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met hods for the detection of
amplification products have advanced the detection, identification, quantification and

sequence analyses of nucleic acid sequences in recent years.
Nucleic acid analysis is useful for detection and identification of pathogens,

20 detection of gene alteration leading to defined phenotypes, diagnosis of genetic diseases or
the susceptibility to a disease, assessment of gene expression in development, disease and
in response to defined stimuli, as well as the various genome projects. Other applications
of nucleic acid amplification method are the detection of rare cells, detection of pathogens,
and the detection of altered gene expression in malignancy, and the like. Nucleic acid

25 amplification is potentially useful for both qualitative analysis, such as the detection of the
presence of defined nucleic acid sequences, and quantification of defined gene sequences.
The latter is useful for assessment of and amount of pathogenic sequences as well as the
determination of gene multiplication or deletion, as often found in cell transformation from
normal to malignant cell type.

30 The detection of sequence alterations in a nucleic acid sequence is important for the

detection of mutant genotypes, as relevant for genetic analysis, the detection of mutations
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25 amplification products, however, RNA-SSCP methods have also been described. Sequence
dependent conformation of a single stranded RNA is well-documented and was shown to
lead to a defined electrophoretic mobility pattern. See, for example, Sarkar et al. Nucleic
Acid Research 20(4):871-878 (1992) and Gasparini et al. Hum. Genet. 97:492-495 (1996).

Although detection of the presence of a defined nucleic acid sequence, and its
30 sequence analysis, can be carried out by probe hybridization, the method generally lacks

sensitivity when low amounts of the nucleic acid sequence is present in the test sample,
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sequence. Many variations of PCR have been described, and the method is being used for
amplification of DNA or RNA nucleic acid sequences, sequencing, mutation analysis and
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described. See, for example, U.S. Patent Nos. 5,508,178; 5,595,891; 5,683,879; 5,130,238;
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pr e3knce softaiied esqubnee rdplidatien (358%)% Nuglmcmmld Sequence Based Amplification
(NASBA), and variations there of. See, for example, Guatelli et al. Proc. Natl. Acad. Sci.
US.A. 87:1874-1878 (1990); U.S. Patent Nos. 5,766,849 (TMA); and 5,654,142 (NASBA).

Other amplifications methods use template switching oligonucleotides (TSOs) and

blocking oligonucleotides. For example, the template switch amplification in which
25 | chimeric DNA primer are utilitized is disclosed in U.S. Patent 5,679,512 and by Patel et al.
Proc. Natl. Acad. Sci. U.S.A. 93:2969-2974 (1996) and blocking oligonucleotides are
disclosed by Laney et al. in U.S. Patent No. 5,679,512.
The isothermal target amplification methods do not require a thermocycler, and are
thus easier to adapt to common instrumentation platform. However the previously
30 described isothermal target amplification methods have several drawbacks. Amplification

according to the SDA methods requires the presence of sites for defined restriction
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“target” temperature for each cycle. Consequently, amplification reactions performed
using thermocycling processes require a significant amount of time to reach completion.
20 Therefore, there is a need for improved nucleic acid amplification methods that
overcome these drawbacks. The invention provided herein fulfills this need and provides
additional benefits.
All references cited herein, including patent applications and publications, are

incorporated by reference in their entirety.

25
DISCLOSURE OF THE INVENTION
The invention provides methods and compositions for polynucleotide amplification,
as well as applications of the amplification methods.
Accordingly, in one aspect, the invention provides methods for amplifying a
30 polynucleotide sequence complementary to a target polynucleotide sequence comprising:

(a) hybridizing a single stranded DNA template comprising the target sequence with a
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ot her enfyoonerean bybridize to3he Rblgpoand Epedtpriadir axtension by stand3lispbitamentrtoi on.

For G TR0, deacr L hGreL o0 @1 SOTRORh LS LR S0
t er mi nat i ;98profiREY ARE 8 rédliéh Whith hYBSEIZENBAhE@EShed Prilndt @RRNSIBH PidUENInger t he
pol g(;] uel ec%tnllictii%nsc \?vglchlaflIO\?v%ra?lscription to occur by RNA polymerase, such that RNA
transcripts are produced comprising sequences complementary to the displaced primer
extension products, whereby multiple copies of the target sequence are produced.
Various embodiments of the composite primer used in the methods of the invention
are described herein. For example, in some embodiments, the RNA portion of the
25 composite primer is 5’ with respect to the 3> DNA portion. In still other embodiments, the
5’ RNA portion is adjacent to the 3° DNA portion. For the methods described herein, one
or more composite primers can be used.
Various exemplary embodiments of polynucleotides comprising a termination
sequence are also described herein. In some embodiments, the polynucleotide comprising a

30 termination sequence is a template switch oliognucleotide (TSO), which may (but not

necessarily) contain one or more modifications to enhance binding to template.



30 term nation sequence is a tenplate switch oliognucleotide (TSO, which
may (but not necessarily) contain one or nore nodifications to enhance

bi ndi ng twoteampioate. 6 WO 01/ 020035 PCT/ US00/ 25104  AccorpdiTrigloy/25100 sone
enbodi nents, the TSO conprises a nodification in the regi on which

hybri di zes to _the tenplate, wherein, under a given set. of conditions, th
TSO bi ndsAeardingly igiiemg embodimentse Hieghd @ soraprisa parpdifeation sothregian thithe
modi fi caty Bﬂdizgsxt%rmﬂ%]ﬁﬂl ‘P{te% QH'&ge@glvfehS@Edf%B&dig&?s, MO @B el N 1N
sonme enbodi nents, the 6’0 ynucl eotide conprising a 5 térm nation sequence is
a bl ocki nightle qutheregiomhs admpdréke 4 TEO T&Bounthy newlifiction.ohrarmples obsuitable

nodi ficatio to enhance bjnding to te at.e. Accordjngly,.jn sone,

enbod nerPaicdtias B ERaHSLBHEn L b P Sleatga PP pELs KA AT BNEdg  on
whi 331 hy REingth#fm seQudnl€is 4 SIBRLAS Soquifl@r Ghith, HIRAGE TROY 4§ koffin &e or

condi tions, the bldocker binds nore tightly to the regi on as conpared to a
bl ocker wnoremudifidationpti nhawei bomdingsoatapiplate. oAcwudingly) w somerepdhiotlingents,ons ar e
provi ded herein. The enzynes which. . be used.in th t.hods d

Bonpos: 1 1B BOSKs sEEary SuePrp B qatpr B Srem hERBUHE 6T ot caves
RNA nmay hempRteWasRI, uhflersQiIPerpeP8CichditRnd, 36 BlookdrbRfdsRh@B @AY & theunct i on
and al so conprises a region (which may or nmay not be adjacent to the

pr onot er )regiph ehcanparediiozelloeker widod thp mediiratign. pExareplessd wifeblen product. In
ot h emodi. ts h | ypucl eoti de conprising the propronoter conprises
a rg%i on %?dlﬁ?qgwgs a%rpgoﬁg?%}ﬁer%{}bri di zes to the displaced prinmer extension

product, wher et cbNAn@OWRikE hayeast@listhe metdfodd asptanpsitins anrsdeseripdoduct
produces a doubl e stranded pronmoter fromwhich transcription occurs. In
some enbd¥rdient ¥ example ieysngrne dhat glsaves VA saypermd s onoter is a PTO

20 The net hods[nggﬁf)%&gg{ﬁggt?g%&ﬁeggg%&ﬁ%h{b%r%ﬂct%&% se%mgggtééla%%igg} 0f or

exanpl e, genom c e or nore steps nmay be conbi ned r
per f or medwhidquanan mhby yot(befatlrentrto gryprander), whish hpbhrglizs to be digdadedi t e
product(s).are abl.e to be fornmed). The inventiqn als rovi des t hods

i Eh et CuRaiPn §rOCRai 19 203 FREOBSAG LB P PR ARBIPPIISE o met hods
of the i nyefbh@r c§fﬁgfls£% rSSi0H 8Nthi: RY eﬁd‘@hféﬁ?ﬁb‘ﬁéﬁ%‘s ©fthe@isFacidgiser

alteration(s). Accordingly, in one aspect, the invention provides methods
of sequerrstangion predugewheraby VA ipalymesafigerteasion epdisplaeest extepsiompmedust zi ng a
singl e stranded template ¢ i Si the target uen with a
composi t SiteAet oLl FR Bt b Bl oo B Gnd

embodiments, the polynucleotide comprising the propromoter is a PTO.

e

20 The methods are applicable to amplifying any DNA target, including, for example,
genomic DNA and cDNA. One or more steps may be combined and/or performed
sequentially (often in any order, as long as the requisite product(s) are able to be formed).

The invention also provides methods which employ (usually, analyze) the products
of the amplification methods of the invention, such as sequencing and detection of

25 sequence alteration(s).

Accordingly, in one aspect, the invention provides methods of sequencing a target
nucleotide sequence comprising: (a) hybridizing a single stranded DNA template
comprising the target sequence with a composite primer, said composite primer comprising
an RNA portion and a 3° DNA portion; (b) optionally hybridizing a polynucleotide

30 comprising a termination polynucleotide sequence to a region of the template which is 5’

with respect hybridization of the composite primer to the template; (c) extending the



an RNA portion and a 3' DNA portion; (b) optionally hybridizing a

pol ynucl eotide 30 conprising a term nation polynucl eoti de sequence to a
regi on ofwphe/oe@apl ate which is 5° wth respect hybri di zacrarsoeksivhe
conposite prinmer to the tenplate; (c) extending the 7 WD 01/ 020035

PCT/ US00/ 25104 conposite primer with DNA pol ynerase and a m xture of dNTPs
and dNTP camp@wrlmw@hDhﬁyp@émp%@m%@rrwtumﬂfaiMHS@a)i,dl\lsTd’cqm{qgat pri mer

extension_k 84t i i r i R L i.ch may be
abel | ed PR bdeahaRlap b 0a) Rl Rl ofeihs Rpmmid el 3
conposi t énqorporetiondftahdMNTP endygrehichahaycheclabve kedRNAnfabelada (d)=]dakvg DRARMNDTr | d
such that apothey conposite priner can hybridize to the npl ate and
repeat pPPHER %ﬁg%?fg}eélﬁaﬁ?mg?srltSrPB‘n%ﬁréYﬂha%’eﬁ?éWPlF thi sleapss 1%‘ﬁ{*ttjfﬂﬂ‘éncopi es of
the s co NER AN ; S Y arying
I engst hs; (e) aﬁa @ugﬁg&‘pﬁ? %&gﬁﬂ%ﬁ%ﬂg%ﬁ%ﬂ%m tﬁ?%%gtﬁ&%)gﬁl? %téd)éer%d\ér m ne
sequence repeat pmmehexterasmeaytstrand displavenentowhgelovmdbplaedmesdd theor sequenci ng
a target nucleotide 10 se nce conprisin hybri di.zi sj ngl e

21t anded BRIRRATE SeEBTT (6 RGeS HERFRRE PrCbgTAoL Yire Sl os: t e
primer, Sghl zi‘ﬁ@@l’ﬁ@;ﬁb&l&tl@f‘st@ﬁi%a?ﬁﬁwghs(wﬂ) &ferfie RQuédcen and a 3' DNA
portion; (b) hybridizing the tenplate with a pol ynucl eotide conprising a

t erni nati on pdhynetbéraspéaticthe inyaetineprovidas methodnfasfsequeacing apitraetenugisiotifle i s 5

wth, respect to hybridization. of the i Lingr. to the | ate; (c)
oxt hai ngeaiatEermiting Ethnlioes ik SRR Ry iR PuprSre el e
RNA por t isequedte Witk aaonpabietpriBefpasd tempoditeprimir cbmpifisiaday RNA patios hedves
RNA from an RNA/ DNA hk/bri d such that another conposite priner can

hybri di zé ¥ PNA@ortim (Rithybed@inedhetemphte with agol wiislegHde gomprisipgia

di spl ace . F%P - gl W | . QOUGE

hybr i di z?%g{lgétg)glp&ﬁ uc %gtt‘?éd%%%%g?? g?ér%agao%% géé?dé%gtvg{rlagl? %t F}vé&gésl) g‘r:]tc}oand a
regi on whiybtidilzytion afi thesorhposith richics fal the eanplatene) exetebding thercoRPpopiaptiméer under

Com L D0 &b RS R BSOS SR DL SRS Rt B
| abel | ed vgith adkHzpRR!the HeavSUERALHRA 2R A/DAS BbRt SuchltBat RROHMCRRL AP | Si ng

sequences conpl erentary to the displaced priner extension products, and
such t hatprimeansehybridizertoitke templrthandengpess primer axtongion by stoandglisplacemrRoanal og

whi ch be | abel | | abel | ed . | tipl 2 i f. th
to om Moot BRE I p Shet KRRl O B § By ad s R e S pRbnE R gLt
of st eppré@mpmbier au@b 5( end il edleEi@h RVHieh BEGHEERS €0 therllilared pERREE:Rensidie

i nvention provides nethods of characterizing, or analyzing,
20 product under conditions such that transcription occurs from the extension product by RNA

polymerase, using a mixture of INTPs and rNTP analogs (which may be labelled or
unlabelled), such that RNA transcripts are produced comprising sequences complementary
to the displaced primer extension products, and such that transcription is terminated upon
incorporation of an rNTP analog which may be labelled or unlabelled, whereby multiple

25 copies of the target sequence are produced of varying lengths; (f) analyzing the product of
steps (a) through (e) to determine sequence.

In some aspects, the invention provides methods of characterizing, or analyzing,
sequence of a target. Some aspects are based on the RNA portion of the composite primer
and accordingly the results reflect information regarding the corresponding region of the

30 target which, if complementary or of sufficient complementarity, hybridizes to the RNA

portion of the composite primer. The amount of product as compared to amount of product



sequence of a target. Sone aspects are based on the RNA portion of the
conposite prinmer and accordingly the results reflect information regarding
t he corr ewpona2wmgs regi on of the 30 target which, if conpl ecgntsae/ysios of
sufficient conplenentarity, hybridizes to the RNA portion of the conposite
prinmer. The ampunt, of product as conpared to anount of product, 8 WO

01/ 020035 PEPFLABING BiFcAMeRMARIGRTIiEAT g QHeLAEC AP AN bidisattct i on
on a ref UEBfeSerlcR 08 RbseRRAIEGE i GRLA Pha tiﬁ%ﬁﬁxﬁﬁ&ﬂ@ﬁre@émc@%?%@ﬁceogf a
sequence, ich may 1nturn i lél cate presgnce or absence of wldtype,

mut ant, owildtybe Imuwant soriallnlic variats. cVaricsie gerpreoes divectionicorpodmimmth arent s ar e
descri bed, herei.n. Th for exanple, .the.inventjon provi des net hods of

det ect | _ngdeécnhfd rl?ﬁ‘fefjﬂ' iuﬁl?']"s'r ﬁnr §X?I_BE)II_"’0§° _ﬂ)’?veatl?%Pﬁ’é(fdeﬁ me@?ﬂgié Iogg‘ftfa‘a_@gsaeq uence,
conps i si NAuaRGEIHCE 1eBBnIT a tATEH folyfirlcbAfe SRUBRY, EaBFridiReebnafERighn Wher ei n
the region of the target polynucleotide sequence corresponds to the RNA
porti on cimpliatenpetod dessribad herem whatear ticnegiomof the itaraet polynubleotida get

pol ynucl eqt i results,in.de tabl.y f r..ampl.j ficatio roduct s as

Cormar ed i EST bR HRSRRR RPidh HEE o B L iR AR FR R Blonr ence
tenpl at e iaeRgaiget pelyditidotide @bulto ff @SQUNY Rver QmiplificRNA ReductsOR cBinpaita
conposite pgri mer which does not conprise a nmutation. In these enbodi nents,

anpl i fi cdeitesamund of amplifigation Rrasvetstprodiiced Bpapséerance tersphate @EPrising

rogaict i ; ref. i i i .nondi n
o The! rgheich Rl KRS KARbRI JE L bR AnlchUhRbRBERON! N0
mut at i on g mstationnjrathewd entbodirmerfyAnphificatoom Wf sttahé dsphppaaceitds (ecdremed as 15
Thus, the invention roviges meé{rlods of characterizing a Sequencem(}{i
i nterest GOFPareditq PERAUC) (AR TeERrenss teraplpty Wit eRIEPTESSHA FE P HELTESPRRSRE ng

the anplihikARNADIFESOE e CdmpddiR Pritkd WHi G dIE BbELIhtdiR heSRANGALGs Of an RNA

portion of the conposite priner is 1known, and wherein (a) production of
det ect abl gpnfpavadrto simpRINAI peattioroef the oolupostefpriomary. he t enpl ate as conpared to

t he,amount of anplification products from.a reference tenpl at i.ch 20
conpri ses a r eglon e NG EFEREXIS Msthode SRR SES B VTG LONPESIEE pr i mer
i ndi cat estargehgdlydudegeotiaé, aeid RehydsenfRisinge od@Sin Phe HAPIidaE6n eBRAYBNCE
complenentary to the RNA portion of the conposite priner and is a sequence

variant wihe Hiveatiqnewhereig theeqyenrpge e RNd pprtionof the sompesithprippiAs kopwion of
1 oA, e P LS, 0, Sy BEL TS AR TBLR OBl |1
product s dontatred to eecanenme of amplidationptalac dasn aedfereaomempiatawhiedi on whi ch
It ?legé) gPlgg({(r)'rsnrgrgésy a }e%ioglhc%m?all\el:pr\n&%{rgf Itc? ‘phe(%{N/tX ?)%rt(l;o%rz%(%ﬁé (Eoernrg)orslitg%;imlern idnld%c%%egs that
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 (b) production of
detectably more amplification products from the template as compared to the amount of
25 amplification products from a reference template which does not comprise a region which
is complementary to the RNA portion of the composite primer indicates that the target
polynucleotide comprises a sequence complementary to the RNA portion of the composite
primer and is not a sequence variant with respect to the sequence complementary to the
RNA portion of the composite primer. In one embodiment, the sequence of an RNA

30 portion of the composite primer comprises a wild type sequence, and the sequence of

interest is characterized in determining the presence or absence of the wild type sequence.



pol ynucl eoti de conprises a sequence conplenentary to the RNA portion of the
conposite priner and is not a sequence variant wth respect to the
sequence womploegweht ary to the RNA portion of the conposi treTarSooresind | n one
enbodi ment, the sequence of an RNA 30 portion of the conposite priner

conprises a wild t%;{oe sequence, and_ the sequence_ of interest is
char act erln geethererpladimentnths gequeacrtaeRNA Rartigalthe somposik@rifiard t ype

sequence. conhrilld DOR0RIRCACT A0 sanlhid f*lﬂtePéans:Eﬁara&QHQéH il%efermbnf

sequence 0O portion of Te prime Fises a mut
sequence,thapatsdtrive os elopeaceef thé mumne seqsxbnaes In lyetr aother embddmrentj diecterugricag  t he

presence nce, of the mutan uence, t. anot her enbodi nent, the
sequence Hn i R B (s RSt en@gmgwrfsgs g flidic EOMICF: 283U ar el i ¢
sequence, seiwﬂﬂﬁilc& Beintre® W&ﬁ?@cté}fzeﬂ rfﬁ @ét@r?ﬁmin@ tROGeRGe bl #Rdndd bRt Aldicni Ng
the presence or absence of the allelic sequence. In other aspects, the

i nvent i orseguené.des met hods of detecti ng a nutation (or, in sone aspects,

h t f ol | eot i d
conduct | ng- an KHHTFHISATS o rehiisl roe e e Ao el Bam SRBICR AR hg ¢ ne
anpl i fi ediodd BBpRH)chdiadibriZinga SRJuBAEE) ﬁr@é taﬁgéi@bgfnﬁéléé\tﬁ&e%lﬁ?ﬁi tion,

wherein a difference in conformation as conpared to a reference single
st r anded 9o8flydiinglas smiplidicatind methed descriped karpighand{(by n@almn@&xe apwlijind c| eot i de.

rrut g _her ?g@l%gs (ﬁe[ﬂé ﬁl’ethoﬁ?o} ?@ngﬁ&ﬁeg gﬁ/fog&ﬁlon”%gl%gls 81 Sege%tcg fht ' ng a

1 on I n sone aracerlzn n a target

pol ynucl ephfdiationiy ctosmpmgechtnaal r¢ferdige gimplel sftﬂaﬁdbdm(ﬂﬂumle@tldé indivatesta t h e
nmet hods described 15 herein for_ single stranded confornmation, wherein a
di f f er endBURROR By he Fangst pelynyeletiflep dp et:her gmbedimentsy b drveatiply PR Vides anded

pol ynucl &nt, G cﬁ’l@ie@ﬁﬁgé nftdfhdbl, Asdrft b c{saél%?a{ct?r&%g’é‘é’éah&% ) & &fget in

sone aspects, aracterizes the farget sequence her  aspects,
i nventi orpoﬂmmmledade Cretprosie mfalmrrghlmpltf@dqaroriwtsafﬁanapf theanethodssiengibed)

mlificat thod d be b) attaching th
20 Lhpl | AR A ORS S Bt ot TSP A PGSR OR L G S e

anpl i fi edo RrORHGES sinpR sBhiRM msbfaelesﬁdktﬁdlcmeg h @RftARASIn WSaPepduced by
attaching anplified products by any of the nethods describd herein onto a

sol i d sulpslynackeotide (paidia sammaepe@ar ¢lmyaC®efrlzameutmige@eqmmdhct s. Any of these
aBPl 1t ons SRSt B SRR HeS PR TR PRS2 e
descri bectomprising (a) conductlng an amphﬁcatlon method described herein; and (b) attaching the
20 amplified products onto a solid substrate to make a microarray of the amplified products.
In other embodiments, microarrays are produced by attaching amplified products by any of
the methods describd herein onto a solid substrate to make a microarray of amplified
products.
Any of these applications can use any of the amplification methods (including
25 various components and various embodiments of any of the components) as described
herein. For example, the composite primer used may have a 5 RNA portion, which may
be adjacent to the 3° DNA portion.
The invention also provides compositions, kits, complexes, reaction mixtures and
systems comprising various components (and various combinations of the components)

30 used in the amplification methods described herein. In one aspect, for example, the

invention provides compositions comprising a composite primer, said composite primer

10



herein. For exanple, the conposite prinmer used may have a 5 RNA portion,
which may be adjacent to the 3' DNA portion. The invention also provides
conposi t iwp1/0ki08B5, conpl exes, reaction m xtures and systPemaISoonyInd si ng
vari ous conponents (and vari ous conbi nati ons of the conponents) 30 used in
the anplification rret hods descrj bed herein. In one aspg for exanpl e, the
i nvent i orfOFHIBINges3 é@ﬂﬁ@@mqw RN AgIOREPt [85amE smbedimentss the X

conposi t;"’g‘r“!"{%radﬁ\m port| 9 %ﬁrtfc’)gllyggﬁ 831%?91%0& 'ﬁlwgmlé gr‘]ta:sl@n i s

portion sone e I ments
adj acent it abduté t8 abcEmIAOpmcteomtns ahd tlsﬂ’l[bNAtﬁMorenshbdntrﬁetntabputtlﬁe 5'

portion ut 5 to, about nucl eoti des, and the or ti |s about
Bt o aboutleBtth 13aRTHEZRDtS, B REROLERETES CTRRON NS SOTBHODE v

conposi t I%elﬁqmmlcegl fiscs 2 nodi AN hd ﬁ@l&ﬁ%@u%’ﬁ%ﬂcﬁﬁe% t@tﬂ@q&hpra&at i on
in the region which hybrldl zes to the tenplate, wherein, under a given set

of condi twinreip, wivler 780ehisefcd comditions, get TSO binds Imore eghtbntoathe regompsr ed to a

TSOWlthout th e odlrrents onposi tions pof the
Fovent | otttk B350 S he baRiRor RaoHE i (RS HER of |

still othge 1nv@ﬂm13¢dﬁﬂms§ any B&nb&?{t@'}ﬂrﬂk@ dBScPbEd BEreHOIMAQRSTS O ONBstiIOSTREH Si Ng
any of the conposite 10 priners described herein and aqﬁbblocklng sequences

descr i becerrhadients.itheinyenting Rravdes comnasiions pemprtng peaeh thhsompesih enhance
bi nglj ng tp(%uﬁé’rgﬁl:s%hﬁed hé}eﬁ%taﬁﬁ ?gﬁ%ﬁfng%%&nfésfh%scri@ﬂ%@% @n&%cg%é ﬁlgree -

conposi titons conpri sing riners Scri

andaPTO. dontaiing hﬁ)ﬁlfaaﬁmwhlbﬂnenhamebmdmg tpmwpldtes Ig otpoahbodimsnts ahr i si ng

any of the 15 conplexes (which are general|ly considered as intermediates

with respB¥entios Pgadss;cREIPOSIHARY qmm&equmfmosa%gemﬁmswﬁé hgreis ee

al so the E[nhgl RS, for schematic depictions of these various conplexes). For

exanpl e, the invention provides conpositions conprising a conplex of (a) a

t enpl at e st r arld;anather {sppctathe mmeoson propideseompassitichscompasinganp of ther

co isin ortion nd an, R ortion.. The, RNA portion nmay be 5'
1 Goriches abR A PR SRR FOReMAEh BrBUarRint e conpl ex

f ur ther %H@fﬁc%ﬁ@n BrodRabydesGiRahicn GRERIsH e hiRed fOF Sdhaati BeiHH8RE e

(which na for exanple, a TSO or a_ bl ocking sequence). I'n sone

enbodi merh g@se Vtaheu&:mml@s@S} Lﬁquéamp]@n’fhﬁll@@QtlQn PP@ides Aompetitiens campaising at he
| nvent | O e 6155 § BRRUIE Rl b (15 . BInpEQIRERAL BT cofORE g " eact i on

m xt ur es) var| OUS CcOomnol na ons
comprlsmg a3 DNA portion and an RNA portion. The RNA portion may be 5’ as well as

20 adjacent to the DNA portion. In some embodiments, the complex further comprises a
polynucleotide comprising a termination sequence (which may be, for example, a TSO or a
blocking sequence). In some embodiments, the complex further comprises a PTO.

In another aspect, the invention provides reaction mixtures (or compositions
comprising reaction mixtures) which contain various combinations of components

25 described herein. For example, the invention provides reaction mixtures comprising (a) a
polynucleotide template; (b) a composite primer comprising a 3° DNA portion and an RNA
portion; and (c) DNA polymerase. As described herein, any of the composite primers may
be in the reaction mixture (or a plurality of composite primers), including a composite
primer comprises a 5> RNA portion which is adjacent to the 3° DNA portion. The reaction

30 mixture could also further comprise an enzyme which cleaves RNA from an RNA/DNA

hybrid, such as RNase H. A reaction mixture of the invention can also comprise any of the

11



25 described herein. For exanple, the invention provides reaction m xtures

conprising (a) a polynucleotide tenplate; (b) a conposite priner

conpri si Myoa18200BNA portion and an RNA portion; and (c) PEAvUsod/sstes ase. As

descri bed herein, any of the conposite primers may be in the reaction

m xture (or a plyrality of conposite priners), .includi a conposite prinmer

conpri sesp%yrswpwspf@ Dristhe i Aation S&ﬂ}%@ﬁ%%quﬁ@r%m a%m&“p%rati on. The

reaction pod0h st Eorfitiigh AbRBrdriibiGld LRERMIWIRCIRRY I EXR WapGEL! eaves
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i nvent i orpromer extession prgiuct enday ROIA pdlgmedast\OAQEA0iR0 dBSURCTT thiSH0ea504

pol ynucl eoti des conpri % term nati on sequences described herein, as well

as a pol PRECPEGTPHES ¢ E@?i sing a propronoter and a region which hybridizes

to désplaced [Rfah8MEr Spt&NGL ARVeRtiOf Povided Rils B cBNMucEAL YHERhEHEds dsér@Rat | on

m xture of the invention can also conprise a PTO. 5 I'n another aspect, the

i nvent i orhepriny ilHess kidist is spisable pardaging and generatist (hubrot deesspdrpkcontadning n.  These

kits, in suit.abl ackagi ng and gener al ut not .nec il ont ai ni ng

sui tabl o STHE0R RsfroBRES sfin PR oHEOR! Rnpbats bl ARSERRDR4 i el

anmpl i fi catdreRample e $nvenfrér pvalEPkRRs tHah€orhftyse it dodipopiteOpriirtl@ScokiprBinghad’

conprise a conposite primer conprisin grtion and an RNA portion
n

3" DNA
(whi ch nayNBepostionsgng apaRNAnortis ("Hédhgljagééﬁf a%mﬁgél@er boadirggnpiorthe dn) . The

o - e in . _ . L e ki o
con g;SIn felt)ﬁf II‘}er 1%1{3@%1%2%{%??&?30& éggn g{r’%/iqgg iﬁ’t? Qﬁd%%?{}ﬁ%dg?eéépi ariéé %%Sh}g)% si ng
a term nafontain fuyptheycumpeehisgdeich asjagnae(a) 4 polyaugedtide colmpetinda temipationi ng a

r opr onot er ; .any of th enzynes described herein, such_as ap. enzyne
whi oh cl eww(c%ﬁ? gle_élﬁf%ﬁ; VA PSRRI Rgis PRSI SARIRBIOFO AR ARy of BRd (d) a
pol ynucl eqbyges §QembdSiididn Subh QPérPé’ﬂ%Prﬁfe villth Sledves ROGA oYUl RN ADDIIA di zes to

di spl aced priner extension product n anot her aspect, the invention
provi des hypsiddfrs ekamplef RN¥aselthgartdid) applynfiélectidemompnisingaduoptemeter badiaher ei n.

For .exanple, the.inyentio rqvi des. systens for lifying a target

pol ﬁucl g5 Cé’qll?é’ @ézeﬁfo ?‘f@a%e %1%%!??%%?5188%@&? ng (a) a conposite
primer conprimiafgther &peddNe PlehiiONpRNied By SN RPEeffbQihg thdImpiNeafioh y Ner ase;
and (c) an 20 enzyne \le)i ch cleaves RNA froman RNA/DNA hybrid (such as

RNaseH) . mrethodsripsershedeierain.i Rerrexamplep iegnyention erayidassy syms &g @piphéangar ei n,
includin [ ' I [ - D ' which is
ad acent Pt BIPRGRAP PRestltBidon R 2Ry e T il B s
comprising a 3° DNA portion and an RNA portion; (b) DNA polymerase; and (c) an
20 enzyme which cleaves RNA from an RNA/DNA hybrid (such as RNaseH). The composite

primer may be any (one or more) described herein, including a composite primer which

comprises a 5’ RNA portion which is adjacent to the 3° DNA portion.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1A-C is a diagrammatic representation of a single composite primer isothermal
linear amplification process.

FIGURE 2A-2C is a diagrammatic representation of an enhanced single primer isothermal
linear nucleic acid amplification process involving transcription, using a template switch

30 oligonucleotide sequence.
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FIGURE | A-Cis a diagrammatic representation of a single conposite prinmer
isothermal Ilinear anplification process. FIGQURE 2A-2C is a diagrammatic
repr esentwpioan2mBs an enhanced single priner isothermal | ipagarsooesibei c acid
anplification process involving transcription, using a tenplate switch 30
ol i gonucl eoti de sequence. 12 WD 01/ 020035 PCT/ US00/ 2510 FIGURE 3A-3D is a
di agr ammat P& RleppSdd wadingiampratia rereisatatery ok amephan ¢ EUMPRSitPFimer

i sot her ' - ' i j: £ 1LQn ' [

tr ansor | i iRRFne GLALE B ST FRL IR ARE SapscAlnt y e o blocker

di agr ammatqencepsmparhat i on of detection of a nutation in a tenplate 5

seqguence i he single priner isothermal Linear anplification process.
T Gon oo URE i a digmanteyEore s ifon oRACEEHoF & AR BAbIHERPAS to ¢ he
RNA por tispfuedte hidifg ﬁﬁ@g@é b8mePisbtiBrmal fifehAWNRERI fro6ab.] ox” aéndidye, t ar get

nucleic acid is blocked when a nmutation is present.” FIGURE 5 depicts an
et hi di umnmtetiorden thedingetldDIRAGE agist cohiplemsatary fosthe R&VAvportion Of thepsoimpositet | on

PacE analfrd & Shi'eh ripRev ik A R PRk PR B ORUIEeci 11

probe. Flgadf 7 depicts an ethidi um brom de stained PAGE gel conparing the
efficiency of ssRNA transcription products %enerat ed fromoverl ap

ext ensi o IGURE-$ demetsgn gdpdismsbramide ingd PAGERe oklinpenisabgrmdGE gel

co ri sq f- 180t her, I . iLfication with and without a
3 [quaocke‘%‘pg"ﬁé? ﬂ%ﬁ@go%%&?{?c?ﬁéﬁ%@%@i ogram of probe hybridized to
anmpl i fi cHIGOIRIP6 depictsan agonetieirat of P AGHatdysiwdf Hybrndaatianpl DNiacati on of a J

gene sequence fromE. coli gengmc  DNA 20 FIGURE 10 depicts an ethidium
broni de simpliticatipperedyeds tag Specifis o8 ot her mal  anpl i ficati on RNA products

gener at eqpsg uBpiek afleli GLB BrofRR! SR LPAGE PQ(SH(?}_;S’&H She HffclBAby of£> MODES
FOR CARR% ﬁg% %Eﬁlal\l\e/%l I O\Ir‘?' el nveenti on Sgreow es n%etehodls, c%(r)rposi tions
and Kit's ssRNAamqiscriptiongprogits/genetasut frate osedapeaxt@sionThe net hods general |y

co g ' s€ anlU[}gE ?ﬂeﬁ@@lan ethidium bromide stained PAGE gel comparison of isothermal linear

amplification with and without a 3’-blocked PTO.

FIGURE 9 depicts an autoradiogram of probe hybridized to amplification products
generated by isothermal linear amplification of a J gene sequence from E. coli genomic
DNA.

20 FIGURE 10 depicts an ethidium bromide stained PAGE gel of linear isothermal
amplification RNA products generated using three different designs of the composite

primer.

25 MODES FOR CARRYING OUT THE INVENTION

The invention provides methods, compositions and kits for amplifying
polynucleotide sequences. The methods generally comprise using an RNA/DNA
composite primer, optionally a termination sequence, and, in embodiments in which
transcription is used, a propromoter oliognucleotide sequence.

