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specifically, the invention provides methods and compositions for high~throughput

amplification, detection and comparison of polynucleotide sequence variations in

10  biological samples for research, diagnostic and therapeutic applications.

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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conp geno c%ﬁ[& s?ng?e stram?ed c%%ﬂx or mRNA, w? h?gh sensitivity and specificity. One

application of this is the amplification of target géne sequences in biological samples from,
15  for example, environmental, food and medical sources, etc. to allow identification of
* " causative, pathogenic, spoilage or indicator organisms present in the sample.
Therefore, there exist a need for developing methods for énalyzing sequence

variations with higher accuracy and greater sensitivity.

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 bi ol ogi cal sanples for research, diagnostic and therapeutic
applications. BACKGROUND OF THE | NVENTI ON As the Human Genone Proj ect
approaches conpl etion of a reference sequence of the hurdh $éndlie,

i ncreasi Ny §18Rgay 0N s being paid to uncovering DNA seqyepgRei0éfdsi ations
anong groups of individuals as well as between different human popul ati ons.
15 ldentifying these variations is a critical part of further exploration
of the genefgiancdasi X oficonr mopradditisqabsisiof @rimedd) chch 6BWIGHANRiEntlcal t64hs 8RG8t of ThESEe

sequence vati af 4 W |l .serve as geneti.c..nmarkers in. studi of di seases

and trai tsﬁyivxllli1 I!’ug???rpﬂlle('i',\n>?5ti3nh‘?‘é\l inf“g?logge @Hﬂlﬁﬁj‘ﬁfgrg%m‘bleaglf? Hij“al]léfr‘rai%?@’r’ﬁi‘éﬁfhﬁl

i nt er act i omsenti@umaychwtubad, in b polgeersse alediaseaytificAionsaalss, f or popul ati on based

genetic variations such 20 as single nucleotide polynorphisns (SNPs) are

done Ion hydhuring ivehddhi thertabges pmiymmld(oghdnfmm}ee&ﬁ ﬁeﬁ)pla&{jﬂ)ﬁﬂﬁ s%{ﬂ}h%is(ﬂf Hﬁﬁc)tabIEO r

exanple, U. S. Patent 5,837,832 ee a escri bes DNA chi ps

contai m n gnaé?%%y%’rclef’g "ék%é’sa:% Fxtfﬂdﬁ‘g g@‘}ﬂ t@ed%ﬂi’r‘?iﬂamfe@ 19f Biimeis fhet preom

others on g.sinQghHiehaab S J%Blgﬁﬁcléaﬁéié’ e L RRbLIAS pritfers Ty RLEHL AT ©
e DNA chip ané th

hybri di zed to 't specific sequence vari atrons detected
based on t i’ hplrgigation endamdificatidndd speciis rpgiedsnfdinctarpatyblytmgleetideah a

hybri di zati on _at di sc e probe | ocations. Si.mlar technol og) used in
U's. ' pat erP e vl SRS EitaBb e sp e pish Pemar Y e e ST LA BN
sequences. witlPR¥EE Blat & HlRbATRat BtoABSAah@NR o WntghAcREOCH dn Bleferred _

hybri di zati on-based sequence vari ation assays, and hence |Iimting their

appl i ¢l i omebodigiset, theympificatign meais for proBo) théatventipn niay De FCREFheafiomard®of 2171041
PCTI USD110Q4%#6 ' SHRR B thb- racy of the

hybri di zat i ongﬂg'ssesqg@ﬁ%tg%zicns p%ﬁaéﬁﬁ@éﬁoﬁgﬁ?g?wﬁ%' tj%(eéﬁcllﬁhéﬁet er ozygous

mut at i on smethedis uschhlefosdstectioy pp Ed 46608 100,000 piffeasidregtPp bf B tdpget any t wo
sequences c{&g){uyieel,(g esults wth vastly different accuracy. The false
negative eRHFIcEgids- Ber mert apphsptions.ahighmmbes eeramsavill be desimhls) aithpaghheeds to
be | mpr ovegis daSya0et AendWRE: Bk 8 40 Ruks of Ol sl on the
hybri di zat i 1cfn di ffer%nces by one nucl eoti geglrgtﬁﬁ%ggg%m | é.ﬁeﬁeﬁ%ﬁ%

hybri di¥at$upperbased sequence anal ysis can be dramatically influenced by

variations in tg{} gﬁi‘}ﬁ?{?’l He {%eil(i)t‘j:11 8. a3 0\tgelll as_in hybridization conditions.
Hybri di zati on b&S€d Tutatt on detecti on | élzﬁ%?l?rp‘?fd’? y>Power | ess when the
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pol ynucl eotj de_sequences, sSuch
90  primer 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 detec;t 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
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templates using four sets of primers having one nucleotide difference at the 3’-end.

LLEF

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
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Al t er nat i \Ratept 5,8B&831{(0hnt ¢tah), disylobeesisfoehitioard afcerpbratedeeiccby }efaréngei ons in
mul tiple target pol ynucl eotides as conpared with one or many reference
sequences.A%ﬁgﬁet pol ynucl eoti des may be structurally related or

unrel ated.”™ Itiple target polynucleotides with no sequence honol ogy

are detected adcpoliinugleatirlel & & podyrperiesform of metentidesrof anshiengthikithercr oar r ay may

be divi ded,,i ifferent area Lt h..each area 3,2 SEP 2004 01/ 71041
per Usot GeRadledives & EPh iRl THR e bRR Lo et pielime
parti cul arthé moReiile MTHuy, this kediihddes dbiblé- aal eingledtRgdeaDNK kRERNAMRYIshe
affixed onto the solid support within the area, with each group being

sel ecti¥d tincludsskmawn ey ofmodifisanse for srample, lebelssiiistoere kaowredhe ats i n t he

case of ' -t Ak gets ' ise: ast
four sets "hfharact ARG GO po R AT AR AT RIOBRAR W20 |\
r ef er ence amaqalegdetermatidotitle mddifmtientbdiuth 2 fdr esatysle, dhose puithnamcisrgedach of which
Is identical to,the first set of priners but for the nosi. 3 - end

nucl eot | ARSI B<PRASPREBiceter. RhBphrofRhipsEs. Db SRR SRRt | on

further prayieaRssuch bs fiQkatflk 9Fddi ]ﬁ% R WO e ¥ A AMabQNoxIng, AMiibhGe!
pol ynucl eot i de ussi ng eit herﬂs?rrrrel?% c P oregsyrmetrl c PCR approach as

di scl oed sigraheapéiles, polird -lvbine etegythesgmpihi intercalatorstegaredding ps@dr,ptder s and

reagent s cessary.for P reacthon and.det ect i The m cr.oarray of
br 1 hers. maoR SRpPing eeeE Go b e BBEe TR SOh thAsRERE | oY ed 1o
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t he synt haumedified forms of the polynucleotide.

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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pol yner i ¢ rtegmized bineerfaindbidbephage polymeresess such & tiokieriophagdTh I @@Pdes  or

deoxyri bonucl eqt i des,. _Thi ermrefers only,.to.the primary structure of
the nol ecul e. %fd@?@qﬁ?lgtﬁ%{eﬁ?%g’l uﬁeggerlf&ff{% &% THFT gtfﬁ‘ﬂ‘?%%"t FEIdU¥BNA and
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each having a defined area, formed on the surface of a solid support. 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.



al kyl ators, those with nodified |inkages (e.g., alpha anoneric nucleic
acids, etc.), as well as unnodified forms of the pol ynugl gapdgg, The term
"primer", as used herein, refers to an oligonucl eotide which is capable of
20 acting WO HaInt of initiation of polynucleotide synPREEPY/08168ng. a
conpl ementary strand when placed under conditions in which synthesis of a

primer extensi rodyuct ..which is conplenentary tp a poJ ynucl eptide is
ot alyzed. - SucriIEGh LShaeiRdp faemprity B e rpdhefeldelP e izee!

nucl eot i deinfifchtRiR @S HRPrQenRof etk faTolRuaBR R ES atiiday SR, SERILE 1RggNt s for
pol ymeri zati on such as DNA pol ynerase and/ or reverse transcriptase, in an

appr opr i atigclpde 1dipisetopes; pudlgatide chramoplses, suryes, sukstretss,fhiorsiceat e cof act or s,

e L T e
products ithe tike ARsecs A tbelit acogRiitioh déte@sBly BR EfERoscdpit, phbiedemigdl] Mer

contains at, | east about 5 nuc]eotides in |ength of a sequence substantially
conpl enent @psperipal, yamppechemicah geelried; OR?GﬂlfgﬁgWﬁ%itmqa%ger priners are

preferred. Usu ‘ E ;%@4 ﬁM 4 R 0 primers
cont ai n about ?E{eg%-anég}i}pggt |?e es,0 o\tﬁ}t@e ong(]as%%oﬁsrrﬂ#%ﬁ%{st “Shucl eot | des,
may al so dipstiekylfibstediliefs, premieanesrid silate/a\stlicate Bifiorts such @g dascstides.

