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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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(1990); and US. Patent No. 5,871,697. This method is also used in microbial identification
that is based on the defined changes in a specific nucleic acid sequence in different strains
or species. Mutation detection using the SSCP methods mostly employs DNA

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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Exanples of ligation-based anplification are the |igation anplification
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Sci 1 r et al 88/.10315. nost
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25 PCR, \MhhlﬁBIQ $£PR3 a4 oMl P! €. SC PERNOT4, SERNARUERTh QR al, IEWMMEPI on of
two ol igonucl eoti deb£r| mers, each to opposite strand of the tar
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S5, 683, 879&ppﬁcailt?bg No®320308B1. Various methods of transcription-based amplification are

disclosed in U.S. Patent Nos. 5,766,849 and 5,654,142; and also by Kwoh et al. Proc. Natl.
Acad. Sci. U.S.A. 86:1173 (1989) and Ginergeras et al. WO 88/10315.
The most commonly used target amplification method is the polymerase chain reaction,
25 PCR, which is based on multiple cycles of denaturation, hybridization of two
oligonucleotide primers, each to opposite strand of the target strands, and primer extension
by a nucleotide polymerase to produce multiple double stranded copies of the target
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
30 others. Thermocycling-based methods that employ a single primer, have also been
described. See, for example, U.S. Patent Nos. 5,508,178; 5,595,891, 5,683,879; 5,130,238;
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or knce Sitaised sequerse rerlicarerl (3591 Nhgleicaheid Sequence Based Amplification
(NASBA), and variations there of. See, for example, Guatelli et al. Proc. Natl. Acad. Sci.

U.S.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 oligonﬁcleotides. 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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anpl i fi cdbi dweorntemiiation ®f pst §adipi@ckithusatilge éfdedhe yablifichtidoheEREELSr peiaHi re a
significant, anount of time to_reach conpletion. 20 Therefore, there is a
need for ' HisriBiatomakleeget ampliicatiopbays beenidsserined nbyadditiens, mgthed dome t hese
dr awbacks.ondi iendnp I ' j ulELel ' e rovi des
addi ti onalombenelp I %‘fsaﬂ%ﬁg Pscggff?%dr g}ﬁ@] s&%ﬁng%ﬂshlg%ei Arlls':0 ‘?ér%%: l?.l i 2%1 gg@%%t

appl i cat isolusiosnate pulnbérsamk and addatoehe coraplexior off matldiy acié testing rethe nomhm@inr
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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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t er m nat ipedprora6@HAMEL redich Whish hiBsdizdse thddssthded pritn& @ARNSIOR BEHINENInger t he

pol Q/nucl eoti de conpri Si n% a
0 conditions which allow transcription 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 twovempPBRte. 6 WO 01/ 20035 PCT/ US00/ 25104 Accor BCTvghgo/25104 sone
enbodi nents, the TSO corrpri ses a nodification in the region which

hybridi zes to. the tenplate, wherein, under a given set of conditions, the

TSO bi nd$‘“kekdéngly, laﬁ911n9 odimentse fiedkS 4 somprisaparedification dmths r@&l@atwhlﬁe
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sonme enbodi nent's ynucl eotide cGnprising a érm nation sequence is
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nodi ficati ops to enhance ndi.ng.to te ord ly,.|n some.
enbod oA KBS B gERaRecktiBn b S b SlieatsnBa P bR oA tommBiedy on
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conditions, the bl ocker binds nmore tightly to the region as conpared to a
bl ocker mqrhnwtdlﬁmonmm emhmlbmdmgzsoatnmp@ge ofceondingly) @ soteremhiodirvertts,ons ar e

provi ded ;her.ei.n. The enz sed.in d

onmos: ¢ oHRs sliEafd L bRiraor i M5 Skt b ABHEE 3.l eaves
RNA may b@nﬁateRNaéﬁhL uhder Q@R PECdonditRond It BlookdrdRsdshe @Ry & theunct i on
and al so conprises a region (which may or_ nay not be adéacent to the

pr oot er Yesipi WW?@OZ%@O‘EI@T Wﬁéoﬁﬁtbﬁpﬁ)@&f)a!ﬂgn pExareplesxt sitablen product. In
ot hgy errtprpocgl{%%% a&ﬁ)ﬁoﬁﬁé@’%&'ﬁhem' de conprising the propronoter conprises
e e ic

a region at ybridi zes to the displaced prinmer extension
product, wher dlhg emwmwmmmeemé&mahemedfodd haptangsitions arsdestrifgdoduct
produces a doubl e strf;\g1 er from.which transcription occurs. In
sone enb88icHeNtY expRBlep efﬁ@e% rﬁsa‘@arlﬁNAél?qa{dwmé%ss ronoter is a PTO

20 The net hods, %ﬁ%@%ﬂs %@M&lmrbﬁrﬁh%r%ﬂct%a afsd %Emﬁ%g&l d“l@gﬁg ; of or

exanpl e, genomc One “or nore steps may be cofrbi ned

per f or nedwhxsquaemnmay lgot(oofadjenent o dmpr«zmdm) wlsish hybrqhm to He digariedi t e
(s% are tab .e todbe ro (S nt| #9 ovi des t hods

mBt 8" Fustart §i° Bﬁal’gl? rHBO P188 c P ¥m{° 8‘8%&?’?‘?51%%% n net hods
of the i @v?a@m@@r cEHpiisc8 réQ6 8INGE Bgerﬁﬂdhﬁﬁfhzﬁﬁd&ék t0fthe?@isSacdeifer
alteration Accor di ngl g in one aspect e invention provides nethods

of sequeﬁéﬁengmaptoalvgfewhew E%p@é’n@é@f@@ﬁ@@ﬂ@@ﬁﬁﬂﬁﬁlﬁ?@ extepiommpdust zi ng a
singl e SgF@d&Qé‘sda idié ﬁf@gﬁc}p@o PR dn W%htt%sérg{t%ﬁtocé&guﬁ%%é’“ th a

conposite priner, sal e priner conpri
embodiments, the polynucleotide comprising the propromoter is a PTO.

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 ofwohe2aesipl ate which is 5° wth respect hybri di ze¢T/oR00K51d4he
conposite prinmer to the tenplate; (c) extending the 7 WD 01/ 20035

PCT/ USO0/ 25104 conposite priner with DNA pol ynerase and_a m xture of dNTPs
and dNTPCeMBPBEPIIMEIAYIERDNA PR Emeraseandimixturg At Al Hsenst dNdFeanatogst pri ner
ext ensi o, . i i r i P : iGh may be
abel T oa areh HFAIAARa PEARApLIRPSRCY fal BRRE efoiihs BRI ARAIE] oo
conposi t encorporationvaftahdNIFP emstggrwhich almaychedabed kedRiAnTabeliada () ]daMidvgDhARNATr | d

such that another composite priner can hybridize to the ate and
repeat pPPHIOR A theHEryAd fymB %ﬂaﬁamzﬁrwha%"e%%m?tb@ﬁék@bﬁﬁﬁﬁmwéﬂcopi es of
thes CO”RN&V@NRWbﬁ&%&QH& aﬁf)thEP&)rﬁ&fsﬁe riftfed B4 ybridiZ2 tQ'ilmiéﬁx?Qaté)énd/ aryi ng

| engths; (e) analyzing the product of s eﬁs (a) through (d) to determne
sequence repeat prirotrextenaiop dytsiranddisplacement omhgrelyw mdbiplaetpiesdd theor sequenci ng

t t tide 10 i i hybr i di.zi i ngl
21 r anded ORRIFEAS seat et 15 tpef REREARAP pibedioatife FgRedlelos t e
primer, adlgzie®MRAEbdRt Bf 18R (af ORRIhIHNG @ferMe RQtédcen and a 3' DNA

portion; (b) hybridizing the tenplate with a polynucl eotide conprising a
term nation phgraibiraspictdheimyeriinnerroydes metiodnfassequeacing apiargetenugisotfe i s 5'

i ol . A . . ‘ Lo
oxt 2 ol Coom L Ry b’ bip SRR TR R EG R A BubR B b P LLE )
RNA ]Loor t bmegéwgﬁzaﬁm@agigqarm;pﬁ ttzcﬂnpdsititﬁ@rinm tbmﬁﬁiiﬁg\al){RNA patiofilagdves
RNA from an rid.suc a not her conposit.e rimer can

hybri di z& EP%@OF%&)SP@% gngdietamny ?H@?@?&gﬂp@k@ﬂd%@e@m@w

di spl aceg®plndidn pehﬁq%ﬂe&i&yds%eﬁ&%@% szér%Fﬁf ofit RAYIAL Wi @Oy Gt 'witﬁ%spg%t o

hybri di zi ng a polyrucl eoti1 de conpri si a propronoter at the 5

p and a
r egi on whylbridibationi af itheesonmsitt priviesiol the tunplatente) exdrnding therwofPogitcoptiroer under

condi tion that transcriptiaq urs from.t he extension.praduct by RNA
ool Yirer adath DA ReNsHSE (Delos meNpp R NI BOHIRR B! HIrAPBEAC] TR Ry T
| abel | ed wath antthlzpme kiae eleaves RNDA tHvat alRRNA/DAS 6ybrid Such tigat RhQHSCRhfRAP! | Si Ng

sequences conplementary to the displaced prinmer extension products, and
such t haPrimeapachybsdizsrio the templaandagpeny primer petensyert by steandslisplasempImoanal og

1 e L AU R A P R e
of st epprdpagmoter atthdr5{e)d dnd adegion Which Isydaidéres €o thedisptiured papecégendsidie
| nvz%nt | Ogro%ilgtv &n%%rs conI;%EtPo%csj ssuccilf thgtqglrnggrgpetlrcjnzcjcggr’s from %Q%L(%%Ligg 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 iNTP 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 corras@oniosyy regi on of the 30 target which, if conpl papusarasi@r of
sufficient conplenentarity, hybridizes to the RNA portion of the conposite
prinmer. The amgunt, of product as conpared to anount of product 8 WO

01/ 20035 froTperiynying thesame apiplifisati iy sactpniaRe refarencs AMREY Sca¥gnce idiedest i on on
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sequence, may In turni cate presence or abse type,
mut ant , owildtypeg mutant,aorialelisvaridats. dmiome qeprene dbddotioh ieortbodimixoek arent s ar e

descri bed, herein. Thuys, for exanple, .the.inventjon provides net hods of
det ect i ngleseribgd ﬁﬁﬁea{-i si for §X48 _Fotﬁe &Veatl?fapr@étdeﬁme@mﬂé ng‘ftFY)tE‘gsaequenc_e,
conpy 1 Si rlﬁutﬁf?&f’h&%ﬂe@i%n%@atﬁ ';Joflyl’rﬁfétebﬁﬂ'e %h@&fé, %é;ﬁ‘iéiﬁgec%daﬁétﬁ{g?aél wherei n

the region of the target pol'ynucl eotide sequence corresponds the RNA
porti on cinplificattmnpetbpd dessribedheremnwhetesy die megiomof the itayget folynuklkeotide get

| | eotide results in,d tably f Lificati duct
Compar ed e ECT RO (TS sk PEE PR E S BTN Fr B AR ence
t enpl at e i eEhigst fyrhR1doBige ARURO T RINRLMY Rvelk AmpliScAN RedictOR Rinpahta

conposite primer which does not conprise a nutation. I'n these enbodi nents,
anpl i fi cde itherankapns of 2mplififatipn arasheisrodiced fpmasiséerence tempigter @IMprsing

ti ' . . . . oondi
PR LB R IR KSTBURLS SO A bR AU p e o

mut at i on a(rastaticonipahed ehtbotieer\Amphifitatiom 0f stitahé dizphpaatitds pedremed as 15
Thus, the invention provitges meg}?ods of characterizing a sequence of
i nt er est GofParedit prdictinn Yom @ retsrsnse teraplptg WHEHeRIRPTESSHA IS &M EOTESRONRE ng

the amplih AR borRIT\AYRe dmpddie prifie? Wi UM GL AR BheIRAAGE A OF an RNA
portion of the conposite priner | nown, and wherein (a) production of
det ect ablopmipemwdrto theRINAipoaionool the odupdssteforiorert he tenpl ate as conpared to

t he, anount of ljfication products from.a reference tenplate whi.ch 20
conptises a re’[&q‘gﬁi’%%’i‘% X‘r%fls F’Sa’t"ﬂéo d gﬁir‘tZ?W %?Iqu‘f‘%}é Ogbtﬁﬁrﬁti‘f‘é‘ pri mer
i ndi cat e&arg&ﬂﬂﬂydu'&féoﬁ@é,@@i’ﬂ rﬂ&h&d&%bﬁﬁﬁir@%oﬂmm@ Qhe £RPNIdaBiBn theBRAYBNCE
conplementary to the RNA portion of the conposite priner and i S a sequence

vari ant whe invertigneghereip thiequencg e ae RNt apitionwhtherapmpesithpriRs fopwnon  of
e e e
product s compated to eeamtouneof aniplifkiadombiodnctd deen @ edferendceempiatawhizgi on whi ch
is conplenmentary to the RNA portion of the conposite priner indicates that
t he2q ar geépmprises’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
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 wonpkmaentary to the RNA portion of the conposi PeT/uséoasio4 | n one
enbodi ment, the sequence of an RNA 30 portion of the conposite priner

conpri ses a wld type sequence, and the sequence of interest is
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presence qr ence. of the nutant sequence, t . anot her odi nent, the
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Sequence,segindcl Gﬁn&rés?ﬁflaﬁ?&té}fzeﬂ 'M &ét@x%nfn@ R RERGEE b Z&@néerbfq}?é gidHcni ng
the presence or absence of the allelic sequence. In other aspects, the

i nvent i orseguemg¢é.des net hods of detecting a mutation (or, in sone aspects,
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anpl i fi edoddd aBpREUEHIFac¥éridifea BRIuBAG) 1104 t@gﬁgb@nﬁéléﬁtﬁ‘&e%xﬁ f¢ @Btion,

wherein a difference in confornmation as conpared to a re erence singl e
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nmet hods described 15 herein for single stranded conformation, wherein a
di f f er endBUtRtOEB b farget pelynugleatidepdn ealer ergbedimentsy B drvesfipg PR Vides anded
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sone aspects, characterize e target sequence er aspects,
i nventi orpobnmviedmdr coeifrsdy aklyzingdnglifgd productsadang pf theaoethodssiesgibed)

Cong | 18R TR LB P R BBt eL Rl Rl RBERI

a”D' ifi ' eGIo RrefdkatSsind10 sRARRE pRRRAElcoBA ifidichies b BRRAt RS Wtaepduced by
attaching anplified products by any of the nmethods describd herein onto a

sol i d sutpebmaeleotids (enke semerpenestr ehayactTrizaniheitireeicbeqpngelict s.  Any of these
appl i cations Gan h§§§ ﬁ%@% RE lﬁﬁtlﬁgﬁj&bﬂfnﬁg@ {h%]'as GFnéﬁaﬁﬁa{léa%c}égn

vari ous Corrponen a ous e e Corrpon}gnt S) as
descri be@omprising (a) conductmg an amplification 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 ivome1/2d083 s, conpl exes, reaction m xtures and sysSPEeVES@@HI4 Si ng
vari ous conponents (and various conbi nati ons of the conponents) 30 used in
the anplification nethods described herein. In one aspect, for exanple, the
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binging to t l.ake.d n..ot her i t hnyention provi
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with respeeEntionpioyiies CARPOSILERS| COPPEISRGRY Bf BromppsifeREprIsdgsEibed pares ee

al so theaL%ggﬁgﬁ for schematic depictions of these various conpl exes). For
exanpl e, the invention provides conpositions conprising a conplex of (a) a
t enpl at e st r amdanathet aspyct.ahe omvpasint mopidesermpasitichs compnsing enypof ther

co ising a 3 A portion and an R ortion. The RNA port.io y be 5
ne Tl 1 Bomplsenqiehfre s ALY EORSEI A e P En B B ABBER AR e hee conpl ex
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(which may be, for exanple, a TSO or a blocking sequence). I'n sone
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comprising a 3° 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
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RNaseH) . mitleodsslepasibied erepr. i Irsrexamplebibe anyentiom prayidegsy sgmsitos emipbédngar ei n,
including_a conposit rimer which ¢ ris a_ o' ortion.which is
2 acent WBeTRIEIBfC ol Boei S SamBRTRb BBGeRrBe N (b B Nes
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 1A-C is a diagrammatic representation of a single conposite prinmer
isothermal Ilinear anplification process. FIGQURE 2A-2C is a diagrammatic
representvadbomosd an enhanced single priner isothermal | Parasoomicdsei c acid
anplification process involving transcription, using a tenplate switch 30
ol i gonucl eoti de sequence. 12 WD 01/ 20035 PCT/ USOO/ 25104 FIGURE 3A-3Dis a
di agr amBt FERESH g)éﬁﬁéiﬂqgéﬁn@ﬁtl%wp&ﬁﬁ%ﬁ%%ogm@h@%ﬁﬁ&q ¢RI teprimer

| sot her mal,, ﬂe}rggﬂfnegyﬁdc?%f E'aglp‘ﬁﬁgilﬁg nﬁg&éﬁﬂw‘ai\gﬁ?ﬁ%ic%%?, jllg'ilgg ag)locker

transcription, using a sequence compone
di agr amma¢quenceeqangso@niitat i on of det ection of a mut ati onin a tenplate 5

sequence j he single priner isathe | i near Ilflcatl pr ocess.
"X denofgébg% %ﬁt%‘f %mB}"i‘BP FPresgpigbpn t‘{‘“’é‘ 'at"éué gﬁ‘%/ to the
RNA spor t kQRieREe dsh GEIRORI frinerRdth&al Afeas AR fieARIn frb&al | @)@ @nddre, t ar get
nucleic acid Is bl'ocked ™when a nutation is present.” FIGURE 5 depicts an

et hi di unmbrtgivinde the &irges NPAGE? gidd cqn‘lplbmnefary tlostbet Ranpdrtion Of tebinpositet i on

products of a eti n autorad .ogram of
PAce anaPyBeE S Shohh papERRAAR o Mersre BTy e o R B aRHOR S peci 1 ¢
pr obe. Fb@sﬁﬁ, 7 depicts an ethidium brom de stai ned PAGE gel conparing the
efficiency of sSsSRNA transcription products Eenerat ed fromoverl ap

ext ensi oNIGWBER] Msmq@;ﬂlwévr@mldétstﬁlmdﬁﬁﬁ @&d} efdinspnispldammAGE gel
th h d h
CO%&I‘I sg% gﬁ‘fﬁ‘t? p{ﬁ-‘&]ﬁ Ltic WAlt r%&atl on with and without a

3' - Dbl ock S an ‘autoradi ogram of probe hybridized to

anmpl i fi cRIGURES @ﬂjﬂﬁﬁ&na@@fhﬁfo@t@ﬂ obP AIGB Ay sisdf Hybridiaatiang IDINAcat i on of a J
gene sequence fromE, coli gengmc_  DNA 20 FIGURE 10 depicts an ethidium
bromi de 8PRIHeopAeedysty todrspEGiHe AFObes ot her mal  anpl i fication RNA products

LR CARRY PR e e R of o1 1 o
and ki t s s§RINAarapkdrfpyion groduots\generhtedtfrahe osatppenteasionThe nmet hods general |y
Cor‘E%r | se FP&U&% i? gl‘ep'i?&lsp‘/ anDe%idium 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

13



conposite prinmer, optionally a term nation sequence, and, in enbodinents in
which transcription is used, a propronoter oliognucleotide sequence. 30 As
a generalwaunm@sy, the anplification nmethods work as fol | P@EUS@/S00MpOSI t €
RNA/DNA priner forns the basis for replication of target sequence. In sone
13 WO 01/ 20035 PCT/ US0Q/ 25104 enbodi ments, a term nati on _sequence provides
the basi $nThofiments AderBHRation seqyenee prayides &he basis fayanendpeint farhs rephgation

bl ocki ng Léﬁth&eélvérﬁﬁg bﬁﬂl%bﬁp%% rd i afidlf &6he #1286 sudid RS GEdDREy Pel ow,

in some e Iment's e po eot'l de conrpr sing~a term nation sequence
is a terploat,én som¢ erhbmdlnrgnusuuhh@otymdeleétTcﬁ@ompnhmgm tennmanmseslaem@nses t hat

are not of sufficgi n.5c e arit bridize to the te t.e strand
(in addi tt?raﬂla{eoswg@ﬁai;a EEFQ@ h gqalf#%%e@mm&% | &Rt %f

hybrg di z Q:bmp'lé?né?ﬁtaﬁﬁ& tcﬁl’i@ﬂﬁlﬁi@i‘tﬂ k% teh??até ﬁfamdflﬁlt Adamo%ete WEdfeRcesGPRIER hREST
primarily sequences that are of icient conplenentarity to hybridize to

the tenphficeens complémeDiary fodivpmidizal én efheeembodimeyisnge tdriitrdionaegencs equence

f h i ch cl RNA d h
L MU N st e

sequence tgfiplafesstraf@PDRA Sy mefide ey é%@g dfahe Rirgtd sefheRde ﬁ&ﬁ&ﬂ@ﬁnﬁ@ﬂpos' te
primer. Another strand is produced KN ynmer ase, which displaces the

pr evi ouslAn engymiecdhighiclsnves RNA frosyan g\/DNAjhshﬂ%e@l a@&ﬂ@@ﬂb@kam%d%t )
Optjpnal | }S’m%o%e?)ﬁieﬁg fe?l%é Smctﬂgﬂﬂ)r?d qgavﬁlgg%ggérngg%h?ﬁe f\%ﬁl%laﬁ Lelqon -~

hybri di z ace rimer extens can be, for

exanpl e, afaildbld fombiralirg lgvmtocl’(er obingesiePringdri dehotier piafrie pridaced BNPNaL e
ol i gonucl eoti de), ich contains  _sequences of sufficient conplementarity
to hybri dobangrase; waichdisp cothepreyigtsthieRbeatehirangdxicsHEng ‘E)‘?E)‘éﬁiﬁflt bi nds to

the de'e@&:‘ﬁQioH kﬂﬁEt RSP R A Eotidd BEmPiGRDE BropfihdieSand 4 ABRA | PLI ON
SR LR B Bk

(vi a DNA-depend to produc pro ucts
Accor di ngvhich hj"carldmw emthemirrspﬂme@ pdmsr meﬂrﬂimtspmﬂqu r(wtiwhmag batfot eamuplqrae copy

of 20tar et po ucl e e sequence ( all s of . anplifying
Car Bt porDhi B BEESuERalHE of SOBRRR e SRR mhndekHE P uleh BiBainn

fol | ow nge deﬁbesaof%hﬂﬁhéht Eélﬁﬁlaﬂﬁﬂtahﬁy ﬁQiyanQlaY@tHébe@hd gethe ApldcemBs: a tar get
sequence; ?b) a conposite priner conprising an RNA portion and a 3' DNA

porti on; extensian prestuglo bipde taibe displirediptsegr pXiensin rodiate The pmmmu@s or

Ul LR 5 RS (T hien BRI AR ARE ot SRR BRI 25 1 rom

conpri sing a Acbrdimgdy,ithainsesticangoyidesumbthads aﬁp‘ro@ﬁclﬁgmﬂeasd esccopyadt aher ei n,

whi 2COh Cortrerl)rrglets e?ynuc egtrutié gerclluc(ir?cre (generally, methods of amplifying target polynucleotide
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; (e) 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; (¢) 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. Theaveontiosmti on is subjected to suitable conditionBCEuUSth/IShEt (a)
the conposite priner (and, optionally, a polynucleotide 30 conprising a
term nation sequence) hybridizes to the tenplate; (b) primer extension
occurs forigr fiem %M@Aﬁﬂplﬁé? (d) apothesrgempogithPraseer hydyridiges éxthec| eaves RNA

of the C?%?&g{ﬁgﬁdea?n%th\ép &&{d%%?’i%e?g{e#ﬁgﬂnﬁé&%d by TN ﬁao%n?reg}sg?ggc'ﬁgé%m

dupl ex; r corr;r)05| te priner Izes to the v
anot her rdispheingfthestrandralexdeospiahfrémehie @trgpdhty DNA pol yner ase) occurs,

di splacing the strand al ready copjed fr the te ate. Optiopally, the
following is &rgigng Iﬂﬁf‘dé’ﬁo?"%/f’g;‘ﬁélsar‘r’b‘lw‘%g}dﬁ&wl? MRPPRFPACRoR %&Le‘é‘ﬁ thhe 5
sames t1 Mg,@8 tihi&%?h&s@%&%@ﬁ%rﬁs lidesd %v@%?&&de@fseﬁé}%grv)\; eDa pllEukleotide) @

pol ynucl eotide conprising a propronoter sequence ich can be in any of a
nunber ofcomprisipg agsopromster istpunte(vdiich) caartd in ane gf anumhercdf fhghs; asli zes to the

di spl aced, pri extensi on.product: . .(f) ribonuc] eoside triphosphates or
St Dbl & bR herih 3RT b RSBl ivbridits fouRR BBl Ear e R BRI T
transcri ghiron@éledsie tﬁ?ﬁ&ﬂpﬂﬁt@ﬁioﬁhﬁﬁﬂl@ ah A0z HGEH (g) INhJIpméagauddag the 10
vari ous components of the methods of the present invention are grOV|ded

bel ow. | rPoBditiensesvish thairranssriptipe of the displased grandicda ocerst Retpslsgegasdigadieci ng
nuclei c L DNA_qr ). . i t ppropriate
i (oretigiseishnotlineils o W RERERC LR, Hiaedifnd

anpl i fi cati ondn ase eBmBOdinRAR, MRlihaindon pRVRES mathudslof segyucheing abaticadidor
unl abel | ed, are used. Accordingly, the invention 15Nprovi des net hods of

y
sequenci HENA PERYAY. Rorcihe sequsacias ardhnds. the apntpRiiag INHES ke% WBBR  descri bed
above, I : 00 i 0 I i
term nar%ﬁbﬁh%?ﬁ@%ég?ﬂé%Plg‘g‘gﬁ}g’lé‘gg?’a% a éﬁcg%?ﬂsaﬁy %r ’%@sﬁag@nd r NTP
anal ogs, WAPsh whanchengyr bariabeléddoorgatabelied, eremisadit Acsqrdisigiys thenmyenttien| abel | ed or
unl abel | ed, .are used, .and the ljfication product is.analyzed . for
o aqlbnce owidisatthe or38dubiGe et BRluS b R EG meRingRy WERPSS °f ne
i nvent i ORjeRirdéd ABsveTRhBRASINTPIfiEM TN gnemyggl Wwhich afl Hm&MHEae6e MUt ati ons
and/ or characterizing target sequence( ? n one enbodi nent, the presence

OII:] abs_eln_d@mdnatafsrfwhi&_ ey beriabplkeglog snlapalednansd/araN1ds and rijé¥ apelees, bdeddd on
the ab :?N:&}%%rri%?roeﬁ‘%abfﬂé Fetnli’l?naE@E Qokick Rxlal// %g Ezlsb%ﬁ%% gﬁ%r#igl%ég%d Br& QLROZAS @ P 1 BT

whose contai ns or sequencte using the
met hods  ainpliffieatichvoducd ik analyzadh GirikequeAbe Rifdraditionds,debdrtbedplomf.i ed product s

ar eZOus ed for %g E)teh%E Iﬂ?lQOCﬁIDCHt%E %Eelilgvneitigg prrg))\//%)dre!s gqle%}ia(;[dis %? 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 wobymwss eoti de. In yet other enbodi nents, the i npenMUsS@RSpI4OViI des
nmet hods for generating mcroarrays of nucleic acids (DNA or RNA) using the
anplified products of the Iinear or 30 enhanced |inear nucleic aC|d

anpl i fi cati on GBenBeaods whish usg s amplifisd erpduets descsibpgbhereimase provided

PCT/ USO0/2R104 Ot her nethods which use the anplified products described
herein are provided below Advantages of the anplification nmethods of the
invention 5 The anplification methods of the invention provide several

signifi c advant er., oth ods of nucleic acid anplification.
The for vﬁ?fa&?sopfag i ERiPA el ij}’zéf”véﬁ’t"é’hm on and di spl acenent of the

prevy ously genglahifif %M%kﬁﬂd@éﬂﬂ&ﬁveht%n ﬁ%%@@%al%&xﬁﬁ@an@b&%ﬂ gé?s of the
RNA portion of the hybridized prinmer by a ribonucl ease activity. T t he
primer exvensharmghodiafinuckid zdkamplificatios’ Theswrmation obpriwed templgei mer. 10
Consequentl t he .RNA scrl pr.o ner a fromt conpl ex of
Che ot ertirigh xR apd ARAAEHA affhe el ARG Slent ArhdE K0t e
pronot er deféidlent ¢h Bk cRaMabe! Fehd RRA pdi@@soMat hgBrididddprather Bysa dborRidasehe
sequence conplementary to this portion of the primer. Thus, the

anpl i fi c&etivohy. pHoguide rimes exisnsiempdie iplackips theld 2nag Hoﬂquﬁftb? Prr}r@?r f or
progyict i

