬁw?dgg?éﬁCQ%%%%&oi%%wedggﬂer al ly, %?E?ngt ec n@b& HPLC.
al | el e- speci The amplified i DNAuTIag oe t@eh;ibmsmg paimess thatriwbvlabelarqﬂaclﬁe&:at'ﬁmn
of target sequences and 10 ybr | d| zation with short

ubsegu
ol i gonucl eot PRRDCTS p JRCOTRGY af&iﬁvﬁof &Ed‘eﬁ’ll strands by, chapy extensioreq Thsr

g:?%/efgstsl)blﬁ ‘2‘?‘%590 #fl@ﬁx’eﬁﬁfﬁ qgl g’F’ nuc gg‘taltge prot})):la%kgiﬂegﬁats nmet hod

exploits ghe pr opTagsy cahde wed abi geaueffeat irdgenutyping Wit tmicgosatellites.
m smat ched to t.arget sequence at the 3 penul timate position
exhibits a rBugﬂbdh@:BQchryerﬁ aresongtaucied 9 qarmyriegs and yseRkin 3 sarefylyi ehosemPC

h b h f
the 3" “ond.  THFLOR ORRIBT AT, B ofidim AbrBht B tepBies, 0% dpificaiRfspo e 2™
nucl eoti des mfentéeﬁl ated aclébﬂd'ii’ﬁg td¥ie i mdastéhcﬁrb@ HPLE bf PAAGE aNThe NIAONE

m-smatch in the third position in fromthe 3' end when hybridized to
t he ot her al fregmenty zare cthen (dabletted int aaﬂempora]lcfashlAm dlse tags clRaved K2 Shdir

1989). Ilflcat|o itions hos at SI nificangly favor, 2

arob1 11 B oty DN Hretneaand Ichgth Godiled BB comtPameps by el sadardsgn
differential g4d ave
about 100, 000 dﬁ %Hf e glr'ﬁtwgesrﬁe S |Ar%lele 1dent1ﬁ%§|iirﬁﬁgigﬁx3%€é1%nﬁ I ch on ‘?gizggif "hlla

fraction, peampliiedfroduas.e expressed in any i ndi vidual cell. The

process of normal cellylar, gr and differentiation, ;ﬁ well gs th

pat hol ogi cal changes t é(t“s‘é‘%ieé‘vgweéqg:?é3§8§°tb’?‘|¥‘8 1 ipossible; facombing m BPnleby
changes 11 OBis on SARGESSHAROPSRET B A S5l SB001UB5R 6 o "
~ As di scl dSedpéréorsied, The firglgendralanethpd forrigth thgogh- pmafwnmggs ﬂ'f&&ietectlon ofa

' expression of nunerous genes (1-2000) is &Ivow ded. Wthin one aspect of the
i nventi on 30SingigPRbarorg lémaﬂ@\)ar@sarqwo Andividiplsg Ip gl seanadipra singlecraested

expression f
o5 ot 51 LA PEEEEE woedn sach amafificaton s dope vith one B4 semple g

froma bi oI ogerqahcnon Thanmhberusf sagnpléiethat cabbe coaditd imrﬂhmparawske&&pnst he
tag is correlative with a particul ar nucl eic acid probe and detectable

by non-fl uorE@E@m‘mélp&:ﬁlP% lﬁlﬂlnlb? of rcleavablep@gg rth#tofan by, eqneyated psr zﬂe!qw(m
anplifi eg?f R §y é( £) 466- % Ay rﬁz{lges%a?&ré aﬁ% taﬁgﬁdthsgelf%rﬁ{sgsﬁgo[k? >}°

(d) detecCting non- Iuoresc ry,
1dentxfy several polymorph1sms in a large gr.oup of individuals simultaneously. The

second approach is to use multiple sets of primers which can identify numerous
polymorphisms on a single DNA sample (genotyping an individual for example). In
this approach, primers are combined in a single amplification reaction which generate
25 amplified products of different sequence. Each primer pair or nested set is encé)ded by a
specific cleavable tag resulting in each amplified fragment encoded with a specific tag.
The reaction is run on a single separation step. The number of samples that can be
combined in the separation step is proportional to the number of cleavable tags that can

be generated per detection technology (i.e., 400-600 for mass spectrometer tags).




and t her ef rom det er mi ni ng the pattern of gene expression of t ' i cal
sanpl e. WO 99/05321 Briefly, in differential display, Qﬁﬁg&},&&z

term nal portions of nRNAs are anplified and identified on the basis
of size. Using a primer designed to bindZ43 the 5 boundary of a
poly(A) tail for reverse transcription, followed by anplification of the 10
CDNA using upstream arbitrary sequence priners, nRNA sub-popul ations are
obt ai ned. Si ze separation nethods (PAGE, HPLC, etc.) allows direct

si de by side compari sdfutafion detectiamngt hs or anounts of the nmRNAs between two

bi ol ogi cal sanples of .interest. The. di.fferential di ay net had ha
the potential to visudl z‘get%ﬂipnt?ég'éﬁﬁﬁﬁéﬂcrﬁﬁ@y(%@{ il pri‘(ﬁ“gﬁﬁ at"a
15,000 nR W PRIl Qigesilds Y qUBIcN (5\delistlgendid

~conbi nat i yﬁg_éﬁﬁféh%_s While Fdli ri#gé#bgged differenti aIS éﬁgﬁ a%nﬂ)gorp?ré
substrates tah®09 knbamdmheini disdriers are caused byliafdedect int & aingle gene; efiaed chapes.
It is based on the principle that nps expressed in two or nore

cel : _ ]'Ey_pés of aséﬁlﬁleeémmo PW@eWeé@Pe?@Ig% BofesBrploY o iPaindysEH comes gfepge.by
Fronscri pbi Batbhd adehe PREIRAE MELPIPRESE rfladSiVactil B BRARERS. £Bino

are used i Nacid that ¢@¥hdek Adideast statth a series of arbitrary 13 base
ol i gonucl eotides to reverse transcri be and anplify the nRNAs from a

cell or sanple of int&essitive ruratimndetestiongtechriquepedersexiraopdinary possibiliigs
genes, it if prefag%red t hat aIIF | east nine ifferenﬁ) arb{.traryvprin?rs tz}l)re
Used. For alor mutaligh, SCrsening. ¢ FOF SXpmple. Anakysss, Mgy, bg fettogmeq gyep fafore the
popul at ijgns; I ; i I a N b d
Fonct | ong. arablahtiflon STREEIiRS L (10Rine fia Mohic PR 3 S22 198) Tndchiiily
of two cel | efficpens, geattid destt nify0@lsangiable ceteemingr foaconamgeniar mutaions \inacedls
qui ckly er fqQrmed. ) - D. I ngl e nucl eqti de extension assay
The pri mer e&fgéﬁ@ﬁcfm é%ﬁsefaaéomsra%éﬂ&b%&?%@gr thecwereet Path el g Ping0
25(:'32(7“1' di 9 Shaan%p bfiaf, 8CkAcd O5PH85L1650K0 A, W 8h Gurbdld BER: causes a 26
origi nal | y -gemtici disthse,30efhade tonhgrinu DN sepenan tadintbase ustfulon snidgothedes

conpl ementary to the known sequence of . the cystic fibrqQsis gene were

ext ended?dj ninhggtance of, diseasecthepugh genglice linkags analysis| e dloweer-THetertingdadnad
the ability ' ' I ' it hip the
gene. The tg%%ﬁ?%%&%g%g%g?gﬁéx%rﬁelngsaggf%g!tt %hggﬁ)ggﬁ%g(h: |8‘FC1J}%?IE gﬁ)émselrﬂﬁgﬁ'e

base nut at i Severidugifisyinyppebachks ,haVe ObeenNBinlsued\Cbat Hiche drlSoth efficient and
88:1143-1147, 1991). . . Briefly, this nethod is based on a
pri mer that insypensiNesaguglyfof tady, wedr-&calpapplicadon.ar get nol ecul e adj acent to a

known si ngl € nucl eoti ﬁIIftht‘?éﬁ’erB’&&'{Ih&”a s‘i\A'lgfem&léle%e 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 quantitate 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.