substantial ly | enent .to the target sequence, that is the specific
sequence to becﬁ%grg?rmr e dsmﬁemthﬁgroggﬁer&ﬁ%%wwaapgﬂ%m fon©

oDt i ONY | VorodcB RheR MR iRGude, R SRR, A3GANGN St TfchS), B 1RJRIRE €7 sequence”

defines a single strand of a nucleic acid sequence that 1s specifically
r ecogni zedmnplgcdes cRRMlecplss pomplawentatyde theitardet niadecals; whish mialedles emuesatd and

initiates it he pr ss_of trapnscription. by .whic n,RNA transcript is
broduced. P ffEfrettn 6B BresPiapRBus o e Bty 10 o heresBe i ch
there i s aalpRniwa nadleicavia) AnakhifitionPRERSEcah b imdds e3RalLly Wfith I3QA or.
recogni zi i ati on sequence. Known and useful pronoters are those

ng the init
that are ﬁ@édﬁmewfé‘@ﬁe&a@%@ﬁ%i ophage pol yrerases, such as
bact erjpphage Tg olf hé}éipﬁf%fi01€€icé{i§59%1@e{e?ér£‘to éJ&i‘lgIelegﬂssu%%?ﬂuid i@fduence tag
or "primer tag 'sequence ’ Tefers to an ol 1gonucleotide W th specific
nucl ei ¢ aciren se tnddriduel, itvdtdisebut @st limitdddefor éxanpld) blooth pidfsmapetunypingbt | des

bearing such. tags, fherein. Po)]ynucleqgtides fromthe same biol ogi cal source
15 are cové‘i'%rh"%?h %hélgg*g‘ﬂ Wﬂnﬁi CHa L é“?éhgefﬁﬂ%ﬁw’t’%&t’é@’ #at in subsequent
anal ysi s_t hgitoitlayivietsCRhds 481162 MilkScdId Gk hubing Butfof Qb dichd Jeﬁ?;sour ce of
origin. The sequence tags also” serves as priners for nucleic acid
anpl i fi cattugwrs; exgensi anvsalsosamples of inatitrasell dubturs constibntsor t wo- di mensi onal
array fH prefe rﬁllg lté{mdlb%o%g%a? sourcks® [ used herein refers to the sources from which the

target polynucleoﬁdt_es 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



each having a defined area, fornmed on the surface of a solid support. The
density of the 20 discrete regions on a mcroarray is dgtieggp nggd by the
total nunbers of target polynucleotides to be detected on the surface of a
singl e sol WP Yf{4¥e support, preferably at |east about SBCERS0V0IHSr e
preferably at |east about 100/ cn2, even nore preferably at |east about

500/ cn®, till f bl t, | t about 000/ cn?. d
here?n, a esnc‘len?e 'rl%gc%(ra‘s %ga?cé Pgﬁpgﬁ)eo ggﬁ%oﬁquﬁ 5 %guﬁ?eﬁ'rfﬁsé@ya%ﬁ’aced on

a chip or it beices WritBRCRfereite fequencd and tRltirkdt polynfdlonRle by fB8h different _
pol ynucl eoti des. Since the position of each particular group of prinmers in

t he array pdividyaliaf the same spepies.or differnt populatignspeiithesmprspediesot i des -can be

determ ned ba ' I-ndi : ' L§.lon jn the

i eroar oy, A Ak ferplde dentt B8l Al Cur B A s 00 UE AR ol |

cont ai rfs  aparticmiar bivldghenl siures. Preferdbilykiey refepgnc®d seqlitnen foraldpredeghiheghtiont o t he
ends of DNA fragnents tqQ .create restriction 30 sites _which can be used in

the subsed¥FS 2EPeM WMgPieh aticastqng paticular syclpotide pasition irkpoxmipbe 6 2 1 SEP
2004 WO 0L i e " |, osition
capabl e of %%%agﬁ%wﬁﬁet ect %% eog?g%&gle%f}eﬁ%‘?@gttﬁ%&g@t% ﬁ%g%iﬁle%gﬂge of the
target pol stewth gereietdeoding arenagse,nd appineruBtion attthepdsitivalcauses the losd of

radi oi sot opes, nucl egt i de chranophores, engzynes, substrates, fluorescent
mol ecul es, Eﬁ%aﬁ?ﬁM'e eﬂ?ﬁ’?@’?f’ ,Scﬂ’gg‘rfé{{% esiglapge;sEp ga _gaﬁfeﬁ‘ﬁg?ﬁ%cent

moi et i g5, ARhicht dudRoliddRbstidicltT e Wild BE hereTa@RYthe BENGSH Liighndet ect abl e
by spectroscopic, photochenical, biochem cal, inmunochem cal, electrical,
opti cal orcesthmmntbiptigseasrefeanse sagence smayplroconipiaftes entiragenome efitte onal
supports parthcles, . di i Lbhers, fiJlter nmbr anes
and sil anzﬁiglrgglg%sp‘%g 'e%'oguppdr1 ’g‘heseﬁlc e%\egg%? §§§ﬂe§%§ ) m%%eﬁsgf?ﬁtﬁgrrpl I fy"

I s used i nrefefshcbscgachcs Enddenticatipans ssqRende Farisait efpifdrédt CEVIs@aind,0 pr oduct

whi ch may inclyde, for exanple, addjtional target nolecules, or target-Ilike
nol ecul es or rrgﬂ’éé PrEBCHAE e b #n individugl rgpreseaigtiue off apartigylag 1

mol ecu{ £ 13nSm Vi : ER8AE e L cule in
t he sanpl e. In(ﬂbﬁghgcﬁlf ﬁ%?eodﬁémggéﬁnﬁugﬁp%ogrget ,??Q gm%%é?@%f%%n

anpl i fi catpopnlafiensdan be obdifferentes,cage nrsang cacbd frgm diffenenDhographichivds, and

| | pt . As d h in, "bi ol ogi cal
Sl o+ r crap ipp dRaRR TS e @Bl B rnd FeBhor ot solbefiamRI v dual
i ncl udi ng depthini@EntitibBIE Ak drPherddBfpes SAHP bpuldtod OChirthe! AKIE onSBE HicisPhnal

fluid, Iynmph fluid, the external sections of the skin, respiratory,
i nt est i nal of iggnéifietennensa viriptioys andhese phenotypis; traits shopdd provid insighis|is the

(1 10l ugh 0, e 1880 (TR S8t Rol] SYGEHLSN oo iidasc? 9205 a0 al 50

sanpl es of®1n Vi uents. ]
The reference sequence can be of any length, usually between about 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



20 The term "bi ol ogi cal sources" as used herein refers to the sources from
which the target polynucleotides are derived from The gdusge g@n be of
any formof "sanple" as described above, including but not limted to,
cell, tissW@UWFIl uid. "Different biological sources" cBRUPEIAPISHq
different cells/tissues/organs of the same individual, or

|1s/ti / or f different .individuals.of th i es,
col 1 o/ 1 oariey BBl Bt o e shpteh SRt R e RS BREF Y once

Sequence TEogheRigasadily doRipRitientity foafie PRtitERediéh SANPREReRe bdfubife, and the
pol ynucl eotide wth a particular reference sequence. The target

pol ynucl ectleséreasppbeingddaiticade therfisstsetrbet fon the masbuendawcleetidst Foror vari ant s
t hereof. T, f e .can.be 30 f.rom any
bi ol 0gi sal BHFCUEALR iR Rr R (R ekl SLRAGE RENERaREPaBE Ry T G
The 7 3 1 kR0 4 T\WOIO dogi1D4hd, vAGTE thi4dliitidndlahree pfimerachaseguiicnoand t he
t ar get pol,yn‘ﬁcl eotide_ capn_be fromdjfferent sources. Preferably, the

sources for that f\e@é?ré;’r@éh@@ﬁ‘éféﬁ@éo%ﬁ?dn _F*H’é S?tap@’elfﬂgtb of tha feur §B@F€F€tsar e from
dif1erent ard fidieitbaiRhohelinol HeeSATR0 R Site. R dildCLAM: AR G | 0N OF the

sane species. Are e sequenCée may contaln-at lTeast a portion of a gene
of i nt er eskesifgnaimsinigdor exampleta stankiand PEIRoprivgsir selbctionpragzam Rudhfae Peitiess, frdrh e

ref erence _sequenc of. th resent jpyention covers a region in which at

| east one %#?@Biﬁ%&ﬁﬁ%ﬂ%&%ﬁ@?ﬁ%sd"ﬁhn is known to be associated with
certaigp functi anakéidpHale MpSsen préVidEXARTS 81 aBodes RPsHobd D sG@fle b an active
site of a gene encodi'ng an ‘enzyng, and a point nutation at the position

causes t henikrosaetass, on thechapy pbaut ¢ 00040 groupg of Primerscai bé immehiligedlirso be a drug

resi stancegsite. in [l enone,. 10 at-.which nuel eot i de .substitution
of "the i IRt afect Bk LA BefENRTe st Tl Pl gt S e

ant i bi ot i essocikivd virkicalop slecrci@rieesta of (B Yedubod of Gitpainitr bhgrifdipaii€atggpone of
the biological source. For exanple, the_entire genone of one EIV strain
may be usddveadogagian op @Féﬁ@%@é@%ﬁ%@cmp opdasyuppert of upmpbified Begebnce

vari angss qf dl {deféfatasidlel Strains. The reference sequence can be from an

I ndi vi dual representative of a particular 15 human popul ati on, and be used
to identify SNThe olmbérfof primats withbuéazh gmmp cof¥shdretingio alpartiznlar giouloéit i ons can

be of diffgrent sex, age or,race, .can fr iffere ogr aphi c areas,
and can HB° FeACH 4P gﬁ?n?%%%m.%@?gf‘@f‘g@f&?@ : 0?&3}?@3@@&%%%%
are sel ectghnbOahSIicBEM Heactiof oh Mhd micaRRhY. AL 6 dehRbleSth huphgaet ypes of the
popul ation. Further studies on the assoclation of Tdentified sequence

vari at i ongrimess deswséneseesaot peandustingtan PERo b dpgsifipwitd en ithesnigieasay, givehe 20
geneti gy | 1a3lanfly M fAlfioR OBtk ch® BipeBloc HERSE bftabRleiuplle SikRleRudll Seases.

molecules, and the proposed number of cycles of PCR, will help determine exactly how

b

-

-]

