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The nost comonly used target anplification nethod is the polynerase chain

reacti on (PCR) which is based on nultiple cycles of denaturation, 16 JuUL 2004
hybri di zag,i two 25 , oligonucleotide priners, one to d of a
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produce nultiple double stranded copies of the target sequence. Many
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The invention provides nethods, conpositions and kits for anplifying

pol ynucl eoti de sequences. The nethods generally conprise use of a prﬁmquZML
(which in sone aspects of the invention is an RNA/ DNA conpasite prinmer),
opti onal |' YOP20883%4 nati on sequence, and a propronoter oli SEHEGISQU?W%
sequence. 15 Accordingly, in one aspect the invention provides nethods for

generating nmulfkiRbenag Bﬁél?%)d&ﬁ]dyag:rrl afibf mifHods B£3H PGRand dis Sgetﬁ, are

conprising the steps o Izing a single stranded tar
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pol ynucl egitiefiRotherl iteﬁ'gél,%ﬁpl%a{i% feftdtis QY8 tROtrNeFbEoH-baked apglifeent O a
region of the target polynucleotide 5 wth respect to hybridization of the

fi rﬁﬁ pri methdapiItj WhichandﬁﬂAlimﬂmaSe@wmdbr sequnesds incorpogated intd puier pri ner
ot pri FRASBRECICHA 3nEaTY ShEnat o AEBLEOPILP ] D e sad BRetseatrg ¢ ne

RNA por t i giafgbdBniplemERERARhéhcB! ik FRthel Amblied Oy RhSstriBfior Ariddigddfib'Bf the

extensi on product "and target 25 polynucleotide W th an enzyne that cleaves
RNA f r om BNARtandine DPINA/RINA hybrid intermadiatemepductrfees for exgmplesld.S¢ Ratenth i s

Parger poNGnadedes 8Bt 27ger00e dhtest vl et afipiBi bef B BOd T 2 cenent -
t o pooducgirelighPhaEsld cpélesef indibRions vatbeetiperatbs, i ¥bihehd icheling, or at
propronoter pol ynucl eotide conprising a propronpter and a, regi on, whi ch

rh'é

hybri di zeenetemperatuse (i isethernmd ppacessdr These methpdyningluda ixepsasiptien-mediatad; | ons

whi ch al | F Al O r 3 Se.: |.t.Lons
general | y&ﬁ’gﬁﬁcﬁ@?&ﬁ%&%ﬁ-%ﬁ %eglsﬁ%n@@‘gﬁg%%g?%?ﬁﬁﬁg@ﬁ aghcgé%@gén%ﬁe pri mer
ext ensi onbgzedahiplifidatiof (NASH £), andivdtakionsthexraof] Sde fop xensle, G@itadli pt alsuch t hat
4 ~ 6 JLIL 2004 WO 02/00938 PCT/ USO /20660 _an_RNA transcript conprising
sequencesPrasm¥ed doadhe). Vo417 74848 £1P990: Vs PelentadNes. 8,768,804 (EY14); s

rodyced; I dlf 2 oL i of ste
Fe) ?5( g) ﬁ%ﬁ%ﬁhg Ags‘.ﬂé&g%ﬁgg@%@&%%ﬁ%ﬁ%g%%g%@m%@% ymer i sept o]
gener at e oligonngleatides (HPOs)anddlackimraligdnpeleotizies.cBor erample, ptenthlate switch t he RNA
transcript; .Cl eavi RNA 5 .i.n t.h onpl ex of en . Wit enzyne
hat o entroaliieiSh etiodinAarchifperis G4 PRmesfe wliiddt BrelSssdinfEs ot andea
second prpaBit SBTOT121a88 by TR et al\(Aroc. NG AR5 el U.SPOD3INYE9-2974 do9syher ei n
t he propronoter polynucl éotide conprises a propronoter and a regi on which

hybr i di zegnd amethed $hatgses blockingieligonucleotiflep is disalosedibydsaney etaldd 459, Ratendr
cong'bt [ o'ngov%g?‘u lz'l ow transcription to occur by RNA polynerise (these
conditions 1 é% ally but not necessarily include extension of the 3 end
of the priner SixteRsthefindltadetimplificatiaematindsds aviiequiss 4 traaccydlesthéyer
region), such that an RNA transcript conprising_the sequence_ of interest is
pr oduced; &giSaYEg adant to spramoningamentatinn plaglormas. However,Jueiedsbeknaown nt er est ]
are produ t : ' | ' :

Gener at 1 no el (R AAGIRARGH Ioltgls RAVIBrD BrafARKLE Him EACHAIH occblding to
conpri si nthe(tryndodisglacenent amiptificationl (S8RA) pravesssequjres the presenoe ofisites fort ensi on
product and.target polynucl eqtide .as descrjbed abhove., a co site priner
Cunian | o Behed rebfclon eiApmes, sy i 05 Sitsabibnd e Smtrbon biseflat T
hybridi zi Blifictibh tekltfdd Sduch @l HRUCASBA 8 TMASHPIHE dit? haRdRRSlitRed by tHRM 1S
a primer that conprises an RNA portion and a 3" DNA portion; an enZyne that
cl eaves Rhdifemincerporasion pEithe RN AI pdlymaera® proropten saspuencepioto the emplifi¢ation
conprisin ? ropromotgr and a re&i on Wn'k?zh hybri di zesﬁto dkﬁ lL.aced

COMposi fte_glf? Prtey RSAPER ?’Bﬁmﬁ’&cﬂm ,SSBW_nEQ _I?Q_PngE‘,’l g amp OB'ri mer t hat
i s hybri dvioaddver, tie BeciRbiien 6NMpliffaten of DA atdet bi thdsb BafRePEA-Based _

i nterest; an_RNA dependent DNA meri se; and a propronoter pol ynucl eotide

|
comgPi si namplifigatipn siethads isnef wel %‘Qﬂ ishedhi ch hybri di zes to a second pri mer
. _ : . ; : ¢
condi 1 ons « hatieeorfifiores ddGtkils i Aiiberor Mubhith rl e s SA0ET

di spl ace nhmhax?genbme i pasticular, e tremehdows gmpliwtiegslfﬁr allvarees fiﬂnﬁl@fmémd "
conprisin JJrst pri r extension proaduct and target polynycleoti gde en
s RNA | ElEvilagin B sod Al mabicis apertater Dbl moliods o

pol ynucl eotide in the conplex, hybridization of a . propronoter

pol ynucl eoti.de to a first prinmer extension product to forma conplex 30
conprising a first primer extension product and a propronoter

pol ynucl eoti de, hybridizati on of a propronoter pol ynucleotide to a second
primer extension product to forma conplex conprising a second priner
extensi on product and a propronoter 5 16 JUL 2004 WO 02/ 00938
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sequence of interest are generated. In another aspect the invention

provi des nmet hods fox generating nmultiple copies of a nucleic acid s]qgg\g_nméh
of interest, conmprising: (a) combining: the displaced pri Eg?[rggp%@g&m on

pr oduct g\yﬁ)épé?f’%’ as descri bed above; a propronoter pol ynuci

conprising a propronoter and a region which hybridizes to displaced first
primer extehshal ol 3 | AR " RERINSF thisi tini S

hybri di zg'tt;)l eto %%gﬁggﬁﬁllﬁ%ﬂ%@i pt chftn%?? il%g t he tgfesaﬂ%%'gééd%fmi nt er est;
an RNA- dejacioustesting\facitities; me isathermalsequenging mirkedly Istreplifies eprocessrofin  RNA/ DNA

YD1 S BLSIRISA SO BYCLES LR SOTRI LSRR A BeiRE o111 1 2

i ncubating t heTH¥In(dtHo6@s ¥ thé prBertt MvelicieprovidRdbL is6Rernid) High effitichcPhudIEie
hybri di zati on and extension, RNA cl eavage, hybridization of a propronoter

pol yhucl esid s¢quense amplificatiqu andanethodsdhativse these amplification snethads endpl ex
conpri si ngﬁ? firs i ner ext&gsi on product and a propronoter

pol ynucl ?%&’S@dgilﬂrg%{ep%% Froun Bprom)ter pol ynucl eotide to a second
15 primer extension product to forma conplex conprising a second prinmer

extensi on product and a propronoter polynucleotide, and RNA transcription,
wher eby nul t i phlkrefenehess cited hersing insi patend appligationeansk publicasions.tarer e

generated, ln a her . aspect .t he |. ntion provi des nethods for generating
mul tiple %&o&pgg%ﬁ}bygeﬁagfcgﬂﬂlggie ll’[sz%'cewence of interest, conprising: (a)
con‘g{)ni ng: an RNA transcri 1Sk ng conplenentary to the
di spfaced priner extensi onm e; a second priner
that is hybridizable to a sense RNA transgri pt npr.i si ng, .t.he sequence of
interest; an @Q—%&E&?&%@V‘%WﬁgP%@mB@}“%% %Wr@r ifipgaves RNA from

2nd & r ogrturialeofiio ot Y GEMAA AalF Sod el BUEYE aFiritr TnCA B SO 3 1
RNA pol ynaspecieof theihvehtio’ls anrRNAMNAgompesite primer, aptionalpa teahinaticte r

condi tions that rmt priner _hybridi,zati on and extension, RNA cl eavage,
hybri di zaﬁeﬂm"&rﬂﬁa&r _B}%Qré%hgémcéﬁ'r%"é?é?ﬂ“ie’a@to a primer extension product
to figrma COWA@&&r&ﬁ%ﬁ%ﬂ%&sﬁee@fﬂeW@ﬁ% Efbé"t‘)m ntRGH4Ghr Gerdrafing bAIMGEOL er

pol ynucl eoti de, and transcri ption, y multiple Copies of the

nucl ei ¢ aeopitsof qmueleis asid sequenceof inderestgenmaprisingithe 3@ps of: ya)thyhridizingra aspect

the i ' i h A t | tipl i es. of ascl ei
aci d sequipde B FERu RIS Rab R rA B e BnHbiierl oS it © ©
wher ei n td¥irst priger, Whef8ih s4if fidst PRIARP §J 4 Coniiosite prildeptorhprisidin RNARro 0 a
target pol ynucl eotide, and wherein the conmposite prjmer conprises an RNA

portion aand a3’ PNomertien; (blnptioaplly bybaidizingsa polysucleatide comprising202/ 00938

PCTHHSO1/ : j r .S i i i de
seqfince ChaTAIch AN AR b Eno R bpioR e il ST phlbolfc X WL ERpuct

whi ch i s to'hybiidizaticrsgfethe firsd prier tockhe étrgetpolynutleetidey ig)@xicndingrthefirst t 0 t he
target pol ynucl eotide; ' - ndent DNA pol ynerase; .an enzype tha

cl caves. FRGRTT B & P VAwRpReR, N Ao pRb P GROTER ORI S G e S0
conpri si Ngrire 1ORk . ; f r
extension pr oﬂéﬁjxg%? an %dﬁA&g'g ﬁrr%e?gglgﬁudgéﬂ;dgg,o%E%?ﬁ%?ﬁ%gﬁﬁogﬁiﬁ?@g ézrgbl e
to a sensednPNsite pamerin the coroplexiof firsy prifver exdensiorcprodéctiand targedt ; an

or 0B oot EHAAFRIF SR Fan B0 oBelt FRLA FCin RRIAIBNA R B 8L o ° °
product ; sdther BdmpoKitePinhdtqwhith ishetlettlly /fl préfeiablyathe seialess the fies® peihdet)ons
that permt priner hégl’l di zati on_and extension, cl eavage, di spl acenent

of a fi rseanhybridize tothedargel polynyglestide anstweneat primes sxtensipn by ftrapda £ r st

prinmer exp. i Y i.de AL i aved
and a Con%g@?éeg&gffoﬁ@pﬁ%?eﬂcg%l%ﬁg ﬁléne? arge Lﬂ&g@ﬁ%ﬁt{eﬁm%ﬁ gyﬁ@ rc%lfrir% ex,
hybri di zapdlgmucidotide pomprising b roppahytetiaidicpita which hpbridizss te tHealisplaved pr oduct
to fBrm a conpl ex cogrési ng.a prjner extension prodyct and alPlBﬁ ~

pr opP oot REMSSAERSION e qust undes qongifions vwhich aliqy frgpscrighien RecH PY RNAe copi es
of the n i i 1 . » pect,
he i nvert) fnciode (iherS SOUBROE Enelally BhERl: Bl Rs ) BN Gl RPURY, oAI0PCH ¢
aci d sequefitheprifmer extensiut produstpe gerierade a (layblé yearided prompter egion))dugirthaer t o
an RNA transcript, said RNA transcri pt produced by a process conprising (i)
hybridi zing a single 20 stranded target4pol ynucl eotide conprising the
nucl ei ¢ acid sequence of interest wwth a first primer, wherein said first
primer is a conposite prinmer conprising an RNA portion and a 3' DNA
portion; (ii) optionally hybridizing a polynucleotide conprising a

term nati on pol ynucl eoti de sequence to a region of the target

pol ynucl eotide S wth respect to hybridization of the first primer to the

o, . N -




20 ~ preferred enbodi nents of the conposite priner-based met hods, the fhr%ﬂ,‘
and second priners are different (for exanple, the first prinmer is al b UL

conposite primer and the second primer is not a conposite | . In
pr ef erredwér?ﬁ’BQﬁ:”?rents wherein the first and second primer gei)ixg?@op?oer ent,

the primers are hybridizable to simlar, preferably identical, sequences.
In still aﬁWAh@Hmﬁth&ﬁﬁﬁsiﬁ%sdqﬁen&Q ebRpichRniy tihe BiRpRced Frihedstension i r st
and 25 ~ second priners are hybridizable to different sequences. Various
exenpl ar predustsds mgeﬁ(ﬂb&bw%mgwmmeI@K@A&wnﬂtﬁﬁﬂtﬁbfﬁ)s@uence

compr i o1 AOERCIRg A retphd st ik R SO R A poluiferk o MG RRn Smler,

b,

(TSO, Webfiprising a(sebéndYtiméresRasion productaid the RNXRamkeri U?_dlﬁhdinfgim@\i ons to
enhance binding to tenplate. 30 Accordingly, in_sone enbodinents, the TSO

conpY i sedn therpomplex-of stem(z) withisa ensyme thahpleayes RNA injay RNAYBNAqkybrick i) at e,

the reg: difBaSid ik KRN Ra SRR el et hrodue bl § pFlinbleB " oY
sui t abl e pybaiutlc6tidd, Silercii thelpréptosioter pelyaucleotide coaipRises WMNAbroRivter andfae

pol ynucl eotli de conprising a 8 16 JUL 2004 WO 02/00938 PCT| US01/ 20660
t er ni nat iregion sdichsbridized tathe singlestrgndadsecend primenextension productiunder ngy

contain ‘ WA | Ldi e /
oy i naRfalbns BRI i Sirlah of o BOTOEA Do Bodd hlfols |
modiG i catgeperalli badwotmegrssanilyvirichide Rytehsidh o€ thet30 ehidh of the prilver extemdien ei n, under

a given set_of conditions, the Rl ocker binds por ightly.to the 5 region
as ) conparfEeduchtogemertsa 20%1? Wae‘fﬂ’é’mﬂs?ﬁ Tegionk F’W’E‘. thﬁ)g@é Adragseripg; ¢ ablge

nodi fi caty : B ' ' WHIRD ' hia the
met hods adr?g cgﬁl gg?%%hlg&%rfiﬁéd%gtgﬁp‘@gﬁcﬁdérel n. ywﬁéggﬁigfg,sf%iﬁgq‘g%@yne t hat
cl eaves kil segyerte of intéibitaed-producedone aspects, a TSO provi des propronot er
function and al so conprises a region 1Q (whjc or t. be adj acent
Lo e pr oot QPASRIEERPR) Ghs vobntgoriies Pt BE deqrrati miible oS of s
Progeict . dudleR tGd sQteRcE dTHMbrest, &&ﬁ?ﬂggeﬂn%{u; CbRBnitle OIS Esinpritthg a first

propronoter conprises a region at end which hybridizes to the

di spl acedrimerestensionpredughandrtargatpolynuelsotide apiescribed ahore;Aecamposite pamen f

transor | S 15 2ataly RRtabe B RENE RRms oF it i BRI R PR Me LB 1T P
t he pr opriaiget golymscleotide Opliepein ey congiteite primet 1saqtitsérabdticomptikes@n. RNA sone
enbodi ments, the pol ynucl egtide conprising the propronoter is a

pol ynucl ewetiereandhd PNApprtion; pn gnranethabelpaves tomean RNA/RYANyHEd; a1 f ect
t t . o ! SREE LI .
B3 = AR B mERO AR o' T 0L M OMABER,

wher ei n tdigplagred gompositr primerextension pratdiict) ah RNA polynesdseya seoond pramgethat is

pol ynucl eoti.de under condi.tjons wherein,the_ term natiqn seque S

ybr 1 i 2 dapEeEabiEe asgRgaN F eRRPRnE D geqienosotBigrshas R¥ATh | s
hybr i di zajhendefit N2 POy RERIEE; ad aﬁ?@%&r%ﬁl ad1eotid BRiprisRigia Peprogiotdie. | N
anot her aspect the invention provides nethods fox generating miltiple

copi es ofand afggionivhighchybridings tne second primer extensianproduct; ang: (b) wpubatiseiths zi ng

ot 8 oo, PRERE b B0 eRap Rl il Bkt i oo BRSSHEATRME .

ol i gonuc| g@ive d(sBﬁ@:m@ﬂFﬂf&E&h@Q%ﬁn&F@mmiﬂﬂﬁbdmﬁbﬁflﬁec@ﬁ les comptising t hat
is hybridizable to a region_of the target polynucleotide ichis 5 "with

respect t2fifsyPEMET eeensinn pspduck and target ppbynueleotids whea itsBNAds plesvpd@ad dot i de;

(c) exteng] £afil i ' | ; fierst primer
ext ensi or:b%p oﬁ%éc]fmf@gfn%%fig{?r%? ?@6@8’%@%@2‘{%‘@% %@%?;ﬂl?@&? e dg;aopr onot er
sequence mbpohoterpobymcisbide tBSGirh@rhnnthxwﬂion\yﬁwtd)w form arcpinplexof fir st
priger extensjon oducgt, target polynuc]eotide an ropromgter TSO i s
gengﬁ at e PO dﬁﬁ@ P‘amE’b‘?ﬁS‘?"an(% FE‘%‘JS“ Brogemgter E‘lq-‘(“dmf@gaﬁr onot er

region; ( Fbi I ; ' ith a
oA 5 O B B P e 10
gener at e farmaompl/compisingrd econd primenasténdionipnofust swbmpropromioterr  (whi ch i s
generally and preferably the same as the f rst prinmer) to the sense RNA
transcript of step (d); (f) extending the second priner with RNA-dependent
DNA pol ynmerise to generate a conpl ex co?rpri sing a second prinmer extension
product and an 5 RNA transcript; (g) cleaving RNA in the conplex of step
(f) with an enzyne that cleaves RNA in an RNA/DNA hybrid; (h) hybridizing a
singl e stranded second prinmer extension product with a propronoter

pol ynucl eoti de, wherein the propronoter polynucl eotide conprises a
propromoter and a region which hybridizes to the single stranded second
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ext ensi on product and a propronoter polynucl eotide, and RNA transcﬂiﬁpﬂULow,
whereby nultiple copies of the nucleic acid of interest are generated. In
anot her aWQéBE’OQ:’ﬁe i nvention provi des methods for generatif 129669 o
copies of a nucleic acid sequence of interest, conprising: (a) conmbining: a

t ar get 3401%31 | de: | Ryl g ' ' ¥l the target
pol 3nuclo ot’l gi;egg&%%g%@%F@Pénnﬁ,g%&%%g@p%eﬁog%ﬁEgﬁig%mggc %gdnpri Si ngga
pr opr onptsequenee ofinterestack genemtpdon that is hybridi zable to a region of the
target polynucl eotide which js 5. with respec o hybridization of the
Trot primr (B aneber aspegtine NoRA RIYIAUmEans B SPHC e TR S RORRS O NA
pol yer asg; g &rﬁr . ' : ihe Ridl ly and
pref er ab??clteﬁée]a sarreq%g}é t ﬁ‘??%?‘?@%ﬁ?@?%g{“%eﬁifﬁ% a ei‘e to a sense
RNA § r an®xtengionpooduct géneatedas describedabowé; a proprorwter palynmbléetiteomprisingDNA
pol ynerase; an enz t hat cl eaves . from.an | DNA hybrid; an
D o oo ETOPOPAeT A8 Areslan SR I Briatyes S BHIAGHADIE: PramRT CREPSigh SHOdMe:
hybri di z ] j : j ' j ting the

y %ﬂA@g&r@%ﬁé&S% 5g§dng‘§hgﬁ¥n Ithﬁ'ﬂ?d bridiZ28144b o seiid RebA ﬁa@ﬁf@? g

m xture of s lons tthat permt priner hy | zati on and
ext ensi orconipiting theseamenceldt intpiest; di RNA-depekicnt PNApolymdrase; po eyzynd thatt i de
to a priner expension pr farm a conplex conprising.a primer

ext ont oM EEVERRRA inth & I AN AdwbRC Rt PR o maleRNAS eRERERENS B i on,
whei@by gﬂib;%foﬁio%r%ﬁﬂ laG8gioh whith HyBHHRES 1A sk oRECANABCEtSHsion Hr6dREland!(B)
generated. 1n another asSpect, the invention provides nethods for generating

nul ti pl e iseybating gre mixture pligter (a) underondijions that permitprimerdrybridigation andhg: (a)

ot ocuced Byrioh SRAC B sybiygRi bt d R pol A oo d BRERHLE, oo
pol ynucl egtdndidnGrodict o fosn altomphitongRisiig 4 fifsChimbr edténtiod product afd 4 Ner
(which is generally_ and preferably the same as the second priner); (ii)

hybri di ziRigprametespobmyclsetides hybridization; of apreprometes prlypuslertideta@seeasdpr i si ng

a pgopro o regl ol . .on of
FhoLf b gdiin EAURHHodar (30 loBHp ¥k bl dNBSALPAAR ot S, 1
first priasmdra gropiobmtérgolyeiucieotide) usd RYIA teansctiplion, whetebyp ainultipleleepies bfthepr i mer
W th Dmlﬁlgi%qngise such that a first priner extension product conprising a
sequence RRAuEnca of 1ptREeStATe 8P dr sequence of the propronoter TSO
| s produced, WAGHSN AEOIT B¥etlonl irbPidePiticliiBs Rof GBRGAEIE MERRNCLopidsC!
pol ynucl eotide and 30 propronoter TSO i's generated, wherein Said conplex
conpr i seswgleivadid eequencaafduterssty nomprising:fapeombining: sn BNActrarscript domprisinge

qontd ot o A0S SBRElinG B i aibhobabrimy R orults a8 A RES ipiere
RNA- depengdestid ARADITRYBifRzdb @RI RNA ©4RB compbing thd@qaerkgepnd |1

7 6 JUL 2D04 02/ 00938 PCT/ US01/ 20660 primer extension_product and an RNA
transcri gatergst)andtNAwdependani-DNA palpmersses| anengyme thapeleses BNA fiom amzyne t hat

| \ / L e ; g
o ot et SAIONA B, £ PROpRERSE polflclCe oSl 8 pRihéhGte” W ator? "
pr opr onotvehich hiybridieéseto tai sdeond printer extension peqauctyahdan RNA polymgrasey andi(bh

hybridi zes to..the 5 single stranded segond pri mer .extensi on . product, under
ool {1 oriBeqliting D TS L SIGR () Brch FoPGIHOaE Hrat BRI IS By REALEEOn @k 1t

sense RNAxtmibne RN éle%g?,rﬂtyﬁhﬂﬁaﬁ oﬁﬁ%‘éﬁﬁfﬁ‘o&%ﬁ?}%ﬁg@fgﬁﬁ&e & €pmheduced;

wher eby nul tiplé copies he nucleic I nterest are
pr oduced.extensiongireduct tb fonthaciomplexscondprising sprimpemsxtension pBehishawbia net hods,

the first ' 10.and, t ' . th | th
erbodi morRE ORISR PObAIEIOHeR: 854 A BARsEHonSh by ERULpe c8pieaAblbe e ond
primers anRlei¢ 4di@ s&ftlencd oF ifRfdsPard geddiinent s wherein the first and second

priners are different, the prinmers are hybridizable to simlar, preferably
i ded®i cal , sederet arpthenaspact the iexention previdsismesthodsdor generating prubtiple gopies

TSO- based,gxah [ : fi[Ste.an Dri s are hypridi. e to

differ enf.l) sequge?lc(?:%(icfg.l Q%%le%ee(’fr'?%. °8§§81§p gséﬁpﬁéoéﬁlf@ngbgﬁ‘%sb@%gr@eﬁ? DNA or
RNA t ar gethe first printhr ixgg comsositx pritecthapRgbiidizié o4 tadéb palyiuciEbiiie, e or
nore steps, g tﬁe conbi,ned and/ or ,@grf red sequenti al %(oflen I n any

or der, aswhegﬁ‘é & CQIAROSIE PrimeT AP GESQ‘}AQPEIOP@FI%&) DNeh portionepptionslly) so
provi des nmet hods which enpl oy (usually, 6anal yze) the products of the
anplification nethods of the invention, such as sequenci ng and detection of
20 sequence alteration(s). A nethod of sequencing according to the

i nvention conprises: (a) anplifying a target polynucl eotide by the nethods
of the invention in the presence of a mxture of rNTPs and r NTP anal ogs
such that transcription is term nated upon incorporation of an rNTP anal og;
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sequence. 25 Anot her nethod of sequencing according to the invention
conprises: (a) anplifying a target pol ynucl eotide by the nethods of ’(51@'“‘-20[“'
i nvention wherein RNA transcripts generated froma first priner Mnsi on
product aVO@%#PABfied in the presence of a mixture of rNT%ch ‘81’?

anal ogs such that transcription is term nated upon incorporation of an rNIP

anal og; a%ﬂo#g{ﬂ%%ﬁﬁig% *é‘gﬁﬂ%‘%@ 8t dtfdngﬁbgﬂéﬂcﬁglregﬁ@éjé&ﬁhén& el & BybridRabRIgHENCE.

Anot her 3 e anal ysi Ing t'o the I nvention
conpr i sestegion)of dheptargey polgnucleadidg avhighois\in witherespiedicto hybtifiesation ofdbs of t he

ot or ot SCBROSiHH BRI e gkt POTEB Tatides A IV A e PHeHEDRA PolyBPRs: 88056 1 6
JUL Z0D4 RETHEt RAGEORINATRGA 8 RINADN & 1S bRDCGEprd hrds der Polyaieteskide

pol ynucl eotide indicates a mutation in the target pol ynucl'eotide sequence.
The § nvencanprising propromaserands regiovivhiclchyhridizes go a fisss grimer extetsiomt erest i n
a target pol.ynucl i de conprising . (i) anmplifyi.ng.a rget ucl eoti de
sequence @8?[{{% ?ﬂ A[p](gylgc fhﬁéﬁ%ogldcﬁriqlﬁ{{g?t&Kybﬁ&ﬁhkatﬂ%‘tsﬁ%%gi% ‘the

i nvent i Ongrarb8hte&iompridgIROISRNERe OF inteRsEMRNK - dendert D& Gdef 8nd0d | Mer
is known, and (ii) "conparing the anplification products if any fromstep
(i) w th propromntenpolysfucteotide comprisingia propremeter andaregionavhichohyhsidizesite at e

oo at o SRboRlRAEL bk SRS AR ) el L n OGRS, [0 "
r ef @0 encecdnAiiIng et Peinsibprifei8/RidiZation and Bftbio; RINA elBWHge! displaceittat GNA

portion of the conpoOsite prinmer indicates that the target polynucleotide
does not @Embprimer extersiereproduds Siom a semplexwomprising afiust nsisariesiengent he

COnp oS! ! Rl ety AuSRONENG fon KA e Wdhlled SRAFCImd ik BimSPOHENES
conpl erren?ary to t portion o e corrposﬁe primer; or producti on
of det ect thbitargempotymeiebtide incthe compler dybiidiationof dipropronpitat polymicleotipatoed t o

t he amount qQf 15 a Iif_igatioP products from,the reference,tengﬁllate i ch
Yot gRd ¢ t he

does not ¥BHHHET SHEBSIORIOARFt h wq@%%Pm%ﬁpmef%enﬁmqs
CONpesi:t ' %’Iﬁﬁ ; : e?éﬂé;l i 1aes a
seg.ggnceeléﬂg’F#:)dli%gr%ealj ary %egﬂ%h%gﬂ mgﬁﬁﬁhgﬁﬁlﬁe otﬁgltgg%fc gﬁ%g}amr? and is
not a secmmleie acidsequenceof interestgreqentratetthe sequence conpl enentary to the
RNA portion of the_conposite . .priner. 2Q,In the t hods of t i nventipn the
sequence of ¢ nia RRHED BREF Hedhvention purpde ees e Bty e Pl BSOS 06 Lence
conpl emen afdleit AcidiBqees B inferéMt, dobipRishit () hybiidiRy al@cchd'rireritd RERNA

sequence, a nutant sequence, or an allellc variant “sequence. The nethods of
t he i nventamsaript; said RNA transsriptiproduceddy apraceses somprising (1) bybriizing o singla:

nucl,gi ¢ agi e 25 E X al noon v '

pr O\I%Sdes ne gtgg‘%%ﬁg%glgalﬂgﬁ%tﬁ?ﬁ%g‘%g{giﬁl élrlﬁréuco?lgfln? gf&g}s c%:‘gtﬁb" ess?%tbgeth(f ﬁtenci ng
a nlu_c:c ei Cprimies wlmctjﬂilil bdid fitst primpr ﬁ(holﬁdl;:npdshepﬁinler ?anphsﬁ\g:dxemﬁa%rgon :;md_alt3 |
ampl i ficatjon,product is generated by an anpljfication, pethod describe
her'ei n. siqﬁhlﬁcpqxg%f(n) ﬁztmaaﬁy ﬁybmmsﬁpefmal@ & GApRISiNg hieraiwgiRthce of

the sequ | t@}ﬁ{é& i [ jon provides
met hodg g@&%%%%géﬁggeeﬁge&%METnuc |€ﬁ%11 [ segagngvghé'%ﬁigﬁitgresf in a
sanpl e, - shybtidiztion of therfrst primey to tiedatgehpolpnwcientide; (@if) extendipthefirst prifner -
interest in,a | ei ¢ aci l.i fication product generated b 13 16 J
UL B00s W Seenten) DB Pormmnstis i pockiote FontlRR crOMIBE SRR EENE  of n
Det ect i One@bnsidieproQt ane &r?ét polynBEIBstide; (iv) BtavinPiteRICApoRIbrkaHWE S | S

i ndicative of presence of the s;%uence. of “interest in a sanple. In various
enbodi meneempdsitaprimed in te complex o) dinstipsimer gxtensjor produetiand fargetest conpri ses a

) O BBV R M S RS R ° °

enbodi menirother composite primer (which is generally and preferably the same as the first primer)

30 can hybridize to the target polynucleotide and repeat primer extension by strand
displacement to produce displaced primer extension product; (v) hybridizing a propromoter
polynucleotide comprising a propromoter and a region which hybridizes to the displaced

primer extension product under conditions which allow transcription to occur by RNA
7



detecting of a sequence of interest conprises hybridizing an anplification
product conprising the sequence of interest with a nucleic acid prol?% }Urﬂam[]z,
is hybridizable to said nucleic acid sequence of interest. In other

enbodi nent9,0288%838cti ng of a sequence of interest conpriseSCRESPVHON ng an
anplification product conprising the conplenent of the 10 sequence of

I nterest ' | ' b SHohaia! \ 0 enment .
I Some. caberel s bnifiors @GRy biPho nloclaly HofdHg chtenfoR B he s SRA
enbodi menofthe primecéaensicncprddynt tdgeneratpa dewtle Rivhded prooter region)jisnehrthat, a

robe is provided as a mcroarray. In so enbodi penL.s, a,m.croarra

D ooor & oS HL RN ATt SoMPrISD8 SHAcces OISR e B IRe A lecRd Brifier prpton,

sel ected : byt [y I ' ropyl ene,
15 nyl on, ﬁl’go i frofi@nakhy Sibhdide H#o%é‘?ﬁsp.frf%?ﬁ,ﬂ* %ﬁéa%%{e.ﬁ%?"?’?\f’fggeé n
sone5 embopblymetase togenegtecncmnpléx cornprising a second primenettemsiort produad an db
conductiomlwinmted%p t;l‘& r .ex lﬁlxi,o mﬁvx/;‘ige ei tﬁ If@'tted I?i r xtensio%
conpri segﬁgﬁt%?‘ﬁﬁ’{? ﬁﬁﬂﬁs i f@B‘PIeef Qrilﬁteam'ﬂ E%FW%W’%E@&%@[VG_%UW
that a prRNA inEHRVAINARBHISK) hibRAARE Hlexindi0 Atadad s@oRl pimeE BbRIdSE ! hat

I ndi cates presence or ab e sequence of interest. 20 Thus, the
met hods oproties withespropromaterspolpraicldotidle wisbetin the propramstey pelymutleatidei on of a

target nucleic acid sequenc The singl e-str.anded nuclei.c acid

Aol 1| CaSAGHSES & BB ke e P HE CESHAIERSS et EFonPl 60t ect | on
and jguant prirneddxitésioffprédich il conditionsowikich an&e_%ﬁm?ﬁbmw&ww RN on to
probes, such as imobilized probes. The invention also provides nethods of

pr oduci ngpelymeraseihesa ponditions geveradly (bay netmeressarily dncludeextpasionvf the 3° of

pol ynucl egt.i de by th t of t I nvent | ons .an | E L Jal Al t he
DDl 111 c o gt Srbhael Biyafeidn Beacrap o PUSE Siifioa BRbmbR el ueA Balth o7 g
t he anpl i RN@efrar@eripticotipeisihg tﬁ&q@éﬁ&@ﬁ'hﬁ&eﬁtﬂ@rfddﬁ@éﬂ; whireby amileisle copiehods of
determ ni ng  gene expression profile in a_sanple conprising: (a) anplifying
at | east oiibe suceleie aeidsequenpe pbintarestiare nraducednpl e by the methods of the

. tion: " Lt catd : | ¢ h
seqitnce of i ny aidnsteitalindhd Gt RERORboHe s ubtd Biehé Bonipdu@pHlifbscl CC
each sequmethedobdf theimvention are desvzibed hipdein. Fohexaniple, tih some embedimentssthen

Pol ynuc! cBNAIPrGH B Bexpmppriamneas S HUBASRER o Dack, LINA FOMopolFkatas: | de
IS RNA. 1émbodi%@nt@,%9%ﬁﬁ!ﬁ?§&ﬁbﬂ§@é Bo Hhe3 m&g&dgﬁéh. Fop ﬁae%ﬁ%%ﬂfé,
I'ts, conpl exes n

conposi ti ons, ) np , reaction mxtures systens coipri sing
vari ous cpuipenbased methods described hereinp pngatr moors comppsite primers gembeysedsdl i n t he

A IR Rt L R R
first priphmenhiediffefent(for &S, thefifkt phimes is@tbnipoSieCsritdedundThe secoid a

DNA- dependent DNA pol yner ase; (d) an RNA- dependent .pol ynerase; (e) a
pr opr onot BEMEGIS At & ¢uBpQsife pripey). dnm@%wﬁ@@s@t:s veheeein the st and soqendt hat

cl eaves, ] : (o (] Y, . ol yiucl eot i de
conpri si % sé?@m&#g.% yﬁ%&k %Ia?@gzagig&hgﬁ@y}; ﬁ%?%bé l%g%éeég’t of the

i nvent i onsguuendesick still athertearbotlimerrispf thé gomposite peimersbasedahethodsg thedfirst ahid

co I si ng: .a pro nptet, TSQ. .(b) a first prinmer; (c) optionally a
ngéepénge@ﬂ'gg%ﬂﬁe‘gﬁf %’5@@,&’1"(@;&@ e%&ﬁﬁq%ﬁ?ndent DNA pol ynerase; (e) an
enzyme that clgggss eRtihplap dnBociiEsolyHREIbSHdcs Compisihla iapliiRhase: and

optionally (g) a sec priner. In an r aspect, t Avent i on provi des
reacti on seaquengease {lsr desoribebhareionk sbfecmimdinents) thepalynusteotids tompmsingwai ch
contain varipus conbi nat.i ons qf, co nents descrj herein. lLn another
nopect |t RO HOBFGi5  FPuBte LI B EVBIRARSS (o On IR or | beg
herei n. Thagsalkily) Sonthih diididr Atir€ nATHRHbAC 0 2ARarEE BRIdRg 1 téhplate) Ot

necessarily) confaining suitable instructions, contain one or nore
conmdBnent Aceprdinglynin someembadiments, the THE:dompriserpmodilisationsin theiregiommrich on

provi des Kiit &:. QURIL1.S€ | te.pnri fax. ri sing
0 3" Dna e Bl p e B AT ARk i Ebe coifion, e FROugsliRER 2
adj acent tightlyhe the repldh agebinparell td6 AASO withoih theknddilficatidng ERarmples 6f suitable
polynucleothgg,,a pr opr o hgé pol ynucl eotide, and instructions for,

anpl i fyi ngrodiicationsses prea@ Tedh A geme embedimegtsy @exﬁfrne@ﬁw&q qogiprising a

pri mer - based nmet hod descri bed herein. TBe conposite prinmer and propronoter
pol ynucl eotide in the kits can be any described herein. The kits can 25
contain further conponents, such as any of (a) a pol yhucl eotide conpri sing
a term nation pol ynucl eoti de sequence; (b) any of the enzynes descri bed
herei n, such as an enzyne which cl eaves RNA from an RNA/ DNA hybrid (for
exanpl e, RNasel~; (c) a propronoter TSO and (d) a second priner. In

——



16 JUL 2004 WD 02/00938 PCT/ US01/ 20660 exanpl e, RNaseH); (b) a

pol ynucl eoti de conprising a propronoter and a regi on which hybridi Zep 1102084
second priner extension product; and (c) optionally a second pripner é EF
DESCRI PTI'WR 020988E DRAW NGS 5 FI GURES | A-F is a di agr am?ﬁ@“ﬁ‘@ﬂ?“&g‘%nt ati on
of the steps of a conposite primer isothermal anplification process using a
bl ocker el QIMRBHY bREKE SEEE2 Yiikh, RR! iR IO Shivleontdih 6hGS 24 F 15
a diagrammatic representation of the steps of a conposite prinmer isothernal
~anpl i fi canbemedifications tosénbgnee binding ae template.cccotdinglyyinl sonieietibodimpmésace as a

10 t I nat | | | eoti de. FI 3A-B is .a di '
repr 22[&%?@? k’g’gk%f%e Wr%ggf%&BIEnﬁeﬁs.aéné%fﬁgq nin E}?{ﬁglg%&lﬁ‘g{ﬁﬂ‘%ﬂwca; i on of
a DNA targgl|us Wi 'ﬁfmhafaeggpﬁ k&hireondifidds e BldtRebinds ﬁloEB ﬁ’g!ili@'i@ﬂiel c

representatron of theé steps a single priner i1sothermal a ification of
an RSA t aregioh as somparte ixpa bloekenvwvitluuit thy. mddifisation Exerplenefumitalle OUT THE

I NVENTI ON The invention proyi des net hods, conpositions and kits for

anpl i fyi n@© F@HEWIBV@EEE‘SWHES. Amplification of target nucleic acid
sequence can by AGVORESIARMIMAY SRR ih ARG anfl QomPYHBhSark HesefiBOE Wher e
the target polynucleotide 1s present in very small 20 quantities, or where
only a f ehereinl Barekemplef the enayme thap clegves RNA maydeian RNaseHabl e, or for the

f tid det er mi nat | f a defjned t t i
B BT one. 3Bt aspdits FraREhprosies Pitrm e Bior o S A1SH sdrifyeL e fgfeny ©
RNAK NA C(%ﬂﬁéﬁnh?opﬁlh?gbt @aahfi%w%t f0ithé pimotéty WiichGybaRRS € the displaced eps

(each set "or round referred erein as a "transcription nodul e") based on
hybri di zapiimer extensiopipsedustndn other smbodimentsc the polyamucleotideeasnprisingdhe

pol ynucl eot i LIn a e ot la e '

conpri si nﬁtto goﬁo&r cloﬁlpgigégl]al’ éﬁgﬁifag%ec% iep |v%}ﬂn&:%5};§ tﬁa({allfe Qg&%{reg%}cl)gr%{l g‘ﬁ&?rerrpl ate
switch ol exgensio frodictoviicRelgeDdlApslymeraséxténsioh aftdispiaded eutehsion prbductonpl ex
capabl e of heing transcribed to egi%rat e, ﬁense RNA transcripts and, in a

second t r pioduses gdouble styanded premp mawpich frgnsceipHem OQUS- IR 80188 1 i pt s of t he
arpipt i cop g inE B Bctelide ARSI b fhoprithdet S Apropribiop e |

and a fi r eliggnuclpotiden®PFO)p &k yorne bmbodinentspthepolyaudlestide domxprisingriber i pti on 16

16 JUL z004 WO 02/,00938 PCT/ USA / 20660 of a target pol ynugl eqti de t he
first traR@BFQ%t?fdﬁaﬁ’BgﬂPg‘;W Wsa%&aiaﬁm&% %@P%lﬂcﬁ‘ﬁq?gﬂés &Iﬁﬁ e
provi des eeﬁrpwelwﬁaf der céﬁzﬁﬁéﬁ%ﬁ&ahmemﬁn&ﬁm%ul ic\éqg?'miﬂme% acki ng

further replication along the target strand. Generally, e termnation
sequence taga pblsm@cl@oﬁ;bq&é Ageoprontotar seqngndd, wherein themuoprometat sequgnqeds

hybt,i,di ze_t he. t.ar get r.angd. escr | . . 0 S odi ments a
pol hucl eﬂ?ﬁqﬂi’ngﬁﬁ#%? F%&%’f ptogm’ﬁglﬁéﬁ‘ilegwdg%ﬁ%encog’g ik@l\ggelt‘ gh rfc'p l't"é&;n\;ﬁ tch

ol i gonuc! sfukAte i§ AykPldixdbleto the tagdt poBmaclestiiesasl (chakequencerahichiy fi ciently
conpl ementary to hybridize to the targef strand 1n addifjon to the

sequenceshynidizable te anopmlementarysequnnpt abnaid tarapt pelyRysisotiieze. A DNA

| . ; e . ; ' ) i d
Po pener at e a b Bopeet b Snvchithh phoide ekl ir denEralifg RO Cofibtorr, | A
}Nhi ch (r:]I eﬁ\wgsi_c Bbﬂfséc%mcfmtt' Métdﬂ%dxﬂpﬁsiﬂgd(ag hypbridizin, glas_ing\lesﬁ'anﬂb&tlas@lquenpes
rom.t he riqd of, tenpl.ate strand and, priner, _exfensi,on product., .l eaving a
seq?énce BRYR e‘i"éﬁﬁ?@?é‘gigg gNee ok interest Syith FHBW?D(Q}&%@%MOS?M
primer. Agﬁj??&ﬁ&eﬁefnﬁ&‘ée switdH '@ﬁgoﬂﬁélgéﬁ'&l ({TRD) Ebidp H:ghg E?E&ﬁ@mot@?ﬁ&ﬂ&eﬁﬂesm aces

t he previ ly replicated strand, resulting”in a diSplaced extension

product . And aregion that is hybridizable to a region of the target polynucleotide which is 5° with

DS

respect to hybridization of the first primer to the target polynucleotide; (c) extending the
first primer with DNA polymerase such that a first primer extension product comprising a
30 sequence complementary to the propromoter sequence of the propromoter TSO is
produced, whereby a complex of first primer extension product, target polynucleotide and
propromoter TSO is generated, wherein said complex comprises a double stranded

promoter region; (d) transcribing from the double stranded promoter region with a DNA-~
9



15 pol ynucl eotide conprising a propronoter aid a region which hybridizes to
the di splaced priner extension product (which can be, fox exanple,1g jy 2004
tenplate switch oligonucl eotide or propronoter tenplate oli C tide) is
hybri di zeWOU/PH8 di spl aced priner extension product. If ?ﬁgﬁgﬁ}/#g&
extensi on product conprises a propronoter sequence, hybridization of 20 a

pr opr ondt @pefdiny RNA §6lymeas wgéh?aﬁe@sénsMQa&uﬁ £ beieRliglasetdnde
(TSO) to tpﬁi S seque%gg genééra eg a doubl e strandeg Ebr)gir}r'gter region. Were

t he di spl priveer (phickes genarallysansiprefesablic the game anthe firstirimen) tasthe sense BNA

t , t or 1 .
D ot oot ErsBi R HER L8 (s RROfTR B solSil BHRE b RREA BB A ool cot i de
(PTO. A mméﬁgm&eggnm{em&hﬁei bolapiine's sécond PRk SRbAGATprRBu khd R

ext ensi onRg]r oduct. "The doubl e stranded pronoter that is created fromthe

di Ispﬁ acedRYA trasscript; @) sleaving RN dn th:soum&; dfystep (D'Wﬂ?m ep enmyane thatigheaves i

. t e ' t
Par dot scitenBh USRI Rbtidiihs ahlagls soaiELdihi piRocin, O
hybri di zeprofiget With S50pRNYEr folpmnliotidé, vieteis Megitopdmdterpolyiiiestifeendent DNA

pol ynerise to generate a conplex of a second priner 30 extension product

and t he seomREisEhAPIOPIgmeter rd a mejonowhick hybridizes e thecsingle strandgghsqeandin  RNA/ DNA

hybri d : |~ J '
ol ynch oBRaEeoBR ROt RS ehdBold ibh ol uhpthinitn 1 OAER REL
ext ¢0si onpglymerdsd, sachcthat sehse RNAOtAseripts camnprisingthenselssnce o6flinteatest arecr eat ed

(whi ch, as described herein, can arise 17 1 6 JUL 2004 WO 02/ 00938
PCT/ US01/ Prodewdgwhereby joultiple popies of the.nycleic aeidispanenee of iptepesh awprediisedn of

th i t : . '

Tranber§ pti on 1ABofHer BSIRERE 1Vefich bidFiaRt BRABAPEGechBaL NG Bbles ofa o,
transcri phcleiongid sequencd dfdinteeeyt eomprisihgi (a) esrbiningAtheaodipbey descritied aboweent i on
e RN

pol ygucl egfid émpleR BorapERs aCioNiBle! stiaRdbdGREtAbRY RFicH) dn RABK hblyeheldi®, o 2bdiiv Ng:

(a) a single-stranded tar(I:let ol ynucl eotide conprising a target sequence,

(b) a fi rpuimet(which is gemerally an r@é@tdlétheesamia&ﬁleﬁrsmtim@bﬂgltm% gtion
d 3 QN DNA pol ise; d | '

i phosphit iehh R Yok GombrisB dhERaleRs of lereie i RNAGBRRIND i o

cl eaves Rhiflymefte;af emiindidt SN’ RNA onPii RNAZDNA Ryti; whd & bﬁg&dxﬁaer

conprising a term nation sequence, such as any of those described herein,

whi ch conpelysucleotidp gemprising e propsgmotey antha ragionwhich hybedizes toiaseeonhprimes

I I e I j ‘ g
Can0n ok prdduch O S HE R e SBRRC T i3 (B SHOBPAATRIGES CRPRURRE ©

r egi on whprifetiyibridifatiers andettiassich, RN A cleavage, hybridization of opropramiatert ; 15 (h)
ri bonucl eosli de trj.phosphates or , sui tgbl e ?nal 0 S;RI%%) a second .pri ner

(whi ch  nefolsRuciealidR i 2 Brnier extension Brodvt o format porsprigiag £
hi oh Bt o . )
G oo ouetstitiodiRthd b DRSprGHGRr ?@yﬁﬁi???’%%wgﬁﬁﬁﬂ?&“n*d*? WS such

that (a) multiploenpissiaféhemucheic agidisequenes otdnterdsyare geperhteduc! eot i de conpri si ng
t ' ti h L di to i t | at e; b). ' A |

ocodos 201 onLAHEIRE RSt e iefitn brovises el irasptcpting i ile SHE 2oves

RNA of t hydiéloRéd séduchéd HFihterdst Bohipeisib (aPbinBiHiHge ¥ sersd RNA BlahiRfipE OPoOSi t e

primer (which is generally and preferably the same as the flrstdﬁrirrer)
hybr i di ze8enegatedas deserihed above; aeeandtvisner (which ivgensrallyeand prefersblydhe samali at ed
by DNA po ' . LShlasi I : ' m t he
torpl at o 5 o BhREfhcis nbARAARL Rk RR/CLR AR Rah PAEL pBIOER JHCR

conpl emenpelymetase; anensyms thae cleavestRN A fioahai RNAPDDIN By brid; &lprépremotend pri mer
hybridizes to . the RNA transcript of step (e); .(gﬁgé‘igrrer extensi on occurs
fronPt he BRI¥BIRIEOHHS REMPrisiBe AHIoRramgtep prda regian whic PRSH9@ SSeRNA PRERSRNas eH
cl eaves RMAe | PR o d) 3 : eoti de
hybri di zes t%slit ergg"?:rtl’g e stra%d’?cl]ﬁgeeréé(?hﬁn%@ %Pgéetg%tﬁ%%ﬁ%fgﬁ%gg i hat is
gener at eduider sorelitiqris)that petmit peimea hylmridization aind extenksio, RMNA eleavaggi on i s 30

generated, (either dprectly or indirectly as described herein); . and (j)
transcri pm(tfﬂﬁﬁ’t?ﬁ% Pta PB%%‘H%&&P‘S‘YB %‘Eldéma PHRAGSXPRIQN PfBﬁB‘g itafor & he
sequence of interest. optional repetitibh of the second set of
transcription steps using the sense transcripts of step (j) as the starting
18 16 JUL Z004 WD 02/00938 PCT/ US01/ 20660 substrate (to which the second
primer would hybridize) results in exponential anplification of the
sequence of interest. It is understood that, with respect to the

conmbi nati ons described herein, it is not necessary to react all conponents

-




15 propronoter sequence. In a first transcription nodule, extension of the
first primer along the target polynucleotide sequence is switchedyfq 9% #
non- hybr i | e .sequence of the propronoter TSO at the p e TSO
S hybrldﬂgﬁ@%Pgmthe target polynucleotide. In sortie enbgﬁﬂﬁgﬁgg&ﬁ%ereln
the target polynucleotide is RNA, the RNA is cleaved followng first priner

ext ensi o moﬁigle:m&wﬁsmgwﬁmﬂeﬂéﬁemﬁbdh& Bed & propRémeter polyictidelands 20

RNA, the RNA is not cl eaved follow ng first priner extension. The conpl ex
of the prikiNArtraaserintiongwherebynuitiple gonierofitbenusleie iagid of interestcageigonstatest. t he

(he doupl e ot raAaNet RpRbeBPHF ey ks iRl ror ARG LRI BpRYLE' | 01,
second t riaueleic adid eyuendeiof mterésheampﬁﬁage( Elhﬁigsﬁtar@t%ol%*h&clééﬁﬁe?ﬁﬁ@ﬁ to
further anmplification. In the second nod a second prinmer 25 (which is

gene? al | yPraper Vphl@h isthybriglizebls te thedarget ncrimuciqogﬂe,mprnmo;nqt@ terpplatedviteh to a

goner at e LebE dxd%écpﬁ*}%ﬁ%ﬁgﬁrﬁrﬁﬁs%%% BEER e S hANABIRRE. R
transcri ptegloﬂoftﬂmmget p@lﬁ@dwmide Fvﬂ@éﬂ&@S’ Rith respesito Eiwm&’admﬁm&ﬁl(sﬁ uch as
RNaseH) cl eaves Int conpl ex. %Ngot ex po nucl eotide is then

hybri di zmetaﬂﬁm@ebp@w%@m@esm dependep Ad?? W@&?@Fﬂ such

mgfrgc?ﬁyh j’&%felsc g gém rr(%gicgﬁss |on ?prré)fgr%apg%dg&%elee s%(r anded

pr ot er pm:ge@ﬁagrs?@bndnzaﬁlensu%&%% / UtS gompxﬁamz g&ersgquegaa Gfamefustr;]e of
i nt er est ccor t he
inventi omélﬁgnﬁﬁp%ﬁﬂﬁmP%& V%;?@Qé?fgm ABI c acid
sequence f(gﬁ&glr
pol ynucl el%;b He seﬁﬁoﬁce O@p s?.lééghggﬂﬁ? 1‘%@“&‘%@%’{%@% 1onw owi ng:
(a) a si rybedizes toraisedondprmier mbr;smmpredndt;md (bincabdting she mmtmenf Bthp.'(a)l s
hybrldlzabletothe et pol.ynucl.eptide at.a 5 | oc 3' of the
sequence &h"(@f ?'r'%‘ﬁ ?%@d%’éf?n%me%t&”gslegmﬁ se; (e)
deoxyri bq{y‘bﬁﬂ&@ﬁmﬂ@féﬁﬂ P&ﬁ&@ﬁﬁcﬂﬁn&!eoﬁué iPPpEmerGt&fon froducith fobih a

pol ynerise; and (g)_rl bonucl eosi de tripho ates or suitable analogs; (h) a
second preomplex omprisinga gemer @mﬂ;ﬂmo&%md aptoprometespolpnucleotide, andr st

{r anser 1 g e SEgEn b 8o S E BB e R NAREL i’

ftom an Ridhédatéd. dupl ex; (j) a proprom)ter pol ynucl eoti de (which can be I n
any of a number of forms as .descri bed, herein) which h}t/lbri di zes to a second

primer ext ensilBfnpherRpect, thednvestion Reavides methodsSpreanerting multinle pordes of
t i t
heo? ar ger™nar wid Peauehdylof st cSlmelindTie APMHAAR R SERRA BRI PRI =€ 10
P ][ i mer ﬁl teangeriptesal R trmbl;tptlmrbdmbd tg A prowgst dmnptm#:ﬁﬂ)ﬂybdnd}?&kg esinglgue In ce
15 t TS | t t
compr si rRCRIAHLOY R attie sPED ok SRGAUTES OE PNt BT BAMBECor & 11 om
t he dOUb'(Whidhﬁ@@éﬁBi‘allyﬂm)ﬁ@ferﬂﬂ%tﬂé%aﬁEﬁﬂﬁ%eé&x)d prithéh); () hyb g priner

(which is generally and prefera the sane as t'he fII’S% prinmer) hybridizes
to the Rmoprpmmmrpplawsvetchphgox)qcle(oeyle pTS@hompuw mpmmxexseqmemet he

ol edves A reriof el WAL R arpdiofo i8IS sEERP BRI PREIT R 0ot  de
hybri di zeassgeot ta hybridizaticii 6fthe €iekt ﬁﬁﬁfltbtﬂétdi‘ﬁétgﬁlsilﬁal%b@db piméseteﬁdlﬁglﬂie that a

doubl e st anded pr.o gﬁ% region Is _generated {either directly or
i ndi r ect | st %{gn%re%b pelymerass suchithatafyrst primercextension predust pamprisingher at e

sense tr he met hods
sense U7 aRasikp bampRifhl:) ok BRopRGHUEhmlce oP Y bbropiolk TROT2 1007 e
by i ncor prodicedgvhexétst :edompllek eﬁﬁtsﬂ pimené:xterasivar irodudy erget palgmeleotiie anet hods.

