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field of nucleic acid biolo

BACKGROUND OF THE INVENTION

As the Human Genome Project approaches completion of a reference sequence of
the human genome, increasing attention is being paid to uncovering DNA sequence
variations among groups of individuals as well as between different human populations.

15  ldentifying these variations is a critical part of further exploration of the genetic basis for
predisposition and resistance to disease. These sequence variations will serve as genetic
markers in studies of diseases and traits with complex inheritance patterns and strong

.environmental interactions.

Currently, large-scale sequence assays for population-based genetic variations such

20 as single nucleotide polymorphisms (SNPs) ate done on hybridization-based
oligonucleotide arrays (DNA chips). For example, U.S. Patent 5,837,832 (Chee et al.)

- describes DNA chips containing arrays of four sets of probes, each of which differs from
others on a single nucleotide. Target polynucleotides of interest are h}bridized to the DNA
chip and the specific sequence variations detected based on the target polynucleotides’®

25  preference and degree' of hybridization at discrete probe locations. Similar technology was
used in U.S. Patent 5,861,242 (Chee et al.) for analysis of various HIV DNA sequences.

Several problems are associated with the current hybridization-based sequence
variation assays, and hence lumtmg their applications. See review by Hacia (1999) Nature
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specifically, the invention provides nethods and conpositions for
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SUMMARY OF THE INVENTION

20 The present invention provides novel methods for sequence variation analysis with
greater sensitivity, better accuracy and Jess time-consuming, as compared to the
conventional hybridization-based approaches.

In one aspect, the invention provides methods for detecting sequence variations
bet;zveen a target polynucleotide and a reference sequence, including single or multiple base

25  substitutions, deletions or insertions, and other motre complex vatiations. The methods
utilize an array of multiple groups of oligonucleotide primers immobilized to a solid phase
support, with each group of oligonucleotide primers being selected to span a particular

-region of the reference sequence, occupying a discrete area of the array, and comprising at

least two sets of primers: 1) a first set that is exactly complementary to the reference



10 Detection of small quantities of genetic materials represents a mmajor
chall enge in biological research and clinical diagnosis. Polynerase chain
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90  Dbrimer for each target polynucleotide may be present in solution so that both strands for a target
polynucleotide may be symmetrically synthesized and retained at each
primer site for enhanced detection.
The present invention may be used to detect sequence variations in a single target
polynucleotide as compared with a reference sequence, in which case the DNA array disclosed in one

95 ~ embodiment may comprise multiple groups of primers corresponding and or relating to the reference

sequence, as described above. Alternatively, the invention may be used to detect

sequence variations in multiple target polynucleotides as compared with one or many
reference sequences. The target polynucleotides may be structurally related or unrelated.
When multiple target polynucleotides with no sequence homology are detected according

30 to the present invention, the DNA microarray may be divided into different areas with each area



solid phase support may conprise up to about 100,000 groups of primers. As
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nucl eotide which is different—1n each of the three sets. The invention

further provi degglee i Hefiefs s4RIBELIHS sSBIPRAE BnPRdabh ARMOE Rab ARG

and detecting sequence variations in a target polynucleotide, using immobilized primers.

Figure 2 shows the results of solid phase amplification of human G3PDF gene

templates using four sets of primers having one nucleotide difference at the 3’-end.

20 MODE(S) FOR CARRYING OUT THE INVENTION

The present invention provides novel methods and compositions for high-
throughput fashioned, sensitive yet simple amplification and detection of sequence
variations in a target polynucleotide. The invention can be used in various aspects of

25  genome analysis that finds utility in both basic biological research and medical diagnosis
and therapeutics. '

The present invention is based on a novel combination of PCR and polynucleotide
array technology. The basic principle of the invention is that a single nucleotide mismatch
between a template and a corresponding primer’s 3’-end is sufficient to prevent the

4



pol ynucl eoti de using either symmetric PCR or asymmetric PCR approach as

di scl osed 10 herein. The kits may conprise a mcroarray of 1 RgR pminers and
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The term “primer”, as used herein, refers to an oligonucleotide which is capable of

20  acting as a point of initiation of polynucieotide synthesis along a complementary strand
when placed under conditions in which synthesis of a primer extension product which is
complementary to a polynucleotide is catalyzed. Such conditions include the presence of
four different nucleotide triphosphates or nucleoside analogs and one or more agents for
polymerization such as DNA polymerase and/or reverse transcriptase, in an appropriate

25  buffer (“buffer” includes substituents which are cofactors, or which affect pH, ionic
strength, etc.), and at a suitable temperature. A primer must be sufficiently long to prime
the synfhesis of extension products in the presence of an agent for polymerase. A typical
primer contains at least about 5 nucleotides in length of a sequence substantially

complementary to the target sequence, but somewhat longer primers are preferred. Usually
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conplenentary to a_ pol ynucleotide is catalyzed. Such conditions include the

presence dRigsqpingly strad afa nueirig acid segaence thshissperificelly seognizsdy en &&NAnal ogs

and one or r |.Zat | X [ nd/ or
over o ¢ PoNRicesBRREbihal B re BB gt ok AL N B sbiesPR SAIRCRBFn Y.

s;Jbs'; it uegﬁﬁcmm?aﬁTmfﬁ@tMSid. hrprhiai;ﬂ:éjaﬁjfﬁmﬁmtefﬁgge?glp??g?égfrgt Ihbng o
etc.), and at a. suita enperature. A priner nust b

prine thé@%?ﬂzgiv@a?tﬁgfﬂ%o&ﬁ%ﬁ&ﬂ@@gémwn%%e&%@é%le&ﬁ an agent for
pol Y MefAS Gecofntz R thAhitiaRbi SaTedt . Krfbitani lusd RARbmERRA e Roddih 6L | des in

| ength of- a Sequéence substantially conplenentary to the target sequence,
but sonewratoghizedbs ceptainiprtsriephegppaimensed, sutls ashacteridptidaed THAR & @4. O

01/ 71041 PCT/ USQ /09165 prjners ¢antai n abqut.15-26 nucl eot, des, but

| onger pri mer s,%sﬁlﬁecﬁlf’r%% tﬁ%*ff"éoéﬁ’d%@“ﬁﬁ% &b PRt ST ERrate rﬂeeﬁrt? ABr will
al ways coniligbsucRoS@SWRR §Rciid hatloiatbialsbqheb QI RASERES Bhdentify 4 bhechl T get
sequence, that is the specific sequence to be anplified, to which it can

anneal . A B9bmrgleotiies hgaring puchdagsitheyein Folvpuglsptides fiomthpsasmdielpgicdgownee. The

term"@ro E@Pﬁ i ' | g..acid
sequen%; ﬁ%ﬁfv@ peggc%“g%q']e{?e%gg “?‘!%ngiggsfﬁé#%%qb‘%?@#@”ﬁ% ®t hat - bi nds
to a recogniynadestisgeembeidantified atdordihg® itsvoupt of@dgin. dhe béquagetigatalsen by

whi ch an RNA transcr%\ﬁ_ ii,prqiuced I.n principle, any pronoter sequence
may be enpFOSSH R r Byclein acid amplificaionigactign® avai | abl e pol ymerase that is
capabl e of 10 Za¥slalMy AT 3 Yol @ : ul

oot or s ar 6. ¢ haae R L B e Ay G S

pol ynmer as e8¢h kaying agdefibedares, fophd g thESnriace of a s@iRbsupport. The density of the

20  discrete regions on a microarray is determined by the total numbers of target

polynucleotides to be detected on the surface of a single solid phase support, preferably at
least about 50/cm?, more preferably at least about 100/cm?, even more preferably at least
about 500/cm’, and still more preferably at least about 1,000/cm®. As used herein, a DNA
microarray is an array of oligonucleotide primers placed on a chip or other surfaces used to
25  amplify or clone target.polynucleoﬁdes. Since the position of each particular group of

primers in the array is known, the identities of the target polynucleotides can be determined
based on their binding to a particular'position in the microarray. |

A “linker” is a synthetic oligedeoxyribonucleotide which contains a restriction site.
A linker may be blunt end-ligated onto the ends of DNA fragments to create restriction

30  sites which can be used in the subsequent cloning of the fragment into a vector molecule.



As used herein, the term"tag," "sequence tag" or "primer tag sequence"
refers to an oligonucleotide with specific nucleic acidseggpngg that
serves to identify a batch of polynucl eotides bearing such tags therein.
Pol ynucl eo‘(VPcPéfgml“i/om the same biol ogi cal source 15 are cBGHP&H{PSt agged
Wi th a specific sequence tag so that in subsequent analysis the

| | eotid be. i.dent i fied - di ' f origin. Th
Sequence ¢ ags. AHERTC LUt § A oREPOI B ARy LiIoReig “irprebe chfon
react i ons. indicativiiof HePrdsance of thedarbbtPRBuEECHIANGn Sk FBASIRNR, STEARMas

preferably discrete regions, each having a defined area, forned on the
surface ofingludeyafligisgioppi ruclectide chemephayesoenzymes, spigstigies,dhuerescentb gi ons on a

m croarray,i t e he. t.of al _nunbers, of. .t.ar get | v.nucl eotides to
e ot eor biBaies Sl MeRdent ifickil Mlaghif ekt LidiBE R RO G0 L oS

| east abouthe HRY. @Buch, Atdbel ip bl endivkition Hetb@atilt bRbRUtrost O, PiBtociRyEEn MOr €
preferably at |east about 500/cnR, and still nore preferably at |east

about 1, 00upehepicahdmmyperhamicel, glectzsicahnpptioplas charpicalymaass. an array of

ol i gonucl eotid | yer, | SR d to 25
anplify or cl Oﬁfé;@{t%ﬂrﬁgg ﬂ?’%‘gfﬁ%ﬁc‘?"e@t"?‘@é’g‘? %g?é\gé%%%eag%%lgt on %f each
parti cul ardigstioks) fibérs, filtersyrembranes s silamecor silivats sopports slrd ak dias slideses of t he
target pol ynucl he determ ne based on their binding to a

oti des can,,
particul ar posiﬁeaﬁme‘%ﬂip rif B5e0 & the proad seqsp fpdupan qreatipe an prppliopion
ol i gOdRPX Vb MR IR Aaly cridal ﬁ?eﬁﬁsﬂe}aa%t@ag B3dek bfoldcRBs, B tafpet-like | | Nker may

be blunt end-1igated onto the ends o ragnents to create restriction
30 sites vihpletnlesam nindecyles dorplempigary b Sedargsttmaléavis, whichindid¢velet pmgreatead i nto a

vect or nol.ecul.e. 2 1 SEP 2004 1/,71041 PCTI USQ1109165 .The,term
Fabel » 't eRopiss of e st ohe frachiRalsPiué 3y s sesile T e THPE ST B° o) g

i ndi cati vetafpkt it hangleie a6 Diplifid@idndireiict A IbY Muak ediyh@ecdlly with I§Aay. sanpl e.
Suitabl e | abel s include radioi sot opes, nucl eotide chronophores, enzynes,

subst r at esRNAPQbmesasener pysTeediAnssiptasferi | umi nescent noi eties, magnetic

particles, biol%gjs t el &l e |l ; . el is
any coin%osi tion etgcg(ﬁ:é;@& %‘qﬁé}gél lﬁ%%ﬁ%&g cﬁﬁé%%“mp%alél?@fé‘ﬁq&é S’Fﬁﬁkdtl)l&(l)fléﬁ&;m cal ,

I munoc henfrom by isdividital, iodikdinglptt noEimited to}forexaaiplaybland,.plabhe, seammspimuaippor t "
refers to gcanventignal  supporis such_.as beads, particles, dipsticks,
fibers, F i il r@ﬁsﬁg@aﬁ% ‘l}qﬂaﬂ’_é%eﬁ i PFRUZ1ORY-dWFWBRk @ uch as gl ass
slides. Téb%it&nﬁﬁﬁif@d%&',ieﬁﬁé"s_aliﬁﬂﬁﬂ‘cggél@(ih@lﬁdﬁ?%ﬂm%ﬁﬂ;ﬁ@d%o%l&ﬁi%ﬂ reating an
anplification 10 product which may’include, for exanple, additiohal target
ol ecul es, tugors; enggpst and dige sapaples of incditrapeclimulturswbesitucotspl enentary to the

target 2d™® I ecul efhe\{\@rinc‘%ioqgéigai lé'éu?c?es’agseus%& Eear%i%(%efers to the sources from which the

target polynucleotides are derived from. The source can be of any form of “sample” as

described above, including but not lirited to, cell, tissue or fluid. “Different biological
sources” can refer to different cells/tissues/organs of the same individual, or
cells/tissues/organs from different individuals of the same species, or cells/tissues/organs

25  from different species.