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



The reference sequence can be of any |length, usually between about 5, 10,
20, 50, 100, 500, 1000, 5000 or 10,000 bases. The refer cecpeqgpence my
contain sone seqyence variations itself conpared to a wild type gene, so

| ong as t hWOW& 104t ons is outside of the region of intePEHPSHEPI6ENe

pur pose of the present invention. The reference sequence can be 25 obtai ned

IR o e e T R R R T

A i gonucl ebbutde nREledBIes inllengde! ecting Primers The invention provides a
prepared solid_support conprising imobilized and 30 separate groups of

ol i gonucl eot i dé& ipndepstand that amupleicngid ngimsn pf the present yvgetiongnay geafain cul ar 8 2
1 SEP 2004, . : - reqi Lhhin. the reference
sequence, Q%J}r{}gr%yﬁtz %%@%@%ﬁ?%%gsetogg%ﬁ? %%Mllgrireésgs’\&\? ﬁﬁ“ ﬁréttﬁ%sggh set
bei ng éxaclitmticsripletmsgatively affect the yiekt éripgotuat obtsaddro acignifiventrdefee.ence
sequence, and tfi‘_g ofher three sets being identical to the first set but
for the nost 3Oligawpclgtfeprmers carigpluds thepaturally-spcusrngheterecyslie bases i n t he

ref erence 38EMENEE ih'iilﬁflgﬁ{a%? Qg{aﬁl‘f ?Sgodgfei, ttrﬁﬁ idel 2BniAGng gutﬁghﬁgvtase@g{l a‘l?as aT

at its nost 3'“end, wh n ree’prinmer s hei r
most  3' - enaflified bases@nd base@palogwds.fAmrmodificdinseat badearialogaea camsible witte | engt h

of the fouyr A ner ts ., are preferred, althou not necessary, . to be the
Sme The TpPiedton of fleipeint oDt iricate Ranaab R e igaater SEba mybion’ s antinr d
PCR priigmer sel gab kgdar &rgngoambﬁeh@ibnaﬁmeﬁﬁhmaﬁ cbimBfe dB2RRRR BiBbdeS | NStitute

of Technol o (M_'Ij;)m.b 10 The solid phase support can provide an areas of
about 5 t qodlevmpdifiediorgs af teserpugarn wutheassfor exampis, 2hOwalkylaibagzolita 100, 000

groups of ' n i Ili.zed i.n. discrete areas according.to a
pr edet er mpgéeg paet%%bg’r n.e%‘fl)’#éergglg% a?‘%‘ﬁ ‘Ss%r‘%eax uﬁf)edﬁx?wsgﬁ’ aﬂg@‘éga&f?owgg@%tci at ed
written oris edngetiblestith thealsilis) of thetptitnes ROny®FdRe &f 2 taltRt RELETRE cAfbetisedTEl pai rs

at any given | ocatiqgn on the support, .and thus the | ocation on the support
of an anplifi ekﬂ?@reg@@%n&ébﬁ%ﬁpaéﬁwﬁiowemmehn#%bmnber of primers
Wi t hi nsea & ' i Lol : e reference
Sequende. daa e Aot o ot Ay Aol B Blimel D 01 et

pl anned arpkmiclectide dinkages can includmanyHinkagedinoan teagne of kkill in fhemrtébatigpl €, t he

nunber of riers. dee necessary .for .conductjng an PCR at a specific
site on tIf8 p?ﬁq"j‘??ﬂiﬂF%%.hyﬁF&@%ﬁfgﬁweﬁwﬁ‘%gwQQ'C]FPJG% %ol ume and
expect ed RueRRbrofiodid nkeily| SRS oAk, SRR Fé.g,qv.sdﬁatgﬁf@doesm@;§67)aﬁtﬂ the
proposed nunber of cycles of PCR, will he determ ne exact|ly how
" polyamide (i.e., peptide nucleic acids). Peptide 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



much ol i gonucl eotide priner copies to apply as a group at each | ocation on
the support to ensure successful reactions. Preferably, gr ts of
prinmers (i.e. primer nolecule nunbers or priner concentration) 1 be
about the W&#7H¥ each provided | ocation on a 25 given sBFTVYSUPBEErt (e. g.
in a DNA mcroarray format having from 1000, to 10,000, up to about

100, 000 gr,0ou rimer .0 _anpl.i or detect up to aboyt 100,000 regions
of the ¢ PUEe Horfiee rediqis arbosh it eaprine bt viths b gu s bere et 1 b
prinmer seqheR6HdeskAA ndclRAidtd WhikBforRRRd b 818 prmeAln OPokRufedtiayst eot i des
to be detected. The oligonucleotide priners can be of any 30 |length

sui t abl e fspecific pradeieroimedrseqErse, awpedl-develppedoand kdewn ingthe b 4 prglearede and
uality of e 9 2.1 SEP 200%. WD.01/71041 [.US 9165 r get
gol ynu>cll edt ‘%tgﬂedsf%r ?%gloglelg °nu’p isﬁt%%?.ls lﬁ%or%oﬁgg(%ﬁ%g‘éﬁfmg %eégr %%*E‘Ptz\%cgn be from

about 4 to4@8Peet 30 nucleotides in length. It is understood that a nucleic

acid priner of the present invention may contain mnor deletions,
addi tions and/ diegliganurlepideguizness can be designed avith agy seasial additional meieBerort hat

such 5 al ' ' . ' [ obt ai ned
To a si gni e 1T v s byt REARAE K Buiolh R of SEscth Bt RS L

nat ur al | y-isalationrof tig dngilified tygst palyinateadesnBoreathylef Oprivtled dan totaprisec aci ds
(uracil, cytosine, rnine, adenine and guanine), as well as_nodified
bases and %‘é&e@ce&ﬂﬁf‘ t."QIN??_ YeCpaple S‘%éryc}?ﬂ’&é%ﬂéﬁ%e&%éu%npati bl e

wi th 10 biskgichadi-RdhalipsRedRe ho 1 st Sgflr BAGURICEIamURAL Ul 11 {he

practice of "the invention. e sugar or ‘glycoside portion of the priner
can conpr issguetessiy thelpigwer. Hor bxasaple, sequetass complisitigashefoo mose witritthomse sugar s,

such as, for exanple. T-0-alk rd.bose, Ln.a eferred enbodinment, the
sugar - moi eI RabeiongR: GellednbiEror Burenll S bkt B p T <

conpat i bl agm&am @ﬂia:gatmohgﬂem@farﬁ SR uécks) Bdcilitste Bohinbdhd @tﬂziséli]u%ntt arget sequence
can be used. |In one enbodiment, the nucleoside units of the prinmer are

| i nked by mHanimliesos pe anplificeionprefed {atherysefulseguencesdaninglusion tthaprimer, | n-

addi ti@nal; L Jent s ﬁ£ ey L.de. i ' | hkage
known 1[2',2 onﬁgg%bfqﬂg i ”}eﬁneP ar t% L@%g%ﬂ? Eﬁgﬁgﬁﬁsg%"ﬁkggg"é’%’? %id():ljan

hybr i di zatbaoterigfhapdRNpr pobgamerasecduchl ag) dor eRarhpla,0r3 RNAI gobindrase, T7 RNA

phosphor ot hi oat e, M spronate, sul famate (e.g., U S. Patent No.

5, 470, 967)P° I“GGP‘% FRIYMELISEt i de nucl ei ¢ acids). Peptide nucleic
aci ds are descirh ekl b el 88Run, o mi@Ralh A0Sl A6fad ko 7- 1500,
U.S. Patent No. 5,714,331, and N elsen (1999) Cum Opin. “Bioté&chnol.

10: 71- 75. methedetorcaver ap ehiird rgpion of intetest ip thertmgetgulynbeleatidehForeranpleqal ecul e; i .

€. capc Oﬁ}gtrglrglﬁa 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.

i1



nore than one type of base or sugar subunit, and/or the |inkages can be of
nore than one type within the sane priner. 25 The priner can conprise a
noiety to facilitate hybridization to its target sequence; s@te known in
the art, fYOWEKHWPl e, intercalators and/or nminor groove BFHYEHLILES

Vari ations of the bases, sugars, and i nternucl eoside backbone, as well as
t he prese ny pendant group on the priner, wll be conpatible with
the abili %‘g{fﬁ&})ﬁ@%%};ﬁpﬁ& to bind, in a sequence-specific fashion, with
its target sequidwselid phasesupporhafihe presdnt irdentimrage be phinyrsolid fateriels amd, bot h

known and to be devel oped, ar.e possihle withi.n these,10 P 2004 WO
01/ 71041 PEpries FEHBlRE S opfife RSl Bulbhd:alste KCRERR s B epar 1 ng
the vari ouglid phae kel comBESes 8t leﬁdﬂaﬁd%stmmaﬂkr@fgﬁi fiefcPatwiibiethe plildgs Whi ch
formthe prinmer, and preparation of ole%onuc eoti des of specific

pr edet & m S§B&e dEgbitized andile Rik reagtiopgiesipaacda Alie xalidnhasersuppost can be made

preferred r i I ' t IS | r hg .t eachi ng

o U S, paer SREeel S, AR S A R bR R Bb il B L0 Ghe

Wi th any sqpéablaboliicdtppiromateristoire khesn aid resadilyusalaie foliddse of $kill @i {He &0d

facilitate_a parti cul PCR or subsequent mani pul ati ons, e'h%{;@ | sol ation of
THEF. A

the anpl i f'{l@cfﬂieaaf&@tsogéﬁw%ﬁ@bhq 9% of the standsrd mietgarray siges D¥évpri se

sequences A id L 0REs : :
sequence. ﬁéi&{:h 1%%30%%&%2%6% a?se&ér}%%%gfﬁgﬁgg ?@%ﬁé‘g&qm&t‘%ﬁ? hgﬁgﬁ@g i de) of
t he t atlgettocompiceaeattamyof ttedureatior Metimds laad matenels forfderivaizatiqn of solkequences