One strategy for detecting a mutation in a DNA strand is by substituting

(during synthesis) one of the normal nucleotides with a modified or labeled nucleotide

or by altering the molecular weight or other physical parameter of the product. A strand

30 with an increased or decreased number of this modified nucleotide relative to the wild-



context of the preseht invention, the target nolecule is preferably
covalently avoewds3dito 10 the solid substrate. The prinmed DNARGCHUSISAS042

subj ected to conditions in which a DNA poI ynerase adds a | abel ed dNTP,
or ddNTP, if the next base in the tenplat e2 conpl enmentary to the
| abel ed nucl eotide in the reaction m xture<” Free | abel ed dNTP or ddNTP

i s washed away, and the extended products are detected.
I'n a nodification of the technique, cDNAis a tenplate for anplification 15

of a sequenceg,of g'egﬁe%{cs%x}ﬁa@ R nolHifg (RaPRE Cetlial | cLpRER DtATENI901

alleles. The ification products are then printed on the array.
Each anplifi QQetéh’oddeEk DNA hawolecules agemesatatl byr amiplifioatéss ncentantisg nirdernal

I f h allele by I 1
R R ER o IS T S T MR
did I
e Sl A, 0 358 S 7310 Pl e

are then ; of%%ﬁﬁﬁ&ﬂlrﬁéhﬁah@&%gmemofDNA In the present
invention, each (di)deoxynucleotide is |abeled with a uni que tag.

-u

. the four reaction m xt Maﬁanoommaycheealw be¢ identifigd diajﬁsm@bmzﬁm effecthon (t_he

| l'i gase.
1 single base-pair dif f €I Expression profiles / differential display

the prinmer s tati

hrogh ¢ e dRPBAaGen of s MieRuidietuish STRREY Bot itrebieRe (e FrEy Crit

establ i shed. Mul tg;plie,U/ak i MmBE 980291991). @%@fa‘ll? ieid tsamh&@rm;esépecme
taggi ng the primer wth a unique tag as wel hus

fragment s ar eligeasdiestiden H}(bmldxzaapn,r aneolrveacamphﬁcsmh oﬁclar,ght ngeqneaicés‘ eargint
tagged (di deoxyterm nat or, .wher, the.ta orr atlve Wi

parti cul aIf8 subseguemtJwbridization v %I'I’i’ %‘g‘{‘I?BI’ e HXP &n ¥ %pﬁggcgmoduct can
spectrometry, r

according to t}Su% vd %la?ﬂ%:d %IE& n%lpgg’sﬂg%egﬁ%e é:tg r‘%%ﬁ@rge@i gétgnﬁiﬁﬂ@" # Gforidization
27 (e. ;gmenﬂelayia@:rayloﬁﬁmﬂmbﬂ%deﬂgeﬁnﬂaﬂuﬁfe@bbés akngthafmethbd yxplBitCtiey
detected in situ. The tags are cleaved fromthe fragnents and detected

by the res pedUPREtihatan ‘Pléﬁpnﬂl@(?ﬁﬁé? Efgi}“’-f that i 15 @lsglatchﬁgstg adlakget pesenes at the 3'
f d t t aQl &
M rared SPOCLBTBIAY PRSI LABIE!L GeAMAT OIBLRY &1 serve abd idiaN By

spect r ophot orfet ags srectedocan be cor parti cuI ar

S DNA frpgnmendditioste rmllsmdﬁ:ﬁks ﬁﬁﬂyl Beninasrpodtéd figo tthe pndﬁlﬁ'fat the Oiirdt pusition f6in
nucl eot i de. i gonucl eotide |jgation assay

The ol i gonuclthe8i end. | Tlglatrﬁsmtsagwy mpismagched rositigns an e awc i Bicdeoptiges of the
e o et gftmer AYBERE N Bk auieE VG, 204 °H8 TnishIR) ] et B Tl

cés invery
The princi pl eréth thd-A énd When RasiRiizédnotthe ok lallélc 0§.naIrIt gﬁsﬁtdrpemv AheNtdoyds
join two diagnostic oligonucleotides as the hybri di ze adj acent to one
anot her on a Iéﬁsvdﬁ 2500, 198Yet Amplificpsiose ane @hc@erprtbyemgmﬁcapumfamns

are not pgrfectl sedzpai.red, the probes will not be joined by the
ﬁée amplI/fg:B QQgI’Pé“‘PH‘é‘ ?IDst able ligase to discrimnate potenti al
Mammals, such as human beings, have about 100,000 different genes in
their genome, of which only a small fraction, perhaps 15%, are expressed in any

individual cell. The process of normal cellular growth and différentiation, as well as the

25 pathological changes that arise in diseases like cancer, are all driven by changes in gene
expression. Differential display techniques permit the idéntiﬁ_cation of genes specific -
for individual cell types.

As disclosed herein, a high throughput method for measuring the

. expression of numerous genes (1-2000) is provided. Within one aspect of the invention

5«\ 30 methods are provided for analyzing the pattern of gene expression from a selected
3



when posi t the 3' end of the "upstreant probe provi dgsfiisos/15042
opportunity o?bs% singl e base-pair resolution (Barony, Proc. Natl. Acad.

Sci USA, 88:189, 1991). Wen tags are used, they are attached to the
probe, which is ligated to the anplified2product. After conpl etion of
OLA, unligated oligo nucleotides are renoved by incubation at a

tenperature that nelts the unligated oligonucl eotides but not the |igated

ol i gonucl eqtii des. Al thernatively,  fragnen are ar a Op the hasis of

o 28 e higlogsal SBRE! EavENSHY 8 cRaR Bh By SHRLDI0 SLIAnHPR & bloiogical

I n anot her [ t | i c de= L gatd as :

adj acent o|5?‘g;g’§€6’9§ t?n eso:kg‘gatér g%%%?gﬁhg%bﬁﬂ?fggg%t% %éﬁgla\t\lgﬁd ltgn% a
5' - phosphorparigdutal/ gucleirggeid probehand detensble The romeflodregrent dpectrordesy, vhi ch

have i'ncorporated different ta,gs, are annealed to target DNA and, if
there is peotentionmirye Onypepsratingspmplilied fragments, (ordeaving the afeam the taggeshia

i : nmbodi t, .. t h ) ' | ot f 1

bi ot 1yl St SEPEHOARCES BEtoging e 3 adf Bubfeslyr? shPualtief B Hofenioptel ¢ o,
t he coval enjlipnéreftbRdici@RRfihe thepatieen bEgénd SXprdssRnITEREBRRgEal sampleabsence
of the target sequences. Wthin one enbodi nent of the

i nvention met hods ar eBriefly,i idedifferentiaD displaye it 31 tegmined pogons off mRNAs are
nucl eic acid ecule, or.for detecting.a sel.ecting nucleic . ,

28 evtisdh AR o GE asiaich Sista WTIOE Gar Cesiped 1o bind obhg ¢ he
t echni que old o | [ ATpAdh: '

gener aﬂl y 2%%9?: eéqﬂggrgf?)éggdogﬁ ﬂeb&%%r (E)l?m ng érfr(gﬁ‘ﬁdgg{, i%mglrfatﬁﬁﬂ%??rl%et
DNA f ol {@waDNIX usiHpnipdireah iarbitravyt sequdree Primers, mBYYe sub-pppularonsRiidoptairizd. and

a 5 phosphoryl at ed/ non- bi otig&/I ated probe. The 5 sanple is incubated with
T4 DNA | i ga¥ies sepqeationmethpodsdAGE: HPL g stehalipwhaied Side by side comparisenal

fromthe | -11g e . r L. r
HPLC. Thethg\’@é%%rgé c é‘%{{?e‘z" @?o@%géﬁgft Ielu(:)t (e”(? l?ﬂ?’a 1&rllts§.{r1 $ge§dgitoir%eﬁ %éhe %gs
are det&gerdtilydisfley hRBriCids the goteatihl vibwA28@llabY ekpregsed gBAES (about

spectronetry, infrared spectrophotonetry, potentiostatic anperonetry or
UV/ vi si bl e ﬁ@dﬁ&o@mﬁwg spgeies) in a mammalian gellhly pisinge mullipl¢eprimen,
mul ti pl Bs Sa l.es .and mul tiple nutations may be anal yzed concurrently.
Briefly, t He PSS consi sts of anplifying the gene fragnent cont ai ni ng

the nutation of i ntergsd basthifferehtidlidishliy 66 46kid sSbstlats3 alykvsi hra@etrivhtidh a
common and two all el e-specific oligonucleotide probes (one containing the

mut ati on  of differentiaHe expressedigenesnotly ishaked l9at thehprineiplenthat ghosthmRNAs
allele-specific probes are 15 .inmmedi ately adjacent to.thg 5. end of the
common. pr oHEPreRRLInTROLCT ot Gell fEES ¢ spmples Of HUgFY: fed b Grectly satpaed on
process betyupenyt HRph#ihd phitlal CONALSSRACES! iBnC SUFERE Bf GARNAL with reverse

