MULTI - SAMPLE | NDEXI NG FOR MULTI PLEX GENOTYPI NG Background of the Invention
The present invention relates to nol ecul ar bi ol ogy, and nore specifically
t o det ectwogonunmen2eus nucl eoti de sequences of interest PaTASe@E0AF28@ND] es.
Mul ti pl ex assays may detect numerous sequences in single sanples. \Wen
nuner ous sanples are involved, however, performng nultiplex assays can be
| abor-i ntensive and expensive. Thus, there is a need for detection nethods
that can detect MUIEI-ONSMTHESIHAPER NG FoI@MURT I SMeGENO PN Glual  sanpl es,
report the presence or absence of each sequence of interest, and correlate
this result with the identity of the individual sanple. Sunnary of the
| nvent i on The present B3¢EsTEPMholhelnvgBEO Bt hods for det ermining the
presence of a plurality of nucleotide sequences of interest in a plurality
of sanples, WTh¢ grefmemesition gelitbero inthédulat yioRby eae thSﬁr}\SBd:lﬁcalﬂjh@dé’t&thd can be
used in many aggllcatlons |nclud|n eno gg ore55|on ang %§ and
i dent i fi CHEOFIOHS BYclSoRds SFHAdTsFs %fb"éﬁﬁe% "1‘{6@%? Mylppicassays may dgtict o e
enbodi menfmefout HYJuéM¥ERLInGR.saRpes) WABPhEndrSusGRNpIBCAEthvaivkl dwBlddr al ity of
probe sets. A first probe has a first identification sequence and a first
hybri di z&ff @ﬁll@%@ﬁ@ﬁ@é aﬁ&%ﬁéﬁ%%ﬁb&frgﬁtwveam FBES B ?hufnthélfe if heeeddefuence of
interest det@ct%(}f?éiﬁjodﬁ&Iﬁp@an%&cﬁm%ﬁe?&ﬁged%%meb o ha ¢ bi‘%@véﬁ%’cﬁﬂgﬁal ggﬁmésen”ent ary
to a second portlon of the sane sequence of interest and a second
i denti fi denortdhe rewnenw absenee qfieacts seauanchgiintierstz aitd corrclsdhie meelt weth igbr i di zed
to the fi; equence of interest, and the second
hybr|dlzé%?%ﬁﬂﬁggtgﬂX§L?§ hlgrldlzed to the second portion of the sane
sequence of interest, then the first and second probes are joined. This can
al so be performed using |igat Semmanygpbthednteatienon net hods, such as with a
Gol denGate(r) assay design. |In another enbodi nent, probes are selectively
term nated or Te@pRESt Riéfion ka@éﬂkﬁﬁds&rdﬁmﬁhﬁw% Ek%mk@oﬁaﬂ@hﬁ@dﬁprObe
with two nonad acent identification sequences are decoded, such as
by hybri diglaetidssearendss gbiatsershig aplwpliss of wmplaravhile Rissewdy thaidegity phi r ed- end
sequenci Rgeh sk ?wpﬁﬁ§ﬁQﬁ@d@&1&hﬁeéﬁﬂﬂﬁ@%ﬁlﬁkn&ﬁtﬁ&ﬁ&hg tipie, i dentity of
the sanpl e containing the sequence of ?erest are deferni ned, based on
i dentifi @é}prﬁﬁwn@é@iwh ced ideatificatigroafdpdividal sprsich 81 eeaplexrsemplss. Rel at ed
detection nmethods and kits are also provided. Brief Description of the
Dr awi ngs In JR@nfbb@ittcB8SoraliEinl MtieNd6ch dafpiclil snkdcali&vifirtgagtaOREEpt s of the
i nvention using exanmples in schematic formfor ease of explanation to
or di nar i IPyobsipth| dirgerabeias a fieidentificatippsequeneardda firg hybridigatiomgeagenspe of the
| nventi oo ficRRLASER Rl bYfiof TPAELARACS 0P ndi SROWGATpbe AllLLiAG OPLT 0N
features of the invention. Fig. shows re resentatlve ASO1 and LSO
pr obes, \hhbmfézaélﬁn AQUdncg semplemetfteyyriv aS@pm@p@tl@r oflske sate sequgpeetdfentgrestst sanpl e
(sanple I t i g. SNPs

5, P Hecoffy BEARRa AT ch Bl g hhifRGD Rttt bl o i B 51D
1 Anothéﬁmpoubnofﬂpﬁ@b@msefsumsnpn@ﬂwda@nﬂbymsnmmbmﬁimh@¢wéwbnmmm,thls and
subsequen [l gyr &30 L NS AUELAOLL AR SEIMENGTRePhe YR LoHR:AR SsERCes are
represente by un que n% RUNDer

joined. This can also be performed using hgatlon and/or extension methods, such as with a

GoldenGate® assay design. In another embodiment, probes are selectively terminated or

capped prior to joining.

The result is a joined probe with two nonadjacent identification sequences, which are
decoded, such as by hybridization with decoding probes, enzymatic detection, or paired-end
sequencing. The presence of the sequence of interest and the identity of the sample
containing the sequence of interest are determined, based on identification sequence codes

present in the joined probes. Related detection methods and kits are also provided.



Fig. 2 shows representative ASO2 probes that can optionally be used with
the probe sets in Fig. 1. Fig. 3a illustrates hybridization of an
ASO1 probwoand/am28SO probe to a sequence of interest tiratr/useomwasarsea first
SNP allele, such as allele T ("SNP1/allele T'), which is present in the
genomic DNA in sanple 1. Fig. 3b shows an alternate hybridization of an
AS02 probe (and an LSO probe) that occurs if sanple 1 contains SNPl/allele

C i nstead. Fig. 4a ar@lgmcﬁgldnldf%ﬁ%déybri di zati on conpl exes
resulting fromthe hybridizations in Fig. 3a and Fig. 3b, respectively.

Fig. 5a and Flg 5b illustrates the two joined Probes obtai ned fromthe
hybri di zati on %ﬂ&}r%%@é%lqt%dﬂf@111%53%#&33#10@10%%0 the EgRtONPeINg eXamRies 5¢ shows

ol i gonuclig@htMgidotA®Breadel R explation BdrdindriAlkiGbeRSndI SB-Y Welddt itk | mer
sequences of the probes to anplify joined probes. I‘é 6 illustrates

decodi ng ofimy thesioprecfheoBesntio errepreseatalivrogmmhiodineeats QS#N’&XU@%\@W%F’@W de the

sampl e | Ry cl¥Prehres 3P the Aektidn. | Nf or mati on. Fig. 7 illustrates
genot ypi ng using reversible termnators in an SBE reaction, followed by

ligation to nmake a joined probe for sequencing. Optional stegs are
bracketed.  Fig IFﬂingVS raorpqepiag‘r%@%a@ Pbsoihere ab heOdpphbdOifarnt g. 7,

wher e thgj, le%rd%flenorl:%l? ﬂrsst sixﬁﬁl@%@m?_ﬁé 16115 GYr 88l &1 R9rRidel ARG leSchPHaber
Det ai | ed Descrl ption rrp present invention provides methods

for det entPiStnye tEsgr dencd 0%t halbf@@rp@él dprebgsetestrraededdoiremplsdDof i nt er est
in sanpl %rotﬂeg Qb rot%)sre%sis ﬁvﬁéﬁﬂ;‘r?anﬁﬁ@ﬁ)b’kté hg dneLiRdL&: n‘t:ﬁ & n nucleic

aci ds having rtlc nuc eot 1 de sequences. | n one aspect e fhet hod can
det er mi nehaphstchiede Stem@seesrw}wrems Ilaleeqygv;gemet&)r@@fn@@bmurmuedledlgmumbﬁm ain a
predet erm ned nucl eoti de sequence of interest, such as genotyping alleles

of a polynorp Iii‘ig'S Bshdwi r@&@steﬁt%{w@@@@ﬁ: bpobésnﬁat Bl gﬁ%nﬁ%eq}g@@\wﬁﬁthg 'pfc](b% rent

| evel s of particular nucleotide sequences, such as for gene expression
anal ysi s.scthm Kigtl. anot her aspect, the nethod can detect the presence of
speci es- or class-specific sequences to detect individual species or

members of a @lA35i1fubPRGyEAMRBE 0B AMRES1 probe and an LSO probe to a sequence of
interest that contains a first SNP allele, such as allele T (“SNP1/allele T”), which is present in
the genomic DNA in sample 1. Fig. 3b shows an alternate hybridization of an ASO2 probe
(and an LSO probe) that occurs if sample 1 contains SNP1/allele C instead.

Fig. 4a and Fig. 4b illustrate hybridization complexes resulting from the
hybridizations in Fig. 3a and Fig. 3b, respectively.

Fig. 5a and Fig. 5b illustrates the two joined probes obtained from the hybridization
complexes in Fig. 4a and Fig. 4b, respectively. Fig. 5¢ shows oligonucleotide primers (1a°,

2a’, 3a”) that can be used with the primer sequences of the probes to amplify joined probes.

Fig. 6 illustrates decoding of a joined probe, where the identification sequences

provide the sample ID, SNP ID, and allele information.

Fig. 7 illustrates genotyping using reversible terminators in an SBE reaction, followed

by ligation to make a joined probe for sequencing. Optional steps are bracketed.

Fig. 8 illustrates a variation of the method in Fig. 7, where the “joined probe” is

formed by circularizing a single probe.



As used herein, the term"sanple" refers to a quantity of matter taken from
a source, whether conprising the entire source or a part of it, such as a
repr esentwoi2og/@orBi on. The sanpl e can be taken from a CmGiSe0100§E286 SM
such as a human, a nonhurman aninal, a plant, or a mcroorganism or can be
taken froma mxture of different organi sns, such as an environnental
source. The origin of the sanple can be from manmal i an or avian |ivestock,
or fromother agricultural sourpgsied DeScPPU6R. such as from seeds, shoots
and | eaves, or fromroots and tubers. The sanple can also contain materi al
exogenous, to the intended sanple source, such as a bacterial or viral

pat hogen.Samples A “n yraljity of sanples" then refers to two or nore

sanpl es, such as frommultiple different organisnms, including nmultiple
species, or f rrmrpﬂawnt inpérgtiof Prividen ARMbE foB QistreMting e proskénat bit bs@ilce SANPI s can

al so conprlse nultl | es fron1a si.ngl e source, such as f di fferent
tissues, "YFIGAHE SeBF ‘FF ? BhRHTRe @ERp Ctr A Rer PR 8mRlegisedin thy ingthocosn sanpl e

prepar at |c@ﬁl§1n%hcl%1"c%@1ﬂ§%rgg patiit@lat RO RS, dRSndBbALdB: hBBbd &an be
applied to 2, 4 20, 32, 48, 9 128, 384, 1024, 2048, 4096,
8192, 16, s@ﬂnmwhﬁ%?réh%ﬁ are g dg rauispnfaBRIn oot ennies PiRfgqtermingdal | y
contain %Q&Enﬂﬁg&ﬁk&wQﬁhﬁéan%ﬁQ1ﬂﬁ%n&ﬁmﬁ SR a hOyROHRRMY Gn afARdrCh,  OF
purify the nucleic acids, accor to the partlcurar appl i cation.
Each sanpbrect t mshoslapg H{e@ﬁurﬁedzﬁerantﬂwe&f@ patigdpuelpotidgedueness, sught & mat i onal
identifi %? geﬁe Hﬁ)‘?é%s&ﬁ) a Cfg 'ﬂﬁ?‘&é% aﬁ‘otﬂ@l’ragéegyhé e?l?damaﬁ d@t&ii tﬁeébr&@nc%l%ke to
report information related to that particular sanple alon not to
ot her sanpdcess- orredass-pregifisecquanash edbtdchintivaluglareciesror orchmbersex pelra:SSrﬁ;m &. This
al | ows d%ggggkgﬁg&gsults obt ai ned by the nethod to be traced back to a
particul ar even when the physical sanple (or its derivatives) is
conbi ned or nlxed with other sanples (and their respective derivatives) at
some poi nt andSﬁﬁﬁﬂﬁﬁgeﬂwﬁﬁvsﬁ@@Dky“@@b@ﬂHﬂ@@ﬂmpfmm@ﬁﬂﬂgmﬁgmahbwf@Thus t he
identity of erproperties
of the séﬁ%lgrca tﬁgmgggggﬁﬁgﬁ %ﬂgmb??g?%gﬁ%k%§§?§§?5%%ﬁp b despite
phyS| cal sanple néobatakdndrval 2 single prgamsmgsuvxh adp loniver 2 sElphesanimal, a plafﬁher term
"nucl eic r t |, .synt j fi
pol yncl &gl sh plRdl M m S rhens ea R M
nucleotldﬂﬁﬂnﬁhﬂmhumkmlEhaoﬁgnoﬁmehﬁmﬂeagMEﬁhmdmmmmemmdnavmth@aE&d

anplified thermﬁ erived or. nmani te eci es

el ude: bR BRE Byt vraRuRR Sl S BeR s OB e by Bk
(cDNA) . Ex@smpldatlyerfRhes paple @sn licdonthén msse @g@enml@o {het&)ded tangdst er RNA
(tRNA), mcro g 8%% small jnterfering RNA (si RNA), and ribosomal RNA
(r RNA) . Sowceswwéfgé?ﬁ oL PR her ei n are applicable to nucleic acids

cont ai ni ng conpl ete genones, substantially conplete, representative
genones, repres¢ntﬁnyoﬁsnmRVfmgn&ﬁbsmawbbahbynﬁmbk&geﬂnmﬁﬁmcmnmbhxity, or

reduced co Xi t e such, as mher certai uences or cl asses of
equenced e pieatsPe b s MU SRt o Eb L LR R RGO LRSS pact 5. ¢ he
conpl exi tpyurd@ity bheanpus ke ds@dinfsisé SultiprSampanfrbalafsingfe saﬁ\rcersu@i fAdtongenone.

It can be_ uyseful to immobil]ize nucleic . acid to ead a surface, such
as a floﬁlfgfé?qt U3YES PTEBPS, g{ﬁf é}af%r%lﬁ gr&t"ﬁéfmesllﬂ“?t%l Obﬁﬁgéeng Sate. Exanpl es

of i MMbipkdpaaitibor ARAtHORKS. Tmhuéiﬁoﬁpmid@@ﬁlethb@rthﬁ,calaﬁefa lidtoand, g, 12,
nmet al -chel ati on bondi n beads are used e nmg netlc | at ex,

or presenf: ¥ Peptadf. df 384 IG72PH. ApFe £ 25 16 ?r% Oh{!ilelfeé%/@ eiod ‘eBrene

att ached gyen SifpesSAll il BRRLE SorhdnRIURA! ar@fmayaX $re ared to pljegrervcéan al so be
useful to attach a purification tag to a nuclei¢ aci By "purification

tag" her épiich, st prsidnthe aueleir aeigs. perardingin thyepagiacadpr epplisfianf y a strand of
nucleic acid, usually via attachnment to a solid support. Suitable

purification E3gSiamprlcHiiBe BIRSHS @ﬁm@en@deﬂ D%Eﬂé%ﬁ if&infafiondr Ren@iRNP! €,
the tag may be a hapten or antigen V bind its binding partner. In

a pref er Aedee iisdichEnt partiparsprgicsnd t?ahetahl@rto ATt eoratige Fréaded to that sol i d
Support. gy SX Al Lo Uil & iR iR ?rbemofv%d LGk Ude @dtdegens (such
as proteins or peptides) and antibodies (inclfuding fragnents thereof, e.g.
Fabs) ; pﬁ@m@ﬁmmwaﬁﬁwgﬁﬁW$d%ﬁ*@@&ﬁ@@(mmﬁ@ﬂﬁmﬂngnﬁh%ﬂpﬁﬁ§?ﬁ§¢@dﬂ®61n enzymes
and substrates or inhibitors; other protein-protein interacting pairs;
receptor-I|igands; and carbohydrates arsd their binding partners. Pairs of a
nucl eic acid and a nucl ei c-aci d-binding protein are also useful. In one
enbodi nent, the snmaller nolecule of the pair is attached to a nucl eotide
tri phosphate (NTP) for incorporation into a probe or primer. Preferred

bi ndi ng partner pairs include biotin (or imno-biotin) and streptavidin,

di geoxi ni n and anti bodi es.