The | abel ed are culJar]y suitable for quantifi cat i on and/ or
i deifl fi JEPPI8 OEPF%US@?EF@ ‘X ?rﬂ’é‘%Edy Rlekeomprigha deuble strapded V\/m ch

i ncl ude thempgeréfon Iv?ﬁ%ns%%ﬂﬁ'ﬁmﬁ BV aoibesBiahd oﬁBfé{ g%%&%gﬁ
arrays. I'n sone enbo i ment's e 1 nvention provi sequenC|ng a
nucl ei ¢ alependsot EU@LME@CESC torgenerate a seﬁw RbTécmmrscmptg (b)textmdmg teessedonsh

nmet hods ! s .t.hereof, .which
oy e | ARG ARERNA Eortall DR O AR o kPt g ComBleRsOmRUEAE ASRBovi des
nmet hods of sequencing a target pol ynuclléotlde corrprl sing a sequence of

I nterest based on the nethods described above, wherein rNTPs 20 . 16 JUL
2004 WO 02/ 00938 PCT/ USA /20660 and r NTP anal ogs, which may be | abel ed or
unl abelled prirrler elongation term nators, are used and the anplification
products are anal yzed fox sequence information, as described bel ow

Sequenci ng by transcription can be used for both DNA and RNA target




using rNTPs and r NTP anal ogs. 5 The invention provides nmethods of detecting
nucl ei ¢ acid sequence nmutations in target sequence(s). In on € oggirent  of
t he conpaosite priner-based nmethods, the presence or absen ation
in a tard@%”%@ﬁ?ﬁucleotide is detected based on the abili??T 50 fy the
target polynucl eotide using a conposite prinmer whose RNA portion either

contai ns ppimd-a8tisibh frothibihn TAINUAASeriH @Fclbhang RNAHShOborhfiex bPgp! | on.

The anplified 10 products of the nmethods of  the invention can al so

char act er{(bywith o enzymethateleaves RINA tr ansRINAAIN Acldomids 61) hybridizimglaisingdet i on
duct d_to deterpine. ! £, int t.. Th

Dl 06" be SRR Ge S IR rpioR e e « PREHIOHE Er fompRORB LR

speci fi ¢ méstMmdter PoRmasRbidd RehpRiseu!plopronidtePdnd® regiot SitficH Ky beidiRs to thed/ or

identify sequence alterations or single nucleotide polggngﬁhisns in the
tar gbt nuingle graadedisesond primer extensiprguoduatiundergonditignewhich allow diensiptiani on

pol ynor phi.sns. T t he i nventi prov met hods to charac i for
Ecap e 2Py A s Sty Pip i SERERITA Rl SR BEMTIEAR o Rua
product s jhetedgare PRdduckd;3iticdéby TRuIAPR coples bf the ¢RIy dciiNseqaéibe dif dltarestage t he
products by detecCtion/quantification nmethods such as those based on array

t echnol ogireduced. sol uti on phase technol ogi es. General ly, but not

erbodt ment ¢ HEPRGToRRY pho sl e oot 7St Eack meltbdt the REFpARer
nucl@i ¢ amiddke $cobifd primienare Miedtirt In 6thei Babediniehfsiof did oproRiot? T badelie

i nvention. Details regardiqg.the vari ous conponents of the:-nethaods of the

present imekeds the first andseennd\nrimecrs sreidifferents dB cantair emppadimeats whegelpthect i ce of

t he pres i | Q0 . 1 isRdi . innal

L ochni quaist 4rdNERd b a8 it WeSfbH0L8 I i RE M ARRLE"

{n'hcr otk)i Hid@;ticgl(;) séq#ehéaslt dng%till ﬂlhenoémbt@&egts ofithe pkmlfmotegg‘fﬁ()l-livdséc_bme?ﬁds,vm thin

e ski 0 e art.. Suc chpi ques e expl ai ne ully in e

1 or it uriaS fif and S0R8 pismB ey AAOI D dHTES B SRRNSIE Nanual * 24 edi ti on
Sampbr ook et &are anplfdat i NGRS/ ; i d.,

5982?; "Aninaﬁh%gP§£§ultu?@mg%ggﬂ?H%ngﬁﬂgﬁ?ﬁgghl1987?}&£%é¥ﬁ§§§m%ﬁngl 16

JUL 7004 eéx@mplr, gorgdsic PINA UsBNA agbeDNAz One bomppte igpsadaynbecambined andfar. ) ;

(Lo57y), PGB rgup Rl Bt fleny et Hhloteas pr el endimefnane fgk0. («
Mil I'is et al.,TiRAfventioh¥b)proviliés H&hSds wﬂt;)i'gmeﬂwdye(agdaﬂy,smmemb prigukgot i des

enpl oyed in the present invention 5 can generated using standard

t echni qgéﬁ%@ﬂﬂiﬁ%ﬁphme&iqu of the ipvantien.such as sequencirgend defsetion pbn can be
i hes: Z ool HRERGREA 4wk 6r BbbenddEbAN o the BvBRddIoRslity (A s |,

En Iz y gol (ﬁg;mplifﬁilng ﬁ&gepgolﬁ_ﬁ%_le(oﬁ&&&l) )he?_necsithoddl;cﬁ‘ thﬁinng?]tmcl;andt&rptefmoi ofor am'lgi te
sol i d- phasg.che n pucle es .phosphodij ester |inkages.
Dot ittt Bage ALY Bpdand U sl such et tapddisthon thrgingted ipon,

| | > _ . . ¢
polynuc %&rﬁ&aﬁ@&kgﬁmm Gfid @ aggzﬁrhg ghé‘&ﬁﬂxﬁEdﬁ{@ fodaéts t §asaRse ©

interest, for whic I catTon | The nuc c acld sequence of
i nt erest segyenoe known or not known, in ternms of its actual sequence.

Congial e SRl S Ll RO S 4 ™ ™
"tar get - segHRNpelyincliaaRlyRe Abthols oI L S0P MhHEHORAdiSeript baefitia

nucleic acid,"_ and variations thereof, are used interchangeably.

" Anpl i fi dEemadirst primerextenpion produciarn amplificd incthe presengeof 8 myxaEeefNGEPs

produci n { I 1 A [ ia§p NMean at
east 2 ABiNTPRElogd i oflsdlibioh iR BHER pon WordloR SFARLATP 102
conpl eneninalogt snd(b) andnzing thetanplificati@nprodicts Redpteriie sefoencexanagther, copi es
can_j ncl ude nggkeotide anal ogs (such &% deoxyi nosi ne), intentiona%ﬂgfquence

al t 89 at i Jpthed gEsequenceanalysis according i the Arvention eemprasssi(B) suplyngH

conpri si j i d] \ : , to the
Compl ot ey PG RANEEEE tieifbenbds SPARE bt nd (O dlphing BSRIRIRAY . 02 |,
"sense" prbduuixfor singhbstiahded conforplation, wleesis e dififfencedn sonfophitionsss used
herein, refers to a polynucleotide that conprises a sequence of interest
froma target nucleic acid sequence as opposed to its conpl enment.

"Pol ynucl eotide,” or "nucleic acid," ad2used interchangeably herein, refer
to polyners of nucleotides of any length, and include DNA and RNA. The
nucl eoti des can be




30 deoxyri bonucl eoti des, ribonucl eotides, nodified nucl eotides or bases,
and/ or their anal ogs, or any substrate that can be |ncorporate$ #gd@ ?
pol yme DNA or RNA pol ynerase. A pol ynucl eotide may co (g P ed
nucleotld&Q 02808 as nethyl ated nucl eotides and 22 16 JBCTAH8Y206A%;
anal ogs. If present, nodification to the nucleotide structure may be

| mpar { ed e 0% rifeldie SRERTRINACR ol AR RALERHicaR S nHRANGIA Tetarget

nucl eot i des” may e Interrupted by nonnucl eoti de conponents.
polynuclqmbmmebnhdekmyumwether nmodi fied after polynerlzatlon such as by

el udo, 51 orl YSRGS RO G RApeP B %gﬁ‘é“"&Fe Rt in et
ool {1 catioieeieplpo g aty Qiﬁﬁrgtfzﬁ*%t@g%%“?ﬁmlé R P nine e

met Hyl ptsequﬂnoetafnﬂagres,imyshdmbﬂméasoﬁhe mwhnemhdmmmﬂteessqume ofitka (R¥A et c )

and with charged. |inkage osph t hi oat,es odlt

o) L ORGP RO RIS HPVE: RBL (qrPesies e Tbrofi ST
(e. 9., nugpbeRss [ b 15M3|ne
etc. ) tltJla(ci)1 e w t§tﬁ Fﬁ@?ﬁ%‘? %‘tﬂ gtﬁgtdfwl:ﬁég%(ﬁ Ig Pﬁ%ctpgg%ragﬁfgﬁe&et{?kp, t hose

cont ai ni n@ecml(h) produgtionef demuwiewcmnmwoepmuats ﬁonbﬁleé‘tmméwl?éatl ve

t al t |k |_at k
(o g - alcgfphisel 125 el BE oD R iR pabclcR rrdf Weftnde WG A o e o
t heypol yrtséﬁipﬁa&s &figion coitplé:haitarya@mecRNtmﬁ)rﬁo&ﬂéﬂw boﬁg&&'ﬂé%r@ie@' inthcdtdsy

present in the sugars be replaced, for exanple, by phosphon%ée

groups, ﬁh@%@r@t@pbmpgleomog&nwmr@s arsequetcHeunplemERHETYHP

be. conj U ORl Ve SpPRORls g and W Aot e Ribec B e " ™
phosphor Ydogipté&itarytd $ﬁd RNAqst»rmt dsftaabmposife pﬂmmxf(zpmﬂumwfo ups
noieties of fromlto carbon atons. éﬁﬁ@P s may al so be

der i vat | Zstectabl ssmarmwahﬁf@e%mdﬁgtsa%ﬂ@ terpgt mpered 4Q th?eﬂmoan&ef contain

I k
T e aratildRioR pficubts BRREE tofBRANY foiiiE wHithilots holoniise IKE6R Which O
or 2'- azudoempbmtaxytaﬂw@ﬂportmngvﬁﬂmmwﬁmm pamanindieatesﬂmt@wt&;geépl meric
ar ch as, ar, b nose | oses or ose e ars, furanpse
sUgar s, - SIS cOBDss 5 spdience rmmebiananLsibs BNARerdsERh e shPBSE < ch
as met hylp rf %Ce)a?tlqu@no Eéncmwmﬁm%%ttﬁé séquBRISmpleentfy i¢eaced by

25 alter i nki ng roups These alternatlve I'i'nki ng groups include,
but are ribNAlpmrthedfﬁlecompm)t;hpmmm's wher ei n phosphate is replaced by

co BT o (-1 e s bt oy ioleRRRT e spatent ot %A RAlsBalarate by O

substi t Ut gén@rm &ﬂaﬁﬁsetweq&n%bkmhp(emkn&@y@thesé jueiied dflintefeRt which Mgayee et her
(-0-) lin Wﬂﬁ aryl, al kenyl, cycl oal kyl, cl oal kenyl or aral kyl. Not al

| i nkages @ mﬁeu%wreatapb@qm q;@maais i¢ verant segNengsy ecedi ng
description a qui rk L fRaddee ng
RNA and DNA. % thtB&? ?gétles (E:}ﬂe%ﬁigé{@%é ul e dgtggﬁ(f?g%g cﬁer el ﬁdﬁ@n °¥% {
process amnﬁmc&ndgagmams of the nmethods up to and |nclud|ng the first

tra cription second tr scription 2 6.,JU. 2004, WD 02/ 00938
CTARS | 20660 SHomamele; TaGne,pspest as GvAbLqroptares BSOQs GRegRRHRR | oi no

8 eps of  delifiertRon dilérest Ahipridfhe st Qithbing BirleRS acid'nphifeatibA BRcducR WhaRder at ed

inthe first transcriptio reating a produCt up to and
i ncl udi ngsatd\mld@c o¢id amplificationpiroduct mgnaraﬁed byedncdnaplifronfion tmethod desatibiedr ei n,

refers, res ivel n or _a thereof , that is d|re tly or
i ndirect]l §8ﬂ‘é&‘%tﬂgt°3‘§° q.rg@@ﬁ:hu%pr tﬁg?"é’ Séhe 533531088? ?1} g
dlrectlyih&h@ked with, fox exanple, a dye and/or a detectable nnlety such

as a nmenber of_a speC|f|c bi ndi ng pair (such.as biotin-avidin). "| abel ed"
r NTBOmay al so Weyet nmth@rmplea@eumnssm proyidesmagthodsiof @t@cmtgﬁret@aamf ®, a

g: g: g; E ]9 18 Qmﬁ slacﬁgﬁ!:e bfsiéf%géltg irﬁou e%np‘;il 3 Q%m od %%E}rﬁ% @eltgc(?mgg {1 e%

fol I owi ngthes nexprenw ejtmwnesofn 4 mecleid\ddid laﬁtpﬁﬁaﬁttc@ﬁredmt géneﬁttéwbyhn Usef ul

| abel s in the present invention include fluorescent dyes (e.g., fluorescein
i sot hi ocyanate, Texas red, rhodam ne, green fl uorescent proteln and the

| i ke}, radioisotopes (e,g.~ aH~ ssS~ ~zi8~ 33P' gash or'~C), enzynes (e.g.,

| acZ, horseradi sh peroxi dase, al kaline phosphat ase, di goxigenin) and
colorinetric | abels such as colloidal gold or colored glass or 15 plastic
(e.g., polystyrene, polypropylene, latex, etc.) beads. Various anti-I|igands
and |igands can be used (as |abels thenselves or as a neans for attaching a
| abel ). In the case of a ligand that has a natural anti-Iligand, such as




A "prinmer" is generally a nucleotide sequence, generally with a fr 3'-OH
group, that hybridizes with a tenplate sequence (such as a tatfétl , or a
primer extension product) and is capable of pronoting polynerization of a
pol ynucl e¥P0EOBnpl ementary to 30 . the tenplate. A "pri ﬁEF}USQQ?%g‘b, for
exanpl e, an oligonucleotide. It can also be, for exanple, a sequence of the
tenpl ate ' ; in0 Qi s oP¥Rérbigad to a
sequence T Pialeatton Meftoll BekorBi FHBDDRERRHUrthd efhorcl o KIIEEE "2 ¢t
i s capablampiificatienptoidnets islindieativiedd ppesepceafithasdquencedf interkst id @GamPR-~ WO
02/ 00938 PCT/ US01/.20660 ."ra%ndgm ﬁ{gi rreg ".as ysed herein, ﬁ’? atpri mer t hat
conprises a seGU@HEE ¢H gyasmg ds A @e%?&u“%ﬁsﬁqwfﬂ’@ AFtor specific
sequence dofisaeThhubatio !l Siid bdinioAf HheRdin # sEuBhdedf iftesPedafisas o 0n { hat
(So di zabl e

t he sequenc f the randompriner) 1s hybri | e (under a given set of
condi t i omaytation,dhemutationisa singje anclestidepalymorphispl. dn stine egthgdimments, of a

random 5 primer (or its c | enent) & r, not be.nat ur al exi sting,
or " r o5 erfetsch o srisRoe el aRireeo s batridtaNe Al ppRRgdon pradnbt ' 1!
anpl i fi casohgiqs g the E’éct}iéﬁde' nyntelfer«,ﬁbiﬁl aRgEleR e d}g@bétb&ﬂ"s% bAASAHIOR it ure
woul d generally "enploy a multiplicity, preferably a Iarge multiplicity, of
random privncteicacidsequencesdflinteresic rla othent embodineents; tletectingrafacequapce nfintereshn

al so refer to,a pringr. that is.a..mene f a population of priners (a

ol ur al | t PoBIE B RUAOLAR o frap L5 AR FFocsf posthe il e s BPlaenbifele o

hybyg di Zeehferde OEHitérest vithH Ricldic 8did PrébedBaMlis RyBHREZabRS tolsaldddmplili€NGES. A
random primer may hybridize at a plurality of sites on a nucleic acid

sequence.Somecembngdiments,annsleiqraidpiobe somprises PMAdn pthar embodimaaisca NUedLipr i ner

i o codetd BRYF bimPRR KR R0k AiodiipAc n AL Mtk AR A5 el X7 °
15 A "t ersshitedmbsudinaenty, Hifictaitaf Compeiey mobOimmbkiliged @i 4 Sibseste fisbiivated as
used i nterchangeably herein, is a polynucleotide sequence which effects

cessat i orffn apngterialseleetad fom the STOUR GoBsistieg olnapes, glesy, plastiemolyprenydeneenpl at e

co | Si ‘ m.natd n ortion
Cor B egi Ao oAb mE HENCRuloge, SRS id IS M Y bR Rerle BT |
the ter Hiseqirl]éxme o interest(os its eOmplEhrentﬂﬁhletedtezldaEL oendl.lwtih'g di:nited_)priﬁﬁslr extensign,not
enconpass e entl,re term nati on sequence. es O uLtahle termnation
ol ynuo! cuhsTeie the nilt BEmeC ARr R SIRES CxERIERE BRme RS 18 b ov) ded
her ei n.  QrigtR@NaBlARChcE et #Plifict BkihdiaH hotuR® YeefhaPbdRsaequences

i nclude a conbination pol ynucl eotide conprising a Term nation sequence
(whi ch gesheragstdristic tht indidates prasgnages absance of thesequepopofzintsreshi t ch under

congitions in I ch the terpination. sequen | 5,25 hybridiz .to t ar get
pol ynucl eot i deﬁ%ﬂﬂwén%%%romﬁ%ye &fgﬁg%e:ﬁﬁ;gr %ei cgpﬁgg@qﬁaeq%?ﬁcﬁt}énﬂ. l"ocker
sequence, target nﬁ&éi_@%itl%@q&eﬁéb!emeeéinglé-sﬁﬁﬁﬁtdlﬂﬁbﬁfofdé@ﬂﬂ?lmdaﬁb@Pﬁidﬁg:ts of an
exanpl e of a term nation sequence, and refers to_an oligonucleotjde, that

bi nds, geheinyentiompanalsy bnsad forthe deteetipn and quantification pfie tasget nyeleis agid 5
Sl , i e _ o '
Fop 1 car i Bgugibe B RybARTAGA! b ottt fof B ifhabiflopy 66PAE MitintlpgBle |

t he t ar gegjrosidgsmetiods bf produciega mierpanay, vesmprising iie) aniphifiieg aftargetext ensi on by
DNA_ pol ynerise, "Term nation site, . or "termnation,point," as.used

it 25 o R Jeons by e mesbedSotehé iovgntion; 804 0 Srammobi a8 ABRAPRED, ol at o
that is |388udt@Bh hsabshdtety fIR Ql\éz‘in&%&f@rcb iSmg theldinplificadOf 0dfb18.2/ 00938
PCT/ USOlf%SG%O before terninat jaon of pol yne?l?,?at |gon_(.gener al |§r, priner

ext ensi on) or ©Osepspectofdhe inventionprovidesupbthodswi determining geneexpresgdon it is
the positiop,or region in the target..sequence that is copplenentary to the
3' end ofprf’ﬁge BAH "?eewlé%ntasﬁg@ﬁ}@ngpﬁﬁ?ﬁ%O _§%“P’&‘i‘?ﬁﬁgﬁlt%‘g§|‘% fromthe
t enpl at e RAHPIOYE HRGhéHSS OF thd iverititnb andi{t) QeteRAIidgindtint bh@npiiidation
"Protopronoter sequence,"” and "propronotér sequence,” as used herein, refer
to 80si ngrredusts efiersh sesusnesefiiniseast, veherein conhi said amonng isuibdicativerof faount of m i s
capable o l.at.] BNA | QLI nt <Rk ter
cequence, T SRR g Rt b UIE Sl Bl R ER: AR Ehro R LPUBRA

" pr onot eris detpnaited, In che@nibpdiarant each target pislgsuclddtide ¢ INAD Iy andth@r opr onot er
sequence %Ee gr%ﬂlded by anél of, 10_the propronoter pol ynucl eoti des
descri bed®® at taxget pplyaudlegtided§BNAy 4 combi nati on pol ynucl eot i de
conprising a term nation sequence (whicH generally and preferably does not
effect tenplate switch under conditions in which the term nati on sequence
I's hybridizable to a target pol ynucl eotide) and a propronoter sequence, as
descri bed herein. 15 "Tenplate switch oligonucleotide," "target switch

ol i gonucl eotide" or "1'SO, " as . used herein, refers to an oligonucl eotide
that conprises a portion (or region) that is hybridizable to a tenplate at

o, . - a e - e o . o o




20 generally known in the art. "Tenplate switch”" refers to a change in
tenplate nucleic acid, generally fromthe target nucleic acid)$qyf bl
unhybri di zed Bortion of a TSO during the course of a si ngl e r(e)#gﬁ of
primer exX¥WOMOBH8 A “propronoter TSO " as used herein, isPqQIFS 64
further conprises a propronoter sequence that is not hybridizable to a
target pol y”“%%b&?ioﬁ%@%oﬁd&'c\é ogﬁbngiit onfpes, lrbatfion nikiueds AAHe
generally those in effect en the hybridi zaB’Ie porti‘on or region of the
TSO i s hysystents zemptising ivariouwsrogetppnents Gndrvapiouseambinations efithe compgaents)al |y,

ol | gonuc B e plpcalcadefBeds’ fnahbd Berep e enect F (BTGP EUVAS & ha

conpri ses Phi)] & Af teredt, BOhpliGRe: (APIFsBplitdePwRich3a portion,
that is hﬁf%@zg%agf}?%gt%gu%&r eqgi or?gt(’)f abp@i?gma(r ext eirjlsi gn prcoduct. The

pr op¥ onoteompositeprimer; §o)ck schendyrimen (Q)aPN Apdapendent PNA pelymieeasei(dran di st i nct
or overl Lng nucl | des of an i gonucl eotide. 26.. 1.6 2004 WO

02/ 00938%7‘%@6&‘%?8@%&1&&?@_ %‘gt%u¥?€é°%tF£BﬁY%‘t??ﬁ°3§&g§Poa§‘%é a second
sequence, potyifiérads aAd (F340 chSyrhé St Slbaves RNR Fidhi #n RNATBNA e akdiat t he,
first sequence has S|§n|f|cant sequence identity with respect to the second

sequence.optionsaily, éhra palynpsiestide comprising itermiration polymucleetidesequencag
nmut at i ons char %Cﬁﬁ{fili n_a sequences gt . 5 To "inhibit" .is to
decr ease APothergipeet gF th ifvepton bravidks asy fitying e

‘@)

B SR EY to a
" ef 0 eNC onfbrisHET) @iobomete: TSO ) ¥ fit pAeER GE)plisnally SDNBL-Gapoihtor MRy

not be stabl'e and nay be directly or indirectly detected. For exanple, as

i s descriD¥A prlymemse; (i) anRN Ardeaprdent Pk polymetse:{c) anenzyme thaisieavese type
of producky ﬂgc}mEaE&NMA%pgr%ﬁ@s@%ﬁ eé%ﬁ;{:geéé’e- 43 #@&aﬁ?@bﬁeb&}ff red.

For pur poses I'S i nvent generalTy an’ rMiternediate with
respect tmirhéde final anplification product(s). A "portion" or "region,"

used i nterchangeabl.y herei a] .of g pol D&JC| eot.ide ,or oligonucleotide is a
conti guous seglg‘e‘i‘i‘e e pspscly eﬁ%‘feé‘“ﬁ%%é'.l qs,qqu:pﬁ%;m%&?mgo,smgnf, egi on or
por On I . s} o - . .

nucPseot i d‘g)s.i ﬂ’:’% r%tg’lgon, po?ﬁ°ﬁ°mg%%‘%?8%agﬁéﬁ gwagﬂ&%g%g%t " to
anot her sdegcribedchertin.dntangthabaspect; the tinveatiom provjes kitofor conducting theonethédsr
exanpl e, an E or.tiQn which is jacent to a 5' portion of,

conposi t € eﬁ?‘iw?\lf;ér e&%‘?-eﬁ%%%%m guf[aﬁﬂpap it °’§'ﬁyNﬁ‘ﬁﬁ‘Qi PecesBHYSt this

exanpl e, &Rikihgdhitabléinstrucdtions, @BAtaiPohe Brihore @omponchis Wit d fiileagplifitation
conponent s, whi Ch, under suitable 20 conditions, react to forma conpl ex

(whi ch repethedsdor example.dheinypntiongprovides kitsothatcopprise a sompositeprimar (farhe” |
d,the |jke | hes winse i ndi el | L i si ng"
roadd | ncPfipld o BBaRbAcH IR pbRibpR 3R RFK phARe v B may BF and T (ns "

that are fusthei bdadtdcehdto the13 cEDNAL pdrtiow)ahatis hybiidizable to\ataiget polymeleotide,raand
extension,. and the_like, gqr "suitable". 25 conditjons are cor]ditions t hat

do not prizoBromatergrolEpsieed gHions for ampltfing theterect Bakinvelesitdeper mi ¢
enhance. Jc3eiding @ldhy ARffode fifertRC bt Bd uescribed Buef Th§U&rﬂg<fs!ét?$¥ih:{ee?ns1

known in the ar erel n, depend upon, rexan nat ur e
of the nuaidguopmimoterquismucleotidmipdhakits ean beready idesciibed benebhi. The kits cathese

condiLtions al,s epend on at ,event Ls.desjred, such as, hybridization,
ol 639 age. Soulia frtiek SoeptHt, piokiad aGk F YRR sgleeif otttk ErBAe 5s
used her Epdl Nckdotide séqheAttY (HOAYJIF AR e’&?ﬁé@&és@ﬁbédh&eiﬁ,%@l@%ﬁa Qrizyhi%t erest 1n

conparison to a reference sequence. A reference sequence can be'a wild type
sequence Wwhich clrayessRNA fremwah ﬁmﬁwmm ¢for @ca@mmgﬂéasaer(qh%mrmoter

alt or ot oREORRYER B Seo B ol Sui s Ve i S RO Empring

a propromoter TSO and a first primer (which may or may not be a composite primer),

f
enfot

30 . wherein both are hybridizable to a target polynucleotide, and instructions for amplifying
the target polynucleotide according to any propromoter TSO-based method described
herein. The kits can contain further components, such as any of (a) any of the enzymes

described herein, such as an enzyme which cleaves RNA from an RNA/DNA hybrid (for
15



16 JUL 2004 WD 02/ 00938 PCTI USO1/ 20660 sequence, due to mechani sns Idudi B
substitution, deletion or insertion. Single nucleotide polynorphi sm (SNP)
is also AWLRERRDIHE mut at i on as used herein. "Single strandeark/csmiogenat i on
pol ymor phism ™" and "SSCP," as used herein, generally refers to the specific

conformation of a Slﬁgle stranded nucleic acid as is affected 5 by its
speci fi c enpmle. RNaseH):dbhu polynuclegtide camprising £ proprom@ler and a region, which ngl e
stranded u cdel etions
or |nsert?@r¥({%§g§g%£ﬁdﬁ§ aﬁ)@%nﬁgl?gﬂgo?é}h@de@ gﬁ'}ﬁ) %‘Pta tﬁgédélg rrr'ati on of
t he single stranded pol ynucl eoti de. The conformati on of the pol ynucl eoti de
is generally detectable, identifiable and/or distinguishable using nethods

known in the art, such aBK@EFBES@!UPTRDN@WHE'DMW@S) nmeasured by gel
el ectrophoresi s, capillary erectropnoresi s, or_susceptibility to

endogucl ease de@@RE A-FYA & BB tdnaticABhkeséid ’ofﬂ?ést%{ﬁgﬁ bsi bl'y
her ei'n, corrpnseasur ace w an arra pre b rra
putative potidimal apeplificatidyprioydss iuﬁngathlank):r Equmefcompandnt @s h éeninirmtion arrpl e

(target) ch offen has undeterm ned characteristics. In a preferred 15
enbodi nenP? Y&“ﬂf’%array refers to an assenbly of distinct pol ynucl eoti de

or ol igonucleo %@RE HHPA?& eg@,{té psUTS te.
Arrays are fori:l on (sat)gstrate WH caP t%%nfﬁétéal S suc as péel(r31

gl ass, pl &sotheunﬂeang:hﬁcpum/]moom lusing a template) switchloigonuclemtiide égquence as a
nitro)cellgeose SI| a optical fiber or any other suitable solid or

sem sol i o¢ igured in a planar (e.g., glass plates, silicon
chips) or thr eFI@QR@sw i9 8 Jiagkfn@atic RpfeSenthtidiedfhe &eﬁsﬂ@ﬁa ﬁﬁ%‘lé ﬁineﬁ,
mcrotiter wells, capillaries conflguratlon Probes formn he arrays may
be att achésothesmaleanplifisatiomota Aotaggeh using tenapflatasyitching) uding (i) in situ

synthesis (e.g J ty.. 0l 1 gon

phot ol i t hogr apﬂ%{}@?ﬁﬁ}'ﬁg d{@%ﬂnﬁ% %ﬁpﬁts{mq&foq”%ﬁggtﬁ@s%f}g%? ?nmer

251: 767- 7{spthen@akdngiification of RN ANaiget ustimphite switthing). (1994), '
91:5022-5026; Lackhart et al., Nature Biotechnology 25 (1996), 14:1675;

U. S.isPat. Nos. 5,578,832; 5,556,752, and 5,510, 270); (ii) spotting/printing
at nediumto lowdensity (e.g., cDNA probes) on glass, nylon or

nitrocel lul ose (Schena_et al, Science (1995 270:467-470, DeRi si et al,
Nature Genetics (1996) MQDESFORGARE, Tmmmréps (1996),

6: 639-645; and Schena et al., Proc. Natl. Acad. Sci. U SA 1995&@

93: 10539- 11286)The fnventiomprovidsk meghodseeormpositions gutkltséphmnph@mgzmtc acitbs .

(1992), 3Q,20: 167 blottin nyl on

bt ovel | GFERRSRy ARl PE AF feah pite Bbid dediehs! Shollh v B BitnS iy many

Eds. , 1989 insidtices; foroexamply ThR@ses AvllefdhE &ir t)po%ﬁbl@bhdeﬁl@r&dntm‘%@ﬂy smijl3, Cold
Spri ng Har bor Laboratory (Col d Spring rbor, N. i Pr obes al so be

non@M al ewueﬁaﬁsbvherquarfewwlmqfaﬂ@rgmw catidaisi aarﬁllqhse,%for the g JuL
Z004 anch e yYels such as in

m croti te&%s?}s‘f%gig?%@?%s&& rgt?ggde da‘f“teé°wé‘?°eagg§i§r ally nucleic
aci ds such as [Dhidne afidéct, thnveandnpfd\tMebmethmly ge:heraily usihgisle RBIAGDNANS,

o VPPt e AR Rh Soe Ftt oa B SR o
general |y ¢ ﬁ&gfnsastao?‘.@nﬁ&gm ﬁanduIé@};bésbd’Bn hibridiB ol b & lpfPrbfBtep "

ol i gonucl eot | tream) from another region or position in the sane

pol y2fucl egolypaclootids togutarmedigte palynudieaides Imangther aspetcthainventiesf provides a
£ om anot AEstRSdssBBprng yiey P st enteriondnadiil 4 Reflbimotis Teppiyg Swite
ol i gonucl efisbRdleotiad td géndtatsan %ﬂeafatd ucleaudéwnpleﬁ bafabte of?oemBNA

portion,” and "3'-RNA region,” refer to portion or region of
pol ynucl| edrangaibed t<bg¢ngcﬁtaa¢né@)mnmap@@nd,dwaﬁq@nﬂn@ns:n amﬂutehélrther

nuc oot aaupiy Bk AR ARR MG Sfine B kAR BloTRbaB by BRTOh, T 10"

pol %mhclbleot i de Iﬁbgohspgeunﬂml emmlb ifidationTmethdds ganetallyugdrka? fo:llm)s aensmpaslte .

pre era out 1 out 20, nore ef er rrom about t 0 about
even ryﬁfﬁéﬁﬁlgfpéﬁ%la? ttwa%amtfyr pelyy 'E% % Wﬁtﬁe@éﬁlﬁg‘é" an"’f‘ﬁ&’t‘f’gr m

5 -DNA portion,” "5 -DNA region,"” "5 -IgA portion,” and "S' -RNA region,'

refer to the portion or region of a polynucleotide or oligonucleotide

| ocated 20 towards the 5 end of the polynucl eotide or oligonucleotide, and

may or may not include the 5 npbst nucl eotides) or noieties attached to the

5' nost nucl eotide of the same pol ynucl eoti de or oligonucl eotide. The 5

nost nucl eotides) can be preferably fromabout 1 to about 20, nore
prefer abI y from about 3 to about 18 even nore pr ef er abI y from about 5to

I T o, ~r- mnmnaer~ 1 a0 o o N




I n anot her aspect, nethods for generating nultiple copies of sense RNA
transcripts of a nucleic acid of interest are based on using 3 gPJ PRt er
tenplate switch oligonucleotide (TSO to generate an internedi ate

pol ynucl eW0i®B&0%Eoduct capabl e of being transcribed in a PCTESOYO6G 1
transcription steps (a first transcription nodule) to generate 15 RNA

transcrip ; 1f0-ed. QhKH™ :

transcri p‘%ilsaot%l}gsé%%p cgéb@eig%gfé{ﬁr} gfn&édgrg&ﬁa %n mdﬁﬁ?r@?@é}ﬁrgﬁg@gﬁ%&% of the

et oot | o el il pg oL { L cat L oh by L an B ot Tar e oo b oper L 6o I

i i i i fi i z J i i

gel el ?C{‘@gﬁgﬂm% - gx?reaﬁfgyfnm the %zﬁﬂaﬁm{ﬁ @gﬁfﬁ@ﬁe@ega@@gtz%psm 8. The
etectio 16 LR fa | : Dq,.rﬂgﬁ nce o

the tar gg‘i rPtfigl.e?géagm .thé}gntlt%tnﬁgg a‘%ﬁf@ﬁ |S@F1gig%ft§a§i g. o‘?’

ex a{‘r@! e, Aydesonb?ibahm,tiheomtcmﬂiodhﬁeqlw mphlynu?gqgidbfcbm?ri_‘sing mtemiiémibns?rrpl e

cont ai ni ng_an unknown.anmount, of a Ug: i containing a targe

sequence %8?1?% lqu,@w&q%e B‘F’Rﬁthﬁ{%%u@g?ﬁ%ﬁg&éﬂ}lé} SATRPFLSES § @S Hb#Chas a

known quagdtishificfeht]? coiableRnts2 td Bifbridialto AR thidelstrdnd H6h tooRE S fieoes ! NE

&? bdd;
anount of target sequenhce 1 n the test 25 sanple canq%e eterm ned. Further
ext ensi onwhich atersufficiently domplementaryeto hybridize. 2 BN pblysiesase isesdhp primer to

Gescr | bed AORPYRS oL R Atest BolYEHIGHedt eShrinda Bl RIeRripL BB Roduct s
i ncngase. edzpmel(fi¢R as RN&&&)J%&%&@WA%M&M&{}I bri@Ele@fes P Opr oot er

pol ynucl eot 1 des becones limti ntg,a 30 thus controlli ng he total
anpl i fi cafreropveshRM sequerpigs Sronstha hybmid of kemplade strand eind primez sptensioncat i on
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anplification nmethods, sych as ) et c, can 5 pose problens
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detecti onltngam_es. The "hook effect” from binding excess analyte is well
known in the art and results in non-linearity and signal drop-offs |eading
to fal se negatlftheprimerrextimsion prodpcticonsprises g proprombter sequence, bylpidization bfvel s

o BDOn ol b8P o R ol SRS HR R R 20°, o
chosen nedeqachct gencigites Hbwble sfrarideg p?dmﬂtexfm?ignpmétecﬂm dfprced pridér on net hods
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transcri ption nodu In the Tirst trans e propronoter

TSO basedRNAt prodiscis (ﬂ-heRﬂ‘b‘k wed ¢hogompirises the tdrpet sequennelad opposetitoiiml pr onot er
i s dependent ,on imer. 20 extensjo nd. t ate sy.tch. The formati of a
funct | onaroRR LA Teho Rt peE Brbetnanrized e sease A timsctit ail cfenckd

second prg ' ] I t such as a
PryE RNAL%th DN p6lynicPasd 1P EARIAR Eﬁ@;@gﬁr gge‘%]d@g I;Jlrigﬁ:r

propronoter TSO steE of “propronoter polyn | zation in
t he3fet hoeKensioneduct, p senseRIYA dxapscriph A Hﬁ@micieiase that cdeavel RNA imcasss. A

non- speci 1 e l.d no lLi.kely to.have a segyence
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pol ynuc! emslynieledtidé ribeh hybrittzddytd bisHiglestlafidddsedoriiFprirn 6itx¥énsfoRGr@iNeEsuch a
primer EﬁﬁensAo product. The nethods are applicable to anplification of
ei t her 2l q‘%?al& %“&P‘g@ipfﬂm%féﬁ%@n ispreated fwhich, andessribedhareinscaprarist e

i nvention can be used for, fox exanpl e17detection, quantification and
sequenci ng of a target sequence. 30 31 16 JUL 2004 WO 02/ 00938
PCT/ USA / 20660 Conposite prinmer-based anplification nethods In one aspect,
nmet hods for generating nmultiple copies of sense RNA transcripts of a

nucl eic acid sequence of interest using conposite priners are provided. The
conposite priner-based anplification nethods of the invention provide for
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15 determ ned. Use of a termnation sequence is particularly beneficial
when anplifying genom c DNA so as to provide a defined end fﬁ)rJU[[pz[]'[]l;rer
extension. Wien this feature is not desired, the isothermal a i fication
accor di ngVP20%38 net hods of the invention can be carried SGF“I%BWPGQR a
term nation sequence. The isothermal anplification utilizes three enzynes,
a DNA pol JhvBri | isE rase.
e enbod eny vy Brdiafod B IMAEANYE HRbuA SRS Biimer Set ol HO1RE16TE

i | | ust r attbelproprafaater molynuckeotide), dindnsciiptiont frarh thesiduble drandéd promoter kégims a
TSO, is ill strated%gﬂ?ur.e 2A-E., .Thghco osi te,priner-based nethods of
t he i nverlIPEIFESFRSE PRI SORIPEGING hesegnencs oL SMPIssh o st randed DNA
target. Wen t t+nal ' R i t randed
DAt e ¢ ar get PP, the Hivelibn Bivitcl rcBfodd BPplodBilg aloft B L ofal
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as heat denaturation., or al kal.i treatngnt n.,the targe; iis single

st randed ﬁsﬂ}ﬁncg)lfgfppélgwﬁgwngiapgre zthpquw\gp%:e@gftgx%gtersaan&ng%gg}i bed to
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hybri di zi . : t l gl g agi ence.  The conpl ementarity
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nost  pr efcenmpinising atpropresioterzequen8d pahidkl vai besigaay of a nbinbecoibfosthgagt i ncl ude

the abili t,0.intrqQduce different sequences of interest into the prinmner

h b'I'n& ' d(c{d'ff foi i h(i)'

ext ensi o ?’&Tﬂb?%e.m 1894 P JESIon SR hl@‘\‘g!?&? tacthe displaced BrigeT extensiondioqustict i on
i ncjsides ' i U?HBE%H& i efi el ent two
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sequences, or, different sifes al.on he sane_targef. nycleic,acid strand.
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I [ificatio t'ho

nucl ei ¢ acid species in a single anpli react or. s that
utilize eoppsisioga temejnatinyesequencehbybridiizen ta thetérhplate; () tpeinmsr eatension décurs

I | i 4 he.qe . oDl : .
oroter oAt SRR el Rvdett sHRYRE ARt diE Copeies "
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TSO -rel,ﬁ%ﬁ% gy . hri.fi g@% E a TSO to
<(51 di )spl ace 8%?%1?711?3 g%%%ﬁ??%ﬁ%ﬁfg%@{r&%go?ﬁg%gg@ %9{5' tﬁ%r rd %#g%{ryl ption by
t he RNA popieddroasthe tevhplate; ¢8)rteansdription ociiitogenctats RNA fritgcdptse sense as the
initial target s nce. TwQ exenpl ary .enmbodi nents of the, conposi.te
Ipr: r- bacé’gg’?% ; ﬁF%mH%%@rHX 95@%6‘6\?1’7\93%’%&5 P:“@Déd’{’é?ergg #Sdobased
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anplification nethods are provided. An illustrative e nt 1's shown in
Fi gur es |aduplexr(h)arribonuclease such asRNased cleavesBOWA front the dupler ofistep(a); (et

il ' i mer descr i bed in:. a block o
conponenMPERE b ErBieotle AR e Sae R SbEd Rerdiiien SEHEE anal og
whi ch, agredeethabis gehaari by stép yédcheléatambablb@u;ﬂm&}ﬁémaie% fegidh i@ sequence

on the same target nucleic acid strand as the single priner; and a third

3 iﬂbpgdgée%rﬁtsé, eithepAisprityear mmmd@cﬁmmbmd@)m@iﬁﬁgn oeRuIHo .
orof or ablt e srisn S e eaigs coraie BB A ofindrif dritgiRaetiBE TS C ' ©

ext ensi orthesesond:get efittamschiptigostepsousing the Benise transd fiptsdf SRYPUF)2S EheQdtarting

DNA- dependent RNA pol ynerase pronoter. As in the TSO descri bed herein, the
sequence i nmedi ately adjacent to the pronoter sequence can be designed to
provide for preferably optimal transcrilftional activity by the RNA

pol ymerase used in the anplification according to the nethod of the

I nvention. The bl ocker sequence conponent is generally designed to
hybridi ze to the target sequence at a site which is upstream i.e., |ocated
towards the 5 end of the target relative to the hybridization site of the
single prinmer. Stated alternatively, and as descri bed herein, the bl ocker




the 3" DNA portion of the partially hybridized prinmer will result in
formati on of conplex V 34 16 JUL Z004 WO 02/ 00938 PCT/ US014806AMtFi gur e
1 C, a substrate for a DNA pol ynerise. Extension of the %riﬁgr ?{)Igdﬁg t he
target stVOPPBE8uits in displacement of the first priner PEHEAYPSR or oduct
{VI) fromthe conplex. Cycles of the process of RNaseH cl eavage,

hybri di zaubgfatdfto whidhaiBie SQTRA Pritrer WoultElybridike PRSI eRPortntial eniliication

di spl acenent product proceeds to formmiltiple single stranded DNA 5
product s qf\the sequenee ofintptesieed ext ensi on products are fully conplenentary to

corl orent ary 1§ PRERRRAGRE wiR kbR B o st BBt b Bt P
bi nds t o debesssy3o reeral]l Sothpiifentsin BicdietvebdR] ARl/6R tRTRARSuY AcédEHﬁFry@ 10,
by hybridization of the 3' end portion (A of the propronoter tenplate to

the 3' erile givention providessubgombingtionss s longias thepsubenmbinations ¢xpresslverd 10

herein, t.hes.3: the .PT0O. t b | ackeg. en the 3' end of
the . pr op&’élggvggﬂ?cg% %R%!ﬁ'f"g“ﬁ‘gﬁ‘aﬁfpﬁ@m’ﬁﬁ‘é’g? g%ﬁg?égh%%l be extended
al ong the di sghaaeMePispsdl] asx féiesdl eimmasy ted amplificaiion fidthods wokeasdi spl aced
extension product will be extended by the nucleotide (DNA) polynerise along

the B porfollews:demplate switohing dusingextenpionef a first priges due ton propremaiRipisX | X

I ‘ v ; ‘ _ t
Sequence A PLridie S FRIRERE R b boRGERbn Y Bl et Bh i 0T}
Figl@e 1 polmmcleotidpresdltein geheration ofia pelynmieotide eomplenthaticotnpripdsatdoubleTO) i n

which the 3' end is bl ocked_for extens by the polynerise., Alternatively,
when t he %ﬂanmremteﬁée%%ﬁ%mwmewmea%fga compsisesp sraueRce wablgfieof t he

3" end al ) ' ' .qat i on of
@ ful 'y danapRgizet) IR EheE bRt (Hde ) R ot Ry Brdi e T |

t ranscri bdoebnothybrdize unflert doadiions thae perdiithyibaidizdtion ofthe hghtidizatilosequemma)ict of
compl ex I X, The chai ce of, R ol ri se takes into,agcount its capabilit

o L r anscPBRatEel Ry RLsIEotis, WhEPIE pesbens titds Aoh Iy RAGABI SoBBRsRdod dupl ox
forgs of prifrofiofeRlseguentdilthbifrst thRiRoRimdiuReBREn 0! Bo Tkt pRHR A (X)
are produced by this transcription step. (Figure 1D). 25 The production of

pr ef er abl the targdt palynuelpotide sequense ds gwitched tothy nen-hybridizable sequese@ oféheen nor e

ost - pr oriPibrsa SEASHE i vibische TR Bl o sst ROl Rfe B
primer exdogitentiodih@tsi Ghetoin s Ragétgdlyntislebtide is RNA Sfle RNA igtéaed E.' t he

second set of steps (second transcription nodule) 30 utilize a second
ol i gonuc|ielewing st pritper extengjoncin gtherembodiments;whereinthe tasget pglypuelpetideds i ner

rel gfi ve t ! s -

o1 221ucr KAt RIGAdehotUiklvEl foltclifly BRANAREFexttMoe? TREBO RIS cHrfiner

pol yrmeri szctmsionq:rgdm&a%d the monilgbﬁ?iaaﬁl&?équemelﬂ‘ﬁkhd’éﬁe rdapriséddqubley mer } se,
RNaseH and a - dependent _RNA pol.yneri se, The 35 16 JUL 2004 WO, 02/ 00938
PCT/ U_so_llsi%é‘g\llgflw rm-iﬁgscﬁw{q %féufsrf‘a%gﬁ%“é?é“aa RIS {Rgion
activiti %g@ﬁéfat@%eﬁs%’ﬂl@A%ﬂsdr{}té.'?ﬁa§%ﬁd%ﬁéé tiofR oldfilekhe¥elsehik RRA art. The

two nodul es may be conbined or carried out sequentially. For the purpose of
si npl i ci ttyanseripds presubicsted tafurthdramplificationdndhesesend mgdule; # sdcond primer An

i xebre ComdiRERRUL Al ity ety ok Be B ante LIS BReSa TR T on
reacti on RNAItraScriptiand 80fehdsd By AyRNARGepSRdAN DN pol§nerate td\ydteialé €S to a

sequence at the 3' end, of the RNA product of the first nodul e. The second
primer i scomplex ofchierend primengxiensionipsodyist arsiibe sensaRaN4 trapsaipteyuence whi ch

. ¢ ; . | : 10
or 1 mor - uapilet R RRGBERNA ol KA TR KSBAE el b RpBITIF AERATRMA AL
priner i sthgemeplek) A praprémows Bolyatclesideisthieh hybridizddNd adingle Birided técdad (whi ch
S neral |y, but not necessarily, non-conposite). The hybridized primer is
ext gﬁded PReEEXtegsiOB PEQ cmﬁmad’@ublpé%@dmm@bmws sreaedi(gjthes 1 E) .