B. Selecting a Reference Sequence
The present invention can be used to compare a target polynucleotide with a

particular reference sequence. The target polynucleotide comprises either the reference
sequence itself or variants thereof. The sequence selected as a reference sequence can be

30 from any biological sources, including but not limited to cells, tissues or fluid. The

7



by virtue of the presence of the target nolecule in the sanple. In the
situation where the target is a nucleic acid, an anplifpgaggmnygyroduct can
be made enzymatically with DNA or RNA pol ynerases or reverse

transcri pt /71088 As ysed herein, a "biol ogi cal sanpl e" PEEUENINNES a sanpl e
of tissue or fluid isolated froman individual, including but not limted

to, for ex | e, bl ood asne,. Seru inal ~fluig | h fluid, . B the

ext er nal s%c ' n%qu'?ncF H%(PJ‘shﬁi%ﬁ,gétlpggBP%qﬁ@Eﬁna}?ﬁ tlfl FLgot Xcgﬁﬁfs' Ildgtlmapguri nary
tracts, t el sources for\tide refirdrite s@@bhce abd tHehargétpalyudledtil atd fidd @fett bl ood
cells), tunprs, organs, and also sanples of in vitro cell culture
const i t uenfdividnals pfthe sapefpepics op gitferant penwatiens ofihe samedperdssei n refers to the
sources from why ) I | e b s The
source can bewgl# Fégerf{e/&% g?%%%%%%'@&é%gé g@?nl eadgeggé{/%%gﬁ%%‘?md |eng but
not |i i t eghriionjar bivldgical saseecPrferdblylithk refebinké soqasice iirahogewat invalivhces” can

refer to different cells/ti ?sues/organs of _.the sane i ndividual, or

cel | s/ti ssQP¥EP BreaeTsinyWhich atilsastme prrticplar syclaotfieposttiopfekuoxmdo dpeci es, or
cells/tis : ' | ' erence
Sequence: T ur SogtFoart MpAhay bFY ik ERFA B pRRloAH Bafuctli

pol ynucl ectiied€a gereteneodingart énzyrhgrand e peincmotatise apibanpmitionlveusesihg édss of

pol ynucl eoti de conprises .gither. the reference sequence ifself or variants
t her eof . T‘h% e’é@ﬂﬁﬁ%ﬁ%"’?&l ﬁ_tf’tp@ﬁfhﬁ’% cag atl%‘fbé’ﬁéﬂ%r@éf&%ﬁ&t@%%_ a8 %m any
bi ol ogi(al at shGARclebRdd suBitedAF tokild géﬂé chise§ Bk biotedd Saues 1o {1 uid.
The 7 2 1 SEP 2004 WO 01/71041 PCTI USCL/ 09165 reference sequence and the
target potyainantioiieseTasusiomnce saguente hiayalsncontoignthesntirgenpme abthy,  t he

sources foy: r e sequance .an h r ol ynucl eot i are from
di fferent 061?1?01 |%1iS§‘§JI§%§%g t Tgé:?gfgh%;%gﬁt’%g?f@}qu&ﬁngwéﬁ#&f%ﬁﬁ# %‘ﬂ'ﬁ%ns of the
same speciefrenée seghaice faddsaefomionof Rjene Vs eildiffeas HI¥ spainti on of a gene

of interest frgﬂ%t he 5 particul ar biological source. Preferably, the
reference sequelfe&SiPisros sKaussrecabe fomanpdiyiiualtgresestative el AU whi ch at

| east pne il dolhiaion i BAlLA'R iBERIY SAPs biiilitieiihoblatiths, BRRAG Al W LN
certain functionality of a gene. For” exanple, t ositlon can be an active
site of a ppprletienscanbegf differentzgrmge armics caobafromdiffirénd peapraphiverrgae,gintli on

causes the_ | oss of,_.the en e tiLvity. The position can al so be a drug
resi st ance % Fi‘%ﬁ’%tefsa*c‘?‘&f‘?é%ﬁ%ﬁ@;{hwf N e ﬁ{?ﬁe%?gﬁ%re%%‘fi tution
of the wi |&rihinREendfiile GaSR PhédtyiRa6E @E b@i?lﬂi&ﬁ)hSFlﬁﬁEr dtitties Rl thdhdGociation

antibiotics, The reference sequence nay al so contain the entire genone of
t he of identified sequence variations and these phenotypic traits should provide insights in the

20  genetic linkage of the populations or genetic basis of certain diseases.
The reference sequence can be of any length, usually between aboﬁt 5, 10, 20, 50,
100, 500, 1000, 5000 or 10,000 bases. The reference sequence may ¢ontain some sequence
variations itself compared to a wild type gene, so long as the variations is outside of the
region of interest for the purpose of the present invention. The reference sequence can be
25  obtained from any sequence sources, such as sequence databases that are either publicly

accessible or commercially available.

C. Designing an Array of Oligonucleotide Primers

1. Selecting Primers
The invention provides a prepared solid support comprising immobilized and

30 separate groups of oligonucleotide primers. Each primer group corresponds to a particular

8



bi ol ogi cal source. For exanple, the entire genone of one EIV strain may be
used as the reference sequence for identification of seq@engepr\vgi ants of
different HI'V strains. The reference sequence can be from an individual
represent aVOWY7WR1 a particul ar 15 human popul ati on, and BETHSHA165 | dentify
SNPs of different popul ations. D fferent human popul ati ons can be of

can o fr ORI PREPA roFRiHep pEBeocsy o sP i o A e R s b e et o

sel ected tsg ge&@rm@s-tcon%wniemamy todBOpdrtibiddh&idd ¥ théreRiredb SaRbNROMIMe t e
popul ation. Further studies on the association of identified sequence

vari at i onPthgngrensisdeingddmtigite thefustoet bk g mesbdi-end nuglspidet Eoi n the 20
genetic lip | ' ' cert.al n. di geases.

Treref er A Bl ol 15uB0ANC I LR 1SR B RN diRl B RO RN BRS "o
20, 50,5 16 set0 a THD GO moSi0@ndy whilz, (RO diivasishred pimecdcayiRne st thatmedaice nmay
contain sor;reegiequence varjations itself conpared to a wild type E)%;ene, o)

|l ong as t e pa s o Gsiadibereatingeleefiderin gach setg Tlleongth phihe fQus prifey sefsh e

pur pose of b ek EhLe 25 obt ai ned
from any s%%ﬁgfﬁgéﬁﬁéu%@s suc%&gégg?gé%encégggﬁg as%(gﬂ?) %ast gg?ug&ei t her
publicly desigesisistigdomsxamplermestanidakl [P Rowriiidr able@ion rogian gphi ag §rimer3tomy of

A igonucleqgtide Pripers 1...5electi rimers The invention provides a
pr epar ed gﬁﬁS%F%Qi?Hﬁﬂﬁlﬁ%?fﬁF@Pﬁfﬁyml lized and 30 separate groups of
ol i gonyel eoti deppks se g %;pggrlm%%&sgmoﬁﬁpmuﬁm%q%tlcul ar 8 2

1 SEP 2004 WO 01/71041 PCI/ USO1 65 region within the reference
sequence, migwmetans, ah mdiditup te abaut  BQUP0goupsof primerssasbedmhotiliged fin r st set

bei ng exactl I Rt ar the.particular reaian t he ref.erence
sequence, c{altsr%ﬁ%%g% ao‘ﬁ%%g H\:?’ érgdes?%%g% |a+r%n‘| @Eﬁf‘?p%fﬂ% Sf’]gé PYPROF FPAVE R Tt
for the nussocRicdaniitenise bleatdnikerecdrabf % 3¢fubmive of thie pRiefofpiih@ Phirdlg aip t he
reference sequence, the corresponding priner fromthe 5 first set has a T
at its nodiveslocagion ofire sepnofeans iy the logationiondle sypporbef anamplifigd torget ¢ hej r
nmost & - e pARleftificdasWetG @ different nucleotide in each set. The Iength
of the four priner sets are preferred, although not necessary, to be the
sane. The pri ndibe neabertoé pamkmotithin each gesp goreapasiingjofagartenanekienaf st andar d

PCR pri nmer, sel.ecti on progr ch.a e rom achusetts Institute
of e hnol BEees foa s S be e snd TuulEh B e Ges 9 6 CHRCRRE, e of
about 5 t glaReUimdifitaSsHRARIonTh ThOBRERErSy. TREs, WY xBmpR, the niRitlor 100, 000

groups of "priners can be imobilized in
primers deemed necessary for conducting an PCR at a specific site on the microarray, given

e

20  especially the reaction volume and expected number of target template polynucleotide
molecules, and the proposed number of cycles of PCR, will help determine exactly how
much oligonucleotide primer copies to apply as a group at each location on the support to
ensure successful reactions, Preferably, the amounts of primers (i.e. primer molecule
numbers or primer concentration) will be about the same at each provided location on a

25 .given solid support (e.g. in a DNA microarray format having from 1000, to 10,000, up to
about 100,000 groups of primers to amplify or detect up to about 100,000 regions of the
target polynucleotide).