The term "nucl eoti de sequence of interest” (e.g. Id -2d" or 3d'-2d') can
refer to two or nore contiguous nucl eoti des, where the presence or absence
of the nuwbDeotivdex3i s of interest to the investigator. PoTarse1a9pe8¢, the
sequence of interest conprises a single nucleotide query, such as the site
of a single nucleotide polynorphism (SNP), or nethylation polynorphismat a
singl e nucleotide site. The pol ynorphismcan also involve nore than a

si ngl e nyghREL} Q%pl@@ve‘n%ﬁeﬂ%e%?ﬁca@ga@e {&%@Hérlv@ﬂves}jﬁ Icsﬂlbl%u &mixed
transposition. A sequence of erest can al so be a nucleotide sequence
that Is Mapeihcsdanplesprd thpie raspretied deriyaivgs) bfommroigianpne logerphesetly in one
or a num%@ﬂarﬁéd &'Ql%ltlﬁ?:‘ulé}ﬁbl%thésa{ﬁgl %’ﬂtl@’sof 'alséﬂ'zllﬁg 'Isatp?egeljvéh”al}&n nﬁ‘@mnahgl?
sequence of I nterest lustrate onprises the SNP

al | el e T.ab@jtghe mmoestrﬁ@\wéthaﬁaraplc eemr@tt@ced hagk o e fb@gmal méyssfah@rrwdespﬁe this
illustratj ' : al t hough i n ot her
enbod'ne&hgﬂmﬁﬁpﬁﬂ%%&%%shﬁ%%%ﬁggéwﬁﬂﬁ(ﬁg%#g& or represent a break in the
sugar - phosphat e backbone. In other aspects, the nucleotide sequence
of interest i $hateyeguusticadidigefersgo eh@twabtswﬂ?@lcr@ramﬁcaal spletickstide. seehgr oup of
speci es. E%Aemwhmmﬁboﬁm oPhoclithul il FheifQUENGE Bfvd nterest can
be unique to a single species of M crobes or bacteri a, nmenbers of a
cl ass of f@gm@mte@ cloned hepdisated, gapliBed ypehaiviss ditfived ar rr@rmpmlateé Emmnlarmnal cl ass

R :
7or e ST LaR 2 ERARIONTERASMHETORa. AELHGR, I BRuences
wel | - char(eimtm]r |E>@thphamy BB @ewsdecluémgasmgersmm(mRNA) transfeTREAMERMdES of t he

t d det f I it
B e O RN ERR SRk Pa s BUAL IR R G ATL R8T 3 P 2LstY

128, 192, 384, 1024 or nore sequences in a single assay. Such nucleotrde
sequences of iTh¢ ercthsds @s@ibt@lpéreialatwpphﬂbélteoucédc yidst doetainmge®iipipad or f or

i nquiry, and e . a SOCI artlcular e.or phenotype of
| ntor eot SR oRB AR ANTHE e OB b AFAPRERGY Soh e From o

randonrsemmuﬁﬁﬂbahﬂgm&hndc@mﬁ®swoawemmeMﬁmﬂmhhemﬁphﬂpmﬁasamaeshmmm assune

a SNP pol ynor phi s e the ordinari ski. d perso uId understand
Chat t hoskTRng Sl Bt ak oL ahety Sy B SR For
pur poses agfecRAtb %mlda&'@'rdfﬂielrmﬂlmcatcﬂblQH@@&BaﬁQaE@ﬂMﬁdﬂgﬁlaDéeﬂoﬂkef est can be
described as having a "first portion" and "second portion where a

pol ynorphismsite. is L. eit porti For 8 anple, Fig.
3a shows a se 6%%3%“%1ﬂgHP@V@§Fefpﬂcmﬁﬁm “b%@?@ﬁpagﬂ dﬁﬂA e, where
t he sequenit &tdias sdfapa ot bher dotld-phasd sﬂaspﬁxét Eﬂi’in[ﬂd; of uhmolblhmloparethodyl ar
exanpl e, .the se ence .0 nt er est a_. SNP hi s ite with
e e T e MO gty nd e P PaBie R Foltaiee o

i nterest nfaybenZ@ndticl &telxc@fﬁrésﬁrmstr&lﬁadldin o2Blotin MuletiATHA nfeléit hﬁh garlc t he same
SNP polynnr%hrsnrsrt The portions can be contiguous or nonconti guous,

havi ng 1 2ttachedto syeh splid SURROEP Bt TigebsT Piéi fi ed between the two identified

portions. For exanpl e, a nucl eoti de sequence of interest "ABCDEFGH JKLM

Can have a fi nshn PO bd @oful ARERER piidatonaee @RchupRictacan Byl "élﬁhﬁdanorMher e E, F,
may. be a SNP or ylation site of interest

det er i n.tr%g%@rewers PIc&y @rfpdety gt %an%eﬁeéd? P w&a%%féwslrw i epsudlly rlg meant

that t he JrRdhRA: ©akeliddupst. VRBhBIE hudficaloh tabNRcISEIMEMEEs 8f bihdhEhBbr | S
present in detectable anpbunts anong the nucleic acids of the sanple. For

exanpl e, Ditief ot Hemgkgthe treanayrbeiadeaicn ot atigeft Jihird valbing;its bingingpagner; g
pol ymor phisderrddngntdaiiing W diBYpac&t@h Be ﬁt%héﬁ Bl |s§l|1(19su9f)0r¥ ber &adipleel €. 1IN

ot her cases, neither allele is present, or | el es may be present in
varyi ng éﬁﬁ@ﬁﬂ%nm@%mﬁmﬁﬁmasH@h@?é@¥@@%@uﬁmﬁpﬁﬁﬁﬁéﬂPﬂﬁéwﬂéméﬁWﬂWéﬁﬁon can
al so be |nterest In
gene exprglgfs{ird%cl)lgﬁqg"tﬂ |€g¥§8%23 ﬁﬁQyngﬁggﬁggﬁ gm%ggggﬁggggnrng the | evel of
sequence bptieseaptavigihethenmes and atsthiat e inlibitms; Sthor prgteamprioteireigterastisg i ve to

ot her sa ons in
part by ﬁirse %eceg{o?ﬁ%ﬁlds and c r‘t-)rAg&Idll {&1%& %Q?b%&lﬁgﬁ{%ﬁrg %ﬁ{s%%g%ﬁ%@g%gm ali zed
for this apdinpodec-adid- baldmgrw@niniamla‘oorsew do wss¢mobmdiractt,i thstmgleoelecide

desi gnated "ASO1" (1), a second probe is designated "LSO'" (2). The probes
contain regions that contain or conplenent the sequence of interest (1d,
2d), such as a specific allele of a pal ynorphism However, these terns
shoul d not be interpreted as limting the nmethod to determ nation of
different alleles, but can be applied nore generally to any sequence of
interest, such as a sequence characteristic of a species or genus of
interest. The probes can al so contain prinmer sequences (la, 2a) for use
mnth conplenentary prrners (Ia 2a') ~as explarned further belomr In

T ] - - o,



The hybri di zati on sequences of probes 1 and 3 should correspond to
different alleles at the sequence of interest, thus they can be terned

"al | el e- swoeenfivw1wBi gonucl eoti des” or "ASGCs". As di scuseel/ishavaszkowever ,
the "allele" can be any sequence of interest, for exanple a sequence
characteristic for a species or genus of interest. It is desirable, but not
necessary, that the ASO1 and ASO2 be able to discrimnate between the two
di fferentyr @He p8lr @Satta@ed $cp§ﬁﬁc¢f§)}1d$ RiphbdpRats BIEP)IEOHENSGah ihBla§h&Rlor foOr
exanpl e by havin er ect base-pairing at one or nore nucleotide
p05|t|on§ﬂn§DC%e§§e% indingrppracr prigdnclyde bigivg ocipaosbiptpbrangd styeptdvisii.occur s, it
can be usgfdlinkQnaddctiaRs 0r nore steps that provide additional |ayers of
specificity, such as enzymatic |ligation and/or extension, or selective

term nation, as discussed below. The hygrldlzatlon sequences of probe 2 can
be designed t ShHETP ERUIGOUET SPARTRUIPSIBICTHT 2 higr26 ooiader2d) crfedido &y el es,

and s tsoRATRELITES niHMBA, Bnrk ARUPaSRECH hienlo GRRMOLARI AT Of "LSO' by
conventi on. An ordinarily skilled person would understand that with
such an arfeiayt teldhsiigyestigator B qae sepeploths isgrluenaef hugrest aeldpriseomnsngle SOs t hat have

sequence t I hﬁﬁﬁp Hﬁﬁk’ el es or
species g%&gkgh&?éﬂggﬁu*gﬁgﬁﬁgé@%krﬁb@%ﬁ% W t anaﬁgéi t he K@85 may be
paired vmplolrynLosﬂl’zsm dndingte Imnleompsetndifh@p@nmrhbsrpam ilsiinaelvermptegbingesi r ed,

?g?' ;: Iogl%e gé%gélegtm %I ﬁ the cgsepofg}{ nqglglbn Sd%fépor?‘gr tl%ﬁsﬁb‘ﬁ)gnfg cﬁlte{ljcr%l g A and ASO4
speci es iloestears elsole ajmstaoﬂdﬂ mquenh@ﬂmnerepeatbcewehaartimlrmslearamds hiHthe vm th

typic conbi nati on p i nv on, al so

o7 byt s PEb e LERg MR B hmBr gfcopies i e e PAT TR T BT 4900 00 Lso
(2), gng sérpieh@mﬁll]ﬂtg/reﬂﬁs_ 1Aﬁ"z@r21t Ated By ldr-zm’nwhﬁﬂzompﬁuslaﬁ thbSNSP&lﬂle]lefS“ tFyg{ngbal ![ })'/ .
provi ded for each conhination o se nces.of interes . For
Bl o A eauPmARAE b e st ARPl T 1l BERGE KR 88 probe’ sets,
each W t hude@idebatoudhah othet @ﬁtajdnﬁ)éntslﬂwca@b@bﬂﬁorpﬁ&yh@tﬂa}udé@hulsmpfeMt #8 probe
sets can be de%erlbed as a "pool of probe sets”. Depending on the design of
the exper¥sient the peseDResPhatghackpanes 44 pr obes nay be necessary to performthe
nmet hod. The invention provides pools of probe sets, which may contain nore
than 100, nor e §thamnsRon, theidedtitaseqdéid oNmtceest 1I@a@ecﬁ1@ﬁkQ thdlis dmafaetetifi@n 10, 000
probe set Thus, the invention rOV|ges a high degree of flexibility for
one of sKfPFPSCKS PHESIRER 0% SBeCHahGECRHE S Hrbipp Ofglé‘gfﬂf)é?néégq"&flcq Ht erest and

sanpl es tifteld& casBAMBELe to a single sPdiees PF ARSSHeE dNbdaRrih A ed Membérk bf Acl¥abt ety of
detectable | abels or primary | abels, as is well understood in the art. It

is al so \ReffcveSuwelé?Ss%%?aas tmeﬁlaiﬂfefsfé@ aarfupsdionahslp asity e defingd glagaifi d substrate
to facil 'ptaf%gengagﬂlog%le@feh&@ 1ncﬁﬁlegl@ﬁﬁ"sb@@ﬂce@%ﬁWsta@é%a&énaWPé@rm&Q?S of a
probe set may al so orylated or otherwise nodified to facilitate an
enzymat i Othsf &qsuersrescqhatalse aefehaﬁqcr?@lzgct@ﬁbss THide rangsrof 8desithl e, LSO probes are
illustrated in phosphorylated formin the figures to allow conveni ent

ligation in athahehodd @Rhe frélehtihfdntiat ¢ éa‘ﬁ%e%@éﬁqﬁ ﬂﬁ%ﬁnultaneous b&canather
enbodi ment, the probes described herein each have an "identification

sequence ‘plygplity pinusiegtide spawenee oSaerett, suefeast fst, 1Hr P, |6é Whbtih 135 3Pbe (or
sonet i MespbLhp méle Q&ﬁ%d@gm%n%;@asgégl bl fucRotigNcqhdRt of itll8st bR caIgf t he
second probe is 2bc or Seq contains one or nore separafe
nucl eot i deécsslatiedlplbin swsstigptepfos yuntrednd ;1ay be pygpeiatpdiyiie p sartipulatasndtyRpur es,

e. g. 700]0r bfyge g’? gt]e 0%59101#1 | bé%ﬁédr(ﬁﬁlo{l sfuglli El%i +1‘3rr§5qiroﬁ' sﬂrlﬁ% Fg%rg QOdes

that are ca pa At ng a artlcu
parti cul aandgelcpaerﬁpeezsf: of disasaat, hQ‘ee\qr tlhecexampl)es argnllgvor aslingt 4 BIYRIi shi ng

bet ween %%ﬁ%ﬂ&%fusb L w%lle ?ﬂe dlg%rﬂgSlilhed éb@?SO{l ﬁld ulnH r§t91![1'&e tggtr{?e%g %1 the 1D

Seq can tween nuct Wween 6 and
13, 10 amﬁm&@ﬂmommo&@badeB@qmumbas&wﬂes. In one aspect, the
identification sequence contains a sanple code (e.g. |Ib, 2b), and a

separ at e Sequg&ﬁﬁl ofsesJ J}t gsrl%%fgsc% ﬁ(lﬁlé(l%ugeot & ’seq%&}ce ok {.lllté: eSQCan]be deé%'ti'lbgd(anpl e,

t he ASO1 prob an 1 n sequence enconpassi

subsequens bsving' SdirpipertioD” emdatcopll pyrtiamtl wmeISNI%lobflnioelbmsm sxdees pﬂeee)nt inSimlarly,
the identification sequence of the LSO probe in Fig. 1 is shown by a

LSO SNP code and "I D code". Representative |lengths for the Sanple I D codes
and SNP/ Al l el e codes can be 4, 5, or & nucleotides to 5 to 6 nucl eotides.
Figs. 2 to 4 also illustrate probes with identification sequences, where

t he nucl eoti de sequences are represented by unique 4-digit nunbers, such as
7001, 7002, 7385 or 7096 for various "1st Sanple ID codes" (lb), and 1001 .
. . 2024 for various "1st SNP ID codes"” (lc). Thus in these figures, (lDb)
and (Ic) conblned are the ID Seq (I b- Ic) for the ASOl Slnllarly, t he

o ~NA N 1 I~~~ PNA PN N A= N\~



Accordingly, the invention provides an ASO1 "first probe" having (in one
enbodi nent, from5' to 3') a first identification sequence (lbc) and a
first hybwodowatries sequence (id) conplenmentary to a fi Pst/ysesmwiosnsef a
sequence of interest (id'). The invention also provides an LSO "second
probe" having (in one enbodinent, from5" to 3), a second hybridization
sequence (2d) conplenentary to a second portion of a sequence of interest

(2d") an(éuﬁer%%&ﬁgom@ﬁmtpofrb%m@ﬁv gggm%e stefeRde of%@lremidtm)seea@htes with
pr obes Havi ng the sanple and the probe sets described above, the

met hod proswighB¥A feaple oremdhy veguense hassaepion I el apastian 24’ Iythispasiewse set s,
as illustgatad th@seﬁh%%e ofificROCboRAins ASNISRA PRI ird Dy HRIIT aGROEACt i ng”
refers to exposin probes of the invention to the sanpl e under

condi t i oresd phd’. Berrwmpaltlm prigdersequenegifrintdicstd3d’ A hie idenadadiocl dd@dts in t he
sanple if a
hybr|d|zé?f%ﬁxfﬁhgﬁéyh%gégﬁgﬁbﬁvgnt|gﬁ£§$% gg%gnuwpcaﬁggﬁhﬁkglngency
condltlonsnamngmmmﬂwvmgﬂhb3amﬂnmahuﬁ@m@hsMWﬁﬁdeﬂwe@Uhewged@yﬂbéndlt|ons
can be usge St ditjons hav