Prvihe o ors@ERptt AERNACadiBIbh rbfuc? Dok Bl e WEDRAD s odlhsion, o,
with pr oqmrtuet geihe atngslate ywirch ofigamileofid€ ak thrngomoveacinmgae olifbimsldodds,ur

clearly djstinguishes. it fré)rngot her knovvn target appli flcatl on et hods,
such as PCRE NNASHAINA dts3hand fhesedusnge FURRIEMENEREOHRIS RIEROS the ¥ imFFy ent i on

sui t abl e 1o tﬁé’%ﬂ{aﬁﬂ&%ompﬁ'&cfu%fs%e ﬁ&’@!ﬁ&ﬂlé’ of‘l%ﬁﬂ'ldw 'I%{d Ak ﬂln& ﬁﬁ%&@&u@ﬁbeﬁs

hi gh t hr oughput esting 'sites, and I 1ke. e un que requirenent of
cl eavage aofpllﬁhald?al\lmabmgtth@wnphﬁ¢d’wnmmﬂpm15|01f &1epnv¢m=1|0nircslstaﬂteo hgiespetifced and

ext ded form b ri bo ucle suC ) RNase f or rogreSS| on
£ Phe’ apitiieaih B s PORREITERE afthed B PRt Lol A " he

excl usi veeacBti. |Tﬁl§ﬁ§at@@c1‘é§r1%tlh?ﬁﬂﬁ§ it fld¥l Sthet kndven ﬁ@ﬁhﬁﬂpﬁﬁ&ﬁldﬂse the

nmet hods of the invention for fication of genomc DNA targets in the

pr esence nefthedscaish apRAR, NrHilBA pedtherlike; andasndesethgimethedsad ¢he iayention
quant | %ﬁﬁéb‘i’é‘fo‘? &?{L%F g?a??ﬂfns cé!}ﬁ&%nb);g @ ﬁ?élmﬁ%‘lij SBbr sv\k]%h a%hp%{aquence

e targe ranscri O produce C
aerl 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 twobheosenpl ate. Each anplification product is a BCT/@®St/B004copy of
the target sequence in the input tenplate DNA (in the |inear anplification
16 WO 01/ 20035 PCT/ US00/ 25104 net hods), or the input tenplate DNA and the
priner extedbedsher greoapettemplate ANA| and the primepexersigmprodits otbe danced

| i near invention do not require
t her mcygﬁhﬂé{e@%{qﬂg}l{ﬂg%}gﬁﬁ%‘%ggl on ilh&q n%etw@sprred isothermally. This
feature provi d&mmmmwsmfsheaidvmioagbsnot req@iradlnaanBydlmgiuh 'thaaamplgﬁmmtoﬁmaﬁi on
and adaptation fo gh ghput anpljfication and/ or analysis of

nucl ei c Elpﬂgfomii%{ls%th tl S Iﬁ@‘”ﬁiﬁ% ﬂ'&iﬁ%roﬁ%l%‘%‘@n@ﬁest’l‘féc ification

met hods  @fcifififng hlﬂBﬂl'%lﬁblP&@Jcﬁpt%h&P kdrfﬂ@&ﬂ gﬁt ARbilAddod SaPEr 9[ sidte

reactions isothermally. her” net hods been reporte quire
t her mal aycleicragidsoFot hmnaﬂpaa@mnomgmmetpmdsrtesed axthe rampdmﬁcqmam:kucﬂleds‘ ofcthe t he

target se ue e re ctl faster t han t af f orded by
erml * SERi areninp Ui B G RbLER HselEP s 1ol ettmaltes obfer oy ger

nucl ei ¢ pRfhdlsitRatHatd séeﬂrrb;;&féddeqfulﬁqgernﬁmeyaﬁfg f@ﬂﬁh@@éﬁ@ﬁld&foftp?ﬂlé?ﬁt hods of
the invention is that only a single priner required. A single priner is

ut i i zed exigngpp pragfeictydio ﬁ)@é@rgotrﬁaquqncﬁ n@‘he mtmngaloﬂaqtmtls fasterithag thatn
fic f sobwatest
dr a\goac k%hlfgﬁd% 5%?1%{%5 gyc(?m ﬁsvsﬁ‘ﬁgg' % USe Bplmr%eseq%eé}c}}@ Oeffao?rg %H?Eei“é cost

of desi gatidgn atifliatRicedgetives. sets of priners, the need to have prior
know edge of an additional sequence region within the tenplate nucleic
aci d, and t he Anethesadentage ob s methgds ofdbe iypptiqn isdhaspblyctinglapEmenis resul t

of non- sx;)&g&ieac psrlhggh ggngf{;%fulﬁyfg)oprbm&pgr éucﬂﬁp#x'é%k oéf% nftﬁgtf}gaﬁgof the

i nvention are a use et ect nuc el c acl
targets, uqataphﬁéatmatotfmmpiateaiaéllemeadldnliﬁiiebb:viatei; dlesmqmmeisawbahsj t he

roducti on of ro. es for defined nucleic acid se ces. t hods of the
P raBne | ofser iR il toRh PTTSE POE G2 BPls Coor oL e gaing a0 S S uonce.

quant It atétyef pﬂﬁregr {HeREd a9t I=1B?k1ﬁimb'd§e &fantaﬂﬁltfoﬂﬁl%&ué%% biidn RRhi
sequence, detection of the presence fi ned sequence alterations, as

needed f & tg@mﬁtq/plilq}@c aaddansiéh@mtqasﬂji prqrh@lbtryduv@mmhcﬁfed PBodubis azgibei fication
accordin .of the invention are single stranded and are
readily geesthgc a ?m};% rrnfnélﬁs known nucl ei ¢ acid detection nethods.

The llnear 1sotherma1 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
anplifiedv@onedosimneously in a single reaction m xture. TheTV8ao0/Bus t ar get
sequences nay be part of a single genomc 30 DNA or may represent specific
sequences of varjous nucleic acid targets, which may present in a
single t égtpcfe%ﬁzﬁ the Presgncg oh NS PRHO LR IHGaRngle btoﬂfglqahmlpoﬁualrl@lm@r ul
for the of

Vari oty SarRpaRg B RO A S b SR B DN e LS

determ ndetlenmned sinarliapesushohyarsmgihteacsot.es in a si ngl e genom ¢ DNA sanpl e

can be determ.ned,sinultaneaysly in in reacti o 1 s under st ood
that, with redpegpdgrsiogt Hhag ifRedRsc %ﬁ%&?dg’é‘&mﬁé‘%ﬁ“ﬁ Q%rea’eﬁ%g%emjf

"compri Si“&ﬂnpﬁs@ﬁ@ efts oﬁ 8&ts S'che iRRnliAlY £188 iRMuidRS SAbbdIRleHESPhigTDOdi ”E”t S
whi ch "consi st essenti aII " these conponents or aspects. The invention

al so i ncfeasist esnmt@dlyrré’nﬂ@smrnppnemsmamectsf 'Theheeationpisomedssor aspect .
Thi s app s.to descrlbe eral ..-Techni ques
The pr acerERdienfiuhish CORRisTFh s comPrT a5pes): THRPEUPRYr v co
i ndi cat edmbo8ipiraeddseridd Heggiini 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
expl ained fully in the literature, such as, "Ml ecular Coning: 15 A
bgy at oy, second edl ti on ( Sanbr ook et al ., 1989);
O i gonucleg%?’?zgé nthesis" (MJ. Git 984); " Ani_nal Cul ture"

(R 1. Freshneyhe@gactice gigtps presewwaen“ﬂlemwo%lw Ott‘w&féﬁﬁhéatpﬁi’ess
Inc.); " %Jeﬁﬂ&nﬁrt&ﬁlﬂfé]lggssof olwpdl%‘:ﬁu)l%%ﬁ(lﬁbﬁlld recdn'lzbant/ts%ﬁHﬁﬁk et al.

eds., 1987, and periodic updates ol yner ase eact i on",
(Mul'l'i s eticrabiologysell biob@#) blomrrﬁstr)mané impiunglogu.civisioh a@esltlandhe skill of

L S e e
used her @& Daborftody MahyAlU Gt icdRioh §IMAPEBk @f all r1t9§9)33011g$1ﬁfc1e%ﬁd¥m' ch _
anplification is desi red. The tar get seﬁuence may known or not known, in

terms ofynthgsigcMdl Galegden884); @W@Véﬂe Clétu'fﬁt”eﬂﬁil Eteéhﬂe}’asd uk¥d)herein, is
?ngfgxgggkﬁ odgﬁeﬁﬁ%;mqlgé)}p’t cQ&erﬁlg?’résg',r,l%gt) We%?f’ro%co%s 19%5'1%&1&' n sone

se uen
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 émployed 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,”

29 L 29 <L

“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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"tenplate DNA, " "tenpl ate pol ynucl eotide,” "target nucleic acid,"” "target
pol ynucl eotide,"” and variations thereof, are used interchangeably. 30
"Anplifi o0 bomo3s as used herein, generally refers to the peDUS®E250G4
producing mnultiple copies of a desired sequence. "Miltiple copies” nmean at
| east 2 copies. A "copy" 18 WO 01/20035 PCT/ USQO/ 25104 does not

necessar idogs PRIZRCGsEAE Bieas pgifed seauearh FEMRIFISRtARTY Qgrdsngibnto 59 tenaplatge

tenpl &t © seGRAHENSR:exFRpIeCAATR dn iRARIERcRANaL BRUNES BHSL B fipsRRal 00s such

as deoxyi nosi ne,” " intenhtioral sequence alteratio such as”sequehce
al t er at i omsntional sduered althratiogh(sactpas seguence ahtpratisisigtradwed tlenegh 4 painer s

hybri di zabl e,. but not conple t. ,, to the tenpl ate), d/or .5 se nce

7 rors. ¢ RAFPHEBER SBenH T PG 5rEut SBIRIBR Gueals Be (eI S e o

aci &, " agediRfct &S b 88GR AbkiNg Q,%Rklgﬁ&tiohef er to polymers of nucleotides of
any length, and include DNA and . The nucl eoti des can be

deoxyri bonucl €Bolyded¢otideboniiohdeiciagsl’ asusdd interghangebtdp hergéss refer ases,

and/ or thejr _analo ..or any .substrate  t an Kneorporated into a

ol yier - BB B SRRigE] oy ST e et "R RRERb st Ba T oo
nucl eot i desxyriveaticléstideB ribohnatiestided Chdified aticlaftties bhbases,aRalod @feir dnhlagsesent ,
nodi fication to the nucleotide structure may be inparted before or after

assenbl y o5fny subsisafe yhas can i mcemgiated @t Pelyaieeby opBNppolymese.upt ed by
nong, nhucl i C . i ifjaqd after
por frme 5P RQIRRPEh G RS UENE SRRl e M R e,
types of thedafalapal [foprssent)ahadicatibh td die rexkopdestnicaapaiay teuthphitédibdfore of one
or nore of the natyrally occurring nucl eotjdes with ap anal og,

i nt er nuclo88 SicheS<aRRlY PF HtAODYRCrS K saauenee,p! %%z??ﬁfi%% Mg BE UG mCdRe Rl ged
linkages (€leQride é@ﬁgr%bntg.hﬁﬁiﬁl‘ﬁﬂﬁie%ﬁiie Rhgee ht@ﬁ(tﬁeer g:?éd?ﬁ&i, RN BSRARATAEIH s,

cabamates, etc.) w t h ‘charged |1 nkages .g., phosphorothi oates,
phosphor cdéh &8 lyatoapigator with atlhbeding compbadmi Oghep eyptant modifehtiess ingluddy as,

for, exanpl e roteins, (e g.,.nucl eases, toxins, 20 antibodies i, gnal

pept dos orpypelt vt hlisuoh FhgE ¥ fiors O e apuia i ute ngcreo i e,
psor al en.an@h8log, infehARRoGAOIRUITIdadoS LR b Tor xntple, tHERE ith unkBstba@ct i ve
netal s, boron, oxidative netals, etc.), those containing al kylators, those

wi t h nodilinkagesi(¢-ak argey] paosphonatesy Raosphpisiseipiscphinseheamidaies. gabareates. ic)as wel |
as_unmodi, h%ﬁt}ﬁ%{%d %Bk%%?l(é;g'f ﬁfg&gh&%{}ligﬁéf})%os%ﬂfixtgpﬁﬂibét?g]}%?{ tlgcgg hydr oxyl

groups ordrnari rese ugars nay be replace exanpl e,
by phosphonainngpendps, mabidsphaheas gioe epsnplprmdenikséelghyudeansasxdngr ot ecti ng

roups, or activated to prepare additional |inkages to additiaqnal
%UC;(E ot i qatbodigs, gl.ggyﬂ @gptlcg)es, Ig)ly-L-lysgne, etc.?, tﬁose w1r£lh 1%1 ercalators (e.g., acggme,

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

phosphoryl ated or substituted with am nes or organi c cappi ng groups

noi eti es vodof/eooas 1 to 20 carbon atons. O her hydroxyl s np@T/abesbe
derivatized to standard protecting groups. Polynucl eotides 30 can al so
contai n anal ogous forns of ribose or deoxyribose sugars that are generally
known i fatbeey@ictsugarBprigas. sgandragricesugats) epimeric sugagetuel fas arabinogy, P

Su;:]];llr ug:}g)'r (% osesap\ngI os% s{xéfg'gs{%tanog'e su Oéledzlgesp%aof gécgﬁg élgiééégdégd%%gst?g CyCl e

AOrrer sugar s ugars abli nose;

xyl oses r@blebw@mgs@w}amaethwﬂbcsssde f@ﬁewieﬁ@e@hg@hsdlegeﬂmhiea@byinaﬁes,
acyclic anal ogs and abasi.c . nucl eosi de anal ogs such as neth ri bosi de. One

or nore peRIaGEAYiakiemative lipling groupsy These aftermplivelinkipe grougs H‘&i"}d% L}tlaﬁkl ng

. ted t
oo menCon 4 LE EABRANGrls DHerb SAERURR s BRI BB RGBT o0 1
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Unsubet | €E0ER o& Ry lapendersy R gt s S e R H ArHED SRR | nicage.
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pol ynucl eot i de ent| cal .” The precedi ng descri ption appl ies to all
10 pol yndmﬂ(e@sunlwmlyeﬁdwte:& rteed beu@m‘npah Ao pmca@nge&wcapdomwphes to all

| eot h N t hort, |
Si nié?onuc O Igaﬁdedé?‘fglfrﬁ‘fp egéllﬁt ‘IJ??E%“I @géﬁﬁ@%@@%ﬁ Zesot ﬁa?r ar egggﬁ;?al ?/y,

but not necess@lighducldd?is,” ak ikl RREM! cehCRIINYElRAbiSHAS defelaBPdinBle
A i gonucleotides in the present i nvention incl ude the conposite primer,

TSO, PTOstaedad)l graieeally sug tm:eolyrru*réeqtréﬁwélav Yriggealdy. byt nefarecesserily pless

"pol ynucl got
poI ynucl écg Ac})ggt %@&g%&éﬂ%h ﬂ%‘{uﬁigé) app\é:ﬁg% 1P‘?h<?§1%§e{n‘t B{c}}ﬁg{;ﬁ)ﬂﬁ[ fﬂ%
"prinmer’ doﬁquattepr&héryTSOshﬁotanalbﬂtg:lker &tmamdefl‘hacdrmsﬂollgﬁmcléendegmdr aI I y
wth a free roup, that blndstogtar Igotentlall in a

1Es
sanpl e of PPWPB‘FI%%ttdeb?rel'f%F‘I‘{ﬂ‘i‘ai]iyrf’@“’luﬂ"f’h « i RatoR Sune oo EROral { er
prom)t esag Wlﬁﬁ&u@?w%le BRbMMELE@Ls de 20 conpl ementary to the target.
n pol yn

"term eoti de sequence or "term nation sequence, as used
i nt erc hangeabl@“}branef’ms gansradl ypothprisolghostiadded pawerrdentidhi geerllf egthsa free

orl at o o epneC B egRe st B (B ety AP BEGL ek BeBne  ces
a porti oRyiflPs tar &P kQukndehand Genarta ;brysmme@ poNinfe@izat?én 60 pdignicienpidat e at a
location 5 to the term nation point (site). The hybridizabl e portion

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
suitable termnation polynucl eotide sequences (such as bl ocker sequences
and TSCswane2@sdvi ded herein. "Bl ocker sequence,” or "bPoTksenpssequence”
as used interchangeably herein, is an 30 exanple of a term nation

sequence, _and refers to an ol igonucleotide that binds raIIy wi th high
af finityef HSF?%att%‘n‘ﬁfI%é rﬁH]&at%PE%&al\dAé’P yglqr@)s@éytﬂbwsp,ec%]fq)tﬁg teRle i nat i on
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repllcatlon ase W th respect t he te ate corrprlsmgthe
t ar get sé}iﬂlﬁrpob/mdrasg 3 end may or may not be bI ocked for extension by DNA
pol ynerase. "Termnation sjte,” or "termnation

ot o changeabl § CHBRBISH oot Lerpiratign ppibta op uSe Bieschabpe P Bt o
tempd at @ thdidle, pSinl GigfoRRFNRALARIARA LS INPRBLYABY ARDNAYMRerhs m nat i on

of polyneri zat i on (generally, prinmer extension) or” tenplate switch. For
exanpl e, bﬂfqrwermm@gen of polanfcszathnt(gt:@raltmppmr cxtgmswr) or &egpateiswittheFomr get
seqguence that rre 3' end.o ri.ner ext i on

o oduct - gEnaper i APRTIE TSkl e s ek ELin P os SRS Bt o
the unhyb,bm@lemﬁtaaptd fhers’ @ﬁd bhhe Eﬁ@er endE0pRALETRICE to SSEHRRCEOmplatd
proprom)ter sequence," as used herein, refer to a _si ngle stranded DNA

sequence m@gtb@ﬁewapolmctr@aét to-the paldhsdized pertion fAhabPO. of nedi ating RNA
trapscr | ption. £d?q;§r8ﬁ%te?9 RYES and™ 2%&8&8{59 tsgciueﬁ&?“ g@ﬁs%gl here trefer toa

" prot opronot er, propronoter seque _
sequence smgiaaqsirandm DNA m’quem’eeengdvhtm ﬁrdmﬂ)hgamuyd fo‘rﬁl Emableﬂtfe swi tch

ol i gonucl eotl delﬁ(l}];ﬁ " @as. used herein, refers to an oligqpucleotide that
conpri sed” eqiggiget t@B?"”ﬁ’é‘@Poﬁ) S‘tnPf'a‘EonFeé‘tSmyBﬁOFQﬂr‘i‘&BteéS‘t%‘e%cet enpl ate at a
l'ocati on «BrotdRofbeer, P ef)mpi:@ﬁ(‘)t&nseahé&e@f“ Ripr R teE X E5dgi et sefisbnbdiabnd s capabl e

of effectlng a tenplate switch in t’he process of  priner éextension by a DNA
pol yneraseronm agr esed ggemshagdegblknown in the art. "Tenplate switch" refers
to g change i rt | at e leic gener fromthe target nucleic
acit? to the unh gﬁ&‘? Sz"%'}fhpglrgf’f"dﬂe g‘tde:STgéb YW d’ﬁ‘t‘ﬂ’erefg& 97%8e of a singl e
round of ongbﬂ@teoﬁ&t €28 tSipriseRh PRFMbEFe gl Ead ischyDridgabléab @ arhplte @GP O) ,
used herel n, refers to an  oljgonucleotide that conprises a@&roprom)ter

sequence legation S porthe iAmingting sig phprimey extnsioniapg that fragapplle Y pifecting abl e t o
the 3° r ?cq{lﬂgte%(&/u@h R {h%'i'oc%§§ @fﬁhﬁé} RIAGUSG tby aRA 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,
distinct or overlapping nucleotides of an oligonucleotide. A first
sequence whbotno3Tor responds” to second sequence, such as BOT/BSW/PBo4t i on  of
a conposite prinmer, nmeans that the first sequence has significant sequence
identity with respect to the second sequence. This termis generally used
in the cont exfTooinhilif cistte AeFrepse putedpsosactivity civastien, and/or #BoWE@tiences of a

target. C&ﬁg%[;?%?%égeq%gﬁcfﬁl US00/ 25104 To "inhibit" is to decrease or

reduce an a nction, and/or anmount as conpared to a reference. A
"conmpl ex" is an“ceasderdliy awbssembhosfenimpondate oOARbaylexayiayor may nowdie steblst abl e

and may be_ directly or indjrect detected. For exanple,. as .is .described
her ei n, @P‘i‘/%y@eééf@?tg}l?f@g‘r‘r%‘ﬁ{_ cgie T4T PERRRIPGH S g?f»aﬂwehwﬁeglﬁ?n
product ( %érftae{l cbBorlen Rl OBactfhl SiEHE ?ypfefofgrocﬁlegpl PRI, ERERAcSsEa FOr

pur poses 0 his"invention, a conplexX is generally an internediate with
respect toamplks chn helnfemgd. i Forqatpases gfitbuotensipn, aicompdex is@eherally 4m egi on, "

used i nterchangeably herein, o ol.ynycl eotide or oligonucleotide is a
cont i gupﬂfge‘?éeag’é?ﬂ?’ééé?sl’ﬁa(}? tli*oﬁ‘é*‘%&’?béca 1% pé?%?(s)arrbodi ments, a 10 region
or portion is patpdr@@storaBQién, 20%dGhteRhaeably: heddin, A& podymu@RBEHOOUS

nucl eotides. A re_gl on, portion, or sequence which is "adjacent"” to another
sequence obgemasteotide ttamontigheus seeesnenof Hor mormbasety. laadhgs sebodmntseranpl e, ‘an
R ortion which.is.adjacent o 5! Lon_of ite prinmer
Ty e Rt AN oty o375 L PR RS Ponituchs ETRARKLS B
Figure 1 A-C Alkg#n, p&tioh] tedienteivBichiis “aljaceaachhaber iuaregosait s,

whi ch, under suitable conditions, react to forma conplex (which nay be an
i nt er medpbyts thah Freiss partioneeruseapance. Fonexamplg,an RNA pprion whighjisiadiacentit
unless o | Lndi cat [ : . LS it BRAGS

i ncl udi n%&%\%??#@gs&? ﬁgglplpgiﬁ W eréﬁ#éé@%g{nﬁ% gﬁ(t)f:e lljoﬁio(r)ﬁr%{ rélglrl]l I %rlaons that are
"sui t abl diis txem@e, se@BigavebA-C.0 occur, such as hybridi zation, strand

ot 5pr event S e HCGHEAES X FGris SR eHemRES T ANEPOTSRES AP R S por m £,
enhance, chafilibist Rlabt 10O QoMPRXGAARUGhMKEL £ inhemBNiaRY ancﬁb'@pl%@ﬂa(s%i ons,
known in the arf and described herein, depend upon, for exanple, the nature
of the nucl e6A’d@nsendéthed and gheddeatmless othgrwvissundisated insdideiphirel formmase
conditions al sp,deped- Mans including.
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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25 what event is desired, such as hybridization, cleavage, strand extension
or transcription. Sequence "nutation," as used herein, refers to any
sequence vebDB2@B3 ON i N a sequence of interest in conpari BONUs@/&iwdef erence
sequence. A reference sequence can be a wild type sequence or a sequence

to which one wishes to conpare a sequence of interest. A sequence nutation
i ncl udes si ngl §II}&TF‘C$"@BE‘?‘H@D@PF§W§€§ polymophismg 1 andnSSEP, asrused Retinone

nucl eot i de,di@redd 18 %%%@Eiﬁc c%ﬁrﬁl&ié@%ﬂ%@%&%ﬁ nﬁﬁe&%%% Aty Eff?&ed

deletion~or Insertion. Single nucleoti nor phi sm ( is also a
sequence byutsapeafic ascleis adidisequenne. AReion df BeR8GHueRETHIBO 6IN2EIDrAndeédSi ngl e
stranded confor mati on, pol rphism." and "SSCP,". as used herein, generally
Fef or  t o PONEUSSRNT SETCR BRI SHHCS ORI iog) ISP RHETOBP GFEIE: d e i &
af f ect ed chihgel bSpoiPB6iphisth, BYfleRlofdRfatos BFHERERIe MYah&EPpdIphuctiotiibeTRequence
of the single stranded polynucleotide, such as single nucleotide

subst i t uchoiermaliedreef theygolynudlentide is gansrallyalstdctable; identfishlgend/or pol ynor phi sm

of the conf.ormati.on of th i | e stranded pol ynucl eoti.de. ,The
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el ectrophoretic nobility as neasured by gel electrophoresis, capillary
el ect ropﬁ@@%@?seaﬁé?’%@nsuscepti bility to endonucl ease digestion. 10

"My oarray” aﬁﬂcr'b%fﬁf‘yal@‘%ﬁa 560y tiﬁ{e?%%ﬂg&%w Rerdl i B 1o b b indefefl!
arrangerment of a col1ection of hucleotide Sequences I'n a centrall zed
| ocat i on.of Acolgsioaafinbdeatideaeqentel inqudeatralided locatioh Asrags ¢indseSorsd salie, or on

a seni -soljd substrate, such as nitrocel | ul ose menbrane. %rege nucl eot i de

sequenceSUSHITH SUNA 2 SR ST OB AY 2 SEPERTKE TUSMEtE upiL ey nitroqg{Rilqsgr m v 3
general | yndiRf@ae FiR Micle8HOLqAEndA0Bhd bODNAL RNRAUNRY pAflinfithsQhertor.

ol i gonucl eotide 3' (downstrean) from another region position in the sane
pol ynucl eot i ddhetterol T3jdperchabtnetbes toldwegiomranpdsition genpolghlicleateeers to a

. L a8 oo | N e npolshigleqts t
SRR BN R B B B, (0ot
ol i gonucleRhueleeti®briigohldtids’ - DNA portion,” "3'-DNA region," "3'-RNA

portion,” and "3'-RNA ‘region,"” refer to the portion or region of a
pol ynucl eot i ddhgiteray goaensrabtretess ogcige@a or pesitipen 2 pelyrucleiidedf t he

o Ynic! SR ARG S O F el Ml LARL Wi O
- oligonucleotide. ,

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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pol ynucl eoti de or oligonucl eotide. The 3' nobst nucl eotide(s) can be
preferably fromabout 25 1 to about 20, nore preferably fromabout 3 to
about 18 wevemoadre preferably fromabout 5 to about 15 poTsavisdes. The
term"5 -DNA portion,” "5 -DNA region,” "5 -RNA portion,” and "5' - RNA
region," refer to the portign_or region of a_polynucl eotide or

ol i gonucl 1dg e Womsreererardhlnfam Aut 57 gyt 4, kB mest Predrepipdiomeakput

ol i gonuclsagtihgs 158d1d3BYes2r My not include 30 the 5 nost nucleotide(s) or
noieties attached to the 5 nost nucl eotide of the sane pol ynucl eotide or
ol i gonucl eot i (®eteFhien’binclmdst anyuntansoif detestjng; arwliskengdiedfoe mabindirbetom about 23
WO 01/ 20035 PCT/ US00/ 25104 apout,, 20,. nore preferably. from about 3 to
About 16.8eBGUaR o pBKe: datteyebrs Foican oo miay Hetnb it b egs b 1 des.
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no products). Simlarly, "detectably nore" product means any increase,
whet her observed directly or indirectly. Conponents and reaction conditions
used in the nethods of the invention 10 Tenplate nucleic acid The nucleic
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t he
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
c¢DNA 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
treat mentwobfi2aobe target is RNA, the initial step may ber¢heseyrstidiesi s of
a single stranded cDNA. Techniques for the synthesis of cDNA from RNA are
known in the art .24 WO 01/ 20035 PCT/ US00/ 25104 Conposite priner The
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that is 20 displaced fromthe target nucleic aci DNA pol ynerase.
Such pri meckicgarfotyea patial laterotyplehe s \ghehioblastbdRNm pwttlbn Ioﬁtiwprmmtmrs t hat
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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 omoabzwey, with the 3 -end nucl eotide being a nuetroséd=1GLI t abl e
for nucleic acid extension. The 3 -end 30 nucl eoti de can be any nucl eoti de
or analog that when present in priner, is extendabl e by
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portion In mer- conpri si |on an RNA
portl on qmmdafmﬂrael@staiﬁeynﬁemmngm pbrtiom (aboumR?ZsBxpmm bptvadea DAY from 15
about 3 to about 20, even nore preferably fromabout 4 to about 15, and
nmost pr efpé’%sg/ fromabout 5 to about 10 nucleotides. In sone enbodi nents
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RNA port| on can be at | east out any o , o nucleotides, wth an
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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 mgo a1/Wo3RNA portion and a 3'-DNA portion further PCDURON IS0
non-5'-RNA portion(s), a non-5'-RNA portion can be 30 preferably from about
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enbodi nents of a nposite pri nprising 5
at | east 36MNA pbﬁmemiﬂngttmqmrmtexmmngrRNArwetmmnrbg pRtﬂérapkyrfmmlab@wtri be at
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conposite prine rrsin on an one er veni ng
RNA port lliatit ofeubohtrmﬁ/rofélgl 6,79 1BNAcieotiddsoThe ddngieoBdn ineasnirgRNA piryorofn al, 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
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por S on. teoy diR rEGTRY et B0 SN o b1 i 29 nOSleiBR M AARIRST o can
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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, waerkmsyth of the 3'-DNA portion can be preferabtyussoasi@bout 1
to about 20 nucl eotides, nore preferably fromabout 3 to about 18

nucl eoti des, even nore_preferably from about 5 to about 1 nucl eot i des,
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Ta, " 20, THIARIEI DO et corhend BRgRRAA KA cBibs TEFHDRPR LOUbhBosi £ o
Primer copph 19 rﬂﬂle@ltidesaﬂﬁre:”ﬁ')réfe@%y BT Atue 2 htbudB nuflestide’Nghd Mb&r veni ng
RNA portion can be preferably fromabout 1 to 5 about 10 nucl eotides, nore

pr ef er ablpyeferably fadroabot 3t to ahbatft m@lentides ofni sdars embodimenss ofpr pfimembl y from

about 3 to about .6 nucl,eqgtides. In .so epbodi pent s rji.ner. ¢ ri sing
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with an upper Iimt of about any of 6, 8, 10, 12 nucleotides. 10 The
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ortions wht > ' veni [ ) -er ably
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about 18 DNAlpeetionde@dth 2 Veast snerigteryenéfoeRIBI porfisrocansiequé fetabl yofrainaibbutl Bto

nucl eoti des, and post preferably fromabout 7 to about 12 nucleotides. In
sone enb@8PHeduclsptidess BioFoRIEteEARlY fHogt 3‘@&&5}9 %b%l@lgnucls%fe@ SVBRALOFS

portions g\“éﬂeﬁb@i frdri2B5utONB abBlEsuRil 8 dE N PRLE REFerdblierom 2B PR dboi can
be at least about any of 1, 3, 5, 7, 10 nucleotides, Wwth an upper limt
of about 12mpclebtiddd, Id29omd EmbddimenB®f aZ2mpositegimetemmpTismg Bngd3 ePNa

non-3' - DNA porti.on (i.e., .any DNA portion othey, n the 3'-DNA. portion)
IS compelies i s Eotn PRt e e RoRBerp i N AR PR

i nt er venizBgut adf) oRINAS, BOT7L 1 PRuctHdBS vﬂﬂﬁzfrﬁﬁzgi})@f Nmit'd@baiRuy of 10,01 2euts, 10
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pr ef er abl2f. 22 ouslegdides: 3 to about 6 nucl eotides: In some embodinents of a
COPOS P11 Tk GAIPLL R, 030 PRS00 1304 Ak EARL BB P AEM 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, with an upper limt of about any of 6, 8, 10, 12 nucl eoti des.
The length of the 25 3'-DNA portion in a conposite prinmer conprising a
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5'-RNA portign of C ite. 5. prinmer incl the.5 npst, nucleoti de of
Che. pr i meroonngs &S AeiordisHoialet o Bod BN indfich et BN d or t wor
i ncl udes hde ndcledtRiBtof MeChraRér (B&d B S IRNRHoftn indlad&tthe s’ mestrdiconad 6f t he
3'-DNA portion is adjacent to the 5 -RNA portion and includes the 3' nopst

nucl eot i dee pimeNe primer (and the 5 -RNA portion includes the 5 nost

tid f ot i . . t i j
nuckPot de of RSP Eh R} et Bl LA o RORBISI 6 ! c2n
about 15 40mualkotifles3Moraysrtfepdbilvl&om abodt D&t abpue3 Enaddotides, madnalkopiefe2ibly o

about 25 nucl eotides. In_sone enpodinents, the |ength can be at | east
about anyTR ahQt 29 40 abayt 25 guelgeifass {nyxune wwnalﬁmaﬁéeéeng&ﬁap bsrat lg3sfut  any

of 25, 3Qpo@nyP 10 b6 Y flRFeotibits mth%anTéﬁ 208 orB8dutal of 85 FN4g D be
?esg , the 15 h

greater or as’ appropri ate under reaction conditions of the
met hods ofuclkehfidesi niv eninderstooddhadhe kengthivah be dicater iooless, whappropaate iusdendhd

kno and understpod in the ar epends. on other factors such as, for

exanpl e, FHHPR Cgrfcﬁté?fﬁtogtlémeﬁghij%@tgfsdp‘ée)n?mg‘orrposi te prinmers for use in the

met hods and corpRsické AfsridifatioA§wRIchS s vidlMedhiniAd ¥n8ertfoBfl @ 8lelayt, of  at

| east about 60% nore preferabl%/ at | east about 75% even nore preferably
)

at | east dgbeuls op@timpdacters guahonst fop exqraplgbiopictrength 8nd tameneratosgscomposite
conp erreq%?ﬂétr%f/orhge iNfe @%&%‘3& aHdJSArﬁfr)oCsu?o%'s f the §seopﬂggﬂtﬂ;ggdsr% Bﬂgégg@? um

portions € conposite priners are prefera
nor e pr efaeteak apoatt 6006 andre phefertablifdeasivabioutPi%, ¢veahtsraptaferablylae beabt abbout
QO(VSO 90%, 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 avooRo0asplification reaction. A polynucl eoti de chPapuUs@EI2Ig4a