The solid support can be prepared with primer sequences for a particular application
" based on the polynucleotides to be detected. The oligonucleotide primers can be of any
30  length suitable for a particular PCR, especially considering the sequence and quality of the



di screte areas according to a predeterm ned pattern. The prepared solid
support can have an associated witten or electronic re ?

sequence of the priner or primer pairs at any given |oca |on on he
support, aW@ R4l the | ocation on the support of an anpl PETESOBSFet 15 can
be identified as well. The nunber of priners w thin each group

dot or nt necan Pl im0 R e hofhin e B Rapn i% °°

arrpl | fi catabou 30@a€lkotiMRs Bilchidi® M croarray. Thus, for exanple, the nunber of
priners deenmed necessary for conducting an PCR at a specific site on the

mcroarray, . o iyeweptocdsbaeingrleip apidarimenef the aresest inventinadnangsained nunber

cycl os of PRBfpS AN BEb HRscRLRERbRTs A8 phelf PRERRERUASIA ori e
copi es 5t 0 altpiatignsaie not gugativel phffeaths yiedCatprodtcpsbidibe] t&u@t@iﬂcaﬁtaieg;eas ure

successful reactjons, Preferably,, the anounts of priners (i primer
nmol ecul e nunb Oﬁ}cleﬁ?ﬂ?@‘?mﬁréﬁ%‘b‘ﬁt’lf‘%‘ih@)ﬁﬁmw Y‘1°°‘B’éméﬁ)'éﬁﬁf°ff5’ﬁk° baee at each

provi ded | |} el rray
f or mat ha\?:a%gél%y%m 188‘881510%]{%@16%8{ u%%wﬁggg%ﬁﬁde%%aggg"%bps 0 g%l’l mer s
t o anpl i f ynelifiefidiaesstand paseanalbgues. Aﬂﬁnﬁxﬁﬂe&lmge artmsoinaldgee corapatible with

ol ynucl e soljd su rt can be pared w th | Mer sequences
1? or ya par t q‘é’”ﬂ‘%éﬁ“"&ﬁﬁﬁﬁ@&ﬂ%ﬁ é)‘g%\gfb‘“ﬁq‘b‘?’i‘ ‘f:ﬁé’g F;'EFCHI BHer 8 é‘efné’e‘iﬂ@nget ect ed.
The olfpgonucl eqhi §gaPéy %Ifé@ld@ﬁ&h@ﬁo%eﬁﬂﬁleﬁ&dc@ﬁﬁﬁﬁb b keenfaasre

particul ar PCR especia consi dering the sequence and quality of the 9 2

1 SEP 200%dippmodified forms o euggars,csm ﬂoac}gmplepal -Pralkylaibpiedbsa t o be

anplified I $°C m.about 4 to

nucl eot | dé’sﬁfrrrl eéﬁralog?ﬁ? D?thes lgtg %a‘?ﬂ‘?g}%o u‘é’? o1 SYEF Bt e%(#‘atof t he
present i riyespatiblerith th@mhmymftuapﬂmer tetyetitie s a affdt icqdife aiedied.
substitutions gg; nucl ei.c aci d . tao the extent that such 5 alterations

do not negati v&t oM é%mecnﬁéh%‘@eﬁs%‘?“%ﬁs@éﬁ@tpﬂmaﬁ%’@&@@% si gni fi cant
degr eas OphdRIaLEa‘tatboRl, SR/ Wallidwh t R, f8uiRkd! fﬂl%h%q%ﬁtﬁur ring

het erocycli ases normal'ly fou in nucleic acl urac ‘cyt osi ne,
t hyrni ne, istdmnéledidehidkages rmieyindemydinkigednowmtrdorei of dkilids the astricht Bas e

anal ogues i ed, r bas anal ogue, gonpati ble w.th
hybr i gl zatCPBJRXtH?rIDY’H%S %EF% Bﬂgtpngﬁg wely @tﬁgtelflﬁllteditﬂ the practice
of the i némasph%tméé@e Mﬁpmgshoﬁate%ma&é@egmst Pe&éht@fo Sh@o DEHERg can

conpri se_deoxyribose, ribose, nd/ or nodified forns of these sugars, such
as, for e)pg}ﬁgmgie (fre. Q:q)mi@nuclqm)@jg@) Beptide nucleic acids are described in Nielsen et al.

20 (1991) Science 254: 1497-1500, U.S. Patent No. 5,714,331, and Nielsen (1999) Curr. Opin.
Biotechnol, 10:71-75.

In certain embodiments, the primer can be a chimeric molecule; i.e., can comprise
more than one type of base or sugar subunit, and/or the linkages can be of more than one
type within the same primer.

25 The primer can comprise a moiety to facilitate hybridization to its farget sequence,
as are known in the art, for example, intercalators and/or minor groove binders,

Variations of the bases, sugars, and internucleoside backbone, as well as the
presence of any pendant group on the primer, will be compatible with the ability of the
primer to bind, in a sequence-specific fashion, with its target sequence. A large number of

30  structural modifications, both kuown and to be developed, are possible within these

10



preferred enbodi nent, the sugar noiety is 2'-deoxyribose; however, any
sugar noiety that is conpatible with the ability of the pyi r[hg
hybridi ze to a target sequence can be used. In one enbodi hent, ?

nucl eosi deWOAY4bf the prinmer are linked by a 15 phosph88TESH&PIBackbone,
as is well known in the art, In additional enbodinents, intenucleotide

| i nkages c¢an 'nﬂé}ude any .l i.nkage .kpown to one of skill i .E)he art that is
compat | b SOWPn VoYY PIRE MefHodS R BPPgng e VTR reToRS s PG, B not
limted toucRhagRhnd gidddtatLwhichRIAMhORARAN A1 rEharatiol of sEFhBCIéRIdEs of U- S.

Patent No. 5,470,967) and polyamde (i.e., peptide nucleic acids). Peptide
nucl ei ¢ adpemifigpredderyinddseqrenee, Reavelledevelpped and kpown othe aiscA prefareds4:

51 o ecnoi™bgtor hbelpfiee flcy aihmdfi ke BaORRE ST Rt o8 2 o rer

nol eculse; 5,419866. can conprise nore than one type of base or sugar subunit,
and/or the |linkages can be of nore than one _type within the sane priner.
25 The priner c&R obgmyeleslideprimereqan bedesigner Withany spspinl pdrlitienel waieties art s
target se ; . | | [ tors
andfor i raguiates ASARER R0 bk o Bl BB S RLALEELD,

i nt er nucl dsdatiba df deldamtified asgenpblynmdectities. Pirexemple, Ofrimmcap estti@izde gr oup on
the prinmer, will .be gconpatible with the ability of the prinmer to bind, in
a sequenceFSPBETSR addicactio dhose et e poe RERRE te Biplenseiecausnra SBR nunber of
30 strygct UealenfRGkd ﬂ&&hﬂﬁ%&%ﬁe&ﬁ’ i, 'ié‘&%’-@ﬁ% 5%@&]%@@8&4119% re possible
within thesé 10 2 1 SEP 2004 §1/ 71041 PCT/ USOT /09165 bouhds. Moreover,
synt het i ¢ saeteheasdn fherpripres Far exanpld ecqperdes asniprisitgr e ioce estiet®dn sugar s,

nucl eosi des_and_nucl.eot . .de | ch..formthe i er,, and preparation of

ol i gonuc| SBERREC UM SHF 'sglé\’%“eédg?g‘?% %eﬁfiagff&%ﬁﬁ@@? pﬁﬁs%t\'/é? P8y el oped and
known in tupsreid of tdrgpt-hpldnshtarRiqiades, @icilRits Gléﬁlﬁ?aﬁ@ﬁﬂtgéi]u%ﬂtnt hesi s

i ncorporates the teaching of U S. Patent No. 5 5,419,966. The )

ol i gonuc| dBtuiRHationiofan smplification preducirfaifieryselil seayensprsior mciusion in 2 primer

moi et i @5 SheludAUEA6HRI ﬁfg;%{o'a'sF@igﬁ%iﬁg;Mac' [ g%eﬁiﬁﬁég&)fo%o%r i or

subsequent nani pul at1 ons, on of the a ar get

pol ynucl ediatigsphagoRNaxmlgrheraseasuph bs)or examnple TR NApolyeaase/TTERNAN addi ti on
to those that are c¢ % tary to the target sequence. Such 10 sequences
are norrralﬂ_";"”beﬁisﬁag_  RNA pofymaases: _ i de) of the target-conpl enentary
sequences in thg ofd dsPEt of R inveXAI R miSBAS i iSer € QRREHMIYY LHHpgOr NOre

restriction
method to cover an entire region of interest in the target polynucleotide. For example, a

20  first group of primers are designed so that the sequence of each primer therein corresponds
to the most 5’-portion of the region of interest; a second group of primers bave sequence
that is “shifted” from the first group by one nucleotide towards the 3’-end of ;che region;
and a third group of primers have sequence that is “shifted” from the second group by one
nucleotide toward the 3°-end of the region, and etc. In theory, then, the number of groups

25  of primers equals to the number of nucleotides in the region of interest. Of course, within
each group of primers that correspond to a particular portion of the region, there are at least
four sets of primers with four different 3°-ends as described above. When multiple target
polynucleotides are to be detected according to the present invention, each primer group
corresponding to a particular target polynucleotide is resided in a discrete area of the

30  microarray.
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enzyme recognition sites (so-called "linkers" or "adapters"), when present
in a primer upstream of target conplenentary sequences,_ facilitate cloning
and subsequent mani pul ati on of an anplification product 2 yitér W ef ul
sequences Y&O1{7H¥tusion in a primer 15 include those coRPFEREPEHSY to a
sequenci ng prinmer and those specifying a pronoter for a bacteriophage RNA
pol yner as S as, . for exanple, T3 RNA polynerase, T7 RNA pol ynerase
and/ or Ssz'ﬁﬂﬁﬁng'Vrﬁé}pgg’ét. In one aspect of the invention, the mcroarray
primers are defiheselidbphase suppomgf therprebend inventiomogn be nf aytsolidmeategals andf

interest in the target. polynucleotide. . For..exanpl 20 Jirs oup of
primers arBUHREs 5};‘1&% ?esfS Pﬁgﬁ?l%fl% B“"g%"g‘ﬁ% h%lg‘dﬁauglgg?fia%ﬁﬁw' I{r#gpélpﬁée

cor r esponadwlid pRast BEppdBTombrisdd @f leas? BndXdubkiietiall9 Gialsupthcd 6H WhiSHihe pAmsRCONd
group of priners have sequence that is "shitted" fromthe first group by

one nud ec@nie imumahiliged anddhed CR rrgctism nepfermety Thesolid phasegupnnriaan §e sage of

primers h o | Sz S vt T e r . byaone
nucl eot i dgéfff(())gvar .1%glﬁgﬁlﬁgpﬁ%h?@ag*%#ma%og e Sg%gﬁ%(’?ﬁ%%%? é['hﬁgn, t he
nunber of sgitahlpsolRisupforpinktertsls are Gueks addrehdily availdbiy todliosd EikEDIn Hegt.i n the

region of jnterest. course, within_ each grqup of primers that

Q.
cor r espondBes12s o thesplid support gan by of theystandarg nyeroanayasizes.dsefubior DMt f our
sets of pry ' ' . oy :
mul 01 pl e P araateofty afl b 826y bt oRREE YRR P RRNLTE T AROY EndBR
pr esent i neemdusty reectvn of dieievenom Methals andsyperidis fioy dedvaizptimtdfcolidar t ar get

pol ynucl eot,i de i s ided in a.discrete area of the 3Q mcroarray, 11 2 1 S
b D004 TP o proisy FpgtRG-Be SUE i ptrS BB oL g
phase suppgé hrt @hd ddeeritRaeS T exhi¥ RN ISOPaCRB. HS190§23 MY dizBlblfle HBVREA Rl S and
structures suitable for supporting nucl eot i de ﬁybrldlzatlon and synt hesi s.