conpri si ng.,one or e,restriction .enz recognition sites (so-called
T T hker s+ TR b Cns Bighis et rpBobiiehE Ao Rtes aitab a0 08 S et
conpl emEntiﬁéh&-tﬁﬁﬂ&@&ﬂ%&in,ff@ﬁéthbl@}@.S@PQDNGQS,@@QSZSU@@ﬁﬂb!@lﬂire sBphipwisat i on of

an anplification product. Other useful sequences for inclusion in a priner
15 i ncl udeinggipeyated berpindiyanfierense.t o a sequencing priner and those specifying

a pronoter for | I . nple, T3
RNA pol yrrer ace, T SRR S PR bt LBt RS Beluipl S IRIE 2 et
of t held nvediphkithesbitd supporoeantyplqed ed chamber WitH sidedhdd Yreatetaiskdl Ang MRL hod to

cover an enti rf reghl on of interest .in the target ,pol ynucl eotide. For

exanpl e, &4800% the sPlid;TuppRst Hrasie Fontsn themelyaesasy shain zesctiond{PCRhen fequence of

each pri | r ' i i on of

I nt er est ?E%lp%%ggﬁgg%eﬁ%p&%faﬂ gglﬁr%%@b 3@’%@3&"&%&8@%“#@”@ D?éré'cg] %F‘frﬂ?gd" from
the first sppuptoepswethahthe PERtmickaire womingontihesupporeand ado tb make dgientre and a
third grou‘ilépf ]Prﬁlll“r?rs haye %e%uence that is "shifted" fromthe second

gr oup by J ace Use; Or provi g 10 Primers. )

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

12



nucl eotide toward the 3'-end of the region, and etc. In theory, then, the
nunber of groups 25 of priners equals to the nunber of nucleotides in the
region of interest. O course, within each group of prin%ﬂsS
correspond™OP1g1W4arti cul ar portion of the region, there BFEUSRVPBASt four
sets of primers with four different 3' -ends as descri bed above. Wen

mul tiple target | vaucl eot.ides are.to be detected,accordi t he

b esent i ioioHE eopmoR SR & sk P e et S.snF eURUREHRY oF SRR FPR SRS, ar ge
pol ynucl eqWdlRrd, 344 Seatdachihes(Jdh €2t16Y, € A3 0 Cadsidn R cBR 0B (PARE,TA). 11 2 1 S
E P 2004 WD 01/71041 PCT/USO01/09165 2. Solid Phase Support The solid
phase supggrt of , the pres i.nvention can be of any solid materials and

. p t 1 .
st r uct ur esD-ftecting eﬂB‘?““E&%ﬁ'@FP'i‘sdg aleet ke edreBHesi zati on and synt hesi s.
Pref erabl y, t hén osodspett piiths énvenipymo sdlidphagerangdificationlof tesget polemecldositiesnt i al | 'y

rigid surface on which the pringrs an, be j bilized,and  the PCR
Feacti h HER BREEOE N EBle PR SeT SRR B ELLIEBRIRE exanp! e,
gl ass, syniheti fre ReBBBed ol Aolill Phash 35hoROR dﬁé@n&%ﬂbdﬂﬁeﬁ%ﬁ%ﬁﬁa her

suitable solid support materials are Known and readily availa t hose
of skill iwithihe geoup comphiszes g least ofirst bat of pfinets ¢hapare identieah inxeqeanye ofd drbe

tandard ni ' ful f ' ray technol . and th
Ry g T o
a react i ono@fe thiget pol@BlestiR unlHapAdErias SorlRidRE, adll Suitable il phieatfopn Of

solid (ghase supports for the purpose of inmmpbili mgg ol i gonuc| eotides are
known b tmslse asid wypthesis (ieh ebair elongation enexiension).- iSelectedprivms spvesing ®. S, Pat .

No. 5, 919, . di ' is ' el n by
refer ence.&%ﬁc&la%g%%cgg%g%%&gg%q ec%?rgw eogﬂlﬁ%[’%g E%}g‘ﬁgaoiﬁfor%%oﬁg fluid

cont ai ni ngsuppEsatla didesdte Ibbatiox irpfersbly, the distdnce batupgrogroumdngesteqthacd in a
chanber with _sjdes . thaf create a seg |l ong the edge of the solid support
so as to CGTRIR oF feecopimpRet 528 weiior e eians %ﬁq@ﬁgﬁf Pofun B a RigEpstt . In a
speci fic exmigaident, M &tk RABHITAU B §n@d}o£@d§f&r§mg&a9éan%er ect angul ar
support to ensure that the PCR m xture remains on"the sSupport and also to

make tHe eproeessed andiafadyred viseiomated prqsessitigd Theyintthebilined primsts aB0us@d fer i mer
| rmobi i zat i.Qn, The ol...ganucleotj de prjners of the,.iLnventi are affixed,
oot |1 2 i gpad el Gl ARl RIS e bRt St b LB oo
usi ng any mubdohificaticiBagmsto fix, immobilize, provide and/or apply the

ol i gonucl eotides at_a particular |ocation on the solid support. For
exanpl e, phot olAacpigipedp Rye aspadt o e inventionghetinitia target polyapcleetidelidinused t o

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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25 apply the oligonucleotide priners 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. 5,837,532, U S Pat. No. 5,831,070, and U24. SFR{20iNo.

5,770, 722, WiéWhre i ncorporated herein by reference. HREVAYYERuUCI eot i de
prinmers may also be applied to a solid support as described in Brown and
Shal on, U.S..PAT...NO. 5.8Q07,522 998) ., Addi tional |y he prinpers.nmay be
2ppl fed oY seR bee o Y shra gk eplileplide Asecite b Sl B Rh

usi ng a r aRetdeqRyedsars “afitiled iR dindBitérashiteatallyy dépendhs 6n feCr 0Syst ens
(Wobburn, QN%Q,__G%nel\/achi_r?g? (San Carl os, CA) or Carte%éan echnol ogi es
(1rvine, Copdition adgeereiinef tieBGRARAsti®mri ations in a Target Pol ynucl eoti des
I n one aspect ] i}ﬁ'ﬁ? L.on, i || i t ar get

pol ynucl eot i degjlmég ?]reom o%’éétg}lggfz ‘g"gél’ﬂégf"n'@%ﬁ%@%’ E%jgr%?%l?grrlgﬁ?‘;fv\her ein

mul ti plse dmoubilized pihéerg arewohiackd eith the thrgermhyncleotitral k kdagiteh roixtie,sol i d
phase support., In a preferred enbodi nent Ijmers  w.thin_a_group

,, the,
conpr i ses igHowipg denagirationdy the farget polypugigiides El‘ig’cnpdg?“@eﬁﬁé’?ﬂeﬂ &g Prdgequence

and are 'Gﬂ%ﬂft ' ' : : eot i de,

capabl e Och% E@EI’I iziﬁ{l\%ﬁt&é& ?%?’%H%fégl& poi‘%ﬁﬁ%ﬁ%&% p@gél%@gﬁsgg%%{%gﬁoate

condi t i onsan imnwbBized sihdle pamer whith edntzind seguencd complénenary &0 £defmed] synt hesi s
i.e., chain elongation, or extension). Selecte ri Qer.s covering.

bar t1 cul e uGPORIgR wais e FpEREe et e acteo e s SOHEoBEY oup,

ont o 1050l foflchafl iRt linchdHeSinn 8btQirhiRAas, | R prednsd SRPA Yolyhidgisdinif ance

bet ween groups is greater than the resolution of detecfiOon neans to be

used for descaucleotiies ANTRIIpsach tasget pelpoirtaotide sttand sgyvesfas an dutial éevimdate fgnt , t he
. . I : : _ . " c
D bcessed SAHEE Giansbhit {ofmiaiahly BeAiRt ol ol ST BRIRE B e

are used faheal®iQrintkr phd&Rerdodid the 6'a¢ndarf tiaf targitaablaOFolowedeBE | des under
conditions suitable for a nucleic acid anplification neans. According to

one aspectcopwplsting of shpimplongation, fhe rpactipr gndftion dvehapgndyn allove deqafeation.  n

doubl er5t rpflg AR gkl yind 6o Sk ARG OASISbhokR B 1l br ARkl

conpl enentary-stra egative stran lor to conduc

anpl i fi catis oalgasddnstotis spetplerolution ahd e neeenisttardyetemed on tetsobd support siach as

t hermal depat urat.j.on, whereby the two strands are denatured and separated
in the redtt R GHP T pPreferably, prinmers used in the invention are in

vast ol ar ex (Iﬁ?l%cﬁdlhé A6 pRSdut IFERTbnC B8 SRALBIRESI I %&H&s b 1@Qised

pol ynucl eotides to counteract the renaturation of the two target
pol ynucl eci¢nger.aliematively, M easpbivation avith printees ipihet teagtion seipigay thatpre

b’ prat orpuitoichsf RURTSGretbh Bt s el Baclh BaRhRL B e 1 cat i on

I's 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



medi ated by a polynerase. More preferably, the arrplification is perforrred
under conditions suitable for a PCR reaction. As understop ose
skillled in the art, a PCR reaction generally involves rTLI|tI e c cles of
anneal i ng-¥PdHGH# ng- denaturi ng steps at 30 vari ed react?%?f”g‘@ e at ur es,
during which multiple copies of nascent strands are 13 2 1 SEP 2004 WO

pol ynucl cot | de sg et Erapey bt eIt SRRFLAl e Mol i BhlBhion, oo

are "anpl ivithedlé sotidtphese ininodliztd phimed fRaheahpliflchiion afapﬂadltﬂp& tagett he
condition and restraints of the PCR reaction. During the PCR reaction

accor di ng Poynugleotides Subseavsyy o the gutial ﬁW@h%ana@r%Fu% ?RPH‘%PEF‘P@Q@Q priners are
tacted foll
contacte r?hﬁ?étﬂﬁ 1dapfi Gk lpeﬁ’@rk&é uﬂrgmg @uﬁﬁﬁf _Tt‘dr@]@d MLl %&1 ol | owi ng

denaturatio e targe s e Ind e-stra form
Under 5co mdmplemastasweit itaB1-end‘ o rthessmhmh Iphiy;;: ptﬂmr.ssnrﬂguhﬂeai;torthe\ shdutionaphgeet