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 §2W§hﬂ%¥%ﬂﬁh BOEKHEI%i ng a termination 30 sequence is included,

exanpl es of W Gload Sligdfiki-HasE fe! &W-beﬁ%ec\éﬁ tﬂg%gpﬁéatﬁ%yﬁg&j AMD4

Tenpl ate switch ol i gonucl eotide A seco gonucl eotide that can be used
i n t he anmtenfiow &ta termimetidrosizitaf oligosucleatide(TSON. Irsoze drebadiment] t TSW t ch

ol i gonucleot.i de (TSO . [|.n one enbqdi nent, the.TSO . f Lons as a

Cer ot nat FOEBY EhEERITRHonSBURET drBBunFesmbodimen e T bAFEaEE o 5

t er rg nat itéhi SR SBGRNBE SndPproVvidee s prophbRPEPERuEEcesequence. Previously
described anplification nethods based on tenplate switch oligonucleotide

wer e restrict Egeviopsihdeseubesbamplifidaion gethods bassdiogdemplateswitth due to

i nhibiti f.hyhridi zati.on ,of ..t he second jmer,, or the,second,.....

e o o eafleisBigé hitd BkiRikadh d\Gnsitnen BF 1iFduecRhabifa iR fuvpitign
utilize af&ihgligativhioltie £PeRd B¥mer] BEtheBédvadhybfidizigonlfep sMBO bAAOpi@mer f r ee
of this limtation. In contrast to previously described nethods using

TSOs, t hevher s method j§ designgd teyetiirelacsingleiprimghsnseiess Ehe gmethodypf dencent rat i on

for 0 a”plilil\tehﬁgﬁ BRI, e?ﬁﬁ”%ig%iﬂﬂta iOnt ﬂleco'ﬁgﬁqg?reg o&gledegérﬂ%ﬁ%et%l&y Ei@{xf on. This
feature ensures efticien ybridization of the oligonucleo 'de L6 the ‘
target stliSxdtheasrdplamxawiichedigbmelgotidt dan bf udeat high contemtatiad foronpl ex, the

substrate for. priner extensjon and t | ate switch. .15 addi tional
attri but ‘ﬁfﬁi"é‘ %c%%{ffltﬂgetoitée ’Pﬁ&‘ogﬁf ?f‘g?BWtseny'bY‘?nHP%a?F’é CHRCCHEIE] spl aced

primer xiAns hoBridlz AL hOoiDAuERERIAD Ioithdck brld gonHEkRLddRe Jioid orm 2

substrate for t pol ynerase, as descri bed. TSO conpri ses a

portion tofithe toamolbgubari cdimpdex, thet substtate fyepried esteBsiopand ieoplatevbivieth. i An
desjgned for. strand sw.t.ch.durin olynerizatjon. (s Fi.qure 2A-C). Design
of “1P""50 oo B ARSI VAT real BRI b @b 3R e i@ a TR L o s
Was previegiddiyn Eﬁ)‘éiﬁéti tb etk fefhphad SWit@t olonuclEstafe-to Mevim h siisadte fSEthe RO 1996,
93:2969-2974. The 3' portion hybridizes to the tenplate at a |location 5 to

the posi PPbmesserasglessrited. the tenpl ate pol ynucl eotide that is
conpl ementary 4 ?S&)ng‘?‘)risgsrw3 ’ngrﬁ&?thgf ém@fybﬁéitzg '?(?{hQQMget 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 mrewQ os2mand switch is pronoted by the presence of poOT/w&add/25104

conpl ementary short sequences in the TSO segnents immediately 5 and 3' to
the junction between the hybridized and non-hybridi zed portions of the
TSO W't RERstuct W%IH&PH@H%%%M sRaupRFeshatcar Bing to ats somplementary short s that in

the eveniefagte fnﬁﬁeé :é’écéxﬁ;!gx:i 8&;&%?{@% fs?ﬂ-ﬁ%gt?%%llzdéd nti8 tﬁéﬁﬁ@ﬂﬁﬂbétméh th@e portion

of the target nuc to the TSO (throug
di spl acemmyhtidiaé¢d aridendmytiyrbiridiized poptams iof thedfSQ.hEhi¥ B@reasththe Bffi@erdyof t he

ri mer extension.31. Q1/ 20035, PCT/,USQQ/ 25104 pr oduct .woul conpr,i.se a
P hort s 4tTBRals SPieRing By 1pFAERat e PLobaBY CALHE ZOP REFLSIO8 BEGRFRENT E e
segrent  Qlyitth e the@SOWRRPoricH ¥ aat@jnﬁFa?é?tTI%eQextﬁégE_lqg %{ecshbﬂ RoRPlewR@tiry he

hybri di zed and non-hybridi zed portions of t SO This increases the
ef fi ci ensyquehcestie prsferaldy Svom abaw § thgbaus 20 eusleotidashmorer prbebably frgmiabaut § he

DL o1 SRR AR RSHES, AR s e A SR RS, B

f r om abowmb3dinfendd) Rtigth?ie ableasiadbitd@s of 13,65, Pl B fidddtides, Wit @b@iper Bmitt 0
about 15 nucl eoti des, and nost Freferabl y fromabout 7 to about 10

nucl eot i @&gboyt gnyg ek, 18nBd R rasiestidese Agisinslerstgpd thea dhe lanshcambg/gisptenor 3, 5,

7, nu 0f.i Wt Mk Qf . . 20, 25

nucl eot i géesg Jslag s‘ﬁ)?n%{r?d%rd %{thgg@a[%ﬁ%% &Hﬁﬁeuqngr?at qg%tggﬁ%oﬁﬁgﬁvgp glg?' 10 l ess, as
appropri at e urdesmé bebodiawhisytheco pdition@ifi thedF SO kempetdsatkequdnct (heseihafeent i on.
e el POPORS R utibeay ek ehod b TWSiahos of S aP OB R o of o

doubl e st,p gL Ao RHRREE ThR em AR of AV d3%1d AL LHRRYS FRMhiRtiohhe TSO

woul d function both as a termnation sequence and to provide a pronoter
t enpl at e sequentcharsl te ppaddere ptomatérgepplagy. dmthie embsdismmteghe propfonidier TSO ser ves

tenplate for.i ti i . : | |
confl ementaliges o thhd SErBRieSms e el B BE Pt Rl of EREPACEORSERURE, ¥ ne
priner exg&RedlgtoRipkihkiiary B BegfitBinotey BEdudhead i thé tedipl@e TSO)e@BMId Si Ng a

propronoter sequence that is hybridizable to the propronoter sequence of
t he pri mPrimexesigasiompiodaet lubsqqaenthybridizaticn ofea TR compasigs aprepremptghided

T
are knowresults ihraation afa doublensttandetsprofotdicapablenof effediing tramsciiptgort byemn
Prof a0y nE\ PrommLer. spauence | e, sel Pl L0, RIS SRLLTEL T
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 knowmobmaobe art. For 25 exanple, the sequences of ther/psovastier s for
transcription by T7 DNA dependent RNA pol ynerase and SP6 are known in the
art. The pronpter sequencge can be frgm a rokaryot.ic or eykaryofic source.
'n one oABBIRLATAl TP e PRlyMersE drmsna pomRIf ek opgatvelk jukertie seidar | s

desi gned stQueREOMi fHeatdiAharRBRANGRImoR IR {En RS lifRLd. ThE %ﬁﬁéeotteh@i%[tg%té he RNA
pol ynerase 30 used. In some enbodi nents, the sequence 1s not related

(i.e., itorepsnaldransaiptionarei genenallikbowdin the artoastpneviowstyyédscribsl for varaisd.

transori BroaPeREt SR AR R Rl FrbRe prEhercra et (2

operativel y | iinkeslefeRedahbodimentt 8 BEfndr o8 (R’ PortidhT thd PSOFin[UAMRY @F t hat
is not so |linked. The sequence requirements for optimal transcription are
gener al | ynigaiuportipn that hybridiges fortasgeb ibatyhybediess toahe fesrplaie DN &s atrled

dependen S i ; ) n

5. 654, 143° T RBITBRACHEN 4R o BSety St he [0 by ot yindlile LA o 1 he
TSO (i nclprigiengxtehsion &ubstentBilly perrdt ilexst $utfitiefysh intibizels Juitable ngghodstfbat
hybri di zes, to the tenp)late DNA is attached to the tenplate DNA such that

di spl acerEHEVISE suelattpgmnest ingludes dehnipugs kngwmin tbe pecyugh appsipgp Cé@ﬁ?ﬁs} onis
subgj ant 'aﬁélh% Fc\ha%oxﬁ% LQ%ﬁ-ElaﬁlgltigEg‘f&)&@Ie' %ﬁilg@ﬁi&{(@@&nb%‘l&ﬁlgh@rag,%{ Jods for

achieving s attachnent 1n es‘tec ues own Int sich as

usi ng a EyeonNatleAtad. HoalliEA 1929, 96ENBAL 18);andGladkadpudtieic acils yddseribakl e fi,cat i on

d i bed i n Fl t : Pr oc. t anSCi 1999,

06(7) - 35 TaKuher 50 PR Ed AL et Loei 908 ALeEigar S Valetegbiter et al
Bi oorg. Wesh. NaieAcA®Ski. UsIB000303G)0):28323 2 20 thansiMeRIesh&tin@hd@hsing, Proc.

Nat|. Acad. Sci. USA 2000, 97(10):5633-8). Qther suitable nethods include

usi ng, WHhereapppeRTiate: isequenceseyjthehbigh G contenttangler QOssbnkingt Aaydf dhese

cross- | i nkij . 1 e 15 _npethods _for obtaini ng.enhanced attachnent

mybe. DA SAEBhink VRt s TRBRAP Bl b SN R EREBGE

subst ant iDasglacetensof the TSONE kybstantially beshffitichiteinhilipeaef @s goly&aw} dsehes

tenplate fromthe tartget nucleic acid strand to the unhybridi zed portion of
&

the TSOSPHchgs teraplaie f5py8 dhe torgss nusleis agidisirgndio the yahybaidigd Pevmn afghe f
ferab Y . 90%
pr ef er ablpgcat, 4§83t atRRP34%, S&g%?ab%ﬁ éﬂ%ﬁt&%&%{t Isgf%lr ﬂB'ré’px%kfr%lfIgﬁI Ie?%?gl%ut 9 0

the events of priner extensi y or'su Ien I nhi bited
TSO di spl7a¥%s aedhmostagprefzlably dtdeastqhaut 860, pf thadiverds efiprimér dxemsmnpl i fi cati on

rretibods lS%ggaﬁtPall?/ ot %{[lfﬁsc}ce%ﬁ;[f ?nr}ﬁlbi{e?isf”g(s diéglaE:eeI{ucglﬁ cgrfl al%ggg I(],;[np?r‘;cah;1 ?n lga%é({ 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 ofw®he20080 portion that hybridizes to the target nect/esa/seisd strand
is 25 preferably fromabout 15 to 50 nucleotides, nore preferably from
about 20 to 45 npucleofides, an referably from about .25 to 40

nucl eot i deast ahoyt 6%%63?“%‘??8%&“?\%%35 at??qfig abouh 0% %los‘tsdtltepé%ijs'?m%‘lﬁgﬁ?q‘&ﬁ?e of the
fol | ow ng ntﬂ@taréénuglgl’ca%ﬁ 30; and | ess than about any of the follow ng:
35, 40, 45, 50, I's understood that the | ength can be greater or

| ess, as appropr| ate under the reaction conditions of the nmethods of this
inventi 023 The 30 corrpl enentarity of the TSO portion that hybridizes to the
target ndtPLEESGUPiestrand is preferably at |east about 25% rmore
preferably at i, gast eallg@aa’&ne%%%he@fmr ER{cBsiBh eérﬁﬁﬁd@ﬂox s84uendSBis PRV LOPB5
PCT/'US00/ 25104 | east about 75% and nost pref erably at |east about” 90% to
i ts int efleofebsequéneg. %qlbbmker Seqmﬁrlchesamlgmdm@leelis@aléxﬁ@b’ntmt@cker sequence
5 In sone n ensi on_term nat equ

o ovi ded PO PGB B i fRlE e il Eabs LSRR LA s MO e cot i ce.
usual Iy réfyiablyedontpleri@ionue) eepindst oft thiget nscléit aghee@iehaﬂﬁa;f tRNPoSHTON | Ses
a sequence that is hybridizable, preferabl nmpl ementary, to a segnent of
target ndefhe; tergst:sieau@rth&léawec@ﬂpl@nemh@ tadhg { i @ﬁ o ithe nrﬁéerteéﬁe@élonévé@fu@hce
thafgis cappli f f 0
("tfeor m ngtl onﬂgﬁ e Eey)fﬁé lgﬁcol% gglﬂgro%prnlb glggmé\é&c Jetcl)) dtggﬁét ﬁ%e%?ﬂbdll%:agljdt he

t ar get nwmtlee'm:afﬁmtyl, pwcﬁetdbl)amhlghfafﬁthtyy sughrthfitehablogker shqupncafesistsi t y, such

t hat the cker ce resists _displacenment by DNA pol selnthe
cour se o1db 5@? chEenii BN BﬂymFli‘}S“phnéh“eF‘&EF‘i/o BT e OBy IO @57?

pr ef er abliyaihogt 363 mBRPHferBY m@&%ﬂaﬁ%&t BO®S, @'l?e?it}hé’re']}i’éfgrabﬂaﬂoreqhﬁwt 5%

and nost preferably nore than about 90% of prinmer extension events. The 15
| engt h ardoetoiffasint ingast pfeferitdy irooe than awa@IOé@tIMeeghmmdemtssth t hat

excgssi ve rando non-.s |f| bri on ks oi d der the

oani e ol SRS AT ste Hadker PhOfRCO R Rp AR St S e andom

bl ocker ﬂ@h%gé@ﬁ@ﬁ%ﬁiﬂza{tﬁ)nﬂi siedadindef the Roadiabhs of thonebedt oSle pms@ﬂneot i des,
nore preferably fromabout 5 to about 25 nucl eotides, even nore preferably

from abodbvestips Zbelsnetootihechledter pelynuelpetideds proferablafeam goaut 81t abeis010 t o
L L e T e
about anyroni abdwe 8fto Iabmm2ﬁgmc126r,ideﬁ5a,nd3ﬁost Poefedablyi fiom 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 bivwakeroodpol ynucl eotide is preferably at | east aboRCT/RSGd25mew e

preferably at | east about 50% even 25 nore preferably at |east about 75%

and nost e ny | east.. about. 90% to its intended, bindi uence
on the t a?%%s ox Snffcisah anhipfiog ag displasement afc asdrecred abaye ‘EOé $hesed in
conprlseqh@négﬁgyﬁfmg?ﬁgmgxg&hgbges to the target DNA is attached to the
t ar get i spl acenent of the bl ocker sequence by the

pol yner ase t hdn oaé tmbodiment, rtﬁmbleaiteepelyonclecmckwlaamtarftnilcaioh;efﬁcjcntb}taslaeast 30

sufficientl » in .ted, Suitabl.e me hi such attachnent and
dot er mi niHEERCr 59 BB TH) SR HEA GoOU DD HoTL 08 SHORKET SRLSTE TS USARTeLy Bt

i nhii ti qphiBfted] %&lﬁﬁ@féﬁiﬁr lﬁf)@qﬁgﬂﬂ%ﬁ%ér@L@&u@ﬁ@Y&lele’(Bck-ExSQ)l?}ﬁﬁ‘chdtiﬂle the
met hods of the presen nvention. In one enbodi nent ocker

pol ynucl emlu@marwahme\fenh@ddlmn eff fucldotides ty thes3 aendmﬁtlmaprlm@rbmam c aC| d
extensi o sion fro he bl r. sequenge is r e

Cah bt odebrase, SikEREhERuL SEkhREN B BE SR B RN EF chimbR S arigh or,
pol ynucl emdlﬂ@tioﬁcbtm;tes a@urdx@a;rvropp ec)tﬁﬂéorﬁ(ddlléﬂ &M Mbdified nQelebG®S slich dshe 3’
end of the prinmer by a nmerase. Such techni ques are known in the

art, i ncldigfonynucieptidedni & -mgt}mtﬂpnpf s bheckerpriynycieptidg thasfis Ry sapnble
hydypxyl ucl eotide, such as a
dldggxynéglggﬁ?ﬁg d&ﬁSH Rgﬁ&%g%% %82??? b}hggsﬁe bl ocker pol ynucl eoti de
that is not capable 10 of anchoring addition of nucleotides by a DNA
pol ynmer ase Po yn cleotlde conpr|5|ng 3 propro Dt e _
hybri di zeQBCE ! BNG TEHIOB B S AP OHPREYt s enpl oy
a poIynug#g&%bg@nggggﬁmﬁang a propronDter and a 15 reglon whi ch hybri di zes
to a dis ensi on product. In sone enbodi nents, the

pol ynucl eot i dSoms mm@lwﬁs emptmmmlyrmchcopd@mmmm a pepoencier amka di scussed

abo t her t.he pro r _se e IS co lne in a

oral s clieh Pis HTBEHISET B e BirER AR Shn BREEL G sk BBb RS, Cone
enbodl menRh&polyMe1¢E1E s TSORV Kivh &@ﬁlﬁﬂ@f}ﬁﬁ)rtﬁﬁ&éﬁﬁqﬁeﬁ&rastdlé?dﬂtgﬁﬁ'al%i/é)n
which is provided by a propronoter tenplate ollgonucleotlde (PTC» A PTO
for use ilAothsecnBediBgatsaihg PERIPHSICr Pesyenestis eppdaiged HehP TP sPabedi s a

si ngl e-

)] = o g l=l -

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 powoommwapabl e of hybridizing to the 3' end of theCpUSIESI®Xt eNsi on
product. In a preferred enbodi nent, the propronoter sequence is located in
the 5 paqrtion of the oligonucleotide and the hybridizing sequencg is

| ocat ed ?Pﬁ[t @ Feths Pripysy exteRsion Productdesuls iy AuRlier eamplising Ak O¥sBYE e endnd
MOSt Y Rire PYO thdl 8oy TR EHiaid0 e ¥ Blshrkad HomSE Gt dypikanent
sequences. In anofﬁe? 30 ek@%d?ﬁent, fhehprgﬁgtégmgﬁgﬁﬁggﬂsﬁigﬁn%’?equences
over | ap icompeigingater pde of theypropromptdr sequreatd)ePDNenpaginesase fills rethp overbteg and
hybri di zi,ng sequences ar he sanme seque ,..and thus ein e

P ont | on B HeRRG: SOREIE F ML BRI AR S LR TR e BY P SHUGH KNE 35 w0
01/ 20035 RisthdeeR0/ 25104 PTO to the prinmer extension product results in a
dupl ex conprising an overhang (the 5 end of the PTO that does not

hybri di ze to thremdics piquerats that aHewdsansanipiion opa taeplate Dy piagaknopvn wshpaitsi ng

all or part,,of the propr ter sequenc DNA polynerase fills in the

over hang b2 Bekf L ORERERARL PEIERT T rbboie? RAEFERGeleker Tnbiiniye
transcri piptigdal @inseriptidriapid it e RelitRTASA poRmdrRdeaised e QHeMagsr At al | ow
transcription of a tenplate DNA are known in the art and have been

di scussedckpiéus i-c.pp ppisiculgr promaier ssavanse prrtiselgtle fveredbse pagicwar RN Aor ovi de

opt 16*3! t@?ﬁ&&éepfs'a%%o%tih Yild aft. orte'S}EmB@r {He%HJ}L?ehc% RObUTRAAS fortS €T
Criteria tor such selection, i.€., a particular pronotér’ sequence

parti cul ardnycriptivnbed 7HYNA depeident RAIA piipméispatd/SR6 asdknoiva iakieark ithen i n
the art. For exanple, th equences of the pronoters for transcription by
T7 DNA ddpeHaEhicIRRicesan SbépﬁﬁﬁﬂgpﬁOéﬁémﬁﬁﬁﬁﬁoPﬁethe art. The pronoter

sequence can Qg b EmBoBhRIAL MRPTO E5mBdEs by ‘i'l{t'éx%eﬁ'iﬁg %@gn&é‘bé@z% a

enbodi nents, the PTO conprises an I ntervening seque et ween a

pr opr onotpeepremgtes nexpiendecand aymrtipreapablealf hgbrdizing be ihei 7 iend of thetpime' end of
the prinmer, 15 extension prqduct. . Sui.table | ength of the intervening
seqlibnce ier B PEIIFE | PiePls et priPe ety s e SETeRecar RGN 10 2, 4,
6, 8, 10,defefmink8, HdTaf Bt aflREst abbitt 120] £ 6, 8eANCES hEt@ebtidey. Sbitdbie

i nterveni ng sequence can al so be enplricaily determ ned, and the sequence
i s desi grigghenee jslentityod hoyintepyaningotequense samalse he cmpisieabe defegniaed.¢nd the

amplificall QR-a8 degigmo?)?%ﬁelcaﬁb%bﬁ?ﬁoqrﬁe@efssa%'ﬁgte%ﬁ%g% tee lo@a&%ﬁﬁ@%ﬂ ment,

the interveni ng seqtience sequence 'S destgne provide for
enhanced,conparedte omissionalf the segnacei i bnneryoditent, fAntppleyingrsagenus B
Ger]26()r all ys’eqlgerr]lge fhaths %gsclgneidsto %?éviéee o?teg}?an(cged, G ’rnoir;[: ogt?nﬁgl, tr]rg}lscﬁigt?grg }D ;[hieal 'y
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 vavg ol/zmBed to said sequence is greater than fronrarpsorsier that
is not so linked. The sequence requirements 25 for optimal transcri pti on
are general ly _known jn the art previously described for vari ous
dependent RNA 5899%#%1@@ ST G shnnpt fungtiomsthiciadsl. 255 pegtsa doram! 65‘6’521‘142
and can eﬁieﬁgob.ewmc[deg ! Bfo&%g[ethg‘tpﬂﬁfir fild2ti6A BF (R PIRITRRAIEBRY thal, he PTO
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enbodi nent, "t he O cannot function efficiently as a prinmer for nucleic
acid extiethsidmost eefhmlqaﬁ@e PAIO thaios kpteppable of pnchering additipn nf picledtideTO
i ncl ude t ent;. ad |t|on f S| Qo " end t he PTO
by & DA SRS Rr et BhEUEE e AR BRENHR bR e ek, ofndl ng for

ex arrpl e, nsolasild ihicha9a ﬁfenfmﬂbfa sprtifRpigfing bﬁr Such adyvidtiexyl group, or
i ncorporation of a nodified nucleotide, such as a dideoxynucleotide, in

the 3' -nost pddedensth of the pertonof theak TQ $hat ybridigessp dhedisplacadavineds addi ti on

I I I I 3
o) o35 bt OORBNYTRGR o o b 99, ASAEL Bl Loty i,
bi ndi ng [ahom 10stuabomslomuoteondes:réwnlmrglpk'efexfablyl“feom(abbmtdrs totbdth85PTO t hat

hybri di zes he djs d prinmer 10 tensio roduct is preferably from
About 5 POCIEBARS. B MO PESHBESIOMBFE AP 5t &) ABR5OH RO Sa5B T ERS P EboLY 40
nucl eot i gigsh b@u%gparﬁomseit@éa@bal%uf L8efahoHI0Wang B, gbfuﬂw?«ﬁ) a4 fds€Bah des.,

and nost Breferab from about 20 to 30 nucl eotides. I n son® enbodi nents,
t he hybr iabputiany Oﬁﬁxetfbb@wms 3, 4Deé@st60atT<hgtcommemﬁnta:rhmf thblhomdugmg?ponan 10,

and Q
corl et SFer g upt s oS e Tosg Prstrerisat 8BSy P <kip sk B Sbou
25% nor et ﬁaﬁfaembIS%,&hd hRREprefRABI ablRiet aBMRMVOM e itP [RéRleaBlndingat | east
about 75% and m)st preferably at |east about 90% to its intended binding
sequence SeAfepsfeon Bedareetieleds ¢cidici . DNA pol yrerase, 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 IDNA pblyfnetdesecribenicleBdAand 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
primer aocond2mg to the nmethods of the 25 present inventPoOwUSHsorddi ngly,
a preferred polynerase is one that is capable of extendi ng a nucleic acid
primer along a nucleic_acid tenplate that is conprised at | east
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nucleic acid strand. Preferably, pol ynerase does not possess
subst ant ifahiliai mrmg;kllbdtlnﬂleta]t Mﬁ@ﬁ'e]ah%l §olymkeasgsonyrhaelaihe Shrad” little or no

5'->3'" exonucl ease  activ s to, mni.m.z eqy adat.i rimer,
Do minat COE|BReReRRY bt hoen il b 1ol BbAl MUESH  EREBE N ARG RF oY |
exonucl eam@lifi€dtion rhythbds degreied MteiNShieMlODN ASpsIimasséHor 84l ih the methods
concentration, 5 whether the tenplate is double stranded or single

st r anded ané geMBesitiensto thepresest inkprticn laﬁalede thepg diselpsadgndhd BakiNesed in the
ar tyg Mt %pﬁ%ﬂ'}‘%nﬁ%w?fza%% ‘Hdﬁ@ét @SUI?%rfd(Bp%sfﬁg‘li‘% tty has

been del é are ‘known’in Ication
met hods thserng&ddeaolabs), B§iL(Bicflbid9; e&bMPﬂuQSymtaga&gﬁdac(Pam&ﬁa); sequéreinget hods

and conpositions_of the p ent on i ncl ud se di scl osed in U S
Pat . Nos 2126 T8g ARTeeah and the qszabqaﬁam bpEIctRTEs By %moamé K51 and
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(Stratagene) Panvera), sequencing grade (Pronega),
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25% nor 90w, ef deafdidler’t of edfthct botwalR die RilYmeayeihd e 8° BikdRhéplimeat | east
about 75% and nost preferably at |east about 90% of the incidence of

cont act Bé&em@mptqd@ctpdw@mﬁ sgeodimenishhemse phthegpostaple BNARolymesases¥ition
d | h
product. ﬁ}d;@gﬁ ?’fé | i &%s P&E‘i’reﬁs Sl 8619@{1 (F%éép ?rPIkﬁom 2 a}&"E‘LLcﬂ%ES W t

strand dis S preferre ynerases aré known
the art, dsm:lbedim U(Se?af il\tmed744|311>J(aSad Bfetencbiocitcl AM&3ih). Prefictablef the ®NAS Ci t ed
t he%rqell n) b ygneeiaesg bl YmettQ%o %fr%gdlgg Ia t%alryase has Iittle to no proofreading
act4Wi ty!
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 ablwo ot/bo®35 ri bonucl ease cl eaves ri bonucl eoti des regreTiUs@Rs0d4 t he
identity and type of nucleotides adjacent to the ribonucleotide to be
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conposi tiBRs@h taﬁ RISl DGO Pinort¥ihd GERONInAIB sklifie Nl el udi ng
ri bonucl [sﬁn > lc . al?}? % depenscernt %\lﬁ g%\%]y rsasee or use in the
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t he 01/ 20035 PCT/ USO0/ 25104 TSO or PTO as descri bed herein.
General | womphaerNAf saisl madiodsand eompositiengependent  pol ynerase, which is
preferably capable of transcribing froma single stranded DNA tenplate so
|l ong as the pronoter region is double stranded. In general, the enzynes

used i nclrydelon PordigonsalaQidtecpnl conpositions of the 5 present invention
shoul d not produce substanti al degradatl on of the nucleic acid conponents

of said met hodrapRiiatTeaerian nedia aneenditions ferosramyingen thinaehedset then
Appfoopf ' }Eé‘seﬁtﬁﬁ%dtfaﬂ AERLS: tﬁQtd;hos efhtuh ?anﬁzlci %Pﬁﬁéa‘i }Sh !agco?&‘i}lé %;ﬂleqﬁ#tﬂé)&s of

esent 1 nvention are ermt nucleic aci np I cation
accor dl ng)f tle freenniivbaits. Suth tﬂedlam’rﬂ%nﬂltlloﬁyaﬁﬂmom t&peBormsaddiskilkindhe
conditions ar k to. persons of skill in th art., e described in
vari ous ﬁ&bm&rﬁ- ?Félbe‘g lcyprious puiicapaps, sygh aSr}J 7RatsNo. iﬁﬂf’ dp‘i% No.