20 transcription and PCR. Briefly, three one-base anchored oligo-dT primers are used in

combination with a series of arbitrary 13 base oligonucleotides to reverse transcribe and
amplify the mRNAs from a cell or sample of interest. For monitoring the expression of
15,000 genes, it is preferred that at least nine different arbitrary primers are used. For a
complete differential display analysis of two cell populations or two samples of interest,
25 at least 400 amplification reactions are required. With tég-based differential display
analysis of two cell types, at least 1500 amplification reactions are easily and quickly

performed. |

D. Single nucleotide extension assay

The primer extension technique méy be used for the detection of single

30 nucleotide in a nucleic acid template (Sokolov, Nucleic Acids Res., 18:3671, 1989). As



each [ ocus. The common probe is | abeled with one of four fluorophores and
the al | el ewo99/053pecific probes are each |abeled with one ofC 'ﬁ&sgsqsggg
that provide sizing differences. The sanpl es are then separated based
upon the length of the nodifying tails aag 20 detected by the fluorescent
tag on the common probe. Through the use™I'n sizing di fferences on the
al |l el e-specific probes and four fluorophores available for the conmon
probe, nmany sanples can be anal yzed. Wthin one

enbodi ment ~ gfoihing | AMeAbEdN JTEthRES oigenypievtidded ahdr 20 baselebliponutlenidene
|dent|ty of a nucl ei ¢ acid nol ecul e, or for detecting a selecting, nucleic
25 " aci d noémnplementary tof e l@nmmeeu@cg o6 KasyeXstic fﬂﬁﬁiﬂﬁ aeng wers gxtefledra the

Lo T, coreseee ofp il b8 pEScbd LR85 el Y SEEH Bl AP
arpl i fyi ng ;@Wmmﬁ@lé & vRthi WY ez aTh@'ﬂechmqueVYs té%néﬂéﬁy%ﬁn@dbl@wbe

(untagged) an e-spécific probes tagged according to
speci fi cgti gasctivh dfftmyisinglebasermutatien §hoppuswasnyi etcalh Frec Nl h46DMAS¢u é’é’de

and 30 fragnments separated by, for exanple, preferably by LC or HPLC The
tags are ci 8&édp-1147, 1991).

fromthe separated f r%quﬁgt ﬁﬁ Oggf?asEE%n aﬁﬁn@fﬁapﬁ}lﬁﬁﬁf& 8%, sE?S'ence

respect i ve detection spectronetry, rare

spectrophot Qrfatgwmomhwwadjem&a a known &inighy angitstydeopolyiiorplsisial e Within the
spect rophot onetry. O her assays The
net hods descontgdfitey pﬂeapweangm tbetangemlsc‘ée rir‘i)PF}‘ﬁ’éaUV covalently attached to

i denti fi atlon e
be usef dﬁ ggﬁ&i’ﬁ'ﬁf’? ngp ggﬁérlgtﬁér? g‘ébﬂ?a ‘lra'ﬁ?éo PR co%gir}n{l?{a |B(I)\jr}1EI g .
Cenot ypi ng gé(l Hié?ds@'é‘ddaca dabeled dei | §ri @@NTPD iffAke MeRf bdéez a4 ithe tempheess ar e
reliabl e, prd, sinple, and inexpensive 10 alternatives to serot ﬁNBﬁ

or

(Kaf at 0s et complemehtacy ti theAsbeled mecleotifle is ahe reagmg) mixture. Fxpplabeled

t echni ques uclei,c ,aid h dlzatlo C qu e been

succesgf ul | a‘qﬁggds YVBSWM%" LRk ﬁfi%fPBrPg ‘?%%ﬁ??‘grrs i ncl uding E. coli
(Feng, Mol. Cel | Iﬁaqﬁeﬁﬁ‘?an%iloﬁﬂ@%%hm ﬁetammg a(té%la@éaﬂirrmﬂ;ﬁca{m J.

Med Virol. 37:192, 1992), hepatitis C virus (Stuyver et. al
Virol. 74:1693 seql&ﬂse) of amerebtesontasnisg mrﬂlegdeﬂhawdlfii@enqel\mgmt\w eltlelesal The J

Virol. Met hods 0:119, 1992) e rat,j ons ave
been descri BEplifigation pro E‘ft§ a&“&%mt‘?ﬂaﬁ?éhe array. %‘Fﬁsﬂ‘?@ﬁlﬁﬁﬁmﬁﬂﬁaﬁ
neopl asms. agﬁag for ‘?ﬁ@ @tgﬁo Emgl:@%r%ianb@%hﬁ)ufn%r of BRh allele B9 HAREARMOH
nor phol ogi ca er at| o served I'n carcinogenesis (Vogel stein et al.
NEJMB19: 525 prifrfeB&hat isnl rlmserﬁ' tyeﬂmspadymhrphm aaMenXtendmgdb)e@mballabﬁmblbagq

t echni ques, 20 aIIellc | osses e n hronDso S .or of t.unor
suppr eg sor &qp@ga ya %equggcleon&? 8 nly w ent e correct base is avaqmsﬁe in tﬂe reaction

20 will incorporation occur at the 3-end of the primer. Extension products are then
analyzed as above.

In the present invention, each (di)deoxynucleotide 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

25 tagon the dideoxynucleotide and its identity established. Multiple mutations can be
ascertained simultaneously by tagging the DNA primer with a unique tag as well. Thus,
the DNA fragmehts are reacted in four separate reactions each including a different
tagged (di)deoxyterminator, wherein the tag is correlative with a particular
dideoxynucleotide and detectable by non-fluorescent spectrometry, or potentiometry.

30 The DNA fragments are separated according to size by, for example, gel electrophoresis



mut ations in | oncogenes (e.g., c-myc, c-jun. and the r am | :
have been w°§§'ﬁ%r§grved. For exanple, a correlation between s%é@iiuﬁ?%ls%%}pes
of point nutations in the K-ras oncogene and the stage at diagnosis in
colorectal carcinoma has been identified 27 (Finkelstein et al., Arch
Surg. 128:526, 1993). Thus, nutational analysis could provide 25 inportant
I nformati on of tunor aggressiveness, including the pattern and spread of
nmet astasi s. | ndeed, the prognostic value of TP53 and K-ras-2 nutational

anal ysi s i n (e.g., polyasgpdamide g&l edgctronhorssis) pe prederablynd BLGcarrdeirateshist it ebhe
Pri I t.al., A J . 71: It is..th f t

hat *genot y RERATE ARy AT fnementdhd derectelB) the femtelrl d BEELRETRBRET

g}{'t 2; Inggr gelt(ﬁfgmnghnsgn lsheDRFRAF, | HEFRES §iHcitoh@R9) t ftbntiditdiiee aBherdBatyent

30 UV/visible spectroplivtorhetryowilhe tagsadgitaied aam befdoaretdedyo Weeypaficular

illustratjo and not b f limpgation. 5
EXANVPLES 2 rbNA gagment u¥1der inve\:lsv?%éagon as weh as thenidentitgﬁﬁmq_@ptailt nucleotide.

PREPARATI ON OF ARRAYI Ngy; éﬂgwg?gwggg?ﬁL SPRI NG PROBE.