Sartbr ook poﬁlon for q%{naélr“afﬁ)“de PRGCA OLa‘b%rFSat %r%? %%EQ{KL@&” an%)ﬁom) or
in Ausubé]rst@brt@h “ABCIIDEFéIand Proovial@irson ‘KN B eillearE, Bl 61 Hgyor(1888k.a H gh
stringen condl ? ) favfot |ncreased fidelity in hybridization, whereas
reduced §1$8FW??IP 't fidelity. Stringent conditions are
sequence-dependent and will be different in different circunstances. Longer
sequences hbebrcdlietmniaingCthfeipoead:ﬂcy” @ﬁa mic@bﬁade sb@repeﬁ&tintmest is Apang #taethsi ve gui de

to the hybri tion of nucl CNerV|eM/of
or i nes pi SR EBERAG Sha R Brd S Bed Singya bl BRESGua e o O
Techni qu&ﬁloh@t}BInﬁﬁlblem:lﬂi diﬁ/thﬁ:mthpMﬂFQ)@Hiaﬁﬁpld?)h&(hblogly-séd},ubﬂidedifirﬁérb@Boﬁlelfh Nucl ei ¢
Acid Pro 199 raII strin t_conditions el ected to be
Sbout 5 S PO RARERNT Sk A A8 SORAR o ST s (et 1 ¢
?quencg Il?ibthardd"i@efsl neter 2Bl Gs Iﬁbd’eﬁﬂ gt tﬁbélﬁﬁl(ble{@ Irhay-[)h@re-géht in Veayih§ ﬁnblﬁﬂ@;)@{ at \l;l\,{l:] e ]
under defined ionic strengt pH and nucl ei ¢ aci d concentration) at ic
50% of t MEthGhsEeyEoIRRIRERE aF§F detrrmmatiqngag atso ﬁ%ﬁr@ﬁd@ e thecqrdr get
sequence n@hb%ﬂa'sbcgtehdémfﬁﬂter@st I8t BHrEs0H 8hpl S RUME RS R b Qe @S ENt 1N
excess, at Tn. 0% of the probes are occupied at equilibrium. Exanples of
st ri ngent e@awaineuﬂéﬁdeveéPﬁseﬂh@gepqewnwhéﬁe& i@bsOR|te AGHEHIPHLTIEN|2EVE ess t han
about 1. Q, Mhsadipmion, typically about 0.01 to 1.0 M sodiumion
concentration (or other salts) at pH 7.0 to 8.3 and the tenperature at
| east about 30 C for short probes (e.g. 10 to 50 nucl eotides) and at | east
about 60 YEobesr | ong probes (e.g. greater than 50 nucl eotides). Stringent
conditions may al so be achieved with the addition of helix-destabilizing

agents such agh¢ premidhdenicvdt it dg@RENLtERTn Pert P &f&fﬂlgawc&bﬁ@erpra@sa step
paranmeter that is a therpnodynam c variabl e suchgﬁé erature or

concent r &¢-Fdnd) Bt FoeiRiiee foré%zﬁ PUPEYFa YRS enEay for dE‘Pi‘SSlalh&/ Bt PEGani c

sol vent. 15@§@ﬁm&§ﬂ%ﬁﬁiQﬁﬁa@&%n@b§@eﬁ%k§§ﬁﬁxﬁQS@QQQWQMeBRBMQW%ﬁJ'C bi ndi ng,
as is generally outlined in U S. Patent 681 Thus it nmay be

desi r abl degignsplat ForaN eesannlemagt @ﬁ§eoa@nq¢|0§ Hé@re% {14, ﬁ@bﬁ@ ag p pRfcHicaHelet o
reduce NQRa 3PS FofhGnd GG, these terms SHEuIE Q&t‘tﬁ%téﬂﬂ&teﬁtaﬁlﬁnﬁtﬁ& RemP@bd Ry med i n
a sol ution-phase process in the absence of solid supports.” Alternatively,

t he cont ad@termlgatsﬁl@é dtf&rﬁnbellqbﬁérbt@pm@ appkidd merepicrdlly delavyssepieachieic] ei ¢ aci ds
or with i; [ t e sanple
has been @%%?a%%%%ganﬁﬁgﬁﬁdmﬁ%gggﬂggﬁgbﬁﬁaergggﬁ ??ﬁgﬁg ¥ éﬁ &h

hybri di zattsp@nntam@rlrr@us:qwms (da,ZZab foo msecwitiptanpdemqngesy prmeis gla’Ahl )aaﬁd 4b) may
be forne , S r e (or not
hybr i di Z%{pl%lrﬂe(? ﬁl?thgrSU%F A IHE(EI(FI%(IEI{C IEhe (ﬁaeg onta!ul% &%ﬁlfg\l\&%lﬁ&t‘uox E{%B ¥ ation
occurs beét.pednlt, IZe, Zsbamat @ cumddneltmn mhdmeam@rmmmmcunﬁmlﬂafthmcantpmy@lﬁe set. In
one enbodigen%f th %Prldlf E EIP erties gre simlar between the first
and secohd f& d%8B G SHAt R W%? Q iy gng%W3§equences to their respective
first and second (and optional third) portions of the sequence of interest
to allow themto hybridize under the sane or conpatible conditions and/or
in the sanme reaction. As exenplified in Fig. 4a, an ASO1 (1) may
hybridi ze to a sequence of interest when the ASOl contains a first
hybri di zati on sequence (1d) that is swficiently conplenentary a first
portion (id') of the sequence of interest. Simlarly, an LSO (2) may
hybri di ze to the sanme sequence of interest when the LSO contains a first
hybri di zati on sequence (2d) that is sufficiently conplenentary a second
portion (2d') of the sequence of interest. Thus, a hybridization conpl ex
wil | be forned by t he ASO1 and the LSO to the sequence of |nterest
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Upon formation of such hybridization conpl exes, an optional washing step
may be perfornmed to renove unhybridi zed probes and sanpl e nucl eic acids.
Joi ni ng pwokesl/071923 The two probes hybridi zed to the sequarse@ooso2sat er est
are then joined to forma "joined probe". The term "joining" neans
perform ng any conbination of steps that result in a single, covalently
joined nolecule. In one aspect, joined probes AS01-LSO and ASO2- LSO are
illustrated lmhgmgthoéofth@@&mo%rso@mg an SptioRhINgRerRtOp8bLatr L GrdA- 1d-1 cb-1 a
is illustrated in Fig. 7. In yet another aspect, a joined probe is

i |1 ust r atheebej for E£Riyen Brobepbsametiacsieraisd ap §A§82fprpbwth§alhwdaltt@ﬁtﬂsﬁrl to form
a_singl ethecmtadr%woha{ﬂog%gﬁﬂm TRLAGHL Sn DR ATk a%@ﬁeasahl@@Tqum% Jr g can be

perforned bﬁ a varie t echni ques, such hem cal ation or
cross- | i riihgptraigd nb‘s’/lgehzl}ermWZ:IStsemlﬁmiqqtheésmymd\huhlgﬁsIangléﬂrnm pol yner ase

the tuo oY SE0eROH SLBBRE A RrobRRGhAR, A AN OB B ot ot ron
prOV|desdﬂﬁﬂ@ﬁﬂbﬂeaﬁmeemugmmum¢@®hmd®sw@(mblnker nol ecul es to all ow joi ning

of the two probes. When t he joining step is perforned enzymatically,

It can providey é‘{% ?ﬁe d@?@f)s%@ glfnglﬁgg‘ idelt Ghdidc hd Eﬂy%bl@%wghsz}ﬁ ddlr%Sé‘dd' tion to

t he speC|f|C|ty ob di zat i on st es and
pol yner a%@herfsmgleestlan\iﬁldeluclﬂmlabldmhw hwwhwimwtm@mubﬂyrmaﬂbp unI ess the

nucl eot | %S%pﬁ%ﬁt@&tdu@l%ot?cfe Sﬁ@%gc Ql?q[e?%nd}t%n?{hﬁt arg‘gu?gggl{tf:y%ﬁ néé’rgl?c?ﬁ? wpai red. -

by |igation Torm a
covalentsbﬂﬁdbbétMﬂmnmnhambwnupﬁEMH$ymmhnumheﬁnmmemﬂ@hmﬁdymadcmdpﬂsentIy to
t he sane stran of a cent bes nlcal or
syt Sirbange AfbRe ] «AHEE 6 ke B R PR B PR BN e i ce) o
a singlecsmﬁmnﬁmhﬂ@aﬁ@unﬂﬁmﬁnﬁnm@ 90 nfal) €ordgin hiogiffed ot Ash-fturhlieodot@igs .
Exanpl es of singl e-stran ases include Clrcng aseTM gFHICG re), and T4

t
RNA | i gasf‘éldiond&g?}@ha? g V‘tn ANBTOBES 484 BePase- Jrgmagiculatly useiy i i ng of

two probesbudek ﬁafprajealuel@bud&yblrelzdidz@@ saﬂhmymwtwlﬂeql@)mad saglxgt rand may be
done by Qontacting the probes with a single strand polgnucleotlde | i gase.

I'n one adipgEanosingds) 5eqmPmy PeentiNg 08P btk 90%7L¥MHPH? e OBy @dNP- addi t i on

of a termgyatien. bﬁlﬁlﬁ)ﬂ(& vgBod@me®, Mt fRBXYAHUChRART ldﬁ)eoﬁ& Qngindfg 4 he probes,
t hereby preventing subsequent extension and/ or %gatlon fromoccurring. In

sone enmbdenoshledarsi(syches Pisgibat §-axpeugningd ye that thragmesyt by pigail-BA‘eglyeesytinat or
base is agdged of R)rﬁarﬁfdeﬁg%mﬁlaﬁte D}@A By Bssy B Z@B R AREN T Healzc@in®NP SO that the

addition of the reversi'ble or gaf ab Pe term nat or base conplenents the
al | el e nuegradation ef prveasiedtor %CGQSHEOtENPPrOb%WYr@r%? ligiitsgnpmsiofe t he addition

of nucle 1§ﬂ§t§he or W Jedratt gﬁlﬁﬁgi%%fhgfalreggéab%rf yﬁ} zaHBI?AFme in the

first and secon prones re separ ecu ternati vel Y,
t he secomdrposeslvé theanyyegiaeny dreliss pyafutenr the arvei®NRER, indé¢ngth, kevowngds the

anpl i 11 cahon:5ehlach 9alhy, ahd QRng%E & (AR e 5, 10, 15,20, 25, 30, 35, or

40, 50, 60, 70, 80, 90, or 100 or more nucleotides.

The probes have a “hybridization sequence” that is complementary or substantially
complementary to a portion of the sequence of interest. Thus, in Fig. 1, hybridization
sequences are shown as 1d, 2d, and 3d with the lines indicating their corresponding portions
of the sequence of interest (1d’, 2d’ 3d’). The hybridization sequence can be any length
suitable for hybridization, and can be from about 5, 7, 10, 12, 15, 17, 20, 22, 25 nucleotides
to about 10, 12, 14, 16, 18, 20, 22, 24, 30, 40, 50, 60, 80, 100, 200 or more nucleotides.

The hybridization sequences of probes 1 and 3 should correspond to different alleles
at the sequence of interest, thus they can be termed “allele-specific oligonucleotides™ or

“ASOs”. As discussed above, however, the “allele” can be any sequence of interest, for

7



In sonme enbodi nents, probes are designed to allow the use of OLA (or
rolling circle anplification (RCA) as generally described in Baner et al.
(1998) NwO 280/ds92Res. 26: 5073- 5078; Barany, F. (1991) pPrars2oibsd2se Acad.
Sci. USA 88:189-193; and Lizardi et al. (1998) Nat. Genet. 19:225-232, al
of which are incorporated by reference herein in their entirety). This
finds particular use in genotyping reactions, for the identification of

nucl eot i desm@At a dcqabiRcRAShIERNe JrAp&XRWPLENs INRtcRAB 16 GedraBRINRdocan be run
at least two different ways: in a ?lrst enbodi nent, only one strand of a

doubl e- stieemtiey thea sl S Yl &2 ablede diseraminate hgagenthe ave diffgreat Alctesr

| i gation; I = .S generally
referred(?ghég%ﬁﬁggﬁﬁ%%ﬁ&f@%&eézg%??%ggg%m%@§$§$%ghgﬁg%ﬂégﬁgﬁIgg?%W f ocuses
on OLA, Buencas manpsusleokild pastlions sudhers aitarmyyial basapsed aoss hybhidgateain easily be
applied t f I & Il gl .he first
porti on Spofha BEbYE 0 dd one of iichlepSlraRORE. b AN RS HGDE 1 0% e
second ponth asrnzyinfatit igatfonragd/ot ¢xgrasionor pelodiee kearminatidya sedipmsded btlow.

conpl ene%gilgbrgcﬁ)zai‘[%r? s Ogr{cts? Fhr tcgebg AR R %frelia I?\;e?rr?osnh scr‘%lnrllld at‘inhe adj acent
base on the secon prgﬁe ﬁaslber e¢t "to eneg{arl&y3fo |%s a jaé%nt

posi ti on tewart defesmaliie candfis thnd enesimes @rihédpatloms-sgdceificatligomiciestidedromed so

t hat the‘i/ ”Brobestcan be ligated together to forma joined probe. If this
conpl enentdri Y “YoEL fot exist, no ligation structure is formed and the
probes are not |igated together to an appreci able degree. This may be done
usi ng heat cydhniondgjparilpskallddparsohe ohidgatiestat thivevithoubleardsrmytdesien ik f t he
sequence of interest so that. i serve as a tenplate. for further

react 1 onéRoph R ed Rl QBN nRE S Pro R R hree 11 gati on
pr obes ordisctig@iationbedw ednelrfdrhahlleésor Spgeas AFexckxbyiplonehiranmB @l Rpaikedot | des, i f

dNTPs and . I ras re added,(this is sonetipes referred to as "Genetic
Bt anany O B0 B0 f RS B e b Sohr wt ek Perostfe Gp HEderBRET wo

strands afietidddiRsiddeaddlitioafl eSO Ak B bS FAVRIBE SuchR@n WROJEhr SRRUEHGE | S
denatured, and tm? sets of probes are added: one set as qutljned above for
one st r antb ¥ Fof HETE o @R fos MOF {oBE PO VARIP IS Ry ARIXtUESS QEPeEies- 0Tt hi 1 d and
fourth praleslistRiioh,Bweldiahe Stahind aRf shbBE Wit GHEAE Cordindtidh ?fo%g 1,203 this
enbodi ment, the nethod uses each set of probes with a different adapter;
this can servg as_an addiiiogal sPecif'city contro%-? lgo itive" called
only if both bRt RYENtigRakse proyldes prghg 155, lesyamplg of 2 “Probq 54K ak her

enbodi MeUSO 1t APartdid IIFOORE Sn@bRicHEMAIPAST2 B 0PAELSD2. NRHELE u&li.«ﬁ?pk@l@s whi l e
hybri di zed to the sequence of interest., The gap. can be a S|ng e nucl eoti de

or can b@ ¥ GaporERChBIRIRAERH ObHBTRIGH B UFILBCS PhENER e ST 6N *Be carri ed
out at tRey3imeAnt defect NP ih StaRpiRbEnREs BURE il ZRH Wifd 33SRIPLE, nucl ei ¢

acid. The sanple nucleic acid acts as a tenplate directing the type of

modi fi catto@ipf 1fbprobssampiided. Pirup Aeetlmapheisply cimipeedeatitbed asa trieat ofdeder duri ng
pol yIer aserbagedy @t ik 8B o xbbiritn HofBErl 1 LINFLr REEALRy QRS OF TDr e
nucl eoti des.” Such a scenari o can be used, for exanple, in deyectlng t he

pr esence nefesgnSPerfpn dagictied. dhninyentivapravelds pedls efprehsdictsywhich may pr obes

t hat hav ' e ic acid.
ol ar 3 AnE e pER ¥, ol L L B o I OB R o b A B

al | el e- spedicfsete. Phusntbe inyxntenpirondet ASHRIE)dcgred oSilexglikty harsme exskelhsi tbmar SBE) . A
nucl ei ¢ aeldy iehogtd e Of.Rucleosids Ravh ad @k eXergi bl e bl ocking gr oup
on a 2', 3"0F° 2 Hy roxfﬂ; a pep?lgeaplﬁké) 1'apef**ora conbi nation t her eof
can be used in such nmethods. For exanple the nucleic acid, nucleotide or
nucl eosi de calhbprobeschubedbiled whiea franatt ofgletsibeble Agbdlstor primbiyylabets, as is

al t ernat i ygl Y. B8 fﬁ‘%@é att. St fs%isg el %%hé’r%&&’t%a@{rob%‘SAneo%%hl Rty G used to
nodi fy the free 3P0 ends” i n CRE EXT enst on T eact i ons. = Singl e-base

ext ensi onoli&BBjtrate to facilitate anahiputahien, ag ddsodbaddaiowa Giervg erdyaskeseXt erobe on ( SBE)

can be used in,cqnjunctio i th.an .oli ucl eotide |ligation assa OLA) to
o oduce. SRR rRpbuS sl SpdR o FEE o pEIsPENE Sk

hybri di zegoihingtstep. T ENeLanfle, LSOgrelss aredlhjsaaed in gHosphiotynated frh @wthe
nucleotiﬂes of tGe ol%pnr hismof interest. A polynerase is used to extend
the 3' ed@UsH 44 “ﬁgﬁﬁ tenpligatign 818 BiSESR-del ity of the enzyme, a nucl eoti de
is only incorporated into the first probe if it is conplenentary to the
sequence of interest. SBE can be carrig&d out under known conditions such as
those described in U S. Patent Application No. 09/425,633. As wll be
appreciated by those skilled in the art, the configuration of an SBE
reaction can take on any of several forms. For exanple, SBE can be
performed on a surface or in solution, wherein the newy synthesized
strands can be anplified in a subsequent step. | f desired, the

o, oy o .



bl ocki ng groups) so that only a single nucleotide is added. A nucl eotide
anal og useful for SBE can include a dideoxynucl eoside-triphosphate (al so
cal | ed dewgynudl7e8i des or ddNTPs, i.e. ddATP, ddTTP, da#CTRSand/o8&P), or
ot her nucl eotide anal ogs that are derivatized to be chain-term nating. For
exanpl e, nucl eotides containing cleavable peptide linkers |inking a dye
and/ or bl ocki ng groups (renovable or not) can be used for SBE. Exenpl ary
anal ogs gpéntfticdgaseqhédpfosphat e nucl eotides (ddNTPs) or acyclo

term nators. Cenerally, a set of nucl eotides conprising ddATP, ddCTP, ddGIP
and ddTTP can_be used. As wil] be appreciated by those skilled in the art,
any nunber of hiofhepembrdEmey. t%%%{be‘dsde% H@?@@@Felea%h@éveaedé@nflﬁca&%r. mer, as

long as acRRh&TBF ABESQNZYREID Seq@PhiR & prdeQd MOHALE 15c RRLImElean chucl eot i de.
A nucl eotide used in an SBE nmethod can further include a detectable |abel,

such as tdeengieoN herrelativa dientptionsie I Sen ehererondnneba in g of 2¢hn TheDat t ached
Via a varde§t¥ntahs ddeK ARRSsepstHE RudSotde REREEfcck kr%‘r@&ﬁted L{ 4 Qi ey | abel is
used, the use of secondary | abels can also facilitate the renoval of
unextendemﬂbﬁ@b@seﬁh7ﬁéit|b@lbrfeﬁbodﬁﬁ@hlsmﬁmﬂn%rﬂHMeHOSBEHWSaperforned

t he i nven I i y4 | ymer ase.