VD99/ 426 B3, KRB WeYod/ile¢s. Poxbékfafr%qe H%Ylfi*éﬁm!{& 'bé TR L EEr, afhdUpRUIRr Yubtefs

buffers can also be used as g as the buffer conmpdnents are
non-i nhi lsan elsy be @smym dsghe buifenrrontponeits atesnomeinhibderyad enpané nvent i on. The

H j f er abl t 0_about .11 ferably f bout 6 t
Pholi B Sofpanertnr LBErRREHS o7y Pr & Rhonhe pHIS BRIy T syt patgbo © O
preferablyy, ﬁlbw@rafmﬂly froln dboued®1dbolt PO, el;&en{o%fe@iblﬁﬁ@tﬂ%o@ﬁm Aot

include bivalent netal ions such as vlg2+ or at a final
concent r & prshmest Frefeeablyofiemiahayt 7. %t%hom 85. {lihe reagrige merium ean alsvinelude 01 t o

about 10 'I’Ml RALeATR frfs 5,85}?% MMMBB%U?@% (]T‘géﬁtrgt %ff?eg g bS8 Gt

nmedi um can so I nc sal ts,’s con ute to the
t ot al 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 reacitions, 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 medium For exanple, the range of a salt such as KC
is preferably from about 0 to about 100 MM nore preferably from about O
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about 75C, and prefera about 37 out 70C.  "Nuc de and/ or

nucl eot i d:eefanah]ymut Rliath aaemtd@O&ylM lean eloeopicfieatily apha$P0 a6 sisout lﬂ(bmngan be
enpl oyed for s%/nt hesis of the prinmer_extension products in the nethods of

t hel5 i nvand mes @rﬁéeerebquéGOﬁ) tp abiout h3fLisl. dn seme amppdimentsbp puelpetide B0 t o
bout 25

ot 2ol S R ELE AR P00 8RR RPIR M ISR R g

about 15@1@;- dvtand iifos examsleftodiaiEing Hasepairirgd that is deakdr thanmdneaﬁtidiﬁl ATaCog whose

presence in the pripmer extension strand enhances di spl acenent of . the
strand (8 RYAMpIIBIched adeg irrgwlfézgee BaPalFRbidE ABd logsinglus Arorpingsine and

conventi g'&ﬁ-lr m%-ﬁlﬁéé%as&aﬁ?opﬁhfch%@ kol i‘ﬁcthé'gﬁdNutﬁ'éGﬂ”'d%léﬁ Htl) sOEuch

nucl eot i anal ogs 1 ncfude deoxyl nosi ne and
whi2fh ar es kihonweldonide trephansphatesy thae otni btegnlngkdofior syrahesipsaf tbeuRNA transcrlpts

in the methods of the invention are provided in the amount of from preferably about 0.25 to

of

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, 104, 106, 108, 1010,
10'2 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
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react|on can be a roms I NS

i nt er r uptsequencel f‘@uﬁﬁﬂtz&ﬁﬁelaﬁﬁly@i& i diso feagiblef iDisct amd ipdivelt detettson melihodd | ve of

the (g) ' esemcﬁxd(i)r}cg C}ugleltlttagm% 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 examwepr/pszonpari ng the anount of product anplifi eBCTsewvE1d4est
sanpl e contai ni ng an unknown anount of a pol ynucl eotide containing a

target sequence.to the product of anplification of g reference sanple that
has a  KiBSHIGLANGNF 1 DOTGARaEBIR FSfRIFEP LIRSS A SOMPOSTR PHME MERRS T3t ga o] the

sequence . ihesit MR s QksctiBEIREreinsRAHENGR4I N the test sanple can be
deterningg.BTﬁgﬁgnﬂ%f?i%%hion]ﬁ%th%ﬁs of the present 25 invention can al so
be extended t dnanahspsctofidhe prespne roventadtt, emadthahfor amglifiengiemuélegtidef t he

t t | ej id. Further, d i 0. |d be eff. d by, f le,
i nat etHeare SpShePtpiR A DS SRR B b N R B s
Anplg fi caddipmAEEMAf fu@éicabd e @8O hmpRN&Hoh eackievERe Id SAdtRMMaBgEcRRe

exanpl es of the anplification nethods of the invention. It is understood
t hat var insgikodfon amplifitiagia rasgrt Polymycloetidersgardnce svhersiy the ammdifigd peodaict is
descri pti_gn 01/.200 CT/ US 5104 roVi. hovye. Far. exanpl e,
rof o enceths K (EpaVidR e ometle€ diied RIIRYLE RS o8 A L TimgHE T e

primers dafptifichesh Mehed NIndne dsbddafcht, 4 metide ofispiemtedfsothenfln@satucleic
invention, a nmethod for anplifying a nucleotide sequence conplenentary to
a target 3[idcreadnceamphificatioaavhigh ﬁrtﬁﬂ?‘ééﬁ?d iy proyisied (hgreinatier “Methadl He dpral

i ngar n i i i fi i i i . r aspect,
L o o ot e Sme ARG ER LMl 1BRH EKElo ol IBhOPT | 25P
anpl i fi ednplifidatodn wisich sselsekeRb#yuescepamd\H T Hasedhs plovided Shereinafiers Mehed red to

herei n as_,an "enhanced" |inear anplification nethod. In one enbodi nent, a
met hod of® &nhanced isothernal |inear nucleic acid sequence anplification
which is TSO based is provided (hereinafter "Method V). In 10 anot her
enbodi nent, a nethod of enhanced isothernal |inear nucleic acid seqguence

anplification which is blocker _sequencé and PTO based is provided

(hetfinafggg " -tpod] zr_hc15‘%r-e.n nue eiqnacid€§%% en lification
restl ti ngHR d : : wm§+4%¥QELﬂh&ggligﬂgggﬁgﬁiiption,

the amplifi catWieh nelinRel ©f trdnberiptivviehit agiplifipstiva desod of thesaidpdomal | i near
anplification of a target, nucleic acid sequence. The method wutilizes a
si ngl e c@aPodgstier ispthampal lingarpmelidienton Hlemiareet Recleis apidseqrense.c st wgod

o & Teo MHSHHRE Eom BTt A, RIS RERALAISE TR LAY, Dod"bel ow

| nsof ar asntif@iohisb@eence, 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
dependentw®bieqed yner ase, are not included. The term nat POVUS@RIEIICE
(either TSO or bl ocker sequence conponent, if used) is 25 added for

produci ng a product  of defined 3 -end. In sonme enbaodi ments, natur.al
sequenceggfar\?\)ieg REhWithetpdppsnastionsiequgnee., d g psofhermal; Ingprgmelification fyrther

nucl ei ¢ agjids t%'e}‘lﬁ‘rg{:s% ELD gﬁ@%&r&s@%ﬂ%@fﬂ&ﬂﬁ&é&@u&i‘ asRiNéE%rH.e§$lfx‘:Fi§a‘tiggci S

achi eved. Such nat sequ are known 1n the art, for exanple,

ri ch segdeseciption of thedmedrasahgyinal nadl¢iy acidetngplificagch ofthe inykentort wrshowatn on
sequence i S rticularly beneficial when anplifying 30 genomc DNA so as to
provi de g%’é‘?? 'e(l& end of priner extension. Wien this feature is not

desisred, the isgafifanMéthddsead PAddséhseatdeRiw,a8€ Bhdk Agplifcdtda M&ahoPds of
the invention can 42 WD 01/20035 PCT/ US00/ 25104 be carried out wthout a

t er m nat desigraddaampdify ThieglestrandadrINA| targetr Waiap theftargat todye amplifiedrs duti | i zes

aescr pt EoRvfe FRgeRY RETRERREe AR il <ot eReo i FhelRiinbigonc ™ ©

i nvent i OmaySeaayad dub usifiy elétiedds Anwn n ek, uchtag hivitdiati@litreatibent. #hen

descri bed below, the linear anplification nmethod is desiegned to anplify a
si ngl e sthicdAwstisprgle Hragded RNfhe suehms aBNgeer Yieal BNAyihe targedés fisst ds  DNA, "t he
target i i e e .ﬁl.sgl!ﬁ ] target. Target

denlg)fur a?‘.aéér?%%r%g" @ghg(gerc?)l%g t%g?[dot@:ﬁ%tgbrret c‘)%fsllhekiﬁ%%' in the art, such as
heat or al kal iAstsheahiitBigurd e, tlichiéneaaisgthiermsl saplificetiat mathdé df BEA, such as
MRNA or viral. RNA, the target is first 10 transcribed to prodyce CDNA
target by YBEALERMRARGHACPHS AT frtpe %alssmﬁ?ﬂﬁ eﬁkwéﬁl_ﬁe%ﬁepﬁlﬁéﬁm near

i sot her mgleqayiRlMettak 1 9Rd PR HALHLAS bdIRG anil Y BIHLEQN ACCTRABIACD. ShERSes MM | ar
to the initial steps of the enhanced linear anplification nethods (Methods
1 and 2) nddsicracisad chmbimad antdh a4 eoniiogitle pem2ALINApdly3uerie, hbonusteget suchucl ei ¢

acid is coghined w.th.a si,;te prinmer, DNA pol as a. i bonucl ease
such 15 SSRRECH s Su TN GRS som Befia o0 25 bk AHMETaE as
descri bednab@yediment, cAdHPar@pTiRA!GE facti APRBIUABPEInipd3ité biihefsATFwht adentiball udes
conposite prinmers of one identical sequence. |In_ another enbodi nent, each

anpl i fi caequsace: dacnpiar embedimex. eachiamnlification reagfingdselpdesy migiredr i ant s,
her e SR 01 ETE OB YR B RO g Ry B ST o
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 thé 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%o0 AdwmBs: ages of this enbodi ment include the abi PCTAStoRsI0# r oduce
di fferent sequences of interest into the primer extension products. In yet
anot her enbodi nent, each anpljification reaction_includes a _m xture_ of

conposi t eYprdiAe fasthe wpae strandiafdhstargeb e foraha s mefectlzp cgpplﬁis,r)éXr{BJ:{gum bhti cal
25 sequepge ?Ih)E/ B%&B@Bﬁhg fcoﬁ@)é‘éi%ir B er 1O BRE LY al&%ﬂt@%‘%ﬁ%& sBadd 6y ME! TET S

preferential rirdize erent target acl equences or
di f f er entpobinieeaseaiptogthe ke efanpbriteningedf the TSEO ar blackiedseguermedompduans tages of

this enbodigent in .mul tiplex detection and/ an sis qf _target
Ui €1 ¢ SEUETTPIEBSGH (BT Aok 1 bHOBTUCLESF Svenasdar thdryee e RNGr o aci d
speg es igBn@allPiRG) RIGAPHdriibF 8 the BxfeBRGH britfer &Qoﬁi_}gﬁl%ékrﬁxi (Figark l1laues fAt es an

embodi ment thdt includes a termnation sequence. _ conposite prinmer and
t he t er mipnatuce porsplgy e0lR (FIZHE Iov-O) dcieeondseupnsise proepbindsito) conyBexBXII

01/ 20035 ,pPCT/ 5104 . hybridize the s S r, of .the t.arget, to
Por o o ¢ (T ies TS0 25 Hobrrial haft rN, el B TR g et
conposi t @oRpleXEXXIIB (Axirended).atehed Frepdrastl6f the bbamblcdipdshe prifiet theRr ase, up

to the site of hybridizing of the TSO or bl ocker sequence conponent, to
yi el d compiplacesdke 5{ Fdof the primecyxtension produetaad hxbydiees tashemeast tofosmeaves

t he, RNA, . . j f ) riper npl ex
R BT bl 5 RO Aot SN BTAR Mo R s
conposi t ehepaigeets denadly tfayomlrr;ﬁeemem&bfidizéﬁdngwlhge 5Rerd ?fbhe paiinet di(té’r&;’idron of
the RNA, geperally the 5 RNA portion to yie conplex XXIll (Figure 1
A-C). Th&rqdugksinee tb%hw%ze@ﬁ teRd obeiainegripasite of Hrdingof thedMNAdi splaces the

5 end o i i i.di epi: et to form
20 compr Beherle ek Gl (03 LRI Eha SR MG UFETe A RCPRADCS] L

conposi t extensioerestilss intdisplacemget ofi the {jest priader yxtension paddustdo yiehbcdmlex di zat i on

of the 5 of t rirer ext ension roduct since the hybridized 3' end

of The e e By TE bisian i graes RSl ol Sadie Sl BNAST ° nen

extend t QepRiceBit PRbddcRewRth BRY gedbiaNg cbmplehneey to e ita{rgét seQieh@fsi on results
o

in displacenent of the first primer extension product yield conplex 15
XXV (Fi gure | Abhepinginwrapdesclabd (i.g., theplsplecedimsinar ekgnsion prodretssefithe e
stranded; i snl . duct i I atary to
the tar bt EuaiRRaPaRRAL B, Ml LBl BRGoAEREh Sl SRR APERI LY, o
ext ensi ometicald kadeh ivfhetdite Vaaivubaomagerdeconear hadrpgéneboaddteaioneidiadisar e

' eaZ%i 'y Csil?itta% e;[ tao? Ithee cg)e)t/ec%gx o?gingl%ns rar?deeEien%E:lie?cnacid 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 esvowr/aoops evi ousl y descri bed, including identificapCuStmy2ss04ze
and/or mgration properties in gel electrophoresis or by hybridization to
sequence- speC|f|c prohes. The detection of the anplification product is

i ndi cative of K@resustienekatdeast heatdepsyld, at @éﬁ@éﬁ‘ééoo@}aﬁﬁt@??t\ﬂ@ogﬁl ysi s
is also f@z%?éﬁ%‘u?los':&r leSX20RItS 07, QYle%&rHBQ{u' 1{i: atth&s@éﬂ?)ﬂmo@fconﬁrrl‘erﬂ&ﬁﬁ’ﬂc"

anplifi e roma tést sanple cdntaining an unknown anoun
pol ynucl eopieslef mhtcapymﬁtgnmlattap@gnudemdemambe expeh’e:dpﬁhusltaatimgfto aniehstfli cat i on

of a refer nce sa at has bt Ieot| de t hat
cont ai ns ¥ éSttleF é](gé‘ﬁc}%a“!@;o a{bﬁﬁﬁﬁtag b r‘%@@“ @8&1@1 U least about ¢ o gt
sanpl e cqp’ taewéata%ﬁ@ ol @ﬁlﬁ%}héﬁt'vﬁ?& leQfecRY dAeR S0 oft tBRpREES ENt

i nvention can al so be extended to anal ysi s of sequence al ter ations and
sequenci pglysickepade30 t arget nucl eic acid. 44 WO 01/20035 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  ab@haddd dine UMY BIERAS PFe¥ultif i %s@RN@aﬁbdﬁ&py of tenplate
pol ynucl éotide_can be expected, thus ITeading to at |least 1, at |east 10,

at |east 100, A€ presgeitinyendion alo prevides rabtbgds fppsmphifyinga targes pelynualeqtideat

| eagy abaule;2e $Re nathe fifieRRULHORRA O BN LIENLeglibAdL { ESDGE 1O
enp e ?n (F e ?1 @l rﬁl\;{)Y'F iC

each copy ucl eo anced®l'inear a at ion
resul ti ngequensemergENMmeﬁuaioanfear@emRMc adid ecdording & Methpidoly imdéch et hods
for anplifying a target pol ynucleotide, 10 s uence erein the anplified
pr oduct TESURRIN @Brgﬁ%ﬁr?ﬁ‘%bo tarf@@éﬂé‘@r@é‘éfﬁ@ﬁgé’ featgon prg %CO@@H%E(E%%%{S

target) . oofRlhd lht‘éf's‘iv'ltgﬁ‘oﬁ%oxﬁl%fe%&e@F%eﬂe&t&ﬁbdiin@{r‘sc oJided fér%o'ﬁ(? Sk the Whi ch

results in the generatio a uni que |nterrred|af anplifica product
conpri si dglemlgﬂﬁicawdtottmmmmﬁ@ns\ﬂ]lht(cbmlangonmd tothe digbl(ldiﬁ@)onrceﬂtm ed

porii ons rOV|des r coupl.i,n the, linear | i.ficati

rafioor s peRbiAe sHighaBrpTElPrer el ipiseh foPeu IR SR e Sstal ot o
swi tch olfbmeﬂlﬁmnl @ethéiRNA PélyHicsaat agigh pérdciREs MRRASHOMR P HeGhmesS a
substrate for transcription by the RNA pol ynerase, which generates an RNA

pr oduct éﬁnaer@éﬂyan@al@égﬁéeca@n%esmw@tlvﬁﬁmnlﬁwg@@n elenpistaieecid Gireet] ar |y,

anplific i I
formati O%E:&?r&m@é %%?e%reg@#sﬁgr ex(%lt%1 sl ?ggﬁg 8{191\/\%@){ t%?sg%{ﬁ%rrogﬁy t‘)}%hﬁc Ized to
t he pronwiten hybrigized ® thé pgoaruted templactkeoligmme@udedbnhsax compleg hwhish & 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
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20 substrate for the RNA polynerase. As in Method 1, this process results

in coupling of the linear anplification to transcription. The production
of prefemvadby2mss | east about 1, nore preferably at |eastrabust/54 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 abogy. %thc} ]?gbg%%???;;ﬁjn%@mé/?%)b c{%ﬁgﬁca@gn even nore preferably

at least a nore prefera st ‘about 100, and nopst
preferably at IheasEmh@cﬁntenﬂ,ﬂﬁﬂmmbdsﬁﬁh&acanpln\tﬁcawmh imetlegipefahe peserithe
i i nked net.hods_ of Bel ow are two exe Iary

non-transcription.li l.Lification
et hods. . InvRstian ikigksd fotanseripean fiemdho Brpar ewsmregq%ﬁme@de ERiER
l'i near “%kl%i&ac?&éxﬂpl?ﬁﬁ&hbﬁ' Aadch&fad URBEIRITRAThiITROTVel dhipfinladlPAsRdd,) | ”ear

anpl’ification method of the present 1invention is linkéd to transcri ption
from t he Methol, iexhensindriggredd\€l s to provi de enhanced 5 nucleic acid

anplification, descrjptio f this tlon

verhod 1o i o FHEAVCE RRR glp ORI ER kR A i PR i FP R | on
net hod Ofcoidjb@sﬁefb&ﬁﬂérl IR IboRe. SARGEd FHRIRAIEItRIe Rkéd R the aﬁlﬁﬂﬁééiirohbed
above. A second oli gonucl eotide used in the anplification od of the

i nvent i onngtodof thergivantéorsigiattemplotd syatehclligonucdrotids SEFO), atﬂ@cﬁsalssqmlé)séri bed 10
iy
aboyg. T'L‘Bo%’@%‘e Sgﬁg%aﬁgggﬁ&ﬁ%ﬁﬁlewv%nhgﬁ’ S’iﬂhfoﬁ&‘th%%&é%gﬁﬁ%%&@ %9

enzynmes a rrponucle
dependentpoRiierpel y Fibsaktease Sivh as RN Rt &1, and 8 DNK dependentFNAplyrhdrag. can be

DNA or RNA. Anplification of an RNA target will require initial_cDNA
synt hesi s eaglninewm tapget iebegplifigdecan by op RN Arpification pfasdkNA

anplifi C%ﬂg%%ﬂ%dlu Aftial EBNEL{ Bkisl ék"l&fZSWnQH thelapt.Can produce multiple

copi es of us (i.e., sense) to the target DNA
sequence. The Tiemgivel Sﬁ)-tbamdemiharmeg émearlmn;éifn:am nieihsd obtiei presgniiny éntione

co ite priner SO ol i gon ot ymer ase,. ribonucl e such
e Base G PiodgRmalialchan o RRACHS P caaolgfitiolLer saepdadne Gieh DR
deoxyri bg gosi de triphosphates (dNTPs) and 20 ribonuceoside

tri phosphat es 'équTPs in a reaction nediumsuitable for nucleic acid
hybri di zat i on Thedinghpitianieditargsh nueleiciapigvip combinpd withtthe Sunpesitk erimeact i on

medi um anl%O oligonucleotide, DNA polymerase, ribonuclease stich as RNase H, a DNA dependent
RNA polymerase, and nucleotides, such as deoxyribonucleoside triphosphates (ANTPs) 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
precedi ngv@vep®3s | n anot her enbodi nent, all the steps of pChESoedshe@ds ar e
performed isothermally. 25 In one enbodi nent, each anplification reaction
i ncl udes conposite prinmers of one identical sequence. |In another

enbodi meRFIMEESXENAPRHPIOfREtst Inoyet ancther espbqdimentdeash amplificion reagtiogomposi t e

primer vard ks mihes sf&naagrﬁity 3R SnERH &%%&ne&%ﬁgp%?ﬂ{ggvgro?g{mé pgpus but

non-i denti cal sequences, erel'n all are‘capa zing to the
sane t ar gdentical sequencesabatdirs efjioenmeno hbineolbgyyahd ghefeiethe pnioers prefrertia)lyi s

preferab at. lea about 50%. 30 nore prefer at. | east about 75% and
nost pr e%?fé‘iiF%/todf‘{th@&EW%%BEﬁleléé% SES ﬁ?%‘b‘éﬁﬁjs%m ties §%8ﬁﬁﬁoqaﬁ’§ﬁf‘rgie cl ude

the sabi | inh?z’lef‘c%cid"@tfaﬁé.“%%v&it&ée@ro?ﬂ{is SRB6ERCABInCludE Rhdtist ddtbltRdnldag/of6 WO
01/ 20035 PCT/ US00/ 25104 priner extension products. I'n yet another

enbodi neanglysschtasgep hi¢leic atids thrpeghcamplificatioe bfial phiralityriok tanget no¢leicanisosi t e
prinmers, wherein th ?Pri rs represent two or nore non- identical sequences
t hat ar e SB¥'PINA5Peo Iﬂ%lﬁ‘iaﬁﬁ’ﬂ},r Ao wherein the priners preferentially
hybridi ze to ¢hbheERpédinehdeHe TREO hificloRCdsth S RAMBNGESeqREndiahll FRMdesl t €S
along the sane target 5 nucleic acid strand. Advantages of this enbodi nent

i ncl ude PIAPEPIPPIEK sediveraet ilb anether/ esrbodinertythe I S§F deesmgbeomprisedi RFoprem@ter

i e atiehic A Bl ol bbb s AR L By B UGS, ",

t er m nat iotiporaetiodde,suetngs PPTO| thascomprizeoOp proppdrater seperccad it hytaidizdbiy
enbodi ment, the TSO does not conprise a propronoter 10 s? uence. In this
embodi net thegd B%}@f!&%ﬁ‘i@ﬂ@%&fef@@é@nm@d& sHchdbptdpsariptign gvpaweﬁrher

ol i gonucl.e@h g€ rroil&itaf@$carPTO that conprises a propronter sequence and is
hybri di zabl e tg the 3" portion of the prinmer extension product such that

transcri pti onTbé singk qomposite prexereasl the TROdterchy twahzeto cbe sanfehstrasd nfthe

co site prinmer, and the .T hen bridize to the s strand of the 15

nuche: o QubleleRgiyd BE AmTAELa Therie hgpnFiegiih drirats HEET 1pe BB ded o { he
sanpl e  sukpR@ed BfcAHtaifPBHR AdMdc hal8 tE&! pRios tithk dark e iRleidPAdiPledaturhtidh t ar get
nucl eic acid denaturation st eﬁg. Hybridi zati on of the two ol igonucl eoti des

to the tatepetlybridizntdon efsthe two pliganmelepiadasde therfarast strand resuilts fothe dermationonpl ex
(15015 ARG, S8t oo ou, pri ot ext eneon e pr et
2A-C), up to tANBN padydbrasSeartiydait @rinml evtension. 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 II (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
the formwoommBdsthe tri nol ecular conplex Il. The | ast cpapus@asi@ tar get
nucleic acid, the TSO and the first priner extension product. The first

primer extension product is_a unique DNA conprisin 25 both a target
dependent$ TPGP‘@FEW dseradation gf the RNA stansl %ﬁﬁ?ﬂﬁgMDNé qt%;roea?rlamdegf@é%the aci d)

and a TS

cnnybr i dioy B onet v prapds Qfrblondrod SERRG{RTRIGHRAL 8 hgluleb Somplex,
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dependent RNA rase hind the 30 function r of conpl ex
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WO 01/ 20035 PCT/ US00/ 25104 is specific for degradation of the RNA strand

of an RNApDREXHE(Eeu2d1-€) in wbighadbsthe RNA sortiooy gctn@ralldfthc ﬁueRIﬁAt pegtion, of

t i duct | I f e tri ar. co V. Free
corpos! SR RyBiFEEedrs lorect drasl Bt EshishifTahe S pOU BB He 1 ar ger
5 nucl ei grigfk dxtbﬁm@xom&ia&ﬁ Mhé B DN2epatfofebf thEpastidiyybeliizad p@mer ®HUI ts in
formation of . conplex V (Figure 2A-C) in which only the RNAgIortlon

gener aI | yesuldn Eprmapian BB?QmBlﬁX Vd(Figuree 4o iwhich ds wﬂtsmez‘@rca PA he target

FSJJ; {) c t ?o@%e%g rr%%h'&g)lfo %efpru{i@sa:l] ex&gtg% a?gﬁt gtra.rﬁ]cp Qf gﬁ}g rZAeéﬁTEegﬁftQ
result i rdlstammrat:mtmf theef ﬁmomﬂnev(eMns(dﬁl rgoduet ﬂ'Aﬂ’ﬁ)lﬁ cmpblx il?&peatﬁdlmmélat e for a

DNA 10 pol yner ase. n of the priner alon the target strand (VII;
Fi gure 2AXEpsippsand tsérapﬁiglsa %W%@Wéﬂ?l‘b&enﬁ’f?goﬁo sultple femessd ensi on pr oduct

fromthe 68/%&1@6%@8%%6‘3&1 141 %Etant@ﬁye&bﬁiﬁ?&ﬁelﬁm 18 ARG AhRRiacgHRNt S

resul t |n generation of nultiple copiés of polynucleotides that are at
| east subst anflihalptiper omphemepmdmyt geoerated as desgeibedialodveiis usediad a tathplaferforrer

ext sio roduct neral da escr.l bove .is used as a tenplate for
FansdrliERHR 1B R aT NIRRT FRP e R PSR S TRE bor onot er

Sequence tcsnddar OHe ath @rieHes Bktahsp6h Proti® (VEN! EiRGleDN - EP, agbedizds\b flee Fi gure