Thi s exanpl e descri bes 't nodi fication of a spring 10
probe tip for use in dEpoligbngrlestidel Hgation assagr(GIVA) as originally described by
XP54P spri ngh probes are Eurchased from CBtS)?/- Barton&éa. division of
Everett Charllaadegengbah (Laxdegen etrple Sniense 44 i487pl 38D ds 'used farahp ideptifigation

e wi th gentdrdBPECEERESOERR VS 1Rla i PomBRY GienBReR e TG PGB RCoG0G A s
inches) mf k& on thel RIS H% 96NG BSvatéiilyJbinlfvo BiaBnéstié AzoRRAESYRY a8 Yhey

m croscopy. The tip end i's polished by rubbing the'tip across a
| eat her st r ihybriditetadiagentdolong anpthier paagiverTDPEA targets tibthecsequences atsthepeabei n

are mount ed FaPtenR gt perety asg el b pREE Sif ol e ined iR s
robotic ar mapyhty dF Qm%ﬁlecﬁéﬁséqu diBdrimifatd Potential sihgle!BiBepat differenles
when positioned at the 3’ end of the “upstream” probe provides the opportunity for
15 single base-pair resolution (Barony, Proc. Natl. Acad. Sci. US4, 88:189, 1991). When
tags are used, they are attached to the probe, which is ligated to the amplified product.
After completion of OLA, unligated oligo nucleotides are removed by incubation at a
témperature that melts the unligated oligonucleotides but not the ligated
oligonucleotides. Althernatively, fragments are separated on the basis of size. The tags
20 are cleaved and detected by mass spectrometry.
In another embodiment, oligonucleotide-ligation assay employs two
adjacent oligonucleotides: a "reporter" probe (tagged at ‘the 5' end) and a
5'-phosphorylated/3' tagged "anchor" probe. The two oligpnucleotides, which have
incorporated different tags, are annealed to target DNA and, if there is perfect
25 complementarity, the two probes are ligated by T4 DNA ligase. In one émbodiment,
~ 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.
Within one embodiment of the invention methods are provided for

30 determining the identity of a nucleic acid molecule, or for detecting a selecting nucleic



EXAMPLE 2 PREPARATI ON OF ARRAYS OF M CROSPHERES ON GLASS
SLIDES. WO 99/05321 Deposi tion of easily detectabl e PRIEII8RFUE es
on glass slides 25 denonstrates reproducibility of array formation. In
this procedure, a solution consisting 2 of 56% gl ycerol, 0.01 MTris pH
7.2, 5 nmM EDTA, 0.01% sarkosyl, and 1% v/V Fl uoresbrite Plain 0.5
[err]M m crospheres (2.5% solids-latex), (Polysciences, Wrrington,

PA) is prepared. An arraying pin is submerged 5 mminto this solution for 5
sec. The  ,udMifdlQER)EESfor! exdnisle & ebiokigiet] ysamiplay aniliaingo the gecssqu iode.
Phot om cr ographs of the 30 slide are_taken under fluorescence |ight using
a filter fooligonmlestidedigationriagsaye Briefly, such methods generally comprise the steps of

31 denpnstrates.t hat the _anpunt d Si t sl ut i.0n: 1.n C ea
of the arr a?eﬂfgmégyamghft‘catmﬁo%i ngaﬁge.t %ﬁ@?weiﬁ Y g%lﬁs{'[dl%l(?hd‘évggsélﬁ 25 can
be made per . pj t bbd WAkl ¥ 5' phosphdt9itdd?idn-biotinylated probe. The

" EXAVMPLE 3 tégg%%p&ﬁ%REgMFO\l OF AN A?ngzg{ USI NG Anlvdgl F_TED DROPHI LI C
SPRI NGd PBO:BEam;d:le is incubated with T4 DITIBd‘rgalsae Phe DN stramdsrwithe ligated probes can be

m cro-dropl et deposition is greatly . enhanged_ when i ng.a J.Jqui
transfer des¢rasated ftonhthe laNﬁyH’#‘gﬁ?ﬂ“r]il%at%P’P E%,gy’ef:?f)éﬁ"a}t’jﬁyp’%éemwgw ﬁﬂa&r
device is a Lfied ri . rjyng Len I Li.C

t hrough the l'ﬂ;s}‘gé’ofﬁﬁi sc%? "gééevr% sﬂécr‘}t ilhrglgse?’(%ﬂ1 %F@gﬁf ’%{;s’ gﬁ? 13 g%rgxgé]" Q%r%eéﬂe
probe or thijewafed by théaeipertivé Rtqtiohetevhidlogy [ty dr.ophasd ispectrohsttyndafrated a
preferred nethod, the tip of the spring probe is soaked in a 25 - 200
MM sol ut i on spéctrophotomitnyhpetentiestatis amperomgirk 98 UMfvisible sprstraphotometrys nin to

2 hrs. Dithiothreitol reacts with agol.d surf.ace hi_al -

coor di nat% on, whi ch ed@d ?ipéﬁe?{ HVgPté%lrg?lg@Fet %aens ]gsléér)%i lg“?g?% l{ﬁﬁﬂfﬁhﬁ&%& fndy

hydrophilicye ang]yéz&d concurrently. Briéfly ahé et Sotlsists Shunstifyigahe gond fagmientof
an 0

56% gl ycer ol Yo wat er colored with blue food color. The arraying
tip i s submepgmihibg the mutasionhef biteresti ribhe amplified pradust isothep hybridized gwith a

| | bearing tip.is t bat i cal | |led t int .72 .
o L7 oGpot o epibm ab g algleomeaitly Qisqrbglolad Broves (i BhBinid the mutptica, o
20 appr oxi maaley t}i'eogglﬂcﬁodéés%&?ssum HheRRS 87 epitd fof20R Milé-Specefd RébdsOare

center spacing etween spots. Figure 2 shows a CCD canera inmage of the
grid protiucdmmebiately adjacent to the 5' end of the common probe. This sets up a competitive

hybridization-ligation process between the two allelic probes and the common probe at
each locus. The ﬁorﬁmon probe is labeled with one of four fluorophores and the allele-
specific probes are each labeled with one or more tags that provide sizing differences.
The samples are then separated based upon the length of the modifying tails and
20 detected b'y the fluorescent tag on the common probe. Through the use in sizing
differences on the allele-specific probes and four fluorophores available for the common
probe, many samples can be analyzed.
Within one embodiment of the invention methods are provided for
determining the identity of a nucleic acid molecule, or for detecting a selecting nucleic
25 acid molecule, in, for example -a biological sample, utilizing the technique of
oligonucleotide ligation assay for concurrent multiple sample detection. Briefly, such
methods generally comprise the steps amplifyiﬁg 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

30 fragments separated by, for example, preferably by LC or HPLC. The tags are cleaved



standard devi ation of spot dianmeter is approximtely 15%

EXAVPLE 4 Y9 99/05321 COLORI METRI C DETECTI ON OF ARRAYEDPCT/US98/15042
OL1 GONUCLEOTI DES. Tenpl ate ol i gonucl eotide (75 [err]|
of 0.5 [err]g/[err]l) (5 - hexylamne -
GTCATACTCCT- GCTTGCTGATCCACATCTG ' 3) is reacted with 5 [err]l of a 20

nmg/ M cyanuric chloride in 20 [err]l of | Msodiumborate for 30 mn at
roomtenperature. 30 Fromthis reaction, an arraying solution is made,

whi ch consifséa thé séfavated fragments, 4l then the tags are detected by the respective detection