30 As a general summary, the amplification methods work as follows: a composite

RNA/DNA primer forms the basis for replication of target sequence. In some
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conposite prinmer, optionally a term nation sequence, and, in enbodinents in
which transcription is used, a propronoter oliognucleotide sequence. 30 As
a generalwoeuwmorzngy the anplification nmethods work as fol | @eg/USao/zsanposite
RNA/DNA priner fornms the basis for replication of target sequence. In sone
13 WO 01/ 020035 PCT/ USQ0/ 25104 enbodipents, a term natjon sequence,

provi des %PROFAENtS aftgfminMIaTRepesnGe Prayides the bassifpran sndroingfordhe wealicatioper t i ng

or bl ockigyifidf alggrggg%puoe% %ﬂ?ér?% ik iBhOAk BbEARdnd s dERfibbded

bel ow, in~“sone e ment s he po rising a termnation
sequence hetova in s@np embedimentscthe @blygodacﬂlcbatondmsmﬁw)emnmml@hseqomw 19

Conpl at o EEPIAIh ShariSice bTAEN TR ALises thal Sambt o Gifcienc” "
enpl ate
conps erreruoa{@relﬁamtmp kb By BERlize tb @h@feﬁ@[at@ﬁ%q'(ﬁpcﬂfdﬁlonttb %e&&hé@sﬂﬁhbl@&‘re ggquence

conprises primarily sequences that are of sufficient conplenentarity to
hybri di zesuffecieti somplemeintare tashybaidize); IINAtI}QD¢I}lh@dlmetSeﬁlﬁé‘il’tlsﬂ&ﬂ@p)%ﬁmrl@ﬁf t he

e Dva. rBE g o de et ar kSRR b B SRR BRI T O ¢ e

hybrid, |empiahost@aduUBDNEpSImehse bABRS @6;@1@df&l’iﬂtarg"éiééct@b&e?fr&ﬁrth@prﬂﬁérng by
anot her conposite priner. Another strand is 1La)roduced pol yner ase,

whi ch di sft awgletmclp elsaves RV 4 fm@pm RAACENA hyhiid (sv%m RiNasgH) gleayespl aced
ext gpsi o re%&\% ﬁNﬁ‘%kr QoY i h h%ﬁ%bﬁsr%oagﬂ%cs%ﬁ%éé ;&?at@st%ﬁprom er

and a region iC I'di'zes rimer éextensi on product
(whi ch caavalisble fod birebgipy anotleer J:Bmpesrml mingers Winodter edrarglan pfddaoéd sleDNA

propronot er tenplate o onucl eot i de i ch, contai ns ces of
suf fici erftol %%ffeen%w@%p? e Hler%‘@?@&@w['%at%%r@ réﬁ‘&“ﬂg iny ﬁépqeﬁeém acement
ext ensi on, LN Ghodul. r@?tdn%ll& @pcﬁ&rﬁi&l&ﬁ&@'c&ﬁbﬁﬁﬁ% g3t ?&h&t@r Ao fon The

pronoter drives transcription (via dependen pol yner ase
produce swlmsle hRAlizes dal thetdisplate d pridien gktynsiathprodmst éwhichcap bc;vfodesam;m Iaod s of

producin Ieas one ¢ f a 20 t et | ynucl eot i. u

Cehbr al rgmbhis ot Seofiiaddls ohgrphmdr el drudp e e dfins
conpri si N@qeeHady ot Uil cob@plehlentirity® HydliiRwhd the 3¢ @hd af thie RgpRrcshemnded
target poI ynucl eoti de conprising a target sequence; z a conposite primer

conpri si rytesiorrodugb binds to thedlisplaged prmepertensim preél}cta opitersivase; (d)
R L
but optionall yAcoarcti@gly,rtue ir8ehiisteprovidps mmhngs af progudindatleasnosespperna, such
as any Ofta}ggg ;?oelylgu%lse(g)illdtle3 Se%ugr?cree(lgennere\ﬁll@l, meth%?lgg;‘ grggl?fy?ngptgrrg%{ gcﬂyrgucﬁeotlde
sequence) comprising combining and reacting the following: (a) a single-stranded target
polynucleotide comprising a target sequence; (b) a composite primer comprising an RNA
portion and a 3° DNA portion; (c) a DNA polymerase; (d) deoxyribonucleoside
triphosphates or suitable analogs; (€) an enyzme, such as RNaseH, which cleaves RNA
25 from an RNA/DNA duplex; and (f) generally, but optionally, a polynucleotide comprising a
termination sequence, such as any of those described herein, which comprises a portion (or
region) which hybridizes to the template polynucleotide. A termination sequence is used if
transcription-based amplification (see below) is also used. The combination is subjected to
suitable conditions such that (a) the composite primer (and, optionally, a polynucleotide

30 comprising a termination sequence) hybridizes to the template; (b) primer extension occurs

from the composite primer, to form a duplex; (c) RNaseH cleaves RNA of the composite
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regi on) which hybridizes to the tenplate pol ynucleotide. A term nation
sequence is used if transcription-based anplification (see below) is also
used. Thewoambrmaii on is subjected to suitable condition®caucshorilat (a)

t he conposite priner (and optionally, a polynucleotide 30 conprising a
term nation sequence bridizes to the tenplate; .(b). primer extension
occurs frrpsrdfam the QMA&“P}%V (d) pothesrspmpogiippraseer hxbyidiacaiathecl eaves RNA
of the c P DNA
Qupl ox: (BRI o SbUP AU B bl i BI04 by Py AP i) %l

anot her rdisplatif thpsiraret aleaty nepieh{romebe etrgpdatby DNA pol yner ase) occurs

di spl acing the _strapd al d cop ed fr 0

following is DA betaioning e S&d‘b?lP#)q@da{tﬁ?%ﬂ“&gtléF@PP%FFa%?‘l @?&Lﬂé&t thhe 5
sames ti Me,as dnlORGhGRIBRIPERLTS 1iiisd S5bvaRPYEIQA sepadR) S EDa Pl Rlukleotide) 2

pol ynucl eotide conprising a propronoter sequence (Wwhich can be in any of a
nunber ofcofnprisisg aqsoprdmmnsmnb@@dlwbcmdm laan}égf @nulwhcrcﬂf fomnis; agli zes to the

displaced ri r_extension 0 de tr| hosph or
U bl o deetsg berGR o rRA Bl iverizks fo PRl ES e SRR R R
transcri Qi fbnatlebdi@e Giphbiphard oﬁgmaaxé A0SR (g) REAAJIEmERGALAdART t he 10
various conponents of the nethods of theﬁgresent i nvention are provided

bel ow. | reosditionestisbdhatdianseriptipe of thedinplased pirandica ocerst Msépilssegasdingidheci ng
glliﬁ' I ((:Ora&arl\?ﬁ ém% r{%gta IO?%)met\Eﬁ S tfl?ﬁe ?I%&'ﬁ? IthgOI{rg'E g? dedb&?ovgppr Opr iate

ment s ranscrl | on- based
anpl i fi cati ongnabme kEdIdin®dpy, Gerihainion pMK/Rfe)s mathodsivf seyuehéing abeléic adider
unl abel | ed, are_used. Accordingly, the invention 15 rovi des net hods of

sequenci r@N&APaRbI@t) ﬁ@&?@dﬁﬂ‘&@c%d@%}?@é the apPLoBTIRfg INHE'S he% M descri bed

? 2?\n1€nat or s Q-R%Rﬁn%icgqgig%%nﬁ}g;éﬁﬂ%a%: a%gblﬁc%g&{ and Se%l 5)Iﬂﬁ;@ﬁag@nd r NTP

anal ogs, nN"”[iRs)) whiclempy bertabelid¢doorgadabelied, erenasadt Alcsqrdmigl}c Ithermyertmenl abel | ed or
unl apel I ed, are nd t he I jfi d.on product is.an d.for
Seqhince MY EFRARGR oFeTuat e R bRIcRIcS s R orPBifBaF HERPS !t he

i nvent i onyeRERHEE ABSYATHHBRAS AT PESiEa TR Qneﬂb%‘d Which afd Him&eMiRAGE Mt ations
and/ or characterizing target seguence s{ one enbodi nent, the presence

or absenderrmflatarsn‘wh inagy benlabelte rogenlabd @nm&/@dﬂm’é and Y EP apalegs, bdsed on
. 2t Rt Ry BTSRRI BRI 0 T
nmet hods aimgiifRafisigidtiicns ardalyz2d gérhequede ﬁifmmtmms,detsm)eammm i ed product s
ar e2(l)J sed for dl?lto?hceg Ier?lrl;oglfmeg!tjst ?I;[elu?\?e%ngg prrg))(lllodrels Clillle%k?d[dls %? detecting nucleic acid

sequence mutations and/or characterizing target sequence(s). In one embodiment, the

presence or absence of a mutation in a target polynucleotide is detected based on the ability

to amplify the target polynucleotide using a composite primer whose RNA portion either

contains or lacks the mutated sequence using the methods of the invention. In another

25 embodiment, the amplified products are used for detection of mutations by hybridization
with specific probes. In yet another embodiment, the amplified products are used to detect
and/or identify single strand conformation polymorphisms in a target polynucleotide.
In yet other embodiments, the invention provides methods for generating

microarrays of nucleic acids (DNA or RNA) using the amplified products of the linear or

30 enhanced linear nucleic acid amplification methods of the present invention.
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Wi th specific probes. In yet another enbodi ment, the anplified products are
used to detect and/or identify single strand conformation pol ynorphi sns in
a target wolyne@Bgoti de. I n yet other enbodi nents, the i npemttisoo2fnovi des
nmet hods for generating mcroarrays of nucleic acids (DNA or RNA) using the
anplified products of the linear or 30 enhanced |inear nucleic acid

anpl i fi cati on QBempetBodstwhigh uss the amplifigd produefs desesibeghereingyppeeyided

PCT/ USOO/b%ﬁ)JVp4 QO her met hods which use the anplified products descri bed
herein are provi ded below Advantages of the anplification nmethods of the
invention 5 The anplification nethods of the invention provide several

signifi can4 advant ges 8,\/er, ot her meA‘L ods of nucleic acid anplification.
The for met "6’?("8‘1’“15? CEEPHEPraEthods of the frve¥i®hsi on and di spl acenent of the

prevs ously genglahafifR X GNRLABILSQAL flvehifon HIEPABISREalAbnifi@nFiRAN@ES Of the
RNA portion of the hybridized priner by a ribonucl ease activity. Thus, the

primer extvensthemmethodiuafinuckeid aokamplifidatios: Thefrmgtion phprimed tehwplate,i ner. 10
Consequently, the .RNA tr.anscripti pr.oduc enerated fromthe conpl ex of
Che- ext erfcinss fSRsenard SRt he Rt oG Siend B8 K0T ne
promot er deptideat ¢h Bk cRaMAe! FHd RINA pot@&iSoMnat hgwidisddpraher Bysa 13lizor§ﬁﬂléa§ehe

e

sequence conplementary to this portion of the primer. Thus, .

anpl i fi cactivity. pFloguthe primes extensiempwiet ipfacking thedi’ Znpg PoBiantd thy prireer. f or
producti v, aml i fi.catiQqn Ki.n h i Ll i f .

[ nvg(#ti on(’eoﬁlggqr{}s%flgﬁttﬁ %N(r%‘ofrr\a-msspé%tllcgll é:ro%éc%gprr%ﬁr%tﬁ?%g ﬁgﬁ%ﬁgﬁg %f%gne %%Slr?gti on
wth pr ogﬁ&hﬁzt aende admeslate ywikch olig@iupleofids ak terigomobraaimpias olighiwldodds,ur e
clearly distinguishes it fromother known target anplifjcation  nethods,
such as FoRs noYRSRIRILHdstheng fhesequenae FURRIEMSNERECHRIS ROBONGH HRIMEfyent i on

sui tabl e - - pl () 1 ES,
i gh ¢ hr oLRpnE Sl bR BLTRe AR of ARG R o B Pt R B R o
cl eavage anfplificatidl)fakortthe amplifi¢dtien aortdpalsiof éhepnventioniresistartiéo hyespedifed and

ext ended for b ri bonucl ease such as RNase H,, for further. progression
o TR’ aramiicatan Gt R SRHRITAPE St R s Ly et e o T he
excl usi Veeactighd. i T1his &atR0 cRAIPMALAANSRE it fldHH Sthel kndven 0SS hRpBfitAiowse t he
nmet hods of the invention for™ anplification of %gnomc DNA targets in the

pr esence méthedscauwd agRUR, NASBA find therlikej andagndgsethgimathpdsad ¢he igvention
(I AT R T KT T O
anmpl i fi edesting sites, and the like.

20 The unique requirement of cleavage of the RNA portion of the composite primer in
the hybridized and extended form, by a ribonuclease such as RNase H, for further
progression of the amplification of the target nucleic acid sequence, results in the exclusive
amplification of DNA target. Thus, it is possible to use the methods of the invention for
amplification of genomic DNA targets in the presence of excess mRNA. This feature is

25 useful for accurate quantification of gene dosage. When the test target nucleic acid
sequence is RNA, the target is first transcribed to produce cDNA which can be amplified
using the methods of the invention.

The methods of the invention also provide for amplification of target nucleic acids

with high accuracy with respect to the template. Each amplification product is a direct

30 copy of the target sequence in the input template DNA (in the linear amplification
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usi ng the nethods of the invention. The nethods of the invention al so
provide for anplification of target nucleic acids wth high accuracy with
respect twotoh@daoespl ate. Each anplification product is a @cmdamsvo/3ocopy of
the target sequence in the input tenplate DNA (in the |inear anplification
16 WO 01/ 020035 PCT/ US00/ 25104 et hods), or the_ input tenplate DNA and the
primer exeethedsyrpho@pettemptaty RNA sk the primepedersignprodigts ohibe sihnced

| i near a I o b CBATIACE . : invention do not require
t her mcyg%h%ltﬁ ]%quho(gl% ﬁﬁlgtrer:g?l %:%g%{%%r?ﬁ}?gﬁgg Oeno%eet?lp%l)'rred isothermally. This

f eat ure provi dé& methedsafshanhventiongleot reyumine dharmoby dlimgiih thad tmphificatioarah i on

and adaptation for. high r hput anplification and/ or analysis of

nucl ei ¢ e{’@ipd‘étg“]??f{ 15 Q‘g‘ﬁ‘b%lg( Q@gﬁ{%@%‘? %V‘ﬁlﬁf HB‘B?OB%@_W_“W% fras ] i fication
met hpds  Ghcilifging Wb RIAtibD AnPhBipBiioR |f6rfﬁigﬁjth§’8u%1§ﬁt Alpilfidavioh end6f dralyqstdre
reactions 1sothermally. O her  nethods that ve been reported réquire

t her mal oyweleiagidsorFor heansplp.asequanoimgahethodsmsed exthe pgipbificaitanduetheds ofahe t he
target sequence. The j.sothernmal.reactipn is faster .than that 10 afforded by
thermal * GONTRG sarrmp L] B g by sl e FELEh el Ol ar ger

nucl ei ¢ 1A&hsUd thattHalé Bédalrepaiebddelifeerntil @4 181g B REFGRISH oftphigndiet hods of
the invention is that only a single priner is required. Asingle priner is
utili zed exéenpioppreihicisdam thedaigehsequencemd he esethepmplgractioads fastgythas thatp
ampld fi catd on Qqf | at . nucl.ej ¢..aci Thi V] . 1 .

ar abback arpedy HETPA B iR R o Btedon dethr PR MR M e o
of desi gniciifinanidiatiicddetivgs. sets of priners, the need to have prior

know edge of an additional sequence r;tgi on within the tenplate nucleic

aci d, and t he Aptheaadeantagefdbs methpds plhe yisnhien ksdhad oplyiatiaglapEmens resul t
of non-s 1:£J3C ADL:L 3 ' ' : - f ' of the
nvent; oncdys AEhEkfimel RAIRE R piod BRI APl SRR R Ry

t ar get s, igaamplifitatostdfeemplbitedeftieventich uthie bbviates thesmupesnsabawbaks t he

producti on of obhes f.or defined nucleic acid sequences. Th t hods of the
v Eh | orf e LT PaYiBe (iR RIS At BRI CC51 O 8018 490 ANPE B¥uence,
quant i t atdeM&f pigict!, MRbd Whie pride kasWiddie O ant AAQitfRRORbudHee k&lion Rith
sequence, detection of the presence of defined sequence alterations, as
needed f che temdaty pielgic agiddansbifadnse¢ased prohebiptydbatcneplidted Produsts aseridei f i cat i on
according to the netheds.of the invention are single stranded and are
readily gﬁu tc?%PéSpﬁf}ﬁ%gppb% known nucl ei ¢ acid detection nethods.

The linear isothermal amplification methods of the invention are also suitable for

20 use for detection of nucleic acid targets, quantification of defined nucleic acid sequences,
and the production of probes for defined nucleic acid sequences. The methods of the
invention are useful for qualitative detection of a nucleic acid sequence, quantitative
determination of the amount of the target nucleic acid sequence, detection of the presence
of defined sequence alterations, as needed for genotyping, and sequencing. The products of

25 the amplification according to the methods of the invention are single stranded and are
readily detectable by various known nucleic acid detection methods.

The methods of the invention are further useful for multiplex analysis of nucleic
acid sequences. That is to say, various target sequences may be amplified simultaneously
in a single reaction mixture. The various target sequences may be part of a single genomic

30 DNA, or may represent specific sequences of various nucleic acid targets, which may be

present in a single test sample. For example, the methods of the invention are useful for the
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The met hods of the invention are further useful for nultiplex analysis of
nucl eic acid sequences. That is to say, various target sequences nay be
anpl i fi edweiomobdoaheously in a single reaction m xture. TReTHE00/21184 t ar get
sequences nmay be part of a single genonmic 30 DNA, or nay represent specific
sequences of various nucleic acid targets, which nmay be present in a

singl e t detecticmefithe presence pA Ml PROLARS iR BN bl@l%lqahmﬂlﬁ opimifasly, thef ul

e e

det er m ndtteanined smarltaﬁetmquh)armfgmé‘nreacmrt es in a single genon c DNA sanple
can be determ ned,sinultaneously in a single reggti O'Eédllaér 1S under st ood

that, with r edipié epderstoad thap yrtierrsst o alesebadyagnts desr! CieHERFIALY 5
" COMNgr i S*Q&n?&gﬁg?% .a‘?‘Fy %@,@&g She fentidhVAS inefidad SRbddimkatd Shignbodi ment s

whi ch "consi st ésse t'hese conponents or aspects. The i1nvention
al so i nclfuamst essaﬂmdllyrm’htlﬁscvxtﬁmﬂmnémsmasnectsf The reseticoaiposhidss or  aspect .

Thi lies to all d b | Techni
The pr BoETERdBHenEEhigh GRS phyBE COMPANAS ShAspty, TORIGEt Al v o

i ndi cat edmbo§eddsaild Heggiani ques of nol ecul ar bi ol ogy (i ncl udi ng
reconbi nant techni ques), mcrobiology, cell biology, biochem stry, and

i mmunol ogy, which are within the skill of the art. Such techni ques are
explained fully in the literature, such as, "Ml ecular Coning: 15 A

Labgy at or cond editi on ( Sanbr ook et al ., 1989);
"d fR{gonuc eg%?z%h”%u%?hesi s" (MJ. Gai t ed 984); "Ani mal Cul ture"

(R1. Fr eshne?heé’éﬁcmqgﬁth? prese%@magm %P@‘S%‘Ot}(mﬁféfﬁéﬂ‘ihéatﬁil:ess
I nc.); %H et al.

ds., g#ﬁ\;e?lﬂé perl 0 (Léss%fp a ?%b%gﬁ(lﬁ#‘@hﬂg%ﬁ/&nlgbrlgésné ai’n React i on”,
(|\/}J| i SI QﬁlC@BlQlO@dSTU bib84) bloﬁ&nﬁstrymhd 1mniungl©g}a,cw1&o]n axée&slt}amthe skill of
pol ynucl eoti des enpl oyed in the present ention ted using
st andar d h&th n§‘éfg‘é§°h{¥f’d\%a’ier?x? E‘egﬁ? Bé*’? ‘éfef?tBWs suc a’st gﬁﬁlg?“q @GBW@e " as
usefk her & Nabdrsiofy MAhyA! %&%Ie@iﬁlmgm&%m{ all rlt)g@)esohg&ﬁfcle%ﬁdm ch

anplification Is desired. The target sequence may known or not known, in
ternms ofSynthesiat{Mdl Gaigpderi 884); @nmaél(]eil Cudtute gl Eteehﬂeyasd uE¥d)herein, is

a pol ynuc‘}\fe{t)lwéid ﬂ%kﬁg}mqlggél@ é %5%%{1%65 deit rren?f’rogoco?s 1%ﬁ&ecularl n sone

i nst ances
Biology” (F.M. Ausubel et al., eds., 1987, and periodic updates); “PCR: The Polymerase

Chain Reaction”, (Mullis et al., eds., 1994).
20 Primers, oligonucleotides and polynucleotides employed in the present invention

can be generated using standard techniques known in the art.

Definitions
A “target sequence,” as used herein, is a polynucleotide sequence of interest, for
25 which amplification is desired. The target sequence may be known or not known, in terms
of its actual sequence. Generally, a “template,” as used herein, is a polynucleotide that

contains the target nucleotide sequence. In some instances, the terms “target sequence,”

b IN13 9 <

“template DNA,” “template polynucleotide,” “target nucleic acid,” “target polynucleotide,”
and variations thereof, are used interchangeably.
30 “Amplification,” as used herein, generally refers to the process of producing

multiple copies of a desired sequence. “Multiple copies” mean at least 2 copies. A “copy”
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pr oduci ng nultiple copies of a desired sequence. "Miltiple copies”" nmean at
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i nt er nuclosettpirsserply of Sienodyisers JOR sagueneoe! Rcisepres menbe B PFAMCIEY ged

| i nkages nﬁl‘é‘legnde)&%a&él%n@h S]Ptﬂargegﬁfi RROM ﬁer  afRPOSRARATNIA oS,

cabamates, etc ges Y p osp t hi oat es,
phosphor Qdchkub;a&m;gaebmum,h dlhlodimg compbmmj @ghqne)rpxtanf modifebfies,indudd) as,
nucl eases, I ns ant i bodi es

f t
pepls dos TopiEe.yeahie, bt Sirgeer ol f S it GruTe gcteo i iite,

psor al en,an&hsio); 1n¥e?1ﬂ§:?eo‘ﬁ@@hﬁidiﬂdﬁﬁoﬁ§’s%kﬁh?rf§r &Bniplo, tHARE dlith uncRALQRCT 1 Ve
netal s, boron, “oxidative netals, ), those containing al kylators, those
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as unnodi fi,ed

groups orfifdmh q%:%gg%%es-(g Osg %rgﬁ}lggarré%?}’g%wr ep) flg@lg%teg?%crogg} gi a%?;ox%ly

phos phonabatagi ftipéndapiasieties, Sudiefos exdile gabethsliy.g s hacleaes tnind, ect i ng
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psoralen, etc.), those containing chelators (e.g., metals, radioactive metals, boron, oxidative
metals, etc.), those containing alkylators, those with modified linkages (e.g., alpha
anomeric nucleic acids, etc.), as well as unmodified forms of the polynucleotide(s).
Further, any of the hydroxyl groups ordinarily present in the sugars may be replaced, for

25 example, by phosphonate groups, phosphate groups, protected by standard protecting

groups, or activated to prepare additional linkages to additional nucleotides, or may be
conjugated to solid supports. The 5* and 3’ terminal OH can be phosphorylated or
substituted with amines or organic capping groups moieties of from 1 to 20 carbon atoms.
Other hydroxyls may also be derivatized to standard protecting groups. Polynucleotides

30 can also contain analogous forms of ribose or deoxyribose sugars that are generally known

in the art, including, for example, 2’--O-methyl-, 2°-O-allyl, 2’-fluoro- or 2’-azido-ribose,
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conjugated to solid supports. The 5 and 3' termnal OH can be
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cessal on QLN FSPLBSel on R D REITRL ASS Mk resRsctu R
20 P L OBtana btoSphateaiin ks Bl 1
20 complementary to the target.

A “termination polynucleotide sequence” or “termination sequence,” as used
interchangeably herein, is a polynucleotide sequence which effects cessation of DNA
replication by DNA polymerase with respect to the template comprising the target
sequence. A termination sequence comprises a portion (or region) that generally hybridizes

25 to the template at a location 5’ to the termination point (site). The hybridizable portion
may or may not encompass the entire termination sequence. Examples of suitable
termination polynucleotide sequences (such as blocker sequences and TSOs) are provided
herein.

“Blocker sequence,” or “blocking sequence” as used interchangeably herein, is an

30 example of a termination sequence, and refers to an oligonucleotide that binds, generally

with high affinity, to the template nucleic acid at a location 5’ to the termination site and
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may or may not enconpass the entire term nation sequence. Exanpl es of
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"propronoter sequence," as used herein, refer to a si ngl e-stranded DNA
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of effecting a tenpl swmtchin the ocess of priner ension by a
pol ymer aspronl&@6¥ aa¢ aseddetechahdegbllynown in the art. "Tenplate switch” refers

to change in_tenplate nucleic acid, generally.fromthe target nucleic
aci P to the ugﬂ%ﬁ‘ﬁa&? A ?@PBﬂe‘Hfd%a(T%%é aEin'q%ﬁﬁ’}/fi‘ﬁée T 8e 019 a single
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sequence laeation Spor the terminpsionrsie b/pamer extensioniand that ieapplle 9§ pif¢ctingabl e t o

the 3' e[grlnglr;teosfwiﬁ:hq{l Ithréeﬂroge)ég SFprimer &Ee%glltl)%tby aDRA polymerase. TSOs are

generally known in the art. “Template switch” refers to a change in template nucleic acid,
20 generally from the target nucleic acid to the unhybridized portion of a TSO, during the
course of a single round of primer extension.

“Propromoter template oligonucleotide (PTO),” as used herein, refers to an
oligonucleotide that comprises a propromoter sequence and a portion, generally a 3’
portion, that is hybridizable to the 3’ region of a primer extension product. The

25 propromoter sequence and the hybridizable portion may be the same, distinct or
overlapping nucleotides of an oligonucleotide.

A first sequence which “corresponds” to second sequence, such as an RNA portion
of a composite primer, means that the first sequence has significant sequence identity with
respect to the second sequence. This term is generally used in the context of detecting

30 mutations, or characterizing sequences of a target.
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25 propronoter sequence and the hybridi zabl e portion nmay be the sane,
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i nt er mediakts)thairenion, partipne g redpeance. Fopexampleyan ZINA pprion whghisiadiacentita

unl ess ot her Ladi cat ' . k I, Gt

i ncl udi ng&%gﬁ)tohgﬂfs&?ahcg& ﬂpglﬁ @?ﬁegﬁ%\%ﬁ%&% g% E)f:e llj(fr\p(r)?ﬁH rggrllltlit}lg %r?{gﬁg&ts hat are
"sui t abl ehisferample, se2FigrehA-€o occur, such as hybridization, strand

extension, and, the like, or, "suit ablbﬁ" #ondi tions K%@CE‘?di t'i,t?iTs t hat do
not [Drevent sut hfC8GMEHE MSEATHTRHRE OFFASIPORHLS NI HIF Y P8 per i t
enhance, doaitibohg, -kt to¥BHA choﬁ{gfexc(%?dhcrhﬁebé £h fRSmBYIaRY an(ﬁHP@pl%ﬁﬁa[sg.' ons,
known in the art and described herein, depend upon, for exanple, the nature
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Conditions that “allow” an event to occur or conditions that are “suitable” for an
20 event to occur, such as hybridization, strand extension, and the like, or “suitable”
conditions are conditions that do not prevent such events from occurring. Thus, these
conditions permit, enhance, facilitate, and/or are conducive to the event. Such conditions,
known in the art and described herein, depend upon, for example, the nature of the
nucleotide sequence, temperature, and buffer conditions. These conditions also depend on
25 what event is desired, such as hybridization, cleavage, strand extension or transcription.
Sequence “mutation,” as used herein, refers to any sequence alteration in a sequence
of interest in comparison to a reference sequence. A reference sequence can be a wild type
sequence or a sequence to which one wishes to compare a sequence of interest. A sequence
mutation includes single nucleotide changes, or alterations of more than one nucleotide in a

30 sequence, due to mechanisms such as substitution, deletion or insertion. Single nucleotide

polymorphism (SNP) is also a sequence mutation as used herein.
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20 The term “3’-DNA portion,” “3’-DNA region,” “3’-RNA portion,” and “3’-RNA
region,” refer to the portion or region of a polynucleotide or oligonucleotide located
towards the 3’ end of the polynucleotide or oligonucleotide, and may or may not include
the 3’ most nucleotide(s) or moieties attached to the 3’ most nucleotide of the same
polynucleotide or oligonucleotide. The 3° most nucleotide(s) can be preferably from about

25 1 to about 20, more preferably from about 3 to about 18, even more preferably from about
5 to about 15 nucleotides.

The term “5°-DNA portion,” “5’-DNA region,” “5’-RNA portion,” and “5’-RNA
region,” refer to the portion or region of a polynucleotide or oligonucleotide located
towards the 5’ end of the polynucleotide or oligonucleotide, and may or may not include

30 the 5° most nucleotide(s) or moieties attached to the 5° most nucleotide of the same

polynucleotide or oligonucleotide. The 5’ most nucleotide(s) can be preferably from about
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cDNA synthesi’s, as knowh in the art. Amplification of DNA- RNA' hybri d

woul d red%ﬂNAéybdés)@r oristhresthepéoft g@ehy:ﬂ)mmlostomee,mlmnnda tbfsgﬂnAme@pf

den %uratl on f ol ) % bg reverse 20 trans {)tlon tto obtain. a.c

tarZ t nutPie ‘c’?alarl??&“ MBS BIFFOPTRAHS R £ 8 r &8 CHigrY B Uy TS g Erre such
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materi al by procedures wel | known in the art. The initial step of the

anpl i fi caacutsnlswtaadatr@mgbmqhmnéhecarhcmpb@qat@mf ap RN A taeqti il requie inidiehet
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denaturation of the hybrid to obtain a ssDNA, or denaturation followed by reverse

20 transcription to obtain a cDNA. The target nucleic acid can be only a minor fraction of a
complex mixture such as a biological sample and can be obtained from various biological
material by procedures well known in the art.

The initial step of the amplification of a target nucleic acid sequence is rendering

the target single stranded. If the target nucleic acid is a double stranded (ds) DNA, the

25 initial step is target denaturation. The denaturation step may be thermal denaturation or
any other method known in the art, such as alkali treatment. If the target is RNA, the initial
step may be the synthesis of a single stranded cDNA. Techniques for the synthesis of
cDNA from RNA are known in the art.
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25 initial step is target denaturation. The denaturation step may be
thermal denaturation or any other nethod known in the art, such as al kali
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a single stranded cDNA. Techniques for the synthesis of cDNA from RNA are
known in the art. 24 WO 01/020035 PCT/ US0O0/ 25104 Conposite prinmer The
anpl i fi c&tQepPSHEPHAEE of the invention enploy a single conposite priner
that is conp RN P, FH‘%ﬁéé&“ Sid fiim e
prinmer is cri ?Ii&h?gpﬁ] i narggtgquenﬁéldsvg aocne%ﬁeﬁogg prlg)rrer extglfetrllltél?on
product hycdnpakedgf RNAaamlemN(%a;dﬂuonso ri%iie)coﬁlpomthtns.lgh@f plrd premeras dritidad for
extension of the ne i mer the ol yrrer diti.on, cl ava e of
the RNA puPseaBst stpl/gi‘igmfﬁt e R ROB PO St oY bR oS 3 s padif

anplg fi C%Bhff)@sﬁerﬁﬂﬁ&lanw&&térﬁldﬁ%f tRe cgf?lﬁl@l;@yf}férpomrhﬂce' IRhdAHoRY t he
conposite prinmer, as described bel ow mposite priners for use in the

met hods a:ﬂﬂjwa:gfmfohe RNgnportibn Dﬁélemrmnxtenmmquw leads te gensrativn ot | east one

the ©ar gar iRt aieh Shddnat Ejuesial Serhaenitegion o Mo bReRis Ihet Ae. tua

por ti on( Yesdribed beRGUENCe on the target nucleic acid; and (b) being cI eaved
with a ribonuclease when hybridized to the target. DNA. The conposite
primers bind t@ompesite arigers fonusel inithe methpds andpopmositians plethe Prsgens livsentian whi ch

onl y, t he BNAROLHLO e t th a

ri b}c/)%ucl €a5e& rlsétjc aS? %\%mﬁlﬁ%mﬁﬁt tlstcﬁé%lglgﬁgygg'fl #%ggy@gd%?@ to\g; ntact, thus
enabl i ng saquemad bmgaeaﬁrgmﬁtcthecr adi@ (eoplate) uﬁlfelpﬁiﬁfent diheybeidivatish bEthpONEr s al so
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conpl enent ary sequence in the target nucleic acid is favored over the
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ext ensi O
to the target sequence (template) is favored over that of the nucleic acid strand that is

20 displaced from the target nucleic acid by the DNA polymerase. Such primers can be
rationally designed based on well known factors that influence nucleic acid binding
affinity, such as sequence length and/or identity, as well as hybridization conditions. In a
preferred embodiment, hybridization of the 3’ DNA portion of the composite primer to its
complementary sequence in the target nucleic acid is favored over the hybridization of the

25 homologous sequence in the 5° end of the displaced strand to the target nucleic acid.

Generation of primers suitable for extension by polymerization is well known in the

art, such as described in PCT Pub. No. W099/42618 (and references cited therein). The
composite primer comprises a combination of RNA and DNA (see definition above), with
the 3’-end nucleotide being a nucleotide suitable for nucleic acid extension. The 3’-end

30 nucleotide can be any nucleotide or analog that when present in a primer, is extendable by a

DNA polymerase. Generally, the 3’-end nucleotide has a 3°’~-OH. Suitable primers include
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art, such as described in PCT Pub. No. W99/42618 (and references cited

therein). The conposite prinmer conprises a conbination of RNA and DNA (see
definiti owoaho®3s with the 3' -end nucl eotide being a nuelcaatsodesisaui t abl e
for nucleic acid extension. The 3'-end 30 nucleotide can be any nucl eoti de
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RNAI@ or ti pRel erﬁbodlﬁq@nﬂﬁl@ &%rpo'sf?@pxl?rﬁ&\"ﬁqﬂe Exl%entgﬁf H\&p&)m 4362k %Q of an

portion In ner- conpri si |on an RNA
port| on qmmd&emﬂraﬂ@sahieymfer\meA pbrtian (abguhmpma bptvekea DAY from 15
about 3 to about 20, even nore preferably fromabout 4 to about 15, and
most pr eﬂe%“é‘H}SQ/ fromabout 5 to about 10 nucleotides. In some enbodi ments

of a conposit erpyLigA of SPRRA S6fien & aﬁ"’éod%%itg‘ﬁfﬁﬂe? BonﬁBﬁ'sx aBNONWRbitRR, an

RNA portion can be at |east about any 4, nucl eot1 des, wth an
upper | i rantd a0fRNb potticaroan bk pidderably, fr@@0 ab@sg, 1 ta(about@él motd pte@rabbofrtﬁme | engt h

andla 3-SR BB SeDmO R Ry Jorrpmm b Biodt [ e furt By ' O

nucl eot i d@sm aB&tS to Rb&EtEIDARcofidEMIRBGHE e&bbdln@ﬂ@,uifa%@nﬁuﬁlteqmméies even
nore preferably fromabout 7 to about 18 nucl eotides, preferably from

about 8 teomassing 1% -y restioniensd andRN Arpestion; ae R&¥A BpFjionfcap be aljeast ahautt o
22%?’ i g any%lfgoé &3\%‘”&? u&’etsh\?/ftg%mgg ér@% %%Opg%rgp@gf gg%lgﬁl% ;%);t |2(5)n can be
at | east nucleotides.

20 The length of the 5°-RNA portion in a composite primer comprising a 5’-RNA
portion and a 3’-DNA portion can be preferably from about 3 to about 25 nucleotides, more
preferably from about 5 to about 20 nucleotides, even more preferably from about 7 to
about 18 nucleotides, preferably from about 8 to about 17 nucleotides, and most preferably
from about 10 to about 15 nucleotides. In other embodiments of a composite primer

25 comprising a 5’-RNA portion and a 3’-DNA portion, the 5’-RNA portion can be at least
about any of 3, 5, 7, 8, 10 nucleotides, with an upper limit of about any of 15, 17, 18, 20
nucleotides.

In embodiments of a composite primer comprising a 5’-RNA portion and a 3°-DNA
portion further comprising non-5’-RNA portion(s), a non-5’-RNA portion can be

30 preferably from about 1 to about 7 nucleotides, more preferably from about 2 to about 6

nucleotides, and most preferably from about 3 to about 5 nucleotides. In certain
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about any of 3, 5, 7, 8, 10 nucleotides, with an upper limt of about any
of 15, 17, 18, 20 nucleotides. In enbodinents of a conposite priner
conpri si Myoa1®200BNA portion and a 3'-DNA portion further PCoMo0/23104
non-5'-RNA portion(s), a non-5 -RNA portion can be 30 preferably from about

1 to about 7 nucleofides, nore preferably fromabout 2 to_about 6 .
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about 15 ﬂ"ﬂl@lébﬁ@és%ﬁﬁ&raﬂl? foat dkung enhtank MeAtide@ides, HAMRES bieerfly fRm 10
conprising a 5' - portion and a 3'-DNA portion, in which the 5 -RNA
porti on iaboulalf) taabaut duckeetides. hyaeririn emdadinments of A RRIVOSEE PIBE can be at
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RNA por t iadjucet ta tleo3THON At rijen, ther 5’ cRINArpostisigean’ be aatedst abouOi qf@; 5) i8S wi t h
at | east gne [ntervening RNA portion can b referably fromabout 1 15 to
about 7 riYanslselidess WigRaPpridiel abTEPY FEYRELbUL- b&?g O%BtlECHucl eot i des,
and nost pref ef}é%ﬁ(gtﬁ 6O BRI nink RRAPHRHDN ) z[‘é’(ﬁbﬁ%gtlre] gﬁg;erlf)d’i\l}nA 5’-and

enbodi nents of a conposite prinmer conprising 5 - portions with
at | east 33d2NArpoeromswithyat At grerinieovening RN Arpiostiorecsinrhg fRfArabyr frommaboetnl be at

| ea abaout, a of ,1...2, 3, 5 nuglegtides ith an_upper,.,lim,t of about
any o1 510 gbPY siehtiad, mbresde e Solrgin 10 bl B Richy R ort on i n
a 20 co MRfé&fetaBl rbxﬂ%'bo@t@%@bﬁhﬁ)n@le%tfd%n&@ﬁkleﬂ{bodﬁﬂerﬁ@, oft £empdNe
intervening R portion can be preferably fromabout 1 to about 7

nucl eot i dwinereempriging Herand y-INo peripns tvith at deastensuntesvening RAinegion, amd nost
o T AR RS g ELSR 55, 8 AR STRANLAERRS O o
RNA por t ilinit ofiboun ey 656N, RNAciEotité Mhedendiie ofidin insasénighRNA pottiowfn d, 2,
3 250 composite primer comprising a 3’-DNA portion and at least one intervening RNA portion
can be preferably from about 1 to about 7 nucleotides, more preferably from about 2 to
about 6 nucleotides, and most preferably from about 3 to about 5 nucleotides. In some
embodiments of a composite primer comprising a 3’-DNA portion and at least one
intervening RNA portion, an intervening RNA portion can be at least about any of 1, 2, 3, 5
25 nucleotides, with an upper limit of about any of 5, 6, 7, 10 nucleotides. In a composite
primer comprising a 3°-DNA portion and at least one intervening RNA portion, further
comprising a 5’-RNA portion, the 5’-RNA portion can be preferably from about 3 to about
25 nucleotides, more preferably from about 5 to about 20 nucleotides, even more preferably
from about 7 to about 18 nucleotides, preferably from about 8 to about 17 nucleotides, and
30 most preferably from about 10 to about 15 nucleotides. In some embodiments of a

composite primer comprising a 3’-DNA portion and at least one intervening RNA portion,
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25 nucleotides, with an upper limt of about any of 5, 6, 7, 10

nucl eotides. In a conposite primer conprising a 3'-DNA portion and at

| east oneworieeondfi ng RNA portion, further conprising a FCTRNO/pINt i on,
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with an U8pd? Rinvrleoddesapout any of 10, 12, 15, 18, 20, 22 nucl eoti des. 10
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por ifon ca roma %0 about 20
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20 nucleotides, and most preferably from about 3 to about 6 nucleotides. In some
embodiments of a composite primer comprising a 5’-RNA portion and a 3’-DNA portion,
further comprising non-3’-DNA portion(s), a non-3’-DNA portion can be at least about any
of 1, 2, 3, 5 nucleotides, with an upper limit of about any of 6, 8, 10, 12 nucleotides.
In embodiments of a composite primer comprising a 5’-RNA portion and a 3°-DNA
25 portion in which the 5’-RNA portion is adjacent to the 3°-DNA portion, the length of the
3’-DNA portion can be preferably from about 1 to about 20 nucleotides, more preferably
from about 3 to about 18 nucleotides, even more preferably from about 5 to about 15
nucleotides, and most preferably from about 7 to about 12 nucleotides. In certain

embodiments of the primer comprising a 5°-RNA portion and a 3’-DNA portion in which
30 the 5’-RNA portion is adjacent to the 3’-DNA portion, the 3’-DNA portion can be at least
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I n enbodi nents of a conposite prinmer conprising a 5 -RNA portion and a
3'-DNA 25 portion in which the 5 -RNA portion is adjacent to the 3'-DNA
portion, wbeilzngt h of the 3'-DNA portion can be preferalpcy/fsoonsiabout 1
to about 20 nucl eotides, nore preferably fromabout 3 to about 18

nucl eoti des, eve re preferably from about 5.tq about 1 nycl eot i des,
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portion can be at least about any of 1, 5, 7, nucl eotides, with an
upper | i nfi2nugteotibesutinaome embodimens, of AxompRsite PomeX@mpuisingot '+ awks3’-ONA | engt h

por 11 on) 1ot~ aafpdr Lot inherer RN PR 3™ ERAR psr PRl st one

i nt er venibgut 4 oRYA3 PRI7L 1 @ Rudlédiides, vatiedeipel YimitrcTabaiemy of 10,012absuts, 10
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COmPOS BT TR ARG ORop R FALRELE. % 908 fhyd iy A0 e 1
10 portion) in a composite primer comprising a 3’-DNA portion and at least one intervening
20 RNA portion can be preferably from about 1 to about 10 nucleotides, more preferably from
about 2 to about 8 nucleotides, and most preferably from about 3 to about 6 nucleotides. In
some embodiments of a composite primer comprising a 3’-DNA portion and at least one
intervening RNA portion, a non-3’-DNA portion can be at least about any of 1, 3, 5, 7, 10
nucleotides, with an upper limit of about any of 6, 8, 10, 12 nucleotides. The length of the
25 3’-DNA portion in a composite primer comprising a 3’-DNA portion and at least one
intervening RNA portion can be preferably from about 1 to about 20 nucleotides, more
preferably from about 3 to about 18 nucleotides, even more preferably from about 5 to
about 15 nucleotides, and most preferably from about 7 to about 12 nucleotides. In some
embodiments of a composite primer comprising a 3’-DNA portion and at least one

30 intervening RNA portion, the 3’-DNA portion can be at least about any of 1, 3, 5, 7, 10
nucleotides, with an upper limit of about any of 10, 12, 15, 18, 20, 22 nucleotides. It is
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nucl eotides, wth an upper limt of about any of 6, 8, 10, 12 nucl eoti des.
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enbodi nents, the 3'-DNA portlon is adjacent to the 5 -RNA portion and

i ncl udes thehprlmer) nost nucl eoti de of the prl mer (and the 5 -RNA portion

i ncludes the tide of r I of the
con‘L@m te pri m}e@% leB%!t% ?gtfe croélﬁﬁosmf‘éom a trh% I)f‘f)feea%ly ggrtl}ta%lgol Oﬁggﬁélgtl des,

more pr ef@rmiale»uﬂéspmoa@mferzﬂtﬁy f@nﬁdlmut 1536 dvoal Bohuditesidesyand most prpfeefbly abl y
fromabout 20 to about 25 nucleotides. In some enbodiments, the |ength can

be at | eds@m a%ﬁ 2P taaous S npcleqtileso fn sops ¢mbedimentadhe lepgthyragbe gplsast | i ni t
of about a% O%EIO %0 20, mﬁ:@eotlﬁysc Ivﬁﬁ’ltdn er lllﬁnt 54 abmﬁ%ﬁ%f’?ﬁ 3bh@6 Sbhe

| engt h can reater or’ ess as appropriate un réaction
conditio nmdn:btlﬂdsse i Wi sstonk thatitse lengthrehn ba greher ac lesg e apprbpriade nadedr dire
depends on ot her

ich, as is wel and u tqod i.n the art,
faci%rs §ﬁ%‘1‘|‘°8§°n‘$189n5e‘¥n ]Fr‘i)m@thoa%ﬂ{tglss‘f‘\“‘é‘ﬂ&?h and tenperature), conposite
primers for usg admetve% BEAIRAML (VALK TR AR rRNE Al uhB&sRbE HEME attIVenti on
are preferably of F,east about 60% nore preferably at |east about 75%

even nor edepcréisemaiﬂhqr f@sttorls eacht aSafm grample Jo%ic strruethesd tqmn@f @urab Icymapsltee ast
b(iiua DNA

and Rua. BSPETBRE U e meptels e eo B e Rlord ST HE hr SRl itumm PRt Bt Jhou
60% nor e pasf afbbﬁMQ%,&hoﬂe@ﬁ&Era@E@ﬂeaZ%ouﬁ%% ¢eh endeé pfederablly it &hsﬂaﬁ@@t’t
abOl2J(t) 90%)O%, and most preferably at least about 95% complementarity to the target nucleic acid.
The individual DNA and RNA portions of the composite primers are preferably of at least
about 60%, more preferably at least about 75%, even more preferably at least about 90%,
and most preferably at least about 95% complementarity to the target nucleic acid.