2A-C) hy r|d|zes to free TSO oligonucleotide to formthe partial duplex IX

(Fi gur e’ IROligopyeipotide todommn the)partial deplep X SBiguee bl Eommlexr(@aplepblt i on at
one”ond S8 OALESRNRIER 0 SRS AN SRRt e o
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 promweni/mfo3s he partial duplex | X and transcribes theCcpuSiEsi@xt ensi on
product to formnultiple copies of a sense RNA product X (Figure 2A-C).
The products of.the anplification descrjhed above can be detected by either
25 homogfBFEcHI tﬁ%fﬁé?%gmsa@sb%%ﬁ%m mlﬁb%rg?nsmcqfﬁh? Wﬁ@ghgﬁtw@ati on

by size ! i j i B o QL
ybri a2 R to dBEGER of QOB APAEITER ahld <Biftlen ShE 61 IRRNRERIcRC Riid e also

anpl i fi cdedsire, s ddseeibed 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 & pol WIBEbEILBR kerdQqhdib-BusbdGhandedallei SRUVEBNEBAdMohhe product of
anplification of a reference sangle that has a known quantity of a
e
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WO 01/ 20035 / . 25. i t est _sanpl e can be. det er m ned.
For e S preeh MRBR AP e BIEREEoR A ol SHim U RS ldiBrsds” SL.0 Do

al t er at i provadelerafcsingicleie afid hmplificationt THivalt@hstiwtntladded liabgo feasible, as
descri bed bel ow, 5 Method 2 .-Bl ocker, sequence-based enhanced nucleic acid
anpl i fi camphfictpn, Nsthed 2. avhigydass met invplve g teaplaie svakhesirpelsishewn 1n Freass

anpjg ficat_pn nethod of the present invention is |inked to transcription
fromthe prinmer extension products to provide enhanced nucleic acid

anpl i fi cati onMédhod?2 atitigssni single enmposiechrimereasin Method 1) asales@ibed kbdved 2,

whi ch does not involve a tenplate switch step, is showm ip Figure 10 3A-D
Met hod 2 33’[“?‘1?‘?&%%1“?‘??8 CQPW@P%R B@'ﬂ‘r%b‘éiet ermnioﬁ’@f’{lucé%otﬁdﬁ Of A% A %Pnil,%féa%‘d%iescr i bed

above,  anfbpCKEIEh,SRULKRBE] SRRORETHthMabldto hbRALLERS a SAuhdeIAHELHRL | de or
an ol i gonucl eoti de analog, which, as described above, is further able to

hybri di zéarge nuckepsihsieandas thessinglerprimenagd e thiod pléganugleptides thegmdmatert he

oii . bavrilet PEN WDl 5° ot BTt eRlitBiel o3 RORRR oMo R 8 5 © 7

hybri di zéybiadide (hdRs pletsradly YoraplRplcatepltathe) 3 tardidfehaddisgackd¥kteénbiondi spl aced
ext ensi on roduct and a 5'-gortion which includes at its 5 end a sequence

of a proRBAFt 3ngha ¥ -Iaon whisederdrdesRAAS pofihibieayence af aiprorofer fps@ RAcr i bed
above, 1 Re,SagHas §ﬂfo i dht e)slsyigltﬁﬁtﬁé%@gﬁrfb%d%B(?ve?{h%@%f‘erncé fMERGRIY S

desi gned to provi preferably opfinma
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 gmedot/zobybridize to the target sequence at a sitepcwus@nsiet | ocat ed
upstream towards the 5' end of the target, relative to the site of

hybri di zati on of the single.priger, Stated alte tivel and as descri bed
above. ¢ minels weedr B gy i senguian T i Adbreb gl pe REERERE ac d
sequence by he@Mfing Ganly bR REbIvh e thdl KRyl iR t8ELrt SENVENARAL REftmeRt. When
conplemenfary to thé 3 end of the prinmer extension product. The bl ocker

sequence the st nireleic gcidfis BNntshgh &5 mRNGS, ftharfarget ssfirasreverse hiekibet byver

ext ensi on e site.of blaocker hybridization to the target. This feature
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t he 3' - emgktdd e ivehtid, extension product. 30 As in Method 1, the target

nucleic acid for anplification according to Method 2 is a single stranded
DNA. Wen t he Thgsiele sitaaried pucleis acif dargetds conjpined mathethe gjagleicomppsiter r ender ed

15 10 OLo20Sy YL GRA0R Tl IS TOTD g o,
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transcri Be& By (- getNI&S aRhBNAP S nas wes deserihed fpr Mathod 1a {ubpletreagtions. t hen

anpjg fi eqd,AGGRLH : e ' i; [ randed
nucl i ¢ g’éi dt 3? %g‘?"tn‘@"&é %ﬁ%%nde%& W i ha%#é “‘Ei"hé?‘@"%%ﬁn{ég% ?}ikgrﬁfsgfﬂﬂ@nﬁ&t he

bl ocker @erfpomeit a differeprteppenaniergenenaldy kiveer(Bahat Bf\Ae podcydiep aeps. In

ri bonucl ease such as R H a dependent RNA pol rase, and

nucl eot i &Bgt?’_e%"d’&lh‘)d%&gntkﬁ;ﬁ’e(s&pé.‘)%WEO ¢ PRITP! el,?i lﬁéﬁr‘%ﬁ’?ﬁ&escri bed for
Met hod 1. Sui iaBh&emBafilnent) ed AMBsliNemi G FabRtinkiuaEScARiR SRS pHRRE dflad
above. In one enbodinent, the transcription is perforned a? a different

t enper at identicgjsaetcare.yln appiher emhedimenh cadf amplifiqatien exdiction ickidss a mixtueenot her
erTdeirre . . . h r erformed isqthernmally. In one
enbaodi rre%%‘ Forgg{):#eg)?flpnfeﬁs ?@%ﬁ%’cﬁ\hqfeé%c ei\gagﬁflﬁégpd seeélI &on%rorg?ﬁegloﬁ}qlﬁ’%ﬁug%}% one

i dent i calmof4dpitioglecquehces) afd@hereiratiirernpableafybading todhé saie tagR€t i on
includes a m xture 15 of conposite primer, variants, wherein the variants

r epr esentVENES 35K SFEHECR0 FBE BBOOLY (feauenteiidaity)dapreéaaRly At isast akowt Ser ei n

all are %?&@Bte?er%lgﬁlf%gt &t 9%, Anki Hos? erearél%gg%eaftrausﬁﬁjo%aghg%gfg%%PCe-

The honol ogy” (sequénce 1dentity) I's pre east about nor e

pr ef er ablthis ambbdiagnt mblude thesHlitana intwdticqdifernadquentes b adrest o tthed 0%

Ad Vﬁ)nt ag%%im%fr 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 anpiwéboatosdn reaction includes a m xture of conMposSPCEURINIFRILS,
wherein the prinmers represent two or nore non- i denti cal sequences that are

f ol h wh h ri referentj.all dize to
i 11 e enteoT ot TH1eise SASRY o8 Seiaheeabose. BF FrBig Sere e roil st nenibs s ame
target QQ@A%tr%@&ﬂa‘ﬂx RUAADR A INDY ﬁn&ms %t dibis? sﬁgm@ﬂaf{@é& RNAC '1%@ the

mul ti pl ex detection and/or 25 analysis of target nucleic acids through
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nol ez ul aprigiiekRisiod pRJIREL ByEthe BSDINA podRE oZkRNDnifkité priget QWP tihet he site
of hybridization of the blocker sequence, to form conplex Xl F gure

3A-D). 3Btension andugispleeement of fhedgaiisimersxtension predicRREYD, Hoceqd@awes the RNA

Porpl o MFEE Freabidi® Byt Reh Gt Bisetsd {ifesB B Sa S TRTD, Bl R,
3A-D). Ash@memeﬂuqﬂomtaEMetmﬁl VIl fully $p@plehicntdrpto the eagétigqudnee axE&{\IA

strand of an RNA/DNA hybrid, and does not digest single stranded RNA. Thus,

the ri boREENY £8BPHER3 3 neitd me‘g?w@qhnén?trceepgeﬂwtt%ﬂmt%& Repiated ol | owi ng
a i V),

d| sp ace rlr?%éroe?éhiaﬁse&ds 8&1 g HE) ﬁég’@é’g? fergre&lgﬂle S{EE%SP %%?Bﬁfcl)%%%% &gfls(%gh 3' - DNA

port| on gblynheleotdys dlsit hee q:mnp’renex(téé’qj)tp t}mrtar@tnuoéeat ecidi on and di spl acenent of

the first primer extensjon uct ce Method 1, to yield
it pl o copt dBearonTiE: g oaeeteaned GG Rodimpceaienah ne

di spl acerﬁ&ﬁucp{oq@iﬁﬁbo@mem‘hnﬁ(ﬁguré\m Db %yfﬂ%hbllzﬁ%f%ﬁﬁﬁ Bt &d/pdrod 1) t ar get
sequence and does not conprise a 3 ofrtion which is not conpl enent ary

to the t &f getpromepotar semplatege itheed” eesdtcéﬂmcgmacad@rlmer arigngipn ptoeigetnm s
oot L e ReRF8H BRI T b Rl CPRLE B Block BPLYRNCNARH! e Lr Al

conp erre nucleic a priofot el "t

ol i gOﬂUClp@@irbl(ﬂetef t%ﬁ@latbmdﬁ bﬂ@k&&g&h@lte&gﬂa@e@ll Bexéﬁaﬁdddrhlodgrtﬁédﬁplabéu form
conplex XVI1I (Figure 3A- D% bridization of the 3' end portion (A) of
the pr oprpélﬁ%?tr é?‘teF%%Pré‘fiBCtt he hee of dhrdigplagadeproguch Walk be exendrerbydhe ensi on

g(r)?fju\(;\hen t he 3 @ &?gmﬁggé/%%%r omP%@BQe%}%IFg%lg ?:égq%g?ytgP%gEJe@Q&?ﬂeor
t enpl at e prwprombter emtmznd etdfoaﬂnmmgmldneXH(,swihelm esnprives @kits et @wlsd dsrprpmottuct .
The203' eggqu%];lcett gt cdaln%re): u?'?l ed g)t %%%I&Avgelpénd%relt I%@\epno }?Igerg e. éloemplex XIXis
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 avolom2035 pronot er 20 sequence that can be utilizeBChySedas1@NA
dependent RNA pol ymerase. Conplex XIXis depicted in Figure 3A-D as the
product of, hybridi zatign of a pronoter tenplate in which the 3. end is
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m gration properties in gel electrophoresis, or by hybridization to

sequenceApelduelec gridb s discusspdbelevect i on of the anplification product is
|ndypat|ve of the presence of the target nucleic acid. Quantitative
analysis is also feasible. For exanple, by conparing the anount of product
anpl i fi edléthody wsingtte (mqrmcetiammedmds agd aompositiensrofalie inventibn a
polynucleotid 5 cont ai ni,n t.arget. sequence to_ the produ )
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inventlomaimﬁaﬁa&h@gsn@@ﬂ 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 detectlon) m croarray
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met hods o
20 The linear isothermal amplification methods of the invention are useful, for

sequence&f&memﬁmﬂonlbed

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
anplificavdonames hods of the invention are useful, for eravph®/25i@r
sequenci ng of a defined nucleic acid target sequence. The sequenci ng
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menber of the specific binding pair, such as biotin and streptavidin,
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di spl aced priner extension products vary in length, "according to the site
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met hods i nclude gel electrophoresis and detection of the |abel ed bands
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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 waot/zopsiy of the enzynme, which generates a det eeCBUk@®@/Signal . As
wi th other sequencing nethods known in the art, 20 the sequencing reactions

for the 4 nucleotide t A C, G T) are carried aqut either in a single
reaction EB&%%EEMQ énuelglpﬁpl?dﬁangs@wmg hﬁu%ﬂh@@f@l&lﬁé}enti ng 1 of ’
the & Nueh Bkl ﬂmeés)gmafa@d;q%dgzgo@therrﬁw%nt0 be used is dependent on

practi cal skilled in the art, such
as the nucl eoﬂiraifsctipiiorpbmsqbkﬂplenciag\wlas)gmvmdl/yaieshéiedIm deedcam]iltnﬁasafkmet

eanenct Al PuASy PATessa i, 308 Pheandiyfion sTaN TP Gradercttich Myl 1abefed or

consy der %hla%@ﬁed bt uﬁ&pin%srpefaubﬁ #§t6Ah RNA! tlaR e ipt Qﬂe&%@hh'a%ﬁoif NTPpti mal
per formance of sequenm ng analysis according to the nmethods of the

i nventio momrmamn arthe eeacios mixXtone for the renlpm@vd bu@arwmpbﬁg@tmnbn@thg@q\uéhm ng

net hods. [ n react,i con S sho ld b above
for the Ir‘f’s gta? %Félic{é?rbo Sk egﬁA &:lji‘fl SoRPIER IR ﬁtdoé?% oﬁgmﬁr iﬁé }?ﬁg
i nvent i ofpolydibrasd A& IIrARdSSoriiol M?oﬂ@él?aﬁdgM Suitable INTPRhalsgslate kab Wl i0f

defined nucleic acid targets using the enhanced linear anplification

net hods (heathobke lastasg nntyrn?rat@%pnqﬁ%ﬂxew@ﬁlphfmw me%ﬁdm@u disglagethei ng
95: d?ursgvg%gglxﬁggoﬁaﬂﬁgﬂ? }neg‘iv{‘}rs‘f%’r@ r‘ﬁ?‘%%%gﬁm drﬁ%@ L Ubel 1 ed

or 5 unIMdsIhd)d@)j t hat upon |ncorporat| on into an RNA transcrl pt effects

term nation of r{'L rrerlzatl t he re ctio mxturefor the enhanced
linear anplifi XsbsrfP %/ Fragiongrpgiu Ct?é%éhf’ce P‘H SeqUsRCONTEHeaied RNA
product s, MRGH (§aghiy SR Bek Jfgnaﬁo&s%@%m@meyamemﬁﬁ nfdthcist €s of

i ncor poration of the anal 0gs. Sui'tabl e rNTP anal ogs are known in the art.
The | ast isaledd tho@rcimmmeédibom)m s¢cBIen¢mg obdgfiredencizioacilictgett ustie the t he

di | di h
et Pod uQR PREERO o R o 0] 8 B¢ F B O e T eact i on products. for

the el ucidation of sequence information is <carried out using any one of a
variety of methods as _known in the art. Such rret hods i ncl ude those

descri bedMhdorionchasedisabarna gnati Sy hey if}c4 ¢thod
15 (non-enhanced), 1inear anplifi catl on met hods of the i nventl on. RNA
portion- based—+sot hermal nutation detection utilizing the anplification
met hods of The unique 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 havoai/2avet hod for the detection of defined mutati POBUS@r25104

pol ynor phic sites (such as SNPs), in a target nucleic acid sequence. The

met hod i § useful for genotyping, tection of nutatjon leading to drug
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enbodi ment of the nethod of the invention is schematically illustrated in
Fi gure 4.2 seduensf sltesatieriang the refasencrisequsoee arenfleles.ofhe sequenneppdistation praymer i s
desi gned t.q . : / . o} he..sequence
of 1 et dE it iPcklc Sl K P et O A ekt i

al t er at i gohdmatRubpPmatied byX ai BEgual 4.ernatively, the primer conprises an RNA
portion(s) that conprises. a sequence that is conplenentary to the reference
sequence (for In@nethen enbodimentqthe\RNA parivalD f thegampesitspridsr is desigesdiance in
t he;d est [ §d ol r . ' .5, the
T od SEEAlE Sl nEak Gt Beuchle AEpERRED R el BT ETARMLIRIIE ) and
t he r ef eraenlc Statedjaltarnativaiy thal prehesconiphsesaORNAcmradri(er thit comprizys a be a

singl e nucl eoti de substjtution, deletion or.insertion. The site of
sequence SAIYBFERALR cpmplaanArtq ey et Putleisy M S 5 gt PRTRIETRR R ner
embodi NMeRke relfidiendRNEIRAES [f@f‘ééa}nc{ﬂé, A Wid §PEREfIchE) Lagaiﬁarwméh drsegnede 0 10
be conplenentary to the altered sequence suspected to be present in the

t est tar ¢bq teplistgel nucleie ped iSedeedmpatedr dasome Epbodimenisy ihewitersdspqueses an

[ h i s : [ |
arie bt stolfhed By RaRR AR AibhR e FORBR TRl ol CubiiSce™

(for exanpl e, TheRNA pbities, s&@uaRCE)RNY Poftsdn, Bhihe RoipesikaititeficOniphised he t est
target nucleic acid.is to be conpared. In sonme_enbodi nents, the altered
sequence S¢arepgee whichiheonplgmeniay ©arkioma;nogmal Wi Hwssequsnee OaeksaVnand t he

(r)fef f[}:”ggnnlggrgtﬁf g%gpﬁﬁncgpﬁ% 'gﬁ%??g% S(-}rgkf‘erﬁNf‘a RO OTmARRE bithleY compfl¥gaROr t o,

RNA portion that 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 cov@oi/z®3s an RNA portion that allows the prinmer teCcpuséesenstially
hybridize to a target nucleic aci dif the 20 target nucleic sequence

conpri se Sequence ¢ | ement .to the RNA portion of t i mer
conpar edsft@ﬂa’rzchgrﬂg}g@nv 1d5;28 ec ripgengy of thegegstiphepndifign. t]ﬂ’é %@f@f%ﬁe
sequence @fdderde H"?n{‘h@rdgﬁg n 9PfR BRIposi®y rﬁl&eaéé%ﬁgﬁ%t t’gér}ﬁ{ e@vit/ A%l

nucleic acid as a bound pri ner extensmn produ a Its 5" -RNA
portion crbeianmd theﬁm shasmisa possibirithet the mikreatcl meld erileit olbawq@éﬂredﬂ‘dm er at| on

does not gener revent the initial of t 25 a i fication.
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mol egul arAﬁ&H&'M&blﬁf}dls'tﬁat%Iﬁ&%h ﬁlfﬂe&ﬂﬂﬁ&%@éﬁ&ﬁci&ﬁ@oﬁ%eﬁ%@é@ftﬁe then
cleaves the RNA portion of the extended primer of the conplex. Wile it is

likely tHENAtpeetiqy efghmpramer thug resikimatic kever lstftréenssiof amplificatfonexstpradvetipat t er n

of cleava of t y | eavage, iS. non ss, l.ikely to

Cake pr acd testpbfBetiaupiict” Bis. feniitPer e ENRRTIAT TERISAE5T s biie

conpl ex hyrgByhrthidis@eplof eHe aiplifitation pIBMtpﬁrrtHeﬂftem dfl privgerieRttinbioh €land

preferabl% prevented, by a m smatch. This effect is dependent on factors
¥

such as t lagepeniyndmeductgn piymudtinde oasesafthe moplification predpsts: dt i ng

ol I gpnucl,gatis gud%ﬁh‘! tl'ﬁ]ehf'eée%ttﬂéh ﬁﬁ?ﬁwﬂfb tﬂ@n{eﬁl%% bf’& n@?&gh&h loIQEE Bef actors
are ~considered in t esl nposi t accor

t echni qudmse/rbéri abisamaror @rﬂiencremftal pmnerrextelnmoalptodubt, of Quaiitlsamlvp(assipbﬂlsbn's bt the

m snmatch wil | hi bi t, cl eavage of the ortlons of .the co osite
primer, W%P&Féﬂ@ilﬁbedtﬂ’i@ FFFSPPIOR 19 rteH%‘nPlgr és?n @@cfﬁgwe@ € 5 Anot her

possi bi | 'ﬁrﬁnér%o%ﬁgesttﬂ@re%r'éﬁ@s‘éauéﬂcls l(fok @%ﬂle I ild ey, agf ;glh@n@@ 6¥a Of

cl eavage ‘'of the "RNA portion of ‘the primer t hus resu*tlng in | owner

ef fi ci enoyutefioraingl tafget sttand mnayrlem tmdu:cdqt@hablmrnplefs@tlanproctuntsaaltanmtmtyduct
The i nabi.Jity of the osite ner 4.0 brldze oth target at this
steb of ohe ) PisfRIR Bl TR AR PErs &80 i fEm e SRt o1 ana
di spl acengioveté mEREct i on of rrul tiple copies of the anplification
products. It is 10 understood that the detection of nutation by the nethods
of the presentWheR/dsePBROEEPrisRer rEPEgeHn B Sarnetion geprralende a primer

ext ensi 0330965}{1‘&% is t‘ﬁg{l Zg’rﬂﬂlltgor e%ﬁp{&ﬁ&%g %tﬂﬁaeoém HBUBA ofh s ?Cﬁlé Hal at ed

primer extensron pro osite I conprises
t he r ef ervelicleissdhremrmal gemotygeamillbe, provienttds whig a niutent gemﬁgpmmrget will be

gk S N RO T T
than t hosgpRkedueathplifiefich frodll Hif beifdive 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 wanptiods cati on of a sequence which is of the noraBlUS@esvidype Wl |
be prevented, while a nutant genotype target will be 20 anplified. Thus, in
this case the detection and/or quantitative determ nation of nultiple
copies of the anplification product will be indicative of the presence of a
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et er i ndt e S R e BBt B0 A AR B RS R B e y pe.
30 Any ofnutleR a2idddntdifathe eequeBtd@dmed by te3 Ihes antleotidecsTithO©tomp@ite ui t abl e
for detection _of nutation as descri bed above. 56 WO 01/20035
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corrlp enertérg?tﬁ%%%c%‘&%g&gém%g?&ugﬁ%ﬁ a{g%c(;:ﬁ? @g%t 1%1%%:'%6515??289?%” mer is used
t o char acbvmplenentdne tthe Sé nwat wuclavigde n€ theabnpositd @imer. SEgUatkos the

Hybri di zati on of the 3' npbst nucl eotide of the conposite priner to a target
nucl ei ¢ AEFHNFSCay ﬁﬂeﬁgao%m“&}tﬁoﬁﬁnéﬁPBﬂE?t&%p%ﬁ’@*’ﬁp’e INSERUOK P&t

ampl i fi cakieAbn bN&s&pbh debRent ddomPaERl thOGuBh& RERED FPHeA Asost he sequence
defined by the 3' nost nucleotide of the conposite priner. Reduction or
absence afclgotidbuct anplification, on the other hand, indicates that the 10
target nucleig acid contains a.sequence alterati.on that ipncludes, at |east
thelbase  compt SHeRTERER BRIbiPCRRSEre piimert detiites Ok BE bt ¢ pri rrer
The | ack natlebtid: cosREptRIAa tiicavhridas ShiRehides ROhB vafittautieBtidesSpazgtion (Bl Lot i de
pol ynmor phi sm insertion or deletion of a_sequence @;gm&nt enconpassi ng the
sequence d4etq slsdismy. arqased forgyuplifiGatien aepordiag torthe metheds of tisoaventien, The

genot ypeb?&@&éefdf%rﬁﬁih%ﬁﬁi prggécjttg&gﬁildtif?di@ﬁg fhat AR tgrlgemtleic 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
position (such as due to allelism, are used for anplification according
to the mavdodmoss the invention. The presence of anplifiear/iusen/Bi@duct s
woul d indicate that the target nucleic acid conprises the sequence defined
by the 3' nost_nucl eotide of the particul ahé_@rl mer used, The absence or 20
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not a sulpstynadrphibmy scliraklae releﬁtrapsm;lmtfd sepziramm mﬁmdefmcuhe adanhﬁtmmtdfo n
according to_.the Qew met ho %doe not uire the _presenc ents whi ch

reduce sEBHREGMPOERY pifsER a5 e iy t@flﬂ%ﬁ S Prafedy %ﬁ%ﬂewgatlon 0
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out int presence of agents whi ch reduce secondary structures, such
DI\/BO Thusid astcoinpared o aa:ﬂ:fpmneejnmdh@t atile enhanced |inear anplification
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el o0 st MR Bhed Py ET S ol et ol e domrb s s & SO B Lo o
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15 Met ho on g rophoresis or capi y el ectfophoresi’s can be
used for 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
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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
attachmemwovo2mex| eoti des of the conposite priner will bepcDouwsoyEnds of the
singl e stranded DNA product of the linear anplifcation nethods, which
could then be attached to the solid surface of the mcroarray. 20 The

anpl i fi caFEACHIdsARY o th ammﬁ%rﬂgm ard thyes by egaanplation the idepity of theye
further omgifd filleiCHGRpRSer i 2YahpIE SEHERRR of BbRaih[RITRNERpREe Ric1@L t achment
of detect%ﬁ‘e Ilgggfs, Br?%rlto or ?8 0\;@#”8 att%lch%ent topt hee sco |£d
substrat ecidas required and/ or permtted by the techniques used. 25
Characterization of nucleic acids The anplification products obtained by
the nethods of the invention are particularly anmenable to further

charqact erdaapdsivns ald RHS bf BRGAWIGiokNe products are single stranded. The
anplified products, either DNA or RNA, can anal yzed using probe

hybri di zat i on Thedhveintjoe slsk powwiddseomipesitipns arglidis used Babe hethedadescribed her n
blotting., The anplified products can_al be..anal.yzed contact.i.ng them
i oh i SPERT o7 % BBl g AR AGY Rot PR GE R E AR R IR e
probes prieydribed hefeal, as tvelliag ahy esmbihatidie & P/ RO UBRnR6T pidoRI2s 35104

sequence identity of the anplified products, and thus by extrapol ation the
i dent i t y cOMPp$iEon cumplisinga aOBPesie Padned, Whersiarthe Fomposils ppMer sQHpEssal of

confAi ni id. tennl af | ei ' %[Hl) 114 . j of the

i nvfe(ﬁti owg’oﬂlﬁ)&en iagilqélﬁgg)ogiogl\’/ilggg&g Strsrepxom %Z@\eslhg%glogi%g %\%{ijésszad in the
met hods despbsitied cohprighga cdiposiempidsr] wharsinthy chxepasity peiatEp onaptifes )a,5’-
reaction Ju xture and/aqr, internediate descrjbed herein, as wel| as any
combi nat ifOW PEBIONERA it &N AHROTHGHYy HWSH“%PSW%éQ%f{N]é‘bP%%‘P 1S 4HRCEBMBr i si ng

a_composidEpRIA PREion MLk LREnAOTRE SiveRtibH hlgefdegempéﬁéo@&ﬂ&i 1

portion and a 3 DNA portion. In another exahple, the Tnvention provides a
conposi t icompositgprirs¢rnyheregothp osinpesiterprmesr comipeisesi i’ -tahd 3OO pottienp mither

co i ses 5 - R orti and. a 3' - ortion. .In one enbodi nent, the
R por ¢ ez apianBnpe A Piduin pERE PERRIES e intwlPr ai e the

I nvent i ORoRIpBYItiOE SorBpGaRPEL SbrhbEite GRINIRI tifdt MOfuthe CRANABIIdDytiabhent WFGr €1 N
t he conposite priner conprises 5 - and 3'-DNA portions with 15 at |east
one i nt emyaglygpFagoiRifacting attachmsnhefra polymysleoside cormprising AcicOMPEPieR/i des a

CoNposi ti fiher 0GR GoIRd Q8s2ar BIRAR phpalthy WELIeiMRld hitrdaab e G’ vat i zed by

att achme}
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@o1/2m3sone enbodi nents, the conposite primer iBCT/wSGS104
derivatized by attachnent of a positively 20 charged noi ety such as an
am ne. In other enbodi nents, the_invention provides a__conposition

conpri si MgrEeMtgFome @nbodimgntss the RN Arpestioptinerlisaent © the DAYA pedions apd () a

i ncl udi ng, ioﬁ%@ x?én@é.“%)s% é?ﬁtg&i%@rht@fié feb it 0R Seqih &1 GRRICR Shdadi ng
to tenplate). n sone enbodi nent's, the& conpositions conprise a conmposite
pri mer arthbadinsmt, tiet teomnat@giegneee is ablookieg sepedcardénteane tmbodimeatss then

provi des a conposition.conpri sj a 25 pol ynuc tide conprising a
pr opr omt°8mp§§&%%%f,cogﬁ’6‘g§sa%§ aﬁi%éd’ﬁlow g ?b%OA BR8N G€HAte ~enbodi nent s

desoy i bednfighfhdhls, RENEROrAiOH fshAJacERTPHITNA (SRROS ITh SthRf MB6di AR/ Ohe @
bl ocker sequence. 'In sone enbodi nents, the invention provides a conposition

conpri si mgmpositequrkaer copxpuisecE - and 8’ -PDNanportibng Weh ehlsaestione mtervaesg RNyed
herein, includin bl ocker sequences wi.th nodi.fications)..30.ln_ er
orbod rePEIon 1B S ERpP e ea bR ST rPES DU praeirg Pritapr. b

conposi t BRbtidedR R isthet R B RERSS bdgQeitel (B h Ele56&e mprl¥hgRor ti on and
a 3 DNAQ)O (51 WO (1)1/ 20 35S CT/ US00/ 251&(()14e So(rﬁt?i gﬁg??nesom enbodigr?;nts, t he

RNA por t iPsePrpRote pedviente. Ilosamreermhgiments; the propsgraotehjequenaeds piovided by a
seqgyence. 0 | en h ermnation. s i T, ot her
ot oS! TR SRR Sne B0Br ol MlenPDiSHRMANEE b0, T of e
enbodi menbsve ddnepositiond iy tferthdricoRiprisorpiplaetwitich coPlAsag arthigersegishca) 3' - DNA
portion (in certain 5 enbodj nents, the RNA portion is adjacent to the DNA
por t i on) .anf/qr g efrthe przyARSswisscibed herein(Shehbas PN ARl wierase Rivassldsandfor and
3' - DNA pagy ' it N @yg\] t . SONMe
enbodi rreg{rgA%tB ﬁ,éf{@ é%%%)gg]f%l 0 ogg{rzr)glrs :afs%eés%%gwgg % rrpossil%?%l’ I%lﬁr%%l?lrf%) a
pol ynucl eoitatdebaf@erpri sing a term nati on sequence; (c) a pol ynucl eoti de
co ising a propronoter sequence. In.sonme enbodi pents...t he propronoter
sequbnce 1's  prigsPEEaEY A5 DB PAROCOMROT NG CRmHIETER FEPifbp PR or er
sequence describe@YedBH Adcordidgl(. théwetfiod PRvidedQpEp ARt DNANGnTBYnsE 6L her
conprise tenplate (which corrgrl ses a target sequence) and/or any of the
a

enzymes dd¥d(sepeq) nraleailes Whink AresopioNAf p tirgeiseausace, RticleMe psoriced by mwA
B LUt ant gt e UBERIRN L, 00" al 20 pr ovi des. compos t1 ons. compri 51 ng
t he anpli fi catliherompositiciissare 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,wohi/zd3are produced by any of the methods descrpPorpdsSéveseidn. The
conpositions are generally in a suitable nmedium although they can be in 20
| yophilized form Suitable nedia include, but are not Iimted to, aqueous
nedi a ( syeprrasly nagkagedainpther erpbediments, a Kih eompriseh 8iCOMPEFIER PHBY d0idtas f or

carrying . f i At i - A i . i of kits
e o ouitAinb(d SRIEE BuorhRe dBkREL Bfeio) RO P Bookorife Y BSbe D ()
nor e of tphenewsepoldmstotide domprising a tantnatacedqutinaglayd apeyynuokbada
instructions 25 for any one or nore of the foll| ow uses: anplifying a
nucl eot i FEMPEHIEAPEOPIERGIFE AETUSHCOEWhicthiey brad ;Sbwyﬁ%e} bk eRmpostp grimer

det ect i onyAf heSRHMRAGE ullAbakd OR itk a3 Ao d;ﬁti%ﬂallypiﬂkbﬁﬂé'ﬁﬁfef SHER- MRS et S Of

the 1 nventi'on conprise one or nore’containers conprising any conbination
of the cenponendescritedderdinds velledisnieosymicichsidé gighosphatesamnd/oe xibomiodssale such

30 kits. A kit onpr i f th i i descr i bed_ herei n.
' some. dABRRIPHRRT SCLTRY g SRR oF RoTh IR s B8 ReSPT e BEFE) whi ch
MRy of Meitd Rkl Eor Rl WQ R §2A0RIPHE) HSGHaR5 1udSIepatabehManaickaged. | n

ot her enbodi ments, a kit conprises a conposifte prinmer and a term nation
sequence nualeyptids anatngs hag apen Inserporasioniintp.a pringriextpayiop prgshicteffest conposi t e

priyper, ol vhucleotide conprising a~fernnation se nce, apd a .

ol [Fuer ot Ra e da o ohf Sl e s Re RS ER K BE ovide, o
TSO . Thesewppswie, lﬁshhnjﬂlyo'fahﬂﬁyd,bﬁclhdih%bkﬁﬂieﬁtrs, whichbaldedolulfoh svilray al so
optionally include any of one or nore of the enzynes described herein, as

wel | as dEoxgnin pdeageasolytiophsyBiedhe apnipRriale concspikations & resformmngmy ohhat es.