32 ng/.ul _oligonucl eotide, 0.06 n1VIs di um borate and 0.3 ng/ni )
cyanuric cHeehmolegy T2, mass SPEFFMENY, |in ﬂ?gneﬁpﬁgﬂolg‘omﬁ‘?t%o HLIEF@"‘QF‘PH% ng

solution fq SHG P’Y%%\?ﬁiswlég °“°Rh§“3%£e'§'§99t! pis then robotically

controlled prin m crosp rid onto a

pol yethyl eneimine (PEl ) coated silicon wafer. The spots produced are

approximately 5 100-150 mcrons in dianmeter with 200 mcron center to
center sbhacing b&t weefrkgrsassays Fol | owi ng arrayi ng, the unreacted PEI

sites on the wafer arg,Dbloc Wit h uc ini anhydrii ein
100% n- net hyl pyrrol | ﬁowgh}(’g? iegc“%%cgtli%elpomagv\égs % 3used QvBSROLYPe
wat er. The jHBLERGHEH oFWAISES 6 Mltr@bdsdFotick@mph, F+ORRAKESiphab s xﬂa}%%é‘i‘al ne

in 0.01 MTris for 15 mnutes with four washes in Tens buffer
0. 1% SDS, Ifandla®s asl ﬂidlcatorsforl\mri@i'oﬁ\)nrus' lcontasnpdtame Genatyping b)s nud:iem ac:d

hybridizedtol s _.biotinyl at | ement
(5' - Bi oti n-2reft @D‘Mé@& ﬂ@%@s 1355 r%‘t?b.‘ﬁ Fagid, simplgy pad AEPEBY Dued

b T 0
20 v R R SRS, W T el SRR, B 7asiEnion S
| aur oyl sar cAmiplificatibr) 0EehriEueb0)and Thcleéd egidi mybﬁemﬁmakedhmqu& Shelver bkex m

al kal i ne 15 phosphat ase conj.ygated streptavidin for 15 mn foll owed by
wash in 2x Spepessfully usedto classi a1a4wtmétﬁmlceoorsem§wémci@m@EosthngleThe

m crospot s é{zﬁrﬁpﬁé} 9':*"1}?' ?Qﬁ%b\‘;‘mééﬁ s (Sethafffif &f 4! ‘beAffé’c?%Porl %9@9&3{1@%3 S

Bur | i ngane, ornra pro oco ) and

camer a and hepati@sCofifus (Etlg'uéxeet?:alcil.s Kﬂea)l&rdlhﬁfl 1093 € 99 )ﬁaﬁmh s simplex ¥ius
resulting mcrospots have apprOX| mately a 15% variation .in dianeter and
i nt ensi 1§ Aarspmete of.ly inkr 4-?5%0!15}) 189%)as det er mi ned by NI H | nage

(National Institute Ofenerc af@r%h&flk hE5E BEEH Fesd¥ed in a variety of experimental

mammalian and human neoplasms and represent the morphological basis for the
sequence of morphological alterations observed in carcinogenesis (Vogelstein et al.,
NEJM 319:525, 1988). In recent years with the advent of molecular biology techniques,
20 allelic losses on certain chromosomes or mutation of tumor suppressor genes as well as
mutations in several oncogenes (e.g., c-myc, c-jun. and the ras family) have been
observed. For example, a correlation between specific types of point mutations in the
K-ras oncogene and the stage at diagnosis in colorectal carcinoma has been identified
(Finkelstein et al., Arch Surg. 1 28:526., 1993). Thus, mutational analysis could provide
25 important information of tumor aggressiveness, including the pattern and spread of
metastasis. Indeed, the prognostic value of TP53 and K-ras-2 mutational analysis in
stage III carcinoma of the colon has been demonstrated (Pricolo et al., Am. J. Surg.
171:41, 1996). It is therefore apparent that genotyping of tumors and pre-cancerous
cells, as well as specific mutation detection will become increasingly important in the

30 treatment of cancers in humans.



EXAMPLE 5 MULTI PLE OLI GOS W THIN A SI NGLE ARRAY

ELEMENT. W® 99/05321 Two, tenpl ate ol i gos (#l, PCT/US98/15042

5' - hexyl am ne- TGTGGATCAGCAAGCAGG AGTATG 3', #2

5' - hexyl ani ne- ACTACTGATCAGECGCGCCTTTTTTTERTTITT] TTTT-3') at 0.5
[err]g/[err]l are reacted seperately with'5 [err]l of 20 ng/m cyanuric
chl ori de and 20 [err]l of 1M sodiumborate in a total reaction vol une
of 100 [err]l for 30 m nutes at roomtenperature. Fromthese two

reactions, arraying solutions are made of 56% 30 gl ycerol and dil uted

conbi nations of the two reacted oligos (see Table bel ow) . Eight

33 arraying ti fhedeHowingnetagmiessane ofiferad by way of d“‘&&@%"ﬂf andh Bot Py ht
arraying solutiqns.far 2 seconds. The solution bearing tips are

robot i callywéﬁﬁ?ﬂm‘ﬁagﬂnto print two sets of eight 12x6 grids each
containing 72 mcrospots onto a polyethyleneimne (PEl ') coated ~ silicon

wafer. Each grid represents a single arraying solution. The spots produced
are 5 approximtely 100-150 m crons EXAMBRESer with 200 micron center to
center spacing bet ween spot s. Fol | owi ng arrayi ng, the
unreacted PEl sites on the wafer are bl ocked with 100 ng/m succinic

anhydride in 100% n-net hyl pyrrolini C@J@ﬁl\jﬂﬂEJﬁ m nut es with a 3x water

wash. The unreacted cyanuric chlorid e bl ocked with 0.1M 10
glycine in 0.01 MPREPSRATION UF ARRANYING TW RROMA COMMERCIAD SERINGERROBE. 0. 1% SDS,
0.01 M Tris, 5 mM EDTA) wash., Two hybridi zations are then carried out.
In the first hybr iTdig sxample deseribest themamfagtpreh and mogdiideation; ofoa spring

conbi nati.ons_i.s hybridized tg. i | eoti de,

5 - Bi ot ild- TB‘P@@A’P&%@E&A‘&%&%&Q‘%@%‘” m\l\é{?égﬂ&s conpl ementry to oligo

#1.-1n the second hybr)mm’agéxﬂfg pidbes Qi Plurchated frobh ©sby PBurtohS(a _divisiore &f
ized to the oligonucleotide (5'-BlI Ol N AAAAAA

oligo conbinations is hybri 0 :
AAAAAAAAAAAEM@:K@@@@@I%AW@%)) Thsi ptobes arsoplgrethetip-dpwno on an exjra fse#2.
The hybri di zati ons,are.conduct si nul t anepus| der, rjwel eal |

Cover s (Resémr&ﬁbm&%sq?’?ﬁ ﬂ’% °%§B%8ﬁ9§? ?g%u,q Ol\g%'%t‘bl\lﬁféés%g ,eéswe'
111 nois) fappédkimately 01009t8hed{0.801 & 0.0 CincHeb ¥ fatletal istefovd@iom ihe eSS
(0.06 MTris, 2 nM E[¥I’A, 5x 20 Denhardt's solution, 6x SSC (3 MNad, 0.3
M sodi urhSci theati as pbserved) by B1i@8scepyN-The tip endiisr polisbed by shbking theoGp as1ss 40)

~wash. Fol | ow hydridj zatio he, waf er J.s soaked,in .o derrlal
hor ser adi shw‘?g%(‘}i% ?@@?wg%?ﬁ‘(’ﬂth Walgr ﬁpﬁf‘ﬁﬁ‘%’sdr‘%’( Pﬁmﬁe%bv 'Jé)éﬁl)%glfr&
4x TVE{ BobcM NGGlse i - prepafiiiiioZdirays; e tsTark hoviéd)in 4 headri bR 2paY S
are then devel oped usi'ng 0.4ng/ M 4-nethoxy 1-napthol (0.02%ydrogen
per oxi de,” 1£&hion. The head is mounted on an robotic arm, which possesses controllable motion
in the z-axis.
20
EXAMPLE 2

PREPARATION OF ARRAYS OF MICROSPHERES ON GLASS SLIDES.