Sui tabl e B&&Qp aPre??%%%Qfﬁ%ﬁ%ﬂ%, Sﬁ%m%?ﬁhg %%g ﬁ? Eﬁgﬁggggn%rase
Sequenas addeice®f aneteﬁequl dna&&;‘ﬁwd/ar dlst(ﬂgufs‘.hmgbelwbmamﬁu)a,r arraes[oug Irolsy rrer ase,
Phi 29 Ner as uenaselm Tab R chardson
it at i on <Y WBATTY SRbyiPa, A TR RS ET i et ab g DARRG e
ability m@buneaw@mﬁbmeuammuobeﬁoodaiammkmgumay be used if so desired. If
the nucleotide is conplementary to the base of the detection position of
the target sequence ch. i dji acent to the ext ensiQ t.he

ext ensi on enz@b%“VWQ%ywh dm?ﬁgﬁob “Wmleéﬂ%ﬁ8%35¥m?ec“m?%gébn?%em%& ensi on
primer i sepmde fdqechcelof-aterexteided., 1ct Z)c)f brFigal, fiadikéimgd the AROL probe s ng
reversi bl e ect, the S react i can be
e i Cinislfnat SotenenerarbheTeg bRt o S IPLEAS W at ed
in Fig. ‘SNH/d]ElesOaaa)be) ISimﬂﬁH}I aetigahtivicdtion Scqplate @l tHe). SOf prpbobFig @tis, each
probe set. co rlsggg a first probe haV|n % first Identlflcatlon
sequence SEYEbYY 4k @é?a BPical afieBiSEguR reen ajhecrpicdhetary to a

sequence af§ SNPLAIRSJodésicln be 4455 of 6 hitddotiadsad 5 1§ haugesidence of interest is the
T allele of a SNP. At this stage, there nay be many other bound or unbound

probes directed to other. al t he anne | ex can be
Pnohod or 111 FiEchog aHBvEC R M DI SRa 5 Db gueAg Sht s e Ca umber of
di f f er entsediRERNbRUEF B BEumMgaM-tigithambér saéieast 0@ 11 eooyal3 8('5foruif®©>6t ended

probes, including nethods based on renoval of unr eact ed probes by bi ndi ng

to a sol ifer etpwortt SappiriEeoderg (Hneandelatitied - pP obEY vamersdéy Sadi REotlere
unext endegl.\0pgs; unmgeﬁ%g Qr')&%l 1%0%51%9 & ; ﬂ%ﬂ@qc %’sdirObeS for

exanpl e by ‘using a no wel cut-o ate. Step
(a2) showsmdarti, Qﬁ@ndmﬁlﬁ@ﬁlpmgqua‘@euwbezleﬁot ‘élniﬁ@rﬂndéhtﬁmf@mhm&@é t he

hybridi zed first probe (1) is extended by incorporating a reversibly

term nated ba an%Hl%p sPectd 1d\9ﬁﬁfc§t1(gl S%%l%%cail%lé atsﬁll Jet ﬁ{dmlc’i@ltsb EED' ety, and
A stands for the nuc? otide conplenentary to the SNP. When ot her "all el es
are to bevigetteetoethorayti¢res of iafpematidnlape ¢relyedilgslaw idn e oinple eerpancar Yobases such as
qT, qC e Iy oI The result
is a rev%%gﬁ@Ftﬁ &3 £§%tedLﬁﬂp%gﬁﬁﬁgﬁgﬁ)éégfe%nF @n@&gﬂaﬁg specific to
t he sequeo@e”oﬁcMﬂ&ﬁEﬁﬁ@ﬁMmdmgmamﬁanopmhybnmﬂszMnamd1mﬂmﬁemh@ndeo, and
will therefore | ack nat or t|o ally, the term nated probes can be
el uted orNERPYIRIS 0 ?é%ﬁﬁ%i%ﬂuvwsﬁ% . In one enbodi nent, this can be
acconplished by using a biotinylated term nator, which facilitates
mani pul ati on antho@sipeg, thé keysidizatisnerpuacdieriicar fervals et iemifiesioand reduce
nonspe0|f|c background signal. ... . In ste al3), . remai ni ng probes (3)
ot ar ¢ SHOE SoWERED TS i sabyer ARk S L aRet b pr ovent
subsequenkedidpg anly @patialdtthg&idht BEhaGERIRlatishedudiye adidha@leatdNIRsm usi ng

term nal di deoxynucl eotidyl transferase (TdT). Optionally, the ddNTPs can
be. bi of i HETUSERT IR Eich AEF B CSRtEmPlaEHYLe Ivention. AS || Ust rated in st ep (a4),
the termnation of probes (1) is reversed, so that the probe is avail able
for ligation to ligatable term nus, for exanple a phosphoryl ated second
probe (2). For exanple, a gA term nator can be renoved, |leaving a 3' -CH.
Anot her exanple is a 3'- amno group that can be chemcally ligated to a
phosphoryl ated second probe (2), where the 5 phosphate group of the second
probe can be activated with a carbodiim de and im dazole or alternatively
cyanogen brom de. Ligation during step (b) then produces the joined probe,
whi ch contains identification sequences |cb and 2bc.



I n anot her enbodinent, illustrated in Fig. 8, the first probe (1) contains
the hybridi zati on sequence (1d), an identification sequence (lbc) and
further Mae20nvore28al primer sequences |a and 2a, di scugsedstawiobess bel ow.
Upon ligation, a circularized nolecule is fornmed that serves as the "joined
probe". In this sense, the probe is considered joined because the first
probe has been ligated to another |igatable term nus on the sanme (or

anot her)  firakcdinle; thgrﬁf%ioﬁﬁ)kozxﬂ’iﬁeb anAsan “hRt @%Qfﬂalvingf@%nw th ssDNA
l'igase. Joined probes in circularized formcan be advantageous during
subsequersmbadigient fremtS’ &nd s Epsidgatifirgtiproraeance dibe) g aé‘wtélvgnchmpn fication
(REA - Theqehdet v AomPlARGSIRY fﬁatpb%ﬂ'owséeﬁeﬂae ra@mergs@@df)o rdeRedidg. as

di scusse elow. - wth Gol'denGa ticular useful nethod for
j oi ni ng |a§0mhéflct@@méﬁ@é"@e@em<)prab,eséwl@gélmogq ¢be0dym¢rx§,rfrqtmﬁrﬁp AOsa gecpsl yer ase

extensi o ' - mstries
For 1ot ni o SRR ScelsBbicap Ry U SocRRERLRLY ADRuk FinfhS

met hyl at |(Zxﬁajatdeeciec@1d igeantifieation sequPateédtb)No. 7, 611, 869, both of which are
fully incorporated herein by reference. After joining the probes, it

may be us&filet dhgﬂgﬁ‘gle;%lthggoﬂegl ned probes through a conbination of

denat uring an Optionally, the joined probes can be
anplified to facilitate detectl on by a variety of nmethods. Optional
Anpl i fi cat i onHaving the spmplg ged derpsdi resndescrilted abovpethe mskhogipevidge&rconmosi ti ons

and met h%gﬁaétﬁ)% ae?({ﬁ%'ahlgfeﬁa{h' agﬂuraﬁg otf?lt})#:)@ Sé’{l{rﬁé fILiERld R @’1@%3‘1& %b' W%l ude both

target anplifi fcation. Target amplification
i nvol ves us¢deheamlpIﬂneftﬁmaiqoot@ct(ng”eefers éqﬁx’lpemg aprobes efllec mamgen tostbgquence to be

det ect ed’sarﬁ@% ldll(ﬁél‘ @9{1&1‘[[6 ?111%’[ fn t tl?e%& ?lﬁfaZe ontgg n\gcl{lyggﬂ?srin (aIe s%u%h]gt ed to

nmol ecul es ar get Ircatron stra egl s |nc are not
t he pol yn’ém&saestkf&cmntbea)mpilmn(aﬁcm as generally described herein, strand
di spl acenent anplification (SDA) as generally described in Wal ker et al.,

U's. patent nboRUBGE L0 Ayl FHEDBR i CRAREEN enfh P et Beenc L omce
based anpbadifigats bmpv(ﬂ\iASEm)“t althoggndiffatehts s eeyi doaditipm dan Be ufedt ent No.
5,409, 8185 DRI Rl pen WEHRLE Bl h TR e BaR e AFRLI) cati on, oh.

12 (pp NI ecu ods I’rus T on, cul‘gem c Press,
1995; ancCldA?ngJM ztabngzt(fnmm;aﬁsﬂnsd dsrasmdlmrangsﬂaebfs al., @Fanmzto&rcnatm onal

Publ i shi ncor ted by reference.

Al t er nat :Agoe{ ?ar ﬁé@w?r%vr(q%#z ﬁéﬁl?ﬁhnlgfcty ﬁ8nqcé giwor %{egélr[)ﬁﬁ Y & hni ques use t he
t ar get a31yar1d1@miph aﬂ&:reta@rd‘dﬁcﬁﬂdlsﬁ&ltgaw& psmgﬂakwleﬂ@dqm}ol&r,mgahﬂ cowdlifignsaars mal |

nunber of tar nol ecul es a large nunbﬁr of si%]fal i ng probes,

o.r
that t hen*¥&hp Pﬁ@?@@ga’lll%ﬁﬁlﬁg en’dﬁﬂ}fpef‘?néélf‘i“ R at LS HEFUde "t he

| i gase chgbidizepedifiully GtER)or téypeldtiies. KOOk @ﬁn@é ag¥ie hyBrillizationvfasi ve
cl eavage technl ﬂues such_as I nvader TM technol o] Bet a r pI i case (QL3R)

t echnol ogycleigagid jdoyngddn Gpssen npVeivieRREiPHRCIPIED Ybri gRtipn gad @’éﬁ‘égi’é?f DNA"
that resuyhtieic Bcﬂldksfaysl@h@ Té&bz%besl% @%ﬁe@sﬁd&mmcmsmmge—y%@ﬁ;an@@q uence.

with Nucleic Acid Probes (1993). Generally, stringent conditions are selected to be about 5-
10 C° lower than the thermal melting point (Ty,) for the specific sequence at a defined ionic
strength and pH. The Ty, is the temperature (under defined ionic strength, pH and nucleic
acid concentration) at which 50% of the probes complementary to the target hybridize to the
target sequence at equilibrium (i.e., as the target sequences are present in excess, at T, 50%
of the probes are occupied at equilibrium). Examples of stringent conditions are those in
which the salt concentration is less than about 1.0 M sodium ion, typically about 0.01 to 1.0
M sodium ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature at least about
30 °C for short probes (e.g. 10 to 50 nucleotides) and at least about 60 °C for long probes

(e.g. greater than 50 nucleotides). Stringent conditions may also be achieved with the
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Al'l of these nethods require a prinmer nucleic acid (including nucleic acid
anal ogs) that is hybridized to a target sequence to forma hybridi zation
conpl ex, wWodoam7enayne i s added that in sonme way nodifi @ETIUSR01NFI2BE t O
forma nodified priner. For exanple, PCR generally requires two priners,
dNTPs and a DNA polynerase; LCR requires two priners that adjacently
hybridize to the target sequence and a ligase; CPT requires one cleavable
primer anddifo®bBRUk ABk NN ﬂ%agehtﬁ‘!(&ﬁ'ay?orﬁlbﬁ%agﬁlnfg@rﬁ:y'cﬁr?l§e 50\ﬁﬁolﬂ3éd'b@?'3r s and a
cl eavage enzyme; etc. - with universal priner sequences To facilitate
anpl i fi caltFrag 2 Lepepapmsins shag ﬁ@ﬁh%m@é‘sﬂa@&‘nwﬁla@lé Segh g INSFRAITC PF i ner sequence,
exenpl i 1 ichfkchifaulh@dr Bimdid, shif chidob OHE 55 antflr SReabiRRoRLLOWRRET MTers (12,
2a'), such as PCR priners, to hybridize’ e sequences. The sel ection of
pri mer s@qm@@gn@aﬁsqmwedo@mm ngli ﬁﬁeerf@rbnndmgowgs gengeally wuilinedia (§8t er mi ned
by the p r g i . Br.

embod: mont e e P AR bR AR GE ShER oL REPUFRLE o
term ni @bnditiensjtorededt nonepe;ficdsndinpwn i n the figures so that sequences
fl anked by prining sequences wi |l be anplified. A prinmer sequence can

rurality or euen ol R R A RETR Bl PR RS IR OB R0t ha

a smal | selid appptsi Adtematealy. bl avsdtifestepaapbé pirbampdwithamypoplizedishmple t he

j oi ned pr The uni versal primng sequence can be
bet ween f@ggégkg%&ﬁﬁﬁfﬂﬂﬁﬁﬂﬁ%gkhg ength in sonme enbodi nents, and between 17
and 20 nucl eotides in other enbodi nents. In one enbodi nent, a single priner
sequence Hybaidijation hempkres f or all ASOs used in an experinent, as shown in
the figures. However, it can be useful for ASOs and ASO2s to have

di fferent pringL. GEGHICES b%a{cdﬂa@tewthﬂwgré&rs%@tun@ér'caﬁmonsftm 2fANP! € when
the primers are |abeled differently. n general, a target nucleic
acid i s aubedzationaariegdybodizationcomplexdydas le@ngaﬂa g@sﬁ)m@yr’o@é‘@rg@ér {n one
anplific ' fied

o mer can SRR ERE S o RSBk | oikEe 15 e AFRE nucE B i ch

i s eit hernpthgospot, ayledlidyion heusbeivren dre spnels emlelomldmdmwo giobed frgmiemer . As
required, u ct i . , as wll
b ‘appr edroast Bl SRRl s B e o R IR e ey b3 PRl o B PR,

hybri di zatdond (amdrmphmal ihgd} lndnddattassQenat ecdthelarﬂﬂpctchee ﬁnsdanfdlse@bnp(dnﬂer i's

det ected and ti.onall antitate re.arra SOne cases,
e oot PP B BB onk oP 18 Sy e B8 i BN SRS, B Yaoct BeREE,

react i on,or ehrhgdiiblchtendifisme dud/esinahdwambesactddn. anpl i fi ed strands, which can be
detected as outlined herein. Accordingly, t he reaction starts with
the addition %f exenF 11f n&a 1§CA{ el Cﬁ@@ a/thyﬁnélar ea] seg{ue cetoqcnter\é'?[ wcnenf orns a

hybri di zati on” Conpl'e IPon he pri nmer
and the nmagsmlS@mmamc@3ﬁ3$nb@ammﬁanmmﬁ(lahhaniymﬁnms@mempMEBmh@mmed an

ot P ous StttePish (LTS e dinaRE bRt iy el GBS By o 0 thur | g ¢ he

assay, eishii€feqpéricobf in@resthuhidnnte LOO cadthias a ikehadidibfi@ve@ienth@dpihbiers. The
identity g{ th enzyne will depend on t he ﬁ@ nplification technique used, as
is more FHIACEONEITMEBENEREY BiFcoy Mt (X)) of HiE SrBENSS LRPEH WS 2 depend on

t he anpl Ihfybﬁcﬁﬁdu@ﬂc&ﬁﬂeﬂwqu&foﬁﬁedq;sytthé ns@hbﬁi @WLSO to the séefceldTent@Bay e has
nodi fied the primer to forma nodified priner, the hybridization conplex is
di sassoci( b(ie%jip )- 1P Seiperalgdimants, el Adile® pay erﬁ%?@l?‘@aﬂ BP6OT t he assay
condi ti ORgore hﬁb@ﬁ@ésway%%ﬁ%kh othbie 1Aedict bRd tpé $APBh tlfé%uéa@%ﬁ@s‘bhﬂé’br idizes to
the target nucleic acid and di ssociates. Eithef one or both of these
aspects éﬁﬁmbéﬂﬁﬁﬁpé?ﬁﬂbﬁhﬂ§1gW@Pkéﬁﬁ target anplification reactions as
descri bed bel ow. Cenerally, the anplification steps are repeated for a

period of ti nﬁa6tﬁer%b4e@%@mt9lHﬁ?ﬁaymdie}’ﬁﬁt%h)@ﬁ@i%ﬂﬁin@gq&ﬂcet(?&?) Jtudeer  of
copies of the orL%@ target sequence and the SenSItIVItiﬂgf det ecti on,

wi t h cycligssead gk hyiyidizedorihe T perign $3dites, in Kig: Ab-f Inghis twet the hduidigptiones bei ng
pref er redoat (iRBR ROnl Do AXeHGHI IEIRO BIRSEY ALY RAELS!E#haYihen | i near
strand di splacement anplification is used cycle nunbers can reach thousands
to mill i oyisch may or maxfnophavg ageinabddgae. ti me of anplification, unreacted
priners are renoved, in a variety of ways, as will be appreciated by those
skilled in the art and descri bed below and the hybridization conplex is
di sassoci ated. In general, the nodified priner conprises a detectable

| abel , such as a fluorescent |abel, which is either incorporated by the
enzyme or present on the original prinmer, and the nodified primer is
detected by any of the nethods as known to the skilled artisan and incl ude
but are not Ilimted to the nethods described herein