Kits may i i f j in).
AR E e e S e S R S TR e
unl abel | edmerumpendntdeandrealoatdénddnatonel partainercwhqye catss-odactinity aad ghelfitidfe

extension product effect 10 term nation of nucleotide polynerization. One

or re M48¥nts in the kit can be provided as a dry powder, usually

l'yophi l'i zed, imheliidioP thegXGdnbibs May: opibhaly iBBludE 8 &1 tin@RicMbid, gerdeiANi de for a
reagent solution having the appropriate concentrations for performng any
of the maittendsstrstions, bllbughredsctroniesthiageonpdia éng., magndiis Giskskta gedptical

separate e ined in one

where cr Odgsg(?ltgg‘lgtg]t%?n\% 1?§r}rué:§1§rr1rs§ 2}{%%&8%?{%&&5)1& ?‘erz]atllang t%(%ﬁ%) use o componenté: gﬂthg | 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
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15 permt. The kits of the invention may optionally include a set of
instructions, generally witten instructions, although electronic storage
medi a (evwoor/pmgheti c di skette or optical disk) containi PQT/UREISLEE | ONS
are al so acceptable, relating to the use of conponents of the nethods of

t he present invention tLor the i.ntended nucleic acid anplification, and/or,
as 20 app? BffYf & Rracycsythe meipds disclenssd herein andion tcp@es@eee@%% the $ERBEEE such
as nucl elo@ag}césqa sequenci ng and detection of sequence nutation. The
instructions included with the kit generally include information as to
reagents (whetlherinventibudisd porvidestsystems fig efffetfingithe asslandg deiambethanetn cing the

met hods g.b t he resent ation.i nveqni)l on, (%SBI’UC'[I ons Orﬁﬂ how tg the kit,
and/ or a F%?psryP s CPBIREIST ¥aTiqus SemPIngHAns oidthe-romponehts disritsses aBeve orki t may
be packaggsmple, ﬁ%nﬁfbﬂi&ﬂhﬁ&ﬁs tl?dlﬂ@&ﬁfdn%r@vnd@@&M%rﬂﬂntaﬁé?oﬁﬂ%ﬁﬁ?ﬂﬁgt s may
be packaged separately, inone or multiple onbi nations. Wiere kits are

provi ded tdreet potawe leotldagsqqheicerﬁmamelcfymgrtegpt mlrplhudqocldc pespencepreompdsingf t he

Cepar at ef ) TRbHEIe P DR AP TR RGRRd bt F BB el Bt F eI ECr it on

steps. 391b$ﬂ@t:léa%é ald seneérabitimet, thdSy sy F@tier 6 Atpdlyniicleb@dKi t s can be
varied wdely t praovi de for concentrations of e reagents that

subst ant Fampyﬁag@ﬁ@ﬁ%attqaéefa@aee (agpof these dpsssifed bgew; buyopgogEbodiments,
PCT{USO0042al 0d P%QP&% rfs8s Qp@;hﬁ& Otfdlg%oﬂig)%lgglgsaf&g&?hl%?e?ge %581] jf0g/ or to

further optrm ze e sensitiv nventl 0 provides
systens ey tefd BDO ion SO andre DNtisleparient RISA pudyaémse. Amestths yywtans conprise
vari ous corlT)bl nations of the conpone ts di s ussed above. For 5 exanple, in

some enb&EPRHHELS RGO CERPTS BB aweg) Saeass. ayfessrbed heseingr oduci ng
target pol ynuahe@tiedors £194 BRF ek ‘PéacﬁGﬂPHﬁtﬁfe@Qott &fn%tsnﬁﬁg YOG H’é feqalon

sequence) conprising (a) a conposite primer (any of those des

herei n), n(lbt)erBNthxhl Opmrawwuancknbm)atlonﬂ ckf@nmpbeaﬁedesbnb@ﬁmemnﬁomme nts,
he sSyste rth rlse Q cl eoti de n atlon
secence STLRSAEY HESEVSREE Profafi® PR T i coREPRime o PRy bEI e e

SySteme’nﬁ;ﬂ@ﬂé Gb‘)ﬁ}&bh@@ﬁt rAdr )OSRk Iade Aok hdanRIOR PR kndEqUENCE

(whi ch nay be a PTO or 63)0) andﬁﬁ) DN%« depengg{lt RNA pol ymarpgse Any of the

systens (@mNainebrneaseayssdeseritedmsrainany of dppomnesite Brgersmaydpiaie, as
descri be%@&&?hﬂau{%@r b Btﬁ?ﬂh{ BPC&LE&HB EAMAS Sint RAGE A nPoskdp Sl OF

conposli tions conpri ng reac
comprises a 5° RNA portion Wthh 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 mgo 0B2003s5 pol ynucl eotide tenplate; (b) a conmpositRCDUSIES104
conprising a 3" DNA portion and an RNA portion; and (c) DNA pol ynerase. As

descri bed herein, any of the ¢ osite pogers may. be in th reaction
mi xt ure CBMPEXSOHPES r&gy(@ra@a}v%angftfa@dp?ﬁ@ggwmpﬂ%rm% aalfs%_ﬁgwe pri mer
CONPr i Seyrighed compPhsiRghls’ @N)l(\’@bﬁff&n'aﬁd 2 IRACL Bbriicd. 1R c3mpbhiR RRhdiRgy, The

reaction 20 mxture could also further conprise an enzyne which cl'eaves RNA
from an Ravy DNANApdrtion whihclh ShandRiMaanentio the B 2BNA portionx The eomplek meay

inventio an alsa conpris of t.he ol ynucl eoti des  conpr i

ter mi nat 191 SqUBHEGE PheLdsreish cRipbrite ARSTRIOnSPaNsICE (BER 2 2 ASKHRN o

M xtaur e ibfocka) sequélicep! Pleecbnisle By aXb RBmipise @g@l@}uﬁéledtai@@on@ﬁsﬁg%h, cont ai ns
at its 5 end sequence conplenentary to the 3 DNA portion of the

conposi t ®rgremeter. syoh anePTO5 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 dbsdsildeisg Bxasiples arcpravided tcidlipess ot Byt lihie, the wentiéion. The

i nvention also includes conpositions conprising any of the conpl exes (which
30 are internediates in the nmethods described herein) described herein. The
conjy exes are schematically depicted in Figures 1-4. As an exanple, one
conplex of the invention is a 63 WO 01/20035 PCT/ US00/ 25104 conpl ex
conprising: (a) a tenplate strand; EXAMB)ES conposite priner, 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 quﬁhﬂ¥eth@n&gmnhgﬁoaay further conprise a pol ynucl eoti de
conprising a term nation_sequence (such as a TSO or 5 bl ocker sequence).
The conpl ex mdye gererabwathpdsthatarg desgribed mchisesamplenre slseytibzedpn opreonot er ,

sucfx as . Ihe. fall owi ng Exanpl es are provided to illustrate, but not
Iiri%, t%éggﬁé% ¥ﬁg%ﬁ}w%ﬁlEXANPLES Exanpl e 1: General Methods The genera

nmet hods that are described in this exanple are also utilized in other 15

exanplesE%%%xjded her ei n.

Buffers that were used throughout the examples are made with the following materials.
TE Buffer: 10 mM Tris-HCI, 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-SO4, pH 9.0, 20 mM (NH,),SOx, 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 MgCl,, 1.0 mM dATP, 1.0 mM dCTP, 1.0 mM dTTP, 0.8 mM dGTP,
0.2 mM dITP (dNTP's from Amersham), 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 fer: &@onivibes s base, 89 mM boric acid, 2 mM EDTA, pH BCBUSEXRsBYf fer: 20
mM Tris-S04, pH 9.0, 20 rr1\/I(NH4)ZSO4 0.1% NP-40 | sot hermal |inear

anplification u r | ymer ase. and Rnase H 25
Sequence "ANPPIEE f%ﬁ?%ﬁ?ﬁ%‘gl E@F‘QB@@ ngg“ IEP%&‘?I’@HE‘J B‘ﬁi‘gl"ﬁf}h 4e20 mv
Tris- HClge &lﬁlc(geis 6.0 MM WgC12, 1.0 nmM dATP, 1.0 nM dCTP, 1.0 nM dTTP, 0.8
nmv dGTP, % 2 MM dlI TP (dNTP's from Arersham, 0-6% DVSO, 0-8% gl ycerol,

0- 100 ug/%AA%T&AEA&XABEN@@MngAaé@CQgTKXBCT@Aﬂ" QA AgATCOedgonbi nant

ri bonucl e (rRNasi n, Pronega, Madison, W), 0.5-5 uM conposite
pri mer Eb% SE%W?@O nM 30 pronoter-tenplate oligonucl eotide (PTO

| AOKSC. COWDOSReh@udHSIW@é aslséﬁetédlvﬁﬂaale nentdlek 88t thil thid dnB@me£qNpaCe of .
ACGGAUGCGGUCUCCAGTGT ( 8 ID NO. 1) 01/ 20035 PCT/ US00/ 25104

Pr onot er heating tat78 Gbi %‘Jbﬁ ot Hosdcdin a(mgl)ammﬂmstherrsalacy%r (feenediny®6ldc| eot i de
with the

AT T R s AR Tepatianmies B PR SRe R AR S GG o7 65 G A gseibsd
NG 12) . %Bﬁaﬁalwmﬁl é@@ﬁ@lésgg&%ggn\qgm Blver féﬁiﬂé&@@r@t@O?’éCﬁmn& QFREXF\%

enzynes. After heating'to 7 C for 10 sec. 1n a progranm
t her mal & 6ikuted(fGeam @mﬁ)Ugswck sélatiki nsifig aeilpentistizagesabitioon 10 JirisHGkr e

dd 65, C d
exa eI es0%5113O?Egglcﬁﬁoﬂd%fqg@af%%#m?sm%@%mbﬁdE@C%regle efh ‘%Iﬂ%ﬁtes ﬁa‘hﬂ%&e H
(di I'ut ed Wnamities.d UHigBomek p%wmlérhmzq%m’aﬁvéia INIEAESrS WPT) IEFe il | ON:
10 mM Tris-HCLl, 10 pH 8.5, 30% gl ycerol; Hybrl ase thernostabl e RNase H,

Epi centréd hvemhoms)‘gcr@sncuba@d gbh) C-6§ ¢ foird0 mirguss. At theiend oBdtze iDhbagoh,y mer ase

(2 Uul; Panvera, WMadi W) were added.. Th Lons were incubated at
55C 65C FHRNE Wit Goeed 1 2 CheR BBy ARG B VO KN A 26T SN AEPES cool ad
to 4'C. Reggddi ons can remain at 4'Cuntil RNA transcription step is
desired. 15 Enhanced linear anplification by RNA transcription of the

| i ndar 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-HCI, pH 8.5, 70
20 mM KCL, 5.0 mM DTT, 12 mM MgCl,, 110 ug/ml BSA, 3 mM each tfNTP (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-Spacer]l SCGGTACGCTGATCAAAGATCCGTGCAACAAATGTCA

65



SSDNA product RNA transcription was perfornmed at 37'C for 3 hours in 10 ul
reactions containing 2.5 ul of the linear anplification reaction m xtures
above, amdo4020084 Tris-HCI, pH 8.5, 70 20 mM KCl, 5.0 mM BITpsd2zsm MyCl 2,
110 ug/mM BSA, 3 nM each rNTP (ATP, UTP, CTP, GIP, Amersham, 7.5% DVSO 1

Canbi on, TRRT ATORGCE R IEHAF AaCehnliabdmttie TrAMA BBERETAG: on o

E. coli *@éam&@g@%cﬁ@aada@cm@@@f @Ec; 31) Rﬁ?‘f@f %;a@né Rge sl | owi ng

Exanpl es. Three DNA tenplates were used f periments: a synthetic
DNA t ar geolyoxp@hglene spapersndihédeyweae ragd@Ltgtthmi@anwer(tGﬁarﬂé‘sem)bllmyewm ate
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sStre

pol yoxnggT Wﬁq %Eﬁ?ﬁ% égﬁgd%g%’rgéeﬁg’gé%ﬁ go |§%&%FTGG4% ard

i ts nobi I4CYGEUTTCCEESPEGCGGG A AGAToR AGONSGGTRATCATABE GEuesce Of the
af orenent i one%ﬂprl mar i | {r 5 si nﬁl' e-stranded DNA (351 bases) tenplate

pr oduced (i)gfcﬁ

JQAEQ,G g‘CAGGTTAAACAGCACCCGATT CGAGCGTGAA

2 ?@@AT(}GGGGCGCTGGG

%Tfi\@ﬁ

CTGAAAGTGCCTG
0]
A AALCEA! GIEAA G EFC A %D]NO'N) wherein the
TGGCGAAA TS AL HCP AR ﬁﬁgﬁg Sare bolded, with RNA
GCGAAACCCAGA AAGCTATTCCGTATGECG (SEQ I D wherein thé PCR prinmers

are bol dedrteondnitaiex: | i ned and the conposite priners are bol ded, with RNA

orfd on initalics. 15 Preparation of ssDNA target from PCR anplification
pro uct Single-stranded DNA tenplate for isothermal |inear anplification
was prepared Pfeparation 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),SO4, 0.1% NP-40, 2.0 mM MgCl,, 300 uM each dNTP (dATP, dTTP, dCTP,
dGTP), 5 Units Tag DNA polymerase, 400 nM primer IA006, 400 nM 5'-phosphate-
25 primer 1A004, 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
CCGTACCCWERAN ZZWMAHATCCGT (SEQ I D NO 16). Prinmer 1A004 is areBbusew2sm4t h t he
sequence of. CGCATACGGAATAGCTTACCGGTICT (SEQ ID NGO 15). PCR was perforned
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above, was precipitated omt PRact 1 on M xt Ur e qadi tion of 1/ 10
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-20' C for nd.centrifu Xl mum speed in a
30 W nut @grlﬁ wSibaR! 1131%%‘1“9\15@946961%?{%‘61‘23ﬁ@@n@%&lfi‘ge’%%]éfl‘ﬁér@ﬁ) follqwing
air-dri e%ebrﬁhﬁffﬁéfullaﬁg chSmh?e?nH@cpﬁ‘B@ d(R‘GO Y &8y Ol@%ﬁﬁ% rg“la&?@&flﬂ{e’ an was

estimated from O D. at 260 rim™ an a exonucl ease
( St r anda$@jagemoxaerei CMsBadﬂye,le wilgest ofBufiva PNa(Qiogwn) were aided éetheat 37C .

for 20 m nutes,.,reacti eat to 75*C for m nut es, and
cool ed tSalﬁ 1200 Tlhﬁt‘?ﬁtbrﬁ g e\/\é?ﬁ“e’bépé]lﬁlaﬁﬁﬁ ﬁgenaSpB}%ﬂPgﬂﬁﬁgF@tf‘ﬁ'éFaml cycl er
( GeneAnp (&0GpmPeRiule EJ ARlidroceRABbE) Mhe BN atwRs Hhcded,fand gheislitEn Qagd QUi ck
Nucl eoti de Renoval Columms (Q agen, Val encia, CA) foll oW ng the

manl¥f act u\raélaedst“@@cwhré%ubpfpﬂ@&éd’ﬁr(&lm) uShaepluma mﬁhmcﬁwﬁﬂb«wu@dyw th
the kit g%ﬁﬂ%ﬂ%ﬁﬂ&&@g ?dr%frln}ﬁufejso THINTR Sy hl?&{ n>0 l%l'}%u(fQ agen)

wer e adde I re vol uime "'Was then agen
spi n col &ER(1amiMCRi- HCII ngdsx(@n@@&)rﬂm&omenummn Waseesttmatsalqetbéhbémges) The

filtrate di scar.de dt colu s.15 wa dt eW|th 500 ul of
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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 (EI19001-XCell I 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
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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
significamoodsdBA (| ess than half the total) remained, bRCTAUR@/BL040r in
concentration was | ess than 2-fold. The DNA 20 was diluted to 1010 copi es/
5ul in TE Buffer. Serial dilutions were prepared fromthe 1010 copy stock

sol uti pnicéi%n%@eﬂgbt. e%%éﬁ{nﬂ’bﬁWﬁf“ﬁ%@d&ielﬁﬁoﬁeéﬂmﬁéa%th%ﬁ’Fl%eponf i rmed
by limt 's&@e&hé 29V E)‘ﬁ?gpgit%glégﬁﬁs ARt %I'Eh gﬁ%k@@ﬂ@ﬁﬁ& brterddRhd éé}%@;d' on

product s re electrop y ‘separ at ex pre-cast 47
pol yacr yltevdeaggmadientredjel 575M for 4 mogetes. GelslvedrackmdSad fmam betmoen the62255)

in 1X TBE, Buffer 9 nM Tris base, 8 boric i T, H8.3) in
" Novex  BUISHE P GFPHOR Sl 0o Ui L B o 114 TR e o0 ks
Reacd i on pate<BYMA Horic'dbid, SeNITEISTA | p18813) 2 ARISDIN & 8l d1Qu1 2 side AR &T (HLIoON
(enhanced linear anplification) were mxed with 1 ul of 6X Gel Loading

Sol ut i on QMAMarker, Bsanex0s, ool isandropghdhwhs iclwded d oEkanry biegash gelrumMOTois/ 20035

PCT/ US00/ 25104 anal and e ti.re.sa i djat aded into
cach el otk confiRa® Elam ol AE LB R R TP AT AR S ToBe Lt )
al | sanpliggo,hadoersser 2000, Beo®a00,30d0, 000, il 10890 bpaTybRwRY,58-2000 b5V f or
45 mnutes. Cels were renoved from between the plastic plates and stained
in 0.5 ugrwid betrpsodyadranghegelgassdh 1 X TBE Buffer (89 nM Tris 5 base, - 89 mM
bor'(p acid, 2 nM EDTA, pH 8.3). A dsDNA nol ecul ar size marker (H -Lo DNA
Mar ker, Bi onexus, San Leandro, CA) was included in one | ane of each gel

run. This matkgridéatibmi ns 16 fragments of the follow ng sizes: 50, 100,
200, 300, 400, 500, 750 1000, 1400, 1550, 2000,, 3000, 4000, 6000, 8000,
and 10000 bp. Ogsnedpetde I%Sébe?f@bhﬁwdl%?%‘ll BtageplP LT Ul SIPNAPTHRICS: used. 10

Hybri di zghj ' [ T I 40l ' : O 10 for
e DNA pr et o A e A A RN g 74

pol ynuc| dbigiand Bivlabs Befdibyy MEN ghdip PBATP dditenofiew 8 [y ’PIMphasphaty,- 32P- ATP
D 5 bih b RBSEBOR Pt o8 ASTTTSU i AL,
21-mer i Bihie PHRHEROR) Al 21 -ATCHATRGEGATGSHECTGT (SEQ 1D NO. 13) . Pri mer
1A014 is a 31-mer wth 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-*P-ATP, and 30 Units T4 polynucleotide kinase. Incubation was at 37 C for 30
minutes, followed by removal of unincorporated nucleotide using QIAquick Nucleotide
Removal Kit (Qiagen, Valencia, CA). The decay rate (cpm) was determined in a Packard
Minaxi Tri-Carb 4000 Series liquid scintillation counter by Cherenkov counting of 1 ul of
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 106 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-HCI, pH 7.6, 10 mM 20
MyCl2, 5wdoDIob3s 1 ug oligo (147 pnol for prinmer | AOLO; 1PAT/pRwl2si@r priner
| AO14), 250 uG y-32P-ATP, and 30 Units T4 pol ynucl eoti de ki nase.

I bat i t 37" C.f 30 i nut es,. foll d |. of
oo et o o hrononumeasenin RS BB SRR Bl Bheec 59 e gen
Val enci apofifheid I M $ERYA, 1 83§ S@Lfﬁiolw%% 3ARLES @&?nge@gﬁo?@c?ﬁ%dche %4aEsaX'

Tri-Carb 4000 Series liquid scintillation counter by er enkov cotnti ng of
1 ul of phkies; heappatiéd plasticoviagoandrxipoiedi te aionadiogrsplpefilio(BreMaxMBO ul

reaction Product. DNA (ar 0 wul was added to 20 ul of probe m x.
React i on?@ﬁ%}a&i'ﬁég W@Wg%ﬁ(moég?dv%bé”%%%i‘ PESHE Y correcting for decay
using a half-life of 14.3 days). After heating to 65 C 15 seconds,

hybrg di 2 gt gpIes 18)theMisl 1iRaPhRpEGHadén 42' C for 30 minutes, followed by
cool i ng ro_gbc.—ﬁﬁﬂ‘rrem‘wgr‘e—p@'r‘forned in a programmabl e t her nal
cycler wth arqemiradl BeeamplifeniARinE 6 glPesspssitelpiict, DNAepdtythbrtase, Vol une

of hybridization reaction was 68 WO 01/ 20035 PCT/ US00/ 25104 )

el ect r opféYase &4 anh TEEoer hipcker g parfarmed e Reagtipnxixtuses @upfdiripg aBgeaehiprr i s
base, 89 i J : . Gels were
removed f %O{Pe%ég’ gf gggggb%qz%%;@m% élp%gagﬁt%}lﬂq} %g%?s%&\l}é&% ,O ﬁ%ﬁgﬁé% B%s ed to

aut or adi egigamblyudh dsnotBiositdprinves, RNéselHK pr Bta DRX polgmerase (lnvéral®lablzumn,s )
with two jntensifyipg.scrgens. 5 Exanple 2: Isothernmal |inear anp|jfication
| sotther nalt') M%ém%%fﬂ%rtﬁflpcépp% Oﬁginﬂ@fﬂa ssPN gt @r&%ﬁﬁ\ﬁpr ESPienGrelistc |
pol ymer a S IRl : j yxtures
Bont ai i e pl® Poac yesRiledidl Ko i IS ARy an OGP I

react i on wasatsoriedudddt Nhetisctimemef lindae awplificatmagd targetddNA saguanoerpias careied

rimer, RNase, H, .or, Bca o] yner ase (Panver.a, bson, .10 re
Ebi Ked' WORHESHSTEHDRE.of red) AeTTA0o8 SIRARKEf gt (1 ACRE e SSal0EE |1 st e
in Exa%‘i’g%kf&idwﬁ% -éﬂeoquﬁfﬁg!edr eaction containing all the reagents and

no target was also 1n . The isothermal |inear anplification of
tariget DNA sedhenaplifiastiongirodiets werdtresadveddscgel bledtraghovesis (Faguges) (First

G TR R T N S
el ect r ophgyasdrase( fekHefifelp) lakd b htains all components). No amplification products
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
(IAO15b). Promoter-template oligonucleotide IAO15b is a 55-mer with a sequence of:

25 GGAATTCTAATACGACTCACTATAGGGAGAGCGGTACGCTGATCAAAGATCCG
TG (SEQ ID 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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| ane: nol ecul ar wei ght | adder; |anes #1-4: no DNA, no priner, no RNase H,
no Bca DNA pol ynerase, respectively; lane 5. contains all conponents). No
anplificawvdoompsdducts were detected in reaction m xtur eBCWUSOI@IM04pr i mer,
RNase H or Bca DNA poI yrrer ase. Probe | ACLO hybridization and

aut or adi aphy.to t roduc of .the linear 20 a ca
met hod, Bbafiggiion we 5\1@ the copdre &eaaﬂowdnbhﬁgﬁ& RﬁrP?FenB kﬁ%‘ g H no
DNA poI yRGpSe, respecti veI y; lane 5: contains all conponents), verified

the identity of the anplification product. The |inear anplification of the
synthetic oligonucleotide target in this experinent mas done using a non

bl ocked oMot en- I§t e Iol)otloqee ¢ gé{ébgt! %ggl;te%r tenpl ate

GGAATTCT %IGI%Q]AIW ACGCT GATCAAAGATCCG TG (SEQ I D NO 11).
The anplification reaction standard reaction conponents used for this
anpl i fi cati on Theasemeter- ml@las ofjsoelegbde & TQheonitaing v eserntiat seqaencen st ep

was perf vvn to
65 - and st il B A R T Ao A R L8RP i g
the addi N®: aopfan%ese@;dnymlﬁplemaﬂtdrﬂ&aﬁesdﬂNN@erﬁﬁlatéQ:&ﬂrlv%wﬂﬂﬁ of a PTO

PCT/ US00/ 25104 hybr| di zation was tected in the control reactions (no

DNA, no pYeréesignsg %%JQ@IMI%IA@&@JAOB@M@23”%%6?—@@@%%& e

ol i gpnuclg S*‘c?}ehgﬁ goupl ed isothermal linear 5 anplification and
transcri pt e pronoter-tenpl ate oligonucl eotide (PTO contains two
essenti aIG@AM@"@(T&AAMCGA@CT@AETA&A@GG@GA@M@&@GTAGCTCCGGTACGCTG

(5" - TAATACGA f@ﬁg%@l’ﬁ% and a s uence. co lerrent ary
OIU@P%W% Ye8s 11 8g4ton

to the s<ERY

| AO12b, | i %Panﬁ
GGAATTCT. Kﬁ%ﬁﬁ mmeﬂ(ﬁ%ﬁx@é&'}@g& BT CCG((:'?' 8 IMOQI e@%CCgT G ( SEQ

| D NQO 8) AT@@&@WEG&SEQ@ N@&Zs))elmwme@e iProraele anddhe targetiAcore T7

r oyt er ' -extensian ( T E ) er (5 -

T aeAGT A e Rt O A S P B R et RR e RESE a1
corrpl enerkehyios afditiRGPacet AADD5 PTC g thheiguieiceBFO (48-mer), |acking both the
5'- extension and the spacer. |AQl5 PTO has t he sequence .
TMTACGAME%@%&%M%@@%@@WY%@A%TCCGTG (SEQID

NC:10). IA012b PTO is a 60-mer which contains the spacer, but not the extension.
IA012b PTO has the sequence:
20 TAATACGACTCACTATAGGGAGAGATCGAGTAGCTCCGGTACGCTGATCAAAG

ATCCGTG (SEQ ID NO:9). IA015b contains the extension, but not the spacer. The

sequence of [A015b 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, IAQ12b, 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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N6: 10). 1 A012b PTO is a 60-nmer which contains the spacer, but not the
extension. | A012b PTO has the sequence: 20
TAATACCAMN@ACZIWIACCGAGAGATCGAGTAGCTCCGGTACCCTGATCAAAG  ATECBUSIBED | D