Deposition of easily detectable microspheres on glass slides

25 demonstrates reproducibility of array formation. In this procedure, a solution consisting
of 56% glycerol, 0.01' M Tris pH 7.2, 5 mM EDTA, 0.01% sarkosyl, and 1% v/v
Fluoresbrite Plain 0.5 pyM micfospheres (2.5% solids-latex), (Polysciences, Warrington,

PA) is prepared. An arraying pin is submerged 5 mm into this solution for 5 sec. The
microspheres are then repeatedly arrayed onto a glass slide. Photomicrographs of the

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



25 nethanol ;. PBS) with a final 3x water wash. The set of
m xed ol i go§VQ??é‘¥53?'&bri dize to the conpl ement of oligo #1 PCIABRE/15042
greatest color intensity for the grid containing the highest concentration
of oligo #1 and the least color intengity with the grid containing the
| owest concentration of o0ligo #1. Whereas, the set of m xed oligos
hybridi zed to the conplenent of oligo #2, 30 showed the greatest color
intensity for the grid containing the highest concentration of o

34 ol i gdemdnstrasest that theaamount| afr dépositets salytion 1)nh ehdfhea%alaf tgherm'mys In_ils trng:rjz he
| owest concentration of oligo # ee figure 4). \r rayi_ng Sol ution
Concentr at i oﬁ°’3ﬂ?3t6mi Jyorepver, at ?ﬁ?ﬁ% E(?é a%RqSHﬁ%B‘F %SIYP@Q? P pigkup that are virtually

arraying sol utJ (ng/[err]l) arraying solution (ng/[err]l) 1
56- tenfiEal 0. 44 | 2 28
. 0.88 3 14 _

1.8 4 7 3.5
5 . 5 3.5 _ EXAMPLE 3 7 6

' 0. 88
1.8 PREPARATION OF AN AR]RAAY USING A ODIFIE% HYDROPHILIC SPRING PROBE
28 8 ®: 56
5 ' From the foregoing it will be appreciated that, although
specific enbodi ments of the invention have been descri bed herein for

purposes of illustrati Gample \ack-ups transfer iandt méms-desylethe depekition tifogreatly
et 19 1 SR Shed bR WS ok B b Gt S ity
' 10 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
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
15  coordination, which essentially hydroxylates the surface, making it hydrophilic.
An arraying .solution is made consisting of 56% glycerol and 44% water
colored with blue food color. The arraying tip is submerged 5 mm into the arraying
solution for 2 sec. The glycerol bearing tip is then robotically controlled to print 72
microspots in a 12x6 grid onto a silicon wafer. The spots produced were
20 approximately 100-150 microns in diameter with 200 micron center to center spacing

between spots. Figure 2 shows a CCD camera image of the grid produced. The

standard deviation of spot diameter is approximately 15%.

EXAMPLE 4

25 COLORIMETRIC DETECTION OF ARRAYED OLIGONUCLEOTIDES.

e Teniplate oligbnucleotide (75 ul of 0.5 pg/ul) (5’- hexylamine
GTCATACTCCT-GCTTGCTGATCCACATCTG-"3) is reacted with § pul of a 20
mg/ml cyanuric chloride in 20 pul of 1 M sodium borate for 30 min at room temperature.

30 From this reaction, an arraying solution is made, which consists of 56% glycerol, 56



- 35 - What is clained is: : 1. A met hod of amplifying
nucl ei ¢ acywé gamssaul es froma tenplate in a chanber, conpri sPAHUSIS15042

(a) m Xi ng singl e-stranded nucleic acid tenplates on E. solid substrate
with a solution conprising an oligonucl eqtide priner that hybridizes to the
tenpl ates and a DNA pol ynerase, wherein tHe m xing occurs in discrete areas
on the substrate, and wherein the solution remains in the discrete areas;
(b) synt hesi zing a conplenentary strand to the tenplate to form a dupl ex;
(c) denaut] : Q; i ) Y ch@asirl dioride. The
conpl enment aP%ﬁlgPir'gﬁnd'g&%%gatéh%at@gnnp %%dé?mtbﬁé?tgfa?g?ﬁma?p%si fying nucleic acid

nol ecul es; arraying tip is submvdigée5nmirhéntouhe eimaying sblswéruforod see. i Phec solttaon
with the atnosphere in the chanber, and dew pojnt s naintai during said
m xi ng, synbemsigiipds thengobietirlyrqonyolied&q eEyt lﬁf&‘é’?ﬂs}’?@ 1B\ PapotPa®T O RN 2 t he

sol uti on. . a ok M }C |
nol ecul es f PBWFQ‘YBW%éP éh)ﬁo%ﬁggg}é:rggq%ag%pr?gl %&é B&’d%g.d ate aﬁ:‘f&»?%ately

m xi ng sisngh §0.9%0 3Eshs H istheteA St 200MRIGOE Selr B cehtdri spacinfHetwden spotsh a
solution conprising a first oligonucleotide prinmer that hybridizes to the
tenpl ates, FoHewinparsdyimrthe unreacted Pisites onithe waferrargibjacked gvith 100 mg/ml

conpl enentary stran f. . the t | at e nd_a,. rase |

m xi ng o_ccuﬁ‘écq“ﬁ_coq-"‘g’é’g%@% ‘%r@ﬁgp WF%?QXHSPF%EE(}J&%g%mﬁé?%?m@%owﬁ on
remans in WL‘Eh{&' iﬁ%dﬁgﬁ ?ﬁ@ﬁﬁéeact d cyanuric_chlorideDites afe/Ploble&l #ith®.BM glycine
conplenentary strand to t eterrpfatetoforma dupl ex; C

denat uri ng t§e.0dwilTais forhs minutes with four washes in Tens buffer (0.1 M NaCl, 0.1% SDS,
REPLACEMENT SHEET

1 8 JAN 18009.01 M Tris, 5 mM EDTA). The template oligomér is then hybridized to its biotinylated
complement (5’-Biotin-TGTGGATCAGCAAGCAGGAGTATG-3") for 20 min at
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

15 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
Vector Blue (Vector Laboratories, Burlingame, California) (following kit protocol) and
imaged with a CCD camera and microscope. Figure 3 displays the image generated.
The resulting microspots have approximately a 15% variation in diarﬁeter and intensity

20 values varying éppfoximately 10% as determined by NIH Image (National Institute of
Health, Bethesda, MD).

EXAMPLE 5
MULTIPLE OLIGOS WITHIN A SINGLE ARRAY ELEMENT,

25 Two template oligos (#1, 5’-hexylamine-TGTGGATCAGCAAGCAGG
AGTATG-3’, #2 5°-hexylamine-ACTACTGATCAGGCGCGCCTTTTITTTTTTTTTT
TTTT-3%) at 0.5 pg/ul are reacted seperately with 5 pl of 20 mg/ml cyanuric chloride
and 20 pl of 1M sodium borate in a total reaction volume of 100 pl for 30 minutes at
room temperature. From these two reactions, arraying solutions are made of 56%

30 glyceroland diluted combinations of the two reacted oligos (see Table below). Eight



- 36 - (d) synt hesi zi ng conpl enentary strands to the
tenpl at e aMO®9BS32tonpl ement ary.strand of the tenpl ate, ther F¢HHHI8/15042
anplifying nucl eic acid nol ecul es; wherein the solution is in
contact with the atnosphere in the chanbeg3 and dew point is naintained
during said m xing, synthesizing, and dematuring, thereby preventing
evaporation of the solution. 3. The nmet hod of either of
claims 1 or 2, wherein steps (c) and (d) are performed nultiple tines.

4.b : Tge rr&iriggﬁxgodpmabubrﬁﬂgﬁﬁérmilhmst%qgisﬁq egchanfdhe eight amreyipg selytippsifor 2om
about 10 to about 25 tines. . 5. The, net hod .of either .of
claims 1 or secongserEhensalifions bearingdips 2 Fahqfically 88%§&ﬁﬁidt°tlﬁéqt Snﬁ‘egsr %{' eight
vi-scosity. . " ' j c&yEpQund
is glycerol Wéagré%sgg??h coxf&ammg %emﬁé%qs g%ogld?%ﬁél&y%?ﬁgﬁg? r(nl:.igiIa )wher ein
t he conpoundijigondWifet Bach grid represents a singk:. arrayinghsolutiérh olhe spath produged are
wherein the conpound is a sugar, Lo ) 9. . The nethod of either
of. cl ai ms5 1 appraximately $00r16Qaniorensis| dismaetgs aviths2C) mMEPHFENISH IR CHYFEY SRACHEe |
10. The thod of either of clainms 1 or 2, wherein synthesis and
denat ur at i orPSAVES %rned at different tenperatures. 11.