The RNA s§: X %&Sﬁ i ngle
strandedsatl)fﬂl%ﬂg?g%ﬁgg{%?ggﬁcﬁl&%ﬂf@?@ﬁg 'S gﬁ?&@%ﬁgﬁ re %‘fi ve to the
15 t ar getpromotee regiercproduces sense RNA transcripts comppisingethe sequpncesifinterest. t o t he
primer extension product of the first set of steps. The 3'-end of priner
extension product XIl is generally conplenentary to the 3 end of the
pronoter tenplate oligonucl eotide (as i19 the pri mer extension product of
the first set of steps). Hybridization of product XII to the pronoter
tenpl ate oligonucleotide results 20 in. formation of conplex XIlIl (Figure 1
E). The 3'-end of the prinmer extension product is extended along the
pronoter tenplate oligonucleotide by RT to formthe partial duplex XV
(Figure 1F) which has a double stranded pronoter sequence at one end:
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and the second priner. 30 As evident fromthe above description, nethods of
the invention are suitable fox highly efficient anplificationg gL 108k get

nucleic acid as well as for applications of the anplificati s for
pur poses YOS 5ot her mal sequenci ng descri bed herein. %ﬁﬂlsﬁr@&d}&f 2004

WO 021 00938 PCTI USA /20660 Met hod 2: TSO based enhanced |inear nucleic acid

anplification A@of&iﬁ%ﬁ,f@@ﬁﬁ%ﬁﬁ&n profiRled fiXH¥AS 0 plodiiiag aclemst ohé¢ ey ofa et hod
of the present inveniton is linked to transcription fromthe priner

ext ensi omugleiscasid sequengsrafiintgrestdgenenallyy methadsiof amplifyingterget pelynudlertide

schemati ¢ _descrid ption. of Q.0 i t of ' I . Lfi Welg

wot hod,  RERIBEO il ol SRRt 1Bl b £t oB A eBRMANIEET, |
anpl i fi cajolyainclEbtidd (b4 fifst prime Bt is HpbRARAKIY fo the tAERPOlYnACRbiidRdta as

descri bed herein. A second oljgonucleotide used in the anplification nethod

of the i foeationdn of thesequange of intesest:t(e)he proprymeter E30; @ a DREopolymeraes®i bed

above. T G| el ' [ _ i.fi -

Al 11 o poBpitaringlcBEUS kBl Br el inaldeSFAIRIA sl indihectiid (o),
st ep accaibbnodledsideriiphosishates oysuitabletdnalogs;t(h) 4 becondpribies fwhicknivaenerdlly i near
anplification nethod of the present invention produces nultiple, copies of

an RNA pragdmseferablypthe seme af the dirst peimeekthat is hyhrdigehle ta ankMASERS@iRte. The
2 720 of Bantel b ieds BiRyAEpLCL A SRR S E Kuel SRRRRRI °L TR

depeﬂdenLRMA M(daﬁgl;}'m&]glam,ﬂﬁ)mmbl prom 'di&g)orl]mw{:‘,oﬁde @Edﬁﬁlyrr%ankhum riuehgofi de
t ri phosphat es s) angd ribanucl eosi de. tri phosphates (rNTPs) in a

react i on 4RHRReHOE tornisy qsmbﬂﬂ’ere@f)avlagh Bywﬁzqsap 2 AE50DA PHMST SKEPTIPR cat i on,
as is kn ' : : : SR T+ M 4049 (d ﬁﬁﬁ&d at a
di'fferenEwt;C(!,'}irrd}i}erl‘sﬂe%tec lﬁ’?’{eﬂ,’“aéié’ﬁégf)gﬁ’f%%é%r, t%%élt{t at s{cl)%mthﬁg(dg?}é%f g steps.

| n anot heandgmoprdinoten TSQuhybridize te thetarget polymualentidond) primepexnténsionatcurs

I sot her | V.o 2 n.one .enboadi nent, .t he TSO function S.a f.ermnatio

sequence TR st ot BESREAERE e reRomniloRfick, s fentanBReBabB FERte & e
TSOpsloes thopropfdihbtes TSO fBISRE WhSlhte OB t0 foﬂnfarébﬁlpﬁmﬁipﬁﬁﬂ?a a
propronoter séquence is provided separately by another oligonucleotide,

such as adouble strahded promoter segion; (prteanseriptionrocsiry frone thelouble strandedi di zabl e to

the 3" paorti of .t he,pri AR nsi on, pr.oduet, .such t ha ranserinpt ion of

the pri ororomoty Fesion S i (a5 By Pt onist i kot Bl A PRREHIR " 0

the TSO tdafiie 43 Yhy fifdt BEmes) Hybadiséd® thd RNACtra{sciibtofi3tepl(€); (e)Peinter eteRsion

anplified. The twg oligonucl eoti des nay. be added to the sa%&gsgect ed of
i

cont ai ni rRFCEHAIOR theeseeondprimersioferm giduplex; €) ¢ Feonugleges suchas
Strang 7 cAfcs KRG, SkRbE BuAiet bfofle)) @Fp phbrfinbBP UG ERIE Ry blaiedor® 07
2A) . A Disinglebtyanded second priimes extensign productsuctethat adoublthsirandedpromisterext ended
along the target nuclejc.aci.d strand, of. conpl e Ei gur A) and .,
Fer e nat deeian It bebrtedteimerdiisety of ilseorly; 29 Besitined Bevpints 4ud (AR E8BIR06 60
hybri di zajde@f-to E@ﬁ@hﬁ%&s@%&h%ﬂg&oﬁfﬂﬂgﬁﬁe k&uefde otlintdfegt. t 0 the 5

he TSO, and fur

unhybridi zed portion of t . | ther prinmer extension along the TSO
t enpl at e r esul Any phithemethestsof thednventioni¢an be hisadib gendrate RiNAprastuctzthatarg ch

CONRBEi se t nucl.ei i he ., TSO and the, fi.rst -pri xtensi on

or odtcr . 1t b Beofiire it uelsRRac st ebrr e ifh s Bla e FERL G s
both a t delsled prodacts ar aﬁ@dlﬂdrgf‘su(thblefop quafitifidhtion @Ad/et RieBtificitivn bothieche tar get
nucl eic acid), and a ngqde endent portion (i.e.,, sequence conplengntary to

t he unhydMclils sidy by metiods knqwypintheyrt, whighjncludesths ugeraf grrars sugh as sDNA
substrat : . ,se and a ribonucl ease such as RNaseH. The
DNA depe%ﬁéaﬁﬁ%ﬁpﬁﬁfﬁﬁ%ﬁﬁao the 10 functional double stranded
pronot er of cdmsome efiodimehts, theinverntioaprovides methddof ssgueneingansictzic gridduct
to oduce a sen

e RNA product X (Figu 2A) . A rihonucl ease, .such as
RNaSDH,  vISABEReE OF et For *8\‘3“&@@&%EQC{S§W‘Q on wemaﬁw BN RNA/ DNA
het er oduRlR¥oprRGONERS of MMalogs RS Whichm leleér(ﬁ ellsd, A eg@duct in

conpl ex to formthe tri nolecular co I gur e .15 Free
conposi t eAgnordinglyhtheriinvintion ptoyides methadseof samepdingre targetpolyinueleatide: he t ar get

ot ort e SRR e B el B S oA

generally the 5° RNA portion,




of the prinmer is hybridized to the target strand. D splacement of the 5
nmost portion of the primer extension product by the 3' DNA pdr {0 Xvi11)
of the partial IQ/ hybri di zed primer 20 will result in formation of conplex
XI X (Fi guWQ9B489938hhi ch is a substrate for a DNA pol ymeri s@CTRESPEHOI, of
the prinmer along the target strand (XIX; Figure 2B) results in displacenent

of the fian8¥NTPiakBlogs*VEo maf be ldddledior tlabeléd privBerCléhizhion teRaRaM:S drddr | NET
ext ensi ons and strand di spl acenments result in generation of multiple copies

of pol ynusedend te amplificationproductyre analyzest for sequencerinformatjon; angse ary to

doscr | bed e yeahéchie B dbogrivioiol g Wi A bECORA BOAYK fn BRI T2
wher ei n TSgtMNAPsGATRNTPSRaleghr Opr ondt er sequence is provided. The

di spl aced priner extension .gr oduct (XX; Figure 2C) hybridizes to free TSO
ol i gonucl eot i dehetipvensiomprorddgsanetheds of detestingaucleirpgidsequeaye mulgtipnein

non: conpi!BRes eap g fAGhe B iR SRR B ErgR R e R R o
ext ensi orprésenctier abdertetofa mititionfihe t dlysuicledtide i detactddbased od thieabidigy t i al

dupl ex contains a ful Ié_@functi gnal _doubl e stranded pronpter fqr the DNA
dependentto ARRIIEHthe targetprolynngleotide vsing 2 compesitedsimes whesRiAeportien eitkerpar t i al

dupl ex 3 N 0 ) d skl pes the
o ror oobontatnsbr s S0 GBI IS ol e RO 13t i MC ThY ABBEACECS |
(Fi pur e Frdductssoftthes arethvdd of theidention ¢arpalso bé chupadteridet] dorrsequenlesof ihfefest.

i sot her anplification described above is linked to further anplification
by the cdifseranpley famnb@cat@mrpﬁwt@amb@tsea@wdw determinsaseguencg of 4, RT,

RNaseH, b i i.de:

tri ;S)h 0s pﬁg%' %gsr? ?}'@rs |er)r}\;3&rf ’&E{e ﬁ?/(gnr %@E@Q% E‘?%edég’g hg’gﬁ{ﬁ?%‘%d“g‘?“? he
sense RNApecifid podbes.dEhe amplifield pdodinctsanad alse bexsehtbaittdey ardlortiderftify sequenddNA/ DNA
hybrid dupl ex. XXI 1 .(Eigure 2D). . RNaseH cl.egves the RNA strand of, XXI'l to
gener at e AOEHARH O ngle MHEIoHR TR BBISEAN fhe Riget MIGn B8 AEGeRRR I x| |

(Fi gsire Zdermitifig SinpRI\raRd cérﬁﬁnﬂ@ioﬁrﬂo%m?lﬁsﬁﬁs AR, Bdvétionprévaady ement ary

to a sequence on the TSO Hybridi zation of the prinmer extension product and
free TSOmehodste charattsriae(fonexaniple defscisnd/ormvantfy)a sequeme of ineresthy ner i se

extends t . € f t [ ner tensi o 0 t.alaong the S -end,of the

TS0 1o 1 urtng RV Bradiat Rhing Bioe Rt ROmBAL G 1S infetioh, b pmavAEmS , D
dependentpritistisy &étarﬂomlrdaﬁﬁﬁﬁaﬁbn afethidds GR¢HO4s these baséiisDdrfaytbdhablbpiksir Onot er
sequence at 15 one end. Transcription of the prinmer extension product

resul ts iSqlutiea phasedeehnolngiess Genarally; but netmeeesseily stheseamplifigd produetspied RNA
prog(,lct )galééf&gure 2E). Hybridization of the second priner 4 to the RNA
product and extension by RT reinitiates the process as described above,

t hus enabl i ng Ia yeyahotherlembodinment,the¢ inventidn prbeidesungthiodsforigenerating d _sequence,
as described for thod 1., .2 opr.onot er TSQO-based, lificcati met hods
Br opr oo BIErOREEYBAERF e AHEACTAS FHHRE Piadurt o e aPapipRaten BOBROTEE ot i on
of a uni GuenBibhMer extensi on product using a tenplate swi tch nmechanism The
nucleic acid anplification nethods of the invention enconpass both primer
ext ensi on by rldeiridanegardingthe veniduscompanents ofthe methnds oflthetpreseativwentioni on.
The t hg single prinmer and 25 a propxonoter TSO capabl e of
eff%gg?i nga(;%Bﬁ%r’gF‘ge@éﬁegW'tchi ng during prinmer extension. Both the prinmer and
proprom)t(gr Té&,are conpl ementary to the sanme target nucleic acid strand.
The propr ensr & Teclpy rises a 3' portion which is conplenentary to the

target polynucleotide; and a S portjon which is not hybrigdizable to the
target {under Hlegermpeﬁﬁhecﬂre%mthmn}plmem&mothﬁ@mamdwytf& di zabl e 5'

B hgl o st el oGS e R SERF KRIOM, (ibiating ffiBlnapliRaEl, (01, (S B
agl i fi canicn:bielbgp,meﬂdﬁmiogb;, mégaﬁhemishy, g&nglhgdmggytmwlmﬁmrewlﬁhmﬁg? ‘skigsxb‘ me

I nent s ence O . .
2 Sent pEuShcb§Staidies s ol NEOR be bistaer s Megeim Cloritor e
sequence AaboicdMdmal®, 2dVieliflioh §S@fbrook 8t %1 %8{39?)3 F‘nggrgélgfcle%ﬁwsmésis’* S

designed to_maxi mze transcription by ?Iﬁe . Such ‘sequences
are know{M-h Gaib eds t19&4)d“énimaE@gH Gubiaee”{(BrleFreshieged ci88); ¢ dethodsdn| e of
effecting tenplate switch can be designed according to criteria known in
the art (see Patel et. al., Proc. Natl.2lAcad. Sci. 5 USA (1996),

93: 2969-2974); U.S. Pat. Nos. 5,679,512; S, 683,879; & 6,030,774. The
propronoter TSO based net hods of anplification generally utilize several
enzymes: a DNA-dependent DNA pol ynerase, a DNA-dependent RNA pol ynerase, an
enzynme that cleaves RNA in"an RNA/DNA hybrid (such as RNasel T), and an
RNAdependent DNA pol ynerase (such as reverse transcriptase). The enzymatic
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20 In certain, enbodinments, the propronoter TSO al so participates, as
illustrated in Figure 3B, in binding to a single stranded DNA1pridtJde
(reverse transcribed froman RNA transcript fromthe first transcription
nmodul e) fWP ®083Bornati on of a second substrate for trans@FFﬂ{sPW’Pﬁaﬁ't i s
under stood that any pol ynucl eotide that conprises a propronoter sequence

and a reg bl s gligd N& i ' yoduct can
e 25 use B B S chir Ador s

t ranscri phuswheletsbaedss (198@))end periodic updates), fPEBRh The Bolymetise £haiNASBA, TVA
and the |4 ke, th ronoter, T sed nmet hods of the invention do not
require t eéc“'?ﬁ‘ n&f%ﬂﬁfetﬁf’fqﬁlfs?éggggbl e stranded DNA product, which is an
essential i nt epypRels adIRohliclRRE al] ﬁM&fﬂ&b‘iédﬁd@@ixﬁ;Slb?@djintth@ﬁﬁ@édtBweﬁﬁorbased

nucl eic acid anplification 30 nethodS. Since doubl e stranded internediate
DNA $r odiran begenerated asing staddarfl dechaiquesikabwreinghe art j¥hieprimera of the presentpr i mer
ext ensi ons_along a,target .pol cleotide stra d,its conpl enent) are not
daed. ThidvetiRded bt Risbeisty alethdRonnan Hid i PrdBbiye e et ons by

el i m nat i gyfitiielioed BY BRIl nt¥thdlls! PEY exeli CaliiRirefalq %&H%hd&?,flﬁmﬁy'xﬁﬁb g

hybri di zes?gnd 40 W16 JUL 20Q4SV\1_) 021 00938 PCT/IU%(_)l_/ 0660 are exgeng}éd to
f or m doulyod ¥ p28dd(198iD} desaribsusing standand phosphonamiditesotid-phage chemistey to

st randed .pronot er.s. i.n t ar get - i ndependent manner. The ability to use a
single pﬂgﬁé‘ucgegagﬁ%%ﬁﬁéﬁ‘ﬁesﬁ@ dent invention reduces the compl exity
of e prﬁ%es,?. The process is further sinplified by the ability to use a
pronot er TLHF¥¥% t hat does not have tio be 5 extended, for exanple, by
using the sanme propronmpter TSO in both the first primer extension step and
in hybridi zat i dntarget polyanelgetides’) asaised herels isaplyngleetide kpown prsuspested, e
enbodi ne s . R |

apl 1 1 otieameBialeR! el PhdoARS o FbrEl For il b GHRLh acii, The

st r anded riBldasciétequanck cfdnterest mpy bakhywipoene&adwhyintendafitsgetmalk ar get
single stranded (if i]tél i ﬁwno al,r eady, .si ngl.e stiyancled Therefore, if the
target nieAwsncef2enerally, g EHPﬁﬂt% a3 Iriyipa pplynugleotide that contgns gy, o

anmpl 4 i cafy ' gﬁﬁﬁ il ] | ' Serids" X e t he
tar gl;!’et nuéilc gi@%hﬁa%l i%wR&NtA%l@gbrsr{pﬁ ﬁ%ﬁs%ﬁéécsgﬂkprocee Eﬁ??@%’t&lﬁff f‘tr'e 0 Pd?%e

si ngl e stNAJEemplatgpolyriualeotide.t fitanget nutleiw acid,'t andrvarintiensythereok; are used

anpl ifica—_t{'oa My LRe preceded by synthesis of 15 cDNA fromthe RNA target
by mefthocfgeﬁ PHthe art. As illustrated in Figure 3A-B, in one

enbodi ment of “Avaplifidafief ad hisddRrdinygenkiall reférs tSHebcers éfﬁﬁhﬂcﬁﬂ%l ner
hybridize to a target nucleic acid strand to formthe tri nolecul ar conplex
| . The t druldiplecopias@f andesired seauapre x Migiipls copir mean atileast? copies A TeoPY gur e

3A- or | ' ' = 1) . Ll rries
ot 2y | e pofibchient hahHrteh elnibiol ofiipfimegtinfy LBy WHE aiER" 70,
i ?‘ DNA, tsequeme.)Hor ekﬁngbnmpaéslmmmmﬂwﬁdemal@%d umhlag MXMSmmld when .
the target. i RNA, the enzype is genera n RNA- depen { qQl yneri se
such as riBiFatenal sequencs glisrapiogs (suc ﬁqwm%@itp@aowgﬂﬁea&@% LB,
prinmer e ' j ' I ' - Famdjag €d
Por 1 on' PRl o seqliich W s IWbARIaRR, b roFLorplebnhl 1o IO il )
t ar get t lsegquesicé emorsvibatyoccwrdvcing aimplificatpdni cati on of the target-specific

seqygence. Extepsion.al gn he 5%, non- hybri di z rtion of the ., TSO results
R0 T or mat | e b ihelebas (fob SfimmRiEra s R skl s bR R.

tar get - r abfeketd mleofitél that dovhprisek als A6d bf ifterest REmUEafPee niidléic BEIdecul ar
conplex Il (Fi gdt}?gz 3A. & 4A) oﬂz%at’ he ta?ighgt, TSO ger?d the 30 fi rstlcpri mer

ext ensi orfeAuenge s OPRasedta itkcomplementi e st randed pronoter region, thus naking

021 00538 P URONPSBIEERCET HRHEHY s poet iicbngsdly nefidh e 2001 &
RNA, t he geliness ofifidcledtides 6Parexlehgthcaid ilcluddDNA eEnd RINANFhe aacleatides caleley aded
by RNaseH to formconplex Ila Q&r;g{l;@;llﬁ%a t he Proprom)ter TSO and the first

pri #r  exdeerwibpnugleghdes ribopcleot mugleptidesiop brss<and/ o Shaw analagsanded
promot er Ry isbstrafe thatl daft bE ifdtpoiteditio BPbYMR: b5 DNA or RNA polymerase. A

polynucleotide may comprise modified nucleotides, such as methylated nucleotides and
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'S A DNA-dependent RNA pol ynerise binds to the double stranded pronoter of
conplexes Il (Figure 3) .and Ila (Figure 4), and transcription of the unique
primer extension product is initiated. This process results in b6tk 2004
generation of nultiple copies of a single stranded RNA product which are of
the sane sense as the target polynucleotide. A second prinmer hybridizes to
the sense, RNA product to formcaonplex 111 (Figures 10 3A & 4B). The second
primer i sthaéﬂ%%'?%ﬂ?r tiﬁpé?ﬁﬁ%_ FRHPY (q the nuglpetidesstiugurg pag be pmpew@ bejoge or
enbodi menjgg, m%ﬁlyrbt{tﬁ\?{)élyﬁéf. THB YeRRACISE MicleBRAS Iﬁéf?éjinftérﬁf feldlty dofle Second
priner is generall'y of the sane polarity as the first prinmer. Priner

ext ensi ornugleotide canapaRsints pA golioiiciestideamay belfinthier inpdified RNér pdpaeadierivn, DNA

| [ h . A t i pt , Jyleldi DNA/.RNA het dupl
SR R W RN R
res ts ifgr bhendl® '?R‘E%s" Ch'ﬁb&ftu@or?dgl\ﬁ{e%r Hidr&Bfee n%ﬂﬁaéﬂ}r&gﬂﬁglg%cl%ﬁd@ "with

extension by the d’ep.endent pol yneri se second”prinmer extension
pr oduct ) .ananplogeintarayslestide enodifidagionssueb s, der &xaimple) thase Fithumeh®8geds a

ropr onot,er TS hybri di zes,to .the, 3' portion of the gingle_ stranded DNA
Br oguct tlg’kf‘%ef's%@b#bﬁﬂéyj p@oipﬁpgﬁ?% plé‘%p.hg‘i“leStFﬁepllﬂsB{B‘?aé‘Ha?t@g cAbamAESISoY i de i s
a TSO us [ [ ' ext ensi on
pr oduct ?%Wtﬂvﬁlig% Qlllilkg%e%néfggm%ﬁ&%@d&&g%ﬁ%}r}g@dgﬁﬁ?ﬁ% e?’@d)ﬂg\%%l d have

been i ncsopBitrgpendantyneigtiess sucbras, for exampleireteinis ¢egp nocleases, byxinhe t enpl at e

sw {£h pr he hbi nding of r opr ter pol ynugl eotjde (i.llustrated in
Frolfe SePEodes SlRatoPiaE oAl Drefice e Bod v IPAeO R bt attigintr tne Tso
so the 3'psefatbnpétch osel ddgtatnifiy CRISASH (8.2., BN raHbACtive metATMofon, Yxiliftive
extended al ong the propronoter polynucleotide (TSO to repli cate t he

pr onot er BeYsted thosgicentaining alkylpiers, those withmadifiedlinkageg(eess, alpha Fi gur e 3B)

whi ch co | ] r e ro er _sequence. ex Vi
s & subaronele PucHE gV, HOURNGS BRABHIORS (BRI e RO REs S EVRY  o
t he doublaay of therhydrbxy! grwnpeordinily presst i the sugafhemas b6 Reblavet foF exXiphs)Si on
product nglglro uce multiple copies of 30 the sense RNA product. The RNA
pr otuct s CXHROSRIGRAtE Sroupss Rilosphals &reHps, Protested ypytandapdipioticting 8T08RS: @fisi on as

copi o5 o FAEts propétspdor! ARl dackighbOhBERBGHP o7 s hudited 0" ©
PCT/ USOl Isalié 8upports. B & andBhtetmihatioH daarbatphbsphosytatbd bi asbiiimtedosith be

expected tqQ proceed.unti) all free TSO_is hybridized to the second priner
ext ensi o ﬁmB?%(ﬂﬁ Qfgan)g; capping groyps maigties of fiom: b fps2(heagbonmatoms, Qthes hyidsexyis

Fi gures 3fayBhlsPBcderivaiizRdo sRhiaw P&eét?l% ;trn%l.ﬁﬂsﬁﬂglm&lémid?; c rﬁi’sofd.ogﬂ 5 primer

: .
ext ensi on products, the RNA product o Ification of elther or RNA
t ardfet i anglagousdamms efitibase er demylyriboscaugas that frerpeseraly knowmin the ep, on are t he

sane. Ea . [t step. (i.€.~ Aransssykption af the.first or second
o eroltbdRETE OBCRE o Bnihu 2 O NP ELticror B £radi i bibiessapiposfii
pr ef er ablsygatanhlogs b-anbmetic Sugaid) epinitiRisagabkuchals afd%%ﬁse,%%‘l’wes d09x0seBr €
preferably at |east about 500, and nost preferably at 10 | east about 1000,

copi es ofPYENgseyLarssiuFanese srganasysiobentulosss; anychic anadogsiang abasiphudeosiden t he

first t | ' e . t he t

plolr f/nuclr %@?@e&hﬁp e slélggsr%&ﬁnacﬁ) C O?%E P%H%ﬂﬁﬁ?e@nkfelﬁ%ﬁ{l%ﬁ%q ’5?‘3"%‘8}{ d be

an ZNA t aktesativeninkieygroaps Chese dlfemative Hikihg arongs inehideNbutaedhet limitedeo,

anplification products of the anplification nethod of the invention are

si ngl e 18"@93 harein phasnhateds replased by BEQISE thisate”hP(S)$(“dithieatedr i ety of
t hods ke [ t ) s f

B e R W A

detection of single stra nuc nown “an be suitable
for the deindenendentlyid oy substitutédoartiinsubstifutededkyld&Q0i Oroppivaaliscéontaiding ar

anplificagio thod of I pventign nents and . reaction conditions
Gsed in_ eHsPoF g&fﬂlha“a‘?‘f}a’e%kaﬁ‘}’b(??&g%g of afalids otallnkages T a
30 polynucleotide need be identical. The preceding description applies to all polynucleotides
referred to herein, including RNA and DNA.

A “first transcription module,” as used herein, refers to a process comprising steps

of the methods up to and including the first transcription step. A “second transcription
23



The nucleic acid target to be anplified includes nucleic acids from any
source in purified or unpurified form which can be DNA (dsDNA antlh g8 DRI}
or RNA, including tRNA, mRNA, rRNA, nmitochondrial DNA and RNA, chl oropl ast
DNA and RNR O2RBRNA hybrids, or mixtures thereof, genes, PSHIUSHHINERs,
plasm ds, the genones of 25 biological material such as mcroorgaai sns,

e.g. bac s t | '

umans. - ongiyiB ok B eyl et g oA Complling Sopg oA R PEbEIRTR 2.

st andar d pmnh:gl of tiesRNA trdnscriptigenénated dmthedfirbicteanaeripition neodhile fo areatinga INAan
RNA t ar get requjre init}al cDNAs nt hesi,s, as known in the art.

-~ Anplifi caPrP\éMﬁcté‘Pt%mﬁﬁbFﬁ?F% m§tgp ‘denat uration of the hybrid

to obtain a SSMb@ed%N@MaBme@@ﬁﬂﬁ??éf&é%é ) OURSNYY, bR

transcription to obtain'a’c ar get c el c acl
02/ 08938 ﬂiﬁfﬁbﬂ?&@tﬁszﬂﬁ@ﬂymmdmcﬂylmaehedmrthralabeb.cﬁor@nampleaa ElabgledNEPxt ur e

such as a bi I | e, apd can .be obt ai f vari,ous bi oIo i cal
materi al By B? Bgﬁ‘gﬁ léée?ég ﬁbﬁmﬂe't“rfs' fr"f%r ?ﬁg{ep{%}){clrgpm% (?‘F 19 he
amplific d ¢ 1 tide
2ol e st Peeflt £pb ARG BindhR it (e vlSta AN 8 1oL A ?"amfsbﬁﬁe'
initial 5mdtre<p11y| laberledbpeits mhmsnam;fomexéihpiemwetu twtw}nnh aﬂmlmnbe t her mal

denat ur at h t hod .k h h |
£ eat ment i A3 HOH 5. a5 £ABgrEe SERiR fon Sefin, ARIESABIR NSk Rl oy
a cQEPOSi IaBelRhidy R atfabRéd foloRMEAAEGBomtiofRdIHS IR TPitoR ektedion plddick ONPOS| t e

design of the prinmer is designed such 10 that subsequent displacement of

the pri mePsefizt lebels irthp metlnYﬁ}ltlbn mnlu@ fb&m&%ﬂy@%&ﬂ ,tﬂumeﬁcymc onposi te

primer an he e L on new r. b

R L exbpl G BAnRR 58, AR omess on
product | gaflsH, vsTcmemMIO& 'etf:) aﬂzyme‘sl(s g1, 14, Roreéladish perositlase; alkaline
substrate for_ anplification he conposite prinmer, as described bel ow 15

Conposi t ePinsphatass, digpxigenin) w@l qelorimetrig debelsruch emendioidal gpld asrcolorrd glass 9Bt

t bi ndi
(nyBR1 o 2 PRSSe e poBlstin 3 boffBfunilie N, AE) bk, VEdGAPRR. ety b B NI N0
i ndepend ehgamifs cinybe nsdd {ast labels tﬁentsbhreﬂbﬁasmem tisr) attachiag adahee):lhethe naselod
t t d; d I d h b le
hybr i i o8 186 (6 ek Gaiarthati-asBd O Lo, yingine 2B Fortiel B ditas g 20
nucl ei ¢ aﬁéﬂseﬁ%tz&ﬁﬁﬁ&oﬁ%ﬁiﬁbel@@hﬁﬁ-ﬂgﬂﬂsex I n which only the RNA portion

c

of the priner is eaved upon contact W th a ribonucl ease such as RNaseH,

while the tar g@he‘étypé’mfrbﬁﬂ’aamseddmm,,refetaie therpanticuly taseefd iurdeatifle,anot her

co site_pri,ner The conposii.e prlrrers al so conprise a 3' DNA portion that
n‘g pabl BARSLY Adening, Cyte '?’B’rf'“f EMte on the target nucleic acid

( tenpl ate) suctofigsiuclebidd)y By héétlh%fdu@ [ererally tefers RfsHopt, §@ieraBOLgsIE ©

(tenplate) is favored over that of the nucieic acid strand that is

di spl acedstangdgad.iggacrally @eﬁhﬂwmmc&@u@swttmmlyowmt pecessasilys iespr i ner s
b 0
(r:lﬁgl e:acr quagaﬁlhgpﬁgﬁggﬁ&s?@&% gpﬁgfs sequence tﬁéhﬁ%ﬁnancxﬁlor [ en?iﬁfey, as

wel | as hydsmpakutz ptimen, KSOATO amd;blobker:sequeaéeaﬂhetbrmsﬁ‘oﬂgmmmlepuw’rmﬂdi zation
rt| of the cqnposite r tht 30. co nt,a
SeqmBnce | TPITHBIROHAS e AL PERElY brRausee. Ko GrioapoR FoviRdor S OVIASRIFOH of

t he honol aB@al libabld #Fo Seotfies !t he d| spl aced strand to the target
gl o1 0 fRUT sRe BB BoltEan e D P e a 120660 Cenar &t on of

primers suit abAé‘phmer’e»stgenemByn almycleotidersequense,i generatly wdth a freco¥-OHgroups

that hybridizes with a template sequence (such as a target RNA, or a primer extension

-

product) and is capable of promoting polymerization of a polynucleotide complementary to
30 . thetemplate. A “primer” can be, for example, an oligonucleotide. It can also be, for

example, a sequence of the template (such as a primer extension product) that is hybridized

to a sequence in the template itself (for example, as a hairpin loop), and that is capable of

promoting nucleotide polymerization.
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art, such as described in PCT Pub. No. W99/42618 (and references cited
therein). The conposite priner conprises a conbination of RNA andiﬁljltlb\z@@ee
definition above), with the 3'-end nucl eotide being a nucleotide suitable
for nucl eWO B@PW8ext ensi on. The 3'-end 5 nucl eotide can b&EMPOHEP ot i de
or anal og that when present in a priner, is extendable by a DNA pol ynerase.

General | V. -t hea3ian@pdl ghisede0dsived hertinpisd prcir (BHichRRBed SoBirbe tingls de

those that conprise at” | east one portion of RNA and at |east one portion of
DNA. Fox <esigmpd not haserbers partioulaner specific sequepes e sanple, uhrather is basedonia a

3' - DNA port.ton,.(in ich t RNA portien_ is, adj acent the, 3' -

por t1 ony - tis8del cieeolibe el FReRet (o 8 eitoRERARED s bibridiakGmdioR,  on.
Accor di nggiven et oPEShARIGHS o BRlor nidie s ik theREMPRY. THE SRfreRc®ofa rimdolNA

portion and a 3'-DNA portion, preferably wherein the RNA portion is
adj a8ent primer{er its camnplemwent) imay. orimayaned bh satueally saisting or nressntispes] efe pri mer

Gt L T T e T el )
embodi reningle AuRSTRARUCGNY Feferflly Wlflo} 8 Rt profaaBliatagea 3 - DA

portion and at |east one intervening portion .e., an portion

bet ween Dxnltiplicity, of sandomrprimensgh s isovelbwndarstoaddn theoart.ian randosnprimer’ €ampr i mer

170, aboutisSsteribp arBit e i B cRURlaklR Be St Rl 3 mpgb™ =0
pr eflor abl prithes)which ¢bllectivelyedre desigried to.hgbridizsto adesired ad/yr @§ighifieant about 5
to about 10 nucl eotides. In sone_enbadi nents of .a conposite priner

conpr i si nBurgberof takget sequeness. Adandom prgmepmay hybridiznatraplumality phsites e be at

| east abo : [ L1 re L Lt . t an
of 10, " 1512c)PHejRbecfronch, The o Bl 5k e, bde AT pléBREY ol kil piiRE !, DY
conposi t eextensiotyproducty complementaty teldAargst podyrucleotide By a polynidsdsewhi¢h doescan be
preferably from ab,ouhS ]t§8 about 50 nucl eotides, nore preferably from about
5 to abouotredilisdrios knotledee ofthe c¥Ae SpERSE AfRIS r8%6m about 7 to about 18

nucheotides, pAetRmBk aleetd ) fﬂn e, nost
pre?grabl y fro%ﬁe‘gbout ?EE)Pgﬁgbout elééq%ihgi?eng[}fte es. In %ta&%dré@’er?%g%iqnents of a
conposi t einterchapgeabbynierein; isq polyuckitide saquence which efféts Sidsatiporof DNA  t he

5'-RNA porti.on. can at .l east 30, about any.of .3, 5 7,.8 10 nucleotides,
i th an’ cisglipaton DA Bolyatetite ot Fapelt (S alnpife cmefisinkaf L. 1
enbodi MenggyuericeA ¢S RARIOnSefidnds E:oﬁa'egib's lapoftibnyoPregiW) tR gehdtallyPhybridizés - DNA
portion further conprising non-5'-RNA portion(s), a non-5'-RNA portion can

be 45  \io thetanpiagatislosaiomd e thedprmnaiowpasii(site)eThe hybridizablapastionmay t o

abo 7 n ' . u Luecl | des,
and et "SFRERSom i bbbl SRnARY Erunblls BPAIGHR Bitfagith’ O
enbodi ne ?pdyﬁiclatide sguehdes (suchrss blovkefeyaenoes a(hdSrS(Bﬁ%r@pfdvided hereth.a 3' - DNA
portion rther c risi non-5' - R ortion(s), a non-5"-RNA, por.tion can
be at | ea fheéﬁ’éﬂﬂpqgérpﬂfl%‘“gﬁe jermynatign PQ,S%WlF‘PP rfe%L?ﬁ?QFs Inclpde agpmblglion any of
5 6, 7,1 911'&'] | idile & 1afth | ' el NQ a
5' - RNA pogct)ll on %ﬁgé g@l%p{‘ D\IAsport I%ﬁﬁ%ﬁ&&ﬁf@ﬁﬁﬁ@ﬁg&ﬂlﬁdﬁﬁeﬁglyﬁoﬁ

adj acent net effect tepBi¢switohttindar canditidne irgwhich thet teemiRatiGiNgequendeiion can be

bl y f t 3 to0,about | eoti des, - f | y. fr.om about
B S hboul kRS et B R orAR A A ol SR irRab s dosrpet bestif 2610
nucl eoti des, prEIbekeRBEquchéLRIMILELIMD scqueRe®hs uséd intelchRhgedBE heris! ig@mpt

preferably from about 10 to about 15 nucl eotides. In certain enbodi nents of

a conposi examnle oks tegpingtion pagyences andaefery toran dligonveleatide thanbindsogenerslly i n

whi ch t he & i i ' . : s i Qn. ' -

por i on cARIPAAEEY,1fthel CrPAGRTio eld bl Fiodad M BB o Rtppbif st gl
upper | i meffectd cesdativh o8 DN A teplivatioh BSDNApolptierastoivith réspedt to e téplateengt h of
an intervening ,RNA portion in a conposite priner_ conprising 5 - and 3'-DNA

por BPons GPRPFising the target saguenge.dfs A snd gragiermsymot be bleskedsfor gxtepsionbY y fr om
about 1t cl eotides, nore preferably fromabout 2 to about 6
nucl eotidgg,@pgﬁ%mfzr%a% preferably fromabout 3 to about 5 nucleotides. In
sonme enbodi mentEermination sitpB st {‘erminiatien paint;asi used htérchargeably heliw\refas te ons

with at | east _one . interven rti,on, an, 20 ~ ~ i veni ng RNA
portion c§’ﬁ SHe pgfntpééesggo%%%tﬁgt atggha{,ls lgst r@ﬁlcgteﬁ@mtg% polymerase an upper
linmit of about any of 5, 6, 7, 10 nucl e¥tides. The length of an intervening
RNA portion .in a conposite primer conprising a 3'-DNA portion and at | east
one intervening RNA portion can be preferably fromabout 1 to about 7

nucl eoti des, nore preferably fromabout 2 to about 6 nucl eotides, and nost
preferably fromabout 3 to about 5 nucleotides. In sone 25 enbodi nents of a
conposite prinmer conprising a 3 -DNA portion and at | east one

-

b &




i ntervening RNA portion, an intervening RNA portion can be at |east about
any of 1, 2, 3, 5 nucleotides, with an upper lint of about ang Jof 780} 6,
7,10 nucl eotides. In a conposite primer conprising a 3' and at
| east oneVPRAIPBNi ng RNA portion, further conprising a et ﬁﬁ&o{g@,ﬁ%ﬁ t he
5'-RNA portion can be preferably from about 3 to about 30 25 nucl eotldes
mor e pr efigpk, Qltefnﬁfa%h%? (ﬁp@éﬁer “it‘u"'ﬂén) cﬁ\t ?lﬁiérsﬁhtﬁliqfcﬁr abl y
from about 7 to about 1 nucI eot preé erab y from about 8 to about 17
nucl eot i desmplenwithwespeptrtofackS()|ivisfthepositiom.or ragion in tledargetisBquence that isdes. | n

sonme enbodi nts of a,c 1 mer co ri sijng a, ortion and at
oot oncHOREHGAY it dN SH0 f Fisrpriieg exe850) Pod3gURtShE EMPEBaE prplate

PCT/ Usollﬁ?&ﬁ%ta bral?@;solgﬂﬁmesdtmb@aﬂﬁ&m% b SHof HBTSB. - RNA por tion can
be at | east about any o nucl eotides, with an upper limit of

aboud any of I‘S’rotmpxomtemqume,éend HproproTiner sequgmioeSas tsed Igreimipefeptara i on i n

a conposite r|S|n pPoOr,t i nd | on can be
o1 of or ab| Snatfsertis VR sedielfe fetonoriinh 28 chuidf sfiiaed o RaRPESE 571
about 18, medigh ﬁ.t&ﬁﬂ&‘i’ﬁtﬁﬁ' Yh $onRoRBAL, “BrotdprétRolet sehBenced NSt
preferabl from about 7 to about 12 nucl éotides. In some enbodl ments of a

conposite topmmowﬁﬁi‘mr@m@ot@r sequenye, ppropromotan “@mxmw qﬁqu@nccn andhe 3'-DNA

portion can be at | east ut apy. O 3. 5. 7. 10 nu | | an
Cpper 1 morgotefzey S i ekhinadibly, A ploprdigotiepeingi® SR dER by il
I engg h of the BRopoméF pslphiidievtided descfibetiiRpeih Sfop Exdiple TS Prm dgaa 5 -RNA
portion andbap:? DNA pgiritlon can be preferabl y %‘m;f)m at%ut 1 to about 20

nucl eot i cRebiRatior pelyabeleatids comprisingmigrmmation saquencewhinhgeaenallyard even

Fr om abouirRly A48 HFeRt: %@9%6%8{2“*1 uer 5410 5h 3ot RThadd ™ O B0 Y
prinmer cogequeénse ixchybridizablsAo pasigenpol grudleatide)-4nllA proproimoter sdéduenceyag he 3' DNA

portion can t l.east about any of 1, 3, 5, 7,10 nucleotides, with an
upper | i rdaschedbgrsin. any of 10,12,15,18, 20, 22 nucleotides. In enbodi ments

fur ??]COWDOS' g ésﬁ%@ﬁ’ n%GIe@tl@e eP%EthgJ,g%Bﬂ&@ot?de RTRGPtab O,

er conprisin portion(s), a non ortion can be
pr ef er abl u}sed hmmnamfens td an ohgdnmgleoﬂlde tlmt:dxm)]msdes pomme(omegfoab thatig fr om about

2 t b 8. ,20. tides nd b| bou t0 about 6
ucl eot | dRLRARRbE A SEhiath it aToetgh S oot oAty s PEO R %5 - Rua
portion aﬂﬂﬂtﬁcfpab%e@ﬁﬁﬁﬁ@ﬁ‘teniﬂl&t& BRTtcls RIAE pRIcEG df%nﬁer'e%@@'ﬁi hwﬁ) a

non- 3' - DNA portion can be at | east about ani; of 1, 3, nucleot i des,
y

vv| th an upppmemaseygeneyallyndinito aeamuence that & nod hIiZdlmdcﬂOébQ ted@éate ITSQsrdsodi nent s

Cn 897 on Sehetelly Rl o SRR  TliElgR sbaich” o881 Beslin RrmbtieBROMAR il 1"
of t he 3' gdnbiAllp dion the target lhﬁzldidﬁ @ch& tcambmnhymqum&udn éfca PHOLduriag the

nucl eoti des re, prefer any fromabout 3 to about 18 nucl eoti des, even
nor e pref@u&"ﬁlq’g fSingls royad of Brimer @EeRsion 5 nucl eoti des, and nost preferably

from about 7 LA pRAmAEr 196, BMsEE rchis ST e ﬁﬂjﬁi\%ﬁb@ﬁﬁﬁ&sa“ the priner

conpr|5|nga5 portion an ortronin 30 ~ the S -RNA
portion i propmpumrrsequwce that B noIDblybmhzatbil&)to a tatget polymitleqbide (amder g givehectat

I b <33, 5, 7,1 | eptjdes, wth, limt,of about
any 201 - 100 cpBiiioSs, ot seg Bongraly ot f el W 1 by gt 8 BEione i Boose
PCT/ US01/ gﬁﬁ@?S@h@h HidiEeH 1/th@talfy. The rcﬁl%téﬂ Ruériteds géeﬂémﬁ' but oot | e

conprising 5 - and DNA portions wt | east "one i nTerveni ng RNA
portion messmbrmtéeébreglmqﬁmlwsm 1 to about 10 nucl eoti des, nore

Bbout 5 to anodron o uRpRRleoRudiTaBTRRORT w0 1R, R @l 11O

conpri si n@hgﬁmuclecsttﬂe&hatlal&ﬁqmés 4 mgrdmdt& seljudneé aid & pertioh} %“némllg rag;’ RNA
n can _be at | east about  any

portjon, a non port|
nuc%@ot i d&’“o%th‘ﬂ% qﬁ"rﬂ‘? 3'gregign 6fia PHMpT @Fte@IOIBPPP@uth%cI eot i des

':I;he I engt o Blordoé sgque%@‘aﬁd){hte'h(}ﬂnﬁigaﬁe ﬁ&%ﬁ?ﬂa&%e%& O%the, W0fRL{ ' N9 5" - and

overlapping nucleotides of an oligonucleotide.
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DNA portions with at | east one intervening RNA portion can be preferably
fromabout 1 to 10 about 20 nucl eotides, more preferably from abdutiL30o
about 18 nucl eoti des, even nore preferably from about 5 to about 15

nucl eot i dWO 0248W8npst preferably from about 7 to about 12PREAISAHAN6HEs. |n
sone enbodi nents of a conposite prinmer conprising 5 - and 3'-DNA portions

with at |east i E&']Qg ‘ﬁ%& bs ; -]E[}Lée t ¢Q be at

| east about anlg@ig%ts%&%g ., sﬁgxéc}seg ?5éeésa,ﬁd§\ﬂ ahgﬁ%lpdes(rml Imt of about
any of 1GCportiéh ofldconifibsité priftier, ndéans that thetfirstesequehbe hhssighificant saquamse- 3' - DNA
portion (j..e,, any DNA poytion other th the 3'- orti,o in a

conposi t dAptithRAthIERSe: fgitﬁ@segogf sqs*wcso'fﬁﬁ A gengralsEied 1 CORER:afen ng
RNA porti i f f: ut 10 nucl eoti des, nore
pref er abldy??c?lg%. gﬁ%ﬁt&gﬁ?}g&g%@%%ﬁg&cﬁ%&%ﬁg@% and nost preferably from
abou§ 3 to abdlud “iGhibitt istotdedmase drrediite an aetivity fitictiomtandif amountraposi t e
primer conprising a 3'-DNA portion and at | east one interveni ng RNA .
porti on, SPMRSFRAIOAIRIETENSEs i on can be at | east about any of 1, 3, 5, 7,10
nucl eoti des, WA kf.: ') ] ﬁ:ﬁ’lgdﬁte n ides.
The | ength of V\%hgo c Q%odf%eil%ﬁr%y |8fr.lca on%oé%tcgﬁgﬁxnrgar'}%o% :ﬁ@;};ﬁg&gleg' - DNA
portion cand mady beedisdctlyroe inditeetly detected. FvAcxumipile,@s ixdeschibeddiesdinrgitdny f xom

bout 1 to apout 20 |.eot i des, 25 ~ f f bout 3 bout
T8 hucl e R BRCOmEABAS GF 8 et o au e e o EIBORFEER OF W 8750 ESBHES 9KA | los.
and190st QmEISF @l be ihiepd: _ osE@oﬁEB!iﬁvénﬁoﬁ‘,%%ﬂﬁ%enérﬁlbﬁﬂim

enbodi nents "of a conposite priner conprising a 3' portion and at | east
one i nt erinteninedjat@vitlprespéct to the finalzmphification piodncté®hn be at | east about any
of 1, 3, 5, 7,1Q nuclgotjdes, ,with, an.upper.ljinmit of ahout .any of 10,12,
U5, 6. 20, 2AnneHEnt prageion: eed uBierErby hffeln, 8f o PAIENNGIRERSE (o1 L he

var i ous pﬂiéohﬁél&otf&'ls B%oﬁﬁ@féh@§e,q%énde%?21o_r%§oréw§e§ﬂhiom& eﬁibﬁ&i&nén&?ar eaction
conditions of the nethods of this invention. In sone enbodi nents, the

5' - DNA potegioper pertionds atleast aboys anyref 3,5 d 0.ukfe 204 Hecontighenstinugleetidsst | de of t he

priger. In so | ' 4100 Of | 1 e WO
021 00938 16 ~§r&ﬁ8§%%§@%gg@§y%pﬁﬁﬁ%% e%l%#}%gg%%aﬁggdfég%l eoti de
of the prabwythal regioh)eortiGuive dequzndes Foi damiple, RhRNIA poitivn whickisadjmpertitd &
primer ing| s the 3. npbst pucl.eotide of ,the priner._In her , enbodi nent s,
the 3'- Admostion of &EQmRQsHe Priper ﬁléwﬂv-ahm%%ml% For o {lipsirefipnotithis 3¢

nost nuclwﬁ%g%i?{]&p Jorer {and the 5 -RNA portion includes the 5 nost

nucl eoti d Imer). The total |ength of the conposite prinmer can be
preferably frofn“sdaction Alixtnee” dbanasséfiblage o fxmpbascnts,miieh,pndémesuithbly f r om

b 15 t bout 3 | eoti des, f Ly f b t
obolh 15 oboit20 pucheotidoe, cand metoprcler sty Lam shod g0t
any of 10, 15,0 xaRbiiigh@0hh FBS likWinless BHARAMSE inldidhtdd iéluadplutal fsof 25,

30, 50, 60 10 nucleotides. [t 1s understood that the I'ength ctan be greater
or |ess, as appropprising’ meangindwding.cacti on conditions of the nethods of

Chis i ti . ; e . ! . i ch,
bs s et T knon G hERUBY > h il St 6 BpifleAS el BB el " O
a?], for ﬁmgﬁplgmccigloaiah asthgbﬁdizhticmdrdnldrmwnlsﬂonr&)d,thé Iike,pml“kdiﬁbledL I t hef pri mer
that i s ridizable to, t target polynucleotide is 15 prefer of at

I eaéﬁ abo%lﬂndgm app fopdftiops 316&3? goﬁrg‘fe@g%‘%cgéﬁﬁfﬂﬁ g‘PB"/B"cHW% %%F%f erably

t | t \ VAN t s t it
al | past ahiitiond Bhmi NS BBHE BABLY dlcohdie B0 bvalD YuERBRIARER! 21 | 1Y

to the target po descri ereln, one or nore conposi

pri mers nimovieintheart and desceibgad hdreinadedpend upon; forexamplz, hepatne afthen t he

met hod of agplification, the first, prjner oL, may not, be a ¢o site
priner. THE 5%‘;“5’8"%?‘?%’4%%@ ‘FP@:%S%&E&%&HFWOP gng alsq q?@ggcggn of a
first prigRat dvBatis fiésh%d,cﬁﬁﬁ% hibridizdt Icrl]e% Rir2 SBHsidn ortfdn dn et hods

may or may not utilize a first primer that TS a conposite primer. I'n sone
enbdBi ment s, t Sequengestmyiations? asxiised hegeing nefersito AFCaguenns alteration in a saquenges of

DNA. 25 Second i The second priner in,the nmethods of t i hvention

conpri s_es‘_){a\ingﬁ-e(fgélnc W?’&F? W@e’ Ce JRPenet Ab’?%?r CAMRBTRchFan pid Bﬁﬁm t hat
i's hybri disgaéice o dRefiende @ whith 5f¢ withe£ @ Wirpafdeqiiohcd of fiterRstRAAequents Cr i pt
generated in a firsy transcription nodule at a site on_the transcrjipt such

that the Datagian insudes singlemicldotide chanaess oT fltsmations of monethan ene aupleatide ime 30
interest. In sone enbodi nents, the hybr2di zabl e sequence of the second
primer is designed based on a known sequence of the desired binding site on
a sense RNA transcript. In other 49




16 JUL Z004 WO 02/ 00938 PCT/ USO01/ 20660 enbodi nents, the hybridizable
sequence i s based on random sequences. Tn sone enbodi nents, tﬂg@ﬁqmd
primer is a randomprinmer. In preferred enbodi nents of propronot

TSO basedVRdR2/088, the first and second priners are the s&EUSOH26Her
enbodi nents of propronoter TSO based nethods, the first 5 . and second
primers LLfer : hodl . )0 r .phased
nmet hods, astléﬁée%ﬁ%’r@fﬁghig cié%éﬁ%sugi} Pgnél%bg{r%;ﬁ giri’ln%éliéztgm% u%lre er en?ﬁcng%%an%nt ary

sequencegpolytnorphisire(BNH)\ibalsela sajuende hatation ansed olein.r anscript (which, as is
wel I known and,_understood in the art, depends, on ofher fact&gs such as, for

exanpl e, ioni cSinglesgnde ﬁ@PfP’é%ﬁii?PmrP e &y e usehberetls ond pri ner

that is Al ] . ' IS T ] A=Y at

| cast " andiperafl féstso bt bt ERBniMMon'srh dAA0BEEIBA nidlol aESh Abhtecla BT
at |®ast yhitespedifidnuealeit avitbdeqpenet cAldrhtiornof the asquendrnofithOsitglestimdedent arity
to the sense dranscript. |In_ong enpodi nent, the second priner . conprises
DNA. I n &W@&%&Mu}gl@ Hlécl%‘?}@SﬁgE%W% Géls QRSP NSGRIOBRACSNS 18y ot her
enbodi ne ' m' ' ’
enbodi ne%,an%e{}lgr é@ggir% lggrdll’@m&consfgt&?a%# 5%.%]%1%1%%9&%#% erébgd 'oTlerrent ,
t he secorudnforimation ofithepolyasclEbiikleds gedddly detectable, identifidblemnd/er t he second

prinmer is,provi by, sel f i m ng, (for exanple, by a hairpi,n | oop) at the
3' end ofm§W§ g mqﬂ%kp?wg}nﬁhﬁ% @ﬁlﬁ‘iﬂgﬂﬁﬁ%",m&“ Bffence at the
3 d of alél@]. I Wall s 0 aRdYet e in the 20
tragogcri pl?é&igtﬁrsegl . 1Sel (Spp{h??&%,géﬁ%?ﬂ%%?&%ﬁ% eo?s?é(;es haih‘g%egglﬁg}ég{s&cri bed in,
f or exanpindonugle®se igestiao. 6, 1 32, 997. In these enbodi nents, said sequence

“the 3 of the. » RNA Ly cl d fol Lowi ng, i
ybr i di aat § on CHCTRERYy ARG ATy L SREEy bref, S B R e
As descr idh@rd??%&fdi’abl? PRIesd d]ﬁyfoﬁﬁﬁm BiﬁdliﬂF (&g."BY hifidiEidn) ditedfor a

(6]

anmplificatiaon reacti on. Te ate switch i gonucl eoti de (TSO)  One aspect

of the i rhieghemieal éampbj@rg@t)@hqtgh gften hag undetesmingd chameteristics. Inpguopferred ef f ect

| Do Rt Ao Bt drsiiip B AlsRRE phBbEGhacR Y TUC P00 e
TSO f unctdligoauéisotitleIRobes ininivbilizod abdsfined «pesiggﬁs @rcia %wgﬁte%gysrv%a fcg'Flgg g g 8TSO

functions as_a propraqnoter polynucleotide.