Pr ef er abl yincarperated bereiy hytyalsrenesspport conpri ses at | east one substantially

rigid surface - r . ' I b . t PCR
reaction perf oﬁ%ggﬁﬁ%gbé%#lcp ﬁ%‘é‘é&s"ﬁi%ﬁ%&r}fﬁcm& #Fé]gagmgg?‘?ssaggmexanpl e,
gl ass, 15y nésheiplecthp ablidhsipporptatieiphbacedty thamberweithsidas! th cRate@SEA Aiodg tHet her

sui tabl e s‘% i d &Jgpgo({t materials are known and readily avail able to those
of skill i548¢AEthgselid supprt 89 asdo gantaip thegglymerasg shain reagionr BERIPR/ ST ¢t he

standard g ' %\lﬁh ) [ : and the
size may lr)gélﬁgéa}ia:i%?g%e%if%%?f?ﬂ ? ﬁ%%ggél?ﬂ&gu arverr%aaglﬁi%%gg%)éf&ﬁgﬁgg%%% %]Erto conduct
a react i orsupport teensury that the RCRNvbixhweisnming omdhesuippdrs afdmlsode makathe zatireon  of

solid phase, su s for.,.th urpose of immobilizing oligonucleotides are
known to tTiGEE @s%%ﬁ kor Prpviding {Be rimrs. .

20 3. Primer Immobilization
The oligonucleotide primers of the invention are affixed, immobilized, provided,

and/or applied to the surface of the solid support using any available means to fix,
immobilize, provide and/or apply the oligonucleotides at a particular location on the solid
support. For example, photolithography (Affymetrix, Santa Clara, CA) can be used to

25  apply the oligonucleotide primers at particular position on a chip or solid support, as
described in the U.S. patents, U.S. Pat. No. 5,919,523, U.S. Pat. No. 5,837,832, U.S. Pat.
No. 5,831,070, and U.8. Pat. No. 5,770,722, which are incorporated herein by reference.
The oligonucieotide primers may also be applied to a solid support as described in Brown
and Shalon, U.S. PAT. NO. 5,807,522 (1998). Additionally, the primers may be applied to
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the art and described in, for exanple, U S. Pat. No. 5,919,523, the

di scl osure of which is incorporated herein by reference. _The_solid support
can be provided in or be part of a fluid containing vessel r exanpl e,
the solid YOG can be placed in a chamber with sides FPREUSUM8HSe a seal
along the edge of the solid support so as to contain the polynerase chain

reaction (P on the su rt. . In a.specific a e he. cha r. can have
halTs on SLAORC siihetJfing BARRRS byl sRorCH e Mamp B RRR b GepreMERE TR Kt ur e
remai ns o WdtRrt W) GeneMithites (Sah Catlok € A) lbe CandsidneTecEidl deap ¢iriasfcd). f or
providing the prinmers. 20 3. Prinmer Imobilization The oligonucl eotide
primers of_the invention e affixed, immobilized, provided, and/or

appl i ed t@i%e%ﬂ%ﬁﬁge”é‘f‘%ﬁéng’éﬂ g %ﬁﬁ#‘t‘%ﬁ%&d%y avai |l abl e neans to
fix, imobili e pngaspeit dftha irbentions pylidyphtdeeamplificaionwe taeget polgsucdotides

particy ar_ |l ocati,on on the soligd su rt. Foy. exanpl e hot qQl i t hogr aphy
Ay £ 1505 S pialoeioa sembles et Witetsin meltrReiongs oy BeauOFatin e bot | de
primers atpRand ke HhAbbMes dd %ﬁ&?h%e%ﬁ}igi&rt?lh SbfeHeSiPRRAihent 38 ABREST Ped in
the U S. patents, U S Pat. No. 5,919,523, U’'S. Pat. No. 5,837,532, US.
Pat. No. witi8sa gonp compasesadeasPafirst bid of primas fhap e identicdh irosequanne andowe at ed

o 1l 'supBPPTaRRigL o.4 Eas] et AT Ok kige R icoaIE CaiBlh e R tBhng s 00
(1998) . Adgditiid taigad go¥ynutletideiuni@HaSpidpiate Corditink, 8fd k@itabl a8 hﬁﬁaﬁ?ﬁm%pﬁ’ﬂr WO

01171041 PCTI US41109165 a solid support using a robotic system such as
one meHuf adcleicasidsynibesiefies chaie plomgation arexiqugipbl Selectri\primess pevesisgrnes (San

Carl os, S| | l.x vi ne. ect h:ng Sequence
Vari at i oﬁ@af‘ﬁé‘??@f’g‘e fmﬁgﬁgé%g%egg%nﬁgg% l##ogﬁjezeégé%%g{g u%‘f%%g%ago?lﬁvent i on,

sol i d phasspporpatiafdicadis lovatioh. Rrafegbly, thedisawe berokért@supsds gresten thaethbi ol ogi cal
sanple is perfor ,. Wherein I tiple groups of ol.igonucleotide _prinmers
are i nmobi %%@ngﬁgge%’rﬂin&%ta usi g ttice athg_aaapétﬁscf Preﬁu%%rﬁwmﬁme? the
primers  Wihiifndt, ShOpHinG @ Bt $06i123Ld to§EP a AridrbdrSly of Blip Bt BiPEEr S that are

identical In seeguence and are conplenentary to a defihed sequence of the
t ar get 1ol mracessed and amlyzed pialanomated pydeessitiez Thejimmabilized ptimeryere wed forucl eot i de

under appropriate congdit.on and.suitable as initial ' s for .10
el ei o nciohe gt aGRRataiod B erel el Bag o fditdh aflablFip = et e
pri mers coxat dmigifRatidahéansul ar region of the reference sequence are
I obi |l ized, as a group, onto a solid support at a discrete |ocation.

Preferably, theiwp eneepos ehthg inygption, Sednitialtargetnplimuelpatide is in
double-stranded form with a sense strand (“positive strand™) and a complementary strand

20 (“negative strand”). Prior fo conducting amplification, the target polynucleotide undergoes
denaturation, such as thermal denaturation, whereby the two strands are denatured and
separated in the reaction solution. Preferably, primers used in the invention are in vast
molar excess to the estimated concentration of the target polynucleotides to counteract the
renaturation of the two target polynucleotide strands. Alternatively, the initjal target

25  polymucleotide is a single-strand, be it a single-stranded DNA or RNA.

In one prefen;ed embodiment of the invention, the nucleic acid amplification is
mediated by a polymerase. More preferably, the amplification is performed under
conditions suitable for 2 PCR reaction. As understood by those skilled in the art, a PCR
reaction generally involves multiple cycles of annealing-elongating-denaturing steps at

30  wvaried reaction temperatures, during which multiple copies of nascent strands are
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resol ution of detection neans to be used for detecting the anplified
products. lu a preferred enbodinent, the prinmers are immobilized to forma
mcroarray or chip that can be 15 processed and anal yzed2vi 8EB@%Bmmat ed
processin@”oﬁﬁ@“mﬁnnblllzed priners are used for solid BRESEPIAMSEification
of target polynucleotides under conditions suitable for a nucleic acid

arget pol"yRieTen b of 0% i et BEnFRREH = Pomiii A1 SRR
("positiv &trsaquénaesaﬂd‘ Fﬁﬁé@"&lﬁ&*ﬂn@ i¥y Sidkpdtiéntidly, depediag biyfest rand”) .

Prior to conduct| ng | cation, the target polynucleotide undergoes
denat ur at |C§hd1ﬁ%@ﬁ1fa§ramﬁ"e¢fr’ﬁh¢1’@8ﬁ%@ﬁ‘ﬁht i on, whereby the two strands are
denaturedsand D?Eiggﬁﬁtﬂfeg%tfog%c o%ﬁé'toocﬂe séﬁkh‘gr@nuoﬁr%%{r%g&ﬁ’ primers used
in the invention are in va e est concentration

of t he 5 arigedobfliokd pivabre atfel cﬂﬁﬁcth@umhuimt&rgatqiohtnlaeleoﬁchﬁmh wastidrofixafre,t he two
t ar get poléynucl eqtide strands. Alternatiyvel the initial- target 25

pol ynucl edpllgreng ée@ﬂ@w%fhg%ﬁﬁaolm@lwdﬁs %‘F wg1°§bl§t%wa & nder RNA. I n
one preferg, gﬂg@&%ﬂéﬂi@f& aﬂiegﬁ.\{bﬁb tHe'3 ﬂat edtté},Eet[bH Bl tﬁ% Fﬁﬁﬁizé&{ ocation

Is mediate y a pol yneras any tron s
per f or med mnharobﬂxzemsingle pmemhbhmmﬁmqmnmt?mmmentmto #definndier st cod by

those skilled in the a reacti on [l vol v mul ti

Cyor os of SERirEe EEgE Sttt ?‘FIH stied - grn pTRcond ShbeSeon ottty

t enpergy urielschaﬂwlér%ﬂu Bt abﬂuﬁmlt@&h@ﬁre&amm&ab@&é&s@m 1321
SEP 2004 WD 01/71 /US 1109165 synthesized based on the initial

target pol fymmplemde@l éNEBS)x @nbtaageépolmuﬂlmdrr gend seyesta en inifial template forget

sequences rl [ pSxRqRent i a } ing on

t he condi5?11%‘351561'{’%nlfl Sce? Pcom%? %fang ﬁ%ﬁg@#?egc!’{‘#bﬁ.%o | %gﬂﬂﬁ%’qgeﬁg?eact I on

according dnﬁedldﬂdq:mieea@dléxtemawt&th@ﬂ’-eﬂdhﬁﬂ&rtmgyttaﬁplétei Falhiind thed primers are

contacted with the target %m nucl eotide.in a reaction mxture, follow ng
Za

denat ur at i S9FPlsHoR H%cl:\aalr B8R Fepdiioniechapesddn pllew denaBaion: f or m

Und t
p(r)ll ;Lucl eor}gfln% I'S h &&g%%g%@‘&nﬁﬂgﬁ%&n@g%ﬂhl ze és}lg'!ﬁg %&%ﬁtﬂ%ﬁ%?ge&ﬁt?c

cont ai ns sem]msﬁbnmdhqﬁammﬁobmpnhnd the dedcemtattandseined or theaglid suppott lvian t he
singl e-str ntEnded ﬂ%ﬁ oI ynucl eoti de. Under conditions suitable 10 for

chain elo f'ng but not linted to, the presence of DNA

pol ynerase and InPfa@tﬁ:]ﬂEJﬁE Rbdill 8ve ANhPHE immBBitiRed MolChriRat Yol Red | de strand
serves as an initial tenp ate for synthesis of a nascent conplenentary
strand, wHlets dralipmptively, i ermbinasiog wilhyimszs/in thsfreadtien solution that are

20 complementary to the sequence at the 3’-end of the nascent immobilized strands.