As described herein, one or more composite primers may be used in an

25 amplification reaction.

A polynucleotide comprising a termination polynucleotide sequence

In some embodiments of the methods of the present invention, especially if
transcription-based amplification is used, a polynucleotide comprising a termination

30 sequence is included, examples of which are provided below.
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and nost preferably at | east about 95% conpl enentarity to the target
nucl ei ¢ acid. As described herein, one or nore conposite priners may be
used in awoo2p2@nplification reaction. A polynucl eotide ceeprissi/agyoa

term nation pol ynucl eoti de sequence I n sone enbodi nents of the nethods of
the present invention, especially if transcription-based anplification is
used, a pOViPRIEPEEeh HiBoREHBPH% ng a termination 30 sequence is included,
exanpl es' of "whi ¢h.oa% 81iR5AVIARG. it Qb 1L AR0RRRRGILHSA A1 04

Tenpl ate sw tchgoIolﬁgor%%?:lﬁle()el(:alﬁ ee A secgﬁ%e%\ﬁ%onu Ieot% de that can be used
i n the anpvéntionat a ermimatibosisitadf oligoaucleotiderfSON. Isoze dnebadimentj tha TSW t ch

ol i gonucl eotide (TSO . I.n one enbadi nent, the TSO .f LONsS as a

Cer ot nat ITAEISES B B naHon sLREr digooRFesbotmee T EAFErE 23 o 5
term nat 't%iﬁﬁﬂﬂﬁé&ﬁ@qrﬁ@%@?&‘ﬂ&@§ pPoRbABlcPSRuskcesequence. Previously
described anplification nmethods based on tenplate switch oligonucleotide
wer e restrict dfevipudhdessohebamplifidatinn ofethdds bassdiogdemplatestyitth due to

i nhi bition. of hybridizatjon of the second j1Te or .the second,. ..

nybr i ai z atiesRarplesferd Ritrkah s hus iR BF I s NS BERS fibiion
utilize afhlybgliatRin gTRhe SiR6Ad FiSmer] bﬁtHé'%E&QﬁSlyBﬁdizB@orﬂQ%ﬂ SvBe ki ipianer f r ee
of this limtation. In contrast to previously described nethods using
TSOs, t hevhaarthe methodvis designst iteyutilize avrgle prighsnseicss dhe methedgpf @encent rati on
for,nanpl.i.ficati C [ Q t i ion. This
foallr o dneiiBh R G R B Ao pr o L LR e R

t arget stTSOg theatashphasxswitchadigbheclgtiglke dan bé udedent high contenaratian fozonpl ex, the
substrate faqr. prinmer e(@';enslgon %ng tfarrpl ate swtch. ?F 5 addi ti onal

at tri but ETSHITIRTIN 4eqTdiRgsto; (8e MEods P BF BFRSCHYBYSHHP R at NSHCBYTCER¥IE spl aced
primer  exfigBsi BrilEAMIELE ho ofihub ROREAGhS Whdet Birilld SRNMGLRALIsIRe §io1d Or M a
substrate for the RNA pol ynmerase, as described. A TSO conprises a 3'
portion tdfake camoleyilan chnzex, the swbstrate fretpriame eatebsiopand feorplatevkwvitth. i An

designed far.strand switch durin olymerizati.on. (s Fi.qure 2A-C). Design
0 LEMS0 Agobnl Rt o R At P B R bR oS Rne GHhEe Thme Lo b
was previQumsdnesduct RaHe tethpPat siviteH olddonuclEbtide to Maim h sisadte fS€ihe REEN 1996,
93:2969-2974. The 3' portion hybridizes to the tenplate at a location 5 to

t he posi tRobymesese; aydespribad. the tenpl ate pol ynucl eotide that is
conpl ement ary A%Sw&rﬁgprisgpg3oﬁor{i8§ tHal &Mybﬁ)&}z% s 'th%r{arget and a 5’ portion

which is designed for strand switch during polymerization (see Figure 2A-C). Design of a

20 TSO that would effect strand switch is known in the art, such as was previously described
in Patel et al., Proc. Nat’l Acad. Sci. USA 1996, 93:2969-2974.

The 3’ portion hybridizes to the template at a location 5’ to the position or region in
the template polynucleotide that is complementary to the 3’ end of the primer extension
product prior to switching template from the template polynucleotide to the unhybridized

25 portion of the TSO (“termination site”).

In one embodiment, strand switch is promoted by the presence of mutually
complementary short sequences in the TSO segments immediately 5° and 3’ to the junction
between the hybridized and non-hybridized portions of the TSO. Without intending to be
bound by theory, one explanation is that in the event that the primer extension product is

30 extended into the portion of the target nucleic acid that is hybridized to the TSO (through
displacement of the hybridized portion of the TSO), the 3* end of the primer extension
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product prior to switching tenplate fromthe tenplate pol ynucl eotide to the
unhybridi zed 25 portion of the TSO ("termnation site"). In one

enbodi menwO mte@asl switch is pronoted by the presence of matraEob/gs104

conpl ementary short sequences in the TSO segnents immediately 5 and 3' to

the junction between the hgorl di zed and non-hybridi zed portions of the
TSO. " W t rraeduct worldromprise a sort prausieenaticas S o o complsmentry 8P s that in

the event, g&?&ei e REd 8??&;& Ifs?ﬁﬁ%“ %}fédé%fénﬁg tﬁéﬁﬁ&‘i’cﬁfjbétméh h@e portion

of the target nuclei ¢ ac tot TSO (throug
di spl acerybtidued amrbnmybyhrnﬂimq)onmmiotﬁtheoTS(ﬂ h@hfﬁS@reasehéleafﬁcemty@[f t he

primer exten |on .3 1/ 02003 0/.2510 roduct. woul d conpri se a
Phort sedtiBREls THIinEd BFREE e pLotBIRY SREME I RS oL BRABROER ¢ he
segnent  afyiicheo he@9ommdorb& % @@h@ﬁs@tm@leﬁgﬁ olfma:%ba RoRpleARARY he
hybri di zed and non-hybridi zed portions of the O This increases the

effici encsyqun‘nceslemfaablys%m ebout § tbybwm@ﬂmsieﬂgdqsmommb&mbﬂy frymtabaut fhe

e at o0 PR 2ABERORFS, B! af retfiahfiR abilfy \Cabban BIUER, 57 affue

from abOLHm&dhﬂeramwgﬂm ame@lst%bmd@@,ofrmz 65,171 €6 BuA&Itiet, MaAM @abeper Bmitt 0
about 15 nucl eoti nost preferably from about 7 to about 10

nucl eot i dﬁ@bomtrﬁnx @fré @n%MSrmw ogtidese r{btswnid@rsf@pd e ghe lapgihcampg/gigptenor 3, 5,
7, f 20, 25
nuc ?.Q,‘Ot i S%OE %%%ﬁjsp & dj}l g{kggg&fﬁ%ho{l t:%c{ltl(rn% of Orgé.tltllg qulf’uga:l??\(":‘e I‘ni]lgllg 10 | ess, as

appropri at e urideome i&mbb&mcﬁnts;ﬂuetﬁolpdrttdnmﬁh@TS(Dhemlpsmsésmqﬁéncé Kii@emaiﬁmentl on.
I n sone enbodi nents, the 5' por é)f t he TSO conprj ses equence

( her ei naf tpéqpromaﬁea PROYERACE) that @ée for forgpation OgééiP@Wé atrmefsi PHRIMALT & of a
doubl e stpangd rﬁ e DL FTHRA emBEHiRNG T TR0 Irfd fﬁ%bl@omﬁ% Tehikiohhe TSO

woul d functi on b a termnation sequence and to provide a pronoter
t enpl at e.sequench s @ryodiere promathetemppbibe. dnmhlsrenﬂaﬁdmpﬁgeh@propfomdta TSO serves

tenpl ate fof i t f N
combi enorearpet Bt tid S S5F6 pdrmaf B BEOGPRRR of ST FIRo 1 he
prl ner e@&i&almo%ﬂaﬂ&ha?%h&qﬁaﬁ@;nowfgéq&h@@éﬂtﬁatéhiplaei%@mmﬂd sing a

propronoter sequence th i s hybridizable to the propronoter sequence of
the pri rrmrlr@s(teét@gslgn pprdueiu cfubsequent hydridization efea TR cempasmé @repremptended

promot er SSG0 Qé f1aPl h?/fo i§5hba go{ e%)n(fpcf{)#nﬁ{e% 9%, QXC»%f%lQ&E E smer t%S%?%l{cé DNA

p0| yner ase. I’OI'TD sequence anscri

are knowresubtstif ﬁ)rﬁfaﬁon aﬁa M&laﬁtdﬁd&spmfnowtcapamlmgf ﬁfedﬁﬁg tramsktipgort byem
Preferably, the ronot er sequence is selected to provide optinal
traf@cri plitabla polymeiasgt Promoterseayeageshat allow transcription of a'template DNA

are known in the art, as are methods of obtaining and/or making them. Preferably, the
promoter sequence is selected to provide optimal transcriptional activity of the particular
RNA polymerase used. Criteria for such selection, i.e., a particular promoter sequence
particularly favored by a particular RNA polymerase, are also known in the art. For
25 example, the sequences of the promoters for transcription by T7 DNA dependent RNA
polymerase and SP6 are known in the art. The promoter sequence can be from a
prokaryotic or eukaryotic source.
In one embodiment, the promoter sequence is adjacent to a sequence that is
designed to provide for enhanced, or more optimal, transcription by the RNA polymerase
30 used. In some embodiments, the sequence is not related (i.e., it does not substantially

hybridize) to the target nucleic acid. More optimal transcription occurs when
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RNA pol ynerase used. Criteria for such selection, i.e., a particular
pronoter sequence particularly favored by a particul ar RNA pol ynerase, are
al so knowwoion/oedees art. For 25 exanpl e, the sequences of treTarsooresies s f or
transcription by T7 DNA dependent RNA pol ynerase and SP6 are known in the
art. The pronoter sequence can be froma pr okaré}é/qgt,i c or, eukaryotic source.
In one eisoyriptinnal acthatynfdhopaymemsge Eame Promegrakat it oneirtiyebidinksd desaitat i s
desi gned oV %nﬁ‘ . i: , SldeRLd t he RNA
pol yrner asgéeqq‘e%3 léggegfwfr%ansorreg%%%?{n%’n S ?“’fﬁ‘}eh@%gu??{{c%a?s ﬁo%dl?% a%{tesd
(i.e., i fordgeismahahnstipsématigahdryllhibovidinzty attas plregicualyglescrihed Ifex variaos d.
More optimal transcription occurs en, 01/ 35 PCT/_ US00/ 25104
transcri BN%ﬁ_SIPCUQE’?ti |$)?°5Fn€tr?r°§saqu‘F ﬁ%’lnalig %W%%&%r@ﬁg&n £ ’1i4§'
opersatively 'Elggsfis%&ecﬁaﬁ%dnﬁaﬁuae dnB g3t gsmbﬁ%mferm finBlL@RlRy t hat

is not so lin e sequence requirenents or optimal transcription are
gener al | gnfare@mpoitionttha habtidiaes tprtarget) thelt Jiylotetizasithb gt ttmplaieaPNduis att@iad

dependent RNA pol ses, ,such as in U.S. s. .5, 766, 849 .and

5, 654, 1430 ths t?'&@%ﬁeﬁ“&ﬁ%&‘ﬁ%‘ﬁ?%‘ﬂ% of e IS hnRGoninged RISRNG of (he
TSO (i nclydieRgxieRGon RRbbdtsntially Ak eas subdieditybinhilieas SuRablehieiols fdat
hybri di zes to the tenpl ate DN%\ is attached to the tenplate DNA such that

di spl acenehieviog sedheatmgiongny indhedep sdopmgnessknaviein the arésueh apysings CERYBASI on i s

subst anti al |l r at. | east, suffjcientl J:nhi bited... Syt t hods for
achi evi n&nglﬁg Hlagf?rg%lﬂﬁﬁgits'dfuﬁg I}ﬁé‘féoscyf ltgéﬁorﬁlgﬁagg)glgrl\%s\g\%b?%jnmtlaﬁ%{ag#& duch as
using a PY6ONafleAdsH. 3RS 198 968 &i 18); andtarkedpudiet acids ydebaibrdgde.g i cat i on
(described in Flanagan et al. Proc. Natl. Acad. Sci. USA 1999,
96(7):35113K81)n,afa'i*ﬁiw%MK&M%@I@%L%iIQQS’(S&@@QiIBE?&}a’td.aya,‘hleﬁ“‘rﬁitmlrar et al .,
Bi oor g. e . 9 " 9 3 : I : : Proc.
Nat | . Acéll%&' g%l . %tsgbé%% %O})(O?g?@é%%%}%g)z%dhﬁ{ﬁng@?t a I?(gg?r%ﬁ%ﬂjsm}ghcl ude
usi ng, whereappppriap, safuences eqthemitigh G@ tdntentlandfor Goscbnkingt Aapdf these
cross-1inking ny of . these 15 met hods for obtaining.enhapced attachnent
i Do udRhals HEStSRNITg CEASF ARTUET BRL BF SECAGRE Bt FHEDTERST <

subst ant ifglljyceffenB 4 the T5ONE kibstamBhlyy beshffidiehtLinRRid R BS Eolyﬁi_é&és@ hes
tenplate fromthe target nucleic acid strand to the unhybridi zed portion of

the TSOskitchds ttrpplate fadnodie 12634 nyslei¢ e¢idisirgndato thewshybridizad pemn ofitice
Y e T T e
TSO di spl7aegaBdinosptefktoly RgeRimdut 009 ¥f thedi&as 6fbrithér dxbdsiafipl | fi cation
et 2hOOdS lS?labgtargt(i)all?/ osr %ﬁflﬁsc{e?lﬁ; ?r{h)i/bi{eﬁsfjsl(g dilsglageenrqe%st cgr]: al?ggg Qrtnpior]iccai[l}r/1 iendgceafeldr ed

if the amplification methods lead to a satisfactory result in terms of amount of the desired

product. Generally, under a given set of conditions, the “modified” TSO binds more tightly

to template as compared to a TSO not so modified.

The length of the TSO portion that hybridizes to the target nucleic acid strand is
25 preferably from about 15 to 50 nucleotides, more preferably from about 20 to 45

nucleotides, and most preferably from about 25 to 40 nucleotides. In other embodiments,

the length is at least about any of the following: 10, 15, 20, 25, 30; and less than about any

of the following: 35, 40, 45, 50, 55. It is understood that the length can be greater or less,

as appropriate under the reaction conditions of the methods of this invention. The

30 complementarity of the TSO portion that hybridizes to the target nucleic acid strand is

preferably at least about 25%, more preferably at least about 50%, even more preferably at
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product. Generally, under a given set of conditions, the "nodified" TSO

bi nds nore tightly to tenplate as conpared to a TSO not so nodified. The

| engt h ofwDhe/0TiB63 porti on that hybridi zes to the target nweclraisoo/2aab4 strand
is 25 preferably fromabout 15 to 50 nucleotides, nore preferably from
about 20 to 45 nucleotides, and nost preferably from g yut..25 to 40

nucl eot i drast abopt B heandaness areterably at leagtabpatip, tPétSé‘%te‘P‘g ndiRgIRAUEE of t he

foll owi ng; .10 .5, 30; and | ess than about any of the foll ow ng:
35, 40, %gtﬂ%talgjeggu‘g%%al g understood that the | ength can be greater or

| ess, as appropriate under the reaction conditions of the nethods of this
i nvention, The 30 conplenentarity of the TSO portion that hybridizes to the
target nPEPCSeq¥efestrand is preferably at | east about 25% nore

prefeerably at 1 638¢ eABOMHMmeRE he PR BRERsI REAIARbY @3s PRvRd®3Q035
PCT/5l6JSOOI 25104 gﬁzagt aboSt ’75&? 1anél rmst1 pr ef er abl ;éfgfnl eggfa abog)fg’ 90% to

i ts intemhieletdenaineg $heblonke sequenth s atpalyyerclaotidé.aisvallycd syntiBtiocker sequence

5 In some enbadi nent.s,. the prinmer extension termnation uen is

provi ded pﬂé'nﬁae?}ﬂ%chﬁf 1S S e Edrﬁé&‘iﬂng)gﬁg?ageeqdlﬁ% e&hatilgﬁgbqb(g?aﬁeﬂcl eot i de,

usual I'y rg¥RabRRLIMplenikth U6l 0REmER ofthiabt ulend £9d Sequbicryied tRnbsitionpr i ses

a sequence that is hybridizable, preferablz)t/,. compl enentary, to a segnent of
[

target nuethsitergetciequense than isccomplementary tpdhe Ticod of the nrimeer exiegaion peduehce

th is conpl.enent ary tQ t ' end. I i 10
(o8 o nOPRHRERPLE). Tihe ok e PG phUSRict BRE b IR (e PRRRIEpeidD,
target nugtiedrcaffifiitg] prafetablyedhigh hifivityy suchriedteliabloyken séjughceafesistai ty, such

that the bl ocker sequence resists _displacenent by DNA pol ynerase in the
cour se ofdisplacamentdyt [ANA; Rodymeraseindhesopsie of Rstnger ef‘%éﬁo’ée% & ef%‘Gg};y e

preferab ltl)fanr%roﬁt %qa/s’%nglf’%g)%feég% %%Qﬂaﬂ%o‘ﬁg ?@%‘: Sfcithote ?gé'fgr_aﬁlg%re Ut 75%

and nost pretera t han "about 90% primer extension events. The 15
| engt h anrtowdi5paand inast pefardbdy loocthan abmit PAYUs o€ ptimdeesérsidnkviertss fbh t hat

excessi ve rando non: speci fi bridi zation is oi ded, under t he

oAl Tl oleredt s poriionet e Siadtep PuS AL shtt bR S e Gl e Sendom,

bl ocker %hlégélﬁﬁ@ﬁﬂrﬂﬁzd-ti%nﬁ’i Slotdealindef the Bbdists of thomadheds ofife pRedalteot i des,
nore preferably fromabout 5 to about 25 nucl eotides, even nore preferably

f r om aboutvedtion Eholength®fthechledter gelynuclentideds prefrrabils from goout &t alwatiB010 to
oDou L ORISR PRSP RPRTITIS Bl S oS ol 0
about anyfrdh abdige 8fte hbsi20 Guclétided SandIflost preferablyifBom about 10 to about 15
20 nucleotides. In other embodiments, the blocker polynucleotide is at least about any of the
following: 3, 5, 8, 10, 15; and less than about any of the following: 20, 25, 30, 35. Itis
understood that the length can be greater or less as appropriate under the reaction
conditions of the methods of this invention. The complementarity of the blocker
polynucleotide is preferably at least about 25%, more preferably at least about 50%, even
25 more preferably at least about 75%, and most preferably at least about 90%, to its intended
binding sequence on the target nucleic acid.
In one embodiment, the blocker sequence comprises a segment that hybridizes to
the target DNA is attached to the target DNA such that displacement of the blocker
sequence by the polymerase that effects primer extension is substantially, or at least

30 sufficiently, inhibited. Suitable means for achieving such attachment and determining
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understood that the I ength can be greater or |ess as appropriate under the
reaction conditions of the nethods of this invention. The conplenentarity
of the blwolean200pdl ynucl eotide is preferably at |east aborCTABWH/25104 €
preferably at |east about 50% even 25 nore preferably at |east about 75%
and nost preferably at |east about 90% to its intepnded, binding sequence
on the tawbmantigl;or spféicieat, anhibitop abdispioerment ate astq?é‘?fﬁﬂeg@k‘é‘fe @é%@rﬂ:ﬁéd in
conpri se i.diLzes to the target DNA is attached to the
t ar get Dm&gg@%gfﬁgthgg?ég% éltg&eér?gtr)l%' of the bl ocker sequence by the

pol yner ase t hdh oné émbodineni, therbleckice psliyouclestide wbsdoa figrictibh gificoantlytaslaeast 30

sufficiently, .inhibpited, Suitabl.e neans fqr achieving such attachnent and
ot er i miPHEPE: S0 TR0 G598 P TP DR B BEBACkFseaNenos P i ctent |
i nhigi Ui ghhiBed)! TRERFGISMr 1E&iRSthE Poindet BRI 1iBROY the kIOl sR okiBe  heE

1
met hods of the present invention. In one enbodiment, the bl ocker
pol ynucl endlidteanyghatgirevienhadditgon effrfucteptidesity tles3’end pf theeprivhesbyraddNéi ¢ aci d

t ensi i.e. tension f t he bl ocker. i d : 5
i bi t e@PYEEEn SR PGuES BE MG HBe B HEROFGn Y S TReui Ol ees
pol ynucl e@&diﬂ@atioﬂfagm ’%&%rdxbﬁ%roﬁﬁ,@f@ﬁﬁorﬁﬁﬁiﬂiéﬂ 6 9bdifie heecltotitiRssuch akhe 3’

y a po

end of the prinmer by a : ynerase. Such techni ques are known in the
art, i ncldidtorgnuciestidesinths E-mesiipesitionof &e bnckenpplynyclestide thapis noheapgble

hydroxyl group.. or ..ncorporaftion of i.f ucl eotide, such as a
did dc))xym?gla%c Olhé’g,ad‘lhﬁlgﬁﬁg&é&éor%@g 8’6%?.1}5%% }}cr}%g?s%'e bl ocker pol ynucl eoti de
that is not capable 10 of anchoring addition of nucleotides by a DNA

ol ynerase. Pol ynucl eotide conprising a propronoter a a regjon ich
Eyb?/i di z&lmlf_%ﬁ%iﬂ%?f&ipg a,mpn%pammcﬁqr?a@é@.prﬁgi%m%myb&?ﬁes mgigplaew s enpl oy
a pol y_nu&.rﬁggri JdenS8BIddSENY a propronoter and a 15 regi on which hybridizes
to a dis W%nm on product. In sone enbodi nents, the
pol ynucl eot i deSons: embdd@neits etmplograt milyraickotdoprmopnidieg a peguenaer, ands: di scussed
aboyve. |In other odi ments,. the propronpter seqguence is contained in a
BTl s dRHOR PSS TR R B GO EXRBRBR BTEl | §oNIE FBBPRTE Some
embodi Men}S polly As14BRIdB RS TSORMIAYN @on%iﬁé'@Fﬁ?r&ﬁ&éﬁ%ﬁeﬁc@!as?di@ﬂ%ﬂiaﬁé%@n
which is provided by a propronoter tenplate oligonucleotide (PTO. A PTO

for use iln othee embodiowstsathe preprposier fespienastis cortaiped ehPTOngsedeserdedi s a
si ngl e-

below.

20 Propromoter template oligonucleotide
In some embodiments, the methods employ a promoter sequence for transcription
which is provided by a propromoter template oligonucleotide (PTO).
A PTO for use in the methods and compositions of the present invention is a single-
stranded polynucleotide, generally DNA, comprising a propromoter sequence that is
25 designed for formation of a ds promoter of an RNA polymerase, and a portion capable of
hybridizing to the 3’ end of the primer extension product. In a preferred embodiment, the
propromoter sequence is located in the 5’ portion of the oligonucleotide and the hybridizing
sequence is located in the 3’ portion of the oligonucleotide. In one embodiment, and most
typically, the promoter and hybridizing sequences are different sequences. In another
30 embodiment, the promoter and hybridizing sequences overlap in sequence identity. In yet
another embodiment, the promoter and hybridizing sequences are the same sequence, and

thus are in the same location on the PTO. In the embodiments wherein hybridization of the
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stranded pol ynucl eoti de, generally DNA, conprising a propronoter sequence
that is 25 designed for formation of a ds pronoter of an RNA pol ynerase,
and a porwoan/oe@pibl e of hybridizing to the 3' end of thecgrisoeesiext ensi on
product. In a preferred enbodi nent, the propronoter sequence is located in
the 5 portion of the oligonucleotide and the hybridizing sequence is

| ocat ed PTQ teethgpriper extensias profect esuljs i furles amprisngHEOiRgi(the ending

nost  typi-Gal r P i ent

equencelt i 10 dih BoRBRBL a0, (Y ispflh&d e RERE DA HALERCT ences

over | ap icompeigingati@r pakeof theyproprompet seqarentd)DNAnfdgknems fill§ mehpovearbingr and

hybri di zi ng sequences are the same seque ,..and thus are in me

| ocat i on ! Freakie dopble sfran WIQWB%F?@E&O%@FW%“WWPW%?Sﬂtahgemﬁ‘g 35 WO

01/ %20033,858‘1:[&5@90/ 25104 PTO to the prinmer extension product results in a
ri

duplex c sing an overhang (the 5 end of the PTO that does not
hybri di ze to tPemdies gdqaenuts that abow eansmipiiomopa testhpdate DN iateakirioyvn ip dlmepart si ng

all or part of the propr ter sequence), ol ymerase fil in the

over hang anb davs lé??él%éiu%ﬁgg Ves tprsr%fgﬁlgﬁ" ﬁeﬂg%epé%%‘gﬁ‘feel% le‘ét?# i"cRrPYfSe

transcri RlphitiAl RinsBriftittdaf R itV LR ROHAUIRTASA polnRiiieaised eAHRAG ESr subt al | ow
ver

transcription of a tenplate are known in the art and have been

di scussedckbidnme i.cPppricalsr promaier spqusmoe partiselaile frverqdsbysepartiedar R¥Apr ovi de
o AR SRR, o B LS g, 0

Cri ri cul er' sequence

parti cul afanyerfpiod erz d7ayNa dipehdeatRAA FiPmRsPaid/SRs asd&nowa imtheartden in
the art. For exanple, the sequences of the pronpters for transcription by
T7 DNA depemeshsedrsisesan PRdioase Prkaryshe opsukapiotifsoniset he art. The pronoter

sequence can 5ﬁg&é%ngo&§r%?sr WRIPTO 9@5@%@%%&&&1{4&%&@ nédbebROE a

enbodi nent s, onprisés an inte ning sequence Betmeen a
pr opr onotpeoproegtee semenactdand omrtiorocapablpalf hgbradizing bo theti 37 iend of thetpmened' end of

the prinmer 15 extension duct. .Sui.t abl e. | ength of the intervening
seqbitnce 95198 PEMYFY i@'ﬂﬁ_ag&q%&%?m%ﬁé‘&f?wﬁﬂ‘&géﬁcﬂ"eﬂg can hesminicly e 1, 2, 4,
6, 8, 10,gclefminkd, AHTaRBelalRast B 12D £ 6, 8SMNANCES hetGettidey. Slitablee

interveni ng sequence can al so be enpiri cally determ ned, and the sequence
i s desi grsequenoe pieefityrodithe/intapveaningieqnense samalso be cmpiiale defegniaed. ghd the

The i nt erveieg ieiRaRE oDt byt eGSR G Brss oo RRS A BR S T or
enhanced, coafpafdarte ofidsionbdf thd §eqleiel i bAdleribodilent, R¥Antepleyigrse@enusBa.
Generally, the sequence is not related (i.e., it doges not substantially
20 sequence that is designed to provide for enhanced, or more optimal, transcription by the
RNA polymerase used. Generally, the sequence is not related (i.e., it does not substantially
hybridize) to the target nucleic acid. More optimal transcription occurs when
transcriptional activity of the polymerase from a promoter that is operatively linked to said
sequence is greater than from a promoter that is not so linked. The sequence requirements
25 for optimal transcription are generally known in the art as previously described for various
DNA dependent RNA polymerases, such as in U.S. Pat. Nos. 5766849 and 5654142, and
can also be empirically determined.
In another embodiment, the PTO comprises a sequence that is 5’ to the propromoter
sequence, i.e., the PTO comprises additional nucleotides (which may or may not be

30 transcriptional regulatory sequences) located 5 to the propromoter sequence. Generally,

but not necessarily, the sequence is not hybridizable to the primer extension product.
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hybridi ze) to the target nucleic acid. More optimal transcription occurs
when transcriptional activity of the polynerase froma pronoter that is
operati vewg oliomioasl to said sequence is greater than frompaTagrsooeiies t hat
is not so linked. The sequence requirements 25 for optimal transcri pti on

are generally known in _the art_as previously described for vari ous DNA
dependent RNA Ipang gmbediment, ghecPil @ gannet fyungtiopgtticiaqdly as g peigsa doranglerasad 40

and can e PRy RRAd that he PTO
compr | ses et Qo STERRLE Ry todPIERE AR, RiCBTOr BFPIETRERIEER) el " T pro
conpr i sepradi additial ofmucleetiiéscte she ¥iheind lof theeyP T byrayDMAtpobengase. Such

Sequence EBHBERTEKIONGAR Tt HELUaSa 1 arpife SR & FOSHISRURG BF g1 2abi o
to tye pry 'E'?Hroﬁi‘l}zﬁﬂr?b AR iRlofsHistton o3t MEAiAdd Qé’aéﬁﬁlepﬁﬁ H§Qgid%5)1%cle6tl@@e

enbodi nent O cannot functl on efficiently as a primer for nucleic
acid extinths BrmosT positiogafthe PAIO thiabis ioheppable Oéancm@rlng addition of mycledtidePTO

i ncl ude revent adltlon f. n S L. the end f t he PTO
by a DNA% ’;’ﬂgr%oégmeréﬁec Ht1 ag%%qsalgge toé’roeclkﬁﬁ usf%ea 3‘?% RN ]dl ng, for
exanpl e, rayb&ilé Whidha§a AentBRelbf & Skcifbifding bslrfsuah adyetigxyl group, or

i ncorporation of a nodified nucleotide, such as a di deoxynucleotide, in

the 3'-nost podietlength of the mertmn@ftﬂmeT@éhaﬁbvb@ézg%sdpéh%qh%lmqﬁid}rmf‘g addi ti on
f | t | | 3
onalthet o Sddhisian pfdad: PR EBAbY A out tto Bod SBRSRUE, fol SolnRy FiBf 3

bi ndi ng Fh‘bbﬁt,lOStUQboﬁlebiu@IdotidesTb&nl rﬁmgt;inefelfabtm@omabbmtdrs tofabsti85PTO t hat

hybri di zes to .the djspl aced 0 exten duct is preferably from
about 5 tcieptdgs, %irﬁawpé?fﬂ lsys 1o %%ut&rﬂé? éﬁé‘HF 0@4) n syt embtimentEhout 40

nucl eot | Olﬁéh rcg%Pgﬁ BioRE e AP mﬁﬁemuo%éng@ 9bwt153§) Ry fdseplahdes,

and nost pre rom about 20 to “30 nucleotid | A somé enbodi ment s,
t he hybr |albomiamgqﬁdtetﬁoﬂnwurg a0, 40eé@t60at5|61§ttcompjemﬁntarh§a of thielhyhiidigingportiyn 10,

15, . 20; and |.es { of the fol i nQg: 40, 50, 60. .The

conbt eert BT AL (RS SRS THorg PEOTARS R K8 B LR, <Bh ik PREY abou
25% DT &t RS HoBOT W6, 34nd|r§@s$ e Al aDRYGL ABYRIVOIR 6 itD iRERIaBindingdt | east
about 75% and nost preferab y at [east about 90% to its intended binding
sequence sefuankeon thegatgehnelas¢ acidci d.  DNA pol ynerase, ribonucl ease and RNA
pol ymerase 20 The anplification nethods of the invention enploys the
follow ng enzynes: a DNA pol ynerase, ribonuclease such as RNase H, and,
opt i onal IPNA doNAnelageridemnicidahPand RNA polymerase

20 The amplification methods of the invention employs the following enzymes: a DNA

polymerase, ribonuclease such as RNase H, and, optionally a DNA dependent RNA
polymerase.
DNA polymerases for use in the methods and compositions of the present invention
are capable of effecting extension of the composite primer according to the methods of the
25 present invention. Accordingly, a preferred polymerase is one that is capable of extending
a nucleic acid primer along a nucleic acid template that is comprised at least predominantly
of deoxynucleotides. The polymerase should be able to displace a nucleic acid strand from
the polynucleotide to which the displaced strand is bound, and, generally, the more strand
displacement capability the polymerase exhibits (i.e., compared to other polymerases which
30 do not have as much strand displacement capability) is preferable. Preferably, the DNA
polymerase has high affinity for binding at the 3’-end of an oligonucleotide hybridized to a
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pol ymer ase. DNA pol ynerases for use in the nethods and conpositions of the
present invention are capable of effecting extension of the conposite

pri mer acworodion@3t o t he nmet hods of the 25 present inventipam/usbwesindi ngly,
a preferred polynerase is one that is capabl e of extendi ng a nucl eic acid

prinmer al on anclelc acid te i onprised at

pr edoni ndRETEE acts StEpgl y iR %ﬁgmgv%%ﬁiﬁf@feggg RO auba@na%h nickigg

di spl ace Ri{iae! Bleferaly, Clhébél?ﬂx@ra%é A8 1itt1Br H@Bilﬂs'céx%ﬁﬁéléé‘seta@tl | Qhstibe

di spl aced strand is bound, and, general ly, the nore strand i spl acenent

capabi | i tnyinirhige pggrywmsoé pem,bmmn@tloreor pricargaicasion poldnhfdcotpbﬁ .ymer ases

whi ch 30 h st. t f er abl
pref or ani§ el BB T AeBUbARSenirgRn BRIt AR ol e Brirts e
of agn ol ivgems tieolemPaatd iRl 288nded o singie MG, BRDE3forRCAll bISORICR 2k04

nucleic acid strand. Preferably, the pol ymer ase does not possess

subst ant i familigr ekpregskiliadiinvherart. Mutane PA) polymiseasgroinyviielathe ad littl e or no
Nt )%(?(n}i'&éleeagé gctﬁ/%r'h\é% bden cPeleEE?d tape o?ﬂéee r?ﬁ%ggﬁlfé%n? R t}Eer' mer,

term nation or ensi on ynucl e

exonucl eaﬁlmlﬂ'mhﬂloﬂ in¥thods d&pﬁb&l&r&em N Shizall ©DN /5 peipmasasesfor 8 ih the methods
concentration, 5 whether the tenplate is daquble stranded or single
st randed anéﬁam@esmemsmf thegpresea InyRnaeN lgﬁlélde these Aisglpsadgndhe. %421 No®ed in the

art, g%ﬂ ﬁﬁ?f?%@&c}{]ﬂcw&é ey Q\Iev? ﬁn%lgﬁ;gwg [9% tty has

been deI ete are known i n e art an sult I cation
net hods c(Nserr@@dthombm) BSuBicRdd, @NAPMSyratagmsBdadPanma); seq'uémmgat hods

and conpo ns_ of t sent on, i ncl ud se disclosed in U S
s o Erads EEmEeH, 408 SoeraustPh PPlareites B OSSRt gl and
Bi ol abs) ,ih&xfh Q‘%@lﬂf&(ﬁ:ﬂ& It(lsl\f‘r‘éfe@'ég|t1§’d1(§heabﬂlAa;§@}me§§é dlﬁlﬂhé@%}ner ‘é‘%t@nmgﬁ u

(Stratagene), Bca (Panvera), sequencing grade Taq (Pronega),
t her nost atsoduchNtom shetemplaserudeioaeit e alfoast akauws Ba%t more preferably at least

" BRI vl Biprt el & A Bl Habe, Wi ol beBRLHF RISy SHRL 2D

25% nor e, ef gedltideic dfea;sttactb‘ét\e&ﬂuheﬁ& meR¥EMdE S picdRhaptiment | east
about 75% and nost greferab at | east about 90% of the incidence of

cont act FEteRsien prosiich dnyape 5 odmeents themise g thegpostale PN Avpelymesaseswithyn
product.. 1911 Hﬁlgg iy %s Pfe?&réas%u% gbf}gL g%%&ﬁp'kﬁo%&%' A3ES W'th

strand di activi preferre ynerases ar & known
the art, c&smibedsn Ude . |N11ed74481121 (551d E&lrend&bmtéii?thérama Peatetablef the MRS CI t ed
t he |n) r ef er abl t he DNA ynerase has little to no proofreadi ng
act é(gl ty.po ymeraseahas ¥1ttle to no proof2 ead ng act1v1ty
The ribonuclease for use in the methods and compositions of the present invention
is capable of cleaving ribonucleotides in an RNA/DNA hybrid. Preferably, the
ribonuclease cleaves ribonucleotides regardless of the identity and type of nucleotides
adjacent to the ribonucleotide to be cleaved. It is preferred that the ribonuclease cleaves
25 independent of sequence identity. Examples of suitable ribonucleases for the methods and
compositions of the present invention are well known in the art, including ribonuclease H
(RNase H).
The DNA-dependent RNA polymerase for use in the methods and compositions of
the present invention are known in the art. Either eukaryotic or prokaryotic polymerases

30 may be used. Examples include T7, T3 and SP6 RNA polymerases. Generally, the RNA

polymerase selected is capable of transcribing from the promoter sequence provided by the
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The ribonucl ease for use in the nethods and conpositions of the present
invention is capable of cleaving ribonucleotides in an RNA/DNA hybri d.
Pr ef er abl wpo ol20035 i bonucl ease cl eaves ri bonucl eoti des regacaheses231h4 t he
identity and type of nucleotides adjacent to the ribonucleotide to be
cleaved. |t is Ebef erred that the ribonucl ease cl eaves 25 i ndependent of

sequence THRREP aséﬁ%%&le@éle‘ﬁfn- s@ﬁ"_ﬁeéﬂ%iyethei%@@lyé‘%g&e.‘? ) N%Qel?ﬁé‘fiﬁﬁds and
conposi t L&P%H%Sé %io%rigaféfér%hlg\é%@é)gf ctifih ﬁgﬁg ngl8 sﬁﬁﬁiegrﬁNA' ncl udi ng

ri bonucl H (RNase dependent ol yherase for use in the
met hods amuiphtndeng aoths podmoteheegipngs doblé stvaded.on are known in the art.

Eith Kk ' Kk ti 0l 0 b d. I
nclude T7. TarkEeegheror e et Bl IR mertog Sl ek pp Shasc.

sel egt ed \ﬁ)éseﬁaﬁa@fhtfon%oﬁlﬁ%§gf&daéélglbﬁtaﬂwhegra@atmﬁme SREIEAGE Provided by
the 38 01/ 020035 PCT/ US00/ 25104 TSO or PTO as descri bed herein.