- PCR I n one enbodi nent, the target anplification technique is PCR
The pol ynerase chain reaction (PCR) is widely used and descri bed, and

i nvol ves wbeougg1aB priner extension conbi ned wi th ther ralr/usgalviosrgsé o
anplify a target sequence; see U. S. Patent No. 4,683,195 and No. 4, 683, 202,
and PCR Essential Data, CR Newon, ed. (J.W Wley & Sons 1995), each of
which is incorporated herein by reference. In addition, there are a nunber
of variationsyghn ReRaiil Fhudl ercfhkdfifé)n'é&%pl'efbst:hl%p‘tl@f(ﬁ%blﬁ% stazg%ﬁtm@ ng
quantitative conpetitive PCR (QC PCR), bitrarily prine (AP- PCR) ,

i mmuno- PERformied 1pERovPmmySTigigtdaarales ahdisaaiig Bickigacsial  pol yror phi sn
(PCR-SSCP), reverse transcriptase PCR (RT-PCR), biotin capture PCR
vect or et {ginRfdpropanhandl e PCR, PCR sel ect cDNA subtraction, and

al | el e- speci f| ¢ PCR, anobng ot her PCR variations known in the art. In sone

enbodi nent s, wever preferred. for amp ation, and other
anplification! t%agbeég% &EZ@H ttlesgqyewea? Htt%tﬁr@ﬁh‘&umﬁe[héa@ met hods
that do rpfindd§hdbe@NTRNEITBLInGBE heB® performing AGCRLMBiTAAbY of stdpe tﬁa{:t%smfalact ion
requires at |east one PCR priner, a polynerase, and a set of dNIPs. As

out | i ned A& ?Pvaten%ymeér@t%%ﬁlﬁyhtwt%wwnr%tﬁéhsoer%@dotS%re of the
dNTPs may sePfpiijugatél 1&1@2&'5 In another hdpe@NEjoRID BRHILEBAL L EAVTHIRIL 1L is PCR 1S
performed. In this enb ment, unequal concentratl ons of priners are

i ncl uded Hystratadinglig 7. fln yaitanether asaest.isgpincdmpreberis ilstittehini ip s, where dhesi gned
such. t hatyr RS, RIIMHRfed hiad H-EKESH PLinkis, SRUURRULAG miRbliend iy RLAET Pri mer
is limting or I's at a sub-saturating concentration. I’ one

enmbodi meria;1cPCRMqioinsr aan o perfarpled by & sarichofgechaiqpesusughias gheofical ligagien nucl ei ¢
aci ds ar R g? LOf the first
and seco%d ‘gngéJ#‘t%%rg‘?"%au mcqgéhﬁl Hgﬁﬂvoﬁgg h%dn%nb[% at’djll eg%%%tmgfr%gosbher e. The
ni cr os phenéonuslegso ntvact-echcirt ch aay santphzmoa rftheER Wemftoe h@d)reis:s descri bed
gﬁ;e'o? . é‘géa?g ch%{‘ ey r%{eehn%a 2ot GJeeégﬁei; s lﬁgtpro‘%tdeé’ rmle&latgoﬁg WPJS'S ghed by
enbodi rrerih%ﬂﬁlamtwmlbmoae@s)fme tlylprdbdd.zat i on with all eI e speC| fic

ol i gonucl eot i des That is, upon anplification of the target nucleotides,
the immobilizgd, nglgttﬁe b LRl dlrelichy .l paonue) spkh des. fiat are
conpl enment ary ce ne e % he

al | el e- sppxifiditg t@theg@rhmdj 1ecaﬂd1derstocm1tpa¢iﬁcic§i Gtttamragltfrcsﬂnmblhebrﬁcaxatatbm stefAs a

result of hyhridiza het en t he al l el ecific.o on oti des and
[ het L pr iy e B ool T e Sl P AR bR B toe” an
i ndi cat i ancledtideheonpicasenarache actipakitd aeipafectlpbgepairddc| ei c acid in the

sanpl e. In one enbodi ment, the PCR priners are designed to anplify
di fferent q)eq nhc mar kers. That is, markers such as transl ocations or other
chromosomal YalsAdthal ities are targeted for anplification. In an additional

enbodi nment , the prinmers are designed to anplify genom c regi ons containing
SNPs. As suchn ¢teembedinient, adjigdvy ban i pratideito ferthe GJVhlelhtéosqbb@Wf:érnhe two

ol i gonucl eqt.i des nprovi N i ndi ¢ of the SNP, | n _one
erbod meitoreh BRBErHE S PR G | Rl Dot T R B0t Tha
is, at | emftbetawlne\mdlbkehamoxl oSNEsrmncemdms,emtlemh e dable- sbm&dlgase (like T4 n

general re fu | i ne re|n the catur S or
O e oo ueE% PG ikt fafinlibes AR R ERRI S aRIES Cubst anti al 1y
conpl enerExaﬂnplet of dipge-aiine figaeds palute OfrcﬂlﬁﬁeTF%(lEﬁEEntreD hat TH RNAIRExE ended

prinmers not bind fo the capture probes. Alternatively, as further
descri be P@ﬁt‘?nﬂtﬁﬁ% %”tr%tﬂ)n&?B%ii?ES may be removed prior to addition to the
array. In one enbodi nent the anplification reaction is a nultiplex

anpl i fi cati onJsigiag bf o pasbed @b zhiabatht hghrilized adljmceﬁﬂ)etoetné)@diem&mﬁd ﬁlli!ﬁ,‘be
arrpllflctlonreactlo Iurllt of . PCR [rers I|f

ol ur al i t OBt o Shgepnesy pbReesithy singls e Relavcishie Mg fiar AleryMsr ¢ ar get
sequencesoiaing oSiwiiirbigh ady Bk nhaitel b ttedtdmlblhotdﬂernmhatbﬂialsé csu@hfasarrpl ification

rimer aj,
P P c{eoxynucleotlde) to one of the probes, thereby preventing subsequent extension and/or

ligation from occurring. In some embodiments of the invention, a reversible or ligatable
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In an alternative enbodi nent, the multiplex PCR reaction uses universal
primers as described herein. That is, universal PCR priners hybridized to
uni ver salwproniatge2di t es on the target sequence and ther eoy/tsaqiiosyesa
plurality of target sequences. This enbodinent is potentially preferred
because it requires only a limted nunber of PCR priners. That is, as few

as one prinmer pairs can anplify a plurality of target sequences. I n
one embodiEiitor basem&dle@t&%p@smhwl@ ErdRd EERACHINPH SN AhatRid LgRion
anplification” is used to anplify the target sequences, i.e. joined probes,

as descr 98¢ reversidy %}@@h@l@rﬁmtcg@ﬁ@mmlemmsW/@ib@yqleotwﬁ@r@@at Patent No.
S5, 641, 6599N1J\|901nﬁ1gQ1@8/ a%%%wom th@a&%ﬁm%?guclmde %%ﬁl%r légmca'l\lﬁ’lmeﬁes?’tﬂg 070, and
No. 7,115,400, each of which are I ncorporat edS erein ref erence. Bridge
anpl i fi catcromtpeset inthe ﬁtSh@lldtsa¢<glétpr®QﬁWb¢17eth®rWmﬁ@a}:ﬂtq meluegulw thin

sufficie \Y/ o i ze. Follow ng
hybri di zglfeg{ﬁ%él etﬁegsleg%déﬁ str a&&f@‘h@% Ig%rsfoggg%g% glr%%gly vI\A{agh for exanple,
a tenpl atampﬁﬁca&lonefdranmql mitgtiaciystepadARNMS)ase to nodi fy each mol ecul e to

i ncl ude the sequence of the extension product. Miltiple rounds of this

ext ensi on PrOGEIMGrolnchRShbedsft LDESNDLAGEYR 0 oRDRRHI AL OOKAT

anpl i cons. Because the nucl el ¢ acl the pro Imer is

i mobi | i mllﬁtat@n(%@Ah¢S@eaﬂd1M descrandfl acBaner g (B3I Vg Aaide &¢s. chéOBﬁpl i cons
becone h| G reat ete
feature. &Ia?‘gaﬁé ureorci Z%)tPA B 58 W@??é?%ﬁ (?Ll%fd ef} ]gi%%é)r obes are
anplifi edNar. anneu 11932125p23dbe11 wi Wlhclbae ﬁmmmerhterdrﬂyyeﬁeifen@ﬁereﬁm tpesm@ﬁmtjn)ybri di zed
correctl C ctl base pai red
Vol T ow PHATS Py REMIRE et The iRlone JO5us EVRARER YR PR Pe step.
Thus, whidN® goseive, fomakatglel MeBasica®l& n’reyﬂmﬂlcdn Baituh anleaso il diRfeent wak: iar e
forrred 2(3 1_@)Slcal ex i stence oé 3@@% ned rob i s an. indication qShat t he
cor r espoRdi™g 8?1,]‘8’8% ?510“‘? Titaad gkt S;Brta‘éi" ﬁ’[‘m]i’ﬁn’f‘ﬂ‘éo“gﬁﬁe&u@mﬁ&‘fs% c aci ds.
Accor di ngk ¥ teniphe fo Vigdtlon O4ltcPia@ VI @S thf @tn dehSTyF e gtht et M @Bicrdliycat i on

sequences (I b-1c and 20 2b t hat have been brought together fo forma
j oi ned prr%f(slée qtaap piepidey € %B%%cﬁ?rh?r&gﬂ% hihs dscHisanpelop %ﬁ@eff P QtAaPH second
sanpl e i defobd kGIRLIIRThe SRGHE BERSiAANID BanRALi YOS Ml dMo SloRNAafell, et hods
available in the art and described herein below. As exenplified in Fig. 6,
t he joined pr ITp|Ifl0atI on roduct t t?lreof ha set of codes

(Ib-1¢) and a%geﬁ bl?ro 15 bigbakized 3. th fyst pprgiogpiy eﬂ?equ?rﬁs()i%ré%ﬁ%& and |ch can

be decodegsonil proEbghy8nd1@&ﬂe$hels@&bnd‘p'bﬁi%ﬁ ﬁoﬂeeﬁrsgegan@epld@@ma%aééy a variety
of met hods he term "decodi ng" neans tperform ng any canbi nation of
1 %

st eps forpe%%%rctnapﬁmﬁgmtm% 1tﬁa%svté>at0indlée Cavpeseitinsisslotnddhesabirepidase Quch as

t he i dentyd de6HdipRsbeTBAMEREC oRPHNRNaAKDD il b &BlchOfbs RBAYE Re&eQfendcined probes

descri bed herein and correlating that sequence to a sanple, a sequence of

i nt er est Intgregfpeligatipe staicrus i foraed so thabthy twr prepesicae be ligaadiegather &rfeempon

enbedded ; éﬁh&%chﬁr@bet hethisG ?len{%Ltahgfqioémgﬂgteno ligation strubllfe (s aRA Hhe

sequence’refers the contiguous series of nucl @oti des maki ng up the nucleic

acid seq@eqb@earei’ihtehga@dd@m@aw anappresene degnes. Jdigueaydw dofic ismadrcest t he probe

set was f.dnterest.

St eps fo?g}gg%er% glz)‘gﬁl}leql%g%g%ﬁotgg%eo !gﬁrg\omhg% {%la‘%eﬁltc%&@t%%gtes {‘}gﬁ%g‘”ﬁ‘ﬁ’d ude any

met hod t karve axezstsvmphlta ﬁor fudbmreetqwmg In h@l@@qﬂmeh@f mayled mﬁorrd@?susmg a given
three lig A e or 5 afth ohes Halard Rerrake by one br more nucleotides

0, " s 1S o T S S0 B RS 121 o

conposi t idNTPehnda pnmhe'ase adcadded Abib isdemetinyiby refbirzd toghs a‘Gelmlodm’ignalysm).

ol i gonucl eotide to the identification sequence, wherein the hybridization

of the decodi pg. Bl ARBHEIFRI AL id oI EGHE AN AL aSFIE GO hiRe”

sequence. The target sequence is denatured, and two sets of probes are added: one sct as
outlined above for one strand of the sequence of interest, and a separate set (i.e. third and

fourth probes) for the other strand of the sequence of interest. In this embodiment, the
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i ndi cation of the sequence conposition of the of the nucleic acid. In one
enbodi nent, the specificity for sequence analysis is provided by a cl eavage
enzyne. TWere11A7&92a variety of enzymes known to cl eave arCT4seainisessites,

ei ther based on sequence specificity, such as restriction endonucl eases, or
using structural specificity, such as is done through the use of invasive
cl eavage technol ogy. I n one enbodi nent, enzynes that rely on sequence
speci fi CifethdAnBesabiflset bfbr%@%&rltﬁ'a’dlﬁfé}@lﬁ%daﬁﬂe?ttﬁﬁ%aﬁ &¥e A bliifi&lapavage of
doubl e stranded sequence containing a sp eci fic sequence recogni zed by a
nucleaseSP%W%ﬁ@ﬂQMﬂ?—anP@W@@nﬁ@k@@ﬁ@‘f%&hﬁﬂmﬁbmﬁéﬁéﬂ%bses These systens
may work in a variety of ways. In one enbodi nent, a | abel ed readout probe
(general Iy vait aehR@dnt 0 @ bead of the array) is used; t he bi ndi ng of the
target sequence forns a doubl e stranded sequence that a restriction

endonucl ease can then recogni ze and cleave, if the correct sequence is
present. The E}%}Q%b@ﬂwgmnﬁéﬁq WALTHRD BESSHHEHY PRBBMOCHERERES & | oss of

signal . -wil¥ hpRidifd1€nd s&RERRME iflGest. The gabtcalﬁTBé’a hec10hsasotadot atbe bn j 0i ned
pr obes, exengm»fled in Fig.. 6 and Fig. 7, there are a 5 set of_ codes