PUCT/ u'so 1?%@5@%&6&%@%%@5 erga)t/eai%iﬂ S“ﬁblra? papers glass, Rlastic{g 8 palypPeonyisnene
target a , Welc ' ' eSi; : | : |

pol yrrer | 281 gpPolPRE{ a8 Bt el RE Opkiodl ARl 8y DM S S or i 11
the art, ssmiisobd suppertparl/confighned dea planke@.dyglastpidtes silindn chip$)roothredNat ' 1
Aca Sci .. USA 3:2969-2974 (1996)).., 5 The 3’ tion hyhridizes.to the
Fentd at o UmeHSIpIALLE oo B8, Sbets, bhaspRALiEleS Figotergfills sapiaés) coppauios

pol ynucl eprbbéiefoldimg th areSARhA B HtRAENed 18 thd)§ub3irate BY afly nfifBerUfiwlys eXt ensi on
product prior to switching tenplate fromthe target pol ynucl eofide to the

unhybr i diipelyding(Diis sine synthesis¥e@, highedensity oligonusleptide arrayshwsing:nbodi ment |

hort - secpieilborRiiTReRaid (IS FPASEE Relenef 18, 20 B DIRGE AL o

bet weg_n tMch%rM. iA:Badesbg.aUﬁf) qmm,m:mmslbzsp{;wm eﬂtﬁlﬁth{w:_zr'léﬂﬁlteyﬂﬁomyg»t it
I N ndai n un ory,_one_ex natl O | S a Ln ﬁ ve a
L henet ndabSey Tnsth b 8 pasNos 5578 Baach BEE A5 nd .5 0127 ipotiing Briztge:

i mlt . ot ._ h
oy Tt o nfedhiitto low- Uity f4. £CEDNR prBos] Of elds i H b HBRIGRGIEE (Sehétla "
product valSadence (1H953,278:467e¥70, BeRistetad, Ndrate Genetios (1996) 141457-460 8 lmbemt ar y

unct i on H8lugetone Re PBRT el afrimd ShepRrl o S Nl HoAd SBk US4 TS0

This i ncr¢99tg?]93:lp@53§_ijzg'5y’r(ﬁg )??fmgs_ﬁmg(M@k lﬁﬂ%rﬁ?Wdcf‘ﬂEﬂ@%eﬁ‘.g(l_?g% Cail

probability ensi on product wou swtch to the

at the priner
por 89 on a@:bﬁ@e@h@mf (iTrky dattbdptting on e nglonymitrecsHplosseyridization sequences

[ f bl y f b t 2 ti.des, . f bly f
about s raeaent (eS8 brayeSisalel- tie- ol Mgt tpgRe ARRSEHE 7 1o mbout
10 nucl equiaged, 2ndreds onal. EBPo6lidSpaihg Ha!rwmdbofa%o@f(cbmﬁinglmh%ow. L 1, 3,
5, 7, 10 nucleotides, with an upper lim¢t of about any of |0, 15, 20, 25
nucl eot i dirgbesimay alsq he) emqowentbhmmeng;wgﬂﬁ substtatecbyghbaidizetion to
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‘| ess, as appropriate under the reaction conditions of the methods of this
invention. 25 In sonme enbodi nents, the 5' portion of the TSO (nef ¢y rak to
herein as a "propronoter TSO') conprises a propronoter sequence that is

designed for formation of a double stranded pronoter of an RNA pol ynerase.
Thi s enbodi nent of the TSO can function both as a term nation sequence and

to provi dackors By MERE of fERh&Ibealld) ok M £ NBMGAELREE as I YRiPERES Qﬁgcgrr

sequence of the TSO serves as a tenplate for incorporation 30 o

pr opr onotaapillades, dhe prabgamalecill¢s,are generallemticlaiy adids suok ap DO, RWAcPNAcandence

of the te T I At he primer._ext.ensi on product . bsequent

hybri di zacm‘%tbgﬁ‘ mg}%lée)n&cg\f%rqrg@“ﬁ, @lﬂ?bﬁ%ﬁﬁgqgggcg‘aﬂéﬁcggghﬂfs psand any
hybri di zgRkutaGodsther@6ORhiRHRAS peeERHRY Sfdlhe ¥a?§‘et Riold¥Rles€Xt €nsi on product
results in formati on of a doubl'e stranded pronoter capable of 51 WO

02/ 09938 16 JUhetesm“Pleenssally mdgstn @ fegian ormgsition ise polynudeotisle oa sui t abl e

RNA pol y I D es that allow transcription of a tenplate
DNA are @{g&nﬁl@t{leﬁ {aggn Qfotrwn §§§H§iﬁorﬁ€pﬂ@xagreg*onoo&pgfl P%H‘ ‘5&8’1“8? maki ng t hem
Pr ef er ablpolyrubleotideosrdligonaeléptilace i s sel ected to provide optinal

transcriptional activity of the particular RNA polynerise used. Criteria

for such sel eckedsrm £5°7 generally sefgrs fa-aregionnresition inepelgnedeqiider cul ar | y

favored hy; J4c &b ) e al in the ant ... For
excanpl e, gBnfliise ' Rlpsia ook SRb 3 reatior Bl HUF pdfe b Smticgat ot
depéddentoligbiugbesitideer i se and SP6 are known in the art. The pronoter

sequence can tsalgﬁfrong‘qlggoliI karyotic or eukaryotic source. |n one enbodinent,
t he pronoter deAt St gd?(’&é%fht T PHAegioanc 8’ R petions and$3 gRNA t o
provi de freioRPRIBLR®%he PortibR j hl Bt R0l yneri se
used. In séol?re enbodi rr%ﬁ‘% sl, E)ﬁree%g%dth}?rﬁzoé I@féﬁg?é%@%&ggéiﬁt%.l, |t dodoes not
subst ant itewards thei’ iedd pEthetpolynucleotideyartoligontdéatidacind mdybsramayphatindlude

t i i t i pti onal ivity of th | ise f
br oot er b SRS BbReURD o pRietek afidngd 3,08 3 psbanelro gl g BRskRet han 11 om a
prompt er gohymuclestidedr oligomidMctide. T *SROK ARCIEotIREY cALHEMeferil)Y fOR dbdRt 15

transcription are generally known in the art as previously described for’
various ONAaheyeQdmere prigrahly fiomyabout3 tasahomt b8 even toreprefegably fiom absyt766, 849
and 5, 65 I rred enbodi nent, a segnment of the 3' portion of -
the TSO L(k!%éﬁ%ﬁilgdﬁfﬁéﬁée%ti re 3 portion that hybridizes to target) that
hybri di zes t o Thederhefi)RINA poitfon,’s“StDHANegioh? “ShRN/epaHtioh 2 ahilAS SREA t hat

di spl acenent of the TSO hy the pol ynerise that effects 20 prinmer extension
i s subst AFEPL F%f‘,t‘*f tBFh%PmTlé%e{ reglomqf @ nolynugleotidgonnligepuclentide deatednet hods f ox

achy@vi ndowhialals ENBPMAL pblynhtibsitd GURIbATDUBAA dd dfifasPhdtiniftish as

using a cytosine anal og that” contains a cl anp 'heterocyc I cation
(descr i bdke $’rmeut aneleetidets) onmojeties ettachbiditd the A imbst iBcleotitiSof the 88me

96(7):35 .20 1 ocked nucl.ei ids (described, e.q., i umar, et al .,
o oot o ROl ordfEBeliGal el i hSCISHidelR it Boteatily BORHbOS "5
Proc. Natllto abeit@0, Siete prefefsbBPf6m ab60tlDio REBHE bverf bR préfetdbBPlrmiBbitods

i ncl ude %m ng, where a{i)&rgoprl ate, sequences with a high GC content and/or

cross- | i RRPABOUtAdpugleotidsse net hods for obtai ni ng enhanced attachment nay

be sised al one «pLyi o fIRALIAL ' nt of;. 1S0qi.s.supstantial |y
or 2s%f ficientl 9%26%1{1:?'& teg&?sfdn? hq‘éea%ﬁf/)ﬁgc?s ? lé\?ml% %’%g?eftear?gllaqlfaeci)r omt he

t axget nudeteetian. #oi ekasmiplg fdettctably dewdih pbsdudiszes) trasbsérved Giredtlycor MMirke®,i N at
| east about .25% pr.ef er abl gqsﬁt .l east about 50% nmore preferably at | east

about 7599 thedet,dicgtes prY Eadugtion (inclyding ne pradugielySimilarky, deteetahly more™pr i mer
ext ensi o rod.%gﬂﬁ&ﬁg%ﬁ“ St hiérgh&%édyc}l}ew¥8{ eSO di spl acenent can
y 1ndi It Itrca

al so be enpirica cat'e e anp Ion fhods lead to a

sati sfact@é#m j ernms of ampbunt of the desired 52 W O 02/ 00938 16
JUL 2004 E@%%&@ product. Generally, under a given set of

congj tions, t P i.fied" TSQ bi pds re tightl t.enpl.ate as conpared
torgaB TSO not tsiﬁe_ (?%fli_l%ﬁr.e %ﬁ@ﬂeéﬂg?’ﬁpﬁﬁwﬁﬂa"%@B%Bfﬁ?dﬁv%a{'ﬁﬁgﬁbri di zes to
the tar gahddrstobdibat diods sihePBbbdiments may be practiced, given the general description
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‘preferably from about 15 to 50 nucl eotides, nore preferably from about 20
to 45 5 nucl eotides, and nost preferably fromabout 25 to 40 nucl eoti des.
In other enbodinents, the length is at |east about any of the fldl Juwlkg:
10, 15, 20, 25, ~0; and less than about any of the follow ng: 35, 40, 45,
50, 55. It is understood that the | ength can be greater or |ess, as

appr opr i aprevideddior ekemple aefereite 0 Usthf b @OmpoditelfiindFahdans thabhnyt & the | NVent i on.
The conplenentarity of the TSO portion that hybridizes to the target

nucl ei c atomeposits prgersgleseribed bersimmay bausedeast “ about 25% nore preferably at

| east about 50 Le bout ., 75% and.mast )
preferably at é)zlilgt iabcg‘gl{i@@gﬂ%%féﬁ{ﬂ{e gnvl%h dghlthli]ze Wﬂg’inha‘?g%'&ﬁé‘ﬂté@ BAdyles:

tar get nuxfisst tramsciiptiorPabyule hlm?fd%dds@ﬁ@hip‘ékif@rﬁnéﬁﬁéd‘ﬁﬁé& Rudleicpidc! eot i de
sequence In s odi ments of the nethods of the present invention, a

pol yAuc! e8Pl é’gggne hisitiagscrtptiqnibased (alsoirefarred tpherein ap Serihanceddingar exanpl es
f which : bs . irrgal [ . SO f ti
o5 o pol y A RABUI e ot bR £ReBET EABARGAPRY e Tpel ghpeigT, 7! O

ext ensi onfugthemigotherhmil gmplification e teimpsiification proBhats bthe IR siussdige. 4Be. | n sone
enbodi nment s (&ﬁ@gﬂgri nmer . ext ensj erm nati on sequence is provided by a

on t. .
bl ocker sgHe erinvepiongeaeraliy gtiize tvq priggers dhath o the same sense svith respeet

synt het i i j r i a sequence
That s rnny HRUERRALic a6d st o be ShilFn, AlaMHHRteAE Lace P P00
nucll@i ¢ asothersedyand de nSt reghire thenposyiclingn in the target sequence that is
conplenentary to the 3' end of .the priner extepsiop produc 5 )
("termination ltgia{xg te ’@F@eﬂﬁg’f&gﬂi{?ﬁ%@m&mfﬁ ‘@B%qs_d’£§e”csﬁ§_tl‘%bfrﬁ’éﬁc%tst he
target nusflaiuelefCacid ¥f interédf arkitakell dnusihg £ bRpAithdteteftipiie Skitdti ty, such that
t he bl ocker sequence resists displacenment by DNA polynmerase i n the course

of pri neroligenudlegtide (THQ) tor gsneratanyintasmediatepolyivoledtidOptodna cepabledfheity v

pref or apl e AN SEh BhGhlh Spety et rneriordaiine S #dd [angt
and 15 onpaRINAI teinseripts that &t Garkier amplified trephl diRcsiriet of RaseHpion sids (X cessi ve

random non-speci fi ¢ hybridization is avoi ded under the conditions of the
met hods otecesdramsaiption magdule); 6 JuL 2004 WO 02/ 00938 PCT/ USQ / 20660

i nvention. The : tq i 4 om
about 3 to abo’gb@@%ﬁﬁg@?g@? ?ﬂﬂlﬁeﬁneﬂgélé%g’lgf e%?%?n%g%étﬁ%ﬂg’%g&\é %‘E}%’ut 25
nucl eot i duhetecogeneonsideteptier, dnchidiyg fdentificdtion by 8iz andopiigrafiomprobetits ikes, and
nost prefe ly from about, 10.to .about 15 nucl eptides. | n ot her

enbodi _marﬁei,e SotaphgTeSion ok DbIbpidiraHoR fa Seguenge gpoq GBiobRh 0 dgtegtion ofithe 5

f ol bowi ngsm]ﬁilﬁcésiorﬁprbauct 1PindRatvd 5the pRathca RP e tag¥t ﬂfcléiélsci&ﬁ(géﬁmaﬁ% 20,

25, 30, 35. It is understood that the |ength can be greater | ess as
appr opr i sanalysis dealsa feasiblsaFer examplen ty comparing the Amonmstdf péadust ammpliféed frorent i on.

The conpl fard.t . liocker  pol ynucl eoti de .i.s preferabl t |east
about 250 Pigralscbptinide'h GABIR RSt B S aihci e e G aleshl o

| east abmequenbdio the grotust offahtplicaidnyofal refeéifet saRpldith B8 a kfownh Gudnfityesyded 10
bi ndi ng seg”encgggn the target nucleic acid. In one enbodi ment, the bl ocker

sequence deythatenpiains the targetsequenge fepmeynt pEtargat gequempgandhatest: hat

di spé acengpbledfanhig GKET : i tﬂﬂﬁ . primer
ext ensi on i? s&gstaﬁ?@qﬁggfﬁﬁgggaﬁg%}%é og:ijlﬁ? ?@*’%{r‘f]ﬁlﬁ%}en I tf’?]té{iﬂﬁﬁjgg}st abl e
means f orofgedicnsd altprationh amt seqoénving oftargethatcbricracidsare alsb feasitile, ak deseribed
suffici erhtfr i nhibition of . 15 displacenent are as described above for TSO
used in t E"Yﬂat hods of the present invention. In one enbodinent, the _
bl ocker pol ynyg @ﬁﬁdn%f%ﬁ@i@éﬁ&ﬂ%?bh@?ﬁﬁfﬂ%ﬁi&'ﬁgﬁ‘ P}dﬂu@é iferPdskVRE 1v@f of1UC! €1 C
acid extension (i.e., extension fromthe bl ockel sequence I's reduced, or

i nhi bi t ed®pmpPaeinsughes fito T'SO! andkir other popporhoter pdlymeldotidesobecbines hindtirige r

ol cl i de, incl ude t hat .prevent dition of cl eotjdes to the 3
gndy d(;:‘J tﬁﬁﬁslpclpf’ﬁlﬁ 1ng eéo%ﬁgﬁ%¥%9ﬁé?4°§¥'. Iﬁb"lr?nt%:}uﬁzﬁlé’ée %tJ known in the
art, i nclafhlifidatidnthethydy ot tRe invedrfdn Whtréif AndniRE AR RRRE utddSn he

hydroxyl group, or incorporation of a nodified nucleotide, such as a

di deoxynUEPeEst saide adiyisteddo fine tpemmplificatianrcapicitytfer maviokad detoctionposénsiol | de
that is : L tti:on of nuclkeotides by a DNA
pol ymer i sr%eﬁ1 °*§§P‘§§Al?§?g§é‘t‘f@gH@%‘F’r‘%?ﬁ‘?@g“ﬁ%% gu(?ﬁﬁhcéa}?wg%o%es%'eégi on whi ch
hybri di zes to a. priner 25 extension pfoduct Some enbodi nents enpl oy a
propronoter pol ynucl eotide conprising a propronoter and a regi on which
hybri di zes to a prinmer extension product. In sone enbodi nents, the
propronoter polynucleotide is provided as a PTO as described in greater




detail below In other enbodinents, the propronoter polynucleotide |s
provided as a TSO 30 (as described herein). In yet other enbodileAt.sl la

propronot er pol ynucl eotide conprises a portion (generally on)
t hat conmpW 0§8t erm nati on sequence (which does not subé’?gﬁ‘fsoﬂg‘k)%}d ef f ect

tenpl ate svmtc'h) and a portion (generally a 5 portion) that conprises a

54 16 JUL 20pgh Al rg%b%%ﬁtaﬁadﬁ%&ﬁ@éﬁmemhﬁmr pré@sH 8NERermih@y ei n

the portion that conprises a propronoter sequence is generally not
hybri di zat theiamoantofrcgmpopentthlaeatsmm tbmr@ehomﬂmtucem&wut@tﬁ@met he

portion that o rl.se er atlon e | |zabl target
pol ynucl 5P ge) cit}og ?’r‘ﬁ’g‘hﬁ oﬁ'y ‘%Pﬁé ?eéﬁlvﬁgﬁnbﬁﬂ%ngﬁt i de
that conmridGseddyRtkidrikabwh amplifisatite lﬁetﬁodse 5WEh" 4R PICR) WRHTMA( \oftl. 64h does

not substantlally effect tenplate switch) and a portlon conprising a

pr op$ onot pase pechlems foridsteption andéat, qmn@ﬁqmop using ng lesnployirg s merp

or opr onot ectioh dufes- i R LBy Bt binfink ERim® AR IR BhohP uflbp i ©

tenpl at e &ld r@qulsGh aehlidearitP ahdsi SyLbffslieaBing 3o fﬂmeg@ﬁmm rampéd)sigm

pronoter sequence for transcription which is prOV|dedn£g a propronpter
tenpl at e Hrengthvaelativs toespgaterdpyvelnatrigh aualyte soncentrations genj fyention

gener al | PSS e BY ot reBirBl A Bulf GO oL Cbl e for
fornpti Onth@fchéseﬂ%&hﬁﬁ)&%@mwtﬂé@hﬁﬁﬁédp@dudﬂm pol ynerase, and a portion
15 capabl e of hybridizing to the 3' end of a priner extension ﬁéanUCt In a

preferred emodmﬁbﬁpaﬁqmetbﬁdﬁﬁfdh%ﬂ@'ﬁn%%th%’ﬁ@@ 4@u@ehadélanﬁaae9 M portion

of the ol | r the 3
portion o#eg'?ﬁ&e{ﬂoq{& s%gcl g‘fctopp%rwér?ll%ne& bl%’gté E%%F&qg{r? nost 1% |°gal ly, the
pr onot er pnodud:ty b}lhid]hl caniepdte qmpm;ﬁmlnhﬁdahen eht ths eqmpomtespruim—bamt her
enbodi nment t]tljrom)ter and h brl d| '

s ove in_2Q sequence
i dentity. mpﬂx HitDSPROIPLST SEgHSH b%Pg#ﬁ@%?% g’i°8f°?? ¥ sequences
areghe s Vf}cz 20 n%ﬁdes@ﬁgcd ﬁ@f&naiﬁgﬂd'brbﬁ‘ém%ﬁ?qg(ﬁﬁﬁﬂ aietisds! the pfohidted N the

enbodl men ybridi zation of tthe PTO to the prinmer ext enS| on
product r mlubnm is mtroduesd tya pmpmmcserrilfﬁ(am the dirstaragsciiption Bioduledand anather PTO

that does not h i ze, t si.on od e

conpr i si ngFeRFI™ F”i'.fﬂﬁ“c gfl %ﬁ%ﬁ’%@iﬁ? ecﬁ‘g@f L%Q% ﬁ-? ‘iﬂﬁférase
fill's in ghech ﬁéﬁ‘ﬁ@ﬂul%%%@ﬂis@tr%ééﬁﬁﬁb@m@ﬂﬁl@%@ﬁﬁ PRORORIoR mnﬁec of

ef fecting transcr| tion a suitab gdfmcg‘(v)ilwinerase Pronot er sequences

that al | owethodsghe foymation @f a doul pecsqterds dmenklﬂlaim mmqrhe art
and jhave o
sel ezgt ed "a‘“‘%r‘%in g}ﬁﬁlggdt@%ﬁ%r %ﬁés%:urr ata{‘?%éa ac?&{a&)%teﬁﬁe part [ cuI ar RNA
pol ymer asmodal%deqlﬁi‘ds hybm@lzétmln o’f%esmbnd;pﬂmeﬁ éxpension. 1|ﬁ0duc&tcpap1topmnﬂ1cﬁer
pronot er seque artlcu ar a particular R rase, is
al so knov\I"=\°1iYT=}“rl Such g5 prop é’ﬁ&ﬂ f&r@%&@éﬁ{i’é@@mﬁqﬁ@mﬁﬁ@s for 55
VD 02/ 00975 REToh Sy MAAGROR b thERTGAi A hRadel L EoRUAGHEDEIE BRceRNA

n are

pol ynmer ase” a nown 1 n t e ar The prondter se uence can be from
a prokar ynbn-spe;crﬁcemums;pmtprcdwbmukdndtbehkdstehhmhseqnem;e? BeaBYendonpri ses

an intervenin nce between a ronot.er nd a tion

capaBl e o?eqlfﬁg?esa‘f%i&rf@ COYPERET %w@ﬁmp%p TomQien pﬂ"i’ﬁ&"ﬁg&@i&g’}%‘}%ﬁ %? oduct .

Sui tabl e hegsHivati tot éwﬁrs%?mnegnﬁ@ﬁﬁﬂep@a&ﬁfbnqﬁoml rically deternined,
and can be at | east a 12, "1 S nucl eotides. Suitable

sequence i dent ﬂhymﬁhqdnerq mbmbémtwﬁgnmﬁmmgf@ﬂmr BiNfooRNAkgrEet cal |y
det er m neﬁ{yl&@,ﬁeﬁ ﬂg bl c'&ﬁg%*n%gh%g? bfﬁlggg\;egmgéggneﬂea@eﬁ fc()}bfgr XBhple,

necessari conpar e
detection, quantlficatlon and sequencing of a target sequence.

psd
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to om ssion of the sequence. In one enbodinent, the intervening sequence is
a sequence 10 that is designed to provide for enhanced, or nore opti h,
transcription by the RNA pol ynerase used. Cenerally, the sequenb%JUb?@ t
related (i.e., it does not substantially hybridize) to the target nucleic
acid. Mre optimal transcription occurs when transcriptional activity of
the polynerase froma pronoter that is operatively linked to said sequence
is greater MPM%bm a pronoter that is not so |inked. BGEUVSOUYEEnce
requirenents for optimal 1S transcription are generally known in the art as
_previously €@emposith pdinérdsased amplifisatiGiNAetti@lsendent RNA pol ynerases, such as in
U S Pat. Nos. 5766849 and S6S4142, and can al so be enpirically determ ned.
I n anot her enbodnwendsped, metiodCoc generatisgsultiple eepirsiof sense RIVA irgns&ripttaf at he

pr opr onot er 2 i i des (which
may or may ng%&g?&gsgqx{ehcenog %‘tt%r&??g@&&g’gg{ﬁlpﬁﬁm%&é%%ﬁihg ;a&ﬁ% ‘{ed S to

t he propr 0nmnmpr-@&#mbﬁcah@mdhedﬂOﬂhemntmmrqmcégmthehw e!tphaengdquence is

not hybgi di zal A t ensi on
product. In oﬁﬂé&g& ﬁtmé?gtc\f(ﬁ&qg% %fénrtt%g dif’hunc on e ICI F?hglglxa pri mer
for nucleic a@d:zetterelia msqndmnmmv)nph:qe@@raﬂnrbumo@mssgﬂy,hmmmme unction of

the PTO i nC'oH@'&nti%@ﬁﬁxeLﬂ n{é&z%&sediéog@ rhirfforPdequbHSe), ﬁ‘-ﬁo'aﬁfﬁoékgr the 3' end

of the PTO by a rrerase chni ues are wn Inthe art,

i ncl udi ng, mueméasrﬁﬁsen ed ipMethod 1) QSHT(SQ (MFW@@FM@Q)M@@lw&oxyI
group, or i REQeRAbAIH.RE, of a nodified nucleotide, such as a

di deoxynucl eotzde, in the 3'nost position of the PTO that is not capabl e of
anchor thg addi t|Bwt@mmmsemmeﬁe@lﬂwﬂﬁomoq&eqsqup@scempmentsflvpyé)slgl ble to

bl ock the 3'3aRA%r'iehentinga bﬁb&t mtﬁad@ﬁn%&@undniﬁls&ﬁyén%otaﬂt&tt dafurd 30 menber of
a specific blndlng pai.r, such as bhiotin. iIs also p055|ble to render the

3' end non- & w@%?ematq%ﬁf@nﬁwwﬂm%mmtw%m@t hybridi ze to

a priner exbpepmesitic chiGht terfidai6n ofPrithet &xtdAsion ﬁtaémév@mmtam or due to
structural nodificat]jons which do not]%(l}t({pﬁi teg n ondin In ot her

enbodi ment s SCUAEC og/min,the it (for @xamp P

PCT/ US04/ 20 @etermihed, Uﬁmgh tbnfﬁfnaﬁdme@ﬁndeuopwmfaﬂmen%&httmﬁ adipthrymgg | zes L 0 a 5
pri mer exten5|on uct, o res referab t o about
nucl eot i des ® B@?‘é? @tgﬁf%yldjf]’%glﬁﬁ'éfﬂ(?ﬁfﬁ&f“?% o le] %’3@?@@'{‘?‘68@ even
more prefer d&uyd,&hedmﬂ&hﬁalmﬂxmdaﬁoxﬁduwﬂmgﬁthumétmhbﬂmsmvaﬂﬂnm&k preferably
from about 20 .t “z tg g ? ot In some enbodi nents, the 5 hybridizing
portion is §?mf‘g% t %’ﬁeng’ﬁgm&se?"ﬁ%cefol lowi ng: 3, 5,10,15, 20; and | ess

t han about any oThetispthefnod] pplifivgtion3Qilizes (hresdizynid, a KA polymplaggent ari ty of the

hybri digi ng Vi ef er abI y at
et ZBout "DpieR shh oPRRLEI R KA lerRE Vil 8ol B oFinh’d

preferabl y athichatilizes ablocker $qoence, és ﬂm@ﬁh@ﬂwlﬂmmbmmfmﬂmd t he
prinmer ext eQSWBQhQIlﬂ%Gfscpislhﬁ}hﬁt@@ﬁ:t égdﬁg‘pgnbl nati on pol ynucl eoti de

corrprl Si ng a termnati on se uence an I‘Opl‘ onot er sequence In sone
enbodi ments of nEefEEIBOSHe pltlrn@-hamdmoéw the invention-ase generalpdesigneddo | and a

pr opr ont oer aﬁtsﬂm@ﬁ@ea&&dwmmﬁgeﬂWhauﬁea@aenuaeie%mm Blagpucl eoti de.
The 15 _conbin tloncF nucl eoti de_conprises a portjon ggnenerally a3
porti oRy th&P‘iﬂﬁ%i‘ ed Aaﬂte &?h‘faﬁfﬁt&ﬁn@ﬁ%ﬁ@é“‘teﬁétng@d dedbterget f ect

tenpl ate swm&uﬁaﬁau@cﬁwbewﬂsamﬁf } Methd¥8 kidWn/Th BRlaktOfcsA&%egNCe | S

port| on) 1 h4EBeRlgR PLAG SegpEy %&%ﬁ%@%@‘ém‘%%ﬁ%i@%( AR o ¢t

conpri ses av&ﬂm&fm&tﬁgethbﬁi t@pﬁeﬁoalalcmmqtrg&xbbueﬂtoaﬂbmnhp t he
target pol yr&ijcl eotide (under 20 conditions wherein the portion that

conprises a i nat i on sequence i s hybridizable to the target

pol ylnuGO eot | de)h Ti tirgét polpmicleotidesie contbieea veha c&ﬁpdﬂﬂﬁprfgﬂﬁ,cbﬂﬂ polymarade, t 0 ef f ect
tenpl ate swt ec in t art or_exa ensuring
that design aéﬁgrfug@ gtw ggai%ﬁeaﬁnd 8?3‘5’@*?’0@\”“9‘8 sﬁg%c[cgn{pgmﬁlag‘sgym ch (such
as descri bedescribddabele. lntonaitmbodiPnent, eachiamplficAtiancdteaction inclulfed cdBbsite

93: 2969-2974) are not present in the conbination 25 pol ynucl eotide. The
conbi nati on pol ynucl eotide is hybridizaple to the sequence of the tenplate
which is in the 5 direction wwth respect to the tenplate sequence which is
hybri di zable to the prinmer. The pol ynucl eotide further conprises a sequence
whi ch is hybridizable to a conpl enentary sequence of the target

pol ynucl eoti de. The sequence that is hybridizable to a conpl enentary
sequence of the target polynucleotide nmay be non 30 overl appi ng,
over |l appi ng or co-extensive with the term nati on sequence andl or
propronoter sequence of the conbination pol ynucl eotide. Cenerally and
preferably the 'sequence. that |s hybrldlzable to a conplenentary sequence of

- b o, o . o ~1 Y b1




57 16 JUL Z004 WO 02/00938 PCT/ USA /20660 enbodi nents of nethods of the

i nvention, a conbination polynucl eotide that conprises a portiorg ¢éintlfé si ng
a termnation sequence and a portion conprising a propronoter seguence
functions both to effect term nation of prinmer extension and to provide a
propronoter sequence in the sane anplification reaction. 5 DNA polyneri se,

Dol 56U N O IRE A MBS Sl Bt 1

pol yner i semiaulifcompesiRgmimdpVari@ak Wilksiéif €he variahREpedcat iR Glufibreas RNaseH,
and a DNA-dependent RNA polynerise. One or nore of 10 these activities may

be found komeplogaus bilhncal-@ign@qaé seaueyees, andovhessinafliage capable efhybridizing jo thay be

suppl i ed - I ise. (. verse tra i pt ase)
oy beseaBe P EA8 Elhue R TR Btk B LS By SR AR IRER P Ty
t hi s5 net hadrerpyfemblynaYeaspabonays% Rasiabktpeéferablyyat 168Eabda020%. Aldvdntges of
invention is the formation of a single stranded cDNA froma 15 priner-RNA

conpl ex. thifiembodinent inchrdechearbilitytoiintroduse different sgananses of intprgptinegheof an RNA

dependent el | n j e ct.i . -

pol ymer i s oer%éﬁ%lgﬁ P %&@ﬁ% rﬂrlefeﬁélé‘gﬂ éea};%]l'bcogl?rrg%xgi ft;al‘:}c{) #Bﬁ%gq?%%g%&ﬁ%@; e

capabl e of médtireaificoppesitegiineds) wheréin fic prﬂﬁem?wsehmotcﬂ nidi€ noRidundsalof t he
e

i nvention. Accort%iengl y..a preferred RNA-dependent RNA polymerise is _one
that is cXgugices et de ofloveormapmaolagy and svhersin theprisars prefinentielly bybudize aci d

temph at e ' IR ] [ Ldes.

Sut Tb1 o e EREHICRTG o EcoRE BHRMASH dofl o LARTUERATYER

conposi t i azidstaaindt Advantages of this éntisddirdentriscledesmultiphxsietectivm and/ondalysisefer se
transcriptases, ,such.,as those from avian | ob] astosi s .virys (AW-RT), and
Mol oney rH@T&ehRIleIe Reids %a%&@p(lm%ww*?eml%@%?f} taigetBicleie AGi SBRFESAR B vi 1 y
(for exangyhfle ardplifitibBEdciBp.act i vity and ribonucl ease activity) and can

function in the formati on of cDNA nol ecul es. However, in sone instances, it
i s preferabl e Methedpthatutilize @adocker saguemei(ppthasdo ndtiutilize atdrmination RNaseH

actiyvity. Reverse,transcriptase devoi.d ,of seH activity are kno in the
ort 3T LY gD o o Th Bk SehEraOH OF & dRplacef P Syenlo sadueL il
transcri piRgchydkiaizRd (@ propkcthdterpdty bl dotile Fort3@ BNt wAGdH i¥ b lsbstiatt fohese
cases, the 30 addition of an RNaseH from ot her sources, such as that

i sol at ed the BMAE}Jolmera,se-cBw m@hiedmh@iyéﬂizqs egsﬂmsulbimh@ 'gmrzlttfoncqlf)NAl.IﬁCBls 16
JUL 7004 , ] PCT/ U 660 . DNA: t i .
e, bl ea 3R Lo RGN SO Brictht G AR fitpt Suflch VR ALt | 1o

ext ensi o(T8D)aelpted Portions CTHecionplé:Oforied byt bridizatidieof 47780%b @@isplaced
Accordingly, a preferred POI ynerise is one that is caKabI e of extending a
t

nuc?@i ¢ duimersxiengion prosdugt is asubsteatefos rppscription by the polynaesasss whish at

| east pr i | ) i i f i j f a
pol ynucl Otﬂlgil ?%%@%ﬁ%“?ﬁ%?ﬁeﬁ&%fﬁ gﬁg@éltt%g&?stﬁ@g&nltc?bn i nvol ves the
use of a DNA pbkyeemparytenstiodimembbdfthe comlpsyile ptienca-based méthodscird dedcribed! from
the pol ynuel eotide to which the displaced strand is bound, and, generally,
the nore ¥ nd di spl acement capability the polymerise exhibits (i.e.,
conpared to other polynerises which do not have as nuch strand di spl acenent
capabi | i tAfsthpd InBlorkar spquence-basedgobmyplegtide amplifiaatiens| yneri se has hi gh
affinity for binding at the 3'-end of an oligonucl eotide hybridized to a
nuc?®i ¢ aci d dnsemd embpditmantsy blpckersequenioe-basedmpmlificatimesethods aro pravided.

subst ant i gl i ki bVILY, ner &l | pol yneri se preferably has
little or&#\g%&ﬁi@%@%@ﬁ%{u@%%?&épijﬂfﬁ t"g'%as to mnimze degradation of
primer, or priFigireeXAdhidiugtfatp ah ¥mbediaRht sfete nfeivthathifilizéd W Sofpdafieic| ease
activity is dependent on factors such as pH, 15 salt concentration, whether

t he tenplpiiner; as deserhed herainmdleckst sequargecomponentavhichiis¢itber anort h, all of

whi ch ar 1 1] i j t, t 0 I in

wni on ¢ ngBtIecilic oP o Bfiedcleb e bibidg\nghas RPN SR AOIARAER, 10 1
and3Gr e diybtidizt ¢o & sequetie anthe sdme airged hucleicoilissudas a4 theethgieptmer; ahdai s
preferred Igaﬁ t he, DNA pol yneri se gi spl.aces_pr.i mer_extension pr,odhlcts from
t he terrpl"gl‘tr ofigpnugleptidg, iad’r‘g‘ﬁmﬁf to ¢ oligpnycleotidg (FRQ)avhich, as describe

herein, comprises a 3’-portion which is able to hybridize (and is preferably complementary)
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20 preferably at |east about 50% even nore preferably at |east about 75%
and nost preferably at |east about 90% of the incidence of confé&c [itkween
the polynerise and the 5 end of the prinmer extension product. In sone
enbodi ments, the use of thernostable DNA pol ynerises with strand

di spl acement activity is preferred. Such polynerises are known in the art,

such as r 312 d refer jted therein
26 e of o SR R of fioisplaceR bxtehGon BICGIRASTY Bobfonh R Filkfileh F Sadiefibe 1)
Sui t abl e olDN@NDAtldepa{deﬁeRNK%olytﬁ@radeptbhﬁ)tdi‘eAb ficthe Q‘B(b deachitediteted shof t he

i nvention include those disclosed in US. Pat. Nos. 5648211 and 5744312,
whi ch i nSrareaCRIrRMEdinfely adiasentig therpromiogir seanencasas toalspignechio prawde faigl and

Bi ol abs) t VA sequenci ng
ar ade. Tag"CEPShy St thascRtbfondlattiti5 A e RRUE iy et BRRR IR,
Therfanaerplifiestior accordingad Yiat methbd Wf tieUsventibe. Thellouket syaende@ompderittis t he
met hods and g'i)é osl tions of .the invention is capabl e, of cleaving

ri bonucl &8R§T ¢signgd thpbridige thyhe tareet pequengeas pyite whichis BpsitsaMeb&e cl eaves

o tne seoutdfoup @RS SoR ofind ek el AR S hRR AR YT MG, DL oo™
cl eaved. primer.sStaed hhemamreﬂ)h ahd ahdesciibatheztiasthe blickersequdnoe hpisridizastto af
sequence i dent bonucl eases for the nethods and

|% s of _suitable, r
conposi t SEeRe P ﬁw&aqgﬁ%}%w@qu Wklﬁhm itp therfargst sequensg| udi ng

I I th
[ Dnucl easpidsBARekL 3 HieyFHepHRRBAEIo TN MRS et | e

eukar yot wat}mufﬁmmktlyrlygh affinity sy meto teﬂnma&mrhmertextedsmﬁwnhp stswheelthle T7, T3
and SP6 I (i ses, Cener the RNA pol yneri se selected is capable
of tr ansgw%gwm to e fargsto F Gé’FR:VédﬁﬁracF\tz’I%H%HtOB oF TGS X INSIOR O

pol ynucl eed pdlpiherdse Qﬁﬁd‘e’fh@@flﬁe@%ﬁd B th e"i"ekﬁénm&b o@hﬁ polynerise is a

DNA- dependent poI yneri se, is preferably capa e of transcribing from
a single 10 st M&&bledeammdm@mditmngaIa@SﬁmrqbchMmr Ivengi on | s doubl e

st randed ods_and.c ions of
theﬁnnven gcrltﬁg @%B?o%% ogngﬁgﬁ?gl,ﬁ@fegt%a@ge Stgedlﬁr 198{;’% l eic

aci d conpgentts piéce&ﬁﬂg%tdﬁﬁﬁh@ﬂéth@ﬂ&nmgﬁﬂ bl SB8Ps offtR@fletRA ap@péttdriveds and
detection 15 Apf)r opriate reaction nedia and conditions for carrying out the

met hods éfother@allpvention are those that pernit nucleic acid anplification

known t o per s 18 SIS nleifo sl Eltbds S eorpbinLUTR 1P GRincS L PpE B 1 ©
publ i cat biveker (ﬁimﬁbneﬁt tHe%roﬂ?alhoteNf&n l&e%ﬁé@rﬁﬂ;ﬁwu&e @P—H&)V@J gol$'ﬁﬁra%38 L
5,194, 370; G(g;g 591; 5,409,818;. 5,554, 517/; 169, 766; 480, 784,

5, 389, 497ibony .as RiNaseld, aa@i*’ tpenﬂalt%@wwg@me @érnusl@am%suca buf f er
may be ThiNTPY(LE rdNQ’PE Mﬁh{ﬂ?hﬂe Mﬁogftéegﬁxﬁgr dShe Pﬁ)ck@%g% t‘%]ong as the

buf f er corrponents are non- bitor zyme comnponents e met hods
of the i nvmpomennhyhricbzqmel thcssqmeethzgeammdfto mmabmmmﬁacular edmplbx 1Q.F1gmer e

p'referabl Fom about t out 1 even p m ut 7 to
about 9, é‘a mmﬁrléf’étf’%cgeﬂf g’ssﬁtﬂlpto ets eaﬁﬁﬂt cﬁz@?{m ﬁg’er@%@ief on
medi um Cgéhl@h&otdﬂﬂn%ﬁlfp@ rret al ions such as My2+ or M2+, at a
final concentration of free |o is wthin the range of from about

0. @b to about Alﬁbmleamsmhsts HN@EH; elbawyes ﬂmdﬂﬂAImﬂtom gemerdlly thivlS® RRA
reaction so include ot uch as, K t hat
contri bupgR %& flgg |°°I‘t5’8t“te%‘t%‘n cﬁ Ii |°8mpleli‘§:ﬂ @Ii%%%) A%he
range of desciﬂbéd hé&rdinhthsibeRlicledse @Jeeif@liwclémfg R RN A Gtrirdl FRAWRNAANAM

nor e preferabl y from about 0 to about 100 30 and nost preferably from

about 0 Pybridgnd does natdigesinglastrandad RO J?h“é,éhe tibenuelaase deasmabdegeriet i ves

t hat cou of [ at are
ot i nt ent e SEtnoRE pREE A spimdr A9 LARDR b GO CRRbh s bsHE™ S0Ch
addir(])tl vetargd nucll:lot?acﬂdjln cBﬁici:)IIet;(VIﬂ @240 9BR Mﬁ}l(ﬁﬁﬁiz{aﬁ&@ﬁ@ulmml fdﬂﬂatilanifel ns 5
such as BSA . s e stran i ndin rat ei ns or e.g.,,. ene, 32 protein
and non- F%‘HP'@XEQ% ggnﬁxﬁﬁe SoRNFk pargian ofghs geies lsglwe#lzg ‘DTT
that ar eqgfARgei ﬁraﬂfl m B};é}h t%@th%’?’ ?&Ttlo}{ oF {Her ﬁ%eﬂeﬁg@grddﬁg

Such reagents are kno In the art e approp ate seIn bltor
(such astiRNEIINA portidn afdbspartislly lnyhrhhzedtplnmea@hllwst.dt imformatibe oRNaﬁﬁeﬂIVpl oyed
in the nmethod can al so be included. Anygaspect of the nmethods of the

i nvention can occur at the sane or varying tenperatures. Preferably, the
anplification reactions (particularly, prinmer extension other than the
first and second strand cDNA synthesis steps, and strand di spl acenent) are
performed isothermally, which avoids the cunbersone thernocycling process.
The arrpllflcatlon reactlon |s carrled out at a 10 terrperature that permts

-, . Y b1 o, T




about 75C, and nost preferably about 37C to about 70C. Nucl eotide1 fﬂ@{ﬂf
nucl eoti de anal ogs, such as deoxyri bonucl eosi de tri phosphates, 20 g%n
be enpl oy, ynthesis of the primer extension productgirfishiifisfiEt hods
of the in@gﬁ%@@ﬁare provi ded in the anmount of from pref e?g 'ﬁ’? a@out 50 to
about 2500 uM nore preferably about 100 to about 2000 E.~M even nore

pr ef er abl(g; 2 9@bstatefor i DNA 96lyuldrasa/Eixtomsion of thé prilet yloapthettargs0 t o
Pbout 1500 B ) Polyuer n Pitac p onpthettard

mbodi ts, a | eotid | eoti d I
whose pr eseadswlis inisplacement o the S5t BHmer erisseprada &V zom HecrmRicKr 25
whose . oy |
convent | aetesRuREBReRE of RXafir SloBfhgd iRprBalion B4 8L conipdtRe fin br

nucl eot i deneraadPastiand |dispiace@entprodiit procesdd to firer mokipld single biranded DNA  of
whi-ch are known in the art. Nucl eotides and/gr_anal Qgs, suc S

ri bohucl quedusts &Vﬁl)pﬁb% gispleeed extonsionqupdusts aéﬁﬁ#by@mlaﬂemﬂg dtarest ¢ he R\A
o pr er sy MEE g Sampiid . cp PRIk hieh A SobitEnchlh) GEHRRS 7

abO]cht 5blmvl gvm 1 Gt@Eﬁﬁlﬂﬁﬁbﬂn%lo 6 > Jb?nZOO edisggb%OQSS ont

refera about to about ] JUL | )

bcT) usa /é@@mtomenw%}éﬂi diigwe 1%«%‘#@9@@89“ Pégfgrrﬁwi P?fgiﬁ (@é;'; t:“' t
reaction , . Skl . il ge
nucl ei c :‘&’%@ggeﬁg%@g oﬁl@%@%eﬁg]gﬁ?%ﬁlﬁ%dgg pcan %gwprl%%/?%gg&ét Egebou? Cgr at

I ea$0t ab?wtrein,rth? Bt eridlmf the PTOuwhaygor hay mtﬁme bléoked 1When tes’ 3ﬂdpf1€n®125t i mes the
amount of target nucleic acid. 0Si ri.mers and pr.opr e

pol ynucl ePfPP@E‘OE%ﬁeIEB]@W 158"&)&8’\’}?%32@3 é‘?méﬁéwﬁg’ie eﬁna%‘gglf’g%ﬁgﬁfwhﬁd of the
f-ol | ow ng%rgxgé}ce 5id] Ir?g ct. TheBMeAPOF ﬂmsﬁﬂge@%eﬁ%g%ﬂ%ct%éﬁge BRfend2d00 nM

In one e I men oregoi ng conponehts are ad si mul t aneously at the

initiatiobythe nudéétia&q(DNA):palymmapc glong the Brportino ofi the hyhtididedrpropronaaterponent s
are added in, an rder [ o qr after ropri.ate. ti nepoipts,during the
anplific a‘FWB}??epﬂ%Jg’é’é §?’“§Lﬁx%§f é?q‘?fﬁ?‘@dﬁnﬂﬁ@ﬁ °8§‘Pﬁf‘istaé 8“%?/‘94) ?18°“3’ lification
reagsi on. siaHgel proffoRR isBienceé RIFthIDNWd¢Hnddnt RINA polyhretay, ComplebEX isadi |y -
identified by a person of skill in the art. The enzynes used for nucleic

aci d anpl depidted indtigure d&} en the produetf hirbridisetionaf a nrempiey tamplets HR) We added

to the re ' ' ' ' t ' ' ’

tonat ur at 1 8P et if Piofked Vof pbiRin bimk BB AGAE, ARMGRdly el the 3

Bybr lhdl ZaéﬂﬁiQiftl@él pxbhibt'gqurtélﬁpratdig /nbﬁﬂoﬂﬁdmdtemhmwfd ld .@’mnﬁdtﬁongathe di'§pldmdeh rm ned
y their thermal stability and/or_ other consjderations kpown to.he person
of skill Primenfxtension WMQOK@BIWW ﬂk"ﬂﬁé&’@%ﬂ@ﬁl@ eormplex-dkhe and

co nent ' ﬁ&ﬁ(@%@ : | 4 ¢ '
exgar;gl e, PF‘;?% pog%hﬁg}gﬂpg m X aégrrp ecfr{t:)g%tsgfr??xﬁg%%g@?tgﬁg%{ﬁwl%éﬁﬁa primer
and t he pprimemsaténsion fEGhich of tmmplex BX. (et choict SORMNe golysterasd $akepintar t o

f ti f a.single.st ded. ' f bl d 0.

tar got . CHEEHAIREARRbIge FRarerLe B Tha poshAl flaleR e UL AP sPRhe usea,

the enzyn@ggl&:efdrhs 6FtheVonmplk. Mwkiblel coples 8P a 8éifse aﬁhgmntaﬁdmnr(x?ef&

i nvention can be added to'the san&l{ie either prior to the initial step of
9

f or mat i onproflucsidrivyithisdranserintignistepgdligureiD)t a | ater stage. In sone

enbgdi nents, i . desd 1 ' L It §oadPihd £t 10N
enz??"re (as des@%@éggﬁgg’el rP)r &g{gﬁ*@ﬁ }ér?gfibgqglrfp%é}#i%%egﬁgﬁc%?eoc esg{lé %i ch
woul d gengvenlrhote pesferiably dtieastgtou?s, stil indré prefierablglat eastabbet 100pamddnost

nodi fication enzynes, which are known [n the art. These, enzynes incl ude,
for exanppeferablyptisastabowt 1900, RNAdmascrms pradugls frome paphpriogd eXisBHPR us (Tt h)
| i gase; T, AESs ecﬁﬁlGD | i gase; Aquifex aeolicus ligase); thernostable
DNA pol ynerases %@uc as Taq, Tth or Pfu DNA pol ynerase); and thernostable
rever se transcisitlasteatédindligars 1E]the sedvad detudistpa (seCdifl rarisgriptionsnydul®0 The

L B it b ar o SRR St St PR RCA g col e ST
skill, i nedififeds the thPgRt ﬁl%drllﬁé’gﬁgﬁgc*u‘én&t, tHe'HRomBr Rimyilhte SlighucERidésd wegi on.