Gener al | ycompoaeRslaf grad methods end eompdSiiendependent  pol ynerase, which is
preferably capable of transcribing froma single stranded DNA tenplate so
|l ong as the pronoter regicon i s double stranded. In general, the enzynes

used i ncl RelRtioh ohdiBonscsmbdBectiod conpositions of the 5 present invention
shoul d not produce substantial degradation of the nucleic acid conponents

of said met hoddPRIAPrZ®RIcEeR Medig angeerditions fenerantinney thavacdedelthen
Appiqp“ PrlechPRATLA 18 fHoge f’HAE S tcie?&?oici Rhpfifildiivh AcdRih R&‘Elerf&%d?&fls. of
the 10 present invention are %ose uha perm P nucl el c acl é a.rrpl ITrcation
accor di ngoftthe priesentiivientiten. $ifchtnieelipareisantlitiony aretkinown tGpeomaddiskillindhe

conditions are known _tq . persons of skill in th art, and are described in
vari ous piibPREATid5Reibed i Karks pullicapgps, syl asg) g78atsho- KD PEEndpibl No.
VD99/ 42611, KQT WIMIA 8. Fo bﬁahﬁfle,%aéﬁffa?m-%'b% TR Hufter, afthS PR BLiYeEs
buffers can also be used as |ong as the buffer conponents are

non- i nhi bianaisp beaisethas/lorg 46the buffenemimneits attenameinhibderydtb enlyené nventi on. The

pH preferably from abou t a_about 1 re preferably fromabout 6 to
Phobt To-coyBRentspE g iRt i Srhidho The pHTe PR EY T syt SOToott

pref er abl y, idoR@pRERBly from dBduBd @VAbodt PO, cVBE nfo?@gﬂe'fé?ébl%‘éhymoﬁﬁm tPABRAL .
include bivalent netal ions such as Mj2+ or Mh2+, at a final concentration

of free ibasdmeatprerahly from abone?-p dmghousB.5f ridmredstion ngdomm ean goimelude mv
ond, ot AL SO L EEOHE b W8 R FAFIER AT G 0
the range of from about 0.01 to about 10 mM, and most preferably from about 1 to 5 mM.
20 The reaction medium can also include other salts, such as KCl, that contribute to the total
ionic strength of the medium. For example, the range of a salt such as KCl is preferably
from about 0 to about 100 mM, more preferably from about 0 to about 75 mM, and most
preferably from about 0 to about 50 mM. The reaction medium can further include
additives that could affect performance of the amplification reac.tions, but that are not
25 integral to the activity of the enzyme components of the methods. Such additives include
proteins such as BSA, and non-ionic detergents such as NP40 or Triton. Reagents, such as
DTT, that are capable of maintaining enzyme activities can also be included. Such reagents
are known in the art. Where appropriate, an RNase inhibitor (such as Rnasine) that does
not inhibit the activity of the RNase employed in the method can also be included. Any
30 aspect of the methods of the present invention can occur at the same or varying

temperatures. Preferably, the reactions are performed isothermally, which avoids the
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ionic strength of the nmedium For exanple, the range of a salt such as KC
is preferably from about 0 to about 100 MM nore preferably from about O
t o about WB orlvpooahd nost preferably from about 0 to aboutrCBUsodesidhe
reacti on nedium can further include additives that could affect

performance of the anplifjcation reactions, but that, are not 25 integral to
the acti ﬁup?eﬁpnleﬁ]éeréW£Wgét§9ﬁ9§%eﬂ%W ifjctonERRRYRISES catried oRtRlia i ves

i ncl ude h P40 or
48 gérgiu?éthﬁﬂﬁ%nﬂ% h?%‘_fﬂrzﬁf&ﬂ JFRH d1dhficl Ea%& %ér $96NpREKY

Triton. ents at are TCcapa rral At al hi ng enzyne
activi ti esquane,ahdor B O) nfthstc]:eckenﬁucd:ntmﬁagdrettSmpkateepdlymwiBotlde afybthatr t . Wher e

appropriate, an se.in itor (such.as Rnasine) that . does not inhibit
the acti ﬁ%@n%trsu%tﬁ&é@@* Elﬁﬂreo%?é&ltx R B8 eh AR G RN 108 (PP B Any
30 agpectpeqh thdvangesineRradly 4000t PSESBRbohtB4LO! hefRk Iﬁ@féra%ﬁﬁwouﬁ%”@'t@ same or
varying t enper at ur es. Pref'erably, the reactions are perfornmed

i sot her meabbyt, 7536] arid mossipeierahky abget AL 0d AR08 - POT SQme@mmntséwber some
t her nocycl i n? CESS 'I;he I ificati Qn it etactl on. i s, carri gvd Lqat a

tenper at UPeehENAERReTRIG, BPtemotr i RS e RS aTtnateR ko PaLdR S rer

TSO, bl ock@peraR@HERE the pawéﬂmg spS)Inhest B@lb@mmrst tHe¥@pérb@be 6fthé he

tenpl ate pol ynucl eotide and that does not substapntially inhibit the

acti vity tEMSErHuion fiepprean th‘ﬁltb?@@ge yherefessle pbauige QW@%&S CamOKe range of
bl bout 75C,
P Foor D RRBNLPREIUE, BaR 7 b B T b S0 o i P0G P
i ncl ude RNA trm&amdphndmr nadh@tltieﬁmb@é, suich dsa@leoxyrébohnelassidd tnphmphstteeps is
I.ovver_tha t he ture( t he preceding steps, H\ k}te?zie
embodi mert cap e "ﬁ‘ﬁé wgt S? fbe pflm‘}hé’ét?'i‘%?‘} Brﬁdg‘ftéﬁst e Methads phthene
f 30C t
range of RUGHERIR droBRBNtn B kBt Ohiy, HaferalTPlo k G0RE GE T 98HY BB, 30C 1O

about 75C, pre era to abou de and/ or

nucl eot i deefardlyogdut SO a@autcmmwM sven eloee pieteatily aptasobad slsout IVMMGG.I’] be
enpl oyed for synthesis of the priner extension products in the nmethods of

t helS i nveantdinagst alreéerpblwb@wopmo @bvelt apRulvL. dn seme smppditrantsh h puelpdide B0 t o

about 2500 re ferabl ut 100t abou

o of er ab Rt e Vo Eiitete T et a8kt ehebles P hsdle o «o
about 1508 Mrandifer QRBmBRPBHEARINE asetpditied tiat is healér thalledneeitidhel ATaCeg whose
presence in the primer extension strand enhances displacenment of the

strand (fgse aiEpp) is inchided o Juehheyicinetide panydlepiide ﬁ&@log%mﬁ}@ék deoxyHpsine and
conven | g SR iRSh PR A RIS\ SIS Oy
whi 26 ar easkibontcleasideneiplosphatddy thae odr bleanplogé dofor ayrhesissof thaRNA trans;:rlpts
in the methods of the invention are provided in the amount of from preferably about 0.25 to
about 6 mM, more preferably about 0.5 to about 5 mM, even more preferably about 0.75 to
about 4 mM, and most preferably about 1 to about 3 mM.
The oligonucleotide components of the amplification reactions of the invention are
25 generally in excess of the number of target nucleic acid sequence to be amplified. They
can be provided at about or at least about any of the following: 10, 102, 10%, 105, 10%, 10'°,
10'? times the amount of target nucleic acid. Composite primers, TSO, PTO and the
blocker sequence 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.

30 In one embodiment, the foregoing components are added simultaneously at the

initiation of the amplification process. In another embodiment, components are added in
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20 as ribonucl eosi de triphosphates, that can be enployed for synthesis of
the RNA transcripts in the nmethods of the invention are provided in the
anount ofwbDroome@s®f erably about 0.25 to about 6 mM nor e pamafseo/2iaiby about
0.5 to about 5 mM even nore preferably about 0.75 to about 4 mM and nost
preferably abgut 1l to about 3 mM The ol i gonuclzlgoetaigﬂe cqonponents of the

anpl i fi caAWYORIGPHOF IuMiisT apmepiais EMEPFRtsAuging Hicahipy Piogessx@ess of t he
nunber of %patn

provi ded a%lﬁ; out ﬁhlﬁeggg% u?ﬁgﬁgﬁ ofl H%IP@JCHU?)I%% ﬁgﬂl?&?e SPQhRﬁ

106, 108,ard0d®d bel:b©/12an beeadil shiele atifbadntty aaper‘smr@eﬂ(llhmdhem Hmamzylﬁemmdl te
pri rrers TSO, PTO Eﬂr{; bl ock r se Henc ach b E i ded at about
or at T eoof MpgaAC APRIcHiRD 5P Rhe REMedRet BF PE ISR CYORF nM 500

nM §r000 4iied to@e ré’hMloéQﬁ))QuﬁMlt %Ol.l)rlicﬂ R rﬁf?fté%jéd?& Bénatdriord Q€L A IWn
us

conponents are added sinul taneo y at the initiation of t he arrpll%lcatlon
process. thpdenaturhtéon seihodifotovting bubrisizasion of dieeprimri@ddion blogkerve@ntoRr0035

P! U001 60308 0, B4, el R RR TR R i 1

anmpl i fi capithpdreacsfiskill inSh€ht.t i mepoi nts, sone of whi ch are noted bel ow,
can be readlly identified by a person of skill in the art. The enzynes used

for nucl ei c aclhe amplificptiemrcpeipnscan by Ftﬁapﬁtd(ﬁttVH"éOWétfhmmbfan@ Fesupied dbmt
' “Vﬁé‘t | O LARRE S lﬁﬂﬂ&%lﬁtggéégﬁe I]Eeg@f% fd&lfhfﬁ@@%hﬁﬁ ;gprgd {8k 1Pffn' e r*t OMeH{%ds

nucl el C aCId enaturation W n ena uralon S
f ol | owi ngfohytoppidg gt reantions atetk@opmiingre aﬂdiodlrduhg d’mi@mmm;]uecﬂmg the)reattli‘[ﬁl

target DNA, as determ ned _thg ir thermal stabili and/or t;lher
consi der aPPOWS ' ERPerataret bl ipfu P ERzyme aRiYiLY.- | Meihﬁés FesumiRg ABFACHPRSat i on

reacti onsy€aRo Riowh APME %afncl‘(ﬁfﬂgoﬁﬁ ekerElBox‘a{kﬁ&g thg E@nﬁe‘?&tﬁm tﬁ’é re@ctlol-no later

time. Said timepoints can be readily identified by a person of skill in the
art. Met hodgurefion tenmppineghat permisaatzymesctyiey. Kncameiembotendats, oné wcrhum ng,

f or . exanpl coolin reac tion xture to. a at.ure that inhibits
enzime act s Copdn ol DelrER oS B e rion hrio oo R TS Fre et o ¢ pe
art, inclsmdhdachcis. NiRmRliGely! Bk $éa0boh b BLIRVeal pRcBId (8 fofpsirk &N

mxture to a tenperature that permts enzyme activity. In some enbodinents,

one or nofiEsh)svigiout iéeraptipbnent s of the reactions is repl enished prior to,

e oo DS SISl NSO PR PSP e

reactl on can be a Ins
i nt er r uptdeqiiencd hQuastitaixel amaly@i‘s i$ hlso foapiblef iMiadct amd mdﬁaéhl@lbtebﬁon metheds i ve of

' he28 ' ese(rllr(lzc udcﬂclg (J[]I?a%n:[ca%on) 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
sequence in the test sample can be determined. The amplification methods of the present
25 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.
Amplification methods of the present invention

30 The following are examples of the amplification methods of the invention. It is

understood that various other embodiments may be practiced, given the general description
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sequence. Quantitative analysis is also feasible. Direct and indirect
detection nethods 20 (including quantitation) are well known in the art.
For exanpwe,oibyoosdnpari ng the anount of product anplifi e@cfrrusov/asivest
sanpl e contai ning an unknown anount of a pol ynucl eotide containing a

target seque to t r oduct lification of a reference sanpl e that
has a k Hﬁ‘ﬁ%ﬁﬁ’t"Ft @% Xaq %lr?}ﬁ{?BF“e YSHIE & FRARPISBA PHMTE MeRRS straé‘ét%? the
sequence,cohﬁes@éw&rs%s&%@ﬁsrelrﬁegysaﬁedl n the test sanple can be

determ ned. The ‘anplification nethods of the@gresent 25 invention can al so
be extended tdnanebspsiciofche pneqmmenam,@rra@th ﬁ)ramhﬁyqu:enucln@pdﬁ t he
target nugleic aci Furt her could be eff. f.or exarrpl e,
e nat ore SPRmeEROR 4Rl SRl s SR AP REL AR BelBitec o

Al 3 i catdtRéemiaBliRae SudlbictadRl RfeGREampNfiefionaadievEle I %dtﬁ’éﬁdaﬁﬁbcﬁrae

exanmpl es of the anplification nethods of the invention. It is wunderstood

t hat var imetbodiaiempdifiioglk tasgetohimyicisetidn savence avherain the anlifigd pedaet is
descr P Bl AL AU RR00RD, RETISARL 250041 | AU e 0 20N P RfpeX 2Dl
reference to usin osI'te priner means at any of osit

priners dm;ﬂﬁlcb@@h 1Imethed Ninée digbadément, 4 method oﬁeplmbecbfsothbﬁnmmsafﬁuclelc
i nvention, a nethod for. appli fyl n a_nucl eoti de, _sequence “corrFI enentary to
a target asiscieapencaemplifjerlipnevhich @é%fd w RrOtheé (hszematier &bl Redwal

i near daéﬁ%lnh r aspect,
a neF?hod gﬁegﬁﬁbﬁﬁﬁguﬁ% get pét}%g?g ot| g&?e‘?%zﬂ%%&gﬁ@‘p‘%%et he P

anpl i fi echnpldtaicén which seblsekdrbiEquenceamhi Tie-dasedhs ptmvndediberemafmé‘Mﬁhm red to

herein as,an "enhanced"” |inear anplification nethod. In one enbodi nent, a
met hod of? énhanced i sothermal |inear nucleic acid sequence anplification
which is TSO based is provided (hereinafter "Method 1"). In 10 anot her
enbodi nent, a nethod of enhanced isothermal |inear nucleic acid sequence

anplifi cation which is bl ocker sequence and PTO based | s provided
(he |nafter " @I | fjcation
reSIEJtInL a ,Q”Pd %lptlon

the anplifi CatWﬁéh ﬁ@tlﬁtﬁkéd aj‘tretdsenptmngaﬂfelamphfuammﬁ ethod of thes@dhdomal | i near
anplification of a target nucleic acid sequence. The nethod utilizes a
single cowpydssfer pethernal lingarameplfication plehiareet Ruclpis prRidFcaneasse e ki wythod

or . Te0, HEESRMARERomBURL iR, M BRI SRAFRNACOE AOEAL AR, Dod bl ow

| nsof ar aserntihaidni seg@aence, such as a blocker sequence as described in Method 2, or a TSO, as

20 described in Method 1. Methods 1 and 2 are described below. Insofar as the linear
amplification is not linked to transcription, the components and steps leading to formation
of a complex comprising a promoter sequence for a DNA dependent RNA polymerase, are
not included.

The termination sequence (either TSO or blocker sequence component, if used) is

25 added for producing a product of defined 3’-end. In some embodiments, natural
sequence(s) within the template 5° of the primer binding site inhibits nucleic acid
polymerization such that termination of primer extension is achieved. Such natural
sequences are known in the art, for example, GC rich sequences, or can be empirically
determined. Use of a termination sequence is particularly beneficial when amplifying

30 genomic DNA so as to provide a defined end of primer extension. When this feature is not

desired, the isothermal linear amplification according to the methods of the invention can
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anplification is not linked to transcription, the conponents and steps

|l eading to formation of a conplex conprising a pronoter sequence for a DNA
dependentwBNAopoByer ase, are not included. The term nat iPom/Gseqesdnce
(either TSO or bl ocker sequence conponent, if used) is 25 added for

producin duct f defi ned -end enmbodi rrents nat ur.al
sequence?°§)ca&leﬁrﬂ“ﬁwﬂ eu&aetﬁwlae%orsseqmncehﬁ b #50 B r9oRsF g} lpgrhgmel feation fyrker s
nucl ei ¢ agidles el aﬁ&%bsz alioR gamrm%dtaeﬁwnﬁam%ua{ adRINARIH EXERASHRN 1S
achi eved. Such natural ~ sequences are known in the art, for exanple, GC

ri ch sequleswiptionof ﬂ@dmeb@sethplmal on¢leig acdlemeplification olUbe inyfention isrshbwadin on
sequence(’f Eq chl arly beneficial when anplifying 30 genomc DNA so as to
provi de d'&¥ end of priner extension. Wien this feature is not

desiged, the isigilheionVbthbdEadd 2aPldstiibead bedsv ABE Ghéekir Athplifickthm MEehb@@s of
the invention can 42 WO 01/020035 PCT/ US00/ 25104 be carried out w thout a

t er mi nat idspigaedioemandifly TiinglestrandadaNA fargshr Wawp ther taxgst fode aplifisdris duti 1 i zes
: g nerat
descri pr g oferheeyis MR ARG RRY pfuboe e AR S, AoraelBRRnhyaly O ©

i nvent i onnaysbesdudned dut using GhstiRodt AnGwndn Sierdrd, suicht3 hivkt dratlalilraantern?. &\‘Shen
descri bed below, the linear _anplification nmethod._is demeg to anplify a
singl e sttheaﬁ&fﬂlw?éﬁ“g’é‘?d%ﬁu?}h%“f‘%?r‘f%al@é‘%ﬁﬁﬂafrg Fistds DNA the

tarpet | Scraﬁlkérﬁ)ted‘?c‘?gx%tdﬁéeeﬁ)ﬁg tﬁ)rr§ %ﬁe&bﬁ&hﬁo@{s fn%ﬂé’ﬁﬁ’ target. Target

denat uration e carrie i ng met nown in the art, such as
heat or al kal |A.<Ishea¢tmaﬁuguré/\hArc thé:Bndaaisgétermsl snplglcetist mﬁnbd@fﬂi% such as

MRNA or viral t.he tar is first. 10tr cribed r od ¢ DNA
Uarget. byMAtABARIRHRRISPh s G e it lRg i Sabatied PR Thear

| sot her Mg} c(RER Métﬁ&isn%drﬁ%&%b@d bd1b& anunfmgtuk@mp@%alﬁe@ StHRRgrgsd M | ar
to the initial steps of the enhanced |linear anplification net hods Met hods

1 and 2) ndektraddikis cbmbawdamdaawrﬂb@up QBImZA [N Amylaperase, Thidonunlegee suanucl ei ¢

Socfs 1o WRNGED HelghyBufBIBARHE sBAISHEL corPingR IR 38 Beocipkd RERNCISASS

descri bechnalmbedinidht, cactearfiplifchiior RactiG@ieludePborhpesit ipfithef LN Qdenitiogll udes
conposite primers of one identical uence. | n_another enbodi nent, each

anmpl i fi cdeawsnce.clcanoBir prbedimest, §aGh wxﬁ%fecatwn reagfigioariudesy mpguredr i ant s,
wherein the, %%E%\ﬁrﬂ&?r \ra?%ﬁgs\gﬁ'éreltn\’ff?e r%%%g k&&BP&oMo%&Q@dS%{“ i cal
a e of rid

sequences, rein are capa lzing t ane target
non-identical sequences, and wherein all are capable of hybridizing to the same target

20 nucleic acid sequence. The complementarity is preferably at least about 50%, more
preferably at least about 75%, and most preferably at least about 90%. Advantages of this
embodiment include the ability to introduce different sequences of interest into the primer
extension products. In yet another embodiment, each amplification reaction includes a
mixture of composite primers, wherein the primers represent two or more non-identical

25 sequences that are of low or no homology, and wherein the primers preferentially hybridize
to different target nucleic acid sequences or different sites along the same target nucleic
acid strand. Advantages of this embodiment include multiplex detection and/or analysis of
target nucleic acids through amplification of a plurality of target nucleic acid species in a
single amplification reaction.

30 Figure 1A-C illustrates an embodiment that includes a termination sequence. The

composite primer and the termination sequence (TSO or blocker sequence component)
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20 nucleic acid sequence. The conplenentarity is preferably at |east about
50% nore preferably at |east about 75% and nost preferably at |east
about 90%oAdwamBages of this enbodi ment include the abi IPcryusb@231 r oduce
di fferent sequences of interest into the priner extensi on products. In yet
anot her enbadj nent, each anplification reaction_ includes ture_ of

conposi t dYBFifize fthe e sirand ¢fdhe iargatyte forgnp &d ayple cgt,np%f%Xr(é;gurqj%t i cal
2o SeqUenee ST ’ ﬁ)%gabﬁﬂ@fcoh@gsﬁ ?@gem ERLREN 2l HhWRRE& ISRl 1By BT TBT S

pref erenti‘al ridize rent target nuclel € acid sequences or
di f f er entpodymeasealip hgtht lste sﬁlmxbrtdmwa tha dIS€) ar bladkied ssueredompduents tages of

t hi s enbodi nen exdteC|onad/ sis of _target

Ui el ¢ APRSOTRS G, it 1 AEGE 4 FOORIE aich TN Gr 1 Urpes e RVEr o aci d
specges | n@rall?'t}{égi q{ﬁﬂpbérﬁbﬁ@fﬂ@réxfeﬁaé‘dpr@rﬁer &Qoﬁi XX Fifuk1laues fat es an
enbodi nmen includes a termnation sequence. The conposite priner and

t he ter mimeducegomple¥entH (Ergstb ba-A)| desesondequpgsite privep binds to conzpdexNHXIl

o1 020035, et L0 2RO LENF B PO SRS Bl ey 0ot 1o

conposi t &;oa{plazexxm (Hgtl@rlohe@f) alrﬁ@ﬁeé BepdreibR of the tboamdlcdiiipdshe pripet @B ase, up
to the site of hybridizing of the TSO or bl ocker sequence conponent, to

yi el d corshispacescle X engof the prmey extansipn piodartand hybididesto thviasget 1 formaves t he
RNA, 5 XXI
(Fi Y e FRBf X St DO HE hiftildoBr S PARRLS o Bilooly (B 6 ¢

primer Dbithéeltargeo 1scgmipiaﬂy £200r¢d oeritigLitybridixatipn bfthb ybendlofzthe pnmer)éxtemaorRNA
generally the 5’ orti to yield. canplex I Fi g 1 A-O. The
free 3' pUPEUcHHNER tthli‘éég‘B%?fg? Ot he RIImET 1@ Site Hé%lin %F}}fﬁp‘t he 5 end of
the pri "%gly@ﬁér@%ﬁ@h RiPtentexand dyPrendiof R ﬁrﬁnérrb‘i"or{g%gf‘atrgétoPBH{e{n 10

conpl ex Fi gure A-C). The hybridization of the 3" end of
corrp05| teexpsrnsmrrestuhs irt dieplacenypat of @egﬁesrt@naidryxtfeamom pobdoctdgo yidhdcdngplek di zat i on

of t rifyer _ext ensi on rod ince the h ed 3" end
of The prrilrtefire S, R regait Hgerbren R T Bl Sap S SusRi VAT e
ext end t hfgsplacefieft RbdidiewRich RS gadlefiNy coRPldnMr@RY to MieitaBEt seGudneaSI on results
in displacenent of the first primer extension product to yield conplex 15

XXV (Fi gure 1 ThegnglesieandedPasks (iies thedisplnead nransyiextegsinnpraducts) ef thgl e
str anded I ry to
e R L LSRR R SURLE ML, AR ABSS A LS SR, (0
ext ensi omghediugioshn iothe die V&@ddaexbmgeﬂdoneaf haéfpgeﬂdoﬁaﬂetamoﬁeﬁdmdisar e

readll det ect abl e any of ny detection
y su%table r the (? Xectﬂm of single s)t/ranged nucle?c acid molecules were previously

described, including identification by size and/or migration properties in gel
electrophoresis, or by hybridization to sequence-specific probes.
The detection of the amplification product is indicative of the presence of the target
sequence. Quantitative analysis is also feasible. For example, by comparing the amount of
25 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
sequence in the test sample can be determined. The amplification methods of the present
invention can also be extended to analysis of sequence alterations and sequencing of the

30 target nucleic acid.
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met hods known in the art. Various honobgeneous or heterogeneous detection
nmet hods 20 suitable for the detection of single stranded nucleic acid

nol ecul eswesn@@sevi ousl y descri bed, including identificatrcarusoy2ad£e
and/or mgration properties in gel electrophoresis, or by hybridization to
sequence-specific probes. .-The detection of the anplificatio roduct is
i ndi cative of Theeprpduction of atjeast eatﬁ%ﬂsbéqﬁ_at ?é%f@@ﬁ%‘el.oodfaﬁ"?f‘ttag?’i%\}é)%ﬁﬂﬁl ysi s

i s al so fieashplig10%af 1e83taBPLEL07 DY IGOMMBLE 11, 4iNEasPARIR 0] confpPerRERaYCT
anplified froma test sanple containing an unknown amount of a

pol ynucl ewpiedof cashtcapyiohtgmplita pghynudeafidervar bt expdreedpthud leatlingfto anbehstfli cat i on

of a reference, sanpl at .ha k u kty. of o] ynucl eot.i de t hat
cont ai ns attﬁeélStt ﬁg]t%aszéh{)}e%cl ?S%tlﬁgo’ﬁﬂg\é\%tagfﬁqttoa’r%é st a@’aﬁht(ﬁc%ﬁ‘f%ﬁ?ﬁ?é‘?t est
sanpi e cap’ bf 166t Aot NEefoldRahAHEBMbht widt feaPeci®) BRES 0P of BRpREESEent
invention can al so be extended to anal ysis of sequence alterations and
sequenci rmlufuclend80 t arget nucleic acid. 44 WD 01/ 020035 PCT/ US00/ 25104
The production of at least 1, at |least 10, at |east about 100, at |east
about 1000, at |east about 105, at |east about 107, at |east about 109, at

| east abaEthadéidineaOampleficanbarasultmgih ShseoRNegpivdaapy of tenpl ate
pol ynucl eoti de_can be expected, thus Teading to at least 1, at |east 10,
at 1east 100, Hienresstinyeipn akto nrewdes mphads foosmplifyinga e pelypudleqtideat

| eagt ab . | .eas: - : | S to
ooty copy apenie pipheibing s et BRidhe AR R Phita BNRE RIRELedlihd (£ RERS

r esul ti ngequense astardeAAmpddication bitagpeeseidic aeid@aoddrding ad Methprddy mdéch et hods
for anmplifyin target. polynucl eotide . 10 s ence erein the anplified
pr oduct irgglﬁm_%p ?tﬁrae_a rﬁpwgo{ %@nlg%@éer@sﬁlamﬁﬁ?@w P Hes CompEiiiBR Gabels |
target). AARhplakaWiRA ofohM&8He PPShLRictat@EpcHiBES B fooWBhiflosk the Whi ch
results in the generation of a unique internediate anplification product

conpri si nipetmargplification ta wanpcapteons ithechmpldaxgformed kxothie debiidig@onraflthe ed

portions, prpyides.for couplin the, liynear anpli.ficatiqn to

Prabbor: HemBite Sn BienRasitint fadinaytiiracen PRRlen oRRI SRR RIRA Soskath ac
swi tch ol fogi@inietipin BiLtha RN A pBlyehciik Awkidh REAdTREs SXRBIASHOBuR0OHEGameS 2
substrate for transcription by the RNA polymerase, which generates an RNA
product censers thawpitial aspes sequenem eSinilarly samplificgiion ebaisdaie acid Girgstl ar |y,
anmpl i ficatj.on. of ' ji.d: t ' . I jn
formati oﬁatc%(%ﬁgl%c}?sp%é(&% r%rﬁ%t%%lrfgég%g)ﬁsgﬁgﬁﬂg ?%:gg {I&VG\::EIS %tﬁ%q%fzﬁ%&ﬁgﬁd;lﬁrlﬁcl zed to
t he pr onoviem Hybrdizad e the ipganatet tenipiakeoligonisleatidofiophex compleg whish & a

20 substrate for the RNA polymerase. As in Method 1, this process results in coupling of the

linear amplification to transcription. The production of preferably at least about 1, more
preferably at least about 50, even more preferably at least about 75, still more preferably at
least about 100, and most preferably at least about 1000, RNA transcript products from
each primer extension product is expected, thus leading to preferably at least about 1, more

25 preferably at least about 50, even more preferably at least about 75, still more preferably at
least about 100, and most preferably at least about 1000-fold enhancement with respect to
the non-transcription linked methods of amplification.

Below are two exemplary methods.

30

45



20 substrate for the RNA polynerase. As in Method 1, this process results

in coupling of the linear anplification to transcription. The production
of preferwblog/oaiods east about 1, nore preferably at | east palraisno/zip4 even
nore preferably at | east about 75, still nore preferably at |east about

100, and nost preferably at | east about 1000, RNA transcript products from
each prinmer extension product is expected, thus leading to preferably at

| east_ab0lhude 1TRICELARRHALRER By AhuclehARia BhPHfedly, Cven Tore pref erably

at | east out , nore prefera ast about 100, and nost
preferably at Ilnemsbmhbdimenﬂ,@l‘ﬂeoTsmhas@hlhmacmnplmfﬁcamonImatlasbﬁdhe present he

non-transcr tlon |.i nked net.hods. of l.ification w are .two .exenpl ar
ot hoda Intestien ks o SE0BE PR FORIDY BETSHS AR e R ed

|1 near nugloRiCadhipRitiioh] ardchRal cuABSRIHSIUR A el i AESQrhASAgy) | near

anplification rrethod of the present invention is |linked to transcription
from t he Meihodd, swhews imRigpreodirél s t o provi de enhanced 5 nucleic acid

Vethod 115 SO TeRe g B nileR e e PR on o VP ac o

et hod of contpsitémenér, Q@d@ﬁﬁb&b’zﬂ)o&e sAngééhd (ﬂ%ﬂﬁﬁkﬂédtﬁleﬂl@dzd@rthe &ﬁﬂlﬂﬁ@@bh bed
above. A second oligonucleotide used in the anplification od of the

i nvent i ormethodof dmpventonisiatemplite yukhligonndeotide $E0). alsosdescaibsdr i bed 10
aboyg. Tha%ogmﬂefa}q%tﬁcﬁbnf%&ﬂ8ﬁ'o {he%\fenh&\{ 8&11 Et&w gﬁﬁﬁ%{ﬁg& 3%9

enzynes ari onu ease’'s
dependentdeﬁerpsﬂ ;(Iﬂibbaﬁfbease Jid a3RNBeE ¢, aﬁddnmgepenﬂentha\mmolyirﬁdrm can be

DNA or RNA A ation of an target will require init
synt hesi sib "Eeafomf fargat feb %?Iflph%aﬁ é@Lﬂ Sflidication ¢ ﬁ@aﬁNA
anplifi Cat%nt;@f‘wﬂpltegﬁ)ige ﬁ’ﬁuél'&@l\l@![ Eﬁﬁl{@sm' &W&Wn% theatt.Can produce multiple

copi es of roduct honol ogous .e., sense) to the target DNA
S eq uence. The "Eherrgl“eTﬁﬂmmie&hhameg émemmlﬂlfrcam phethod ©f thei presdntinyéntione

o R POBRATBUI e TRRACUS R EELaaolgBRiE: S38n b iR atiE BRC "

deoxyr| bog@qﬁén@gm de triphosphates (dl\ﬂ'Ps) and 20 ri bonuceosi de
tri phosphates (rNTPs), in a reaction nediumsuitable for nucleic acid
hybri di zat i on inghp$tranided targat nuelsiclagiship cpmbinkeé vwathtthe eympesie erimsact i on

medi um arl'[‘jSO oligonucleotide, DNA polymerase, ribonuclease such as RNase H, a DNA dependent
RNA polymerase, and nucleotides, such as deoxyribonucleoside triphosphates (AINTPs) and

20 ribonuceoside triphosphates (rNTPs), in a reaction medium suitable for nucleic acid
hybridization and amplification, as known in the art. Suitable reaction medium and
conditions are as described above. In one embodiment, transcription is performed at a
different temperature, generally lower, than that of the preceding steps. In another
embodiment, all the steps of the methods are performed isothermally.

25 In one embodiment, each amplification reaction includes composite primers of one
identical sequence. In another embodiment, each amplification reaction includes a mixture
of composite primer variants, wherein the variants represent two or more homologous but
non-identical sequences, and wherein all are capable of hybridizing to the same target
nucleic acid sequence. The homology (sequence identity) is preferably at least about 50%,

30 more preferably at least about 75%, and most preferably at least about 90%. Advantages of

this embodiment include the ability to introduce different sequences of interest into the
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conditions are as described above. In one enbodi nent, transcription is
performed at a different tenperature, generally |ower, than that of the
pr ecedi ngwetoeps1033 n anot her enbodi ment, all the steps of PCh@Soe2iiods are
perfornmed isothernal I y 25 I'n one enbodi nent, each anplification reaction
i ncl udes conposite rs of one _.iden | n_anot her

enc
embodi neRIMELXF0Y Ipf(f ugtst i et aagiber %‘H{"i"ﬁ@leﬁ‘ﬂ%% i{}(cﬁtll@ reg¢tioly posi t e

primer vapiigidss mmﬁé%morhﬁ@m\é%wg SWHeRRA ﬁﬁ%ﬁnérmp%seﬁm% oPeERE aGRUS but
non-i denti cal sequences, wherein all are capable of hybridizing to the

sane tar gécntlcntmhe@r@ea&ndars etitoemcreno mlhgmhdg@e(@@dwmwrs prefarentiallyi s

pr ef er abl 00/ 30 refer bout 75% and
st *pr orebhbiA ERTRRE rag aiteE e sauiiren Ll Retent fies SRRk At e 2 o e
the abi | iduldiOadidétduealvahthi@ Mhis %ﬁfb@@lﬂfeﬂﬁuﬁfudb nBfigIek déétdntdng/of6 VO
01/ 020035 PCT/ US00/ 25104 prinmer extension products, In yet another

embodi nernalysisof tasggsinueleicacidsrihrougl amphificatien of d @buralityiok farees neeleicasisosi t e
priners, g(f@@‘ n%ﬁﬁ@e%@ﬁﬁ{a%oﬁ?@a{cﬁgﬁm two or nore non- identical sequences

that are ow or Wherein the primers preferentially

hybri di ze to o[mfoheemrbbdihwhgelhe TS0 Ifenctioas ash wedimnatioesequenddi dntl @e@ndessi t es
al ong the sane target 5 nucleic acjd strand. Advant ages of this enbodi nent
i ncl ude rﬁinliomoé%E S%{eéeft i [9rngthay eppbodimanty the<T SS9 deesnok Eomprises RICBOMdeT

t hr rarsgﬁtll écﬂlt t'hgrén%odﬁn&lt%ﬁljob{o%(%r &gﬁd&%lsiwglllﬁé&sr%‘ga?ed% g? Ghdths 1N @

Si ng i cation reaction n-one enb n t he Ions as a
t er m nat i digosedemidessuehds pPAY, des ccamplpses prpmmbmter sequeeccand ik hylandzabdr

enbodi nent , e TSO S not co ri se noter .10 sequence. In this
oo mertp e o SRR R SR o b i R asaon T B Py

ol i gonucl%;},ﬁ r&iﬁ@hceﬁﬁ)c@uﬂ:—ro that conprises a propronter sequence and is
hybri di zabl e to the 3' portion of the priner extension product such that

transcri pti on Bfe single mmm@ﬂe pemeem b THQthae hybradizotodhe samhsiragil g the

S|te .. Mer. dt O brld to t rand f the 15
nucrerc. QRlPTE SR Amaet o PHESHRISButriniofs SRR I3 R uea b o < ne
sanpl e  syuspREdeA cohtabO the ﬁhﬂ@icfabﬁ thngel gk t@medaﬂgafmleupam@aeﬂamrbﬂi@l target
nucl eic acid denaturation Hybridi zatjon of the two ol i gonucl eoti des

to the tatgetHeridigton eEtheitgo |0ﬁg?%1qoaﬂ¢ﬁatput%tar&% stapd results b the dpmeatiogonpl ex
(19 3 el P BRMTFIAgecspce o5 o it o, cxicnston, e pr e
2A-C), up to tA®MNA pelyaferasSCathigh putthriradrieatension. The primer is extended along the
20 target nucleic acid strand of complex I (Figure 2A-C), up to the site of TSO hybridization.
Template switching from the target strand to the 5’ unhybridized portion of the TSO, and
further primer extension along the TSO template results in the formation of the tri
molecular complex II. The last comprises a target nucleic acid, the TSO and the first
primer extension product. The first primer extension product is a unique DNA comprising
25 both a target dependent portion (i.e., sequence complementary to the target nucleic acid)
and a TSO dependent portion (i.e., sequence complementary to the unhybridized portion of
the TSO) .
Complex IT (Figure 2A-C) is a substrate for both an RNA polymerase and a
ribonuclease such as RNase H. The DNA dependent RNA polymerase binds to the
30 functional ds promoter of complex II and transcribes the first primer extension product to

produce a sense RNA product III (Figure 2A-C). A ribonuclease, such as RNase H, which
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Tenpl ate switching fromthe target strand to the 5 unhybridized portion of
the TSO, and further primer extension along the TSO tenplate results in
t he for mawban/oedo3s he tri nol ecul ar conplex Il. The | ast ceaprissessiad4t ar get
nucleic acid, the TSO and the first priner extension product. The first

primer extensjon product is_ a unique DNA conprisin 25 both a tar
dependents %i’@?ltﬁiccf?ff quf@atlo%éﬁ@éwé@?ﬂﬂ @@MA@NG%%OQL@?%#%E@I g‘i“b aci d)

and a TSQ ggr% fHe AL gﬁgé%g oduBAINERERA F@} SFHRAE A %oreeulah@om

lex
unhybri diz Igure 2A-C) 1Is % strate
for bot hIdn RNA poI yner ase and a ri bonucl ease such as RNase H. The DNA

dependent RNA _pol ynerase bhin to the functlon r. of conpl ex
II and transcr‘zlO nnQgits Prr‘%"? W&esé‘k ﬁé‘i“t?ﬁcﬁ‘an PtaUgS‘?epr&%ﬁ%@Egé sense

rod ! Id 2 ALOP G BASRIizab6h Restfis RNG#Battdn ghi ch 47
1/ 02 gglgicéé%lﬁsgg{ng%&@giusr@spedg)lof| C fﬁ%‘fr élzegr adatli)n of ?hel RNA strand

of an RNebbikexié(I6ga 2al-€Xin whigh adkysthe R&A Bortipoys gqngnallmhq FRMApertion, of

ext ensi o roduct I N e tri e5 ular ¢ I V. Free
CoNnposi tgh‘g?rﬂlﬁﬁrrls h%fﬂfflﬂ?@@?% té‘rﬁehetr"’dﬁ% %p CEREH Oﬁthet oY PPRnng%ﬁhe tar get
5 nucl ei Gridfe @xﬂeﬂsmmha& Uy\fhé B DN %&ﬁo@fth@jbhﬁlallylh&bﬁdl@é& préxerr @l ts in
formation of conple gure 2A- in which ons%pthe RNA ortlon

gener al | yesultgn @mRNAn pf)mmldﬁx Vé1(Figutee2 A rihich & mspivptirale S ]P At he target
t
ST, BT PR L R BB

result i flllJpMCBﬁEthif 16 figopidhexexinsioni ;gbkh&t ﬂAmCihe cWﬁpl@h Repantalrh¢érat e for a

DNA 10 émerase Ext ensi on of the priner al ong the target strand (VII;
Fi gure ZRX )ISIPe“smdt%raP@\dlsﬁiaé‘?W%%%Wf Ipgenerqblon o ¢ eRIessft ensi on product

fromthe r?%gilegéndeR‘ﬁpﬁ & llé%\rs{ Etant‘?if@ﬁ%p@ Orﬁ'ﬂ'g t§¥He4&%efjﬁll%m1@§<§@Ent S

resul t eratiron of nultiple copi ucl eotides that are at
| east s ubst antThalpriynee emhsemepltodng/t geoertated ab de@eﬂbemahdveus:usdlad a tethgaterforrer
extensi on product a terTBI ate for

e]tr; d as ﬁ&e ’{,\jﬁg&d above .is used
15 13 ansé’fa%ctr}pélﬁnll the g 8 it Tt &hat c?@@“???&'tprBBrﬁﬂ}Ot?égq‘%? B¢ Spr oot er
sequence grSvid®y. %e%%lac-gb%nﬂié th@ﬁs@&l ]Woﬂﬁ@r(VﬁXtﬁ@&'eQ'A Qgﬁ?&ﬁlze(s% ke Figure

2A-C) hybridizes to free i gonucl eotide to formthe partial duplex IX

(Fi gur e ZI8QDpligaduniebiide tpcfglpm é»e)part)al duplep X {Bigure Ao (b Eomplexrderled i on at
I N R R R e
respectively derived from the primer extension product and the TSO. The double stranded
20 portion of this partial duplex contains a fully functional double stranded promoter for the
DNA dependent RNA polymerase. The last binds to the promoter of the partial duplex IX
and transcribes the primer extension product to form multiple copies of a sense RNA
product X (Figure 2A-C).
The products of the amplification described above can be detected by either
25 homogenous or heterogeneous detection methods, including identification by size and/or
migration properties in gel electrophoresis, or by hybridization to sequence-specific probes.
The detection of the amplification product is indicative of the presence of the target nucleic
acid. Quantitative analysis is also feasible. For example, by comparing the amount of
product amplified from a test sample containing an unknown amount of a polynucleotide
30 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
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20 portion of this partial duplex contains a fully functional double
stranded pronoter for the DNA dependent RNA pol ynerase. The last binds to
t he pronoweroiotooshe partial duplex | X and transcribes thecprisoeesiext ensi on
product to formnultiple copies of a sense RNA product X (Figure 2A-C).