(1 b-1c) &Ayokmare ﬂéa@tonéflufé%@% Tlecexsgsyion fmlé@éa@@é@gt%% 3b@ldd%é1t¢d“§ér by
various %@ﬁ%%ﬂﬁhHﬁmﬂﬁkﬁgﬂ§mn§M9hwﬁ§n§ﬁﬂUﬁ@%hﬁ&eﬁh&m@ﬁm@wﬂ@&&ﬂ@& fafae j oi ned
probe. To facilitate sequenC|n% nmet hods, the probes can be designed to
i ncor por directigdireiene nddifications QrssEmpley beepring ingragtionrdias ogaur J¥Hious
sequenct i ARRACHRcd BRI MIRGERoR A REPHIRDL Ur BE!RUS,RAS! Sicaas on a
pr obe, t "as an exanpl e, sequencing-prinmer sequences can be present in
probe 1 bemageren by vaell fdrekamplndn deteqting e p2esbesewé e ANZhExendoBaan ba t he
reversi bl u r sequences
can bo praskEp® okl SHPRELIRL HRye etk efty, ESRERFRE GRaRLRET 52
I n anothemmmspadea@équnmﬂngamﬁo&Meuhuchmb@wﬁ¢udhdﬁ\wﬂmaupamnmnularly
pal red en el C CI n rex l’tISIPOen %%Ef S1n a Canel’l 101 Anuc e?cea{cgcfm nt he
nucl eot i d¢ 88 SRR o? & ac@f VETHBaS" £or séquenci ng’nucl ei c
aci ds, pamﬂmﬁwbarhwﬂ@ﬁmbhﬂﬂmydmsaqhhmmmhmgg&mpdmmﬂ:3knﬂmnnﬂﬁmyh®se skilled
in the art s for co air ) enci n descri bed
i Us. “tbideTulol el Shphmuron B Seg oG s R G0 b0 P Gise0as 002
and U. S. nBélEle@EldNﬁlcleZtlcﬁQo’kmﬂ&%smﬁ&@ﬂﬂb@fncm&lh ther farst paeuRr leﬂﬁToﬂﬂlytty ref erence
her ei n. her ods, some of which are adapted t palr -end seq enC|ng
i ncl ude, MFPHG yﬂqu CiHTIEIS PG rIuClait A ePsHy © E%‘E‘FFE Osm‘e% gﬁle fregre 10
pyr osequenicReenSE&EINGhg by |igation, sequencing by hybridization, chain
term nating Sanger sequencing, and the liKke. As paired-end sequenci ng
i s possible . gn hlgg throughgﬁﬁg@equencing i nstrunments, an additional
benefit of i ‘?% Meietenyie the products of individual joining steps
can be conmbined into a single m xture containing products fromdifferent
sanpl es, whi cln a:ﬁmhae:nﬁﬁqluent:aeﬁng'lmbae skt (SBRPeanad usddap conjaickien t han

perforn1 ndi .vi du uenc for ch j oi ni tep. tional
P oo 11 2 pieoc R G TE PR o deabfbE R Pl o8 prove or
primer, luﬂﬁkdsdlmg paobmcﬂt hytﬁmlz@g o8¢ seqichcabl iaehed adjiceat gulaglid afeey or sol i d

support "substrate” or "solid support” or other granmmati_cal ui val ents
herein |§1“?11€‘§H‘FS afffb © Rrly BPIP RIS Fterpsy. é@aiygmsaﬁéw%ﬁo siend B Sb@RS T i ed t o

be appropkdiRt Badc@lontieiRlityasRnaly B ath8cdtRe deinPROEUBOEGRE intdhe Wrdt! be
appreciated hy those skilled in the art, the nunber of possible substrates

is very IPabgalit psemplsmentaiyye theaequenserrflinferest. SBE ca be gicd quinmdsgknogm gl ass

and nodi fcbf?(ﬁtl&fs shamng i RoadbAsd 119U353 ?ateﬂlﬁﬁthbaﬁﬁ)n NJNGd/usE 3. aGRWilIIES .
pol ystyrene and copol yners of yrene and other materials, pol ypropyl ene,

pol yet hy |aéprécwtp@>bxzﬁmeﬂké}¢é in @élaswh@@qnéig@@tlonr@fanwE regetign yan tale pg@gchar i des,
nylon or RiLEOERlLY! Ex d‘lﬁ[?l,%?]iccsdrl Egé&‘d?ﬁled gﬁbklﬁﬁac%ﬁ fisbibGd, Waskeh materials

i ncluding silicon an car s, inorganic gl asses,
pl ast i cs,thopwileainttichipalstlauhdhebs anplificd llvaﬁubéchjdelﬁfStept her pol ymers. Magnetic
beads and high throughput mcrotiter plates are particularly preferred.

If desired, the nucleotide can be derivatized so that no further extensions can occur.

Alternatively, the nucleotide can be derivatized using a blocking group (including reversible
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The conposition and geonetry of the solid support vary with its use. In
this particular enbodi nent, supports conprising mcrospheres or beads are
pref erredwbanitdied2Bi rst solid support. By "m crospher esPCoUS2nea8e86 or
"particles"” or grammatical equivalents herein is neant snmall discrete
particles. The conposition of the beads will vary, depending on the class
of bioactive agent and the nethod of synthesis. Suitable bead conpositions

i ncl ude tb'f&ﬁ tgﬁﬁl s)lse ﬂ{aeeﬂlyg%mgeuﬁae@tfde%dae@n& nRE1SARAL GndiTY L%Em&ynt hesi s,
i ncludin ? limted to, gflastlcs ceram cs, glass, polystyrene,

net hyl st nn&éﬂy@ﬂéb@@myﬁe% etﬁﬁ@ﬁhﬁﬁﬁ@ﬁpéﬂkﬁﬁ@W%@P@Wﬁ@ﬁUﬁﬂéN B%., carbon
graphite, etdcan!['T’ F@T 'lqj %@'ﬁleand (fﬂr(ﬁ)?) Yr oﬁlrepﬁl% (fbhéila!%‘éhog%ﬁ{ ﬁ@&er%ﬁ&d%
Sepharoserm cel [ ul ose, lon, cross-linked mcellés and Tef , as wel |
as any otbhehainriaramating Emtemnné@ nheleaides fopraingied ¢lehvallppentids hn@ys la1klmgbe used.
"M crosp t e ls a

hel pf ul %géﬁuﬁﬁﬁﬁ% h%%ﬁqygeﬁﬁo{ ?gkgﬁggﬁﬂ&ﬂggfﬁ$mﬁh %Xmﬁgﬁggﬁgogﬁgductlon
is perf ordIde);y tripbosphae oscmwld@s(ddﬂﬂ@m;gmthocermlm@s p@@?e@sklym sebefads.

The beads d not o i I | ar ti used. In

addi ti on,™ K%SC%EP“M%§%E§&%G$%§5 ¢#ﬁﬁu %ﬁgggggﬁhj3sﬁ£q§%WﬁH%e area of the
bead avahbpb&aedbyﬂmssﬁﬂkdﬁhﬁebeﬁmy$umbﬁxfamganﬁannmnﬂmgnﬁ&aﬁ&anbe . 100
nm to nlllhge @ nqg beads. fﬂpg1abou t gl cron to about
200 mi cr GHE Fﬁamﬁ% 8? P &4 P Waerf‘srﬁoeﬁ%yé%eolﬁf‘ 6. Osmf%p%{BS&tpa 'Wftr osn bei ng
parti cul antlyotpieef erred, al though in sonme enbodi nents small er beads nay be
used. I n sone enbodinents t he nethods of the present i nvention can
be used in co jun I|d phase

C
support that ““C tusvﬁ o) %63% ‘%%1? fi ﬁaaﬁ%“hef ‘é&&‘ﬁl 1 g‘h%“ab 0 1*‘@ Hhbdat e
appr oxi rralﬁsadr&_s §arﬁcu1ﬂrly| de@ambedi hgreih) Thampdls Edned achdhsd elas variety loﬁludegetsg ned to

present nu l eic ac s in manner a litates acce to e zynes whi | e
o1 g “HiTgh SR TGESof LRt Lof gt ey SEoRAE FBb HORRCec f | ¢

bi ndi ng qicﬂllta@e{eaemmbeaﬁektée@edpkmgﬁﬁbantoher@@H@@h@ﬂt@l trend in sequencing
i nstrunents appears to be the use of flow cells because of the high

t hr oughput an t.hat .can. he ach eved ith such systens he use
of o Pl ow col IVHER SBECS Authats M BEaHEL Sl SRFuet Frstorrbt +RM A acsayt ng
mul ti pl e peBifRles $wiabie DN AIpalyinbiis@findhelg kEaLes rdanchNéfNes polymefasekanpl e, i f

appr oxi ely 6. mlli cl onal | lified.c are avail a er | ane
inaflo e&léqnﬂse“éésogﬂfggeww%s% @angp%Pchgalﬁﬁab o> Bha r&ﬂ»ﬁ%@ﬁeﬂ%}}lﬁ%@ R

15- nucl egbiyeRrse AHe ME&nRdeRubhak S™ LS WitlBe ?Fal@cﬁﬂh@lféﬁié@[ﬂﬁlhf&ﬂoﬂ)am@odhﬂbda flow
cell can be used to measure 4166 sanples. I f the running cost of each |ane

i s about Y§PBOS phEeG Pl CErstsehy ha\éedmrqyﬁd ahility 6% InGapaYalf al@"l?&%@sanﬁl%m each
end) , themyiRes&BANERGHAD IF 8RARMEtNE i cofPRincARAUL R Ka8NSShP&YecEaP! e (for
96 SNPs). Furthernore, assum ng a sequencer can process a flow cell having
8 | anes |m81t19m0fdb®@rg@fseﬁu®ée§§ulqbgs adigrs it to Apoptesspppagerythg cxtgifed wi | | resul t
in 32, 00Q, 330l £i%,dR5QE BR 38Mndidh SiRerdaUR 1t S ARAENREGRXATR) €, usi ng

t he probenconblnat?&ns and ﬁét %ﬂ§ﬂdescrfggéwn%ﬁg?n to genotype 96 SNPs,
(40 x 2 xx@adedito(fomn xmodidipd primd, 280 ollgonucleotldes can be designed and
synt hesi zed. O these oligonucl eotides, 9600 can be 5 -phos nodified. The
17,280 ol LgQn gq%ﬁgﬁbQQQHﬂhhb“pe used to constitute 4000 different
ollgonucleotl e pools, each having a unique sanple ID and 96 SNP | Ds. Thus,

each pool can be used to asseg 96 SNPs in one genom c DNA sanple. In one
enbodi nent, t Hea@ts02s8rGtgbhdR éf‘@?‘il@e?abé?)}l%edd‘éﬁ rﬁ‘er%@e&frmeatoa%tg 89124000 DNA
sanmpl es shmin%@ﬁleeysAylllugtm ﬂsmg gdnt eﬁmé\ercoméd%ai @ﬁgy@neﬁ%e Drébef | ow cel |
(one lane I's enough to read the 4000 sanpl e see above) term ning

Havi ng dee®deeh prake ﬂemeﬁqmeﬁ@eba%ﬂ figst ptﬂbﬁé@mg%ﬁet idertificationgagiicndd cat i on

product s) t on from
t hese coéggbgﬁi%g¥ggﬁ$ﬁgm?ﬁg¥1%g§eg§2&%ﬁﬁ %ﬁ%iﬁﬁ%%ﬁﬁ m?ﬁ%ggggﬁﬁand t he
i dent i t y Aofillustrated ghpiequeniie plinterdsils ﬁe@dh@eof@fSNmtﬁetn@sstagfametﬁenmeal | el e of
a polyno i ce whose
o bsencerts o SRR EELRR OGO OSSR IR, ThtaRlghe RERMERDS 200°0:
explanatwompwhomdmemwh@heﬁﬁMRﬂh@nmspeUMQmﬁdmﬁmemmhememmmng@meMEnpﬂ|f|ed
Al t hough a great variety of codi ng/decodi ng schenes can be sel ected or
designed to suit the goals and needs of a particular experinent, a

representative schene has been illusti&ated in the figures and are
explicated as foll ows.



- SNP / allele information In this schenme, the 2nd SNP I D code (2c)
on the LSO is used to indicate the SNP whose presence or absence is being
det ect ed.wihren/eg1928t SNP | D code (1c) is decoded on thePsams2¢10ioseds pr obe
in the range of 1001 to 2024 (3c), this indicates that the allele of the
SNP was T, for exanple. Wien a 1st SNP ID code is decoded on the sane
joined probe in the range of 3001 to 4024, this indicates that the allele

of the SNﬁféi\@fﬁ te@hma&;rs nﬁg%ma&& to i‘dcgk'it@thré%mé\%ﬁ@f Jn@ﬂ%e%ro%@y fRIRARMP! €
meani ng / significance 2nd SNP | D 5001 -
methods based on removal of unreacted probes by binding to a sohd support protecting the
reacted probes and degrading the unextended ones, and separating the unreacted from the

reacted probes, for example by using a molecular-weight cut-oftf (MWCO) filter plate.

Step (a2) shows a discriminating SBE-type extension reaction where the hybridized
first probe (1) is extended by incorporating a reversibly terminated base such as qA, where q
stands for the termination moiety, and A stands for the nucleotide complementary to the SNP.
When other alleles are to be detected, other reversibly terminated complementary bases such
as qT, qC, qG, or terminated isobases q-isoC or q-isoT can be used. The result is a reversibly
terminated first probe. Probes (3) that are not specific to the sequence of interest (1d”) are
not hybridized and not extended, and will therefore lack a terminator. Optionally, the
terminated probes can be eluted or otherwise separated from the gDNA. In one embodiment,
this can be accomplished by using a biotinylated terminator, which facilitates manipulation
and washing steps to remove non-terminated probes and reduce nonspecific background

signal.

In step (a3), any remaining probes (3) that are not specific to the sequence of interest
can be capped to prevent subsequent ligation. This can be accomplished by adding ddNTPs
using terminal dideoxynucleotidyl transferase (TdT). Optionally, the ddNTPs can be biotin-

labeled to facilitate removal.

As illustrated in step (a4), the termination of probes (1) is reversed, so that the probe
is available for ligation to ligatable terminus, for example a phosphorylated second probe (2).
For example, a qA terminator can be removed, leaving a 3°-OH. Another example is a 3°-
amino group that can be chemically ligated to a phosphorylated second probe (2), where the
5’ phosphate group of the second probe can be activated with a carbodiimide and imidazole
or alternatively cyanogen bromide. Ligation during step (b) then produces the joined probe,

which contains identification sequences 1¢b and 2be.

In another embodiment, illustrated in Fig. 8, the first probe (1) contains the
hybridization sequence (1d), an identification sequence (1bc) and further has universal
primer sequences 1a and 2a, discussed further below. Upon ligation, a circularized molecule
is formed that serves as the “joined probe”. In this sense, the probe is considered joined

because the first probe has been ligated to another ligatable terminus on the same (or another)
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first probe. Circularization can be accomplished with ssDNA ligase. Joined probes in
circularized form can be advantageous during subsequent amplification steps using PCR or
rolling circle amplification (RCA). The circular probes may optionally be linearized for

decoding, as discussed below.
— with GoldenGate

A particularly useful method for joining is the GoldenGate® assay chemistry, which
combines a polymerase extension step and a ligation step. This chemistry and other
chemistries for joining are described in U.S. Patent No. 7,582,420 with a methylation-
detection variant in Patent No. 7,611,869, both of which are fully incorporated herein by

reference.

After joining the probes, it may be useful to purify the joined probes through a
combination of denaturing and washing steps. Optionally, the joined probes can be amplified

to facilitate detection by a variety of methods.
Optional Amplification

In one embodiment, the invention provides compositions and methods for
amplification. Suitable amplification methods include both target amplification and signal
amplification. Target amplification involves the amplification (i.e. replication) of the target
sequence to be detected, resulting in a significant increase in the number of target molecules.
Target amplification strategies include but are not limited to the polymerase chain reaction
(PCR) as generally described herein, strand displacement amplification (SDA) as generally
described in Walker et al., in Molecular Methods for Virus Detection, Academic Press, Inc.,
1995, and U.S. Patent No. 5,455,166 and No. 5,130,238, and nucleic acid sequence based
amplification (NASBA) as generally described in U.S. Patent No. 5,409,818; Sooknanan et
al., Nucleic Acid Sequence-Based Amplification, Ch. 12 (pp. 261-285) of Molecular Methods
for Virus Detection, Academic Press, 1995; and “Profiting from Gene-based Diagnostics”,

CTB International Publishing Inc., N.J., 1996, all of which are incorporated by reference.

Alternatively, rather than amplify the target, alternate techniques use the target as a
template to replicate a signaling probe, allowing a small number of target molecules to result
in a large number of signaling probes, that then can be detected. Signal amplification

strategies include the ligase chain reaction (LCR), cycling probe technology (CPT), invasive
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cleavage techniques such as Invader™ technology, Q-Beta replicase (QBR) technology, and
the use of “amplification probes” such as “branched DNA” that result in multiple label probes

binding to a single target sequence.