Anot her tinepoint is  at e second primer extensron. Methods for
st oppi ng intbe fiesh adeles an RNA-depandent DINA pehimeraseiroeivenss, trangeripase (RT),8 JUL

Z004 WO O 0938 / [ 20660 e I | the r .o ' to a
Cenper at uPNAPRERenRH DRGs pofrasaie KA fiof EONASrehRett iDL e
to a tenperature that destroys an enzyn®, Methods for resum ng the
reactions are also known in the art, including, fox exanple, raising the
tenperature of the reaction mxture to a tenperature that permts enzyne
activity or 5 replenishing a destroyed (depl eted) enzyne. In sone

enbodi nents, one or nore of the conponents of the reactions is replenished
prior to, at, or followng the resunption of the reactions. Alternatively,
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W thout interruption. The detection of the anplification product is

i ndi cative of the presence of the target 10 sequence. Quantitat]dUbd¥hysis
is also f i Direct and indirect detection methods (} i

guant i tat‘?@?’}’g@sﬁ wel |l known in the art. For exanple, by gg%ﬁ’%g“’t he
anount of product anplified froma test sanple containing an unknown anount
of a pol DN&IpBRinhéifsel fiverkt flanétriptabllaad theSRNUSIT fctivitics htaylbeadtiinedfin the
anplification of a reference sanple that has a known quantify of a
polynuclé@nbéezmmmmngmqgtarget sequence, the anmount of target 15

sequence int t I : 1k I &l L ods of
the inventi onligjgksél%%ﬁg% "S‘Qf@ﬁ“ g@?@%%\%ﬁmg@ggﬁi hgglc%Hpg&gtgélaéﬁns and
sequenci RimglicifyDthetpro@sies art-deséribed defkin hsisdgneritial siepe An aliquotoef the teactidif ect ed
by, for exanple, exam nation of franslation products from RNA applification
pr oduct s migekHhesfinst st of staps Ricombined pith 3 mixtpreicontainingihe apovespentioned) so

provi des c§%§88ne%;§ %@dﬁe%ggﬁ%%ﬁog#?%ﬁo?%ﬁﬁa dﬁ?{sgﬁfé cribed herein. The

conposi ti e any reaction mxture and/or internmedi ate

descri bed her &l seecnd/stitherp4, labiidizestiol axrijuente aFthie 32¢adpf the RNt prodwendfl on
- provi des conpositions conprising an nor e ef erably

t wo, ferably th
four, of therst modyle %he sqcand primey is %gwm%@géegﬁﬁskﬂepﬁg%r; 25

b) a se i W (e . . .
RA. depondinet s Sl Wil cRERESHREA S BlRGRAT o UllooBBostls || o,
pol yore:étsmim_ anded m)tﬁaﬁmatwfa_ teph) atg. almm@fpﬂm l’ﬂhdeagco_md Iﬁth DNgenlagallyi d. 1 n
sone enbodi ments, the cqnposgjte priner,., i.ncl.uded i e conposi i ons,
conpri se@iléﬂu t DGPESS %HQ @Pg%;@eﬁlf;retﬁ“@h&(lﬁ ,ge%e(;g}g', éﬁ%ﬁ&iﬂ%ﬁfagﬁy’t he RNA

ortion i _q% i Is t AR, he -
(F:)orrposi ten% Bri r gi?égngg? i';s&eng‘l 5'- pméég&ﬁgego tliiq%%)si%\iﬁ\/? t% ﬁt I egtsfi?uglﬁe
i nt er venistrgndecomplex Xh (Figure dEhFhediMAdirand pEconeplex Xb igledved by RNaseH e r

o el il A B R T s o
PCT{4JSQA /1g386kicleRe tsciaméciﬁehs@@.hg Scoth]Serftyd, il A 16 Hhe Erithér dx@emBioat €) . 1 n

sone enbodinents, the conpositions further conprise a polynucl eotide
conpri si rmgoduct ef thiefust sshofstepsnucl eot i de sequence. I n another enmbodi nent,

the invention i das | 1 g bk t hree,
nore prefer abI@{efo%ﬁe?l, Oﬁ’&ﬁ%gg I‘“?‘g’ﬁ’%’gﬁa?g i B?%})llytgwrrglpl& #Eg’?"z@?% first
priner (véadof tieprotbegitahplefe dlénicldotide fasibithedeiinsrdattnsiohipraunkcyofithe fiest (d)
an RNAdependent DNA polymneri se; (eégin nzyme that ¢l eayes ,(gom an
RNA/ DNA H¢hef dieps).iytsisidation of proguct Fm&ﬁrﬁf%?te( Iﬁmpiﬁe plgonusieetids regyltspnp,)
and pal hRe- m@@%ﬁm [ : QIRQSH by ;

des%é ?%egﬂ'ﬁ%uﬁg#@tgﬁp}gml ons1 0 g??ﬁ@‘?%@%ﬁ%ﬁsi ng e{’ﬂggizi&rlrsés
conpri si rextended alohg theprpmeater tenaplate wligomleotide by Rintol form thecpaptivh duplexndent

ook s, D e e B3 A e BB B Bles b p o RO
enzyne t haty g5l £5bS@at B thanSeFiption BYAY DINA-duphdeit RIA Plyindfiss abPorRgense; the

RNAdependent DNA pol ynerise and enzyne that cleaves RNA from an RNA/ DNA
hybrid neBNAproducthX (Fighee HNzyme: or all three activities of RNA-dependent

ol ynmeris I L

Fr o an” R DR PRFITE ot pimech B atE Wi rdRaB IR Bloskll s g e T
CONposi ti)se@@ndmnséﬂpﬁdi?hoﬂﬂé;ﬂhﬁmwtﬁm @bﬁ%a(l ' ﬁcmm(prbcbﬁs oaegmagﬁﬁal :
sequence) angd/or, any of the enzymes described herein (s .as
polqyrreri P ms%rtbe seRendbiet m{mp% mqnsef @mnlﬁcae%ﬁgéﬁt%ﬁ'swgv@ce

eneral | y_ 4d: o § DhodNteatit | : ! ntion
gl SO pr ozqfdgtse&ggﬁggg? ]Llfﬁti)trg% bg?)l%pcr%lﬁm ngu?lﬂgﬁgl%é@%%elﬁigytgég%ﬂ%@?l gbﬂd%ésacri bed
herei n. Aawldhelsstghd pritdee i nventi on provi des a popul ati on of sense RNA

nol ecul es which are copies of a target sequence,  Which ,are produced by an
of Sﬁe net hod %3"13%3%%@1? qtt;gyee %PEM’E%%PN’&H%V%@@@%&I@P% nya Y

suitablel.ggﬂ' ; tawa(gﬁf &g ds bl | sostlbt@p! e medi a
i ncl ude, tygmém%gt I'm t% totiﬁ%gtqlﬁ%})dﬁaérlrgg?gk lgtgjgcﬁ a&@ﬁ%ﬁgp ?%?er or

buf f er s) . amplification nethnds foruiphses sich @s {sothermalrsgquegcingtdesdribeddeiiis of t he
i nvention. 30 Accordingly, a variety of kits are provided in suitable
packagi ng. The kits nay be used for any, one or nore of the uses described
herein, and, accordingly, may contain i¥structions for any one or nore of
the follow ng uses: anplifying a polynucleotide (RNA and/or DNA) 64 WO
02/ 00938 PCT/ USOL%20 60 2004




sequence; sequencing of a nucleic acid sequence of interest; and detection

of sequence nutation based on amplifying a nucleic acid sequentg.JUTR#LKits

of the invention conprise one or nore containers conpri si i nation
of. the coMBIHEIBE described herein, and the follow ng arepgygﬁ%Vég of such

5 kits. For exanple, the invention provides kits conprising any two,

prefer amegﬁw SETSOBLSedUnBbfled Pn¥ar ﬁ)(bge)ic BJ‘:isz?%lﬁ‘iQ&ﬁth ng: (a) a first

pri mer hI's a conposite priner a second priner; (c) a’

propromoter pagit ERuETGEs S dS0 baRisal GRAMGE, PO 1% 2,
cl eaves RVAntioR (s laikeRig\rbiNeriptidn froin theprimePextedsivai products totprevidoeninncdde | O
primer, if inpcluded in the kits, conprises an RNA p%l on

nelt . Se, nd a 3' DNA
portion @Eupleirpeid amplifination A schematicxdescsiption gfoneenby @ﬁtOfEIBS Pﬂ\éﬁDNA
portd on). : I r i wRer conprises 5 - and
3' - I'§NA pgfnﬁﬁgﬁé&\%{?‘ﬁmgg’%g@%§blﬁtgﬂﬁ?‘ﬁ§§$€%§¥ér§g \ portion. In other
embodi nents, tThe TSO-badedmubleic aeitdamplification HitHdd of the inmgntivh eniploys30

enbodi ments described herein, .ingluding TSCs contai.ni ng.one or re

modi f i catcPBWesite pimer, ahdesprbadherain .y F?fﬁ’nfld’% egtidg us 0 s AR P nt s,
the kits s S.e . Lt i Il 71 ' j

pol ynuct Saithod SEE BRhLGEis3 BEMR R di B SAATL00) B UEIRARANAS. |

i nstruct iMenutleic acid teged tybedmplifiedoanibe TENA or RINA. Aleplificatiohef kn RNA o

amplify a targ¢ ol ynucl eot ] according to gpnposite i mer 5 based met hods
G001 | o dankel Gl A T BN DRSSO O PP KA IR A ki 1 <
conpri Si 1 h&d g}éﬁml : fs ;

foInFowi ngl:QI e( a; tfglwépkrdopr or‘r’gg g?@fl' , ?ggudﬁi@trhg{l %E?I?%sg?t\;hﬁﬁnﬁoﬁf%&{hggssi st of
DNA) ; (¢ mualtipldAcogies efi die RNADptadpas hpmelegous (i(al)sease) Rithe thrpes T Ase@ignce.

| ; . t . cl . f DNA hybrid: (fj
ot onal Ty o thecEipFHRe Piest SREIRARRiA cpmb g MaThe combpsty Priferaga
pol ynmer asgs0 éfigdrckotie, PNA PolyRitrase, Hibéhueidase Sudh B RNaSSHIRVIDNA depsidedet i ons

for usi ngﬂa}ny of the conponéents provided in the kits to anplify a target
pol ¥hucl SNAdelyreerased prducieotidgs, shch ssdepriihomeleasideriphpsphates (N Fby gn

descri bed. N1 K j i nel ude.. DSl fle

tri phospiiauaeRisdiirbod it 1A0IR I kach RGP MELRPRIET | |
one or nmHydridizatiedhmd tplifivation,as isSkhodasiarthdéad, Inohe embodilfient; transfriptioh &
nucl ei ¢ aci d sequencing nay optionally_include | gbel F&’éor un) abel | ed

nucl eot i derioraedatsn diffsrent tsperatue, gsaeially dowery, P! rPr‘é‘,@a’@Bﬁe@ﬁ-' Br oduct
effect t ] ' . gl j [ "’Pzﬁ reagents in
the kit gg%gé%rggc\l}?%gg‘dgs a Jg?fg%gv%g@w%%agﬁg yof) |?r|mz£gl  including
exc2pi ent s, winaineembdiinsent,ihé TROFBnctions agd AterBiiom@Uen@@@Provides-a

PCT/ USQ / 20660 wi | | ide f t i on_havi ng. t i at
concent r APEEaHseqlips hangiRer grionie, e dsblAc adfid-ai REpdRRRs f ©
conponentgsegadhc SInRRR e dindht, 3REPBRd L BN BEs PréVidédstpaaripbnaiithercan be

conbi ned in one container where cross-reactivity and shelf life permt. 5
The kit s digonneleotidecsiichas aRd\D, that comprisss a preprometes seqnenest ands hybradizable;

et hods. P i FRGR K BBl SxbicH ibliie Bt e p e WAL, 0

andg®r, agietisionqRodwt an doetr.usi ng the anplification products for purposes
such as nucl eic acid sequenci ng and_ detection OL ,%gquence mut at i Or}"the
B

El ectroni c st oFeRyungleapmpesiteprimesagd tie t5Q thepdybrdize tafhe same stoandg
contai ni ng, e {1&& % bé’&ﬁgﬁﬁeﬁ. e ﬁf& Sﬁéﬁﬁkﬁoﬁ@%g-gaﬂe 4438Y §HhB Yarh

instructions. [nstructions may also De provi by storing sai
i nst ruct i smspected af containing the auvleic, acidiarget peomrto tkstarget aucléia aviddenatnmtion

networks (WAN) .such .as the Internet. The instructiong ineluded wth the kit
gener al | ys(‘?fhﬁytba@lﬁaﬁ?w PF‘B?loﬁ%‘m(“ﬁlePEgiféﬁE'%eW ’Etﬁaé'ﬁ r‘Eﬂ"‘ftﬁb‘f i B in
theskit) SraREaSAoYechRE cOthplek O/ gq%ﬁlgg et hods of the invention, 15

i, an

instructions on how to use the and/ or appropriate reaction conditions.
For ‘exanpl e, tADNApolymerasepanias ot prinesexténsion Jﬁppnmer is extended donpthei t e

e o eSSBS e B R bR APE50,

pol ynucl eoti de according to conposite priner-based net hods descri bed
herein. In another exanple, kits can fW@d%her conprise a second priner, and
optionally 20 instructions for using the primer to anplify a target

pol ynucl eoti de according to conposite priner-based nethods descri bed
herein. In other exanples, the kits can contain further conponents, such as
any of (a) a propronoter polynucleotide (such as a PTO; and (b) any of the
enzynes descri bed herein, such as an enzyne which cl eaves RNA from an

/7 r R 1




of any assay. Wth respect to the conpositions and kits of theqignyerngiion,
any conponent may conprise any of the enbodi nents of the conponents as

descri be%@gﬁﬁ@g& The invention al so provides systens forPEjrflﬁngf/iO@&l t he
|

met hods herein. 5 These systens conprise various conpl nations of
the conponents di scussed above. A system may generally include one or nore
appar at us9brifatife qfeﬁffplﬂt@@vitdhﬁmgaﬁmnl thé faddt eftaritetb g wwhybfidizedpertionof. Such
apparatuses include, for exanple, heating devices (such ,as heating bl ocks

or water ©) anchforthpnprimer ignialongshe 380 templateaesults ip thedpemgionpl; o

the:TH
" ¢ . d . i . . :
"eacti on D i HPISSHEHERER Kty A Chrlprckd s il R Ao ¥ PROBREM LGS,
cont ai n hainmdrextensioh iphatuch The Gfst Pﬁm exhsion pductiesuhique DNA domprising| e of
a reaction mxture is (a) a conplex of a first priner extensugﬁni?gr, duct and

 a tdrget beth ?ﬁﬂﬁgﬁtdépmﬂlél}t)l{oﬁ,ione(ipe seanearecnmplementany te thefgrast py } er

.seguence r I T : LS 1

second p ralSl Elr%rTﬁéﬁg&nﬁFlgig E}(’gﬁg‘{) %ﬂgﬁﬁ @ %ﬁ%ll?%g g$r Iiﬂgg@hﬁ@%%ﬁ&ﬁfe

enconpasgkelTBP)t he invention. The invention also includes conpositions

conprising any_of the conplexes (which are internmediates in the methods

descri bed her Pomples eV Bryraddbis g substeaipfaspotiyansiiIp pobymperasendgr e
schemat | GldniofleRt it i Ritadetl 1he HNA depdbhON ARGl dGo P! 1 cat i on

met hods and conpositi ons 0O he invent conposi tions

of tthe i rfunctionahdeuble fimndakprofmoter of camplex XV anditransaribes tHedirsppriparses  of
il lustration,, nme

. et hods of sequenci genot ypi n el G, acid nut at.i on),
m cr oar r SKGHSIHAT ‘}%Fﬂpraﬁi‘t‘f%@iﬁﬂ AIHP&#M@E}@L%HEM &SUChashg ¢ he
anplifie 5%[[13 : 30l fﬁ@l;d t 4PRN e invention,
are desc?iuge . ’ggiaﬁﬁlhg?énég 0 Fgﬁ?ﬁ%ﬁi@%&%@?ﬁgﬁ he rre‘b‘t(ﬁr?lc:tl‘g of the
i nvent i orhefrodupléig degratiesfthe 5t partionref the gsinel extensiomprodué¢tdn campleyseVito, f or
exanpl e, for sequengi of S ence of interest. The sequencing process
is carri J%ffeﬁﬁefg‘sma&@g{m?%wn@%g%& ication methods described herein.
Seqyenci ng usi fge bOBpHRiepRitier BfbridiSed 18R brisr dotipldiferitas dfte oPtiRftdp6t | NY

premature (deliberate) térmnation of RNA transcription. The inclusion of

r NTP analmigleic edifl imcoraples X VBE(Higure 2Ba. Bhis hybridizstion gesults in fogpation of

i ncor por ati | . R r, | f S ' ' fas :

pol ymer i ?cé’t"? ptl;lﬁ* mﬁgl%%)i lgﬂﬁ‘rir‘{[hx%y Zl,;e @mﬁh po&'@é@ggﬁe& é\lﬁ[;;trhg 3 u (i:{ﬁr %)Rorct)lf) T

t r uncat ecoffthé\pfirher ishybridize0QHe 14y 3trRtD THspPict b b/ tRO SERostrppatict of thevhi ch
result from bl ocking of the RNA pol ymerise at sitt‘| s of, incorp ,ra‘Li on of the
anal ogs. NrHDgRxtensiospredust by thed ﬁi&m@m@é&&e @lﬁ@gﬁ@bw @izggprimer

anpha fyi ng: 'd‘ﬁ)g L, 13 PR isIESY f, hirher est by
the&dr)ret hgglslﬂgg‘gfﬁlle%gg‘ %ﬁwgﬁhﬁ%&t e @%‘?‘E?ebﬂ’g%ﬁlgﬁ‘ am %?g&oaf]bghTPs and

r NTP anal mudgmstasd) Bxitaisionrof tiegprinpdrialong the targetistraid@XIXp bigure2B) peultetinon of an
rNTP anal Qg;. and (b) analyzing the .anplifi ion products to determn ne
sequence.‘ﬁ?ﬂa%ﬁ%ﬂnﬁu@%ﬂ‘éggﬂdmﬁ@ﬂﬁm?ﬂ%nngﬂdﬂ& drom &8?&*%%8?‘?5#@&“ Ta)

anpl i fyi nGeénsichs A8 s ddisptdcRPlehd fesu thedrBitor dFanSIfglBRs 8F | nterest by

t he net hods descri bed herein, 10 wherein RNA transcripts are generated from

t he secorpplperyciestides(CeRFigure 20 that arg substautiallycomplamentary torfhertasget wiclaigTPs
and EWPF;acﬁ‘&‘l 0gs such that transcription is term nated upon incorporation
% r NTPanal og; and (b) analyzing the anplification products to determ ne

sequence. Sui t T srimbfdkt@iRivhpasduchgénetuted Sndescritedaboveyisuseadias atepiphate for

sequenci ng net hods, 15 and are well known in the art. Exanples of rNTP

alnal o%_s (%@H@M@W@?@P&Wﬁe@wﬁim thatgomprises, proproafiePSequeRcels ot
B o R i BB B o BT A0

exanpl e, sor ra So be 'l abel s

wh: ch ?r mmlﬁdrﬁmbbﬁdéwfﬁgﬁm I?nmuupieg?pﬁ.(g@m; 2@ Complex (dhplex) KX 3 mal | .
no ul e ICN 1S a er a, specitic pblndlin alr, and can be detecte
fol ?@m ngcozeplbﬁeﬁeﬂﬁgﬁgfmﬁ'eg amgpgftre%@?d %ﬁwél%g%eaﬂqn&e%rxamsge FEres such
as bl ot | ve@Rtidbly Ut il thd ARG IxtaifRioh priddich aid e BT, THRWBAble Braided

bi ndi ng pair conjugated to an enzy at” catal yzes the generation o
det ect abl gortipg nfthis pextialclupled coetains ndoly fimstionad dhvhle stsanded arometenior thet r y

n'the- arPNAYiedSE: ST BERHEAE g rledip B RaRaRT e Byl oo "™

pol ynmeri se and serve to




25 stop further extension along a tenpl ate sequence. The resul tﬁi]ﬂ@ﬂ]ﬂk
truncated pol yneri zation products are | abel ed. The accunul at e& truncat ed
products rv..jn.l ength, according to the site of incorpo } ach of
t ke anal o‘ég‘%&}k‘#@% represent the various sequence |ocati o?g&gﬁﬁgﬁ“@

conpl enmentary nucl eotide on the tenpl ate sequence. Analysis of the reaction
product s XRT arl teisibds Whe SrimSreskicHRich prodwut It@fdrmfm\ﬂﬁpleb,eﬁﬁﬁ of akense BINAUt

using any of various nmethods known in the art. Such methods include gel

el ect r oplpwedist X @igureldChcti on of the | abel ed bands using appropriate

scanner, sequepgcing.gel. el i S Gi | ' el ed
and i Fect 1y ByeBraRaa e LR HRRbEin T ETE T, W Sholrl iRl
capi | | ar ydegéritsellabBVeis ¢imked ﬁﬂﬁﬁh&chm@liﬁbaﬁoﬁlbﬁﬂﬁdombﬁ&tion of thelbActidf04 WO
021 00938 PCT/ USOL/ 20660_ specific for the | abels used | th? reacti on, and
af]%NAéieB?mPh%ﬂﬁr

the 3i ke.mighare withes second pimer, AR, RNgsakl RRlwnFragGaudbe

2)
used fox ect | i § L i | ted to
he. bi nai g praefee e lfogifs i SRERL PAEL ALk BB Porfhiur v
st r ept avi gthée RNA prodictChstin nithod l; wn@ is ckitended be RT! to foet ew RAVA/DNA hybrid
enzymatic activity of the enzyme, 5 which _generates a detectabl e, signal. As
wi th ot heduplexKEHAF e b h SUisRH sgnvesthe RVA sirand of XU 40 BRRTHE & SERIS | ons
for the vari ' : in€@ it her
n a of notenfdaft EhSCONGrtatE SdrSionprodot oG (¥ A)f 16 3% fuf 6
r epl@sent prigerlex@énsiongroduct zusmplerhaniryde a syqueage onlthe TSIOL Hybridizatien ofitliet o be

Sk 1| eq | PaBReRm ook e fee TuOenie b bt phesut el 2618 Eleirch o/ or
| abel Usegﬁéirétg uelfagé cREAERhE’ AT (REFImEF ekt iRiATRO Rt alofig thef S n@WEi al |y

| abel ed, encing reaction can be carried out in a single vessel. The
consi der athe @8O focdorm partiabdurflex ¥XJbMRigum AE).cEhetlas is asrbdirate 4r opti nal

f i | ysi di h ds of
P ovent | ondepeadest R PolyBbrte Tusbfos e BiehBiorishon A pla B iRt sbolase
net §ods.  JhendeTERRriptioH of BRGIrnT cxfidiohipRétucbRaulisdn e generifion of bettiple ~ ~

above for the nuclei¢ acid anplification nethods of the invention.
Det ect i oncopﬁesmftsamﬂe@mgiﬁamdgﬁkb]i&modu@ltx @rigarg 2Ednf or mat i on pol ynor phi sm

utilizing the lifjcati ofls .of j [ i ion
pr oduct o gener vBgeizi b the B0 Bifle 143, 0817 SBadE Bl e i

sui t abl e fepfitiatea s prockdsrast dsscrilbddeabove) thafs enabling & asyalicad ramplifichibort of get 20
nucl ei ¢ aci d sequence, as conp red,tg are er?nce nucl ei ¢ aci d sequence
which is 1@&?1‘@%%’6‘*1&@“@&&32@5% oram sequence ot her than the
sequence alteration. The RNA products of the anplification nethods are

sui 28bl e Py ptgt BSOthasedrmaplifination methads pol ynor phi sm (r SSCP) based

mut ati on detection. The anplification methods of the invention can be
directly | i nkeBrapoomgter T30+tasas methods 6fthe fvention arg besedginghe formationioDs

conformatian pol.ynorphi sm_such _as an electrophoretic rati t hod for
the. | dent PRALSBTRT SRSt HaRe A rop i SR HeEbtit PR AT P sca o
product s §aplifieioR mithstalof @ik iaterition cALSEFRS botiprinke @klension bgwadestide

feature(s), and/or the presence of any difference in a test nycleic acid as

conpar ed pelymerase endprimerindependentdranscriptionodhe watbeds emplgy e sinele pimEt A esi s
or 9301 | | BLyobibtet PROYRFEIS of Sfeciie teifitladeUnitdlink ABrifie bifful Eterditth, MORI YS1 S

of e var s srngle anded co I-onal ners. ternative it is
al so | i kethe primaér aad peoppraaotef TSO@rs torgplemshtasynidetie fe targetinudlein acidgtrand.

nucl eases_whi ch recogni ze sequence dependent .secondary struyctures nmay be
usef ul f oA he REopEemoten E5G gmPEISL %Mﬁ%’é’g@hﬁﬁq@gﬁ‘ﬁéﬁé@%ﬁ%@ﬁ@i nation of
sequence s 2.0 By; i

St ruct ur oRogablbdidEbMAs Tortth RYICHIRABRLI-AHE o BRTIAT e agivenset of
known as Cbmiiticrss) Mhezein yieasonHjbiridizable/ portidnecosiprises apequensei(geneeallyoa$’ ar e
potentially pore sujtable for hi t.hr oughpu ipn r ot ypin

ot 0Bt 1 onmihet FoGRtook R aabiels AP POoBE e on e P AR BB et c
pattern fqredndhd SRpliatich StepSactorBAEHRIEE mcthdds 6f ke ihvdhtioh. Th sémenp! e, the
detection of speci PC alleles of a test sequence. Furthernore, it is

expect ed embodiznents the sequprnsrafthe:propramaten T whighyis inmedigtely adipesgttodhe e es
could be well differentiated, thus allowing the detection of two alleles in
a nucleic acid sanple froma single indd%idual, as required for

het er ozygous genotype, or nultiple alleles. 10 Any alteration in the test
nucl ei ¢ acid sequence, such as base substitution, insertions or deletion,
coul d be detected using this nmethod. The nmethod is expected to be useful
for detection of specific single base polynorphism SNP, and the discovery
of new SNPs. Thus, the invention also provides nethods for detecting a

o, o o, 7




5 be a single nucleotide substitution, a deletion or insertion. ln?ﬂ] not her
enbodi ment, the RNA portions) of the conposite primer is desildn8li be
conplenmentary to the altered sequence suspected to be pre | t est
t ar get nu‘?fpé’¥/8°93§i d. Stated alternatively, the priner corr%??élggﬂ%?tﬁ NA
portions) that conprises a sequence that is conplenentary to the test
target nugh&bmot ﬁﬁeﬂb@fbﬁﬂ&ﬁil&@m}iﬁ%ﬂx&éﬁmﬁ réPronitier BRMEECHE Sequence
(for exa#%{)lgr,bﬁlg t"\’i/lvlg typge seequgnce) agai nst Whiég% ?rhe sequgncgé)l’n the test
t arget nuiekighed taahakimsze teaniseriptongbyrtbel RNApelymerasetiveh sequencestarpeknownsine d

i.e.,,th . | Si l, t ti and th
7 of or onodhe B A TS e REIeLs | SEh e bAkes R oL ceRAE e SRR Sa. i on
of the Cm%ﬂ&naf%&{c%mﬁg YRS Eowh ﬁ&g@ﬁ@e&iwﬁfep&. bIS, POV AITRebAISE. L0 a

known nor ma e sequence, or a known 15 nutant” or a pol ynor phic

genof ype. USk (I996),193;29692074 )1 61.8. RavDess 51689,51 2566835879 & 6,080,d7-RNA portion

that allows t prinmer to erentially hybri.di.ze to_ a.talrget eic acid
i f the target hﬁ{?&f@@@éﬁﬁ@gﬁ?gmﬁ%dégfg%géﬁ%&ge %Yé‘hgﬁs&pé}%‘l o the
RNA porti Es: A TPNALASpRAdenO BB H6lyiierdsé, & DRACddpendenf RN b6Kymitase, an t he
primer has the nmutated sequence and the target does not, or vice versa),

wher ei n tenayme that cleaves RIVA. ineh RNAYDNA bybnidi(sueh apRNageH), andateRINAr on pr oduct

and has had i{s, Ri+R ortion cleaved.  The .prese eRnGaA ration
oes not Gerdel PYAPely B fof o RvEite ahfrBleEd 2hE R PRR UFN ek

compesi t epelProvided hiBaividvabendythet BEin ViidaS cORBIMBNIG (i.6.0inf Glerdr tdré enzyRescul ar
conplex, and is extended. A ribonuclease, such_as seH, then cl eaves the

RNA por t i with srultinle activitiesckhennzymes eed forthe amplificatiopgeeqrding to thejmaetheds ¢ hat
th 1] hed.. L i f : f
cl eavage e fedigh ARROEHESAR°FaRRE, dlibuilid Booplt SRUEHIABLKELD O )\ o

El gc ea The nexrl%ﬁprﬁﬁezcn‘ndhh@ﬁﬁop@)mfteﬁm? llarmnb 'bra%]lp Ipi‘m«(ljectal lﬂgflﬁcononniatinndJy
ybridi zatign of the 5 RNA portion w i nhi bi ted,. prefer

pr event ecSimggr g thesgcamaponlyyed 1@#’ Fﬂ%@eﬁgd% 3}9@ W@E?% %Plfﬁ"@f‘@i‘ QF'E‘G é{g%ts t he
Si zggoOf t bdk 7d ' | | ' iddah tion
condrti orP oIkt 1 derlly SN 1 the CGoBeriol of e BABHReBlides MHeRAS 0
prinmer, athe pridieniy donsumedby incerpovatioh itto dhnexierciionqurodunts, ithe propromoter TSO | s

00 oo e STAER ) R s P R 0 0
sequence. piBRindtiér THO ﬁhﬂ@i’ciﬂa%e‘é i theliRitihl fehPlde SWRAHCAr Wel forrhAtfonl of aiudiduever

ef ficiency of cleavage of ‘the RNA&ortion of the primer thus 71 16 JUL
2004 WO Oconpplesthatish substiate s diN AatependentRNA padywerass (aj teanserinfion process).

anmpll,fication or praducti of le Lfi ] r The d. hiity of
£ 6 2D onp ot EefherfeditpGhe 1 Bloptiiiie TRy oln Biihyel; i Blaucl 16 FifdE b

S_rml : fi cagnl Biﬁ'diﬁgdﬁyﬁﬂgglefs_tﬂﬁdﬁ;DNAﬁﬂédtf& (mérmmgﬁbamﬂrh @ﬁafim N transcript

i spl acenent and production of, nultiple copies, of the i fication
products.ﬁPmth%ﬁtﬁﬁHélPsé’PBB%PmQFle)ﬂ%ﬂﬁeei%%ﬁwfd‘fsesm?ﬂﬂ“g’ﬁ Yaf¥y the net hods

of the pr&a%eﬁ%ﬁ&vm& ufderéiB0d 1t BASRSly AIIBRAE R ctipie8 3 PG obre "

anplification product, or quantitative conparlisons © t of accumnul at ed
anpl i fi casdquencerand acegion Fapableasfihybridizigda saitl singlegiasdedDA product sammbe ses

t he ;referen sequence [ ex le, wild type), the presence of a nutation
in &tar ggﬁeggf?rgf%ﬁmﬁgya&ég}dmf‘%g%“get ectabl e anplification products;
al ternatively, Uhliké'Sthet @RBchiRicHbR6d RBhGrmRM] Qeiptiitatidt dcht@es stdpas t hose 10

produced froma tenplate strand wi thout the nutati on. When the conposite

primer coNpSBAaIMA artishebike, therpropremeter TSO-hassd nrthods of thesinyentiondomet f ul | y

conpl enent ar Q t ant ot lamal ? HI ggti 0 S e .which is of
t he nor na}feqa%ﬁgie)}ﬁgn%qq Oftg‘gﬁg}( gé@ﬁ? , Broﬁﬁftam&&éggﬁﬁ%gﬁaﬁ]get wil |
be anpl i f jfdgtmediatsin thése iphéviousipdestritieddfingéription-tasell micleie asld ainplifivation
determnation of nultiple 15 copies of the anplification product wil| be

i ndi3®at i v@e@dﬁ-&ﬂ%mt@m%{)m&f@é@ag&fﬂérﬁ@dw im0t requitsdfoERd £9be.  For
exanpl e, i . ' ' ' - 21 i npl e of
norost Lot plinct BRES (B ik B bhudalithy HEng b 1aigé ol RuBHGLE frad s RETE 2.
coul d be complesient)ard radtiused. (Fhismedacestii cdmpletityoof the primet extemsidrireadtionser
conpared to the latter_ reaction would be indicative of the presence . of a
mut ant gefabpﬁra@apag thefoumphianeotprimendiimers hese WA QraRoRs prigary LYRIER Arle
conposite prinmer conprises a 5 RNA seqgffence that is fully conplenmentary to
a normal genotype sequence of the test target, anplification of a target
sequence of the nutant genotype is prevented, and the detectign and/or
guantitative determ nation of anplification products is indicative of a

normal genotype. Any of the conposite priner-based anplification nethods of
the present invention 25 are suitable for detection of mutation as

al




Met hod of preparing mcroarrays of nucleic acids The single strahzﬂ-ﬁ_dmmature
of the products of the anplification nmethods of the invention ar

parti cul l.Labl e for preparing mcroarrays conprisin

anplifi c%%’%ﬁgsgducts. 30 Anplification products can be %F?Q%%%W% a
solid or sem-solid support or surface, which may be nmade, e.g., fram

gl ass, plasekiended tg fornp byl sipatided eubstisted for trapSdriptidoh b "ﬁﬁ% double
nitrocellul ose, or other materials. 72 1 6 JUL Z004 02/ 00938

PCT/ USOl / Stodes nremetess in a-tareat-iadspendent manner,Hanability to pse aigingle primst eschi ng
U . . . ! |
ncor por Sgestiibiin ekt BREREGAUALH Aol AT ine blelths, THEpREERGE o (P

of att achfuethér dimplfiedby thesbllity tetis.a popibtérIemplabrihatdas aophava telbg i vati ve of
an anine group or another group with a positive charge, into the anplified
5 nuél ei cSXendsd, forrexample, byrusing the sme propromatenT'$Q i hethdbe st primers o) i d

substr at egyiSisfda S?% &d%%ﬁl %ﬁk%ﬁﬁt°y§k&ﬁd'ﬁ"9&%&%ﬂ5%ﬁ?ﬁﬁgﬁ al dehyde or

anot her reactive group rma-*coval e h the reactive
group that is on the anplified product and becone covalently attached to
the glass slide. Mcroarrays conprising the anplified products can be

fabri cat egn Hisigtive dibydherit Bf pRpromber TSOBUsEEmeblls Sfthé nvertiopppar at us and
al dehyde 10 coated gl ass slides (CEL Associ ates, Houston, T~. Anplification

roducts can e%ﬂlgé : 5 &?ctr@ ' ed
gccolrjdi ?\g to gﬁbn 12%%%@%2%%&&?%@%%&& a @%&%gﬁa@gésﬁﬁga SZci .

U. SAD ( 19@&kt, a8 so isagpicallypredsded Ay rendering a tarigetsitgde ptranded @f itys natabreadys ont o
I : . Ra G ~ Na Bi ot echnol,.. (199 16:,40-44)

Dol yr opy oA SERGED TeeigforkF thefarBel el anid i@ dejidd st DI, Beiys) | ang
silicone ﬁézp 6fthe ddbplifibdtnas Henafuradiftolyasld aQihgle)stranlied Akt BVREEHE Bbet
(1998), 16: 27-31). her apﬁroaches to array assenbly include fine

mi cr opi peluclaigacid istRNAe paptificagionican groceedditgetly ifromm thetsingde strandeditargey . and

Vet hods st BEReROk, AfSutiel shemirliaRos iy b8 oferb B RERRURIS L, ¢ i co
knows in ¢DNAdrdm tiRRIMASalesbyimatholls kilbwl e 6A1 . Cor ni ng. com and |
http://cmgm st anf ord. edw,brovvn/. 20 One nethod for nmaking microarrays is

by making hi ghA¥ A5 inenembpdimentef the mebedseldhy inyentionon
D oo PRS0 ah®R ARl AMNUD oAAe 58 b AR dlicliral to ARORE IR Blofeckiar

Bi oel ectronics, 1 . her net or maki m croarrays, e.g., by
maski ng (¢dngdes]. Thd tdgetishrand of tie complexdsay HeBNA(, k9 HRistraed ibFiguk@?4B, ormay

al so be . rinciple, and.as noted above, any type of array, for
exanpl e, u@ﬁ&ﬂﬁ@f’@"ﬁ?ﬁﬂ%ﬂ"@n AB.hybri di zati on menbrane, could be used.
Ho er, as w ' ; | |

wey ADNg tpbwasez&&éaxbut Pridier éﬂfédsLo;?/xbchrk:nggl gxgﬁrgér;ctsvo @6%0%)4 be

arrays - will frequently be preferred because umes
snal | er. ITNéhearths tatgesd ts PHIA thecinzpme degenemily adDN Aedapendent DN Arpolyinerase;

Dol yacr yi 3% TR o gk B RS, 0 2 B ety B AN A BB BN pbhtens
sui t abl e such slrevérss aahschiptasel (€. 9., thin layer of polyacryl am de gel

((Khrapko, et al,, DNA Seguence (1991),1:375-388)) surface. An array may be
assenbl ed as a&%s'aﬁtﬁéﬁb 1gHEeS 30aB 1§ 4AD, piimpar extension s switahed Sromythe thigste a

t hr eg- di | g : : LS| ' . fhher S,

thr S5ds, o 5 TR A PRI Rb RIS p bR AR e TRORES

][ri cr (r)]t ibt ebound Ltd the tmggg tgh?eﬂ‘e;:,ﬁvelyy?m:imtrapﬂtbaﬁoy lof)tHeeTrgeﬂ‘-Spe&ﬂrem rsaq;ienwlt t ?El e
or hybrigdization an et ectipon.of targe ules. In ope enbodj nen e
subst r at “XIEASAN 3long the >, ReRs E%%ng%ﬁfggb@@sw%@m@mﬂ%@m iC
beads or ' s n WhEch i ' ' : jses an
opti cal f‘?ﬁi@ﬁeﬁﬁygﬁ%ﬁ%? hler lelﬁg%g&r%gﬁte ?aﬁ%&gé@#gﬁom%{dﬁﬁsp@g ficts are
di sper sedpdrtiod. [The tinjsfue $xi-maledvilar camplaxi II (Rigyres\BAGH 4A) of thertarget, TSOmxdithd | zed
vm'tg respect_to a solid phase. Charact r'glgiog of 3uc|eicg;cids he ,
ApPP | o AR APB SAREion S EmBY S AL RGeS ProRO o osd e raplne it
parti cul ad substedie firlal BNIWCddpendert RNA polafdefiisé zat i on, in part because the
products are single
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10 stranded. The anplified products. can be anal yzed using, for gxa[rgb[ﬁ
probe hybridi zati on techni ques known in the art, such as Nor t hef A | i ng,
and hybri di zi o probe arrays. They can al so be anal yze

el ectrophgpé’g}la&shased met hods, such as differential displ gﬁ@ﬁ&‘%“ﬁ%"e
characteri zati on, which are known in the art. Anplification products can be
used for detergd Muftdated b BiRaNCH, VheRRIAIEITS RIVA, the RNA StfRlof chplex

exanpl e, an anplification product conBr|S|ng a sequence of interes

gener at edl bgn beibut fsinod neeessaniby)riegmded by R¥NaseH mfdrmmoumleﬂéa,sumpésiné thet o

sequenci ng by a {table uenci ng net hod. | fabl e, seguenci ng .net hods
e knowrPioRerREf IO SEFE ARG <RRpsIE e T APl B R

tri phosphgugke shﬁﬁde_d&ﬁ@ﬂxotdi‘%ﬁdwﬁibb@ﬁefd}taﬁlﬁ\l‘&;dolﬁﬁerﬁ%t ensi on product

term nates nucl eoti de pol ynerization. 20 Anplification products can al so be

used3for det ech DNAsependentRYA polymerasechinds fofthe donble sitanded promeiter ofequence

of interesg 0 | nesence. .of nuclkei ¢c_acid _sequence
of 1 nt or cavonfief IORTRIE 3) Al DECAETE . A FRRGEPLER of g fileyiie: Bl
interest prod@iiihftiated! This froceds fdultssia thd gensratibh oF Aiitiplé Yopies ofQl siiple | eot i des
in a sanple SUSIEISCt ed of conprising the sequence of i'nterest. In sone

enbodi mengteanded RN A praduct svhichoare of thesame sensp s thedargetipalymuclgetide.or exanpl e, a
i ngl | eot L. hi.S ke ' than, a,del et titution.
A soauence of A caPd oG AlbARertD Al SR KA R E kB BT B 0"
of agvari®A ¥ 48). MEichecsndpramer is Betdrallybdnd préfflblifihe Gamé @¢ thR)fEstPrigher. In

hybridi zi ng anpplification product conprjsing (or suspected of conprising)
t he sequ&{g@daneqtﬁwéﬁmthmﬁrﬂaadﬁmnémm%regrf&sentt@atsemdwmm zable to

t he seque ! l aucl gl ] i dent
to one sk%?gg& iogﬁltte%é&% to}%?ﬁﬁ%%g&é ? 'o?h%fg%g%%%?gﬁ%gﬁm% EBgoo&r?rl}:é){ri se
DNA, RNA iscartisidoatisy #NRNAFdepeadentdNA polymenese suclvasiedersertransgriptase, abl e f orm
i ncludi ng,, f.or . A4S Mm.cr.oa .S, i, C y conprise the probe 74

WD 02/ 00 Qd%W&ﬁWﬁﬂéﬁi\iéﬁweWﬂgﬁzed on a suitable substrate
thagscan be faﬂmmageétfoﬁmf&xelma@uahdm éxljf?&hltsﬂhﬁé?omﬁﬁ@é&f&u

pol ypropyl ene, nylon, “polyacryl amde, nitrocellulose, silicon and optical
fi ber. Desingle stoamded DINA) peoduet off primérexteasion hy she RNA-ddpendant DNApasimetase an

al so be aghi eved, by net hod [ limted priner,extensio whi are
nown | - EHGSeH0I BOT R aRIoRD: AdrorpraspaRipled PolyRsoepiitoni s Helte
S5, 888, 8193B s HfrbprotdoteST %ghﬁﬁ?dize@tg 8,30 38stioh ¥ e ﬁﬁ@é sRartdfed DN product
5,763,178; 5,011, 769; 5,185, 243; 4,876, 137; 5,882,86/; WO US88/02746; WO
99/ 55912; toprpeamplex V (higwe A59-71 he prepromoter palynuelentids/is e 59 used dn the

- di I j [ ! . nber, 2000.
o 280 istech, 3B onEEbh O 360nd Bifiner iltein Briuct (NI Al 00" 27000
to 10 geneamsgilementaryitp basequenceon tie FSOrgbalddtave besrintdiporaketiutot the tdeend ar e

| abel ed by, the incorpor tig}r,l of | apel eq Bucleotides during RNA

pol ymer i ZBH{RgFxtepgion £ By thepmplale SWiteB PToges%r di ng to the net hods of the
i'nvention can BiAdik 1 i ed
rNTPs can be d'?[%ectlygg’tg ? gﬁgéﬁfnﬁ)%rg&?gﬁcz%ﬁdg?mgﬁﬁg%ﬁngﬂﬁ?ggﬁm’iét whi ch
coul d be the Dimproduct resultainla.5’ Dverhhnghefl theE§ Opso thiet3d ehe df the siglersttaydes non

15 val Ly t he amplifjcatio rroducts. Suitable |ahels own in
the5 re, #@Fﬂ@‘f‘%ﬁgf’m > xfe‘l;< 1% “é‘ae(galf’%tjlﬁ(?r%?@ﬂ%gogn ﬁ%eﬁgog pecific
bi ndi ng prplicdtdihe promotebseqiehRe TRIdAEMROfn the Mﬁbﬂﬁf@oﬁﬂ%ﬁ%@ﬁ?&rewond_
menber of the binding pajr. Thus, anplification of a target polynucleotide
accor di nng@hF%mﬁéﬁ%woéﬂl Clqlibleiﬂwg;ldimwnpwf saguengee ComplexoY] is p gubsaatenpl e,
Cye3- dATPR, S I ' ' | of, t 0 nucl eoti des
hto the SEBTIVAdbUnt RN, pdvibiale hi BOPIRRIRR IR G ne dOTRE sbrendllc

parti cul aproproter ahdiirhmsctibes the aboond prifricp Extensisiproductas produdemanipledopies of
quagél fication) co tachbn hemw th, for exanple, mcroarrays (of any
sui PAbl e g sense BNAprodyct. F%@\L%P@d&% aresybyirates o fiirthey primeniapdridigation
parti cl espndtfbo; ! i I r %Hrﬁﬁiﬁ% : .

ol i gonucl aéngte'lgtg%ﬂ%?o gg&ﬁ%ﬁggﬁ&‘}t&hgh#h%ﬁ? ?lon pr o%@%@%@ﬁ% o thl‘gp le

char act eréapies (Of the semsenpNA prdductct and/ or quantify) a sequence of interest
by generating | abel ed RNA products using anplification nethods of the

i nvention, and analyzing the | abel ed products. Analysis of |abeled products
can be perfornmed by, for exanple, hybri4di zation of the |abel ed
anplification products to, for exanple, probes immbilized at, for exanple,
specific locations on a solid or sem-solid substrate, probes 30

i mmobi |i zed on defined particles, or probes immobilized on blots (such as a
menbrane), for exanple arrays, which have been described above. O her

met hods of anal yzing | abel ed products are known in the art, such as, for

o o . o o o o o




10 target polynucl eotide species in the sanple. Determ nation of (]:henﬁ]
expression profile The anplification methods of the invention drbe JUL 04

parti cul %leﬁws&abl e fox use in determning the |evels Ochﬁﬁﬁﬁﬁﬁl%k(Pn of
multiple genés Th a sanple since the nethods descri bed herein are capable

of anplifying nultiple target polynucleotides {RNA as a direct 15 target or
cDNA pr epar ed Unlessitermiitéd deliberatgly, amplifivatiomoan eenpeeted Asprdesedruntiball above,
anplification products can_be detected and quantjified by vario nmet hods,
as descr i@f‘égsﬁglﬁé}ﬂ?ﬂ%ﬂ&ﬂl@ﬁé%ﬁldimqliéxﬁﬂﬁlﬁm produet, pnthe psimer 5 3lYict of gene
expr essi | evel s of the various RNA species, such as nRNAs, in a
sanple is iTndicative of the relative expression |evels of the various genes
(gene expr essigyillpstedted @) Figifes SA-Bsgnee forfet ifollowihg tetramotiptionalf tfirst
sequences of interest present .in a sang(l) e, as determ ned])gésf quanti fyi ng

anpl 3 f i cawingy ejstensign Prodyrts; the RN peastuetof amplifiriaen efeeithsy e RNAdaigsh  of

t he gene ; r i R t owi ng Exanpl es
are pr ovilge s?%% ﬁautgé %Piéﬁc%{d)P sg%ﬁ{%{%&?ﬂﬁ? Fl%ﬁ :Bﬁ\?gegr}?lf %%’é'% EXAMPLES
Exanpl e 1: TheEdch tmhsdription step({i.e.pamordption offthefirsp ossecendprimer extansiod et hods