The products of the anplification described above can be detected by either
25 honpgSABIFRCHIN the test W eanbeistaminedn Fygthergadensionqf the ryv faekiGativB at i on

by i ze andh g to SHHGLALE QBRANENRR ah Bkn GhEGH HERDREGRIRIC £5d B also

hybri di zati on to sequence-specific probes. detection o

anpl i fi cdedsiile,ps delecibed belowdi cati ve of the presence of the target nucleic
acid. Quantitative analysis is also feasible. For exanple, by conparing the
anount of product anplified froma test sanple containing an unknown anount

of a5 pol yipifb 2ot BRRker30 gkt BLUMNBhanded OBk cSRAVENSR  dafiok he product of
anplification of a reference sanple that has a known quantity of a

pol ynucl eot i déntahathercapnhosiiments the biagkersequangerbased, linctrcamplifipatiommethad gt 48
WO 01/ 02Q035 PCT/ US00/ 2510 uence. in the test sanpl.e can be . determ ned.
Furt her 3 & @ﬁ%‘ic":gHIVS’Ft“E%lé :}‘Hg%i g’ﬁgﬁ“ﬁ?rfpglé?flir%{)oﬁn %W&%_e geggllﬂ%lp?’ PEB &Y s equence
al terati gRoAAdeIRARAINRICRE &id biplifieution! THIY ehehaiecntaikee liakgo feasible, as
descri bed below. 5 Method 2 -Bl ocker sequence-based enhanced nucleic acid

anpl i fi campbificationaMeathes 2, avfieiudons mot invplye gltesaRlate syaghsiepelsishewr i Figueer
arrp{nc'?fi c%tA_Bn met hod of the present invention is linked to transcription
fromthe prifrer extension products to provide enhanced nucleic acid

anpl i ficati on.Mdthod?2 atiliessrhé sivigle ebmposieechrinieiedsin Methbdd 1 asalesw@ibed Medveod 2,
whi ch does not involve a tenplate swifch sq&ligp, iis shown in Figure, 10 3A-D.
Met hod 2 aRIpekes sequense copmpgnent vigbis ietthersnjobigpnucicotids opay ligenpclegddeiescr i bed
above, I 0 [ i it i i de or
ol | gon o B R A A <1
hybri di zearget muckdramid steandras theesisgleprimegragét thot bleganualeptides thegmdmawr t he

single priner a third oligonucl eotide, the,pronoter. .15 | ate (PTO,
oh Bhe hderiaels BR0A bt Brsfber ShatatomBigt foaRodimcrir 2bRa: o
hybri di zgybhAafe (sndR§ BBl ¥omBEAIRNL8 ) 3 LéhdldTeheXisiattdRkichiign di spl aced
extension” product and a 5°-portion which includes at its 5 end a sequence
of a promsedict awska &-PAgion udjsdrindndesRis potnrreseayence Af aipromefer fpsolScri bed
above, the segu i L ately. .adiagent  t [ S
desi gned C{%Berbdg{%@?lgg I?Og{}% %Fl gef e‘%‘%lgl t@‘i g%@idr%%ﬁ“b%d ta{}(?ve? Eh%@al?enCé ﬁ%gﬁﬁt‘%ly
adjacent to the promoter sequence is designed to provide for preferably optimal
20 transcriptional activity by the RNA polymerase used in the amplification according to the
method of the invention. The blocker sequence component is designed to hybridize to the
target sequence at a site which is located upstream, towards the 5’ end of the target, relative
to the site of hybridization of the single primer. Stated alternatively, and as described
above, the blocker sequence hybridizes to a segment of target nucleic acid sequence 5’ of
25 the position in the target sequence that is complementary to the 3 end of the primer
extension product. The blocker sequence binds with sufficiently high affinity so as to
block primer extension at the site of blocker hybridization to the target. This feature
provides a strong stop for primer extension by the polymerase and defines the 3’-end of the
primer extension product.

30 As in Method 1, the target nucleic acid for amplification according to Method 2 is a
single stranded DNA. When the target nucleic acid is a ds DNA, the target is first rendered
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20 transcriptional activity by the RNA polynerase used in the anplification
according to the nethod of the invention. The bl ocker sequence conponent

i s desi grwo oio2deghri di ze to the target sequence at a sit@Cwhison25184 | ocat ed
upstream towards the 5 end of the target, relative to the site of

hybri di zati on of the si n%ée primer. Stated alter natlvely, and as descri bed

above, t &gk %‘@R@ﬁd Bedrreheaion e depaiuratign gf the v NA Sarertipgebe GaTEedow aci d
sequencey, .

conpl emn?é‘?@i t g%%epgﬁ%&%%ttme %?m?li&gr% Eﬁ%n%%l%tgﬁgTé&Tr%hebl ocker
sequence tix tarket mudldnc acififis RNentstigh dvi mRNaAY, therthtggt sdirstgevayse tbaxmc;kqurhyrrer

ext ensi on e site of block di.zation to the tar |sfeature
provi des I%F%Qisg‘ﬁﬁwgﬂ% pheragtto pre ?aé%glabﬁt tE"tﬁ’l ﬁ%‘g defl nes
the 3' -erhqetggdgfi}gemcg,ghﬁ@{ ext ensi on product. 30 As in Method 1 the target

nucleic acid for anplification according to Method 2 is a si ngle stranded
DNA. Wen t he Tharsiete saoted mcdei¢ abld@raetdsccmxblned wgthttlaqgeglepgmp@qitgt r ender ed

49 WD 01/ 0200 CT/ US00/ 251 | t Th
denat ur atPt'gH” Otg Elr?gﬁﬂscoﬁﬁﬂn‘f ’r%’%?roﬁg e%%r ?%%%@%}W @Hegng oreany

ot her KnQanti@td3e dudRMINAse H,heDRAtdepéniiht RN Acpdifinbrabe, @ﬁd aedléotidékignch t he
target nucleic acid i s RNA, such as MRNA, the target is first reverse

transcri eV (c.apthdds ak‘l’qu\}iPﬁ)naSt‘ﬁ@ deseribed for Mathod 1a Sisrblereagtion s t hen
anplg 1! @GR aflh Bthdiforks/2fe 2 JELAGA Bbvd. @th@gﬁﬂéa&@m E{%qra%ga}gmn% randed
nucleic atid Largetr s cohb singl'e co rIner

bl ocker cp@fﬂaﬂﬁn@m a (ﬁff&eﬁ)lft@mpaﬁﬁir@ I’gehﬁa’m’ atv&r,(tﬂmhat OINAe p&lcydmg 8iSPs. In

ri bonucl ease such as RNase PNA dependent RNA QQ| yner aﬁ , and

nucl eot i d@st e%QIE‘PPdI@@tF\ﬁib@e(S@P@O tb&l‘mfﬁ‘g e Peefpayed 1xthemalliescri bed for
Met hod 1. Suit staleler r

above. In one Iﬁﬁhgd&l S@&Heﬁ?ﬁ%&tdﬁgﬂgﬂgﬁlﬁﬁgn [ shéllblgébs%ﬁﬁ n@gﬁégﬁ?éﬁ#? ggent

t enper at udenticglereguenkce.yln awtrer emhadintehfeadf armbid'lqatlem sdcen mlclap§ a mpxtuzgnot her

enbodi nent, all .t he. stegE of the g@{ho Iorrredls I n one

il crbat S S R T et e T R L
i denti Calnoﬁﬁaéiﬁiaﬁleseqﬁéﬁc@dﬂaﬁ&%e&mmr%a;sablee@ﬂ{ybﬁmhﬁg‘ foGR¢ éaaie thRREL i ON

i ncludes a m xture of conposite primer variants, wherein the variants
r epr esentnutleis asid mu@nCho bt bowalogh (seqneneiidrniity)da prefesakly at lsast abowt Sbfer ei n
all are ca abI ridizi o G, a ce.
The hono!"™® p(e %r(ﬂhlgn%geaﬂ bo tln?jy} “@q‘g"rszg er%é@&gg eaf’tggg tqjé)b/((’)u%hgaﬁ/%%gyﬁgre

pr ef er abltyis atnbbemsetm afelude tl?é%lht@md impelicpditfemnakdgyentes bfasdres rao thed0%

Advant ages_ of
20 primer extension products. In yet another embodiment, each amplification reaction

includes a mixture of composite primers, wherein the primers represent two or more non-
identical sequences that are of low or no homology, and wherein the primers preferentially
hybridize to different target nucleic acid sequences or different sites along the same target
nucleic acid strand. Advantages of this embodiment include multiplex detection and/or

25 analysis of target nucleic acids through amplification of a plurality of target nucleic acid
species in a single amplification reaction.

The single composite primer and the blocker sequence component hybridize to the
same target strand to form a tri molecular complex. The primer is extended along the target
up to the site of hybridization of the blocker sequence, to form complex XII (Figure 3A-D).

30 As in Method 1, a ribonuclease, such as RNase H, cleaves the RNA portion,

generally the 5° RNA portion, of the single composite primer of complex XII to form
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this enbodi nent include the ability to introduce different sequences of
interest into the 20 prinmer extension products. In yet another enbodi nent,
each anplwbioe@tiosh reaction includes a m xture of conposiPCe/Usvé/zEns,
wherein the prinmers represent two or nore non- identical sequences that are
of | ow or no hanol and whergéfg the prinmers preferent] bridize to

, ) | h
differ entco’tnﬁ}eg@fn .Oégylﬁ‘f” 8AHR) AseepsEbrdaboys: the PRt qucf#é‘g}oéglﬁﬂﬁxg the same
target  RYeA CirfndSt £ W‘% MaNRAHRRs g& difdsp siﬁgﬂeql%m%etm&.c TYUEE the

mul ti pl ex detection an anal ysis of target Rucleic acids through
anpl i fi caibooucledse dogd not degrage the frearcgmipositegirena. dbedollapegiseps,ian a singl e

anplification reaction e si.ngl onpaosi t irer and t bLocker,
sequence WSS 19{\%1’"?“1‘??@ Pfl_B%F ﬁé n %’é’nt(grlggtdlsgiarcﬁw ntto(rﬁ]%% rﬁn§ o fhe _

mol egul an ek RXsiod Pt%dﬁét'H}BcheBSDNS& ot optiRnanipositd @ﬁlﬁ@tg((\lw fidet he site
of hybridization of the bl ocker sequence, to form conplex Xl ?FI_ gure
3A-D). 38teasion andiisplecenient af thedustusinecssatension profacHNele. procesi@aies t he RNA

Porpl ox. Afeh Frigbind Sins SniBOGuhe tselfidsorSloiiiCa SOIRRFR) Gpfkd R 0 o
3A-D) . Adlighereme o&%@MﬁMeﬂﬂﬁ 1eDAWINSs fully sP@plchieatalpto the eayétReqichee arldNA

strand of an RNA/ DN brid, and does not digest single stranded RNA. Thus,
the ribsleaenezempasessnend prsiemyaichisngtcom tethstasget: Repgated o | owi ng

steps, as._il| i j - i ki . ,

di sgﬁ acei’élr‘?%erg?{ebﬂég%ndgggh%?{sﬁlﬁg&%%%gﬁg{ﬂ %&tg %ﬂéﬁggg}g?g%%c@l%;g fEl)he 3' - DNA
portion glblynhelestideakdt be: qmplanertady)to thertarget nuokeit ecidi on and di spl acenent of
the first prinmer extension_product (XVI ceed as i.n thod 1, to yield
mul tiple cgpi e promepfgr WP@&Q%B@%& 8%‘% e @M&P%%@Fﬂlﬁcﬁsﬁwpﬁeﬂt he

di spl aCe'H?Sﬁdlcp%gtgi'{ﬁtcoﬂf)lewmﬂ%ﬁ%ur%(yw-DB Sy HybldizGREPLERE B dpdirQord 19 t ar get

seqguence "an s not conpris end portion which is not conplenentary
to the tafgetprofepedtrécnpilotepoitimed’ end o thei dispdaced grigter anignsiom ploduenéyst s

result in, generationof ,multipl i e | ynucl.eot i des, t hat...are

conpl ene rﬂeg‘irﬁ’efl BEWFethtea?’r ﬁg‘h Otﬁ% ﬁ)é[iﬁz%% i%ﬁ _%Ithch%Pr/rboﬁ,Dt thenthe ) epd of the

ol i gonuclpelrbABter RHPlatkiiNsls tiekbnahéicaipiac a4l 6Xtavsdednlony e dplated f or m
conpl ex Il (Figure 3A-D), by hybridization of the 3" end portion (A) of

the proprrohisr ektensappradect; Bhe fee oféh?jdiépla@qd@rgqi@pwélé belependrdbydhe ensi on
oo BiRaPsgy) BAFEHRY Brpk 08 rof L 05 ERRTI PR Bhgples o
t enpl at e pibprombeer eothystad @6l farhoranplée XX swhialk ecimpiisess meits end @dsa dsrpromotduct .
TheZ(? | ensceiqlgefncé Hl?lt gaimsbpeI u%ﬁiggd g}rf ?h%ulgﬁlAVgelplen egt XEAepno }?rglerg)s/e.tggmplex XIX is
depicted in Figure 3A-D as the product of hybridization of a promoter template in which
the 3’ end is blocked for extension by the polymerase. Alternatively, when the 3’ end of
the promoter template is not blocked extension of the 3’ end along the displaced primer
extension product results in formation of a fully double stranded complex. DNA-
25 dependent RNA polymerase will transcribe the extended displaced primer extension
product of complex XIX, in both forms (the choice of RNA polymerase must take into
account its capability to transcribe from a ds and/or ss DNA template), that is to say either
the partial duplex or the fully double stranded duplex forms of the complex. Multiple
copies of a single stranded RNA products are produced by this transcription step.

30 The products of the amplification described above can be detected by either

homogenous or heterogeneous detection methods, including identification by size and/or
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nucl eoti de (DNA) pol ynerase along the B portion (see Figure 3A-D) of the
hybri di zed propronoter tenplate to formconplex Xl X, which conprises at
its one ewo caoe®3pronot er 20 sequence that can be utilizeaCusoiresiDNA
dependent RNA pol ynerase. Conplex XIX is depicted in Figure 3A-D as the
product of hybridization of a pronoter tenplate in which the 3 end is

bl ocked figraEiRn erPeaies by gelieteciaphererings by Ay badizatiqntesgquenprspeciis pobesnd of
the pro r ] ' . - b ' e

i pl aced orciEH & fie htpltain 3R RILERRNIDIRe bofence of B ALARRCNS 1)
st r anded acidmuaxtitalida2By sikeig aisd dfedsiHRAAF radxpmipleg b combhérinig the smouitenft he

ext ended di spl aced_priner extension product of conplex XI X, in_bath forns
(the choiPERAUSH almpﬁeﬂo‘%r%@rt%émmlg@@ta%ﬂ% it ki G ol eelysieofdy ¢ o
transcri Renk D Ltafiet 3fleRle ©ShINOIE&TRLADElcatidnd)f airsfetdcs Mk ik has 4 he
par tn'?al durpl) engﬁgor at‘j%e fulel ye doubl e strandtgd lgﬂjpl ex afrorems cof tlﬁe corr%sl ex.
Mul ti pl e knowpigesntidy ofia polyglidestidegdhatednt@iva the tachiet sesjuancs, theathoustiofifgrgeni s

transcription step.. 30 Th rqducts of anplificatio escl i bed above
can be dotaEREETYe 53 erbte Fissgtaismees ThepBugeniB mehefSibe RSl hods,

i ncl udi nGniA@BA tdd AR PO itd Enadyii OF seqichc¥@ItEAi SRR BeqifehtiS00{he5104
mgration properties in gel electrophoresis, or by hybridization to
sequence-tageloiucleic gridlsa discusppébelewect i on of the anplification product is
indi ative of the presence of the target nucleic acid. Quantitative

ana (gsi s is also feasible. For exanple, by conparing the amount of product
anpl i fi edMémmom isikglie dRpTification Piethdds agd 2Bmposiriansyrofali@inventién a

pol ynucl eoti de 5 containing a target sequence to.the product of .

anpl i fi cati on Tde methedseand sempetonseofihapressas Inyentioihen Rsuued fary variety of

pol ynucl i t [ t ﬁ,ﬁ;w Larget
sequence?)?l#()tqﬁsé I?)Z?P @gﬁﬁﬁ%ﬁﬁﬁgéﬁgﬁéﬁsﬁwﬁgﬁ% %ﬁﬁ it cggﬁglﬁta@nlgt hods of
t he pr esamnitatiomdetettion)) ntemvaabys preparaton asiviethetampdifiatl ysclsiceicidyrqdetc e

alterations ang, seguenci the target nugleic aci.d, as discussed bel ow
10 Fbt hodSneraia gy Hamamany o bapresrn igietos Ml sbuaHEEEnE rERg o he

i nventi oneJiacdEkbad3 B conpositions of the present invention can be used
for a variety of purposes. For purposes of illustration, nethods of
sequenci ng, genotyping (nucleic acid nutation detection), mcroarray
DD o D 5 AT B pLE) S5 B ROl e B ERSE kbl 1
sequenceSofaicindgiioni bed.

20 The linear isothermal amplification methods of the invention are useful, for

Ya!

example, for sequencing of a defined nucleic acid target sequence. The sequencing process
is carried out as described for the amplification methods described herein. In addition to
the nucleotides, such as natural deoxyribonucleotide tri phosphates (ANTPs), that are used
for the amplification method according to the present invention, the sequencing reaction

25 mixture also includes the appropriate nucleotide tri phosphate analogs, which may be
labelled or unlabelled, that upon incorporation into a primer extension product effect
termination of nucleotide polymerization. Such analogs are commonly used in other
sequencing methods and are well known in the art, such as dideoxyribonucleotides. They
may be labeled, e.g., with fluorochromes or radioisotopes. The labels may also be labels

30 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 binding of the other
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| sot hermal sequencing of defined nucleic acid targets using the |inear
anplification nethod of the invention 20 The |inear isothernal

anpl i fi cawoon/oa@Bhods of the invention are useful, for evramuiseo/25104
sequenci ng of a defined nucleic acid target sequence. The sequencing

rocess 1is carried ou escr.i be r. the lification e
8escr| bedFBPE;of the Wegﬁa%m P, S ﬂﬁ%tl“éﬂ’tqa%%y“%ﬁes%ahvfiyu P‘Qﬁ‘ the
deoxyr i bqpdi gheptelr @eﬂferwmdqﬁ@ﬁaah@a %impﬁ)enzytxﬂé‘ﬁha%ﬁalyﬁe%qm E&erdiiof of a

anplification nethod according resent invention, the sequencing
react i on degctable signal tas could be d@teete«tl hy naqﬂmds pu«rlaasecqm:un@m iflgeromstrysiios phat e

I b | abel | ed h
e e b TR L e S

pol ygrer i aa&drpaateSuﬁtb R BESe TR BPTORIT Wy UieSsblymeratddid seBRAY S ifiighdiet hods
and are well known in the art, such as dideoxyribonucl eotides. They may be

| abel ed, extegsiongiang the (aeges senueness The resulingitaweapd extension praéeqt%arﬁégbeéﬁdso be

| abel's 3%%@%#&&%1&81@'% 1436d Pher ok SRELS iy prodfet naa}ﬂgn Le%?f}', adtoy l@%ﬁ)o be a

smal | eC|

det ect ed thekiteooi ingbrporatdomaf exich bfl&le@hhlegs SﬂllMﬁe@ﬂdsaﬂQEe%arB@I/sé@@ﬂdeZSlM
menber of the specific binding pair, %th as biotin and streptavidin,
respect i \}@Wonw HCQpRlemeRiary BHOlRoEAC gn therfarast 7aPeRFepai r conj ugated to an

enzygre that C%ﬁal,\éﬁsegfl}ggeaag&&gﬁ@%a@f& a%h%ﬁe%@k&e%ﬂ, Lu&f{@a!rnn yeoul d be

detected by net orinetry, uorone y or nescence.
Al | of t herrédone usirgapy eSvaioas wethodk koowin nmthbtaet suth neHwede irmtele gel

i to.th duct by th | d
e N A T Rt
truncat e?e%l%@tﬂﬁih@fbsﬁraﬁd WetesticH 6f the RRIASbeledhihd¥CHIF bpRskphdteideRt L

di spl aced primer extension products vary in |ength, ‘according to the site
of i ncor poekaas Mwle@ﬂlaegdhamfcsméelaﬁamagy elegtriophoresip pdapeadt Withe detsetpous

Seqgyence sggglf}% forqge beld ugé)(fr?l Eemaégé forny .am(f| t%leef%E: (itﬁe ?a pa% atls%rk% a h%asg :feﬁ?cfon

Analysi s e reaction pro Ucts ucidation sequence |

can be ifidihg grcmuh whidhnig usdtyfoplleté@ionafshemabélaa soﬂﬁbmmn with g eAdyime Such
nmet hods i ncl ude el ectrophoresis and detection of the |abel ed bands

usi ng appiaperisd Q@Mg ProtilSHel ?fgblowabe eé&baleﬁﬁm%%m@rﬁreaev@& i on of
e et g pant oo by Apesahas cenn el L spilal
speci fi ¢ wiich ptrerdtedrelgeustdel signalt A w@acﬂhemquemmgmeihbdddmowmhﬁ theedyel can
al oy be qyLLoa00 1 of G R0 BrOLEL WhI 61 3 U58H Lot FISk SRR AT the
single reaction vessel, or in separate reaction vessels (each representing 1 of the 4
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
analogs and/or label used. Thus, for example, when each of the analogs is differentially
25 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
above for the linear nucleic acid amplification methods of the present invention.

30
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conjugated to the binding protein, such as biotin-|abeled chain term nator
and streptavidin conjugated to an enzyne. The | abel is detected by the

enzymat i cweatiozioBy of the enzynme, which generates a det eecahiseo/siighal . As
wi th ot her sequencing nethods known in the art, 20 the sequencing reactions
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per formance of sequenci ng anal ysis according to the nethods of the

i nvent i orpodymeerigativh ity the seachios mixXtore for the renlpar@vd boedr pmplifisatianeethedsquidinci ng

net hods. T . eagen rea con S sho I above
for the I'f “P PR é? gtﬁ%a&gr@%ﬁm%tcl on lrrg sfgor$% O%Em %Zg{eenlgsg
i nvent i orpolydRerhst AE1tE1dfRRERBSratiéal éﬂ-ﬂﬁ@@ﬁal@g”sQLSulthleer@P rBhlogEeard &AGWA ¢n Of

defined nucleic acid targets using the enhanced linear  anplification

net hods (themoabe Ipstarg nz:prmat@qhepmvemq COFPTHRGISHY inHE Fetrﬁedalsthe digsglagechci ng
95: @EEV?%E% %ggﬁ@ﬁf {rﬁeﬁ? tele V&é?‘%orﬁ “‘ﬁ?‘g?‘t’q‘he%eth drﬁ%‘i 1 %bel 1 ed

or 5 unlMbgbd ey, that upon |ncorporat|on into an RNA transcrl pt effects

term nation of rNTPp nerlzatlﬁ gghere ctio mxturefor .the enhanced
linear anpl i fidRAlYSholthe Fragiorprofucts i the elpg ?‘ﬂ%‘dﬂé?‘ﬂ‘t?ﬁc%‘l“ UPBHERSed RNA
product s, co Wil G 1 HEAY Ly Bﬁ@m PRl mnahoasthe KB iR RlHETARE nitkhaist es of

i ncor porati on of anal ogs. Sui'tabl e rNTP anal ogs are known in the art.
The | ast iacledd thosr gscrhaichbopp bsiseqentiog obdefiredentizroacidiergets ustg the t he

di splaced_10 extensi 0 ro int e rel evant npl exes according to the
ﬁ%d us@an(ﬂ@&“ﬁ%@ hi’e%‘pamwggcﬁ% Ogthgﬁl 5?’?’68‘%01{ he reaction products for

the el uci dation of sequence |nformat| on is carried out using any one of a

variety of methods as knovvn in the art. Such rret hods i ncl ude those

descri bedRMAPpetiqnobased ipH ngptioredqtens panplificatigpmetheds afy t he

I|near arrpllflcatlon rrethods of the |nvent|on RNA

15 (non- eghangad) |1

portion- nmut ati on detection utilizing the anplification
met hods of The umque properties of the composite primer for use in the isothermal
20 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
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

25 composite primer — hence reference to “defined” mutations, which are defined in terms of
their location.

The target nucleic acid sequence suitable for the method of the invention is ss DNA.

However, preparation of a ss DNA target from a ds DNA target or an RNA target can be
carried out as described above and known in the art.

30 One embodiment of the method of the invention is schematically illustrated in

Figure 4. In this embodiment, the RNA portion(s) of the composite primer is designed to
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the invention The uni que properties of the conposite primer for use in the
i sothermal 20 anplification nethods of the invention provide the basis for
an i sot hewoali/on®Bhod for the detection of defined mutati ®CI/US0/25104

pol ynorphic sites (such as SNPs), in a target nucleic acid sequence. The
met hod is usefyl for genotyping, tection of nmutatjon |leading to drug
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enbodi ment of the nethod of the invention is schenatically illustrated in
Fi gure 4.2 sequenvelterstion)i andrihe ref¢renqreqysnce arsraflsles ofhe breuernepdisiation praymer i s

designed to .54 WO .01/ 020 PCT/ [ 25104 .be enentary to the .
sequence e #de PRSI ESIRIRGET adlhafar Pterifif . FRT RS TReb Bt irbeln s
sequence sthémitadall MdribedShises Fighre St ated al ternatively, the priner
conprises an RNA portion(s) that_conprises a sequence that is

conpl enent ary gnpter prabedimgate thedilA mortiqu(of thegomiosite priger ig desigred to

se nce ' ' [ t t ' he.is 5
S OHE" RSl Sh i heaaee pLAR Lo ol B A
sequence aihp$tawd afjernatigedy|uhapemat compatseom) RAAdpdriien(s ethetr @ngeisseguence are
alleles. The seﬂguagnce alteration mags be a s"@ngl e nucl eotide substitution,

a del et i o¥IBFICF HEE G SOBIPIerIFanyite Ehegpst LugtldmcieIa PR 4 iotPt camPIEIeBIREY focal | y
mar ked by XrdrefidddidhBerfte (foR cRARHIBE] wREBAIS ce)lda8inEVOniBR iel seécile B the

conposite priner is designed to 10 be ‘conpfenentary to the altered
sequence thagsttget nudeibacidne el compatdde Ih esimne embgdimentse theialtered seqhienst at ed

alternatiyel the priner.conprises an RNA pori.ion t hat conpri a

S baiEnae Eatte Rt FORRSRTD B e Rer AN e PP i e Nrdtenes B SRERAERSS ot
conpl ement ary Tig RNA&HO@IE LeRGA1E SIRIRAGRrid bf he@BRIpBsitePprivhér&oppiSes a
sequence) agai nst which the sequence in the test target nucleic acid is to

be conparwguence Wighes spmplemeniersto 3 knoval nasmabivid Gunsrseeuense,(or aknownhe
SERLeTCe IR, S RARSSse AL R LABRALORRCE RS
primer coORNAIesorathat allows the primer to preferentially hybridize to a target nucleic acid if the
20 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
extension product and has had its 5’-RNA portion cleaved. As shown in Figure 4, the
presence of sequence alteration does not generally prevent the initial step of the
25 amplification. The composite primer hybridizes to the target sequence, to form the first tri
molecular complex, and is extended. A ribonuclease, such as RNase H, 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 pattern of cleavage of the RNA/DNA hybrid, the
cleavage is nonetheless likely to take place. The next step of binding of a composite primer
30 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
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sequence which is conplenentary to a knowmn normal wild type sequence, or a
known nutant or a pol ynorphic genotype. Cenerally, a suitable conposite
prinmer cowproi®e®3man RNA portion that allows the prinmer tecpresheeantially
hybridize to a target nucleic acid if the 20 target nucleic sequence
conprises a sequence conplenentary to the RNA portion,of e rimer
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such as tHeplagemenband praduction pibmytino oeries Hthy wspbfication prodwgtsy Tidp zi ng

ol i ggnucl lﬁgite}s dand t&@@e&é&tiroh 3¢ %{ﬁ% ttﬂgmreﬂ@% bPhe GPAihOhtiod Qﬁfﬁe factors
are considered in the design o e conposite prinmer, according to

t echni quesaswdbh atsansorginebendecifla pramérrextensionptadutt, or guaaltisanivposmpiisens bfit t he
m smatch will inhibit cleavage of the ortion(s). of the conposite

(s)
primer, tHBRUNPEIRSHIMREG MEnRYISnpioR RFIBRt droreramplsr Yhen LEGOBRRY 5 Anot her
poSSI b | 1 ffmdrSeohipscd e rdTbr AR &ludck (fof ERithle Wild BYET R fre&ch@Eph Of

cl eavage of the portion of the primer thus r ting in | ower

ef fi ci encyuafiomind fafget straindmayr lepd toncddtestablodmpleeatianpraducts aalieomtipelyduct .
The,Lnability.of, the conmposite pyriner to bridize.to th rget at this
stebbor uhBeggp AEFRAR PRGish i TR A PRinaB Wp it 8RSh ('t and
di spl acengprtorfsk mn@dset i on of multiple copies of the anplification
products. It is 10 understood that the detection of nutation by the nethods

of the presentWhaygstcospositerpriyaer dompsigeson B Ao geparalbene eRYA a pri ner
ext ensi on_RpJ: . i i j of._ | at ed
primer exlfog{r’%(glggﬁattE)Sr%Qﬁgggg%ﬁeﬁ%%%p%%%%%%%& %:m ‘%@%OP%% %gllrrtggonpri ses
t he ref erwhick is&ghenaeal gatotypeanil be, praventtd] whidg a niutent gems gpectarget will be
mutagion in target strand may. lead to no detectahle anplification

pr odtict s; 2maplitisdn Jiugdn fhis qase the deigetipn apd/pravnetiative drterpngiéiRncafanuliple | ess
than thosg i Qi fIiRmMich frBaRl: &Hif be ifd@five 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 primer extension products in the former compared to the latter

25 reaction would be indicative of the presence of a mutant genotype in the sample of interest.
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.

30 Any of the amplification methods of the present invention are suitable for detection

of mutation as described above.
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wi t hout the nutation. Wen the conposite prinmer conprises an RNA portion,
generally a 5° RNA portion, that is fully conplenentary to a nutant

genot ype, wamploedodEat i on of a sequence which is of the nopcalugezabype wil |
be prevented, while a nutant genotype target will be 20 anplified. Thus, in
this case the detection and/or quantitative determnation of nultiple
copies of the anplification product will be indicative of the presence of a

target sefuRREBtdObakl SoMtANM mIRAGH Maeetio%qrtﬂi%@ﬁné @mgmﬁéa%loh etk RBGEI ONS
t hat i ncl i I erest o e

sanpl e ofthe vgetiomucl eic with a wild type sequence could be run.

Accumul ation aof nore priper extensio ducts in the forner conpared to
the 1at ter 25 ndlamredpdlicaTiR st BF B ook duttfice REABhmBETREL Sne
genos ype primdri§usedid tRar@dteriz thé pebence Bk hiedenéd ofeMtatedrequdnoe conposite
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genot ype Bylyidizatien of therdé masspudlegtigeof therpempopitaprimer tofa targebirustaic agdifuence
of the . j re i:0R itative
det er mi natAateddPF BREB ok uftns 15B1cRFe, e Ae AT BRI ERAOL o1V pe.
30 Any ofmicleéc aigtordtaiagaihesaquentddetnedbytihe3 phes antleotideesfitho compaits ui t abl e
for detectjion _of nutation as described gbove. 56 WO 01/020035

PCT/ US00/F5a%4 Reductippqra %qna%gﬁa@éwiawél%@%t% Oﬁ&e&th%gha Cederen e 2 ng
the;gmpl iy ?ﬁﬁc@é}? %ﬁ%g@%ﬁingg secﬂd&ﬁc ﬂi@?ﬁg}nQH?tliﬁ’clﬁﬁﬁs%t f@gthﬁgbasEh.e

conpl enentarity of most " nucl eot1 de of a conposite 5 priner is used
t o char actogrplaserttirg tpthesié nuwst oucledsle of eheaforrponite priirer. SEgUackod. the

bridization of the 3" nost nucl eot.ide of, the c osite priner to a target
ool e ¢ dehgned car B ta oy P o sings 2iep Gl SoTHBS Bhisi Mg ok k
anpl i fi cadel@dniofdiséqiefSe ddppient iR olphBRie the WguBhde REined B Med’ Msost he sequence

defined by the 3' nobst nucleotide of the conposite primer. Reduction or
absence odfuclpotideict anplification, on the other hand, indicates that the 10

| ei ' [ | L i necl I
hethase  companeArgry b eel SR HEREE B b b Bhed Bt BEROEN 5y oer

The | ack micldoti@e cae3peERC® thévarkuris detfiehces pPOthetvariniitaiucleotidsSpadgion (Buhl 80t i de
pol ynmor phi sm jnsertion or deletion of a_sequence g&gm&nt enconpassi ng the
sequence Hertp abelisgy, arp asest fopgmplification ageqréiag ta theymetherds of dhsoiayention, The

genot yDE-p'*ngﬁj:é j)lf’anpﬂliﬂzﬁ{ién pr%ﬁﬁétg DodidtiRdias endt Bk tgfgemﬁ:tleic acid comprises the
sequence defined by the 3’ most nucleotide of the particular primer used. The absence or
20 lack (in comparison to a reference nucleic acid having the sequence defined by the 3” most
nucleotide of the particular primer used) of amplification products would indicate that the
target nucleic acid does not comprise the sequence defined by the 3’ most nucleotide of the

particular primer used.

25 Mutation detection based on single stranded conformation polymorphism utilizing the

amplification methods of the invention

The DNA or RNA amplification products generated according to the methods of the
present invention are also suitable for analysis for the detection of any alteration in the
target nucleic acid sequence, as compared to a reference nucleic acid sequence which is

30 identical to the target nucleic acid sequence other than the sequence alteration, as will be

discussed in the following.
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nucl eoti de correspond to the vari ous sequences at the variant nucleotide
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stramded I, i on

det g(?:]tl onﬁgpﬂgg?@d tg%gﬁ% hgwRNn%aﬁgGé&gté g; §§lﬁ%§§§v}d§%§?§ﬁﬁn met hods is
not a suliymerphisor, stﬁahnrashereldétremuretiq srcaana'om metwpddocthe adqntlﬁtatmtqfon
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Transcri pirkRAcdePecififBedubhéfehtartsBithopesdRe of hiediffRyenet el &stiRlgar ri ed
out in the presence of gents whi ch reduce secondary structures, such as

DVBO. Thussid gstcomparegrie paeforeneeinudieie aeide enhanced |inear anplification

ot fipds of ¢ NeBSS el BY B Ao Bl A el PERLIobAKRTL B Bopr gpr T 2t e

means for detectling sing con sm su as an

el ect r ophhb¢ &étbﬁlo‘ileﬁaraﬁilyﬁﬂ oﬂmte h@ﬂodmnglélararﬂe@hoﬂfbﬁﬂdﬁo@ll lgémexspem fic
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used f or for the determination of sequence specific conformation polymorphism. Such nucleases
20 are known in the art, such as the Cleavase assay (Third Wave). The electrophoretic
methods are potentially more suitable for high throughput mutation, or genotyping,
detection methods.
The determination of 'sequence specific electrophoretic pattern for a given nucleic
acid sequence is useful for the detection of specific alleles of a test sequence. Furthermore,
25 it is expected that an electrophoretic mobility pattern for the various alleles could be well
differentiated, thus allowing the detection of two alleles in a single genomic DNA sample,
as required for heterozygous genotype, or multiple alleles. 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

30 polymorphism, SNP, and the discovery of new SNPs.
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the detection and analysis of the various single stranded conformati onal
isonmers. Alternatively, it is also likely that cleavage of the single
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amplifcation methods, which could then be attached to the solid surface of the microarray.

20 The amplification products of the methods of the present invention can be further
modified, such as through cleavage into fragments or by attachment of detectable labels,
prior to or following attachment to the solid substrate, as required and/or permitted by the

techniques used.