Furthermore, the solution phase primers can be either universal primers capable of
amplifying all the target polynucleotides or, a pool of specific primers, each of which is
specific to a particular target sequence.

In one aspect of the invention, there are no solution phase primers used.

25  Accordingly, the initial amplification reaction as described above produces nascent strands
affixed to the solid phase support at each primer site, either as a single strand or annealed
with an initial target polynucleotide straud, depending upon whether or not a denaturation
step is introduced after elongation. And the presence of these nascent strands can be

detected by appropriate detection means as further described below.
¢

14



anneal ed priner and extended to the 5 -end of the target tenpl ate.
Fol | ow ng the conpl etion of chain el ongation, the reactignigﬁpdﬂﬁdon S
changed to all ow denaturation, 15 during which the target strand and the
nascent stWAA¥7HAe separated so that the target strand FSTVPEN@E$Ed into
the sanpl e solution and the nascent strand retained on the solid support
via the imobili ' I .act |l t [ . the
oD 11 zed si HuPEss RpRTEE e iy BAE o P b B A uok SO i

combi nat i o#ithahé Solidphaserismiobilizbd prigeas forahe aoplifickich ¢fthd makipledkgeonpl ement ary
to the sequence at the 3 -end of the nascent i mmbilized strands.

Fur t her mo@elynigleotides. Subssaussf tostie gytialamplificaion toaghion, apothpsreued 881 pri mer s
capabl e of j £yl " ' of
poi 1 ¢ SPRRRton KaBflrfs polifel M AR oAb Kol ol dindC,
sequende. chmplnmenasetits 3bénd thehd svhaiohipbase ptitversevill raanezbtosthe sitlation phises e
prinmers used. 25 _Accordi nﬁxléa . Lhe initial appl.ificatiaon reaction a

. S
descri bed PERSHAASEBRLS S OF & SPRSEHEE SYPPTS ¥R 60N EBt {8 D has e
support  atgG@mBailf 18R {cabib B taflef PRYmRRoARdS AR YeGestht, 2BShUN-st3NARAISGEoM t h an
initial target polynucleotide™ strand, depending upon whether or not a
denat ur at ipotynugeagide ican berformetlarddiffifedon the solid phase supparidt edch ppmessitece of

t hese nascent strands can be .detected Db roprjate .defecti on nmeans as

Fur ther descr i BeHRRERBR. O moenioe e hoR AR RMde iy ol sBRUFF 00162°
anot hen agmes| s_hﬁ%l}e §thBdIVRAL biORNASBXAMPI@ b B EE QoRhudi@hide dichiddSRbaren
combi nation wth the solid phase imobilized priners for the amplification

of the nulnot bmited tgy grupmigidNda cldNAg mitoghessleig JB¥WA. virgl PNA, prplified)

per  or o, Py iat 4. AR Ger BBk bty ilRelrids BB b ERESR A 8

conpl errenihegi;nn'mg of tbe aiplificedioh ceactiensto provide sinpleastrendeditereplates | | anneal to
the solution ph prinmeys and, serv S tenpl ate for .a suhsequent

synt hesi s of b A et RelyBprlectidRs g o Apivanitd a8 FpPibtES i BRIeAIOR e t ar get
pol ynugl eghdfiged 1@'%51f"b§ ﬁﬁéﬁﬁtase@o‘i’l@%ﬂi&%éédn?ﬂ&ﬁﬂ o @B Abongch YAKGMEP | de

can be fornmed an fixed on the solid phase support at each prinmer site.
For the purposzshdihmobilizédyoneriste, the hybyidizep BN temblate strded cande dostrogodibl e

ol ynuol edbt xR A 1GDEE e brontForabiOp s S BRA PP Bie mrna
M t ochondrsoRd Bh¥le suppbrl If Don@ e (eRlibr spbific o2 Reivedsilpls prddént iRiebl e- st randed

target pol ynucl eoti des_undergo denaturatjon at the _ .
solution phase, the first nascent cDNA strand will serve as a template for synthesizing

20  another nascent strand, thereby forming a double-stranded nascent DNA molecule at each
immobilized primer site or binding two immobilized primers.

Alternatively, mRNA target polynucleotides in a sample can be first reverse-
franscribed into complementary DNAs which in turn serve as initial tempiates for the solid
phase PCR reactions of the invention. The reverse transcription can be initiated from, for

25  example, a poly-T universal primer that can also be used as the universal primer in solution
phase for a PCR amplification reaction according to the invention. A poly-T initiated
c¢DNA product will anneal at its 3°-gnd to the specific primer immobilized on the solid
phase support and serves as template for subsequent synthesis of a nascent complementary
strand having at its 3’-end a poly-A sequences. Following a denaturation step, the single

30 immobilized nascent strand is capable of hybridizing to a poly-T universal primer in the

15



begi nning of the anplification reactions to provide single-stranded

tenpl ates. nMRNA target pol ynucl eotides can be directly usedsas Z@pl at es
for anplification 15 nediated by reverse transcriptase. Follow ng the
conpl et i onWEe1ZH4I n el ongation originated from each i mBETUSEO%Dr i ner
site, the hybridized RNA tenplate strand can be destroyed by, for exanple,
RNAse H, |eaving th €0 r t f fd to.the solid
phase suppsgﬁ%ﬁ.on??asgg%cpe%gﬁ%]%rl mﬁr%{e%gﬁ]utﬁgerq}i%pém ioc&:‘ﬂgrﬂa%ﬂh\k/iéaﬁ{égla?di S present
in the sdbithition op dabie-stiafded dabcht pulgmeRbidDNAt attaffned tovikelsoléphass as a
tenpl ate for synthesizing 20 anot her nascent strand, thereby formng a

doubl e- st r¥| nascent DNA nol ecul e at each immbilized priner site or
bi ndi ng two i mphilik B Sots & ¥an BB : PR
pol ynucl eoti des | hﬁla%%gﬁ%%’ﬁ%%ugg §tﬁfrlés1?&rn\eﬁ\§lelr Tt aﬁé%%‘?@%ﬁ“’.l"ﬁ%“é‘l

conpl erfent sansce Biyakermétively, fromtrultipls diolagica sdunies Bah as differat eeciesor t he sol i d
phase PCR teactjons of the inyentjon. The reverse transcription can be

i ni tiated $5%% qr&fﬁ%@@&&ﬁﬂﬁ_@?ﬂ@%ﬁgn clpopleg fiplaislipan = Ycan al so be
used as t NEqiinYIRGS B mld T bod PCR RlabidrOWith RRAREpdRilatin BER@EP! 1 fi cation
reaction according to the invention. A poly-T thitiated c product wl |

anneal at pdpugleotaded isoltadfrons ppatieht withha disease pfvimteinist, iupdet conditidns el i d  phase
support and rves.as tenplate.f.or sybseguent synthesis of. a nascent

conp errent YT AT 4ta iR gbRIEA podR L b b BeRTE SerliodulBR i ng o
denat ureat i igdwatiR e atths debdibe@ inXtdiratobe. Théefbrd) SentSihebfith & teagab| e of
hybridizing to a poly-T universal prinmer in the 15 2 1 SEP 2004 WO 01/71041
PCT/ USOl / 091 & srosoingeiprpppatabize anplysiscifaresy pakynudeptides-e f or subsequent round
of PCR anplification and formation of doubl e-stranded nascent

pol ynucl eo§ ipdqsrbdidfondr € affixed to the solid phase support. Miltiple
target polynu Fgot{a.aes of. the invention, can be frontlnone si ngl e bi ol ogi cal

5 source or, al'fERTEERS BEJIVERtion, A SGACHIRIXIE GOTBRYIsLIY the ARRIIERIFER o5

di fferent siARCREHRE mikddSPikOHe réagént@ﬁ&eaa&? fortoR@RHih 3 tHePdlyHerdsa ciRie
pol ynucl eotides isolated froma healthy 1ndividual can be m xed in one PCR

react i bh wieadtion fRfEREare plopadiin confect aiithreasiigmmobilived pimerpsit eisingleggimered from a

patient with a.disease .of interest. under conditions.that u al | ow

et s nout oot SERR Sl bl A58 buprt Y PR Baid 3 vl 2 IO
10 known i gkrabdiedl BIA, siBife sleadéd DA iconiatdiy) reddiseansdriifiof bORNA tkldplaReE.esent
I nvention can _be used, for a cross-species conparative anal ysis of target

pol ynuc! e BRNA pypulpiggn. Reeastipn mixture contains an enzyme for facilitating the
synthesis of a polynucleotide strand complementary to a target strand, e.g. a polymerase.

20  Suitable polymerases include thermostable polymerase enzymes, such as a Tag DNA
polymerase, Tth1 DNA polymerase, Vent DNA polymerase, and Pfu DNA polymerase.
The reaction mixture can also contain a label molecule capable of being incorporated info
the nascent strands during polymerase chain reaction so that the amplified products can be
detected on the solid support after the PCR. The label can be detected directly or indirectly

25  according to methods Well known in the art. Suitable labels for direct detection can be any
fluorescent molecules such as fluorescein isothiocyanate, Texas red or rhodamine.
Molecules facihtaﬁng indirect detection, such as bhiotin or digoxigenin, can also be
incorporated into the nascent strands during the PCR. Biotin can be subsequently detected
by binding to a labeled streptavidin or a labeled anti-biotin antibody. Likewise,

30 incorporated digoxigenin can be detected by a labeled or unlabeled anti-digoxigenin
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In practicing the invention, a reaction mxture conprising the appropriate
target polynucleotides mxed with the reagents necessary {f ggp ducti ng

t he pol ynerase chain 15 reaction (PCR) are placed in contact w each

i mobi | i zeWOM7HEt pair or single primer popul ati on on PREUSHIPHSsupport .
The appropriate target polynucl eotides can be double. stranded DNA, single

stranded ¢ gener at reverse transcription, of t.enpl L, OfF
nRNA popu Iaﬁ%ﬁf an%ﬁ.ée @gﬁ%ﬂgﬂ%ﬁ@n@ﬂﬁb%yﬁ@ gﬁdeg?ﬁ% '*“Efﬁgg %@s‘iﬁﬂ ating
the synt haglasiQigoi gsdd?_otide strand conpl enentary to a target strand,
e.g. a polynerase. 20 Suitable pol ynmerases include thernostable polynerase

enzynes, such ddteatheaepeeniaforsondpeiingibe PCRidentaghse iunghilized peimerzgamthedNA

pol yrmer ase,. and Pf.u DNA pol r . he r f QN M X can .al so contain
D) bel - nomieRiel et MIHALS condinl SRS e Rt ott S BRERRS &, ance
dur i ng spolhigiigfassxampRian anaatcddePstan sidaak ab hesiaPUR hbdthep Thehsaitncan be
detected on the solid support after the PCR The | abel can be detected
directly dendifiensfasthp §CRopracedwiedrmbe asgesasiprsded istbe insiGHCR maeliee ar ¢ .
Sui table | ' ' 0 | es such
as. 11 uor oduiint st Bfed ALt BB £ il of he HALARES e TRLEGH
facil it at iang otherldifudtied ehihdpatainyiticthe primsrslahd template hybiridizstigeni n, can al so be
incorporatfd into taglg nascent sltran S ciuri the PCR _Biotin can be
subsequent 1 SPgEfERY n“B"S?f’e FaPIRRLop be selecteskas serouymendedand s APRIPPLIAY abel ed
ant i - bjeot | Byeihd ﬂﬁﬂ% solebti@V¥nd She tégplhﬁ%eﬁnﬁﬁée%‘,tﬁﬁ aEBr g@¥ GRVAN ricfifls AGe det ect ed
by a | abeled or ‘unl abel ed anti-digoxigenin 16 2 1" SEP 2004 WO 01/ /71041
PCT/ USUI / 08 3#&&tyga PORodsctioaneh thi microdreatye baacheannducttid gsseniglyi as dasetibtsbidy can be
detected b | ndi.n | ed, .. antiz l,x d gQXi geni ni i .bod \ t he
reagent s f%ﬁ” %l& ﬁ%h"g’te?ﬁ% i&’ﬁ‘ée éﬂfﬁzgﬁd:}’?’ﬂ%‘%ﬁ?ﬂw‘%ﬁﬂ II%?%% ?‘ferfré Fgf\%’%{) he
m cr oar r ay(1993)eHéifokDaal Aic. | 4TidRABCEIN1 4)1315DBIBE (19983; Loiler bRGHItbdhamBry he PCR
to take place, 5 usi ng for exaHFée an aut omat ed system such as an in situ
3