The gener al t,hods that are described in_this exanple are also utilized in
ot her ex ippxRagie tprﬁf%mﬁmegwpeﬁfm&w@m eeﬂﬁg%tilpamb?i mer - based

t hod ' ' R
pery s PBGSEatdoust 56 100, HRore el BBl 8 B! TR e e ot paseo
exab®l es leaseabond @000, ichpieh of 4 singlewiragdedRMA ippdduct fremBudtirting ténplate (initbe HCI |
H 8.0,1 oM EDTA, 5. TBE Byffer: 89 mM Ty . ,89 nM boric.acid, 2 mv
EDTA, pH @ws%ﬂqﬂﬁcwwf‘geﬁﬁﬁr ?Fmpiﬂ-tw&}‘fd;hsﬁ 8 _@?832 @°W%¢$ﬁ4ezug‘%?¢6?i% NP- 40
A first iddndSidiRhineuld, thd\Rnd a&é{woard%%armmmsay@ggeﬁeraéd ARG Kkdtcat i on

met hods using“a single conposite primer, DNA pol ase and Rnase H 10
Sequence tmampériptionanddwlewas performed in 15 | Zl reactions containing 20 mM

Tris HCl, pH 845,..6. 2.1 r JATP. 1. P 1. TP, 0.8
i dGTe, o' 2 s tANG DRt bf s R ion hedof bk b BRI

0- 199 ug/sttandedeind|apé ﬁﬁs%ﬂ%b@ﬁhb&%&bﬁav@fm of nfetidds kadwh inf e @tbi nant
ri bonucl ease i nhibitor (r sin, Pronega, Mdison, 0.5-5 uM conposite

W),
pri mer | ABwh homegensgys awbheterogenegppmsthads fos dptegtion of s@hm perdeic PTO)

| AO15C. i i - [ ; gﬁg? of
ACGGA @ﬁ%@%@@foﬁ%ﬂc&@eﬂ o %‘gﬁrr%ﬂg\“?{gﬁg%i@%onuc géc% 1 de (PTO
| AO15C i spradiets dfithe amplificativhandthébofthe Invelwfors equence of
ggAATTCTAATACgACTCACTATAgggAgAgCggTACGCTgA. TCAAAgGATCCgTg20 biotin (SEQ I D

NO: 12). REsmporents il feadfiorEEoNESbnY dsbd i the SRAROB VT the RveRtion t he two
enzynmes. After heating to 70'C or 99'C for 10 sec. in a programuable
thermal cycl er (GengAnp, 9600, Perkin El xner),'the reaction m xtures were
cooPBd d&mﬁaﬁemcbgcm or 65'C, as described in the individual exanples.
Upon att ai ni n\gb:the | ower, tenperature, 0.05-0.24 Unit of RNase 25 H (diluted
fromthe 5 U whesuslaic acid targeliio be pmpiifiedincludes nupleie agjds Somany seurce i mv

Tri s-HA , . 9% o rof. i e jcentre
Technol og? ngeﬁlgggxl@gnﬂj %ﬁ’an@cﬁw g%nﬁ#@%%%ﬁ?&% ~.1;
fPanvg(r) a, m,mthA\j\ﬁRNmegﬁtoaﬂdﬁﬁialmMNAQdﬂomlmDmUmtRNA?DgHB C 6&(3:' C
or m_nutes_ At the .end of t i ncuhation, reactigns, were cooled to 4~
unti | m@%@&?&&%ﬂ%ﬂé&e pls e GhEemospmernplagpigds,dhe EoRAMSS ofias

per ber Mehiglopféd tradflhl shoh B frterbSteRlstid, o & MdoleBSy G9! ARRER Girdida, diagf ¢ he

i near anp ication reactron m ove, and 40’ nM Tris-H pH 8.5,
70 v KClfungi, planty} Siifals2 hurhvsy @id-fragnidhts-therebf, Ribtainihgrabt padfying\mRlgieATP, UTP,

7716 3200440931 99938, PCll UGt 20080 o iments, pliiaton ofaa RNA

target will require initial cDNA synthesis, as known in the art. Amplification of a DNA-
RNA hybrid would require denaturation of the hybrid to obtain a ssSDNA or ssRNA, or
30 denaturation followed by reverse transcription to obtain a cDNA. The target nucleic acid
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CTP, GIP, Anmershan), 7.5%DMSO, 1 Unit/~.1 rRNasin {Promega, Madjgaii, 200vn,
and 20 Units T7 RNA pol ynerase (Anbion, Austin, T~. DNA Tenplates 5 A
sequence whedhsdig J-gene region of E coli K12 was chosenpagusoidbsd enpl at e
for several of the follow ng Exanples. Three DNA tenpl ates were used for
these experiments: a synthetic DNA target (1A013), a primarily

si ngl e- smmhdedymmsﬁacm@@)conaﬂwmﬁqursuduaﬁeﬁjblblbgmmﬁ prd esmbeon, and
genom ¢ the K coli _{pr i bed in

Exanpl e % %tvl"“& 'ﬁz\'ll\slto SQ‘P 5&5‘1‘?@ il %Q&r%l‘@p‘gg@ef - Spacer |

8 CGGTACGCT GAT GAA4%MS gmé\

satiof of a target polynucleotide is rendering the
TGGTCATGGTCGTGTTGA Grocet %AarAEAe'IPCCndGCLA? _uc G eren g. 3
mwcmwmmM@mnde%wmet palpnucieatidp és davelecstraptled; thedpitieh s

Thesge were added.t,0 the.oli-go jn order [ spect
o the101P 3} ek ndray PR eBerdianh ooB i/ & eriel aERinpliby oty b P

si ngl e- styiatheEhFNAIn(tBE art 1duch asalkali iredRleat.© produced by PCR anplificati on
i 51 CGGTACGCTGATCAAAGATCCGT GCAACAAAT GTCATGGTCATGGTCGTGT T

GAGCCCA S CCGTTAAAATCCCGGECAGGEGTGGACACTCA G

ACCGCAT GGT GAAGCGGGCGAGCATGGCGCACCGGCA

GCCGATCTGTACG C CGACC
G&AACM&T@H?%@W j‘?ﬁ‘ €e ce
TGCCCAAATORPASSHAERIMS@nd TIMA Gorfticns ATHa dApostd désiga(sT the primer is designed such

GCGAAACCCA CCGGTAAGCTATTCCGTATGCG wherein the PCR pri rrers are bol ded and
und®® 1 i néhatéﬁbﬁeﬂﬂ@t@%ﬁ%mﬁ’ét of e Rringer-gxgension u‘W’?E o EMeMon in

oS, GBI e Lk Skl PR il iy o Ratageh

anpl i fi cdteiashicvéd. n a&dmbly, cimgm’af thé¢ RNepdition of the prigen extension ptddacqor i mers

COT AT RSsg B SR OHAR TR Whiohds 30t ¢ BbSTRE ot PSS of

CGCATACCH\I Mok gg%{quegglb@@ew performed in 100 ~.1 reactions
contai ning 20 WM Tfi s- 504, &A 0, 20 nM (NH4) 2SS4, O. %NP—4O 2.0 mM
wse i

Mycl®, 300 E, iGampasite prinrery indtrermetheds and engmsitions ofithepresent inxeation

pol ynmerase, 400 400 nM UL Zz004 WO
Do) boose Beprseei PR bR RNA Ao s e 5P ORI @l Brigia® 1k, 2001 |
coli K12 seltictice on thefattiet h@dlemhém((ﬁﬁﬁﬂtﬁeﬁ geﬁdﬁﬁ@ﬁﬁ&bﬂﬁﬁaﬁéﬁ%@ the DINAt he
foll owi ng paranmeters: 95C for seconds, Cfox 1 mnute for 5 cycles;

94' C for mr%@z(a)ﬁeg segence PR ﬁheéergsta@%ﬂﬂagacldszmé (pxbeing gleaypdavithhe 5 cycl es;

94C f 72C
Pox 5 15 HEUESARAS wiadfiyhRizdR 86 HLErDNA, $1 Pimpoctt Bler g e Yirg
syn2Oesi zexileié ddid to formpyastidl deerdduplexdn swhich didy therRNA portioncofithepnimdenisst i on

) goat | orPIGRES BERt GAies B AR GISRts SRR AR DUVE O YRk AR TO e

Briefly, iRk Eﬁﬁ@ﬁ&ﬁl &B@Jlﬁ%lcﬁﬁn%&% ﬁgltélﬁﬁfﬁ was precipitated from the

reaction m xtfure by t e add on of 1/ une 3M sodi um acetate, 10 pH
5.2 and 0.6 vdThememposisppriparsalso covpirise g 3t DN/ p@tivothat iseapable i d

trif d
el | et w5 PRRLRRG g ondhs Brdf RURSE R et huch bl id B GglR.
r es 5 pensh e farfpebSequedce/@émeplateiaTamited odr dint Ve theqnicleidcdisttandrthddid. at 260
nm and 60 Units of | anbda exognucl ease ]égtrandase Novagen) was,k added.

Di gest i orfligpiaced froshs targeppusieieacid by the IINAgolymernase, Suek primesscapbfis 15 were
then h t 7 ¢
bor f or modeiendlly GRsintbask? of UG Bllpls Wi flod miplotb BTS2 S

Remai ni ngafﬁhwy \saah Meqﬁmad letspittngndlarddentity, a&lwmﬂlersmyﬁﬁmﬁeumwndiﬁmhmdna
follaow ng t cturer recomended rocedure

h
gnQdaggln ng’fi‘*? Gmbe eaﬁdwbaé&aamq#etbm r@%eﬁ the pgmppgiieprEagrto f8 j of | v,

10 | unme ntire
vol g?re vvaczmﬂﬂeelﬁéﬁa I g%nt(: %%6%216%2&% stg?rvn&%%%gg}ﬁ@ ugeg %{6%%1 rpml
mnute i rhomcrlogxmscsequemé ngh¢ 5’ diidofith¢ displaeed/stimnd isthatatget nueleic adid col um
was washed twice with 500 ul of Buffer PE (Q agen). The columm was then
dried thoroughly ' by centrifugation at nmaxi mnum speed for 3 m nutes. The
DNA was eluted in 50 ~, 1 Buffer . EB ( nmM Tris-HCI, pH 8.5 )(Q agen). The
concentration was estimted to be about 2.5 25 X 1012 copies/ 5E. L1 from CD
at 260 nm Cel analysis reveal ed that significant double stranded DNA (I ess
than half the total) renained, but the error in concentration was |ess than
2-fold. The DNA was diluted to 10l copies/ 5p,1 in TE Buffer. Serial
dilutions were prepared romthe 101 copy stock solution as needed.

Concent rat| on based on O D. measur ement was confirmed by limting dilution

~ANS 1 ~NrN o~ _ 1 4 o o o
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79 1 6 JUL 2004 WO 02/ 00938 PCT/ US01/ 20660 Amplification pr od;m_z [Were
el ectrophoretically separated on Novex pre-cast 4-20% pol yachI g

gr adi ent I vitrogen, Carlsbad, CA, part no. EC62255 difob&E Buf fer
(89 I L A AP A pH 8. 3) > ket

el ectrophoresi s apparatus (ElI9001- XOeI l Il Mni Cell, Novex). Reaction
m xtures (5 | ﬂa:eﬁu‘oﬁroepmmmmmafdr dxtenblonfbyti%l}@eénthisngelﬂcﬂomi inrthg 40%

Sampl o S FaaaaEIOga RERE 2ubre, WM A3TF (adspleremets G dteo osov

for appr I nd the
Vol t age. WP sicielBobith s  ibiithorii of TR'oi3 DIEK, (RRUBHERIoh BhoWt it 1,
t he pl astthe3’pémimrlcdtide béing aadcleotide snitablefor micleiclacidrextension The 3°-tndk TBE

Buffer (89 mM Tris 10 base, mM boric acid, 2 m\yl EDTA, pH 8.3 doubl e
st r anded DBRlaOtidy @aheaanygxuslsowfﬁqz@mkoa. mvlmméaamﬂ pneiean’éﬁﬁtgn&@ééb

Lo e I pifndcdte, KCfttalty, (0P i RotiIE RA SELOH, Syitabll fridiBis iugen’ &' O
i s et st it 15

o) b { SRl Sorbo B SRR SHEIBuPRID 5 VX BuiHR ot 8 1NA BPREBAR, o1 “os rra
product Sy el eveﬁe@%ﬁ&ﬁ%@@&n@ﬁim 3%1@35&5&%5 %[etsl’-dadlaelmﬁﬁmﬁ&w Eng! and

Bi ol abs, P- ATP (adenosine 5 tri phosphat e,
triH hyI awittpani intersering RNZeportiom) Adeordinglyyinyone kitboéiRieas 1ig; conguBie primenol |,

nci/m). P | i 21 mer, wWith th f .
AT GT AT SPERTaR L TOTA Rorforbnd B AN poriGa, Hreteras whirein tie RN ertigh s
CT CAACAC%@E%%%@W PQAToH T ancthé! émmnﬁaﬁ%h 96'&1%6351@ prinder cBinptise40l UNE)

cont ai ned mM Tris-HCl,” pH 7.6, 10 M MyCl oligo ( 147
25 , pnol5’fand ?prlDNArpqm@mﬂmtﬂeqﬁhgne mrvgnnngNAt potian (i.ex5m A:npowoslz P- ATP,

?ﬁnﬁufgsu%‘o‘ﬁ%‘ RJ{) ﬂfll?é({ng gsﬁffﬁﬁﬁ%%lrl%o%%%nuc g?[ﬁéo é’lﬁﬁ{ &f%%w ck
Nucigot i dﬁvdﬂﬁﬁﬁ\cahlpﬁsés z(IQ-DEArporﬁlai adcdt deastdye. meh&&nﬂgdH)fAr]:mtﬁm( @pyanwas

determned in a Packard Mnaxi Tri-Carb 4000 Series liquid scintillation
count er BAN&mortionbssweANARPrEons). p| of the |abelled ol igo. 30

Hybridi zati on f (10
pl) was added ’%’@eﬁ?&%oﬁ’mﬁlﬁ%@&%ﬂih;aéﬁﬂgﬁl@&s egé&gglﬁ%% OWMP and
1?6 Cprr? (ﬁndmndﬁéA(pOﬁtidmhlhe@réfgmbl?dhan absutr‘lqoabmtlﬂo inofe;/»mferﬂy fomays) .
After he to 65" C 15 seconds 16 JUL, 20 02/ 00938

PCT/ USQ /aivers%owrebm 20 £ eﬁrwefea%%bﬁseal ghgupt » 489 most prefestplyi hyt es,

fol hpved fyin ap&kt g aBQut“lOquclBBﬁ&é B Qs HRbSHiREAS 9?5‘@&111%&11% peibfgr anmabl e
thermal cycler with a heated cover_(GeneAnp 9600, Perk in Elmer). The entire

vol ume ofcompsisingi &3 +PNA pastien anshanRNAdastien, ap RV A pertionisan bembleast abeut! ani de

33) at TRV for b Sipieato: b gB BRIt Be e sl b Ao, 50, 28 LRV, 00

in pl aStIIﬁlclhbﬁﬂes and exposed to autoradi ography film (Bi ol\/ax MR, Kodak) at
-20C overni ght (~16 hours) with two intensifying screens, Example 2: A
second il ust r’ﬂ%q lengthof thees’ fmémomwmmeﬁpmm@msalg@oﬁm%@m e prinmer

oaogs Aot ald £ BRARR ﬁma%‘%fé‘f@éi P B S Enb AR e
R b prmm’g??& B oD ”?Zn mf“smﬂe?wﬁ? e el e
Racs 11 BostHESEslgtidan prebrasly Trom Abu 3 to phatt g nuclppikmapnd BEveBewPbn 10,
COPI €5 Of i b 10%0 BGMA S RBhads! INKer-erRRARRHEof  SirisbsitB plaFP! € 1) . A

15 negative control reaction containing all the reagents and no target
ssDNA,  weeomgirising a5’ FRNAdportioreanshep3 rDNéepomnn,dhe §'aRlyék pantign savreatdeasias

carpied o [ bove.. . far denat wr af o 70" C
andg{) he |8lsb8flﬁ ﬁén@fﬁ#ﬁé‘%r’%‘ ‘g’ﬁ%}‘?@al‘l‘m 0@(’@@&"&&{}% a&g%(}’%bati on
product s mpleatigesol ved by gel el ectrophoresis. No anplification 20 products
were detected in reaction mxtures without prinmer, RNase H or Bca DNA

pol yneri se. Prissmbodanents pfaedmaposite primen pempisieg &ﬂl-woﬂ and ad’-DNAA

product Cat Is ty of the
anplifi Cgél on %@F?&mﬁtﬁﬁﬁ% {lélnégrmgnﬁ a\éﬁﬁof ‘Aé%ls;lﬂiln%lﬂ:g{%&)E
oligonucleotide target in this experlne was done using a 25 non bl ocked
pronoter-tenpl ate oligonucl eotide (1A015b). Pronoter-tenplate

ol i gonucl eotide |1 AO15b is a SS-ner with a sequence of
GGAATTCTAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAA, AGATCCG TG The standard
reaction conponents used for this anplification reaction are as given
above The initi aI denatur at| on step was perfor rred at 70 C for 10 seconds
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WO 02/00938 1 6 JUL 2004 PCT/ USA /20660 followi ng the addition of Bca

pol ynmeri se and RNase H. No hybridization was detected in the cpptpoQid
reactlonswf) , nNo primer, no RNase H, no Bca). Exanpl ¢cgiushis er
tenplate © |gonucl eotide-based first transcri ption nmodule of a 5 conposite
prinmer-based anplification nethod The pronoter-tenplate oligonucl eotide

E PTO corpreferablyt fiomabdoayit malbosuehmmgamdmtmdre preferIBlyr:ﬁ'ommbmxt 2¢e qhmﬁ@e
5' - TAATACGACT CACTATAGGGAqGA nd, a sequence co tary.to the ssDNA
tenpl ate n“PbePgA prd past Pé&“&%‘@%b@“&?e ﬂgﬁ%S e es- AR | A01 S, | AOL

CORATT 7 AR @&%ﬁ%&‘ﬁ%@ﬁ&ﬁ%&%&%ﬁ&%ﬁ% QR | 012

PTO cont durthertcompsisingaion CGSS -RIVMA partidni(s)pa nm-ﬁhm%?_ﬂb"ﬂ cq.trhnlr)mttleast abmu; any
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proer%tgpsclﬁﬁ;z§?rré F‘%@g’@t m%ﬁﬁgﬁer&gés s‘ﬁacﬁﬁ@@l |etswteﬁ2 tshgrter
he sequente dRS Wﬁﬂ%&%@@ﬁ#&%@%&%&%ﬁﬂ%ﬁ AN K012

PTO i s a paftiongtin Mﬁahhheﬁ)’nkﬂmnpomhmm@amnttohhﬂ FAON At foetien thenlength of th&012b

ATOCGTG: T AONABITER o R PIEREOL FRRAPOR 3 B ADOHD RIBCGIRR, 0T PR uonce

of 1'A01 th b ToTbbASOhcRoEISTBYE rRor é‘éﬁeﬂblg’@éxﬁ aBbdter toldbam tghe

chineric |gonucleot|des '’A005, [A019, a wer e synt hesi zed by
Key$d one rudleotidesy predr’érabiytf@mramt B 110 ebouiil7 aweleotideaandithoss prefespblyfiomer e PAGE

CaDa ¢ erfhodt 16 1 abghll ShnleoRiee,  foriaes xR oot B3kt "

conpar i ngy SORNAFSHI6n fid SADRA pd:ﬁ@ﬂ GiRGvA¢H fie st-mm ﬁéﬂtﬂéh liadjadent to the 3°-
over | ap- ext ensi on products forned between a synthetic oli product (1 A009)

and each BNAthm'tlm;(thQ;S’ -RiAt pastiorccas bags leastahout anyaf39 5i 3 Sa?Q@gclnetr degi th t he
T o TRk eHde5 A TCAGOGTACCG
Ovet$ ap- eXtenSTlﬁmleM@tﬁolﬁ&ﬁﬁﬁéﬂV&ﬂngRNlﬁpUﬁohemﬁbom ite prilder compriding 5M and

Tris-HCl, pH 8. 5, M each dNTP (dATP. dTTP, dCTP dcr)g) 100
nM | A0O9, 1laUArmrm:e Wléhretliaseﬁm ingeryening\RDW) Dortien san beprgferably fomeahout 1

i mut s 15 g Riloctie, s BRHIRY 5 s8R GE rh B SRl AR SRR 0

addi tion prEfeBMy frolnyabeut 3 & aboats nicleatidesrla some ehrbbditnents cﬁth@ni;msnéso

m nut es. ortion, t he reactlo m, Xt uy t he

st andar d °’t‘?°é‘FP§t§§qu§ 6‘?‘?]:% e@&ﬁ Rﬂt“ﬂ’?%(‘f’ﬁ]ilé 0{1?1’8%7’ O®&lct i ons
Wer 8o as S EpRdptentai nﬁr'A Forfi6h émtqédsﬁabo‘ﬁtg&yéf gan, Iyn&%ﬁd%m gduced
by the transcrrg I on substrate pr oduced 57 the shorter PTO s A015,

| A015b) * tlimit of pbeitiany of 56, ﬂAw_aquotidqum; lemtbomntﬁsmam partionina

5' - ext { { 1 s

o o s i S TRAE £ AR RSB B S o BPATLAER A DAREE

addi tion dad efFRibly frbthAbbaIdio aboht 7 hulict&b’t‘ﬂemrdgﬁeif@taﬂgl fran ebgitRe same
sequence as | A015b, but with a&% bl ockin group (bi ati nl)g t,ge eil m nat ed t he
free 3' - chpout §nuelaefidos,andanest preferably feom & %éﬂ?éb%ﬁé’é‘c ptigessin M ked PTO

Bl Oﬁg ' ng %Iﬁﬁoc{lfn%ﬁts%fh i 1051&33%11‘?} E#,I Ong%%eSDNA Oﬁmnl dn@ﬁt ié&sﬂ dﬂet iate

non-'Speci fic 1 ncorpora prono er sequence to the
anpl i fi ctnﬁarvmngmbltﬁspdr&aﬂlangntbwenmg R¥YAqoftion @ebe ntleagnboit anyafdc2,i3H5i on

products erf qr,mance o cke d PTO.in the enhanced

P ot her malsader ttmwnpe&@%&%ﬁ tax SLS i T SRR rcoBieose a

synt het i Cp éﬁ]ﬁ?ﬂﬂ IfQ¢ilger The

3' - bl ockeﬁllg%' {IiAOSﬁ%t% pr od cedo%%éﬁg%%ﬁéﬁeﬁ eci f?l?: RNAras

| AO15b, beompuisitg & 5GRNA paxtion,ythe & Rhwapdrgomumdbe pne@mhlw omhouw toghost i ons

(72805)" BB Sloch o BB i A Ao DR o R S WG,

hour s at o abdut NcdboliE18 Auibtides) ﬁ:réfém&c&mﬁ%arﬂ%do laBoﬁtflG nucleottdes, and

strand-di spl acenent reaction. Waen ' t OH 20 was not bl ocked

non- speci Mgt nrefarabbs fromabouteld mﬁbartliwtﬂorlwhammwr@amﬁe@m i fication
of the sp RRLA rily a
single Rl\ﬁ&hpéésgu EX&HHB?J,_E%QQ f ?8&1 Lﬁ’%ﬁgﬁg%g% ﬁg&g'g%uencg&ngﬁ

coli genom c DNA by the first 25 transc ption rmdule of a conposite

primer-based anplification nethod DNA was isolated from25 nml of E cola
K12 (ATCC 10798) grown overnight in Tryptone-NaCl nmedium Genom ¢ DNA was
i sol ated by |ysozyne digestion and solubilization in a chaotropic lysis
solution {Bactozol Kit, Mblecular Research Center, C ncinnati, OH)

foI I owr ng the manuf acturer 'S recormended procedure Bri efly, bacteria 30
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was clear at the end of the digestion, wthout any visible clygpall

undi gested cells. The 83 1 6 JUL Z004 WO 02/00938 PCT/I TSOL/ 20660 | ysate
was mxeckywiog%,ﬁsvol unmes of DNazol reagent (Ml ecul ar Reseaififsof7/808kE" -
C~nci nnat I, and incubated for 15 minutes at roomtenperature. DNA was
precipitated fromthe solution by addition of 0.6 volune ice-cold ethanol.
Aft er i ncfutther compfrisingm 5HRNA gortidn, tisecsh-RNAppertidn caa, betab keaptr aboirpanyatf 8¢l 5, DNA

|l b if, [ .0, ' ' eed i
 ar o- centr® {0 BUClcames e BLtuer [eokaboRA A 1A, FsIRA TRRAOLGE ot 11 f uged
agai n, and re%@ﬁ@lﬁ@fﬂﬁ#}ﬁiﬂ%o&rﬁﬂfé&hﬂo&m@? f?fdo?nﬂf'@hng@iﬁ-ﬁm 1 M

EDTA) by heating at” 50 -55C for "30 m nut es, requent agitation. The
resul ti ngpastioruandan RNA posticrechnrberprefecably fromwaboythl to abput20; geore prefergelyneed| e

or el b { A8 SR TP SEPRONs sy TEHEmbly SO Sb G Baeraly. o08 BRE of s
ammoni Umﬁ@ﬁgﬁﬂ[ﬁl%ﬁ&%bgum&%%ﬁt 1ZRud@itide 1h 3613k embbdififents T aBMpRitAt - 20 C

for 1 hr,”th was C ected by centrifugation at naxi nrum speed in a

m cr o- cerpriméngpmprising a3 tPNA postsoranchacRINAL fortiditdhet 3 lDNA, partion ednfhecptd

in, ded j | . TE .Buff.er. Two di | ut.i ' f
o1 opar o e SBPRAREE 3 8r k) TsleORAch v AsmbR i S5 HBS 451 of 10 1 LAn whi ch
DNA concerg, bl 2PRuclédtidéy cal cul ated by assuming 50 pg/nl dsDNA produces an
O D. at 260 nmof 1. DNA concentrations of the two dilutions were 24.2

ug/1® E, i | andThedengthgf the RDNATosticn sracpmpesite primer comprisiagud R4 s (24. 4

'o of e Restiof i £3PONE poof BB E bABSRY sory it P Yo SRIE A6 illBlifibs quotel | | °
di | ut ed i preferatiy frofr abofit 3 f6%abokDE8 nedlectides, &0Bh fidfe Preferablpidntidboat Siteed by

heating tqQ 95 C faor m nutes foll owed by raP cooling on ice

5 i d .

Si ngl est ragheybd peglentides, anfymost rrefesebly fiom akoy '7@9 abpyt L2 ppeleotidss.In sp@gct i ons
Nt > S e

benom o CRA0SHubihs SPR GRS pibler timplilile AORIOH plrddpBad & AOATRA,, 1 o

20 B Tr i the BCDNA pbitioh carbb®atribasv/alidhit anyt 0D1,18YI50A IO, nutledtided, ddihanipPerr™M dTTP,

o) - acclpital ahoeRy phIidni>, Asthrtd PBRROREG. Ui 5/ E, - 1 1 econbi nant
ribonucl ease i Mn*i’dc;d%exﬁf é‘};‘%‘%%ngpdosﬁé PHRidE c %@%&iﬁéfﬁ‘ S’MNnA wgrgdﬂ'aﬁ&’ HBeBDNA

primer TAOO5 (sequen I n”Exanp 200
pr onot er - partiph,durthercomprisiog aon-34ON L PO tidnd) Hidn-3 ehdnpatidh san bsed - i n

oneynee. RSy et gt L R@Ref Thnidestidel sitre oFeieBOEntE st bl 8.
cycher ( Gangdvtides) @R mosierkferably fB8in) aboB3 to aout $hucledtfiey\Pn@8m@0938

PCT/ US01/ 20660 reactions were incubated at 60C for 30 m nutes Upon,
at t ai ni ngersbrdiments of p composifripsianer compysing)ai X SN portion end o’ tINApodions ‘st ock

Lati ) : ) N 5 y ; _
Technor oot B eqRbrbingtid3-DRA dbrfon G Kndh ALTAGA boltidhte B85 FlonitlbbR A
Panver a, &fi]i2s8)8 nisidotides, evithclobauppelimitiof about aaf of 6,68, 401 Bnuclentidas.i on,
reactions were,coolegd to 4.C. A volume of S. rand- di S$| %g_%%gt N

C Q .pl
product * was adHeRMRAGITREH OFMPPRRASHE PRI p@tmmeggﬁj% Beriongpl g :
R’\M\zﬁr ansEeriBh iPWhith he P LR IQA Pokiotis Adjab iR 1 HRRIINGA ToRen. NS g?@fﬁlga' I ng
up the reaction volunme to 207pl to proovide sufficient materia or direct
gel anal y3+BNASporton camlse grefekablinfrom abioptil tooabolt 2Mnwdleatides) nwre ipkeferably

anplificagion,of fine ingl e.stranded synthetic target,. the :

2ol 1 11 capihrogy £ BAFC SaRteRo aPRLSPr HREREb ot A AP LS ed et nod
of the i nxeidotides, aRd fiost prefeflp fro@sabiole7 tPdboat 1 Phudiotides]Shica@gdnst op for the
formation of a ssDNA product wth a defined 3'-end. The formation of a

defined sembodimentsof terprimer 6ARIPHAIng &9’ FNAportionsnd g3’ D

n
hybgj di ze ef.ned si. ’ et .strand, . NO e S

a0 o8 acecsy FNA BoidRds et B T DR Apbretp B0 PRt Bl tn B el & o
ri ch sequgbivueaniposst, BeAIT, A0 nubleotidds/Wwith sh ufper Mty o fibdubarfyt 611 0p 02,115, 18,
for'prinmer extensiogn, thus leading to the formati on of a ssDNA product wth
defi ned 32®4d.nusleptidesi cati on of a defined sequence of genonic DNA by the
enhanced i sothermal |inear anplification nethod of the invention (first
transcription nodule of a conposite 20 @ri nmer - based met hod) was achi eved.
The ssRNA product was found to hybridiz€ to a specific oligonucleotide
probe. Exanple S: Evaluation of the effect of conposite prinmer design on

t he performance of the




first transcription nodule of a conposite primer-based anplif i105a§LjfLog1]gt{ret hod
2S The performance of each of the three conposite prinmers in the tirst
transcri piioRegdgul e of composite primer-based anplificat ippgntei/begs of the
i nventi on was assessed. The isothernmal |inear anplification was perforned
in 1S ~l reactions containing 20 mM Tris-HCl, pH 8.5, 6.0 MM MC 2,1.0 nmM
dATP, 1. 0 mVl dCTh Iength ok doi-8;-DNA portio in@@dmpositepritverdiompristig ™ and Y om

Aner sha % DIVBO, 8% gl ycero] , 10Q 30 ~ acgtyl at SA (LArbi on,
et ne ONApcation Wi atledd Shemteremne A adriion s855s Wity Fom 4Gt B

Pr onmega, | : &9@9@5& ' \ ; | at e
oli goguclé\aﬂ(i)])'g1 :‘ g%’ﬂ?clgé@’ct)gde?,iglrg% The se%lﬁgﬁé:lgm(l;b allggl%(%l r&%lld%galé%b% Isnf:)ﬁt(r)rged I n
Exanpl e Iprefefably frofh about 2 @0sbokit 6 dutientides dpgemeraholib@ntLoBEpimere sequence

ConpSel | oSFRRUIE Soathe DN Ajpartiont i At st ced mirmbut KN prtby tA0ES - poro

(20-rer) ﬁﬁ%ﬁé&%ﬁﬁﬁ%@h&uﬁ%ﬁoﬁﬁ% 4 hudRRyade VaEkd-bpge RbaiOF aboutr
ot her conposite priner sequence were used that did not have al phanuneri cal
names. Thaiyrofse§uthd@aueleetidesespectivel y: (1) GCAAGACGGAUGCGGUCUCCAGTGT ( 2)

These  conpos t LIERRE A Tict DN RIERH SHALTRIHA PHASG IO RIS O o R g,
(Boul der, DA péAionsWiith ENEast Ohé itétvehing RN A bodion ¢ah 9@& et aMip Frony sbdue $ ke ed

using a 5 -silyl protecting grouE in conjunction with an acid-labile

?2'_ 6At029e§1§1t 2 nmlm?gnmmr(a ayoﬁipabg@tp@gmxmnw&oﬁws, EYNIROLS o5
and Sonr i Prgistat) R chot s st 15 pyclediae TR Breséiably Hoat Bhott B atont °)

ol i gonuc| ephacleoties T 866 embblifRess dfa doaoEHd Pidier dompishRsy’) andB3-DNAS wer e
PACGE purified. Reactions were assenbled with all _ conponents except the two

enzyres, portions with ableass ope intervening RNA lgont@rl, the 3D gartion can be atlg%?*mam e
550 65, Hahent {503 Son RatlcBRAs, Pk ol hber LR Gl YRR APOOIG IR B 1h

{di 18t ed 20,@hrudkeofiddd pl stock solution using a diluent/storage sol ution:
10 MM Tris-HC, . pH 8.5,. 30%._ql rol; bri di her nost.abl e £

Epi centre . Te@h‘i’lgﬂ i‘é?,mﬁ’/éﬂT ,P°W9nl_§ﬁd @Y@Mm@og@éh%mn@?iﬁgﬁﬁse (2
U~ 1 Pag(‘fﬁgg) irlrli ) SQifteA et SnSprisiies]3 - DA péifich hd'st WK Bnd MedPaigd at

55C- 65C f the end of the |ncubat|onz reacti ons were cool ed
to 4 C unRNA pittion cambepreferabiy frorNbout 4 ts abaup 40 oncleetidep.anoxsmrefarably fiom C

oncti o 45840 St SRR REROA IR o phofla o Sl S
My Cha, 11§bxﬁaéxﬁbo%ts%fE%ﬁgsatenggr(&mﬁsﬁga 3°IRA ffofiion Aitbit3dasrane 7. 5%

DMSO, 1 Unit/~1 rRNasin (Promega, Madison, W), and 20 Units T7 RNA
pol yrer i sintgraening BNA pettipacnonsd Y DNpportion gartbeatdeast shous apgetbd 5i hdAr

Gor el ot PACHHR SR Gyt Hnfitanue Ay Se60RPIOR 1 RublbqES STHG Rty 6V ©1 B
02/ 00938 B’EIDCI;USﬁMiBﬁ ﬁ??cctngmsgn@ghrrlner chmprisidg ?é;é)NAmbﬂimﬁ?ﬂda ldasttomfht he

t t t , .an | ere er oxynuc otidaes, a e

3 - end. THETNERAGRNA pastign G Me&r&é&’&m&@uﬁimmE&ﬁnpﬁl_equmoqemzo,
fol bhawed asegéxgﬁg%o%\&bdlﬁgl@a&mﬁh'n&clelsmspédeﬁ&n&egfeffg@mp%m gbdiftisTBT S

yi el ded | products. The optinmal tenhperatur he i sot her mal
| i near 5 abpitilf nocleotidessandpnost praferablyrfeor abaut 7ith @bolitfl2aweleotidesi Inssome as

ted. | e, 6. Cenot y.pi i ng_the fi,rst ,t i pti dul e of
comos: t e CBPPUBHeDts A8 FORRRN T4 HREn ek coHBHSEIRdtS DAY P 2881 FRE compos t e
pri mer 101@0&%@&%&%@&% 3L PNA befioh@ah b &f lesst dbdit @nyef 103)S, dercr i bed

in previous exanples or by other neans known to the skilled artisan.
Di f f er ent nuelgetides,with arcipner ligit ofiabontrny| af s BY 16018, 38c22nudleotiges. dkiss |

ar 0 Wes! o AapraPod i s AR EReyallb e AR G Dp B o BB BPPiSPERE S
genot ype @hder thradtionconditions of the nsbtlisly o ddeinventiday br i di ze to the 15
counterpart genotype. The sequence_variatjon determning specific ggnotypes

may be point nift sgmeembadiments, the S/-DINA pertios|of asprmpsite prisgs)incipdesdhe p

ons

del eti ons ] ??R& 1 ' : £ Al Lgzit@ci d
seqguence P@@fgrét?c?el%ggééﬁ © S (ﬁéé%%?{}{ggﬁ%frd a%%?’?ﬁ%a%ﬁﬁérﬁi?&g%%%@%? col i
sequence, in the above exanple. Using tﬁ% genotype specific prinmer and DNA
pol ymeri se which is devoid of proof reading activity, the




20. generation of anplification product indicates the presence of target
sequence of the defined genotype. Sequence variation that prevepti Zﬂ%l,
hybri di zag the 3'-end of the priner to the target ngehRise/afkd
sequenceaévvmbfb?mg;rsgvent anplification. The anplification pr oguf:ut }s detected
by any one of various nethods for detection of single stranded nucleic acid
sequence, prishérdhcliidesithe Shmiost rukeotide of the primen ip bther embodigientsgithe 3{-DA of
specific | ahel ed 25 ol L.gonucl eotide prghes to,t applificatio roduct is
dot ect ed RGP amRof RoeL fibludes o2 aisk histtoie DR sii: e G ol o o
cells Is ¢fpydithets, the'STIDNA poiRiorl 34 AfjabeReiol thé1S CRNPOPGEYS B Pincludethe3dzy got e
genotype, it is feasible to carry out the anplificati on,of the specific
nucl ei ¢ awpst nuglegiide efthe primer (paidile $'PRNAfpoztion inchwdes theise most ructpetidgpfd f or
ei t her tht«i,l wel d .type and nutant genotype, or one genotype and the other
genotype. ?Rgn‘ff)' anpl i fication reactions using the specific primers are
carried out inTIRARGN MrdtH GRS cOBpdEE Phinfer cdl'Be HRfRABIY HonPAboRt Y tof dboat | on
product in only one redaction tube or | ess anplification product is

i ndi cat i v&0 wicleotidesymagrg prafergblydromebotit 16 to ebauit 80 nutleotidesandonosg preferably JuL

Z004 WO 02/ 00938 / VUS 0660 .nut ant _ho ote. Jhe detectio f

2o i 11 calPBORHAR Ao 45 R s GRosiests: he Fongl e gkt

het er 0zy gsofit SSNGH 10D ¢S, 205 25 BLEléotides Witk B Bper SindifoffabofgRIfs, 30, iS0p60 based
anmplification nmethod and 5 genotype specific probe hybridization Methods

f or 18equeniclentides, Ihwmdersm%itbﬁ tgfr lengthsen bp ateaten oplesisias aRPTEREatp nader the

Det erm naxte%&{bng,jon %8&1?8%&9&1’9&&%@9&%@5&“ zation of specific probe is
particul arTy advantageous using the 1sotherimal method of the invention

i nsof ar as t heTanagHiéve Ipdtidivation aoaititgey aueéiatacid (Whidhhas isevelidaooi antie
invention is single stranded and readily available to 10 pe used in
hybr i di zavedsestesd 18 the it depepdsinaothepfagters sughes, for exargplegiogicrstraneth gadiot ype

are desi g i i 1 i i m ne
nybr i o 2o Eibet iR SN of AR HRrlcP bR KBbligizlble 1 LRIk BIeBRELT 1, |
anpllsf i capreferalily oflatdeast gleowe 68V ehovy prefigrably atlebst about!7586) everemoteyrefesablly not

t he ot her. .Sequence variation |l as ,a sjngle nucl eotid an prevent
probe hybftileast é?qubﬁq%fﬁ%f?’ﬁistl HF?%W%@%E&?@F aboyf é%eﬁ’?@’rﬁ‘?’?ﬁ“@aﬂ% ?‘bﬁ‘ﬁ &rgﬁtr ation
for hybrigéigmidiéyderiteria: probe length, tenperature of the hybridization
reaction, and buffer conposition, in particular divalent ion concentration.
The probes useds flescribed heraian bys orsmareycomposite priersimay, beassedrinambe attached to
a solid su*fl.i.lﬁceaﬁ Furtger, the probes may be directly | abeled or attached to
a menber BPPERIEAHRRTFACHOY ndi ng pair and thus, able to specifically bind to
anopper menber Dependiify s mdtkoddfhpldichtidn, thd firshprifidr Msy ordagihst@etd y or
indirectly | abeled. nomc DNA is isolated fromtest sanples by nethods
known i n €qmeposite pamers The cemnposit primer-hased masthods,egrenally reguire thowyse o a fisstoi ned

with the j i £ ' Ciaf | j e

bt mer . fLgs SRS a SBHbak AR THRTRAAGRLR: TS0 GRka SRR nfty SR ERG St

subj ect edutilizei anfirstyprimerthatis dicompositegrimbes dn sdmelernbodimentspthe dinst paineer 85
singl e stranded R lification prod Hybridi zati on of the

anpl i fi caPF°BWW@Sﬁ%§%‘{;‘BF\@P%@”§H§@&¥h probes is carried out ih
solution gr sqlid phase with attached genotype specific probes. Since the
anpl?f i cabeeRd PEBKICt s are single stranded, the products are ideally suited

to be attached to a solid phase, such as glass slide, to generate an array
of spatially rEbosegend primer in the mediods of thednventiom comptises a sequeneqréwhiclel y, t he

The det ettt B BPERe iR BRI ENE PokRp Rk e IR GRS B BB L T
carried otdnditjongptol asenss RNAOKEnstistienératell i@ a Hirdt trahstriptiva Mvdale slasiie eaed in
Sanbrook et al. supra._ The specific probes is |abele and the change_in

| abel spetheiteansgsips psh thatsthe second pritasy exiension prRdvct wosidinclude thereruanse 88d by

co ter i : R . ticle
assag at i DA i sitbodiceris, Mt fbiiaHlee a2 fte Spuniper HEgned
product s basedloaa knewrd skquenté of the desiteddindifig sitecdyea fenbe RMNAz @ansoript. Irpdithéred
anplification products are generated and product hybridization to probes
i mmobi lized on solid surfaces is detected and recorded by conputer

al gorithnms. The generation of |abel ed gﬁflification product is 5 carried
out by incorporation of |abeled rNTPs ing a transcription step by
substituting of one of the four rNTPs by a rNTP anal og, which is | abel ed.
The | abel is a dye, or a small nolecule such as biotin, which is then
detected by binding to specific binding entity, such as | abel ed
streptavidin. Methods for detecting probe hybridization on solid surfaces
are known in the art. 10 Exanple 8: Genotyping by rSSCP (RNA Single

~ o ~ O a4 = N o b o




Purified test genomic DNA is conmbined with conmponents of the himUL £60éati on
nmet hod of the invention, as described above, and.target specific conposite
~ prinmer angolpfpdgnot er sequence, such as PTO. The conbi natpicarusos2066®] ect ed
to conditions for 25 isotherrmal anplification of the target sequence. The
reaction m xture containing the anplification product is subjected to

ei t her getmbsidinents thohybridizable ssgpence isbased er randpmcregusnses. iR e | nst r unent

! i 1 coER et e *ond Brliet s AtaSoR 8L Al 2ot fon of fhe |

ol i gonucl eot i dg ppéferted bmbsdiafdhtsOf peopRymbtet TEO-ised ethody,ahé fifsbartideasiat . The

el ectrophoretic pattern of the arrsgfi cation 30 product is corrpglgéﬁi to that
&

of anpl i fPrimers ave the saetln oghen embeditents of ppanremeter T8Q-based methods, fc acid

sequgnce ght aj el. [

el gc T oph%l?es?#@%%{)’é%?%e %g‘?{egi %‘W@%%?@‘?@%B%&G e{rill%ger\k/fgpti- ‘g.%leﬁli ty. The
conbi nat i @etheds, & firstafdl stobndHiiferdByBIZAIAORBIBIGH L8H0leNORAE seueences.
anplification nethod of the invention and r SSCP provi des, a eil npl e t hod

for both the dfeachiesehybridization iotsepss Bivdy tanserptdwhicks anis wellkngwp an

o aotr opn R A5 4k Usladyoh P Tootork SIS e ERANME Rric Sineth and.
genot ypestempafatire), Heaxdqtieicaio e, seeund priner it ichybrigimbleatt ¢ite seyseRNAuct s of

anplification of test DNA w ]l be caonpared to _known patterns r genotype
det dPni natransAripts HW&féblg:OfAH?Wtﬂp‘é‘&@npc{% mypre prefergly ay Ee&@rf’g°l‘ta7rsf° V& quence

using a c m%ﬂﬁ '{Fﬁgﬂ | BEfeR®1Patl! econd

transcri pit?,i 0 %%%H’}eh I SQ@S%)?%E%H;%(?%%;EGS thgatelh a%%d}ggls?ot hermal | i near
anpl i fi catompleméntarityetd ithestndORMAgwanscriptof t he J-gene of E. coli, followed

by isothermal exponential |ificati.on of this uence to vield ltiple
copi es of ssRl\ﬁ:‘P. i%%%@%ﬁ%ﬂ@f&ﬂ’ﬁm?@mwﬁgu  gnagper ﬁhﬁ%&n‘gl i near
| sot her Wihe%@&bhﬁ?kﬁ?&'c@ﬁsiyﬁ bEDYEY Tnh6Mer ShBetifnBhE thebet i iher d8mbfiss Of

the single conposit Cﬂ.ﬁrl nmer . _The' erformance of each of the three conposite
pri érs i RN stithandthersemibodiment theisesond pimesconsistsef RNAWIR yetasetbeed. The

i sothermal Jinpear, anplifigcation was. r kR 15 gl reactions containing
20 MM Tri E‘P*l?ﬂ}’,“e‘b‘rﬁ?.sﬁ?° wm@ﬁ%%‘iﬁﬁp 1.0 mM dCTP, 1. 0 nM dTTP,
0.8 MM dGTP, On¢somld ébhddimeiiE,Rhé sdcondpririer ipaclidedBy SOMIPmBY(fok geanple, 100

pg/ M acetyl ated BSA (Anbion, Austin, T~ 0.6 Units/p,| reconbi nant
ri bonucl eb¥a bairpindear) at the 3 epdiattha sense transggipt-d thesqpmbediments b posi t e

. | , . @r - i tid
(Proy 1 notrendas e enflor e mdA kbt BB el B ROEL SclichBo ot | 0
SL r @oded whisciiptipsel Self Eﬂﬁ?ﬁg’ ﬁﬁplyn;;g%o?&sdllabl&e@ dastiibed|ih, ibnaxnmpdmltli;siaﬁ cept I
the two epzypes eating, at, ec. . n,a,.progra e thernmm
cycler ( #gﬁeﬁp‘ié@éfﬁéeﬂﬁﬁ Ri%hoépﬁﬁ’isaﬁaﬁ%@&}}?ﬁ%rﬁﬂ%?’r of Hissa® A¥As5C. 650
The conpoghdRript is BBRerhM Ciea Vi oG ARIE s hngﬁdnh@_tﬁé)ﬁmﬁ&iiﬁt%n%}ﬁEr s 1A019

and | AO20 were” cool ed t'o SSC, 60C and 65C respectively in separate
react i ons extesion alongithsitrapsering. | ower tenperature, 0.05 Unit of RNaseH

(diluted fromthe 5 71 stock sol ution us di | st or . L ution:
10 i Tr i 5. pot A3 Bepéatoed haid e Bt seiond kel nfay SR i AR BoM

Epi cant r erehelidinol ogi es, 30 Madison, W) and 2.0 Units Bca DNA pol ynerise (2
Ull; Panvera, Madison, W) were added. The reactions were incubated at

55C- 65C fq-lémﬁﬁtergvﬂtcwliglb%d%}gegisgze i ncubation, reactions were cooled to
4C until R T perfornmed at 37C for 3 h 90 16 JUL
2004 in 10 ~1 1 (Wl ~ gﬁ@ﬁ bl ' reaction
above, and 40 9@?%@%&‘8%}3@3&@&9@%&8%&%% n~PWP&%§(’I@m@§gG 2,
110 ug/ m effchteniplatelsedichingNUEng pfiler exEensicildlongH fargetipelynbelsytide/IntsimioVSO, 1
Uni t/~1 rRNasij.n (Praqnega, .Madison, and Units T ol yneri se
(Novagen, SREHBSHES RFpmbesie Hmeised BrbPFLoRHnehion Beons0 HAsHPR £57  on
genegat ed teinidati6a séuehed. 1§ c&OERERbORmBAL,HE TSPRBCHGR AL ¥ pfoftmeRt

el ectrophoresis. The three conposite prinmers were 5 designed to hybridize
at the sapelysudleotiie. t he target strand, and differed by the nunber of
deoxynucl eotides at the 3'-end. The highest yield of RNA product was
produced with prinmer |1A020. The optinmal tenperature for isothermal |inear
anplification step was different for thgydifferent priners, as expected.
Further optim zation of prinmer design would be expected to enhance the
performance of anplification. 10 (ii) The product of the linear

anpljfication produced with prinmer |A020, as descri bed above was then
subj ected to isothermal exponential anplification.

)

—
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The reaction mxture fromthe |linear anplification described ﬁ‘bfﬂ}’gﬂw th
primer | A020 at 55C, including the ssDNA product, was dil ut eéi 1710, and 2.5
~1 of thiwodrlbysgon was added to a 5 ~1 transcription m XPETAISOLZOG60 Ni Ng:
40 mM Tris-HC, pH 8.5, 70 M 15 KC, 5.0 mM DTT, 12 nM Mgd 2, 110 ~g/m B
SA, 3 nMeach rNTP (ATP, UTP, CIP, GIP, Amersham_, 7.5%DVBQ 1 Unit/Itl
r RNasi n ( Pr omdyESOneapsises a i portiom thapean hyibridizerto the targat #1l 8, reortioh ( Novagen,

Madi son, Dy s .Ps .0 P P . dGTP,

0. 2 i aioVdh nserighach for SRR S piind pBfuicition TR sB TS0 Rt 500 |
PTO | AOL effect st Mvitdh b IaiowiEh theE 4udhlas-vds prévieusly describedby Patelest al.,

I ncubated at 37C for 40, and 60 mres., respectively.