25 Characterization of nucleic acids

The amplification products obtained by the methods of the invention are
particularly amenable to further characterization, in part because the products are single
stranded. The amplified products, either DNA or RNA, can analyzed using probe
hybridization techniques known in the art, such as Southern and Northern blotting. The

30 amplified products can also be analyzed by contacting them with microarrays comprising

oligonucleotide probes. The identity of the probes provides characterization of the
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Attachnment of groups to the priner which could be |ater converted to
reactive groups is also possible using nethods known in the art. Any

at t achmernwotoa/omess eoti des of the conposite priner will beconsopasivs of the
si ngl e stranded DNA product of the linear anplifcation nethods, vvhi ch
could then be attached to the_ solid surface of the mcroarray. 20 T

anpl i fi caepwncpidsatittod s amplificdenrndinss. and the by cxenplationibs ideBiity o4 ﬁhebe
further ﬁfa rﬁglﬁléérb%‘g?e%emﬁ Qggﬁplgoﬁﬁﬁééﬁﬁ o'f%rgaﬂh %ﬁ%ﬁl e 01 taCh”E“t

of detecta rror to or oW n nt to the S0
substrat eacidas required and/or permtted by the t echni ques used. 25
Characterization of nucleic acids The anplification products obtained by
the nethods of the invention are particularly anmenable to further

char@ct erdgahg gfbnslagdmbf%qg%ﬁw;,he products are single stranded. The
anplified products, either DNA or RNA, can anal yzed using probe

hybri di zati on Tleohmlmuaglsbmmdesmompesmpns arglkdts uaed Bothe hethodadeschbed her n

bl otting., The ucts can a cont ac 09 t hem
i th m orsERadBe SRS R g Ay R EPRRGE rEuBR B el DAY e
probes pryifiRa heRd as WRlliad ahy 6dmBhatidle 12} eXinplk! B Rt CHoViREA25104

sequence identity of the anplified products, and thus by extrapol ation the
i denti ty esmpopigion p@xmrpnang aﬁgmpeﬁﬂte ragned, wh@rg@rthe wmaosgfarppm@r sopases@d of

Coni i ni m gnc;[ aa§ Ei)]@ iéh. Iﬁes he 15ex e fngé}glo@ﬁ;omé of the

i nventio &Nt i%on als prOV| conp05|t|ons UsSed in the

net hods  deapokified comprising a cdmosieiisd: Wharsin By chrepesit peiaisp onapiifes ), 5 -
reaction mxture and/or internediate described herein, as well as any

conbi nat i NA pestonsand it DNARortion, elftang ﬁnwpéw%@%lRNéomgn tSadircedtipr i si ng

a conposiy

por t1 on angDAVA BB HERRILr cRfinbi e R RIGH pAEUeC ARSI RPN des

COMpOSi tlammpomtmpmmemg/hareuomp@ehmesmrpmmr comipesm m’ tahé 3t—cﬁ)1°{)fbpom$n$)mther

COfTIP i ses orti and‘fﬂl\lﬁ &'}:‘Agaﬁﬁtll on. .In one enbodi nent, the
%ort |"6 ‘s‘“‘&d?’ﬁ éﬂ‘cngt APREIGINAR SBIET PEATPIES, BV lon IS ¢ he

i nventi 0rboﬂ{ﬁé!’l'tlgﬁ%oﬁpﬁﬁﬁ?ﬁ%bﬁﬁ)gﬁteﬁﬁﬁ%ﬂﬂ%ﬂ @ﬁﬁheﬁ&?ﬁﬁﬁt&dﬂay@da@lﬁﬁent%ﬁr ein

t he conposite priner conprises - -DNA portions with 15 at | east

one int ermelniyrrgpm%df@qtmg attaqhnmmhe‘rfa E()damml@éldetch@pnﬁveﬁm @mpepity/i des a

conposition ¢ n Site priner.that |sfurthe rivatized by
at t achmer®! r%(-i;rq% I$ ci 1&)5? ate ung(f) in preéparing nucleic acid microarrays. Tn so?n

embodiments, the composite primer is further derivatized by attachment of a positively

20 charged moiety such as an amine. In other embodiments, the invention provides a
composition comprising a TSO (i.e., any of the TSO embodiments described herein,
including TSOs containing one or more modifications which enhance binding to template).
In some embodiments, the compositions comprise a composite primer and a termination
sequence. In some embodiments, the invention provides a composition comprising a

25 polynucleotide comprising a propromoter sequence, such as a TSO or PTO (i.e., any of
those embodiments described herein), and may further comprise a composite primer and/or
a blocker sequence. In some embodiments, the invention provides a composition
comprising a blocker sequence (i.e., any of the embodiments described herein, including
blocker sequences with modifications).

30 In other embodiments, the invention provides compositions comprising (a) a

composite primer, wherein the composite primer comprises an RNA portion and a 3° DNA
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noi ety capable of effecting attachnment of a pol ynucl eoti de conprising the
conposite priner to a solid substrate used in preparing nucleic acid

m croarr ay®.01kewosdne enbodi ments, the conposite primer i PChUrsvéresio4
derivatized by attachnent of a positively 20 charged noi ety such as an
am ne. In other enbodi pents, the_inventjon provides a__conposition

conpri si MPréeMEmsqme gmbodimpenist the RN sertioniberinwat © he A pedonsei bl a
| ncl udi ”Qeéﬁ%i&% @én@b.“%égﬁllﬁ‘e néé{rlll%cfsﬁ%&ng}}ﬂé {dnnRatiBR SedMeh Glts GARYICR Jphdrdi Ng

to tenpl at I'n sone e € conpositions conprise a conposite
pri mer arehtedireents, i ieoninasevsegneee i$ a bbokingsadedierdnseme tinbodimestss then

provi des a conposition-conprisj a 25 pol ynyg tide conprising a

pr opr oot @M POE, Hﬂﬁfcogtpéﬁg%%géﬂ%wmm%f@f?ﬁbﬁ& B?l‘}‘oagm C_teﬁﬁl?e enbodi ment s
descs i bednliRiifhéhts, tRORNABYoriis IsAJacGRTH EHSIONA (SRANDS 1A BthRf ErB6diMBAKs Othe 8

bl ocker sequence. 'In sone enbodi nents, the invention provides a conposition

conpri si rgmpobitoprier ompisecs - @id & -DNahportibns Wih ehlsestione mterversg RNyed
herei n, includin bl ocker sequences with nodi.fications)..30.ln. er
erbod rerfeetch HEome OB RGL e obii8 sPPPhns Bt SPRdgsig i b %

conposi t HudRotido\Ehsising NRreanes bdeitet (B tlesB&e @ rtion and
a 3 DNAq)O%(r) uV\D 61/ 020%%5 éPCT/r USOO/_ZSéfSZ epg?taipg)%}ﬂ(ai r? sone eﬂrvﬂin}{gqﬁent s, the
RNA por t iRsePromoz seguenee. {1 saraeemppdipents; ha propapraoiehjeqaenceds Riovider & a
sequence. o) e E ) .on- I T, ot her
bt oo PR SERRRLRRL the bidBh P Qo0 REUERTEY b 75D, TR of e
enbodi nmerdbsye tdirpositivip asiytfartheri corprico tepiplae swhich comPisasarthngorsequehca) 3' - DNA
portion (in certain 5 enbodjnments, the RNA portion is adjace to the DNA
por t i on) .2nAor gner the FpBaT g&@éh_@f@ﬂb@ﬁ%@sﬁ @Apquﬁ@ﬁraéﬁﬁgﬁquéﬁsa@Qr and

3' - DNA paHiAQReyniirhd) 2iné Edfpostitas aft @’n%ﬁ%l&@tga@#gus R Bfé_ﬁeraﬂl? ipdMe

enbodi nents, 't He conposition conprises (a)"a c osite priner; (b) a

pol ynucl eunitalde bulferpri si ng a term nati on sequence; (c) a pol ynucl eoti de
co ising a .prapronoter sequence. In .sonme enbodi ments,..the propronoter
ceqtince s priRTIRY alzo PR OO ey OB BUE IR LDl BB GRS ot or
sequence deScrife@Weftdl RY¥cordiAg, thémyvedfioh PRVIREAWBpEaitOsf DNANGnIBInsE Y6 her
conprise tenplate (which conprises a target sequence) and/or any of the

enzynmes dE@¥Ar(banse) theleedles Vhigh lareeopmal pdargersequaace, Riselesare paertiiced by mNA

pol ymer as Th I t4.0 are generally in aqueous form preferably in
a sui tab%éh%ﬁlFﬁlgg?H%gﬁwehﬁ?%e'enti on al so provi des conpositions conprising
t he anpli fi catTlercopipositiohsare generally in a suitable medium, although they can be in

20 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.
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
25 for any one or more of the following uses: amplifying a nucleotide sequence; sequencing of
amplified polynucleotides; and detection of sequence mutation in amplified
polynucleotides.
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
30 kits. A kit may comprise any of the composite primers described herein. In some

embodiments, a kit comprises two or more composite primers, which may or may not be
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descri bed herein. Accordingly, the invention provides a popul ati on of DNA
(anti-sense) or RNA (sense) nol ecules which are copies of a target
sequence,watiiooas e produced by any of the methods descr iphedish@ranf. The
conpositions are generally in a suitable medium although they can be in 20
| yophi li zed fo Eur ta?l e nedi El 4nc| ude,. but are not limted to, aqueous
medi a (sweﬁara@ yrgﬁ? pthsF crppdieRts, a kit SompRReA i OMPRFIR PURY Afles 't or
carrying @uinbiish é‘éﬁﬁé}feg Sarf oflthste!dB¥E1BEd ABrein) AACAE Hraga %aﬂpn@e ¥&drhsdse Of Kits
are provided 1 n suitable packaging. The kits nay be used for any one or
nmore of tpremersepolyeededtieadomprising a temdnatamcs@qr@hnnglayld amalyneiolepiaden

R R e e R R B e stk e T

det egt i OMm& bS REMKKICH uilabalet ORits A HMJ dptRdallPRkMde 6he 6f bktest- morBef Kiet S Of
the invention corrprl se one or nore contal ners conpri sing any, conbi nati on

of the cmmemd@cnb@drqr@emsweqlleaSrdeomctqeelde sinhosphatesand/cs xiapgiclessise such
30 kits. ﬁéﬁg ﬁ‘%mé/ ?an AN u orke2E n%o%'?&?a‘b e%&ferﬁ@%% &%%8& hé’r%‘i{) her e' ”
TBodrHent's, 4 or fe

In sone e nprises two i Mers;

may or rralyltmﬁeﬁheor xﬁ&lem&dé&;&eﬁkﬁﬁg B@ilobﬁ&%l%ﬂcﬂéde labglad ai @ilabemla@kaged. In
ot her enbodi nents, a kit conprises a conposite priner and a _term nation

sequence nugleptide analessdhal apen inseEPoRios) Itp 2 I?X“R"r‘rteXFFé‘?lOBd’ﬁ?ﬂqC’s fegt conposi te
pri ngr, C a e :

pol gﬁ ucl eS‘?‘ﬁhéﬁ‘%ho‘#p?ﬁ‘}:fS?ﬁ%&g&g r %)ﬁ%dc?)%gt grn %s equ e‘%\%:egg?\aﬁﬁtkﬁg Tégy‘: a’ggggl%&ld(%do r
TSO . Theasaahppsitier, psuattp rlyopﬂiﬂrmgir ibeludiapekéipensy whichabelisdlutish wsllmay al s o

optionall cl.ude an of one ot re of the enz escribed herei.n,
nel | “ae. RO AR S LG SRR BE coTBONIS 68 KBTS ot oo,

Kits may @b afRitods H&Qﬁbé&‘ﬁer@xﬁm LR cSHpdRAt @anbdéfﬂaﬁké“geﬁ% séi'ﬁ?a@é ¢ERRAndIS BRI N) -
Kits useful for nucleic acid sequencing may optionally include | abeled or

unl abel | ewmerngoipeoeitslieandreadongignachiatona gortainarwhere ceass-oerclimittpaed shelfride
ext ensi on qduct effect 10 term nation of nucleotide polynerization. One
or re reegla Ents in the kit can be provided as a dry powder, usually

I 'yophi | i zed, T kiflioféheSinCértion s, optidhslly @olude & Sed dftingdimcibis, gereflyi de for a
reagent sol ution having the appropriate concentrations_ for perform ng any

of the nutitRIHEsECSiOns, BEBOYRAreecironHMagoRpHA s . BRENEK digkeka geeptical

aﬁgfgagfocggar gg@ﬁx\?ﬁ ﬁi’étr%cﬁlgﬂ?%rg%;%%?ﬂﬁa%l& Daffy GUWMPLASSE doftpBREESHHE! ner

methods of the present invention for the intended nucleic acid amplification, and/or, as

20 appropriate, for using the amplification products for purposes such as nucleic acid
sequencing and detection of sequence mutation. The instructions included with the kit
generally include information as to reagents (whether included or not in the kit) necessary
for practicing the methods of the presentation invention, instructions on how to use the kit,
and/or appropriate reaction conditions.

25 The component(s) of the kit may be packaged in any convenient, appropriate
packaging. The components may be packaged separately, or in one or multiple
combinations. Where kits are provided for practicing the enhanced linear amplifications
methods of the present invention, the RNA polymerase (if included) is preferably provided
separately from the components used in the steps prior to the transcription steps.

30 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

62



15 permt. The kits of the invention may optionally include a set of
instructions, generally witten instructions, although electronic storage
medi a (e.wo,010e@3eti ¢ di skette or optical disk) containi PgTiusee/eited i ons
are al so acceptable, relating to the use of conponents of the nethods of
the present invention for the intended nucleic acid anplification, and/or,
as 20 apye ogur & practicsrthemiethyds Hisclangsl hergin and/ontopiughercapsintiss the sensssey such
as nuclel acid = sequencing and detection of sequence nutation. The

i nstruct iOAY fH®'uded with the kit generally include information as to

reagents (whetTherinvencibigiRe peyvidieisystems fe ekietiingthe exsiaidy dedovibedhereini ci ng t he
nmet hods of the presentation invention, instructions on how to use the kit,
and/ or apPRSITSEMS COBRESE BaiQs samPIgHens ofsheprmponcpisiscsses abgver ﬁ:é’rklt may

be %acka%ggmgfa ﬁ%p&%mrﬁa&s PR GRIchH &lfl@saacéé@%gmmam@%p& ts may

be packa eparate In"one or nat 1 ons ere kKits are
provi ded thrget mﬂmlhleotlmgsdqhmoer(hamn}ﬂ«fyingnmget puiphicldotde s&qmsncemmmisng)f t he

present invention, the RNA p mer.ase f ded
separ at el(9 Zf?%%‘lsﬁ%?ﬁ%‘ﬁb@%ﬁ?@/ Q‘EFCPH&{IP‘FE gég)(sjsﬁlﬁ%ﬁ ‘B%r%‘?eﬁrég ng(r:?:/:ot |eon
st eps. J;Bﬁﬁcléd%le apd y&n@émw&ﬁe&fs thE Sy ¥R hgtRr G&Hﬁ%@ﬁtp'élynﬂclk&%iel" ts can be

varied wdely to provide for concentratlons of e reagents
subst ant icalripyising taiteindratidneseqesace (amyof thrse desseided Baeind D&S@mﬁ&dlments

PCT{ US00/ 25104 t hods d d_h d/
Fur tther ot AalepuhPigr et §pE oo BBl bSO RE el Gt vt s

systens fdy &f{ PEOIRTSO)@ndBIDNASIcfasiehi RNA fityifémse. AMESFhs yytediies conpri se
vari ous conblnatlons of the conponents discussed above. For 5 exanple, in

sone enbcdihediments map aispgempiisng ismpateldarcgt) sgaueass, esHesspbed heseinpr oduci ng
target polyn ucllh%q}lve%%m? 2@8 gf&r?de(s%acﬁg}? H&M}é} n%%ltf?)ﬂg X&H@\Jesgrgé feggt dpn

sequence) conpr | rimer ose

herein), rhisjuréd)Avhied (}dﬂiﬁﬁﬁiSﬂloLﬁmdmbﬁﬁatloﬂis dfm@quoﬁaﬁedesbnbabhmﬂenhoshm nts,
the system further corrprl ses a gé) ynucl eati de conpri sing ation
S

seqbiznce emheginagnts, tesiavVetioa Prow H@%“éqoﬁ)rnlquﬁessf@ﬁ@néwséa) t/ %3?

system fyrl befe. Sit & o'rt?drf‘a@hdaa REQRNBRS ehndequence
(whi ch B%ee’ gﬁgg& r 1%%)@9 ég)@rD%%agZpen nt RNA p(I)]I ymarﬁgsen Arrlly of the
syst ens (e)rleeN pxﬂymsrasnayAads;onbmﬂmrms,eana af ehpdcamsite prigets)mayepionbe, as
descri bed herein. al so I‘OVI des. r u%ctl on m xtures r(or

conposi t itgardiop %’?Jl’(es °h 4 pylgat&tlty?gﬁompom ¢ primers), including a composite prime
comprises a 5° RNA portion which is adjacent to the 3’ DNA portion. The reaction

20 mixture could also further comprise an enzyme which cleaves RNA from an RNA/DNA
hybrid, such as RNase H. A reaction mixture of the invention can also comprise any of the
polynucleotides comprising termination sequences described herein. Another example of a
reaction mixture is (a) a displaced primer extension product (and, as such, contains at its 5’
end sequence complementary to the 3° DNA portion of the composite primer, but not

25 sequences complementary to the RNA portion of the composite primer); (b) a
polynucleotide comprising a propromoter sequence (for example, a PTO); and (c) RNA
polymerase. Other reaction mixtures are described herein and are encompassed by the
invention.

The invention also includes compositions comprising any of the complexes (which

30 are intermediates in the methods described herein) described herein. The complexes are

schematically depicted in Figures 1-4. As an example, one complex of the invention is a
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m xt ures) which contain various conbi nati ons of conponents descri bed
herein. In some 15 enbodi nents, the invention provides reaction m xtures
conpri si myo(cap2@3pol ynucl eotide tenplate; (b) a conposit@CpriSo@esiod
conprising a 3" DNA portion and an RNA portion; and (c) DNA pol ynerase. As

descri bed herein, any of the c osite prigers may be.in th reaction
m xture (cgmpgpxFﬂompgsmg'y.(g)fa@%@ft{@db?&@%)@mpﬂ%}eﬁ]%, FICHPREH T e priner
CONpr | S€gyriner icofﬁglrﬁ%iﬂggg:’ gﬂ\é)i("gbﬁf&n'a%d AHIRAEL RbrtioR. tiRE cSmpbdR RRRdrine}: The

reaction 20 m xt o further conprise an enzynme which cl'eaves RNA
from an R DNRNAgéntiool whichcia SaandddiansntHo the 3eBNA pertioh.x The eoroplex vy

i nvention can alsa conpris ny of the ol vnucl eoti des, conpr i si

ter mi nat | BN SQUBRSEE Phivaksiraidh AP Re AARGTREIOTGRIBEE GO 2 2 F88 o

M xt4ire igjodke? sequeiicep! BecbniplbRiay Qlsb @Bfipfite @g&9ﬁﬁ&edtﬂedon@ﬁsiﬁg@h, cont ai ns
at its 5 end sequence conplenentary to the 3 DNA portion of the

conposi t eorpprometer, wwah anadPTO5 sequences conpl enentary to the RNA portion of
the conposite priner); (b) a polynucleotide conprising a propronoter
sequence (for exanple, a PTO; and (c) RNA polynerase. Qther reaction

m xtures are dagdbilbeithgExagiplesardprovded acdlpwas,cdait hyt lithie, the mwventiéron. The

i nvention also includes conpositions conprising any of the conpl exes (which
30 are internediates in the nmethods described herein) described herein. The
corrp(%, exes are schematically depicted in Figures 1-4. As an exanple, one
conpl ex of the invention is a 63 WO 01/020035 PCT/ US00/ 25104 conpl ex
conprising: (a) a tenplate strand; EXAMBILES conposite primer, said
conposite prinmer conprising a 3' DNA portion and an RNA portion. The
conposite prinmer may have an RNA portion which is 5 and adjacent to the
3" DNA poOfidntdle 17 ConcRMMI&Rod®yY further conprise a pol ynucl eotide

conpri si ' ' nce (such as a TSO or 5 bl ocker sequence).
The conpl ex nekhegdeseratmethoilsthatarp descnibed sothiscxamplenre sisegtibzedgn efeonot er ,
su;? as a_PTQ The. %Iﬂowi ng Exanples are provided to illustrate, but not
linit, tHEPRIFERITAI? BIYNEXAMPLES Exanpl e 1: General Methods The general
nmet hods that are described in this exanple are also utilized in other 15

exanpl es provi ded herein.
P Iguffers

Buffers that were used throughout the examples are made with the following materials.
TE Buffer: 10 mM Tris-HCL, pH 8.0, 1 mM EDTA

20 TBE Buffer: 89 mM Tris base, 89 mM boric acid, 2 mM EDTA, pH 8.3
FX Buffer: 20 mM Tris-SOy4, pH 9.0, 20 mM (NH4),SO4, 0.1% NP-40

Isothermal linear amplification using a single chimera primer, DNA polymerase and Rnase

H

25 Sequence amplification was performed in 15 ul reactions containing 20 mM Tris-
HCI, 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 (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
(rRNasin, Promega, Madison, WI), 0.5-5 uM composite primer IA005, and 100-200 nM

30 promoter-template oligonucleotide (PTO) IA015C. Composite primer IA005 is a 20-mer
primer with the sequence of: ACGGAUGCGGUCUCCAGTGT (SEQ ID NO:1).
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Buffers Buffers that were used throughout the exanples are made with the
followng materials. TE Buffer: 10 mM Tris-HC, pH 8.0, 1 nM EDTA 20 TBE
Buf f er: 8®orivioTds base, 89 mM boric acid, 2 mM EDTA, pH &C3/ushdeBud fer: 20
mM Tris-S04, pH 9.0, 20 nM (NH4) 2SO4, 0.1% NP-40 | sothermal |inear
anplification usi ngi a single chinmera priner, DNA polynerase and Rnase H 25
Sequence Paprppier-temznlate aligerncipetifle (i) Wl 96 igp Spwaroligprucientida athite 20 mv
Tris- HCl,, 5068 , 6.0 MM MgC12, 1.0 nmM dATP, 1.0 nM dCTP, 1.0 mM dTTP, 0.8
nmv dGTP, . "dI TP (dNTP' s from Anersham, 0-6% DVSO, 0-8% gl ycerol,

0- 100 ug/ggA ATRGTAATASY ABICACIATARgg AgAECag TARECTRAGTCUNR AGATCCrEg-onbi nant
ri bonucl ease | nhibitor _(rRNasin, Promega, Madison, W), 0.5-5 uMconposite
pri mer | Agsin (SERHIDLYE: B0 nm 30 pronot er-tenpl ate ol | gonucl eoti de (PTO

AT ee e Te LI b T on Ny i T SEvi o ety et s o S

Pr onot er -Heatigy tat7® ©bi YOG ot Ebsdcdin o REHamindiblsBeimsal ay&br (GEmealip@sic! eot i de
with the sequence of:

gOAATTCTRETATE RTOAT FeRatRARCY B PRCCiRg APERARSATSEY TR o 63 61 ?Srﬂ*?(sgmm D NO
12). 5 Rea te' Ay %&é@%)%e%ngb%g ?t\{!lllllﬁ%ﬁle 10&/8%9@%1%@6 6% Bt24e}h} er r’ra Zymas

After héatl I'mg to anmabl cycler
( GeneAnp 1960Rked Rah kies Eulstock sblndon edng adnuenwstommomﬁ oM @risdial, t o
550C, 60' C or 65 C as described in the_indiyvidual exa Cﬁp Um

gi6% IMAdPs r om

at t Hi ni ngH $é- 380 Ycﬁ@#ﬂiﬁ‘bdt%?f’et exnestble Bhiaggrils ERIpenitaks

the 5 U I 0 i s- HCL,
10 phi 8. 5 DI s Ao B PR Ao B et
Technol oditRgeachbas &or, incubhjedands T-65 6 .f6r Mnirmt@cm iAng of yhreenadati¢ U ul ;
Panvera, Madison, W) were, added. The reactions were incubated at

55~C- 65~@egcpngpervichated so AC. 1 Reackions @n rerainiahd ¢bentil RNA trpsaipliomsiends e
cooled ta 40 Reactions can remain at 4'C until RNA transcription step is
desired. df% nhanced |inear anplification by RNA transcription of the

i near anplification

Enhanced linear amplification by RNA transcription of the linear amplification

ssDNA product

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-HCl, pH 8.5, 70
20 mM KCl, 5.0 mM DTT, 12 mM MgCl,, 110 ug/ml BSA, 3 mM each INTP (ATP, UTP,
CTP, GTP, Amersham), 7.5% DMSO, 1 Unit/ul rRNasin (Promega, Madison, WI), and 20
Units T7 RNA polymerase (Ambion, Austin, TX).

DNA Templates

25 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:

30 Spacer18-Spacerl SCGGTACGCTGATCAAAGATCCGTGCAACAAATGTCA
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SSDNA product RNA transcription was performed at 37*C for 3 hours in 10 ul
reactions containing 2.5 ul of the linear anplification reaction m xtures
above, amao4@/0mdBIris-HCI, pH 8.5, 70 20 mM KCl, 5.0 mM BCT/ust@23tv MyC12,
110 ug/mM BSA, 3 nmM each rNTP (ATP, UTP, CTP, GIP, Arrersharr) 7.5% DMSO, 1

EJRL%{ o, r%ﬁxﬁ%mﬁﬁﬁ%é@&é&%&%égﬁﬁ@ﬁ R ECGETAES o of
col i 18T ACRETD Ac@&%m@a d(%TEQ:Hj rsiza&hmferm'ow ng
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DNA t ar gqtol}(okyﬂﬂlﬁl):ne sspapasrs nmithedeyweze ndfed-te tthaxﬂ@dn D!%r (SEtarb s ewpility enthl at e
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WO 01/ 020035 PCT/ US00/ 2
TGGTCAT CAABAROCEEOCHARAAPISEECBAGCTCATGGTCGTGTT

pol yoxyﬂﬁﬁwgg%&%T9§E ﬁgﬁg’? f(?léér e(r: gAr%t ard

its nobi |A@&GMT’E‘CGF@]EGCGGG@GQAI}@%M@@@G@GE@GMTGGGGC@@E@GC& of

the aforenentioned prinmarily si ngl e-stranded DNA (351 bases) te te
pr oduced GYCHAE %’FA€G&“§QA@GI§C GTTAAACAGCACC GATTTTCGAGCGT AA

ap Gl GAT G
W R mATGGCGGCGCTGGG
ACCGCAT CEGIT! FLX @XAACTGAAAGTGCCTG
GCCGATCTGTACGT ICAG(:I [CACGT IAAACAGCA , l[g :
GGCAACAA \ ‘ Ay , ARG CGoER ID NO:17) wherein the
TGECGAAA T%Tﬁ@éﬁﬁi@ﬂ&ﬁﬁé% fal, r@are bolded, with RNA
GCGAAACCCA AAGCTATTCCGTATAECG (SEQ ID NGO 1 wherein thé PCR prinmers

are bol dgertaondinutatles.| i ned and the conposite priners are bolded, with RNA
portion in italics. 15 Preparation of ssDNA target from PCR anplification
product Single-stranded DNA tenplate for isothermal linear anplification

was prepared Bfeparation of ssDNA target from PCR amplification product

Single-stranded DNA template for isothermal linear 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:
20 CGGTACGCTGATCAAAgATCCGT (SEQ ID NO:16). Primer IA004 is a 26-mer with
the sequence of: CGCATACGGAATAGCTTACCGGTCT (SEQ ID NO:15).
PCR was performed in 100 ul reactions containing 20 mM Tris-SO4, pH 9.0, 20
mM (NH4),SOy4, 0.1% NP-40, 2.0 mM MgCl,, 300 uM each dNTP (dATP, dTTP, dCTP,
dGTP), 5 Units Taq DNA polymerase, 400 nM primer IA006, 400 nM 5'-phosphate-
25 primer [A004, and 0.2 ul of a crude lysate of E. coli K12 strain. A modified "touchdown
PCR" protocol was used with the following parameters: 95°C for 5 seconds, 68°C for 1
minute for 5 cycles; 94°C for 5 seconds, 60°C for 30 seconds, 72°C for 1 minute for 5
cycles; 94°C for 5 seconds, 55 C for 30 seconds, 72°C for 1 minute for 40 cycles; 72°C for
15 minutes and then held indefinitely at 4'C. Primer IA004 was synthesized with a 5'-
30 phosphate to protect the sense-strand from digestion by lambda exonuclease (Strandase kit,

Novagen, Madison, WI). The Strandase digestion was performed according to the
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PCR anplification of a 351-bp segnent of the E. coli J gene using the
primers | AOO6 and [1A004. Priner 1AO06 is a 23-nmer wth the sequence of: 20
CCGTACCCTWATTAZMGATCCGT (SEQ I D NO 16). Prinmer 1A004 is areéaseo2umd h the
sequence of. CGCATACGGAATAGCTTACCGGTCT (SEQ ID NG 15). PCR was perforned in
100 ul reactions containing 20 mM Tris-$S04, pH 9. 20, mM (NH4) 2SO4, 0. 1%
NP- 40, 2.r@nmcw@fzrecmerm%p@acﬁrlaﬂw#’(%%mqﬂucmwefhwmwwve BVas; t s
Tag DNA r r
{2004, B R BB TR bl Y v RRE PR R o

"t ouchdowh 5.PGRI 0prvallwael isvpspandt dowlingtot- be (f fot | i gn e¢rarifeized st 95' C f or
5 seconds, 68" Cfor 1 mnute for 5 cycles; 940C forei secondis 60*C for 30
seconds, Maximumgpeed igianiceoceptyifuge f@pé@/agnutgm ' ThelgNAD 18%\%%%’3 dopce or 30

secands, vglﬁl%} g{haﬁ?ln}i@létaﬁlsfrgﬁ b?’gflg\égff? res si)eﬁ:sl ?ln 8 20113 Wt&%céﬂﬁgt)ﬂen

hel |nde Fnitel esl W th
phosphat evatscesmma&:écﬁtont 0D .2eD6Eamt amdh@Dd Unmmﬂa@bda exxmublgaseaibraizdasxonucl ease

(Strandase kit, Novage S The Strand gestion was
per f or ned‘“é’@é@?)d’i’aﬁ@d@‘%ﬁ t%e%@nmsﬂlpwé@Bsrop@flméa%f%s%@zinmwaﬁa?aﬁ%?r er's

recormendatl Br| I

precipita &4 8}5%1 ?eie ?,Segcfcﬁod;ﬁl%lqlx d’(gd%%{dﬁg addﬂ}%?g%loglg QVle?eb Ige%?or?]

sodi um aGgirai@mmabld thertnaABc1&: (Gien@Amms%oo SiepkiaFEimet), Reanlining DNA wad* C for 1
hour, and centrifuged at maxi nrum speed in a mcrocentrifuge for 30, m nutes.

Thel ONA rarified usins QiglRuekiNysleetids Remevay SojusmnsRiirgen: ¥alananrCAy) follawing ef | y
before r om O D.
at 260 ¢ SARORGBH) PueBiinadPhRlea EREFRRS e BTeTTo A8l TR0 e Ol

added. D(Q@bn OVialesa €Al oBeidfly,0l (p\r(rbmﬁe{bfd}ufﬁﬂw (Qingcd) weraattded to theact [ ons.
were then he to 75 for 8‘ d cooled.to 4 Inﬁlu%gti ons
were per fséﬁn entirefolyp eEaP Iaacg‘?%qnesrp“( @Wé‘ﬂﬁﬁ rkin

El mer) . Reom) gn%e‘fi@énﬁ&o@ﬁfﬂﬁl?@)d mmeat%%sekrdé@%a%e GhuRewaval

Col ums ('Q agen, Valencia, CA owing the manufacturer's recomrended
pr obfedur evashetl tvetagith 560 bhcbﬁﬁufﬁer[ﬂ’fd\ﬁle@@) wilhércalan pias thf(ldrsegéhorowlﬁnm a

The ent i 1 o Rl PR treeddor orir s gk S ST S BRI Lgea

(6000 r prpg (10 AN Bris- ﬂ@ d;m 8/500@7akén)f UhekoncEhgatidd vtvasaésﬁnm gibsabsdeds and
t he col umm V\ﬁs 15 washed twice wth 500 ul of Buffer PE (Q ag engI The

col umn  wa% 10 heapigs/iSulifromdPB gAY nmp el apalysis iryealpdiabtigpagidrPSidedesst or 3
m nutes. t Q}ehwe Y& ?AIH&IE%, bl RO eHbr R¥bh&ntration was less than 2-fold. The DNA

20 was diluted to 10'® copies/ 5ul 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.

25 Gel Electrophoresis

Amplification products were electrophoretically separated on Novex pre-cast 4-20%
polyacrylamide gradient gels (Invitrogen, Carlsbad, CA; part no. EC62255) in 1X TBE
Buffer (89 mM Tris base, 89 mM boric acid, 2 mM EDTA, pH 8.3) in a Novex
electrophoresis apparatus (E19001-XCell II Mini Cell, Novex). Reaction mixtures (5 ul)
30 from linear amplification or transcription (enhanced linear amplification) were mixed with

1 ul of 6X Gel Loading Solution (40% sucrose, 0.25% bromophenol blue, 0.25% xylene

67



EB (10 nM Tris-HC1, pH 8.5 )(Q agen). The concentration was estimated to be
about 2.5 X 1012 copies/ 5ul fromOD at 260 nm Gel analysis reveal ed that
significawDod®DMas (1 ess than half the total) remnai ned, bw®CTIUSe0/231IDOr inN
concentration was | ess than 2-fold. The DNA 20 was diluted to 1010 copi es/

5ul in TE Buffer. er| al dilutions were prepared frogmthe 1010 copy stock
sol ution Cé(énﬂ%)ea%‘ﬁ e CHHERIPER Veninyaekyelyosded mtgeachvele Felswige conf i r med

by | I
y 1im tigigiefich W 5oy pﬁ@Pgﬁ%hﬂéb -5 Amutd! u I%ﬁtsEI‘PiBf?:Q h&S biiterdARhd £dI! Caé‘lh' on

products vvere el ectro cally separ at e Novex pre-cast 4-20%
pol yacr ylthervaléagg vadilemtred gl 575M foridt maigetes. Galslvmmd:mcﬁﬁd frvam betmeen tﬁ€62255)

2 "Novex B PlG cuiaen uPRE epiupBromasin TR TR BB 0 g sy~

Reacs i on yak t89mesI t(o'?lc%bd 3OnNIEIDTA m@@)amociﬂjm%dléuma@rsmtern@dm&r HﬁuLbon
(enhanced | i’ near anpl i f ication) were mxed wth ul of 6X Gel Load| ng

Sol uti on I@Mﬁ@Menkcr, dXenexos, Baulisandrophdhvis biclsled m Q@lmqoﬁmh gelrupOThis

[ oaded | AESCEReAte 1o e @ OAE Lot Vi 30 0o o Sl iod Tty 57

m nutes, 1000] 1408] 1S%HN(ESOMQOBW@DGOBGODEMQBI0006%? TypRaNp| 0B WS
lowered to 175V for 45 minutes. Gels were renoved from between the pl astic

pl at es arf@ukk ke reedvedomths galgrsgd. et hi di um bronide in 1X TBE Buffer (89 mv
Tri 0O base, 89 nM boric acid, 2 mM EDTA, pH 8.3). A dsDNA nol ecul ar size
mar ker (H -Lo DNA Marker, Bionexus, San Leandro, CA) was included in one
| ane of each déybridiemtionhi s marker contains 16 fragnents of the fol |l ow ng

sizes: 50, 100, 200, 300, 400, 500Q,.750, 1000, 0, .15 . 3000,
4000, 6000, 8délegon&ﬁ‘a°t1‘%dﬁeb?§rf°f ‘1‘58’;5}%199 exaj@?‘?ﬁéﬁg é‘gﬁ% PEAUCEs 0l ved on
the gel s juggdf b%\gﬁ&@%&@ 5 &ld HQ&EG'L@Q&'% ‘Fe%ﬂfi@km'&é’é’(‘NeW zation

exanpl es(1 AOCLO for prod ucts | AO14 for ro ucts) were
5'-end-| afh@ldnchluﬁbs;@eVdrlp,d‘VIyu)and -A@PKadmsﬂné Blelw- lHrtgbhm;phaBe,ol abs,

s Y
M Wﬁﬁer“ﬁ?*@w‘@lanéﬂw“?&he”%eﬁﬂgﬁc@.%azizurﬁcz S var wieh the
ATGTCATGGTCATGGTCGTGT (SEQ ID NO:13). Primer IA014 is a 31-mer with the
sequence of: CTCAACACGACCATGACCATGACATTTGTTG (SEQ ID NO:14).
Labelling reactions (50 ul total volume) contained 70 mM Tris-HCI, pH 7.6, 10 mM
20 MgCl,, 5 mM DTT, 1 ug oligo (147 pmol for primer IA010; 101 pmol for primer IA014),
250 uCi y-> 2P-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
25 the labelled oligo.
Hybridization was performed in 30 ul reactions. Product DNA (or RNA) (10 ul)
was added to 20 ul 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,
hybridization was allowed to proceed at 42°C for 30 minutes, followed by cooling to 4'C.
30 These steps were performed in a programmable thermal cycler with a heated cover

(GeneAmp 9600, Perkin Elmer). The entire volume of hybridization reaction was
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sequence of. CTCAACACGACCATGACCATGACATTTGITG (SEQ ID NO 14). Labelling
reactions (50 ul total volune) contained 70 mM Tris-HCL, pH 7.6, 10 mM 20
Myl 2, 5 wdloD9Z003l ug ol igo (147 pnol for prinmer | AOLO; 1@CTmsod2510¢ priner
| AO14), 250 uC y-32P-ATP, and 30 Units T4 pol ynucl eoti de ki nase.

| ncubation was at 37' C for 30 mnutes,. f d e |. of

uni ncor pc??e&erHh(?fﬁieﬁéB& p é@%cﬁaa‘@d%\(ﬁﬁfst l&tﬁﬁqu’g(@ﬁgﬁ%@lﬂf 8ﬁet 8% ’@hﬁggn,
Val enci a,polhacid [P enMEIRVA § S 8.3) GPTH0WRSE 3ARNuld. NGl HeteTemobad frdithe MabaXi
Tri-Carb 4000 Series liquid scintillation counter by Cherenkov counting of

1 ul of pS8es haappeden plagtiowrapo and-apoped wautaadiogrsplgetiing (BroMaxMBO ul

reaction odugt. .0 0 S ded to 20 ul of probe m x.
React i onj(%cgki %ﬁ'ﬁ@:g T@ﬁ‘glﬁ%ﬁ(woé%wggéwg\éﬁ?%%gﬁﬂg&ﬁgem(correcti ng for decay
using a half-life of 14.3 days). After heating to 65 C 15 seconds,

hybr di zatiiplé@s 15étheMRsl lifkaPagfiifafibn 42*C for 30 minutes, followed by
cooling to 47C 30 These steps were perforned in a programabl e t her mal
cycler with albsthérathl ines ampliGeaAnpingadinglPeomposifel privticr, DNRAepanhetase, vol une
of hybridization reaction was 68 WO 01/ 020035 PCT/ US00/ 25104 .

el ect r opHON &8 &Y and THObe RIPckse Wps BeH B e IREASHPIINIXIYSES eaptaRing @B geackien i s
base, 89 C%M onﬂ{té,% ﬂgécﬁjibe%aWe,EQ%llm §ct§9h rﬁﬁt&é@%tﬁ&ﬁ ofe Bf)ﬂ’k%eyee' S were
renoved fror?lt e gFass pl at es, vvrappeg I'n plastic wap, and exposed to

aut or adi agageptsysuth hnedniposiveapriive;, Riedea ki), oaBca PO¥ACpolyererdsgPanferbbMadisps,) wit h

two, i ntensifying screens. o 5 Exanple 2: | hermal |inear anplification

| sot her D) WerE APIREdSTPrOL-op5s b eyt SPRGY BretoHadPE eyt

pol yner asgampiNaS e hegating cdmfdl 28achbR 66 hinhRSIPEE tAEARE and 8@ fatd @ BsII Xt Ur €S
containing all reaction conponents, as described above, as well as

react i on wassalseriagludg¢d hbhetisethermad lingee appificatinngdiargetsOA sgquaneemes carsied

primer, se.H .or. Bca ol yner ase (Panver.a, kson, .10 re

Cbi Ked width s AR of HgbHAHRETA00 VAR gt MU TUERe HedsnfRmiE i ot e
in  Exanplgikkatidh We9&Hi¥EoRAPES’ reaction containing all the reagents and
no target SsDNA, was al so i ncluded. The isothernmal |inear anplification of

tar Bt DNA sedilernngplifastioraproieds weretrestd validscgal bledtrafiovesis (Faguged) (First
denat ur at,i on s carried.out at 7 and i sot her na ampl i fication was
Core o e oGl il Bined PRt RODNIE otrte iy RNAS0) 1 hEEDNED,
el ectr opmgll\ﬁﬁérﬁse( Fspati®el) laﬁgisf(%ntaihﬁélﬁéoléﬂﬁﬂr%ﬁlég}.mo wRipfftatlodGH6ducts anes
, N0 P ca

#1-4: no rinmer, no RNase H, no
were detected in reaction mixtures without primer, RNase H or Bca DNA polymerase.