PCR nachi i&:15TH&2(E%6%:iNgevo ¢ R dfeghorlpand frplipayeny 23053 62 €3 ke as
recommpndegl byt he richk, Sl tbido BeR Jf@ﬁgg e manual, and may be varied as
approprtate given the nature o? thé tenpl at es bei ng used or any other
difficulties anticipated with the primers and tenplate hybridizati on.
Tenper at urted.ahelihgand®etectioncycl es can be sel ected as recommended and as
appropriate 10 19iPeR h&Bodof BRIinRBHSE flofRe 8 delbfon TTRIANE BRIUENCES, and
any other relevant factors. The in situ type PCR reacti'ons on the

m cr oar r ayeelyguelegiides braisaomisd AdisstbaPCR| ik gompletdd incthe presenis of apprppriiebr et son et

al | Nat Ur Q367 9506 16 % e SR ooty RIS E DRl o k- 80

20  of the original primer locations on the microarray. Detecting the amplified or labeled target

polynucleotides can be conducted by standard methods used to detect the labeled
sequences, including for example, detecting labels that have been incorporated into the
amplified or newly synthesized DNA sirands. Thus, for example fluorescent labels or
radiolabels can be detected directly. Other labeling techniques may require that a label such
'25  as biotin ordigoxigenin that is incorporated into the DNA during strand synthesis be
detected by an antibody or other binding molecule (e.g. streptavidin) that is either labeled
or which can bind a labeled molecule itself, for example, a labeled molecule can be e.g. an
anti-streptavidin antibody or anti-digoxigenin antibody conjugated to either a fluorescent
molecule (e.g. fluorescein isothiocyanate, Texas red and rhodamine), or conjugated to an

30  enzymatically activatable molecule. Whatever the label on the newly synthesized
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(1993); Heniford et al Nuc. Acid Res. 21(14):3159-3166 (1993); Long et al,
H stochem stry 99:151-162 (1993); Nuovo et al, PCR Met h&ﬁiﬁgd

Appl i cations 2(4):305-312 (1993); 15 Patterson et al Sci 680b76- 979
(1993). 6.WPAKW&Fhg and Detection The PCR met hods of theP¢HUEHOPEA provi de
for detection of nultiple target polynucleotides in a sanple. After the

ool 11 oa Sl etk BETSEGR oRered B RE AR bE ey R L riolREE Yl 20 o
the ori gi maldsiid DRA (bioiads Oisleéile thbEhifdsThOBNAYYthe {28416 ¢d.& FBkofcb@nanpl i fied or

| abel ed target polynucl eotides can be conducted by standard nethods used
to det ect camanatighehemiuminesagat epeplorimettic)dion §e feectedkbngplaser sepanercr pED abel s

t hat have ' a b kfied or. n t.hesi zed DNA
strande, - PRAES o5 SRS ERpiia O tedTane L 0P Lk g eRaldRitats BYPURERL A0

det ect 6d gartiealat MbelQt her | abel i ng techni ques may require that a | abel such
25 as biotin or, digoxigenin that iis incorporated into_the DNA during
strand synt hesilhe teget pelyaraleotidecands dsisetes SHysine labelad pudlzotides{g-2ndNERul e
(e.g. str Lo el b el dﬁfﬁ" I.C | | abel ed
nol ecul e ?ﬁg%ﬁeq{ %%?l ex arﬁr% g@%gm%?%ﬁhﬁngf ecu gqgg%%e%g?%%&gﬁ

ant i - st r epateling)iare inodrpbratty io aaplifiedddNyAdugegihe PAR. Fooridirectigjlabghtied t o .

either a f rescgent. nolecule (e,.g. fluorescgcein isothiocyanate, .Texas red
and rhodalﬁl‘x&)ﬁﬁeg?te%ﬁj‘i@ﬁegld’“féyﬂ‘gm‘ﬁﬁﬁcéﬁw TREERE GO '&3‘# SHEBFEYRY| ecul e.
Wat evigr toh nt-2126%igfin hitfoBRW The PR MBI T &HpIdYs &tekﬁ%&taepag}nua@&i@é/ 71041
PCT/ USQ / 09165 nol ecul es, and whet her the |abel y'In the DNA or

I's direct
conj ugat edytdstegtinginempérated kakel in Blemswly syathesized eomplinmeits ta theol ecul e t hat

bi nds the t | ahel e. g. fluorescent, nzymati c,..chemi] unm nescent
. or col o’ ?lf%g%éagﬁg%g%ﬂgjfs Yo i\l E%Flg@%trcagﬁ%ﬁ%%lpo{#démo% %Mmera, or
X-ray fil g sycheesineli da@ beRsddhe.g) ffoed-dNTP, HsEINTR T dipokiabfin WHPSad OF
detecting a 5 particular |abel. The target pol ynucleotide can be detected

Ibybuls@ ng 1CaEEIbEhaYE PRI fBavT . the arg rﬂﬂﬂfam;l%‘@_ ORtucteising ose omPECt
| noor porat e AU e PR G PR RE R Bl SPahAlted R K PRk

DNA, the deattectolidsupmmridgrdeteetingihé uiiyerbdl prmesc Thusewhere adopethae oy ne

conjugated streptavidin 10 or, antj-di L genin antibaodies., The PCR nethod
orpl oya. dPBErRERIET 15 P os eI o0 L OB iy R A TEUBE AEES | abel
in the newnthewnhihgsosed conpl ements to the polynucleotide targets. For

this purpose, any |label that can be incorporated into DNA as it
In a differential expression system, amplification products derived from different

20 biological sources can be detected by differentially labeling the amplified strands based on

their origins, as described in the section under “C. Comparing Differential Expression of
Genes from Different Biological Sources.” In one aspect, the detection methods used herein
are different from the detection method for single-source targets, in that the differential
labels (e.g., red dye and green dye) are pre-incorporated on the primer tags in solution,

25 rather than being incorporated into the nascent strands during the amplification.
Alternatively, a third label can also be incorporated into the nascent stran& during
amplification, in addition to the differential labels, so that the overall sensitivity for

differential expression comparison is enhanced.
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I s synthesized can be used, e.g. fluoro-dNTP, biotin-dNTP, or

di goxi geni n-dNTP, as described above and are known in the; ggp.fCR
anplification conducted using one or nore 15 universal priners in solution
provi des tWOMHAtiHbn to detect the anplified targets at |BeHUPYA81650n t he
solid support by detecting the universal primers. Thus, where nore than one
uni ver sal 7p¥)iﬁ cﬁ igitused, target strands fromdifferent sources can be
differenti‘a {}E & cf’_ed on the solid support. In a differential expression
system anpl i f ileatnventiognsenddasdits &ripasticipg the ragthads of e inveoties. dbhekit ean

sources ¢ t . ' ' A ' | £ trands
based on q‘?ﬁ%@@f Qgrtﬁ%#ﬁ%n%é%%‘é%n?s&éﬁt@ﬁ?kngiéa\é{E? S%Q%ﬁ%@%ée tgdéarirpari ng
Di f f er ent ithdt alexqilicewit diffiadlt to Gerelsonfa solid Bifpbar Tid kiBlaaimdidealg. Hesldces. " In
one aspect, the detection nmethods used herein are different fromthe
det ect Pon SHEI%Rb sligasmclestide nsmes for snegifig setof tarpet palypuglentides, pelmerss al

| abel s (e..§.; )e A A -t he prinmer
tags in s oc?ﬁ?f%aﬁgo%%%t&%grg %ﬁﬁgﬂgﬁg’l eﬁ% 4 coesgg{%$%§ 91:&%%%? %aﬁghﬁ r%gs cent
st r ands . dumateripls, ki atheol tuffesahd oragentsior emsheng. Tht kit nmy tilso irtlida lesbructioms al so be

I ncorporated in he nascent strand durin anplifjcatiqn, in . addition to
he a1 11 orlBHise A e lija BELY Sperite Gvets o aid SRR Vhor i RisouBiber er ent | a
expressi 03’5 AR abli® Qippbr? Es@g%rﬁﬁergilreﬁﬁ?ﬁ&pén MOOQM sGHAL e.g. for

PCT/ USO / 7. Defection Kits e invention provides kits for practicing

t he neldhodeapdifyinghepiarfiodarseinf tag¢teoknuclecides, itheodesign andcapstrudtion pfisushizal s and

reagents for detectin .plurality of,targe ol ynucl eotjdes .that are

ot hervi se TR o R ettt o, ich S mBPrts S L PorE et R e e o
a solid 5 jadipiaailikits 0égeddink oh GRlUAEE pRlyniBlE&ideothe uGHAE debifesI@Hetedt. TR get

pol ynucl eot i des, ol ynmerase <chain reaction reagents and conponents, e.g.
enzymes f diit W@yff# rRageuts ngcggraty; fagcondugting pAICR ompeplidsuenortyfpr exampleng
reagents f ks ' ' | Wela se of the
it 0 a2l ACkypd Bisols prdtBY B bR frBicRulcREhE b Rocapii of 00 77 1
a prdpar eCRahplificatigpuritg dnain isitgtype PER michinel Ther sippdrt esachg chntacel with t he

solid support, e 0 anplifyi a particyl.ar set of target .

ol ynucl o raesttsieh QR oA iblh oLl coRpi o chee polypudiatder sol | o
support i s;qdepeihdEck AROME mivfbefit il rSRARP! THR A0 R el ialI QIR HE Afia] OF
I ndi vidual kits depending on the target pol ynucl eotidés the custoner

desires t PEebeffrs, athamostilile pelimerasaielzy GesDNAaqpdymeraseh oueleatidgs (e
conductin n.a solid su t.. for.e | e Si an. | i Lu-type or
sol 1 d phashirEshafind Gheofert it s R BIRTRL e Hiedln flodpsbeliss ' VP

20  as described above). The solid support provides the affixed primers in designated locations

on the solid support. For conducting the PCR, the support with the immobilized primers is
contacted with reagents for conducting PCR and the target polynucleotide templates in a
reaction mix and the subjected to PCR (e.g. in situ type or solid phase type PCR)
conditions. The instructions for use of the kits can include, e.g. such details for the

25  procedure as indicated in the description of the methods above. The kits can be assembled
to support practice of the PCR amplification method using immobilized primers alone o,

alternatively, together with solution phase primers.