I | eot.id bri dj bi | d i ch
Cont i ns. SEEISEHR SEHER £IRERIET e 2 s dHEM WEANe S oA PR SPRPEAFSAR  hi n ¢ he
si ngl e- st rsﬁﬁ%ﬁﬂﬁ;ﬁfd@xﬁkaﬂ@'tﬂé‘tﬁ@e *ﬂ@leoﬁ&bdﬁ% QB4 & QoIS kA [ESDCI]\IB% for

chain el ongation "(including but no Imted to, the presence of
pol ymer as eokmucledtide eambrcionned atdsifiiretipa)the s0héphaspau1g@rt apeﬁ@mumeemet de strand

serves as an initial tenplate for. nt he t,.cO ntary
Strand, which ForF prretaRE phtion HEHIERoRc o SATERLE BRRABNTDL 2L
ext enok@d TIONA ingle stRBdedIDNANEr RIFAJE ankREUf &dr ot pEI?hh&éMﬁﬂe idcifle GspfRet i on of
chain elongation, the reaction condition is chang)ed to all ow denat ur at i on,

15 duri ng nnhh@ﬁedweg@amgeﬁ) 4 pANS. BRNA. meitoshendsia DNArvazabDNAe amplifiadat ed so
t hat the tG I e
hacent - st it O, Dol FARRS el BobicS AR gl el bl

I n Sracltld:eggnhgefmeamg?ﬁcamneﬂsabﬁmtopi'mmditelsimghi»slniand:dtahpigdee pr|t Hers ca? be
use al one or ernatiyve i,n conbi na e reaction
sol ution that Q@é@f&%ﬁﬁ% FRtidps c 3}) ldHE" gmlates Fos amphEcagont ¢ he
nascens i "Hi%téd I?ﬁ‘éve’iéer t?iﬁgén tasE‘FotHB@ﬁg%@eoxﬁl i o%Q:'fBlSdu?élu "ﬁ%ﬁoﬂ@hﬁé‘t{ S can

be either universal prinmers capable t he target
pol ynucl edqnde@hmouhp@dxbnmrsggéhﬂ h}fbmdgdeHAswmp hand mb@tdea:t@yecbpecu fic

to a parti ar _tarn nce. Jn one, as here are
o a0l ut 1 g 1R wtle PSS T I e e BRRGRer Dh AR e BECAT o
reacti on aglidphdse bippert.aDQ ¥R opd PEMEREItitR SFRiFlc of uhinB@al) isghrdsexasltieo t he sol id
phase support at each prinmer site, either as a single strand or anneal ed

with an i rfekyign phase.dea aseant PN A strand will sgryg as aéfpssaﬂﬂp Y Supbeigitget her or
nhot a ﬂ)e nafufat ﬂagtgant 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
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step is introduced after elongation. And the presence of these nascent
strands can be detected by appropriate detection nmeans a3 ff gephggs descri bed
below. C 14 2 1 SEP 2004 WD 01/71041 PCT/USO /09165 I n anot her aspect of
the i nvent W&P17881L uti on phase priners are used in conbi nEETHNOIOREh t he
solid phase immobilized priners for the anplification off the nmultiple

t ar get poI n.ucI t ' ti_Qn reaction,
anot her rosuirﬁ'lal fidy Egcfssefmc%%g} 8&%% gu‘lgﬁequnt;%@r’“%'c‘)’??%g‘% hfrﬁl‘:ﬁ% \%‘irl]ch t he
previ ous| yofradtitA&f ﬂ@ﬂﬂ@ﬁm&éﬂxﬁ@&nﬁpcﬂﬁﬁﬁl&ﬁﬁﬂb@tﬂt yreaffidetSo theselidpliage t he
solution phase priners will anneal to the solution phase prinmers and serve
as a tenp|¥P®™*or a subsequent synthesis of a second nascent strand

doubl o- st r anded Aaple et e AL no AOLMIHENPR: 465 ondSolP Bl P
solid pﬂwasnau&app(altemaﬂvebaﬂhmpnulnple bmid@cal Emlrces echp dpfﬁsmtsﬁeciek\er I nventi on,
or o, " B O SreaRale G PR AR P e BRI o BBy |1 ted
or : g imte
to, genomlﬁdl%cﬁﬁ)%mfé@'ﬂﬁonemﬁ%abﬁmﬁw@a&% pdifidon BRrpeR Pl 1 fied  DNA,

and viral RNA. Doubl e-stranded target polynucl eotldes undergo denaturation
at the bqgﬂymphgttdysmla@ddrqmwatmtwﬁhaﬂseasepﬂmmmsaupdwontbﬁmsrﬂ@lte st r anded

tenpl at es nuc be di rect sed as,.tenpl ates
for Tanpl ;TS Ao e Rink AR B! pofiC8 P Sinoh e alact G RRUPALT e
conpl efg om%vnqﬂme@rteémwibte@m BtAIGHDORS. qﬁerefo&e;) megﬁeéanﬂ ifveRkbh bahed uséd Mer
site, the hybridi zed RNA tenpl ate strand can be destroyed by, for exanple,
RNAse H, |feheFies-treiesrestarive snplysisaltarggt polprpelentided affixed to the solid
phase support. If a second prinmer (either specific or universal) is present

in the Soé.LﬁdIQRe RBE, the first nascent cDNA strand will serve as a
tenplate for s nascent strand,. thereby formng a

th
doubl e- st rande ¥ ﬁl g &%Weﬂg$n286$aé %ﬁm’é‘%ﬁ‘m@?ﬁ?&}%@? E%O#Feﬁ%rﬁekl te or

bi ndi ng t wey) j{ﬂﬁﬂé@ﬂl&eb %ﬁged%mé &a%éﬂt:; £dcBRAry 8 bndutbiMheldly@Rkase chain
pol ynucl eotides in a sanple can be first reverse- transcribed into

conpl eklfent eagioDKPER e placddrin contart Sdth\eecteisnmabilized primenprizarsingleqrimene sol i d

phase PCR reagt.i ons.of .the in tion. The revense nScr | can be
P ot o TRt BT a8 bolld SinkdH 36 s BflontiE plet Gl bBRRER B 4B OC
used as t h@raudydENAAdingdé stfmded DA lgkidrNed bypleass: ti@fscripﬁBﬁ?BfRNpJ tepleRt, on
reacti on accordi ng to.the invention. A poly-T initiated_ cDNA product will

anneal at 9rERINA napyatiosn. Wé%@lWWW@Wﬁ@E@GWEF@ solid phase
support a nﬁx@sﬁé’@?a oty BB Fah PEoHORGHHT B o SYEY BRSNS 21 B/ ARSEEN!

conpl enment
20 Smtable polymerases inclade thermostable polymerase enzymes, such as a Taqg 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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strand having at its 3" -end a poly-A sequences. Follow ng a denaturation
step, the single 30 inmobilized nascent strand is capabl e 1othpyjami dizing to
a poly-T universal prinmer in the 15 2 1 SEP 2004 WO 01/ 7104

PCT/ USQO / 09987841 ut i on phase and serving as tenpl ate foPCEUPYOEI¥ENt round
of PCR anplification and formation of doubl e-stranded nascent

ol ynucl eot |.des t ar ffixed to the sol.id a or{.. tiple
'Ito ar éet pé’F@ﬁ‘l@r %‘gﬁbﬁ'é’%‘aeﬁeqaﬁﬁ'%?%w&ﬁ thng &eg?ﬁt%#&q@ﬁ‘% ‘%I\:/I%'Bﬁ’lscfogi cal
5 source Qiti-aghildefoRdlehm@hibodyr oM mul tipl e bi ol ogi cal sources such as

different species or tissues. For exanple, a population of target
pol ynucl eot i ded\fies tieaeagants foyeprdugdng tha JCR| contact thik immaetdlized grimiessent they one PCR

reaction wi.ith another. | ati,hon,Qf tar.get l.ynucy ,des, isol ated from a
pati ent Wit A o S EaE 0%&'{?' %tpéa}cg%?r{coa;%g?s %%ﬁ%ﬁ?tg%see@%%?() é‘?\%ﬁﬁcc?’ al | ow
di sti ngui akingdortsxambleiatdupimttdeysen fudhhe ab WXimPORCAsHNE. Ths R6étoan met hods