All of these methods require a primer nucleic acid (including nucleic acid analogs)
that is hybridized to a target sequence to form a hybridization complex, and an enzyme is
added that in some way modifies the primer to form a modified primer. For example, PCR
generally requires two primers, dNTPs and a DNA polymerase; LCR requires two primers
that adjacently hybridize to the target sequence and a ligase; CPT requires one cleavable
primer and a cleaving enzyme; invasive cleavage requires two primers and a cleavage

enzyme; etc.
— with universal primer sequences

To facilitate amplification, the probes themselves can have an optional primer
sequence, exemplified by (1a) or (2a) in the figures, which can allow primers (1a’, 2a’), such
as PCR primers, to hybridize to the sequences. The selection of primer sequences can vary
between different probes, but will be determined by the particular design of the amplification
step. In a preferred embodiment, the priming sites are preferably located at the 5 and 3’
termini of the joined probe, as shown in the figures so that sequences flanked by priming

sequences will be amplified.

A primer sequence can be described as “universal” when the same primer sequence
appears among a plurality or even all of a type of probe (e.g. ASO1s, LSOs, ASO2s), so that
a small set of primers can be used for amplification many or all of the joined probes in the
same reaction. The universal priming sequence can be between 15 and 25 nucleotides in
length in some embodiments, and between 17 and 20 nucleotides in other embodiments. In
one embodiment, a single primer sequence (1a) is the same for all ASOs used in an
experiment, as shown in the figures. However, it can be useful for ASO1s and ASO2s to
have different primer sequences for use with different primers, for example when the primers

are labeled differently.

In general, a target nucleic acid is added to a reaction mixture that comprises the
necessary amplification components, and a modified primer is formed. The modified primer
can comprise a detectable label, such as a fluorescent label, which is either incorporated by

the enzyme or present on the original primer. As required, the unreacted primers are
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removed, in a variety of ways, as will be appreciated by those skilled in the art and outlined
herein. The hybridization complex is then disassociated, and the modified primer is detected
and optionally quantitated by a microsphere array. In some cases, the newly modified primer
serves as a target sequence for a secondary reaction, which then produces a number of

amplified strands, which can be detected as outlined herein.

Accordingly, the reaction starts with the addition of a primer nucleic acid to the target
sequence which forms a hybridization complex. Once the hybridization complex between the
primer and the target sequence has been formed, an enzyme, sometimes termed an
“amplification enzyme”, is used to modify the primer. As for all the methods outlined herein,
the enzymes may be added at any point during the assay, either prior to, during, or after the
addition of the primers. The identity of the enzyme will depend on the amplification
technique used, as is more fully outlined below. Similarly, the modification will depend on

the amplification technique, as outlined below.

Once the enzyme has modified the primer to form a modified primer, the
hybridization complex is disassociated. In one aspect, dissociation is by modification of the
assay conditions. In another aspect, the modified primer no longer hybridizes to the target
nucleic acid and dissociates. Either one or both of these aspects can be employed in signal
and target amplification reactions as described below. Generally, the amplification steps are
repeated for a period of time to allow a number of cycles, depending on the number of copies
of the original target sequence and the sensitivity of detection, with cycles ranging from 1 to
thousands, with from 10 to 100 cycles being preferred and from 20 to 50 cycles being
especially preferred. When linear strand displacement amplification is used cycle numbers

can reach thousands to millions.

After a suitable time of amplification, unreacted primers are removed, in a variety of
ways, as will be appreciated by those skilled in the art and described below, and the
hybridization complex is disassociated. In general, the modified primer comprises a
detectable label, such as a fluorescent label, which is either incorporated by the enzyme or
present on the original primer, and the modified primer is detected by any of the methods as

known to the skilled artisan and include but are not limited to the methods described herein
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—PCR

In one embodiment, the target amplification technique is PCR. The polymerase chain
reaction (PCR) is widely used and described, and involves the use of primer extension
combined with thermal cycling to amplify a target sequence; see U.S. Patent No. 4,683,195
and No. 4,683,202, and PCR Essential Data, C.R. Newton, ed. (J.W. Wiley & Sons 1995),
each of which is incorporated herein by reference. In addition, there are a number of
variations of PCR which also find use in the invention, including quantitative competitive
PCR (QC-PCR), arbitrarily primed PCR (AP-PCR), immuno-PCR, Alu-PCR, PCR single-
strand conformational polymorphism” (PCR-SSCP), reverse transcriptase PCR (RT-PCR),
biotin capture PCR, vectorette PCR, panhandle PCR, PCR select cDNA subtraction, and
allele-specific PCR, among other PCR variations known in the art. In some embodiments,
however, PCR is not preferred for amplification, and other amplification methods can be

used, such as isothermal methods or methods that do not rely on thermal cycling.

Accordingly, the PCR reaction requires at least one PCR primer, a polymerase, and a
set of ANTPs. As outlined herein, the primers may comprise the label, or one or more of the

dNTPs may comprise a label.

In one embodiment asymmetric PCR is performed. In this embodiment, unequal
concentrations of primers are included in the amplification reaction. The concentrations are
designed such that one primer is in excess or is saturating, while the other primer is limiting

or is at a sub-saturating concentration.

In one embodiment, PCR primers for amplification of a plurality of target nucleic
acids are immobilized on a single bead. That is, at least one of the first and second PCR
primer pairs is immobilized to a bead or microsphere. The microsphere is contacted with a
sample and PCR performed as described herein. Detection of the amplified product or
products is accomplished by any of the detection methods described herein, but in a preferred
embodiment, detection proceeds by hybridization with allele specific oligonucleotides. That
is, upon amplification of the target nucleotides, the immobilized PCR product is hybridized

with oligonucleotides that are complementary to the amplified product.

In one embodiment the allele-specific oligonucleotides contain distinguishable labels.

As a result of hybridization between the allele specific oligonucleotides and the amplified
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product(s), detection of a particular label provides an indication of the presence of a

particular target nucleic acid in the sample.

In one embodiment, the PCR primers are designed to amplify different genomic
markers. That is, markers such as translocations or other chromosomal abnormalitics are
targeted for amplification. In an additional embodiment, the primers are designed to amplify
genomic regions containing SNPs. As such, the resulting hybridization with allele specific
oligonucleotides provides an indication of the marker or SNP. In one embodiment, a
plurality of markers or SNPs is detected on each bead. That is, at least two markers or SNPs

are detected on each bead.

In general, as is more fully outlined herein, the capture probes or oligonucleotides on
the beads of the array are designed to be substantially complementary to the extended part of
the primer; that is, unextended primers will not bind to the capture probes. Alternatively, as

further described herein, unreacted probes may be removed prior to addition to the array.

In one embodiment the amplification reaction is a multiplex amplification reaction as
described herein. In one embodiment the amplification reaction uses a plurality of PCR
primers to amplify a plurality of target sequences. In this embodiment, the plurality of target

sequences are simultaneously amplified with the plurality of amplification primer pairs.

In an alternative embodiment, the multiplex PCR reaction uses universal primers as
described herein. That is, universal PCR primers hybridized to universal priming sites on the
target sequence and thereby amplify a plurality of target sequences. This embodiment is
potentially preferred because it requires only a limited number of PCR primers. That is, as

few as one primer pairs can amplify a plurality of target sequences.

In one embodiment, a multiplex amplification reaction such a “bridge amplification”
is used to amplify the target sequences, i.e. joined probes, as described in WO 98/44151, WO
96/04404, WO 07/010251, and U.S. Patent No. 5,641,658, No. 6,060,288, No. 6,090,592, No.
6,468,751, No. 6,300,070, and No. 7,115,400, each of which are incorporated herein by
reference. Bridge amplification localizes the target and one or more primers within sufficient
proximity so that complementary sequences hybridize. Following hybridization, the single
stranded regions are extended with, for example, a template directed nucleic acid polymerase
to modify each molecule to include the sequence of the extension product. Multiple rounds

of this extension procedure will result in the synthesis of a population of amplicons. Because
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the target nucleic acid and the probe or primer is immobilized at a feature and its adjacent
surrounding area, the amplicons become highly localized and concentrated at the area of the

discrete feature.
Decoding ID sequences

Whether or not the joined probes are amplified, a joined probe will be formed only if
the two probes hybridized correctly to the sequence of interest, and they are correctly base-
paired to allow the polymerase and/or ligase to perform an enzymatic joining step. Thus,
while there may be undesirable hybridization complexes that are formed, the physical
existence of a joined probe is an indication that the corresponding sequence of interest was
present in the sample nucleic acids. Accordingly, the invention provides for determining the
identification sequences (1b-1¢ and 2¢-2b) that have been brought together to form a joined
probe (ASO1-LSO). Determining the identity of the first and second sample identification
sequences can be performed by standard methods available in the art and described herein
below. As exemplified in Fig. 6, the joined probe (or amplification product thereof) has a 5°
set of codes (1b-1¢) and a 3’ set of codes (2¢-2b). In Fig. 7, the codes 2bc and 1c¢b can be
decoded; in Fig. 8, codes 1¢b. These codes can be decoded by a variety of methods.

The term “decoding” means performing any combination of steps for ascertaining the
nucleotide composition of a sequence, such as the identification sequence and/or
hybridization sequence of joined probes described herein and correlating that sequence to a
sample, a sequence of interest, a specific allele, and/or any other identifying information

embedded within the “code” of the sequence.

The “code” of the sequence refers the contiguous series of nucleotides making up the
nucleic acid sequence. The “code” can represent the sequence of interest the probe set was
assaying for and/or the sample which has the sequence of interest. Steps for ascertaining the
nucleotide composition of a sequence include any method that results in identifying the

sequence of nucleotides at a given location within a nucleic acid, such as a joined probe.
— by decoding probes

In one aspect of the invention, ascertaining the nucleotide composition of a nucleic
acid includes hybridizing a decoding oligonucleotide to the identification sequence, wherein

the hybridization of the decoding oligonucleotide is detected and that detection is an
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indication of the sequence composition of the of the nucleic acid. In one embodiment, the
specificity for sequence analysis is provided by a cleavage enzyme. There are a variety of
enzymes known to cleave at specific sites, either based on sequence specificity, such as
restriction endonucleases, or using structural specificity, such as is done through the use of

invasive cleavage technology.

In one embodiment, enzymes that rely on sequence specificity are used. In general,
these systems rely on the cleavage of double stranded sequence containing a specific
sequence recognized by a nuclease, preferably an endonuclease including resolvases. These
systems may work in a variety of ways. In one embodiment, a labeled readout probe
(generally attached to a bead of the array) is used; the binding of the target sequence forms a
double stranded sequence that a restriction endonuclease can then recognize and cleave, if the
correct sequence is present. The cleavage results in the loss of the label, and thus a loss of

signal.
— by paired-end sequencing

It may be observed that in joined probes, exemplified in Fig. 6 and Fig. 7, there are a
5’ set of codes (1b-1¢) and a 3’ set of codes (2¢-2b). These codes can be decoded by various
sequencing methods, such as sequencing all or a part of the joined probe. To facilitate
sequencing methods, the probes can be designed to incorporate sequences that are used with
sequencing primers in various sequencing methods. These sequences can be used in various
positions on a probe, but as an example, sequencing-primer sequences can be present in probe
1 between 1a and 1cb, and in probe 2 between 2be and 2a. In the reversible terminator
embodiment of Fig. 8, the sequencing-primer sequences can be present in probe 1 between

1d and 1a, and at the 3’-end of 2a.

In another aspect, sequencing of the nucleic acid or more particularly paired-end
sequencing of the nucleic acid, can be used to ascertain the nucleotide composition of a
nucleic acid. Methods for sequencing nucleic acids, particularly paired-end sequencing, are
well known to those skilled in the art. Methods for conducting such paired-end sequencing
are described in U.S. Pub. 2007/0015200, U.S. Pub. 2009/0181370, WO07091077,
WO08041002 and U.S. Patent No. 7,601,499, each of which are incorporated by reference

herein. Other methods, some of which are adapted to paired-end sequencing include, without
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Optional immobilization

In one embodiment, the sequence of interest, probe or primer, including a modified
primer, is attached to a substrate or solid support. By “substrate” or “solid support” or other
grammatical equivalents herein is meant any material that is appropriate for or can be
modified to be appropriate for the attachment of the target sequences. As will be appreciated
by those skilled in the art, the number of possible substrates is very large. Possible substrates
include, but are not limited to, glass and modified or functionalized glass, plastics (including
acrylics, polystyrene and copolymers of styrene and other materials, polypropylene,
polyethylene, polybutylene, polyurethanes, Teflon™, etc.), polysaccharides, nylon or
nitrocellulose, ceramics, resins, silica or silica-based materials including silicon and modified
silicon, carbon, metals, inorganic glasses, plastics, optical fiber bundles, and a variety of
other polymers. Magnetic beads and high throughput microtiter plates are particularly

preferred.

The composition and geometry of the solid support vary with its use. In this
particular embodiment, supports comprising microspheres or beads are preferred for the first
solid support. By “microspheres” or “beads” or “particles” or grammatical equivalents herein
is meant small discrete particles. The composition of the beads will vary, depending on the
class of bioactive agent and the method of synthesis. Suitable bead compositions include
those used in peptide, nucleic acid and organic moiety synthesis, including, but not limited to,
plastics, ceramics, glass, polystyrene, methylstyrene, acrylic polymers, paramagnetic
materials, thoria sol, carbon graphite, titanium dioxide, latex or cross-linked dextrans such as
Sepharose™, cellulose, nylon, cross-linked micelles and Teflon™, as well as any other
materials outlined herein for solid supports may all be used. “Microsphere Detection Guide”

from Bangs Laboratories, Fishers IN is a helpful guide. Preferably, in this embodiment,
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about 0.2 micron to about 200 microns being preferred, and from about 0.5 to about 5
microsn being particularly preferred, although in some embodiments smaller beads may be

used.

In some embodiments, the methods of the present invention can be used in
conjunction with a flow cell. A “flow cell” is a solid phase support that has about eight or
more lanes. Each lane can accommodate approximately six million clonally amplified
clusters and is designed to present nucleic acids in a manner that facilitates access to enzymes
while ensuring high stability of surface-bound templates and low non-specific binding of
labeled nucleotides. Indeed, the commercial trend in sequencing instruments appears to be
the use of flow cells because of the high throughput analysis that can be achieved with such

systems.

The use of a flow cell in the methods presents a cost-effective method for assaying
multiple samples for a plurality of sequences of interest. For example, if approximately 6
million clonally amplified clusters are available per lane in a flow cell, 96 SNPs are assayed
per sample, and approximately a 15-nucleotide-sequence depth is performed, one sequencing
lane in a flow cell can be used to measure 4166 samples. If the running cost of each lane is
about $200 (assuming a read depth of approximately 10 bases from each end), then the
sequencing readout will cost about 5 cents per sample (for 96 SNPs). Furthermore, assuming
a sequencer can process a flow cell having 8 lanes in two days of processing, about 4000

samples x 8 lanes will result in 32,000 samples processed in two days.

In another example, using the probe combinations and methods described herein, to
genotype 96 SNPs, (40 x 2 x 96) + (96 x 100) = 17,280 oligonucleotides can be designed and
synthesized. Of these oligonucleotides, 9600 can be 5’-phos modified. The 17,280
oligonucleotides will be used to constitute 4000 different oligonucleotide pools, each having
a unique sample ID and 96 SNP IDs. Thus, each pool can be used to assay 96 SNPs in one

genomic DNA sample. In one embodiment, the 4000 oligonucleotide pools can be used to
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assay 4000 DNA samples simultancously, then pooled together, and sequenced on a flow cell

(one lane is enough to read the 4000 samples, see above).
Determining

Having decoded the ID sequences of a joined probe (or its amplification products), the
invention provides methods for extracting information from these codes to determine the
presence of the sequence of interest and the identity of the sample. Here, the sequence of
interest can be an allele of a polymorphism, a species-specific sequence, or any other
sequence whose presence/absence or quantitative level is to be detected. For purposes of
explanation, however, the allele aspect of the method will be exemplified. Although a great
variety of coding/decoding schemes can be selected or designed to suit the goals and needs of
a particular experiment, a representative scheme has been illustrated in the figures and are

explicated as follows.
— SNP / allele information

In this scheme, the 2nd SNP ID code (2¢) on the LSO is used to indicate the SNP
whose presence or absence is being detected. When a 1st SNP ID code (1¢) is decoded on
the same joined probe in the range of 1001 to 2024 (3¢), this indicates that the allele of the
SNP was T, for example. When a 1st SNP ID code is decoded on the same joined probe in
the range of 3001 to 4024, this indicates that the allele of the SNP was C, for example.

figure ref. name range of codes | example | meaning / significance
2¢ (LSO) | 2nd SNP ID 5001 - 6024 identifies SNP

5001 | SNP1

5002 | SNP2

5003 | SNP3

6024 | SNP 1024
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1lc (ASOLI) | Ist SNPID, 1001 - 2024 allele T for SNPs 1 to 1024
allele T
1001 | SNP 1, allele T
1002 | SNP 2, allele T
1003 | SNP 3, allele T
2024 | SNP 1024, allele T
3¢ (ASO2 | 1st SNP 1D, 3001 - 4024 allele C for SNPs 1 to 1024
allele C
3001 | SNP 1, allele C
3002 | SNP 2, allele C
3003 | SNP 3, allele C
4024 | SNP 1024, allele C

It will be observed that at least two codes must be decoded to determine the SNP and

its allele. Under this scheme, decoding of a 2nd SNP ID 5002 on a joined probe limits the

possible 1st SNP IDs to either 1002 (from a matching ASOI to indicate allele T) or 3002

(from a matching ASO2 to indicate allele C). Should 5002 and 1001 be decoded from the

same joined probe, however, this indicates that an LSO was not properly matched with the

correct ASO1 or ASO2, and the information obtained from this joined probe may not be

reliable and may be discarded, depending on the design of the assay. Similarly, decoding

5001 and 3002 would be a mismatch. In another example, detection of only one code

would indicate that the probes were not properly joined, or that the decoding was not

successful. Other errors can be detected by the decoding of unexpected code combinations,

such as primer-dimers, non-specific binding or ligation, and cross-over during PCR
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applications. Accordingly, the invention provides internal error-detection features that

improve the confidence in the resulting data.