D. High Throughput Assay of Multiple Target Polynucleotides
The amplification methods described above can be used for a high throughput assay

30  of multiple target polynucleotides on a single solid phase support. Multiple groups of
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15 PCR anplification using an in situ type PCR machi ne. The support can be
contacted with the reagents for PCR A sanple potentiall 1C%Epaﬂ' I ng

mul ti ple target polynucleotides is added to the PCR rea?ent m Xture before
t he reacti WR.0UFH41 PCR reagents include the usual PCR buPFEP801/04165

t her nost abl e pol ynerase (e.g. Taqg DNA pol ynerase), nucleotides (e.qg.

dNTPs) , ° S .. abel i ng.. : _for direct or

i ndirect ﬁ{;g%ﬁ?%’ﬁgﬁer%gmaéggde}éﬂcorr ?Igg s%;l%g\kl'}élgl gb]j}{%éede 05%34 if%h{sig%%sgrs pp;%%?/i des the
af f ijx ed prfoﬂ?asﬁd}rﬂarf@% 'mbmdnmd@hmﬁ. Each giogp Ioﬁﬂi;rg&s 8orRRpdrd.to kOr - .
conducting the PCR, the suppqert with the_imobilized priners is contacte
with reag &W%Fﬂ%ﬁ@ﬁeﬁwggmd OgREPigsAetiscrgle Besitionavifhin the SEETIOMERY: enpl at es

in a reacg ) é"wﬁtaﬁlﬂﬁ’g | ta%ﬁﬁ% ' ' .50l i d
phase typgwg% mgg)}ldl tions. éél'kﬁ%ﬁle{r?gtqir‘%@t I on E‘?%)t%leuﬂg%e@&#wgﬁﬁﬁegisclgn

i ncl ude, ecoglactswitththd eti@barsayfundertreaetiddh coudioas suiteblafori BFER. ceattinds ke t he

d i pti f e met hods abqve. . T ki.t.s can.b nbl ed ., to support
o act i pe obsingd Al faach ROl Bicteha wl G AR AT A A G o o) one

or, alt erpgfkio §lith thd BREIHEY hWiﬁékcﬁl‘élL-jdbhHBQ pRRRASmRbIBES thelio, Hi N
Thr oughput™ Assay of Miultiple Target Polynucleotides The anplification

met hods descr i Hegordingie thedaveptiony thechuinber of totephialitingen pphypuclectislenis lingRdof

mul tiple target ol.ypucl eot.i des on.a.sinale .salid se support. _Miltiple
roups. of ‘oS o BEHBE SRRl e PReRitt B ePelitos imBLRE BIPRERS Rt her |1
si ngl erf orexa@ple] MinpAinoSm téthBolbfEDHY tolabed 100,000 %ﬁﬁxﬁjcledﬁdﬁaaﬁa? beaRdlpsel t O
forma mcroarray wth predeterm ned pattern. Each group of priners

cor r espond®asiggle soidispenertdy nraidiag up & abauicl (90D diffessnt croupfinsimenpaitsscr et e

posi tion wsthin. Hhhe.m . L Q- cted of
cont ai ni n\glj!trrtrluﬁ I{gfed e ?%S%gng:tﬁé %#f%%ﬁ?é%%ﬁ %8@5%%@%%& ?Qn e

m cr oar r ayaudrdemnplk eamprising aidendi dueeopy aithd @abdeepdipnucRORigs el theqhitmetsare

descri bed above, each target polynucleotide will be anplified and affixed
at a di scr%ﬁ@n dﬁBé‘F‘F?ton with the mcroarray having corresponding priners

I mobi lized thereto. According to the invention, the nunber of potential
target,_polynucleotides is limted the avail abl e technol ogy for
produc}sng and anal yzi ng smal | dense@g&%ﬁr ays. For 10 exanple, using
known technol ogi es up to about 100, 000  pol ynucl eotides may be anal yzed on

i ngl | i . L di 100, 000 diff f
o 5 SRR B b AR5, O 117 o e
the support wi thewnerpaRding himap GI3PEHwas ssientod Eordetvptidudiyragppdificationon sone copy
of the tarrﬁﬁ%oa&%,%ﬂﬂ&'b?%ts&gﬁﬁt&c%R b\ Gl BT EnBEss of § 5RndNGE: 49 detect.

immobilized onto the support, or by an asymmetric PCR in which one member of the

20  primer pair is immobilized and another member is in solution.

Based on the known sequence of human G3PDH (hG3PDH), four sets of primers .
were designed and used for the assay. The four sets of primers have identical hG3PDH
gene sequence except for the last base at their most 3°-end, where each set has a different
nucleotide, A, T, C, or G. The primers were synthesized with a 5°-end modification of

25  amine to aid in affixing the primers to the solid suppoﬁ:. The primers were spotted in pairs
or as single primers, at different concentrations, on a silanated glass slide purchased from
Sigma Chemicals (St. Louis, MO).

The silanated slides with the provided primers were hydrated overnight in saturated

NaCl chamber at room temperature. The hydrated slides were rinsed with 4X 8SC for 5

20



15 EXAMPLES Exanple 1. PCR Detection of the G3PDF gene on Mcroarrays A
gene encodi ng human G3PDH was sel ected for detection by r@% fgﬁg‘gat' on on a
m croarray, either by a symmetric PCR in which both marrb rimer
pair are YR¥BI%1 zed onto the support, or by an asymTetPi:HUWiﬁ whi ch
one nenber of the 20 priner pai r is imobilized and another nenber is in

sol ution. Based on,the uence,.of hunan P ) four sets of
priners VBPESYH asﬁﬁ‘g&ﬂ]é gﬁm %esagegea ock%ﬁgn%ﬁ%%@g%ﬂsgpi ners
have i dent &ﬁ%@gﬂhoﬂ%ﬁ] @?%@B)%x@sciﬁﬁﬁteé &rsob@%nhﬁﬁhrﬁ%%ﬁiwitﬁe' r nost
3'-end, where each set has different nucleotide, AL T, C, or G The

primers M&Wﬁbﬁﬁe@%ﬂ%%@ﬂwemdﬂﬁmuﬁ cation of 25 anmine to aid in

ffi th | h d i
pairs or as SitiGrCRavitibl Eoidfel e BRe e AR AR BT Gt e
gl ass 9 i dacipdkThasIw, aﬂmmllgmmm &l 190 (uBI Bldtﬂuutsacmhe f*heionl | anat ed

slides vmththe prowded rimers_were rat ed_overni in saturated NaCl
chanber atso I}E&”aqrm@m}wffa&éaﬂlshﬁ %umag PHgenax ssc

for 5 20 “%r%; lﬁglﬁgg n washed
with wate ﬁ? %](inﬁoc éhc?ggm u#/g % ?gﬁa%aq{ﬁ?gbl ocki ng
;;)(I ut :j 03 (um(tjtb gf ’Daq];fkﬂﬁﬁa_rh sefentynied 701 i ndaetioredolfidas wa&ngisnéﬂated agl_ir‘]dﬁsgg:tR with }[A@.t er
an rie e.s use. e reaction
sol uti on was p ared t@&h@gﬁmdgﬁ@ﬁwi on at 200 M 5 each dATP,
dGIP, gnd dTTP;;55Q4 xM deAR,RAETAOO M Biotin-14-dCTP. The reaction
solution also contains 1X Taq reaction buffer (with 1.5 nM MyC12); human

G3PDH gene pl d8diMds as Q)H;IAlMé?rqﬂnaltW'l(PlOO ng phagemid DNA or 500 ng
Ss-cDNA |ibrary) .and 2.5 ni t.s Ly enzynme. 70 pl reaction
sol uti ons was ééflier at ed L@Ef 8P &kﬁ%@sﬁ&é@ X dATP, dGTP, and dTTP)
10 12.5 pl1 O. 45r]:m dCTP 1PNA tehplatt 4 M biotin-14-dCTP 7 pl 14X reaction
buffer (with 15 MyCl2) 5 pI DNA tenplate 25.5 p | water 15 0.5 pl1 5
units/1 of Taq 2él‘é,lkﬂPol ynEAtEs e

15 0.5 pl 5 units/pl of Tag DNA Polymerase

for a total volume of 70 pl.

A HyBaid chamber (HyBaid USA, Franklin, MA) was placed on the slide to keep
the arrayed locations in the center, and the reaction solution was transferred to the chamber
and sealed with a plastic cover. The'PCR machine was pre-warmed, and the following

20 cycling protocol was applied:
beginning -—=-94°C 5 minutes

main cycle: (steps 1-3) repeat 35X

-step 1 ---—94°C 30 seconds
~step 2 -~~~ 55°C 30 seconds
25 ~step 3 —-- 72°C 30 seconds
final extension -~--T72°C 7 minutes
end - 4°C hold

Adfter the PCR was completed, the slide was blocked with a digoxigenin-blocking
solution from Bochringer Mannheim (Indianapolis, Indiana) for 30 minutes at room
30  temperature, The slide was stained with Streptavidin (Spg/pl) (1:250 dilution with
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for a total volume of 70 gl. A HyBaid chanber (HyBaid USA, Franklin, M)
was placed on the slide to keep the arrayed |ocations in the Qter, and
the reaction solution was transferred to the chanber andl!sdl g@ with a

pl astic coV@M7Me PCR nachi ne was pre warned, and the fBFFEMA§90 cycling
protocol was applied: 25 begi nni ng---- 94C5 mnutes main cycle: (steps 1-3)

repeat 35X.-step. 1 .---5-- 3 conds inal extension-step 2 ----- 55C 30
seconds - Bl—“-th-’qkmﬁ’f@? )Ségg(ﬁggnu_tq&at TOORHSRPRrAIR E‘?Pgl- -Zba-k-mgAfChol d
After the ]ﬁ@u ~G/aSH BBy wbé"@se& kd HEHURSsIIk KIS it atBooi 9OXi geni n

bl ocki ng sol uti on from Boehri n% Mannhei m (| ndi anapol i s, |ndiana) for 30
m nut es atfemmw\?(l@ﬂrrﬁm sliderveas bingkedwithl digorigenin-hloskidg wélutiorgior 3t avi di n
(59/1) (1:250 dil ut on W, h .21 2 1 SEP 2004 WD 01171041 PCT/ USOL/ 09165

di goxi geniIBIFBHEE ?#6 %p?ﬁ fY"8n) for 30 minutes at roomtenperature with

gent | e sshaki ng %e&mgmhﬂe&@&hmgﬁﬁ%ﬁﬁédmbﬂ%@@-sﬁ@tmﬂ ditxeds! i de for
15 m nut es at room erature twice. The slide was bl ocked with

di goxi genilal %é%&oﬁ’@e king selgtionfor 1 hpwat sepmtempgisiire. dkgshiderwase. 5 The
slide was [ Vi tavi di n

di luted \hﬁ%ﬁ%ﬂ?f}ﬁ%ﬁ %%ﬁ%\m%mg?gﬁglgéﬁlﬁ {%gpﬁrﬁ%te ag:& tt{;Vfégrtghom )

t enper at urstide ﬂibem@&batéd wilsthe msﬂr@dxﬂbbim(ajrs l@mg;'um goat mﬁits)ﬁbﬁgammﬁﬁﬁr hf or 15
m nutes at_.yo t enperat,ure, jce. The _slide was incubated with the
second antq%gy 'W@ﬁ%ﬁﬁ%ﬁ@@&%&é@%ﬁw 3%%%63%&0%@93;0&% dhed 1: 100

i n di gaxi a6t Radlhkd w&ha@oﬂ%bﬂﬂ.&aeﬁmgguf@r@wﬁmﬂega?gb Aldr €. The 10

slide was washed w t h di goxi geni n-washi ng buff es a‘t room
t enper at urtwice. Thei stide wihgragiadddthgreersamifon Gendiic Mwﬂyﬂeasnﬁl\ﬁwme netic