NO 9). 1 AO015b contains the extension, but not t he spacer. The sequence of

of | gonuc Bk Teie OF st AR ST oA tBG AR TR LGS

(Di Vi si onr@kGe @m@w@qslzbnqutq) 0%t siolnl s (Sor R84 3 61 BAGEns

purified. 25 A general schematic’for this anplification method is
illustr atoedtalmnﬁ(gmi\é T2is-HEL, pHHeS aoinM Mg, 1intigicach ANTPAJATIPAGTEP, &FLP,

| AOL5b to v LAt o strate for T7
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ol igo product (1A009) and each of thé PTO s. Synthetic oli .go product | A009

is a 100-G0eC. Aftemadditidrhef BNAumiyacase, raCIGEOCACGOTPREOSCRAT o FNDGHNIAGCG
70 WO 01/20035 PCT/ US00/ 25104
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100 nM | AOO9, AMOnmllﬁFQmaﬂ(ﬂLaneUmmolBudarm@glpéadﬁﬁedm2 -Remetlapns were 5

ol es 5 engigo e et B 1 £l e T ) e rkdectetadinp s HARA S 0
i ncubat edyah 18012CIA0T2630A01 ) TAG85b, IAOPRITAD Y, (20 F5, UhD 158, rédpectivegt i on

m xture was added to the standard RNA transcrlptlon reaction mxture and
t he transignifwanty mesaBNiowes producedshyeths fanssyipgen subistaternspiised wiith thns shown

in Figure 7 I a

ext ensi ont pro uc ch())mg)’l Eg)rtlhé\%kgﬁﬁh R%féél%%g%?gzgrig%gxg%%af/m § anes
6- 13: RNAhe b'rexitonkié@ bat ndtARd ghaced (AQAB3b) pALdLibéd ddrﬁ@ﬂs&ablbﬂﬁél%bywﬂd%@f&NAAOle,
respectivel significantly nmore RNA was produced by the transcrijption

subkt rat dngh Yd‘aﬁfééﬁ"\’ﬁ"% rl%%plegmus@rapmf@%ln(aldﬂww to Fhm@sy RNsbangy 4si t her

of I'A012 (g u spacer
(1 A015D) Bt Qe SSRa PR, B Rl iGs PAD I RUSYER p blcPRbe B
however, (biokin) tol eémpnaiddlﬂtesfrarspéﬁi ed demomﬂmet thempovehpeniepencddie Hand. A

L T B8 RN DT SHFY RSB AT o B, P

t he i npr apedfie ticbPordida®f affuftidnal promoter sequence 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 IA013, 1h; lanes 7, 14: 10' copies
IA013, 2h; lanes 8, 15: 10" copies IA013, 30 min; reactions 1-7 were not blocked
(IAO15b), reactions 8-15 were blocked (IA015c)). 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
IAO15c included in the strand-displacement reaction. When the 3'-OH was not blocked,
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bl ocked PTO. Bl ocking the free 3'-OH of the PTOelimnates its ability to
initiate non- specific incorporation of a functional pronoter sequence to
t he anpl iWoot/2ms products 20 | eading to non-speci fi c generar/iuson/asio4
transcri ption products. The per for mance of 3-bl ocked and unbl ocked PTO in
t he enhanced i sqQt her nal near_ anplification was essed.fro .
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10105 COlegﬁhellnﬁQJe%haa&d a8 anthlifieatiod 011 copi es 1 AO13, 30 min; reactions
1-7 were TNo reactions 8-15 were bl ocked (IAOlSc))
Negative cont rIbNArvmosq ated fromo2 Dmbof Eeeabl Ki2(ABEE 10838)grows oyemight il ng 1010
copi es of i 3 ifie 30 strand. di spl acenent for
50" nut o2 POATNES AR h B AR G by s i R A ACr

i ncl uded sbhubilbatisn rnaenamdtrs Pk EeEIMbtidneBatiogsl KiVMbletiler Resettdh\@atenot
bl ocked, 71 WO 01/20035 PCT/ US00/ 25104 non-speci fic RNA was produced in

al | reactGispianath OroHeHewing themannipsiuer's seropmended §¥9§§¢'#“PC Brigfls, bagtegia | n
: |
CO“fd alslt fwérQ@olPéc%%l%@dceg\)T%%tﬁqég 56;'%68% gg@fé h%%lﬁess' WE B&Hﬁend%cﬁxa”p e

I catron

[ sot her meh Baoieayae digestivacsuf@ipnd ficabdteda SDNAfcvm mﬁmteal @tle frefsﬁltin@ﬂyme of E.
coli K12 (ATCC 10798) grown overnight in é tone- NaCl nedi um_ Genom ¢ DNA
was i sol avaselasy at the 612<§/?rfethlﬂ$@§tﬂ%ﬁ‘“ﬁlﬁat anyoyigibieicyraps Afrindigested Relby rdysi c

Lysis 50'19{ tORad Iﬁﬁ@ QAR 4 K ihmeMBE BPJ‘AE dﬁ%ﬁg@g@ L%I%ér‘s:é%rfcr %eﬂ%!r nnati,

fol |l ow ng e panutacrurer’s recommen acteria 10
Wer e col Icentlenlatbpft)emﬂnno‘ubgmd ifaml SatnirG@d3Cat mogn femipebataien MNA wa(s?qalréclgnaltddet S

res in Ba |onb ncubted t 50' C for
i dam HeoRuol by e g SR Ve fbeedlt erfinof BB A8 B Best i on.
W thout apyuMk §f x%ﬁ] t@ﬂnﬁd@ﬂﬁﬁxr@ﬂhé’?ﬁéb@ﬁﬁt’e&‘ﬂ)l@&'&a@. colldtfed by SHuSrupRoroxsd Wi th
4 vol unes of DNazol reagent ecul ar Research Center, Cincirnnati, OH and

i ncubat edninyies aBmaximprespead iy @mwmenpenfegm rlée IINA peilst \pasewaqbﬁd a{a@cv 5745 from
(1 200 PSP S 5P SEE Brn BAehc LR
cent ri f ugahhMBDTA) b$ hedtipli 88°-84° CMBX BOHIMEEE SFthi freqRel 4E1tAHEE TR esidfag The
DNA pell et was washed with 75%
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 (EPI005-35) by the
addition of 1/10 volume of SM 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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et hanol, centrifuged again, and resuspended in 1.5 m TE Buffer (10 nmM
Tris-HCl, pH 8.0, 1 nmMEDTA) by heating at 50'-55"C for 30 mnutes, with
frequent vagot/z2t08dn. The resulting 20 sol uti on was passed pepestesios t hr ough
a 22 gauge syringe needle to shear the DNA and reduce the viscosity of the
solution. DNA was precipitated agai n_(EPI005-35) by the addition of 1/10
vol une of 5M dsatbsmaheniiapeed ineahamplifatiQhes i ce-col d ethanol . After 0

| ncubat ion at pNR vaslsBHially dluted RETOANIES 160] 108 CHA BpiEGBY ddgat L on at
maxi mum speed in a mcro-centrifuge. The pel et was V\%S ed wmth 75%

et hanol , deentred by dedtimg®i 95, C dord dhutastolpeatiegrapid ddling lon Tde. Bifigler . Two
dilutions in TE Buffer were prepared fog O D. _ neasurenent (Beckman DU640
spect r oplibasieadenplater PN A alsn was didtetionde AORISY i5uh Regstions yese pssewhlegyo

assuy ng c§9tafﬁgx{dc‘)i'f)l\1§i§'?bm; 1@“,3@9{%‘??}:.5&}2 19° B igsi1 (.)%@u gl/fllxﬁlEOderql.- DINA

concentrations e two ‘dil'utions wer and 24.6 ug/ 10 ul.
The average ofAmplifésméon was pedeuredie ibd sil (Adtighswghtalifing P nddrlrspOh gl t o

DA <1 Gopyi) P d 50898 Thckf eGR4 mt el e . 08 R e
ampli {1 carTuNP¥s W Afielbiny, o DMSY, $93 eFfecR! [ udil Q% 1ait@Bs 07 107

copies/ 5 ul, and denatured by heating to 950C for 5 mnutes followed by
rapi d codAimbiprodusie. T26I, Al Enitséul regoadeinang nipbrucdeashimbabiton (sBd¥asiti, Praneega, 0 109

copjes/ l,. Re i wer e enbl 5 contain no. 0 8, ,109,
orPUFE Mool Sk N SERSREPERR ARk Rrer e Bl b v 2P g o
react i ongréifsttatetipige 0gsicldotide HAIO) IAIG1 56-(mu§n& dINI0BEIRExdmpPle TV dATP,
1.0 MM dCTP, 1.0 mM dTTP, 0.8 nM dGIP, 0.2 dl TP (dNTP's _from Amersham,

6% DVBO, Reagtifng seroassemblyd gl esenapients sucagsie taribiegnes. ylieriheatingdo, 0. 6
ot il SN T A ; Hi son
W) s PR A0l e ProERRR L Btk Geick LGP ofSEFEM EMded ™0 50N

pronot er 1§ RABAPNErehdubaRd Gl 6010 e 30 Biidted APbRGHaSRMLIS0IC0 8ius 6F RNESE HN
Exa%e %&95 Reactions were assenbled with all conponents except the two
S

enz &nith dduied gronpthedgugl stoek sduisarion@snMn Tes-piAgpfivabl% t her mal

cycler ( neA Q Pgr Ki I 0 .reacti e ,Reu d at 60C for
30 ni nut g@vcgg@ﬁ@?pgﬁsgi ﬁ%“’%‘gr%e%g‘.’%s‘b%‘les’é\f‘a‘fkﬁ?a{%ma\‘qﬁ%%(‘ﬂ%ﬁ%igts di I ut ed
f rom t he polyserdse 2 OTnisOPatVeR) Mddisbl, WIY) WeteSaddéd., APtHe&nd of 812%0°C

incubation, reactions were cooled to 4 C. A volume of 5.0 ul of strand-displacement

product was added to each RNA transcription reaction (total volume 20 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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gl ycerol ), Hybridase, Epicentre Technol ogi es, Madison, W) and 1.0 ul Bca
DNA polynerase (2.0 Units, Panvera, Mdison, W) were added. At the end of
t he 60C wooubmsi on, reactions were cooled to 4C. A vol unecoiUs@/Biadl  of

st rand- di spl acenent pr oduct was added to each RNA transcription reaction
(total volume 20 ulﬁ1 20 transcription was perfornmed using the standard
condi ti ons ancusesssfinhamplifigationof adefingd segugnsret genomic MINA §Y theenhgaced

Ul 1 el il AOPHALARS AR ANGL Kkt élstgh%wﬁm% (LAYRY gl zat i on

(10 ul) Ication o smgestr synthetic
target, (DA; kmpm TO capies - obli gemanWamS:cun@mgath copehBdeadf t he

i nvention r i on efined sto he f t|on of
a ssDNA @FB Isﬁnz’? Jilg Bsg%l?fl‘g@g‘%‘a‘éﬁg"wn'fﬁey %’?E{‘Plaé e‘B? Sﬁ ‘%88 Stop for
prinmger extgpsion can be achieved by a blocker, which hybridizes to defined

site on the target strand and can not be di spl aced by the pol ynerase.
Alternatively, as in the present exanple, a GCrich sequence up stream of

the prine r di ng
to the feoRiigs: i 36 s primer. gesign, i periormance of gnhanced § -
PCT/ USOO/,&ﬁg%aIMQeﬁﬁlqumCM| fication of a defined sequence of genomic
DNA by the enhanced isothermal |inear anplification nmethod of the invention

i s shown in Filpemerformanseef eachf thashywe dompesite priwgrsdo lecunittificalion  genoni ¢
| NA
r[))rNQI ) 2Mnethod TR e m@g%néwas]a(g? sge%p‘rfféls:égwﬁﬁégll}negrﬁﬁg fg%a%a%g%r%%%ﬁ

Exanpl e 5a lE\dﬁfeﬂ&idrﬁmoﬁﬁalrﬁﬂfgﬂZ@ﬁlMQ—hS-chmprw mmwMgmz,tlr(edeMPmnce of
enhanced isothernmal |inear amplification Thefoe forEnce of each of the

three comp¥dG.drQ md dTiTR, Q- BaM @6 TR: 0 Zam My TH dfe: SFMEIRRAN)NG Nt i on

was asse h i 0 réQn in 15 ul
reacti on?@g% g?ﬁ%l (SEQ%IO?WP#IS F%rmargg,i EAﬁ%{anerﬁg\ylﬁ% My C 26@%62% dATP, 1.0

m\/l dCTP, rdcotnbiddnd fibBpuddeade ierld(GT BRN}lsﬁl Avingd ghPMadINo®, WY, 5 ouvl forepetitam) , 6%

P LN A G S b N el R e S T L
W) 5 uN00RDeiLoskd i Exle 120 MR 0! GimAdB bARr oA 1ot hes isde

(PTO 1A015C. The sequence o Cis disclosed in Exanple 1. The
sequence digclasedhrpolsxaneplpdi ther composite(manersequanses with alphanumerical 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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di sclosed in Exanple 1. Ot her conposite prinmer sequences with
al phanunerical nanes are as follows: [A019 (20-ner) ACGCGAUGCGGEUCUCCAGIGT
(SEQ | D Ndd 2320020 | A020 (21-ner) GACGGAUGCGGUCUCCAGTGT ( SECX/UBno®1®) Four
ot her conposite priner sequence were used that di d not have al phanuneri cal
nanes. Their sequences are, .respectively: (1) CGGAUGCGEUCUCCAGT GT
(SEQ | D Me¥Apligpnicleghideayndssischdethesttdn Q@E@Olqsym@ E})eSSQ)s Prigiers were PAGE
GACGGAT CCAGUGT (SEQ I D NO 6) (4) GACGCGATGCGEUCTCCAGUGUCCA (SEQ ID
NO 7) These conposite priners were synthesized by Dharnmacon Research, Inc.
(Boul der, COReadtinsRidfe pssembled vath alheomﬂ)drgotswqumithaiwwmymymthﬁed zed

i silyl pr ecting .  group in c

;:Sl-ggrgt ﬁoils%térrg 870t e rllﬁg%egﬂnéaﬁlwog%mm@'eum“ On%é@ﬁ%ﬁ@?ﬁg 3’2%9 or

"2' -ACE" r I 8 1998)

and 5g\car #\é@ %Q%%nﬁij an%oe0 -555| 6I5Q;n U@‘ff&@é "ﬁg g}hea%g’rggée%ﬁ)% ?ct)&r% ’7%6?/\0

01/ 20035 1RGiT4fU8QENe 3D IdititedHINAN Gthd gmmucshmtsbmaoﬁ yisihp asdilsent’edrig@edsolution: 10
rimers were PAGE. purified. Reactions were

E |
e ot BEE b3 oish eb cesal v bridege mﬁen@m%yas%ﬁt Epicemesat i ng t o
70 C 1 or 40 396000 1ddhol, WiPBAIRhE BAISUR pofitfhee 6 SH0EAR,AL00. Perkin

5 Elner), reactTons were’ coo pon at ainng the | owner

t enper at Wiglisdh, O8) Wrid adatd RYRseadtiofsl ettt mduliautwattsﬁec-ﬁsw fok 36 hiifiltes OAtIt | ON
using a diluent/storage solution: 10 nM Tri,s-HCl, pH 8.5, 30°d%qycerol
Hy b0 das éhe ¢nskofihe mshkatiRarsactiqns E@m:@mbdeto %@nthHgﬁ wanscripiing JANAW ) and

2.0 Un|t Bca. ra Panv ra, a re added.
The react aBﬁ"?%A@paﬁﬁg{ﬁm egi(ftgi (g%’ éhé’ BISEnf 8r‘ﬂ§‘3(fcﬁ?l?1guﬁ°8§alm% g\ysdﬂwio t he end
of the i @ﬁ!éﬁaéxﬁ;ﬂmcaﬁ&ﬁféhétﬁﬁsab‘ﬁ% @nda0!reel 1:9s-ACE pHR sl 760M IKi@ns omhat i on.
RNA transcription was performed at 37*C for 3 hours in 10 ul reactions

cont ai ni AYI'R. 12 mM MgCly, | Heug/md BHA. 13 oM ¢agh iNGREATEnUdBo¢dP. GAl, 40 nM
Tris-HC érﬁ%ﬁ%&r&b}é& Wéﬁggﬁ}al %ag T&rol%%gw%s%in, WI%‘,]a%dlﬁ%/[%nsBls/A‘ 3 rT1\/I

each rNT
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: 1A020, 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 1A020, 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. If the source of nucleic acids (DNA or RNA) is from animal tissues, then the
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Anmersham, 7.5% DVMBO, 1 Unit/ul rRNasin (Pronmega, Mdison, W), and 20
Units T7 15 RNA pol ynerase (Novagen, Madison, W). The products of the
enhanced wonszm3anpl i fi cati on generated with each of the PCcDUp@RISI@® priners
were resol ved by gel electrophoresis as shown in Figure 10 (Lane 1:

nmol ecul ar, wei ght | adder; | anes 1 2: 1 A015, 60C,_ |anes 3,4: | AQ19, 55C

| anes 5, 6iss4ea homoggueed qr sprisated gr syblgsies tosgime forgp hat gnapies § fzeellsasc

lanes 11edgme L@Q@a@e dﬁ ’t%yﬁdgl?xgct?\% tfs3uel Aautid 20exePrleks: to-i;t]ﬁreﬁp get st rand.

primers were designe ize at the sanme site

and di f f ef@NAwnd RNA;prmralkymele wndiab cpo&w:nl@ea’tngt df@eﬁbmenlaNATdh&mghhg hest
yi el d of . product. was d with rlmar ollo 1 AOO5 and
| AO19 eqd‘éwgqfﬂ' ¢ BisHer Bﬁ? CE hEAlE ep?l?t?fB?‘;Lf\ W&O&B’aﬂf’ EB > roduct s.
The ppti MEibco BR'TEPSF BbMRniRb it dd8rdes Aleh AiBMcah TREA T dﬁamlfurc@@we@ step was
different for the different 25 priners, as expect e sothermal

sequenci fgepshding ohéhecfoaiof nu@lclg@psi dpglrﬁb gﬁh@nlqm‘éér toted A A f eroaRNdncamet hods
t.heir

Nucl ei ¢ i.d,se s .to _be, ana refl i solated fro

S coe. TeirrISEe By AT RS e oGt Bl I S SR Y P BrosP & for

ani mal , pécting MREECAdi@ ot FlEgeSls maea&o be whncﬂ UNQurrert Prétbeols bl eecalar

nucl eic acids (DNA or RNA) is fromanimal tissues, then the 75 WO 01/20035

PCT/ US00/Biglpgy suprias dfje |S%ufﬁ©?rﬁ@l$r1ﬁ1§ aeld dy fremiondnammahanssasyess: 08 exanalene

f h
| LG, "R, Bl B 3ok ARRE pRaR ket ARGE aREl Ve
especi al Iﬂlem?btétocah;cban be fcprnauﬁsmmatrdt ap oo Cugem@rowciiln Moléoutpr Bielogy

handl i ng of the, tissu Ani cells can al so be obtained from conmerci al
sour ces, Pt 'éac"eSlaG"i?éb%‘BﬁE any V“T‘Ff&m non-profit sources, i.e. Anerican Tissue

Type Cul ture gﬂg&catlo%P%@eﬁﬂe@ﬁréﬁﬁuélelrc%ﬁfsegl%kﬁs%a Atd o 8s HERHbed

genom ¢ DNA, can- be isolate | 'owi ng standard
pr ot ocol Jof othdrmal lieartangpbificatioralas dexepbed hdeeiot dcbohslﬂzmm 107 sopies isngedhfoc| ei ¢

acig fro t .cel,l.s can,al so fou t P | ecul ar
oy THBPaR 1f SpqiBotBliE utGr AetditinidrateatPlosh e R P o aes.
for ex armis@d fok @hdaspIETdafion ¥REHU, the BGllencidl radctibis Bxtufd inelnbéytheidbbrRaent

pr ot ocols are used to isolate nucleic aci These protocols can be found

i n Sanbr doRhesphate analegsolf eachanmogiperifuely FabrisH el Lifonr caz) b asiglpd it e sermet er i a,
yeast, f‘f@&‘mn%ﬁb‘% thiwis: fg%ﬂ h&dbgogfde%ﬂal‘a& id MBI 8P FAR B LATaGheG! € ¢ acid

sequence |Is carri e out aé
sequencing reactions are carried in four different reaction tubes 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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for isothermal |inear anplification, as described herein. About 102 to 1012
copies is used for 15 tenplate. In addition to the natural

deoxyri bomool/zwss de tri phosphates (dNTPs) that are used fPRECTAUR®/25104
anplification nethod, the sequencing reaction mxture includes the | abel ed
triphosphate anal ogs. If each analog is uniquely |abeled, all four_ can be
added i n T¢3gentanddeaction cpndHORY 98 oPinpldreRiosrangerof sequensing PBYY S acRrdingy i s

| abel ed 4 il thifod afhe liBRGlion hSimAGIY BREL 1 SEA SRR RECABI heflob T OUr
different reaction tubes In i"Ch each reaction m xt'ure contal ns one of
t he nucl eot i d&hamphirelity.of Phiese eateasiogprodnets whichr differinesizetio atdvedangpe withr

ext ensi oghéorod. ct. by the Otl merase and serve to stog further eftensi on

al ong t hdh® $PEFIGEINCOLRRIBREC afiga (Arminalor, frg $i2gSeRATaled URDE BRY B HUUEE are
| abgj ed.  Fhgirfs WAWWATLHe am.J'ﬁﬁqur@t]gl@!o$meqﬁ&qli@rdffﬁfm&&%ﬁb%rmeeuct s vary

in length, according to the site of incorporation of each of the anal ogs,
whi ch r eprabeed witheaduof the tergemieranelog ot mdicative of the nudSotedeeesnsa phithg
nucl eot i Qe on lt.he target sequence. Analysis of the reaction products for
el uci dat {'GHPBHCIE AGISREE Rt or mati on can be carried out by running the

products on a gel. Alternatively, other nethods of anlysis can be used as
well. As with other sequencing nethods, the sequencing reactions are
carri ed dixample feSeqnensing pfmecleie geid;targefrusing enbpnded amplification r eact i on

114 JT ¥ 18 A€X0,
vessels. The c¢hoi f o} | . | de 30
triphosphat e ana lgfgcs??lﬁggg{.hgf%gé&\i/\ﬁg%e?gg%ﬁc%f 1{ates Eg&gggfso%gm%ﬁ&é?‘??Jésﬁgeﬁr)\%‘fal |y
| abel ed, fohigothsadil §iRedraghpligidatidom Whichinbelveskansadptivnt as desaribédighenvessel .
The consi derations for choice of 76 WO 01/20035 PCT/ US00/ 25104 reagent
and r eactB®ar ¢Sl Shner PP upey harsedde porerd tberiotorsamaiehssagnesiaiesi s
accordin G o] - S : ot her
previ ous Iq)f/0 élgts(}:#r}?% gﬁ Eﬂr%eﬁg%lgglse Bp%ﬂgﬁ%%g ?g’l {ht ?dg%&{pt?}t@atg% gﬁg}iﬁglnefog?%d ucts
whi ch di ftfighosplmtes (ZRTPs) thataor dedder the ehantérkblisgae emplificationongbodidconling
el ongation _term nator,. are size separat.ed using,any of a,variet 5 of
met Rods R UPreInt Eertiap: tefedysngne Feacton migups 4isine bgedihe APP9BRate  ansi on
product s |sHeRAUFBRLPhAE aBA6Hs, Whidi e t&hHoNRL Red aNethedselgfercth mathbye of the
nucl eoti de sequence of the test nucleic acid sequence. :

Exampl e 7:
Sequenci kgown imthelagt cThees aretrgogeqrated &9 thg catensine pepdaatby m@g{f @glywrase
At eat] 4 ' . . . Ced out
obori ot hClo0F Al Efifhad Ahe Ml BLELATRe RRIENRE Sufdicn’ od out as

t ranscri pkieasion pfoddes ard labeledeThe dccumhlatdianultipk: displd&d extepsioR ptdduciyny be
used to append the protopronoter sequence to the roduct of the isothernmnal
i méhr  arYahi injlength, gRcording e ther sits et ingornesationral eash of the AbAlP&s Phifh 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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tri phosphates (rRTPs) that are used for the enhanced |inear anplification

nmet hod according 15 to the present invention, the sequencing reaction

m xt ure av@o1/20063 udes the appropriate | abel ed triphospharer/asalsgs, which
are comonly used in other sequencing nethods known in the art. These are

i ncor por?[hed to the extension product by the RNAlg)ecl)_]})érrer'ase and serve to
stop furt REFCRRPEMEATEHOBLElRgMR SPS?‘égtge%‘&&P@ﬁE@f .mrrégﬁﬂfl?‘?’ﬁﬁ’gtler uncat ed
ext ensi oRuAEQHGIolyRbHhlsAPEINGY; inddBoRCaHnd bed tHEUlKe! P! € di spl aced
extension products 20 vary in I ength, according to the site of

i ncor por at i on Aghplifirationdf theefinesl torgst nudi¢ic acidepquenenis catrfes antips dessribatjuence
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Genot ypi ng using isothermal enhanced |inear anplification and genotype
speci f i c gewsigin efamplifieationeredvst dndipates the praseraeed targesrsequence ebthe defisechg

e RO SRR S P Y TR BB SRR o R} 1

bact er i atargétmuskes, acidiseguencgedtitpreviehvarhiplifiction aTheampli At fiog Pacdu¢pRd.