Al i quot s @Mﬁ%@d—%ﬁb%gg$%§@r@7§dﬁ?%@)-ed to gel electrophoresis
(S 20% pol yacyl ot A dolyb e the tdioigielat #kaibht s RY bAoA B TV

and the produc e Visual Tzed*usirng an I nmagi ng system

ver e cl eahé targht pelsnablestidethhidscangplemehtar wuthe 3t artef theprifies éxtensionan ef fort
to determ ne conditions for optimzing reaction effjci ea%y, the 2
f ol | owi ngpredusipriortaswitshing templatecram tha targst pelynugleotidete the unhyl bove

pr ot ocol It was postul ated that replacenent of
this enzyﬁr@g&\’ﬂa?%tﬂgg‘ggécon%aﬁ ﬁ)ségﬁ?' which is not thernostable, and may be
nmore active atindACembodinent, suand switehnk ipfomated by theoprdsencoofmutublly Lower i ng
the reverse transcriptase concentratjion for inproyed specifjcity.30,.
(redliced complementary 589“ sequegeepuf Wﬁ)@ﬁ%‘y‘ﬁéﬂ ﬁgﬁ‘ﬁ Z%E%J‘ﬁggﬁi ons
were set i ddaddonliR/pkiais L bf R TS Without fRéAIAPRIRH 5 10
(0.08 U %%é%ltgggwg%éerser}g)ga%tl%?gg@%éf%éTmsg]?ﬁ@gd In place of the
RNaseH arisbund bg tisery,rome explapationds that infthe enpend thap thet primdr ext®nsion proguet is

osor | becermeh inta Hie parden o &g e BRleis aet Bl BmAePRAE TRG ooy °°
The react &i%léceﬂﬁh@gjf’ﬁé hiyBAdi2ed pdr@bn 6£thBTTR0)2dhe 37 nd df'@ie PRl Exte@idroN

efficiency "appeared to Inprove under these conditions yielding nore defined
prod6ct bpmduct aveuld ecrapriseay shiott ssqueneskthatrapbind to itsscompiésentary shert hi gh

oo cFatere Rofhe seRReRThACTY0 smRAERAY Rdiorclf 1o BRABRGSE piticth td ' ©
ACggAUg Copydeidizell aAd hor-hyBridieed patidis ofthTSOUTR ghéckised e effictdnz ofier ) | AO20

r { gACggAl UCU}, CCAgTQgT(21-pmer) 15 2Q These prinmers were sypthesized b
Dﬁgr ?ngnl{!é%&wwmmgb%écm qpr@gblhtmhatmgp%aﬁ egnsion rdet would
ol i gonucl got i y ' ' in

o oner | SR HEESCURLESTR e iy oy o BbAShapRriiay

(2' 20i s( asquiencyeisipefeyably Rrpn dbobid toabolit20 MickEotides; atore geefersily fiom abiomt 6t t ,

el TSNS I T e e AN TR TR
a1 gonucl R ot s ooy e clep Ul hh b wpper it 0
ol i gonucl eftabodtanyctfHéy 1520525 nucleaides dt isainderstpod tlnt i length corbegregtar fesi zed
by 25 KeYRLOREw b QRag il TeR R ERatiBhEbHRE s ofRiBfbbdeon. O - PTO
25 In some embodiments, the 5’ portion of the TSO (referred to herein as a
“propromoter TSO™) comprises a propromoter sequence that is designed for formation of a

double stranded promoter of an RNA polymerase. This embodiment of the TSO can

function both as a termination sequence and to provide a promoter template. In this
embodiment, the propromoter sequencé of the TSO serves as a template for incorporation
30 of a propromoter sequence (generally complementary to the propromoter sequence of the
template TSO) into the primer extension product. Subsequent hybridization of a TSO
comprising a propromoter sequence that is hybridizable to the propromoter sequence of the

primer extension product results in formation of a double stranded promoter capable of
51



| AD Sc (55-nmer): ggAATTCTAATACgACTCACTATAgggAgAgCggTACgCTgAT %A-Eﬁh?g
Tg-biotin J-gene target sequence (PCR product from J-gene) 16 JUL

Cgg TACgCTAD20a938 ATCCg Tg CAACAAATgTCATggTCATggTCgTgTTg 30 PCT/US01/20660
AgCgCAgCAAAACgCTgTCCgTTAAA. ATCCCggCAggggTggACACTggAgACCgCATC 92 16 JUL

ég'(l)'éT% 02/ 0D938 PCT/ US% | 2066%&%@@&%@@5@@3%?@%* allow

R TOOCOARCAACT OB CTA 380 CICT 000 L 30 CaA. ATCOAAGLLACLD. A CLCT T o
ATggTCg Caebiog/ban ARrger hlw@g@gmﬂ ggw@m;\wwemtamhc@, PCR

priners are shawn

o S PLES PERRERNA BBl e ﬁ%%#”.ﬁﬁireklaﬁérc%ﬁ@ Ao

4;@%%@&@0%&%&% i S R
tlhfa f or eqed g)kmmm the aﬂanrmmphe rseq;mlcmpfmmgs forfigangoaiption by 5

t , | |
be. appar SrDNE SRERERE RRYA BEvEBR BEESPS aie oyiie She A HER BhGRATS 11

nodi f i catsb@izhcdBan BeefroraaprbkafoticldiRuRa9bEe sduige. descri ptions and exanpl es
herein should not be construed as limting the scope of the invention,

which is deli rlesznesmbgdlmmt AhgRremeter sequenge isadjacent tga gequepgrthabip 02/ 00938

rruAHVBI %}EFeedsto n cI 3#%%%’?? 92452 ggﬁ’g‘gﬁ g?& ﬁ?g&g&' ,ﬁ{es ai g%orr%&%e

conpri si nged. hﬁs&heﬁmbo&nﬁn(saihehy@rdn& inogrelated (il,dt ddes avtiabstantiadist
pol ynucl eot | de corrlgél sing the nucl ei c aci d sequence of interest wth
first priby target nycleicagid. Mqrﬁeptlm TEATSETHRSOR; OoRMTp WhER J?aﬁsé?ﬁﬁ??%ﬁng an

RNA portig ﬁ‘"%ggfﬁﬁ%oly%&%&ﬂg o or (RS Pgéﬁiﬁ?’el? b%hid%eduence is

pol ynucl eot | r’sing a ter lon polynucleotide sequente to a region
of the tegrmerthmiftmmdmomotheﬂﬁtlsmdtho linkezk The sequancd requifemenits/for opimalt i on 10

pri b wittRsaiRtR A TR CrBRA i S A e b e B VBTSN Acorpr | o1 ng
a first Qfebéiﬁen?ﬁﬁ@ﬂ?dl?ﬁeﬂﬁ&g%h a8 UL PAEINGROS, Y66/84E8id 51654,142,
In a preferred embodiment, a segment of the 3’ portion of the TSO (including the
entire 3’ portion that hybridizes to target) that hybridizes to the template DNA is attached
to the template DNA such that displacement of the TSO by the polymerase that effects
20 primer extension is substantially, or at least sufficiently, inhibited. Suitable methods for
achieving such attachment includes techniques known in the art, such as using a cytosine

analog that contains a G-clamp heterocyclic modification (described in Flanagan et al.,
_ Proc. Natl. Acad. Sci. USA 1999, 96(7):3513-8); and locked nucleic acids (described, e.g.,
in Kumar et al., Bioorg. Med. Chem. Lett. 1998, 8(16):2219-22; and Wahlestedt et al., .
25+ Proc. Natl. Acad. Sci. USA 2000, 97(10):5633-8). Other suitable methods include using,
where appropriate, sequences with a high GC content and/or cross-linking. Any of these
methods for obtaining enhanced attachment may be used alone or in combination.
Displacement of the TSO is substantially or sufficiently inhibited if the polymerase
switches template from the target nucleic acid strand to the unhybridized portion of the
30 TSO in at least about 25%, preferably at least about 50%, more preferably at least about
75%, and most preferably at least about 90%, of the events of primer extension.
Substantially or sufficiently inhibited TSO displacement can also be empirically indicated

if the amplification methods lead to a satisfactory result in terms of amount of the desired
52



(d) cleaving the RNA portion fromthe conposite prinmer in the conpl of
first prinmer extension product and target pol ynucl eotide wt h1§nJUérZ§®’rre
that cl eaWO9249:8fr om 15 an RNA/ DNA hybrid such that anot REL/USBHHEE t e
priuner can hybridize to the target pol ynucl eotide and repeating priner
extensi o i i S ' : j on
pr oduct ; rb( Se%"‘cg;dbe?ll@%ngf ﬁ‘?egg%{é%ggnﬁcg%&ggﬁ%r@c Iq%% P de co%ﬁag 5‘%?3%‘% Ej

pr opr onptte tenaplateas compared tha TBOMINES dictéfied 0 t he di spl aced priner extension
product under conditjons which 20 allow transcription to occur by RNA

pol ymer ase, sukhe length ofitherdiSO portinn that hybradizes tp thefgrestupndeie acid st Snent ar y

to ihe di : ; N . _ Cdi 71
second pritAsEREebldbky £ S Thateoiar Hicte pleferdtiy Bdiffhout 2.1 WYL C1 2 09 8
pririer  wirtuoleBfidest apbmdstprefeldBlypfoni mboats2s tocl0gmiokeotides. hx. atherEntbodiments,i si ng a
S o Roa e B b et i, 3525 A8 sede by
hybrid; (4 el 7 W-CIE Y ' ' duct
Weh a potheRBbyiel 35, 15, K, 5 FiedRAA BAAOKNRN! G bo SR B3 B 00 C
conpr i sesapprapriaferundet the reactiomcorsiitions oftthecinethydy oftthisdnvention.Ehesi ngl e

stranded second priner, e sion 30 product under condit,ions which all ow
transcri Fomplementasity of ﬂ}?ﬁ OWQPME‘X&&I&Z@}@@Q target nucleigiacidsiraad isi pt

COmy i Si dzn ' ' ' i es of
herhuol arefeRbhy AIHEE SR 5 iRk Rty U SHout 0%, Svéh U rplery o U0,
021 00938 1T akd 75%4) 66dmdst phefiersblyoat ledst glaoud 0%, togitsintenderd bindingiseguente a -
nucl ei ¢ acitgﬁia?g%enc of .jnterest, said nethod conprising the steps of (a)

conbi ni nd® MaFlsie a6id- st ep (c) of claim1; 5 a conposite prinmer that is
hybri di zgbl.e to El e targe,\rtl pol ynu%iloeoti'de,l wherein the conposite priner
alypuelgatide compiising, a termingtiompalyguele ;

conpri se U SCGUPNET zyne t hat cl eaves RNA

froman RNA/DNA hybrid; a roprom)t er pol E{;ucl eoti de conprisi n(g a
propr onot er ard saimesgibodingntcof the methads ef the preseatinventioncpelyaudeotidei ner

b o 2 aoripe i eluBfod Yrap Rk R ARES RaBPESREwhich Tph It bBow. o, o1 oo

an RNA-de %gsq%nt DNA pol ynerase; and a propronoter pol ynucl eotide
conpri si r@ ropronoter and a region which 1 S hybridizes to a second

primer extension,prqduct; an ) incuhating the m xture of, step (a) under
condi ti ons thats S%Fﬁg?dcépi"ﬁérdrﬁﬁf“? ton %gﬁﬂﬁn‘@i?oéﬂg COMPIIEREAc| eavage,

di spl acengihin | ' ' conpl ex of step
(c) of clai hinflior] $¥utict 9 afféch BRmcF kAL RORE AL 35?’%@“%‘??%‘? binds to the

target pok; @?};tl | i,n the conplex, hybridization of a propromoter 20
pol ynucl Ol%,.l ekfg'ggeggﬁcr%st pri-mer extension product to forma conpl ex

ol el cot 1 adsaisHioBlmdebh, Bt BRebsniAch ol sBRleREP sHrovided bra o
primer etlecker ssyupticed Thé blockdraequence zrapotymueieotide, bsidlya sy@adebd pri mer

ext ensi on product. .and ropronot er pol ynucl eoti de, and RNA transcription,
po?ynucﬂ:otide, that?s spinglg strandteg an con?t/lprises a sequence that is hybridirzable, P

preferably complementary, to a segment of target nucleic acid sequence 5’ of the position

in the target sequence that is complementary to the 3° end of the primer extension product
25 (“termination site”). The blocker comprises nucleotides that bind to the target nucleic acid
with an affinity, preferably a high affinity, such that the blocker sequence resists
displacement by DNA polymerase in the course of primer extension, in preferably more
than about 30%, more preferably more than about 50%, even more preferably more thém
about 75%, and most preferably more than about 90%, of primer extension events. The
30 length and composition of the blocker polynucleotide should be such that excessive random
non-specific hybridization is avoided under the conditions of the methods of the present
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whereby multiple copies of the nucleic acid sequence of intere]sﬁt @r 804
generated. 25 3. A nethod of generating multiple copies of a nuc[lel c acid
sequence wb oemiveg est, said nethod conprising the steps of PCEUSEERMMNI ng:
t he displaced priner extension product of step (d) of claiml; a

50" hybr dvzation o et o e farer o ibefecBiae B A braty Bimapobthlonalt 36"

pol ymer aggeledt; ' ot loth 8 b script
Comr 1 51 pacloPiRECARR Melobly kil abbht S¥Pio 25l dbdiged oo RPmErBEGLLY

]I?CT / USA oG abouk 8 tghbz@éﬁmdbuﬁdeﬁ!\mdmbgt mfelisbly fmmehqqétrié to Rboutdfeaves RNA
br opr onotbrleghdesain csher sittngivaert i banses poBgusi et o 15 ABTRaat bhle S,

t; | ti ' TN A t hat
pr ocgic r@m%%si,gf‘%!%, arliled aﬂ%ﬂu!t'ﬁﬁyé‘fthéi”&%b“ﬁﬁé. 20[‘2'52%8995‘.‘1’:&' ons tha

permt p I zation and extension, RNA cleavage, hybridization of a
pr opr onotuaderstoiog rthet khedength cambagteates or Jess asappropriatesinder the sehgtiont o form a

conpl ex conpr. sing.a fi.rst . mer extension product. a ropronot er

pol ynucl &8%&_8?5 ﬂﬁ%}?WF@%W@%@%W@P%BWW%@%& o a second
primer exjofRwiRbtidd i@gm‘erab@ et MalS? HoaPI% ShofePTbletably st 18asb AP S0%| évemr 10
extensi on product and a propronoter pol ynucl éotide, and RNA transcription,

wher eby mudreippéferablypit deastogbout85%, anidanest prsferablyqt laastabonit 90%.de g intended

gengtated. 4. A nethod of generating.ymultiple copies of a nucleic acid

seqﬁénce%é‘?ﬁf‘%feéuggcte,ons@?Hg%ﬁgtnﬁfa)l lccagﬁg?i sing the steps of (a) combining: 15

the RNA transqhiopk efbodinfit, (e blotke? séjushde compiieoa Seghienbtiiat isiattactied to

hybri di zabl e to _a sense RNA transcrléh ;OHE“ sing the sequence of interest;
)

an RNA- ddhetaagat DNoAsughuthat displacementho leskersaquence by the rlymerpsathetn  RNA/ DNA
ovbri o O Gl .
yorich | kS Eby BUNRHRLTG beR IBOTRERSLAN, RBSOEY STARIneld

regi on whic drz primer extens
pol yner i Sor achievifgsuchatadinient@nd determining sabstintial, op siifficient) deiibitiondf t i ons

that_pernjt prinmer hybridizajion an tensi on, RNA cl eavage, hybrj.dization
of ¥ pr ogiaml&emenwre%é%acaé@ff %lpvz?brtnge uff?f ipdhe meiodsofihe B?camtegvep 4o%-or m a
conpl ex conprii Eg\iln{gﬁ ' d’éﬂﬂ? ‘”ﬁ:ﬂf&?ﬁﬂr

pol ynucl eot i deI,ﬁ ogggﬁiﬁ t r%rﬁﬁlﬁgﬁr%@yﬂ&ﬂgﬁy nu tt I ple géﬁi)@liéetgfyoafs at he

nucl ei ¢ grimerdermeicie acif ektehsio fite.,xtengion droat the bldckersequerceds retuepdner at i ng
mul tiple.copies of .a, nuclei cid, sequence of interes sai d .hod

conpri si Hﬂﬁgﬁﬁg)sﬁlﬁwwsgﬁb?%i“%&hﬁpﬁﬂ%ﬁfnﬁlgﬂ ?f[s}%‘e b&%@‘ﬂ’,&mﬁgﬁe the first
primer i §paudOaBPhht fevint ABditidA8f nicleoRdBY fodthd 3Rl JfPhePpriMedisi a DNA _
pol-gnucl eotide, "and wherein the conposite prinmer conprises an RNA portion
and2@ 3' molymersse. Sueh tegbniques are known in the art, including, for example, substitution or

modification of the 3’ hydroxyl group, or incorporation of a modified nucleotide, such as a

dideoxynucleotide, in the 3’-most position of the blocker polynucleotide that is not capable
of anchoring addition of nucleotides by a DNA polymerase.

Polynucleotide comprising a propromoter and a region which hybridizes to a primer -

25 extension product

Some embodiments employ a propromoter polynucleotide comprising a
propromoter and a region which hybridizes to a primer extension product. In some
embodiments, the propromoter polynucleotide is provided as a PTO, as described in greater
detail below. In other embodiments, the propromoter polynucleotide is provided as a TSO

30 (as described herein). In yet other embodiments, a propromoter polynucleotide comprises a
portion (generally a 3° portion) that comprises a termination sequence (which does not

substantially effect template switch), and a portion (generally a 5° portion) that comprises a
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extension product, typically comprising all or part of the propromoter sequence), DNA
25 polymerase fills in the overhang to create a double stranded promoter capable of effecting
transcription by a suitable RNA polymerase.

Promoter sequences that allow transcription of a template polynucleotide are known
in the art and have been discussed above. Preferably, the promoter sequence is selected to
provide optimal transcriptional activity of the particular RNA polymerase used. Criteria for

30 such selection, i.e., a particular promoter sequence particularly favored by a particular RNA

polymerase, is also known in the art. For example, the sequences of the promoters for .
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hybri di zes to"t e str seco ner e on product under
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wheXSny riFEApion B Raterly i REmE SAERoGUT deiBb ol 5 vifbe BRAL C°¢ 1O

- produced. dedndéht RBIApSlyRiera368) 8 g1 UTS) Bt A6y, ST6H8E9 a8l 5854140 Aidecad@lsd
sequence of interest, Said nethod conprising the steps of (a) conbining:

t he conpl bxempirisalispdetermingd.cl ai m 17; 15 an RNA pol ynerase; a second pri ner
that is hybridjzabl.e to,a.sen transcrip |5 of

I nterest; an M@ﬁéﬁlﬁéﬂ?’nﬁﬂiﬁ& éeg@?es&ftegﬁw F#z;? té ﬁ%ﬁ‘g@“ﬁ@f rom
an RNA/ DNGeqlide] 6., the BT comnpitise additiomil nisledtides (vildth iy mpyimt by a
progrormt er and_a region which hybridizes to a second pri nmer extenfl on

prodlct ; Haescriptional regulatnsy seapensrs) lncated Setoghe propometer sayencee rasrelons t hat
permt prie{ot pgé%gggﬂgé Bid dgeeau&{a@ &fi&@gﬁh&%mﬁ@!@a&f £ENEH et JT¢Badibgtd @B of a

pr opronot er po to a priner extension product to forma conpl ex
conpri si nprimepeitersionegproducti on product 25 and a propronoter pol ynucl eoti de,

and RNA transcytiption, where tiple.caopies.af the nucleig aci,d sequence
of interest ar é" ﬁ@ﬁ@?rl’é’flﬁ'ﬁfm’l‘gg Pilt Btoﬁ’B‘ftPO eem?lﬁ?tiyn?f mlerpﬁ’é m&%f)‘f’ 84%f a
nucl ei ¢ agjtehsGf Tedfquel forvl6ElaRs theRinttr TiicHos oEARIPTC intiudeaty Haeprevert
25 addition of nucleotides to the 3’ end of the PTO by a DNA polymerase. Such techniques
are known in the art, including, for example, substitution or modification of the 3’ hydroxyl

group, or incorporation of a modified nucleotide, such as a dideoxynucleotide, in the 3’-
most position of the PTO that is not capable of anchoring addition of nucleotides by a DNA
polymerase. It is possible to block the 3’ end using a label, or a small molecule which is a
30 member of a specific binding pair, such as biotin. It is also possible to render the 3’ end
non-extendable by addition of nucleotides which cannot hybridize to a primer extension
product, either due to non-complementarity or due to structural modifications which do not

support hydrogen bonding. In other embodiments, the PTO is not blocked.
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senf(g RNA transcript conprising the 20 sequence of interest; an
RNA-Oependent DNA pol ynerise; an enzyne that cleaves RNA from an RNA/ DNA

hybri d; mﬁn&xﬁ@@dzﬁm&kbﬁa@wfﬁm&igg)& Y RrindPion rsé@e,nae @ndh PRopPORGteF  and a

regi on which hybridi"zes to a second prinmer extension product; and 25 (b)
I ncubat i rfgqaamee m xture of step (a) under conditions that .permt priner

hybri di zati on ;and_ ext ensd on | eavage., hybridjzatian of a propyonoter
pol ynucl eot i dglﬁlsgmge P e"é%(&gﬁ%tﬁg veateg. ¢ W?QB%Q‘QQ&GG‘%{)% sing a
primer exgrepdintder BEUENEd ard peovaddd AR siiphd eimbifatiohsdlpficleddde.aTkk RNA
trapscription, whereby nmultiple copies of the nucleic acid sequence of

i nt & est qmbinption palyaiicleatidecomprises apertion (gsmerallyiad’ pertion) that pomPpIises 2 ar get

pol ynucl Lsdas |l i et

pol ynucl got I de dlns%e&ﬁce g%t dq:%gno%{iﬁcggergélafélsgé%ﬁ ‘,lerxgﬁgér’h@f’ﬁs %’E%e#lﬁp%t and
second prtemminaticarsequdnee sschybridPzébleTo a targétpodymtleotide, amd & portivar(génerdllya i r st
and secongzj pr.i ngglsé are different. 100 16 JUL 2004 WO 02/00938

PCT/ USQl /2 G8EPR2 B8t Gerapmses A RHORIpPmOtes seuence, Wheved) e Paeion thakCORRESSdc ond

primers hybrofiofed séftehéd is Befidthily ATTHyBRBIZARE Yo A8 ¥EEGtynucleotide (under

20 conditions wherein the portion that comprises a termination sequence is hybridizable to the

—

target polynucleotide). A termination sequence can be designed so as not to effect template
switch using techniques known in the art, for example by ensuring that design
characteristics that are known to promote template switch (such as described in Patel et al.,
Proc. Nat’l Acad. Sci. USA 1996, 93:2969-2974) are not present in the combination

25 polynucleotide. The combination polynucleotide is hybridizable to the sequence of the
template which is in the 5’ direction with respect to the template sequence which is
hybridizable to the primer. The polynucleotide further comprises a sequence which is
hybridizable to a complementary sequence of the target polynucleotide. The sequence that
is hybridizable to a complementary sequence of the target polynucleotide may be non-

30 overlapping, overlapping or co-extensive with the termination sequence and/or propromoter
sequence of the combination polynucleotide. Generally and preferably the sequence that is
hybridizable to a complementary sequence of the target polynucleotide is hybridizable to a

3’ portion of the complementary sequence of the target polynucleotide. Thus, in some
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26. The nethod of claim 17, wherein the RNA-dependent DNA pol yrrer1i559JLi pi[iN
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30 addition of an RNaseH from other sources, such as that isolated from E. coli, can be

employed for the formation of cDNA.
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1P = Blynhlledtide can each be provided at about or at least about any of the following
concentrations: 50 nM, 100 nM, 500 nM, 1000 nM, 2500 nM, 5000 nM.

In one embodiment, the foregoing components are added simultaneously at the

initiation of the amplification process. In another embodiment, components are added in
any order prior to or after appropriate timepoints during the amplification process, as

10 required and/or permitted by the amplification reaction. Such timepoints, some of which
are noted below, can be readily identified by a person of skill in the art. The enzymes used
for nucleic acid amplification according to the methods of the invention can be added to the
reaction mixture either prior to the target nucleic acid denaturation step, following the
denaturation step, or following hybridization of the primer to the target polynucleotide, as

15 determined by their thermal stability and/or other considerations known to the person of
skill in the art. In these embodiments, the reaction conditions and components may be
varied between the different reactions. Thus, for example, it is possible to mix a sample
containing the target with a primer and the propromoter TSO in the propromoter TSO-
based methods, prior to formation of a single stranded species from a double stranded DNA

20 . target. Depending on the heat stability of the amplification enzymes used, the enzymes
required for the amplification according to the present invention can be added to the sample
either prior to the initial step of formation of single stranded target, or at a later stage. In
some embodiments, it may be desirable to include a nucleic acid modification enzyme (as
described herein) early in the amplification process, which would generally require the use

25 . of thermostable nucleic acid modification enzymes, which are known in the art. These
enzymes include, for example, thermostable DNA ligases (such as Thermus thermophilus
(Tth) ligase; Thermus sp. AK16D ligase; Aquifex acolicus ligase); thermostable DNA
polymerases (such as Taq, Tth or Pfu DNA polymerase); and thermostable reverse
transcriptase (such as rTth RNA-dependent DNA. polymerase).

30 The amplification process can be stopped at various timepoints, and resumed at a
later time. Said timepoints can be readily identified by a person of skill in the art. One
timepoint is at the end of first primer extension. Another timepoint is at the end of second

primer extension. Methods for stopping the reactions are known in the art, including, for
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without interruption.

The detection of the amplification product is indicative of the presence of the target

10 sequence. Quantitative analysis is also feasible. Direct and indirect detection methods
(including quantitation) are well known in the art. For example, by comparing the amount
of product amplified from a test sample containing an unknown amount of a polynucleotide
containing a target sequence to the product of amplification of a reference sample that has a
known quantity of a polynucleotide that contains the target sequence, the amount of target

15 sequence in the test sample can be determined. The amplification methods of the invention
can also be extended to analysis of sequence alterations and sequencing of the target
nucleic acid. Further, detection could be effected by, for example, examination of

translation products from RNA amplification products.
Compositions and kits of the invention

20 | The invention also provides compositions and kits used in the methods described
herein. The compositions may be any component(s), reaction mixture and/or intermediate
described herein, as well as any combination.

For example, the invention provides compositions comprising any two, preferably
~ three, more preferably four, of the follbwing: () a first primer which is a composite primer;

25 (b) a second primer; (c) a DNA-dependent DNA polymerase; (d) an RNA-dependent DNA
polymerase; (e) a propromoter polynucleotide; (f) an RNA polymerase; and (g) an enzyme
that cleaves RNA from an RNA/DNA hybrid. In some embodiments, the composite |
primer, if included in the compositions, comprises an RNA portion and a 3° DNA portion
(in some embodiments, the RNA portion is adjacent to the DNA portion). In other

30 embodiments, the composite primer comprises 5’- and 3’-DNA portions with at least one
intervening RNA portion. In other embodiments, the compositions further comprise a TSO
(i.e., any of the TSO embodiments described herein, including TSOs containing one or
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sequence.

In another embodiment, the invention provides compositions comprising any two,

5 preferably three, more preferably four, of the following: (a) a propromoter TSO; (b) a first
primer (which may consist of DNA); (c) a DNA-dependent DNA. polymerase; (d) an RNA-
déependent DNA polymerase; (€) an enzyme that cleaves RNA from an RNA/DNA hybrid;
(f) optionally a second primer (which may consist of DNA); and (g) an RNA polymerase.

In some embodiments of the compositions described herein, the compositions

10 further comprise single enzymes comprising multiple enzymatic activities. For example,
the DNA-dependent DNA polymerase and the RNA-dependent DNA polymerase may be
the same enzyme (such as reverse transcriptase); the DNA-dependent DNA polymerase and
enzyme that cleaves RNA from an RNA/DNA hybrid may be the same enzyme; the RNA-
dependent DNA polymerase and enzyme that cleaves RNA from an RNA/DNA hybrid may

15 be the same enzyme; or all three activities of RNA-dependent DNA polymerase, DNA-

- dependent DNA polymerase and enzyme that cleaves RNA from an RNA/DNA hybrid may
. reside in a single enzyme.

Any of the above compositions may further comprise template (which comprises a
target sequence) and/or any of the enzymes described herein (such as DNA polymerase,

20 RNaseH, and/or RNA polymerase). The compositioﬁs are generally in aqueous form,
preferably in a suitable buffer.

The invention also provides compositions comprising the amplification products
described herein. Accordingly, the invention provides a population of sense RNA
molecules which are copies of a target sequence, which are produced by any of the methods

25 described herein. .

The compositions are generally in a suitable medium, although they can be in
lyophilized form. Suitable media include, but are not limited to, aqueous media (such as
pure water or buffers).

The invention provides kits for carrying out the methods of the invention,

30 Accordingly, a variety of kits are provided in suitable packaging. The kits may be used for
any one or more of the uses described herein, and, accordingly, may contain instructions

for any one or more of the following uses: amplifying a polynucleotide (RNA and/or DNA)
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The kits of the invention comprise one or more containers comprising any

combination of the components described herein, and the following are examples of such

5 kits. For example, the invention provides kits comprising any two, preferably three, more
preferably four, of the following: (2) a first primer which is a composite primer; (b) a
second primer; (c) a DNA-dependent DNA polymerase; (d) an RNA-dependent DNA
polymerase; (€) a propromoter polynucleotide; (f) an RNA polymerase; and (g) an enzyme
that cleaves RNA from an RNA/DNA hybrid. In some embodiments, the composite

10 primer, if included in the kits, comprises an RNA portion and a 3’ DNA portion (in some
embodiments, the RNA portion is adjacent to the DNA portion). In other embodiments, the
composite primer comprises 5°- and 3’-DNA portions with at least one intervening RNA
portion. In other embodiments, the kits further comprise a TSO (i.e., any of the TSO
embodiments described berein, including TSOs containing one or more modifications

15 which enhance binding to template). In some embodiments, the kits further comprise a
polynucleotide comprising a termination polynucleotide sequence. In some embodiments,
the kits further comprise instructions for using any of the components provided in the kits
to amplify a target polynucleotide according to composite primer-based methods described

* herein.

20 In another embodiment, the invention provides kits comprising any two, preferably
three, more preferably four, of the following: (2) a propromoter TSO; (b) a first primer
(which may consist of DNA); (c) a DNA-dependent DNA polymerase; (d) an RNA-
dependent DNA polymerase; (e) an enzyme that cleaves RNA from an RNA/DNA hybrid;
(f) optionally a second primer (which may consist of DNA); and (g) an RNA polymerase.

25 In some embodiments, the kits further comprise instructions for using any of the
components provided in the kits to amplify a target polynucleotide according to any of the
propromoter TSO-based methods described herein.

Kits may also optionally include deoxynucleosi&e triphosphates and/or

ribonucleoside triphosphates. Kits may also include one or more suitable buffers (as

30 described herein). Kits useful for nucleic acid sequencing may optionally include labeled or
unlabelled nucleotide analogs that upon incorporation into a primer extension product
effect termination of nucleotide polymerization. One or more reagents in'the kit can be

provided as a dry powder, usually lyophilized, including excipients, which on dissolution
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Electronic storage media (e.g., magnetic diskette or optical disk) containing instructions are

10 acceptable modes of providing the instructions. Instructions may also be provided by
storing said instructions in a central server, which is accessible via wide area networks
(WAN) such as the internet.

The instructions included with the kit generally include information as to reagents

(whether or not included in the kit) necessary for practicing the methods of the invention,
15 instructions on how to use the kit, and/or appropriate reaction conditions. For example, the
invention provides kits that comprise a first composite primer that comprises a sequence
- which is hybridizable to a target polynucleotide and instructions for using the primer to
- amplify a target polynucleotide according to composite primer-based methods described
herein. In another example, kits can further comprise a second primer, and optionally
20 instructions for using the primer to amplify a target polynucleotide according to composite
primer-based methods described herein. In other examples, the kits can contain further
- components, such as any of (a) a propromoter polynucleotide (such as a PTO); and (b) any
of the enzymes described herein, such as an enzyme which cleaves RNA from an '
RNA/DNA hybrid (for example, RNaseH); DNA polymerase (RNA-dependent or DNA-
25 dependent) and RNA polymerase, and instructions for using the components to amplify a
target polynucleotide according to composite primer-based methods described herein.

The component(s) of the kit may be provide in any convenient, appropriate
packaging. The components may be packaged separately, or in one or multiple
combinations. Where kits are provided for practicing amplification methods of the

30 invention, the RNA polymerase (if included) is preferably provided separately from the
components used in the steps prior to the transcription steps.

The relative amounts of the various components in the kits can be varied widely to

provide for concentrations of the reagents that substantially optimize the reactions that need
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5 These systems comprise various combinations of the components discussed above. A
system may generally include one or more apparatuses for performing the amplification
methods of the invention. Such apparatuses include, for example, heating devices (such as
heating blocks or water baths) and apparatuses which effect automation of one or more
steps of the methods described herein.

10 The invention also provides reaction mixtures (or compositions comprising reaction
mixtures) which contain various combinations of compbnents described herein. An
example of a reaction mixture is (a) a complex of a first primer extension product and a
target polynucleotide; (b) a polynucleotide comprising a propromoter sequence (for
example, a PTO or a TSO); (c) RNA polymerase; and (d) a second primer. Other reaction

15 mixtures are described herein and are encompassed by the invention.

The invention also includes compositions comprising any of the complexes (which
are intermediates in the methods described herein) described herein. Examples of such

complexes are schematically depicted in Figures 1-4.
Methods for using the amplification methods and compositions of the invention

20 The methods and compositions of the invention can be used for a variety of
purposes. For purposes of illustration, methods of sequencing, genotyping (nucleic acid
mutation), microarray preparation, and characterizing nucleic acid sequences using the

amplified nucleic acid products generated by the methods of the invention, are described.

Sequencing of polynucleotides using the methods of the invention

25 ' The amplification methods of the invention are useful, for example, for sequencing
of a sequence of interest. The sequencing process is carried out as described for the
amplification methods described herein.

Sequencing using the methods of the invention can be based on effecting premature
(deliberate) termination of RNA transcription. The inclusion of fNTP analogs, which may

30 be labeled or unlabelled, that upon incorporation into an RNA transcript effects termination

of INTP polymerization in the reaction mixture, will result in production of truncated RNA
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polynucleotide containing the sequence of interest by the methods described herein in the

5 presence of a mixture of tNTPs and rNTP analogs such that transcription is terminated
upon incorporation of an INTP analog; and (b) analyzing the amplification products to
determine sequence.

In another embodiment, the methods of sequencing comprise (a) amplifying a target

polynucleotide containing the sequence of interest by the methods described herein,

10 wherein RNA transcripts are generated from the second primer extension product in the
presence of a mixture of INTPs and rNTP analogs such that transcription is terminated
upon incorporation of a INTP analog; and (b) analyzing the amplification products to
determine sequence.

Suitable INTP analogs include those commonly used in other sequencing methods

15 and are well known in the art. Examples of tNTP analogs (such as RNA polymerase
terminators) include 3°-dNTP. Sasaki et al., Biochemistry (1998) 95:3455-3460. These
analogs may be labeled, for example, with fluorochromes or radioisotopes. The labels may
also be labels which are suitable for mass spectroscopy. The label may also be a small
molecule which is a member of a specific binding pair, and can be detected following

20 binding of the other member of the specific binding pair, such as biotin and streptavidin,
respectively, with the last member of the binding pair conjugated to an enzyme that
catalyzes the generation of a detectable signal that could be detected by methods such as
colorimetry, fluorometry or chemiluminescence. All of the above examples are well known
in the art. These are incorporated into the RNA transcripts by the polymerase and serve to

25 stop further extension along a template sequence. The resulting truncated polymerization
products are labeled. The accumulated truncated products vary in length, according to the
site of incorporation of each of the analogs, which represent the various sequence locations
of a complementary nucleotide on the template sequence.

Analysis of the reaction products for elucidation of sequence information can be

30 carried out using any of various methods known in the art. Such methods include gel
electrophoresis and detection of the labeled bands using appropriate scanner, sequencing
gel electropboresis and detection of the radiolabeled band directly by phosphorescence

such as Molecular Dynamics reader, capillary electrophoresis adapted with a detector
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the sequencing reactions for the various nucleotide types (A, C, G, T or U) are carried out
either in a single reaction vessel, or in separate reaction vessels (each representing 1 of the

various nucleotide types). The choice of method to be used is dependent on practical

considerations readily apparent to one skilled in the art, such as the nucleotide tri phosphate
10 analogs and/or label used. Thus, for example, when each of the analogs is differentially

labeled, the sequencing reaction can be carried out in a single vessel. The considerations for

choice of reagent and reaction conditions for optimal performance of sequencing analysis

according to the methods of the invention are similar to those for other previously

described sequencing methods. The reagent and reaction conditions should be as described

15 - . above for the nucleic acid amplification methods of the invention.

Detection of mutation based on single stranded conformation polymorphism utilizing the

amplification methods of the invention

The RNA amplification products generated according to the methods of the
invention are also suitable for analysis for the detection of any alteration in the target
20 nucleic acid sequence, as compared to a reference nucleic acid sequence which is identical
to the target nucleic acid sequence other than the sequence alteration.
| The RNA. products of the amplification methods are suitable for single stranded
~ conformation polymorphism (rSSCP) based mutation detection. The amplification methods
of the invention can be directly linked to appropriate means for detecting single stranded
25 conformation polymorphism, such as an electrophoretic separation method for the
identification of specific mobility pattern of the single stranded RNA products for the
elucidation of the presence of specific sequence feature(s), and/or the presence of any
difference in a test nucleic acid as compared to a reference nucleic acid.
Methods based on gel electrophoresis or capillary electrophoresis can be used for
30 the detection and analysis of the various single stranded conformational isomers.
Alternatively, it is also likely that cleavage of the single stranded RNA product using

nucleases which recognize sequence dependent secondary structures may be useful for the
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sample from a single individual, as required for heterozygous genotype, or multiple alleles. -

10 Any alteration in the test nucleic acid sequence, such as base substitution, insertions or
‘deletion, could be detected using this method. The method is expected to be useful for
- detection of specific single base polymoiphism, SNP, and the discovery of new SNPs.
Thus, the invention also provides methods for detecting a polynucleotide comprising a
single nucleotide polymorphism, comprising: (a) amplifying a target polynucleotide using
15 any of the methods described herein; and (b) analyzing the amplification products for
single stranded conformation, wherein a difference in conformation as compared to a
reference single stranded polynucleotide indicates a single nucleotide polymorphism in the
target polynucleotide, whereby a polynucleotide comprising a single nucleotide
polymorphism is detected.

20 .Mutation detection utilizing the composite primer-based amplification methods of the

invention

The unique properties of the composite primer for use in the isothermal
amplification methods of the invention provide the basis for an isothermal method for the
detection of defined mutations, or polymorphic sites (such as SNPs), in a target nucleic acid -
25 sequence. The method is useful for genotyping, detection of mutation leading to drug
resistance and the like. These methods are applicable to characterizing sequences in a
region in the template strand which generally hybridize to the RNA portion of the
composite primer — hence reference to “defined” mutations, which are defined in terms of
their location.
30 In one embodiment, the RNA portion(s) of the composite primer is designed to be
complementary to the sequence of the test target nucleic acid in which the presence of a

sequence alteration is suspected. Stated alternatively, the primer comprises an RNA
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acid. Stated alternatively, the primer comprises an RNA portion(s) that comprises a

sequence that is complementary to the test target nucleic, and thus is not complementary to
10 the reference sequence (for example, a wild type sequence) against which the sequence in
the test target nucleic acid is to be compared. In some embodiments, the altered sequence
(i.e., the sequence comprising a sequence alteration) and the reference sequence are alleles.
The RNA portion, generally 5° RNA portion, of the composite primer comprises a
sequence which is complementary to a known normal wild type sequence, or a known
15 mutant or a polymorphic genotype. Generally, a suitable composite primer comprises an
RNA portion that allows the primer to preferentially hybridize to a target nucleic acid if the
target nucleic sequence comprises a sequence complementary to the RNA portion of the
primer compared to if there is a mismatch (i.e., the primer has the mutated sequence and
the target does not, or vice versa), wherein the target nucleic acid has a bound primer
20 . extension product and has had its 5’-RNA portion cleaved. The presence of sequence
" alteration does not generally prevent the initial step of the amplification. The composite
primer hybridizes to the target sequence, to form a tri molecular complex, and is extended. .
_ A ribonuclease, such as RNaseH, then cleaves the RNA portion of the extended primer of
" the complex. While it is likely that the presence of a mismatched base pair will affect the
25 pattern of cleavage of the RNA/DNA hybrid, the cleavage is nonetheless likely to take
. Iplace. The next step of binding of a composite primer to the complex by hybridization of
the 5° RNA portion will be inhibited, preferably prevented, by a mismatch. This effect is
dependent on factors such as the size of the hybridizing oligonucleotide and the stringency
of the reaction condition. These factors are considered in the design of the composite:
30 primer, according to techniques well known and routine in the art. It is also possible that
the mismatch will inhibit cleavage of the RNA portion(s) of the composite primer, thus
preventing the amplification of the target sequence. Another possibility is that the

mismatch will result in lower efficiency of cleavage of the RNA portion of the primer thus
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example, w11d type), the presence of a mutation in a target strand may lead to no detectable

amplification products; alternatively, it may lead to detectable products, but less than those
10 produced from a template strand without the mutation.

When the composite primer comprises an RNA portion, generally a 5’ RNA
portion, that is fully complementary to a mutant genotype, amplification of a sequence
which is of the normal genotype will be prevented, while a mutant genotype target will be
amplified. Thus, in this case the detection and/or quantitative determination of multiple

15 copies of the amplification product will be indicative of the presence of a target sequence
of the mutant genotype. For example, parallel reactions that include either the nucleic acid
sample of interest or reference sample of target nucleic with a wild type sequence could be
run. Accumulation of more amplification products in the former compared to the latter
reaction would be indicative of the presence of a mutant genotype in the sample of interest.

20 Alternatively, when the composite primer comprises a 5° RNA sequence that is fully
complementary to a normal genotype sequence of the test target, amplification of a target
sequence of the mutant genotype is prevented, and the detection and/or quantitative
determination of amplification products is indicative of a normal genotype.

Any of the composite primer-based amplification methods of the present invention

25 are suitable for detection of mutation as described above.

Method of preparing microarrays of nucleic acids

The single stranded nature of the products of the amplification methods of the
invention are particularly suitable for pre;ﬁaring microarrays comprising the amplification
products.

30 Amplification products can be attached to a solid or semi-solid support or surface,
which may be made, e.g., from glass, plastic (e.g., polypropylene, nylon), polyacrylamide,

nitrocellulose, or other materials,
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covalent link with the reactive group that is on the amplified product and become
covalently attached to the glass slide. Microarrays comprising the amplified products can
be fabricated using a Biodot (BioDot, Inc. Irvine, CA) spotting apparatus and aldehyde-

10 coated glass slides (CEL Associates, Houston, TX). Amplification products can be spotted
onto the aldehyde-coated slides, and processed according to published procedures (Schena
etal., Proc. Natl. Acad. Sci. U.S. 4. (1996), 93: 10614-10619). Arrays can also be printed
by robotics onto glass, nylon (Ramsay, G., Nature Biotechnol. (1998), 16:40-44),
polypropylene (Matson, et al., Anal Biochem. (1995), 224(1):110-6), and silicone slides

15 (Marshall, A. and Hodgson, J., Nature Biotechnol. (1998), 16:27-31). Other approaches to

 array assembly include fine micropipetting within electric fields (Marshall and Hodgson,
supra), and spotting the polynucleotides directly onto positively coated plates. Methods
such as those using amino propyl silicon surface chemistry are also known in the art, as
disclosed at http://www.cmt.corning.com and http://cmgm.stanford.edu/pbrown/.

20 One method for making microarrays is by making high-density polynucleotide
arrays. Techniques are known for rapid deposition of polynucleotides (Blanchard et al.,
Biosensors & Bioelectronics, 11:687-690). Other methods for making microarrays, e.g., by
masking (Maskos and Southern, Nuc. Acids. Res. (1992),20:1679-1684), may also be used.
In principle, and as noted above, any type of array, for example, dot blots on a nylon

25 hybridization membrane, could be used. However, as will be recognized by those skilled in
the art, very small arrays will frequently be preferred because hybridization volumes will
be smaller.

The amplified polynucleotides may be spotted as a matrix on substrates comprising
paper, glass, plastic, polypropylene, nylon, polyacrylamide, nitrocellulose, silicon, optical

30 fiber or any other suitable solid or semi-solid (e.g., thin layer of polyacrylamide gel
((Khrapko, et al., DNA Sequence (1991), 1:375-388)) surface.

An array may be assembled as a two-dimensional matrix on a planar substrate or

may have a three-dimensional configuration comprising pins, rods, fibers, tapes, threads,
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The amplification products obtained by the methods of the invention are

particularly amenable to further characterization, in part because the products are single

10  stranded. The amplified products.can bé analyzed using, for example, probe hybridization
techniques known in the art, such as Northern blotting, and hybridizing to probe arrays.
They can also be analyzed by electrophoresis-based methods, such as differential display
and size characterization, which are known in the art.

'Amplification products can be used for determining the sequence of a sequence of

15 interest. For example, an amplification product comprising a sequence of interest
generated by amplification methods of the invention can be subjected to sequencing by any
suitable sequencing method. Suitable sequencing methods are known in the art, and
include, for example, using nucleotide triphosphates that upon incorporation into a primer
extension product terminates nucleotide polymerization.

20 | Amplification products can also be used for detecting presence of and/or
quantifying a nucleic acid sequence of intérest in a sample. For example, presence of a
nucleic acid sequence of interest in a sample can be detected by detecting the sequence of
interest in amplification product resulting from amplifying polynucleotides in a sample
suspected of compﬁsing the sequence of interest. In some embodiments, a sequence of

25 interest comprises a mutation, for example, a single nucleotide polymorphism, an insertion,
a deletion or a substitution. A sequence of interest in an amplification product can be
detected by any of a variety of methods known in the art, including, for example,
hybridizing amplification product comprising (or suspected of comprising) the sequence of
interest with a nucleic acid probe that is hybridizable to the sequence of interest. Suitable

30 nucleic acid probes would be evident to one skilled in the art, and include, for example,

_probes that comprise DNA, RNA or DNA and RNA. These probes can be provided in any

suitable form, including, for example, as microarrays, which may comprise the probe
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3"10% ( ) 1ﬁcat10n accor]d.mg to the methods of the invention can be carried out with suitable
labeled INTPs. These labeled srNTPs can be directly attached to a label, or can comprise a
. moiety which could be attached to a label. The label may be attached covalently or non-
15 covalently to the amplification products. Suitable labels are known in the art, and include,
for example, a ligand which is a member of a specific binding pair which can be
detected/quantified using a detectable second member of the binding pair. Thus,
amplification of a target polynucleotide according to the methods of the invention in the
presence of, for example, Cye3-dATP or Cye5-dATP results in the incorporation of these
20 nucleotides into the amplification products.

The labeled amplified products are particularly suitable for analysis (for example,
detection and/or quantification) by contacting them with, for example, microarrays (of any
suitable surface, which includes glass, chips, plastic), beads, or particles, that comprise
suitable probes such as cDNA and/or oligonucleotide probes. Thus, the invention provides

25 methods to characterize (for exainple, detect and/or quantify) a sequence of interest by
generating labeled RNA products using amplification methods of the invention, and
analyzing the labeled products. Analysis of labeled products can be performed by, for
example, hybridization of the labeled amplification products to, for example, probes
immobilized at, for example, specific locations on a solid or semi-solid substrate, probes

30 immobilized on defined particles, or proiaes immobilized on blots (such as a membrane),
for example arrays, which have been described above. Other methods of analyzing labeled
products are known in the art, such as, for example, by contacting them with a solution

comprising probes, followed by extraction of complexes comprising the labeled
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Determination of gene expression profile

The amplification methods of the invention are particularly suitable for use in
determining the levels of expression of multiple genes in a sample since the methods
described herein are capable of amplifying multiple target polynucleotides (RNA as a direct

15 target or cDNA prepared from an RNA sample), in the same sample. As described above,
amplification products can be detected and quantified by various methods, as described
herein and/or known in the art. Since RNA. is a product of gene expression, the levels of the
various RNA species, such as mRNAs, in a sample is indicative of the relative expression
levels of the various genes (gene expression profile). Thﬁs, determination of the amount of

20 sequences of interest present in a sample, as determined by quantifying amplification
products of the sequences, can frovide for determination of the gene expression profile of

the sample source.

The following Examples are provided to illus&ate, but not limit, the invention.

25 EXAMPLES

Example 1: The first transcription module of composite primer-based methods

The general methods that are described in this example are also utilized in other
examples of the first transcription module of composite primer-based methods provided
30 herein.
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A first illustration of the first transcription module of amplification methods using a single

composite primer, DNA polymerase and Rnase H

10 Sequence amplification was performed in 15 pl reactions containing 20 mM Tris-
HC], pH 8.5, 6.0 mM MgCl,, 1.0 mM dATP, 1.0 mM dCTP, 1.0 mM dTTP, 0.8 mM dGTP,
0.2 mM dITP (ANTP's from Amersham), 0-6% DMSO, 0-8% glycerol, 0-100 ug/ml
acetylated BSA (Ambion, Austin, TX), 0.6 Units/ul recombinant ribonuclease inhibitor
(1RNasin, Promega, Madison, WI), 0.5-5 uM composite primer IA005, and 100-200 nM

15 prombter—template oligonucleotide (PTO) IA015C. Composite primer IA005 is a 20-mer
primer with the sequence of: ACGGAUGCGGUCUCCAGTGT (SEQ ID NO:1).
Promoter-template oligonucleotide (PTO) IA015C is a 55-mer oligonucleotide with the

sequence of: ,
ggAA'ITCTAATACgACTCACTATAgggAgAgng’i"ACgCTgATCAAAgATCCng—

20 biotin (SEQ ID NO:12). '

Reactions were assembled with all components except the two enzymes. After

heating to 70°C or 99°C for 10 sec. in a programmable thermal cycler (GeneAmp 9600,
Perkin Elmer), the reaction mixtures were cooled down to 55 C, 60°C or 65°C, as described
in the individual examples. Upon attaining the lower temperature, 0.05-0.24 Unit of RNase

25 H (diluted from the 5 U/pl stock solution using a diluent/storage solution: 10 mM Tris-HC],
pH 8.5, 30% glycerol; Hybridase thermostable RNase H, Epicentre Technologies, Madison,
WI) and 1.0-5.0 Units Bca DNA polymerase (2 U/ul; Panvera, Madison, WI) were added.
The reactions were incubated at 55'C-65"C for 30 minutes At the end of the incubation,
reactions were cooled to 4°C until RNA transcription step was desired.