10 known in the art, as described in detail above. Therefore, the present
i nvent i on corfitions foxsthg PCRaossdine s3n basasaesomynendehy the ir iR mashingf  t ar get
pol ynucl eqf i eaad i : 2 | G 'Egﬁg ' ction
m xture cgﬁrr%(rafazﬁdgm% e apprg%)rpl(bg({pggﬁe ‘%gtd‘ 6@19‘3%%@?]&0 |43ée§sﬁ%§rlﬁgxl§%d§l\nath t he
reagent s raag ettendiffidulties antidipatdd with the primerds wne teafpdategtiridizhbort.eact i on ( PCR)

are placed,in contact. with each i bilized primer pajr or single prinmner
popul at i ogfeaﬂwe’faﬂge%%ﬂdin&“@’erpcg&w@?seﬁﬁ S S eE OB LA APRORI B0t | des can
be doufy e.givelthepsiae sHdbionSinf %&eﬁ?l&%&ﬁﬁ\@me&% aBF BREALRYak Yackdry, §hs ©

transcription of” RNA tenplates, o popul ati‘on. The reaction mxture
cont ai ns dnsigntypr®CRoeadtians 91 themieroartaye candherephdimied esfentiallycis yiesedbabini de

s 0 COp) S e SO e B B O R
pol yner as g199  HerDVAL £ WOE LRRERes VEITL4)DNE0-B 861189 B SEong R 8], Bhisdod@Wistry

polynerase, ~The reaction mxture can also contain a |abel nolecule capable
of bei ng WG POR41BR)iNRWO et HePGR Medhods and duplisatipns P 3PHBIAE983% chai n
reacti lslh o8l ts can be detected on the solid
supporﬁa]a?‘gyg?%%}%gﬂ. iﬁlgb'PZggfg@g%@be detected directly or indirectly 25
according to nethods well known in the art. Suitable |abels for direct
detection & Liabingand Détectbmescent nol ecul es such as fluorescein
i sot hi ocyanat e, ThE PERSmERSISIT HNRERRB FrovidRir@etebifoh drafidiplt ldep9 i ndi rect
detection, such as biotin or di gom%ery n, can also be incorporated into the
nascent sthodymysleotifes inp sampleéier e BLRs cempleted inthe prgsanne dlappupdeteed by
bi i ng_t Qo pRSlbsits, Bid it M YadiedtalgBiilcRiitdes Bl A PO

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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30 incorporated digoxigenin can be detected by a | abel ed or unl abel ed
anti-digoxigenin 16 2 1 SEP 2004 WO 01/71041 PCT/USU /0 ?%ﬁ%n&h ody, and
t he unl abel ed anti -di goxi genin anti body can be detected d a
| abel ed aWPi03ZW#1 - di goxi geni n anti body. After the reageR¢EUSBO¥dnducti ng
the PCR contact the inmobilized prinmers on the mcroarray, the mcroarray

Is placed_in conditigng that facilitate.,t CRto t | ace,. 5 using for
exapi o af e iRPE aReet B alR et ot ik 1A o poeie RuBlesive Belict o

condi ti oNn%ifdekhel INGARSFbiRdsACRNUER: GAHIRES (RSDNRJORERBAS ¢b.£ YiubReeehf) Situ PCR
machi ne manual , and _may be varied as appropriate given the nature of the

t enpl at es cpBinriic chemilpminesgept, or ¢rdorimetrie) cen be detecterhiny &lapraseaneyior g GO
primers a at.s AvPhb AL el LR res .and nunper, of. cycles can
be selectg%mégﬁggggt ndg%%gﬁgéggﬁgéﬁégg??%%%%fﬁm8%§g%£9 émg??%%g%Selection
and t hé t eanicakelaelquences, and any other relevant factors. The in situ
type PCR reactions on the mcroarrays can_ be conducted_ essentially as

described in &hgtargstpelypacisotide cagbe deferisd by ugipg beledayclotideryp.. @&kRren et
. Bi oTeahpi . . L1891 Heni hetsl Nac- Acid Res.
D1( 1) 31 A BIE ph gha irtPr bt P bk B SO o igdiR 50,

Nuovo et dibelifff)Rrdiatdrpotated irto ApplificiddNArkariRg the PERS Fad2dirdd@l9 Igbeled5 Pat t.er son
et al SCimtﬁGQ: 976-979 993%. 6. Labeling and Det ectior& The P nmet hods
of the i nJaWBRIAFFIOREcard QERLERGEITeRse o Ather Pregne somuatedsBERiAtidreot i des
in a 5@l antfiifoBkicthif aMiPddies. THe PRIRELEHd é}nﬂbfsa%e;ctﬁ&mpgﬁlylefml [QRA4sAt €

| abel i ng reagents, the anplified and | abel ed nucl eot 1 des can be
det ect ed & deteetingi@caporeiee label iy theadewly symthesivesceompbementatothee ni croarray.

Det ecting  t lifie abel ed target ol yaucl eoti des ¢ e conduct ed
by ot andatd R RGYe Hhd Hop taRREerRs APsLaR Tt By B tbnebdin WiAR £5  or
exanpl e, detyadicsingl daalbe uised, £i31 fifoad ENIR ot ENTRW digodigenih @NTIPeas anpl i fi ed
or newmy synthesized DNA strands, Thus, for_exanple fluorescent |abels or

r adi ol abeld§scikpd #hove andue known indhq 3 PCB svaplificaling Gopgnated USHIZ AU 8T AT r equi r e
radiol & _ Y SO T e
e DA auivesdtticts BsobitBh bibeites ailghfd B%hlcf hbhphfd RS BORGEH, ' N ©

bi ndi ng nendtadolid Gepmprt tytdeteptivpthel iy ersdl primess. Thusheherk atoed than omr whi ch can
bind a |l abeled nolecul e itself: for exanple, a |abeled,. nolecyl e can be e.g.
an " ant | - SEIEELRFRT I S (rGeh RS i SPGB R OB AL A6 od ¢ o
ei ther a fdhid SH@RMYportT0l ecul e (e.g. fluorescein isothiocyanate, Texas red

and rhodam ne), or conjugated:to an 30 enzynati cal Ial activat abl e nol ecul e.
What ever the | dbadifirentinlexpeedion sysiemhamaplifecdtion 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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17 2 1 SEP 20 04 WD 01/71041 PCT/USO /09165 nol ecul es, and whet her the

| abel is directly in the DNA or conjugated to a nol ecul e sthagp @?des t he
DNA (or binds a nolecule that binds the DNA), the | abels (e.g. uor escent,
enzymat i ¢, WOR&M%Uni nescent , or colorinetric) can be de?‘é%’?glﬂmwsa | aser
scanner or a CCD canera, or X-ray film depending on the |abel, or other
appropria ans r detecting a 5 particular |abel. The target

pol ynucl eg]t?Paeec@%k@%_ detected by using | abel ed nucl eotides (e.g. dNTP-
fluorescent | afép inventiosi nrenddes|kap &ripragticigaitp-mstends of e Wna.ﬁl’g@%tg@m n for

I ndirect | | ‘| ' e | : PCR. For
I ndi rectl y’il‘%g%é\lﬁ'g%i’e %I%&n!ﬂ?%g& %gé%gst%lg r()(l'ril‘u'!?élcgné1 g& irdlrgé:l-%'ygfutg%t &(@)fggtlé&c}gnce or

o':] her enzyln;afmﬂd &dﬁ?ﬁbdﬁ%&ﬂft@ﬁbﬁ&ﬂdﬂl}ﬂoﬂiﬁs@pﬁﬁnﬁihﬁ @ﬁ)éﬂcgﬁi&i;arg. g@dﬂid' bodi es.
The PCR net hod epnpl oys detection of thepolynucl eotides . by detecting

i ncor pdr atSERPort pligonpleetide nHEgs fosy snepidie st Tt pplyppsiecdides, Pelymerase

pol ynucl eq: E | roo I : :
i ncor por a%ielﬁﬂ?%a%(ﬁ;é ags a?lPCE’I? c?tlse{%érgi‘c %s%l ?e@ éf%l]n]gﬁésaétg%‘?s’ g@g. | uor o- dNTP,
bi ot i n- dNTjterials, dedycikerdefifers-addicBgertsfor deshing. Hhekih bpy elsa iratlale énskmetions i N t he

art. PCR lification conducted using one.or nor 5 uyniversal priners in
20l uti o pPRE QEEEHE bRl el ciaREBonARali S PR WHkH RS ontHnsPocat | ons
on the solyrghafdRER SupB¥rt HBiREL éé@%ﬁﬁlﬁerk‘ﬂl&éﬁﬂ?%%éd Mﬁ@@élﬂsuﬁfi&ﬁe.g‘!‘fb‘?re or €
t han one universal priner is used, target strands fromdiTTerent sources

can be10qi faimmlifiin Eaparﬁclflﬁsemfé@gttnmlyneclmdbsdj tlsa_ Jepign }and cqngt_nﬁtidnbf pIch gg i al
eXpreSS|OnS st.em., a Lt gcatl,o o Cl S rrve rom di eren

ol oo bt Gaha &R0 1 R BB Steh o leEs oo S ket RS0 hen aori 1 e
strands baaddidasl kits Bedehdiag bl tiRSarg@Hoblaaslestiieslthe RudthaersRsitds @ détesierhe” C.