gngl fefgtegod of either ofoléwingSarfaydig, dhe fubfdabRE PBITHites ioRCthe avafet aregblobleed
REPLACEMENT itEHD0 mg/ml succinic anhydride in 100% n-methyd pyalingipme for 15 minutes
with a 3x water wash. The unreacted cyanuric chloride sites are blocked with 0.1M
10 glycine in 0.01 M Tris for 15 minutes with a 4x Tens (0.1 M NaCl, 0.1% SDS, 0.01 M
Tris, 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
complementry to oligo #1. In the second hybridization, the other set of the eight
15 arrayed oligo combinations is hybridized to the oligonucleotide (5°-BIOTIN-AAAAAA
.AAAAAAAAAAAAAAGGCGCGCCTGATCAGTAGT), which is complementry to
oligo #2. The hybridizations are conducted simultaneously under Hybriwell Sealing
Covers (Research Products International Corporation, Mount Prospect, Illinois) for 20
minutes at 37°C followed by a 6x Tens, 2x OHS (0.06 M Tris, 2 mM EDTA, 5x
20 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) wash. Following hydridization, the wafer is soaked in
0.5 pg/ml horseradish peroxidase streptavidin for 15 minutes followed by a 2x Tens, 4x
TWS (0.1 M NaCl, 0.1% Tween 20, 0.05 M Tris) wash. The microspots are then
developed using 0.4mg/ml 4-methoxy 1-napthol (0.02%hydrogen peroxide, 12%
25 methanol, PBS) with a final 3x water wash. - -

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,

30 showed the greatest color intensity for the grid containing the highest concentration of



- 37 - 12. The nethod of claim 11, wherein the

ol i gonucl ewio 995821 ners are | abel ed. 13. TheCraisas/tsod
claim 12, wherein the | abel is a fluorescent nolecule. 14.
The nethod of claim 12, wherein the IabﬁJE is atag that is detectable by
non-fl uorescent spectronetry-or potentio 4t 15. The
nmet hod of claim 14, wherein the detection of the tag is by nmass
spectronetry, infrared spectronetry, ultraviolet spectronetry, or

pot eni ost af |6, AHHGHATRE [e)ést color 1ntensnt W1th thkGerid c&h@inﬁ@ﬂh@%ﬁést@oﬁééﬂéﬁon
wherein the s%quence and the tag of ¥ first or second or both

ol i gonucl eobf olgp#2 reestigure d).f f er ent for each tenpl ate. 17.
The nethod of claim 16, wherein the anplified nucleic acids are pool ed

prior to det T -
or 2, wher ei‘ﬁ“?ﬂéé Plrugflmi S gr?ncen tlbﬁ ?sfubgtg;ﬁie conpr.l mg a '%40 h% waf er
or borosilicate slide ng soruign \n e et h&ﬂ%&! Sphitio 1(

Qhe;_el n
t he terrpl ates arelcovalently attacheéGt o the solid substrat&44
20. The nmethod & claim 19, wherei 8the attachnent is thr&&h a

3 14 1.8
4 7 3.5
5 35 7
6 1.8 14
7 0.88 28
8 0.44 56
5 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 spirit and scope of the

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



pol yet hyl ene i mi ne |i nkage.
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- 38 - 21. The met hod of claim2, wherein the

ol i gonucl eotide prinmer pairs each have g different sequence.

22. The nethod of either of clains 1 Or 2, wherein the tenplate is
uniformy applied to the entire array pior to m xing. 23.
The nethod of either of clains 1 or 2, wherein the tenplate is applied

i ndividual |y to each discrete area ofkABM8ubstrate. 24,
The met hod of claim 23, wherein the applying is performed using spring

pr obes. 25. The nmethod of either of clains 1 or 2,

wherein an apparat ys !SAUﬁ?e%léd)o?%ﬁﬂlﬂ'&inggﬁuéj&W R34 Nhelecules from a templat&6-
A 1ret hod of synthesizing a nucleic acid lecule froma tenplate,

conpri sido@iprising: (a) m xi ng si ngl e-stranded nucleic acid

tenpl ates on a solid substrate with ol ytjon,  conprising an .

ol i gonucl eoti de pri{@er NS ‘?‘ﬁrai’ggg'E‘B&Fﬁé‘cldeﬁ?ﬂpé‘it%%o’hﬂéohd Sibstrate with
pol ymer ase,, wherein.{: I Xl ' [ . i d
ther o n 1 8T HEBE alic O ERE priofbrdndl iVRHGES ¥ R Rhple by DIER
synt esi Zjdlgmerass) Wheointha mvixsig 8evhrs ih Hiteretecailehab the shiranel addphketein the

solution remains in the disérete areas;
(b)  synthesizing a complementary strand to the template to lform a duplex;
(c) denaturing the duplex; and | '
(d)  synthesizing complementary strands to the template, therefrom
amplifying nucleic acid molecules;

wherein mixing, synthesizing, and denaturing are conducted at dew point.

2. A method of amplifying nucleic acid molecules from a template,
comprising:

(a) mixing single-stranded nucleic acid templates on a solid substrate with
a solution comprising a first oligonucleotide primer that hybridizes to the templates, a second
oligdnﬁcleotide primer that hybridizes to a complementary strand of the template, and a DNA
polymerase, wherein the mixing occurs in discrete areas on the substrate, and wherein the the
solution remains in the discrete areas; . |

(b) synthesizing a complementary strand to the template to form a duplex;

(c)  denaturing the duplex; and

(d)  synthesizing complementary strahds to the template and the
complementary strand of the template, therefrom émplifying nucleic acid molecules;

wherein mixing, synthesizing, and denaturing are conducted at dew point.

3. The method of either of claims 1 or 2, wherein steps (c) and (d) are

performed multiple times.

U
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wherein m xi'ng and synthesis are perfornmed at dew point,

wherei n dew@odes321 s achi eved by an apparatus, conprising: aPCBMSH8/IRo42
capabl e of being pressurized; a heating device; a nmeans for generating
pressure; and a neans for generating saturated steam wherein
the heating device, pressure-generatingdfreans, and steam generating nmeans
are control |l able.

REPLACEMENT SHEET

18 JAN 2002 he method of claim 3, wherein steps (c) and (d) are perford&d from
27. A net hod of %Iet ec’lrneg singl e base alter atlljo(n)l n ( )nuclpel c acid
ol .ecul eaboRPhPtosdbdgt 25 times. (a) m Xxi ng singl e- st randed nucl ei ¢

acid nolecules on a solid substrate wth a solution conprising a first and
a second oligonucleotides that hybridize to the nucleic acid nolecul es and

a DNA |igase, whergin t'ﬁﬁe Meﬁ{oﬁ%&?&y{ﬁf %lgm’?s flof 87 Ghérefl i cf%futlo?xrl:o?ﬁaﬁﬁsya

and wherein the sof'ution remln Crete areas:

(b)  dedoasidund titat chsfetsivistositpduct ; vvherel nthe first and
second ol i gonucleotides will not |igame when there is a single base

alteration at the junction base on the nucleic acid nol ecul e,

< achi eved by an Sppar RCECTgAE Ao Hhsrein e somueund A S5t Sl

pressurized; a heating device; a neans for generating pressure; and a neans
for generating saturated steam wherei n the heating device,
pressure generating neabbe netihdsefeciamy énwhereimglyrerahis present ené cohdeabration
28. A et hod, of form i ngl e nucl eoti de extension assay, conprsing:
(a) m@?‘ﬁg“bewiﬁ)o‘ﬁ@@%‘o‘t s on a solid substrate with a sol ution

conpri sing single-stranded nucleic acid nolecules that hybridize to the

ol i gonucl eoti des, a single nucleotide, and a DNA pol ynerase, wherein the
m xing occurs in discreTke atetlasl aff claihe6swhekimglycerahid presene ana tchecentriation on
remains in discrete areas; and (b) deteci ng an extension
product Bemiakeuicdq gakael 6 de: wherein the ol i gonucl eoti de
w Il be extended only when the single

9. The method of either of claims 1 or 2, wherein the DNA polymerase is

a thermostable polymerase.

10.  The method of either of claims 1 or 2, wherein synthesis and

denaturation are performed at different temperatures.

11.  The method of either of claims 1 or 2, further comprising detecting the

duplexes.

12. The method of claim 11, wherein the oligonucleotide p_rimers- are

labeled.
13. The method of claim 12, wherein the label is a fluorescent molecule.