30 RNA transcription was performed at 37°C for 3 hours in 10 ul reactions containing
2.5 ul of the linear amplification reaction mixtures above, and 40 mM Tris-HCI, pH 8.5, 70
mM KCl, 5.0 mM DTT, 12 mM MgCl,, 110 pg/ml BSA, 3 mM each tNTP (ATP, UTP,
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5

A sequence from the J-gene region of E. coli K12 was chosen as a DNA template

for several of the following Examples. Three DNA templates were used for these
experiments: a synthetic DNA target (IA013), a primarily single-stranded DNA (351 bases)

template produced by PCR amplification, and genomic DNA from the K12 strain of E. coli

(preparation described in Example 4). Synthetic DNA target IA013 comprises:

10

Spacer18-Spacer] SCGGTACGCTGATCAAAGATCCGTGCAACAAATGTCA

TGGTCATGGTCGTGTTGAGCGCAGCAAAACGCTGTCCGTTAAAATCCCGGCAG
GGGTGGACACTGGAGACCGCATCCGT. Spacerl8 refers to polyoxyethylene spacers.
These were added to the oligo in order to retard its mobility with respect to the 100-bp

ssDNA product. The sequence of the aforementioned primarily single-stranded DNA (351

15 bases).template produced by PCR amplification is:
CGGTACGCTGATCAAAGATCCGTGCAACAAATGTCATGGTCATGGTCGTGTT

GAGCGCAGCAAAACGCTGTCCGTTAAAATCCCGGCAGGGGTGGACACTGGAG
ACCGCATCCGTCTTGCGGGCGAAGGTGAAGCGGGCGAGCATGGCGCACCGGCA
GGCGATCTGTACGTTCAGGTTCAGGTTAAACAGCACCCGATTTTCGAGCGTGAA
20 GGCAACAACCTGTATTGCGAAGTCCCGATCAACTTCGCTATGGCGGCGCTGGG
TGGCGAAATCGAAGTACCGACCCTTGATGGTCGCGTCAAACTGAAAGTGCCTG
GCGAAACCCAGACCGGTAAGCTATTCCGTATGCG wherein the PCR primers are

bolded and underlined and the composite primers are bolded, with RNA portion in italics.

25

Preparation of ssDNA target from PCR amplification product

Single-stranded DNA template for amplification was prepared by PCR amplification of
a 351-bp segment of the E. coli J gene using the primers IA006 and IA004. Primer IA006
is a 23-mer with the sequence of: CGGTACGCTGATCAAAZATCCGT. Primer IA004 is
a 26-mer with the sequence of: CGCATACGGAATAGCTTACCGGTCT.

30
mM

PCR was performed in 100 pl reactions containing 20 mM Tris-SOq, pH 9.0, 20
(NH4)2804, 0.1% NP-40, 2.0 mM MgCl,, 300 pM each dNTP (dATP, dTTP, dCTP,

- dGTP), 5 Units Taq DNA polymerase, 400 nM primer IA006, 400 nM 5'-phosphate-
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5 15 minutes and then held indefinitely at 4 C. Primer IA004 was synthesized with a 5'-
phosphate to protect the sense-strand from digestion by lambda exonuclease (Strandase kit,
Novagen, Madison, WI). The Strandase digestion was performed according to the
manufacturer's recommendation. Briefly, PCR product prepared as described above, was
precipitatéd from the reaction mixture by the addition of 1/10 volume 3M sodium acetate,

10 pH 5.2 and 0.6 volumes isopropanol, cooling to -20°C for 1 hour, and centrifuged at
maximum speed in a microcentrifuge for 30 minutes. The DNA pellet was washed once
with 75% ethanol, then air-dried briefly before resuspension in 80 ul water. Concentration
was estimated from O.D. at 260 nm, and 60 Units of lambda exonuclease (Strandase,
Novagen) was added. Digestion was allowed to proceed at 37 C for 20 minutes, reactions

15 were then heated to 75 C for 10 minutes, and cooled to 4'C. Incubations were performed in
a programmable thermal cycler (GeneAmp 9600, Perkin Elmer). Remaining DNA was
purified using QiaQuick Nucleotide Removal Columns (Qiagen, Valencia, CA) following
the manufacturer's recommended procedure and using the buffers provided with the kit
(Qiagen, Valencia CA). Briefly, 10 volumes of Buffer PN (Qiagen) were added to the

20  sample. The entire volume was then applied to a Qiagen spin column and centrifuged
(6000 rpm 1 minute in a microcentrifuge). The filtrate was discarded, and the column was
washed twice with 500 ul of Buffer PE (Qiagen). The column was then dried thoroughly -
by centrifugation at maximum speed for 3 minutes. The DNA was eluted in 50 pl Buffer.
EB (10 mM Tris-HCI, pH 8.5 )(Qiagen). The concentration was estimated to be about 2.5 -

25 X 10" copies/ 5ul from OD at 260 nm. Gel analysis revealed that significant double
stranded DNA (less than half the total) remained, but the error in concentration was less
than 2-fold. The DNA was diluted to 10'° copies/ 5l in TE Buffer. Serial dilutions were
prepared from the 10" copy stock solution as needed. Concentration based on O.D.

measurement was confirmed by limiting dilution PCR analysis.
30

Gel Electrophoresis
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5 were mixed with 1 pl of 6X Gel Loading Solution (40% sucrose, 0.25% bromophenol blue,
0.25% xylene cyanole), and the entire sample was immediately loaded into each well. Gels
were subjected to 250V for approximately 5 minutes, until all samples had entered the gel,
and the voltage was lowered to 175V for 45 minutes. Gels were removed from between the
plastic plates and stained in 0.5 ug/m] ethidium bromide in 1X TBE Buffer (89 mM Tris

10 base, 89 mM boric acid, 2 mM EDTA, pH 8.3). A double stranded DNA molecular size
matker (Hi-Lo DNA Marker, Bionexus, San Leandro, CA) was included in one lane of
each gel run. This marker contains 16 fragments of the following sizes: 50, 100, 200, 300,
400, 500, 750, 1000, 1400, 1550, 2000, 3000, 4000, 6000, 8000, and 10000 bp. Typically,
50-2000 bp could be resolved on the gels used.

15

Hybridization
Oligonucleotide probes for hybridization examples(IA010 for ssDNA products; IA014
. for ssRNA products) were 5'-end-labelled using T4 polynucleotide kinase (New England
Biolabs, Beverly, MA) and 7732P-ATP (adenosine 5'-[y-**P] triphosphate,

20 triethylammonium salt, Amersham, Piscataway, NJ; PB10218, >5000 Ci/mmol, 10
mCi/ml). Primer JA010 is a 21-mer with the sequence of:
ATGTCATGGTCATGGTCGTGT. Primer IA014 is a 31-mer with the sequence of:
CTCAACACGACCATGACCATGACATTTGTTG. Labelling reactions (50 pl total

_ volume) contained 70 mM Tris-HC, pH 7.6, 10 mM MgCl,, 5 mM DTT, 1 pg oligo (147

25  pmol for primer JAO10; 101 pmol for primer IA014), 250 uCi y->*P-ATP, and 30 Units T4
polynucleotide kinase. Incubation was at 37°C for 30 minutes, followed by removal of
unincorporated nucleotide using QIAquick Nucleotide Removal Kit (Qiagen, Valencia,
CA). The decay rate (cpm) was determined in a Packard Minaxi Tri-Carb 4000 Series
liquid scintillation counter by Cherenkov counting of 1 ul of the labelled oligo.

30 Hybridization was performed in 30 pl reactions. Product DNA (or RNA) (10 pl)
was added to 20 pl of probe mix. Reactions contained 100 mM NaCl and 10° cpm of probe
(correcting for decay using a half-life of 14.3 days). After heating to 65°C 15 seconds,
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Example 2: A second illustration of the first transcription module of a composite primer-

based amplification method

10 Amplification using a single coniposite primer, DNA polymerase, RNase H, and
TSO or blocker was performed. Reaction mixtures containing all reaction components, as
described above, as well as reaction mixtures without one of the key reagents such as
composite primer, RNase H, or Bca DNA polymerase (Panvera, Madison, WI) were spiked
with 10'° copies of synthetic ssDNA target (IA010 - sequence listed in Example 1). A

15 negative control reaction containing all the reagents and no target ssDNA, was also
included. The amplification of target DNA sequence was carried out as described above.
Target denaturation was carried out at 70°C and the isothermal amplification was carried
out at 65°C.

The amplification products were resolved by gel electrophoresis. No amplification

20 products were detected in reaction mixtures without primer, RNase H or Bca DNA
polymerase. :

Probe 1A010 hybridization and autoradiography to the ssDNA product of the linear
amplification method, verified the identity of the amplification product. The linear
amplification of the synthetic oligonucleotide target in this experiment was done using a

25 non blocked promoter-template oligonucleotide (IA015b). Promoter-template
oligonucleotide IA015b is a 55-mer with a sequence of:
GGAATTCTAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCG
TG. The standard reaction components used for this amplification reaction are as given
above. The initial denaturation step was performed at 70°C for 10 seconds. The reactions

30  were cooled down to 65°C, and further incubated at this temperature for 30 minutes
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motifs: a T7 promoter sequence (5-TAATACGACTCACTATAGGGAgGAG)) and a
sequence complementary to the ssDNA template. Four versions of a PTO were designed
(TA012,1A012b, IA015, IA015b). IA012 PTO is a 67-mer and has a sequence of:

10 GGAATTCTAATACGACTCACTATAGGGAGAGATCGAGTAGCTCCGGTACGCTG
ATCAAAGATCCGTG. IA012 PTO contains two sequences in addition to the core T7
promoter: a 5'-extension (5'-GGAATTC) and a spacer (5'-ATCGAGTAGCTC) between the
promoter and the target DNA-complementary sequence. 1A015 is the shorter PTO (48-
mer), lacking both the 5'-extension and the spacer. IA015 PTO has the sequence of:

15 TAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCGTG.

IA012b PTO is a 60-mer which contains the spacer, but not the extension. 1A012b PTO
has the sequence:
TAATACGACTCACTATAGGGAGAGATCGAGTAGCTCCGGTACGCTGATCAAAG

) ATCCGTG. IA015b contains the extension, but not the spacer. The sequence of IA015b is

20 disclosed in Example 2. All primers other than the chimeric oligonucleotides IA005,
TA019, and IA020 were synthesized by Keystone (Division of BioSource International,
Camarillo, CA) and were PAGE purified.

The ability of 1IA012, IA012b, IA015, and IA015b to convert the ssSDNA. template
into a substrate for T7 RNA polymerase was assessed by comparing the amount of RNA

25 produced after transcription of overlap-extension products formed between a synthetic
oligo product (IA009) and each of the PTO's. Synthetic oligo product IA009 is a 100-mer
with the sequence of: AGTGTCCACCCCTGCCGGGATTTTAACGGACAGCG
TTTTGCTGCGCTCAACACGACCATGACCATGACATTTGTTGCACGGATCTTTGA
TCAGCGTACCG. Overlap-extension was performed in 15 ul reactions containing 20 mM

30 Tris-HC, pH 8.5, 6 mM MgCly, 1 mM each ANTP (dATP, dTTP, dCTP, dGTP), 100 nM
1A009, 100 nM PTO, and 1 Unit Bca DNA polymerase. Reactions were constituted
without Bca DNA polymerase, heated to 95 C then cooled over 10 minutes to 60°C. After
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yields of RNA. In all cases, however, multiple products appeared in addition to the major
RNA band. A fifth PTO was designed having the same sequence as JA015b, but with a 3'-
blocking group (biotin) to eliminated the free 3'-OH, to demonstrate the improved
10 performance of a 3’-blocked PTO. Blocking the free 3°~OH of the PTO eliminates its

ability to initiate non-specific incorporation of a functional promoter sequence to the

onstrably higher

amplifiction products leading to non-specific generation of transcription products. The
performance of 3-blocked and unblocked PTO in the enhanced isothermal linear
amplification was assessed from amplification of a synthetic oligonucleotide target, using

15 the standard conditions. The 3'-blocked PTO (1A015¢) produced comparable yields of
specific RNA as IA015b, but with significantly less background. Negative control
reactions (no DNA template) and reactions containing 10'® copies of oligo target (IA013)
were amplified by strand displacement for 30 minutes, 1 hour, or 2 hours at 55C, with
either IA015b or IA015¢ included in the strand-displacement reaction. When the 3'-OH

20 was not blocked, non-specific RNA was produced in all reactions and obscured
identification of the specific RNA band. In contrast, the blocked PTO produced primarily a
single RNA product.

Example 4: Amplification of a I gene sequence of E. coli genomic DNA by the first

25 transcription module of a composite primer-based amplification method
DNA was isolated from 25 ml of E. coli K12 (ATCC 10798) grown overnight in
Tryptone-NaCl medium. Genomic DNA was isolated by lysozyme digestion and

solubilization in a chaotropic lysis solution (Bactozol Kit, Molecular Research Center,

Cincinnati, OH) following the manufacturer's recommended procedure. Briefly, bacteria
30 were collected by centrifugation at 6000 x g for 5 minutes. Cell pellets were resuspended

in Bactozyme digestion buffer and incubated at 50°C for 30 minutes. The resulting lysate

was clear at the end of the digestion, without any visible clumps of undigested cells. The
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1 mM EDTA) by heating at 50°"-55 C for 30 minutes, with frequent agitation. The resulting
solution was passed repeatedly through a 22 gauge syringe needle to shear the DNA and
reduce the viscosity of the solution. DNA was precipitated again (EPI005-35) by the
10 addition of 1/10 volume of 5M ammonium acetate and 3 volumes ice-cold ethanol. After

N\

incubation at -20 C for 1 hr, the DNA was collected by centrifugation at maximum speed in
a micro-centrifuge. The pellet was washed with 75% ethanol, centrifuged again, and
resuspended in 150 pl TE Buffer. Two dilutions in TE Buffer were prepared for O.D.
measurement (Beckman DU640 spectrophotometer), from which DNA concentration was

15 calculated by assuming 50 pg/ml dsDNA produces an O.D. at 260 nm of 1. DNA
concentrations of the two dilutions were 24.2 ug/10 pl and 24.6 ug/10 pl. The average of
these two measurements (24.4 ug/ 10 pl) corresponds to approximately 2.5 X 10° genome
copies /5 pul (5 fg of E. coli genomic DNA =1 copy).

20 DNA amplification
‘ DNA. was serially diluted in TE Buffer to 10°, 108, or 10 copies/ 5 ul, and
denatured by heating to 95°C for 5 minutes followed by rapid cooling on ice. Single-
stranded template DNA also was diluted to 10° copies/ Sul. Reactions were assembled to
contain no DNA, 107, 10%, 10°, or 2.5 X 10 copies of genomic DNA.

25 Amplification was performed in 15 pl reactions containing 20 mM Tris-HC, pH
8.5, 6.0 mM MgCl,, 1.0 mM dATP, 1.0 mM dCTP, 1.0 mM dTTP, 0.8 mM dGTP, 0.2 mM
dITP (INTP's from Amersham), 6% DMSO, 8% glycerol, 100 pg/ml acetylated BSA
(Ambion, Austin, TX), 0.6 Units/pl recombinant ribonuclease inhibitor (fRNasin, Promega,
Madison, WI), 5 uM composite primer IA005 (sequence disclosed in Example 1), 200 nM

30 promoter-template oligonucleotide (PTO) IA015C (sequence disclosed in Example 1).

Reactions were assembled with all components except the two enzymes. After heating to
99°C for 10 seconds in a programmable thermal cycler (GeneAmp 9600, Perkin Elmer),
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glycerol) (Hybridase, Epicentre Technologies, Madison, WI) and 1.0 pl Bca DNA
polymerase (2.0 Units, Panvera, Madison, WI) were added. At the end of the 60°C
incubation, reactions were cooled to 4'C. A volume of 5.0 ul of strand-displacement
product was added to each RNA transcription reaction (total volume 20 pl). RNA
transcription was performed using the standard conditions and scaling up the reaction
volume to 20 pl to provide sufficient material for direct gel analysis (5 pl) and probe
hybridization (10 pl).

Unlike the amplification of defined single stranded synthetic target, the
amplification of genomic DNA. according to the composite primer-based method of the
invention generally requires the formation of a defined stop for the formation of a ssSDNA
product with a defined 3’-end. The formation of a defined stop for primer extension can be -
‘achieved by a blocker, which hybridizes to a defined site on the target strand and can not be
displaced by the polymerase. Alternatively, as in the present example, a GC rich sequence
up stream of the primer site, provided a stop point for primer extension, thus leading to the
formation of a ssSDNA product with defined 3-end.

Amplification of a defined sequence of genomic DNA by the enhanced isothermal
linear amplification method of the invention (first transcription module of a composite
primer-based method) was achieved. The ssSRNA product was found to hybridize to a
specific oligonucleotide probe.

" Example 5: Evaluation of the effect of composite primer design on the performance of the

25

30

first transcription module of a composite primer-based amplification method

The performance of each of the three composite primers in the first transcription
module of composite primer-based amplification methods of the invention was assessed.
The isothermal linear amplification was performed in 15 pl reactions containing 20 mM
Tris-HC], pH 8.5, 6.0 mM MgCly, 1.0 mM dATP, 1.0 mM dCTP, 1.0 mM dTTP, 0.8 mM
dGTP, 0.2 mM dITP (dNTP's from Amersham), 6% DMSO, 8% glycerol, 100 pg/ml

- acetylated BSA (Ambion, Austin, TX), 0.6 Units/ul recombinant ribonuclease inhibitor

(rRNasin, Promega, Madison, WI), 5 uM composite primer, 200 nM promoter-template

oligonucleotide (PTO) IA015C. The sequence of PTO IA015C is disclosed in Example 1.
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5 Four other composite primer sequence were used that did not have alphanumerical names.
Their sequences are, respectively:
(1) GCAAGACGGAUGCGGUCUCCAGTGT
(2) GACGATGCGUCTCCAGTGT
(3) GACGGATGCGGUCTCCAGUGT
10 (4) GACGGATGCGGUCTCCAGUGUCCA
These composite primers were synthesized by Dharmacon Research, Inc. (Boulder,
CO). The RNA portion of the oligonucleotide was synthesized using a 5'-silyl protecting
group in conjunction with an acid-labile 2'-orthoester protecting group (2'-
bis(acetoxyethoxy)-methyl ether or "2'-ACE" (Scaringe, S.A., et al. J Am. Chem. Soc.
15 120:11820-11821 (1998) and Scaringe, S.A. Advanced 5'-silyl-2'-orthoester approach to
" RNA oligonucleotide synthesis. Methods in Enzymology (in press)). Primers were PAGE
purified.
Reactions were assembled with all components except the two enzymes. After
heating to 70°C for 10 seconds in a programniable thermal cycler (GeneAmp 9600, Perkin
| 20 Elmer), reactions were cooled to 55 C-65"C. Upon attaining the Ilower temperature, 0.05
Unit of RNase H (diluted from the 5§ U/ul stock solution using a diluent/storage solution: 10
mM Tris-HCI, pH 8.5, 30% glycerol; Hybridase thermostable RNase H, Efpicentre :
Technologies, Madison, WI) and 2.0 Units Bca DNA polymerase (2 U/pl; Panvera,
Madison, WI) were added. The reactions were incubated at 55°C-65"C for 30 minutes. At
25 the end of the incubation, reactions were cooled to 4 C until RNA transcription. RNA
transcription was performed at 37°C for 3 hours in 10 pl reactions containing 2.5 pl of
linear amplification reaction above, and 40 mM Tris-HCI, pH 8.5, 70 mM KCl, 5.0 mM
DTT, 12 mM MgCly, 110 pg/ml BSA, 3 mM each tNTP (ATP, UTP, CTP, GTP,
Amersham), 7.5% DMSO, 1 Unit/pl rRNasin (Promega, Madison, WI), and 20 Units T7
30 RNA polymerase (Novagen, Madison, WI). i
The products of the enhanced linear amplification generated with each of the

composite primers were resolved by gel electrophoresis. The composite primers were
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yielded less RNA products. The optimal temperature for the isothermal linear

5 amplification step was different for the different primers, as expected.

Example 6: Genotyping using the first transcription module of a composite primer-based

amplification method and genotype specific composite primer

10 Genomic DNA is isolated from test cells using methods described in previous
examples or by other means known to the skilled artisan. Different organisms including,

* but not limited to, bacteria, viruses, fungi, yeast, plants, and animals are genotyped.
Genotype specific primers are designed either to comprise a 3’-end nucleotide which
hybridizes to one genotype of a specific nucleic acid sequence, or hybridize to the

15 counterpart genotype. The sequence variation determining specific genotypes may be point
mutation, single nucleotide polymorphism (SNP), insertions deletions and the like.

Amplification of the defined target nucleic acid sequence is carried out as described
for amplification of genomic E. coli sequence, in the above example. Using the genotype
specific primer and DNA polymerase which is devoid of proof reading activity, the

20 generation of amplification product indicates the presence of target sequence of the defined
genotype. Sequence variation that prevents hybridization of the 3’-end of the primer to the
target nucleic acid sequence will prevent amplification. The amplification product is
detected by any one of various methods for detection of single stranded nucleic acid
sequence, which is known in the art. For example, the hybridization of specific labeled

25 oligonucleotide probes to the amplification product is detected by gel electrophoresis.

In cases where the genotyping of diploid cells is required, such as the determination
of homozygote or heterozygote genotype, it is feasible to carry out the amplification of the
specific nucleic acid target sequence using specific primers which are designed for either
the wild type and mutant genotype, or one genotype and the other genotype. The

30 amplification reactions using the specific primers are carried out in separate reaction
vessels. The detection of amplification product in only one reaction tube or less

amplification product is indicative of a homozygote genotype, i.e. either wild type or
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Example7: Genotyping using a composite primer-based amplification method and

5 genotype specific probe hybridization

Methods for sequencing by hybridization are described in previous examples.
Determination of sequence identity by hybridization of specific probe is particularly
advantageous using the isothermal method of the invention insofar as the amplification
product generated by the method of the invention is single stranded and readily available to

10 be used in hybridization of specific probes. Probes specific for a defined genotype are
designed using methods known in the art. It is possible to determine hybridization criteria
which will support selective probé hybridization to amplification products generated by
amplification of one genotype and not the other. Sequence variation as small as a single
nucleotide can prevent probe hybridization. The following factors are taken into

15 consideration for hybridization criteria: probe length, temperature of the hybridization
reaction, and buffer composition, in particular divalent ion concentration. The probes used
for the ananlysis may be in solution, or may be attached to a solid surface. Further, the
probes may be directly labeled or attached to a member of a specific binding pair and thus,
able to specifically bind to another member of the specific binding pair which may be

20 directly or indirectly labeled.

Genomic DNA is isolated from test samples by méthods known in the art or as
described in the above example. Test DNA is combined with the described amplification
components, target-specific composite primer, and propromoter sequence (such as PTO).
The combination is subjected to incubation conditions as described herein to generate

25 single stranded RNA amplification product. Hybridization of the amplification product to
genotype specific probes is carried out in solution or solid phase with attached genotype
specific probes. Since the amplification products are single stranded, the products are
ideally suited to be attached to a solid phase, such as glass slide, to generate an array of
spatially resolved specific probes (i.e., gene chip). Alternatively, the solid phase comprises

30 particles to which specific probes are attached. The detection of probe hybridization to the
amplification products is carried out by various methods known in the art, for example,
disclosed in Sambrook et al. supra. The specific probes is labeled, and the change in label

spectral properties due to hybridization is detected and recorded by computer algorithms.
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carried out by incorporation of labeled INTPs during a transcription step by substituting of
one of the four INTPs by a INTP analog, which is labeled. The label is a dye, or a small
molecule such as biotin, which is then detected by binding to specific binding entity, such
as labeled streptavidin. Methods for detecting probe hybridization on solid surfaces are
known in the art.

10

Example 8: Genotyping by rSSCP (RNA Single Stranded Conformation Polymorphism)

using a composite primer-based amplification method

Genotyping is carried out by amplification of the specific target nucleic acid
 sequence using a composite primer-based method described herein and by determination of
15 the electrophoretic band pattern of the single stranded RNA product, which reflects the
single stranded conformation. The use of SSCP for detection of sequence alteration is
widely used. Genotype specific single stranded conformation is determined by subjecting
samples to gel or capillary electrophoresis. The generation of single stranded product by
amplification of target nucleic acid sequence according to the method of the invention,
20 renders this method particularly suitable for genotype determination by combining the
amplification method with rSSCP analysis.

Purified test genomic DNA is combined with components of the amplification
method of the invention, as described above, and target specific composite primer and
propromoter sequence, such as PTO. The combination is subjected to conditions for

25 isothermal amplification of the target sequence. The reaction mixture containing the
amplification product is subjected to either gel electrophoresis or capillary electrophoresis,
using instrument and conditions known in the art. The electrophoretic band pattern of the
aﬁpliﬁcation product is determined. The visualization of the oligonﬁcleotide product is
achieved by inclusion of a dye intercalator. The electrophoretic pattern of the amplification

30 product is compared to that of amplification products generated by amplification of target
nucleic acid sequence obtained from cells of known genotype. Any change in the

eleci;rophoretic mobility pattern is indicative of sequence variability. The combination of
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1 0s7" 10%previously deﬁned genotypes. The electrophoretic pattern of known nucleic acid
sequences, or defined genotypes, can be predetermined, and the pattern generated by
5 products of amplification of test DNA will be compared to known patterns for genotype

determination.

~ Example 9: Amplification of E. coli J-gene target sequence using a composite primer-based
method linking a first and second transcription module

This example describes the enhanced isothermal linear amplification of a defined
10 sequence of the J-gene of E. coli, followed by isothermal exponential amplification of this
sequence to yield multiple copies of ssRNA.

(i) In the first example, RNA products of enhanced linear isothermal amplification
were generated using three different designs of the single composite primer. The
performance of each of the three composite primers in the amplification method of the

15 invention was assessed. _

The isothermal linear amplification was performed in 15 pl reactions containing 20
mM Tris-HC], pH 8.5, 6.0 mM MgCl,, 1.0 mM dATP, 1.0 mM dCTP, 1.0 mM dTTP, 0.8
mM dGTP, 0.2 mM dITP (dNTP's from Amersham), 6% DMSO, 8% glycerol, 100 pg/ml

- acetylated BSA (Ambion, Austin, TX), 0.6 Units/pl recombinant ribonuclease inhibitor
20 (rRNasin, Promega, Madison, WI), 5 pM composite primer (TA005 or IA019 or IA020),
200 nM promoter-template oligonucleotide (PTO) IA015C. All reactions had 10° copies of
a 351-nucleotide single stranded DNA template. Reactions were assembled with all
components except the two enzymes. :

After heating at 70°C for 10sec. in a programmable thermal cycler (GeneAmp 9600,

25 Perkin Elmer), reactions were cooled to 55°C-65°C. The composite primer TA005 was
cooled to 60°C, the composite primers IA019 and IA020 were cooled to 55°C, 60°C and
65°C respectively in separate reactions. Upon attaining the lower temperature, 0.05 Unit of
‘RNaseH (diluted from the 5 U/ul stock solution using a diluent/storage solution: 10 mM

- Tris-HCI, pH 8.5, 30% glycerol; Hybridase thermostable RNaseH, Epicentre Technologies,

30 Madison, WI) and 2.0 Units Bca DNA polymerase (2 U/ul; Panvera, Madison, WI) were
added. The reactions were incubated at 55°C-65°C for 30 min. At the end of the incubation,
reactions were cooled to 4°C until RNA transcription which was performed at 37°Cfor3 h
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10% &' () -WhpamiQ VnitRI'7 RNA\polymetads (Nowgen, Wadison, WI).

F@mA0%k ()-11@nPdov& ()-1":11Q%& ()- .. . .

8710% & ()-s$ﬂ‘é‘ BIRACEH S %ﬂ&ﬁl%amlfwtlmmd(wh eanefthe | 10K [K [
10K [K [ &R irhéfs were resolved by gel <.=,lectropSI}1 resis. The three 0011(1)%051te rimers were

[& ()-- &M 0‘%2 "()--12%10%z& ()-KH}[ < Fodoovk ()-!'9%0% ()- nPdO%& ()-!

A B ( )deggasigtohybridizo es thesqmhe fiteroOthStirgetstrand'ad differsdilfyrde fymber of
H(Z980% dgzgxynucleotldes at the 3°-end. The highest yield of RNA product was produced with
primer IA020. The optimal temperature for isothermal linear amplification step was
different for the different primers, as expected. Further optimization of primer design
would be expected to enhance the performance of amplification.
10 (i) The product of the linear amplification produced with primer IA020, as
described above was then subjected to isothermal exponential amplification.

The reaction mixture from the linear amplification described above with primer
1A020 at 55°C, including the ssDNA product, was diluted 1:10, and 2.5 pl of this dilution
was added to a 5 pl transcription mixture containing: 40 mM Tris-HCI, pH 8.5, 70 mM

15 KCl, 5.0 mM DTT, 12 mM MgCl,, 110 pg/ml BSA, 3 mM each INTP (ATP, UTP, CTP,
GTP, Amersham), 7.5% DMSO, 1 Unit/pl rRNasin (Promega, Madison, WI), and 20 units
of T7 RNA polymerase (Novagen, Madison, WI), dNTPs (1.0 mM dATP, 1.0 mM dCTP,
1.0 mM dTTP, 0.8 mM dGTP, 0.2 mM dITP, Amersham), MMLV-reverse transcriptase
(200U), RNaseH (0.05 U), PTO IA015¢ (200nM) and primer IA024 (1uM). The reactions

20 were incubated at 37°C for 0, 5, 10, 20, 40, and 60 mins., respectively. Aliquots from these
time points were subjected to gel electrophoresis (5-20% polyacrylamide gel, Novex), the
gel was stained with SyberGreen™ and the product bands were visualized using an
imaging system. Products were clearly detectable following a 20 minute reaction.

(iii) Inan effort to determine conditions for optimizing reaction efficiency, the

25 following conditions/factors were examined:

I. The RNaseH in the above protocol was a thermostable enzyme. It was postulated
that replacement of this enzyme with an E. coli RNaseH, which is not thermostable, and
may be more active at 37°C, would improve amplification conditions.

I1. Lowering the reverse transcriptase concentration for improved specificity

30 (reduced smearing).
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Sequences:
10 The sequences used in this example are as follows:
composite RNA/DNA primers

TA005 r{ACggAUgCggUCUCC} AgTgT (20-mer)
1IA019 r{ACggAUgCggUCUCCAg} TgT (20-mer)
IA020  r{gACggAUgCggUCU} CCAgTgT (21-mer)

15 These primers were synthesized by Dharmacon Research, Inc. (Boulder, CO). The
RNA portion of the oligonucleotide was synthesized using a 5'-silyl protecting group in
conjunction with an acid-labile 2'-orthoester protecting group (2'-bis(acetoxyethoxy)-
methyl ether or "2'-ACE" (Scaringe, SA, FE Wincott, and MH Caruthers. J. Am. Chem.
Soc. 120:11820-11821 (1998); and Scaringe, SA. Advanced 5'-silyl-2'-orthoester approach

20 to RNA oligonucleotide synthesis. Methods in Enzymology (Academic Press, in press)).

' Oligonucleotides were purified by polyacrylamide gel electrophoresis.
All oligonucleotides other than the composite oligonucleotides were synthesized by
Keystone (Division of BioSource International, Camarillo, CA).

PTO

25 TA015¢ (55-mer):
ggAATTCTAATACgACTCACTATAgggAgAgCge TACgCTgATCAAAgATCCg
Tg-biotin

J-gene target sequence (PCR product from J-gene)

CegeTACgCTgATCAAAZATCCgTgCAACAAATGTCATggTCATggTCgTgTTg
30 AgCgCAgCAAAACECTgTCCEgTTAAAATCCCggCAggeeTegACACTggAgACCeCATC
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5 TIgCg
PCR primers are shown in bold/underlined. Chimeric primer is shown in bold, with
RNA portion in italics.

Synthetic oligo strand-displacement product (IA009)

IA009 (100-mer):
10 AgTeTCCACCCCTgCCgggATTTTAACggACAgCgTTTTgCTgCgCTCAACAC
ACCATgACCATgACATTTgTTgCACggATCTTTgATCAgCgTACCg

Although the foregoingl invention has been described in some detail by way of
15 illustration and example for purposes of clarify of understanding, it will be apparent to
those skilled in the art that certain changes and modifications may be practiced. Therefore,
the descriptions and examples herein should not be construed as limiting the scope of the

invention, which is delineated by the appended claims.
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said method comprising the steps of:

() hybridizing a single stranded target polynucleotide comprising the nucleic acid
sequence of interest with a first primer, wherein said first primer is a composite primer
comprising an RNA portion and a 3° DNA portion;

(b) optionally hybridizing a polynucleotide comprising a termination polynucleotide
sequence to a region of the target polynucleotide 5° with respect to a site for hybridization
of the first primer to the target polynucleotide;

(c) extending the first primer with a DNA-dependent DNA polymerase to generate a
complex comprising a first primer extension product and target polynucleotide;

(d) cleaving the RNA portion from the composite primer in the complex of first
primer extension product and target polynucleotide with an enzyme that cleaves RNA from
an RNA/DNA hybrid such that another composite primer can hybridize to the target
polynucleotide and repeating primer extension by strand displacement to produce a
displaced primer extension product; -

(e) hybridizing a propromoter polynucleotide comprising a propromoter and a
region which hybridizes to the displaced primer extension product under conditions which
allow transcription to occur by RNA polymerase, such that an RNA transcript comprising
sequences complementary to the displaced primer extension products is produced;

(f) hybridizing a second primer to the RNA transcript of step (e);

(g) extending the second primer with RNA-dependent DNA polymerase to generate
a complex comprising a second primer extension product and the RNA transcript;

(h) cleaving RNA in the complex of step (g) with an enzyme that cleaves RNA in
an RNA/DNA hybrid;

(i) hybridizing the single stranded second primer extension product with a
propromoter polynucleotide, wherein the propromoter polynucleotide comprises a
propromoter and a region which hybridizes to the single stranded second primer extension
product under conditions which allow transcription to occur by RNA polymerase, such that
an RNA transcript comprising the sequence of interest is produced;

whereby multiple copies of the nucleic acid sequence of interest are produced.
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hybridizes to displaced composite primer extension product;
10 an RNA polymerase;
a second primer that is hybridizable to a sense RNA transcript comprising the
sequence of interest;
an RNA-dependent DNA polymerase; and
a propromoter polynucleotide comprising a propromoter and a region which
15 hybridizes to a second primer extension product; and
(b) incubating the mixture of step (a) under conditions that permit primer
hybridization and extension, RNA cleavage, displacement of the first primer extension
product from the complex of step (c) of claim 1 when its RNA is cleaved and a composite
primer binds to the target polynucleotide in the complex, hybridization of a propromoter
20 p'olynucleotide' to a first primer extension product to form a complex comprising a first
pﬁmer extension product and a propromoter polynucleotide, hybridization of a propromoter
polynucleotide to a second primer extension product to form a complex comprising a
second primer extension product and a propromoter polynucleotide, and RNA transcription,
whereby multiple copies of the nucleic acid sequence of interest are generated.
25 3. A method of generating multiple copies of a nucleic acid sequence of interest,
said method comprising the steps of:
(2) combining:
the displaced primer extension product of step (d) of claim 1;
a propromoter polynucleotide comprising a propromoter and a region which
30 hybridizes to displaced first primer extension product;
an RNA polymerase;
a second primer that is hybridizable to a sense RNA transcript comprising the

sequence of interest;
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hybridization and extension, RNA cleavage, hybridization of a propromoter polynucleotide
to a first primer extension product to form a complex comprising a first primer extension
product and a propromoter polynucleotide, hybridization of a propromoter polynucleotide
to a second primer extension product to form a complex comprising a second primer
extension product and a propromoter polynucleotide, and RNA transcription, whereby
multiple copies of the nucleic acid sequence of interest are generated.

4. A method of generating multiple copies of a nucleic acid sequence of interest,
said method comprising the steps of:

(a) combining:

the RNA transcript of step (€) of claim 1;

a second primer that is hybridizable to a sense RNA transcript comprising the
sequence of interest;

an RNA-dependent DNA polymerase;

an enzyme that cleaves RNA. from an RNA/DNA hybrid;

a propromoter polynucleotide comprising a propromoter and a region which
hybridizes to a second primer extension product; and

an RNA polymerase; and

(b) incubating the mixture of stép (a) under conditions that permit primer
hybridization and extension, RNA cleavage, hybridization of a propromoter polynucleotide
to a primer extension product to form a complex comprising a primer extension product
and a propromoter polynucleotide, and RNA transcription, whereby multiple copies of the
nucleic acid sequence of interest are generated. .

5. A method of generating multiple copies of a nucleic acid sequence of interest,
said method comprising the steps of:

(a) combining:

a first primer, wherein the first primer is a composite primer that is hybridizable to a
target polynucleotide, and wherein the composite primer comprises an RNA portion and a

3’ DNA portion;
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an RNA polymerase;
a second primer that is hybridizable to a sense RNA transcript comprising the
10 sequence of interest;

an RNA-dependent DNA polymerase; and

a propromoter polynucleotide comprising a propromoter and a region which
hybridizes to a second primer extension product; and

(b) incubating the mixture of step (a) under conditions that permit primer

15 hybridization and extension, RNA cleavage, displacement of a first primer extension
product from a complex comprising a first primer extension product and target
polynucleotide when its RNA is cleaved and a composite primer binds to the target
polynucleotide in the complex, hybridization of a propromoter polynucleotide to a primer
extension product to form a complex comprising a primer extension product and a

20 propromoter polynucleotide, and RNA transcription, whereby multiple copies of the
nucleic acid sequence of interest are generated.

6. The method of claim 1, wherein the 5° RNA portion is adjacent to the 3° DNA
portion.

7. The method of claim 1, wherein a plurality of composite primers are used.

25 8. The method of claim 1, wherein the polynucleotide comprising a termination
sequence is a template switch oligonucleotide (TSO).

9. The method of claim 8, wherein the TSO comprises a modification in the region
which hybridizes to the template, wherein, under a given set of conditions, the TSO binds
more tightly to the region as compared to a TSO without the modification.

30 10. The method of claim 1, wherein the polynucleotide comprising a termination
sequence is a blocking sequence.

11. The method of claim 10, wherein the blocking sequence comprises a

modification in the region which hybridizes to the target polynucleotide, wherein, under a
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16. The method of claim 1, wherein the propromoter polynucleotide comprising a
propromoter and a region which hybridizes to a single stranded second primer extension
15 product is a PTO.

17. A method of generating multiple copies of a nucleic acid sequence of interest,
said method comprising the steps of:

(8) hybridizing a single stranded target polynucleotide comprising the sequence of

20 interest with a first primer;

(b) hybridizing a propromoter template switch oligonucleotide (TSO) comprising a
propromoter sequence and a region that is hybridizable to a region of the target
polynucleotide which is 5° with respect to hybridization of the first primer to the target
polynucleotide;

- 25 (c) extending the first primer with DNA polymerase such that a first primer
extension product comprising a sequence complementary to the propromoter sequence of
the propromoter TSO is produced, whereby a complex of first primer extension product,

. target polynucleotide and propromoter TSO is generated, wherein said complex comprises
a double stranded promoter region;
30 (d) transcribing from the double stranded promoter region with a DNA-dependent
RNA polymerase to generate a sense RNA transcript;
(¢) hybridizing a second primer to the sense RNA transcript of step (d);
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5 (b) hybridizing a single stranded second primer extension product with a
propromoter polynucleotide, wherein the propromoter polynucleotide comprises a
propromoter and a region which hybridizes to the single stranded second primer extension
product under conditions which allow transcription to occur by RNA polymerase, such that
sense RNA transcripts comprising the sequence of interest are produced;
10 whereby multiple copies of the nucleic acid sequence of interest are produced.
18. A method of generating multiple copies of a nucleic acid sequence of interest,
said method comprising the steps of:
(a) combining;:
the complex of step (¢) of claim 17;
15 an RNA polymerase;
a second primer that is hybridizable to a sense RNA transcript comprising the
sequence of interest;
an RNA-dependent DNA polymerase;
an enzyme that cleaves RNA from an RNA/DNA hybrid; and
20 a propromoter polynucleotide comprising a propromoter and a region which
hybridizes to a second primer extension product; and '
(b) incubating the mixture of step (a) under conditions that permit primer
hybridization and extension, RNA cleavage, hybridization of a propromoter polynucleotide
_ to a primer extension product to form a complex comprising a primer extension product
25 and a propromoter polynucleotide, and RNA transcription, whereby multiple copies of the
nucleic acid sequence of interest are generated.
19. A method of generating multiple copies of a nucleic acid sequence of interest,
said method comprising the steps of:
(a) combining:
30 an RNA transcript of step (d) of claim 17;
a second primer that is hybridizable to the RNA transcript;
an RNA-dependent DNA polymerase;

an enzyme that cleaves RNA from an RNA/DNA hybrid;
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11dEyNC 1ﬂfﬂfid%tion and extension, RNA cleavage, hybridization of a propromoter polynucleotide
to a primer extension product to form a complex comprising a primer extension product
and a propromoter polynucleotide, and RNA transcription, whereby multiple copies of the
nucleic acid sequence of interest are generated.
20. A method of generating multiple copies of a nucleic acid sequence of interest,
10 said method comprising the steps of:
(a) combining:
a target polynucleotide;
a first primer which is hybridizable to the target polynucleotide;
a propromoter template switch oligonucleotide comprising a propromoter sequence
15 and a region that is hybridizable to a region of the target polynucleotide which is 5° with
respect to hybridization of the first primer to the target polynucleotide;
optionally a DNA-dependent DNA polymerase;
an RNA polymerase; ,
a second primer that is hybridizable to a sense RNA transcript comprising the
20 sequence of interest;
an RNA-dependent DNA polymerase;
an enzyme that cleaves RNA from an RNA/DNA hybrid; and
a propromoter polynucleotide comprising a propromoter and a region which
hybridizes to a second primer extension product; and
25 (b) incubating the mixture of step (a) under conditions that permit primer
hybridization and extension, RNA cleavage, hybridization of a propromoter polynucleotide
to a primer extension product to form a complex comprising a primer extension product
and a propromoter polynucleotide, and RNA transcription, whereby multiple copies of the
nucleic acid sequence of interest are generated. |
30 21. The method of claim 17, wherein the target polynucleotide is DNA.
22, The method of claim 17, wherein the target polynucleotide is RNA.
23. The method of claim 17, wherein the first and second primers are the same.

24. The method of claim 17, wherein the first and second primers are different.
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30. The method of claim 1 or 17, wherein at least one type of INTP used is a labeled

15 INTP, whereby labeled RNA products are generated. :

31. The method of claim 1, wherein the RNA-dependent DNA polymerase and
DNA-dependent DNA polymerase are one enzyme.

32. The method of claim 17, wherein the DNA polymerase of step (c) is a DNA-
dependent DNA polymerase, and wherein the DNA-dependent DNA polymerase and the

20 RNA-dependent DNA polymerase are one enzyme.

33, The method of claim 1 or 17, wherein the RNA-dependent DNA polymerase
and enzyme that cleaves RNA from an RNA/DNA hybrid are the same enzyme.
' 34. The method of claim 1, wherein the DNA-dependent DNA polymerase and
enzyme that cleaves RNA from an RNA/DNA hybrid are the same enzyme.

25 35, The method of claim 17, wherein the DNA polymerase of step (c) is a DNA-
dependent DNA polymerase, and wherein the DNA-dependent DNA polymerase and
enzyme that cleaves RNA from an RNA/DNA hybrid are the same enzyme.

36. The method of claim 1, wherein the DNA-dependent DNA. polymerase, the
RNA-dependent DNA polymerase and the enzyme that cleaves RNA from an RNA/DNA

30 hybrid are the same enzyme.

37. The method of claim 17, wherein the DNA polymerase of step (c) is a DNA-
dependent DNA polymerase, and wherein the DNA-dependent DNA polymerase, the
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15 . conformation polymorphlsm comprising (a) amplifying the target polynucleotide by the
method of claim 1 or 17; and (b) analyzing the amplification products for single stranded
conformation, wherein a difference in conformation as compared to a reference single
stranded polynucleotide indicates a mutation in the target polynucleotide.
41. A method of characterizing a sequence of interest in a target polynucleotide,
20 said method comprising
(i) amplifying a target polynucleotide sequence containing the sequence of interest
by the method of claim 1, wherein the sequence of the RNA portion of the composite
primer is known, and
(i) comparing the amplification products if any from step (i) with the amount of
25 amplification products from a reference template
wherein
(1) production of detectably fewer amplification products from the template as
compared to the amount of amplification products from the reference template which
comprises a region complementary to the RNA portion of the composite primer indicates
30 that the target polynucleotide does not comprise a sequence complementary to the RNA
portion of the composite primer and is a sequence variant with respect to the sequence

complementary to the RNA portion of the composite primer; or

102



Z10%R&' ()-CRW [: NA41 10 9! f10%R& ()-9 9109%&& ()- 9L10%R&' ()- 9 ?Wﬁ%mm
9s 109%&R&' ()- 910%&R& ()-1p!|[:NA4Ll 10 9& + %0%& ()-9 9)Z"10%R&

9' s10%R& Wro2809%81098&" () - 9#" 109&& ()- B#" 109! & ()-! RB| [ 136560
=4109&& ()-9 9410% & ()- 9L310%&& ()- 91 109%&& ()- 9010%

9. 109%&& ()-BcvU4l 9! 109&& ()- 9s10%kR&' ()- 9%10%R&' ()-10 & 10 & 10 &
1 910% & & () - (@pprodedion of deRetdbly morelamplifai QY BRAts ﬁﬁnﬁmswﬁf&&e(ak- 9 9s

9 - % 10% 9s510% UlXg| [ : vU41
L0 ) BRI o %éam?poﬁy%mfw; ‘o aletrastiel o
91 109&& -
- 9s FFlO%&g) oglwhgl\sféliéééfgg/%n?%v- I'b8| [‘ﬁ Vi éﬁ%‘; q‘gqﬁﬁol%‘égp{’?"&g %ﬁi%ﬁ%&?ﬁ%&
9(10%&&' (in c@ts:@aomgaxgytpcmymgmw?}mpm@s a#ecﬂl&%wc}(lﬁplexﬁbﬁthﬁ%iheiH&AO&lo&9
0 4 0 0
9561%@2@%51%? REoR %& ﬁemis@o“%&gé@@mae; vighatspeeiio thespauence
9"$10% & domp é,gg(?{ fﬁé 10 9s 10%&() 9 9
109% & () - 9 9s &() 10%&() S3%
10% & () - Stx| [ 2N$Rh methagaf chgmet1¢ yvha@n%&@%@h@a)eftﬁeRM&h@hofﬂﬁ@O% & () -

9 10% & NA4l 1 0%& 109 & ()- 9
95589 10%92%&%3@#9%63@%%94@5?&%P g}g&gp type sequpn the
9556910% S

oL : $10%S&qlge)h?eaf9%ﬁ%& R >’>@_Yéhv “55 R meh %@fggﬁg?f{l}”’ﬂd |
gf&lz%% &yposequencen’ 100 9@ 310% & () - 98933%1%%(?/)— hog [ vllJéolf 91})}%3&1)1-9
0 oL oo & (5 The Bbtiofaelain 1 el the sfpac Sted Rivhceors 5>n°€|é'a$ oo & ()-
9s&$10% &O(npos&pﬁxhéi%hplﬁeswsel%e&e%&%& t&aﬁnﬂa‘ﬁ& e&u% o, atd the
r LOS109EY&E () -9.99. 10% & () - OL, 109% & (). SRR T B Boer ()-
M 94 0vcEeghehve of intesgsg iseharagteriged tn detepsining fhe [yesenoe-orsabsynceafalieTosints’ ( ) -
>6@@J  sequence.

15 ' 44. The method of claim 41, wherein the sequence of the RNA portion of the
composite primer comprises a sequence complementary to an allelic sequence, and the
sequence of interest is characterized in determining the presence or absence of the allelic
sequence.

45. A method of producing a microarray, comprising (a) amplifying a target
20 polynucleotide by the method of claim 1 or 17; and (b) immobilizing the amplification
products on a substrate to fabricate a microarray comprising the amplification products.
46. A method of characterizing a sequence of interest, comprising (a) amplifying a
target polynucleotide by the method of claim 30; and (b) analyzing the labeled RNA
. products. : , '

25 47. The method of claim 46, wherein step (b) comprises contacting the labeled

RNA products with at least one probe.
48. The method of claim 47, wherein the at least one probe is provided as a
microarray.
49. The method of claim 48, wherein the microarray comprises at least one probe
30 * immobilized on a substrate fabricated from a material selected from the group consisting of

paper, glass, plastic, polypropylene, nylon, polyacrylamide, nitrocellulose, silicon, and
~ optical fiber.
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dependent DNA polymerase, (e) an enzyme that cleaves RNA from an RNA/DNA hybrid; .
(f) optionally a second primer; (g) an RNA polymerase.
25 57. The system of claim 54 or 56, wherein the DNA-dependent DNA polymerase
and the RNA-dependent DNA polymerase are the same enzyme.
58. The system of claim 54 or 56, wherein the DNA-dependent DNA polymerase
and enzyme that cleaves RNA from an RNA/DNA hybrid are the same enzyme.
59. The system of claim 54 or 56, wherein the RNA-dependent DNA polymerase
30 and enzyme that cleaves RNA from an RNA/DNA hybrid are the same enzyme.
60. The system of claim 54 or 56, wherein the RNA-dependent DNA polymerase,

DNA-dependent DNA polymerase and enzyme that cleaves RNA from an RNA/DNA
hybrid are the same.
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61. A kit comprising a composite primer that is hybridizable to a target
polynucleotide, a propromoter polynucleotide, and instructions for amplifying the target
polynucleotide according to the method of claim 1.

62. The kit of claim 61, further comprising a polynucleotide comprising a
termination polynucleotide sequence. '

63. The kit of claim 61, further comprising a second primer.

64. A kit comprising a propromoter TSO and a first primer, wherein both are
hybridizable to a target polynucleotide, and instructions for amplifying the target
polynucleotide according to the method of ¢laim 17.

65. The kit of claim 64 further comprising a second primer,

66. A method of determining sequence of a sequence of interest comprising
sequencing a nucleic acid amplification product, wherein said nucleic acid amplification
product is generated by the method of claim 1 or 17.

67. A method of detecting presence of a nucleic acid sequence of interest in a
sample, said method comprising detecting presence of the sequence of interest in a nucleic

acid amplification product, wherein said nucleic acid amplification product is generated by
the method of claim 1 or 17.
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