CGenot ype .30 spgci fic primers are de§i gned either to conprise. a 3' -end
nucl eot i deeEiR BK 2RY BRS af WU Bethods foydistaclipa obsingle spardedinucisisacyd ¢ aci d
se nce g u - 17

e oso0rSEERE Vi S Rabn e TP CRA e ARl MR iR SRR RBER ooy
be poi nt ohptrakcleotide piabgs ® theampkitatide ppadughisrdetticedh by PePylectrapherdsisons

del etions and,the |ike. lificati of the.defined targe ucleic.acid
sequence is clp F?sgﬂwgﬁrte tggg‘alé’%y@t"?go‘_éfo iplpyt c TefpE ’is‘(‘)%‘ %fthﬁgﬁmlea@n col i
sequenceof hansig%o&m\&ﬁte%@@pﬂ_e%enwbagt iis MEasHRORS AR out BREMALIfealérl HBthe aNd
DNA pol ynerase which is devoid of proof reading activity, the generation
of anpl i fpesHid wiclqie acid dargetaqueaceusingspegifvquiners whichearg designed feneitheof t he
defjmned ) riation that prevents hybridization of the
31 18na of Rendd HBE anF AR Enot e BLOR o Blos PR I by RERRAPR TH Dt event
anmpl i fi cainplificatibh@esutiphs fidig@ihe 8pedifi©ptimibrsiase eatied bedn Ryparaty redo®f vari ous
nmet hods for detection of si ngILe stranded, nucl eic acid 10 sequence, which is
known i nVesselsalhe detegtionof ampllicatior prgdyct iy ondy prmregetiandubs 1 less abel ed

ol i gonuc de: pr he: Lok | [ y gel

ol ot r ophaP AL AR ASES: | ndipR A BR oL 2L AL SDAREHE o LEEMATHER ofY

r equi r edmusant homezygue. dEieedetdctiat odamplificatiomprydyot @ with armpEfictipgotaetions

genz%typeindiéatelssa}Ie?gcs)éybgloteeéecl)log%g.ry out the anplification of the

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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specific nucleic acid target sequence using specific priners which are
designed for either 15 the wild type and nutant genotype, or one genotype
and the ovder2menot ype. The anplification reactions usingPCheseymscidf i c
primers are carried out in separate reaction vessels. The detection of

o bduct - AR Gt A1 B ORERE Bk I atous ! T SemiStotims T ie. o
mut ant hQﬁg&y&etasouaa?@s-@eﬁmﬂceﬂlg%n@gmh'rf {SQREA.OTHR @9&9&& d’f@e&&g

B
anplification reactions 20 indicates a heterozygote genotype. anple 9:
RNA por t ialierabers ddesi o0 presemethe itz tsteprof det aaplifovation Whiezbn theasopipokite at i on

nmet hods The isof hermal anplification t hQds. di scl osed herein are used for
the det e ETH MEPIdse (ks RERF HOUSASCIR LM (e TiFy HOPORT LI, S0 AR ag

SNPsy) , | Rx@ndish §RIubLiS hBide. ACHKbrRERERNR Iase N heARIALASHARR AISEHoh BF the
genotypi ng or detection of mutation |eading fo drug resistance. The target

nucl ei ¢ gsieddesbprireenef thscanplgk.eThe elardgd of $w)RIDAKortBImaf the samposited DNA

target is pre ed.from a doubl e-str ed arget or an RNA_target
PRI it LS e T R e ST A e L L S S A
Figure 4,mi§rn§t@l‘{qu_ﬁistrﬁa)ﬁ%’:eﬁ@ﬂ clehi4pe, dler @Qm[%?m,w réduca thi dfflcied@eof thiA
sequence is used in conbination with a ss target that has or i s

suspect e@leavageavide negt gp oflhindiog st PoTnpsie/peBagy4o the cemplax yrhyhiridization he
allgle u %ggi : Ly s t.o i S t ar get
andﬁJ abou{6 f 8{6052- ﬁ:a)é%onégﬂrrg%bsl?etg go yp? rrlrl%gq%vclthsf%gééd &%Eﬁh ?g%(r}}lfgg&e%lgoé/%b%? equence
al terati ambilitesf tivtcoptpevi@nprithbetoihgbiidiat tethe pargét grevenanftthéd st iofprineer eby
the conposite pringr. ffybri di zes to the target sequence to formthe first
tri - mol eCHICANIOR srdeisPlagemenhansd Roguston oh Mptligle coPiFsofthgiamplificatioanuci ease,

Rase H prflisC THBUEHITRRIA AL bPRR IO, s KR '

conpl ex. pThe gl eav\ggi) lolf %h RNA p’)orticon o‘?&’tﬁe corr%ggoiy%w%étlr%r%&%r t he
primer ext ethsi equiypledudaps.by RNase H is affected by the presence of a

m symt ch. Thi s, may pr.event .cl eavage,..alter .cl.eavage.patern, o educe .t he
ef f]irggi ency of %f‘?ﬁgysc 8%58%‘3?1 ﬁ‘ﬁgo ﬁ‘g){’PhIE{UQB ngrlmeﬁggl?fb‘g@m& "é% posf £&° Sfi mer
to the cewgny®idiindyiiondiéaddedhd tﬂ@stﬁﬁgér@o$'the!%%ﬂ_@ﬁrcbh&ﬂoﬁ.srﬂewfalatotrﬁd by a
m smatch for the reason described above. The inability of the conposite
primer téraspwpideredan the depign (o thyeompogitepriner; aeqosding &2 Epkniades prelifgown
extensio nd . di cenment and production of nultiple copies of the
anplifi cg??%%ﬂﬂg%rgg%c S. The anplification products, or |ack thereof, is
vi sual i zed by Agedmsdséte primehthaeicemplementary 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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or other equivalent nmeans. 15 Factors which contribute to the inhibition of
primer hybridization include the size of the hybridizing. oligonucleotide
and the svoongmwaty of the reaction condition. These fact oreT/UsSO25¢@NSI der ed
in the design of the conposite prinmer, according to techniques well known

and routine in.th rt. A co site priner that is conpl.enentary to a

nut at ed Weggduaéﬁége F’%te%ﬂ@c?'fr@&é&“mﬁgaﬁ“ﬁ &?B’i“??é‘f)flé’% awpllﬁc%t‘%ﬂréd‘t%é ssDNA
target infndisARRTARbrAMMYehbiypati on method described above. In this case,
the prinmer binds to the target DNA and undergoes extension. "However, after
treatment with RNase H, nore prinmer cannot bind to the wild type DNA

b | eoti-de m smatch and thusg, litile to |jfication product
s mmde. Laeie i8] CefolphiPhing FOfhdr el ampeafipd Pelfod B genbfinerc by ge)
el ect r ophpedfit prébe BbIRTizArequUi val ent neans. Parallel reactions are al so
run that inclTude erther the nucleic_ acid sanple of interest or reference
sanpl e of tar ddethedscfoesegquonaing by hwbrifizagion erifeasl In REQMIPHS exemplesof nor e

prinmer e j-on: Ar j . . . . action is
i cat iR o fiRed Aedg v 3 Rl GURA LRl i BBLAF T 1 et
Al t er nat iadedntagevhensitidithe ¢Gtippsial @etod pr thedfivestion inss €8 as the anlfﬂ‘ih‘ff ' 1dﬁﬁ@tuence
that is fully conplenentary to, a normal —genotype sequence of the test

t ar get, éwlq% BRIt yo@e glecﬂéﬂdgéﬁtﬂg HY GRS afngferﬁéramdawd rgadibn aygidableto 79 Wo
01/4P035 : n j itative
O A0S ECELHRIBRATLon B UL et esileeat 1A BhoGhed

genot ype .deggmmhsg;gﬂmethmbbt?mi mgl(;gsﬁt.rlglsi p;)ssl?lﬁ rtordéteanipk hy bédizatom arig¢rieods and
genot ype S i fic probe ridizatian .0r _seguenci n

ybri o 5 3Teh P wirRg SHPH A HebpetRisalo KA Licat Shated s AS et By
sequence ahffifichtionh dHonBYBhdtbZald i RS otB&re Gehdnc® ValRidnSis RAfallias dlsafgley

advant ageous using the isothermal method of ‘the invention insofar "as the
a{rpl i L i g@ppl@ﬁtldemapmngmbtr hl’@eﬁlﬁ%tlonh d hﬁé‘tlmn@ﬁaqqﬂfe al_‘ertelee_rntli;@gf is Z |C n ?I g
str e | vaj.l al 10 e iLn r] [ of . speci fi
probes. ﬁ?@%%%§§§8%¥Pﬁ%ﬁ?%ﬁgé%gkgﬁn3EQE€§§§@ﬁ8mBPéB“%gﬁ?@%@ﬁ“ﬁ%ﬁﬁﬁ{nethoqs
known in rédae'oﬂ,l’dlhd bluffes ®nmmbﬁiolﬁl %l pagtidﬂareﬁvmm idiy&z{nbfhtfaafbno Mhe prcfjbes ugd which
wi || support selective probe hybridization to anplification products

gener at e Oﬂo@w SIFEYRPS Brsoftiogner Kan bt girchehtp hinlidisyefags: pthesdhgience

vari ati onrdses B!t decty BbABA Br attached to a member of a specific binding pair and thus,

able to specifically bind to another member of the specific binding pair which may be

20 directly or indirectly labeled.

Genomic DNA is isolated from test samples by 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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nucl eoti de can prevent probe hybridization. The follow ng factors are taken
into 15 consideration for hybridization criteria: probe |length, tenperature
of the hywboobdewaii on reaction, and buffer conposition, iRCpaEstI/SWar

di val ent ion concentration. The probes used for the ananlysis may be in
solution, q be .attached to a sqlid surface. Further, t rqhes may
be di rectql?}f‘?%%‘ IBFheaﬁrE’i%rlf’éamﬂ?’ a‘sﬁjc?ﬁﬁg‘fi %f“ebéocg‘p@ {-FSHRr aoihﬁ“tﬁ %%{jc‘ Sir and
thus, abévds@s RBAEA fan@Md chaRbdfh 159e1_@pa§tmﬁrop&@i*e§au@ﬂ‘o HyBSidpRR6h {s ¢ bi nding
pair which may be 20 directly or indirectly labeled. Génomc DNA is

i sol at ed detegtedtand recoeded|byscomputesatgodithrksiown in the art or as described in
t he above exanple., Test. DNA.is combined with the described. lification
component s. ¢ APEEe ERRtnrPLuelp HEPRURRIoR PeciiE pRES I i R SBah aisdle oL ch
as BTO) . is d8e usantbi halde@btibrboSprbbehy R illizdioh NTHRAd Apklddioh ipfsthicBSire

descri bed herein to generate 25 single stranded RNA anplification product.
Hybri di zeneyatedfand prodagidiibridizationte prebesummatilized onsolig surdasss i detegtadobes i s
carried ' Lyt i | e ific
probes. Sl chob 'l coffbufl Bl ARG deoRbl BEURE BERRLURR, pSRREl,

met hods  cafriedsiunty éncsiposaidadhy lam&dpmmmﬁn?tlg trameeriptionStaptBcsubstitheng f
attached to a l'id phase, such as glass sljde, to generate an array o
spati al | Yfoag 8}5 @‘E&O‘%E@PF ib¥ agNJBenalog, whichds labeledh Bhe label iapdyerora spall ¢ he
soliid ph ' - par ' . Ak - . The
ot o Bl oL, M S oD JeRREN paBifhid & PLARCOITE HHAGSIEE. | o
out by vasiabgkd sgopteiidiil /Mebads feCictoSDy @bbOKybrivkzatiod onlsnbdwsurifaves e art

for exanple, disclosed in Sanbrook et al. supra. The specific probes is
Iabeled?ﬁﬁﬂgmfﬂgwéﬁ%nge in |abel spectral properties due to hybridization
is detected and recorded by conputer algorithnms. Particle association due
to hybridization of specific probes to anplification products 5 is also
used for ExampledbcGenatypingby bdSGR 1§ SmglesSirandgsel enformationi cat i on
proﬂycts]qﬁﬁ quﬂﬁégted and product hybridization to probes i mobilized on
soli'd sur tected and recorded by conputer algorithnms. The

gener at i @renotyplmidiekaticaopd by amplificariopbOtheGhedific taggst hu€ldicaidid 2yuence

i ncor por atj on of el ed rNTPs during the transcriptjon step

| , : . b

subst i t utiRg thf‘ome%lggs drscribrd hestin apdippdetgyminatiopret taﬁsie%?phwtm%mé | abel ed.

The | abel.,j : . i j hich is then
e | abe pahan?af%esmgg% btgaggg?ﬁ\rg}g{dgg&ﬁwicﬁ rSfiGs @8 sﬁg&;géﬁfl%%d;

det ect ed by bi ndi ng Ihg entity, suc | ed
st r ept avicdnformivissrh olds use of 88CR do1 deecpion bé sduybndedilzationns witlefohsed. sur f aces

ar%o kno‘@en‘o{}p% Qgec?ﬁg 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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Exanpl e 11: CGenotyping by rSSCP (RNA Single Stranded Conformation 15

Pol ynmor phi sm Genotyping is carried out by anplification of the specific
target nwedei/zoaxi d sequence using the methods descri bedraeusioesand by
determ nation of the el ectrophoretic band pattern of the single stranded
RNA product., ich reflects the single strandeq conformation. The_ use of
SSOP 1 or by oelFionahadE SRR e s, ThheREruRas Y RRSEd ora eBRGRGen
speci fi ¢ ppodil B cohparedad ti:00f AnpBkida0en !Fﬁodﬁ@fs%reﬁélﬁfeq OantpitcaEdH mm%@{m' es
to gel or capillary electrophoresis. The generation”of "single stranded
product mypclgiepcid sequericepbined fegrg eellsafdineive grodtipeedogsbangade thedi ng to the

t hod of_ the_ ti ol d i t hod ticul arl i.t abl e f
Genot ype cSREpIRET ooy PABTE s HEA R sriene Lirtae it minasibidaleh of sace
analysi s thedmplifidatibe chetieslt ofARORWE R JANAirSSCP pbd vigsh i inBleGRERE RS ttohe t he

anplification nethod of the invention, as described above, and target
speci fi c disspPoE of eequenssenolynerphisroplh defiped targes gequieness, aiktdetessiopdd, The

conmbi nation.i i c it f ' Lifi.eation of the
t ar get sggét}]éé}%l@.ﬁ &%gﬁfggrg%t% eghq%gfléﬁ{r}gﬁlcoéﬁgcaﬁ’ E{rtlli% %{gwnarrp elnlf "irléégt i on product
I S subj ect@e@nts, e ddfded gehotepedctandiewedesdrmingd, ampihklpattymeleaahteaphor esi s, 30
using instrunent, and conditjons_known in the art, The el ectrophoretic band
pat t ern &fodusts of amplification ofdest SNy vell be somparsd e kaeyvn nattersy for @&netyeR i on of

thepl i gopeheatibge product is 81 WO 01/20035 PCT/ US00/ 25104 achi eved by
inclusion of a dye intercalator. The el ectrophoretic pattern of the
anplification product is conpared to that of anplification products
generated by anplification of target nucleic acid sequence obtained from
cells 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 rSSCP provides 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 WO 01/20035 PCT/ US00/ 25104
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CLAIMS What is clained is: 1. A method for anplifying a pol ynucl eoti de
sequence conplenentary to a target 5 polynucl eotide sequence conpri sing:
(a) hybr ivdd pi/mg3m singl e stranded DNA tenpl at e conpri si ngpCTvESeozasaeEst
sequence with a conposite priner, said conmposite primer conprising an RNA
portion and a 3' DNA portion; ' (b) &' nal Iy hybridizing a

pol ynucl eoti de conprising a term nat ynucl eotide 10 sequence to a
region of thewgiml atgndhisch is 5 with respect to hybridization of the
conposite prinmer to the tenplate; (c) extending the conposite priner with
DNA pol ynmerase; (d) cleaving the RNA portion of the anneal ed conposite

primer with an enz that cleaves RNA fr.gm an RNA/ DNA hybrid such that
Dot her " onpod: A rTordpT eraplTiike B paielepiaF sRRoS Somlea et do A ash

prirer exybpaatlefidyseghdmBeombafhgcenent, whereby multiple copies of the
conpl enentary sequence of the target sequence are produced. 2. A nethod

for anplifyi ngadybadgame pehglagt LA dempleteccompsismegi the tagget 3@ueage with

hybri di zi_n ihgle stranded tenplate .co h$ing.the tar.g equence
wen o edupBeildtshen 8 SRpa Tt orin I Rp b AR AR Rl i A B o £ o

and a 3' pbMAn; portion; (b) hybridizing a polynucleotide conprising a

term nation polynucl eotide sequence to a region of the tenplate which is
5 with respeé?) arsiopglby hyhridizinga pelynugleotids eoppriswg s tempipatigepal ynuckpstide

te ate; t i 116Dk i ner ; (d)

cl ggdvi ng’sct)'iug)lﬁﬁé a;e)ljg t@g;ﬁﬁ%%@ﬁg%;ﬁ%%&@% ‘g%ﬁnﬁégg%#é p |rgrﬂé%ra¥1\fqmﬁ toﬁﬁ%n enzyne
that cl eamepssifeptinheraontianeRpMdINA hybrid such that another conposite priner

can hybridize to the tenplate. and repeat priner extension by strand
di spl acement {® %F@HH@&E‘EIF%‘BP%@@_“wr g‘i‘ﬁ%ﬁ%@ﬂ??% product; 83 WO
01/20035 PCT/ 3QéR240dhe ROEA phiidhict it AbedePOONPOLTE ‘i:‘)ﬁlhieg SithURRnlzyh & thatt

propronoter and a regi on which hybridizes to the displaced prinmer extension
product @ledegs RSAdTam en KRNADINA dlybradsuch that another composite primer can hybridize

15 to the template and repeat primer extension by strand displacement,
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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transcription to occur by RNA pol ynerase, such that RNA transcripts are
produced conprising sequences conplenentary to the displaced priner
extensi ow@oo2iwei s, 5 whereby multiple copies of the tarper/usepienice are
produced. 3. The method of clainms 1 or 2, wherein the RNA portion of the

conposite priner, .is.5 wth respect to.the 3 DNA portion. .10 4, The
met hod of cl ailfARybr %@ﬂolt/mc?@%%mmﬁawgw?gm@a er@phe region Whick  pna

portion. hobrididés {RhE@YpIatedhrith&fexienSion prodee alis @nBitidh&lwhich MMbweoNMposi te
primers afe used. 15 %. The method of clainms 1 or 2, wherein the

pol ynuc! émnsaiiptiontpeéesi hy RNA pelyrierase, sunh gt BéVrs tansriptstaserplodtesdswi t ch.
R T e e
undey a gi ven vake melapRi dopRESf tHelgrgdiSqhémdare gBdudbe tightly to the
region as conpared to a TSO wi thout the nodification. 8 The nmethod of
claims 1 or 2, wherein the polynucleotide conprising a termnation

b1 acki ng sequéncteannped SEURERTY o whsfe B AT T colt PR cpier®
hybri di zés5twith kepémpihet’e DNi@bgion, under a given set of conditions, the
bl ocki ng sequence binds nore tightly to the region as conpared to a

bl ocki ng sequence wi thout the nodification. 10. The nethod of clainms 1 or
2, erein th . F@ﬁ{ ’ﬁ$?§%$ 3Q4

PCT%SOO/ 2510?1"' e[il%%ﬂ;&?h%&‘ﬁfélﬁ%ﬁioi é ai n% % v rei %n t heﬁg%‘i\%ﬁ%{%% e
conpri si pgrteonpr opr onot er and regi on which hybridizes to the displaced
primer extension product is a tenplate switch oligonucleotide (TSO. 5 12.
The nethod of claim2, wherein the polynucleotide conprising the
propronoter  GONHeim&Rodof @8hRN &2, Whereh a nﬂ%mlo%mhmﬁk%ms 4R ukbe

di spl aced prinmer extension product, whereby pol ynerase extension of

di spl aced primer extension product produces a double stranded pronoter
A SB BhRLPRHS ol A LD ARl Sk Yo ™ e
ol i gonuc h@atihddidn(sEEdhce is a template switch oliognucleotide (TSO).

7. The method of claim 6, wherein the TSO corprises 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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14. The method of clains 1 or 2, wherein steps (a) and (b) are perfornmed in
either order. 15 15. The nethod of clains 1 or 2, wherein steps (a) and
(b) are peoborawesl sinultaneously. 16. The net hod of cl ai PeT/US@r25204 Wher ei n
steps (a), (b) and (c) are perfornmed 20 sinultaneously 17. The met hod of

claims 1 or are rmed before step (c). 25
18. The net hodlmﬁ‘é nlﬂﬂdtﬁp“i?’r“(’@ “a}‘?é?é%‘? HﬂlYn 88 © EMTBPLRRE %P’f?é’aomgter

si mul t angaysdeion whith l&bH&&M tRd d1§ﬁgéh‘%ﬂ§rhﬁ& e@{té@foﬁ%troduéf:is%qreﬂn BtSEApENCe
conprisin a) hybridizing .a single stranded DNA'tenpl ate conprising the
target s gemesieonide KTSQ). conposite priner, said conposite priner conprising
an RNA portion and a 3" DNA 30 portion; 85 WO 01/ 20035 PCT/ US00/ 25104 (b)
optional l'y hybridizing a polynucleotide conprising a term nation

pol ysnucl eot i dg2. Ja@ RIS 6ﬂ2:1aimr23@¢}féi’e1@ihetﬂlﬁyﬂlﬁl‘aéhdé eomﬂmﬁg ih® propréhbter
respect to hybridization of the osite priner to the tenplate; (c)

ext endi ngompaseshisevntabthery’ ﬁé‘i%@%éﬂkﬁeﬁmﬁh@ﬂw@la@@i pHimpr Wsm yner ase

and 5 a r nsion is
For mi nat pdib ey N oA e AR A RS it B S "R
portion @kodutes adneid ﬁfhnﬁaﬂpl@ﬁidtﬁ' feorh RebichrdrBciptiomnoeyom®. t hat ¢l eaves RNA
froman RNA/DNA hybrid such that another conposite prinmer can hybridize to
the tenplate and repeat priner extension by strand displacenment, whereby
mul 4 pl e 10 cqpi sequence are
roficed of vary s e lBler FRIR 1 ERLEne R A B PP 3 pe ()

t hr ough (pdn)prbmotsbeisaxpmpmnqumpkate olonudleotsteHBAO)f sequenci ng a target

nucl eoti de sequence conprising 15 (a) hybridizing a single stranded DNA
tenpl ate conprising the target sequence with a conposite prinmer, said

conposite primar TheMthcd dT%t1ams TR 2D Ahbletstéiidafandl (bPAR pePBfhé P either

order.
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 ciaims 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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(b) hybridizing, a polynucleotide conprising a term nation pol ynucl eoti de
sequence to a region of the tenplate which is 5 wth respect to

hybri di zavt®ommBss t he conposite prinmer 20 to the tenpl at epCctwpoost@ndi ng
the conposite priner with DNA pol ynmerase; (d) cleaving the RNA portion of
t he anneal ed c osi t riner. wth an enzyne that cleaves RNA from an
RNA/ DA hybr i doLertine by eriieingn pelsRigER i Smmsine s rRpBRerPolynideeRe
tenplate g nEEREAleg ! T e @ﬁ{p‘ﬁﬂéw&hby 554 [tR 8Lt 36 hfrediBAtont o7 tRy oduce

di spl aced 25 prinmer “extension product; (e) hybridizinhg a polynucleotide
conpr i si regmpogiteoprtaerdo ¢he tamghlade;r egi on whi ch  hybridi zes to the displ aced

primer extension product under .conditions such that .tr cription ogcurs
From the ext erlel BRCTRIBIE FOBPORRAT T AT alglidfe PN L aera % fips and
r NTR analQgiiturs € ANTRRAn TP aaMs g4, isiéhSthad [Rindrasti@sidn GO fPhimteddipsggquences
30 conplenmentary to the displaced prinmer extension products, and such that

transcri ph¢asporpison g AP anglog3s PCT/ US00/ 25104 termi nated upon

. y : Lon. . P h
soquence ar o §TboIBRGE K02 pBHIon It ROBPETEIRLES s &Yl B 95
steps (a)cldaheoRNA frem ah RNISN Ahybrid equhahsteanothe?dompditte peiinted darohytdididem 19

or 20, wherein the RNA porti.on of the conposite priner_ is 5 wth respect
to the 3'0BiAenBlats B repeat primsr pEepwRn B steand idrpiaremgple Whprsby pruligple Rna

poridq on i I ' @lﬁb i :

chafrdact er@??ﬁgpgggéﬁggrﬁe@%é? S? teree(gﬁﬁ‘% J[na?éf}'t tS %"S‘Sé% %@Pﬁ%@f"ﬂ%ﬁ%?g sai d
met hod cdenpthsi ng conducting the nethod of clains 1 or 2 wherein the
sequence of an R ortion aof the c osite priner is known, and wherein
1500a) b oductPamlPgcheRrdr SRR o ran e (Bap FEriRe HOERcs rom t he
tenplate as conpared to the anount of anplification products froma

reference tenpl ate which conprises a region conplenentary to the RNA
portion of the&lcdnpethiodef pequeneing addrgettnasleotidrgequensetcgmpeisingol ynucl eot i de

IR T L BRI S ity
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

tNTPs and TfNTP 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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20 conplenentary to the RNA portion of the conposite prinmer; or (b)
production of detectably nore anplification products fromthe tenplate as
conpar ed woot/t@3mnmount of anplification products from a rep€EUSCE1GENp] at e
whi ch does not conprise a region which is conplenentary to the RNA portion
of the conpasite primer indicates that the target polynucleqtide conprises
a sequend@uBpiEd BPRINNSeTporaoR pE AR anglog.(wherebyrmuyltplecoriss of the tigetrer and
is not a j i f t to the sequence conplenentary to

t he RNA psg tl g%&gprﬂdgg%lg%rgﬁgel i fer. 24. The nethod of claim 23,

wher ei n t he sdfjumalyzingfthaproBA qfeteps () tlobughh@) tecdetprosing sequenceer conpri ses a
wld type sequence, and the sequence of interest is 30 characterized in
determ ning the presence or absence of the wild type sequence. 87 WD

01/ 20035 PCT/ Y3063 0d Selaikl1E HELH WheRin He 3N 23riioh\TRE BorhfiRiss €auence

of an RNA portion of the conposite primer conprises a nutant sequence, and
t he sequamzeeras 5 witlerespect tsthehdMds pertioned i n det ermi ni ng the presence or
absence of the nmutant sequence. 5 26. The nmethod of claim 23, wherein the
sequence of an RNA portion of the conposite prinmer conprises an allelic
sequence, and DhernsefURRES Min 21, &FREdn tHe 5° RNA PRI iZ 8diabdht LthenMDNAG t he
presence or absence of the allelic sequence. 27. A nethod of detecting a
mut at i on AORIQR.-t ar get pol ynucl eotide, conprising (a) 10 conducting the
methpd of clainms 1 or 2; and (b) analyzing the anplified products of the
met hod for single stranded conformation, wherein a difference in
conformation &3. Aanethed efkchaeacterizixiged @aenceiofigiteresttin analget podynicleotidqt | de
indicates a nutation in the target polynucleotide. 15 28. The net hod of
clai ms 232diAgPeS FOTPSIINA portion of the conmposite prinmer is 5 wth
respect 1o tne.oddudhi RAnEmSR of SimsTh6: TRhBh Bk sl RhER GFan RRRNShfiort S S
RNA portion is adjacént to the 3" DNA portion. 20 30. A netho of‘

pr oduci nghacempasdapriengy isdmopmi gnchghgrain conducting the anplification nethod

SRR RCeR ek S E AR
conposi t ic@mpafdRs tikl dithbudt 6LARPHidaBioR ptdWEts foRl 8l FOIRQSiehDldé WARh
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.
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conprising a 3' DNA portion and a 5° RNA portion. 32. The conposition of
claim31l, wherein the 5° RNA portion is adjacent to the 3 DNA portion. 30
88 WO 01M2008200BXCT/ USO0/ 25104 33. The conposition of cl apar/8%90/2s@r ei n t he
5" RNA portion is about 5 to about 20 nucleotides and the 3" DNA porti on

is about 5 to _about 15 nuc|eotides. 34. A corrpos;;'éeéll on_conpr.i si n%
wherei n the T30 dBapsthasolclamdi3s WagiEibiRe seqyerce MPW ekt ﬁybrl d| zes

to the te eS Qe TSO bi nds
nore ti gh b@él{%pr reg{balﬁ&;&sjﬁgtgﬁn%%pgﬁﬁt O&fgtﬂé &%I@] o%f?&t% cst m)dl fication.
35. A cowxpaysétetized m(dmermmmg_:]tht peesermepo abseace pf thermmtantcsbqumcé’,l and the TSO
of claim34. 10 36. A conposition conprising the conposite priner of claim
31 and a bl ocking sequence. 37. A conposition conprising the conposite
primer of clabg Gheaghdd &fcwﬁmot»ﬁéreml&etsethaé 8f &1 REAYHHiGOLE e (PTO .
38. A conposition conprising a conplex of (a) a tenplate strand; and (b) a
conposi teompomrprmeauceimpummatll@h@sqqmncec@mtbﬁEﬁMnae of mtﬁwstpbru on and an
RNA portf1 tor dt C 03|t|eocn gfa 12 r’r}&? V\fnerel nct he RNA portion
S 5 PanghitafEdin do R aER CBRACES gienh Bt St on of b1 ai m 39,
wher ei n the conplex further conprises a 25 termnation sequence. 41. The
conmposi tion of claim40, wherein the termnation sequence is a TSO 42. The
conposi ti on of7cHamngihed of defestiien mpatior ing iwagdt pAlySEegetidse ComEPHESIRg G ki ng 30
se nce, 0 rising
( a;‘fbe ?ﬁciglgf‘\?%ﬁxje d%&ﬁc?c?of Cig{mlésl ?g}/ % gflr&)gbr?pa%’}tygﬁig "f@5hpRRed Bkt o FREP

method for single stranded conformatlon wherein a difference in 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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primer conprising a 3' DNA portion and an RNA portion; and (c) DNA

pol ynerase. 44. The reaction m xture of claim43, wherein the conposite
prinmer cov@oi/s®3sa 5° 5 RNA portion which is adjacent toPChEs®@/25DNA
portion. 45. The reaction m xture of claim44, further conprising an enzyme

whi ch cl eaves froman yhrid. 10_46. The reaction m xture of
clai m 45, wheréi H_hﬁﬁameﬂ%m0¥ @%ﬂa&erﬁwhﬁﬁgﬂ_ _éamwserfwﬁ_rt@ PUlc| ai m
44, furthg huemamés%agh@:s’MAgdéﬁi&pifslaQ@ut LRMEBbLST IhcReolifédl Nati on

pol ynucl eoti de sequence. 15 48. The reaction m xture of claim47, further

conprising a polynucleotide conprising a propronoter. 49. The reaction

m xture of clai,m48, wherein the. pol cleoti ri sing a_ Rropronoter
1S e TS50 20 36 ArsmnGTi Smmien Lo iR SORaitrt SmelitRbish

pol y;ucl @\otﬁe_dggis@ RMidEShybgideres B BB i APIAR! whéremh, Rh@RAQYRINGet iR AR, the

ol i gonucl eotide (PTO . 51. A kit for anplification of a target

pol ynucl 480 biadsmquastighily to shprezionig campasd coni o6 wishgut thesmodapsiansi ng a 3
DNA portion and an RNA portion. 52. The kit of claimb51, wherein the RNA
portion is 5 wth respect to the 3 DNA portion. 30 53. The kit of claim
52, wherein tB6. A cdifositivntdodipristgahlé esigpdsite Pribdee oBclaigNA adthei TS0 0H0 WO
01/ 20035 PCT/ US00/ 25104 54. The kit of claim51, further conprising a
ponnucIé@PPéé-conprising a termnation polynucl eotide sequence. 5 55. The
ki typf claim54, wherein the termnation polynucleotide sequence is a TSO
56. The kit of claimb54, wherein the term nation polynucl eotide sequence is
a bl ocker se@bercenmpditon. compeisinigtthofompasitmphilner biclhine8 1 andpblosking a

ol ynucl eoti de conprising a r opr onot er.
p y sequence. er g p p

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 is a blocking

30 sequence.
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58. The kit of claim57, wherein the polynucleotide conprising a
propronoter is a 15 TSO 59. The kit of claim57, wherein the

pol ynucl oo bdzoosdnpri sing a propronoter is a PTO 20 60. pdheséoasiaf claim
51, further conprising an enzynme which cleaves RNA froman RNA/DNA hybrid.

61. The kit of _claim 60, wherein the enzy I S seH 62. A systemfor
anplifying a tar g‘bﬁeaﬁeﬂ%aﬁwwmemgg@éﬂrﬁywh%e ESRIpte AR compesite

conpri si W%oﬁgﬁﬁ 93P A R LA ah@ARRINA P6rtidn3and nwxgbgh%é an RNA
portion; porymerase, and (c) an ehzyne which cleavés RNA from an
RNA/ DNA hybrid. 63. The system of claim 62, wherein the enzyne is RNaseH.

30 64. The system of cl.ains 62 or 63, wherein.the conposite priner ,
conpr i ses a &~ RRTSHOR BRUR Pl 4P Bt e SOmPa e PERE SEIFEH So1
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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