14.  The method of claim 12, wherein the label is a tag that is detectable by

non-fluorescent spectrometry or potentiometry.

—_— ——
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nucl eotide is conplenentary to the nucleotide adjacent to the ridized
ol i gonucl eQ 05321 wherein mixing is performed atP(H)é/Vv?’ﬁGﬁ?ﬁz,
wherein dew point is achieved by an apparatus, conprising: a container
capabl e of being pressurized; a heating ﬂevi ce; a neans for generating
pressure; and a neans for generating saf (ir at ed st eam

REPLACEMVENT SHEET

18 JAN 2002 - 40 -
wherein the heating device, pressure generating nmeans, and steam generating
means are controllable A kit for genot ypi ng,

conprising a solid %ubsTh%lm,ﬂﬂ%QﬂﬁP%Flﬁ}fﬂgl4ath%§Fer1&)fh‘?)Fle‘leﬁ%‘§I 8f thst 1agos ko @8ss de
Ul o o PepEometnyinfargd spectromed; uhratfifecSbbormity oF pottnidfiic Mbnct TR £ 1

conprising a viscous solution. 32. An instrunent for

mai ntai ning a chanber at dew point during tenperature cycli ng I n the range
of. about 4[err] C t t6.abolhe g8ftkad oilaion dfs Whetetn the sequence and the tag) of the first
heating and copl | n ht chanber capable
of covgr‘?rrﬁﬁc‘f oﬁtﬂhgonucleonde primers lféi fférex)élt fﬂﬁ %caj usting the p
pressure in the chanber and (d) a neans for injecting
water vapor into the chanber . 33. An instrunent for

mai nt ai ni ng a chanbkr aThelanethod raf dannnl;ﬁ t whereim ther empidied ngudleic tdvids arege
of about 4[err]C to about 95[err]C, conprising: (a) an
airtightp &rteéﬁféﬁm@l of covering a heating and cooling bl ock;

18.  The method of either of claims 1 or 2, wherein the array is on a solid

substrate comprising a silicon wafer or borosilicate slide.

19.- The method of claim 18, wherein the templates are covalently attached

to the solid substrate.

20. The method of claim 19, wherein the attachment is through a
polyethylene imine linkage.

21.  The method of claim 2, wherein the oligonucleotide primer pairs each

have a different sequence.

22. The method of cither of claims 1 or 2, wherein the template is

uniformly applied to the entire array prior to mixing.

23. . The method of either of claims 1 or 2, wherein the template is applied

individually to each discrete area on the substrate.

24.  The method of claim 23, wherein the applying is performed using

spring probes. e

_— This Sheet Has Been
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(b) a seal between the chanber and the bl ock; (c) a nmeans

for adjust wgeds32pressure in the chanber, and PCH)US98/B5082 NS
for injecting water vapor into the chanber. 34. The
instrument of either of clains 32 or 33, wherein the pressure adjusting
means i s a piston. . 35. 38The I nstrument of claim 34,
wherein the piston is conputer controll ed.

REPLACEMENT SHEET - 41 -
36. The instrunent of either of clainms 32 or 33, further conprising a

sensor that measures a drop in volune and that controls the pressure.
37. © The instrunme@s. of Thkaeth@Pof either of plairhe 1 nir @¢ kvhieraim en apparatusSs assdptot er

controll ed. 38. . The nethod of claim 26 wherein step (b) is
per f or meeentiol thedew poipks. 39. The nethod of claim 26
wherein the solution contains a conpound that increases the viscosity of
the sol ution. 40. The nmet hod of claim 39 wherein the

conpound is glycergb, or Anfegal of synthesizing a nucleid lcid mbleule fidad aokemplaé,m
39 wherein the array is |located on a
comprising:

(@)  mixing single-stranded nucleic acid templates on a solid substrate with
.;11 solution comprising an oligonucleotide primer that hybridizes to the templates and a DNA
polymerase, wherein the mixing occurs in a discrete area of an array, and wherein the solution
remains in discrete areas; and | |

(b)  synthesizing a complementary strand to the template to form a duplex,

wherein mixing and synthesis are performed at dew point,

wherein dew point is by an apparatus, comprising: a container capable of
being pressurized; a heating device; a means for generating pressure; and a means for
generating saturated steam,;

wherein the heating device, pressure generating means, and étea.m generating

means are controllable.

27. A method of detecting a single base alteration in a nucleic acid
molecule, comprising:

(a) mixing single-stranded nucleic acid molecules on a solid substrate with
a solution comprising a first and a second oligonucleotides that hybridize to the nucleic acid
molecules and a DNA ligase, wherein the mixing occurs in a discrete area of an array, and
wherein the solution remains in the discrete areas; and |

{b)  detecting a ligation product;

wherein the first and second oligonucleotides will not ligaté when there is a
single base alteration at the junction base on the nucleic acid molecﬁle,

wherein mixing is performed at dew point,

—_—
——— _
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substantially flat surface of a substrate. 42. The net hod -

of clai m4lwgweress2l t he substrate is gl ass. 43pcTruSbesogs hod
of claim 27 wherein the solution contains a conmpound that increases the

- viscosity of the solution. 44, The met.hod of claim 43
wherein the conpound is glycerol or a sué§ar. 45. The et hod

of claim27 wherein the nucleic acid nolecules forman array on the
substrate, and the array is located on a substantially flat surface of the

substrate. wherein dew 2t)omt is achieved by an apparatus, comprising: a container
REPLACEMENT SHEET 18 JAN 20

- 42 - capable of being presstﬁxzed alheatimgtdeviteps nielans for{fenefating ipreskire; ads ineahe
i s -gl ass. The net hod of claim 28 wherein the solution

cont ai nsfquﬂé’nﬁraewmdﬁﬁ%ﬁnﬂ ncreases the viscosity of the sol uti on.
h hod a_sugar .
15 The method orterdh Beelth dtvite; BResGREMSHINE nita S i Befirdfle

t he subsineahsare@bstrélldlarray is |ocated on a substantially flat surface of
t he substrate. 50. The net hod of cl aim49 wherein the

substrate is gl ass.

28. ° A method of performing single nucleotide ektension assay, comprising:

(8)  mixing oligonucleotides on a solid substrate with a solution comprising
single-stranded nucleic acid molecules that hybridize to the o]igonucleotides, a single
nucleotide, and a DNA ‘polymerase, wherein the mixing occurs in discrete areas of the
substrate, and wherein the solution remains in discrete areas;' and

(b) detecting an extension product of the oligonﬁcleotide;

wherein the oligonucleotide will be extended only when the single nucleotide
is complementary to the nucleotide adjacent to the hybridized oligonucleotide,

wherein mixing is performed at dew point,

wherein dew point is achieved by an apparatus, comprising: a container
capable‘of being pressurized; a heating device; a means for generating pressure; and a means
for generating saturated steam;

wherein the heating device, pressure generating means, and steam generating

means are controllable.

29.  AKkit for genotyping, comprising a solid substrate containing an array

of labeled oligonucleotide primer pairs.
30.  The kit of claim 25, fur;her comprising nucleic acid templates.
31.  The kit of claim 25, further comprising a viscous solution.

32.  An instrument for maintaining a chamber at dew point during

temperature cycling in the range of about 4°C to about 95°C, comprising:
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(a)  aheating and cooling block;
(b)  an airtight chamber capable of covering the block;
(©) a means for adjusting th epressure in the chamber; and

(d)  ameans for injecting water vapor into the chamber.

33.  An instrument for maintaining a chamber at dew point during
temperature cycling in the range of about 4°C to about 95°C, comprising: |

(a) an airtight chamber capable of covering a heating and cooling block;

(b)  aseal between the chamber and the block;

(c) a means for adjusting the pressure in the chamber; and

(d) a means for injecting water vapor into the chamber.

34, _The instrument of either of claims 32 or 33, wherein the pressure

adjusting means is a piston.
35.  The instrument of claim 34, wherein the piston is computer controlled.

36.  The instrument of either of claims 32 or 33, further comprising a

sensor that measures a drop in volume and that controls the pressure.

37.  The instrument of claim 32, wherein the block temperature is computer

controlled.
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