M croSystens, Elges relsglts of the symmetric PCR is shown in Figure 2. 50 ng of G3PDH DNA

fragments were used as PCR templates and the primer concentrations from column 1
through 6 were 250, 125, 62, 31, 15 and 7.8 pmol/ul respectively. PCR was carried out

15  under standard protocol for 15 cycles in the presence of biotinylated dCTP and the signal
was detected using Strepavidin and Cy3 conjugated antibodies. The illuminated spots
indicate successful amplification of the hG3PDH template at the spots where the wild type
hG3PDH primers having a C residue at the 3°-end are immobilized. In contrast, no -
detection of the target hG3PDH template is detectable at any spots where hG3PDH primers

20  with different 3°-end nuclectides were immobilized.

All publications and patent applications cited in this specification are hereby
incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference in their entirety.

Although the foregoing invention has been described in some detail by way of

25  illustration and example for purposes of clarity of understanding, it will be readily apparent
to those of ordinary skill in the art in light of the teachings of this invention that certain
changes and modifications may be made thereto without departing from the spirit or scope

of the appended claims.
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The results of the symmetric PCRis shown in Figure 2.50 ng of G3PDH DNA
fragnments were used as PCR tenpl ates and the priner conﬁgqtgqﬁ bgs from
colum 1 through 6 were 250, 125, 62, 31, 15 and 7.8 pnbl/ respectively.
PCR was caWPi%®di%Lt 15 under standard protocol for 15 cyeFE8I0RI6fhe
presence of biotinylated dCTP and the signal was detected using Strepavidin
and Cy3 conjugated antibodies. The illum nated spots indicate successful
anplification of the hG3PDH tenpl ate _at _the spots where the wild type
hG3PDH primers having a C residue atCLABME' -end are i mmbilized. In
contrast, no . detection of the target hG3PDH tenplate is detectable at any
spots wherWh#ds@pmegisners 20 with different 3 -end nucl eotides were

i mmobi lized. Al publications and patent applications cited in this
specification are hereby incorporated by reference as if each individual
publ i cati on or lpat eAtmethyd foe ideiifyingsequenspetiafiorsdd k yargan gollymetilaotidel d y
indicated to pe incorporated by reference in their entjrety. Al though the
f or egoi’ng YR ﬁﬁpﬁtﬁp%gfgw@et T eArense themethad corarrising thy steppplor 25
illustration and exanple for purposes of clarity of understanding, it wll
be readily appajedactihPart HeH0rehe 6F HbRRMpS i bllgohiclédiBe Bifneds it Nt of the
teachings of this invention'that certain changes and nodifications nmay be
made t her geastigh phgute caetpining thysampdmandireagepis forppotymesasomediaiid t he appended

Too T mebwbere bR Wil ot BhfesbrlihoR piete Dyl ©! 2 M

pol ynucl eadn akelid phate sGppdabplite Hsetie 6P ticodligbihcRotidk Sind Fathes Sl ereinGach t he
met hod conprising the steps. of:_a) contacting an_array of one or nore-
gr oupsltbhf BrynRfalispasicotide mimsrpisselaptedtospan a preticuar rpgin ok the vefienteni ng t he

sampl e and,;R3geqk sl 9liANIE] Asfe R A bmRRl WILE! RUIEASHRLIT peat i on,

wherein the array of oli gonu eotl?:le frmers-1s |mé"rh§L| ize on a solid
phase suppuiist ssi/thatie efictly esrigleméntarfiao theireferenc seqgicncks and 2nwhefonrdoler wher ei n

each 10 gr . of oliganucleqtid riners .is selected,to. span rticular
regi on of at%Hgmf]@fS%tF’@%gtéo @E@ﬂj’éﬁ%@gc%&@ﬁ@isﬁi@w@f’r@ bﬁ?@ﬁ%ﬁ‘“‘%ﬁ@%ﬁﬂ ay, and
conpri se ahe bedad whith isd@tereMiin BAdhMBaBonal ket; & first set that is exactly
conpl ementary to the reference sequence; and 2) one or nore additional

sets, ¥ach of Whpeforming prbvmerasgmadiptedpolyruelsotideeampdificationnwheselyuthe f or t he
nucl eot i d&, Aty potiicRotideXBbeltl Giplh i 6l §f-AkisbPagathiAddidl onal set;

polynucleotides which are extended from the sets of primers that are exactly

coraplementary to the target polynucleotide;
¢) detecting the presence of synthesized polynucleotides which are captured on
20  discrete areas of the solid phase support via corresponding immobilized primers; and
d) identifying sequence variations in the target polynucleotide according to a

detected patiern of synthesized polynucleotides on the solid phase support.

2. The method of claim 1, wherein the reaction mixture further comprises a

25  population of solution phase primers.

3. The method of claim 2, wherein the population of solution phase primers

includes an universal primer.

23



15 b) perform ng pol ynmerase-nedi at ed pol ynucl eoti de anplification, whereby
the target polynucleotide serves as tenplate for the syntzh,e?Flﬁ 2@@

det ect abl e nascent pol ynucl eoti des which are extended from the ts of
prinmers th¥PW7W4exactly conplenmentary to the target poPGHUS&8Fde; c)
detecting the presence of synthesized pol ynucl eoti des which are captured on

ori mors, and 1 OCH PRGPRG SelE e YL abierA el RenoURyar P

pol ynucl eotide according to a detected pattern of synthesized
pol ynucl eoti des. on Themstabd 6f HASE, wheRBOhE unidersal REMFPISAGHInQE cdtahiy 1,
wherein the reaction mxture further conprises a 25 popul ati.on of sol ution

phase pri er’spromoter g Ipsomelgr ofanciPRipemotetsher ei n t he popul ati on of sol ution
phase priners includes an universal prinmer. 23 2 1 SEP 2004 WO 01/71041

PCT/ USOL/ 09165¢4. T ﬁ% g%imo% ' th %ﬁd 166 ggegd- {mer is an
ol i go-dT pri mer6. 54.?&3_'_ e Pr%)gﬁo 0 ’%{:hlg}ae?lm %IB ﬁg})ﬁ%%ﬁéﬁnﬁﬁ Versa épri nmer is
a primér dooludes mivtitple prinfats pachibevieg spesifit3equencest er or an  SP6 pronoter. 6.
The nethod of claim 2, wherein the popul ation of solution phase priners 5
includes nultiple pgner ach_.hayi speci fic. sequences. 7. The nethod of
claim 2, Wnere?h th %?’e*?lgigf‘a%i%&%??ﬁ@ﬁ?“%@E‘l%“ 81‘\?%8‘1 eotides are
from di f f gropmicledtided g Eain diffeesitsiolofical Eogcdset hod of claim 1, wherein the
reaction m xture conprises a detectable |label that is incorporated into
h I ' h Ki h t 10 I | eotid
dotectabl 6. 9 Sthe Het REUOBPE CHE BT BRALEHEN IS CERBBFLL PP o o
f 1 uor escenine il § &tbforal inse FRLAPHoIHnctoidh Berclf BLBRE tHEslRt ect abl e
abel s ato HatisHbiporatcd into e abe|g%?'fc‘1“|§TP, fiugrreggfldl\ﬂ'P,E Eﬁf)tiﬁgnyl at ed
dNTP o0 a reiygosieatishes deteftgbile. 15 11. The nethod of claim 8, wherein the
detectabl e | abel is conjugated to a nolecule that binds the nascent
pol ynucl eoti deg 12. . j i ble | abel is
9 eégﬁie\!eﬁﬁ{l ﬁg(gm%{ 8ﬁ§~lsh%£eﬁﬂ the d%&{lbg%iépél!}fa ﬂ&&%“c&f}

conjugated to a no a seco i'ncorporated into the
nascent pahyledudd. eot i de.

10.  The method of claim 8, wherein the detectable label is at least one of
radiolabeled-dNTP, fluoro-dNTP, biotinylated ANTP or a digoxigenin-dNTP,

15 11.  The method of claim 8, wherein the detectable label is conjugated to a
molecule that binds the nascent polynucleotide,

12.  The method of claim 11 wherein the detectable label is conjugated to a
molecule that binds a second label incorporated into the nascent polynucleotide.

13.  The method of claim 1, wherein the array comprises from at least about 100

20  to atleast about 100,000 groups of immobilized oligonucleotide primers.

14.  The method of claim 13, wherein the array comprises at least about 1,000

groups of immobilized oligonucleotide primers.

15.  The method of claim 14, wherein the array comprises at least about 10,000

groups of immobilized oligonucleotide primers.
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13. The method of claim1l, wherein the array conprises fromat |east about
100 20 to at |east about 100,000 groups of inmobilized oligonucleotide
primers. 14. The method of claim 13, wherein the array cpppsgpsegsat | east
about 1,00 oups of inmmobilized oligonucleotide prine 5.  The met hod
of clain1f%9°%%9? in the array conprises at |east about &%VH%Bmmﬁﬁoups of

i mobi | ized oligonucleotide priners. 24 2 1 SEP 2004 WO 01171041

PCT/ US01/ 09165146, FREmPROLGELIS ¢ \ibttin'he WIRIFREL shforPRnlao BREAUPPOT ¢
is made of material selected fromthe group consisting of glass, plastics,
synt het i c sgledtgchizors thecgroumdonsiating: ofigldss) plasticsysynitietc pelyimed, efrangic adn 1, wherei n
the polynerjse is Taq pol ynerase, TO 5 polynerase, Vent polynerase, Pfu
pol yrer as&@¥8S-any ot her thernostabl e pol ynerase. 25

17.  Themethod of claim 1, wherein the polymerase is Taq polymerase, Tthl
5  polymerase, Vent polymerase, Pfu polymerase or any other thermostable polymerase.
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