Probe IA010 hybridization and autoradiography to the ssDNA product of the linear

20 amplification method, as shown in Figure 6 (Lanes 1-4: no DNA, no primer, no RNase H,
no DNA polymerase, respectively; lane 5: contains all components), verified the identity of
the amplification product. The linear amplification of the synthetic oligonucleotide target in
this experiment was done using a non blocked promoter-template oligonucleotide
(IA015b). Promoter-template oligonucleotide IA015b is a 55-mer with a sequence of:

25 GGAATTCTAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCG
TG (SEQID NO:11). The amplification reaction 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 were cooled down to 65°C, and further incubated at

this temperature for 30 minutes following the addition of Bca polymerase and RNase H. No
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pol ynerase, respectively; lane 5: contains all conponents). No
anplification products were detected in reaction m xtures w thout priner,
RNase H owoBea2@B# pol ynerase. Probe |1 AOLO hybridi zati on &ad/US00/25104

aut or adi ography to the ssDNA product of the linear 20 anplification

met hod, as shown in Fi re6£Lansl4 no DNA prinmer, no RNase H, no
DNA poI y riybedizationewpsdaipaied ip: the gepdral reaghions{pa §W4 nQ:Pfh‘ﬁ%fn aﬂ&\ﬁase Hepofied
the identgty of the anplification product. The linear anplification of the
synt heti ¢ ol'i gonucl eoti de target in this experiment was done using a non
bl ocked pronoter-tenplate oligonucleotide (IA015Db). Pr onoter-tenpl ate

ol i gonucl eot i | h X : )

GGAAT TCT AN STFNSSEIAS SIEPAREEGUOCISOMREM G MACINEES | D NO  11) .
The anmplifh ﬁﬁémnrﬁaqumr Q,@ﬂdard reaction corrponents used for this
anplifi ca‘tﬂ%n—mn—a're—?s—yl ven above. The initial denaturation step
was perforned Tfmtpré'mbfer-itempla@ adigonumdeotidd KRT O peatiinnbvogssentiabssqeencdown t o
65*C, and fu |nc bat ed at .t | owi ng
he addi (POt T BBy areet (i RASRE TRE s Tho hRpta e b

PCT/ USO0/R&10%) anaxabsreq@@néabb@plemt toaaé @ﬂ)NA térhﬁlafeOFblﬁIQ}erd’l&ﬁQ)tﬂam (no
DNA, no prinmer, no RNase H no Bca Pronoter-tenpl ate

ol i gonuclweedasgrespARER, 1401 e iAa] S, IIAﬂbﬂ?)nRSO%T@fW 2 87nem apchgas a
traﬁcrl pstel Qerl'lcThF pronot er-tenpl ate oligonucl eotide (PTO contains two
essenti al gequence notifs: a T7 pronoter sequence

(5'- TAATPGGA(KMMWA(SEQ‘ A@GG)@&BG)A)TC&B\AIGEA@I@@GGTMGIE’EGE ntary
to the ssDNA ten&ﬁ Four versions of a PTO were designed (1A012,
| AO12b, |ABSAAA TEQﬁTG WFQ IPNY8Y HAYZ-EHY confaing firo éﬁqfencgém@ﬁl&@%f

GGAATTCT CATACTGAGAA, gpgﬁz{}m ﬁ;@%ﬁg%' %ﬁéﬁ% %G (SEQ
IDNO8)AAT 01 %contalnstwo sequences in a tllocz;,nO Eothe -(l:‘;ore T7
pronot er: AfﬁCGA@"&A@@ﬂ" CqSEQRID ST eet(vE8&the Provwant2d dnd tha thrgetdpdser (5' -

ATCGAGTAGCTC | D NO 22 en the ter th DNA 15

co errerﬁoéri@é REECIE R @@Sémﬁﬁéh%%ﬂéf @T@e’(@éd‘ﬂaﬁ ttha}éegél ng both the
o' - ext er@(&&ﬁl&%ﬁd&ﬁ@sﬁé@ﬂowlﬁ@ﬁaﬁm@ endel: sequence of :
TAATACGACTCACTATAGGCEA GATCAAAGATCCGTG(SEQ D NG 10). 1A012b PTO

is a 60- TEAARNGEMCHRALITAST AGEHab 6CCHIA CHEITGAECARALATERGTG (SEQ ID
NGC:10). IA012b PTO is a 60-mer which contains the spacer, but not the extension.
[A012b PTO has the sequence:
20 TAATACGACTCACTATAGGGAGAGATCGAGTAGCTCCGGTACGCTGATCAAAG
ATCCGTG (SEQ ID NO:9). 1A015b contains the extension, but not the spacer. The

sequence of IA015b is disclosed in Example 2. All primers other than the chimeric
oligonucleotides IA005, IA019, and IA020 were synthesized by Keystone (Division of
BioSource International, Camarillo, CA) and were PAGE purified.

25 A general schematic for this amplification method is illustrated in Figure 2A-C.
The ability of IA012, IA012b, IA015, and IA015b to convert the ssDNA template into a
substrate for T7 RNA polymerase was assessed by comparing the amount of RNA
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

30 with the sequence of: AGTGTCCACCCCTGCCGGGATTTTAACGGACAGCG
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| AO12b PTO has the sequence: 20
TAATACGACTCACTATAGGGAGAGATCGAGTAGCTCCGGTACGCTGATCAAAG  ATCCGTG (SEQ I D

NO 9). | AD5h/oemns ai ns t he extension, but not the spacer. pCrasowesjoence of
| AO15b is disclosed in Exanple 2. Al primers other than the chineric

ol igonucl eotides |A005. |AQL9, and |A020 were s nt he5| zed Keyst one
(Di vi si onl bFTGElE %Q%AAQM%QCMQ CEARSIACAAT @é‘@qyﬂl@

] ust rai 5 B S GREPRGLE a@?f’?%ﬂy'é%?*ﬁ“ﬁo%?& f&%‘bﬁ?‘ P eion
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i's 100- nce o

70 V\D 01/ ﬁﬁ@oﬁePﬁEl’lﬁiSD@ﬂ DN AQ#blymerase, reactions were incubated at 60°C for 30 minutes.
TTTTGCTGCGCTCAACACGACCATGACCATGACATTTGTI TGCACGGATCTTTGA _ TCAGCGTACCG ( SEQ ID
NO 19). Aopertjoad2 é)%tl)e‘?fsth?ﬁ?aﬁ%@ BEAS Yaveddgd 1osthg standard RNA drangesiptian ni ng 20
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hebbar ecraansge reodist fFom TR0 8016, ARUDs ARG SR segRtiy Toioncad 1550 on
m xture vas,aggesd IAglémAétsarrﬁl@uﬂo RGN 3, rIAOFPJ'IROl?'TAO[ﬁﬁ%s‘pQ&w@]y’jt ure and

the transcription reactions were assessed by gel électrophoresis. As shown
in Figur esxgm(ltmﬂg niore RN A wvab arodm@mthbadd@rlptlbmmtrztefpmdwed with theD

o 15 rusBr R s TS, (33 diabs Biendr 1812 oidpiz0| REBED'Risiine Aca 5.

respecti vé B')Lextéiisﬂiﬁ'lfu't f6tthé Ypa¥er @A %}P?&lu@éd)déiﬁ@ﬁtrbbﬂ f}f\%me'& FRIBOTRMA.ON
substrate produced with the shorter O s (1A015 t han by ei t her

of 12012 lorallicageripwemes npattiple dradctsi a@gearech@ wditioptte e mﬁObBNAn'eﬁn t e spacer
| AO15b I
howevor . T P&t U TRRRL AR MO LARE Seal s 1801 BBy it b3 Blobi BBty 5
1; i f E) Ih PIQbm) cedinginatdd Itl&vﬂrafeg3 JOHB, t6 amoﬁmwﬁuhe %ﬁnmvéd\ﬁérﬁbmahc% of1’h a
OoCKI.Nn rou IOtI te re , to.denonstrate
She t o R e iee e o O b hedel GBI SRR HNARI  (rf of
the PTO elghB#Bhdritondital fihdtionf prBibte? s&uBRE to the amplifiction products

20 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 the standard conditions. The 3'-
blocked PTO (IA015c) produced comparable yields of specific RNA as IA015b, but with
significantly less background, as shown in Figure 8 (Lane 1: molecular weight ladder; lanes
25 2, 9: no DNA, 30 minutes; lanes 3, 10: no DNA, 1 h; lanes 4, 11: no DNA, 2h; lanes 5, 12:
10" copies IA013, 30 min; lanes 6, 13: 10° copies [A013, 1h; lanes 7, 14: 1010 copies
IA013, 2h; lanes 8, 15: 10" copies [A013, 30 min; reactions 1-7 were not blocked
(IA015b), reactions 8-15 were blocked (IA015¢)). Negative control reactions (no DNA
template) and reactions containing 10'° copies of oligo target (IA013) were amplified by
30 strand displacement for 30 minutes, 1 hour, or 2 hours at 55C, with either IA015b or
[AO15c included in the strand-displacement reaction. When the 3'-OH was not blocked,
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specific incorporation of a functional pronoter sequence to the
anplifiction products 20 | eading to non-specific generation of

transcri pywoomopratiuct s. The perfornmance of 3-bl ocked andproamhisowksaos PTO in
the enhanced isothermal linear anplification was assessed from
anplification of a nt hetic o g nucl eotide target i ng the standard
condi t i orfon-speeifig: Rﬁ%ww peranallaeasions proeficrid eéﬁﬁ&aifs%mneo yhetngsitiss
speci fic YA Bsd! Hlcr tbﬂlteb\r\e&bd SO AR GHIA P @S Shown
in Figure 8 (Lane 1: mglfecul ar \Aelpgf?tqﬂ cf% ?l% Egl% ?’nocDNA 30

m nutes; lanes 3, 10: no DNA 1 h; Ianes 4, 11: no DNA 2h Ianes 5, 12:

1010 copi 3 ) ‘ \ | anes 7, 14:
1010 copi<¥PEFI M < EARO H th reactions
1-7 yere @&hehhﬂpéiﬂﬂncéd m% Hfféﬁﬁbhons 8-15 were bl ocked (1AOL5c)) .
Negative reacti npl ate) and reactions containing 1010

copi es of ol i goNAawasasolateAdins) 2 vl QfEntmllKi%d’\wcﬂmgﬁ)rgm‘dndwgp@ltmnt for
30 m nut urs at Sh .or 1,A015c

"nct uded TpCRENAG sy SRR Mas S BRI REIE R B S ot

bl ocked, solibil{¥2ti0A 2 OKEREoRC Ty SiSHM ZMI@hctodsIKis Md6letulsr RarBE epfepduced in
al | reactl ons and obscured identification of the specific_ RNA band. In

contrast, Cingiangfi. {0 llpvogihe mase@eprersapdommendsd ﬁquéleNABﬁlreBM@ptenaExanp| e
4: l'f\ivgr@tchﬂ&t&f }ﬁce%tr%ga‘%lo% 586?(?;? Yy %ﬁl\n&@. cd %@s§~$§'§é %ghﬁq% > E

i sot her ma ance I near-anpl it cat f was i s
coli K12 1ﬁfBB%z§zﬂzaeg)es@defe@m mcgbetted ﬁt 501C Ygrt3onamies) The eésulting Gaagsmi ¢ DNA
was i sol ated by sozynme digestion and solubilization in a chaotropic

| ysis sol s c‘dwr@B tea of ﬂmd@gesm svithont ayegeiblechumpsefamdigested eelipn dihe,  OH)

follown cteria 10
wer e col Igl e{?@g@%@l‘l’)&e@ﬁ%ﬂ? I gﬁpgﬁ%g%g %BPG\?QHE arn}? %sﬁ?c*lbeg pellets
wer e resuGSipeindail OHharﬂanéM;ed&”oﬂl Ymsiutesrat imfrﬁ empenduien ONbA tved padcifpfated f or

1 nut e The resultin Iys te was clea t he nd of  the di gestion,
u th ut aﬁiem&liles%%lrt@nay giogpo %Y%@gwﬁ Rl fihanofy afiey {psubatiofder i xed wi t h
4 vol unmesy oy dNaZRIm fehpeRRIre ((YObREWBled TRERH LR FEM LBy cértifabtRAlfor s OH) and
incubated for 15 mnutes at room tenperature. DNA was preciprtated 15 from
t he sol utmmmtdsyit mamnnummpe@ﬂ iDa Grivrotagnteifigre - el [N At pedlptolvas wshed withdobat i on

cont 1 f UGAETBh FBFTER AR B ot SSet PTG (pcry BB FEGeD the
IDwAlpgl Imei r_ng‘Ié@%uf : epﬁf%f‘éin%'ﬁtg?:%? gtuﬂaa RO ﬁm@c@i‘ trithf fhQREntagRbiion. AN k&SP ended
20 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 (EP1005-35) by the
addition of 1/10 volume of 5SM ammonium acetate and 3 volumes ice-cold ethanol. After
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
25 resuspended in 150 ul TE Buffer. Two dilutions in TE Buffer were prepared for O.D.
measurement (Beckman DU640 spectrophotometer), from which DNA concentration was
calculated by assuming 50 ug/ml dsDNA produces an O.D. at 260 nm of 1. DNA
concentrations of the two dilutions were 24.2 ug/10 ul and 24.6 ug/10 ul. The average of

these two measurements (24.4 ug/ 10 ul) corresponds to approximately 2.5 X 10° genome

30 copies / 5 ul (5 fg of E. coli genomic DNA = 1 copy).
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a ol nMEDTA) by heating at 50 -55 C for 30 mnutes, wth frequent
agitation. The resulting 20 solution was passed repeatedly through a 22
gauge syrwoge/on@®aesll e to shear the DNA and reduce the vi s®ea3itspo/efiod he
solution. DNA was precipitated again (EPI005-35) by the addition of 1/10
vol ume of 5M ammoni um acetate and 3 vol unes ice-cold ethanol. After a

i ncubation at I8 hemaﬂﬁlﬂhancﬂl}nqaﬁgﬂﬂié% col l ected by centrifugation at
maxi mim speed A BadUeRhi%y GRE inf POBuATIG 8! 10 oS ciRisdeduWinh 75%

et hanol , cent rIPfugedsrggggl?yn,o and 25 rgsuspend’e in 1588\% TE Buffer. Two
di | uti onsdenaturdd Hufeheng wedeC forcpmiedesf folowedby rapibcwiieagentice Bindean DU640
spectrophotoneter), fromwhich D oncgntration was. cal cul ated hy
assum ng %n@@tﬁmprp?I%W€%§_ lhgﬁf@. ) CaPleﬁéGErﬁ‘?PBtfonf.stemgleg to
Concfntfaéoh&ﬂfn&b 1907 W@® digP Yrlong 1\@%%8&012%&1&%1&)}&%@“ 24.6 ug/ 10 ul.
The average o these t'wo ‘neasurenents 4.4 ug/ 10 ul) corresponds to
appr oxi mat el y 2mplifkcation veps perfernd@l iodpivd seactiGnsudon(abnifig) 20 mME. TriseHCl, gHnoni ¢

L D T

copi es/ JIyb (dRTE's AN ARMSFBEMYY6o0 EMIS098% QI RRrdE [0 ug?mithddefifed BelAl owed by
rapid cooling on ice. Single-"stranded tenplate DNA also was diluted to 109
copi es/ HimbigaaatstionEXuérteUngerotambinant 5ibonwalease inhabitokgRNG N, Praacgal 09,

. . _ Lifi . . .
Cead T ondBgATaN vy BATHRTLF b LATR) A4 ERRTIgRT (PRI ANETS 200 kR
1.0 mM dGkBmoter-feniith@ bliBomiicdtidb R LA 52 (8dduesdeldsdieidd th Exdmglenifyrer shan) ,

6% DVSO, 8% gl ycerol, 100 ug/m_ acetylated BSA (Ambion, Austin, TX), 0.6
Uni t s/ ul Reasbensi wa essemblpduiitizalt eompgfiepisteaeent teye; anzymes b figl heaingigdi son,

W), 5u t i.er | i i 200 nM
o oot er SRR T E bragtnabip BARAF G 261 36 bRUTERIR Bkl 7
Exanpl e IactioRe d/ete inBibattal a8 66]S BI¥308Rintet NUIN atGBIROSET! 6.66X 6ERNatdE t WO
enzynes. After heating to 99C for 10 seconds in a programmabl e thermal

cycler (G@RSAMptsgblogd fran Kierd Bfuksiopk solntierin WhaMwgrie H(AcpIB8t5%¢d0%t 60C f or
30 m nutes. U t.t al ni ng. 60 .6, ul _of S 1 . FisS diluted
fromthe éy‘ﬁ?@? }g‘%@?%sggﬁf?%%?c%nﬁ]@g%%@ 5’5\&}4&& aﬁal&o %%B%E%Agl ycerol),
Hybr i das & olfERéGSNRICCUTES PR S INSdisoMB T Qre A0dkd aAdtht.cid b tHBGB ONA

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 ul). RNA

20 transcription was performed using the standard conditions and scaling up the reaction
volume to 20 ul to provide sufficient material for direct gel analysis (5 ul) and probe
hybridization (10 ul).

Unlike the amplification of defined single stranded synthetic target, the

amplification of genomic DNA according to the method of the invention requires the

25 formation of a defined stop for the formation of a ssDNA product with a defined 3’-end.
The formation of a defined stop for primer extension can be achieved by a blocker, which
hybridizes to 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 ssDNA

30 product with defined 3-end.
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pol ynerase (2.0 Units, Panvera, Mdison, W) were added. At the end of the
60C incubation, reactions were cooled to 4C. A volune of 5.0 ul of

st rand- di wplaamesmnt product was added to each RNA transcmrCmtisoo2sieact i on
(total volume 20 ul). RNA 20 transcription was perfornmed using the standard
conditions and scaling up_the reaction volume to 20 ul. to provide
sufficient maticressiud ampﬁﬁﬁaé@p of @|detingd spgpence of genonig PN by dhe enpapced; zat i on
(10 ul). :Unii . deficatl ' ' nees thetic
target ) Rt e RN ELAER R AR b HE el 3 FRIRATAREATE T
i nvent i orDNAgLane 8s 18’ hepiS B oolirgérionxic BN A, ldeé 3 renptglame 4:010° comied Brovdit i on of

a ssDNA product_w th defined 3' -end. The formation of. a.defined stop for

pri mer o BB The Sﬁ%ﬁ%@&%ﬁww sHowp Sehdridizgp @ﬁpe%{if) PligAPEEONEE det i nod

siteson thepd arget strand and can not be displaced by the polynerase.

Alternatively, as in the present exanple, a GC rich sequence up stream of

the primer site, provided a stop point for priner extension, thus |eading

o Usob otobis e Koafu et A0 b gt e iSLAN G b B n 0 RO O
L4\ AVAVAVES Fu } RV ] | Ulll'Jl LI A% L L4l T CA \%J LAY o\/quull\;\/ A\ A | u\,ll

o

DNA by t hgotheramMAaaftal afiphfichBén | i near anplification nmethod of the invention
is shown Thn Fi ﬁure g (LCane I. no DNA, lane 2: 107 copies E. coli genomc

DNA; | ane 3: perforpance of eaghgofdbpihees emposits prigersdnthe aopplificatione ssRNA
product i . i.di.ze I 1 J: ,

Bt e aheBRhoiionld i, THERCAuR IRUGERRINTaopRiRREL .
enhanced inilSal hact®ils dohtagdng 20mpiM ris- A ClopH S Gremvo Mgtls d . ®iMedaTPei.0t he
three conposite priners in the anplification 10 methods of the inyention
was assesBNMHdCTRd.§ gl HEFFRa@-SlmM@TPa% M e @GN TResrose Arsrshagn), 6% 15 ul
reactions b/} 1S 0 2 dATP, 1.0
TS TR R e R G e VL S ey
DVBO, 8% mgéongteinait ribbOiclengé mhilsite (xR Nesex] PRSdegaAiviaidonn, Wil 6iud] caipgsitd. 6

o 50, SO 8ok SN BLelfORANE, o7 ERR BBl oD
(PTO | AOhD$sC TH8isa68aaR ERableAT Qhel s(é%e’%@e bfc&hﬁ%ﬁt@%ﬁ&eiﬂ@@@-ﬁaei}l is The
- n'er .

sequence of conposite primers |1 A005 (2( is disclosed in Exanple 1
O her congigdosed ipEkamaple d e qUthercompppiterpringrrsanuanced wiih alphamumesical names are

as follows:
IA019 (20-mer) ACGGAUGCGGUCUCCAGTGT (SEQ ID NO:2)
20 IA020 (21-mer) GACGGAUGCGGUCUCCAGTGT (SEQ ID NO:3)

Four other composite primer sequence were used that did not have alphanumerical names.
Their sequences are, respectively:
(1) GCAAGACGGAUGCGGUCUCCAGTGT (SEQ ID NO:4)
(2) GACGATGCGUCTCCAGTGT (SEQ ID NO:5)

25 (3) GACGGATGCGGUCTCCAGUGT (SEQ ID NO:6)
(4) GACGGATGCGGUCTCCAGUGUCCA (SEQ ID NO:7)

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'-

30 bis(acetoxyethoxy)-methyl ether or "2'-ACE" (Scaringe, S.A., et al. J Am. Chem. Soc.
120:11820-11821 (1998) and Scaringe, S.A. Advanced 5'-silyl-2'-orthoester approach to
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as follows: 1A019 (20-nmer) ACGGAUGCGGUCUCCAGTGT (SEQ ID NO 2) 20 1A020
(21- mer) GACGGAUGCGGEUCUCCAGTGT (SEQ I D NO 3) Four other conposite primer
sequence werog/oa®asl t hat di d not have al phanuneri cal nanesPCTAse0/2518€quUeENceS
are, respectively: (1) GCAAGACGGAUGCGEUCUCCAGIGT (SEQ ID NO 4) (2)
GACGATGCGUCTCCAGTGT (SEQID NO 5) 25 (3) GACGGATGCGGEUCTCCAGUGT (SE

NO 6) ( 4)RMAGtgATEatdevathasisc)dethodsrdnzpmriogy)(inpresse)- BHMsESVers Pﬁ%lﬁers
wer e syng{ﬁ?? ed by Dharnmacon Research, Inc. (Boulder, CO. The RNA
portion TRe ol i gonucl eoti de was synthesized using a 5 -silyl protecting
group in conj (Reattias wéré hssambbedivaiti dbbdlﬁpcﬂlenmrebchqns}ieeummmymeiim@ergr oup (2'
30 bls(acetoxyet hox¥) met hyI ether or "2'-ACE" ](Scarlnge J.

S A | .
Am _Chem heafipg toh anglg3n a proagoymablg semel exgter (GORAmR40R, Barkin
5 - { t 7 0 20 P RNA
oli 3% nﬁcl Blteﬁr Eeagt?(?sﬂsﬁv%esr?g&lﬁg@%édg 6 é‘EM\?OH %4 mmg ?]enlogretgg}%g (a%%%,ﬁfr%? S were

PAGE  purijdit @ﬂm&’@qﬂdlm fA6h hedS wlﬁltsmﬁ sWuhbn @hlhg@memmragmmh ihe two
enzynmes. After heati ng to 70" C for 10 seconds in a o&ram’rabl e thermal
e ﬁéﬁéﬁ

cycl er (@MMHMS 3®orglyosraly Higbrijdasg @a&n@me oBpisentieo 55* C- 65* C.

the s U ufupeiOE iR, WATRRL 20 it Hn N Rl ul il O 11O

Tris-HCl ,M@dis& VD) e gldea eTid rcad‘twﬂﬁ wémacﬁtﬁwmstsa:bbe (Rvase ntihutépi gent r e
Technol ogi es, Madi son, W) and 2.0 Units Bca DNA pol ynerase (2 U ul;

Panier a, the endwefithe mubfwop 19a¢tEong dcbeel cootdtketorde@ anti A/M@cm}rtmbm at 55
C-65 C for 30.ni nutes i ncubati on rea wer e
cool ed t5ra416<‘@ln§1ﬁp.wasmfwﬁaﬁ@é?ﬁfqrgﬂwuﬁm 4l 5%8?‘?%@@1@% d’gf’?or med at

37" C for lﬁleﬁxoéfﬁﬁhﬁdauéﬁ’rédbn&ﬁé%% %8 4@%@1&1‘1‘&! H@l ?pH38 l5' 7(§>B1M Kd?e% mM
anplification reaction above, and Tris- mvM KCl, 5.0 mM

DIT, 12 MTRGCLEM MeClydl fhg/BSRSA hoczeh er?PéA(FRﬂJTPLEFPP @TP GTP,

i 1 77 Ambishaga oy Rt LR R gapERRE Wy o0 w5 e umi@7 22

15 RNA polymerase (Novagen, Madison, WI).

The products of the enhanced linear amplification generated with each of the
composite primers were resolved by gel electrophoresis as shown in Figure 10 (Lane 1:
molecular weight ladder; lanes 1,2: IA015, 60°C; lanes 3,4: IA019, 55°C; lanes 5,6: IA019,
60°C; lanes 7,8: IA019, 65°C; lanes 9,10: IA020, 55°C; lanes 11, 12: IA020, 60°C; lanes
20 13,14: IA020, 65°C). The composite primers were designed to hybridize at the same site
on the target strand, and differed by the number of deoxynucleotides at the 3’-end. The
highest yield of RNA product was produced with primer [A020, followed by IA005 and
IA019 equally. The other four composite primers yielded less RNA products. The optimal
temperature for the isothermal linear amplification step was different for the different

25 primers, as expected.

Example 6: Isothermal sequencing of nucleic acid targets using the linear

amplification methods

Nucleic acid sequences to be analyzed are first isolated from their sources. Non-
30 limiting examples of sources used in this example are animal, plant, bacteria, viruses, yeast,

or fungi. Ifthe source of nucleic acids (DNA or RNA) is from animal tissues, then the
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The products of the enhanced linear anplification generated with each of
the conposite prinmers were resolved by gel electrophoresis as shown in

Fi gure 10wQloar20033 nol ecul ar wei ght | adder; lanes 1,2: | ROTAJS0&EKIp4 | anes
3,4: 1A019, 55C; lanes 5,6: 1A019, 60C, |anes 7,8: |1A019, 65C; |anes 9, 10:
| A020, 55C, lanes 11, 12: 1A020, 60C, lanes 20 13, 14: 1A020, 65C). The
conposi t dispyq ishpmogenizedyasppisaigd ppsubjastqddp samgforcp that gpgblesi single egllsipe

target st i r f I i

57 and. * Hecofle sBRE A EhEHGE Ml IR K Pon BRI Rk R Blachitfy

f ol | owed diDNAQAS RN espediblly RN, lawd, td ipeevehtshearinpof geaofpasDNA quringehes

yi el ded | ess.. roducts. . The timal t erature for the isothernal

i near arﬁ@f@m@&t %Hssgﬁefs\%g\ <glls pasr i Pﬁf%}tngmi@hamommla DU s, as
expegt ed -Gi%é@m'mopﬁoh%htﬁsﬁg;ou&%%%nwcg{ TRYS B @atfe RTEE).S using
the linear anplification nethods Nuclelic acid sequences to be anal yzed are
first isdDeteadingoothd foenrofsodeicesid ddsited @ehomictDING, wxa i¥ AsorafiRNAwapes used

in this exanple,ar ni.mal , plant, bacteria [ t, f i If
the sour ot ionaid by SRR danfrediospcclilaing B s9miroaE rall “Pra Redood R ne
75 WO 01/i9A930nRe]¢ 439 BloRDAAM cetld 8MUlsd Be fOANPULONEFEH PRStoSAR ICRbRAuRF
subjected to sone force that enables single cells to becone separated from

t he connd@ivlogy suprgs dthe Sawrce ohnudieieneidds Sew nos-pramehian wagresadar Pmplof DNA
ar]dl(BQ NA, Cheaxsz ﬁgig,:%aela%tﬁfélrﬂ?%f v@&s%&ns}li%g }E gi\éﬁ:Petsnt %H)«%&r ik e?lgecgl%qgoﬂtg a%c%gfdl. ng

t he” "~ handl’ rssue. an al'so be tal ne ro

comrer ci alheS@®pPfotdls dan ®e féuridiihSamBRlok edbl. bf QuirB@Protoodls in Myldcaks Bidlogy
Anerican Tissue Type Culture (ATCC). Depending on the formof nucleic acid
desi red, fgehrstsria, Praat. fang.andpgasesor mRNA can be i sol ated by fol | owi ng

ucl et agi d 7roRir oy oL L BREH A ShtBloac Rl fnc FRRY Gy apesglig{ 111 1

pl) S can a Current Protocols in
Mol ecul arfor Bothempt limegramplificatidre as descabedliereinc [Adiont BE¥ital 10'S cépiemts used for

non- pammal i an squrces, for exanple, 1Q bacterja, yeast, i ,.,0r viruses,
STy PR dnedgise st SHar deadogor sgidstpliarab ity titarkee
prot ocol s,s6@Porike dRMIKLatiBn RRARIIOME sejuelting Wackibh hitktrd ThOL8&ahS 1abBlelyD! ecul ar
Biology for bacteria, yeast, fungi, and viruses. Anplification of the

def i ned ttaphesphateehapgs. d€ tathswmalegneenifieely tabeleddalbipur aan kieadded bete sdroe
o0t G, SRR G SRS D AL Ay A, b 1012
deoxyr i bogygdmeigiretibhd a6 eaRiRatie Sour d¥Tdrent rédtaibn &itRs in which each reaction
20 mixture contains one of the nucleotide analogs. These analogs are incorporated to the
primer extension product by the polymerase and serve to stop further extension along the
target sequence. The resulting truncated extension products are labeled. The accumulated
multiple displaced primer extension products vary in length, according to the site of
incorporation of each of the analogs, which represent the various sequence locations of a
25 complementary nucleotide on the target sequence. Analysis of the reaction products for
elucidation of sequence information can be carried out by running the products on a gel.
Alternatively, other methods of anlysis can be used as well. As with other sequencing
methods, the sequencing reactions are carried out either in a single reaction vessel, or in
separate reaction vessels. The choice of method to be used is dependent on the nucleotide
30 triphosphate analogs used. Thus when each of the analogs is differentially labeled, the

sequencing reaction can be carried out in a single vessel. The considerations for choice of
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used for the anplification nethod, the sequencing reaction m xture includes
the | abeled triphosphate analogs. If each analog is uniquely | abeled, all
four can weoade®adsi n t he same reaction tube. O herw se, ipPCTABORII0C] eoti de
analog is labeled with the same | abel, the sequencing reactions are
carried in four different reaction tubes in which each reaction 20 _m xture
cont ai ns reagsniggndigection coaditipprefon ARlIBAperfpRagRee M sEQIgECIAE @ndlytnagserdingd t o
the pri %qu%étﬁgﬁ b%e@ﬁx%‘i{p% aidkithil% tBipL&éQ‘?&aoﬁﬁr?b?&i&%@’&esEHb [RBhbA t her
ext ensi on al ong e target sequence. e resulting truncated extension
products are |Teqladlityldferiace ertehside prodoets Mhidhediffesinl staedd apeardemce evithensi on
products vary jn.length,. agfqrdi ng to the site, of incorso,rati on_.of each of
the anal JBESPeRHICRCHTBYRUALAL cloRaaton SrRiRale giG Sire SePBRISE MRS 2py ofba varsety
Congﬂ eMenfral fhdid khRh iflthettt TR JréfiB Ok RGAIMRNGLof iRl sichsioh piddgciseact i on
products for elucidation of sequence information can be carried out by
runni ng tpredysedshithtescloof the grrminatgy anelogas indidative of the nuoketotidscequeincanf thei s can
be used 33 vvelll . As, with other sequencing nmethods, the sequencing

react i ondeSPECIRIGACISFIUNCei t her in a single reaction vessel, or in
separate reaction vessels. The choice of nethod to be used is dependent on
the nucl eotide 30 triphosphate anal ogs used. Thus when each of the anal ogs
i s differkxample 7y Segpencing of mecleic agiddargetyusing ex d amplificatipy

singl e vessel ., The~consi der at i-ons. fo i.ce of 7 .
pcritson; 26104 PRIGEAR oD s UeEBRF bt niClBleEPigsayedfe KTl Shd et e o
sequenci rfgr Bokysdl Sinsgrediplifiegtior, avHidkeinnsll bowarmtriptivg, hndeotibadhedgig. si m | ar
to those for other previously described nethods. The plurality of primer
ext ensi orEifiebutecatsl S?\;hﬁ EnPEDf§ may be used e append dboprotapsemotet sequents tQHisci fi ¢

i ncor por at.} I @&Eﬁl' 3 R k ' .any of a
vari ety El%&g*&t {r?r{atthﬁcl) S ng%}le%ﬁﬁﬁlgﬂ zf‘rﬁ'? 1;1' %@%%ﬁoﬁgyﬁt&%ﬁgbp Sirég}l??y of
pri mer extipispbateprBABs)t thatprodsedddr the ehhapaedhlindar tmelifieatwnmadthod ancaldigg i s

i ndj cative of the nucl eotide sequence af the test. nugleic acid.sequence.
Exahble 70 TEAIESHEMNEREN: HsSPaEcme teap Jurwra s igcWARSINE SRPTRRHRF | cat | on
10 Ampl i fihgepdd t?i@h@iphﬁt'@%nﬁ%&%, RAFCH At 36hniduE @@ i1f6ther FQHMRNEEMEtRodAr 'l ed out

as described for isothermal linear anplification, which involves
transcri gtnowvm,in ghe atesbhesbang ineorpgrated tasthetgatension poddugiSyy e RNAPdymenasy be

used to append the prot.opronoter seq ce to th roduct of the .isothermal
! hear Canire it R AR LIRSl FE G EeL Babdiee, TGSt inthvldt
t ri phosphateasion pRdteds didiabelad e Ths astumalatédi@uriphadissiscedieremsioapridutiscat i on

met hod according 15 to the present invention, the sequencing_ reaction
mi x2Qr e Masbin; Iprgthcssordig ta pisy Bisraf ncgrporation of each of the analogs, wWhich represent

the various sequence locations of a complementary nucleotide on the target sequence.
Analysis of the reaction products for elucidation of sequence information can be carried out

as stated in the above sequencing example.

25 Example 8: Genotyping using isothermal enhanced linear amplification and genotype

specific composite primer

Genomic DNA is isolated from test cells using methods described in previous
examples or by other mean known to the skilled artisan. Different organisms including, but
not limited to, bacteria, viruses, fungi, yeast, plants, and animals are genotyped. Genotype

30 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 counterpart genotype.
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| abel ed tri phosphate anal ogs, which are commonly used in other sequencing
met hods known in the art. These are incorporated to the extension product
by the RNWMOpoelymwes ase and serve to stop further extensiomcalusng2iibe target
sequence. The resulting truncated extension products are | abeled. The
accunul ated nul tipl e displaced extension products 20 vary in |ength,

accor di ndhe sequeacesyariation detampingrsResiBn cenotErasinayfbe prantRdAtiers Singks ch
represen vaki § e A s enentary nucl eoti de on
the tar gﬂelflc%@gdtfefﬁ)yerﬁ%kﬁgﬂa@m’ 18%&@ eg reac Fgﬁd%r%o tLj'cts for elucidation of
sequence i nf oramalifaaticmof the defingd tagbepmicleiaacidtsedquedced i3 chireedaimozedeseqeenci ng
exanpl e. 25 Exanpl e 8. Genotyping using .isothermal enhanced |inear

anpl | 1 ¢ 400 Pl fatioppbaspamIC & oRolh SAEeTCt B 445 100VE YR S LB RS ENIRNIRS

| solsat ed £ LM ety &Rl DN AYD DREs i ARI61d SigfodMe iRy hQHSy, @xanpl es or
by osflher Séré:an }Igmov\% to tﬁﬂ’&???%él artilsan. Di ff?ar eﬁt lggr/gani g’ms i ncl udi ng,
but not gkneratiedoftamplifmeti@r praduatiindisass, thé pregenceyd tesget spuents of thadefmidnal s

t d. t 30. i fi i NEe i j,th t i
'3 Sena ehlit o abeiR ere s e by e BhE b S geren o e piner Fo B ULl 1 c
aci d seq %g&%ucmc DEdqtErde Wil frfiRnEaHpldaRsh! THE RPN AEtion plodlEt 91/ 020035

PCT/ US00/ 25104 The sequence variation determning specific genotypes may
be poi nt datgttad byany shegf erions oledwds dur dstaction ppsinglasraneyl nuplsgactd ons

del ef i d the.like Anpljfication of tiped . i¢ acid
Seclibnoe @Rt Shich §Fpo AR o of Bt i AP AERD T SR ERILT £ 6

sequence oligdndchwtiad ﬁi«tﬁbe@t@&ﬁ@ h@plifibdtiogl préticgBRivtered by gebelectidphofsisner and
DNA pol ynerase which is devoid of proof reading activity, the generation
of anplifi catildsasss dderetths genoppirg ok diplojt eadls preauired, sigias thedeiemupatin t he

defi ned Latl : V, ri.cyzat i t he

3 - end o [RECEERie HHRIAROKI PO 1 TElsIHE B R e Rt e

anmpl i fi capédific nddiec acigltarbétcatuanne psinglsietcificspritedre ethich dry designedrfer @fhevar i ous
met hods f or q tectign of single stranded nucleic acid 10 sequence, which is
kol i n RIS XPe 3P mug3ns SEREYPS. AE O BIOBPE 40 41 SRerisBRYPF ¢ [Pabel ed

ol'i gonucl,gfiirdgidy @R&Rnt Qsif}\%ﬁleasﬁpéiﬁé bAffelOfe PARAY6ht ihSepiRh edRHopy gel
el ectrophoresis. I n cases ere the genotyping of diploid cells is

r equi r ed,vessabshTheddteatiodef emplifieationrprodifct oerdy pooteaction tube er lgssy got e
genotype, it..is.feasible .to carr ut. the anplification of .th specific
nucl ei c é’g}pﬁfﬁfaottiogﬁ’eﬁro‘g‘é’aﬁfelﬁ@gat&\éei (ﬁgﬁq‘éo&ogy Qe %E??tﬁ%er é‘evﬁﬁ{ﬂg w%alé Q%Sé)sr i gned for
ei ther  Ifuthhiowmdzggdty.PEhédidledtish df bm@afiedtioRcrodict Iyt emplifipioanechctibes ot her

genotype. The
20 indicates a heterozygote genotype.