Comparing Differential Expression of Genes fromDifferent Biological
Sour ces. " Mitplgpiachadgs aeagents pecessaryder sapdusisg BEER enseplidspenot fosexample f or ent

fromthe dg Iy : ' ' :

di fferent iqg'nﬁcd%lgg&e}i é%%%@@?g@b@% ang[ é%ggfﬁ%d%%ﬁ%?‘@ﬁﬁt@ﬁ%ﬂg‘?%%r ated on
t he priSmrerPGRagsplificatial udingam in 2f-typt BER hivhinebEhengpporc e catitected withh t he
nascent styrands i the anplification., .Alternatively, a third | abel can
o be | HREFARFERBPER S Supae Roictely oG PR e AP ISORT, i

addi tion tdéde o PER B dlixtuRlRbcte theQedchidh, THRP QY RASNs iRQRG the Maday for
differential expression conparison is enhanced. 18 21" SEP 2004 WO 01/ 71041

PCT/ USQ / G8Rsbuffers, a thermostable polymerase (e.g. Tagq DNA polymerase), nucleotides (e.g.
dNTPs), and other components and labeling molecules (e.g. for direct or indirect labeling:

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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7. Detection Kits The invention provides kits for practicing the nethods of
the invention. The kit can include, e.g. the materials gn]d gagant s for
detecting a plurality of target polynucleotides that ar therw se
difficult WOWEIMEL on a solid support. The |dt can incl BEEU80YI6] solid 5
support, oligonucleotide priners for a specific set of target

pol ynucl eqt i des., .. =hal. act | ent s. gnents, e.g.
enzynmes for V. e%%%%‘@é?ﬁﬁa%gﬁﬁg’&%t ebﬁgfés,&g)nydé_og&dﬁ@?se%ﬁ# gﬁ‘s’ and
reagents fform wadérbsaeny wWittepriddterfitned phiten.i Bach gabap ofNpriitets toréidponditon use of the
kit to anmplify, specific targets on a _solijd support. \Were the kit contains
a prepar @rtiylar gﬂ&@& Bﬂmc?%gg? HYl ogoupies aftiscryte Resiongyithin thp nicoEEYon t he

solid SuPPRhin 2 Smible éo&bﬁﬂ%mgﬂ&%ﬁ Bfcdhidiith hﬁ;ﬂpﬁ’é ta%@fapo‘?%ma%&ﬂﬁﬁ isin .
pol ynucl eot | des, e desigh and construction of “suc repared solid
suppor t5 i sod@astowiitbibe madyoarsy vBderhemtiba comlitjppe suiabledor RER mastfonsrsrade f or

i ndi vi dual , kit s,dependi,ng on the target.polynuycl eotjdes the custoner

dosi T oot et A5ORSHol Syel paipSigteP i Wl et o aifed el 5 bRl

conduct i NGRitBER A PmIaal ﬁg%&mﬁ ; Smmlbbi k) situ-type or
solid phagje 1tny1|§(l§ﬂPCR proéeahgﬂre ere toﬁgmgéggﬂg%st 'S %:Hgg%%]ergtd;f 15 PCR

anpl i fication usicengingrio the isvention, fheenupdrr efpotantial tarFetpoympelostides mdiniited

contacted wit he r.e nts.for. PCR. A sanple potentially containin
e o B R SRR e dBLeor Hoeuhd By RRE okl Fond B PR bt or e
t he rerct | xamplelesilddRonaaghAdISikNE) @Bt 60,060/ 58 yndBfeBids k45108 andlyzed

t hernost abl e pol ynerase (e.g. Taq DNA polynerase), nucleotides (e.g.
dNTPs),  fifch SRgidolid sHpRosd SO vidias rp Heaboniyl 09608 diffesent gwups offrsimegpriesct or

i ndirect | | : £l ' ravides the
af fi xed prﬁ%@%ﬂg%?%caég%%ntgige dlscgﬁg’{g %@é&tgﬁﬁhﬁtgé gdﬁb ?ﬁ%}sil@%g{)dr% &’1 or

conduct i nceutlsaBflR compesisgigtieast ongicbpy dithe targeopoliiuctdtidesidne e primercat act ed
with reagepts for conducting PCR and the target polynucl eotide.tenplates
in a reac@@ﬂedﬁﬁogﬂﬁ% the subjected to PCR (e.g. in situ type or solid
phase type PCR) conditions. The instructions for use of the kits can

I ncl ud e.g. such details for the dure as indicated in the
descrilgiion of the nmethods above. Mcan be assenbled to support
practice of the PCR anplification nmethod using i mobilized prinmers al one
or, alterpatiwvely t her wt tion phase prinmers. D. Hi gh
Thr oughputﬂ%%%izhb#cm%cg%“ﬂgf &?ﬁﬂ@ﬁg’ﬁma&g_ 5The anplification
met hods descri Begensisasadingdnmse GISPH wanselgcted §i1 detsetinmdtysamplifissiiop on30 of
rrultiplet%g%} I | . | 4 ' ort. Miultiple
groups of iy’%%&%g%ﬁ&%?ﬁ%qﬁ&g@ﬁ@%&%f@ggﬁﬁeﬁﬁgﬁaﬁés either in
si ngl e f orimngobilized pato tise suppert, bbP#i dsymadtitMCR & width chedhanieer sfipport to
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



forma mcroarray with predeterm ned pattern. Each group of priners
correspond to a particular target polynucleotide and oc pr%ﬁ,s & di screte
position within the mcroarray. Wen a sanple containi né 0 s&sﬁect ed of
cont ai ni ngWM#1%1 e target pol ynucl eotides is in 5 cont ab¢THpHN16he
m croarray under reaction conditions suitable for PCR reactions as

descri bed above ch target, po cleotide wll be |it.ie nd af fi xed
2t s di sorenaes e wiihe b Bbietiie B e Hhorn g T s M AoRr | e <

i mobi | i zegn)toiskieQelufies Gt MMHSDS) R Ismiaiiet 850°¢,had MeakREedafitdRiteNt | al
target polynucleotides is |limted only by the available technology for
produci ng Znendahisd Py pisglhersliies wonthen rady Basays. For 10 exanpl e, using
known t echnol ogi R t 0,.00 Lyn tides k anal yzed on
a single soli d%ﬁ%&oﬁr’f’ éc&?ﬁ‘ g@%ﬁlﬁm&‘?ﬁd’ B %?285%3354 "%‘E J?%Uaﬁ}iﬂ%/aftgﬁ%%ﬁlpﬁgr oups of

primer spaieach dATP,AGTE; £iddTTIG 400 AREICTP 4nde 06 QM BidtappaciCTP. Thélrea@ivhact i ng
the support_ with a PCR solution _and_a sample co%ri sing at_ | east one copy

of the tarigliionalsy eomaientX dagreasiion buffer (srthiey aMpMEChyduman 63PPH seee ect . 15

EXAMPLES b P e : ys A gene
encodi ng Eﬁ%&gﬁéﬁégﬁg\%@éﬁg@{%ﬁ%%@@é) |%%9%§5 cﬂ’g‘?#&@%%'gon a

ni croar r aynitedf T?{poﬂbgnﬁiaﬁﬁmeﬁ i70 ;IP@atciidn sohitivhs tyad genamteflag ﬁnﬂgﬁésRﬁ. pr L\hrrpr ]
pair are immohilized onto r r Qy. asymetric in whic

one nenmber of tHE 20 prim%ﬁgwpﬂﬁg%@aﬁ%nd anot her nmenber is in
solutign. Basedsgnthe kpawgmaegpence of human GPDH (hG3PDH), four sets of

primers were designed and used for the assay. The four sets of priners
have identical 1BGIRPDH geAmMbiptarided@®ept for the | ast base at their nost

3'-end, where h set has.a_different . I ide.. A T, C or G The
primers were s?ﬁ‘fqhesi zed@fﬁ%@%@@%ﬁﬁ%gﬁ% of 25 amine to aid in
affixing the prsigrers to DN te@blatk support. The priners were spotted in

pairs or as si n%l e prinmers, at different concentrations, on a silanated
gl ass slide puréRaded frWaA¥r Sigma Chemicals (St. Louis, M). The sil anated

slide ith th ovi dedg QL AT, s overnight in saturated NaCl
chanbzlrswat roo%’f"grrperatﬁre?@ﬁz'ré@gﬁzﬁh%% srl]g%:es were rinsed with 4X SSC

for 5 20 2 1 SH# 26f@alvolithe 6470711041 PCT/ US01/ 09165 m nutes and then washed
with water. The sljdes re hlog i.th Su di cs di son,, bl ocki ng
solution (with Peﬁlb/ﬂ‘lgﬁhﬁm °6F}9%ﬁfﬁgﬁtmt@g§l”’ WaérP&Fg‘f’l\{ﬁ%‘h ish@?et\é\{‘%\?ﬂ h wat er
2X and drigdabpedideatiol fa Bk LORS, HRIBe fBRIdn 568 HAY trdtSfrred 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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The PCR reaction solution was prepared to give a final concentration at 200
M 5 each dATP, dGIP, and dTTP; 100 xM dCTP and 100 M Bioti n- 1% gCTP The
reaction solution also contains 1X Taq reaction buffer %

MyC12); huffBAYEMDH gene plasnids as DNA tenpl ates (100PRHUPHASERI d DNA or
500 ng ss-cDNA library) and 2.5 wunits of Taq poI yrreri se enzynme. 70 pl

reaction sgl ution t s.foll ows: T dGrP, and
dTTP) 10 Yeexigepip S‘ém@‘“}% figop @3@’”&“‘35@* IP"H‘}\FP“‘B?TGN% ‘?Pé%gﬂ@m;ﬂ 14X
reaction I Bﬁg MW%@ow@shﬁhe%féﬁ@%ﬁﬁﬁsgﬁooﬁnp | water 15
0.5 p1l 5 units/1 of Ta DNAPonrrerase for a total volume of 70 gl. A

HyBai d chdprparatpsey Be¢ed Thesgile vms pluekedwithviligovigenipblockidg selutionefos3d de to keep
t he arrayed, L0 n the center, and the reaction solution was
transferred m%‘ﬁ O%E%%am and sealed with a plastic cover. The PCR

machi ne was prQ‘hﬂ@ﬁdﬁﬁasL@dﬁ@ﬂb@@&ﬂl@i&iﬁ‘éﬂdﬁﬂbw(ﬁabﬁthﬂﬂs@éﬂmm appl i ed:
25 begi nni n --- 94C5 m nutes main cycle: (steps 1-3) repeat 35X -step 1

----- 94c ki %é@%@%&b%@%%ﬁ%ﬁsﬂéﬁu@ reom tenmpeehee The skidedEes- st ep 3

----- 72C SEH SieR = ~CR was
conpl et ed,‘é e s%]%g V\% ) ocge%l W ?ﬁoq?% tesatr%om n?’{ﬂg %%%%mteso ution
f r om Boehrdlidgens mhiﬂ:mtﬂﬂ@nﬂjthé MDmimmbdlﬁcCmedmaméd doat ardDrabbinantideddt room 30

t enper at ur e was th Streptavidin (59/1) (1:250 dilution
wih 21 2 d%'@!é_g ;S@ea g%%@&&%@@%g sqlesion JaE A0 mkes at room temperature. The

10  slide was washed with digoxigenin-washing buffer for 15 minutes at room temperature,

twice. The slide was scanned with green beam from Genetic MicroSystems, GMS418.