— sample identity

The identity of the sample can be present in one or both Sample ID codes. In one

scheme, the 1st and 2nd Sample ID codes on the probes are the same for each sample, so that

a resulting joined probe contains redundant Sample IDs. Thus, a joined probe determined to

have mismatched Sample ID codes will indicate an incorrectly joined probes, and the results

can be disregarded or discarded.

Under a more sophisticated scheme, identity information for greater numbers of

samples is provided by combining the information from the 1st sample ID code (appearing as

1b on ASOls and as 3b on ASO2s, depending on which allele is present) and from the 2nd

sample ID code (appearing as 2b on LSOs). The 1st sample ID code (either 1b or 3b) has a

range of 7001 to 7096. The Ist sample ID code (either 1b or 3b) has a range of 8001 to

8384.
Ist sample ID code (1b or 3b) 2nd sample ID code (2b) corresponding sample identity
range from 7001 to 7096 range from 8001 to 8384
7001 8001 sample 1
7002 8001 sample 2
7003 8001 sample 3
7096 8001 sample 96
7001 8002 sample 97
7002 8002 sample 98
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For example, the kits can be packed to include some, many or all of the components
or articles used in performing the methods of the invention. Exemplary components include,
for example, probes described herein attached to a solid support, hybridization reagents,
synthesis reagents for extension and/or ligation of nucleic acids or probes described herein,
detection reagents including decoding oligonucleotides. Any of such reagents can include,
for example, some, many or all of the buffers, components and/or articles used for
performing one or more of the subsequent steps for analysis of a representative sample of the
invention. One or more ancillary reagents also can be included in the kits of the invention.
Such ancillary reagents can include any of the reagents exemplified above and/or other types
of reagents useful in performing the methods of the invention or useful in analysis of a

representative sample of the invention.
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pr esence cafh nrplee sstifeladrea foft propedpesg ﬁ?ﬁﬂldﬁﬁéianWH‘ﬂ%Plc%ﬁndtfﬁét sanpl e
Contal ni 9015 BRANENE cahyALRLSL s AASBShiaof enitl kg, seapence codes

present in each joine thod for determning thé presence of a
pl ural it yeeyhd _nwbb émmg_jéeseg@rqiuém@sat@n smne@qe@mi ajs¢rond pytuidgriienseafensanpl es

whi l'e pr ‘%&%él‘éhﬁ&aéﬂ@ﬁ's&%ﬂé h&r}’lo@{)ftﬁé‘%&ess@ hé& ofGRBRL ${ Nghe aﬁﬁec?st ps of: (al)
contacting each sanple win a pluralit probe sets, eac pro e set
conpr|5|mgﬁQSﬂBpﬁmeﬁﬁmU@MMQmegaaommmmﬁhudempmimmaﬁWMHlssquem@mhhﬂd a first

hybrldlzatlon seqguence .c nt.ar vence erest: (a2
ext endi né’ré"’*r\‘*tﬁgEll g ﬁlgs??y i ac‘%mt“ﬂ* Serd ey 0}6““{“’3901“ WAPSI® t her eby

obtaining a termnated first probe, (a3) capping any unextended first
pr obes; In another embodiment, the probes provided in the kit also include a universal primer

sequence. In a further aspect, the invention provides a substrate or a solid support including
oligonucleotide sequences complementary to one or more of the universal primer sequences.

Examples of such substrates or solid support are described herein.

Instructions can further be included in a kit of the invention. The instructions can
include, for example, procedures for making any components or articles used in the methods
of the invention, performing any embodiment of the methods of the invention and/or
instructions for performing any of the subsequent analysis and/or decoding steps employing a

representative sample of the invention.

Software may also be included in the kit (or provided separately) that automates one
or more of the steps of the method. For example, decoding step (¢) and determining step (d)
are particularly suited to being performed on a computer to speed calculation and store the

information obtained from performing the method.

The brief section headings and subheadings are for convenience only, and are not
intended to define the invention nor limit the scope of the disclosure under those headings. To
provide context and to describe the state of the art, this application refers to various
publications; their entire disclosures are hereby incorporated by reference. Although the
invention has been exemplified by particular embodiments, those skilled in the art will
readily appreciate that the spirit of the disclosed invention includes modifications that do not

substantially affect the activity of the invention.
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(a4) reversing the termnation of the probe obtained in step (a2); (b)
joining the probes of (a4) to a ligatable termnus to forma joined probe;
(c) decodwogotimgiddentifi cati on sequences for a plural i PgTafS2910i08%d6 pr obes,
whereby the identify of each sanple is preserved; and (d) determ ning the
presence of the sequence of interest and the identity of the sanple

contai ning the sequence of interest based on identification sequence codes
present in eagh Jigiphed probe. 3. The nethod of clainms 1 or 2, wherein the
sanples are fromthe sane organism 4. The nethod of claiml1l or 2, wherein
the sanples are fromdifferent organisng. 5. The method of claim1l or 2,
wher ei n tlhe sAnprteed f9f deterpyhngihe PES iSe gg@p%lefaayof@!wlq%@ewmseﬁ claim1l or

2, wherein thaygaitpl £8uRBRITkSE1ENiRERE irsURStdantt) 8f da¥h fddhle, genoni ¢
conplexity. 7. The nethod of claim1 or 2, wherein the sanples conprise DNA
havi ng conpl eKPErisiigdhe $1&psiofss t han hal f the conplexity of an origina
genone. 8. The nethod of claim1l or 2, wherein the sequences of interest

conprise at | @ast QRBcHI@LEsdmpid @Qﬁh?ﬁ_rdl’i@l MPREHRRES BacPproddi®t met hod  of
claiml1l or 2, wherein the sequences of interest conprise at |east one

met hyl ati on pol ynofPHHrsRe:
a first probe having a first identification sequence and a first
hybridization sequence complementary to a first portion of a sequence

of interest, and

a second probe having a second identification sequence and a second
hybridization sequence complementary to a second portion of the same

sequence of interest;

(b)  joining the first and second probes of a probe set if the first hybridization
sequence is hybridized to the first portion of the sequence of interest, and the
second hybridization sequence is hybridized to the second portion of the same

sequence of interest;

(c) decoding the identification sequences for a plurality of joined probes, whereby

the identity of each sample is preserved; and

(d) determining the presence of the sequence of interest and the identity of the
sample containing the sequence of interest based on identification sequence

codes present in each joined probe.

2. A method for determining the presence of a plurality of nucleotide sequences of
interest in a plurality of samples while preserving the identity of each sample,

comprising the steps of:

(al)  contacting each sample with a plurality of probe sets, each probe set
comprising a first probe having a first identification sequence and a first

hybridization sequence complementary to a sequence of interest;
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10. The method of claim2, wherein the ligatable termnus is on a second
probe having a second identification sequence. 11. The nethod of claim1 or
10, wher ewo20h07i928st or the second identification sequeatas2&loase8agl e
undi vi ded identification sequence. WD 2011/071923PCT/ US2010/ 059286 12. The
met hod of claim1 or 10, wherein the first or the second identification
sequence conpri ses separate subsequences for identifying the sanple and the
sequence of i pber esdendh3d-a hlBEIIRINAGD Qe vailrAd i cksiBk tkRhinaVhan&bsy, t he probe
set further conprises a third probe having a third identification sequence
and a third hybri dibfaipipgp ts@gaeddest ebpl ementary to an al ternate

pol ynor phi sm at the sequence of interest. 14. The nethod of claiml1,

wherein joiniOg)th@mﬁmggﬁf@ﬁgwﬁﬁgqngpﬂmgges of at |east one probe set
conprises ligating the first probe to the second probe. 15. The method of

claim 2, wherein joini.ng conprises |igating the termni of the first probe
to obtain a cﬁﬁgul@YW%Bgﬂ$F%E@9“3%9}%%%mh%%ﬁﬂﬁmb?S@Pé#%ﬂ1 or 2, wherein the
ligation conprises chemical ligation. 17. The nethod of claim1 or 2,

wherei n the | (tgat i PHhiaAPHioBS&Sf fads ko gligatadld tamenypab Yormedl jedkd p@bd;i gase. 18.
The nethod of claim2, wherein the first probe conprises first and second

uni versal pri ?Sr S&e%gcﬁrrllé: fiR identification sequences for a plurality of joined probes, whereby

the identify of each sample is preserved; and

(d) determining the presence of the sequence of interest and the identity of the
sample containing the sequence of interest based on identification sequence

codes present in each joined probe.

3. The method of claims 1 or 2, wherein the samples are from the same organism.

4. The method of claim 1 or 2, wherein the samples are from different organisms.

5. The method of claim 1 or 2, wherein the samples are from different species.

6. The method of claim 1 or 2, wherein the samples comprise DNA having substantially

full genomic complexity.

7. The method of claim 1 or 2, wherein the samples comprise DNA having complexity

that is less than half the complexity of an original genome.

8. The method of claim 1 or 2, wherein the sequences of interest comprise at least one

single nucleotide polymorphism.

9. The method of claim 1 or 2, wherein the sequences of interest comprise at least one

methylation polymorphism.

10. The method of claim 2, wherein the ligatable terminus is on a second probe having a

second identification sequence.

11. The method of claim 1 or 10, wherein the first or the second identification sequence is

a single undivided identification sequence.
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19. The nmethod of claim 18, wherein the ligatable termnus is on the first
probe, thereby providing a circularized joined probe. 20. The nethod of
claim1l1, wberaia11926i ni ng the first and second probes of pat/uUse@sisose probe
set further conprises extending the first probe with a pol ynerase and
ligating the extended first probe to the second probe. 21. The nethod of
claim1 or 2, further conprising anplifying the joined probe sets. 22. The

met hod ofjocl airm the@bd 86 clVheEr & 1 m&emﬁesmstnﬁ%%eédﬂaa&ﬁflﬁ&qapgéq%%ea first
uni versal prinmer sequence and d the second probe further conprises a second

uni versal pri AeRPTEeYiFereE sulpgquerers forddentdyieg the amme 21l the seauener otonpri si ng
the step of hypLigi zing the joined probe to a substrate conprising

ol i gonucl eoti de sequences conpl enentary to the first universal prinmer
sequence. WO 2011/071923PCT/ US2010/ 059286 24. The nethod of claim 22,

wher ei n tlle sidiBemethodof ghaithledr 10ovRe P8 dhe Mphegehiytthe semprdses a fidivehs

conpl ement ar y phind ird REARHDA VELSRE 1R 4 WED 9GARAAGE cqfhee ThE MBL hOd Of
claim1l1 or 2, conprising conbining the joined probes of step (b) to

form a pl ural Feyplemerjtaly heeh Picolte pobimorphivwnidhpiegpence phinsfessanpl es. 26. The
met hod of claim1 or 10, wherein decoding the identification sequences

conpri ses shybirdinginbg opclgﬁlcpqlhelgmqbfngfgw&ﬁ@pinqucoh@pﬁoh@s Jriaf RhstoRd second
identification sequences. ) claim1l 10, wherein decoding

the identifi caltOP@ﬁﬁtﬁ@aneﬁq%:bgatlééﬂ%@rﬂr%t@sob@ém@émqon@moh@ first and second
identification sequences. 28. The method of claim1 or 10, wherein decoding

the i dentjkfi cahd ARhSEAHENRES WheR jbReS BRbHE1ieNRtheIRAVBNAT JTIhOfrst he first
and second identification sequences.
probe to obtain a circularized probe

16. The method of claim 1 or 2, wherein the ligation comprises chemical ligation.

17. The method of claim 1 or 2, wherein the ligation comprises a single strand

polynucleotide ligase.

18.  The method of claim 2, wherein the first probe comprises first and second universal

primer sequences.

19. The method of claim 18, wherein the ligatable terminus is on the first probe, thereby

providing a circularized joined probe.

20. The method of claim 1, wherein joining the first and second probes of at least one
probe set further comprises extending the first probe with a polymerase and ligating

the extended first probe to the second probe.
21. The method of claim 1 or 2, further comprising amplifying the joined probe sets.

22. The method of claim 1 or 2, wherein the first probe further comprises a first universal
primer sequence and the second probe further comprises a second universal primer

sequence.

23. The method of claim 22, further comprising the step of hybridizing the joined probe
to a substrate comprising oligonucleotide sequences complementary to the first

universal primer sequence.
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29. The nethod of claim 11, wherein step (d) further conprises disregarding
the determ nation of the presence of the sequence of interest if the sanple
code fromvOohlelfi7aes i dentificati on sequence does not naPCh/USk@0®s9zpd e code
fromthe second identification sequence. 30. The nmethod of claim 11,
wherein step (d) further conprises disregarding the determ nation of the
presence of the sequence of interest if the sequence of interest code from

the firstyi denhi hb®ad bANaiRERUENGEEInIRES LAk MRAGRohPE: S SHLANASRE | Nt erest
code fromthe second identification sequence. 31. A kit, conprising a first

and second pl sRGEpIceycCAPIgRGIEY ethesccoiapaycrabERerseBI8eccset  conpri ses a
first probe having a first identification sequence and first hybridization

sequence 260MPITRERBSH ¥f dAmA 2, BlrthBOddpPilin® bordbif Y URNEBePprobit@E@Rst ., and a
second probe having a second jdentification sequence and a second

hybri di zat i on(®éfeanedudiprErEst arope s Howapbnditpof Melisof t he same
sequence of interest, wherein the probe sets of the first plurality share

a comon 2ki r Stthe ABMbLE of AAR 1 1 102kh@Ein ASCHIRBER: dAHifchenREQRAcset s of the
second plurality share a commpn second sanple identification sequence. 32.

The kit of cl s9ARSEs hxhrdizaet deprding qligonysiesrde thelistrngseasad set furt her
conprises a fideafifiddRby&Gs&@kedr i Mer sequence, and the second probe of each
probe set further conprises a second universal prinmer sequence. 33. The kit

of claim32, further conprisin% ol i gonucl eotj de sequences conpl enentary to
a uni ver <4 pﬂ“pwpthgéa{féﬂglel_ or 10, wher¢in decoding the identification sequences

comprises sequencing the first and second identification sequences.

28. The method of claim 1 or 10, wherein decoding the identification sequences

comprises paired-end sequencing of the first and second identification sequences.

29. The method of claim 11, wherein step (d) further comprises disregarding the
determination of the presence of the sequence of interest if the sample code from the
first identification sequence does not match the sample code from the second

identification sequence.

30. The method of claim 11, wherein step (d) further comprises disregarding the
determination of the presence of the sequence of interest if the sequence of interest
code from the first identification sequence does not match the sequence of interest

code from the second identification sequence.

31. A kit, comprising a first and second plurality of probe sets, wherein each probe set

comprises

a first probe having a first identification sequence and first hybridization

sequence complementary to a first portion of a sequence of interest, and

a second probe having a second identification sequence and a second
hybridization sequence complementary to a second portion of the same

sequence of interest,
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32.

33.

wherein the probe sets of the first plurality share a common first sample identification
sequence and the probe sets of the second plurality share a common second sample

identification sequence.

The kit of claim 31, wherein the first probe of each probe set further comprises a first
universal primer sequence, and the second probe of each probe set further comprises a

second universal primer sequence.

The kit of claim 32, further comprising oligonucleotide sequences complementary to a

universal primer sequence.
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