Example 9: RNA portion-based isothermal mutation detection utilizing amplification

methods
The isothermal amplification methods disclosed herein are used for the detection of
25 defined mutations, or polymorphic sites (such as SNPs), in a target nucleic acid sequence.
The methods are used for genotyping or detection of mutation leading to drug resistance.
The target nucleic acid sequence is single-stranded (ss) DNA. Single-stranded DNA target
is prepared from a double-stranded DNA target or an RNA target using isothermal
amplification methods described herein.
30 As shown in Figure 4, a composite primer which is complementary to a wild type

DNA sequence is used in combination with a ss DNA target that has or is suspected to have
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anplification reactions using the specific prinmers are carried out in
separate reaction vessels. The detection of anplification product in only
one reactwonibubaes or | ess anplification product is indi caCmusooisied
horiiozygote genotype, i.e. either wild type or mutant honpzygote. The
detection of anplification product in both anPI i ficatjon reactions

i ndi cat es mutAterevikipgbe ellqjen@ﬂﬂy E@UUM afrpeet 16 OFNRubH} t?%’ffﬁsbﬁél&ﬁsp%ﬁ her nmal

mut ati on det ect,i tian. h

anmpl i fi cé?rﬁ?)tr?nﬂ@g?\‘gg)tsé i os‘fg:gg’lﬁ’ r{eelp%mé?relsdlrsg%}d ‘Jﬁg‘“’SZ"? tsgh on of
defined nutRlibR BSes ok pﬁ%ﬂtrmé il sﬁabto?&le(éﬂiﬂfﬁoaﬁoﬂswﬁsﬁeby tHe canipakiget nucl ei ¢
acid sequence. The nmethods are used for genotyping or detection of

mut at i on Drisacd hpibridigesde tiae terast saqupres. to fompethe dirgdr-m @qtg@r@oamlqg(, ahtience i s

Si n% e- st n%ga ph@&tl%d Swgﬁ&@%ﬁgﬂﬁﬁ% h.'éﬁ”cﬂ:ﬁ&est 15@‘[89[) #hgcatl on

doubl e- stFan arge or an target using |sot erma
met hods @Q&ﬁdé&@@né}ﬁff&h@corﬁﬂeﬁsméldmaga oFtI@lRIéA@prta)rxx;fnhmmmlmspel mer whi ch

is conplenentary to . a wild type sequence i ncorrblntlon with a
ss DNA t d¥iesr. qrithg prigsr estenssonwg l@fd‘@%ﬁ@ﬂé%ﬁ@f?@@\eﬁ@t P‘@%’GQB

PCT! US001 2540 %hM?}Ih%rQOe%eQ{/&et er Rl AR HOARTorSERE URMABRYLOTIAZ ¢ o

about 10 coples of t get and about 0 pM of conposite
pri mer |$lmm TlHeenemﬂs;euﬂendlhgs»équempemeajrmmradpthmodmw bydtybpidieratert  t he

tial st h lif t t bri di
Lo tthe. ¢ g S’ RO @RADN S R IR TSEeh bf TgPRRL AR reehAtes. Thhd. Lm' 5
extensi o ']nzﬂﬁf?@q}ftthé c%ngﬁgﬁe pAmE# Qwﬂﬁhﬁé%the ¥ steprEvent AL s@é})\é 9% Pﬁ

portion of thé extended primer the co The cl eavage he RNA
portion @ktemhnenctmdo@splecenmtm,dprodmctton@f pmltm;lﬁ C@m@%@fsth@hmphﬁ%hﬁ@tl by RNase

ff d b
Al or ol davigte yearmignaonie  os B AR oy My ERO A EYE Ao RN D0,

step of bjrr@qiepgqlg{,alamqmm@m te priner to the corrpl ex by hybri d| zation 10
of the &' RI\lAr!%grtlon is inhibited E%/léa m smat ch_for the reason descri bed

abol®. The fors which cortmbuednathssphigition; ofwrimes hybagizationdnglyde the sizg phet
prevents tfléjfx)%l;}ﬁﬂ i égﬁ oanfcleB{l&JTﬁ‘l;d thﬁé&%?{%} ?Q).f $ild 1.%9(910‘3'0%9 d;ﬁgﬁ nﬁﬁg%fﬂa’a%rs

production o copl és fication products

anpl i fi caire Ocrnspfemdutllﬂﬁ: designl cd¢he d¢dnegosvé primsr, wtauding zetchniqgmsiwell known

el ectrophoresis .or other equivalent means. 15 Factors which contribute to
t he i nhi Bdirednsin fi5a%er hybri di zati on i ncl ude the size of

A composite primer that is complementary to a mutated DNA sequence is also used
20 in combination with a wild type ssDNA target in isothermal amplification method
described above. In this case, the primer binds to the target DNA and undergoes extension.
However, after treatment with RNase H, more primer cannot bind to the wild type DNA
because of nucleotide mismatch and thus, little to no amplification product is made. The
amplification products, or lack thereof, is visualized by gel electrophoresis or other
25 equivalent means.

Parallel reactions are also run that include either the nucleic acid sample of interest
or reference sample of target nucleic with a wild type sequence. Accumulation of more
primer extension products in the former compared to the latter reaction is indicative of the
presence of a mutant genotype in the sample of interest. Alternatively, when the composite

30 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
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t he hybridi zing. oligonucleotide and the stringency of the reaction
condition. These factors are considered in the design of the conposite
prinmer, awoan@2owgsto techni ques well known and routine imrcrhsoaeiind A
conposite prinmer that is conpl errent ary to a nmutated DNA sequence is also
used 20 in conbination with a wild type ssDNA target in . i sot her mal .

anpl i fi cAeEAteHeghe defeetion and(pr a%ﬁeféatwerflefmnaeag@f alinﬁb ICAORPFORICHdS t o
the targ xt ensi on. However, after treatnment with
RNase H, q%%ﬁ?’?ﬁepﬂggrﬁ ignd to the wild type DNA because of

nucl eoti de m smatch and t hus, I ittle to no anplification product is made.
The arrpl'ficaltl on roducts Ick trl]eref . ual i zed by gel

el ect r opHeY K 18; Genplyping 3 matigds Ane He '
run 4 hat JhegGfkie eoleéﬁ d&mdﬂucl eic acid sarrpl e of inter est or reference
sample o a wld type sequence. Accunul ation of nore
primer ext ensiMethpdsoionstquending h:ehﬂmdnmtloo@@@Seldbetdonmmylmat@(emphesact| onis

|nd|cat| resence. enot.y n the.sa i nterest.
Al ternati ee??lln??}?elr??tsﬁaélef}%‘?ﬁ‘}S%t ¥ ey é’"%@fgﬁaﬁz%é é&ﬁ%?f%@%"bs 1P rI'margyequence
that is fddbémg‘e@ﬁphﬁﬁ@ﬂfeagcthaﬁnembmktteaﬂcamibﬁ inso 6l ue tHeangflifichgort est
target, anplification of a target sequence of the nutant genotype is 79 WO

01/ 02003Preturt gEEonabhyhe At tthel Invapigpn is single dxandeshangdraadily aqalé&hl‘r toati ve
det t f t
ggno ;n pg%eg%@d %I ‘B’%ﬁua@é‘%f {Pg&ﬁg rpg(gﬁ}é% §f0§) g ?#egfﬁccfg; AM?ﬁlﬁdcggfl &8% et hods and

genot ype deSiga@basitd methoddlendwibini the mtlt 3rpobsiblead aetfeﬂnms agbrédigitiog chiyeria
hybri di zati.on are descrjibed in }@%VJ ous exanpl e ts Det er mi nati on ’gf
sequence WRightiH sunpyrissirtivh prabs bbrigfzatpe g smelifisaipe Produgls eeReERipd Py y

advant agepisiridsd Cﬁj(ﬁ'l% et gﬁ@&ﬂ%{ot R (R, %feﬂltléh%e BN &Yl 98mal1 305 @irngﬁs the

anplification product "gen by the nethod of the invention I's single
st r anded muktotidachnl prewnapiohb hebridzat®nbdha deltbwing Iﬁy:bms dieAakdnantoof specific

probes. Prob e or.a defined not ype are si.ng net hods
Knobh § n coRgdegen for nyEridigioRsPieria RuRdr D HICRPBRSF SRbE QRORP AR o whi ch
Wi Il suppesdio SArRMulfé e cathRRRidnY B paiidddr divhlém iGN @ cbitfedibh OThe pRVES hised
generated by anplification of one genotype and not the other. Sequence

vari at i orfonthe gnanlysismay be imspletions aemep be aéachadton ealidrurfaee Haurthgn thedi zat i on.
The follq robe% maa G chlfeﬁﬁy ab%ﬁh%n &eﬂ:thgd gb5 %%H%E%&r ags.[pe?l fb?r{dlﬁpél Ipanl g{dztﬂlsé on

crlterlapprobe l'en errpera ure o
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 methods known in the art or as
described in the above example. Test DNA is combined with the described amplification
components, target-specific chimera 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 products of enhanced isothermal linear amplification methods
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).

30 Alternatively, the solid phase comprises particles to which specific probes are attached.

The detection of probe hybridization to the amplification products is carried out by various
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reaction, and buffer conposition, in particular divalent ion concentration.
The probes used for the ananlysis nay be in solution, or may be attached
to a sol iwomamnt@me®. Further, the probes nay be directly Ipalvalised2z1n4
attached to a nenber of a specific binding pair and thus, able to
specifically bind to another nmenber of the specific bjnding pair which may
be 20 di mesthods knpwniaitheeet, for exampleediscleraddniSembroskics al. serrat die SPSHI est
sanpl es b t i e L i . e exanpl e.
Toor. oA eSS BPied Y BaheCindhbel Shectal pIRAE AR LEERAANIC

t ar get - spleicfed @nd hdcorted byrdompiter alpdrifimagdr onot er sequence (such as PTO).
The conbination is subjected to incubation conditions as descri bed herein
to generate 23 agfiGhgpssodiationsdo hp(h(l%ﬁi}}qnfq?éa?qlfgﬁprﬁgsﬁ@@mpq&vﬁtﬂ%I?TQQIH%n of
the anpl iif hicah febtidrPof emﬁ;vo?ﬂ-z%asﬁi f hise1®f RIS dafiof Blolili&d aRUt 1N
sol uS?i on%?lggg%eiqgogﬁggg v&ltlﬁo a?t}t achied éenotype speci filél grgllr:?es. Since the
pr oduct s gehererrdand prbdustdtybeidization fonmabesampiabilized onsolidreurfardsis dateetedi ngl e

stranded, the ucts are jdeall uited to b ttached.to. a solid. phase,
such as. 2 SRl byomsnts algorBin e gnstic SCabtpdrmpiintdish pishisli 11
probes (icafied dI€BE irfkBipgdtatioAGf MeRUMRLIPY QliMng iH3Qran&driptioR REPDYGAPIHLLERS
particles to which specific probes are attached. The detection of probe
hybri di zafiooaof thefous riifEs by aahtliPanalogowhishds labeledr Thekpbelis adye.pariseiad 80

WO 01/0200 PCT/ US0Q/ 04. h k b . )
di sti os edn?glgc‘g%m? SBKR" ‘?"l‘é"ﬁlf’hgﬁ ggg‘?ﬁ@gﬁwﬂ Ilgggt% Sgécé l‘ég&iﬁlsn%i%glgg’ g‘(if,h and

t he changg libelddaBeptasidas tviathody fopaEikttdss stube hybrityiatibabd ablidsurfasesigt ect ed
and recorded by conputer algorithnms. Particle association due to

hybri di zdmown ibthesileci fi ¢ probes to anplification products 5 is also used
for the detection of probe hybridization. Labeled anplification products
are generated and product hybridization to probes imobilized on solid
sur f aces Exanilsle @t{ €&tnotyping by 08 SE€EH (RINACSimgldt StramdagloConformatidine gener ati on
of | abel ed anplification product is carried out by incorporation of

| abBl ed OFRIH the transcription step by substituting of one of the
four rNT | i ol I or a
el 110 o R S P e o e A e o
speci fi ¢ usingdhagethotls dgscribedcirereinand A determivatiempefahe dieatropherdiischand or

Beanpl o PEGAA oG 65 P B pRRAC SR CER T Rl Sl I  on 15

Pol ynor phdogifrmation. The use of SSCP for detection of sequence alteration is widely used.

20 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, renders this method
particularly suitable for genotype determination by combining the amplification method
with rSSCP analysis. .

25 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
isothermal amplification of the target sequence. The reaction mixture containing the
amplification product is subjected to either gel electrophoresis or capillary electrophoresis,

30 using instrument and conditions known in the art. The electrophoretic band pattern of the

amplification product is determined. The visualization of the oligonucleotide product is
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Genotyping is carried out by anplification of the specific target nucleic
aci d sequence wusing the nethods described herein and by determ nati on of
t he el ectwopghoe@ss c band pattern of the single stranded REA/ysoedilod, which
reflects the single stranded conformati on. The use of SSCP for detection of
sequence alteration is widely used. 20 Genotype specific sjngle stranded

conf or matachigvedkbyiacksion i diyg injensplatori ke slspiprrberatis pgitern of thecammplificgtign

el ectro | &. ! i r : i,fd cation
o "t ar 5oL coR BT Bl A e gl B e R At P o,
render s trhickicwidseduerparobiainddardry cells dfalabenfeenotgpan oAyypehabgt ér thienat i on by

conbining . the anplification netho w th rSSCP anal ysi 25 Purified test
genomi ¢ Iﬂl\%trPEthS%’inﬁg‘g\‘tW%q?nb ﬁﬁ’ﬁ‘gﬁ@}?’tﬁs"%?q"t@ﬁ%" W}Dﬁ’ﬂ" i GHOMBEORSGY of the
| nVenti ofye ﬁﬁ%ﬁﬁéa%h RReh A Re in905tidnBE @5 SEP Sl Vidds SCHIPRThBodfok BBth RO
propronoter sequence, such as PTO. The conbination is subjected to
condi t i onliscbuery off sajukacermllyraoqphisfi efatefined tiget kequeneageandsdetgetineef The
reaction m xture containing t lification prgduct is,subjected to
ot her Cgdreur Bk aBRD Bt Do 1hssTERaptrER PR EEh R RIE L
| NSt r umenkqieess O@fine@REndtPRWNcdnbel fiededdrininelil éndihe phfiéapen@hieg bpand
pattern of 'the anplification Egoduqt is determ ned. The visualization of
t he ol i gaedictsorfiamwlificatinncafl g DA wilbbe epwpaed to komustp B ganotiphi eved by
inc}¢sioneg; %mgge intercalator. The el ectrophoretic pattern of the

ficé{ on Oduct is conpared to that of anplification products
generated by anplification of target nucleic acid sequence obtained from
cell s of known genotype. Any change in the electrophoretic nobility
pattern is indicative of sequence variability. The conbination of 5 the
anplification nethod of the invention and r SSCP provi des a sinple nethod
for both the discovery of sequence pol ynorphi sm of defined target
sequences, and detection of previously defined genotypes. The
el ectrophoretic pattern of known nucleic acid sequences, or defined
genotypes, can be predeterm ned, and the pattern generated by products of
anplification of test DNA will be conpared to known pattern for genotype 10
determ nation. 82 WD 01/020035 PCT/ US00/ 25104 CLAIMS What is clained is:
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1. A nethod for anplifying a pol ynucl eoti de sequence conpl enentary to a
target 5 polynucl eotide sequence conprising: (a) hybridizing a single

st randed WNA1ewwps at e conpri sing the target sequence w t hPca/soopissdte
prinmer, said conposite primer conprising an RNA portion and a 3' DNA
portion; (b) optionally hybridizing a pol%nucleotide conprising a

term nation pol ynucl eotide 10 sequ I a region of the tenplate which
is 5 wth respggts Liginhhgsi di zation of the conposite priner to the

tenpl ate; (c) extendll ng the conposite priner with DNA pol ynerase; (d)

cl eaving the RNA portion of the anneal ed conposite priner with an enzyne
that cl eaves fro n DNA hybrid sych that another conposite priner
can hybri di ze - m(eglog]ﬁgr ?@%H&g@ I?afﬁﬂmr"g‘ﬁga? SERUFTECO %@ﬂit%q‘gﬁt@g?tand

di spj acemiinucibedeRyudhiel thRbasiagPi es of the conpl ementary sequence of the
target sequence are produced. 27 A nmethod for anplifying a target

pol ynucl eot i déa)detpidiving csingeissanigd DA templatemompirising ghetagget sgquencerwithie d
DNA tenpl ate conprising.the target. sequence wit C osi,t &, phi frer, said
compost ¢ & SSRIRTSHE BUEr Ul AEmbR aRie AP BHmhan S ofR S e ENATCL;

hybri di zipagtigh; pol ynucl eoti de conprising a term nation pol ynucl eotide

sequence to a region of the tenplate which is 5 wth respect to
hybri di zat i on (b¥ontieaalbohyjyidiziag ppplyppcleatilecomprising aripimipation pojyraikleatds ng
t he, conpQsi i rer. W ; Vi RQ. & ortion of
t o Gnearaisfele Lol b AR NIERTES, wildefec W ARoRRAED o 2
RNA/ DNA hghipbsitespitherttb alie tem@taner conposite primer can hybridize to the

tenpl ate and repeat primer extension by strand displacenent to produce
di spl aced 30 [¢)rbendug the spraRosHE peiter WigPDRO RO1YBYB35 PCT/ US00/ 25104  (e)

hybridizing a ({?ﬁéelé(éo}iiﬂgépﬁgtﬂl\@'&@ BSRiQSHroif%ﬂe”&n@aIP& ERhHIERE ?Finfé? it ah&gi-Ahe Wat ch

hybri di zes to ace rimer extension product under conditions which
al | ow t rcmases RVAI foomtao ROCAAIN Ay Rihsywd| thatenather, canmisite pameRdMA hybaidizer i pt s

2 ey prOdyad - COBYL o 08 SINEPSSE D) SRR Aok Qe1e o SPI aced primer
whereby multiple copies of the complementary sequence of the target sequence are

produced.

2. A method for amplifying a target polynucleotide sequence comprising:

20 (a) hybridizing a single stranded DNA template comprising the target sequence with
a composite primer, said composite primer comprising an RNA portion and a 3° DNA
portion;

(b) hybridizing a polynucleotide comprising a termination polynucleotide sequence
to a region of the template which is 5° with respect to hybridization of the composite primer

25 to the template;

(c) extending the composite primer with DNA polymerase;

(d) cleaving the RNA portion of the annealed composite primer with an enzyme that
cleaves RNA from an RNA/DNA hybrid such that another composite primer can hybridize
to the template and repeat primer extension by strand displacement to produce displaced

30 primer extension product;
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5 whereby nultiple copies of the target sequence are produced. 3. The
nmet hod of clains 1 or 2, wherein the RNA portion of the conposite priner
is 5 wtworrespwsi to the 3' DNA portion. 10 4. The net hoacafusob/asing 3,
wherein the 5° RNA portion is adj acent to the 3° DNA portion. 5. The

met hod of clains 1 or . 2, ein a plurality of conposite prineys are used.
15 6. The net K%Hlytbfldh?t‘% %Olin‘éﬁle"il € RPEPEPIAE R RECHIBMOKT ARG WolPri si ng a

term nati 98Bridi %%g@ﬁ%ﬁ;? e?erc]it;ﬁ rac&ﬁen%n%%aue hﬁ&é}‘b&hﬁﬁ%hg@hfcﬁﬁ%w 7. The

met hod o TSO conprises a fication in the region
whi ch hybrainshrmsntcnoctduebyprlgmevdse,rsac]mthauﬂw transgiipearespodafedcondi t i ons,

the TSO binds. . 20 nore ti to the r on.as conpared to.a TSO w t hout
he mod ROBRTSEA Sedenge oMY e s Gl g Prone? GHER POt

pol yyucl eot i dgv&ggglgrﬂl@it' & Rpick 8F HeNAbEORqE1E aRCSollsced. bl OCki ng sequence.
9. The net hod of ai mlg, wﬁlgr ei netﬁtg bl ngI ng seauer?ce conprises a

nodi fication 25 in the regl on Wmch hybr|d| zes to the tenpl ate, wherein,

under a given tlon quen blnds re t ghtly
to the region glthé’ ﬁ?‘gaf‘tl%mg b(fr Clg‘fh remé‘ Aé)o hi¥ CqRe #‘égrlgle%atl on.
10. The neshadhadsp §dt@¢fﬂé31DZNA ortiaer ei n the enzynme that cleaves RNA is
RNaseH. 30 84 V\D 01/ 020035 PCT/ US00/ 25104 11. The nethod of claim 2,

wherein the pol ynucl eoti de conprising a propronoter and regi on which

hybyd di zes to 4 ' B & By g la witch

oli {:j%nucl eot i é‘e%%ﬁ&ggﬁ(g@%e neer‘tqﬁtct)l?%f 16‘2{ Qt%jﬁ%mﬁﬁ ?égllttrtf? BNA

pol ynucl gwkticde conprising the propronoter conprises a region at the 3' end
qo

whi ch hybridizes to the displaced priner extension product, whereby DNA
pol ynmer ase extension of displaced prinmer extension product produces a

double st anded .GRBRRI of (AT WHERADE plubdil Bf @GS e phthedare Thgy, et hod

of claim 12, wherein t pol ynucl edti de conprising the proprom)ter is a
propromoter tenplate oligonucleotide (PTO. 14. The nethod of clains 1 or

2, Y\gter ein st eéa th(e%etﬁocgi oi(cmnmasrleo wh%;eql?gtelp%lyer{uE{éo{ide gorrrgjper{sing a

termination sequence is a template switch oliognucleotide (TSO).

7. The method of claim 6, wherein the TSO cornprises a modification in the region
which hybridizes to the template, wherein, under a given set of conditions, the TSO binds

20 more tightly to the region as compared to a TSO without the modification.

8. The method of claims 1 or 2, wherein the polynucleotide comprising a
termination sequence is a blocking sequence.
9. The method of claim 8, wherein the blocking sequence comprises a modification
25 in the region which hybridizes to the template, wherein, under a given set of conditions, the
blocking sequence binds more tightly to the region as compared to a blocking sequence

without the modification.

10. The method of claims 1 or 2, wherein the enzyme that cleaves RNA is RNaseH.
30
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15 15. The nethod of clainms 1 or 2, wherein steps (a) and (b) are perforned
simul taneously. 16. The nethod of clains 1 or 2, wherein steps (a), (b) and
(c) are pwofoempmds 20 simultaneously. 17. The method of clpairnsod.2za04 2,

wherein steps (a) and (b) are perfor med before step (c). 25 18. The nethod

of claims 1 or 2, wherei eps are perforped. sinultaneously 19. A
met hod of seqdén&hﬁgn%{hqcﬁ?é%%l othestin dhe %&w%@d%%wsgv&gpm@agmoter

hybri di zid r&ig R8s @Eﬁaa@% { n%ﬁe&i R EREIoR r%i)‘&ddch% 4 @hgfle Safgence
with a conposite pri sai d osit'e primer conprising an RNA portion
and a 3' dllgAmeDequdet(T&(a) 85 WD 01/ 020035 PCT/ US00/ 25104 (b) optionally
hybri di zi ng a pol ynucl eotide conprising a term nation pol ynucl eoti de
sequence to a region of the tenplate which is 5 wth respect to

hybr4 di zat i on 19f THaenethPRFAiIhE2, Rilichdih tHeGpdiucledtiBE 8dBpridifg thég)i&lﬁ*gxhﬂﬁ:rt he
conposite priner to a termination site with DNA pol ymerase an 5 a mxture
of dNTPs camn@wavregma@g@ 3’ snd whithehybpidizee to fémd@nbwcgdmpmet @iterisivat ed upon

| ncor por a %(9 %637{1 efeh lEﬁA p%\?alfrﬁ ase( dx)ten%lo%ao\fldﬂsg acQ&\ Peaves éﬁb\(wpr%uctthe

anneal ed ¢ riner an enz r om an RNA/ DNA
hybri d Sqﬁbddchs?l&démﬂé Elﬁnd@@ﬁmtéxefr&hIWMh@ﬁﬁcmwmdﬂcaﬁ. to the tenplate
and repeat priner extension by strand displacenent, whereby nmultiple 10
copies of the conplenmentary sequence of the target sequence are produced of

varyj ng 'engtﬁsThé %B@H%XXQIHQf Qﬁ fnocﬂé'EE,lgﬂﬁclé&tf’d%%oﬁ%hsﬁlgrtl?é‘egh (d) to

determ ne sequence hod" of  sequ a tar oti de
sequence proprpmomrmgaﬁx‘bp(cm)otélytbmpmtezoll@nacleour@ (@Tg)r anded DNA tenpl ate
conprising the target sequence with a conposite prinmer, said conposite
priner conprising an RNA portion and a 3' DNA portion (b) hybridizing a

pol ynucl eoti de4c Q'T]é%é"tthiaclzhﬁfsm &@t '\A}Pl@reﬂpét %Q%e%%%ﬂgcﬁln etn‘Bela
region of the tenplate which is respec ybridi zation of the
conposi t exrgeri mer
15
15. The method of claims 1 or 2, wherein steps (a) and (b) are performed
simultaneously.
16. The method of claims 1 or 2, wherein steps (a), (b) and (c¢) are performed
20 simultaneously.
17. The method of claims 1 or 2, wherein steps (a) and (b) are performed before
step (c).
25 18. The method of claims 1 or 2, wherein all steps are performed simultaneously.

19. A method of sequencing a target nucleotide sequence comprising:
(a) hybridizing a single stranded DNA template comprising the target sequence with
a composite primer, said composite primer comprising an RNA portion and a 3> DNA

30 portion;
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20 to the tenplate; (c) extending the conposite prinmer with DNA pol ynerase;
(d) cleaving the RNA portion of the anneal ed conposite priner with an
enzyme t D o1ok@aves RNA from an RNA/ DNA hybrid such that pamatsee@esieonposite
prinmer can hybridize to the tenplate and repeat prinmer extension by strand
di spl acenent to produce di spl.aced 25 prinmer extension product; (éaF .

hybri di zi ng a (BbPRtinwallvBYbrifiziag apelaneigotdesommrisHs: e ramation pAYIYsHEoRE ch
hybri di z i, SRl j t-:ens] ; . itions such
that e e e ey MR AR B ey ase.
usi ng a moxtposiee pimer thfliRsteaplhte;NTP anal ogs, such that RNA transcripts are

produced conprisin equences 30 conplenentary. to.the displaced priner
bt enst on. pr odGLPeen e GEmPEREP TG 8 T BT SLE Yo DR O GBS
PCT/ $JS00/ 2@ b8dke of BNTPE 84 LANTPARaloPS, SLAPMhaL pritRerQxtedBionhNd RrigfatedGponher eby
mul tiple copies of the target sequence.are produced of varying | engths;

(f) anal yinéarporatien pf dNEP andlogt eps (a) through (e) to deternmine sequence. 5

21. The net ho f. cl.ai r 20 rein the RNA.portion.of the co site
o ToL O P et B R ol UL iRl S POU B Brim Y an AT R |

21, wher &jléavEORNA fr&ilAn RAUATNAIL bads@chehht dndtHeh ordpodiiiprint@tid Bybridlk 23. A
met hod of characterizing a sequence of interest in a target polynucleotide,

sai d met Hedhelsmplatesaniepent atieer afensien hestrad ditplaceaiens whershy mulile ei n t he
SeakgnCe Bhicdde MY eoRBidnl A [:s)f%,utepge UL B Sedllch i dre ?odgggq‘gvfa?ﬂggmer en

15 (a) production or ewer anp on produc t he
t enpl at e lasgthggonpared to the anount of anplification products froma

reference tenplate whic conprises a region comlenentary to the RNA
portion of théeb@w&&&&tge praduehofjskaps e tRiough kfﬁttgﬁﬁtsnm?@%queﬁsﬂynum eoti de
does not conprise a sequence conplenentary to the RNA portion of the
conposite prinmer and is a sequence variant with respect to the sequence 20
conpl enent ary 200 A hetHeNAf pequendng eftargéteruckopds seqeemeicomprisimg (b) producti on

of ?g tectably (%y%rl%%)lllgi e]; isi%g'lteisggngeﬁqﬂagttgm};fa%ngowperisgneg t !c ?a?‘rg%t %esquence with
a composite primer, said composite primer comprising an RNA portion and a 3’ DNA
portion;

(b) hybridizing a polynucleotide comprising a termination polynucleotide sequence
to a region of the template which is 5’ with respect to hybridization of the composite primer

20 to the template;

(c) extending the composite primer with DNA polymerase;

(d) cleaving the RNA portion of the annealed composite primer with an enzyme that
cleaves RNA from an RNA/DNA hybrid such that another composite primer can hybridize
to the template and repeat primer extension by strand displacement to produce displaced

25 primer extension product;

(e) hybridizing a polynucleotide comprising a propromoter and a region which
hybridizes to the displaced primer extension product under conditions such that
transcription occurs from the extension product by RNA polymerase, using a mixture of
rNTPs and rNTP analogs, such that RNA transcripts are produced comprising sequences

30 complementary to the displaced primer extension products, and such that transcription is
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conpared to the anmount of anplification products froma reference tenplate
whi ch does not conprise a region which is conplenentary to the RNA portion
of the cowpagiot®@3primer indicates that the target polynuelceatSodesieonpri ses
a sequence conplenmentary to the RNA 25 portion of the conposite priner and

is not a sequence variant with respect to the sequence conplenentary to
the RNA peiipgiad gpon meopgratga iof an g fFrapalogavh meltiplsropies of therdprast

wherein tsggu&gggégﬁgdﬁgdgﬂvﬁgﬁgqa{ hon of the conposite priner conprises a
nd the sequ

wi | d type sequence, a enice of interest is 30 characterized in

det er m ni ng t HE) gmabzmgdke prodattsdseps () throeginie) t dgtpmisespgmance. 87 WO

01/ 020035 PCT/ US00/ 25104 25. The nethod of claim 23, wherein the sequence
of an RNA portion of the conposite prinmer conprises a nutant sequence, and
the sequence of) iTHe8h&RAd biSclaifl' B SCI(ERHEREN {HR FAGA QorfidH dTdhd EnmpisRsence or
absence of the nutant sequence. 5 26. The nethod of claim 23, wherein the
sequence mfmerns fNwithoaspéasito thie 3t BENA portjsosi t e prinmer conprises an allelic
sequence, and the sequence of interest in characterized in determ ning the
presence or absence of the allelic sequence. 27. A nethod of detecting a
mut ation in a 2argRimARéY SUAAIRDE 1, Geherdi tHrS> RINW pbiion id Bdja&mdtecthe BYDNZE

met hod of clainms 1 or 2; and (b) analyzing the anplified products of the
met hod f dOr@@hgl e stranded conformati on, wherein a difference in

conf@r mation as conpared to a reference single stranded pol ynucl eoti de
indicates a nutation in the target polynucleotide. 15 28. The nethod of
clainms 23, whe3eiAnmtthed BRhapidrizing Ofequieadimeassttie apirgarpgolymicledbtidey t h
respect to the 3 DNA portion. 29. The nmethod of claim28, wherein the 5
RNA por t i 8l ethgdirompising o the 3' DNA portion. 20 30. A method of
producing a m&padiindiye GOMBALPLAMNI Rbr £ VRGNS f_h@Qe%d&‘ﬁceé’f’%!RﬂlAgﬁrﬂi&{‘?ﬂmt hod
of clainms 1 or 2; and (b) attaching the anplified products onto a solid
subst r at eh¢ compdsite primiec isdanomary af whereinanpl i fi ed products. 25 31. A

e Cq! i1 ) T d = .
Combt i sing a 3% BRAUBPA GreEARY{owbr aspblifsaheh Broduclh om Be fesmmlaeati on of
. ¢l ai m 31, coparith thd¥@ndunt BNnpIRFidation ptsiuddiffme M teftRnéd ®mplate which

comprises a region complementary to the RNA portion of the composite primer indicates

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
20 complementary to the RNA portion of the composite primer; or
(b) production of detectably more amplification products from the template as
compared to the amount of amplification products from a reference template which does
not comprise a region which is complementary to the RNA portion of the composite primer
indicates that the target polynucleotide comprises a sequence complementary to the RNA
25 portion of the composite primer and is not a sequence variant with respect to the sequence

complementary to the RNA portion of the composite primer.
24. The method of claim 23, wherein the sequence of an RNA portion of the

composite primer comprises a wild type sequence, and the sequence of interest is

30 characterized in determining the presence or absence of the wild type sequence.

87



DNA portion. 30 88 WO 01/020035 PCT/ US00/ 25104 33. The conposition of
claim31l, wherein the 5 RNA portion is about 5 to about 20 nucl eoti des
and the 3wobDW@esti on is about 5 to about 15 nucl eoti desPCIAISOA25104
conposi tion conprising a TSO, wherein the TSO conprises a nodification 5
in the region whlch hybr|d| zes to the tenplate, wherejin, under_a given set

of condit | ons, 25t Hde megayd oy rdrimdss @WI%EHGWCQWHP%@?%NM%O%%% ed to a

TSO wi t hg f e conposite

pri mer of glg.i% Ig%gér égﬁﬁ;& %S%ﬁélm o al m’ Affﬂh% @gﬁwdégﬂr%gegggti on

conpri si m@aﬂahtenmimcdetdrmlmmg tie praxbne ariabsSite afitheanwhwckquegce.sequence. 37. A
conposition conprising the conposite prinmer of claim 31 and a propronoter
15 tenpl ate ol igonucl eotide (PTO. 38. A conposition conprising a conplex
of (f) a tenpl@gl qathans ofMm(1y), “ﬁ‘ler&ﬂ’fﬂé%%e%c@f)f AERNASRIrfof OMReSi t e
primer conprising a 3 DNA portion and portion. 20 39. The

corrp05| t icompo$itecpramen @8pristreanaillelic kequrnye, pod thesaquencsof iatpdeshitj acent to t he

3 f h |
Fur ther " eomrar Rzl iy B EGAR phisBeeds adtel o e ML EabsS: Tron of claim

40, wherein the term nation sequence is a TSO 42. The conposition of claim
40, wherein the term nati on sequence is a blocking 30 sequence. 89 WO
01/ 020035 PCT/Asgomethed ot datscting & maytatipain afagairelyoustpetids, Aempraying(a)

DOl K S5 SR of BlighFATRIRIE) BETH: GBI AR oF Porti on

and an eaction m xXture of
cl ai m 43 mathed fir Bing kestiaadgulodnfematiomerhecinardifasne ib'conformation as

compared to a reference single stranded polynucleotide indicates a mutation in the target

polynucleotide.

15 28. The method of claims 23, wherein the RNA portion of the composite primer is
5 with respect to the 3° DNA portion.

29. The method of claim 28, wherein the 5° RNA portion is adjacent to the 3° DNA
portion.
20
30. A method of producing a microarray, comprising (a) conducting the
amplification method of claims 1 or 2; and (b) attaching the amplified products onto a solid

substrate to make a microarray of the amplified products.

25 31. A composition comprising a composite primer, said composite primer

comprising a 3° DNA portion and a 5 RNA portion.
32. The composition of claim 31, wherein the 5’ RNA portion is adjacent to the 3’

DNA portion.
30
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5 RNA portion which is adjacent to the 3' DNA portion. 45. The reaction
m xture of claim44, further conprising an enzyne which cleaves RNA from
an RNA/ DN&olwloedods 10 46. The reaction m xture of clai m4®CTviiseo/eiing t he
enzynme i s RNaseH. 47. The reaction mxture of claim44, further conprising
a polynucleotide conprising a ternination polynucleotide g&guence. 15 48.

The reaction radxtliesoppositign af ofzim # Lyrwhessin deind RNARPrEeT8 RYAHI 0l 8 b9 He
conpri st ng ﬁéﬁ%ﬁﬁ’ésoﬁﬁttﬁé 3 BRaA gdfiod ﬁ%%&ﬁ%o%ﬁ%%em%%eogg@é.m 48, wherein the

pol ynucl eot i de conprising a ropronoter 1s a The reaction
m xture of claim48, wherein the polynucl eotide conprising a propronoter

is a propronoter tenplate oligonuclegfjide (PTO) . . Akit for .. .

Lroli F1 ont Lon T oo BpguorsaBRR s Do b TSOss ot Higogification
conppsi t gy pid &gi%n%@ﬁ&{ hytriigzed t3the MYAPIRR! (heRiANAIED F RO6 doRBitiond the he
kit of claimbI, wherein the RNA portion is 5 with respect to the 3" DNA
por tion. TRD bihds Moee tightlyoto the wigmn3@ comipareditea (% withaXwhepopedifioatians adj acent
to the 3 DNA portion. 90 WD 01/ 020035 PCT/ US00/ 25104 54. The kit of
claimb51, further conprising a polynucleotide conprising a termnation

pol ynucl eot i de3ss eQu@np@sitich @eaprisig thé Eor%oﬁﬂe@kifﬁe’i%fclﬁﬁﬁ[’&iam thergeesfr nat i on
pol ynucl eoti de sequence is a TSO. 56. e kit of claimb54, wherein the

t er mi nat i<#impH- ynucl eoti de sequence is a blocker sequence. 10 57. The kit
of Fdrai m 51, further conprising a polynucleotide conprising a propronoter.
58 he kit of claim57, wherein the polynucleotide conprising a
propronoter i 36a A ¢mp&Dion comprising the composite primer of claim 31 and a blocking

sequence.

37. A composition comprising the composite primer of claim 31 and a propromoter

15 template oligonucleotide (PTO).

38. A composition comprising a complex of (a) a template strand; and (b) a
composite primer, said composite primer comprising a 3> DNA portion and an RNA
portion.

20

39. The composition of claim 38, wherein the RNA portion is 5° and adjacent to the

3’ DNA portion.

40. The composition of claim 39, wherein the complex further comprises a

25 termination sequence.
41. The composition of claim 40, wherein the termination sequence is a TSO.
42. The composition of claim 40, wherein the termination sequence 1s a blocking

30 sequence.
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59. The kit of claim57, wherein the polynucleotide conprising a
propronoter is a PTO 20 60. The kit of claimb51, further conprising an
enzyme whwohiok@aves RNA from an RNA/DNA hybrid. 61. The pkirtusoé/2zibai m 60,
wherein the enzyne is RNaseH 62. A systemfor anplifying a target

pol ynucl eoti de sequence or its conplenent, 25 conprising %a) a conposite
priner conpri i3ng EEAgHOIDRXWEICOMBHSIRE d)AParuclsotitle maplate) ( )Wﬁ%ﬁq{;ner ase;

and (c) . Wi Gho . f ' he system
o ol ai miBiit Pk Y 1R KERIH AL e M) R oo, FATC A HolyRirasd 'S, Y53
or 63, wherein the conposite priner conprises a 5° RNA portion which is

dj tt ' ' .

ad) acen © th4e4. %’he?[c\lziActigg I;Igi;(t%?e of9 cjfaim 43, wherein the composite primer comprises a 5’

5 RNA portion which is adjacent to the 3° DNA portion.

45. The reaction mixture of claim 44, further comprising an enzyme which cleaves

RNA from an RNA/DNA hybrid.
10 46. The reaction mixture of claim 45, wherein the enzyme is RNaseH.

47. The reaction mixture of claim 44, further comprising a polynucleotide

comprising a termination polynucleotide sequence.

15 48. The reaction mixture of claim 47, further comprising a polynucleotide

comprising a propromoter.

49. The reaction mixture of claim 48, wherein the polynucleotide comprising a

propromoter is a TSO.

20
50. The reaction mixture of claim 48, wherein the polynucleotide comprising a
propromoter is a propromoter template oligonucleotide (PTO).
51. A kit for amplification of a target polynucleotide sequence, comprising a
25 composite primer comprising a 3’ DNA portion and an RNA portion.
52. The kit of claim 51, wherein the RNA portion is 5° with respect to the 3° DNA
portion.
30 53. The kit of claim 52, wherein the 5° RNA portion is adjacent to the 3° DNA
portion.
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54. The kit of claim 51, further comprising a polynucleotide comprising a

termination polynucleotide sequence.

55. The kit of claim 54, wherein the termination polynucleotide sequence is a

TSO.

56. The kit of claim 54, wherein the termination polynucleotide sequence is a

blocker sequence.

57. The kit of claim 51, further comprising a polynucleotide comprising a

propromoter.

58. The kit of claim 57, wherein the polynucleotide comprising a propromoter is a

TSO.

59. The kit of claim 57, wherein the polynucleotide comprising a propromoter is a

PTO.

60. The kit of claim 51, further comprising an enzyme which cleaves RNA from an
RNA/DNA hybrid.

61. The kit of claim 60, wherein the enzyme is RNaseH.

62. A system for amplifying a target polynucleotide sequence or its complement,
comprising (a) a composite primer comprising a 3’ DNA portion and an RNA portion; (b)
DNA polymerase; and (c) an enzyme which cleaves RNA from an RNA/DNA hybrid.

63. The system of claim 62, wherein the enzyme is RNaseH.

64. The system of claims 62 or 63, wherein the composite primer comprises a 5’

RNA portion which is adjacent to the 3° DNA portion.
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