The results of the symmetric PCR is shown in Figure 2. 50 ng of G3PDH DNA
fragments were used as PCR templaies and the primer concentrations from column 1
through 6 were 250, 123, 62, 31, 15 and 7.8 pmol/pl 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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di goxi geni n-bl ocking solution) for 30 mnutes at roomtenperature with
gentl e shaking. Digoxigenin-washing buffer was used to s J{ﬁmsl i de for
15 minutes at room tenperature, twi ce. The slide was bI Wt h

di goxi geni WOGER! ng sol ution for 30 ninutes at roomteﬁﬁ'gpé‘tl(?f”és 5 The
slide was incubated with the first antibody (rabbit anti- streptavidin)
diluted 1:100 in digoxigenin blocking solution for 1 hour at room
tenperature. The slide was washed with_di goxigenin washing buffer for 15
mnutes at roomtenperature, twce. ©hAIMS8[|de was incubated with the
second antibody (Cy3 conjugated goat anti-rabbit antibody) diluted 1:100

i n di goxi gWh#tds gaigiedisig sol ution for 30 ninutes at room tenperature. The 10
slide was washed with di goxi geni n-washing buffer for 15 m nutes at room
tenperature, tw ce. The slide was scanned with green beam from Genetic

M cr oSyst ens, Wl&metﬁbrbfotﬁhuﬂiﬁyh:g&éqﬁeh& @yxﬂﬁmm’l & tadRpolymedtevnde Inn Fi gure
2.50 ng of G3 farretsvvereugéﬂ ppl at es and the priner
concent” at¥ &R aFF%‘H?%%‘{@rﬁfe e diincl bk "?/\E‘F@O S‘HDP% &epsPf: 15 and 7.8
pmol / gl respectively. PCR was carried out 15 under standard protocol for
15 cycles in thg cdﬂ%&ﬁﬁ%}&?m@iy&bﬁébﬂhﬁbﬁ% 9@&@&@&1&&?&%@&&%%&% det ect ed
using Strepavidin and 3 conjugated antibodies. The ilTum nated spots

i ndi cat e stn@@e@ymmnea:npﬂaimngdh@ $@1P1®¢ﬂdtrh@3h@§fﬂmqlmm@amd t he spots where

the wld t rs WA 3'.-end .al.
b 1| et HRBLATR Wi Mt ot of S3icitdetlie bifeai fibadRea |
det ect abl eonad sodid phasp eligpoibe it mcﬁﬁ@Hfﬂfelongmﬁmﬁen&uS;dadMeew%m?eaclﬁnd

nucl eot i des were_inmmobilized. Al publications and patent_ applications
cited th tHpwp @M?WGESWW%ISW@F%G}W PR B PEFHTaeien of e e as i f

each indiy %e@l&éﬂl‘,e Bl:%kzjrg"i‘ﬁs'cﬁ sEéad?:%@Q&aa/a&giéb re?&l%t% s%B%ﬁ filn6R! y and

i ndi vi dual ndi ca e I ncor por erence int g|r entirety.
Al t hough tatﬂ?ush‘aat‘égius mglcﬂmvmplemmtmaSO ﬂmecfeﬂnmqitmcb and Zooe odetoad | by way

of 25 illustrati.o 0 of .cl.ari f _und rst nding, it
will be r@iﬁl@?fﬂé ﬁ%@ iefhgo {58 Gt a5 ffE’R‘?quSH’i{#% Bisleotids af ght of
t he teachipgs- Qﬁd%mcﬁlgdiﬁ&@ﬁﬂlﬁ@a&l%&ugﬁﬂgﬁl n changes and m)dl fications may
be made thereto without departing fromthe’ spirit or scope of the appended

cl ai nsl5 22 2 1 byprfaodeg polymaasesiptediolynueisetidecondisication) wisrdlythe i s cl ai ned
is: 1. A gléi é)q}lljhl gle«l)tgu% S rvegl asqgmﬁlg%lfgrntﬁg s;.rn?hesfgl oi‘ gé%esctellb e nascen{ get

pol ynuel eot i°0
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.
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5 sanple as conpared to a reference sequence, the nethod conprising the
steps of: a) contacting an array of one or nore groups of qlggpgwﬁleotide
prinmers with a reaction m xture containing the sanple ang reag s for

pol ymer aseWRd#7Hded pol ynucl eoti de anplification, wher ePRTUHUO8I6F gy of

ol i gonucl eotide priners is immbilized on a solid phase support by the 5' -
ends of the oligonug) eotides, .and fyrther wherein each 10.9r .of

ol i gonucl eoti d& pri mas2ethad efglaim a%?ﬁm% SngﬂﬁﬁppFﬁﬁﬁéPOPgﬁﬁgE ™t he

ref erence sequence, occupy a discrete area on the array, and conprise at

| east two sets50f pThe®Ethod 8fclaith 3, Wheteibilt nhileabal pSinRXRG!Privnes OdMRAiAIENt ary to
the reference sequence; and 2) one or nore additional sets, .each of which
i s identi @l Rremeles ey pyemater orgn SF6ipREpafetout for the nucleotide at the 3' -
end which is different in each additional set; 15 b) performng

pol ymer ase- nedigat ed y i 4L j ygﬁ§£%§? - get
ponnucIeotidebéervgggggmgghgﬁg?ggpggﬂ%ﬂééggﬁg egPs 0 E%%ﬁg%%ggnascent
pol ynudl edtdlaties muttipddprimers eachdavieg sfecifimsedquensst s of priners that are
exactly conplenentary to the target polynucleotide; c) detecting the

presence of synthesized po cl eptides i Gh e tured on 20 discrete
areas of the sotid lﬁﬁ% & Sééﬁcg?’f“ i@%&;‘}’ﬁ%g@gﬁﬁf“@ﬁﬁ%&gﬁﬁgﬁ&ed primers; and
d) identi fysiyagclsrtieens Eonpdiffalehtbislogital sb@cdsar get  pol ynucl eoti de according
to a detected pattern of synthesized pol ynucl eoti des on the solid phase
support. 2. The methed o laim1, wherein the reaction mxture further
conprises a Zg' popﬂﬁ%’?’?‘%‘ﬂg& clag %Whﬁwnbﬁ%@“ﬁﬂq’ﬂ’éf‘%‘? COSUPTIFRA drisckAbee of
claim 2, vhelfhils RerpdeRd iﬁfolt@éhéaéeng%k1gﬁdc%ﬁ@é§9ﬁ@r&g§ hRhg thelfA&kHdes an

uni versal prinmer. 23°2 1 SEP 2004 1/ 71041 PCT/ USOLr 09165 4. The

met hodOof pelyabeledidesweteatdble.t he uni versal priner is an oligo-dT primer. 5.
The nmethod of claim 3, wherein the universal prinmer is a prinmer containing
a T7 pronoter, ga T3 . - T d of claim 2,
wherein the pogiJI at F@%ﬁg&gé{%, on %%%gleﬁég%@rr%%e fa elilsn%ﬁﬂ‘g:ggscgér)‘rul tiple
primers eandledubevi ng specific sequences. 7. The method of claim2, wherein
the at least two different target polynucleotides are fromdifferent

bi ol ogi cal sourges..8. The hod, of, clLaim.1, erei.n the reaction m xture
conpr igs es a d etlé'ct aggeéme{ﬂ’ﬁg) gf él"{uﬁ’azf’ "Thgref’h%?) Flfgl‘}ﬁ‘ft}?,ﬁ%@g‘?l At ?ﬁ?%‘mﬁé’zc ent
pol ynucl eghdifigBeled-MeTEMioFRETTE HidtRyREAGITP or a digoxigenin-ANTP.

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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10 pol ynucl eotides detectable. 9. The nethod of claim@8, wherein the
detectable label is a fluorescent nolecule. 10. The nmethod of claimS§,
wherein the detectable |label is at |east one of radiol anglsag»MP,

f 1 uor o- dNTP jotinylated dNTP or a di goxi geni n-dNTP. 1 e_met hod of
cl aim 8, mgr"ﬁ}?ﬂ he detectable label is conjugated to a C#ﬂﬁ”é@ b2 t hat

bi nds the nascent polynucleotide. 12. The nethod of claim 11 wherein the
detectable | ab | STROAI : (G oY SP‘?&QN abel

i ncor por at ed iglts'o t he ngtsug(g{r)f&aﬁ%lqﬁﬁv&g eottﬁ‘?%iﬂelﬁ%ggs%ﬁg&ﬁée{lﬂdgg of ¢ %i mi,
wher ei n t Belecied ym dengroips@nsistingoizlass, plesticsatymtitetid polyma6, ¢epandit abdast about
100, 000 grr&ﬁg‘? of imobilized oligonucleotide priners. 14. The nethod of
claim13, ‘ein the array conprises at |east about 1,000 groups of

i mmobi |i zed ol i gonucl eotide prinmers. 15. The nethod of claim 14, wherein
the ‘array conpnfsesThd mkhodbf Aiml, whereGOfle pily@ese 19Tal POl Gehl

ol i gonucl eotide primers. 24 2_1 SEP 2004 WO 01171041 PCT/US01/ 09165 16.
The mefhoddobymegasa Vant polimeiags. R palymensegr proefberdbasmostable polymerasef mat eri al
selected fromthe group consisting of glass, plastics, synthetic polyners,
ceramic and nylons. 17. The nethod of claim1, wherein the polynerise is
Taq pol ynerase, TO 5 polynerase, Vent polynerase, Pfu polynerase or any
ot her thernostabl e pol ynerase. 25
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